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I . Experimental Procedures and Spectroscopic Data of Compounds:
General information:

Unless indicated, all commercially available reagents and anhydrous solvents were purchased at
the highest commercial quality and were used as received without further purification. All non-
aqueous reactions were carried out under argon atmosphere using dry glassware that had been
flame-dried under a stream of argon unless otherwise noted. Flash column chromatography was
performed on silica gel (Qingdao Haiyang Chemical Co., Ltd., 200—300 meshes) using petroleum

ether/ethyl acetate mixtures of increasing polarity.

The progress of all the reactions was monitored by thin-layer chromatography (TLC) using UV
light as a visualizing agent and aqueous ammonium cerium nitrate/ammonium molybdate or basic
aqueous potassium permanganate or 5% phosphomolybdic acid in EtOH as a developing agent. 'H
NMR and *C NMR spectra were recorded on either 400 MHz/500 MHz Bruker instruments.
Chemical shifts () are quoted in parts per million (ppm) referenced to the appropriate residual
solvent peak (CDCIs), with the abbreviations s, d, dd, ddd, dt, t, td, qd, dq and m denoting singlet,
doublet, double doublet, double double doublet, double triplet, triplet, triple doublet, quartet,
quadruple doublet, double quartet and multiplet, respectively. J = coupling constants given in
Hertz (Hz). High resolution Mass spectra (HRMS) were recorded on a micromass Autospec-
Ultima ETOF spectrometer. Optical rotation data were collected on an Autopol automatic
polarimeter (Rudolph Research Analytical) using HPLC grade anhydrous MeOH. Melting points
(m.p.) were uncorrected and were recorded on a SGW X-4 apparatus. IR spectra were recorded on

a Bruker-Alpha spectrometer.



=
~o

16

To a solution of the compound 15 (0.5 g, 1.82 mmol) in dry THF (20 mL) at 0 °C under N,
was added dropwise vinylmagnesium bromide (5.5 mL, 1.0 mol/L). The resulting mixture
was stirred for 1 hour at room temperature. The reaction was quenched with 1M HCl at 0 °C,
and the mixture was extracted with EtOAc (3 x 20 mL). The combined organic layers were
washed with brine, dried over Na,SOs, concentrated, and purified by column chromatography

(petroleum ether/EtOAc, 30:1) to afford compound 16 (0.36 g, 83%) as a colorless oil.

16: R; = 0.60 (silica gel, petroleum ether/EtOAc = 10:1); "H NMR (400 MHz, CDCl;) 6 7.40
(d, /J=8.6 Hz, 1H), 7.15 (d, J= 2.4 Hz, 1H), 6.89 (dd, /= 8.6, 2.4 Hz, 1H), 6.81 (dd, J=17.4,
10.5 Hz, 1H), 6.18 (d, J = 17.3 Hz, 1H), 5.99 (d, J = 10.5 Hz, 1H), 3.84 (s, 3H) ppm; “C
NMR (101 MHz, CDCl3) 6 193.7, 161.8, 136.0, 132.4, 131.4, 131.2, 121.3, 119.2, 113.2, 55.8
ppm; HRMS (m/z): [M+H]" calcd for C1oH;oBrO," 240.9864; found 240.9857.

MeO,C 8 R
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To a solution of the compound 16 (1.44 g, 6.0 mmol) and compound 14 (0.94 g, 6.0 mmol) in
dry EtOH (60 mL) at room temperature was added dropwise DBU (0.22 mL, 1.5 mmol). The
resulting mixture was stirred for 1 hour at room temperature and then concentrated under

reduced pressure. The residue was purified by column chromatography (petroleum

ether/EtOAc, 10:1) to afford compound 17 (1.83 g, 77%) as a colorless oil.

17: Re= 0.35 (silica gel, petroleum ether/EtOAc = 7:1); [a]*p = +7.6 (¢ = 9.3 in MeOH); 'H
NMR (400 MHz, CDCls) 6 7.54 (d, J = 8.7 Hz, 1H), 7.14 (d, J = 2.5 Hz, 1H), 6.87 (dd, J =
8.7,2.4 Hz, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 3.39-3.26 (m, 1H), 3.06-2.89 (m, 1H), 2.54 (ddd,
J=19.0,8.5, 1.8 Hz, 1H), 2.30-2.23 (m, 3H), 2.13-2.00 (m, 2H), 1.84-1.70 (m, 1H), 1.06 (d,
J = 6.8 Hz, 3H) ppm; 1*C NMR (101 MHz, CDCl3) 6 216.4, 201.1, 170.8, 161.7, 132.5, 131.1,
120.8, 119.5, 113.0, 61.8, 55.7, 51.9, 41.9, 38.6, 37.0, 28.2, 27.1, 15.9 ppm; HRMS (m/z):
[M+H]" caled for C1sH2BrOs™ 397.0651; found 397.0642.
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To a solution of the compound 17 (0.75 g, 1.89 mmol) in dry CH»Cl, (3.8 mL) at room
temperature was added ethyleneglycol (1.05 mL, 18.9 mmol), trimethyl orthoformate (6.2 mL,
56.7 mmol) and PTSA (72 mg, 0.38 mmol). The resulting mixture was stirred for 12 hours at
room temperature. The reaction was quenched with H,O, and the mixture was extracted with
CHxCl; (3 x 20 mL). The combined organic layers were washed with brine, dried over
Na,SOs, concentrated, and purified by column chromatography (petroleum ether/EtOAc, 8:1)
to afford compound 20 (0.39 g, 47%) as a colorless oil.

20: Ry = 0.36 (silica gel, petroleum ether/EtOAc = 7:1); [a]*p = +12.1 (¢ = 2.68 in MeOH);
'H NMR (400 MHz, CDCl3) 6 7.52 (d, J = 8.7 Hz, 1H), 7.14 (d, J= 2.6 Hz, 1H), 6.80 (dd, J =
8.7,2.6 Hz, 1H), 4.02 (td, J = 5.6, 3.0 Hz, 2H), 3.79 (s, 3H), 3.75 (td, J= 5.8, 5.4, 2.7 Hz, 2H),
3.64 (s, 3H), 2.50 (ddd, J = 18.8, 8.4, 1.5 Hz, 1H), 2.35 (ddd, J = 13.5, 12.2, 4.2 Hz, 1H),
2.29-2.12 (m, 2H), 2.07-1.96 (m, 2H), 1.95-1.87 (m, 1H), 1.84-1.69 (m, 2H), 1.01 (d, J =
6.8 Hz, 3H) ppm; *C NMR (101 MHz, CDCl3) 6 216.3, 171.2, 159.7, 132.3, 129.5, 121.0,
120.3, 112.7, 110.0, 64.5, 64.5, 62.4, 55.6, 51.8, 40.1, 38.8, 32.3, 28.3, 25.8, 16.0 ppm;
HRMS (m/z): [M+H]" calcd for C20H26BrOs" 441.0913; found 441.0905.
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To a solution of Ph;PBrMe (9.85 g, 27.5 mmol) and #-BuOK (3.09 g, 27.5 mmol) in THF (50
mL) at 0 °C was added dropwise 2-bromo-4-methoxyacetophenone (4.21 g, 18.4 mmol) in dry
THF (15 mL). The resulting mixture was stirred overnight at room temperature. The reaction
was quenched with saturated aqueous NH4Cl and extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with brine, dried over Na,SQ4, concentrated, and
purified by column chromatography (petroleum ether) to afford 2-bromo-4-methoxy-1-(prop-
1-en-2-yl)benzene (3.64 g, 87%) as a yellow oil.

2-bromo-4-methoxy-1-(prop-1-en-2-yl)benzene: R = 0.60 (silica gel, petroleum
ether/EtOAc = 30:1); '"H NMR (500 MHz, CDCl3) 6 7.12 (d, J = 2.5 Hz, 1H), 7.11 (d, J = 8.5
Hz, 1H), 6.82 (dd, J = 8.5, 2.5 Hz, 1H), 5.24-5.18 (m, 1H), 4.93 (dt, J = 2.0, 1.0 Hz, 1H),
3.80 (s, 3H), 2.08-2.09 (m, 3H) ppm; *C NMR (125 MHz, CDCl3) § 159.0, 145.5, 137.2,
130.3, 121.9, 118.0, 116.2, 113.4, 55.6, 23.9 ppm; HRMS (m/z): [M+H]" caled for
C1oH20Br" 227.0066, found 227.0061.



To a solution of 2-bromo-4-methoxy-1-(prop-1-en-2-yl)benzene (5.00 g, 21.8 mmol) in i-
PrOH (100 mL) was added bis(pinacolato)diboron (13.80 g, 54.5 mmol) and KOAc (5.35g,
54.5 mmol). After the reaction system was vacuumed and backfilled with argon, PdCl,(dppf)
(798 mg, 1.09 mmol) was added. Then the solution was stirred at 80 °C for 4 hours. The
solution was cooled and filtered. The filtrate was evaporated under reduced pressure and the
residue was purified by column chromatography (petroleum ether/EtOAc = 50:1) gave the
compound 22 (5.25 g, 88%) as bright yellow oil.

22: Ry = 0.42 (silica gel, petroleum ether/EtOAc = 10:1); '"H NMR (500 MHz, CDCl3) 6 7.18
(d, J=8.5Hz, 1H), 7.15 (d, J= 3.0 Hz, 1H), 6.89 (dd, /= 8.5, 2.5 Hz, 1H), 5.03 (s, 1H), 4.86
(s, 1H), 3.82 (s, 3H), 2.12 (s, 3H), 1.33 (s, 12H) ppm; *C NMR (125 MHz, CDCl;) § 158.0,
147.1, 142.1, 128.5, 118.9, 115.8, 115.8, 113.9, 83.8, 83.8, 55.4, 24.8, 24.8, 24.8, 24.8, 24.7
ppm; HRMS (m/z): [M+H]" calcd for Ci6H2403B™ 275.1813, found 275.1809.

To a solution of NaH (0.50 g, 12.5 mmol, 60% suspension in mineral oil) and HMPA (2.2 mL,
12.5 mmol) in THF (10 mL) at room temperature was dropwise added keto ester (1.92 g, 10.4
mmol) in THF (5 mL). After resulting mixture was stirred at room temperature for 1 hour,
allyl bromide was added (1.06 mL, 12.5 mmol). The reaction was stirred at room temperature
overnight. The reaction was quenched with H,O and extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with brine, dried over Na,SQO4, concentrated, and
purified by column chromatography (petroleum ether/EtOAc = 20:1) to afford products (1.53

g, 75%) as colorless oil.

Carboxylate: R; = 0.64 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = +42.9 (¢ = 0.14 in
MeOH); "H NMR (500 MHz, CDCl;) J 5.64-5.49 (m, 1H), 5.06 (d, J = 6.5, 1H), 5.03 (s, 1H),
3.63 (s, 3H), 2.59 (dd, J = 14.0, 6.0 Hz, 1H), 2.52-2.41 (m, 2H), 2.34-2.24 (m, 1H), 2.14—
1.96 (m, 2H), 1.80-1.68 (m, 1H), 0.97 (d, J = 6.5, 3H) ppm; *C NMR (125 MHz, CDCl;) ¢
216.0, 171.0, 133.1, 119.5, 162.9, 51.9, 38.9, 38.6, 35.7, 28.2, 15.5 ppm; HRMS (m/z):
[M+H]" caled for C11H705" 197.1172, found 197.1169.

To a solution of the carboxylate (3.2 g, 16.3 mmol) in THF (10 mL) at —78 °C was dropwise
added KHMDS (24.5 mL, 24.5 mmol, 1.0 mol/L in THF). The solution was stirred at —78 °C
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for 1 hour, and a solution of PhNTf, (8.7 g, 24.5 mmol) in THF (10 mL) was dropwise added.
The reaction was stirred at —78 °C for 1 hour. The reaction was quenched with saturated
aqueous NaCl and extracted with EtOAc (3 x 20 mL). The combined organic layers were
washed with brine, dried over Na,SOjs, concentrated, and purified by column chromatography

(petroleum ether) to afford the triflate 23 (4.87 g, 91%) as colorless oil.

23: R = 0.57 (silica gel, petroleum ether/EtOAc = 50:1); [a]*p = +10.0 (c = 0.25 in MeOH);
"H NMR (500 MHz, CDCl;) 6 5.80 (s, 1H), 5.74-5.65 (m, 1H), 5.13 (d, J = 4.5 Hz, 1H), 5.11
(s, 1H), 3.69 (s, 3H), 2.56-2.40 (m, 4H), 2.17-2.04 (m, 1H), 0.95 (d, J = 7.0 Hz, 3H) ppm;
C NMR (125 MHz, CDCl3) 6 171.8, 148.1, 132.7, 119.7, 119.7, 118.3, 60.6, 52.0, 39.1, 37.2,
35.0, 15.8 ppm; HRMS (m/z): [M+H]" caled for C12H60sF3S™ 329.0665, found 329.0658.

To a solution of pinacol ester 22 (5.04 g, 18.4 mmol) and triflate 23 (5.04 g, 15.4 mmol) in
dioxane (280 mL) was added NaOH solution (3N, 55.4 mL). After the reaction system was
vacuumed and backfilled with argon, PdClx(dppf) (563 mg, 0.77 mmol) was added. The
reaction mixture was then stirred at 100 °C for 3 hours. The solution was cooled and filtered.
The filtrate was evaporated under reduced pressure and the residue was purified by column
chromatography (petroleum ether/EtOAc = 50:1) gave the triene 24 (4.33 g, 86%) as yellow

oil.

24: Ry = 0.36 (silica gel, petroleum ether/EtOAc = 20:1); [0]*°p = —45.8 (¢ = 0.12 in MeOH);
'H NMR (500 MHz, CDCl3) 6 7.08 (d, J = 8.0 Hz, 1H), 6.71 (dd, J = 8.5, 2.5 Hz, 1H), 6.43 (d,
J=2.5Hz, 1H), 637 (s, 1H), 5.63 (ddd, J = 24.7, 10.4, 7.3 Hz, 1H), 5.05 (s, 1H), 4.95 (s, 1H),
4.93 (s, 1H), 4.92 (d, J = 8.0 Hz, 1H), 3.74 (s, 6H), 2.57 (ddt, J = 32.1, 16.7, 7.7 Hz, 4H),
2.36-2.25 (m, 1H), 1.98 (s, 3H), 1.00 (d, J = 6.0 Hz, 3H) ppm; '°C NMR (125 MHz, CDCl3) §
176.0, 158.4, 147.8, 142.9, 136.1, 136.0, 135.1, 134.5, 131.4, 118.1, 115.8, 112.1, 111.9, 62.9,
55.3, 51.8, 41.7, 39.8, 37.9, 23.7, 14.8 ppm; HRMS (m/z): [M+H]" caled for CaiHaOs"
327.1955, found 327.1948.
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To a solution of compound 24 (3.32 g, 10.2 mmol) in dry CH,Cl, (840 mL) at room
temperature was added Grubbs II catalyst (1.73 g, 2.04 mmol). The resulting mixture was
stirred for 2 hours reflux. The solution was cooled and filtered. The filtrate was evaporated
under reduced pressure and the residue was purified by column chromatography (petroleum

ether/EtOAc = 50:1) gave the compound 25 (2.78 g, 91.4%) as colorless oil.

25: R = 0.33 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = —24.0 (c = 0.25 in MeOH);
"H NMR (500 MHz, CDCl3) 6 7.18 (d, J = 8.5 Hz, 1H), 6.83 (dd, J= 8.5, 3.0 Hz, 1H), 6.77 (d,
J=2.5Hz, 1H), 5.77-5.72 (m, 2H), 3.81 (s, 3H), 3.64 (s, 3H), 2.64-2.52 (m, 1H), 2.44 (ddd,
J=15.4,7.5,3.1 Hz, 1H), 2.34-2.14 (m, 3H), 2.02 (s, 3H), 1.01 (d, J = 7.0 Hz, 3H) ppm; "*C
NMR (125 MHz, CDCls) ¢ 174.7, 158.3, 147.0, 139.0, 138.6, 132.8, 130.0, 127.5, 122.7,
113.3, 112.9, 74.7, 55.4, 51.6, 42.9, 39.3, 30.1, 24.0, 14.6 ppm; HRMS (m/z): [M+H]" calcd
for C19H2305" 299.1642, found 299.1635.

OMe

To a solution of compound 25 (1.52 g, 5.1 mmol) in MeOH (50 mL) at room temperature was
added Pd(OH),/C (3.04 g). After the reaction system was vacuumed and backfilled with
hydrogen (balloon pressure), the solution was stirred at room temperature overnight. The
solution was filtered and the filtrate was evaporated under reduced pressure gave the

compound 26 (1.54 g, quant.) as colorless oil without further purification.

26: Ry = 0.36 (silica gel, petroleum ether/EtOAc = 20:1); [0]*°p = —28.6 (¢ = 0.14 in MeOH);
"H NMR (500 MHz, CDCl5) 5 7.10 (d, J = 11.0 Hz, 1H), 7.02 (d, J = 3.0 Hz, 1H), 6.68 (dd, J
— 11.0, 3.5, Hz, 1H), 3.79 (s, 3H), 3.54 (t, J = 9.8 Hz, 1H), 3.39 (s, 3H), 2.98-2.92 (m, 1H),
2.77-2.70 (m, 1H), 2.60 (dd, J = 13.5, 5.5 Hz, 1H), 2.10-1.99 (m, 2H), 1.94-1.91 (m, 1H),
1.73-1.60 (m, 2H), 1.49-1.44 (m, 2H), 1.35 (d, J = 9.0 Hz, 3H), 0.90 (d, J = 8.5 Hz, 3H) ppm;
BC NMR (125 MHz, CDCl3) 6 173.9, 157.3, 140.8, 139.1, 124.8, 113.7, 110.1, 58.1, 55.4,
50.5, 50.5, 48.8, 40.2, 35.7, 34.2, 31.3, 26.9, 21.9, 16.1 ppm; HRMS (m/z): [M+H]" calcd for
C1oH,705" 303.1955, found 303.1947.
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To solution of compound 26 (2.7 g, 8.9 mmol) in dry CH,Cl, (50 mL) at 0 °C was dropwise
added DIBAL-H (17.8 mL, 26.7 mmol, 1.5 mol/L in THF). The resulting mixture was stirred
at 0 °C for 1 hour. The reaction was quenched with 1N HCI and extracted with CH,Cl, (3 x
20 mL). The combined organic layers were washed with brine, dried over Na;SOa,
concentrated. The residue without purified, gave the primary alcohol 27 (2.44 g, quant.) as

colorless oil.

27: Ry = 0.44 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = —36.0 (c = 0.22 in MeOH);
'H NMR (500 MHz, CDCl;) 6 7.18 (d, J = 10.5 Hz, 1H), 6.94 (d, J = 3.0 Hz, 1H), 6.72 (dd, J
=10.5, 3.5 Hz, 1H), 3.79 (s, 3H), 3.40 (dd, /= 14.0, 11.0 Hz, 1H), 3.29 (d, J = 14.0 Hz, 1H),
3.17(d,J=14.5 Hz, 1H), 2.97 (q, /= 8.2, 7.1 Hz, 1H), 2.42-2.31 (m, 1H), 2.21-2.12 (m, 1H),
2.00 (dtd, J=12.1, 10.4, 9.4, 6.4 Hz, 1H), 1.88 (ddt, J=17.8, 8.4, 4.7 Hz, 3H), 1.58 (dddd, J
=24.1, 17.4, 8.0, 5.0 Hz, 4H), 1.47-1.33 (m, 5H), 1.05 (d, J = 9.0 Hz, 3H) ppm; *C NMR
(125 MHz, CDCl3) ¢ 157.6, 142.2, 139.0, 125.2, 113.1, 109.4, 63.4, 55.2, 50.1, 47.8, 47.6,
39.8, 36.1, 33.1, 30.9, 26.1, 21.8, 15.5 ppm; HRMS (m/z): [M+H]" calcd for CisH»70,"
275.2006, found 275.1999.

To a solution of Na (263 mg, 11.4 mmol) in NH3 (~10 mL) at —78 °C was dropwise added
primary alcohol 27 (157 mg, 0.57 mmol) in THF (2 mL). After the solution was stirred for 20
minutes, --BuOH (4 mL) was added. The solution was stirred for 15 minutes, the reaction was
warmed to —45 °C and stirred for another 2 hours. The solution was quenched with MeOH at
—45 °C. Saturated NH4Cl solution (10 mL) was added and the mixture was extracted with
EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried over NaSOs,

concentrated.

The crude residue was treated with 1M HCI (2 mL) in dioxane (6 mL) and stirred at room
temperature for 1 hour. The reaction was neutralized with saturated aqueous NaHCO; until
PH~7. The solution was extracted with EtOAc (3 x 10 mL), the combined organic layers were
washed with brine, dried over Na,SO4, concentrated. The residue was purified by column
chromatography (petroleum ether/EtOAc = 20:1) gave the compound 29 (73 mg, 49%) as

colorless oil.

29: Ry = 0.46 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = +4.3 (¢ = 0.23 in MeOH);
'H NMR (400 MHz, CDCl;) 6 3.67 (d, J = 10.4 Hz, 1H), 3.29 (d, J = 8.3 Hz, 1H), 2.63-2.46
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(m, 3H), 2.31 (d, J = 14.4 Hz, 1H), 2.26-2.14 (m, 1H), 2.12-2.01 (m, 1H), 1.93-1.75 (m, 7H),
1.68-1.59 (m, 2H), 1.51-1.40 (m, 1H), 1.28-1.17 (m, 2H), 0.94 (d, J= 7.2 Hz, 3H), 0.83 (d, J
= 6.5 Hz, 3H) ppm; *C NMR (101 MHz, CDCls) 6 211.6, 88.6, 71.5, 58.0, 54.2, 52.0, 48.2,
42.5,40.8, 39.4, 33.8, 31.5, 27.2, 24.0, 21.7, 19.9, 15.6 ppm; HRMS (m/z): [M+H]" calcd for
Ci7H20," 263.2011, found 263.2004.

To a solution of Na (0.83 g, 36.0 mmol) in NH3 (~20 mL) at —78 °C was dropwise added
primary alcohol 27 (0.5 g, 1.8 mmol) in THF (8 mL). After the solution was stirred for 20
minutes, t-BuOH (8 mL) was added. The solution was stirred for 15 minutes, the reaction was
warmed to —45 °C and stirred for another 2 hours. The solution was quenched with MeOH at
—45 °C. Saturated NH4Cl solution (20 mL) was added and the mixture was extracted with
EtOAc (3 x 20 mL). The combined organic layers were washed with brine, dried over Na;SOs,

concentrated.

The residue was then treated with Dess-Martin periodinane. To a solution of the residue and
NaHCOs (166 mg, 2.0 mmol) in CH>Cl, (20 mL) at 0 °C was added Dess-Martin periodinane
(800 mg, 2.0 mmol). The reaction mixture was stirred at 0 °C for 10 minutes. The reaction
was quenched with saturated Na,S>O; solution and extracted with CH>Cl, (3 x 20 mL). The

extract was dried over anhydrous Na,SO4 and concentrated under reduced pressure.

The crude residue was treated with 1M HCI (6 mL) in dioxane (15 mL) and stirred at room
temperature for 1 hour. The reaction was neutralized with saturated aqueous NaHCO; until
PH~7. The solution was extracted with EtOAc (3 x 20 mL), the combined organic layers were
washed with brine, dried over Na,SO4, concentrated, and purified by column chromatography

(petroleum ether/EtOAc = 15:1) gave the aldehyde 31 (160 mg, 34%) as colorless oil.

31: Ry = 0.40 (silica gel, petroleum ether/EtOAc = 5:1); [a]*p = —44.0 (c = 0.22 in MeOH);
'H NMR (500 MHz, CDCls) § 9.60 (d, J = 1.5 Hz, 1H), 6.20 (d, J= 2.5, 1H), 3.22 (t, J=9.5
Hz, 1H), 2.58-2.48 (m, 2H), 2.46-2.38 (m, 2H), 2.31-2.20 (m, 2H), 2.18-2.10 (m, 1H), 2.08—
1.99 (m, 3H), 1.73-1.66 (m, 1H), 1.55-1.47 (m, 1H), 1.37-1.30 (m, 2H), 1.07-1.04 (m, 1H),
1.01 (d, J= 7.0 Hz, 3H), 0.90 (d, J = 7.0 Hz, 3H) ppm; *C NMR (125 MHz, CDCl;) § 205.5,
199.6, 167.0, 127.0, 62.9, 49.8, 48.6, 45.1, 38.0, 35.2, 34.5, 31.0, 27.9, 26.8, 23.4, 21.3, 15.5
ppm; HRMS (m/z): [M+H]" calcd for Ci7H2s0," 261.1849, found 261.1843.



To a solution of aldehyde 31 (50 mg, 0.2 mmol), MeOH (0.15 mL) and HMPA (0.8 mL) in
dry THF (1.5 mL) at —78 °C was dropwise added Sml, (4 mL, 0.1 mol/L in THF). The
resulting mixture was stirred at —78 °C for 30 minutes. The reaction was quenched by open
the system to air. Then saturated aqueous NH4Cl (10 mL) was added and the solution was
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine,
dried over Na,SOs, concentrated, and purified by column chromatography (petroleum

ether/EtOAc = 15:1) gave the compound 32 (21.7 mg, 41%) as white solid.

32: Rr= 0.55 (silica gel, petroleum ether/EtOAc = 5:1); [a]*p = +40.2 (¢ = 0.35 in MeOH);
"H NMR (500 MHz, CDCl3) 6 3.92 (s, 1H), 2.49-2.38 (m, 3H), 2.37-2.34 (m, 2H), 2.34-2.27
(m, 2H), 2.19-2.11 (m, 1H), 1.98-1.93 (m, 3H), 1.80-1.75 (m, 2H), 1.57-1.43 (m, 3H), 1.34—
1.22 (m, 3H), 1.01 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 7.0 Hz, 3H) ppm; "*C NMR (125 MHz,
CDCls) 0 214.1, 73.7,57.7,52.1, 51.8,47.7,43.2,42.1, 41.9, 34.5, 32.4, 30.4, 29.3, 23.5, 23.2,
22.0, 13.2 ppm; HRMS (m/z): [M+H-H,0]" caled for Ci7Has0" 245.1900, found 245.1896.

T~CO,Me

38

To a stirred solution of chiral S-keto ester 38 (20.0 g, 128.1 mmol) in 1,4-dioxane (256 mL)
were added Cs,COs (83.5 g, 256.3 mmol), 4-iodo-2-methylbut-1-ene (37, 50.3 g, 256.6
mmol), and HMPA (27.3 g, 152.3 mmol), and the reaction mixture was heated at 80 °C for 10
hours. After cooling, the mixture was treated with saturated aqueous NH4Cl and extracted
with EtOAc (3 x 200 mL), washed with brine, dried over anhydrous Na,SQOjs, concentrated in
reduced pressure. The residue was purified by column chromatography (petroleum

ether/EtOAc = 100:1) to give the desired product 38 (20.1 g, 70%) as yellow oil.

38: Ry=0.61 (silica gel, petroleum ether/EtOAc = 10:1); [0]*p = +60.0 (¢ = 0.56 in MeOH);
IR (film): vimax =1735, 1685, 1250, 1175, 1130, 880, 742 cm™'; '"H NMR (500 MHz, CDCl;) 6
4.67 (s, 2H), 3.65 (s, 3H), 2.51 (dd, J = 18.9, 8.4 Hz, 1H), 2.29 (dt, J = 11.9, 6.7 Hz, 1H),
2.22-2.08 (m, 2H), 2.08-1.93 (m, 2H), 1.86-1.78 (m, 2H), 1.75 (dd, J = 17.0, 6.8 Hz, 1H),
1.70 (s, 3H), 1.02 (d, J = 6.9 Hz, 3H) ppm; *C NMR (125 MHz, CDCLy) 6 216.4, 171.2,
145.4, 110.1, 62.9, 51.8, 39.7, 38.9, 32.2, 30.0, 28.3, 22.3, 15.9 ppm; HRMS (m/z): [M+H]"

caled for Ci3H2103" 225.1485; found 225.1478.
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To a solution of methoxypropadiene (39, 12.5 g, 178.3 mmol) in dry THF (150 mL) at —78 °C,
n-BuLi (2.4 M in hexanes, 70.6 mL, 169.5 mmol) was added and the reaction mixture was
stirred at —78 °C for 10 minutes. Then a solution of 38 (20.0 g, 89.2 mmol) in dry THF (20
mL) was added within 5 minutes. The reaction was stirred at the same temperature for 1 hour
and quenched with H,O (100 mL). The resulting mixture was allowed to warm to room
temperature and extracted with EtOAc (3 x 150 mL). The combined organic extracts were
washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure.
The residue was purified by column chromatography (petroleum ether/EtOAc = 10:1) to give
the desired product 40 (19.5 g, 78%) as yellow oil.

40: Ry= 0.32 (silica gel, petroleum ether/EtOAc= 10:1); [0]*’p = —38.0 (c = 1.46 in MeOH);
'H NMR (400 MHz, CDCl3) § 7.13 (dd, J = 17.1, 10.4 Hz, 1H), 6.40 (dd, J = 17.1, 2.0 Hz,
1H), 5.74 (dd, /= 10.4, 2.0 Hz, 1H), 4.62 (s, 1H), 4.56 (s, 1H), 4.22 (s, 1H), 3.75 (s, 3H), 2.42
(dd, J=16.2, 9.2 Hz, 1H), 2.24-2.13 (m, 1H), 2.11-2.01 (m, 2H), 2.00-1.88 (m, 3H), 1.72—
1.65 (m, 1H), 1.64 (s, 3H), 1.49-1.41 (m, 1H), 0.94 (d, J = 7.0 Hz, 3H) ppm; *C NMR (101
MHz, CDCl3) d 202.3, 174.6, 146.0, 131.5, 129.9, 109.7, 90.4, 64.0, 51.5, 43.4, 37.7, 33.4,
31.7, 30.6, 22.5, 17.0 ppm; HRMS (m/z): [M+H]" calcd for CicH2s04" 281.1753; found
281.1746.

2 z
MeOZC g‘$
{ o
\G\OTMS

42

The crude compound 40 could be used in this step without further purification. To a stirred
solution of the crude product 40 in CH,Cl, (100 mL) were sequentially added Et;N (50.0 mL,
0.36 mol) and TMSOTT (32.0 mL, 0.18 mol) at 0 °C. Upon completion, the reaction mixture
was quenched with water and extracted with CH>Cl, (3 x 100 mL). The combined organic
extract was washed with brine and concentrated under reduced pressure. To a solution of the
above-obtained crude product in THF (100 mL), was added 1M HCI (135 mL). The reaction
mixture was stirred for 10 minutes at room temperature and quenched with water and
extracted with EtOAc (3 x 100 mL). The combined organic extract was washed with brine,

dried over anhydrous Na,SOs, concentrated, and purified by column chromatography
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(petroleum ether/EtOAc = 100:1) to afford the compound 42 (22.63 g, 92%) as pale-yellow

oil.

42: Ry = 0.67 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = —41.9 (¢ = 0.53 in MeOH)
IR (film): vmax = 2953, 1729, 1694, 1606, 1456, 1398, 1252, 1172, 1135, 887, 842 cm 'y 'H
NMR (400 MHz, CDCly) 5 7.07 (dd, J = 17.2, 10.3 Hz, 1H), 6.32 (dd, J = 17.2, 2.0 Hz, 1H),
5.67 (dd, J = 10.3, 2.0 Hz, 1H), 4.63 (s, 1H), 4.57 (s, 1H), 3.70 (s, 3H), 2.21-1.98 (m, 6H),
1.83-1.67 (m, 2H), 1.65 (d, J = 4.3 Hz, 3H), 1.47 (ddd, J = 13.4, 11.8, 5.6 Hz, 1H), 1.01 (d, J
= 6.5 Hz, 3H), 0.08 (s, 9H) ppm; "°C NMR (100 MHz, CDCl3) & 203.6, 172.3, 146.4, 132.7,
128.4, 109.5, 93.8, 65.1, 51.1, 41.0, 35.8, 33.7, 33.0, 32.4, 22.6, 17.3, 1.9 ppm; HRMS (m/z):
[M+H]" caled for C19H3304Si" 353.2143; found 353.2132.

MeO,C MeO,C

OTI\?S OTMg
5,7-Bicyclic enone 36

A solution of enone 42 (15.0 g, 42.6 mmol) in toluene (1700 mL) was heated to 90 °C. To this
solution the Grubbs second-generation catalyst (1.85 g, 2.2 mmol) in toluene (20 mL) was
added using a syringe pump over a period of 2 hours. The reaction mixture was stirred at
90 °C for 2 hours and cooled to room temperature. The volatile was removed under reduced
pressure. The residue was purified by column chromatography (petroleum ether/EtOAc =

70:1) to give the corresponding 5,7-bicyclic enone (12.6 g, 91%).

5/7-Bicyclic enone: Ry = 0.52 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = +11.5 (¢ =
0.52 in MeOH); IR (film): vmax = 2955, 2344, 2322, 1728, 1676, 1251, 1218, 1178, 1137, 909,
863, 841 cm™'; '"H NMR (400 MHz, CDCl3) 6 5.63 (s, 1H), 3.71 (s, 3H), 2.91-2.81 (m, 1H),
2.55-2.45 (m, 2H), 2.16 (dd, J = 18.6, 7.3 Hz, 1H), 2.06 (td, J = 12.2, 5.2 Hz, 1H), 1.96-1.89
(m, 1H), 1.88 (s, 3H), 1.75-1.63 (m, 2H), 1.18 (dd, J = 14.2, 10.8 Hz, 1H), 0.81 (d, /= 6.7 Hz,
3H), —0.05 (s, 9H) ppm; *C NMR (101 MHz, CDCl;) § 205.3, 173.1, 159.6, 124.2, 94.9, 62.9,
51.3, 42.2, 35.6, 34.0, 32.6, 31.4, 26.0, 15.3, 1.3 ppm; HRMS (m/z): [M+Na]" calcd for
C17H2304NaSi" 347.1649; found 347.1643.

5/7-Bicyclic ketone 36: The above-obtained 5,7-Bicyclic enone (20.0 g, 61.6 mmol) and
Pd/C (2.0 g) were mixed in MeOH (100 mL) in a Parr high-pressure reactor under hydrogen
(730 psi). The reaction mixture was stirred at room temperature for 8 hours, filtered and
washed with ethyl acetate. The filtrate was concentrated and purified by column
chromatography (petroleum ether/EtOAc = 80:1) to give the compound 36 (19.7 g, 60.4
mmol, 98%).
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36: Ry = 0.61 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = +1.4 (¢ = 0.69 in MeOH);
IR (film): vimax = 2335, 2320, 1725, 1256, 1220, 1170, 1124, 841 cm'; '"H NMR (400 MHz,
CDCl3) 6 3.70 (s, 3H), 3.09-3.01 (m, 1H), 2.54 (dd, /= 15.1, 9.2 Hz, 1H), 2.39 (ddd, /= 12.8,
9.0, 6.4 Hz, 1H), 2.14 (ddd, /= 10.1, 5.5, 1.3 Hz, 1H), 2.09-2.01 (m, 1H), 1.98-1.73 (m, 4H),
1.73-1.52 (m, 3H), 1.00 (d, J = 6.4 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H), 0.10 (s, 9H) ppm; "*C
NMR (100 MHz, CDCl3) ¢ 216.2, 173.5, 94.5, 62.7, 51.3, 46.0, 43.2, 35.4, 35.3, 34.7, 31.9,
30.8, 23.2, 14.9, 1.8 ppm; HRMS (m/z): [M+H]" caled for Ci7H3104Si"™ 327.1986; found
327.1979; [M+Na]" calcd for C;7H300sNaSi" 349.1806; found 349.1797.

M602C

OH
41

To a solution of compound 5/7-Bicyclic enone (120 mg, 0.37 mmol) in THF (5 mL) at room
temperature was added 10% HCI water solution (2 mL) dropwise. The reaction mixture was
allowed to stir overnight. Water (10 mL) was added and the solution was extracted with
EtOAc (3 x 10 mL). The extract was washed with saturated aqueous NaHCOs3 solution,
washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure.
The residue was purified by column chromatography (petroleum ether/EtOAc = 20:1) to give
the compound 41 (78 mg, 84%).

41: Ry= 0.35 (silica gel, petroleum ether/EtOAc = 8:1); [a]*p = +17.8 (¢ = 0.37 in MeOH);
'H NMR (400 MHz, CDCl3) 6 5.84 (s, 1H), 3.91 (s, 1H), 3.71 (s, 3H), 2.54-2.20 (m, 4H),
2.01-1.95 (m, 1H), 1.90 (s, 3H), 1.88-1.63 (m, 4H), 0.98 (d, J = 6.9 Hz, 3H) ppm; *C NMR
(101 MHz, CDCls) 6 203.1, 173.3, 156.0, 124.4, 91.7, 62.8, 51.7, 42.6, 37.2, 32.9, 32.8, 31.1,
26.1, 16.1 ppm; HRMS (m/z): [M+H]" caled for C14H2104" 253.1440; found 253.1432.

MGOQC

(e}

OH
43

Tertiary alcohol 43: To a solution of compound 36 (13.1 g, 40.0 mmol) in THF (250 mL) at
room temperature was added 10% HCI water solution (200 mL) dropwise. The reaction
mixture was allowed to stir overnight. Water (100 mL) was added and the solution was
extracted with EtOAc (3 x 200 mL). The extract was washed with saturated aqueous NaHCO3

solution, washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced
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pressure. The crude product was purified by recrystallization (petroleum ether/EtOAc = 50:1)
to give the compound 43 (8.20 g, 81%) as white solid.

43: Ry = 0.53 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = —17.9 (¢ = 0.56 in MeOH);
IR (film): vimax = 2953, 1722, 1699, 1457, 1205, 734 cm™'; 'H NMR (500 MHz, CDCls) 6 4.26
(s, 1H), 3.74 (s, 3H), 3.09 (t, /= 10.8 Hz, 1H), 2.63—-2.57 (m, 1H), 2.44 (dd, /= 15.5, 8.5 Hz,
1H), 2.18 (ddd, J = 10.5, 5.0, 1.5 Hz, 1H), 1.90-1.86 (m, 1H), 1.78—1.62 (m, 5H), 1.40—1.32
(m, 1H), 0.99-0.94 (m, 4H), 0.83 (d, J = 7.0 Hz, 3H) ppm; *C NMR (126 MHz, CDCl;) ¢
212.4,175.0,90.9, 61.9, 51.9, 45.7, 45.1, 36.4, 35.3, 34.2, 32.3, 30.8, 23.0, 16.0 ppm; HRMS
(m/z): [M+H]" caled for Ci4sH»04" 255.1591; found 255.1583; [M+Na]® caled for
Ci14H2,04Na" 277.1410; found 277.1402; CCDC 1589760 contains the supplementary
crystallographic data for 43 (m.p. 112—114 °C) and is available free of charge from The

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

6/6-Bicyclic byproduct 44: To a stirred solution of compound 36 (200 mg, 0.61 mmol) in
THF (10 ml) was added TBAF (0.92 ml, 0.92 mmol, 1.0 mol/L in THF) at 0 °C. The reaction
mixture was stirred for 30 minutes at 0 °C and was then quenched with saturated aqueous
NH4Cl and extracted with EtOAc (3 x 10 mL). The organic extract was washed with brine (3
x 10 mL), dried over anhydrous Na,SO4 and concentrated in vacuo. The crude oil was
purified by column chromatography (petroleum ether/EtOAc = 8:1) to give 44 (131 mg, 84%)

as white solid.

44: Ry = 0.27 (silica gel, petroleum ether/EtOAc = 8:1); [a]*p = +66.7 (¢ = 1.2 in MeOH); IR
(film): vmax = 2958, 2910, 2850, 1731, 1693, 1457, 1260, 1185, 1146, 1076, 1015, 990, 790
cm'; '"H NMR (500 MHz, CDCl;) 6 3.64 (s, 3H), 2.85 (ddd, J = 16.0, 12.5, 8.0 Hz, 1H), 2.48
(s, 1H), 2.41 (ddd, J=13.0, 7.0, 4.5 Hz, 1H), 2.24 (ddd, /= 16.0, 5.5, 1.0 Hz, 1H), 2.14 (dt, J
=7.0, 3.0 Hz, 1H), 1.89 (ddd, J = 14.5, 3.5, 1.5 Hz, 1H), 1.78-1.72 (m, 2H), 1.66—1.59 (m,
2H), 1.37 (ddd, J = 26.0, 13.0, 5.5 Hz, 1H), 1.11 (dd, J = 14.5, 12.5 Hz, 1H), 0.88—0.82 (m,
7H) ppm; *C NMR (126 MHz, CDCls) 6 209.1, 173.2, 75.0, 58.1, 51.4, 37.5, 35.7, 32.7, 31.7,
30.5, 27.4, 26.3, 22.3, 15.8 ppm; HRMS (m/z): [M+H]" caled for C14H304" 255.1591; found
255.1585; CCDC 1589761 contains the supplementary crystallographic data for 44 (m.p.
122—124 °C) and is available free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Ketone 45 and epi-45: To a vigorously degassed solution of compound 43 (4.0 g, 15.7 mmol)
in THF (150 mL) and MeOH (25 mL), a freshly prepared Sml, solution (314 mL, 0.1 M in
THF) was added dropwise at —78 °C. The reaction mixture was allowed to stir for 1 hour at
the same temperature. The reaction was quenched with saturated aqueous Na>S,03 (50 mL)
and the solution was extracted with EtOAc (3 x 150 mL), washed with brine, dried over
anhydrous Na,SO,; and concentrated under reduced pressure. The residue was purified by
column chromatography (petroleum ether/EtOAc = 40:1) to give the compound 45 (1.89 g,
51%) as colorless crystals and compound epi-45 (1.62 g, 43%) as colorless oil.

From epi-45 to 45: To a solution of compound epi-45 (6.0 g, 25.2 mmol) in toluene (150 mL)
was added NaOMe (1.36 g, 25.2 mmol) at room temperature. The reaction mixture was
stirred overnight at room temperature. Then water (100 mL) was added and the solution was
extracted with EtOAc (3 x 100 mL) and washed with brine. The extract was dried over
anhydrous Na;SO, and concentrated under reduced pressure. The residue was purified by
column chromatography (petroleum ether/EtOAc = 40:1) to give the compound 45 (1.28 g,

21%) as colorless crystals and compound epi-45 (3.74 g, 62%) was recovered as colorless oil.

45: Rr=0.47 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = +114.4 (¢ = 0.90 in MeOH);
IR (film): Viax = 1721, 1697, 1457, 1201, 713 cm™'; '"H NMR (400 MHz, CDCl;) § 3.53 (s,
3H), 2.70 (t, J=9.6 Hz, 1H), 2.48-2.45 (m, 1H), 2.33 (d, /= 17.6 Hz, 1H), 2.24 (dd, J=10.8,
18.8 Hz, 1H), 1.91 (dd, J=11.6, 17.6 Hz, 1H), 1.84-1.63 (m, SH), 1.36—1.12 (m, 3H), 0.84
(d, J = 6.4 Hz, 3H), 0.80 (d, J = 6.8 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;) § 210.4,
173.5, 60.8, 58.3, 52.4, 51.1, 48.1, 37.9, 36.4, 30.3, 29.8, 24.5, 23.7, 15.1 ppm; HRMS (m/z):
[M+H]" caled for C14H205" 239.1642; found 239.1636; [M+Na]" calcd for Ci4H»O3Na*
261.1461; found 261.1455.

epi-45: Ry = 0.64 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = —64.3 (¢ = 0.56 in
MeOH); IR (film): vimax = 1725, 1696, 1458, 1201, 705 cm™'; 'H NMR (400 MHz, CDCl3) 6
3.72 (t, J = 8.0 Hz, 1H), 3.66 (s, 3H), 2.26—2.13 (m, 3H), 2.05-1.95 (m, 1H), 1.70—1.66 (m,
4H), 1.53 (br, 1H), 1.22—-1.15 (m, 1H), 1.11-1.00 (m, 2H), 0.85 (d, /= 6.8 Hz, 3H), 0.77 (d, J
= 6.4 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;) § 211.5, 175.8, 57.6, 57.6, 52.3, 51.6, 48.1,
35.3, 35.2, 34.0, 32.4, 24.5, 23.2, 15.7 ppm; HRMS (m/z): [M+H]" calcd for Ci4H;05"
239.1642; found 239.1639; [M+Na]" calcd for C14H,03Na"261.1461; found 261.1457.
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To a solution of compound 45 (5.20 g, 21.8 mmol) in THF (100 mL), a freshly prepared LDA
solution in THF (21.8 mL, 2.0 mol/L) was added at —78 °C. The reaction mixture was allowed
to stir for 1 hour at the same temperature. Then methallyl bromide (4.42 mL, 43.6 mmol) was
added and the reaction mixture was allowed to stir for 2 hours while the reaction temperature
was gradiently raised to room temperature. The reaction was quenched with saturated aqueous
NH4Cl (50 mL) and the solution was extracted with EtOAc (3 x 100 mL), washed with brine,
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was
purified by column chromatography (petroleum ether/EtOAc = 40:1) to give the compound
47 (5.30 g, 83%) as colorless oil.

47: Ry = 0.37 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = +16.3 (¢ = 0.49 in MeOH);
IR (film): vimax = 2953, 2873, 1722, 1699, 1457, 1205, 1167, 734 cm™'; '"H NMR (400 MHz,
CDCL;) 6 4.67 (s, 1H), 4.49 (s, 1H), 3.60 (s, 3H), 3.1 (t, J = 9.5 Hz, 1H), 2.49-2.36 (m, 3H),
2.15-2.04 (m, 2H), 1.90—1.86 (m, 2H), 1.74—1.49 (m, 9H), 0.99 (d, J = 6.0 Hz, 3H), 0.85 (d,
J = 5.6 Hz, 3H) ppm; *C NMR (101 MHz, CDCls) 6 211.4, 173.4, 143.2, 112.6, 60.7, 59.5,
57.4, 51.1, 48.6, 40.8, 38.3, 35.8, 34.9, 31.6, 24.7, 22.2, 22.0, 14.9 ppm; HRMS (m/z):
[M+H]" caled for CisHaOs3" 293.2111; found 293.2100; [M+Na]" calcd for CisHps03Na”
315.1931; found 215.1920.

Under argon atmosphere, a flame-dried round-bottom flask was charged with magnesium
(5.23 g, 218 mmol), HgCl, (2.96 g, 10.9 mmol) and THF (150 mL). The suspension was
cooled to 0 °C, propargyl bromide (16.4 mL, 218 mmol) was then added dropwise, allowing
the reaction mixture to reflux gently. Upon completion, the mixture was stirred at 50 °C for 1
hour then was cooled to room temperature. To this freshly prepared Grignard reagent, a
solution of compound 47 (3.20 g, 10.9 mmol) in THF (50 mL) was added dropwise and the
reaction mixture was stirred at room temperature for 2 hours. The mixture was then poured
into ice-water (100 mL) and saturated aqueous NaCl (50 mL) and extracted with EtOAc (3 x

50 mL), washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced
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pressure. The residue was purified by column chromatography (petroleum ether/EtOAc =

60:1) to give the corresponding propargyl-substituted lactone 48 (2.74 g, 84%) as white solid.

48: Ry = 0.40 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = —51.8 (¢ = 0.56 in MeOH);
IR (film): vimex = 2957, 2933, 2361, 1758, 1264, 734, 703 cm™'; "H NMR (400 MHz, CDCL3) &
4.80 (s, 1H), 4.76 (s, 1H), 2.63 (d, J = 1.6 Hz, 2H), 2.56 (dd, J=10.8, 4.0 Hz, 1H), 2.18-2.08
(m, 4H), 1.99-1.93 (m, 2H), 1.86-1.74 (m, SH), 1.71-1.65 (m, 3H), 1.57-1.48 (m, 1H),
1.46-1.39 (m, 1H), 1.32-1.27 (m, 1H), 1.24 (d, J = 6.8 Hz, 3H), 1.03 (d, J = 6.8 Hz, 3H) ppm;
BC NMR (101 MHz, CDCls) 0 179.2, 144.4, 112.7, 89.0, 79.8, 72.1, 59.6, 48.5, 48.2, 44.9,
40.5, 36.6, 34.3, 34.1, 30.0, 28.8, 25.3, 22.5, 22.3, 13.3 ppm; HRMS (m/z): [M+H]" calcd for
Ca0H200,"301.2162; found 301.2154.

To a solution of the propargyl-substituted lactone 48 (280 mg, 0.93 mmol) in anhydrous
toluene (10 mL), Cox(CO)s (350 mg, 1.02 mmol) was added. Then reaction mixture was
stirred at 70 °C for 12 hours. The reaction mixture was then concentrated under reduced
pressure. The residue was purified by column chromatography (petroleum ether/EtOAc = 7:1)
to give the lactone 49 (128 mg, 42%) as white solid and C-7 epimer 50 (64 mg, 21%) as white
solid.

49: R = 0.37 (silica gel, petroleum ether/EtOAc = 3:1); [a]*p = +5.9 (¢ = 1.1 in MeOH); 'H
NMR (400 MHz, CDCl3) 6 5.81 (d, J = 1.6 Hz, 1H), 2.99 (d, J = 13.6 Hz, 1H), 2.82 (d, J =
14.9 Hz, 1H), 2.36-2.25 (m, 2H), 2.20-2.08 (m, 3H), 1.85—1.74 (m, 4H), 1.70—1.56 (m, 2H),
1.56—1.47 (m, 1H), 1.35-1.27 (m, 6H), 1.21 (d, /= 6.7 Hz, 3H), 1.14 (m, 1H), 1.04 (d, J = 6.5
Hz, 3H) ppm; *C NMR (101 MHz, CDCl3) ¢ 207.5, 182.2, 178.1, 128.2, 89.3, 60.4, 51.3,
48.8,47.9,44.7,42.7,42.7, 38.2, 36.2, 36.0, 33.6, 31.8, 25.1, 24.6, 23.4, 13.9 ppm; HRMS
(m/z): [M+H]" caled for C21H905" 329.2117; found 329.2107.

C-7 epimer 50: R¢= 0.39 (silica gel, petroleum ether/EtOAc = 3:1); [0]*p = —10.6 (c = 1.3 in
MeOH); 'H NMR (400 MHz, CDCl3) 6 5.90 (s, 1H), 2.81 (d, J = 13.5 Hz, 1H), 2.71-2.60 (m,
2H), 2.29 (d, J = 7.0 Hz, 2H), 2.16—2.08 (m, 1H), 1.93—-1.80 (m, 5H), 1.66—1.59 (m, 1H),
1.41-1.31 (m, 3H), 1.31-1.26 (m, 1H), 1.20—1.19 (m, 6H), 1.15-1.02 (m, 2H), 0.95 (d, J =
5.8 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;) § 207.6, 183.5, 178.3, 128.6, 90.4, 60.2, 50.5,
50.4, 49.8, 44.3, 44.0, 37.3, 36.8, 35.5, 35.3, 33.1, 32.7, 28.3, 25.6, 23.2, 14.1 ppm; HRMS
(m/z): [M+H]" caled for C2;H905"329.2117; found 329.2107.
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To a solution of compound 49 (120 mg, 0.37 mmol) in HMPA (5 mL) was added DBU (0.27
mL, 1.83 mmol). The solution was stirred at room temperature for 30 minutes. CH,Cl, (5 mL)
and DIPEA (0.13 mL, 0.73 mmol) was then added. To this mixture a solution of Et;O"BF4 in
CH,Cl, (0.73 mL, 0.73 mmol, 1.0 mol/L) was added dropwise. The reaction was allowed to
stirred at room temperature for 1 hour. To the reaction mixture water (10 mL) was added and
the mixture was extracted with EtOAc (3 x 10 mL), washed with brine, dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography (petroleum ether/EtOAc = 30:1) to give the compound 54 (111 mg, 85%) as

colorless oil.

54: Ry = 0.45 (silica gel, petroleum ether/EtOAc = 3:1); [0]*p = —18.3 (¢ = 0.03 in MeOH);
'H NMR (400 MHz, CDCl;) 6 6.38 (t, J = 2.3 Hz, 1H), 5.65 (s, 1H), 4.19 (dq, J = 10.8, 7.1
Hz, 1H), 3.94 (dq, J = 10.9, 7.1 Hz, 1H), 2.85 (t, J = 9.2 Hz, 1H), 2.48 (dt, /= 14.1, 3.5 Hz,
1H), 2.31-2.14 (m, 3H), 2.14-2.05 (m, 1H), 2.05-1.97 (m, 1H), 1.95-1.87 (m, 3H),
1.85-1.77 (m, 1H), 1.67-1.61 (m, 2H), 1.44-1.36 (m, 2H), 1.21 (t, J= 7.1 Hz, 4H), 1.05 (s,
3H), 0.93 (d, J = 6.3 Hz, 3H), 0.89 (d, J = 6.5 Hz, 3H) ppm; *C NMR (101 MHz, CDCls) 6
208.0, 179.4, 173.7, 159.6, 121.8, 118.6, 77.4, 77.1, 76.8, 60.1, 59.1, 54.1, 51.7, 48.4, 44.1,
40.6, 40.5, 39.1, 38.5, 35.8, 30.7, 30.0, 24.9, 21.2, 15.3, 14.3 ppm; HRMS (m/z): [M+H]"
caled for C23H3303" 357.2430; found 357.2420.

To a solution of compound 54 (111 mg, 0.31 mmol) in CH,Cl, (5 mL), a solution of DIBAL-
H (1.6 mL, 1.56 mmol, 1.0 mol/L) was added dropwise at 0 °C. The reaction mixture was
allowed to stirred at the same temperature for 1 hour. The reaction was quenched with 3N
NaOH solution (3 mL) and was extracted with CH,Cl, (3 x 10 mL), washed with brine, dried
over anhydrous Na,SO,4 and concentrated under reduced pressure. The crude diol was used in

the next step directly.

The above-obtained crude diol was dissolved in CH,Cl,, TPAP (18 mg, 0.05 mmol) and
NMO (146 mg, 1.24 mmol) was added at room temperature. The resultant reaction mixture
was stirred at room temperature for 1 hour. The solution was filtered and the filtrate was
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evaporated under reduced pressure. The residue was purified by column chromatography

(petroleum ether/EtOAc = 30:1) to give the aldehyde 55 (68 mg, 70%) as yellow oil.

55: Ry = 0.62 (silica gel, petroleum ether/EtOAc = 3:1); [a]*’p = —29.8 (¢ = 0.1 in MeOH); 'H
NMR (400 MHz, CDCl3) § 9.62 (s, 1H), 6.43 (t, J = 2.4 Hz, 1H), 5.67 (s, 1H), 2.88 (t, J = 9.3
Hz, 1H), 2.57 (dt, J = 14.1, 3.9 Hz, 1H), 2.34-2.13 (m, 4H), 2.08-1.83 (m, 5H), 1.73-1.61 (m,
1H), 1.53-1.25 (m, 4H), 1.08 (s, 3H), 1.00 (d, J = 6.8 Hz, 3H), 0.94 (d, J = 6.9 Hz, 3H) ppm;
BC NMR (101 MHz, CDCl;) 6 208.0, 207.3, 179.0, 158.0, 122.3, 119.4, 62.1, 52.7, 51.9, 48 4,
44.3, 40.7, 40.7, 38.5, 35.8, 35.5, 30.6, 29.5, 25.4, 21.5, 15.6 ppm; HRMS (m/z): [M+H]"
caled for C21H200,"313.2168; found 313.2157.

regioisomer of 56

To a vigorously degassed solution of aldehyde 55 (50 mg, 0.16 mmol) in THF (3 mL), MeOH
(0.3 mL) and HMPA (1.6 mL), freshly prepared Sml; (3.2 mL, 0.32 mmol, 0.1 M in THF)
was added dropwise at —78 °C and stirred for 1 hour. The reaction was quenched with
saturated aqueous NH4Cl (5 mL), extracted with EtOAc (3 x 10 mL), washed with brine,
dried over anhydrous Na,SO,; and concentrated under reduced pressure. The residue was
purified by column chromatography (petroleum ether/EtOAc = 15:1) to give regioisomer of
56 (21 mg, 42%) as white solid and 56 (10 mg, 20%) as colorless oil.

Regioisomer of 56: Ry = 0.53 (silica gel, petroleum ether/EtOAc = 5:1); [a]*p = —27.1 (¢ =
0.35 in MeOH); '"H NMR (400 MHz, CDCl3) 6 5.33—5.29 (m, 2H), 3.92 (d, J = 4.7 Hz, 1H),
3.03 (d, J=20.1 Hz, 1H), 2.80 (d, J=21.5 Hz, 1H), 2.31 (d, /= 17.5 Hz, 1H), 2.17 (dd, J =
9.1, 2.7 Hz, 1H), 2.10-2.06 (m, 1H), 2.03—1.96 (m, 3H), 1.83—1.76 (m, 1H), 1.71-1.63 (m,
3H), 1.58-1.52 (m, 2H), 1.51-1.46 (m, 1H), 1.36—-1.31 (m, 1H), 1.28-1.23 (m, 1H),
1.20-1.17 (m, 1H), 1.15 (s, 3H), 1.07 (d, J = 5.8 Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H) ppm; *C
NMR (101 MHz, CDCL) 6 216.7, 141.4, 127.3, 74.2, 57.2, 56.5, 49.4, 44.1, 42.6, 42.5, 40.8,
39.1, 38.3, 34.9, 34.8, 34.6, 30.6, 25.2, 24.6, 22.9, 13.0 ppm; HRMS (m/z): [M+H]" calcd for
C21H310,"315.2324; found 315.2316.

56: Ry = 0.49 (silica gel, petroleum ether/EtOAc = 3:1); [a]*p = +70.5 (¢ = 0.22 in MeOH);

'H NMR (400 MHz, CDCl3) 6 5.73 (s, 1H), 3.71 (s, 1H), 2.54 (d, J= 2.6 Hz, 2H), 2.26 (d, J =

18.6 Hz, 1H), 2.18-2.10 (m, 3H), 2.00—1.91 (m, 2H), 1.82—-1.67 (m, 2H), 1.59—1.38 (m, 5H),

1.31-1.18 (m, 6H), 1.04 (d, J = 6.3 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H) ppm; *C NMR (101

MHz, CDCls) ¢ 208.5, 187.3, 126.7, 74.5, 57.6, 52.0, 51.5, 43.8, 43.2, 41.7, 41.4, 39.8, 36.5,
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34.9, 34.3, 34.0, 30.6, 24.3, 23.9, 23.3, 12.8 ppm; HRMS (m/z): [M+H]" calcd for Co1H3,0,"
315.2324; found 315.2316.

To a solution of PdCI»(PPhs), (0.70 g, 1.0 mmol), Cul (1.58 g, 8.3 mmol) in THF (100 mL,
degassed), 2-bromopropene (18.5 mL, 208 mmol) and EtsN (4.6 mL, 33.2 mmol) was added.
Upon completion of the addition, a solution of propargyl-substituted lactone 48 (2.5 g, 8.3
mmol) in THF (50 mL) was added dropwise. The resulted reaction mixture was then stirred
for 4 hours at room temperature. The reaction mixture was poured into saturated aqueous
NH4Cl (100 mL) and EtOAc (100 mL), and extracted with EtOAc (3 x 100 mL). The extract
was washed with brine, dried over anhydrous Na,SOs and concentrated under reduced
pressure. The residue was purified by column chromatography (petroleum ether/EtOAc =

60:1) to give the PKR precursor 35 (2.25 g, 80%) as yellow oil.

35: Re= 0.26 (silica gel, petroleum ether/EtOAc = 40:1); [a]*p = —56.6 (¢ = 0.53 in MeOH);
IR (film): Vinax = 2932, 2872, 1758, 1264, 731, 703 cm™'; '"H NMR (400 MHz, CDCl;) 6 5.19
(s, 1H), 5.14 (s, 1H), 4.79 (s, 1H), 4.75 (s, 1H), 2.74 (s, 2H), 2.57 (dd, J = 4.0, 10.8 Hz, 1H),
2.18-2.08 (m, 3H), 2.02—1.93 (m, 2H), 1.84—1.74 (m, 8H), 1.71-1.64 (m, 3H), 1.56—1.40 (m,
2H), 1.31-1.27 (m, 1H), 1.23 (d, J = 6.8 Hz, 3H), 1.02 (d, J = 6.8 Hz, 3H) ppm; *C NMR
(101 MHz, CDCls) 0 179.4, 144.4,127.0, 121.2, 112.4, 89.4, 85.1, 84.5, 59.6, 48.7, 48.2, 45.0,
40.4, 36.5, 34.3, 33.9, 29.9, 29.6, 25.4, 23.7, 22.5, 22.3, 13.3 ppm; HRMS (m/z): [M+H]"
calcd for C23H330,"341.2475; found 341.2475.

epi-59

To a solution of compound 35 (1.80 g, 5.3 mmol) in anhydrous toluene (10 mL), Co2(CO)sg
(1.99 g, 5.8 mmol) was added. The reaction mixture was stirred at 70 °C for 12 hours. The
reaction mixture was then concentrated under reduced pressure. The residue was purified by
column chromatography (petroleum ether/EtOAc = 10:1) to give the lactone 59 (1.33 g, 68%)
as white solid and C-7 epimer of 59 (0.31 g, 16%) as colorless oil.

59: Re = 0.37 (silica gel, petroleum ether/EtOAc = 5:1); [0]*p = +31.7 (¢ = 0.41 in MeOH);
IR (film): Vimax = 2957, 2931, 2872, 1760, 1699, 1457, 1242, 1189, 1145, 734, 703 cm™'; 'H
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NMR (400 MHz, CDCls) 6 5.19 (s, 1H), 4.79 (s, 1H), 3.19 (d, /= 14.3 Hz, 1H), 2.71 (d, J =
14.4 Hz, 1H), 2.36-2.22 (m, 2H), 2.19-2.05 (m, 3H), 1.91 (s, 3H), 1.85-1.70 (m, 3H), 1.61-
1.45 (m, 4H), 1.31-1.13 (m, 9H), 1.03 (d, J = 6.4 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;)
0205.9, 178.1, 173.9, 140.6, 136.5, 118.0, 90.0, 60.4, 51.2, 48.7, 47.6, 44.0, 42.9, 40.7, 38.2,
35.8, 34.4, 33.7, 31.8, 25.6, 25.1, 23.2, 21.3, 13.6 ppm; HRMS (m/z): [M+H]" calcd for
C24H3305"369.2424; found 369.2414.

C-7 epimer of 59: Ry = 0.38 (silica gel, petroleum ether/EtOAc = 5:1); [a]*p = -93.3 (c =
0.60 in MeOH); IR (film): vmax = 2956, 2936, 2870, 1760, 1698, 1455, 1240, 1189, 733, 704
cm'; 'TH NMR (400 MHz, CDCl;) § 5.14-5.13 (m, 1H), 5.02 (s, 1H), 3.02 (d, J = 13.7 Hz,
1H), 2.65 (dd, J = 9.4, 6.0 Hz, 1H), 2.58 (d, J = 13.8 Hz, 1H), 2.38-2.27 (m, 2H), 2.14 (dd, J
=10.0, 4.3 Hz, 1H), 1.96-1.78 (m, 8H), 1.67-1.63 (m, 1H), 1.41-1.30 (m, 5H), 1.22 (d, J =
6.9 Hz, 3H), 1.18 (s, 3H), 1.13-1.08 (m, 1H), 0.98 (d, J = 5.7 Hz, 3H) ppm; *C NMR (101
MHz, CDCls) ¢ 206.1, 178.3, 175.4, 141.5, 136.5, 117.3, 90.6, 60.1, 50.6, 50.0, 49.8, 44.1,
42.4, 37.0, 35.7, 35.6, 35.5, 33.2, 32.6, 28.7, 25.6, 23.2, 22.3, 14.2 ppm; HRMS (m/z):
[M+H]" caled for C24H3305" 369.2424; found 369.2414.

To a solution of compound 59 (22 mg, 0.06 mmol) in EtOAc (10 mL) was added Pd/C (10
mg). The reaction flask was vacuumed and backfilled with hydrogen (balloon pressure), the
reaction mixture was stirred at room temperature for 10 minutes. The solution was filtered
and the filtrate was evaporated under reduced pressure. The residue was purified by column
chromatography (petroleum ether/EtOAc = 10:1) to give the lactone 60 (8 mg, 36%) as white
solid, lactone 61 (3 mg, 14%) as colorless oil and lactone 62 (6 mg, 27%) as white solid.

60: Ry = 0.45 (silica gel, petroleum ether/EtOAc = 5:1); [a]*’p = —10.0 (¢ = 0.10 in MeOH); IR
(film): vinax = 2956, 2925, 2865, 1710, 1454, 1354, 1267, 1203, 1147, 993, 803, 768 cm™'; 'H
NMR (500 MHz, CDCls) ¢ 3.02 (d, J= 14.4 Hz, 1H), 2.70 (d, /= 14.5 Hz, 1H), 2.67-2.63 (m,
1H), 2.32 (dd, J=10.0, 5.8 Hz, 1H), 2.26 (d, J = 18.2 Hz, 1H), 2.17-2.04 (m, 3H), 1.88-1.83
(m, 3H), 1.79-1.73 (m, 1H), 1.68-1.58 (m, 4H), 1.56-1.50 (m, 1H), 1.25-1.21 (m, 11H), 1.15
(d, J = 6.9 Hz, 3H), 1.06 (d, J = 6.5 Hz, 3H) ppm; *C NMR (126 MHz, CDCls) § 207.5,
178.3, 171.5, 142.4, 89.9, 60.6, 51.8, 48.9, 47.9, 43.8, 43.0, 40.3, 38.3, 36.2, 33.8, 33.6, 31.9,
25.9, 25.8, 25.4, 23.4, 21.1, 19.4, 13.9 ppm; HRMS (m/z): [M + H]" caled for Cy4H3505"
371.2581; found 371.2574. CCDC 1589762 contains the supplementary crystallographic data
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for 60 (m.p. 110-112 °C) and is available free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Lactone 61: Rr = 0.48 (silica gel, petroleum ether/EtOAc = 5:1); [a]*p = —25.0 (¢ = 0.43 in
MeOH); 'H NMR (500 MHz, CDCls) 6 2.70 (d, J = 13.5 Hz, 1H), 2.53 (dd, J = 10.2, 5.4 Hz,
1H), 2.28-2.15 (m, 6H), 2.03-1.93 (m, 1H), 1.91-1.79 (m, 7H), 1.77-1.70 (m, 3H), 1.67-1.60
(m, 2H), 1.55-1.47 (m, 1H), 1.45-1.38 (m, 3H), 1.22 (d, J = 7.0 Hz, 3H), 1.06-1.02 (m, 6H)
ppm; 3C NMR (101 MHz, CDCl;) 6 206.6, 179.6, 151.4, 133.8, 88.8, 60.3, 53.8, 50.2, 48.7,
44.18, 43.9, 38.8, 38.7, 35.8, 35.5, 35.1, 33.4, 33.4, 27.0, 24.8, 24.4, 23.1, 21.0, 14.2 ppm;
HRMS (m/z): [M + H]" calcd for Co4H3505"371.2581; found 371.2579.

Lactone 62: Ry = 0.52 (silica gel, petroleum ether/EtOAc = 5:1); [a]*p = +7.5 (¢ = 0.20 in
MeOH); 'H NMR (400 MHz, CDCls) 6 2.44 (dd, J = 10.4, 5.0 Hz, 1H), 2.23-2.12 (m, 2H),
2.06 (d, J=17.1 Hz, 1H), 2.01-1.81 (m, 7H), 1.80-1.62 (m, 3H), 1.62-1.59 (m, 1H), 1.58—
1.52 (m, 1H), 1.51-1.42 (m, 1H), 1.37-1.26 (m, 3H), 1.23 (d, J = 6.6 Hz, 3H), 1.17 (s, 3H),
1.10-0.97 (m, 7H), 0.92 (d, J = 6.7 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;) 6 219.0, 178.9,
88.8,60.7, 56.4, 54.5,49.7, 48.2,43.7, 39.3, 37.3, 36.1, 35.5, 33.3, 33.3, 32.6, 28.7, 25.8, 25.2,
23.2,23.2,20.8, 18.7, 13.6 ppm; HRMS (m/z): [M + H]" caled for Co4H3,05"373.2743; found
373.2737. CCDC 1903613 contains the supplementary crystallographic data for 62 (m.p.
108-110 °C) and is available free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data_request/cif.

To a solution of 59 (1.25 g, 3.4 mmol) in HMPA (30 mL) was added DBU (2.54 mL, 17.0
mmol). The solution was stirred at room temperature for 30 minutes. CH,Cl, (50 mL) and
DIPEA (1.18 mL, 6.8 mmol) was then added. To this mixture a solution of Et;O'BF4 in
CH,Cl, (6.8 mL, 6.8 mmol, 1.0 mol/L) was added dropwise. The reaction was allowed to
stirred at room temperature for 1 hour. To the reaction mixture water (30 mL) was added and
the mixture was extracted with EtOAc (3 x 50 mL), washed with brine, dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography (petroleum ether/EtOAc = 30:1) to give the compound 63 (1.18 g, 88%) as

colorless oil.

63: Rr=0.41 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = —103.8 (¢ = 0.52 in MeOH);
IR (film): vmax = 2957, 2931, 2870, 1763, 1692, 1450, 1240, 733, 710 cm™'; '"H NMR (400
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MHz, CDCl5) 6 6.51 (s, 1H), 5.14 (t, J = 1.6 Hz, 1H), 4.92 (s, 1H), 4.18 (dg, /= 10.9, 7.1 Hz,
1H), 3.94 (dg, J= 10.9, 7.1 Hz, 1H), 2.86 (t, J = 9.2 Hz, 1H), 2.47 (d, J = 13.5 Hz, 1H), 2.31—
2.08 (m, 4H), 1.95-1.74 (m, 7H), 1.80 (dt, J = 12.5, 4.6 Hz, 1H), 1.67-1.61 (m, 2H), 1.40—
1.34 (m, 2H), 1.20 (t, J = 7.1 Hz, 4H), 1.03 (s, 3H), 0.93 (d, /= 6.1 Hz, 3H), 0.89 (d, /= 6.4
Hz, 3H) ppm; *C NMR (101 MHz, CDCls) § 206.2, 173.8, 171.6, 158.7, 137.1, 134.1, 118.1,
116.8, 60.1, 59.2, 54.4, 51.5, 48.5, 44.1, 40.7, 39.2, 38.6, 38.6, 35.8, 30.7, 30.2, 25.1, 22 .4,
21.3,16.0, 14.4 ppm; HRMS (m/z): [M+H]" caled for CasH3705"397.2737; found 397.2724.

To a solution of compound 63 (1.19 g, 3.0 mmol) in CH,Cl, (50 mL), a solution of DIBAL-H
(15.0 mL, 15.0 mmol, 1.0 mol/L) was added dropwise at 0 °C. The reaction mixture was
allowed to stirred at the same temperature for 1 hour. The reaction was quenched with 3N
NaOH solution (30 mL) and was extracted with CH,Cl, (3 x 30 mL), washed with brine,
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The crude diol was

used in the next step directly.

The above-obtained crude diol was dissolved in CH»Cl,, TPAP (158 mg, 0.45 mmol) and
NMO (1.41 g, 12.0 mmol) was added at room temperature. The resultant reaction mixture
was stirred at room temperature for 1 hour. The solution was filtered and the filtrate was
evaporated under reduced pressure. The residue was purified by column chromatography

(petroleum ether/EtOAc = 30:1) to give the aldehyde 34 (784 mg, 74%) as yellow oil.

34: Ry = 0.40 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = —78.0 (¢ = 0.41 in MeOH);
IR (film): vimex = 2857, 2831, 1763, 1741, 1450, 1431, 1244, 1220, 704 cm'; 'H NMR (400
MHz, CDCls) 6 9.61 (s, 1H), 6.55 (t, J = 2.4 Hz, 1H), 5.14 (s, 1H), 4.91 (s, 1H), 2.88 (t, J =
9.3 Hz, 1H), 2.55 (dt, J = 14.0, 3.8 Hz, 1H), 2.29 (d, J = 17.5 Hz, 1H), 2.25-2.18 (m, 2H),
2.14 (d, J = 17.5 Hz, 1H), 2.03-1.92 (m, 6H), 1.90-1.82 (m, 2H), 1.68-1.62 (m, 1H), 1.53
1.42 (m, 1H), 1.39-1.28 (m, 3H), 1.04 (s, 3H), 0.98 (d, J = 6.7 Hz, 3H), 0.92 (d, J = 6.9 Hz,
3H) ppm; C NMR (101 MHz, CDCls) 6 2073, 206.1, 171.0, 157.1, 137.0, 134.5, 118.7,
116.9, 61.9, 52.9, 51.5, 48.3, 44.1, 40.7, 38.7, 38.4, 35.7, 35.4, 30.5, 29.5, 25.4, 22.3, 21.4,
15.5 ppm; HRMS (m/z): [M+H]" caled for C24H330," 353.2475; found 353.2472.
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To a vigorously degassed solution of aldehyde 34 (550 mg, 1.56 mmol) in THF (26 mL),
MeOH (1.5 mL) and HMPA (7.7 mL), freshly prepared Sml, (31 mL, 3.12 mmol, 0.1 M in
THF) was added dropwise at —78 °C and stirred for 1 hour. The reaction was quenched with
saturated aqueous NH4Cl1 (10 mL), extracted with EtOAc (3 x 30 mL), washed with brine,
dried over anhydrous Na,SOs and concentrated under reduced pressure. The residue was
purified by column chromatography (petroleum ether/EtOAc = 15:1) to give 64 (123 mg,
22%) as white solid and 65 (232 mg, 42%) as yellow oil. The stereochemical assignment of

the C-18 hydroxyl group was based on our previous studies of a similar substrate’.

64: Ry = 0.26 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = +122.2 (¢ = 0.18 in MeOH);
IR (film): vimax = 2952, 2877, 2362, 2322, 1690, 1684, 1507, 1263, 749 cm™'; 'H NMR (400
MHz, CDCls) 6 5.17 (s, 1H), 4.77 (s, 1H), 3.69 (s, 1H), 2.74 (d, J = 14.6 Hz, 1H), 2.44 (d, J =
14.6 Hz, 1H), 2.28 (d, J = 18.4 Hz, 1H), 2.18-2.12 (m, 2H), 2.10-2.05 (m, 1H), 1.97-1.93 (m,
S5H), 1.78-1.70 (m, 3H), 1.58-1.54 (m, 1H), 1.48-1.40 (m, 2H), 1.32-1.27 (m, 2H), 1.24 (s,
3H), 1.21-1.14 (m, 1H), 1.05 (d, J = 6.3 Hz, 3H), 0.99-0.94 (m, 1H), 0.91 (d, J = 6.6 Hz, 3H)
ppm; *C NMR (101 MHz, CDCl3) 6 206.6, 178.8, 139.4, 137.3, 117.2, 74.7, 57.6, 52.2, 51.9,
43.1, 41.9, 41.5, 41.3, 39.6, 36.5, 35.0, 34.1, 32.5, 30.7, 25.3, 24.2, 23.2, 21.8, 12.9 ppm;
HRMS (m/z): [M+H]" calcd for C24H350,"355.2632; found 355.2622.

65: Ry = 0.49 (silica gel, petroleum ether/EtOAc = 10:1); [0]*p = +4.4 (¢ = 0.49 in MeOH);
IR (film): vimax = 2950, 2355, 2300, 1678, 1638, 1480, 1255, 764 cm™'; '"H NMR (400 MHz,
CDCls) 6 5.42 (s, 1H), 3.97 (d, J = 4.5 Hz, 1H), 2.31 (s, 3H), 2.24 (s, 1H), 2.17 (dd, J=9.1,
1.7 Hz, 1H), 2.09-2.05 (m, 4H), 1.97 (d, J = 9.6 Hz, 2H), 1.82-1.76 (m, 1H), 1.69-1.66 (m,
1H), 1.54-1.46 (m, 3H), 1.41 (s, 3H), 1.33-1.25 (m, 3H), 1.07-1.04 (m, 6H), 0.97-0.92 (m,
4H) ppm; *C NMR (101 MHz, CDCl;) 6 206.3, 149.4, 145.7, 130.8, 129.0, 74.4, 57.2, 56.1,
49.9,44.4,42.5,38.7, 38.5, 37.9, 34.9, 34.8, 34.7, 30.6, 26.5, 25.5, 24.6, 22.8, 21.9, 13.0 ppm;
HRMS (m/z): [M+H]" caled for Cp4H350," 355.2632; found 355.2623. The stereochemical
assignment of the C-18 hydroxyl group was based on our previous studies of a similar

substrate’.




From 64 to enone 66: A flame-dried flask was charged with compound 64 (120 mg, 0.34
mmol) and Crabtree’s catalyst (24 mg) in CH>CL, (5 mL). The flask was vacuumed and
backfilled with hydrogen (balloon pressure) and the reaction mixture was stirred at room
temperature for 1 hour. The solution was evaporated under reduced pressure. The residue was
purified by column chromatography (petroleum ether/EtOAc = 20:1) to give 66 (118 mg,
98%) as white solid.

From 65 to enone 66: To a solution of compound 65 (230 mg, 0.65 mmol) in ethyl acetate
(20 mL) was added Pd/C (115 mg). The flask was vacuumed and backfilled with hydrogen
(balloon pressure), the reaction mixture was stirred at room temperature for 1 hour. The
solution was filtered and the filtrate was evaporated under reduced pressure. The residue was
purified by column chromatography (petroleum ether/EtOAc = 20:1) to give 66 (192 mg,
83%) as white solid.

66: R = 0.28 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = +56.3 (¢ = 0.16 in MeOH);
IR (film): vimax = 3750, 3745, 2957, 2361, 2322, 1698, 1558, 1507, 1275, 764 cm™'; '"H NMR
(400 MHz, CDCl5) 6 3.72 (s, 1H), 2.65 (dt, J = 13.9, 6.9 Hz, 1H), 2.55 (d, J = 14.6 Hz, 1H),
238 (d, J = 14.6 Hz, 1H), 2.18 (d, J = 18.2 Hz, 1H), 2.16-2.07 (m, 4H), 2.03—1.93 (m, 2H),
1.82-1.76 (m, 1H), 1.72-1.66 (m, 1H), 1.57—1.38 (m, 5H), 1.32-1.23 (m, 2H), 1.19-1.17 (m,
6H), 1.13 (d, J = 6.9 Hz, 3H), 1.04 (d, J = 6.3 Hz, 3H), 0.93 (d, J = 6.6 Hz, 3H) ppm; "°C
NMR (101 MHz, CDCls) 6 208.2, 176.2, 140.8, 74.8, 57.6, 52.3, 51.5, 42.6, 41.9, 41.5, 40.7,
39.5,36.4, 35.0, 34.1, 31.4, 30.7, 25.7, 25.4, 24.2, 23.2, 21.1, 19.7, 12.9 ppm; HRMS (m/z):
[M+H]" caled for C4H370," 357.2788; found 357.2777.

b
G 33

Under argon atmosphere, compound 66 (250 mg, 0.70 mmol) was dissolved in CH,Cl, (25
mL), NMO (328 mg, 2.8 mmol) and TPAP (37 mg, 0.105 mmol) was added at room
temperature. The resulting reaction mixture was stirred at room temperature for 1 hour. The
mixture was then filtered and the filtrate was evaporated under reduced pressure. The residue
was purified by column chromatography (petroleum ether/EtOAc = 20:1) to give the
diketone 33 (244 mg, 98%) as colorless oil.

33: Rr=0.44 (silica gel, petroleum ether/EtOAc = 10:1); [0]*’p = +148.8 (c = 0.43 in MeOH);

IR (film): vmax = 3870, 3745, 3724, 2985, 2931, 2874, 2361, 2329, 1759, 1671, 1457, 764

cm™'; 'H NMR (400 MHz, CDCls) 6 2.66-2.59 (m, 2H), 2.43 (d, J = 15.0 Hz, 1H), 2.35 (d, J
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= 9.1 Hz, 1H), 2.21 (d, J = 18.1 Hz, 1H), 2.10-2.05 (m, 2H), 1.92—1.83 (m, 2H), 1.73—1.44
(m, 6H), 1.33-1.27 (m, 2H), 1.25-1.12 (m, 14H), 1.00 (d, J = 6.0 Hz, 3H) ppm; *C NMR
(101 MHz, CDCls) 6 220.0, 207.3, 173.4, 142.1, 77.4, 67.5, 52.3, 43.2, 42.3, 42.1, 41.1, 40.7,
36.4, 35.1, 344, 26.9, 25.8, 25.7, 25.3, 23.6, 22.5, 21.2, 19.6, 13.6 ppm; HRMS (m/z):
[M+H]" caled for C24H350,"355.2632; found 355.2625.

To a solution of compound 33 (244 mg, 0.69 mmol) in THF (25 mL), a solution of NaHMDS
(2.61 mL, 2.61 mmol, 1.0 mol/L in THF) was added dropwise at —78 °C. The reaction mixture
was stirred at the same temperature for 6 minutes. To this mixture a solution of (£)-3-phenyl-
2-(phenylsulfonyl)-1,2-oxaziridine (721 mg, 2.76 mmol) in THF (3.0 mL) was added and the
resulting mixture was stirred at =78 °C for 30 minutes. The reaction was quenched with
saturated aqueous NH4ClI (10 mL) and the mixture was extracted with EtOAc (3 x 20 mL),
washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure.
The residue was purified by column chromatography (petroleum ether/EtOAc = 15:1) to give
the compound 68 (251 mg, 99%) as white solid.

68: R = 0.68 (silica gel, petroleum ether/EtOAc = 6:1); [a]*p = +103.8 (¢ = 0.26 in MeOH);
IR (film): vmax = 3750, 3735, 2361, 2322, 1699, 1558, 1262, 764 cm™'; '"H NMR (400 MHz,
CDCls) 6 3.61 (d, J = 2.6 Hz, 1H), 3.22 (d, J = 2.7 Hz, 1H), 2.69-2.60 (m, 2H), 2.49 (d, J =
15.0 Hz, 1H), 2.38 (d, J = 9.0 Hz, 1H), 1.96 (dd, J = 2.6, 13.7 Hz, 1H), 1.93-1.82 (m, 2H),
1.73-1.68 (m, 2H), 1.66-1.53 (m, 4H), 1.45 (d, J = 13.3 Hz, 1H), 1.40 (s, 1H), 1.33-1.27 (m,
2H), 1.25-1.23 (m, 6H), 1.15-1.11 (m, 6H), 1.01 (d, J = 6.2 Hz, 3H) ppm; *C NMR (101
MHz, CDCls) ¢ 220.0, 208.0, 174.8, 139.6, 79.0, 77.5, 68.2,43.9, 42.7, 42.4, 41.2, 36.3, 35.3,
35.1, 34.6, 26.9, 25.7, 25.4, 25.3, 24.0, 22.7, 21.2, 19.7, 13.6 ppm; HRMS (m/z): [M+H]"
caled for Co4H3505"371.2581; found 371.2575.

To a solution of compound 68 (150 mg, 0.40 mmol) in MeOH (15 mL) was added
CeCl3*7H,0 (166 mg, 0.45 mmol) and NaBH4 (30 mg, 0.80 mmol) at 0 °C,. The reaction
mixture was stirred at room temperature for 1 hour. The reaction was quenched with saturated

aqueous NH4CI (10 mL) and extracted with EtOAc (3 x 10 mL), washed with brine, dried
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over anhydrous Na,SO, and concentrated under reduced pressure. The crude compound 69

was used in next step directly.

The crude compound 69 and Crabtree’s catalyst (30 mg) in CHxCl, (5 mL) was stirred at
room temperature for 1 hour under pressured hydrogen (500 psi) in a Parr apparatus. The
solvent was evaporated under reduced pressure. The residue was purified by column

chromatography (petroleum ether/EtOAc = 6:1) to give the 70 (118 mg, 79%) as white solid.

70: Ry = 0.31 (silica gel, petroleum ether/EtOAc = 4:1); [a]*p = —11.8 (¢ = 0.17 in MeOH);
IR (film): vmax = 3758, 3755, 2362, 2322, 1717, 1558, 1507, 1276, 1261, 764, 750 cm™'; 'H
NMR (400 MHz, CDCls) 6 4.23 (s, 1H), 3.56 (d, J = 4.5 Hz, 1H), 2.84 (s, 1H), 2.52 (s, 1H),
245 (d, J = 8.8 Hz, 1H), 2.12-2.05 (m, 1H), 1.87-1.80 (m, 2H), 1.74 (dd, J = 8.1, 13.4 Hz,
1H), 1.67-1.54 (m, 8H), 1.49-1.39 (m, 2H), 1.35-1.23 (m, 4H), 1.12 (d, J = 6.8 Hz, 3H),
0.98-0.92 (m, 9H), 0.78 (s, 3H) ppm; *C NMR (101 MHz, CDCl;) § 223.2, 78.9, 77.2, 75.9,
66.8,54.6,45.4,42.2,42.0,40.5, 39.1, 36.5, 36.2, 35.3, 34.7,29.4, 27.0, 25.4, 24.4, 22.6, 22.0,
21.9, 18.9, 13.5 ppm; HRMS (m/z): [M+H]" calcd for C24H3005" 375.2894; found 375.2888.
CCDC 1589763 contains the supplementary crystallographic data for 70 (m.p. 128-130 °C)
and is available free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

The cyclic thionocarbonate

To a solution of compound 70 (80 mg, 0.21 mmol) in toluene (20 mL), was added
thiocarbonyl diimidazole (374 mg, 2.1 mmol) at rt. The reaction mixture was refluxed and
stirred for 48 hours and then cooled to room temperature. 1M HCI solution (10 mL) and
EtOAc (10 mL) was added to the reaction mixture and it was extracted with EtOAc (3 x 10
mL), washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (petroleum ether/EtOAc =

20:1) to give the corresponding cyclic thionocarbonate (70 mg, 80%) as white solid.

The cyclic thionocarbonate: R; = 0.39 (silica, petroleum ether/EtOAc = 10:1); [a]*p =
+15.4 (¢ = 0.13 in MeOH); IR (film): vimax = 3750, 3735, 2362, 2322, 1558, 1507, 750 cm™';
'H NMR (400 MHz, CDCl3) 6 5.29 (d, J = 6.5 Hz, 1H), 4.76 (d, J = 6.5 Hz, 1H), 2.45 (d, J =
9.0 Hz, 1H), 1.89-1.82 (m, 4H), 1.74-1.53 (m, 9H), 1.37-1.16 (m, 5H), 1.12 (d, /= 6.8 Hz,
3H), 0.99-0.95 (m, 9H), 0.89 (s, 3H) ppm; *C NMR (101 MHz, CDCls) 6 221.7, 192.0, 92.6,
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90.1, 76.5, 66.0, 55.3,45.9,42.3, 42.0, 40.3, 36.8, 36.2, 35.3, 34.5,27.9, 26.9, 25.2, 24.2,22.5,
22.2, 22.1, 18.9, 13.5 ppm; HRMS (m/z): [M+H]" calcd for CpsH3705" 417.2458; found
417.2449.

A solution of the cyclic thionocarbonate (70 mg, 0.17 mmol) and P(OCHz3); (10 mL) was
refluxed and stirred for 48 hours. The reaction mixture was concentrated under reduced
pressure and the residue was purified by column chromatography (petroleum ether/EtOAc =

100:1) to give the alkene 71 (53 mg, 93%) as white solid.

71: Re = 0.29 (silica gel, petroleum ether/EtOAc = 50:1); [a]*p = —66.7 (¢ = 0.18 in MeOH);
IR (film): vmax = 3750, 3735, 2956, 2931, 2869, 2362, 2329, 1759, 1507, 1457, 1262, 749
cm'; 'TH NMR (400 MHz, CDCl3) 6 5.85 (d, J = 6.0 Hz, 1H), 5.81 (dd, J = 2.8, 5.9 Hz, 1H),
2.42 (d, J = 8.5 Hz, 1H), 2.05-1.99 (m, 1H), 1.94 (dd, J = 3.5, 12.6 Hz, 1H), 1.90-1.80 (m,
2H), 1.77-1.59 (m, 8H), 1.57-1.50 (m, 1H), 1.48-1.41 (m, 1H), 1.34-1.19 (m, 4H), 1.15 (d, J
= 6.8 Hz, 3H), 0.98-0.95 (m, 6H), 0.92 (d, J = 6.4 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H) ppm; "°C
NMR (101 MHz, CDCl3) ¢ 223.0, 142.6, 133.9, 75.4, 67.7, 54.5, 46.8, 46.4, 43.9, 42.0, 41.3,
40.6, 36.4, 35.4, 34.9, 29.9, 27.1, 25.3, 23.7, 22.8, 22.7, 22.6, 22.5, 13.5 ppm; HRMS (m/z):
[M+H]" caled for Co4H37,0"341.2839; found 341.2833.

The tertiary alcohol The diene Astellatol, 1 The C-6 regioisomer

To a solution of alkene 71 (50 mg, 0.15 mmol) in THF (10 mL), MeLi (0.75 mL, 0.75 mmol,
1.0 mol/L in Et,O) was added dropwise at room temperature. The reaction mixture was then
stirred at 50 °C for 1 hour, and then re-cooled to 0 °C before it was quenched with saturated
aqueous NH4Cl (5 mL). The mixture was extracted with ethyl acetate (3 x 10 mL), washed
with brine, dried over anhydrous Na>SO; and concentrated under reduced pressure. The
residue was purified by column chromatography (petroleum ether/EtOAc = 40:1) to give the

corresponding tertiary alcohol (46 mg, 88%) as colorless oil.

The tertiary alcohol: R = 0.44 (silica gel, petroleum ether/EtOAc = 20:1); [0]*p = —100.0

(¢ =10.14 in MeOH); IR (film): vmax = 3750, 3745, 2953, 2870, 2361, 2322, 1699, 1569, 1521,

1276, 1262, 764, 749 cm™; "H NMR (400 MHz, CDCls) J 5.86 (d, J = 5.9 Hz, 1H), 5.80 (dd,

J=5.8,2.8 Hz, 1H), 2.19-2.08 (m, 3H), 2.04-1.98 (m, 2H), 1.90 (t, J = 10.0 Hz, 2H), 1.75—

1.64 (m, SH), 1.56-1.49 (m, 3H), 1.40 (s, 3H), 1.29-1.24 (m, 1H), 1.20-1.14 (m, 1H), 1.10 (d,

J=6.7 Hz, 3H), 1.02 (d, J = 5.8 Hz, 4H), 0.97 (d, J = 6.4 Hz, 3H), 0.93 (s, 3H), 0.84 (d, J =
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6.7 Hz, 3H) ppm; *C NMR (101 MHz, CDCls) 6 143.0, 134.0, 79.5, 59.5, 54.9, 50.2, 46.9,
46.0,45.9,42.8,42.1,40.7, 36.5, 35.9, 35.6, 35.2, 30.0, 25.9, 24.7, 23.9, 23.8, 23.6, 22.7, 22.6,
14.6 ppm; HRMS (m/z): [M-H,O+H]" caled for CasHso™ 339.3046; found 339.3039.

To a solution of the above-obtained tertiary alcohol (25 mg, 0.07 mmol) in CH,Cl, (6 mL)
was added pyridine (0.03 mL, 0.35 mmol) and SOCI, (0.015 mL, 0.21 mmol) at 0 °C. The
reaction mixture was stirred at 0 °C for 1 hour and quenched with saturated aqueous NaHCO;
(2 mL). The mixture was extracted with CH>Cl, (3 x 10 mL), washed with brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure. The residue was purified by
column chromatography (petroleum ether) to give the corresponding diene (17 mg, 71%) as

colorless oil.

The diene: Rs= 1.0 (silica gel, petroleum ether); [0]*’p = —70.6 (¢ = 0.17 in MeOH); IR (film):
Vmax = 1275, 1262, 760, 704 cm™'; "H NMR (400 MHz, CDCl;) § 5.85 (d, J = 6.0 Hz, 1H),
5.80 (dd, J = 2.7, 5.8 Hz, 1H), 4.86 (s, 1H), 4.66 (s, 1H), 2.15-2.13 (m, 1H), 2.03-2.00 (m,
1H), 1.86 (dd, J = 3.6, 12.5 Hz, 1H), 1.77-1.75 (m, 1H), 1.73-1.69 (m, 2H), 1.67-1.62 (m,
3H), 1.60-1.58 (m, 1H), 1.54—1.52 (m, 2H), 1.51-1.46 (m, 2H), 1.44-1.36 (m, 3H), 1.22-1.14
(m, 2H), 1.02 (d, J = 6.5 Hz, 3H), 0.98 (s, 3H), 0.96 (d, J = 2.7 Hz, 3H), 0.94 (d, /= 2.6 Hz,
3H), 0.84 (d, J= 6.7 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;) § 161.5, 143.0, 133.9, 102.6,
59.4,54.5,50.5,47.6,47.2,46.5,44.8,42.8,41.6,37.2,35.2,34.4,31.3, 30.1, 27.1, 25.0, 23.8,
23.4,22.8,22.6,13.5 ppm; HRMS (m/z): [M+H]" calcd for C2sHso" 339.3046; found 339.3033.

Astellatol 1: To a solution of the above-obtained diene (15 mg, 0.044 mmol) in THF (2 mL)
at 0 °C was added BH3*Me,S (0.07 mL, 0.066 mmol, 1.0 mol/L in THF) dropwise. The
reaction mixture was stirred at room temperature for 30 minutes and then cooled to 0 °C. To
this mixture MeOH (0.1 mL), aqueous NaOH (3N, 1 mL) and aqueous H,O» (30 wt%, 1 mL)
were added dropwise. The reaction mixture was stirred at 55 °C for 30 min and was cooled to
room temperature. The reaction was quenched with saturated aqueous NH4Cl (5 mL). The
mixture was extracted with EtOAc (3 x 10 mL), washed with brine, dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography (petroleum ether/EtOAc = 15:1) to give astellatol 1 (8.7 mg, 56%) as

colorless oil and the C-6 regioisomer (2.4 mg, 15%) as colorless oil.

Astellatol 1: R; = 0.43 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = +7.9 (¢ = 0.63 in
MeOH); IR (film): vmax = 3750, 3735, 2928, 2856, 2362, 2329, 1558, 1541, 1507, 1276, 1261,
750 cm™'; 'TH NMR (400 MHz, CDCl3) 6 4.80 (s, 1H), 4.64 (s, 1H), 4.29 (ddd, J=4.2, 7.4, 8.6
Hz, 1H), 2.10 (d, J = 8.7 Hz, 1H), 1.97 (dd, J=11.5, 7.1 Hz, 1H), 1.77 (dd, J = 12.9, 3.2 Hz,
2H), 1.71-1.58 (m, 5H), 1.56—1.46 (m, 4H), 1.44-1.32 (m, 4H), 1.20-1.10 (m, 2H), 1.08-1.03
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(m, 1H), 1.00 (d, J = 6.4, 3H), 0.98 (d, J = 8.0 Hz, 3H), 0.98 (d, J = 8.0 Hz, 3H), 0.91 (d, J =
6.4 Hz, 3H), 0.84 (t, J = 12.0 Hz, 1H), 0.83 (s, 3H) ppm; *C NMR (101 MHz, CDCls) &
161.1, 102.1, 77.4, 59.5, 57.1, 50.7, 49.8, 46.0, 45.2, 44.5, 43.5, 42.6, 41.7, 36.9, 35.0, 33.9,
31.0, 29.7, 27.0, 24.9, 24.0, 23.0, 21.9, 20.1, 13.2 ppm; HRMS (m/2): [M~H,O+H] " calcd for
CasHso' 339.3046; found 339.3043.

The C-6 regioisomer: R; = 0.50 (silica gel, petroleum ether/EtOAc = 10:1); [a]*p = —50.0 (¢
= 0.1 in MeOH); IR (film): vmax = 3745, 3724, 2950, 2928, 2871, 2363, 2322, 1558, 1541,
1507, 1457, 1275, 1261, 764, 750 cm™'; "H NMR (400 MHz, CDCl;) 6 4.84 (s, 1H), 4.66 (s,
1H), 3.73 (d, J = 5.0 Hz, 1H), 2.15-2.13 (m, 1H), 1.97-1.91 (m, 1H), 1.80-1.66 (m, 6H),
1.64-1.63 (m, 1H), 1.59-1.54 (m, 4H), 1.53-1.47 (m, 3H), 1.46-1.38 (m, 3H), 1.19-1.14 (m,
2H), 1.02 (d, J = 6.5 Hz, 3H), 0.96-0.94 (m, 6H), 0.83-0.80 (m, 6H) ppm; *C NMR (101
MHz, CDCl3) J 161.5, 102.4, 80.0, 59.8, 49.8, 46.6, 46.1, 45.2, 44.8, 42.8, 40.6, 38.0, 37.4,
36.5, 35.2, 34.2, 31.3, 30.8, 27.3, 25.2, 24.3, 23.3, 22.5, 19.5, 13.5 ppm; HRMS (m/z): [M—
H,O+H]" caled for CasHso' 339.3046; found 339.3041.

To a solution of the tertiary alcohol (6.1 mg, 0.017 mmol) in MeOH (1 mL) was added PtO;
(1 mg). The flask was vacuumed and backfilled with hydrogen (balloon pressure), the
reaction mixture was stirred at room temperature for 1 hour. The solution was filtered and the
filtrate was evaporated under reduced pressure. The residue was purified by column
chromatography (petroleum ether/EtOAc = 10:1) to give the product (5.7 mg, 94%) as

colorless oil.

Ry = 0.44 (silica gel, petroleum ether/EtOAc = 20:1); [a]*p = —65.0 (¢ = 0.12 in MeOH); 'H
NMR (400 MHz, CDCl3) 6 2.27-2.17 (m, 1H), 2.16-2.06 (m, 3H), 2.06-1.86 (m, 4H), 1.80—
1.67 (m, 3H), 1.49-1.43 (m, 3H), 1.38 (s, 3H), 1.34-1.25 (m, 7H), 1.19-1.15 (m, 1H), 1.10 (d,
J=6.5Hz, 3H), 1.01 (d, J = 5.4 Hz, 3H), 0.95 (d, J= 5.6 Hz, 3H), 0.93-0.87 (m, 2H), 0.82 (d,
J=5.8 Hz, 3H), 0.78 (s, 3H) ppm; °C NMR (101 MHz, CDCL;) 5 79.6, 59.9, 49.9, 47.3, 46.7,
46.0,45.4,42.1,41.2,41.0,40.2, 36.5, 36.0, 35.4,35.4,31.5, 28.4,26.8, 24.7, 24.1, 23.8, 23.7,
22.7,19.1, 14.6 ppm; HRMS (m/z): [M+H]" caled for C2sHa305"359.3314; found 359.3303.

Astellatene, 2
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To a solution of the above-obtained tertiary alcohol (5 mg, 0.014 mmol) in CH>Cl, (2 mL)
was added pyridine (6 puL, 0.07 mmol) and SOCl, (3 pL, 0.042 mmol) at 0 °C. The reaction
mixture was stirred at 0 °C for 1 hour and quenched with saturated aqueous NaHCOs (1 mL).
The mixture was extracted with CH,Cl, (3 x 5 mL), washed with brine, dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The residue was purified by column

chromatography (petroleum ether) to give the astellatene 2 (2.9 mg, 62%) as colorless oil.

astellatene 2: Rr = 1.0 (silica, petroleum ether); [a]*’p = —2.0 (¢ = 0.1 in benzene); 'H NMR
(600 MHz, CDCl3) ¢ 4.83 (s, 1H), 4.64 (s, 1H), 2.09 (d, J = 7.4 Hz, 1H), 1.84-1.74 (m, 3H),
1.73-1.56 (m, 5H), 1.54-1.40 (m, 7H), 1.40-1.36 (m, 1H), 1.35-1.31 (m, 1H), 1.22-1.16 (m,
2H), 1.09-1.06 (m, 1H), 1.05-0.99 (m, 4H), 0.94 (d, J = 4.3 Hz, 6H), 0.82 (s, 6H), 0.77-0.72
(m, 1H) ppm; *C NMR (151 MHz, CDCl;) 6 161.7, 102.1, 59.5, 50.0, 46.8, 46.7, 46.6, 44.7,
44.1,42.7,41.5,41.1,37.1,35.1, 34.1,31.3, 31.2, 29.7, 28.0, 27.8, 24.9, 24.1, 23.1, 19.0, 13.4
ppm; HRMS (m/z): [M+H]" caled for CosHai " 341.3208; found 341.3200.
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III. 'H and *C NMR Spectra of compounds

P8¢ —

L6'S
009 V
91’9 —
0T'9 /
LL9
ow.c%
89—
¥8'9
L89
889
689
06'9
SI'L
ST'L
9T'L
6¢°L
'L

16
"H NMR spectrum

(400 MHz, CDCl3)

Bvo1
Feot

wﬂo._
01
B0
00T

£1 (ppm)

33



= ® TTa  maq
A —_ B ol = — — o\ n N ® ®
(=)} o 0 N onon O — — o~ >~ 0 wy
2 2 “noe d=-co ERe o
Br O
/
~
(6]
16
3C NMR spectrum
(101 MHz, CDCly)
T T T T T T T T T T T T T T T 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 80 70 60 50 10 30 20 10 -10

f1 (ppm)

34



SO 7
L0'T
vLT
oL'1
oL'1
L1
LL1
6L
6L'1 1
€0 1
Y0 |
v0'C |
s0z
S0
90°C |
L0'c
L0T
0T
80°C
80°C
60°C
60
60'C
17T
we
vee
vTe
sTT
sTT
sTT
Lze
Lze
Lce
8C'C
8C'T
6CC
6C'C
0€T
1S 1
1S
€T
€57 1
$sT
95T 1
LsT
85T 1
€6 1
v6'T |
6T
96T 1
16T
86°C 1
00°€ 1
10°€ 1
8T'€ 1
6T°€ 1
1€°€ 1
zee |
(433
PEE
e
69°€ 1
€8°¢ |
5891
98'9 1
L8°9
88'9 1
€L
vI'L
9T'L
€6°L 1
ssL

N

Fiee

O
17
"H NMR spectrum
(400 MHz, CDCls)

MeO,C

F90°1
- F60°1

£1 (ppm)

35



6'Sl —

LT~
(%' 14dl
0LE~
98¢
61y~

6157
LSS
819~

o€l —

soll
8°0¢CI M

rer ~
szer

L1191 —

8°0Ll —

1'oc —

V91 —

3C NMR spectrum

MeO,C

(101 MHz, CDCly)

-10

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

210

f1 (ppm)

36



001 7
201 A
1.1 7

vL1
oL'1
8L'T |
8L
6L
6L
18°1 1
81
88'1 1
06'1 1

16°1
Nm._uﬁ

L6'1 7
86°1 1
002
00T

)|

10°C
0T
c0'c
€0'C
¥0'C
¥0'C
cre
SI'e
L1T
L1'C
61'C
61'C
e
e
Y
§TT
9T'C
LTT
1€7C1
T
€T
SE€TT
SETH
9¢€'T
LY'T
LY'T
61'C
6t'C

"H NMR spectrum
(400 MHz, CDCl3)

Focc
501

W@m.m
Tl

Feor

o1
F86°0

F00°1

£1 (ppm)

37



091 —

0oLl —
LTI —

€0TI ~
01zl

s6Cl —
€Cel —

L'6ST —

CTILL—

€917 —

13C NMR spectrum

(101 MHz, CDCly)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

38



80°C
80°C
60'C
60°'C

€6'Y
€6'Y
€6’y
€6’y

1cs
1cs
1Ts

189
89
€89
€89
or'L
e
crL
<L
9TL

J_JLl

OMe

Br

"H NMR spectrum

(500 MHz, CDCl3)

E0'1

F<0'1

F00°'1

661

f1 (ppm)

39



2 na o o aw
I v o~ o — 6 O ANER A © 3
wy <+ o o O = = — o~ >~ 0 Vel o
2 X o a dz-c=z INENINS A ]
Br OMe
13C NMR spectrum
(126 MHz, CDCl5)
Al A i) A | e
T T T T T T T T T T T T T T T 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 -10

f1 (ppm)

40



€l —

e —

we—

98y
98y
€05~

889
689
06’9
169
vI'L

SI'L
LI'L
8I'L

9T'L

OMe

m~QO

22
"H NMR spectrum
(500 MHz, CDCly)

S

F00°CI

= 90°¢

 6T¢

660
860

= 001
060
760

£1 (ppm)

41



o —_ - vy A 0
) = o 0 % oen ® 3+ N M 0
wy < < o — o — o S~ O Nal < <
(O
? OMe
O
22
13C NMR spectrum
(126 MHz, CDCly)
A ) f I
T T T T T T T T T T T T T T 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 -10

f1 (ppm)

42



96°0 7
L6701
691 1
L1
9L'1 1
9L'T
8L'1
L6'1 7
861 1
661 1
66'1 1
00T
wQNAﬁ
orc
01'CA
TI'T
vTT
STTH
LTT
87T
87T
67T
1€¢C
43 W
[ ard
6v'C
1S°C
LST
85T
09°C
19°C
€9°¢ —

€0°S
€0°S
S0'S
S0's
90°S
90°S
LO°S
[439

€S5S
8¢S
8¢S
65°S
09°S

9TL—

CO,Me

/§
ooy

O

"H NMR spectrum
(500 MHz, CDCl3)

H(o._
TN.N

'l

HHW@O._

Fice

Hhice

£1 (ppm)

43



= S — "
) — A o AR ) o o o \n
= = n = NN N —_ % 0w 00 w“
I — — - ~ o~ = © I cheren A —
CO,Me
anm
(0]
13C NMR spectrum
(126 MHz, CDCly)
A
T T T T T T T T T T T T T T T T T T 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 -10

f1 (ppm)

44



$6°0 7
96°0
80T 1
80T {
60°C
60°C
0r'e
11T
11°C 'w
I
[N
€I'TH
mv,mg
mv.Ng
91Ty
LY'TH
LY'T ﬁ
LY'T
8T
6t'C
6t'C
0s'C
1$C
1$C
6T
€6°C
€6°C
69'¢ —

or°s
s
s
€1°s
€1's
AR
AR
IS
$9°s
L£9°6 ~
L9°s ]
L9°s
89°5
89°
69's
0L'S ]
oL's 1
oL's
s
s
R
6L°S
08°S
08°s
orL?

—r

aJL

CO,Me

=
Co.

OoTf

23
"H NMR spectrum

(500 MHz, CDCl3)

e

Fsev

6°0
(!

F90°1
001

£1 (ppm)

45



3 — ~ ™~
— ) IN X 0 AR ° < =N *
~ < ) == NN S ol NN v
— - = == ~ o~ = o " e —
COo,Me
o
oTf
23
13C NMR spectrum
(126 MHz, CDCl3)
| L 1 A
T T T T T T T T T T T T T T T T T 1 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 -10
f1 (ppm)

46



€9°C
9T

65°'C
09°'C
09T

4
. s

pLE— Fsivo
3

w6y
6%
6y
s0's
6S'S
19°
19°
€9°s
¥9's
99°s
99°s
89°s
L£9

€9 /
&)
699
0L'9
L9
(IR
LOL
60'L
9TL

p—
- BL0'1

AN e———"
Ily
z

£56°0
60
360

—

24 OMe
'H NMR spectrum
(500 MHz, CDCly)

\

K3

<3

MeO,C

47

f1 (ppm)




8yl —

L€ —

6'LE~

865 —
L1y

8IS —
€66 —

679 —

P85 —

09LT —

OMe

24
3C NMR spectrum

(126 MHz, CDCl3)

-10

110

T T T T T T T T
200 190 180 170 160 150 140 130

210

f1 (ppm)

48



101~
w01
No.Ng
L1TH
81°C 7
17T
6C'C 1
0€°T A
€T
T

W T

stz

18°¢ 4

9L'9
LL9
89
89
89
89
LTL~
61'L~,
orr

(S

OMe

[

"H NMR spectrum
(500 MHz, CDCl3)

o

MeO,C

Hoe

Frre

£1 (ppm)

49



9vlL —

0ve —

1'og —

€68 —
6’y —

9IS —
v'ss —

LvL
6'9L M
TLL
VLL

6TII~,
e
Leel —
SLTI~_

0°0€l ~
8CEl —

98¢l \

06€l —

oLyl —

€8sl —

L'YLl —

OMe

®

3C NMR spectrum

MGOZC “ii"

(126 MHz, CDCl3)

-10

110

T T T T T T T T
200 190 180 170 160 150 140 130

210

f1 (ppm)

50



Y€1
SET 1
'l
SY'L A
L1

M602C

OMe

26
"H NMR spectrum
(500 MHz, CDCl3)

FLTe

Bor¢

B560
JL60

F00'1

£1 (ppm)

51



1'91 /
61—
69T\
€1¢

N.vm”
L'SE~N
N.ov/

ol —
LE —

8yl —

'6€T ~
8'0vl

€LST —

6°€Ll —

OMe
3C NMR spectrum

MeO,C

(126 MHz, CDCl3)

-10

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
f1 (ppm)

210

52



vO'1
90'1
e
A.h‘.~ e
SET
LET
€T |
T
€01 1
P11
9r'1 |
€51 1
€51 1
PS'1
S
95'1 1
LS'1A
85°1
651
09'1 Y
1971

n

L L

€91 -]
wo_\

91

v8'1
81

L8]

881

681

68'1

161

w6l

$6'1

96'l

L6'1

861

661
001
001
20T
§0°TH
91'C
L1'T
61T
0T
17T
S€TH
LETH
8€°C 1
0v'T
§6'T
L6'T
66'C
91°¢
61°¢
8T'€
0€°€
8€€
0v'€ 1
7€
€€
6L€
09 1
1£°9 1
TL9

€69
6'9
L1'LA
61°'L

9T'L-

JL

HO

OMe

H

K3

27
'H NMR spectrum
(500 MHz, CDCly)

H\Nﬁ-

Fort
60
001
B0t

Feee

960
=101
00°1

£1 (ppm)

53



es1/
81T~
19T~
6°0€

ree~y
19€~\_
86\
9Ly

8'Lb

1°0$ /
Tss

7'€9 —

6'9L
TLL
VLL \

7601 —
e —

sl —

06€l —
Tl —

9LST —

HO

OMe

27
3C NMR spectrum

(126 MHz, CDCls)

-10

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

210

f1 (ppm)

54



€80
8°0 1
60
$6'0
T
ST1 A
€1
65T 1
S9'T 1
99'T
891 W
081
81
06'1
L0°T
61°C
07T
0€'C
€€T V
6v'C ~
ssTf
wm.m\
19T
8TE~
oce”
99°€ ~_
89'¢

9TL—

TH NMR spectrum
(400 MHz, CDCl3)

-3.

-2.5

-1.5 -2.0

-1.0

-0.5

0.0

9.

10.0

£1 (ppm)

55



96l —
661 ~_

SIL~
8L

AN
s’

988 —

91—

3C NMR spectrum

(101 MHz, CDCls)

T T T T T
160 150 140 130 120 110

T
170

T T
200 190

210

f1 (ppm)

56



680
1670 1
260
001
1071 1
01

YTl

9T’
9T’
9Tl
Lzl
Ll
8T’
0€'1 7
0€°1

I R R

0'C
0T
0T
90°'C
L0T
01'c
e
cre

L1'T
YT
§TT
97T
LTT
LTT
8T'T
8T'T
0€'C
1€¢C
or'c
844
W
W
€T
€V'T
YT
7'
ST
ST
9T
16T
1$°C1

0T'¢

M\éw.m
|3

L0
=8€'T
EYTI
BLe
ZOv'€

Sl

ST

_.m

1'c

o1

Fer

09°'6 .

"H NMR spectrum
(500 MHz, CDCly)

10

12

£1 (ppm)

57



679 —

6'9L /

V'LL

0Ll —

0°L91 —

9661 —

§°60C —

Y

|

T

31
13C NMR spectrum
(126 MHz, CDCl3)

-10

30 20 10

40

70

90

110

T T T T
160 150 140 130

T
170

T T
200 190

210

£1 (ppm)

58



98°0
88°0 1
00'1 1
20°T
wl
mN.:
9Tl
6T 1
0€'1 1
PET
€1
At
91
Ly
81

6v'1
05’1
[
€1
vl
Ss'l
LS
99']
SL'1
9L’
LLT
6L'1
08'1 -
€6'1
v6'1
v6'1
61
ow_%
86'1

e
(A5

€1z
YT
S1'T
L1T
81T 1
61T
LTTH
67T
YET
LETH
T
£v'T
9T
6€

==

9L —

"H NMR spectrum

(500 MHz, CDCl3)

£1 (ppm)

59



I'vlc —

Py

|

|

|

]

|

13C NMR spectrum

(126 MHz, CDCl3)

i

LT

-10

40 30 20 10

50

200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

210

60



€0°0-—

D

=3

o

(.
B e )

0€'C

05T
§9¢ —

LYY —

9TL—

CO,Me

@)

38
"H NMR spectrum
(500 MHz, CDCl3)

0.0 -0.5 -1.C

0.5

1.0

1.5

2.5 2.0

3.0

3.5
f1 (ppm)

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

61



216.4

N
—
~
—

18C NMR spectrum
(126 MHz, CDCl3)

145.4

110.1

774
772

76.9

62.9

51.8

N NS oo
X B A S ® AN
A a A —
N

T
200

T
190

T
180

170

T
130

120

110

T
100
£1 (ppm)

62

40 30 20 10 0 -10



€6°07
$6°0
1717
PPl
SP'l A
81
91
99°1

891 gﬁ
0L
1671
¥6°1 A
961
€0°C

:
v0'C JW
:

=)
=
o
¢

o
o]
L
—mm

stz
sLe—

wy —

ISV ~
[ S0

€L
€L
sL's
9IL's
8€°9
8€°9
w9
€9
60°L
L W
LT
2.»\

9TL

Il

o

40
H NMR spectrum

(400 MHz, CDCl3)

-

[

Froe

10°1
01

Fro1

f1 (ppm)

63



0Ll —

§cT—

9'0¢€ —
w.ﬁm\

SIS —

09 —

€06 —

L'601 —

6°6C1 ~

sIer -

091 —

SYLL —

£€70C —

:

e}

Q
]
o
(o)
=

OH

40
13C NMR spectrum

(101 MHz, CDClj)

SRR N N N I

-10

T T
120 110 100
£1 (ppm)

T
130

T
140

T T T T T
200 190 180 170 160

210

64



800 —

101~
Wiy
99'1
691
wi
v0'T A:
wo.m/
90T
90°C \w
L0TH
807
60
01
ez
v
9171
917
tred

0L'¢ —

LSV~
€9y

99°¢
99°¢
89°¢
69°S
0€9
0€9
€9
€9

0L
oo.nw
80°L
0r'L .\.

9TL .\.

OTMS

.

42
"H NMR spectrum

(400 MHz, CDCl3)

MeOzC

R

M

——

Feo6

ISAN!

(43
6’1

Froe

01
6°0

Frot

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 -0.5

8.0

8.5

f1 (ppm)

65



K=} o < o~ < w
1= ~ < AN S IS =~~~ O “ — — s Al oo~ e
o — — — — (=)} Lo e e o vy <t cn N onoon (o} — —
[ ~ | N\ [
2 4
MeOZC g§
O
OTMS
42
13C NMR spectrum
(101 MHz, CDCl,)
|
i
|
|
|
|
|

LT

TS AR

W i wl yml‘ i

T 1"“?\ i ““\W‘U r‘lH\HH‘\ ‘\‘\ m‘ it "‘WHH W w’ Hu it 71 wm” | ““ i ‘WW"“M""HW'

T T T T T T T T T T T T 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 0 -10
£1 (ppm)

66



S0°0-—

Ire—

€96 —

9TL—

MeO,C

OTI\?S

5,7-Bicyclic enone

"H NMR spectrum
(400 MHz, CDCly)

j e

=06

B1e

3.5 3.0 2.5 2.0 1. 1. 0.5 0.0 -0.5 —1.(

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

67



Pt o = >, o <+ oo o v aeowewo e
= o~ ) S| < ~ o~ O ol — Al < ol — o ) N
el — — — (=) - ~ o vy <t cnononon A — -
~ \ SN2
|
MeOZC
oM
5,7-Bicyclic enone
13C NMR spectrum
(101 MHz, CDCl3)
\ |
1 !
|
' l
| |
T T T T T T T T T T T 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 -10
f1 (ppm)

68



010 —

oLe—

9TL—

MeO,C

(6]
OTMS
36
"H NMR spectrum
(400 MHz, CDCly)

i

-

=60['¢

Free

8L'T
L0°Y
790'1
01
60

H\.oo._

FLOE

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 -0.5

8.0

8.5

f1 (ppm)

69



S 2 Y o ~ noa < n Oy o =N

© Q < ~ ~ O o — \O 0 v — N < *

= = =S ~ ~ = Ne) v < <+ cnenon ol — —
~ [

MeO,C

Qo
OTMS
36
13C NMR spectrum
(101 MHz, CDCly)

T T T T T T T T T 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 0 -10
£1 (ppm)

70



L60~_
660~
91
99'
89°1
oL —=
LU \
08
98|
L8]
061
61
L6°T
861
10T
T
sz
Lzt
67T
cez
seT
6€T
Stz
LYT
05T
st
e
16°¢

T

8¢ —

9L —

M

R

M602C

OHo

41
"H NMR spectrum

(400 MHz, CDCl3)

or1°¢

Fere
Fior

£1 (ppm)

71



— n o <
IS I %) < = N ® *® & O NGy Q) — -
(=] o~ ) (o] — o~~~ 0 ol — oISl Al — O o
o — — — [=)} [l el Nl wvy <t nenenen Al —
MeOZC
(e}
OH
a1
13C NMR spectrum
(101 MHz, CDCly)
LMW‘WWN T ”“W“\WJWW RO e A
T T T T T T T T T T T T T T 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 -10

210

f1 (ppm)

72



801
$8°0
p6°0 1
9601
L60
8601
6601
wl

pe'l y
SE1
LE1]

LT
0F'1
o1l
€91
P9l A
b9l

9’1
99°1
99°1
99°1
L9]
891
89°1
891
69'1
0L'1
0L'1
IL']
IL1
€L’1
vL1
SL'1
SL'1
oLl
LL']
8L'1
181
98’1
L8]
88’1
881 1
68’1 1
061 1
91T+
L1'TH
L1'TH
81°C
61°C
61T
0T°TH
0T°TH
Wi
4%
SY'T
LY'T
LSTH
65T
09T+
197+
197+
9T
€971
LO€
60°€ 1
(AR
YLE
9TY 1

97'LA

MeOZC

(0]

OH
43
"H NMR spectrum
(500 MHz, CDCl3)

—

F90°€
o8¢

3.5 3.0 2.5 2.0 1. 1. 0.5 0.0 -0.5

f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.5

73



ﬁ 2 N <+ N N AN~ TN D S
— ~ (=) ~ ~ \O — — i O <t Al O o0 Ne)
o — N o~ o~ Ne) v <+ <+ NN N oonon Al —
~ SN SN A |
Me020
O
OH
43
13C NMR spectrum
(126 MHz, CDCl3)
I
3 !
|
I I
|
I
T T T T T T T T T T T T T 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 -10
f1 (ppm)

74



7807
7801
€870 1
€870 1
$8°0 1
$8°0 1
98°0 1
88°0 1
80'1

ot #
INE

€11+
sl
9F']
8¢'1
6¢']
or'l
651
09°1
191
91
w91
€91
9l
91
99'1
8L'1
8L'1
L8]
88'1
88'1
68'1
06'1
161
161
61
e
ue
€17
1T
1T
91T
e
e
€07
€07
STTH
STTH
97T
97T
6£7
0r'T
0r'T
19T 1
17T
W
€91
T
8T 1
87
€87 1
78T
8T
987
987
18T
687
$9°¢

|

gz

"H NMR spectrum
(500 MHz, CDCly)

i

0°1

H\oo._

86'1
860
H\wo.o
10°1

86°0
60

Es60

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. 1.0 0.5 0.0 -0.5

8.0

8.5

f1 (ppm)

75



(=) o~ 0~~~ \Own o0 — Al — O~ oAy
o — o~ >~ >~~~ w wvy AN N NN Al Al A —
~ [ S\ N\ ="
13C NMR spectrum
(126 MHz, CDCl3)
I
o
I
I
I
|

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 -10

f1 (ppm)

76



6L0
o1y
i

6T~

691
oLl y
111~
w
ST
L
61
181
w614
561
17
9¢'T A
8T
oLgd

T =TT

€6°¢—

9TL—

45
"H NMR spectrum

CDCly)

(400 MHz,

FLo¢

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. 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

77



;' : PR RC) 0 cn <t — — S\ <m0 —
— ~ ~ o~ O S % al— % - N ] w
I — ~ o~ ~ S nn o R R S IR —
~ NN NESNC NS
45
13C NMR spectrum
(101MHz, CDCl3)
|
| |
I
W] o i o ) A T T S e U i i O g o A il o
T T T 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 -10

f1 (ppm)

78



vy

—

—
__J
Lo

H
epi-45

9TL—

MeOQC

"H NMR spectrum
(400 MHz, CDCly)

B0
Aoo'e
FL0T
HLOT

Foo1
Feoy
Esi
Fsoe

L6'C
01

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. 0.5 0.0 -0.5

8.0

8.5

1 (ppm)

79



bt - oy g N e s B
pa o~ 0~ ~ O ~ ol — 0 v vy st Al <k on w
(o] — 0~~~ v N < NN oen Al Al —
~ VN N/ N/
M602C
e
epi-45 | |
13C NMR spectrum
I
(101MHz, CDCl3)
I
N | ORI, M ARGV T A P P Y Y VUL A WA A 1, FNAIAM
T T T T T T T T T T T T 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 =10

f1 (ppm)

80



vy —
LYY —

9TL—

"/"HO

47
"H NMR spectrum
(400 MHz, CDCl3)

-

0
60°¢

_/Nw.w

Fiot

=0'¢

EI0]
=00'1

-0.5

0.0

4.0 3.5

4.5

£1 (ppm)

81



9¢I —

cerl —

VELl —

>/,,

47
3C NMR spectrum
(101MHz, CDCl3)

""’HO

vIe—

-10

10

20

50

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

210

f1 (ppm)

82



01 q

ALY~
08y ~"

9TL—

48
"H NMR spectrum

(400 MHz, CDCl3)

4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0 0.5

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

f1 (ppm)

83



f1 (ppm)

84

o 3 I S g oy oo — O MR QN =M@
o~ <t — N NI~~~ O AN O T OO OO0V Al AN
— — — [e%e] o~~~ >~ - wvi Sttt nnon oAl Al Al —
[ SN N Y
48
13C NMR spectrum
(101MHz, CDCl3)
| |
|
|
A AV s AR W L e Ao Y !l NSO A AR MV A B W w B NGOt ATMA N AW VA y
T T T T T T T T T T T T T T T T T 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 -10



€0'1 1
SO'T
11T A
P11
SI°I 1
0TI 1
T
LT1 1
0€'1 7
SET
LY'1 A
8SP'1
9S°1
L9
0L’
LT
€8°1 7
S
60T
81'C
61°C
LTT
8TT
6TC
1€T—F
ve'T \
08'C

8T V
L6'TT
00°¢

08'S
18°¢

9TL—

"H NMR spectrum
(400 MHz, CDCl3)

Nt )

eqdeene o

ANt A

wﬁo._

£1 (ppm)

85



T8¢l —

'8LT —
T8l —

S$LOT —

13C NMR spectrum
(101MHz, CDCl5)

W Wmmwmwwuumm wJ/w st TRy AT

-10

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

210

£1 (ppm)

86



06'S —

9TL—

"H NMR spectrum
(400 MHz, CDCl3)

£1 (ppm)

87



7'06 —

9'8C1 —

€8L1 —
Se8l —

9°L0C —

13C NMR spectrum

(101MHz, CDCl3)

-10

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

210

£1 (ppm)

88



680

L'V
8I'v
617
0T
1T¥
€T
$9°¢
LE9
8€'9 1
8€°9 1
9TL-

H NMR spectrum

(400 MHz, CDClg)

L8'C

ﬁNQm

Foot
Eseo

Fse0

1 (ppm)

89



€vl
6°S1 V
Tlc
8T
0°0¢ /

huom/

98Il —
81cL —

9651 —

LELl —

voLl —

0'80C —

13C NMR spectrum

(101MHz, CDCl3)

-10

T T
120 110 100
£1 (ppm)

T
130

T
140

T T T T T
200 190 180 170 160

210

90



€6°0 7
$6°0
00'T A
101 1
801 1
Za
LT1 1
0€'1 7
1€ 4
€€°1 1
SE'T
9€'T
8T
6€°1 4
s
Ak
€V T N
v¥'1 4
Al
LY
8h'1

e

T

ST

90°'C

SI'e

61'C
17T
T
€CTH
STTH
STTH
LTT
T
ST
ST 1
96T
LS'T
86T
65T
98'C
88'C
06'C
L9°S
€79 1
€79 1§
79
9T'L A
796 -

0]

55
'H NMR spectrum

(400 MHz, CDCl3)

Fie60

5

-1.

-1.0

—0.

11.0 10.5 10.0 9.

5

12.0 11.

2.5

1 (ppm)

91



Vol —
€l —

0851 —

06Ll —

€L0T ~
080~

13C NMR spectrum

(101MHz, CDCl3)

AN AT MMMWWWWWW A A MR PR 0

L

-10

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

210

92



vm.Aj
960
901
80T 1
SI'L Y
SI'I 4
61°1 §
Tl
YT A
9T A
LT A
1€°1 A
€€°1
PET A
LET N
o'l —f
St'l
0S'L
143!
9¢°1
9¢°1
S9'1
L9°1
69°1
9L'1
9L'1
SL'I
08°L
181
€81
96°1
86°L
86'L
00°C 1
10T 1
0°C
L0'T T
60°C 1
SI'T
91'C
81°CH
81°CH
60T

(T

L

regioisomer of 56
"H NMR spectrum

(400 MHz, CDCls3)

-

£1 (ppm)

93



216.7

regioisomer of 56
13C NMR spectrum
(101MHz, CDCly)

141.4

127.3

VUL

T T T T
100 90

£1 (ppm)

94



1T
91'C
L1'T
YT
8T'T
€5°C1
ST
1L7€
mw.m;

"H NMR spectrum
(400 MHz, CDCl3)

10.

£1 (ppm)

95



8Tl —

€€T
6'€C W
€T
9'0¢

Tre
6'vE 7
$9¢
L'6€
Lavy
L't
(434
8¢t
SIS
0TS
9'LS
SYL \
e
SLL 7

=

991 —

€L8] —

$'80C —

H

S -
. H56

3C NMR spectrum

(101MHz, CDCls)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210

96



SLY ~
6Ly~

IS~
616"

9TL—

|

"H NMR spectrum
(400 MHz, CDCls)

M6
80°€
60
Reoz
P80°€
Tors
P00¢

Ei01
FL61

60
1071
6°0
0°1

4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0 0.5

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

f1 (ppm)

97



< < SRS ~
o < _ - ~ <+ — N R © NS S N GO St e
Lo < o o — (S 2T U S (=N 0 R0 WV OO TNV AN
- = = = = 0 ® 0~ = N T FFTTAANN NN A G-
(I | NN SN S SSSNY ="
3C NMR spectrum
(101MHz, CDCl3)
! |
| |
I | I !
|
|
|
|
|
MUY AT R A A N A O R N P AP Ot e
T T T T T T T T T T T T T T T T T T T T T T T 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 0 -10

f1 (ppm)

98



—
s}
_J
(L

<t = 0
oSO n
—_——
L

L )

1ce
6LV —

61'S —

9L —

F sez

59
"H NMR spectrum
(400 MHz, CDCl3)

- F oot
- F oo

(ppm)

f1

99



TLL—F
S'LL /

006 —

08Il —

$9El —
9orlL —

6'€ELl —
'8L1 —

8°¢0C —

59
13C NMR spectrum

(101MHz, CDCly)

Wwwwwwwmwwwwmmmwmmwwmw WWWWWWWWWWMWWMWMMWW

-10

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

210

(ppm)

1

100



<
0

_
u

)

3]

—

.
Ly

_m._;
61
61
6’1

9L —

"H NMR spectrum
(400 MHz, CDCl3)

M\mm.m
€l
L0°€
[
6t

)mmu_

8L
7L60
61
6°0
60

Fs60

60
01

(ppm)

1

101



Tyl —
€T
(x4 %
9'ST~C
L'ST~C
9TE
Tee
33
9s€
Lse
oLE
vy
I'vy
86

0°0¢
@.Om\
109
8'9L \

TLL—F
m‘hh\

906 —

€LIT—

$9El —
Syl —

V'SLL —
€8L1 —

1'90T —

13C NMR spectrum

(101MHz, CDCly)

VPR, REE S | B 5 9 18 SO S ——

-10

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

210

(ppm)

1

102



90'1
L0'T
SUT
91T {
171 1
Tl
€011
$T1
051
161
€51 1
bS]
95°1 1
861

651
091
w91
€9°1
9L
o'l
991

891 /%
€L'1
L1
SL'1
9Ll
oLl
LL'1
SL'1
6L'1
1871
w1
€81

81
S8l
L8]
881
0°C
LO'T
11"
€'
P1'C
SI'CH
91'C
L1'T
YT
8TT
1€7T1
e
€€T
€T
€9°C 1
¥9'C
$9°C 1
L9T A
89'C
17T
10°€ 1
Y0'€ -

9L —

60
"H NMR spectrum
(500 MHz, CDCl5)

1 (ppm)

103



6'9L
TLL
VLL \

668 —

yovl —

SILL—

€8L1 —

$L0T —

13C NMR spectrum

(126 MHz, CDCly)

-10

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

210

1 (ppm)

104



9TL—

"H NMR spectrum
(500 MHz, CDCl3)

869

70T

01
001

£1 (ppm)

105



vl —
0'1¢

ree~s
VYT —
8T
0'LT
vee
vee
I's¢
s'ee
8'¢¢E
L'8¢
8'8¢
6’y
44
L8y
Tos
8¢S
€09
89L —F
N.hh\“

SLL
888 —

8cel —

PIst—

96Ll —

9°90C —

-

L

13C NMR spectrum

(101 MHz, CDCl3)

|

£1 (ppm)

Ll

-10

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

210

106



1670
2601
66°0
00°I
20°1
€0°1
01 A
90°[
80°[ W

LU
foa %
YTl -
6T'1

€'l

1€]

€61

bel

oc]

LET

vl

RS

op'l

61

vol ]
b1
LS
791 1
o'l 1
91 1
o1 1
891 1
€L1 1
LT
LT
LT
9L'1 1
811
€81 1
81 1
811
381 1
681 1
06'1 1
611
€6'1 1
66'1 1
20T
0 1
30 1
PIT
1T
91T
L1
1T
W
€T
b
9b'T -
orL?

"H NMR spectrum
(400 MHz, CDCl3)

£1 (ppm)

107



6'8L1 —

0'61C—

N
©

3C NMR spectrum

(101 MHz, CDCly)

70

110

£1 (ppm)

T
180

210

T
220

108



880
060
260

€0'1
611 #
0T’ 7
TT
PET
LET
6€1
0r'1
191 4
791
v9°1
99'1 7
L9'1 W
LLTA i
6L°1
6L1 A
181
181
€31 /F
68'1
06'1
16°1
61
€61
v6'1
S6'1
80T
60T
60T
0r'c
e

SI'e
81'C
61'C
0T'e
1cc
€CC
¥Te
9T'C
€T
9T
61'C
¥8'C
98'C
88'C
°6'E
€6°¢
6'€
$6°€
96'¢€ 1
96°¢
86°¢
vﬁvh
SI'v

91'v
L'V
8I'v

"H NMR spectrum

(400 MHz, CDCly)

Fart

(ppm)

f1

109



8911 ~
s =

I'vel —
rLer —

L'8ST —

9 ILL ~
8 €ELL —

T90C —

13C NMR spectrum

(101 MHz, CDClj3)

WMM wwwmww%wmm m«wmwijm N

-10

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

210

(ppm)

1

110



1607
€601
L6017
660 1
10’1
8T'1
6T'1
1€
el
SE1
9€'1
LET

8¢l
6€'1
6€'1
wl
&l
Syl
o'l
o'l
L'l
8l
ot'1
43!

w1
91
991
891

€8°1
S8l
981 1
L8'1
681 1
061 1

€6°1
61
96'1
L6'1
861
66'1
10°C
€0'C
e
L1T
81'C
0T'T
0T'c
1cc
e
Y
STTH
LTT
1€C1
ST
€5°C 1
ST
S
96T
LS'T
98'C
88'C
06'C
167
Y1°S
59 1
$$91
969 1

9T'L
19'6 J

e

"H NMR spectrum
(400 MHz, CDCl3)

10°€
H/:.m
0'¢
LT
Frot
61

1’9
Tl
81
[
01

Feor

i

-——— o

(ppm)

f1

111



6911 ~
L8IT

SPYeEl —
0LEl —

'LST —

0 ILL —

1'90T ~
€L0C

3C NMR spectrum

(101 MHz, CDCl3)

L L]

WWMMWWWML«WWWMWMWW«W

-10

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

210

(ppm)

1

112



z
0CT
[fa
YTl
STl
9T'1
LT1
6T'1
1€1
1€l
(4!
o'l
wl
€&l
vl
SY'lL
o'l
Sl
1671
Sl
SS'l
961
8¢°1
0oLl
1Ll
€L'1
YLl
SL'1
9Ll
8L'1
€6°1
61

161 1
0T 1
90 1
L0
80T 1
01t
T
e
€17
917 1
917 1
317 1
s
0£T 1
€T
e
9r'z 1
e
oLt
69°€ 1
LUy
LS
9L

H NMR spectrum
(400 MHz, CDCl3)

|

(ppm)

1

113



6Tl
81T
TETH
TYTA
€6C
L0gY
$TEN
['¥€ A
0°6€ A
$9€ A
9'6€

— —

e

i

6'1S ~

L'vL

8'9L M
TLLT
S'LL \

TLIT—

€LET ~
v'ecl —

8'8LI —

9°90C —

AlelL‘L ynm

A

13C NMR spectrum

(101 MHz, CDCly)

T T

150

T

-10

130 120 110 100 90 80 70 60 50 40 30 20 10

140

200 190 180 170 160

210

(ppm)

1

114



760 7
60 1
$6°0
960 1
L1601
101 1
$0'1
L0°1
ST A
9z'1
LT
6C'1 9
0€1
1€°1 W
€61
11 ,W
ot
8t .
6t'1
6t'1
I1s1

™

N3
o
—
L_
TR

91'C
91'C

9L —

N|

"H NMR spectrum
(400 MHz, CDCly)

(ppm)

1

115



0¢r —
6'1C /
8¢
9'vCT M
SSTT
$9C

$'8¢
L'8€
[Sy474
vy
667
196
TLS
147N
89L ~

S'LL

06Tl ~
8'0¢1

LSyl —
v'orl —

€90C —

13C NMR spectrum
(101 MHz, CDCly)

B WO wiw

T T

150

T

-10

130 120 110 100 90 80 70 60 50 40 30 20 10

140

200 190 180 170 160

210

(ppm)

1

116



260
€601
€0°1
01 1
m_.:
P11
LT'T A
SI'T L
61'T
€T1E

STI-E
LT1
8Tl
0€'l
€l
Sl
8¢l
61
71
'
A
St
A
0S'1
1S
€51
LS’
991
L9
69'1
w

L
9L'1 1
LT
6L
181 1
811
€6'1 1
6’1 1
L1611
861 1
66'1 1
20T
€07 1
L0
80T 1
60T 1
01T
T
€17
91T
02T
96T 1
0b'T 1
€67 1
15T
29T
9 1
9T 1
19T
69 1
e
oL

1A

'H NMR spectrum
(400 MHz, CDCl3)

[te)

(ppm)

f1

117



6'Cl
L6l
I'1c
Tee
Tye
ST
LSt
L0€
vle
_.vm/

8L

8'9L M
TLLT
S'LL \

80ovl —

oLl —

T80T —

U W o A Ao

W

3C NMR spectrum

(101 MHz, CDCly)

-10

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

210

(ppm)

1

118



660 7
001 1
Tl
P
911 1
LUTT
0T'1 1
@iy
vl
Ak
ST
LT
8T'1
0€'T 4
€1
e
€61
A
A
81
0s'1
43
€61
Sl
§s1
LS
651
191
€91
POl
991
891 1
69'1 1
L
€L11
€81
811
981 1
881 1
6811
06'1 1
161 1
611
0
60T 1
01T
61T
€T
PET T
9€°T 1
17T |
SPT
65T
19°C 1
79T 1
v9°T 1
99

—

N

9TL—

H

L L
@ 33

"H NMR spectrum

(400 MHz, CDCl3)

_—

5.

5.5

0

5

f1 (ppm)

119



9°€l
961 1
n‘_mg
$TTH
9°€T
€6TH
L'STH
86T
69T A
1443
'S¢
o€

Loy /
'y W
ey

€Tr \
ey

€TS8 —

—

G

SL9 —
8'9L

TLL
VLL W.

SLL

I'evl —

VeELL —

€L0C —

0°0TC —

H

L e
0 33

13C NMR spectrum

(101 MHz, CDCl3)

10

30

70

80

110

T T T
160 150 140

T
170

210

T
220

(ppm)

f1

120



001 7
201
111
€11 T
€11 T
Il
€T 1
ST
st
LT
LTI
8T |
6T'11
0€'1 7
€1
e
or'1 §
vk
AR\
€51~
sl

951

8’1

651

09'1

19'1

91

€9°1

$9'l

99'1

891

69'1

oLl

w

€Ll

[£3

8l

<81 1
811
88 1
06'1 1
06'1 1
16'1
6’1 1
s61 1
861 1
861 1
LT
6£C 1
Ly
157
09C 1
79
9 1
99 1
89°C 1
69C 1
e
€T T
19°¢
e

9TL—

"H NMR spectrum
(400 MHz, CDCl5)

ki.m
S1°9
Fses
181
M.W.o
r%.o
fo.v
H(i

1'C

Il
Evo1
o
Fooz

(ppm)

1

121



9°€l
Lol
Tl
L'TC
0'¥C
€6C
¥'sT
L'ST
6'9C /

9TEN
|33
m.mm\
€9¢
Ty .\.
144
LTy
6'¢y

789 —
8°9L
TLL
S'LL

S'LL \
0°6L

96El —

8Ll —

0'80C —

0°0CC —

WMWWWM

13C NMR spectrum

(101 MHz, CDCl3)

10

30

50

110

T
120

T
140

T
160

T
210 200

T
220

(ppm)

f1

122



8L0)
60
76°0 |
$60 1
L6°0 1
860 1
177
€1 7
€1 7
9T’ |
6T1 7
0€'T
43
el
SET
6€1
A

wl
el
'l
6¥'1
122!
9¢'1
LS'1
651
191
€91
o'l
L9°1
1.1
€L1
VL'l
L'l
081
(4

P8°1 1
S8'1 7
L8'T
mO.N*
90°C

80°C 1
11T
e
€V’
9T
XN
¥8°C 1
9¢°¢ 7
hm.mp
€7y

9TL—

"H NMR spectrum
(400 MHz, CDCl3)

-—

w(a.m
SL'8
Rgo'¢
To.v
20T
S6'L
7ol
Feoc

H\.Eg

€01
260

Feot

oot

5.

5.5

0

£1 (ppm)

123



Sel 1
6'81 g
o._Ng
0ccq
9°CT A
vy
5T
0°LT
v.omg
L'vE
€se
T9¢
$'9¢
1'6€ ~

SOy
o.mv\
N.Nv\
v'Sy

9vs —

[

899 —
6'SL /
8°9L
TLL /
N.hhw
S'LL

6'8L

e —

13C NMR spectrum

(101 MHz, CDCl3)

W wwmmmmwmwwwmmwwwwmmmm

10

30

T
100 90 80 70

110

170

210

T
220

(ppm)

f1

124



68701
601
6601
960 1
1601
860 1
6601
T
€1
911 1
811 1
AR
[T
8711
6711
€1

€1

€€

beT

se'l

£

€51

sl

151
651
091
1
€91
o'l 1
991
39'1
107
€011
RE
811
€371
68l 1
0311
381 1
6311
T
orz

[

P

SLY~.
wy”

8T'S .
ocs”

9TL—

—_———

The cyclic thionocarbonate

"H NMR spectrum
(400 MHz, CDCl3)

E86C
H/ow.w

FS0'€
T I's
TN.Q

Feew

Frot

Eseo

Foot

5

2.5 (0] 5 [¢] 0.5 0.0 —0.

3.0

£1 (ppm)

125



3
631
17t
Fans
$Tz
e
TSt %
697~
6Lz’
SPEL

€5E-F
N.om\
w.om\
€or
0y
44

e/
099 —
S9L
8°9L
S'LL

106 ~
96 —

0cel —

L1 —

The cyclic thionocarbonate

18C NMR spectrum

(101 MHz, CDCls)

30 10

40

50

110
1 (ppm)

140

T
160

T
210 200

T
220

126



780 7
8°0 1
160 1
€60 1
$6°0 1
L6°0 1
860 1
I
117
61'1 ]
1771
€71
At
ST
ST
9z'1
LT
LTT
8Tl
8Tl
€'l
1€
Wl
£l
A
91
A
(43
LS
651
09'1 1
791 1
291 1
9’1 1
19’1 1
91 1
991 1
L9
891 1
69'1 1
L1
0L'1 1
Ll
€L
L1
LL) T
08'1 1
81 1
€81
$81
981 1
81 e
881 1
681 1
6'1 1
€61
61
96'1 1
00T 1
00T 1
20T
20T
10T 1
17T 1
€T
08'S 1
08'S 1
18°6 1
8 1
v8'S 1
98 1

T

T

9T’L :

H NMR spectrum
(400 MHz, CDCl3)

Poee
LT°E
9
WMN.M
0
€1
01
T8
Tt
L0°1
01

Fo1

0°1
0°1

5.

5.5

£1 (ppm)

127



Sel
§Ce
9'ct
L't
8'CC
L'EeT
€6T
I'Le
6'6C
6'vE
4%
¥'9¢
9°0v
1384 /
0Cr ~

6y

89t
Sys —

L'L9 —
y'SL

89L~:
TLL
SLL

6°¢El —

9wl —

0°€CC —

L

13C NMR spectrum

(101 MHz, CDCl3)

WWWWMMWM

110

£1 (ppm)

T
150 140

T
160

T
200

210

128



€80 1
$8°01
€601
96°0 1
86°0 1
10717
€01 7
601
17
LI A
611
0T1—
e
9T'1
871
6T
vl
601
sl
43
ST
961
POl
99°7
191
891 |
69'1 1
0Ll
17
11
€L
L1
LT
881 1
06'1 1
€611
861 1
00T 1
107 1
€07
0T 1
80°C 1
01T
1z
T
€'
S
81°T 1
61T
6L
08°s |
18°S
18°
¢85
0g°¢ 1

I

—

9TL—

"H NMR spectrum
(400 MHz, CDCl3)

660
0°1

5.

5.5

£1 (ppm)

129



00 — I~
ol ol o
< < <
AN

AR
<+ S 8 9
v <t

S

0OveEl —

0evl —

LT ST——

3C NMR spectrum

(101 MHz, CDCly)

|

—-10

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

210

130



mw.A:
$8°0 1
¥6°0
$6°0
96°0
960
860
1071
€071
P11
91"l A

61 1L
1T1\f
NN._/W
9€° T ~\_
6¢1 - E
ot'1
1+l
Tl
2a!
9’1
L1
I
I
1
I
I

94
Is
43
€S

SS1
8671
651
091 1
91
91
S9'l 1
99°1
L91
691 1
(Ve
LT

L1
€L'1

SL'L
SL'1
9Ll
oLl
LL'T
8L'1
6L'1
6L'1
081
81
S8l 1
L8]
881
00T 1
10°C 1
€0°C
€'
Y1'T
SI'C
99 1
98t
6L°S
08°S 1
18°¢ 1
18°6 1
78S 1
98°S
@N.h\;

"H NMR spectrum
(400 MHz, CDCl3)

Fso1
Fero

860
0°1

[t)

[te)

(ppm)

f1

131



selr—

97z
wNNu/
ez

8'cC
sz
e
662
_dm“
€€

e
Tse
TLe
o1v ]
gzh |
Shy
S9¥
Ly
oLy ]
05 1
s
6 -
89,

T

SLL

L B a2 e B s B o R )

9c01 —

6°€El —

0evl —

S191 —

3C NMR spectrum

(101 MHz, CDCly)

—-10

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

210

(ppm)

1

132



€80 7
780 1
1801
060 1
601
L601
6601
00 1
1011
POl |
SO
90°1 |
L01

80°1
(U
€'l
4!
oI'l
LT'1
61°1
0Tl
0€°1
43!
€e]
PEl
Sel
9¢€'1
LE']
6€'1
(U
171
Wl
1
8Y'1 1
0S°1 1
1677 1
€671 7
PS1
Sl
8¢ 1
651

191

w1

w91

€91

¥9°1

9’1

99°1

L9'1 1
L9117
69°1 1
0L'1
1L°T
SL'T
SL'T
8L'1
6L'T 1
S6'1 7
961 1
86'1 1
66°1
60°C 1
11T
LTV
8TV
8TV 1
6TV
6Tt 1
0€Y 7
Yo't 1
08'% 7

mw.h;

Astellatol, 1
"H NMR spectrum

(400 MHz, CDCl3)

€I'e
€01
L6°0

B T
A

5.

5.5

0

£1 (ppm)

133



el —
1oz
AN
0€T—
0T
61T
oLt
167
0lg
6€E
0°se
69¢
L1
9 ]
cer
Sty
TSk
09
36t 1
05 1
s
65
99,
69L
TLL
vLL

>

L L L

BN a2 e R e b R R R

——T

1201 —

I'91 —

[

i

L

L

Astellatol, 1
13C NMR spectrum

(101 MHz, CDCls)

—-10

T
120 110

T
130

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

210

(ppm)

1

134



0801
1801
€8°0 1
760 1
$60 1
$6°0 1
96'0 1
101 ]
€01
e
117
L
81l
611
8¢l
6€1
191
el
e
o'l
Lyl
61
01
'
€51
Sl
§s'l
L§1
651
291
€91 1
79’1 1
99'1 1

=

M

89°1 1
0L'1
Ll
L1
L'l
8L'1
6L°1
081
16°1
€6'1
¥6'1
S6'1 7]
961 1
L6'1
€1'T
1T
SI'TH
e
YLE
9% 1
vw.v;

9TL—

The C-6 regioisomer

"H NMR spectrum
(400 MHz, CDCly)

Feot

Fvo1
Foot

5.

5.5

0

5

f1 (ppm)

135



el (=} (=2 ol =l DAL OV T IO X0V T — OV TNl YN
— — oo I~ ™~ &~ M T T T T TFT NN N A~
e ——
The C-6 regioisomer
13C NMR spectrum
(101 MHz, CDCl3)
|
| |
I J
l VWi My MM WYY
T T T T T T T T T T T T T T T T T T T T T T T T 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 0 ~10
£1 (ppm)

136



~
_J
(TR

S O vy n
n A
—_— o —

1€
€€l

11

A

St

A%
89°1
121
e
LU
6L1
1811
881 1
06'1 1
61
671
66'1 1
0
80T 1
e
€17 1
07T
T
vz

9L —

H NMR spectrum
(400 MHz, CDCl3)

S8 S o
[aalie B o B o Bol]

i ]

ST
St nm

£1 (ppm)

137



91
1’61
LTT
L€T
867
1'6Z 1
L4
397
€821
vIE
'€
e
0'9¢
$9€ A
zor

o;v&
A\
Ity —
pSt~

oor
Lov
€Ly

661
865 —

(LB S & S e

8oL
e

S'LL
9'6L

13C NMR spectrum

(101 MHz, CDCl3)

T T T T T T T T
190 180 170 160 150 140 130 120

T
200

£1 (ppm)

138



L0y
L0
LL0
280 1
8°0 1
€60 1
60 1
T0°1 7
T0°T
L0°T 7
80°1
01l
ST A

ﬁm._/

f

vy <+
@
]

Yovr —
€8y —

9L —

Astellatene, 2
"H NMR spectrum

(600 MHz, CDCl3)

=060
Feot

£1 (ppm)

139



S€l
161 1
€€T
TYT
1°6T A
6'LT
'8¢ A
o.omg ﬁ
YIE
SIE
Tre
€6¢
€LE
Ty
91y
m.mv/
1324 /

8Py
8°9¥
69t N
69t \
Tos
L'6S —

6'9L

TLL

VLL

ol —

8191 —

Astellatene, 2
13C NMR spectrum

(150 MHz, CDCly)

-10

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

210

f1 (ppm)

140



IV. Comparison of NMR Data of Natural and Synthetic Astellatol

Table S1. NMR data“ for natural Astellatol and synthetic Astellatol in CDCls.

osition Natural Astellatol ® Synthetic Astellatol ¢
p dc o (J in Hz) dc on (J in Hz)
I 498 49.8
2a 141 (t, 13.5) 1.30-1.44 (m)*
2b 270 1.60 (dd, 2.7) 270 1.58-1.71 (m)*
3 453 1.66 (ddd, 10.2) 452 1.58-1.71 (m)“
4 5722 1.41(td, 4.2, 10.2) 57.1 1.30-1.44 (m)*
5 77.4 428 (ddd, 7.1, 8.7) 77.4 429 (ddd, 4.2, 7.4, 8.6)
6a 1.13 (dd, 11.5) 1.10-1.20 (m)“
6b 509 1.97 (dd) 507 1.97 (dd, 7.1, 11.5)
7 417 417
8a 0.84 (t, 12.2) 0.84 (t, 12.0)
8b 43.6 176 (ddd, 3.4) 435 177 (dd. 3.2, 12.9)
9 46.0 1.06 (ddd. 9.0) 46.0 1.03-1.08 (m)*
10 37.0 1.34 (m) 36.9 1.30-1.44 (m)*
1a o 148 (ddt, 12.7,4.5,24) 1.46-1.56 (m)*
11b : 1.65 (qd, 12.8, 4.7) : 1.58-1.71 (m)*
12a L 117 (td, 12.8) TLo 1.10-1.20 (m)*
12b : 176 (ddd) : 177 (dd, 3.2, 12.9)
13 59.5 59.5
14 42.6 1.47 (m) 4.6 1.46-1.56 (m)*
15a 137 (qd, 12.1,7.2) 1.30-1.44 (m)*
15b 350 170 (dt) 350 1.58-1.71 (m)*
16a 1.48-1.58 (d, 9.0) 1.46-1.56 (m)*
16b 249 1.48-1.58 (d, 1.7) 249 1.46-1.56 (m)*
17 44.6 2.10 (dd) 445 2,10 (d, 8.7)
18 161.1 161.1
19a 4.63 (s) 4.64 (s)
19b 102.1 4.80 (s) 102.1 4.80 (s)
20 29.7 1.67 (m) 29.7 1.58-1.71 (m)*
21 24.0 0.98 (d) 24.0 0.98 (d, 8.0)
2 218 0.98 (d) 21.9 0.98 (d, 8.0)
23 20.1 0.83 (s) 20.1 0.83 (s)
24 230 0.91 (d) 23.0 0.91 (d, 6.4)
25 13.2 1.00 (d) 13.2 1.00 (d. 6.4)

“ocis relative to CDCl; at 676.9, dy is relative to CDCl; at 67.25.
> TH NMR spectra were recorded at 600 MHz; '*C NMR spectra were recorded at 150 MHz;
¢ TH NMR spectra were recorded at 400 MHz; '>*C NMR spectra were recorded at 101 MHz;

4 Overlapped
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Table S2. NMR data“ for natural (+)-Astellatene and synthetic (-)-Astellatene in CDCls.

osition Natural Astellatene Synthetic Astellatene °
p Jc on (J in Hz) dc dn (J in Hz)
la 1.81(dd, 12.4,3.2) 1.74-1.84 (m)“
1b 4413 0.75 (t, 12.4) 4413 0.72-0.77 (m)
2 46.76 1.08 (m) 46.76 1.06-1.09 (m)¢
3 37.13 1.34(m) 37.13 1.31-1.35 (m)
4a 1.69 (m) 1.56-1.73 (m)“
4b 34.04 1.49 (m) 34.05 1.40-1.54 (m)“
5a 1.77 (m) 1.74-1.84 (m)“
5b 31.20 1.19 (dd, 8.4, 4.8) 3121 1.16-1.22 (m)*
6 59.52 59.52
7 42.70 1.47 (m) 42.71 1.40-1.54 (m)“
8a 1.71 (m) 1.56-1.73 (m)“
8b 3511 1.40 (m) 3511 1.36-1.40 (m)
9a 1.53 (m) 1.40—1.54 (m)“
9 27.76 1.53 (m) 27.76 1.40-1.54 (m)“
10 44.67 2.09 (m) 44.67 2.09 (d, 7.4)
11 161.65 161.65
12 50.01 50.02
13a 1.64 (m) 1.56-1.73 (m)“
13b 27.97 1.47 (m) 27.97 1.40-1.54 (m)’
14 46.61 1.22 (m) 46.61 1.16-1.22 (m)“
15 41.47 41.47
16a 1.45 (m) 1.40-1.54 (m)“
16b 41.06 1.03 (m) 41.07 0.99-1.05 (m)“
17a 1.78 (m) 1.74-1.84 (m)“
17b 297 1.49 (m) 2971 1.40-1.54 (m)“
18 46.72 1.62 (m) 46.73 1.56-1.73 (m)“
19 31.31 1.60 (m) 31.32 1.56-1.73 (m)“
20 24.05 0.94 (d, 6.4) 24.05 0.94 (d, 4.3)
21 13.36 1.02 (d, 6.4) 13.37 0.99-1.05 (m)“?
22a 4.83 (s) 4.83 (s)
22b 102.06 4.64 (s) 102.07 4.64 (s)
23 18.94 0.82 (s) 18.95 0.82 (s)
24 24.91 0.94 (d, 6.4) 24.92 0.94 (d, 4.3)
25 23.13 0.82 (d, 6.4) 23.14 0.82 (s)

“ocis relative to CDCl; at 677.0, Jy is relative to CDCl; at 67.26.
> TH NMR spectra were recorded at 400 MHz; *C NMR spectra were recorded at 100 MHz;
¢ 'H NMR spectra were recorded at 600 MHz; '>*C NMR spectra were recorded at 150 MHz;

4 Overlapped

142



V. Crystallographic Data

ORTEP of (-)-43

Crystal data and structure refinement for compound (—)-43

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

cu dm16384 Om
C14 H22 04

25431

296 K

1.54178 A

Orthorhombic

P212121

a=7.7082(4) A a=90°.
b=9.8033(6) A b=90°.
c=17.7454(10) A g =90°.
1340.95(13) A3

4

1.260 Mg/m3

0.742 mm-1
552

0.3x0.25x 0.2 mm3

4.984 to 69.644°.

8<=h<=9, -11<=k<=11, -21<=1<=21
9607

2473 [R(int) = 0.0419]
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Completeness to theta = 67.679°
Absorption correction
Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

99.8 %
Semi-empirical from equivalents
0.7532 and 0.5253

Full-matrix least-squares on F2
2473/0/ 168

1.022
R1 = 0.0360, wR2 = 0.0979
R1 = 0.0377, wR2 = 0.0987
0.04(7)

0.0092(12)

0.294 and -0.153 e.A-3

(42)
X y z U(eq)
Oo(1) 4895(2) 3925(2) 2048(1) 65(1)
0(2) 2825(2) 6650(1) 2944(1) 49(1)
0Q3) 3004(2) 5903(2) 4619(1) 77(1)
04) 362(2) 5363(2) 4228(1) 45(1)
C(1) 2728(2) 4403(2) 3545(1) 33(1)
C(2) 1262(3) 3563(2) 3179(1) 36(1)
C(3) 64(2) 4273(2) 2616(1) 36(1)
C4) 693(3) 4204(2) 1799(1) 39(1)
C(5) 2328(3) 5066(3) 1662(1) 48(1)
C(6) 3760(3) 4728(2) 2209(1) 42(1)
C(7) 3732(2) 5392(2) 2995(1) 36(1)
C(8) 5571(3) 5529(2) 3331(2) 53(1)
C9) 5834(3) 4339(3) 3873(2) 54(1)
C(10) 4207(3) 3451(2) 3828(1) 43(1)
c(n 3812(4) 2661(3) 4544(2) 61(1)
C(12) 2079(3) 5314(2) 4186(1) 40(1)
C(13) -351(3) 6260(3) 4797(1) 56(1)
C(14) -729(3) 4636(3) 1257(1) 53(1)
Atomic displacement parameters (42)
ull U22 u33 u23 ul3 ul2
O(1) 52(1) 59(1) 84(1) -7(1) 22(1) 19(1)
0(2) 36(1) 24(1) 86(1) -1(1) -4(1) 2(1)
0Q3) 47(1) 98(2) 86(1) -53(1) -10(1) -5(1)
04) 35(1) 55(1) 46(1) -14(1) 6(1) -2(1)
C(1) 29(1) 29(1) 42(1) -2(1) 1(1) -1(1)
C(2) 39(1) 30(1) 38(1) -2(1) 3(1) -7(1)
C@3) 33(1) 38(1) 38(1) -4(1) 1(1) -4(1)
C4) 48(1) 34(1) 37(1) -4(1) 1(1) 3(D)
C(5) 48(1) 54(1) 42(1) 5(1) 12(1) 2(1)
C(6) 34(1) 36(1) 56(1) 2(1) 15(1) 1(1)
C(7) 27(1) 27(1) 55(1) 2(1) 4(1) 1(1)
C(8) 29(1) 47(1) 83(2) 7(1) -6(1) -4(1)
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C(9) 32(1) 62(1) 63(1) 9(1) -5(1) 4(1)

C(10)  43(1) 37(1) 50(1) 1(1) -4(1) 6(1)
c(1l)  62(1) 58(1) 63(1) 18(1) -14(1) -7(1)
Cc(12)  35(1) 39(1) 45(1) -8(1) 0(1) -4A(1)
c(13)  51(1) 64(1) 52(1) -16(1) 11(1) 8(1)
Cc(14)  61(1) 52(1) 44(1) 1(1) -8(1) -1(1)

Hydrogen coordinates ( x 10%) and isotropic displacement parameters (42x 10°)

X y z U(eq)
H(2) 3519 7283 2965 73
H(2A) 1790 2792 2924 43
H(2B) 545 3198 3581 43
H(3A) -53 5223 2760 44
H(3B) -1077 3859 2646 44
H(4) 985 3251 1689 47
H(5A) 2737 4913 1152 58
H(5B) 2035 6025 1710 58
H(8A) 6433 5501 2933 64
H(8B) 5683 6389 3597 64
H(%9A) 5997 4673 4382 65
H(9B) 6850 3816 3730 65
H(10) 4411 2776 3430 52
H(11A) 4747 2042 4648 91
H(11B) 2756 2155 4479 91
H(11C) 3683 3285 4956 91
H(13A) -196 5858 5286 84
H(13B) -1566 6395 4704 84
H(13C) 237 7123 4779 84
H(14A) -1696 4025 1302 79
H(14B) -293 4609 750 79
H(14C) -1095 5547 1375 79

Hydrogen bonds for compound (—)-43[A4 and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

0(2)-H(2)...0(1)#1 0.82 2.02 2.839(2) 175.2
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ORTEP of (+)-44

Crystal data and structure refinement for compound (+)-44

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

cu_dml16391 Om
Cl14 H22 O4
254.31

130 K

1.54178 A
Monoclinic
P1211

a=11.5456(4) A a=90°.
b=28.4616(2) A b=91.069(2)°.
c=13.8894(4) A g=90°.

1356.68(7) A3
4

1.245 Mg/m3

0.734 mm-1
552

0.2x0.15x0.11 mm3
4.936 to 69.404°.

~13<=h<=12, -9<=k<=10, -16<=1<=16

10460

4331 [R(int) = 0.0562]

95.8 %

Semi-empirical from equivalents
0.7532 and 0.5348

Full-matrix least-squares on F2
4331/1/333
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Goodness-of-fit on F2 1.048

Final R indices [[>2sigma(])] R1=0.0468, wR2 =0.1173
R indices (all data) R1=0.0495, wR2 =0.1200
Absolute structure parameter -0.10(14)

Extinction coefficient n/a

Largest diff. peak and hole 0.211 and -0.236 ¢.A-3

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

(42)

X y z U(eq)
Oo(1) -2876(2) -336(3) 2560(2) 46(1)
0Q2) -702(2) -2699(2) 2200(2) 31(1)
0Q3) -1134(2) 2152(3) 2218(2) 42(1)
04) 768(2) 2544(2) 2246(1) 29(1)
C(1) -2063(3) -627(4) 2062(3) 35(1)
C(2) -2166(3) -713(5) 979(3) 44(1)
C@3) -1149(3) 40(5) 459(2) 42(1)
C4) 42(3) -405(4) 894(2) 30(1)
C(5) 94(2) -111(3) 2004(2) 23(1)
C(6) 1282(2) -611(3) 2436(2) 24(1)
C(7) 1333(2) -537(4) 3532(2) 28(1)
C(8) 363(3) -1488(4) 3992(2) 33(1)
C(9) -812(3) -956(4) 3584(2) 31(1)
C(10) -871(2) -1089(3) 2488(2) 26(1)
C(11) 996(3) 432(4) 345(2) 41(1)
C(12) 404(4) -1345(5) 5091(2) 47(1)
C(13) -170(2) 1625(3) 2181(2) 26(1)
C(14) 528(3) 4218(3) 2344(2) 32(1)
O(1A) 7415(2) 5712(3) 3059(2) 41(1)
0(2A) 6060(2) 2432(2) 3242(1) 29(1)
0(3A) 3147(2) 6109(3) 2263(2) 39(1)
O(4A) 4894(2) 6955(2) 2735(1) 26(1)
C(1A) 6579(3) 5082(3) 3388(2) 29(1)
C(2A) 6286(3) 5190(4) 4448(2) 39(1)
C(3A) 4997(3) 5323(4) 4629(2) 39(1)
C(4A) 4250(3) 4150(3) 4057(2) 30(1)
C(5A) 4500(2) 4220(3) 2954(2) 23(1)
C(6A) 3820(3) 2932(3) 2405(2) 32(1)
C(7A) 4110(3) 2909(4) 1332(2) 41(1)
C(8A) 5394(3) 2705(4) 1167(2) 40(1)
C9A) 6101(3) 3927(4) 1732(2) 30(1)
C(10A) 5812(2) 3938(3) 2802(2) 24(1)
C(11A) 2973(3) 4362(5) 4294(3) 49(1)
C(12A) 5679(5) 2810(5) 91(2) 60(1)
C(13A) 4095(2) 5831(3) 2594(2) 23(1)
C(14A) 4519(3) 8557(3) 2558(2) 29(1)

Atomic displacement parameters (42)

ull U22 u33 Uu23 ul3 ul2
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o(1)
0Q2)
0(3)
0(4)
C(1)
CQ2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
c(11)
C(12)
C(13)
C(14)
O(1A)
O(2A)
0(3A)
O(4A)
C(1A)
C(2A)
C(3A)
C(4A)
C(5A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)

28(1)
32(1)
30(1)
33(1)
23(2)
32(2)
42(2)
34(2)
24(1)
24(1)
30(2)
46(2)
34(2)
25(1)
50(2)
63(2)
28(1)
41(2)
30(1)
38(1)
31(1)
26(1)
30(2)
44(2)
55(2)
40(2)
27(1)
33(2)
57(2)
65(2)
372)
31(2)
48(2)
104(4)
26(1)
29(1)

41(1)
19(1)
23(1)
18(1)
27(2)
48(2)
44(2)
27(1)
18(1)
22(1)
30(1)
26(2)
26(1)
20(1)
45(2)
44(2)
21(1)
18(1)
30(1)
20(1)
25(1)
15(1)
20(1)
38(2)
36(2)
26(2)
17(1)
18(1)
26(2)
29(2)
27(1)
17(1)
50(2)
48(2)
18(1)
15(1)

70(2)
42(1)
72(2)
37(1)
55(2)
53(2)
40(2)
27(1)
28(1)
25(1)
26(1)
27(1)
34(1)
34(1)
27(1)
28(1)
30(1)
36(1)
64(1)
31(1)
60(1)
37(1)
37(1)
33(2)
24(1)
26(1)
26(1)
44(2)
39(2)
24(1)
26(1)
24(1)
50(2)
26(2)
26(1)
42(2)

20(1)

7(1)
9(1)

-1(1)

-15(1)
22(2)

-9(2)
-2(1)
-3(1)
2(1)
2(1)
0(1)
-7(1)
-9(1)
4(1)
5(1)
-2(1)
-1(1)
6(1)
4(1)
5(1)
3(1)
2(1)
-7(1)
-3(1)
7(1)
2(1)
0(1)

-10(1)

-3(D)
3(1)
4(1)
12(2)
-8(2)
1(1)
51

8(1)
12(1)
-9(1)
-5(1)
2(1)

-14(1)
-14(1)

-4(1)
-1(1)
2(1)
-3(D)
6(1)
13(1)
5(1)
-1(1)
10(2)
-7(1D)
-6(1)
0(1)
1(1)

-13(1)

-2(1)
-5(1)

“14(1)

1(1)
8(1)
2(1)
-4(1)

20(2)

-1(D)
5(1)
0(1)
20(2)
1(2)
3(1)
-2(1)

2(1)
-2(1)
7(1)
-1(1)
1(1)
6(2)
7(2)
1(1)
2(1)
4(1)
2(1)
-1(1)
-5(1)
2(1)
-7(2)
-5(2)
2(1)
0(1)
-2(1)
8(1)
1(1)
2(1)
4(1)
3(1)
7(2)
4(1)
0(1)
-1(1)
3(1)
11(2)
9(1)
5(1)
3(2)
17(2)
0(1)
2(1)

Hydrogen coordinates (x 10%) and isotropic displacement parameters (A2x 10°)

X y z U(eq)
H(Q2) -1213 -3271 2445 46
HQ2A) -2890 -179 769 53
H(2B) -2226 -1837 785 53
H(3A) -1236 1203 479 50
H(3B) -1179 -289 -225 50
H(4) 147 -1566 792 36
H(6A) 1455 -1704 2228 28
H(6B) 1889 88 2176 28
H(7A) 1275 579 3739 34
H(7B) 2090 -951 3764 34
H(8) 472 -2625 3821 40
H(9A) -1430 -1614 3864 37
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H(9B) -952 155 3773 37

H(11A) 914 192 -343 61
H(11B) 1755 67 583 61
H(11C) 933 1576 443 61
H(12A) 335 231 5274 70
H(12B) 1141 -1767 5340 70
H(12C) 238 -1946 5363 70
H(14A) 14 4562 1815 47
H(14B) 1256 4813 2322 47
H(14C) 153 4412 2960 47
H(2AA) 6621 2007 2966 44
H(2AB) 6683 6123 4730 46
H(2AC) 6591 4240 4782 46
H(3AA) 4741 6409 4465 46
H(3AB) 4865 5160 5324 46
H(4A) 4477 3070 4283 37
H(6AA) 4005 1888 2691 38
H(6AB) 2980 3119 2476 38
H(7AA) 3683 2032 1013 49
H(7AB) 3846 3910 1031 49
H(8A) 5625 1632 1403 47
H(9AA) 5949 4988 1458 36
H(9AB) 6936 3696 1662 36
H(11D) 2881 4331 4994 73
H(11E) 2519 3508 3995 73
H(11F) 2700 5382 4045 73
H(12D) 5219 2030 270 89
H(12E) 6505 2596 5 89
H(12F) 5496 3873 -148 89
H(14D) 4210 8646 1899 43
H(14E) 5178 9277 2643 43
H(14F) 3914 8838 3014 43

Hydrogen bonds for compound (+)-44[4 and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
"0(2)-H(2)...0(1A)#1 0.84 2.01 2.838(3) 170.1
O(2A)-H(2AA)..O(1)#2  0.84 2.14 2.817(3) 137.0
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ORTEP of (-)-60

Crystal data and structure refinement for compound (—)-60

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2
Final R indices [[>2sigma(I)]
R indices (all data)

cu_dm17282 Om

C24 H34 03

370.51

296 K

1.54178 A

Monoclinic

P1211

a=6.65002) A a=90°.
b=11.1580(3) A b=101.781(2)°.
c = 14.5580(4) A g=90°
1057.46(5) A3

2

1.164 Mg/m3

0.585 mm-!
404

0.15x 0.08 x 0.02 mm3

3.101 to 69.615°.

-7<=h<=6, -13<=k<=13, -17<=I<=17
8052

3544 [R(int) = 0.0421]

95.9 %

Semi-empirical from equivalents
0.7532 and 0.5187

Full-matrix least-squares on F2
3544/1/249

1.052
R1=10.0438, wR2 =0.1191
R1=10.0472, wR2 = 0.1225
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Absolute structure parameter 0.24(17)
Extinction coefficient n/a

Largest diff. peak and hole 0.116 and -0.187 e.A-3

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

(42)

X y z U(eq)
O(1) 4233(3) 5964(2) 5987(1) 46(1)
0(2) 4101(3) 6651(2) 4544(1) 67(1)
0(3) 9450(6) 2942(3) 10098(2) 112(1)
C(1) 5682(4) 5886(2) 6893(2) 42(1)
C(2) 7772(4) 6236(2) 6669(2) 44(1)
C(@3) 9174(5) 5246(3) 6399(2) 57(1)
C4) 9203(5) 5432(3) 5373(2) 58(1)
C(5) 8832(4) 6771(3) 5217(2) 56(1)
C(6) 7149(4) 7025(2) 5780(2) 47(1)
C(7) 6827(5) 8347(3) 5973(2) 59(1)
C(8) 4993(5) 8605(3) 6437(2) 62(1)
C©9) 5133(5) 8128(3) 7427(2) 59(1)
C(10) 5012(4) 6756(2) 7595(2) 50(1)
C(11) 6260(5) 6488(3) 8591(2) 58(1)
C(12) 6089(6) 5209(3) 8923(2) 62(1)
C(13) 7791(7) 4864(3) 9775(2) 80(1)
C(14) 8498(7) 3641(3) 9537(2) 76(1)
C(15) 7798(5) 3462(2) 8511(2) 58(1)
C(16) 6509(5) 4344(2) 8180(2) 51(1)
C(17) 5413(4) 4584(2) 7197(2) 45(1)
C(18) 8424(6) 7160(4) 4192(2) 78(1)
C(19) 5061(4) 6534(2) 5332(2) 48(1)
C(20) 3415(8) 8729(4) 7834(3) 91(1)
C(1) 3942(7) 4979(4) 9142(3) 86(1)
C(22) 8424(6) 2398(3) 8003(2) 64(1)
C(23) 7348(9) 1268(4) 8245(4) 102(1)
C(24) 10741(7) 2228(4) 8178(3) 81(1)

Atomic displacement parameters (42)

ull U22 U33 U23 ul3 ul2
o(1) 38(1) 47(1) 52(1) 2(1) 4(1) -4(1)
0(2) 57(1) 85(2) 53(1) 12(1) -1(1) 0(1)
0(3) 162(3) 105(3) 59(2) 15(2) -2(2) 34(2)
C(1) 39(1) 38(1) 48(1) -3(1) 5(1) -3(1)
C(2) 38(1) 43(1) 48(1) 1(1) 4(1) -3(1)
C(3) 46(2) 58(2) 68(2) 8(1) 13(1) 9(1)
C4) 46(2) 62(2) 67(2) -3(1) 15(1) 1(1)
C(5) 48(2) 62(2) 58(2) 5(1) 13(1) -8(1)
C(6) 43(1) 44(1) 52(1) 6(1) 7(1) -3(1)
C(7) 64(2) 43(2) 68(2) 6(1) 10(1) -3(1)
C(8) 66(2) 41(1) 77(2) 0(1) 9(1) 6(1)
C©) 62(2) 43(1) 72(2) -9(1) 15(1) 2(1)
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C(10) 50(2) 45(1) 58(1) -7(1) 15(1) -3(D)
C(11) 73(2) 50(1) 51(1) -12(1) 16(1) -4(1)
C(12) 86(2) 55(2) 47(1) -3(1) 20(1) -7(1)
C(13) 126(3) 69(2) 40(1) -4(1) 10(2) -6(2)
C(14) 104(3) 71(2) 49(2) 12(1) 9(2) 3(2)
C(15) 76(2) 46(2) 49(1) 5(1) 8(1) -5(1)
C(16) 65(2) 41(1) 48(1) -1(1) 15(1) -10(1)
C(17) 49(2) 38(1) 49(1) -4(1) 10(1) -8(1)
C(18) 79(3) 92(3) 68(2) 16(2) 27(2) -5(2)
C(19) 44(2) 48(1) 50(1) 5(1) 4(1) 3(1)
C(20) 111(3) 57(2) 116(3) -15(2) 49(3) 18(2)
C(21) 110(3) 80(2) 84(2) -9(2) 55(2) -16(2)
C(22) 85(2) 46(2) 58(2) 4(1) 7(1) 3(1)
C(23) 118(4) 54(2) 131(4) -2(2) 19(3) -14(2)
C(24) 91(3) 72(2) 80(2) 6(2) 16(2) 11(2)
Hydrogen coordinates (x 10%) and isotropic displacement parameters (A2x 10°)

X y z U(eq)
H(2) 8550 6719 7183 53
H(3A) 10551 5312 6777 69
H(3B) 8635 4459 6497 69
H(4A) 8129 4969 4977 70
H(4B) 10520 5201 5238 70
H(5) 10079 7185 5537 67
H(7A) 6631 8782 5384 71
H(7B) 8063 8654 6376 71
H(8A) 4806 9467 6450 74
H(8B) 3770 8272 6040 74
H(9) 6444 8406 7802 71
H(10) 3573 6572 7602 60
H(11A) 7696 6662 8604 69
H(11B) 5806 7027 9030 69
H(13A) 8913 5435 9858 95
H(13B) 7250 4836 10345 95
H(17A) 3961 4420 7142 54
H(17B) 5930 4045 6776 54
H(18A) 7292 6710 3842 117
H(18B) 9626 7016 3938 117
H(18C) 8098 7999 4149 117
H(20A) 2107 8557 7438 136
H(20B) 3629 9580 7864 136
H(20C) 3442 8424 8453 136
H(21A) 2908 5107 8586 129
H(21B) 3719 5519 9625 129
H(21C) 3865 4168 9352 129
H(22) 7949 2543 7330 77
H(23A) 7814 1084 8898 153
H(23B) 7663 612 7873 153
H(230) 5890 1398 8117 153
H(24A) 11363 2928 7972 121
H(24B) 11055 1541 7836 121
H(24C) 11265 2109 8837 121
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ORTEP of (-)-62

Crystal data and structure refinement for compound (-)-62

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

cu_d8v17002_Om

C24 H36 O3

372.53

293.15K

1.54184 A

Orthorhombic

P212121

a=28.9194(8) A =90°.
b=12.8315(12) A =90°.
c=18.5057(18) A =90°.
2118.0(3) A3

4

1.168 Mg/m3

0.584 mm-1

816

0.3x0.18 x 0.15 mm3

4.193 to 70.136°.

-10<=h<=10, -15<=k<=15, -22<=1<=22
11725

3872 [R(int) = 0.0398]

98.1 %

Semi-empirical from equivalents
0.7533 and 0.5138

Full-matrix least-squares on F2
3872/0/249
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Goodness-of-fit on F2 1.069

Final R indices [[>2sigma(I)] R1=0.0659, wR2 =0.1672
R indices (all data) R1=0.0724, wR2 =0.1734
Absolute structure parameter 0.10(16)

Extinction coefficient n/a

Largest diff. peak and hole 0.398 and -0.219 e.A-3

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

(42)

X y z U(eq)
o(1) 4825(6) 1796(3) 5188(2) 93(1)
0Q) 2749(3) 6688(2) 6089(2) 57(1)
0(3) 1046(5) 7571(3) 6715(2) 84(1)
c(1) 5114(5) 2721(4) 5222(3) 64(1)
C2) 5650(5) 3380(4) 4612(2) 63(1)
c@3) 5223(5) 4495(3) 4815(2) 51(1)
C(4) 3565(5) 4695(3) 4636(2) 50(1)
C(5) 2881(4) 5695(3) 4955(2) 46(1)
C(6) 1313(5) 5841(3) 4603(2) 51(1)
c(7) 184(5) 6530(4) 4996(2) 61(1)
C(®) -567(5) 6029(4) 5647(2) 65(1)
C(9) 488(5) 5802(3) 6287(2) 53(1)
C(10) -346(5) 5387(4) 6957(2) 67(1)
c(11) 917(6) 4921(5) 7410(3) 74(1)
C(12) 1975(6) 4425(4) 6866(2) 63(1)
C(13) 1716(4) 4986(3) 6126(2) 48(1)
C(14) 2981(5) 5633(3) 5789(2) 46(1)
C(15) 4614(5) 5408(3) 6007(2) 52(1)
C(16) 5390(5) 4483(3) 5645(2) 52(1)
c(17) 4909(5) 3384(3) 5889(2) 55(1)
C(18) 5748(6) 3008(4) 6582(3) 72(1)
C(19) 4927(9) 2078(6) 6924(4) 132(3)
C(20) 7324(7) 2724(5) 6443(3) 91(2)
c21) 6246(5) 5300(4) 4448(2) 67(1)
C(22) 1509(6) 6279(5) 3834(3) 77(2)
C(23) 1391(6) 6777(4) 6414(2) 59(1)
C(24) -1378(8) 6147(6) 7362(4) 108(2)

Atomic displacement parameters (A2)

Ull U22 U33 U23 U13 U12
o(l) 120(3) 57(2) 103(3) 9(2) 303) 4(2)
0Q) 69(2) 46(2) 56(2) -10(1) (1) 1(1)
0(3) 116(3) 65(2) 70(2) 20(2) 1(2) 20(2)
c(1) 54(2) 63(3) 74(3) 2(2) 3(2) 132)
C2) 60(2) 68(3) 60(2) 7(2) 3(2) 112)
c@3) 51(2) 55(2) 48(2) 2(2) 3(2) 2(2)
C(4) 56(2) 54(2) 40(2) -4(2) -4(2) 12)
C(5) 50(2) 48(2) 41(2) 2(2) -6(2) 3(2)
C(6) 58(2) 53(2) 42(2) 12) 9(2) 6(2)
c(7) 72(3) 62(3) 49(2) -1(2) -12(2) 19Q2)
C(®) 58(2) 83(3) 54(2) 2(2) 9(2) 19Q2)
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C(9)

C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
c1)
C(22)
C(23)
C(24)

55(2)
60(3)
77(3)
67(3)
54(2)
54(2)
53(2)
51(2)
48(2)
78(3)
129(6)
85(4)
60(2)
80(3)
75(3)
101(5)

62(2)
85(3)
92(4)
69(3)
49(2)
40(2)
57(2)
59(2)
59(2)
75(3)
132(6)
102(4)
82(3)
100(4)
58(3)
144(6)

41(2)
55(2)
52(2)
53(2)
42(2)
45(2)
47(2)
47(2)
57(2)
63(3)
136(6)
85(4)
58(2)
50(2)
45(2)
78(4)

-6(2)
3(2)
93)
12(2)
-4(2)
-6(2)
3(2)
9(2)
8(2)
23(2)
91(5)
11(4)
18(2)
17(3)
-7(2)
11(4)

-4(2)
7(2)
9(2)
9(2)
-2(2)
-3(2)
-6(2)
-4(2)
4Q2)
4(2)
16(5)
-93)
6(2)
-4(2)
-8(2)
29(3)

10Q2)
122)
193)
12(2)
4(2)
2(2)
9(2)
1)
3(2)
11(3)
3(5)
22(3)
7(2)
20(3)
16(2)
57(5)

Hydrogen coordinates (x 10%) and isotropic displacement parameters (A2x 10°)

X y z U(eq)
H(2A) 5168 3176 4164 75
H(2B) 6727 3316 4554 75
H(4A) 2984 4105 4807 60
H(4B) 3459 4721 4115 60
H(5) 3510 6280 4799 56
H(6) 862 5148 4556 62
H(7A) 692 7158 5154 73
H(7B) -588 6737 4656 73
H(8A) -1026 5380 5495 78
H(8B) -1363 6486 5813 78
H(10) 973 4806 6794 80
H(11A) 1426 5459 7684 89
H(11B) 529 4402 7742 89
H(12A) 1766 3686 6821 75
H(12B) 3007 4510 7021 75
H(13) 1342 4483 5770 58
H(15A) 5201 6028 5907 63
H(15B) 4639 5297 6525 63
H(16) 6463 4547 5750 63
H(17) 3835 3407 6000 65
H(18) 5741 3582 6931 86
H(19A) 4910 1508 6589 198
H(19B) 3918 2277 7041 198
H(19C) 5440 1870 7357 198
H(20A) 7854 2676 6893 136
H(20B) 7784 3247 6145 136
H(20C) 7362 2063 6200 136
H(21A) 7273 5091 4503 100
H(21B) 6100 5969 4668 100
H(21C) 6003 5340 3943 100
H(22A) 543 6359 3611 115
H(22B) 2106 5807 3553 115
H(22C) 1999 6944 3858 115
H(24A) -1854 5791 7756 162
H(24B) 2128 6407 7037 162
H(24C) -796 6718 7545 162
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ORTEP of (-)-70

Crystal data and structure refinement for compound (-)-70

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A*

Z

Pealeg/cm’

w/mm’'

F(000)

Crystal size/mm’®
Radiation

20 range for data collection/°

Index ranges

Reflections collected

cu_cxy0173 Om
C24H3305
374.54
100
orthorhombic
P2:212,
6.4921(16)
9.3712(19)
33.896(7)
90
90
90
2062.2(8)
4
1.206
0.600
824.0
0.41 x 0.36 x 0.35
CuKa (A =1.54184)
5.214 t0 136.42
-7<h<7,-10<k <
11,-40<1<40
20427
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Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / e A
Flack parameter

3772 [Rinc = 0.0278,
Ryjgma = 0.0203]
3772/0/250

1.071

R, = 0.0280, wR, =
0.0739

R, =0.0287, wR, =
0.0743

0.23/-0.15

0.07(5)

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

(42)

X y z U(eq)
0Ol 608.0(18) 10364.1(13) 2713.0(3) 20.2(3)
02 -1504(2) 12507.7(13) 2448.5(3) 23.2(3)
03 -3151.5(19) 9568.5(13) 4668.1(3) 21.4(3)
Cl -6301(3) 12573(2) 3298.7(5) 22.4(4)
C2 -4194(3) 13296.3(18) 3296.3(5) 18.5(3)
C3 -2358(3) 12361.0(17) 3167.5(4) 16.5(3)
C4 -1709(3) 11079.5(17) 3433.2(5) 15.7(3)
Cs -2386(3) 10913.7(18) 3860.6(5) 17.0(3)
C6 -1040(2) 9757.0(17) 4054.6(5) 16.7(3)
Cc7 -1536(3) 9545.8(17) 4491.1(5) 16.8(3)
C8 749(3) 9522.5(18) 4611.7(5) 17.9(3)
C9 1395(3) 10641.4(18) 4916.3(5) 20.2(4)
C10 446(3) 10477(2) 5325.4(5) 24.0(4)
Cl1 -1558(3) 10180.3(18) 2777.2(5) 17.8(3)
C12 -2520(3) 11690.4(18) 2749.2(5) 18.2(3)
C13 1496(3) 8004.3(18) 4678.5(5) 19.8(4)
Cl4 387(3) 6893.2(18) 4423.4(5) 20.9(4)
Cl15 456(3) 7151.6(17) 3975.8(5) 19.6(4)
Cl6 63(3) 5714(2) 3770.6(5) 29.3(4)
C17 -1072(3) 8308.9(17) 3822.6(5) 16.7(3)
C18 -716(3) 8540.2(17) 3375.3(5) 18.1(3)
C19 -2101(3) 9697.2(17) 3198.3(4) 16.6(3)
C20 -4350(3) 9169.8(18) 3190.0(5) 19.5(3)
C21 867(3) 12035.7(18) 4701.5(5) 20.4(4)
C22 1638(3) 11773.5(18) 4278.1(5) 20.2(4)
C23 1189(2) 10183.1(17) 4192.7(5) 17.3(4)
C24 -4285(3) 14642.7(19) 3037.5(5) 23.4(4)
Atomic displacement parameters (42)
Atom Ui Ui Uss Uas Ui Ui
01 19.9(6) 18.3(6) 22.4(6) -1.4(5) 4.9(5) 0.9(5)
02 29.1(7) 20.6(6) 19.9(6) 4.8(5) 6.8(5) 1.1(5)
03 19.0(6) 23.9(6) 21.2(6) 3.6(5) 3.1(5) -0.3(5)
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Cl 19.5(8) 23.4(9) 24.4(8) 0.0(7) 1.1(7) 3.3(7)

C2 21.0(8) 17.9(8) 16.5(7) -0.5(6) -0.6(7) 1.5(7)
C3 17.1(8) 16.4(8) 15.9(7) 0.5(6) -0.7(6) -1.8(6)
C4 14.8(7) 15.4(8) 16.9(8) 0.1(6) 0.0(6) -0.2(6)
Cs 18.0(8) 16.1(8) 17.0(8) 0.7(6) 0.7(6) 0.7(7)
C6 17.4(8) 16.2(8) 16.4(8) 0.8(6) 0.5(6) -0.6(6)
C7 19.6(8) 12.6(8) 18.3(8) 1.6(6) 0.0(6) -0.6(6)
C8 17.7(8) 19.6(8) 16.3(8) 0.4(6) 0.2(6) 0.1(7)
C9 18.3(8) 22.9(9) 19.6(8) -1.9(7) -1.6(6) 0.2(7)
C10 26.6(9) 25.9(9) 19.5(8) -1.0(7) -1.6(7) 4.9(8)
Cl1 18.1(8) 18.2(8) 17.3(8) -0.6(6) 0.3(6) -1.2(6)
C12 19.8(8) 18.9(8) 15.9(8) 2.3(6) 1.2(6) -0.7(7)
C13 21.1(8) 20.6(8) 17.5(8) 2.4(6) 2.3(7) 2.4(7)
Cl4 25.3(9) 15.2(8) 22.2(8) 2.8(6) -1.7(7) 1.9(7)
Cl15 21.3(8) 16.3(8) 21.3(8) 0.1(6) -0.9(7) 1.3(7)
C16 43.8(12) 17.4(9) 26.6(9) -0.8(7) -6.9(8) 4.4(8)
C17 17.6(8) 14.9(8) 17.6(8) 0.8(6) -0.3(6) -1.2(6)
C18 20.5(8) 16.4(8) 17.5(8) -0.5(6) 0.9(7) -0.5(7)
C19 18.6(8) 15.8(8) 15.5(7) -0.6(6) 0.2(6) -0.3(6)
C20 20.8(8) 18.7(8) 18.9(8) 0.7(6) -0.8(7) -3.7(7)
C21 21.2(8) 19.2(8) 20.9(8) -3.5(6) -0.8(7) -0.9(7)
C22 21.3(8) 18.3(8) 20.8(8) -0.4(6) 1.2(7) -4.0(7)
C23 16.4(8) 17.5(8) 18.0(8) 0.5(6) 1.3(6) 0.0(6)
C24 23.8(9) 20.0(8) 26.5(9) 2.7(7) -0.8(7) 3.5(8)

Hydrogen coordinates ( x 10%) and isotropic displacement parameters (42x 10°)

Atom X y z U(eq)
H1 1085 9540 2645 30
H2 -350 12110 2431 35
H1A -7320 13232 3393 34
H1B -6259 11754 3469 34
H1C -6648 12277 3036 34
H2A -3917 13611 3567 22
H3 -1163 12999 3159 20
H4 -204 11150 3448 19
H5A -3825 10638 3872 20
H5B -2226 11812 4000 20
H9 2896 10594 4945 24
H10A -1028 10511 5305 36
H10B 914 11239 5492 36
H10C 855 9579 5436 36
Hl11 -2157 9537 2580 21
H12 -3979 11596 2680 22
HI13A 1302 7761 4954 24
H13B 2960 7961 4623 24
HI14A -1044 6855 4505 25
H14B 988 5966 4477 25
H15 1853 7460 3908 24
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HI16A
H16B
H16C
H17

HI8A
HI1&B
H20A
H20B
H20C
H21A
H21B
H22A
H22B
H23

H24A
H24B
H24C

990
287
-1332
-2462
713
-965
-4429
-5204
-4816
1571
-605
3102
912
2290
-4518
-3004
-5388

5010
5816
5420
7913
8801
7649
8297
9879
9005
12841
12212
11968
12380
9698
14374
15150
15245

3874
3492
3817
3852
3333
3238
3042
3068
3455
4821
4705
4258
4093
4047
2768
3057
3126

44
44
44
20
22
22
29
29
29
25
25
24
24
21
35
35
35
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