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METHOD FOR THE SYNTHESIS OF TAXANES

SUMMARY OF THE INVENTION

The present invention is directed to a process for
the preparation of baccatin III, taxol, docetaxel and
their analogs from borneol (1) and camphor (2), commonly
known articles of commerce.

Processes for the total synthesis of taxol and other
tetracyclic taxanes from commodity chemicals have been
proposed. For example, in U.S. Patent No. 5,405,972,
Holton et al. disclose a process for the synthesis of
taxol and other tetracyclic taxanes from B-patchouline
epoxide which, in turn, may be obtained from borneol (1)
and camphor (2). Yields obtained by these processes,

however, leave some room for lmprovement .
Leriverend and Conia (Bull. Soc. Chim. Fr., 1970,
1060) observed that diol 4 (which is readily prepared

from either camphor or borneol) when heated to 220°C for

ketones 5 and 6 in a ratio of 1:2. Ketopne & 1s of great

utility in the synthesis of taxanes.

The preparation of diol 4 and ketones 5 and 6 is

illustrated in Reaction Scheme 1.
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Reaction Scheme 1

NaOC I Se(
———— 0 —— 2 o
- 0
OH ' /

borneol (1) camphor (2) camphor
qQuinone (3)

CH2=CHMgBr.

O
+ 220 °C OSH
N ——
1 hour Q
——
O
5 5 >

Briefly, therefore, the present invention is
directed to a process for the preparation of ketone 5 in
relatively high yield and without contamination with
ketone 6. The process comprises treating a compound
having the formula: '

with a base and a silylating agent to form a compound
having the formula:
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The present invention is further directed to a
process for converting ketone 5 into taxol, docetaxel,
and other taxanes. According to this process, a
derivative of ketone 5 having the formula:

2 12

18 treated with an alkyl metal species, preferably tert-
butyllithium, or is treated with a Lewis acid, preferably
TMSOTf, in the presence of a tertiary amine base,

preferably triethylamine, to form a compound having the
formula:

2 13
wherein P, is hydrogen or a hydroxyl protecting group.

The process for converting ketone 5 into taxol,

docetaxel, and other taxanes may additionally comprise
treating a compound having the formula:
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with a Lewis acid, preferably TMSOTL, in the presence of

a tertiary amine base, preferably triethyl amine, to form
a compound having the formula:

wherein P, and P,, are independently hydrogen or a
hydroxyl protecting group.

"The present invention is additionally directed to
the following intermediates having the formulae
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wherein P,, Py, P,, and P,, are independently selected from
hydrogen and hydroxy protecting groups. Compounds
containing one or more hydroxy protecting groups can be
converted to their hydroxy group analogs by removing such.
hydroxy protecting groups using standard methods. The
compounds identified above are key intermediates in the
synthesis of baccatin III, 1-deoxy baccatin III, taxol,
1-deoxy taxol, docetaxel, l1l-deoxy docetaxel, and the
analogs of these compounds.

Other objects and features of this invention will be
in part apparent and in part pointed out hereinafter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a process for the
preparation of ketone 5 in high yield relative to its
isomer 6. When diol 4 is treated with a base in the
presence of a silylating agent, ketone 5 can be obtained
in greater than 95% yield. The base employed is
preferably stronger than an alkoxide base. More
preferably, the base is a hydride base or an amide base.

Still more preferably, the base is potassium hydride or
potassium hexamethyldisilazide.

The base is preferably
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nonreactive with the silylating agent selected for the
reaction.

Silylating agents for the reaction include those
compounds comprising the group -SiR,R;R; wherein R,, R, and
R; are independently substituted or unsubstituted C, .
alkyl, C,, alkenyl, C,.. alkynyl, monocyclic aryl or
monocyclic heteroaryl. Such silylating agents may
further comprise a hydride or triflate group, for example
tri (hydrocarbyl)silyl halides and tri (hydrocarbyl)silyl
triflates. The hydrocarbon moieties of these silylating

are substituted or unsubstituted alkyl or aryl.
Trialkylsilyl halides are more preferred with alkyl
groups containing from one to four carbon atoms. Still
more preferably, the silylating agent 1s triethylsilyl
chloride. Ethereal solvents are preferred for the
reaction, with THF being the more preferred solvent.
While the temperature at which the reaction is
carried out is not narrowly critical, the temperature may
affect the overall yield of the reaction. Preferably,
the temperature of the reaction is maintained below about

50°C; more preferably, the Cemperature is maintained at
or below about 25°C; even more preferably, the

As 1llustrated in the Examples, these latter conditions
produced ketone 5 in 96% yield.

Likewise, the sequence of addition of diol 4, the
base and the silylating agent 1s flexible. For example,
diol 4, the base and the silylating agent may be combined
at the beginning of the process and reacted in

essentially a single step, or these reagents may be
combined as described in the Examples.
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The reagents for the foregoing reaction (as well as
the reagents for the reactions subsequently discussed in
this application) are preferably provided in
approximately stoichiometric amounts, although various

ratios of the reagents can be effectively employed.

ether and an enclate. Upon the addition of water the
enolate is protonated and the subsequent aldol
condensation is directed by the position of the silyl
enol ether to provide ketone 5.

As shown in reaction scheme 2, treatment of ketone 5
with an amide base, preferably an alkali metal amide base
and more preferably LHMDS, in an ethereal solvent,
preferably THF, and then with a hydroxylating agent,
preferably an oxaziridine and more preferably
phenylsul fonyl oxaziridine, provides allylic alcohol 7.
Allylic alcohol 7 in the presence of an epoxidizing
agent, preferably a peroxy acid and more preferably m-

chloroperbenzoic acid, is converted Lo epoxide 8.

Epoxide 8 can be reduced stereoselectively to diol 9
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(P,=H) , using a hydride reducing agent, preferably a
borohydride and more preferably sodium borohydride. The
secondary hydroxyl group of 9 can be protected with any
of a variety of protecting groups, using standard methods
for their attachment. Treatment of 9 with a Lewis acid
in the presence of a tertiary amine base, preferably
triethyl amine, causes its rearrangement to give 10. 1In
general, the Lewis acids that can be used include
triflates and halides of elements of groups IB, IIB,
11IB, IVB, VB, VIB, VIIB, VIII, IIIA, IVA, lanthanides,
and actinides (American Chemical Society format), with a
preferred Lewis acid being TMSOTf. The second secondary
hydroxyl group of 10 can be protected with any of a
variety of protecting groups so that P, and P, may be the

same or different and readily chemically distinguishable
from each other.

Reaction Scheme 2

10 | g

Alternatively, as shown in reaction scheme 3,
Lreatment of ketone 5 with a hydride reducing agent,
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preferably a borohydride and more preferably sodium
borohydride, in the presence of a Lewis acid, preferably
a lanthanide metal halide or triflate and more preferably
& samarium or cerium halide, selectively furnishes
allylic alcohol 11, which undergoes epoxidation from the
a-face in the presence of peracids such as m-
chloroperbenzoic acid (or hydroperoxides such as tert-
butyl hydroperoxide in the presence of metal catalysts or
promoters such as titanium (+4) or vanadium (+5) to give
epoxide 12 (P,=H). The secondary hydroxyl group of 12 can
be protected with any of a variety of protecting groups,
using standard methods for their attachment. The epoxide
ring of 12 can be opened to provide allylic alcohol 13,
using either an alkyl metal specles, preferably an
alkyllithium and more preferably tert-butyllithium, or a
Lewlis acid, in the presence of ;3 tertiary amine base,
preferably triethylamine. 1In general the Lewis acids
that can be used include triflates and halides of
elements of groups 1B, IIB, IIIB, 1VB, VB, VIB, VIIB,
VIII, IIIA, IVA, lanthanides, and actinides (American
Chemical Society format), with a preferred Lewis acid
being TMSOTf. Allylic alcohol 13 again undergoes
epoxidation from the a-face in the presence of peracids
such a m-chloroperbenzoic acid (or hydroperoxides such as
tert-butyl hydroperoxide in the presence of metal |
catalysts or promoters such as titanium (+4) and vanadium
(+5)) to give epoxide 14. Treatment of 14 with a Lewis
acid in the presence of a tertiary amine base, preferably
triethyl amine, causes its rearrangement to give 15. 1In
general the Lewis acids that can be used include
triflates and halides of elements of groups IB, IIB,
IIIB, IVB, VB, VIB, VIIB, VIII, IIIA, IVA, lanthanides,
and actinides (American Chemical Society format), with a

preferred Lewis acid being TMSOTf. The second secondary
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hydroxyl group of 15 can be protected with any of a

variety of protecting groups so that P, and P, may be the

same or different and readily chemically distinguishable
from each other.

It should be noted that 15 is the C{(2) epimer of 10.

Reaction Scheme 3

NaBH4 .
samar i um t-Bul i
————— ——— st e, .

Alcohols 10 and 15 undergo the "epoxy alcohol
fragmentation" to provide 16 and 17, respectively (P,,=H),
which possess the taxane AB ring structure. The epoxy
alcohol fragmentation is carried out by first treating
the substrate with an epoxidizing agent, then warming the

product in the presence of a metal salt. The epoxidizing

butyl hydroperoxide in the presence of metal catalysts or
promoters such as titanium (+4) or vanadium (+5)). The
preferred metal salt is a halide or alkoxide of a group
IA, IIA, IIIB, IVB, VB, VIB, VIIB or VIII metal, with a
preferred metal salt being titanium tetraisopropoxide.

More preferably, the epoxidizing agent 1is tert-butyl
hydroperoxide in the presence of titanium
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tetraiscoprepoxide. The C(13) secondary hydroxyl group of
16 and 17 can be protected with any of a variety of

protecting groups so that P,,, P,, and P, may be the same

or different and readily chemically distinguishable from
each other.

p130|lln | p130““°

Ireatment of 17 (p,, pP,,, and P)y=hydroxyl protecting
groups) with a potassium base and methyl iodide provides

18, having the 8 configuration of the newly introduced
methyl group, as shown in reaction scheme 4. The
preferred potassium base is potassium

hexamethyldisilazide, the preferred solvent is
tetrahydrofuran, and the preferred Cemperature is -5 °C
to 0 °C. Treatment of 18 (p,, P,,, and P,;=hydroxyl
protecting groups) with a base followed by 4-pentenal
provides 19 (P,, P,,, P,;=hydroxyl protecting groups and
P,=H) . Preferred bases are chosen from lithium and
magnesium amides with bromomagnesium diisopropyl amide
(BMDA) being a more preferred base. The preferred
solvent is tetrahydrofuran and the preferred temperature

18 between -45 °C and 0 °C. The C7 hydroxyl group of 19
can be protected with a variety of hydroxyl protecting

groups. For example, treatment of 19 with phosgene and
pyridine then ethanol, followed by selective removal of
P, provides an intermediate (19, P,=H, P,=CO,Et, P,,=TES,
and P,;=TBS) used in the total synthesis of baccatin III

and taxol (See, €.g9., J. Amer. Chem. Soc., 1994, 116,
1597-1600) .
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Reaction Scheme 4

P 460
KHMDS
CH,I
Z Q
18 OP,
| BMDA

Also, oxidation of 10 (P,,=H) and 15 (P,,=H) with any
of a variety of standard oxidizing agents provides,
respectively, 21 and 20, shown in reaction scheme 5.

Preferred oxidizing agents are chromium based reagents.
Pyridinium dichromate is a particularly preferred

oxidizing agent. Reduction of 21 and 20 with hydride
reducing agents provides 23 (P1o=H) and 22 (P,,=H),

respectively. Preferred reducing agents are chosen from

agent. The newly introduced secondary hydroxyl group of

from each other. Alcohols 23 and 22 undergo the "epoxy
alcohol fragmentation" to provide 25 and 24 respectively

(P);=H) , which possesses the taxane AB ring structure.
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‘The C(13) secondary hydroxyl group of 24 and 25 can be
protected with any of a variety of protecting groups so

that P,,, P, and P, may be the same or different and
readily chemically distinguishable from each other.

Reaction Sche

PDC
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Ketone 20 may be further oxidized to provide a more
advanced taxane synthetic intermediate, as shown in

reaction scheme 6. Treatment of 20 with an amide base
and a tri(hydrocarbon)silyl halide or triflate proﬁides
an intermediate silyl enol ether, which is treated
directly with a peracid to give 26 (Py=H). The preferred
amide base 18 an alkali metal amide base and more
preferably 1s LDA. The preferred tri (hydrocarbon)silyl
halide or triflate is a trialkylsilyl chloride with
triethyl silyl chloride being particularly preferred.

The preferred peracid may include peroxy carboxylic acids
with m-chloroperbenzoic acid being particularly
preferred. The C(9) secondary hydroxyl group of 26 can .
be protected with any of a variety of protecting groups
so that P,, P,, and P, may be the same or different and
readily chemically distinguishable from each other.
Reduction of 26 with hydride reducing agents provides 27
(P,,=H) . Preferred reducing agents are chosen from the
group of borohydrides and aluminohydrides; the most
preferred reducing agent is lithium aluminum hydride.

The newly introduced secondary hydroxyl group of 27
(P,,=H) can be protected with any of a variety of
protecting groups so that P,,, P, and P, may be the same or
different and readily chemically distinguishable from
each other. Alcohol 27 undergoes the "epoxy alcohol
fragmentation" to provide 28 (P,,=H), having the taxane AB
ring structure. The C(13) secondary hydroxyl group of 2
can be protected with any of a variety of protecting
groups so that P,,, P,,, P, and P, are the same or different
and readily chemically distinguishable from each other.
Treatment of 28 with an amide base, preferably an alkali
metal amide base and more preferably LHMDS, and a methyl
halide or sulfonate, preferably methyl iodide, in an
ethereal solvent, preferably THF, provides 29, which has



CA 02302699 2000-03-07

WO 99/08986 PCT/US98/17315

16

been used as an intermediate in the total synthesis of
C(1) deoxy baccatin III (See, e.g., PCT Patent

Application Serial No. PCT/US97/07569, International
Publication No. WO 97/42181).

Reaction Scheme 6

Definitions

As used herein, the term "LHMDS" means lithium
hexamethyldisilazide; "KHMDS" means potassium
hexamethyldisilazide; "LDA" means lithium diisopropyl
amide; "BMDA" means bromomagnesium diisopropyl amide;
"PSO" means phenylsulfonyl oxaziridine: "THF" means

tetrahydrofuran; "mCPBA" means meta-chloroperbenzoic

acid; "TES" means triethylsilyl; "TMS" means
trimethylsilyl; "Tf" means -SO,CF,; "TEA" means
triethylamine; "t-BuLi" means tert-butyllithium; "PDC"
means pyridinium dichromate; "LAH" means lithium. aluminum
hydride; "TBHP" means tert-butyl hydroperoxide; "TTIP"
means titanium tetraisoprepoxide; "protected hydroxy"

means -OP wherein P is a hydroxy protecting group; and
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"hydroxy protecting group" includes, but is not limited
to, acetals having two to ten carbons, ketals having two
to ten carbons, ethers such as methyl, t-butyl, benzyl,
p-methoxybenzyl, p-nitrobenzyl, allyl, trityl,
methoxymethyl, methoxyethoxymethyl, ethoxyethyl,
tetrahydropyranyl, tetrahydrothiopyranyl, and
trialkylsilyl ethers such as trimethylsilyl ether,
triethylsilyl ether, dimethylarylsilyl ether, .
triisopropylsilyl ether and t-butyldimethylsilyl ether;

esters such as benzoyl, acetyl, phenylacetyl, formyl,

mono-, di-, and trihaloacetyl such as chloroacetyl,
dichloroacetyl, trichlorocacetyl, trifluoro-acetyl; and
carbonates including but not limited to alkyl carbonates
having from one to six carbon atoms such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl; isobutyl,
and n-pentyl; alkyl carbonates having from one to six
carbon atoms and substituted with one or more halogen
atoms such as 2,2,2-trichloroethoxymethyl and
2,2,2-tri-chloroethyl; alkenyl carbonates having from two
to six carbon atoms such as vinyl and allyl; cycloalkyl
carbonates having from three to six carbon atoms such as
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; and
phenyl or benzyl carbonates optionally substituted on the
ring with one or more C, , alkoxy, or nitro. Other
hydroxyl, protecting groups may be found in "Protective

Groups in Organic Synthesis" by T. W. Greene, John Wiley
and Sons, 1981, and Second Edition, 1991.

The "hydrocarbon" moities described herein are
organic compounds or radicals consisting exclusively of
the elements carbon and hydrogen. These moieties include
alkyl, alkenyl, alkynyl, and aryl moieties. These
moieties also include alkyl, alkenyl, alkynyl, and aryl

moleties substituted with other aliphatic or cyclic

hydrocarbon groups, such as alkaryl, alkenaryl and
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alkynaryl. Preferably, these moieties comprise 1 to 20
carbon atoms.

The alkyl groups described herein are preferably
lower alkyl containing from one to six carbon atoms in
the principal chain and up to 20 carbon atoms. They may
be straight or branched chain and include methyl, ethyl,
propyl, 1isopropyl, butyl, hexyl and the like. They may
be substituted with aliphatic or cyclic hydrocarbon

radicals or hetero-substituted with the various

substituents defined herein.
The alkenyl groups described herein are preferably
lower alkenyl containing from two to six carbon atoms in

the principal chain and up to 20 carbon atoms. They may

be straight or branched chain and include ethenyl,
propenyl, isopropenyl, butenyl, isobutenyl, hexenyl, and
the like. They may be substituted with aliphatic or
cyclic hydrocarbon radicals or hetero-substituted with
the various substituents defined herein.

The alkynyl groups described herein are preferably
lower alkynyl containing from two to six carbon atoms in

the principal chain and up to 20 carbon atoms. They may

propynyl, butynyl, isobutynyl, hexynyl, and the like.
They may be substituted with aliphatic or cyclic
hydrocarbon radicals or hetero-substituted with the
various substituents defined herein.

The aryl moieties described herein contain from 6 to
20 carbon atoms and include phenyl. They may be
hydro-carbon or heterosubstituted with the various

substituents defined herein. Phenyl is the more
preferred aryl.

The heteroaryl moieties described are heterocyclic
compounds or radicals which are analogous to aromatic

compounds or radicals and which contain a total of 5 to
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20 atoms, usually 5 or 6 ring atoms, and at least one
atom other than carbon, such as furyl, thienyl, pyridyl
and the like. The hetercaryl moieties may be substituted
with hydrocarbon, heterosubstituted hydrocarbon or
hetero-atom containing substituents with the hetero-atoms
being selected from the group consisting of nitrogen,

oxygen, silicon, phosphorous, boron, sulfur, and

halogens. These substituents include lower alkoxy such
as methoxy, ethoxy, butoxy; halogen such as chloro or
fluoro; ethers; acetals; ketals; esters: heteroaryl such
as furyl or thienyl; alkanoxy; hydroxy; protected
hydroxy; acyl; acyloxy; nitro; amino; and amido.

The heterosubstituted hydrocarbon moieties described
herein are hydrocarbon moieties which are substituted
with at least one atom other than carbon, including
moieties in which a carbon chain atom is substituted with
a hetero atom such as nitrogen, oxygen, silicon,
phosphorous, boron, sulfur, or a halogen atom. These
substituents include lower alkoxy such as methoxy,
ethoxy, butoxy; halogen such as chloro or fluoro; ethers;
acetals; ketals; esters; heteroaryl such as furyl or
thienyl; alkanoxy; hydroxy; protected hydroxy; acyl;
acyloxy; nitro; amino; and amido.

The acyl moieties described herein contain

hydrocarbon, substituted hydrocarbon or heteroaryl
moieties.

The alkoxycarbonyloxy moieties described herein

comprise lower hydrocarbon or substituted hydrocarbon
moleties.

The following example illustrates the invention.
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Exémgl es

(-)-(15)-Camphor (2). To a vigorously stirred solution of 600g (3.89 mol) of (-
)-borneol in 1.5 L of glacial acetic acid at 0 °C was added 7.5 L of household
bleach (Chlorox™) over a period of 1 h. After 30 min the solid (800 g) was
collected by filtration and dissolved in 2 L of hexane. The solution was washed.

with saturated aqueous NaHCO, and brine, dried over Na,SO, and concentrated to

give 570g (96%) of camphor.
2: mp: 178-180°C; [a]**=-39 (c=3.0, EtOH), 'H NMR see Table: !3C NMR

(100 MHz, CDCl,) 6 (ppm): 9.20, 19.10, 19.74, 27.02, 29.90, 43.05, 43.25,
46.73, 57.64, 219.46.

500 MHz 'H NMR Data in CDCl5 for Camphor (2)

17 16
18

13 O

: 11
14
1 2

Taxane numbering pattern

2
Proton O (ppm) J (Hz) n.O.e. (%)
183 2.09 4.6(2P3) 203(1.0)
3.6(14P)
20 1.85 17.4(23) 2$3(6.5)
2B 2.35 17.4(20) 1B(0.9); 20(5.7); 16(1.2)
3.6(1B)
3.1(14P)
130 1.41 12.7(133) 13[3(6.8)

9.3(140)
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3.8(148) ~
138 1.68 12.7(13c)  14B(1.7); 13B(10.9); 17(1.9); 18(.7)
12.6(14P)
4.4(140)
140, 1.34 12.3(14B)  14B(7.4)
9.6(130)
4.4(13B)
14 1.96 12.3(14a)  -13B(0.8); 1401(9.6); 17(1.3)
12.6(13B)
3.8(13)
3.6(1B)
3.1(2B)
16 0.84 S 2B(1.0); 1B(0.6)
17 0.97 S 1B(0.1); 14B(0.5); 13B(0.4)
18 0.92 S 13(0.4) '

(+)-Camphorquinone (3). To a solution of 370g (2.43 mol) of (-)-camphor in
300 mL of acetic anhydride at 25 °C was added 500g (4.5 mol) of Se0,. The

solution was heated to reflux at 150 °C with vi gorous mechanical sti;ring for 4 h,
then filtered through coarse filter paf;er. The residue was washed with ten 200 mL
portions of ethyl acetate. The ethyl acetate solution was combined with the acetic
anhydride filtrate and concentrated to a volume of 500 mL. The solution was
cooled to 0 "C to give a bright yellow solid which was collected by filtration. The
hiltrate was concentrated to a volume of 300 mL and cooled to give a second batch

of yellow product. The remaining residue was cooled to -10 "C, 15% NaOH was

added until the solution was basic, and the solution was extracted with two 1 L

portions of ethyl acetate. The collected yellow product was dissolved in ethyl
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acetate extract and the solution was washed with saturated aqueous NaHCO, and
brine, dried over Na,SO, and concentrated to give 378g (94%) of camphorquinone
3).

3: mp: 210-203 °C;' [a]D25z+95.8 (c=4.0, toluene): 'H NMR (400 MHz,CDCl3)
0 (ppm): 0.94(s,3H), 1.06(s,3H), 1.11(s,3H), 1.64(m,2H), 1.91(m,1H),
2.17(m, 1H), 2.62(d,5.2).!"C NMR (100 MHz. CDCl) § (ppm): 8.71, 17.37.
21.05, 22.25, 29.91, 42.54, 57.96, 58.62, 202.79. 204.77.

Diol 4. To 800 mL of a 1.0M soiution of vinylmagnesium bromide in THF at 0
"C was added a solution of 60g (0.36 mol) of (+)-camphorquinone (3) in 360 mL
of THE The mixture was warmed to 25 °C. and after 12 h 10 mL of deionized
water was added dropwise. After S min, 10 mL of 5% HCl was added dropwise.
The solution was diluted with 1 L of ethyl acetale, the organic layer was separated,
washed with s.aturated aqueous NaHCO, and brine, dried over Na,SO, and
concentrated to give a brown solid. The solid was recrystallized from hexane at -
78 "C 1o give 60.5g of diol4. The mother liquor was purified by chromatography
to yield an additional 12 g of the diol. The total yield was 72.5 g (91%).

4: mp: 84-85 °C; [a]p*> = +12 (c=1.4, CHCl,); 'H NMR (500 MHz,CDCl,) &
(ppm): see Table; 13C NMR (100 MHz, CDCl3) & (ppm) 10.06, 22.49, 23.00,
23.13, 30.45, 49.46, 54.32, 56.26. 83.56. 85.23, 114.40, 114.71,‘ 140.56,

141.39; IR (CHCl,), v (em™!): 3607, 3550, 3090, 1620 ; Mass Spec. (Cl) 223.6
(M*+1), 205.4.

500 MHz 'H NMR Data in CDCl, for Diol 4
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OH
OH
AN
AN
4
Proton o (ppm)  J (Hz) n.0.e. (%)
3 6.25 16.6(8[3) 100(0.65); 8a(3.5); 1400(4.7)
10.2(8¢)
100 6.15 16.6(9B) 3o(1.1); 90(4.4); 130(7.1)
10.2(90)
op 5.38 16.6(10c)  8a+90(10.1); 30H+110H(1.3)
1.6(90)
3 5.36 16.6(3ct)
1.6(800)
8o 5.19 10.2(301) 30+100(2.8); 8B+9P(10.9)
_ 1.6(8B)
S0 5.19 10.2
1.6
OH 2.73 8B+908(2.1); 16(4
o 2 B+9B(2.1); 16(4.2)
183 1.84 4.7(14b) 803(0.5); 14P(2.62);16(0.8); 17(1.1)
148 1.67 }gg 1(1.8); 140(10.6); 13B(1.1); 17(5.5)
4.7
3.1
140 1.56 m 30(2.8); 80.(0.7); 1B(1.0); 14B(2.1);
13 1.52 m - 100(7.1); 13B(10.6)
13p&Mel6  1.36 m 1B(1.5); 14B(2.4); 130¢(41); 17(2.6);
18(1.5) Mel7 0.91 1B(1.0); 14PB(2):
133+16(3.9) |
Mel8 0.82 10c(1.2);  9B(0.3); 110H(0.4):

133+16(2.1)
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Ketone 5. To a suspension of 20 g (0.5 mol) of KH in 400 mL of THF at -78 °C
was added a solution of 43g (0.19 mol) of diol 4 in 300 mL of THE After 2h39
mL (0.23 mol) of triethylsilyl chloride was added. After two additional hours the
solution was warmed to 25 °C. After 8 h 50 ml of deionized H,O was added

dropwise. After! h, the solution was partitioned between 1 L of hexane and 200
ml. of deionized H,O. The organic layer was separated, washed with two 100 mL
portions of of brine, dried over Na,SO,, and concentrated to give a solid mass.
The solid was repeatedly recrystallized from hexanes at -78 °C to give 35 g of

enone 5. The mother liquor was i)urified by flash chromatography eluting with

10% ethyl acetate in hexanes to give an additional 3 g of 5. The combined yield of

S was 38 g (96%).

5: mp 95-97 °C; [0]p*=-7 (c=4.25, CHCI,); '"H NMR (500 MHz. CDCl,), see
Table; 1°C NMR (100 MHz, CDCl3) § (ppm) 15.1, 18.9, 21.9. 23.2. 23.9, 28.7,
33.9, 35.9, 49.3, 51.4, 62.0, 135.4, 172.4, 201.3; Mass Spec. (CI) 205.4

(M*+1).
500 MHz 1H NMR Data in CDCI3 for Enone §
17 16
18 44
13 .
144 .
5

Proton o (ppm) J (Hz) n.O.e. (%)

1B 2.43 7.5(14B)  14B(1.9); 17(2.5); 16(0.8)
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10B+100+80 2.56 m 18(1.5); 9a+9B(3.0)
8P 2.48 m 90+9P(5.2)
90.+9p3 1.93 m 108+100+801(4.4); 8B(2,6)
133 1.87 12.5(130) 143(0.4);  130(10.3); 18(1.3);'
17(1.8)
10.4(13f3)
2.9(140) ,
13 1.60 12.5(13B) 100(0.5);13B(15.2); 140¢(3.4);
18(0.8)
11.5(140)
3.2(130)
143 2.18 12.7(143) 18(4.0); '13[3(3.5); 1401(18.0);
7.5(1B) 17(2.2); 16(1.0)
10.4(13P)
3.2(13)
14¢x 1.40 12.7(148) 13(1.7); 14B(16.8); 130(1.4)
11.5(130c0)
2.9(1303)
Mel8 1.11 103(2.3); 13B(1.1): 130(0.3)
Mel7 0.93 lB(l.?);14B(1.1),13[3(1.4); 18(0.6);
16(1.0)
Mel6 0.87

9B(0.3); 1b(0.7); 18(0.9);17(0.2)

Ketone 7. To asolution of 2.0 g (9.8 mmol) of enone 5 in 150 mL of THF (150
ml) at 0°C was added 2 g (10 mmol) of KHMDS. After 1 h the solution was
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cooled to -78 °C and a solution of 3.8 g (14.5 mmol) of N-phenylsulfonys}
phenyloxaziridine in 150 mL of THF was added. After 2 h the mixture was
warmed to 25 °C and partitioned between 200 mL of ethyl acetate and saturated
aqueous NaHCO,. The organic layer was separated, washed with brine, dried over
Na,SO, and concentrated to give a solid mass. The crude product was purified by
chromatography with 20% ethyl acetate in hexanes to give 1.52 g (6.9 mmol, 70 %
vield) of 7 as an oil.

7: mp 70-71°C; [a]p?° = -14.1; 'H NMR (400 MHz. CDCl,); & (ppm): 0.64 (s,
3H):; 0.97 (s, 3H): 1.15(s, 3H); 1.79 ¢s. IH), 1.88 (m, 1H), 1.99 (m,1H),
2.07(m, 3H), 2.19 (m, 1H), 2.22 (ddd, J=16.4, 8.4.3.3 1H), 2.43(d, J=7.7.
IH), 2.58 (m, J=8.5,2.2, 1H), 5.69 (dd, J-3.3.2.2, 1H): 13C NMR (100 MHz,
CDCl3) 6 (ppm): 16.79, 21.03, ;’23.03. 25.12, 28.13, 34.06, 35.99, 46.89,
47.60, 62.53, 85.63, 127.72, 151.56. 212.72.

Epoxy alcohol 8. To a solution of 1.0 g (4.5 mmol) of hydroxyketone 7 in 50
mL of hexane at 25 °C was added 1.8 g (65% purity, 6.8 mmol ) of mCPBA.
After 1 h the mixture was diluted with 150 mi. of ethyl acetate and 30 mL of 10%
aqueous NaS,0, was added. The mixture was then partitioned between 200 mL of
ethyl acetate and 150 mL of saturated aqueous NaHCO,. The organic layer was
separated, washed with brine, dried over Na,SO, and concentrated under vacuum
to give 1.05 g (4.44 mmol, 98%) of 8 as a solid.

8: mp 65-67 °C; [(x]D25 = -83.5 ° (c=1.15. CHCl,); 'H NMR (500 MHz, CDCI3),
see Table; 13C NMR (100 MHz, CDCI3) 0 (ppm): 13.91, 20.21. 23.07, 24.40,
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24.87, 33.01, 34.32, 45.33, 45.62, 61.84, 66.86, 75.75. 82.75, 208.43.

Proton

8a

210

108
130

131

400 MHz 'H NMR Data for Epoxide 8

0 (ppm)
2.52
2.71

1.58

2.11

1.70

3.55
2.35

1.75

J (Hz)
7.3(14p3)
14.9(8[3)
11.4(9PB)
4.5(90)
14.9(8cx)
9.4(90)
5.9(98)
15.0(98)
9.4(8B)
4.5(8a)
15.0090)
11.4(8c0)
5.9(88)
2.3(10B)
2.3(9B)

12.9(13B)

9.2(14)
4.5(14p)

15.0(1413)
12.9(13q)

4.2(140)

n.O.e. (%)
143(1.1); 17(0.8)

90(—0.3); 9B(2.1); 8B(11.2)

80t(39.4); 9B(0.9)

10B(1.1); 9B(11.2); 13B(2.1)

10B(1.2); 80(2.8); 90,(9.7):

90(0.9); 9B(2.0); 18(3.6); 16(0.4)
1401(0.9); 13B(12.6)

130/(11.0); 14B(3.9); 172.1); 18(0.4)
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14 2.26 13.2(14pB) 14[3(9.8)
9.2(1301)
4.2(13f)
143 2.01 15.0(13p3) 18(2.8); 140(12.0); 133(2.7);
172.3)
13.2(140)
7.3(1B)
4.5(130)
16 0.78 10B(0.6); 8B(0.6); 1B(0.8): 9B3(1.2);
17(1.5) '
17 0.99 IB(1.4);  14B(1.3); 13B(1.1):
18(1.0); 16(1.3)
18 0.82 10b(2.0); 13b(1.2); 17(1.3)

Epoxide 9 (P, = H). To a solution of 4.52 g (20.5 mmol) of hydroxyketone 7
in 150 mL of methanol at O °C was added 1.55 g (41.0 mmol) of NaBH,. After lh

2> mL of 1M NaOH solution was added. The mixture was diluted with 200 ml of
ethyl acetate. The organic layer was washed with water, saturated aqueous

ammonium chloride, saturated aqueous NaHC0, and brine, dried over Na,50, and

concentrated to give 4.53 g (19 mmol, 100%) of epoxide 9 (P, = H) as a white
solid.

9 (P = H): mp 122-124; [a]p®= + 28 (c=1.7, MeOH); 'H NMR (500 MHz.
CDCl5), see Table; 1>C NMR (100 MHz, CDCl,) § (ppm): 13.38, 20.92, 24.41,
25.09, 25.95, 32.12, 35.48, 44.22, 45.25, 52.28, 65.70, 74.32, 78.15. 81.43.

MW=238.33, Analysis Calc. for C4H9,04 C:70.56, H:9.30; Found C:70.64.
H:9.32.

500 MHz "H NMR Data in CDCl; for Epoxide 9 (P, = H)
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80
bHOH
9
Proton O (ppm) J (Hz) n.O.e. (%)
1B 1.95 7.7(14B)  20(1.8); 17(0.9)
| 2.8(2B) -
20 3.85 2.8(1B) 1B(0.4); 1401(0.7)
8a 1.35 14.1(8[3) 8B(11.9); 90¢(1.2)
8.6(900)
3.9(9PB)
8§ 2.56 14.1(8x) 95(1.0); 80(11.7);
5.3(9B)
2.190)
90 2.07 14.6(9B) 9B(12.8); 80(1.6)
8.6(83a)
2.1(8PB)
9B 1.76 14.6(90) 10B(0.9); 8B(0.9); 90.(10.2)
5.3(8P)
3.9(80)
1.9(10B)
1013 3.48 1.3(9B) 9B(1.0); 18(1.2)
13ct 2.18 16.8(140t)  13B(2.6)
13.3(13B)
8.0(14p)
1383 1.49 13.3(1300) 1301(6.2); 17(0.6); 18(0.5)
9.6
4.4
4o 1.83 m
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148 1.89 m
16 1.05 s 10B(0.5); 17(0.6); 18(1.4)
17 0.92 s 1B(0.6); 14B(0.5); 13B(0.8); 18(0.3)
18 0.73 S 10B(1.0); 13B(0.6); 16(0.4); 17(0.7)

Alkene 10 (P, = P,y = H). To asolution of 0.74 g (3.1 mmol) of epoxide 9
(P, = H) in 50 mL of dichloromethane at -78 °C was added 4.5 mL (31 mmol)
of triethylamine and 1.9 mL (10 mmoi) of TMSOTfin that order. The mixture was
warmed to -30 "C and after 2 h 2 mL of anhydrous MeOH was added. After 10
min the mixture was concentrated and to the residue was added 10 mL of
acetonitrile, 10 mL (124 mmol) of pyridine, and 3 mL (86.7 mmol) of aqueous HE
This mixture was stirred at 25 °C for S h and diluted with 150 mL of ethyl acetate.
The solution was washed twice with 100 mL of saturated aqueous NaHCO, and
brine. The aqueous layers were combined and cxtracted twice with 100 mL of
ethyl acetate. The organic layers were combined. washed with brine, dried over

Na2804 and concentrated. The residuc was diluted with 150 mL of hexane and

concentrated for azeotropic removal of excess pyridine to give 0.73 g (3.06 mmol,

99%) of alkene 10 (P, = P; o = H) as a white powder.

10 (P = Py = H): mp 212-215°C; [at]p2%= +59.9 (c=3.7, MeOH): 'H NMR
(500 MHz, CDCl,), see Table; 13C NMR (100 MHz, CDCl3) 6 (ppm): 23.31,
26.26, 27.58, 31.13, 32.51, 38.34, 43.33, 53.21. 67.93, 75.72, 89.66, 99.74,
123.72, 141.12. ; Mass spec. (CI) 354 (M+1, 100), 336 (44), 317 (26) 222 (25),

204 (50); MW=238.33. Analysis Calc. for C]4H2203 C:70.56, H:9.30: Found
C:.70.26, H:9.13.
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500 MHz 'H NMR Data in CDCl; for Alkene 10 (P = Pjg= H)

Proton O (ppm) J (Hz) n.O.e. (%)
18 1.66 5.6(14B) 201(4.0); 14B(2.1); 16(1.6); 17(0.3)
28 3.83 S OH(2.3);140(2.9):; OH(2.4);
1B(1.9); OH(3.9) '
8o 1.80 12.2(8P) 201(2.2); 8B(16.2); 90t(3.3)
7.790)
3.5(9B)
8P 2.26 12.2(8c)  10B(1.3); 8x(14.9); 16(4.1)
| 8.3(90)
3.9(90)
90t 2.10 12.1(9B) 10B(0.5); 9B(13.4); 8ai(1.7)
8.6(8B)
7.7(9)
5.9(10B)
OB 2.34 12.1(90)  10B(2.5); 90(12.5); 8B(0.7); 16(1.5)
5.6(10B)
3.9(8P)
3.5(80)
108 4.46 5.9(9cx) 98(2.3); 88(0.5); 16(3.7); 17(0.7)
5.6(983)
13 5.49 m 14[3(1.9); 140+18(4.7)
140 2.02 17.9(14B)  13(1.9); 20(4.4); 14B(13.8)
148 2.43 17.9(14e)  13(2.5); 14a+18(17.1); 1B(3.1):;
17(2.6)

5.6(1B)
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1.7(18) .
16 1.19 s 10B(3.7); 9B(1.6); 8B(3.5); 1B(2.8):
17(0.8)
17 1.05 5 13(0.1);  10B(0.6);  14B(1.4);
13(0.8); 16(1.1)
IR 2.01 1.3(13) 13(2.9)
1.7(14B)

Alkene 10 (P, = H, P, , = TES). To a solution of 0.7 g (2.94 mmol) of triol
188 in 5 mL of dichloromethane at 25 °C was added 1.2 mL (8.6 mmol) of
triethylamine and 0.5 mL (2.92 mmol) of triethylsilyl chloride. After 10 h 0.3 m]_
(1.7 mmol) of triethylsilyl chloride and | mlL (7.2 mmol) of triethylamine were
added. After1 h 0.06 mL (1.6 mmol) of anhydrous methanol was added. After

10 min reaction mixture was diluted with 150 ml. of ethyl acetate, washed with
saturated aqueous NaHCO; and brine, dried over Na,;SO, and concentrated to give

1.03 g (2.92 mmol, 99%) of alkene 10 (P, = H, P,y = TES).

10 (P; = H, Py = TES): [0]p®= (c=, MeOH); 'H NMR (500 MHz.
CDCl3); 1%C NMR (100 MHz, CDCLy) & (ppm): 4.92, 6.84. 23.44, 25.42,
27.75, 31.02, 32.10, 38.73, 43.62, 53.43, 66.82, 74.22, 89.20, 98.46, 122.23,

142.38. ; MW=238.33, Analysis Calc. for C20H36O3Si, C:68.13, H: 10.29:
Found: C:68.15, H: 10.21.

Alcohol 11. To a cooled solution of 23.1] g (98 mmol) of iodine in 250 ml of
THF (-45°C) was added by small portions 14.74 g (98 mmol) of Samarium, the

mixture was stirred for 30 min (yellow solid: Smi;) then 15 min at room

temperature. The enone 5 (10 g, 49 mmol) was added as a solid and the resulting
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mixture was stirred for 30 min.3.7 g (98 mmol) of NaBH,.was added by small
portions at -20°C. After 3h, the mixture was poured into a mixture of 10g of
NaHCO; and 50 ml of a saturated aqueous solution of Na,S,0; and stirred for 1h.
The mixture was diluted by 100 ml of AcOEt, filtered through a cake of celite and
concentrated to lead to a mixture of the p-allylic alcohol (20%) and the a-allylic
alcohol 11 (80%) as a colorless oil..'H NMR (400MHz, CDCl,), & (ppm): 0.87 (s,
3H, 16Me), 0.90 (s, 3H, 17Me), 0.91 (s, 3H, 18Me), 1.34 (d, 1H), 1.60 (m,
4H), 1.81 (m, 3H), 2.23 (m, 2H), 2.32 (m, IH), 2.44 (m, 1H), 4.41 (brs, 1H,
H2p).

Epoxide 12 (P2=H). The above crude oil was dissolved in 122 ml of
dichloromethane and 368 ml of hexane at -15°C and NaHCO; in powder (12.35 g,
147 mmol) was introduced followed by 21.14 g (73.5 mmol) of mCPBA. The
reaction mixture was stirred for 2h30 at 0°C then filtered. The organic layer was
washed by 25 ml of a 1:1 solution of NaHCO; and Na,S,0;, dried over Na,SO,
and concentrated to give a mixture of unreacted B-allylic alcohol and the desired o-
epoxy-alcohol 12 (97%) as a colorless oil.

The crude oil was dissolved in 50 ml of hexane and cooled to -78°C, the

crystallized a-epoxy-alcohol 12 was filtered and dryed. 8.5 g (78% over 3 steps)
of a-epoxy-alcohol 12 was obtained. m.p. 98-100°C; 'H NMR (500MHz,
CDCly), & (ppm): 0.82 (s, 3H, 16Me), 0.87 (s, 3H, 17Me), 1.03 (s, 3H, 18Me),
£.33 (m, J =16.1, 8.3Hz, 1H, H9%), 1.4] (m, 1H, HI13B), 1.42 (m, 1H, H14p),
1.53 (ddd, J =13.3, 5.9, 3Hz, I1H, H8B), 1.57 (m, 1H, H10B), 1.58 (m, J
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=5.9Hz, 1H, H9p), 1.78 (ddd, J =6.8, 5.9, 1.5Hz, 1H, H1), 1.82 (d, J=9.8Hz,
1H, 2-OH), 1.90 (m, 1H, H10a), 1.95 (m, 1H, Hl14a), 1.96 (m, 1H, H13a),
2.21 (dd, J=13.3, 8.3Hz, 1H, H8a), 4.00 (dd, J=9.8, 5.9Hz, 1H, H2p).

To the mother liquor was added 21.4 g (244 mmol) of MnO, at 0°C, the
mixture was stirred at 0°C for 1h and 2h at room temperature.The reaction mixture

was then filtered through a cake of sea sand and concentrated to afford 2 g (20%)

of recovered enone 5.

Epoxide 12 (P,=PMB). Asolution of 1 g (4.5 mmol) of the above a-epoxy-
alcohol 12 (P,=H) in 10 ml of DMF was added to 500 mg (13.5 mmol) of dry

NaH. The resulting mixture was stirred for 30 min then 672 pl (4.95 mmol) of

PMBCI was introduced. After 2h30, the reaction mixture was cooled to -15°C,
quenched by addition of 1 ml of methanol then poured into 10 ml of a saturated
aqueous solution of NaHCO; and extracted twice with SO0 ml of hexane/ethyl
acetate (1:1). The organic layer was washed with 5 ml of brine, dried over Na,SO,
and concentrated. A flash chromatography (hexane/ethyl acetate 9:1) yielded to
1.496g (97%) of the epoxide 12 (P,=H). 'H NMR (500MHz, CDCl,), & (ppm):
0.77 (s, 3H, 16Me), 0.87 (s, 3H, 17Me), 1.02 (s, 3H, 18Me), 1.37 (dd, J =8,
7Hz, 1H, H9a), 1.39 (dd, J =10, 4.8Hz, 1H, H13p), 1.45 (dddd, J=13.1, 9.9,
/.7, 3.2Hz, 1H, H14p), 1.49 (m, 1H, H8B), 1.51 (m, 1H, H10B), 1.55 (m, J
=8Hz, 1H, H98), 1.85 (dd, J =7.7, 5.8Hz, IH, H1), 1.93 (m, J =12.8Hz, 1H.
H10a), 1.93 (dd, J =13.1, 1.9Hz, IH, Hl4a), 1.98 (dd, J =10, 1.9Hz, 1H,
H13a), 2.18 (dd, J=13.4, THz, 1H, H8«), 3.74 (d, J=5.8Hz, 1H, H2p), 3.81
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(s, 3H, OMe),4.50 (d, J =11.8Hz, 1H. Hb), 4.59 (d, J =11.8Hz, 1H, Ha), 6.87
(d, J=8.7Hz, 2H, H2"), 7.29 (d, J =8.7Hz, 2H, H1").

General procedure for synthesis of Epoxides 14 (P2=H or PMB). To
a refluxing solution of 1g (4.5 mmol) of a-epoxide 12 in 123.5 ml of hexane was
added 26.5 ml (45 mmol) of a 1.7M solution 6f toutyllithium in hexane through the
condenser. The resulting mixture was refluxed for 2h then cooled to -10°C and 3
m} of methanol was slowly added. 'i‘hc mixture was concentrated, the yellow solid
was dissolved in 25 ml of ethyl acetate and 2 mi of water and stirred for 15 min at

room temperature. The mixture was dried over Na,SO,, filtered and the solid was

~washed twice with 25 ml of ethyl acetate. The combined organic layers were

concentrated and the crude 13 was used for the second step without further
purification. 'H NMR of diol 13 (300MHz. CDCl5): & (ppm) 0.64 (s, 3H, 18Me),
0.97 (s, 3H, 16Me), 1.15 (s, 3H, 1'7Me), 1.42 (ddd, J =14.2, 9.1, 9Hz, 1H,
H8w), 1.53 (m, 1H, H13p), 1.65 (m, 1H. H14p), 1.72 (dddd, J =14.8, 10.1, 9.
1.4Hz, 1H, H9p), 1.86 (dd, J =6.8, 3.4Hz, 1H, H1), 2.03 (ddd, J =13.3, 9.4,
4Hz, 1H, H140e), 2.11 (ddd, J=14.8, 9.1, 2Hz, 1H. H%), 2.12 (s, 1H, 3-OH),
2.20 (m, 1H, H13a), 2.20 (ddd, J =14.2, 10.1, 2Hz, 1H, H8pB), 2.91 (d, J
=9.4Hz, 1H, 2-OH), 3.40 (d, J =1.4Hz, 1H, H10p), 3.76 (dd, J =9.4, 3.4Hz.
1H, H2B).

The crude was dissolved in 50 ml of dichloromethane and 2.6 g (9 mmol)
of mCPBA in 45 ml of dichloromethane were added. After 14h, the mixture was

diluted with 55 ml of dichloromethane and washed with 50 ml of a 1:1 saturated
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aqueous solution of NaHCO; and Na,S,0;. The aqueous layer was extracted
twice with 50 ml of dichloromethane and the combined organic layers were dried
over Na,SO,4 and concentrated. Flash chromatography (hexane/ethy] acetate 1:1)
afforded the epoxy-alcohol 14 as a colorless oil. yield 59% for P2=H. 'H NMR of
the 2,3-dihydroxy-epoxide 14 (500MHz, CDCl3): 8 (ppm) 0.72 (s, 3H, 18Me),
0.86 (s, 3H, 16Me), 0.95 (s, 3H, 17Me), 1.42 (ddd, J =14.2, 9.1, 9Hz, 1H,
H8a), 1.53 (m, 1H, H13p), 1.65 (m, 1H, H14p), 1.72 (dddd, J =14.8, 10.1, 9.
1.4Hz, 1H, H9B), 1.86 (dd, J =6.8, 3.4Hz, 1H, H1), 2.03 (ddd, J =13.3, 9.4,
4Hz, 1H, Hl4a), 2.11 (ddd, J=14.8, 9.1, 2Hz, 1H. H9%a), 2.12 (s, 1H, 3-OH),
2.20 (m, 1H, H13a), 2.20 (ddd, J =14.2, 10.1, 2Hz, 1H. H8B), 2.91 (d, J
=9.4Hz, 1H, 2-OH), 3.40 (d, J =1.4Hz, 1H, H10p), 3.76 (dd, J =9.4, 3.4Hz,
1H, H28).

Or as a white solid, yield 25% for P2=PMB, m.p. 88-90°C, see NMR below .

Epoxide 14 (P,=PMB). A solution of 1.41 g (5.9 mmol) of the above epoxy-
diol 14 (P,=H) in 25 ml of DMF was added to 660 mg (17.88 mmol) of dry

NaH. The resulting mixture was stirred for 30 min then 808 ul (5.9 mmol) of
PMBC was introduced. After 1h, the reaction mixture was quenched by addition

of 2 ml of methanol and diluted by 100 ml of hexane/ethyl acetate (1:1). The
organic layer was washed with.20 ml of water, dried over Na,SO, and
concentrated. Flash chromatography (hexane/ethyl acetate 8:2) afforded 1.93 g
(91%) of product 14 (P2=PMB) as white solid. m.p. 88-90°C; 'H NMR
(300MHz, CDCl,), 8 (ppm): 0.72 (s, 3H., 18Me), 0.84 (s, 3H, 16Me), 0.97 (s,
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3H, 17Me), 1.50 (ddd, J =13.1, 11.8, 4.1Hz, 1H, H13p), 1.56 (m, 1H, H8).
1.58 (m, 1H, H9p), 1.67 (ddd, J=13.3, 7, 4.5Hz, 1H, H14p), 1.82 (dd, J=13.3
8.7Hz, 1H, H8p), 1.99 (dd, J =7, 3.2Hz, 1H, H1), 2.05 (dd, J =13.1, 8.7Hz.
1H, H9a), 2.17 (ddd, J=13.3, 9.7, 4.1Hz, 1H, Hl4a), 2.42 (ddd, J =13.1, 9.7,
4.5Hz, 1H, H130), 2.89 (s, 1H, 3-OH), 3.25 (d, J=1Hz, 1H, H10p), 3.50 (d. J
'=3.2Hz, IH, H2B), 3.81 (s, 3H, OMe), 4.4 (d, J=11.3Hz, 1H, Hb), 4.63 (d. J
=11.3Hz, 1H, Ha), 6.87 (d, J=8.6Hz, 2H, H2"), 7.26 (d, J =8.6Hz, 2H, HI"):
13C NMR (100MHz, CDCl3), 5 (ppm): 13.4, 19.1, 21.4, 24.5, 24.7, 32.6. 37.3.

43.9, 44.6, 47.7, 55.3, 62.4, 70.8, 72.2, 78.4, 79.6, 113.8, 129.5. 130.2.
139.3.

Alkene 15 (P,=PMB, P;,=H). To a solution of epoxide 12 (P,=PMB)
(15.87g, 46.4 mmol) in 375 ml of dichloromethane and triethylamine (64.5 ml,
464 mmol) at -78°C was slowly added 25.2 ml (139.2 mmol) of TMSOTY. The
reaction mixture was stirred at -35 °C for 14 h. Methanol (20 ml) was added to
quench the reaction and the temperature was allowed to rise at 25°C. The volatils
were removed under reduced pressure and the residue was partly dissolved in 500
ml of hexane, filtered on celite. The organic layer was concentrated to give 18.7 g
of crude material which was used directly in the next step. 'H NMR (500MHz,
CDCls), 8 (ppm): 0.10 (s, 9H, 3-TMS), 0.65 (s, 3H, 18Me), 0.91 (s, 3H, 16Me),
1.00 (s, 3H, 17Me), 1.53 (m, 1H, H13p), 1.64 (dt, J =13.8, 8.7Hz, 1H. H8a),
1.78 (m, 1H, H14p), 1.84 (dd, J =6.9, 3.3Hz, 1H, H1), 1.98 (m, 1H), 2.20 (m,
1H), 2.22 (m, 1H), 2.30 (m, 1H), 2.47 (m, 1H), 3.44 (d, J =2.9Hz, 1H, H28),
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3.81 (s, 3H, OMe), 4.45 (d, J=11.6Hz, 1H, Hb), 4.58 (d, J =11.6Hz, 1H, Ha),
5.34 (dd, J =3.3, 1.8Hz, 1H, H10p), 6.87 (d, J =8.4Hz, 2H. H2’), 7.29 d, J
=8.4Hz, 2H, HI’).

To the mixture of 18.7g of the above crude material in 460 ml of a 1:3
mixture of dichloromethane/hexane at 0°C were added 17.15 g (69.6 mmol) of
mCPBA and 5.85 g (139.2 mmol) of NaHCO,. The reaction mixture was stirred at
room temperature for 4h and ﬁltered'. The solid was washed with SO ml of hexane
and the organic layer was washed twice with SO ml of a 1:1 aqueous solution of
saturated NaHCOj; and saturated Na,S,0;, dried over Na,SO, and concentrated to
lead to 20.2g of a colorless oil.

To a solution of 20.2g of the above crude oil in 375 ml of dichloromethane
and 64.5 ml (464 mmol) of triethylamine at -45 °C was slowly added 25.2 ml
(139.2 mmol) of TMSOTT. The reaction mixture was then stirred at -25 °C for 3h.
Methanol (20 ml) was added to quench the reaction and the temperature was
allowed to rise at room temperature. The volatils were removed under reduced

pressure and the residue was partly dissolved in 500 ml of hexane, filtered on

celite. The organic layer was concentrated to give 20g of crude product.

CH; 3-TMS), 0.94 (s, 3H, 16Me), 1.27 (s, 3H, 17Me), 1.33 (dt, J=13, 5.6Hz.
IH, H8p), 1.83 (brt, J =5.2Hz, 1H, H1), 2.12 (dd, J =13, 6.3Hz, 1H, H8),
1.98 (ddd, J=11.7, 6.3, 5.6Hz, 1H, H9a), 2.03 (ddq, J=17.5, 3.1, 2.3Hz, 1H.
H14p), 2.21 (dt, J =2.3, 2, 2Hz, 3H, 18Me), 2.33 (m, 2H, HOB-H14a), 3.28 (s,
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3H, OMe), 3.70 (dd, J =5.2, 0.6Hz, 1H, H28), 4.10 (d, J =10.8Hz, 1H, Hb),
4.23 (d, J =10.8Hz, 1H, Ha), 4.40 (dd, J =10.5, 6.3Hz, 1H, H108), 5.34 (m,
1H, H13), 6.80 (d, J=8.6Hz, 2H, H2’), 7.22 (d, J=8.6Hz, 2H, H1").

To a solution of 18g of the above solid in 50 ml of acetonitrile and 20 ml of
pyndine was added 30 ml of a 48% aqueous solution of HF at 0°C. The mixture
was stirred at room temperature for 5h, poured into a solution of 50 ml of ethyl
acetate and NaHCO; solid was added till no reaction was observed. After filtration,
the volatils were removed under reduced presure and a plug chromatography
(hexane/ethyl acetate 1:1) yielded to 12.57g (75% over 4 steps) of alkene 15
(P,=PMB, P, ,=H) as an oil. 1H NMR (500MHz, CDCl,), & (ppm): 1.04 (s,
3H, 16Me), 1.13 (s, 3H, 17Me), 1.47 (d, J=7.7Hz, 1H, 10-OH), 1.68 (dddd, J
=15, 7.7, 2.2, 1.9Hz, 1H, H8B), 1.96 (m, 1H, H1), 1.97 (dt, J =2.2. 1.6,
1.6Hz, 3H, 18Me), 2.01 (ddq, J =17.9, 2.9, 2.2Hz, 1H, H14p), 2.10 (dt, J
=11.5, 7.7, 7.7Hz, 1H, H9a), 2.12 (m, J =2.2Hz, 1H, H8a), 2.25 (ddt, J=11.5,
6, 2.2, 2.2Hz, 1H, H9p), 2.39 (ddq, J =17.9, 2.9, 1.6Hz, 1H, H14a), 3.15(d, J
=1.9Hz, 1H, 3-OH), 3.81 (s, 3H, OMe), 3.82 (d, J=6.1Hz, 1H, H2p), 4.34 (d,
J=11.2Hz, 1H, Hb), 4.42 (td, J=7.7, 7.7, 6Hz, 1H, H10B), 4.60 (d, J=11.2Hz,
1H, Ha), 5.38 (m, J=1.6Hz, 1H, H13), 6.87 (d, J=8.6Hz, 2H, H2’), 7.26 (d, J
=8.6Hz, 2H, HI"): 13C NMR (100MHz, CDCl,): 5 (ppm) 22.3, 25.3. 25.8, 27.9,
38.6, 39.2, 39.7, 50.2, 55.2, 66.1, 72.1, 75.3, 83.4, 90.2, 113.7, 123.4, 129.2,
130.6, 140.5, 159.1.

Ketone 16 (P,=P, 3=H, P; ¢=TES): To a methylene chloride (3 ml) solution
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of é]kene 10 (P,=H, P, ,=TES) (0.298 g, 0.845 mmol) at 0 °C was added
Ti(1OPr), (0.75 ml, 2.53 mmol) and a 2.0 M hexane solution of t-butyl
hydroperoxide (1.06 ml, 2.11 mmol) and stirred at 0°C for 30 min. To the reaction
mixture was added dimethylsulfide (0.8 ml, 11 mmol) and stirred atO ‘Cforlh
and warmed to 25 °C for 20 min. The reaction mixture was poured into a flask of
THF (40 ml) and stirred vigorously while adding deionized water (0.25 ml) over
for 15 min to form a white precipitate. The solution was dried over MgSO, and
filtered through a bed of celite and concentrated. To a methylene chloride (10 ml)
solution of the crude reaction mixture was added flash silica gel (1 g) and the
mixutre was heated under reflux with a 60 °C silicon oil bath for 3 h. The reaction
mixture was filtered through a fritted funnel and washed with ethyl acetate and
concentrated to give ketone 16 (P,=P, ;=H, P, ,=TES) (0.31 g, 0.841 mmol,
99%) as a white solid.

16 (P,=P;3=H, P;(=TES): m: 111-112°C: [a]**= (c=, MeOH) ; 13C NMR
(100 MHz, CDCl;) & (ppm): 4.87, 6.83, 13.15, 27.29, 33.06, 34.79, 36.47,
37.38, 39.01, 53.18, 69.64, 76.10, 138.35, 157.86, 200.12, 215.95.

500 MHz "H NMR Data in CDCl, for Ketone 16 (P,=P; 3=H, P;,=TES)

TESO
18 210 OH

OTES
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J (Hz)

8.0(14P)
1.92(2c)
1.92(1B)

13.9(813)
5.3(9B)
13.9(80)
12.1(90)
2.8(9B)
12.1(8B)
10.4(1083)
m
10.4(%9)
5.3(9p)
11.8(14p3)

9.5(130H)
15.9(1403)
15.9(140)

11.8(13B)
8.0(1B)

S
S

S
7.9

7.9

PCT/US98/17315

n.O.e. (%)
201(3.1); 14[3(1.8); 16(0.4); 17(1.4)

130H(1.6); 20H(3.8); 1B(4.0);
8B3(19.6);90.(4.2)

10B(3.5); 801(27.9); 16(6.9)

Op3+18(15.2)

10B(3.5); 90(18.5)
83(1.6); 9B(3.5); 16(6.5)

14B(3.9); 130H(1.0);  18(2.3);

201(9.7); 14B(18.7):

13B(8.8);1B(5.1);  14B(24.7):

10B(3.8); 8B(1.8); 1B(1.3); 17(1.4)
13B(2.6); 14B(2.8); 1B(1.6); 16(1.4)

Ketone 17 (P,=P, ,=H, P, ¢=TES) by epoxy-alcohol fragmentation of

10 (P,=H, P; o=TES): To a methylene chloride (0.5ml) solution of alkene 10
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(P£=H, P, o=TES) (50 mg, 0.142 mmol) at 0 °C was added Ti(i0OPr), (0.17 ml,
0.57 mmol) and a 2.0 M hexane solution of -butyl hydroperoxide and stirred at
0°C for 30 min. To the reaction mixture was added dimethylsulfide (0.17 ml, and
stirred at 0 °C for 1 h and warmed to 25 °C for 20 min then heating to reflux with a
60 °C silicon oil bath for 12 h. The reaction mixture was poured 1nto a flask of
THF (20 ml) and stirred vigorously while adding deionized water (0.15 ml) over
for 15 min to give a white precipitate. The solution was dried over MgSO, and
filtered through a bed of celite and concentrated. Filtration of the reaction mixture
through a plug silica gel gave ketone 17 (P,=P; ;=H, P, ,=TES) (51 mg,
97%) as a white powder.

Ketone 17 (P,=P,;=H, P, 0-.-.TES) by epimeriztion of ketone 16
(P;=P;3=H, P;,=TES): To a methylene chloride solution of ketone 16
(P2=P; 3=H, P (=TES) (12 mg, 0.033 mmol )was added T10OPr), (0.05 ml,
0.17 mmol) and heated to reflux with a 60 °C silicon oil bath for 6 h. The reaction
mixture was poured into a flask of THF (20 ml) and stirred vigorously while
adding deionized water (0.05 ml) over for 15 min to give a white precipitate. The
solution was dried over MgSO, (1g) and filtered through a bed of celite and
concentrated. Purification of the reaction mixture by flash silica gel
chromatography eluting with 75 % ethyl acetate in hexanes gave ketone 17
(P,=P; ;=H, P, =TES) (11 mg, 92%) as a white powder.

195a: mp: 76-80 °C; [OL]D25= +16.1 (c=1.0, CHCl,).
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500 MHz 1H NMR Data in CDCI3 for Ketone 17 (P,=P; ;=H, P; =TES)

‘lBTESQ" 10 ~
~9 TES
HOnS = ;
14 1 52 O HO o\
| HO
H

17 (P,=P, ,=H, P, ,=TES)

Proton O (ppm) J (Hz) n.O.e. (%)
1B 2.17 6.5(14B) 2B(3.5); 14B(3.2); 16(2.4); 17(3.3)
6.0(2B)
28 4.52 7.6(20H)  20H(0.8); 8B(2.6); 1B(2.7); 16(2.9)
6.0(1B)
20H 2.91 7.6(2B) 2(2.4); 140,(5.5); 130H(-4.7)
8o 2.30 12.9(8B) 8B3(16.7); 9B(4.3); 9a(1.7)
J.3(90)
3.4(9B)
8 2.61 14.5(9B) 10B+2B(8.8); 8a(24.1); 9B(4.0):
16(4.0) ‘
12.9(8B)
3.0(90)
210 2.49 15.7(98) OB+18(25.5)
5.4(10)
5.3(8a)
3.0(8B)
9 1.98 15.709a0) 901(15.5)
14.5(8B)
9.0(10B)
3.4(80)
108 4.53 9.0(9B) 8B(1.9); 16(5.6)

5.4(90)
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13p 4.04 10.9(130H) 14B(3.1); 18(1.9); 130H(2.0)
17(2.9)
10.4(14B)
3.0(140)
0.7(18)
130H 1.81 10.9(138)  13B(1.1); 140+18(5.8)
140 1.98 16.4(148)  20H(6.3); 14B(18.5); 130H(2.0)
3.0(13B)
143 2.46 16.4(140) 13B(3.5); 1B(2.6); 23.2); 17(4.8)
10.4(13p)
6.5(1B)
16 1.49 S 10B+2PB(9.5); 8PB(2.2); 1B(2.4);
17(1.9)
17 1.12 s 13B(2.0); 14B(1.9); 1B(1.5); 16(1.0)
18 1.96 0.7(13B)
CH,-TES  0.96 7.6(CH,-TES)

CH,-TES  0.60 7.6(CH;-TES)

- Ketone 17 (P,=PMB, P, ,=H, P, .=TES). To a stirred solution of alkene
15 (P,=PMB, P, ,=H)(7.31 g, ﬁ0.39 mmol) in methylene chloride (70 ml) and
hexanes (70 ml) was added at room temperature buffer solution pH 8 (50 ml), then
mCPBA (8.8 g at 60 %, 30.6 mmol). After 4 hrs at room temperature, saturated
sodium bisulfite solution (50 ml) was added. The white precipitate was filtered
through celite. The aqueous layer was extracted with ethyl acetate. The combined
OIZANIC €Xifavts wuse wa5hew wilh SLtUraled 5S2IUM SISUIN oululion, saturated
sodium bicarbonate solution then brine, dried over sodium sulfate and filtered. The
solvent was removed under reduced pressure to afford 7.42 g (97 %) of crude

epoxide as a white solid. The white solid obtained was generally subjected to the

next reaction without further purification. A sample from a related experiment was
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pufiﬁed via flash chromatography (6:4 Hex-EtOAc). Mp 114 oC; 1H (CgDg, 400
MHz, VR-1-257) 6 0.54 (3H, s, 16-Me), 0.67 (3H, s, 17-Me), 1.38 (1H, ddd,
J=15.7, 6.8, 4.9 Hz, H, ), 1.46.(1H, t, J=6.8 Hz, H,), 1.72 (3H, s, 18-Me),
1.68-1.75 (1H, m, Hg), 1.77-1.86 (1H, m, Hgg), 2.10-2.04 (1H, m, Hy,), 2.54
(1H, d, J=4.9 Hz, H,3), 2.56 (1H, d, J=15.7 Hz, H,,), 2.59-2.51 (1H, m,
Hg,), 3.30 (3H, s, OMe), 3.57 (1H, d, J=6.8 Hz, H,), 3.94 (1H, d, J=4.9 Hz,
H,,), 4.28 and 4.93 (1H, d, J=11.4 Hz, H,.), 6.07 (1H, broad s, 3-OH), 6.79
(2H, d, J=8.8 Hz, H,:), 7.30 (2H, d, J=8.8 Hz, Hj.); 13C (C4D4, 100 MHz, VR-
257) 8§ 21.9, 22.4, 24.0, 27.4, 35.2, 40.0, 44.8, 49.7, 54.8, 61.0, 65.1, 65.4,
72.2, 77.6, 82.6, 91.2, 114.1, 129.5, 131.4, 159.7; Anal. Calcd. for C,,H3(Os:
C, 70.56; H, 8.07; Found: C, 70.65; H, 8.20.

To a stirred solution of crude material from the preceeding experiment (7.42
g, 19.8 mmol) in DMF (100 ml) was added at room temperature imidazole (6.74 g,
99.0 mmol) then TESCI (10 ml, 59.4 mmol). The reaction was stirred overnight
(16 hrs) then was quenched with MeOH (10 ml). The solvents were removed
under reduce pressure. To the residue was added hexanes, then the precipitate
formed was filtered through celite. The solvent was removed under reduced
pressure and the residue was purified via flash chromatography (9:1 Hex-EtOAc)
to afford 9.28 g (93 % for two steps) of the epoxide as a colorless oil. 'H (CgDg,
500 MHz, VR-1-161-2) 6 0.64 (3H, s, 16-Me), 0.70 (6H, q, J=8.0 Hz, TES),
0.79 (3H, s, 17-Me), 1.09 (9H, t, J=8.0 Hz, TES), 1.45 (1H, ddd, J=15.5, 7.0,
5.0 Hz, H,4), 1.54 (1H, t, J=7.0 Hz, H,), 1.59 (3H, s, 18-Me), 1.75-1.81 (1H,
m, Hgy), 1.86-1.94 (1H, m, Hgg), 1.98-2.03 (1H, m, Hy,), 2.55 (1H, d, J=5.0
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Hz, H,3), 2.65 (1H, d, J=15.5 Hz, H,,), 2.69-2.76 (1H, m, Hy), 3.32 (3H, s,
OMe),3.64 (1H, d, J=7.0 Hz, H;), 4.25 (1H, d, J=5.0 Hz, H,,), 4.36 and 5.00
(1H, d, J=11.0 Hz, H;.), 5.74 (1H, s, 3-OH), 6.78 (2H, d, J=9.0 Hz, H,.), 7.35
(2H, d, J=9.0 Hz, H3.); 13C (C4Dg, 100 MHz, VR-1-262)5 6.0, 7.3, 21.8, 22.4.
25.2, 27.9, 36.1, 40.0, 45.7, 49.2, 54.7, 61.6, 65.1, 65.6, 72.1, 78.2, 83.9,
91.2, 114.0, 129.6, 131.9, 159.6; Anal. Calcd. for C,gH,,0sSi: C, 68.81; H,
9.07; Found: C, 68.58: H, 9.21.

To a solution of the epoxide from the preceeding experiment (310 mg, 634
umol) in hexanes (6 ml) at room temperature was added titanium isopropoxide
(760 ul, 2.54 mmol, 4 eq.). The reaction mixture was allowed to stir at reflux for
45 min. After cooling at room temperature, the reaction was quenched with water
(2 ml), then EtOAc (10 ml) was added. The white precipitate was stirred for 1 hr at
room temperature, then was filtered through celite and rinsed with FtOAc. The
solution was concentrated under reduce pressure to afford 325 mg of crude product
as a colorless oil. This oil was generally subjected to the next reaction without
further purification. A sample from a related experiment was purified via flash
chromatography (8:2 Hex-EtOAc) to afford ketone 17 (P,=PMB, P,,=H,
P; ¢=TES) as a white solid. Mp 64 oC; 1H (C¢D,, 500 MHz, VR-2-130) & 0.57
(6H, q, J=8.0 Hz, TES), 0.88 (3H, s, 17-Me), 0.98 (9H, t, J=8.0 Hz, TES),
1.04 (3H, s, 16-Me), 1.69 (1H, dddd, J=12.5, 5.0, 5.0, 2.5 Hz, Hgy), 1.75 (1H,
ddd, J=13.0, 5.0, 3.5 Hz, Hgy), 1.97 (1H, t, J=6.0 Hz, H,), 2.03 (1H, ddd,
J=14.0, 13.0, 2.5 Hz, Hgy), 2.38 (3H, d, J=1.0 Hz, 18-Me), 2.39 (1H, ddd.,
J=16.0, 10.0, 6.0 Hz, H, ), 2.66 (1H, dddd, J=14.0, 12.5, 11.0, 3.5 Hz, Hy).
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2.74 (1H, dd, J=16.0, 3.0 Hz, H,,,), 2.85 (1H, d, J=12.0, 13-OH), 3.27 (3H.
s, OMe),4.05 (1H, m, H, 3), 4.06 (1H, d, J=6.0 Hz, H,), 4.32 (1H, dd, J=11.0,
5.0 Hz, H,(), 4.06 and 4.39 (1H, d, J=11.5 Hz, H,.), 6.77 (2H, d, J=8.5 Hz.
Hy), 7.21 (28, d, J=8.5 Hz, H3.); 13C (CDCl,, 100 MHz, VR-1-268) 5 4.8, 6.8.
15.6, 28.1, 28.5, 31.2, 36.4, 36.8, 40.4, 51.8, 55.2, 67.1, 69.1, 70.8, 83.5.
113.8, 129.4, 129.8, 138.2, 140.6, 159.3, 215.9; Anal. Calcd. for C28H4405Si:
C, 68.81; H, 9.07; Found: C, 68.75: H, 9.14.

Ketone 17 (P,=PMB, P,;=TBS, P, ,=TES). To a solution of ketone 17
(P,=PMB, P,;;=H, P, ,=TES) (325 mg) in pyridine (6 ml) at -25 oC was
added TBSOTS (290 pl, 1.27 mmol, 2 eq.). The mixture was stirred at -20 oC for
4 hrs. The reaction was quenched by addition of MeOH (1 ml), then the solvents
were removed under reduce pressure. The white solid was filtered and rinsed with
hexanes (8 times). The hexane layer was evaporated to afford an oil who was
purified by flash chromatography (9:1 Hex-EtOAc) to afford 377 mg (98 % for 2
steps) of ketone17 (P,=PMB, P, ;=TBS, P, ,=TES) as a colorless oil. 'H
(CeDg, 500 MHz) 5 0.06 (3H, s, DMS), 0.11 (3H, s, DMS), 0.60 (6H, q, J=8.0
Hz, TES), 1.00 (9H, t, J=8.0 Hz, TES), 1.02 (9H, s, tBu), 1.10 (3H, s, 17-Me),
1.18 (3H, s, 16-Me), 1.76 (1H, dddd, J=10.0, 4.4, 4.4, 2.4 Hz, Hy,), 1.83 (1H,
ddd, J=10.4, 4.4, 2.4 Hz, Hg ), 2.10-2.14 (1H, m, Hgg), 2.12-2.16 (1H, m,
H,), 2.24 (3H, d, J=1.0 Hz, 18-Me), 2.28 (1H, ddd, J=14.5, 9.0, 9.0 Hz, H, 4,),
2.65-2.73 (1H, m, Hy,), 2.69 (1H, ddd, J=14.5, 7.5, 1.5 Hz. H,4.), 3.32 (3H,
s, OMe), 4.12 (1H, d, J=5.0 Hz, H,), 4.11 and 4.44 (1H, d, J=11.5 Hz, H,.),
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4.37 (1H, dd, J=11.0, 4.50 Hz, H,(), 4.57 (1H, m, H,,), 6.79 (2H, d, J=8.5
Hz, Hy), 7.23 (2H, d, J=8.5 Hz, H;.); 13C (CDCl;, 100 MHz, VR-1-269) 6 -5.0.
-4.3, 4.8, 6.8, 15.2, 18.3, 26.0, 28.1, 28.2, 29.2, 36.8, 36.9, 40.2, 51.9, 55.2.
67.9, 69.4, 70.3, 83.7, 113.7, 129.5, 130.2, 135.0, 143.3, 159.2, 211.2: Anal
Calcd. for C34Hsg05Si; (VR-1-296): C, 67.72; H, 9.69; Found: C, 67.74: H,
9.61.

Ketone 18 (P,=PMB, P, ,=TBS, P, o=TES). To asolution of ketone 1 7
(P,=PMB, P,3;=TBS, P, ,=TES) (200 mg, 332 umol) in dry THF (16.5 ml)
at -5 °C was added KHMDS (3.3 mlat | M in THE 3.3 mmol) dropwise over 10
minutes. The pale yellow solution was stirred at -5 oC for two hours, then was
cooled to -78 oC. After 30 minutes at this temperature, Mel (205 pl, 3.3 mmol) was
added dropwise and the resulting mixture was allowed to stir at -78 oC for 1.5
hours. The reaction was quenched at -78 «C with a saturated NaHCO, solution (4
ml) then was warmed to room temperature. The mixture was extracted with
hexanes. The organic layer was washed with brine then dried over Na,SO,4. The
solvent was removed under reduced pressure. The oil thus obtained (229 mg) was
subjected to flash chromatography (9:1 Hex-EtOAc)to afford 197 mg (96 %) of
the ketone 18 (P,=PMB, P;;=TBS, P, ,=TES)asa white solid. Mp. 68 oC;
Anal. Calcd. for C35H,05Si, (VR~2-53): C, 68.13; H, 9.80; Found: C, 67.88:
H, 9.82. t1H NMR (C¢Dg4, 400 MHz, VR-1-246-1) 5 0.08 (3H, s. DMS), 0.15
(3H, s, DMS), 0.60 (6H, q, J=8.0 Hz, TES), 0.83 (3H, d, J= 7.6 Hz, 19-Me),
0.99 (9H, t, J=8.0 Hz, TES), 1.03 (3H, s, 17-Me), 1.09 (9H, s. tBu), 1.15 (3H,
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s, 16-Me), 1.73 (1H, ddd, J=16.0, 3.7, 1.0 Hz, H, ), 1.98 (1H, ddd, J=16.0,
13.2, 5.2 Hz, Hgg), 2.12 (1H, dd, J= 8.0, 2.8 Hz, H,), 2.35 (3H, d, J=0.8 Hz,
18-Me), 2.35 (1H, ddd, J=14.8, 10.0, 8.0 Hz, H, ), 2.78 (1H, dd, J=14.8, 6.0
Hz, H;,,), 2.79-2.87 (1H, m, Hg,), 3.29 (3H, s, OMe), 4.00 (1H, d, J=11.2
Hz, H,'), 4.17 (1H, d, J=2.8 Hz, H,), 4.46 (1H, d, J=11.2 Hz, H,.), 4.57 (1H,
broad d, J=5.2 Hz, H,(), 4.62 (1H, broad dd, J=10.0, 6.0 Hz, H,3), 6.79 (2H,
d, J=8.8 Hz, Hy), 7.27 (2H, d, J=8.8 Hz, Hj.); 13C NMR (CDCl,, 100 MHz,
VR-1-265)8-5.1, -4.3, 4.5, 6.8, 14.4, 18.2, 19.2, 25.8, 26.0, 26.8, 29.0, 36.7.
43.1, 43.7, 54.2, 55.2, 67.4, 69.6, 69.9, 76.1, 113.7, 129.2, 130.4, 136.6.
138.8, 159.5, 209.6;

Ketone 19 (P,=PMB, P,,=TBS, P, ,=TES, P,=H). To a stirred
solution of ketone 18 (P,=PMB, P, ;=TBS, P; ¢=TES) (49 mg, 80 umol) in
THF (2 ml), at room temperature, was added BMDA solution (390 ul at 0.33 Min
THE 127 pmol). The resulting mixture was allowed to stir at room temperature for
2 hrs, then was cooled to -25 oC. 4-penten-1-al (15 pul, 127 pmol) was added and
the reaction mixture was stirred for 3 hrs, then was treated with NH,ClI (1 ml). The
mixture was extracted with EtOAc. The organic layer was washed with brine and
was dned over Na,SO,4. The solution was concentrated under reduce pressure and
the crude product was subjected to flash chromatography (9:1 Hex-EtOAc) to
afford 35 mg (63 %) of the ketone 19 (P,=PMB, P, ,=TBS, P, =TES,
P,=H) as a colorless oil (mixture of 2 conformers: 85 % chair-chair and 15 %

chair-boat). 'H NMR (C¢Dg, 400 MHz) § 0.07 (3H, s, DMS), 0.14 (3H. s.
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DMS), 0.61 (6H, g, J=8.0 Hz, TES), 1.00 (9H, t, J=8.0 Hz, TES), 1.02 (3H, s.
19-Me), 1.06 (3H, s, 17-Me), 1.07 (9H, s, tBu), 1.26 (3H, s, 16-Me), 1.40-1.49
(1H, m, He), 1.61-1.68 (1H, m, H), 1.93 (1H, dd, J=14.0, 4.8 Hz, H,y), 2.10
(1H, dd, J= 8.8, 3.6 Hz, H,), 2.21-2.28 (1H, m, Hy), 2.28 (3H, d, J=1.2 Hz.
18-Me), 2.27-2.35 (1H, m, H,4), 2.41-2.50 (1H, m, Hs), 2.76 (1H, dd,
J=14.0, 6.2 Hz, Hy,), 2.92 (1H, dd, J=14.6, 6.2 Hz, H,,.), 3.06 (1H, d, J=2.8
Hz, 7-OH), 3.29 (3H, s, OMe), 3.96 (1H, ddd, J=10.0, 4.0. 1.6 Hz, H,), 4.16
(1H, d, J=11.6 Hz, H;), 4.33 (1H, d, J=11.6 Hz, H,.), 4.38 (1H, d, J=3.6 Hz.
H,), 4.53-4.58 (2H, m, H,; and H, o), 4.98-5.01 (1H, m, H,,,), 5.11 (1H, ddd,
1=17.2, 3.8, 1.4 Hz, Hjq), 5.92 (1H, ddt, J=17.2, 10.4, 6.8 Hz, H,,), 6.80
(2H, d, J=8.8 Hz, H,), 7.22 (2H, d, J=8.8 Hz, H,.).

Ketone 19 (P,=PMB, P,,=TBS, P, ,=TES, P,=CO,Et). Toa stirred
solution of ketone 19 (P,=PMB, P, s=TBS, P,,=TES, P,=H) (23 mg,
33 pmol) in CH,Cl, (3 ml) and pyridine (240 ul, 3.0 mmol) at -40 oC, was added a
solution of phosgene (~50 ul at 5.5 M in CH,Cl,). The resulting mixture was
allowed to stir at -10 oC for 1.5 hr, then EtOH (300 pul) was added. The reaction
mixture was stirred at room temperature for 1 hr, then was treated with NaHCO; (2
ml). The mixture was extracted with EtOAc. The organic layer was washed with
brine, was dried over Na,SO, then was concentrated under reduce pressure. The
crude product was subjected to flash chromatography (9:1 Hex-EtOAc) to afford
25 mg (99 %) of ketone 19 (P,=PMB, P, ;=TBS, P; o=TES, P,=CO,Et)
as a white solid. Mp. 121 «C; 1H (C¢Dg, 400 MHz, VR-2-73-2) 3 0.03 (3H, s,
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DMS), 0.12 (3H, s, DMS), 0.62 (6H, q, J=8.0 Hz, TES), 0.99 (9H, t, J=8.0 Hz.
TES), 1.01 (94, s, tBu), 1.01 (3H, t, J=7.2 Hz, CO,Et-CH,), 1.12 (3H, s, 17-
Me), 1.19 (3H, s, 19-Me), 1.29 (3H, s, 16-Me), 1.50-1.56 (2H, m, Hy), 1.97
(1H, dd, J=11.4, 4.6 Hz, Hg,), 2.10 (1H, dd, J= 8.4, 3.6 Hz, H,), 2.13-2.19
(2H, m, Hs), 2.24 (3H, d, J=1.2 Hz, 18-Me), 2.27-2.35 (1H, ddd, J=14.8, 9.4,
9.4 Hz, H;4), 2.95 (1H, t, J=11.4 Hz, Hg,), 2.96 '(IH, dd, J=14.8, 6.4 Hz,
H)4), 3.29 (3H, s, OMe), 3.95 (2H, dq, J=18.0, 7.2 Hz, CO,Et-CH,), 4.29
(2H, s, Hy'), 4.39 (1H, d, J=3.6 Hz, H,), 4.55 (1H, dd, J=11.4, 4.6 Hz, H,,),
4.58-4.63 (1H, m, H,;), 4.86-4.89 (1H, m, H,,,), 4.94 (1H, ddd, J=17.2, 3.4,
1.6 Hz, H,,.), 5.69 (1H, 'dddd, J=17.2, 10.4, 6.8, 6.8 Hz, H,,), 5.76 (1H, t,
J=6.2 Hz, H,), 6.80 (2H, d, J=8.8 Hz, H,.), 7.20 (2H, d, J=8.8 Hz, H,.); 13C
(CDCl3, 100 MHz, VR-2-76) § -5.0, -4.1, 5.0, 6.8, 14.2, 14.8, 16.2, 18.3, 26.1.
28.1, 28.2, 29.7, 30.6, 37.1, 47.5, 50.6, 54.7, 55.3, 63.9, 66.3, 68.3, 70.1.
74.9, 84.1, 113.9, 114.7, 128.8, 129.8, 130.3, 134.1, 137.9, 145.1, 155.3.
159.5, 212.3. ' ' '

Ketone 19 (P,=H, P;,;=TBS, P,,=TES, P,=CO,Et). To a stirred
suspension of ketone 19 (P,=PMB, P, ;=TBS, P, ,=TES, P, =CO, Et)
(13.7 mg, 18 pmol) in CH,Cl, (1.8 ml) and water (180 ul) at 0 oC, was added
DDQ (12 mg, 53 umol, 3 eq.). The résulting muxture was allowed to stir at -10 oC
for 1.5 hr, then EtOH (300 ul) was added. The reaction mixture was stirred at room
temperature for 5 hrs, then was treated with Na,S,0, solution (1 ml) and NaHCO,

solution (1 ml). The mixture was extracted with EtOAc. The organic layer was
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washed with brine, dried over Na,50, then was concentrated under reduce
pressure. The crude product was subjected to flash chromatography (95:5 Hex-
EtOAc) to afford 10 mg (83 %) of ketone19 (P,=H, P, 3;=TBS, P, ,~=TES,
P,=CO,Et) as acolorless oil. 'H (CDCl;, 500 MHz, VR-2-166-3) & 0.07 (3H,
s, DMS), 0.08 (3H, s, DMS), 0.56 (6H, q, }=8.0 Hz, TES-CH,), 0.92 (9H, t,
J=8.0 Hz, TES-CH,), 0.96 (9H, s, tBu), 1.09 (3H, s, 17-Me), 1.14-1.20 (1H,
m, H¢), 1.31 (3H, t, J=7.0 Hz, CO,Et-CH;), 1.40 (3H, s, 19-Me), 1.42-1.49
(1H, m, Hg), 1.55 (3H, s, 16-Me), 1.71 (1H, dd, J=12.5, 4.5 Hz, Hy), 1.83
(3H, d, J=0.5 Hz, 18-Me), 1.89 (1H, dd, J=14.9, 6.0 Hz, H,,,), 2.03 (1H, dd,
J= 8.8, 4.3 Hz, Hy), 1.99-2.12 (2H, m, Hy), 2.21 (1H, ddd, J=14.9, 8.8, 8.7
Hz, Hy4), 2.50 (1H, dd, J=12.5, 11.5 Hz, Hy,), 2.80 (4, 1H, J=10.5 Hz, 2-
OH), 4.20 (2H, dq, J=7.0, 2.0 Hz, CO,Et-CH,), 4.40 (1H, broad dd, J=8.8, 6.0
Hz, H,3), 4.47 (1H, dd, J=11.5, 4.5 Hz. H,,), 4.55 (1H, dd, J=10.5, 4.3 Hz,
H,), 4.92 (1H, dd, J=10.0, 1.8 Hz, H.(), 4.98 (1H, dd, J=17.0, 1.8 Hz, H,,),
5.28 (1H, d, J=8.5 Hz, H4), 5.73 (1H. dddd, J=17.0, 10.0, 6.5, 6.5 Hz, H,,);
13C (CDCl3, 125 MHz, VR-2-166-3) 8§ -5.0, -4.2, 4.9, 6.8, 14.2, 15.2, 16.2,
18.2, 26.0, 27.7, 28.0, 28.3, 30.6, 37.0, 47.3, 54.6, 54.8, 64.0, 66.2, 67.8,
70.3, 83.6, 114.8, 135.2, 137.7, 144.3, 155.3, 217.3.

Ketone 20 (P,=PMB). To a solutionof 1.5g (4.23 mmol) of 15 (P,=PMB,
P; o=H) in 10 ml of DMF at 0°C was slowly added 2.07 g (5.55 mmol) of PDC
(in three portions). The temperature was then allowed to rise at room temperature.

After 2h, the mixture was poured into 10 mi of water and extracted with 3x50 ml of
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ethyl acetate. The combined organic layers were dried over Na,SO, and
concentrated. Flash chromatography (hexane/ethyl acetate 7:3) gave 1.48 g (99%)
of the ketone 20 (P,=PMB) as a pale yellow solid. 'H NMR (500MHz, CDCl,),
5 (ppm): 1.05 (s, 3H, 16Me), 1.16 (s, 3H, 17Me), 1.61 (dt, J =2.3, 1.7, 1.7Hz,
3H, 18Me), 2.04 (ddq, J=17.5, 2.8, 2.3Hz, 1H, H14p), 2.06 (m, 1H, HI1), 2.09
(dddd, J =13.6, 11.3, 9, 2Hz, 1H, HS8p), 2.37 (ddd, J =13.6, 10.7, 1.7Hz, 1H,
H8a), 2.42 (ddd, J=19.2, 9, 1.7Hz, 1H, H9p), 2.46 (ddg, J=17.5, 3.4, 1.7Hz,
1H, H14a), 2.67 (ddd, J=19.2, 11.3, 10.7Hz, 1H, H9%), 3.14 (d, J =2Hz, 1H,
3-OH), 3.81 (s, 3H, OMe), 4.00 (d, J =6.2Hz, 1H, H2pB), 4.42 (d, J =10.7Hz,
1H, Hb), 4.65 (d, J=10.7Hz, 1H, Ha), 5.40 (m, J=1.7Hz, 1H, H13), 6.89 (d, J
=8.5Hz, 2H, H2"), 7.28 (d, /=8.5Hz, 2H, H1’); 13C NMR (100MHz, CDCl,), 3
(ppm): 21.7, 22.0, 25.1, 25.4, 37.2, 41.1, 41.2, 49.1, 55.2, 69.9, 72.5, 83.9,
88.4, 113.8, 121.6, 129.3, 130.2, 136.5, 159.3, 218.6.

Alkene 22 (P,=PMB, P, ,=TES). To a mixture of 170 mg (0.47 mmol) of
the above ketone 20 (P,=PMB) in 3.8 ml of ether at 0°C was slowly added 955
ul (0.95 mmol) of a 1M solution of LAH in ether. After 2h, 1ml of water, 1 ml of a
1M aqueous solution of NaOH and 2 ml of water were added successively and the
mixture was stirred for 3h at room temperature then filtered on celite, dried over
Na,SO, and concentrated. Flash chromatography (hexane/ethyl acetate 7:3)
afforded 155 mg (91 %) of 10-B-hydroxy compound. 'H NMR (S00MHz,
CDCl,), & (ppm): 1.25 (s, 3H, 17Me), 1.31 (s, 3H, 16Me), 1.81 (m, J =2.2,
1.5Hz, 3H, 18Me), 1.85 (dd, J =5.9, 5.5Hz, 1H, H1), 1.97 (m, 1H, H9p), 2.00
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(m, J =10.3, 1.8Hz, 1H, H8p), 2.00 (m, J =18Hz, 1H, H14p), 2.13 (m, 1H,
H8a), 2.26 (dd, /=94, 2.2Hz, 1H, H%a), 2.36 (dq, /=8, 1.8Hz, 1H, Hl4a),
3.00 (br, 1H, 3-OH), 3.81 (s, 3H, OMe), 3.90 (d, J=5.9Hz, 1H, H28), 4.33 (d,
J=11.4Hz, 1H, Hb), 4.57 (d, J=11.4Hz, 1H, Ha), 4.84 (dd, J=9.4, 8.4Hz, 1H,
H10a), 5.44 (m, J =1.5Hz, 1H, H13), 6.87 (d, J=8.8Hz, 2H, H2’), 7.26 (d, J
=8.8Hz, 2H, HYI’).

To a mixture of 98 mg (0.27 mmol) of the above diol in 93 mg (1.36 mmol)
of imidazole and 2.7 ml of DMF was added 92 pl (0.55 mmol) of TESCI, the
resulting mixture was stirrred at room temperature for 14h. After addition of 3 ml

of methanol, the mixture was concentrated, diluted with 10 ml of hexane and
filtered. The organic layer was concentrated to give after flash chromatography
(hexane:ethyl acetate 9:1) 126 mg (98 %) of pure 10-B-protected alkene 22
(P,=PMB, P, =TES) as a colorless oil. 'H NMR (500MHz, CDCl,), 3 (ppm):
0.59 (q, J=8Hz, 6H, CH, 10-TES), 0.95 (t, J=8Hz, 9H, CH; 10-TES), 1.20 (s,
3H, 17Me), 1.25 (s, 3H, 16Me), 1.77 (td, J=2.2, 2.2, 1.6Hz, 3H, 18Me), 1.81
(dd, J =6.1, 5.8Hz, 1H, H1), 1.90 (m, 1H, H9B), 1.97 (m, J =18.2Hz, 1H,
H148), 2.00 (m, 1H, H8p), 2.08 (ddd, J=14.1, 7.4, 1Hz, 1H, H8u), 2.15 (ddd,
J=14.1, 9.3, 3.5Hz, 1H, H9), 2.32 (dd, J =18.2, 3.2Hz, 1H, H14a), 2.94 (d,
J=1.3Hz, 1H, 3-OH), 3.78 (s, 3H, OMe), 3.86 (d, J =6.1Hz, 1H, H2B), 4.31
(d, J =11.2Hz, 1H, Hb), 4.55 (d, J =11.2Hz, 1H, Ha), 4.79 (dd, J =9.3, 9Hz,
1H, H10a), 5.37 (ddq, J =3.5, 3.2, 1.6Hz, 1H, H13), 6.85 (d, J =8.6Hz, 2H,
H2%), 7.24 (d, J =8.6Hz, 2H, HI’); 13C NMR (100MHz, CDCl;), & (ppm): 5.2,
6.9, 22.8, 23.2, 25.6, 27.0, 34.0, 40.2, 40.3, 51.0, 55.2, 65.7, 67.9, 72.1,
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85.8, 88.7, 113.7, 122.1, 129.1, 130.7, 139.9, 159.1.

Ketone 24 (P,=PMB, P, (=TES, P,3;=H). To a mixture of 70 mg (0.15
mmol) of the above alcohol 22 (P,=PMB, P,(=TES) in 686 ul of
dichloromethane was added 177 ul’(0.6 mmol) of Ti(O1Pr),, the resulting solution
was stirred for 15 min at room temperature and 77ul (0.752 mmol) of BuOOH
was introduced. After 1h30 at room temperature, 500 pl (excess) of
dimethylsulfide was added and the mixture was refluxed for 14h. The solvents
were removed under reduced pressure and the residue was dissolved in 5 ml of
ethyl acetate and 300 ul of water.. After stirring for 3h at room temperature, the
muixture was dried over Na, SOy, filtered through a cake of celite and concentrated.
A plug chromatography (hexane/ethyl acetate 7:3) led to 77.8 mg (100%) of ketone
24 (P,=PMB, P,,=TES, P;3;=H) as a colorless oil. 'H NMR (400MHz,
CDCly), & (ppm): 0.58 (q, J =8.1Hz, 6H, CH, 10-TES), 0.95 (t, J=8.1Hz, 3H,
CH; 10-TES), 0.99 (s, 3H, 17Me), 1.59 (s, 3H, 16Me), 1.67 (d, J =1.8Hz, 3H,
18Me), 1.85 (ddd, J =13.9, 6, 3.3Hz, 1H, H9a), 1.94 (m, J =6.6, 2.6Hz, 1H,
H8«a), 2.04 (dd, J =7.3, 3.3Hz, 1H, H1), 2.20 (ddd, J =14.3, 7.7, 3.3Hz, 1H,
H8P), 2.21 (dd, J =15.8, 3.3Hz, 1H, Hl4a), 2.29 (m, 1H, HIB), 2.62 (ddd, J
=15.8, 10.5, 7.3Hz, 1H, H14B), 3.80 (s, 3H, OMe), 4.07 (dd, J =10.5, 1.8Hz,
1H, H13p), 4.25 (d, J=11.4Hz, 1H, Hb), 4.37 (d, J=3.3Hz, 1H, H2p), 4.37 (d,
J =11.4Hz, 1H, Ha), 4.75 (dd, J =10.3, 6Hz, 1H, H10a), 6.86 (d, J =8.8Hz,
2H, H2%), 7.22 (d, J=8.8Hz, 2H, H1").
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Ketone 24 (P,=PMB, P, (=TES, P,,=TBS). To a solution of 143 mg (0.3
mmol) of crude ketone 24 (P,=PMB, P; o=TES, P, ;=H) in 2 ml of pyridine
at -25°C was slowly added 134 pl (0.6 mmol) of TBSOTf. The mixture was then
stirred at -10°C for 3h, dilute by 20ml of hexane. quenched by addition of 1 ml of
methanol and concentrated. The residue was dissolved in 20 ml of hexane and
washed by 3ml of a saturated aqueous solution of NaHCO;. The aqueous layer
was extracted by 10 ml of dichloromethane and 10 ml of ethyl acetate. The
combined organic layers were dried over Na,SO4 and concentrated. Flash
chromatography (hexane/ethyl acetate 9:1) afforded 178.3 mg (100 %) of ketone
24 (P,=PMB, P, ,=TES, P,;=TBS). 'H NMR (400MHz. CDCl,), & (ppm):
0.05 (s, 3H, CH; 13-TBS), 0.09 (s, 3H, CH, 13-TBS), 0.57 (g, J =7.8Hz, 6H.
CH, 10-TES), 0.95 (t, J =7.8Hz, 9H. CH; 10-TES), 0.96 (s, 9H, (CHj3); 13-
TBS), 1.04 (s, 3H, 17Me), 1.59 (s, 3H. 16Me), 1.60 (d, J =1.1Hz, 3H, 18Me),
1.83 (ddd, J =13.7, 6.6, 3.4Hz, 1H. H%«). 1.94 (m, J =15.8Hz, 1H, H14p),
1.98 (dd, J=7.4, 3Hz, 1H, Hl), 2.16 (dd. J =14, 3.4Hz, 1H, H8B), 2.22 (m,
1H, H8a), 2.25 (dd, J =15.8, 3.8Hz. 1H. Hl4a), 2.27 (m, J =7Hz, 1H, H9p),
3.80 (s, 3H, OMe), 4.17 (d, J =11.5Hz. 1H, Hb), 4.33 (d, J=3Hz, 1H, H2p),
4.38 (d, J =11.5Hz, 1H, Ha), 4.42 (m, J =9.1. [.1Hz, 1H, H13B), 4.77 (dd, J
=10.8, 6.6Hz, 1H, H10a), 6.84 (d, /=8.6Hz, 2H. H2'), 7.23 (d, J=8.6Hz, 2H,
H1).

Ketone 26 (P2=PMB, P9=H). To a cooled solution of ketone 2 0 (866 mg,
2.4 mmol)in 24 ml of THF and 1.7 ml (9.73 mmol) of HMPA at -10°C was added
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9.73 ml (9.73 mmol) of a 1M solution of LIHMDS in THE The mixture was
stirred for 1h then cooled to -78°C and 1ml (6.08 mmol) of a solution of TESCI
was added. The resulting mixture was stirred for 1h at -78°C and poured into 100
ml of hexane. The organic layer was then washed by 20ml of a saturated aqueous
solution of NaHCO; followed by 20 ml of brine. The combined aqueous layers
were extracted by 50 ml of hexane. Thic viguuic iuyer mvus diied vres s 0T 4 wn
concentrated to give 1.87g of crude compound as a yellow oil (3,10 bis TES enol-
ether). 'H NMR (500MHz, CDCl,), & (ppm): 0.46 (q. J =7.6Hz, 6H, CH, TES),
0.72 (q. J =7.6Hz, 6H, CH, TES), 0.83 (1, J =7.6Hz, 9H. CH, TES), 0.94 (s,
3H, 16Me), 1.00 (1, J =7.6Hz, 9H, CH; TES), 1.17 (s, 3H, 17Me), 1.67 (m, J
=1.6, 1.8Hz, 3H, 18Me), 1.96 (m. 2H, H14p-H1), 2.28 (m, J =16.7. 1.8Hz,
lH, Hl4a), 2.30 (dd, J =16, 2.1Hz, 1H, H8), 2.41 (dd, J =16, 2.5Hz, 1H, HS8),
3.81 (s, 3H, OMe), 3.82 (dd, J=5.2. 0.9Hz, 1H, H2p), 4.26 (d, J=10.8Hz, 1H.
Hb). 4.38 (d, /J=10.8Hz. 1H, Ha). 4.45 (dd. J =2.5. 2.1Hz, 1H, H9), 5.17 (m,
1H, H13). 6.86 (d, /=8.7Hz, 2H, H2'"). 7.27 (d. J=8.7Hz. 2H. H1).

To a muixture of crude (1.87 ¢) and 613 mg (7.3 mmol) of NaHCO, in 50
ml of hexane was added at 0°C 900 mg (3.6 mmol) of mCPBA. The mixture was
stirred at 0°C for 4h and diluted by 100 ml of hexane. The organic laver was
washed twice with 50 ml! ¢f 2 caturated solution of NaHCO3/Na,S,0; (1:1), dried
over Na,SO, and concentrated. .

To a solution of the above crude in 10 ml of THF at 0°C was added 12 ml

(12 mmol) of a 1M solution of TBAF in THE The resulting solution was stirred

for 1h at room temperature. The mixture was diluted with 100 ml of ethyl acetate,




CA 02302699 2000-03-07

WO 99/08986 PCT/US98/17315

58

washed with 20 ml of a saturated aqueous solution of NaHCO;, 20 ml of brine,
dried over Na,SO, and concentrated. A flash chromatography (hexane/ethyl acetate
1:1) led to 690 mg (76% over 3 steps) of ketone 26 ( P,=PMB, Py=H). 'H
NMR (300MHz, CDCl;), & (ppm): 0.99 (s, 3H, 16Me), 1.16 (s, 3H, 17Me), 1.69
(m, J =1.8Hz, 3H, 18Me), 2.07 (m, J =2.3Hz, 1H, H14p), 2.09 (m, 1H, H1).
2.33 (dd, J=15.8, 1.8Hz, 1H, H8«), 2.44 (ddd, J =15.8, 7, 1.8Hz, 1H. H&B),
2.48 (m, 1H, Hl4a), 2.91 (br, 1H, 9-OH), 2.35 (br, 1H, 3-OH), 3.81 (s, 3H.
OMe), 4.01 (d, J=5.9Hz, 1H, H2p), 4.02 (m, 1H, H9p), 4.42 (d, J =11.2Hz,
1H, Hb), 4.64. (d, J=11.2Hz, 1H, Ha), 5.45 (m, 1H, H13), 6.90 (d, J =8.3Hz,
2H, H2’), 7.29 (d, J=8.3Hz, 2H, H1’).

Ketone 26 (P,=PMB, Py=TES). To a solution of 718 mg (1.26 mmol) of
crude above ketone 26 (P,=PMB, Py=H) in 13.5 ml of dichloromethane and 2
ml (14.13 mmol) of triethylamine at 0°C was slowly added a catalytic amount of
DMAP and 710 pl (4.2 mmol) of TESCI. The mixture was stirred under nitrogen
for 1h. Afteraddition of 3 ml of methanol, the resulting mixture was stirred for 15
min at room temperature and concentrated. The crude was dissolved in 100 ml of
hexane and the salts were filtered. The organic layer was then dried over Na,S0O,
and concentrated to give after flash chromatography (hexane/ethyl acetate 8:2) 604
mg (88% over 2 steps) of ketone 26 (P,=PMB, P,=TES) as a colorless oil. |H
NMR (500MHz, CDC13), 5 (ppm): 0.60 (q, J =8Hz, 6H, CH, 9-TES), 0.95 (s,
3H, 16Me), 0.98 (t, J =8Hz, 9H, CH; 9-TES), 1.30 (s, 3H, 17Me), 1.67 (td, J
=2.2, 2.2, 1.3Hz, 3H, 18Me), 2.20 (m, J=6.1Hz, 1H, H1), 2.22 (ddq, J=14.2,
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3.2, 2.2Hz, 1H, H14p), 2.31 (dd, J =15.3, 2.2Hz, 1H, H8a), 2.42 (ddd, J
=15.3, 7.7, 1.3Hz, 1H, H8p), 247 (ddq, J=14.2, 3.5, 2.2Hz, 1H, Hl4a), 3.10
(br, 1H, 3-OH), 3.80 (s, 3H, OMe), 3.95 (d, J =6.1Hz, 1H, H2p), 4.05 (dd, J
=7.7, 2.2Hz, 1H, H9B), 4.37 (d, J =11.2Hz, 1H, Hb), 4.67 (d, J=11.2Hz, 1H.
Ha), 5.40 (ddq, J =3.5, 3.2, 1.3Hz, 1H, H13), 6.86 (d, J =8.6Hz, 2H, H2’).
7.28 (d, J=8.6Hz, 2H, H1").

Triol 27 (P,=PMB, P¢=P, =H). To a mixture of 590 mg (1.58 mmol) of
3,9-dihydroxyketone 26 in 20 ml of ether at 0°C was slowly added 2.4 ml (2.4
mmol)of a IM sol-ution of lithiumaluminiumhydride in ether. After 2h, the reaction
was quenched by addition of 3 ml of water, 3 ml of a 1M solution of NaOH and 6
ml of water. The resulting solution was stirred for 2h at room temperature and
diluted with 100 ml of ethyl acetate. After filtration through a cake of celite the

organic layer was dried over Na,SO, and concentrated to give 530 mg (90%) of

triol 27 as a colorless oil.

Alkene 27 (P,=PMB, Py=TES, P, ,=H). To a solution of 530 mg (1.41
mmol) of the above triol 27 (P,=PMB, Pg¢=P,,=H) in 26 ml of
dichloromethane and 2 ml (14.13 mmol) of triethylamine at 0°C was slowly added
a catalytic amount of DMAP and 355 pul (2.11 mmol) of TESCL. The mixture was
stirred under nitrogen for 1h. After addition of 5 mi of methanol, the resulting
mixture was stirred for 15 min at room temperature then concentrated. The crude

was dissolved in 150 mi of hexane and filtered. The organic layer was concentrated
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to give after flash chromatography (hexane/ethyl acetate 8:2) 649 mg (94%) of diol
27 (P,=PMB, Py=TES, P, ,=H) as white solid. m.p. 90-92°C; 'H NMR
(400MHz, CDCl3), 8§ (ppm): 0.59 (q, / =8.1Hz, 6H, CH, 9-TES), 0.96 (t, J
=8.1Hz, 9H, CH; 9-TES), 1.15 (s, 3H, 16Me), 1.21 (s, 3H, 17Me), 1.59 (br s,
lH, 10-OH), 1.78 (t, J =5.7Hz, 1H, HI). 1.81 (dt, J =2.4, 1.9, 1.9Hz, 3H,
18Me), 1.97 (ddq, J =18.2, 3.4, 2.4Hz, 1H, H14p), 1.99 (dd, J =14.8, 6.3Hz,
IH, H8a), 2.28 (dd, /=14.8, 9.1Hz, 1H, H8), 2.32 (ddq, J=18.2, 3.4, 1.9Hz,
1H, H14a), 3.00 (brs, 1H, 3-OH), 3.79 (s, 3H. OMe), 3.81 (d, J=5.7Hz, 1H,
H2B), 4.29 (d, J =11Hz, 1H, Hb), 4.40 (ddd, J =9.1. 7.7, 6.3Hz, 1H, H9p),
4.45 (t, J=7.7Hz, 1H, H10a), 4.54 (d, J =11Hz, 1H. Ha), 5.40 (m, J =3.4Hz,
IH, HI3), 6.85 (d, J=8.6Hz, 2H, H2’), 7.26 (d. J =8.6Hz, 2H, H1").

Ketone 28 (P,=PMB, P, =TES, P,4=H, P,3;=H). To a solution of 400
mg (0.83 mmol) of the above dio] 27 (P,=PMB, P¢=TES, Pio=H) in 5 mlof
dichloromethane at 0°C was added 987 ul (3.31 mmol) of T1(O1Pr),, after 30 min,
425 ul (4.15 mmol) of BuOOH was added. The resulting mixture was stirred for
4h at 0°C and 1.24 ml (16.6 mmol) of dimethylsulfide was introduceded and the

resulting mixture was stirred at room temperature for 14h. The mixture was
concentrated and the crude residue was dissolved in 200 ml of THE 3 ml of water

was added and after 3h, the mixture was dried over Na,SQ,, filtered and

concentrated to give 496.4 mg of crude compound 28 (P,=PMB, Py=TES,

P, o=H, P, 3=H) as a colorless oil.
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Ketone 28 (P2=PMB, P,=TES, P, =H, P,;=TBS). To a solution of
496.4 mg of crude ketone 28 (P,=PMB, Py=TES, P;=H, P,;=H) in 3.3
ml of pyridine at -45°C was added 420 pl (1.82 mmol) of TBSOTY. The reaction
was stirred at -10°C for 2h, diluted with 20 ml of hexane. quenched by addition of
500ul of methanol and stirred for 30 min. The volatils were concentrated and the
residue was dissolved in 20 ml of hexane and filtered. The organic layer was
concentrated to lead after flash chromatography (hexane/ethyl acetate 9:1) to 450
mg (89% over 2 steps) of pure ketone 28 (P2=PMB, Po=TES, P,,=H,
P, 3=TBS) as apale yellow solid. m.p. 64-66°C; 'H NMR (500MHz, CDCly), 8
(ppm): 0.06 (s, 3H, CH; 13-TBS), 0.10 (s, 3H, CH; 13-TBS), 0.58 (q, J
=7/.9Hz, 6H, CH, 9-TES), 0.95 (t, J =7.9Hz, 9H, CH; 9-TES), 0.96 (s, 9H,
(CHj3); 13-TBS), 1.10 (s, 3H, 17Me), 1.52 (s, 3H. 16Me), 1.70 (d, J =1.1Hz,
3H, 18Me), 1.98 (dd, J =7.3, 2.9Hz, 1H, H1), 2.04 (dd, J =16.9, 4.4Hz, 1H,
H8B), 2.07 (d, J=2.3Hz, 1H, 10-OH). 2.26 (dd, J =14.9, 5.7Hz, 1H. H14c),
2.30 (dd, /=14.9, 7.3Hz, 1H, H14p), 2.35 (dd, J=16.9. 12Hz, 1H, H8«a), 3.80
(s, 3H, OMe), 4.16 (d, J =2.9Hz, 1H. H2p), 4.24 (d, J =12Hz, 1H, Hb), 4.39
(ddd, J =12, 8.8, 4.4Hz, 1H, H9p), 4.44 (d, J =12Hz. 1H, Ha), 4.46 (m, 1H,
H13p), 4.55 (dd, /=8.8, 2.3Hz, 1H, H10a), 6.86 (d. J=8.6Hz, 2H, H2’), 7.22
(d, /=8.6Hz, 2H, H1"); !3C NMR (100MHz. CDCl;), 8 (ppm): -5.1, -4.2, 4.9,
6.7, 15.9, 18.1, 21.4, 22.3, 25.4, 25.7, 41.1, 48.4, 48.9, 55.2, 69.9, 72.4,
76.5, 84.6, 86.9, 113.7, 121.1, 128.3, 130.2, 136.8. 159.2, 216.2.

Ketone 28 (P2=PMB, Py=TMS, P, ,=TES, P, 3=TBS). To asolution of
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218 mg (0.35 mmol) of ketone 2 8 (P2=PMB, Py=TES, P, ,=H, P, ,=TBS)
in 6.4 ml THF at -78°C was added 92 ul (0.53 mmol) HMPA and 530 rl (0.53
mmol) of a 1M solution of LIHMDS in THE The mixture was stirred at -20°C for
lh and cooled to -78°C. 148yl (1.06 mmol) of triethylamine and 90 ul (0.7 mmol)
of TMSC1 were successively added. After 30 min, the mixture was diluted with 20
ml of hexane, washed by 10 ml of a 1:1 aqueous solution of NaHCO; and brine.
The aqueous layer was extracted by 20 ml of a solution of ‘hexane/ethyl acetate
(8:2), the combined organic layers were dried over Na,SO0, and concentrated. After
flash chromatography (hexane/ethyl acetate 9:1), 207 mg (93%) of ketone 28
(P2=PMB, Py,=TMS, P, =TES, P, ;=TBS) was obtained as a colorless oil
'"H NMR (400MHz, C¢Dg), 5 (ppm): 0.04 (s, 3H, CH, 13-TBS), 0.13 (s, 9H,
CH; 9-TMS), 0.14 (s, 3H, CH; 13-TBS), 0.68 (q, J=8.1Hz, 6H, CH, 10-TES),
1.04 (t, J =8.1Hz, 9H, CH,; 10-TES), 1.08 (s, 9H, (CH;); 13-TBS), 1.10 (s,
3H, 17Me), 1.64 (s, 3H, 16Me), 1.'89 (s, 3H, 18Me), 2.08 (dd, J =8.1, 2.9Hz.
IH, HI), 2.15 (dd, /=16.9, 4.4Hz, 1H, H8p), 2.40 (ddd. J=14.7, 10.3, 8.1Hz,
1H, H14), 2.63 (dd, J =16.9, 11.7Hz, 1H, H8«), 2.75 (dd, J=14.7, 5.5Hz,
IH, Hl4a), 3.29 (s, 3H, OMe), 4.18 (d, J =11.7Hz, 1H, Hb), 4.30 (d, J
=2.9Hz, 1H, H2p), 4.48 (ddd, J =11.7, 8.4, 4.4Hz. 1H, H9B), 4.49 (d, J
=11.7Hz, 1H, Ha), 4.55 (dd, J =10.3, 5.5Hz, 1H, H13p), 4.75 (d, J =8.4Hz,
1H, H10a), 6.76 (d, J=8.4Hz, 2H, H2"), 7.18 (d, J =8.6Hz. 2H, H1’).

Ketone 29 (P,=PMB, P,=TMS, P, ,=TES, P,3=TBS). To asolution of
103 mg (0.15 mmol) of ketone 28 (P,=PMB, Py=TMS, P, ,=TES,
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P, $=TBS) in 5 ml of THF and 94 pl (1.5 mmol) of methyliodide at -78°C was
slowly added 3 ml (1.5 mmol) of a 0.5M solution of KHMDS in THE The
reaction mixture was stirred for 4h at -78°C and diluted by addition of 50 ml of
hexane and extracted by 10 ml of a saturated aqueous solution of NaHCO,. The
organic layer was dried over Na,ZS’O4 and concentrated to afford 105.4 mg(100%)
of B19-methyl ketone 29 (P,=PMB, P,=TMS, P, =TES, P, ,=TBS) as a
colorless oil. '"H NMR (500MHz, CsD¢). & (ppm): 0.04 (s, 3H, CH, 13-TBS),
0.14 (s, 3H, CH; 13-TBS), 0.22 (s, 9H. CH, 9-TMS), 0.75 (q, J=8.1Hz, 6H.
CH, 10-TES), 1.04 (t, J =8.1Hz, 9H. CH, 10-TES), 1.07 (d, J =7.4Hz 3H,
19Me), 1.09 (s, 9H, (CH,;); 13-TBS), 1.11 (s, 3H. 1'7Me), 1.65 (s, 3H, 16Me),
1.88 (s, 3H, 18Me), 2.12 (dd, J =8.1. 3.1Hz, 1H, H1), 2.36 (ddd, J =14.2.
10.1, 8.1Hz, 1H, HI14p), 2.45 (dd. J =10.9, 7.4Hz, 1H, H8«), 2.79 (dd, J
=14.2, 5.5Hz, 1H, Hl4a), 3.28 (s, 3H, OMe), 4.07 (d, J =11.1Hz, 1H, Hb),
4.24 (dd, J =10.9, 8.1Hz, 1H. H9B), 4.28 (d, J=3.1Hz, 1H, H2B), 4.45 (d, J
=11.1Hz, 1H, Ha), 4.54 (dd, J=10.1, 5Hz. IH, H13p), 4.73 (d, J =8.1Hz, 1H.
H10ae), 6.80 (d, J =8.6Hz, 2H, H2'), 7.29 (d, J =8.6Hz, 2H, H1’); 13C NMR
(100MHz, CDCl,) & (ppm): -5.1, -4.1, 4.8. 6.8, 14.9, 18.1, 19.0, 25.9, 26.6,

28.1, 29.4, 29.7, 37.1, 41.2. 45.5, 53.0, 55.2, 67.1, 69.8, 70.6, 935.5, 113.7,
129.3, 130.4, 137.1, 137.5, 159.1, 210.2.

Ketone 29 (P,=H, P,=TMS, P, ,=TES, P, ,=TBS). To a mixture of 1.07
g (1.5 mmol) of ketone 29 (P,=PMB, P,=TMS, P, =TES, P, ,;=TBS) in
137.5 ml of dichloromethane/water (9:1) at0°C was added 1.03 g (4.5 mmol) of
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DDQ. The resulting mixture was stirred at 0°C for 4h then diluted by 20 ml of ethyl
acetate and washed by 3x50 ml of a 1:1 solution of NaHCO3/Na2$203. The
combined aqueous layers were extracted by 100 ml of ethyl acetate. The organic
layer was dried over Na,SO, and concentrated to afford 1.04 g of the crude ketone
29 (P,=H, Py=TMS, P, ,=TES, P, ,=TBS) as a colorless oil. 'H NMR
(400MHz, C,D,), & (ppm): 0.008 (s, 3H, CH, 13-TBS), 0.09 (s, 3H, CH, 13-
TBS), 0.18 (s, 9H, CH, 9-TMS), 0.68 (9. /=7.9Hz, 6H, CH, 10-TES), 1.01 (t,
J =7.9Hz, 9H, CH, 10-TES), 1.04 (s, 3H, 17Me), 1.05 (d. J =7.3Hz, 3H,
19Me), 1.06 (s, 9H, (CH3)3 13-TBS), 1.57 (s, 3H, 16Me), 1.79 (s, 3H, 18Me),
2.00 (dd, J=7.5, 3.7Hz, 1H, H1), 2.13 (dd, J =15.3, 4.9Hz, 1H, Hl4a), 2.26
(ddd, J=15.3, 10.4, 7.5Hz, 1H, H14p), 2.47 (dq. /=11, 7.3Hz, 1H, H8«a), 3.45
(d, J =7.9Hz, 1H, 2-OH), 4.22 (dd, J =11, 8.6Hz. 1H. H9B), 4.40 (dd, J=10.4,
4.9Hz, 1H, H13p), 446 (dd, J =7.9, 3.7Hz. 1H, H28), 4.66 (d, J=8.6Hz. 1H.
H10a).

Ketone 29 (P,=Py,=TMS, P, ,=TES, P, ;=TBS). To a solution of 1.04 ¢
of crude 29 (P,=H, Py=TMS, P, .=TES, P, ,=TBS) in 10 ml! of pyridine
was added a catalytic amount of DMAP and at -10°C 420 nl (3.3 mmol) of TMSCI.
After 1h of reaction at 0°C, the mixture was diluted by 100ml of hexane and
washed twice with 20 ml of a saturated aqueous solution of N aHCO,. The organic
layer was then dried over Na,SO, and concentrated. After flash chromatography
(hexane/ethyl acetate 99.5:0.5), 856 mg (86% over 2 steps) of ketone 29
(P,=Py=TMS, P, .=TES, P, ;=TBS) was obtained as a yellow oil. 'H NMR
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(S00MHz, C¢Dy). 8 (ppm): 0.03 (s, 3H, CH, 13-TBS), 0.13 (s, 3H. CH, 13-
TBS), 0.15 (s, 9H, CH; 2-TMS), 0.24 (s, 9H, CH, 9-TMS), 0.72 (dq, J =7.9.
2.7Hz, 6H, CH, 10-TES), 1.04 (1, J =7.9Hz, 9H, CH; 10-TES), 1.05 (s, 9H.
(CHj); 13-TBS), 1.12 (s, 3H, 17Me), 1.19 (d, J =7.3Hz, 3H, 19Me), 1.72 (s,
3H, 16Me), 1.86 (d, J =1.2Hz, 3H, 18Me), 1.89 (dd, J=8.2, 3.4Hz, 1H, H1),
2.30 (ddd, J =14.6, 10.3, 8.2Hz, 1H, H14p), 2.44 (dq, J =10.7, 7.3Hz, 1H.
H8«), 2.68 (dd, J =14.6, 5.5Hz, 1H, Hl4a), 4.35 (dd, J =107, 8.9Hz. lH,
H9p), 4.54 (ddd. J =10.4, 5.5, 1.2Hz. 1H. H13p). 4.66 (d, J=3.4Hz, 1H, H2p).
4.72 (d, J =8.9Hz, 1H, H10w).

In view of the above, it will be seen that the
several objects of the invention are achieved.
As various changes could be made in the above

compositions without departing from the scope of the
invention, it is intended that all matter contained in

the above description be interpreted as illustrative and

not in a limiting sense.
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What is claimed is:
1. A process for the preparation of a composition
having the formula:

O 5

the process comprising treating a compound having the
formula: '

with a base and a silylating agent.

2. The process of claim 1 wherein the base is

selected from the group consisting of hydride bases and
amide bases.

3. The process of claim 1 wherein the base is
selected from the group consisting of potassium hydride
and potassium hexamethyldisilazide.

4. The process of claim 1 wherein the silylating
agent is a tri (hydrocarbyl)silyl halide.

5. The process of claim 1 wherein the silylating
agent 1s a trialkylsilyl halide, said alkyl groups
containing from one to four carbon atoms.
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6. The process of claim 1 wherein the silylating

agent 1s triethylsilyl chloride.

7. The process of claim 1 wherein the base is
selected from the group consisting of hydride bases and
amide bases and the silylating agent is a trialkylsilyl
halide, said alkyl groups containing from one to four

carbon atoms.

. 8. The process of claim 1 wherein the base is
selected from the group consisting of potassium hydride
and potassium hexamethyldisilazide and the silylating

agent 1s triethylsilyl chloride.

9. A process for the preparation of a compound

having the formula:

; OH
2 13

O

the process comprising treating a compound having the

formula:

Q

ap
° 12

with an alkyl metal species or with a Lewis acid in the
presence of a tertiary amine base, wherein P, is hydrogen

or a hydroxyl protecting group.
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10. The process of claim 9 wherein the compound
having the formula:

Q

o
2 12

1s reacted with an alkyl metal species.

11. The process of claim 10 wherein the alkyl metal
specles is tert-butyllithium.

12. The process of claim 9 wherein the compound
having the formula:

©)

0P
? 12

18 reacted with a Lewis acid.

13. The process of claim 12 wherein the Lewis acid
1s TMSOTE.

14. The process of claim 2 wherein the tertiary
amine base is triethyl amine.

15. The process of claim 9 wherein the compound
having the formula:
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(o)

OP, 12
1s treated with an alkyllithium species.
The process of claim 9 wherein the compound

16.
having the formula:

OoP, 12

is reacted with TMSOTf in the presence of triethylamine.

17. A process for the preparation of a compound

having the formula:
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with a Lewis acid in the presence of a tertiary amine

base, wherein P, is hydrogen or a hydroxy protecting
group.

18. The process of claim 17 wherein the Lewis acid
is TMSOTE.

19. The process of claim 17 wherein the tertiary
amine base is triethyl amine.

20. The process of claim 17 wherein the Lewis acid
is TMSOTf and the tertiary amine base is triethylamine.

21. A compound selected from the group consisting
of:




WO 99/08986

P130Hu'

P130Huo

CA
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P130nu-

p130||ln
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P1aouu»

28

P 1 30Illl-

wherein P,, P,, P,, P,, and P,, are independently
selected from hydrogen and hydroxy protecting group.
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