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SYNTHESIS OF THE PENTACYCLIC XESTOBERGSTEROL
SKELETON

Marie E. Krafft,* Olivier A. Dasse and Bin Shao

Department of Chemistry, Florida State University, Tallahassee, FL 32306

Abstract: An approach to the synthesis of the histamine release inhibitor xestobergsterol is described. The

intramolecular Pauson-Khand reaction was used to gencrate the D and E rings of the steroid. © 1998 Elscvier
Scicnce Ltd. All rights reserved.

Xcstobergsterol—A (1) was isolated from the crude extracts of the Okinawan sponge Xestspongia

a Fromont in 199212 and the structure was sect

berquist gl
inhibit histamine release from rat peritoneal mast cells induced by IgE in a dose dependent manner.3 We
recently reported the use of the intramolecular Pauson-Khand reaction4 in a model study for the synthesis of
the C/D/E rings with the correct stereochemistry at C-14 and C-17.5 We now report application of our model
study to the synthesis of the pentacyclic framework of the xestobergsterols.

The proposed retrosynthesis of xestobergsterol-A, 1, is outlined in Scheme 1. We envisioned
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the D-ring to the A-15, 16 enone would provide a means of adjusting the C-14 stereocenter.
Subsequent oxidative cleavage of the enone, removing one carbon, would leave lactol 4 which could be
converted to enyne 5 via addition of a metallated alkyne. Dicobalthexacarbonyl mediated Pauson-Khand
cycloadditiont would then be expected to provide the desired pentacyclic skeleton 6.

With the retrosynthetic plan in mind, methoxymethyl ether 3 was oxidized to the A-15,16 enone 7 via

the trimethylsilyl enol ether (Scheme 2). Epimerization at C-14 was carried out by enone deconjugation and
PR LY - S TN R, SRS T
reconjugation,” howcver, regardiess of the conditions USCG a mixture of enones 8 and 9 were obtained in a 4:1

ratio.” Catalytic hydrogenation® of the B,y-enone 9 to 9a with cis fused C/D rings, followed by ketone to
enone oxidation? provided the desired tetracycle 8 with cis fused C/D rings. Following the precedent
established in our model study,> oxidative opening of the D-ring using OsO4 followed by treatment of the
resulting aldehyde with LiBH4 gave lactone 10. Partial reduction of 10 using DIBAL followed by Wittig

olefination and oxidation of the primary alcohol with tetrapropylammonium perruthenate gave aldehyde 11.
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Addition of 1-lithio-4-methyl-1-pentyne in THF to aldehyde 11 gave alcohol 12 as the only carbinol isomer.
Based on our results from the model study, it was apparent that carbinol isomer 13 was necessary for
achieving the proper configuration at C-17 from the Pauson-Khand cycloaddition. Use of 1-
i 3:2 rati
Other changes in temperature and solvent and the use of additives did not significantly improve the ratio.
With the desired isomer produced only as the minor isomer, we turned our attention to a more selective
synthesis of 13.

Since it was the nucleophilic addition to the C-15 aldehyde that was problematic we focussed our
attention on introducing the C-15 stereocenter at an earlier stage. We reasoned that the facial selectivity could
be biased by use of a metal chelate which would direct the Grlgnard reagent to the desired aldehyde face.
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compilex repxesen[ea in rlgure . Partial reduction of 14 usmg DIBbAL gave a lactol which resiste
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attempts at ring opening and methylenation under a variety of reaction conditions.
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Scheme 2
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l 1-metallo-4-methyl-1-pentyne.
l (see text).

Thus, an alternate route to the desired enyne $§ was followed. Reduction of 14 to the diol followed by
selective protection of the primary alcohol using fert-butyldimethylsilyl trifluoromethanesulfonate at -78°C

cleanly afforded silyl ether 15. Protection of the secondary alcohol as the methoxymeth
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smoothly and subsequent desilylation gave alkyne 16. Oxidation and Wittig olefination yielded the Pauson-

Khand precursor 5. In situ generation of the hexacarbonyldicobalt complex of the alkyne in CH,Cl; followed
by stirring at ambient temperature for 20 hours yielded a 3:1 mixture of the desired pentacycle 6, with the
correct configuration at C-17, and the interrupted Pauson-Khand product 17 in 35-40% yield.10 The
tetracyclic enone presumably arises from reaction of an organometallic intermediate with oxygen, in accord
»bservations.!! Use of a hi
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Using the intramolecular Pauson-Khand reaction we have achieved a synthesis of the pentacyclic
skeleton of xestobergsterol-A with the key stereocenters at carbons 13, 14 and 17 established. Further work to

improve the efficiency of the route is in progress.12
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1) tetrapropylammonium perruthenate,
6 NMO-H, 4A mol. sieves. (90%) 16a
Co2(CO)s, CHCh, 1. o 2) CH,PPhs. (70%)
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General. Tetrahydrofuran (THF) and diethyl ether (Et,O) were distilled from potassium prior to each use.
Methylene chloride (CH,Cl,) and pyridine were distilled from calcium hydride. Hexane, chloroform (CHCL,),
methanol (MeOH), and ethyl acetate (EtOAc) were distilled prior to use. Toluene was distilled from sodium
metal prior to use. All reactions were performed under an atmosphere of nitrogen. Infrared spectra (IR) were
obtained on a Perkin-Elmer #1320 Infrared Spectrophotometer in CHCI, solutions. 'H NMR spectra were
eter or at 500 MHz on a Varian VXR500 spectrometer i

obtained at 300 MHz on a Varian Gemini spectro

3

a were obtained at 75 H7z on a Vari
a were ootamed at /o onava

spectrometer in CDCL, solutions. Chemical shifts are reported in parts per million downfield relative to
tetramethyisilane (8 0.00); coupling constants are reported in Hz. Low resolution mass spectra were obtained
on a Finnigan 4510 GC/MS instrument. Mass spectral data is reported as m/e (relative intensity). Melting
points were taken on a Meltemp melting point apparatus and are uncorrected. Elemental Analyses were

performed by Atlantic Microlab Inc, Norcross, GA.

(76 ml 1 2 mmolh he <olution was kent at 0°C and stirred for 1 hour. It was the llowed to warm to
V.0 M, 1V MINo:). 100 SCIUlIon was Xept atl U L ang Stured 107 1 AouUrl. 11 was 1hen allowed 10 m {o
i barnnarafizea and gtiread Avarnight Tha mivenes waos tham dilhitad with mathylana ~rhlaride and wachad
100 WCHIPTIALUIT dlll SULICU UV ZHL. 11T HHAWICT Wad Ulch diiditd witll vl yivhe CIHULIUG aliu wadsiivu

o

with water, 10% HCI, saturated sodium bicarbonate and brine. The organic layer was then dried over

anhydrous magnesium sulfate and condensed to give a white solid. Purification by flash chromatography on
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silica gel (3/1 hexane/ethyl acetate) gave methoxymethyl ether 3 as white needles (22.1g, 99%). 500-MHz 'H
NMR: § 0.69 (dt, J=3.9, 11.4, 1H), 0.84 (s, 3H), 0.86 (s, 3H), 0.94-1.03 (m, 2H), 1.12 (m, 1H), 1.20-1.38 (m,
6H), 1.42-1.58 (m, 3H), 1.62-1.70 (m, 2H), 1.74 (dt, J=13.3, 3.4, 1H), 1.78-1.98 (m, 4H), 2.05 (ddd, J=9.1,
9.1, 19.1, 1H), 2.43 (ddd, J=1, 9.1, 19.1, 1H), 3.50 (dddd, J=4.9, 4.9, 11.1, 11.1, 1H), 3.36 (s, 3H), 4.67 (bs,
2H). 75-MHz C NMR: § 12.00, 13.60, 20.29, 21.58, 28.33, 28.51, 30.77, 31.46, 34.98, 35.13, 35.68, 36.87,

1
44.86, 47.66, 51.41, 54.49, 55.02, 76.21, 94.68, 221.50. IR(cm ): 2925, 1721, 1031. Mass spectrum m/e
(PCT: isghutane): 335 (M 21y 202 (MY_31) 273 0MY-81. 100). Anal. Caled for Cr HayOn C.7541-H 1025
U Nl DUULARIV J. T WUV T Jy JUI \UVE Ty &/ J LWVE UL, 11UV ). Odlal. adlllU LUL U\ 3. Wy /.91, 11, LU0,
Fimiimde £ P& AL TT 10 1L mens O QL % 1001 25 ar 1 AQ A T N
round: €, 75.25, i, 1U.13. mp: 95-96 €. [0]p +40 (c = 29.4, CHC(lI3).

Synthesis of 7: To a solution of diisopropylamine (5§ mL, 36 mmol) in THF (84 mL) cooled to -78°C was
added a solution of BuLi in hexanes (22.8 mL, 36 mmol). The mixture was stirred at -78°C for 15 minutes. A
solution of 3 (6 g, 18 mmol) in THF (18 mL) was added dropwise over a 30-minute period and the reaction |
mixture was stirred at -78°C for 15 more minutes. Then, trimethylsilyl chloride (3.4 mL, 24.3 mmol) and

triethylamine (7.5 mL, 54 mmol) were added. The mixture was warmed to room temperature and stirred for

an additional 25 minutes. It was then quenched with saturated sodium hicarbonate. The aqueous layer was
extracted twice with ethyl acetate and the combined organic layers were dried over magnesium sulfate and
T L P T T, TThoon meeolon aceel el oo oooloo el P R ——

CONAcCisSCa uifacr vdcuuin. 11 Cruaf Cnol Cuifr was uicn Ul\SUlVCU lll UlLlllUlUl 1CLIIAIIC (IJ IllL) unu

acetonitrile (75 mL). Palladium acetate (4.40 g, 19 mmol) was added in one portion. The reaction mixture was
stirred for 2 hours at room temperature It was filtered twice through silica gel pads (3/1 hexane ethyl acctate).
Purification of the residue by flash chromatography on silica gel (3/1 hexane ethyl acetate) gave cnone 7 as
white needles (5.72 g, 96%). 500-MHz 'H NMR: & 0.80 (m, 1H), 0.89 (s, 3H), 1.00 (dt, J=3.9, 13.8, 1H),
1.06 (m, 3H), 1.06-1.20 (m, 2H), 1.30-1.58 (i, 6H), 1.65 (m, 1H), 1.69-1.82 (m, 3H), 1.84-1.91 (m, 2H), 1.99
(dg, J=12.8, 3.9, 1H), 2.27 (dt, J=11.4, 2.3, 1H), 3.37 (s, 3H), 3.51 (dddd, J=5, 5, 11.2, 11.2, 1H), 4.67 (b
H), 6.01 (dd, J=3, 6, 1H), 7.50 (ddd, J=1, 3, 6, 1H). 75-MHz ‘3C NMR: § 12.06, 20.03, 20.4
7

(9%
|

Synthesis of 8 and 9: To a mixture of flash silica gel (placed in the oven for 2 days at 120°C) (350 g),
triethylamine (87 mL, 624 mmol) and ethyl acetate (1.1 L) was added enone 7 (5.72 g, 7.2 mmol). The
mixture was then brought to reflux and stirred (using a mechanical stirrer) for 22 hours. It was then filtered

through a celite pad and rinsed several times with ethyl acetate. Evaporation of the solvent gave a mixture of 2

compounds which was subiected to flash chromatoeranhy (silica gel) to give the deconingated enone Q (448
l\/\/ulluﬂ YY LIAN AL VY GAO D“U'VV‘\I\O L AadR01s1 Vluvlll“tvbl“yll) \Jiiiwit bvll o bL'V CAAN WS AJ ucu!-v\-l- wRARSRA S TV
a T7CO0LY amAd tha 7 1A amimmarizad amoma Q /1 17 g INTN ne whita maadlac G SNN_ME-> 11T NMBR: § 071 (At
g, /0% ) aida tne LU- 14 CPIMCIIZea enone o (1.12 g, 2U%0) a8 Wilile neeGues. > SUuu-MinZ "1 nvik! O U/ 1 (G,
J=3.9, 11.4, iH), 0.88 (s, 3H), 0.96 (dt, J=3.9, 13.5, 1H), 1.12 (s, 3H), 1.12 (s, 3H), 1.12 (m, 1H), 1.23 (di,
J=3.6, 13, 1H), 1.32-1.52 (m, 6H), 1.64-1.74 (m, 2H), 1.84-1.92 (m, 2H), 2.17 (m, 1H), 2.81 (dt, J=22.9, 1.8,

1H), 2.98 (ddd, J=1.8, 3.9, 22.9, 1H), 3.37 (s, 3H), 3.49 (dddd, J=4.9, 4.9, 11.2, 11.2, 1H), 4.67 (bs, 2H), 5.50
(g, J/=1.8, 1H). 75-MHz C NMR: 8 11.76, 19.65, 20.52, 27.98, 28.38, 28.65, 33.04, 34.98, 35.31, 35.90,

4 (1998) 7033-7044 7037
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36.68, 41.20, 44.45, 50.79, 54.78, 54.99, 76.07, 94.62, 113.02, 153.85, 222.87. IR (cm™}): 2923, 1736, 1626,
1441, 1140, 1040. Mass spectrum m/e (PCI: isobutane): 332 (M*, 100). Anal. Calcd for C, H;,05: C, 75.87;
H, 9.70. Found: C, 75.80; H, 9.76. mp (°C) : 53-54. [OL]D25 +85 (c = 13.5, CHCl3). 8: 500-MHz 'H NMR:
8 0.73(dt, J=12.5, 7.4, 1H), 0.79 (s, 3H), 0.83 (dt, J=3.9, 13.5, 1H), 1.06 (m, 1H), 1.09 (s, 3H), 1.24-1.34 (m,
3H), 1.36-1.50 (m, SH), 1.62-1.69 (m, 3H), 1.76 (dq, J=15.8, 3.6, 1H), 1.82 (m, 1H), 1.92 (tt, J=4.9, 12.2, 1H),
2.57 (dt J=4.9, 2.3, 1H), 3.36 (s, 3H), 3.47 (dddd, J=4.7, 477, 11.

Lty 1AR]5 2.0 SIR75 2 (LR LN LIS PR

11.2, 1H), 4.67 (bs, 2H), 6.19 (dd, J=2.3, 6

ATy Lead )y Vex T Gk, vS=4.0, U,

2,
1H), 7.68 (dd, J=2.3, 6, IH). 75-MHz °C NMR: § 10.88, 19.67, 21.79, 27.97, 28.47, 30.62, 32.60, 33.86,

34.87, 36.04, 36.45, 44.43, 45.43, 47.24, 54.54, 54.87, 76.06, 94.56, 133. 'S, 164.20, 215.75. IR (cm™): 2918,
1693, 1442, 1141, 1102, 1041. Mass spectrum m/e (PCI: isobutane): 333 (M'+1, 100). Anal. Calcd for
Co1H3,05: C, 75.87; H, 9.70. Found: C, 75.90; H, 9.76. mp: 73-75 °C. [(x]D“ +211 (¢ = 32, CHCl,).

Synthesis of 9a: A solution of ketone 9 (5 g, 15.1 mmol) in MeOH (1.07 L) was added to 10% Pd/C (5 g).
The reaction vessel was then fitted with a balloon filled with hydrogen and the mixture was stirred for 2 hours

at room temperature. It was then filtered through a pad of celite. After concentration in vacuo, the residue was

bjecte column chromatography (silica gel) using a 3/1 mixture of hexane/ethyl acetate as the eluent to
give ketone 9a as white needles (4.6 g, 93%). 500-MHz 'H NMR: 3§ 0.82 (s, 3H), 0.92-1.00 (m, 2H), 1.11
(m, 1H), 1.08 (s, 3H), 1.15-1.22 (m, 2H), 1.26-1.40 (m, SH), 1.42-1.54 (‘n, 2H), 1.56-1.68 (m, 2H), 1.72-1.88
(m, 6H), 2.10 (ddd, J=8.7, 8.7, 18.8, 1H), 2.45 (ddd, J=1.2, 8.7, 1H), 3.36 (s, 3H), 3.50 (dddd, J=5, 5,

11.1, 11.1, 1H), 4.68 (bs, 2H). 75-MHz "°C NMR: & 11.77, 18.28, 19.35, 20.14, 28.17, 28.26, 28.51, 30.71,
33.16, 35.01, 35.45, 36.69, 44.54, 46.42, 47.70, 48.17, 54.90, 76.17, 94.59, 223.01. IR (cm™): 2913, 1727,
1440, 1244, 1197, 1036. Mass spectrum m/e (PCI: isobutane): 333 (M*+1). Anal. Calcd for C;H;,05: C,
75.41; H, 10.25. Found: C, 75.32; H, 10.26. Mp = 50-51°C. [a]%p +72 (c = 10, CHCI,).

Synthesis of 8: To a solution of diisopropylamine (3.6 mL, 25.8 mmol) in THF (60 mL) cooled to -78°C was

added a solution of BuLi in hexanes (16.4 mL, 25.8 mmol). The mixture was stirred
F (13 3

A solution of 9a (4.39 g, 13.1 mmol) in THF (13 mL) was added dropwise over a 30-minute period and the
reaction mixture was stirred at -78°C for 15 more minutes. Then, triethylamine (5.5 mL, 39.4 mmol) and

trimethylsilyl chloride (2.5 mL, 19.7 mmol) were added. The mixture was warmed to room temperature and
stirred for an additional 25 minutes. It was quenched with saturated sodium bicarbonate. The aqueous layer
was extracted twice with ethyl acetate and the combined organic layers were dried over magnesium sulfate
and condensed under vacuum. The crude enol ether was then dissolved in dichloromethane (15 mL) and
acetonitrile (75 mL). Palladium acetate (2.96 g, 13.2 mmol) was added in one portion. The reaction mixture

was stirred for 2 hours. It was filtered twice through silica gel pads (3/1 hexane/ethyl acetate). Purification of

the residue by flash chromatography on silica ge ! h e 8 enone as white needles (4
o OY0N
Bs 7£70).

Synthesis of 4: To a solution of enone 8 (2.36 g, 7.1 mmol) in acetone (110 mL) was added osmium
tetraoxide (176 mg, 0.71 mmol) at room temperature. The solution was stirred for 30 minutes. A solution of
sodium periodate (14.7g, 69 mmol) in water (110 mL) was then added dropwise, and the resulting mixture was



stirred for 18 hours. After concentration in vacuo to half volume, the reaction mixture was extracted with ethyl
acetate. The organic layer was then dried over anhydrous magnesium sulfate and condensed. Purification of
the residue by flash chromatography on silica gel (1/1 hexane/ethyl acetate) afforded 2 C-15 hydroxylactones
4 as white needles (2.95 g, 58%). 500-MHz 'H NMR: (Major diastereomer) & 0.81 (s, 3H), 0.89 (dt, J=2,

11.6, 1H), 0.98 (dt, J=3.8, 13.5, 1H), 1.17-1.50 (m, 13H), 1.52-1,77 (m, 3H), 1.79 (dt, J=12.8, 3.6, 1H), 1.87
(m, 1H), 1.93 (t, J=6, 1H), 3.36 (s, 3H), 3.50 (dddd, J=4.9, 4.9, 11.4, 11.4, 1H), 4.67 (s, 2H), 5.74 (bs, 1H).

Mixture of C-15-enimers. IR (cm’ l\ 3382, 2928 1755, 1140, 1034 ass spectrum m/e (PCI: isgbhutane):

SYRIALLRT L LS. AAN (il SOL =0, Vs LTV, AUUTE. UVAGO0 SPVMMIWLLL TTW (L Nl 1SV UULGLIV ).
TMTLY 100 Anal Caled for C. H.o 0O AR 1A - H 018 Faund O &2 N2- LI Q09

JJIJ UYL TR, 1UUJ. Adddl Cdaivld 105 UpiIgiUs s V0.1V, 11, J.1J. FUULIU L, UO.VUD, 11, J.La

Synthesis of 10: To a solution of hydroxylactone 10a (0.65 g, 1.83 mmol) in THF (18 mL) cooled to 0°C was
added in one portion lithium borohydride (60 mg, 2.74 mmol). The solution was stirred at 0°C for 15 minutes
and then an additional 30 minutes at room temperature. It was diluted with ethyl acetate and carefully
quenched with 10% HCI. The aqueous layer was extracted with ethyl acetate. The combined organic layers
were washed with saturated sodium bicarbonate and dried over magnesium sulfate and condensed under
vacuum. Purification of the residue by flash chromatography gave lactone 10 (592 mg, 96%). 500-MHz 'H
NMR: 8 0.81 (s, 3H), 0.90-1.20 (m, SH), 1.25 (s, 3H), 1.26-1.36 (m, 3H), 1.42-1.56 (m, 2H), 1.58-1.68 (m,

AHY 174 /¢t T=4 12 1THY 170 /(4 I=12 85 28§ 1HY 1 Q7 (m 1N\ 27K (AdA4d I—§ Q 12 1IN A (¢ THN
TARJy Lo ITF (U, =TTy 1Ly $10Jy 177\, UJ==1J.Jy JoJy 111)y, 1,07 11, LI, L.aU \UUlU, J—J, O, L&, 111), J.JU 5, J11),
N &N /11311 r_& F4 11 & 11 £ 1T A 1M 711 Q 17 R B AY A 1L 74 1__Q 11T A L£77 r. MNLTN TE ZWATYY . 151‘1 TR AT
2.0 (4aaq, J=o, 3, 110, 110, 1), 4.10 (44,J=s, 1Z, 1), 4.10 (i, J=o, 1), 4.0/ (8, ). 1I-VINZ U INIVIIR
0 11.64, 19.35, 19.86, 28.15, 28.24, 29. 92, 30.40, 32.38, 34.81, 35.40, 3

i

28. . 6.53, 40.70, 44.25, 46.71, 47.10,
54.95,66.48,75.91,94.47, 182.29. IR (cm’ ): 2927, 1756, 1444, 1368, 1142, 1039. Mass spectrum m/e (PCI:
isobutane): 337 (M*+1, l()O). Anal. Calcd for CyH3,04: C, 71.39; H, 9.59. Found: C, 71.30; H, 9.64. mp
(°C) = 105-106. [at]p” +60 (c = 17, CHCI;).

Synthesis of 11a: To a solution of lactone 10 (1.67 g, 4.96 mmol) in toluene (50 mL) cooled to -78°C was
added dropwise a solution of Dibal in toluene (6.6 mL, 9.94 mmol). The solution was stirred at this
temneratunre for 2 nnrg he mivtinre wac then dilnted with athvyl acetate and wachad wnt 109, 1 and
wilipUlaiiv 100 5 (Uuly, 10 HHAWIC wWad bl ULuaitld Wil Culyl attldil dilu wasntu wiul 1v 70 11l alu

saturated sodium bicarbonate. The combined organic layers were dried over magnesium sulfate and condensed

under vacuum. Purification of the residue by flash chromatography gave a mixture of lactols ila (1.57 g,
95%).

Synthesis of 11b; To a solution of Ph3PCH;3Br (7.9 g, 22.15 mmol) in toluene (140 mL) cooled to 0°C was
added dropwise a solution of BuLi in hexanes (13.8 mL, 22.15 mmol). The mixture was stirred at 0°C for 30
minutes and was then warmed to room temperature. A solution of hydroxylactones 11a (1.5 g, 4.43 mmol) in

toluene (6 ml.) was added dropwise at room temperature and the mixture was then refluxed over night. After

canlino ta room temnerature. it wag auenched with acetone. After evanoration of toluene under reduced
\tu\lllll& wWoAVvVLLIL L\Illlyvl“\-ulv, AL VY O ‘1“\41!\/11\/\‘ AVAL RV WwLIViIAW 4 MAVWE VV“'}V‘“\.A\/AA WA VPAWAMVAANY RAAWAWA A NAE AN AN

i ten ol - ad ey Flach Aheamantaserambheg ta givva TTh ac a whita anlid (N AL o ARCOLN SN
plbbbulc, L ICDIUUC was puuucu UY 1iddli CIHVIIAUEIaplily WU IV 1A ad a WL dULIU \V.VU g, 70 70). JuuU

MHz 'H NMR: & 0.77 (dt, J=4, 12, 1H), 0.83 (s, 3H), 0.94 (dt, J=4, 13.5, 1H), 1.07 (s, 3H), 1.08 (m, 1H),
1.24-1.62 (m, 11H), 1.65 (dtt, J=12.5, 2.5, 3, 1H), 1.76 (dt, J=13.5, 3.5, 1H), 1.85 (m, 1H), 1.92 (1t, /=4.5, 12,
1H), 3.36 (s, 3H), 3.49 (dddd, /=4.5, 4.5, 11.5, 11.5, 1H), 3.62-3.70 (m, 2H), 4.67 (s, 2H), 4.98 (dd, J=1, 17.5,
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1H), 5.02 (dd, J=1, 11, 1H), 6.00 (dd, J=11, 17.5, 1H). 75-MHz *C NMR: § 12.03, 20.27, 24.54, 28.24,
28.56,29.73, 31.11, 33.43, 35.01, 35.61, 36.80, 39.18, 44.40, 47.15, 52.00, 54.83, 60.70, 76.06, 94.33, 110.32,
149.63. IR (cm'l): 3425, 2924, 1625, 1445, 1142, 1037. Mass spectrum m/e (PCI: isobutane): 337 (M'+1),
275 (M*-61, 100). Anal. calcd for Cy1H3603: C, 74.95; H, 10.78. Found: C, 74.83; H, 10.74. mp: = 57-58
°C. [alp” -5 (¢ = 10, CHCly).

Synthesis of 11: To a solution of 11b (195 mg, 0.58 mmol) and 4-methylmorpholine N-oxide monohydrate
1OA o N LO oY o 1LY b 80 T Y oo o A ~Ya~asl 10
{94 mg, U.6Y minoi) in aicniorometihane (5.8 mi.) was added molecular sieves. The mixiure was stirred for 15

minutes at room temperature. Tetrapropylammonium perruthenate (11 mg, 0.03 mmol) was then added to the
mixture and it was stirred for 1 hour. The mixture was then diluted with dichloromethane and filtered through
a pad of celite. Evaporation of the solvent gave the crude aldehyde 11 as a colorless viscous oil (0.184 g, 95%)
which was used with further purification.

Synthesis of 12 : To a solution of 4-methyl-1-pentyne ( 55uL 0.46 mmol) in THF (4 mL) at 0°C was added

dropwise a solution of n-BuLi in hexanes (0.29 mL, 0.46 mmol). The resultin ng solution was stirred for 30
minutes at 0°C and aldehyde 11 (80 mg, 0.24 mmol) in THF (1 mL) was then added. After being stirred at 0°C
far D ke tha ran~timm vxrno ~rinmemlad laer A A 2585 0 e i di e PP IR T8 Y I TP T |
for 2 hours, the reaction was quenched by addition of water. The reaction mixture was then diluted with ethyl

acetate and washed with brine. The combined organic portions were dried over MgSQy, filtered and
concentrated to give 12 (87 mg, 90%). 300 MHz 'H NMR: & 0.80 (s, 3H), 0.97 (d, J=6.5, 6H), 1.05(s, 3 H),
0.8-1.69(m, 13 H), 1.71-1.88 (m, 3H), 1.98 (m, 1H), 2.10 (dd, J=2.2, 6, 2H), 2.33 (d, J=8.8, 1H), 2.45 (dt,
J=3.9, 14.5, 1H), 3.36(s, 3H), 3.50 (dddd, J=4.5, 4.5, 11.5, 11.5, 1H), 4.68 (s, 2H), 4.71(dd, J=8.8, 2.2, |H),
5.10 (dd, J=17.5, 11, 2H), 6.17 (ddJ=11, 17.5, 1H). 75-MHz"’C NMR: & 12.06, 20.56, 22.32, 26.33, 28.18,
28.45, 28.76, 29.56, 29.99, 32.70, 34.36, 35.51, 36.54, 37.29, 40.09, 45.03, 46.41, 53.91, 55.38, 62.92, 84.14,
87.28,95.03, 111.95, 150.61. IR(cm"1):2925; 2862; 1460; 1378; 1142; 1099; 1035; 1007. Mass spectrum m/e

(PCI: isobutane): 416(M*), 398(M*-18). 337(M*+-79_ 100). Anal. calcd for C,-H..O+H-Q: C. 77.62: H
(r CI: 1sobutane): +10(MT), Y8l 18), 22/ MT-13, 1O Anall calcd Tor LM 4405 H00 L) /7.02) 12,
1IN AL FHanmA-( 717 AA- T 1N AL
1U.00. OuUna: L, //.04; i, 1V.40.

Synthesis of 14: To a solution of 4-methyl-1-pentyne (1.13 ml., 9.59 mmol) in THF (5.25 mL) cooled to 0°C
was added dropwise EtMgBr (9.59 mL, 9.59 mmol). The solution was kept at 0°C and stirred for 15 minutes.
It was then allowed to warm to room temperature and stirred for 20 minutes. This solution was then added
dropwise via syringe to a solution of hydroxylactones 4 (1.35 g, 3.83 mmol) in THF (22 mL) cooled to 0°C.
After being stirred for 15 minutes at 0°C, it was warmed to RT and stirred for 15 minutes. The mixture was
then quenched with ammonium chloride. The aqueous layer was extracted with ethyl acetate. The combined

organic layers were then washed with saturated sodium bicarbonate and dried over magnesium sulfate and
concentrated. Purification of the residue by flash chromatography gave the lactone 14 as a viscous oil (1.5 g,
r7 NN AATY_ 1YT RTR ATY . < o Ir 1 B § nr1 1 ¥ £ £ LY I\ 1 NO e T 1 1 N
7 ! : / (a, j=0.3, 6i1), 1.Ud . 1.50

6 (s, 3H), 1.58-1.69 (m, 3H), (dd, J=2, 6.5, 1H),
3.36 (s, 311), 3.50 (dddd, J=5, 5, 11, 11, 1H), 4.68 (s, 2H), 492 (dt, J=2, 10.5, lH) 75-MHz C NMR: &
11.71,19.13, 19.73, 21.61, 27.53, 27.63, 28.12, 28.45, 30.62, 31.76, 32.79, 34.86, 35.58, 36.63, 42.03, 44.14,
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47.54, 53.89, 54.87, 68.18, 75.97, 78.37, 87.87, 94.59, 180.41. IR (cm'!): 2917, 1766, 1433, 1041. Mass
spectrum m/e (PCI: isobutane): 417 (M*+1, 100), 335 (M*-80). Anal. Calcd for CyH404: C, 74.96; H, 9.68.
Found: C,74.79; H, 9.63. [a]lp™ -7 (c = 10, CHCl,).

Synthesis of 14a: To a solution of lactone 14 (0.2 g, 0.48 mmol) in THF (4.8 mL) cooled to 0 °C was added
lithium borohydride (22 mg, 0.96 mmol). The solution was warmed to room temperature and refluxed for 4.5

hours. It was then cooled to room temperature, diluted with ethyl acetate and carefully quenched with 10%

HCI. The aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with
saturated sodium bicarbonate and dried over magnesium sulfate and condensed under vacuum. Purification of

the residue by flash chromatography (silica gel 2/1 hexane/ethyl acetate) gave 2 lactols (55 mg, 27%) and diol
14a as a white solid (110 mg, 55%). 14a: 500-MHz !H NMR: & 0.80 (s, 3H), 0.90-1.15 (m, 3H), 0.97 (d,
J=6.5, 6H), 1.03 (s, 3H), 1.25-1.93 (m, 16H), 2.13 (dd, J=2.5, 7, 2H), 3.37 (s, 3H), 3.48 (dddd, J=4.5, 4.5,
11.5, 11.5, 1H), 3.55 (d, J=12, 1H), 3.75 (d, J=12, 1H), 4.68 (s, 2H), 4.95 (d, J=2, 1H). 75-MHz "C NMR: 3
12.02, 20.11, 21.91, 23.72, 27.85, 27.92, 28.41, 28.97, 30.40, 31.97, 34.73, 35.22, 36.16, 36.97, 38.91, 44.45,
46.62, 50.59, 55.01,61.23,71.31, 76.47, 84.80, 94.72. IR (cm’ ) 3403, 2921, 1457, 1377, 1141, 1035. Mass

spectrum m/e (PCI: isobutane): 403 (M'-17), 341 (M*-79, 100). Anal. Calcd for C;cHyO4: C, 71.20; H,
25
10.56. Found: C,71.52: H, 10.24. [a]p> 4 (c = 10, CHCL).

Synthesis of 15: To a solution of diol 14a (0.89 g, 2.12 mmol) in dichloromethane (16 mL) and 2,6-lutidine
(0.5 mL, 4.3 mmol) cooled to 78°C was added dropwise a solution of t-butyldimethylsilyl
trifluoromethanesulfonate (0.49 mL, 2.12 mmol) in dichloromethane (7.4 mL). The reaction mixture was
stirred at -78°C for 1 hour. It was quenched at -78°C with a solution of saturated ammonium chloride. The
aqueous layer was extracted with ethyl acetate and the combined organic layers were washed with saturated
sodium bicarbonate. The organic layer was dried over magnesium sulfate and condensed under vacuum.

Purification of the residue by flash chromatography on silica gel (6/1 hexane/ethyl acetate) gave the
i R: & 0.03 (s, 3H), 0.04

g nil ( )
A o 1 \ AN - AVAV NS PV PN AL 1Nivi Ve \0, AL Jy V.UT
(s, 3H), 0.79 (s, 3H), 0.85-1.20 (m, 3H), 0.93 (s, 9H), 0.97 (s, 3H), 0.99 (d, J=6.5, 6H), 1.22-1.68 (m, 9H),
1.74-1.94 (m, 7H), 2.09 (dd, J=2.5, 6.5, 2H), 3.37 (s, 3H), 3.41 (d, J=10.5, 1H), 3.48 (dddd, J=5, 5, 11, 11,

1H), 3.74 (d, J=10.5, 1H), 4.68 (s, 2H), 4.88 (d, J=2, 1H). 75-MHz BC NMR: §-5.91,-5.72, -3.77, 11.99,
18.12, 20.29, 22.08, 24.26, 25.52, 25.70, 27.91, 28.22, 28.42, 29.12, 30.18, 32.09, 35.07, 35.20, 36.07, 36.89,
38.79, 44.28, 45.92, 51.95, 54.95, 61.17, 71.61, 76.41, 84.62, 94.54. IR (cm'): 3358, 2922, 2248, 1456, 1253,
1035. Mass spectrum m/e (PCI: isobutane): 517 (M*-17, 100). Anal. Calcd for C3,Hs304Si: C, 71.86; H,
10.84. Found: C, 71.57; H, 10.84. mp = 58-59 °C. [OL]D25 +2 (c = 17.5, CHCl,).

nvlpthvlnmnne 1 42 ml) in
pyiethylamin mb) in

dichloromethane (7.5 mL) cooled to 0°C was added methoxymethyl chloride (0.46 ml., 6.05 mmol). The

soiution was Kﬂpt at 0 °C and stirred for 1 hour. it was then allowed to warm to room lempc‘:rat ure and stirred

r0
{4

for 48 hours. The mixture was then diluted with methylene chloride and washed with water, 10% HCI,

saturated sodium bicarbonate and brine. The organic layer was then dried over anhydrous magnesium sulfate

FS
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and condensed to give a white solid. Purification by flash chromatography on silica gel (9/1 hexane/ethyl
acetate) gave 15a as a colorless viscous oil (0.67g, 84%). 500-MHz 'H NMR: 8 0.04 (s, 6H), 0.78 (s, 3H),
0.89 (m, 1H), 0.90 (s, 9H), 0.98 (s ,3H), 0.99 (s, 6H), 1.05-1.48 (m, 7H), 1.50-1.70 (m, 5H), 1.73-1.86 (m,
4H), 1.88-1.93 (m, 2H), 2.10 (dd, J=2, 6.5, 2H), 3.36 (s, 3H), 3.36 (d, J=10, 1H), 3.37 (s, 3H), 3.48 (dddd,
J=5,5, 11, 11, 1H), 3.54 (d, J=10, 1H), 4.55 (d, J=6.5, 1H), 4.68 (s, 2H), 4.70 (bs, 1H), 4.85 (d,J=6.5, 1H).
75-MHz "C NMR: §-5.68, 11.70, 18.25, 19.97, 22.17, 22.20, 23.38, 25.86, 27.87, 28.26, 28.51, 29.53, 32.35,
34.67, 35.27, 36.25, 37.16, 38.42, 44.60, 46.06, 48.76, 48.79, 55.02, 55.63. IR (cm™): 2923, 1436, 1376,
5

29
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1230, 1039. Mass spectrum m/e (PClL: isobutane): 517 (M'-61, 100). Anal. Calcd for C33Hg,05S1: C, 70.54,
44444 . 425 .

H, 10.79. Found: C, 70.27; H, 10.72. [a]p”™ + 34 (c =20, CHCls).

Synthesis of 16: To a solution of 15a (0.67 g, 1.16 mmol) in THF (11.6 mL) was added a solution of
tetrabutylammonium fluoride in THF (2.32 mL, 2.32). It was then brought to reflux and stirred for 5 hours.
The reaction mixture was cooled to room temperature and quenched with water. The aqueous layer was
extracted with ethyl acetate. The combined organic layers were dried over magnesium sulfate and condensed

under vacuum. Purification of the residue by flash chromatography on silica gel (3/1 hexane ethyl acetate)

gave alcohol 16 as a colorless viscous oil (0.45 g, 83%). 500-MHz 'H NMR: 6 0.80 (s, 3H), 0.86-1.00 (m,
2H), 0.97 (d, J=6.5, 6H), 1.06 (m, 1H), 1.08 (s, 3H), 1.26-1.50 (m, 7TH), 1.52-1.68 (m, 4H), 1.72-1.90 (m, SH),
2.14(dd,J=1,7,2H), .56 (dd, J=5, 9.5, 1H), 3.18 (dd, J=9.5, 12, 1H), 3.37 (s, 3H), 3.43 (s, 3H), 3.47 (dddd,
J=5,5, 11, i1, iH), 3.98 (dd, j=5, i2, iH), 4.55 (d, j=7, iH), 4.68 (s, 2H), 4.89 (bs, 1H), 4.98 (d, /=7, iH).

75-MHz °C NMR: § 12.00, 19.97, 21.99, 23.44, 27.87, 28.35, 28.99, 30.44, 32.02, 34.25, 35.11, 36.20,
37.12, 38.83, 44.78, 46.77, 48.53, 55.06, 56.51, 64.21, 71.04, 76.17, 81.37, 86.97, 93.92, 94.47. IR (cm’):
3461, 2933, 1444, 1364, 1143, 1037. Mass spectrum m/e (PCI: isobutane): 403 (M™-61, 100). Anal. Calcd for
CsH4505-H,0: C, 69.67; H, 10.44. Found: C, 69.54; H, 10.04. [at]p?® +62 (c = 13.7, CHCl,).

Synthesis of 16a: To a solution of 16 (0.16, g, 0.35 mmol) and 4-methylmorpholine N-oxide monohydrate
(70 mg, 0.52 mmol) in dichloromethane (3.5 mL) was added molecular sieves. The mixture was stirred for 15
minutes at room temperature. Tetrapropylammonium perruthenate (7 mg, 0.02 mmol) was then added to the

mixture and it was stirred for 1 hour. The mixture was then diluted with dichloromethane and filiered through
a pad of celite. Evaporation of the solvent gave the crude aldehyde 16a as a colorless viscous oil (0.152 g)

which was used without further purification.

Synthesis of 5: To a solution of methytriphenylphosphonium bromide (1.43 g, 4 mmol) in THF (10 mL)
cooled to 0 °C was added a solution of butyllithium in hexanes (2.5 mL, 4 mmol). The mixture was kept at 0°C

um bromide to settle at the bottom of the flask. The salt free ylide solution was then

added dropwise via syringe to a solution of aldehyde 16a (0.39 g, 0.84 mmol) in THF (4 mL) cooled to 0 "C.
The mixture was stirred for 10 minutes at 0 °C and quenched with acetone. Evaporation of the solvent
purification of the residue by flash chromatography on silica gel (9/1 hexane ethyl acetate) gave alkenyne

a colorless viscous oil (0.27 g, 70%). 500-MHz 'H NMR: & 0.82 (s, 3H), 0.94 (dt, J=3.9, 13, 1H), 1.00 (d,
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J=6.5, 6H), 1.08 (s, 3H), 1.14-1.50 (m, 7H), 1.58-1.66 (m, 4H), 1.76-2.10 (m, 7H), 2.11 (dd, =2.5, 7, 2H), 3.34
(s, 3H), 3.37 (s, 3H), 3.48 (dddd, J=5, 5, 11, 11, 1H), 4.48 (d, J=6, 5, IH), 4.68 (s, 2H), 4.70 (m, 1H), 4.87 (d,
J=6, 5, 1H), 4.96 (dd, J=1.5, 17.5, 1H), 4.99 (dd, J=1.5, 10.5, 1H), 5.92 (dd, J=10.5, 17.5, 1H). 75-MHz ’C
NMR: 3§ 11.44, 20.12, 22.14, 25.87, 27.81, 28.25, 28.48, 29.41, 29.54, 31.78, 33.79, 35.25, 36.15, 37.09,
39.59, 44.54, 45.11, 52.17, 55.04, 55.36, 66.03, 76.44, 80.26, 89.11, 93.06, 94.53, 110.61, 149.18. IR (cm™):

2021, 1444, 1140, 1100, 1030. Mass spectrum m/e (PCL: isobutane): 461 (M++1 100), 399 (‘M-6l, 100).
Anal. Caled for CpsHy304-0.9 Hy0: C, 73.03; H, 10.52. Found: C, 72.74; H, 10.14. [o]p? +56 (c = 4, CHC!

ixaa L o ggaag -y I, oy F LIy K1, L1VU.17T, l T U
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Synthesis of 6 and 17: To a solution of alkenyne 5 (20 mg, 0.43 mmol) in dichioromethane (0.4 mlL) cooled
to -78 °C was added dicobaltoctacarbonyl (16 mg, 48 mmol). The reaction vessel was purged and flushed with
ultra high purity grade nitrogen three times and warmed to room temperature. The mixture was then stirred for
20 hours. It was diluted with dichloromethane and filtered through a pad of celite, and then silica gel.
Purification of the residue by flash chromatography on silica gel (6/1 hexane/ethyl acetate) gave the Pauson-
Khand adduct 6 as a viscous oil (7 mg, 28%) and tetracyclic enone 17 (2 mg, 10%). 6: 500-MHz 'H NMR: §
0.74 (d, J=7, 3H), 0.76 (s, 3H), 0.82-1.05 (m, 2H), 0.89 (d, J=7, 3H), 0.94 (s, 3H), 1.10-1.20 (m, 2H), 1.25-

1.50 (m, 6H), 1.53-1.90 (m, 9H), 2.00 (dd, J=9, 13, 1H), 2.20 (ddd, =2, 9, 13, 1H), 2.31 (dd, =4, 17, 1H), 2.52
(AAd 7 17 11IY D01 flae 1TIN 2 27 Fo ATIN 2 AN o 21IN 2 81 7AAAA I-.& & 11 11 110N A KRS /AR ~ T.AK K&
fug, fy L, ML), 4.1 \Ud, 1X1}, J.07 3, J11), D2V D, 511, J.01 \Uuuu, vy=J, J, 11, 11, 111}, *.JJ \NAD {, J=U.J,
Av=10.7, 2H), 4.67 (dd, J=9, 13, 1H), 4.68 (s, 2H). 75-MHz C NMR: & 11.26, 21.67, 22.03, 22.76, 22 81,
26.96, 28.42,28.94, 31.21, 32.87, 34.45, 35.16, 35.83, 37.00, 38.61, 39.30, 41.00, 44.63, 48.63, 52.17, 55.04,

55.66, 56.10, 74.38, 76.36, 94.66, 95.53, 136.26, 177.96, 211.35. IR (cm'"): 2925, 1692, 1652, 1144, 1043.

Mass spectrum m/e (PCI: isobutane): 489 (M'+1), 427 (M*-61). Anal. Calcd for C3Ha05-H,0: C,71.11; H,

9.94. Found: C,71.28; H, 9.68. [a]p> + 12 (¢ =0.4, CHCl5. 17: 500-MHz 'H NMR: & 0.78 (s, 3H), 0.88-

1.06 (m, 2H), 0.91 (d, J=7, 6H), 1.04 (m, 3H), 1.08-1.20 (m, 2H), 1.24-1.38 (m, 3H), 1.40-1.52 (m, 2H), 1.54-

1.67 (m, 6H), 1.73-1.86 (m, 3H), 1.94 (s, 3H), 2.09 (septuplet, J=7, 1H), 2.44 (dd, J=7, 16, 1H), 2.52 (dd, J=7,

3.50 (dddd, J=5, 5, 11, 11, 1H), 4.60 (s, 2H), 4.61 (s, 1H), 4.68 (s, 2H). 75
37

2/ ~I1)y s 2T LIl
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2R .2277. 24 61, 28.40, 28 0’2 2061, 33 0'7 34 00 35.18
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2 2 2
.93, 50.80, 53.60, 55.05, 55.51, 76.26, 83.70, 94.52, 96.57, 137.30, 164.40,

e .- ~ P

201.75. IR (em’ ) 2936, 1672, 1613, 1143, 1099, 1037. Mass spectrum m/e (PCI: isobutane): 415 (M'-61,
100). {a]D“+102 (c = 0.5, CHCl»).
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