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Supplemental Materials for:
Enantioselective Total Synthesis of Nicandrenones -
v Brian M. Stoltz, Taichi Kano, and E. J. Corey*

Department of Chemistry and Chemical Biology, Harvard University, Cambridge,
Massachusetts, 02138, USA :

Material and Methods. Unless stated otherwise, reactions were performed in flame-dried
glassware under a nitrogen or an argon atmosphere, using freshly distilled solvents. LiCl was
dried at 120 °C under high vacuum (0.4 mmHg) for 15 h and stored over CaSOy4. CuCl was
recrystallized from concentrated HCl, and dried under high vacuum for 15 h. N,N-
Dimethylformamide (DMF), dimethyl sulfoxide (DMSO) and N-methylpyrrolidone (NMP)
were stirred over flame—dried CaSO4 powder overnight and vacuum distilled with the bath
temperature not higher than 80 °C. All other commercially obtained reagents were used as
received. Reaction temperature was controlled by a Scientific Instruments temperature
modulator model 2230. Thin-layer chromatography (TLC) was performed using E. Merck silica
gel 60 F254 precoated plates (0.25 mm). Silica gel (particle size 0.032-0.063 mm) was used for
flash chromatography. 1H and 13C NMR chemical shifts are reported relative to Me4Si (8 0.0),

and 19F NMR chemical shifts relative to CF3COOH (3 -76.53). High resolution mass spectra
were performed at The Harvard University Mass Spectrometry Center.
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NMP (-4
(73% yield)

Enone (-)- 4 To a cooled (0 °C) solution of (-)-5- pheny1d1methy151lylcyclohex—2 -en-1-
one (3.00 g, 13.0 mmol) in CCly—pyridine (1:1, 50 mL) was added a solution of iodine (7.60 g,
30.0 mmol) in CCly—pyridine (1:1, 50 mL) in a dropwise fashion over 15 min. Following
addition, the cold bath was removed and the reaction mixture was allowed to stand for 1 h. The
crude mixture was poured into EtoO (300 mL) and washed sequentially with H,O (120 mL), I N
HCI (120 mL), H>O (120 mL), 20% aq Na3S703 (120 mL), and brine (120 mL). The organic
layer was dried over MgSO4 and evaporated to a solid which was recrystallized from Et;O-
pentane at -20 °C to provide (—)-2-iodo-5-phenyldimethylsilylcyclohex-2-en-1-one (4.06 g, 87%
yield) as a yellow solid: mp 62-3 °C (Et;O/pentane); Rr 0.17 (6:1 hexanes/EtOAc); [a]p?5 -58
(c 1.0, CHCl3); FTIR (film) 1686 cm-!; IH NMR (400 MHz, CDCl3) § 7.75 (app.t, J = 4.3 Hz,
- 1H), 7.50-7.47 (m, 2H), 7.44-7.37 (m, 3H), 2.77 (dd, J = 3.4, 16.2 Hz, 1H), 2.41-2.31 (m, 3H),
1.80-1.71 (m, 1H), 0.35 (s, 6H); 13C NMR (100 MHz, CDCl3) 8 192.4, 160.1, 135.5, 133.8,
129.6, 128.1, 103.2, 37.9, 31.2, 23.3, -5.4, -5.5; HRMS (EI) m/z calcd for [C14H171081]
356.0094, found 356.0107.
A cooled (15 °C) solution of (-)-2-iodo-5-phenyldimethylsilylcyclohex-2- en-l -one (1.0 g, 2.81
mmol) in THF (3.4 mL) was treated with NMP (2.43 mL, 25.3 mmol), Fe(acac); (9.9 mg, 0.028
mmol), and MeMgBr (3.0 M in Et,0, 1.3 mL, 3.9 mmol) in a dropwise fashion over 20 min.
After stirring for an additional 15 min, the reaction mixture was cooled to 0 °C, quenched by
addition of 1 N HCI (10 mL), and extracted with Et;O (3 x 25 mL). The combined organic layers
were washed with saturated aq NaHCOj3 (25 mL), H>O (25 mL), and brine (25 mL), dried over
MgS0y4, and evaporated to an oil which was purified by flash chromatography on silica gel (10:1
hexanes/EtOAc eluent) to provide enone (-)-4 (589 mg, 86% yield) as a reddish oil: Rf 0.67
(CH,Cly); [a]p?5 -21.0 (¢ 1.00, CHCIl3); FTIR (film) 1671 cm-!; 1H NMR (400 MHz, CDCl3)
§ 7.51-7.49 (m, 2H), 7.43-7.36 (m, 3H), 6.75-6.73 (m, 1H), 2.47 (dd, J = 3.5, 16.3 Hz, 1H), 2.31-
2.15 (m, 3H), 1.75 (s, 3H), 1.70-1.61 (m, 1H), 0.33 (s, 6H); 13C NMR (100 MHz, CDCl3) &
200.3, 146.2, 136.4, 135.2, 133.9,-129.3, 127.9, 38.8, 27.1, 23.5, 16.0, -5.4, -5.5; HRMS (ED m/z
caled for [C15H20081] 245.1362, found 245.1374. '

OMe y (o)
1 HBr EVZEN
2. alIler :
NaOH
a 0

(55% yield)
6-Allyloxytetralone. A solution of 6-methoxy-1-tetralone (40.0 g, 230 mmol) in 48% aq
HBr (412 mL) was heated to reflux for 12 h. The reaction mixture was cooled to 0 °C and the

precipitate was collected by vacuum filtration washing thoroughly with H,O (2 L) to give a
brown solid which was used without further purification.




© 2006 American Chemical Society, J. Am. Chem. Soc., Stoltz ja0024892 Supporting Info Page 3

' Supplemental Material for Stoltz, Kano, and Corey 3

The crude phenol obtained above was dissolved in THF (460 mL) and treated with allyl bromide
(22 mL, 250 mmol), HO (150 mL), NaOH (46.0 g, 1140 mmol), and tetrabutylammonium
bromide (730 mg, 2.3 mmol) and stirred at 25 °C for 12 h. The reaction mixture was diluted with
H,0 (500 mL) and extracted with EtoO (500 mL). The organic layer was washed sequentially
with HyO (500 mL) and brine (500 mL), dried over MgSQ4, and evaporated to give a brown solid
‘which was recrystallized from EtOAc-hexanes (1:6) to give 6-allyloxy tetralone as a yellow solid
(25 g, 55% yield): mp 44-5 °C (EtOAc/hexanes); Rr 0.56 (3:1 hexanes/EtOAc); FTIR (film)
1670 cml; 'H NMR (400 MHz, CDCl3) § 7.95 (d, J = 8.8 Hz, 1H), 6.78 (dd, J = 2.6, 8.8 Hz,
1H), 6.68 (d, J = 2.6 Hz, 1H), 6.01 (m, 1H), 5.39 (d, J = 17.2 Hz, 1H), 5.28 (d, J = 10.6 Hz,
1H), 4.55 (s, 2H), 2.87 (app.t, J = 5.9 Hz, 2H), 2.56 (app.t, J = 6.2 Hz, 2H), 2.06 (m, 2H); 13C
NMR (100 MHz, CDCIl3) § 196.6, 162.1, 146.6, 132.2, 129.2, 126.0, 117.8, 113.3, 113.1, 68.6,
38.8, 30.0, 23.3; HRMS (EI) m/z caled for [C13H1402]™: 202.0994, found 202.0996.

OMe

\/\ 1. %Li ’O o\/\
—_—
> 2. HCI :
3. S0OCl2

Et;N o |
) (86% yield) . : .
Enone i. To a solution of methyl vinyl ether (50 mL) in THF (150 mL) cooled to -78 °C
was added #-BuLi (1.70 M in pentane, 146 mL, 250 mmol) via syringe in a dropwise fashion over
20 min. The yellow solution was stirred at -78 °C for 5 min, warmed to-0 °C for 5 min, and the
resulting clear colorless solution was cooled again to -78 °C and stirred for 15 min. A solution of
6-allyloxytetralone (10.0 g, 49.5 mmol) in THF (80 mL) was added via an addition funnel over 10
min. The reaction mixture was stirred at -78 °C for 10 min and warmed to 0 °C for 20 min. The
mixture was carefully treated with 3 M HCI (250 mL) [caution: gas evolution!] slowly over 30
min. After warming to ambient temperature, the mixture was extracted with EtOAc (300 mL),
dried over MgSQOy, and evaporated to an oil which was used without further purification.
The crude oil obtained above was dissolved in CH,Cl> (250 mL), cooled to 0 °C and treated
sequentially with SOCI (7.20 mL, 99.0 mmol) and EzN (27.6 mL, 198 mmol). After stirring for
15 min, the thick brown suspension was warmed to 25 °C for 1 h, diluted with H>O (500 mL)
and extracted with CHCl; (3 x 250 mL). The combined organic layers were washed with brine
(300 mL), dried over MgSOy4, and. evaporated to an oil which was purified by flash
chromatography on silica gel (10:1 hexanes/EtOAc eluent) to give enone i as a dark brown oil
(9.66 g, 86% yield): Rp 0.57 (3:1 hexanes/EtOAc); FTIR (film) 1671 cm-1; IH NMR (400 MHz,
CDCl3) § 7.68 (d, J =-8.4 Hz, 1H), 6.90 (app.t, J = 5.1 Hz, 1H), 6.75 (m, 1H), 6.73 (s, 1H), 6.04
(m, 1H), 5.39 (d, J = 17.2 Hz, 1H), 5.27 (d, J = 10.6 Hz, 1H), 4.53 (s, 1H), 4.52 (s, 1H), 2.70
(app.t, J = 7.7 Hz, 2H), 2.44 (s, 3H), 2.40 (m, 2H); 13C NMR (100 MHz, CDCl3) & 199.1,
157.6, 138.3, 138.1, 137.2, 133.0, 127.7, 123.7, 117.3, 114.2, 111.6, 68.5, 27.8, 27.6, 23.5;
HRMS (CI) m/z calcd for [C14H1602+NH4]™: 246.1494, found 246.1500.
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Silyl enol ether 5. To a cooled (0 °C) solution of enone i (2.0 g, 8.8 mmol) in CHClp
(88 ml) was added TESOTf (2.4 mL, 11 mmol) followed by Et3N (2.4 mL, 17 mmol). After 10
min the reaction mixture was quenched with saturated aq NaHCO3 solution (80 mL), and
extracted with CH»Cly (3 x 30 mL). The combined organic layers were dried over NapSOy4, and
evaporated to an oil which was purified by flash chromatography on silica gel (20:1
hexanes/EtOAc + 1% Et3N eluent) to give silyl enol ether 5 as a yellow oil (2.9 g, 97% yield):. -
Rf 0.59 (6:1 hexanes/EtOAc + 1%Et3N); FTIR (film) 2954, 1608 cm'!; IH NMR (300 MHz,
benzene-dg) 8 7.65 (d, J = 9.0 Hz, 1H), 6.73 (m, 2H), 6.20 (t, J = 4.8 Hz, 1H), 5.82 (m, 1H),
5.23 (d, J = 18.9 Hz, 1H), 5.02 (d, J = 10.5 Hz, 1H), 4.71 (s, 1H), 4.62 (s, 1H), 4.16 (s, 1H),
4.14 (s, 1H), 2.50 (app.t, J = 8.1 Hz, 2H), 2.00 (m, 2H), 1.00 (t, J/ = 8.1 Hz, 9H), 0.69 (q, J =
7.5 Hz, 6H); 13C NMR (75 MHz, benzene-de) § 158.2, 157.6, 138.7, 138.1, 133.9, 129.3, 128.5,
125.6, 125.2, 116.7, 114.8, 112.0, 94.5, 68.5, 28.8, 23.3, 5.3; HRMS (EI) m/z calcd for
[C21H300;2Si}F: 342.2015, found 342.2016.

MeAIClz
CHZCIZ -78°C
Me,PhSi OTES (85% yield) .

Me,PhSi
-)-4 ()6

Diels—Alder adduct (—)-6. A solution of enone (-)-4 (1.00 g, 4.10 mmol) in CHCl; (41
mL) was cooled to 0 °C and treated with MeAICl; solution (1.00 M in hexane, 4.30 mL, 4.30
mmol) in a dropwise fashion over 5 min. The pale yellow solution was stirred for 30 min, cooled
to -78 °C and treated with a solution of silyl enol ether 5 (1.47 g, 4.30 mmol) in CH,Cl, (8 mL)
slowly over 2.5 h via syringe drive. Following this addition, the solution was stirred for an
additional 60 min. The reaction mixture was quenched by sequential addition of Et3N (10 mL),
saturated aq NaHCO3 solution (20 mL), and saturated aq sodium potassium tartrate solution (40
mL), and allowed to thaw at ambient temperature over 1 h. The mixture was extracted with
CH,Cly (3 x 75 mL), and the combined organic layers were dried over NaSO4 and evaporated to
a crude oil which consisted of Diels-Alder adduct (-)-6 (2.45 g, >85% purity as measured by 'H
NMR analysis of the crude reaction product in CgDg at 500 MHz) and was used without further
purification.
An analytically pure sample of Diels- Alder adduct (-)-6 was obtained by oxidation of alcohol ii
(obtained by LiAlH4 reduction of (-)-6, vide infra), using the following procedure. A solution of
alcohol ii (25 mg, 0.043 mmol) in CHCl5 (0.43 mL) was treated with Dess-Martin periodinane
(37 mg, 0.085 mmol), and stirred for 20 min at 25 °C. The crude reaction mixture was purified
directly by flash chromatography on silica gel (10:1 hexanes/EtOAc eluent) to give ketone (—)-6
as a clear colorless oil (25 mg, 98% yield): Rf 0.48 (3:1 hexanes/EtOAc); [a]p24-53 (c 1.0,
CH»Clp); FTIR (film) 1700 cm-1; 1H NMR (500 MHz, benzene-dg) & 8.55 (d, J = 8.8 Hz, 1H),
7.40 (m, 2H), 7.20 (m, 3H), 6.88 (dd, J = 2.4, 8.8 Hz, 1H), 6.61 (d, J = 2.4 Hz, 1H), 5.83 (m,
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1H), 5.22 (dd, J = 2.0, 17.1 Hz, 1H), 5.02 (dd, J = 2.0, 10.8 Hz, 1H), 4.16 (s, 1H), 4.15 (s, 1H),
2.74 (d, J = 10.8 Hz, 1H), 2.65-2.51 (comp m, 3H), 2.43 (ddd, J = 2.9, 6.4, 18.1 Hz, 1H), 2.36
(dd, J = 5.9, 15.6 Hz, 1H), 2.03-1.97 (comp m, 2H), 1.62 (ddd, J = 5.9, 11.2, 23.9 Hz, 1H), 1.55
(dt, J = 4.4, 13.7 Hz, 1H), 1.40 (m, 1H), 1.20 (s, 3H), 0.94 (t, J = 7.8 Hz, 9H), 0.61 (g, J = 7.8
Hz, 6H), 0.20 (s, 3H), 0.19 (s, 3H); 13C NMR (100 MHz, benzene-dg) 3 212.8, 157.1, 141.6,
1383, 137.6, 134.2, 134.0, 131.5, 129.5, 128.5, 116.6, 114.1, 112.6, 112.5, 68.5, 50.4, 40.3, 38.3,
376, 35.4, 312, 27.7, 25.0, 21.3, 172, 7.1, 6.0, 3.6, -3.7; HRMS (CI) m/z caled for
[C3H5003Si+H]*: 587.3377, found 587.3349.

0\/\
I 1. LIAIH4
MeZPhSl H OTES

(-)-6

2. BOMCI,
EtN(-Pr),
——
(82% vyield
-2 steps)

Alcohol ii. To a cooled (-78 °C) solution of crude Diels-Alder adduct (-)-6 (3.6 g, 85%
purity, 5.2 mmol) in Et;0 (62 mL) was added LiAlHg (1.0 M solution in Et;0, 6.5 mL, 6.5
mmol) in a dropwise fashion over 5 min. The resulting solution was stirred for 30 min at -78 °C,
warmed to 0 °C and treated sequentially with HyO (0.25 mL), 15% aq NaOH solution (0.25 mL)
and H>O (0.74 mL). After 30 min the stirred mixture was filtered, and the filter cake washed
thoroughly with Et;O (200 mL). The filtrate was evaporated to an oil which was purified by
flash chromatography on silica gel (6:1 hexanes/EtOAc eluent) to provide alcohol ii (2.8 g, 90%
yield) as a colorless oil: Rf 0.26 (3:1 hexanes/EtOAc); [«]p23 —38 (c 1.0, CH,Cly); FTIR (film)
3450 cm-l; ITH NMR (500 MHz, benzene-dg) 6 8.38 (dd, J = 1.5, 8.8 Hz, 1H), 7.46 (d, J = 7.0
Hz, 2H), 7.22 (m, 3H), 6.87 (d, J = 8.8 Hz, 1H), 6.68 (d, J = 1.5 Hz, 1H), 5.84 (m, 1H), 5.25
(dd, J = 1.5, 17.6 Hz, 1H), 5.03 (dd, J = 1.5, 10.3 Hz, 1H), 4.18 (s, 1H), 4.17 (s, 1H), 5.33 (m,
1H), 2.90-2.80 (comp m, 2H), 2.56 (m, 1H), 2.50-2.47 (comp m, 2H), 2.25 (d, J = 17.1 Hz, 1H),
1.84-1.20 (comp m, 8H), 1.04 (s, 3H), 0.96 (t, J = 7.8 Hz, 9H), 0.62 (q, J = 7.8 Hz, 6H), 0.26 (s,
3H), 0.26 (s, 3H); 13C NMR (100 MHz, benzene-dg) 6 157.0, 142.1, 139.1, 137.7, 134.1, 131.5,
129.2, 129.1, 128.5, 128.1, 127.9, 116.6, 114.7, 114.1, 112.1, 78.0, 68.5, 39.4, 38.9, 38.1, 38.9,
31.3, 31.1, 28.1, 28.0, 21.6, 19.8, 7.3, 6.0, -2.5, -2.6; HRMS (CI) m/z calcd for
[C36H35203Sip+H]*: 589.3533, found 589.3526. :

Ether (-)-7. A solution of alcohol ii (2.3 g, 3.9 mmol) in CH>Cl; (39 mL) was treated
with EtN(i-Pr); (1.7 mL, 9.8 mmol) and BOMCI (0.95 mL, 7.8 mmol) and stirred at 25 °C for 46
h. The reaction mixture was diluted with HyO (40 mL) and extracted with CH>Cl, (2 x 30-mL).
The combined organic layers were washed with HoO (30 mL), and brine (30 mL), dried over
NayS04 and evaporated to an oil which was purified by flash chromatography on silica gel (10:1
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hexanes/EtOAc eluent) to provide ether (=)-7 (2.6 g, 92% yield) as a clear colorless oil: R 0.44
(6:1 hexanes/EtOAc); [a]p?4 —43 (c 1.0, CHpClp); FTIR (neat) 2952, 2930 cm-!; TH NMR (500
MHz, benzene-dg) § 8.56 (d, J = 8.8 Hz, 1H), 7.50 (m, 2H), 7.32-7.10 (m, 8H), 6.90 (dd, J =
- 2.0, 8.8 Hz, 1H), 6.68 (d, J = 2.0 Hz, 1H), 5.83 (m, 1H), 5.24 (d, J = 17.1'Hz, 1H), 5.02 (d, J =
10.3 Hz, 1H), 4.67 (d, J = 6.8 Hz, 1H), 4.56 (d, J = 6.8 Hz, 1H), 4.56 (d, J = 12.2 Hz, 1H), 4.50
(d,J =122 Hz, 1H), 417 (d,J = 1.5 Hz, 1H), 4.16 (d, J = 1.5 Hz, 1H), 3.44 (dd, J = 3.9, 11.2
Hz, 1H), 2.94 (ddd, J = 5.4, 16.6, 28.8 Hz, 1H), 2.88 (dd, J = 3.9, 16.6 Hz, 1H), 2.77 (bd, J =
9.3 Hz, 2H), 2.56 (dd, J = 4.9, 17.6 Hz, 1H), 2.13 (d, J = 17.6 Hz, 1H), 2.01 (d, J = 13.2 Hz,
1H), 1.92-1.84 (comp m, 2H), 1.74 (ddd, J =5.4, 12.2, 24.4 Hz, 1H), 1.46-1.22 (comp m, 3H),
1.11 (s, 3H), 0.97 (t, J = 7.8 Hz, 9H), 0.64 (q, J = 7.8 Hz, 6H), 0.29 (s, 3H), 0.29 (s, 3H); 13C
NMR (100 MHz, benzene-dg) § 157.0, 141.3, 139.4, 138.8, 137.8, 134.3, 134.2, 134.2, 131.7,
129.2, 128.5, 128.5, 128.1, 127.6, 116.6, 114.1, 114.0, 112.3, 94.2, 84.4, 69.6, 68.5, 40.7, 39.3,

36.7, 36.1, 31.6, 28.3, 27.6, 27.4, 21.6, 21.1, 7.2, 6.0, -2.3, -2.4; HRMS (FAB) m/z calcd for
[C44HgoO4Sin+K]*: 747.3667, found 747.3645. -

2. LDA, TMSCI

3. Pd(OAc), (10 mol%)
2,6-di-t-butyl-4-methyl- Me,PhSi
-pyridine, DMSO, O, 8
(64% yield-3 steps) : (-)-

Ketone iii. A solution of enol ether (-)-7 (2.62 g, 3.70 mmol) in CHpCl,-MeOH (1:1,
74 mL) was treated with p-toluenesulfonic acid (422 mg, 2.22 mmol) and stirred for 5 min at 25
°C. The solution was diluted with CH;Cly (150 mL), followed by half-saturated aq NaHCO3
(100 mL) and stirred for 10 min. The layers were separated and the aq layer was further
extracted with CHzCl3 (2 x 50 mL). The combined organic layers were dried over MgSO4-and
evaporated to an oil which was purified by flash chromatography on silica gel (6:1
hexanes/EtOAc eluent) to provide ketone iii (1.96 g, 89% yield) as a clear colorless oil: R 0.17
(6:1 hexanes/EtOAc); [a]p2d =79 (¢ 1.0, CH,Cly); FTIR (film) 1716 cm-1; 'H NMR (500 MHz,
benzene-dg) 8 7.59 (d, J = 8.8 Hz, 1H), 7.45 (m, 2H), 7.24-7.15 (comp m, 7H), 7.09 (app.t, J =
6.8 Hz, 1H), 6.95 (d, J = 8.8 Hz, 1H), 6.73 (s, 1H), 5.88 (m, 1H), 5.29 (d, J = 17.6 Hz, 1H),
5.05 (d, J=10.7 Hz, 1H), 4.43-4.23 (comp m, 6H), 3.46 (d, J = 13.7 Hz, 1H), 3.42 (s, 1H), 3.11
(dd, J = 14.2, 17.6 Hz, 1H), 2.60 (app.t, J = 12.7 Hz, 1H), 2.50 (s, 1H), 2.48 (s, 1H), 1.99 (dd, J
=29, 17.6 Hz, 1H), 1.75 (dd, J = 2.0, 13.7 Hz, 1H), 1.58-1.48 (comp m, 3H), 1.35 (dd, J = 2.0,
12.7 Hz, 1H), 1.27 (d, J = 13.2 Hz, 1H), 1.21 (m, 2H), 0.61 (s, 3H), 0.22 (s, 3H), 0.21 (s, 3H);
13C NMR (100 MHz, benzene-dg) § 208.8, 157.4, 139.0, 138.5, 137.9, 134.2, 133.9, 129.3,
128.5, 128.1, 127.7, 127.6, 124.7, 116.6, 114.4, 112.5, 93.8, 77.8, 69.7, 68.6, 47.2, 43.5, 38.6,
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37.2, 36.0, 31.4, 28.0, 27.1, 23.6, 19.7, 13.1, -4.8, -5.1; HRMS (FAB) m/z calcd for
[C38H4604Si+Na]™: 617.3141, found 617.3169.

Enone (-)-8. A solution of LDA in THF was prepared by dropwise addition of 1.58 M
n-BuLi solution in hexanes (6.66 mL, 10.5 mmol) to diisopropylamine (1.63 mL, 11.6 mmo]l) in
THF (39.0.mL) at 0 °C followed by srirring for 30 min. Upon cooling the solution to -78 °C,
TMSCI (2.67 mL, 21.0 mmol) was introduced followed after 5 min by the addition of a solution
of ketone iii (1.25 g, 2.10 mmol) in THF (7.0 mL) via cannula over 20 min. After stirring for 20
min, the reaction mixture was quenched at -78 °C by the addition of Et3N (7 mL) followed by
saturated aq NaHCO3 (20 mL). The mixture was allowed to thaw at 25 °C, diluted with HyO
(50 mL) and extracted with Et2O (3 x 60 mL). The combined organic layers were washed with
H70 (50 mL), and brine (50 mL), dried over K»CO3, and evaporated to give an oil which was
used without further purification. o
The crude oil prepared above was dissolved in DMSO (20 mL) and treated with 2,6-di-r-butyl-4-
methyl pyridine (622 mg, 3.03 mmol) and Pd(OAc), (45 mg, 0.20 mmol) under an atmosphere of
0,. The dark suspension was stirred at 25 °C for 12 h, diluted with hexanes—EtOAc (6:1, 10
mL), and purified directly by flash chromatography on silica gel (6:1 hexanes/EtOAc eluent) to
provide enone (-)-8 (856 mg, 72% yield) as a white solid: mp 127 °C (EtOAc/hexanes); Rg 0.13
(6:1 hexanes/EtOAc); [o]p24 —218 (¢ 1.00, CH,Cly); FTIR (film) 1678 cm™!; lH NMR (500
MHz, benzene-de) § 7.92 (d8.8, 1H), 7.39 (m, 2H), 7.23-7.15 (comp m, 7H), 7.09 (app.t,J = 7.3
Hz, 1H), 6.92 (dd, J = 2.4, 8.3 Hz, 1H), 6.73 (d, J = 2.9 Hz, 1H), 6.00 (s, 1H), 5.88 (m, 1H),
5.29 (dd, J = 2.0, 17.1 Hz, 1H), 5.05 (dd, J = 1.5, 10.7 Hz, 1H), 4.49 (d, J = 7.3 Hz, 1H), 4.38
(d, J = 6.8 Hz, 1H), 4.35 (d, J = 12.2 Hz, 1H), 4.31 (d, J = 12.7 Hz, 1H), 4.24 (s,.1H), 4.23 (s,
1H), 3.55 (bs, 1H), 3.49 (d, J = 13.7 Hz, 1H), 2.77 (ddd, J = 2.0, 13.2, 14.2 Hz, 1H), 2.56-2.45
(comp m, 2H), 2.04 (s, 1H), 2.03 (dd, J = 14.6, 19.5 Hz, 1H), 1.79 (d, J = 14.2 Hz, 1H), 1.60-
1.51 (comp m, 2H), 1.39 (dd, J = 12.7, 26.9 Hz, 1H), 1.07 (ddd, J = 4.9, 12.7, 24.9 Hz, 1H),
0.62 (s, 3H), 0.16 (s, 3H), 0.15 (s, 3H); 13C NMR (100 MHz, benzene-dg) & 196.1, 163.8, 157.3,
138.8, 138.4, 137.1, 134.2, 134.2, 134.1, 129.5, 128.6, 128.2, 127.6, 126.6, 124.6, 116.6, 114.6,
112.4, 93.3, 77.9, 69.8, 68.6, 46.4, 44.5, 40.5, 32.6, 30.9, 26.6, 22.5, 18.9; 15.6, -5.1, -5.4;
HRMS (FAB) m/z calcd for [C3gH4404Si+Na]*: 615.2906, found 615.2922.

°\/\

" 1. L-selectride
—_——
2. VO{acac)2

TBHP Me,PhSi

3. Ac,0, E;N
DMAP, CH,Cl,

T
T

(71% yield-3 steps)

Me,PhSi

)39 |
Epoxy alcohol iv. To a solution of enone (-)-8 (750 mg, 1.27 mmol) in THF (15.8 mL)
was added L-selectride (1.0 M solution in THF, 1.9 mL, 1.9 mmol) in a dropwise fashion over 3
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min at -78 °C. The resulting solution was stirred for 20 min, quenched by addition of saturated
aq NH4Cl (25 mL), and allowed to thaw at ambient temperature. The colorless mixture was
extracted with EtoO (3 x 50 mL), and the combined organic extracts were dried over MgSO4 and
evaporated to an oil which was used without further purification.
A solution of the colorless oil obtained above in CH,Cl, (12.7 mL) was cooled to 0 °C and
treated with ¢-butylhydroperoxide (5.0-6.0 M solution in decane, 0.480 mL, 2.4 mmol) followed
by VO(acac); (95 mg, 0.37 mmol). The resulting dark red solution was stirred at 0 °C for 20 h,
and purified directly by flash chromatography on silica gel (3:1 hexanes/EtOAc eluent) to provide
epoxy-alcohol iv (564 mg, 73% yield-2 steps) as a slightly yellow oil: Rp 0.24 (3:1
hexanes/EtOAc); [a]p23 —94 (c 1.0, CH,Clp); FTIR (film) 3552, 1502 em-l; 'H NMR (500
MHz, benzene-dg) 8 7.44 (d, J = 7.3 Hz, 2H), 7.30 (d, J = 7.3 Hz, 2H), 7.26-7.07 (comp m, 7H),
6.90 (dd, J = 2.5, 8.3 Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H), 5.88 (m, 1H), 5.29 (dd, / = 1.5, 17.1
Hz, 1H), 5.05 (dd, J = 1.5, 10.7 Hz, 1H), 4.73 (d, J = 6.8 Hz, 1H), 4.60 (d, J = 7.3 Hz, 1H),
4.56 (d, J = 12.2 Hz, 1H), 4.52 (d, J = 12.7 Hz, 1H), 4.25 (m, 1H), 4.22 (s, 1H), 4.21 (s, 1H),
3.62 (s, 1H), 2.85 (d, J = 5.4 Hz, 1H), 2.72 (td, J = 3.9, 13.7 Hz, 1H), 2.58 (s, 1H), 2.57-2.50
(comp m, 2H), 2.12 (d, J = 10.3 Hz, 1H), 1.97 (comp ‘m, 2H), 1.79 (app.t, J = 13.7 Hz, 1H),
1.65 (d, J = 11.7 Hz, 1H), 1.47 (app-t, J = 13.2 Hz, 1H), 0.98°(d, J = 10.3 Hz, 1H), 0.95 (m,
1H), 0.56 (s, 3H), 0.20 (s, 3H), 0.20 (s, 3H); 13C NMR (100 MHz, benzene-dg) & 156.8, 139.5,
138.8,.137.5, 134.3, 129.6, 129.4, 128.8, 128.5, 128.1, 127.6, 116.6, 114.5, 113.3, 93.8, 77.7,
- 69.9, 68.6, 66.9, 65.0, 60.6, 40.7, 40.4, 31.3, 31.2, 30.9, 26.7, 21.8, 16.1, 16.0, -5.0, -5.1; HRMS
(FAB) m/z calcd for [C38H460581+Na]+ 633.3012, found 633.2986.
Acetate (-)-9. A solution of epoxy-alcohol iv (310 mg, 0.51 mmol) in CHzClz (5.1 mL)
“was treated sequentially with Et3N (0.711 mL, 5.1 mmol), Ac;0 (0.260 mL, 2.54 mmol), and
DMAP (62 mg, 0.51 mmol) at 25 °C. After stirring for 3 h, the crude solution was purified
directly by flash chromatography on silica gel (3:1 hexanes/EtOAc eluent) to provide
epoxyacetate (-)-9 (324 mg, 97% yield) as a white foam: R 0.40 (3:1 hexanes/EtOAc); [a]p2°
-90.9 (c 1.00, CH,Cly); FTIR (film) 1732 cm!; 1H NMR (500 MHz, benzene-dg) 8 7.44 (d, J =
7.3 Hz, 2H), 7.27-7.06 (comp m, 9H), 6.77 (dd, J = 2.4, 8.8 Hz, 1H), 6.64 (d, J = 2.5 Hz, 1H),
5.85 (m, 1H), 5.66 (app.t, J = 4.9 Hz, 1H), 5.26 (dd, J = 2.0,.17.6 Hz, 1H), 5.04 (dd, J = 1.5,
10.3 Hz, 1H), 4.70 (d, J = 6.8 Hz, 1H),4.55 (d, J = 6.8 Hz, 1H), 4.50 (d, J = 12.7 Hz, 1H), 4.43
(d,J =12.7 Hz, 1H), 4.17 (d, J = 1.5 Hz, 1H), 4.16 (d, J = 1.5 Hz, 1H), 3.62 (s, 1H), 3.15 (d, J
= 4.4 Hz, 1H), 2.91 (app.t, J = 12.7 Hz, 1H), 2.76 (comp m, 2H), 2.47 (d, J = 15.6 Hz, 1H),
1.97 (m, 1H), 1.96 (d, J = 14.2 Hz, 1H), 1.78 (app.t, J = 13.7 Hz, 1H), 1.64 (d, J = 11.2 Hz,
1H), 1.55 (s, 3H), 1.47 (app.t, J = 15.1 Hz, 1H), 0.97-0.86 (comp m, 2H), 0.55 (s, 3H), 0.19 (s,
6H); 13C NMR (100 MHz, benzene-dg) 5 170.5, 156.8, 139.3, 138.9, 137.5, 134.2, 134.1, 129.4,
128.5, 128.5, 128.5, 128.1, 127.5, 127.5, 116.7, 114.6, 113.2, 93.5, 77.6, 69.8, 68.6, 67.9, 64.5,
57.0, 40.5, 37.9, 32.0, 31.2, 31.0, 26.6, 21.7, 20.6, 16.1, 15.7, -5.0, -5.1; HRMS (FAB) m/z calcd
for [C4oH4806Si+Na]™: 675.3118, found 675.3089.

O

1. Pd(PPhy),, A
Et,NH, CH,Cl,

2. Ni-F, Ef;N,
CH,Cl,
(93% yield-2 steps) o (-)-10
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Nonaflate (-)-10. A solution of epoxy acetate (=)-9 (540 mg, 0.83 mmol) in CH2Cl»
(16.5 mL) was treated with diethylamine (0.790 mL, 8.28 mmol) and Pd(PPh3)4 (48 mg, 0.041
mmol) and heated to reflux for 3 h. After cooling to ambient temperature, the reaction mixture
was evaporated, azeotroped from benzene (3 x 15 mL), and used without further purification.
The residue obtained above was dissolved in CHCl (16.5 mL) and treated with Et3N (2.30 mL,
~ 16.6 mmol) and nonafluorobutanesulfonyl fluoride (2.97 mL, 16.6 mmol) and stirred at 25 °C for
18 h. The reaction mixture was cooled to 0 °C, diluted with hexanes-EtOAc (6:1, 5 mL) and
treated with SiO» (5 g). After stirring for 10 min, the slurry was purified directly by flash
chromatography on silica gel (6:1 hexanes/EtOAc eluent) to provide nonaflate (-)-10 (690 mg,
93% yield) as a white solid: Rf 0.46 (3:1 hexanes/EtOAc); [a]p2® ~76.0 (c 1.00, CH2Clp); FTIR
(film) 1737 cm-l; IH NMR (500 MHz, benzene-dg) § 7.43 (dd, J = 2.0, 7.8 Hz, 2H), 7.24-7.08
(comp m, 8H), 6.87 (d, J = 8.8 Hz, 1H), 6.77 (d, J = 8.8 Hz, 1H), 6.75 (s, 1H), 5.48 (app.t, J =
5.4 Hz, 1H), 4.67 (d, J = 7.3 . Hz, 1H), 4.51 (d, J = 7.3 Hz, 1H), 4.46 (d, J = 12.2 Hz, 1H), 4.41
(d,J =122 Hz, 1H), 3.54 (s, 1H), 3.07 (d, J = 4.4 Hz, 1H), 2.78 (td, J = 2.0, 12.2 Hz, 1H), 2.55
(dd, J =5.9, 12.2 Hz, 1H), 2.44 (td, J = 3.9, 16.6 Hz, 1H), 2.16 (d, J = 16.6 Hz, 1H), 1.96-1.90
(comp m, 2H), 1.77 (app.t, J = 13.7 Hz, 1H), 1.51-1.42 (comp m, 2H), 1.48 (s, 3H), 0.94 (d, J =
12.7 Hz, 1H), 0.62 (ddd, J = 4.4, 12.7, 25.9 Hz, 1H), 0.48 (s, 3H), 0.20 (s, 6H); 13C NMR (100
MHz, benzene-dg) 5 170.3, 147.7, 140.9, 138.7, 137.4, 136.7, 134.2, 129.4, 129.4, 128.5, 128.1,
127.6, 127.5, 121.6, 118.5, 93.5, 77.5, 69.9, 67.5, 64.5, 56.7, 40.3, 38.1, 31.5, 31.1, 30.3, 26.6,
21.0,20.2, 16.1, 15.5, -5.1, -5.2; 19F NMR (400 MHz, benzene-dg) 5 -81.60 (t, 9.2), -109.90 (t,

12.2), -121.30 (m) -126. 3 (t, 13.7); HRMS (FAB) m/z calcd for [C41H43SSiOgFg+Na]™:
917.2202, found 917.2173.

1. Pd/C, H,
EtOAc, AcOH
—_———

2. Dess-Martin

3. K,CO4, MeOH

(86% yield-3 stepsT MeoPhsSi
(-1

* Ketone v. A mixture of ether (-)-10 (680 mg, 0.76 mmol) and 10% Pd/C (340 mg) in

EtOAc—AcOH (10:1, 8.4 mL) was stirred under an atmosphere of H» while monitoring by 1H

NMR analysis of crude aliquots periodically removed from the reaction mixture. Upon

completion (after 7 h), the reaction mixture was filtered through a pad of SiO, and the filtrate
evaporated and used directly in the next step.

A solution of the crude alcohol obtained above in CH,Cl,-(15.2 mL) was treated with Dess-
Martin periodinane (1.93 g, 4.56 mmol) at 25 °C and stirred for 2 h. The crude reaction mixture

was purified directly by silica gel chromatography (6:1—3:1 hexanes/EtOAc eluent) to provide
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ketone v (560 mg, 95% yield-2 steps)-as a clear colorless oil: Rp 0.35 (3:1 hexanes/EtOAc);
[a]p?3 —17.1 (c 1.00, CH,Cly); FTIR (film) 1738, 1711 cm-1; 1H NMR (500 MHz, benzene-de)
§7.31(d,J=5.4Hz 1H), 730 (d, J = 7.3 Hz, 1H), 7.21 (m, 3H), 6.83 (d, J = 8.8 Hz, 1H), 6.78
(dd, J = 2.4, 83 Hz, 1H), 6.67 (d, J = 2.0 Hz, 1H), 5.34 (app.t, J = 4.9 Hz, 1H),3.24 (d,J=4.9
Hz, 1H), 2.73 (td, J = 2.0, 12.2 Hz, 1H), 2.62 (td, J = 3.4, 16.6 Hz, 1H), 2.36 (d, J = 14.2 Hz,
1H), 2.32 (app.t, J = 5.9 Hz, 1H), 2.25 (dd, J = 4.4, 13.7 Hz, 1H), 2.18 (bd, J = 16.6 Hz, 1H),
2.10 (bd, J = 10.8 Hz, 1H), 1.95 (app.t, J = 13.7 Hz, 1H), 1.72 (app.t, J = 4.4, 14.2 Hz, 1H),
1.46 (s, 3H), 0.86 (dd, J = 3.9, 13.2 Hz, 1H), 0.67 (s, 3H), 0.62 (ddd, J = 3.9, 12.7, 24.9 Hz,

 1H), 0.07 (s, 6H); 13C NMR (100 MHz, benzene-dg) § 209.9, 170.3, 147.8, 141.7, 136.1, 135.9,
134.2,129.8, 128.9, 128.5, 121.8, 118.5, 69.5, 67.0, 60.0, 52.2, 38.4, 38.0, 31.7,30.3,29.9, 24.1,
22.9,20.0, 15.0, -5.2, -5.6; 19F NMR (500 MHz, benzene-dg) & -81.61 (t, 9.2), -110.11 (t, 15.3),
-121.51 (s), -126.60 (s); HRMS (FAB) m/z calcd for [C33H3307SiFgS+Na]*: 795.1470, found
795.1466.

Alcohol (-)-11. To a solution of acetate v (560 mg, 0.73 mmol) in CH,Cl, (2.5 mL) was
added a mixture of MeOH-H,0 (10:1, 16.0 mL) followed by K2COj3 (1.0 g, 7.3 mmol) at 25 °C,
and the resulting mixture was stirred for 2.5 h. The reaction mixture was diluted with CH»Cl»
(80 mL) and H>O (25 mL), and extracted with CH»Cl, (3 x 60 mL). The combined organic layers
were washed with brine (25 mL), dried over NaySOy4 and purified by flash chromatography on
silica gel (3:1 hexanes/EtOAc eluent) to provide alcohol (-)-11 (480 mg, 91% yield) as a white
solid: mp 167-8 °C (EtOAc/heptane); Rg 0.10 (3:1 hexanes/EtOAc); [a]p24 -8.6 (¢ 1.0,
CH,Cly); FTIR (film) 3439, 1709 cm-!; |H NMR (500 MHz, benzene-dg) & 7.32-7.21 (comp m,
SH), 6.99 (d, J = 8.3 Hz, 1H), 6.93 (dd, J = 2.0, 8.3 Hz, 1H), 6.71 (d, J = 2.0 Hz, 1H), 3.95
‘(app.dt, J = 5.4, 10.7 Hz, 1H), 2.84 (d, J = 4.9 Hz, 1H), 2.61 (app.t, J = 12.7 Hz, 1H), 2.36-
2.22 (comp m, 4H), 2.10 (dd, J = 3.9 Hz, 12.7H,), 2.04 (bd, J = 12.2 Hz, 1H), 1.93 (app.t, J =
13.7 Hz, 1H), 1.71 (app.tt, J = 4.4, 14.2 Hz, 1H), 1.63 (d, J = 10.7 Hz, 1H), 0.88 (m, 2H), 0.66
(s, 3H), 0.09 (s, 3H), 0.08 (s, 3H); 13C NMR (100 MHz, benzene-dg) & 210.5, 147.7, 141.7,
136.6, 136.2, 134.2, 130.3, 129.8, 121.4, 118.4, 71.7, 64.2, 63.6, 52.5, 40.4, 38.3, 30.5, 30.5,
30.1, 242,229, 15.2, -5.2, -5.6; 19F NMR (500 MHz, benzene-dg) & -81.69 (t, 9.2), -110.22 (t,
12.2), -121.58 (s), -126.68 (s); HRMS (CI) m/z caled for [C31H3104SSiFo+H]*: 731.1545,
found 731.1518.

1. Mgl,, Nal
CH4CN, CH,Cl,

2. MsClI, EtsN o

(72% yield ~ MezPhSi
-2 steps)

(-1 : (+)-12

Olefin (+)-12. To a solution of epoxy alcohol (-)-11 (0.100 g, 0.137 mmol) in a mixture
of CH,Cl—CH3CN (1:1, 16.2 mL) was added Nal (123 mg, 0.822 mmol) and Mgl (228 mg,
0.822 mmol) at 0 °C. The yellow solution was stirred for 10 min and filtered directly through a
pad of SiO2 (3:1 hexanes/EtOAc eluent). The filtrate was evaporated to a residue which was
used immediately without further purification.

The crude residue was dissolved in CH,Cl, (1.4 mL), cooled to -66 °C, and treated sequentially
with methanesulfonyl chloride (0.078 mL, 0.69 mmol) and, after 5 min, a solution of Et3N (0.115
mL, 0.822 mmol) in CH;Cl; (0.55 mL) slowly over 10 min. After stirring for 1 h, the reaction

Me2PhSi
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mixture was allowed to warm to 25 °C over 30 min and quenched by addition of Et3N (0.020
mL). The reaction mixture was evaporated onto SiO, and chromatographed on silica gel (6:1
hexanes/EtOAc eluent) to provide olefin (+)-12 (70 mg, 72% yield-2 steps) as a slightly yellow
foam: Rf 0.37 (3:1 hexanes/EtOAc); [«]p23 +69.6 (¢ 1.00, CH,Cly); FTIR (film) 3510, 1709
cm-!; TH NMR (500 MHz, benzene-dg) & 7.36-7.20 (comp m, 5H), 6.86 (d, J = 8.3 Hz, 1H),
6.77 (d, J = 7.3 Hz, 1H), 6.77 (s, 1H), 11.5 (d, J = 10.3 Hz, 1H), 5.36 (dd, J = 2.5, 9.8 Hz, 1H),
2.66 (m, 1H), 2.54 (m, 1H), 2.50 (d, J = 11.2 Hz, 1H), 2.38 (m, 1H), 2.34 (d, J = 14.2 Hz, 1H),
2.16 (dd, J = 5.9, 14.2 Hz, 1H), 2.05-1.97 (comp m, 2H), 1.83 (app.t, J = 13.7 Hz, 1H), 1.37
(dd, J = 4.9, 13.7 Hz, 1H), 1.06 (comp m, 2H), 0.70 (s, 3H), 0.13 (s, 6H); 13C NMR (100 MHz,
benzene-dg) 5 211.5, 148.3, 140.5, 139.9, 136.8, 134.2, 132.8, 129.5, 128.7, 125.7,121.7, 118.2,
76.3, 54.0, 39.5, 37.5, 36.1, 32.6, 29.7, 23.9, 19.7, 14.7, -5.1, -5.4; 19F NMR (500 MHz,
benzene-dg) § -81.64 (t, 9.2), -110.06 (t, 13.7), -121.54 (s), -126.60 (s); HRMS (FAB) m/z calcd
for [C31H3105SSiFg+Na]*: 737.1415, found 737.1406.

ONf ONf
VO(acac),
—_—
tgﬁfc?zH l:llezPhSi P
(76% yield) OH 0
(+)-12 (+)-13

Epoxy-alcohol (+)-13. A solution of olefin (+)-12 (155 mg, 0.217 mmol) in CH,Cl, (2.2
mL) was cooled to-0 °C and treated with ¢-butylhydroperoxide (5.0-6.0 M solution in decane,
0.065 mL, 0.326 mmol) followed by VO(acac), (6.0 mg, 0.022 mmol). The resulting dark red
solution was stirred at 0 °C for 44 h, and purified by evaporation onto SiO; and flash
chromatography on silica gel (6:1 hexanes/EtOAc eluent) to provide epoxy-alcohol (+)-13 (121
mg, 76% yield) as a white foam: R 0.34 (3:1 hexanes/EtOAc); [a]p24 +61.7 (c 1.00, CH,Cl);
FTIR (film) 3531, 1711, 1427 cm™!; IH NMR (500 MHz, benzene-dg).5 7.36 (m, 2H), 7.22 (m,
3H), 7.04 (d, J = 8.8 Hz, 1H), 6.89 (dd, J = 2.4, 8.3 Hz, 1H), 6.73 (d, J = 2.4 Hz, 1H), 3.09
(app.t, J = 3.4 Hz, 1H), 2.79 (s, 1H), 2.55 (m, 1H), 2.51 (d, J = 3.9 Hz, 1H), 2.45 (m, 1H), 2.29
(d, J = 13.7 Hz, 1H), 2.28 (m, 1H), 2.13 (comp m, 3H), 1.71 (comp m, 2H), 1.51 (dd, J = 4.9,
13.7 Hz, 1H), 0.93 (m, 1H), 0.49 (s, 3H), 0.13 (s, 3H), 0.12 (s, 3H); 13C NMR (100 MHz,
benzene-dg) § 210.5, 148.6, 140.5, 138.8, 136.7, 134.2, 129.6, 128.5, 126.5, 121.5, 118.3, 74.6,
57.5, 54.5, 54.4, 38.6, 37.6, 33.4, 31.4, 29.2, 24.0, 19.6, 14.3, -5.1, -5.5; 19F NMR (400 MHz,

benzene-de) § -81.62 (1, 9.2), -109.89 (t, 12.2), -121.31 (s), -126.36 (s); HRMS (FAB) m/z caled
for [C31H3106SSiFo+K]*: 769.1104, found 769.1072.

1. Me,Al, CH,Cl, ' OR

)CL MeONHMe+HCI - Me

J-- ,N =
0 2. TBSCI, CH,Cl, MeO

2,6-Lutidine o)

1'4 (64% yield)

15,R=H
16, R =TBS

Amide 16. A flame-dried flask (3-neck 2L) fitted with 2 addition funnels and a N3 inlet
tube was charged with N, O-dimethylhydroxyaminesHCI (29.1 g, 298 mmol) in CH,Cl; (600 mL),
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and the reaction mixture stirred at -5 °C. A solution of Me3Al (28.6 mL, 298 mmol) in toluene
(150 mL) was added in a dropwise fashion over 30 min to the N, O-dimethylhydroxyaminesHCl
solution. Evolution of thick smoke was followed by stirring the solution for 1 h. To this solution
was added the lactone 14 (15.0 g, 119 mmol) as a solution in CH,Cl; (40 mL) over 10 min. After
stirring for 30 min, the reaction mixture was quenched by slowly pouring into saturated aq
NaHCOj3 (600 mL) and extracted with CH,Cl; (3 x 200 mL). The combined organic layers were -
washed with brine (500 mL), dried over Na;SOy, and concentrated in vacuo. The crude oil
(containing 15) was dissolved in CH,Cl; (200 mL), cooled to 0 °C and treated with 2,6-lutidine
(15.2 mL, 131 mmol) followed by TBSOTf (27.3 mL, 119 mmol). The reaction mixture was
stirred at 0 °C for 10 min, then washed sequentially with saturated aq NH4Cl (300 mL),
saturated aq NaHCO3 (300 mL) and brine (300 mL). The organic layer was dried over NaySOjy,
filtered and concentrated in vacuo to afford the desired amide 16 (22.9 g, 64% yield-2 steps) as a
colorless oil: FTIR (film) 1674 cm'!; 'H NMR (400 MHz, CDCls): & 4.17 (s, 2H), 3.70 (s, 3H),
3.30 (s, 2H), 3.20 (s, 3H), 1.77 (s, 3H), 1.75 (s, 3H), 0.91 (s, 9H), 0.08 (s, 6H); 13C NMR (100
MHz, CDCl3): § 172.8, 131.8, 124.3, 637 61.1, 37.1, 32.2, 25.9, 25.6, 19.4, 18.3, 16.1, -5.3;
HRMS (CI) m/z calcd for [C15H3103N81+H]+ 302.2151, found 302.2164.

oTBS . oTBS

Me ™S
Meo’lh\n/\‘/L TMS—=—Li W
o THF, -78 °C
. (61% yield)
: 16 17 . :
Ketone 17. To a stirred solution of trimethylsilylacetylene (0.205 mL, 1.45 mmol)in
THF (4.5 mL) at -78 °C was added »n-BuLi solution in hexane (1.46 M, 0.904 mL, 1.32 mmol) in
a dropwise fashion. The mixture was warmed to 0 °C, stirred for 1 h, and cooled to -20 °C. The
resulting alkynyl lithium reagent was added dropwise to a solution of amide 16 (200 mg, 0.66
mmol) in THF (9 mL) at -20 °C. Stirring continued as the temperature was gradually raised to
-10 °C over 1 h. The reaction mixture was cooled to -78 °C, quenched by slowly pouring into
0.25 N HCI aq solution (16 mL) at 0 °C, and extracted with EtpO (2 x 16 mL). The combined
organic layers were washed with brine (50 mL), dried over Na;SQOy, and then evaporated to an
oil. The resultant oil was subjected to silica gel chromatography (40:1 hexanes/EtOAc eluent) to
" provide ketone 17 (138 mg, 61%) as a colorless oil: FTIR (film) 1682 ¢cm!; TH NMR (500 MHz,

CDCl3): 8 4.16 (s, 2H), 3.37 (s, 2H), 1.78 (s, 3H), 1.76 (s, 3H), 0.92 (s, 9H), 0.25 (s, 9H), 0.09 |
(s, 6H); 13C NMR (125 MHz, CDCl3): § 185.2, 133.8, 122.6, 102.0, 98.1, 63.8, 50.5, 25.9, 19.9,
18.4, 16.3, -0.8, -5.3; HRMS (CI) m/z caled for [C5H;40,Si,+H]*: 339.2175, found 339.2191.

Ph

H \,Ph .
TBS C’:fklo 18 TMS__ - oTes
ﬁt—BuPh _ \/\’/(
catechol boraney OH .

CH2Clz, -40 °C

(92% yield, 95% ee) Vi’
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TMS-propargyl alcohol vi. A flame-dried flask was charged with a toluene solution of
(S)-B-4-r-butylphenyl oxazaborolidine catalyst 18 (0.2 M, 1.48 mL, 0.30 mmol), the solvent was
removed in vacuo and a solution of TMS-ethynyl ketone 17 (2.0 g, 5.9 mmol) in CH,Cl, (12
mL) was added. The solution was cooled to -40 °C and treated with catecholborane (0.76 mL,
7.10 mmol) in CH,Cl; (4.8 mL) over 30 min. After 40 h, MeOH (5 mL) was added and the

* _ solution was warmed to ambient temperature. The reaction mixture was diluted with ether (280
mL), washed with pH 13 buffer until the aq washings were colorless, washed with brine (20 mL),
dried over MgSOy, and concentrated to an oil which was purified by flash chromatography on
silica gel (6:1 hexanes/EtOAc eluent) to provide propargyl alcohol (+)-vi (1.85 g, 92% yield, 95%
ee) as a clear oil: [a]p23 +82.9 (¢ 1.00, CHCI;3); FTIR (film) 3410 cm-!; 'H NMR (400 MHz,
CDCl;): 8 4.43-4.39 (m, 1H), 428 (d, J=11.1 Hz, 1H), 3.98 (d, J=11.1 Hz, 1H), 3.35 (d, J =
5.6 Hz, 1H), 2.72 (dd, J = 8.8, 13.6 Hz, 1H), 2.45 (dd, J = 4.5, 13.6 Hz, 1H), 1.76 (s, 6H),.0.94
(s, 9H), 0.18 (s, SH), 0.13 (s, 3H), 0.12 (s, 3H); 13C NMR (100 MHz, CDCl3): § 132.0, 128.4,
107.5, 88.2, 64.1, 60.2, 42.6, 26.0, 19.1, 18.4, 17.9, -0.2, -5.3; HRMS (CI) m/z calcd for
[C13H360,2Si,+NH,4]*: 358.2598, found 358.2598. Conversion of the alcohol to the p-
nitrobenzoate (p-nitrobenzoylchloride, DMAP, CH,Cl,, 25 °C) and HPLC analysis (Whelk-0O1,
0.2% i-PrOH in hexane, 0.25 mL/min, A=254 nm) showed the product to be of 95% ee (tfast =
31.3 min, major; tgow = 33.6 min, minor).

’ e 0TBS oTBS
KOH v
Q Z MeOH \\\/\’/(
oH (99% yield) o

(#)-vi - (+)-19

Propargyl alcohol (+)-19. To a solution of TMS-propargyl alcohol (+)-vi (5.35 g, 15.7
mmol, 95% ee) in Etp0 (270 mL) at 25 °C was added a 3 M KOH-MeOH solution (135 mL)
and stirred for 10 min. The reaction mixture was washed with HoO (300 mL), saturated aq
NH,4Cl (300 mL) and brine (300 mL), dried over MgSO4 and concentrated to an oil which was
purified by flash chromatography on silica gel (6:1 hexane/EtOAc) to provide propargyl alcohol
(+)-19 (4.21 g, 99% yield) as a colorless liquid: [ojp?3 +83.4 (¢ 1.0, CHCl3); FTIR (film) 3402,
3313 em!; ITH NMR (400 MHz, CDCl3): & 4.45-4.40 (m, 1H), 4.29 (d, J = 11.0 Hz, 1H), 3.96
(d, J=11.0 Hz, 1H), 3.55 (d, J = 5.4 Hz, 1H), 2.78 (dd, J= 9.2, 13.7 Hz, 1H), 2.44 (dd, J = 4.0,
13.7 Hz, 1H), 2.44 (d, J = 2.1 Hz, 1H), 1.77 (s, 6H), 0.93 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H); 13C
NMR (100 MHz, CDCl3): § 132.1, 128.3, 85.5, 71.9, 64.0, 59.5, 42.5, 25.9, 19.0, 18.3, 17.9,
-5.4; HRMS (CI) m/z calcd for [CsH,50,Si+NHy]*: 286.2202, found 286.2215.

. _oTBS oTBsS
N \ RhCI(PPhy),
\\(\‘y( — » BusS 7
BUB an
OH ‘ (47% yield) OH ,
(+)>19 : (+)-20

Vinyl stannane (+)-20. To a suspension of propargyl alcohol (+)- 19 (80 mg, 0.30
mmol) and (PPh3)3RhCI (13 mg, 0.031 mmol) was added Bu3SnH (0.121 mL, 0.45 mmol) at 25
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°C under Nj. After stirring for 20 h, the reaction mixture was subjected to silica gel
chromatography (15:1 hexane/EtOAc eluent) to provide vinyl stannane (+)-20 (78 mg, 47%
yield) as a colorless oil: [a]p23 +41.5 (¢ 0.80, CHCl3); FTIR (film) 3481 cm!l; 'H NMR (400
MHz, CDCl3): & 5.86 (s, Jsnu = 67.6 Hz, 1H), 5.23 (s, Jspy = 32.2 Hz, 1H), 4.28 (d, J = 10.8
Hz, 1H), 4.24 (d, J = 8.5 Hz, 1H), 3.96 (d, J = 10.8 Hz, 1H), 3.01 (s, 1H), 2.52 (dd, J =104,
13.4 Hz, 1H), 2.01 (d, J = 13.4 Hz, 1H), 1.77 (s, 6H), 1.56-1.47 (m, 6H), 1.38-1.29 (m, 6H),
0.98-0.89 (m, 6H), 0.93 (s, 9H), 0.91 (t, J = 7.3 Hz, 9H), 0.11 (s, 6H); 13C NMR (400 MHz,
CDCl;): 8 160.0, 131.2, 130.0, 122.7, 75.3, 63.7, 43.9, 29.2, 27.4, 25.9, 19.2, 18.3, 17.8, 13.7,
- 10.2, -5.3; HRMS (EI) m/z calcd for [C3H470,SiSn~C4Ho]*: 503.2367, found 503.2378.

oTBS

: - Pd(PPhg),, CuCl
. P -
Bu;Sn LiCl, DMSO, 60 °C
OH : ) (74% vyield)

(+)20

oTBS

' Me,Phsi PN
OH ™0

(+)-21

Stille product (+)-21. To a solution of nonaflate (+)-13 (azeotroped from PhH, 14 mg,

0.020 mmol) in DMSO (0.77 mL) under Ar in a Schlenk tube (25 mL) was added LiCl (flame
_dried under vacuum, 24 mg, 0.58 mmol), Pd(PPh3)4 (11 mg, 0.0095 mmol) and CuCl (48 mg, 0.48
mmol), and the mixture was degassed (4 x) under high vacuum with an Ar purge. Vinyl stannane
(+)-20 (0.069 mL, 75 mg, 0.14 mmol) was added and the resulting mixture was rigorously
degassed (4 x) by the freeze/pump-thaw process (-78 — 25 °C, Ar). The reaction mixture was
stirred at room temperature for 1 h, then heated to 60 °C for the 45 h. Following completion of
the coupling as monitored by TLC, the reaction mixture was cooled, diluted with EtO (10 mL),
and washed with a mixture of brine (12 mL) and 5% aq NH4OH (3 mL). The combined aq layers
were further extracted with Et0 (2 x 7 mL), and the combined organic layers were washed with
water (2 x 12 mL) then brine (2 x 12 mL), dried over Na;SO4, and concentrated to a residue
which was purified by flash chromatography on silica gel (6:1—4:1 hexanes/EtOAc eluent) to
provide (+)-21 (10 mg, 74% yield) as a slightly yellow oil: Rf 0.22 (3:1 hexanes/EtOAc); [o]p?2
+72.7 (¢ 1.00, CH2Cly); FTIR (film) 3527, 1712 cm1; IH NMR (500 MHz, benzene-dg) § 7.36
(m, 3H), 7.25-7.22 (m, SH), 5.83 (s, 1H), 5.46 (s, 1H), 4.82 (d, J = 9.3 Hz, 1H), 420 (d, J =
10.7 Hz, 1H), 3.75 (d, J = 10.7 Hz, 1H), 3.34 (bs, 2H), 2.95 (dt, J = 7.8, 17.6 Hz, 1H), 2.90 (s,
1H), 2.68 (comp m, 2H), 2.58 (d, J = 8.3 Hz, 1H), 2.55 (d, J = 12.2 Hz, 1H),2.49 (d, J =11.2
Hz, 1H), 2.32 (comp m, 2H), 2.14 (comp m, 2H), 1.97 (td, J = 2.9, 11.2 Hz, 1H), 1.73 (d, J =
13.7 Hz, 1H), 1.69 (s, 3H), 1.58 (s, 3H), 1.53 (d, J = 17.2 Hz, 1H), 1.00 (s, 9H), 0.89 (m, 1H),
0.58 (s, 3H), 0.12 (s, 6H), 0.11 (s, 3H), 0.09 (s, 3H); 13C NMR (100 MHz, benzene-dg) § 210.6,
152.8, 139.3, 137.6, 137.5, 136.8, 134.2, 131.3, 130.7, 129.5, 128.5, 124.9, 124.3, 112.0, 74.7,
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71.0, 642, 57.6,55.1, 54.5, 42.6, 39.0, 37.6, 33.4, 32.0, 29.8, 26.2, 24.9, 19.6, 19.0, 18.7, 18.2,
14.5, -5.0, -5.1, -5.4; HRMS (FAB) m/z calcd for [CapHgoOsSio+Na]*: 723.3877, found
723.3853. : v :

OTBS

1..Rh(nbd)(dppb)BF,
H,, 15 psi
CH,Cl,, 0 °C
- 2. VO(acac),, TBHP
CH,Cl,, 0°C
(88% yield-2 steps)

L

OH ™0

(+)-22

Epoxy alcohol (+)-22. "A flame-dried one dram vial capped with a serum stopper was
charged with [Rh(nbd)dppb]BF4 (8.2 mg, 0.012 mmol) under an atmosphere of Ny (glove-bag).
The catalyst was transferred as a solution in CH2Cl3 (0.57 mL) to a Schlenk tube containing
azeotropically dried (PhH, 4 x 1 mL) alcohol (+)-21 (20 mg, 0.029 mmol). The resulting reaction
mixture was rigorously degassed (4 x) by the freeze/pump-thaw process (-196 °C — 25 °C, Ar—
and in the final thawing under an atmosphere of H») and stirred at 0 °C for 45 h under Hj
(balloon). Following completion of the reaction as monitored by TLC, the solution was diluted
with EtOAc (2 mL) and filtered through a pad of silica gel (EtOAc eluent). The filtrate was
concentrated to a residue which was used without further purification.
The above residue was dissolved in CH,Cly (0.30 mL), cooled to 0 °C, and treated with ¢-
butylhydroperoxide (5.0-6.0 M solution in decane, 0.009 mL, 0.044 mmol) followed by
VO(acac), (0.8 mg, 0.003 mmol). The resulting dark red solution was stirred at 0 °C for 2 h, and
purified directly by flash chromatography on silica gel (3:1 hexanes/EtOAc eluent) to provide a
single diastereomer of epoxy-alcohol (+)-22 (18 mg, 88% yield-2 steps) as a colorless oil: Rp
0.17 (3:1 hexanes/EtOAc); [a]p?2 +55.1 (c 1.00, CH,Cly); FTIR (film) 3523, 1712 cm'l; 1H
NMR (500 MHz, benzene-dg) 8 7.36 (comp m, 3H), 7.22-7.17 (comp m, 5H), 4.27 (dd, J = 4.4,
10.3 Hz, 1H), 3.50 (s, 2H), 3.41 (app.t, J = 3.4 Hz, 1H), 3.35 (s, 1H), 3.02 (m, 1H), 3.00 (s,
1H), 2.72 (m, 3H), 2.60 (d, J = 3.9 Hz, 1H), 2.54 (d, J = 11.2 Hz, 1H), 2.34 (app.t,J = 15.1 Hz,
1H), 2.14 (m, 2H), 2.04 (td, J = 3.4, 11.2 Hz, 1H), 1.74 (app.t, J = 13.2 Hz, 1H), 1.63 (app.t, J
=10.3 Hz, 1H), 1.54 (m, 2H), 1.47 (d, J = 7.3 Hz, 3H), 1.28 (s, 3H), 1.21 (m, 1H), 1.16 (s, 3H),
0.93 (s, 9H), 0.59 (s, 3H), 0.13 (s, 3H), 0.12 (s, 3H), 0.00 (s, 3H), -0.01 (s, 3H); 13C NMR (100
MHz, benzene-dg) § 210.6, 141.8, 137.2, 136.8, 136.1, 134.2, 129.5, 129.4, 128.5, 126.2, 124.6,
74.8,73.7, 66.5, 65.3, 64.3, 57.6, 55.3, 54.5, 46.2, 38.9, 37.6, 36.8, 33.4, 32.1, 29.9, 26.1, 25.0,
20.2, 19.7, 18.5, 17.9, 16.2, 14.5, -5.0, -5.2, -5.3, -5.4; HRMS (FAB) m/z calcd for
[C42HgrO6Siz+Na]™: 741.3983, found 741.4012. '

Me2PhSi
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0T8S

Yy,

1. TBAF, THF, 0 °C

o
?

~ 2. NaOCl, TEMPO
KBr, CH,Cl,, H,0
(90% yield-2 steps)

MePhSi N
OH ™0 103

Lactone (+)-23. To a cooled (0 °C) solution of silyl ether (+)-22 (8.0 mg, 0.011 mmol) in
THF (0.110 mL) was added a solution of TBAF in THF (1.0 M, 0.036 mL, 0.036 mmol). After
5 min, the reaction mixture was diluted with CH,Cl (2 mL), evaporated onto SiO and filtered
through a pad of silica gel (1:1 hexanes/EtOAc eluent). The filtrate was evaporated, dissolved in
CH2Clz (0.11 mL), and treated with H>O (0.002 mL), KBr (0.1 mg, 0.0008 mmol), TEMPO (0.1
mg, 0.0006 mmol), and 0.95 M aq NaOClI solution (adjusted to pH 9 by treatment with NaHCO3
immediately prior to use, 0.035 mL, 0.037 mmol). After 10 min, the reaction mixture was diluted
with CH,>Cly (2 mL), evaporated onto SiOs and chromatographed on silica gel (2:1
hexanes/EtOAc eluent) to provide lactone (+)-23 (6.0 mg, 93% yield) as a slightly yellow foam:
Rf 0.50 (1:1 hexanes/EtOAc); [a]p23 +62 (c 0.50, CHoCly); FTIR (film) 3542, 1732, 1683 cm™1;
IH NMR (500 MHz, benzene-dg) § 7.35 (m, 3H), 7.21 (m, 3H), 7.04 (d, J = 8.3 Hz, 1H), 7.00
(s, 1H), 4.50 (td, J = 3.9, 7.8 Hz, 1H), 3.35 (app.t, J = 3.4 Hz, 1H), 2.96 (m, 1H), 2.82 (s, 1H),
2.66 (m, 2H), 2.57 (d, J = 3.9 Hz, 1H), 2.50 (m, 2H), 2.31 (app.t, J = 13.7 Hz, 1H), 2.11 (m,
2H), 1.92 (td, J = 3.4, 11.2 Hz, 1H), 1.71 (app.t, J = 13.7 Hz, 1H), 1.50 (dd, J = 4.4, 13.7 Hz,
1H), 1.41 (d, J = 7.8 Hz, 2H), 1.35 (s, 3H), 1.24 (d, J = 7.3 Hz, 3H), 1.14 (m, 1H), 0.68 (s, 3H),
0.56 (s, 3H), 0.11 (s, 3H), 0.11 (s, 3H); 13C NMR (100 MHz, benzene-dg) 5 210.5, 168.9, 139.7,
137.6, 137.0, 136.8, 134.2, 129.5, 129.4, 126.1, 124.9, 77.4, 74.7, 62.4, 59.4, 57.6, 55.1, 54.4,.
43.0, 39.0, 37.6, 33.4, 33.0, 32.1, 29.7, 24.9, 19.6, 17.2, 17.1, 14.4, 13.8, -5.0, -5.4; HRMS
(FAB) m/z caled for [C36H4406Si+Na]™: 623.2805, found 623.2800.
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1. Hg(OAc)z
AcOOH, AcOH

L

2. Ac,0, Et;N
DMAP, CH,CI,

3.DBU, CH,Cl,

(90% vyield-3 steps)

OH 'o '
(+)-Nic-1 Lactone (1)

I

(syn)-(+)-Nic-1-lactone (1). To a solution of lactone (+)-23 (10 mg, 0.017 mmol) in
35% AcOOH-AcOH (0.83 mL) at 25 °C was added Hg(OAc), (26 mg, 0.082 mmol), and the
clear solution was stirred for 3 h. The reaction mixture was diluted with Et;0 (5 mL), washed
sequentially with 10% aq Na»S,03 (7 mL), HpO (7 mL), saturated aqg NaHCO3 (7 mL), and brine
(7 mL), dried over MgSO4, and evaporated to a white solid which was used without further
purification.
A solution of the above solid in CH7Cl, (0.83 mL) was treated with Et3N (0.025 mL, 0.17
mmol), Acz0 (0.008 mL, 0.084 mmol), and DMAP (2 mg, 0.017 mmol). After stirring for 15
min, the crude solution was diluted with CH>Cl, (2 mL), evaporated onto SiO, and filtered
through a pad of silica gel (1:1 hexanes/EtOAc eluent) to provide a colorless residue. The crude
material was dissolved in CH,Cl; (0.5 mL), treated with DBU (0.015 mL, 0.10 mmol) and stirred
at 25 °C for 2.5 h. The reaction mixture was diluted with CH;Cl; (3.0 mL), evaporated onto
SiO7 and chromatographed (1:1 hexanes/EtOAc eluent) to provide (+)-Nic-1-lactone (1, 7.0 mg,
90% yield) as a white solid which was indistinguishable from a sample of (nat)-(+)-Nic-1-lactone:
mp 230 °C (EtOAc/hex) ; Ry 0.53, 0.37, 0.21 (1:1 acetone/hexanes, 2:1 EtOAc/hexanes, 1:1
EtOAc/hexanes); [o]p26 +7 (c 0.1, CH2Cl,); FTIR (film) 3500, 1731, 1688 cm-l; IH NMR (500
MHz, benzene-dg) 8 7.34 (d, J = 7.8 Hz, 1H), 7.06 (d, J = 8.3 Hz, 1H), 6.96 (s, 1H), 5.92 (ddd,
J=20,49,10.3 Hz, 1H), 5.80 (dd, J = 2.9, 9.8 Hz, 1H), 4.50 (m, 1H), 3.38 (app.t, J = 2.9 Hz,
1H), 3.11 (m, 1H), 2.90 (m, 1H), 2.80 (d, J = 1.0 Hz, 1H), 2.67 (ddd, J = 3.9, 6.8, 17.1 Hz, 1H),
2.56 (bd, J = 11.2 Hz, 1H), 2.53 (d, J = 3.9 Hz, 1H), 2.50 (m, 1H), 2.04 (dd, J = 4.9, 18.6 Hz,
1H), 1.91 (bd, J = 19.5 Hz, 1H), 1.85 (td, J = 3.4, 10.8 Hz, 1H), 1.41 (d, J = 7.3 Hz, 2H), 1.38
(m, 1H), 1.35 (s, 3H), 1.24 (d, J = 6.8 Hz, 3H), 0.71 (s, 3H), 0.69 (s, 3H); 13C NMR (100 MHz,
benzene-dg) § 201.4, 168.9, 139.7, 139.4, 137.6, 136.8, 129.4, 128.9, 126.1, 124.9, 77.4, 72.5,
62.4, 59.4, 56.8, 55.3, 51.7, 43.0, 39.0, 36.9, 33.0, 32.1, 29.7, 24.9, 17.2, 13.8, 13.8; HRMS
(FAB) m/z calcd for [CogH320¢6+Na]™: 487.2097, found 487.2092.
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“10 1. DIBAL
AL 2-Ac,0,Et;N

3. Dess-Martin
4. K2CO3, MeOH
. (80% yield-4 steps)

OH 0
(+)-Nic-1 Lactone (1)

OH ™0 '
(+)-Nic-1 (2)
(syn)-(+)-Nic-1 (2). To a cooled (-78 °C) solution of Nic-1-lactone (1, 8.0 mg, 0.017

mmol) in toluene (1.5 mL) was added a solution of DIBAL in toluene (1.0 M, 0.051 mL, 0.051
mmol) in a dropwise fashion.. After 5 min, the reaction mixture was treated with MeOH (0.05
mL) followed by the addition of NapSO4+10H,0 (300 mg) and celite (60 mg). The mixture was
allowed to thaw at ambient temperature, stirred for 15 min, and filtered through a pad of celite
(EtOAc eluent). The filtrate was evaporated to a residue which was used without further
purification.
The residue obtained above was dissolved in CH7Cl; (1.0 mL) and treated with EtzN (0.024 mL,
0.17 mmol), Ac0 (0.008 mL, 0.09 mmol), and. DMAP (2 mg, 0.02 mmol). After stirring for 45
min, the crude solution was diluted with CH»Cly (2 'mL), evaporated onto SiO; , and filtered
through a pad of silica gel (1:1 hexanes/EtOAc eluent) to provide a colorless residue. The crude
material was dissolved in CH,Cly (0.85 mL), treated with Dess-Martin periodinane (36 mg,
0.085 mmol) and heated to reflux for 14 h. The reaction mixture was diluted with CHCl, (3.0
mL), evaporated onto SiO; and filtered through a pad of silica gel (1:1 hexanes/EtOAc). The
filtrate was evaporated to provide a residue which was dissolved in a mixture of MeOH-H7O
(9:1, 0.50 mL), treated with K;CO3 (20 mg, 0.14 mmol), and stirred at 25 °C for 15 min. The
reaction mixture was diluted with CH;Cl, (2 mL), evaporated onto SiO; and purified by flash
chromatography on silica gel (2:1 EtOAc/hexanes eluent) to provide (+)-Nic-1 (2, 6.3 mg, 80%
yield-4 steps) as a white solid which was indistinguishable from a sample of (nat)-(+)-Nic-1: mp
119 °C (PhH/CHCl3); mixed mp 119 °C (PhH/CHCl3); RF 0.28, 0.39, 0.39 (2:1 EtOAc/hexanes,
4:1 EtOAc/hexanes, 1:1 acetone/hexanes); [a]p24 +35 (c 0.10, CH2Cly); FTIR (film) 3465, 1687
cm-l; IH NMR (500 MHz, benzene-dg) § 7.40 (d, J = 7.8 Hz, 1H), 7.15 (d, J = 7.8 Hz, 1H),
7.07 (s, 1H), 5.94 (ddd, J = 2.0, 4.9, 9.8 Hz, 1H), 5.81 (dd, J = 2.4, 10.3 Hz, 1H), 496 (d, J =
9.8 Hz, 1H), 3.89 (m, 1H), 3.46 (d, J = 10.7 Hz, 1H), 3.41 (bs, 1H), 3.11 (m, 1H), 2.94 (m, 1H),
2.85 (s, 1H), 2.72 (ddd, J = 4.4, 6.3, 16.6 Hz, 1H), 2.66 (m, 1H), 2.57 (bd, J = 11.7 Hz, 1H),
2.54 (d,J =3.4 Hz, 1H), 2.05 (dd, J = 4.9, 18.6 Hz, 1H), 1.92 (bd, J = 18.6 Hz, 1H), 1.85 (td, J
=3.4,10.7 Hz, 1H), 1.57 (dd, J =2.0, 142 Hz, 1H), 143 (d,J = 144 Hz, 1H), 1.40 (d,J=7.3
Hz, 1H), 1.34 (d, J = 6.8 Hz, 3H), 0.97 (s, 3H), 0.88 (s, 3H), 0.72 (s, 3H); 13C NMR (100
MHz, benzene-dg) & 201.5, 141.7, 139.4, 137.2, 136.0, 129.4, 128.9, 126.1, 124.6, 91.8, 72.5,
67.5, 64.6, 63.7, 56.8, 55.4, 51.7, 43.7, 39.0, 36.9, 34.6, 32.1, 29.9, 24,9, 18.6, 18.2, 16.4, 13.8;
HRMS (FAB) m/z calcd for [CogH3406+Na]™: 489.2253, found 489.2255.
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ONf o ONf
1. Hg(OAc),, TFA a '
AcOOH, AcOH
) 2. Ac0, EtN .55
Me,PhSi DMAP, CH,Cl, FInc
» 3. DBU, CHzclz :
(+)-13 (92% yield-3 steps) - (+)-24

Enone (+)-24. To a solution of nonaflate (+)-13 (20 mg, 0.027 mmol) in 35% AcOOH-
AcOH (1.3 mL) and TFA (0.66 mL) at 25 °C was added Hg(OAc)> (44 mg, 0.14 mmol), and the
‘clear solution was stirred for 3 h. The reaction mixture was diluted with EtO (10 mL), washed
sequentially with 10% aq NapS>03 (15 mL), HyO (15 mL), saturated aqg NaHCO3 (15 mL), and
brine (15 mL), dried over MgSOy, and evaporated to a white solid which was used without
further purification. . o
A solution of the above solid in CH,Cl; (1.0 mL) was treated with EtsN (0.037 mL, 0.27 mmol),
Ac20 (0.013 mL, 0.14 mmol), and DMAP (3.0 mg, 0.027 mmol).  After stirring for 5 min, the
crude solution was evaporated onto SiOj, and filtered through a pad -of silica gel (1:1
hexanes/EtOAc eluent) to provide a colorless residue. The crude material was dissolved in
CH»Cl3 (1.0 mL), treated with DBU (0.040 mL, 0.27 mmol) and stirred at 25 °C for 2 h. The
reaction mixture was diluted with CH»Cls (3.0 mL), evaporated onto SiO; and chromatographed
(1:1 hexanes/EtOAc eluent) to provide enone (+)-24 (15 mg, 92% yield) as a white foam: Rp
0.26 (1:1 hexanes/EtOAc); [o]p25 +16 (c 0.50, CHoCly); FTIR (film) 3461, 1687 cm-!; TH NMR
(500 MHz, benzene-dg) 8 7.04 (d, J = 8.3 Hz, 1H), 6.88 (d,.J = 8.3 Hz, 1H), 6.74 (s, 1H), 5.94
(ddd, J = 2.4, 5.4, 10.3 Hz, 1H), 5.81 (2.4, J = 10.3 Hz, 1H), 3.13 (bs, 1H), 2:90 (m, 1H), 2.74
(bs, 1H), 2.49 (m, 2H), 2.88 (dt, J = 5.4, 16.6 Hz, 1H), 2.20 (d, J = 11.2 Hz, 1H), 2.04 (dd, J =
4.9, 18.6 Hz, 1H), 1.90 (d, J = 18.6 Hz, 1H), 1.63 (td, J = 3.9, 10.7 Hz, 1H), 1.17 (m, 1H), 0.65
(s, 3H); 13C NMR (100 MHz, benzene-dg) & 201.1, 148.6, 140.6, 139.5, 138.5, 128.8, 126.4,
121.4, 118.4,72.4, 56.7, 54.7, 51.7, 38.6, 36.9, 31.4, 29.2, 24.0, 13.7; 19F NMR (400 MHz, .
benzene-dg) 5 -81.45 (t, 9.2), -109.70 (1, 12.2), -121.12 (s), -126.16 (s); HRMS (FAB) m/z calcd
for [C23H1906SFo+Na]t: 617.0656, found 617.0652.

- ONt OFEt
1. Bu;{Sn&
‘ PA(PPhy)y CUCl

B omReT
(+)-24 (73% yield) (+)-NIC-10 (3)

(syn)-(+)-Nic-10 (3). To a solution of nonaflate (+)-24 (azeotroped from PhH, 12 mg,
0.020 mmol) in DMSO (0.81 mL) under Ar in a Schlenk tube (25 mL) was added LiCl (flame
dried under vacuum, 26 mg, 0.61 mmol), Pd(PPh3)4 (12 mg, 0.010 mmol) and CuCl (50 mg, 0.51
mmol), and the mixture was degassed (4 x) under high vacuum with an Ar purge.
Ethoxyvinyltributylstannane (0.048 mL, 51 mg, 0.14 mmol) was added and the resulting mixture
was rigorously degassed (4 x) by the freeze/pump-thaw process (-78 — 25 °C, Ar). The reaction
mixture was stirred at room temperature for 1 h, then heated to 60 °C for 22 h. Following
completion of the coupling as monitored by TLC, the reaction mixture was cooled, diluted with
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Et70 (10 mL), and washed with a mixture of brine (12 mL) and 5% aq NH4OH (3 mL). The aq
layer was further extracted with EtoO (2 x 7 mL), and the combined organic layers were washed
with water (2 x 12 mL) then brine (2 x 12 mL), and dried over NaySO4. The resulting solution
was concentrated to a residue which was dissolved in CH,Cl; (0.75 mL) and treated with AcOH
(0.050 mL). After 20 min at 25 °C the mixture was evaporated onto SiO3 and purified by flash
chromatography on silica gel (1:1 hexanes/EtOAc eluent) to provide (+)-Nic-10 (3, 5.0 mg, 73%
yield) as a white solid. An analytically pure sample was obtained by preparative TLC (1:1
hexanes/EtOAc eluent): mp 207-8 °C (EtOH); R 0.37, 0.30, 0.13 (1:1 acetone/hexanes,
2:1EtOAc/hexanes, 1:1 EtOAc/hexanes); [o]p2® +21 (c 0.10, CH,Clp); FTIR (film) 3451, 1687,
1682 cml; 1H NMR (500 MHz, benzene-dg) 8 7.81 (d, J = 7.8 Hz, 1H), 7.63 (s, 1H), 7.30 (d, J
= 7.8 Hz, 1H), 5.94 (ddd, J = 1.0, 3.9, 10.3 Hz, 1H), 5.82 (dd, J = 2.0, 10.3 Hz, 1H), 3.28 (s,
1H), 3.03 (m, 1H), 2.82 (s, 1H), 2.75 (m, 1H), 2.55 (app.t, J = 5.4 Hz, 1H), 2.55 (d, J = 4.6 Hz,
1H), 2.39 (d, J = 11.7 Hz, 1H), 2.19 (s, 3H), 2.08 (dd, J = 4.9, 18.6 Hz, 1H), 1.92 (d, J = 18.6
Hz, 1H), 1.81 (td, J = 4.4, 11.2 Hz, 1H), 1.32 (m, 1H), 0.70 (s, 3H); 13C NMR (100 MHz,
benzene-dg) § 201.3, 201.2, 139.4, 132.4, 132.3, 131.5, 127.4, 125.8, 125.0, 72.4, 56.7, 55.0,
51.7, 39.2, 36.9, 31.6, 29.4, 26.3, 24.4, 13.8; HRMS (CI) m/z calcd for [C21H2204+NH4]*:
356.1862, found 356.1871.

NP
CuCl,
_—
DMF
(75% yield) ‘Me,PhSi
(z)-6 ' (z)-vii .
Enone (£)-vii. A solution of ketone (x)-6 (10.0 mg, 0.017 mmol) in DMF (0.17 mL) was
treated with anhydrous CuCly (9 mg, 0.068 mmol) and heated to 60 °C. After 15 min the
reaction mixture was diluted with CH2Cl> (1 mL) and purified directly by preparative TLC (3:1
hexanes/EtOAc eluent) to provide enone (£)-vii (6.0 mg, 75% yield) as a white solid. Crystals
suitable for X-ray analysis were obtained by crystallization from EtOAc/heptane at 25 °C: mp
172-3 °C (EtOAc/heptane); Rf 0.45 (3:1 hexanes/EtOAc); FTIR (film) 1699, 1670 cm1; 'H
NMR (400 MHz, benzene-dg)  8.79 (d, J = 8.7 Hz, 1H), 7.30 (m, 2H), 7.21 (m, 3H), 6.83 (dd,
J=27,8.7Hz, 1H), 6.77 (d, J = 2.5 Hz, 1H), 5.83 (m, 1H), 5.25 (dd, J = 1.6, 17.3 Hz, 1H),
5.02 (dd, J = 1.0, 10.5 Hz, 1H), 4.16 (s, 1H), 4.15 (s, 1H), 2.97.(1d, J = 5.3, 14.5 Hz, 1H), 2.36
(m, 2H), 2.22-1.07 (comp m, 9H), 0.91 (s, 3H), 0.08 (s, 3H), 0.06 (s, 3H); 13C NMR (100 MHz,
benzene-dg) § 211.5, 195.6, 158.3, 158.2, 138.9, 136.4, 134.2, 134.0, 130.7, 129.9, 129.7, 127.8,
124.8, 116.7, 114.1, 111.9, 68.5, 55.9, 44.6, 41.9, 38.8,°36.2, 28.3, 27.8, 22.8, 20.5, -5.0, -5.4;
HRMS (FAB) m/z calcd for [C30H3403Si+Na]™: 493.2175, found 493.2193. '

Me,PhSi
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.chernical formula _ - C3pH3403851

chemical formula weight. ' _ | 470.66

Temperature : | 213 (2)K

Wavelength 10.71073 A

Crystal system o | Orthorhombic

Space group ‘ | . Pcen

Unit Cell dimensions » a=18.7297 (6) A alpha = 90°

b=37.2711 (1) A beta = 90°
c=7.3366 (3) A gamma = 90°

Volume, Z , - 5121.5(3) A3, 8
Density (calculated) 1.221 Mg/m3
Absorbtion coefficient -0.121 mm-!

F(000) | 2016
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Crystal Size

0 range for data collection
Limiting indices

Reﬁections collected -
Independent reflections
Completeness to 6 = 28.35°
Absorption coefficient
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness—of—fit on F2
Final R indices [[>20 (I)]

R indices (all data)

Largest diff. peak and hole
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0.125x0.125 x 0.075 mm

1.09 to 28.35°

-215hs24,-34£ks48,-4$138

14712

5895 (i = 0.0492)
92.3%

None

0.000000 and 0.000000
Full-matrix least squares on F2
5895/0/307

1‘.044

R1=0.0609, wR2 =‘0.1465
R1=0.1119, WRQ =0.1779

0.646 and -0.410 eA-3
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(+)-NIC-1-lactone (1) comparison spectra
(500 MHz 'H NMR, benzene-d,)
top: natural, bottom: synthetic

o)
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- (+)-NIC-1 (2) comparison spectra
(500 MHz 'H NMR, benzene-dy)

top: natural, bottom: synthetic
_ 0
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synthetic (+)-NIC-10 (3) | o
(500 MHz 'H NMR, benzene-ds)




