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?:I “ ~ Synthesis of Taxol and its derivatives.

This invention was made with Cove*nme 1L support
under NIK Grant #CA 42031 awarded by the National

Instituces ©f Health. The United Statas Govermmentc has
certain rights in the invention.

BACKGROUND OF THE INVENTION

The present invention is dirscted to a procsss
for the synthesis of taxol and other tricyclic and
tecracyclic taxanes and novel intermediates thersof.

The taxane family of terpenes, of which taxol
is a member, has attracted considerable intersst in both
the biological and chemical arts. Taxol is a promising
cancer chemotherapeutic agent with a broad spectrum of
antileukemic and tumor-inhibiting actiwvity. Taxol has
the following structurs: .

' CgHgCONH f

CgHg

ottt

wherein Ac is acetyl.
The supply of taxol is presentlv being provided
by the bark from Taxus brevifollia (Western Yew).
However, taxol is found only in minute quantities in the
bark of these slow growing evergresens. Consegquencly,
chemists in recent years have expended their energiss i

s}

trylng to find a2 viable synthetic rouce for the
preparation of taxol. To dacs, the rasults have nct been
entirely satisfacrcory.
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A semi-synthetic approach to the preparacicn of
taxol has been described by Graene, ec al. in JACS 11
5917 (1988), and involwves the use of & congener of
-10-deacecvl baccatin III which has tha structure of
formula II shown balow: '

"10-deacetyl baccatin III is more readily available than
taxol since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al.,
lO—deaéetyl baccatin III (*10-DAB") is converted to taxol
by attachment of the C-10 acetyl group and by attachment
of the C-13 B~-amido ester side chain through the
esterification of the C-13 alcohol with a R-amido
carboxylic acid unit.

Denis et al. in U.S, Patent No. 4,924,011
disclose another process for preparing derivatives Gf
baccatin III or of 10-deacetylbaccatinIII of general
formula

v
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in which R’ denotes hydrogen or acetyl. As reported, an
acid of general formula:

CCH4) ;CACONH
CgHs

in which R, is & hvdroxy-protecting group, is condensed
with a taxane derivative of general formula: )

A-0 g GOH
/)

cviL)
HO -~

in which R, is an acetyl hydroxy-protecting group and R;
is a2 hydroxy-protecting group, and the protecting groups
R,, R, and, where aporopriate, R, are then replaced by
hydrogen. '
Other semisynthetic approaches for the
preparation of taxol and for the preparation of other
taxanes which possess tumor-inhibiting properties have
been reported in recent years, but each of these
aporoaches requires 10-DAB or baccatin III as a starcing
material. As such, the supply of taxol and cther taxane
derivatives remains dependent at least to some extent
upon the collection of various parts of plancs from the



femoca corners of the world and the extraction of 10-DAB

and/or baccatin III therefrom.

SUMMMRY OF THE INVENTION
_ Among the objects of the prssent invention,
therefore, is the provision of a process for the '
svnthesis of taxol and other tetracyclic taxanes; the
provision of such a2 process which is highly
iastereoselective; the provision of such a process which
proceeds in relatively high vield; and the provision of
key intermediates and processes for their preparation.
Briefly, therefore, the present invention is
directed to a process for the preparation of taxol and
other tricyclic and tetracyclic taxanes.
' . In accordance with one aspect of the present
invention, the process comprisaes reacting a compound
having .the formula

p 130lllll

with BrMgN(iPr),, an aldehvyde (or ketone), followed by
phosgene and an alcohol to form a compound having the
formula:



wherein

R, is hydrogen or protected hydroxy:; R, is
hydrogen or protected hydroxy:;

R; is oxo;

_ Ry, is hydrogen, alkyl, cvano, hydroxy,
prdtected hydroxy, or -OCOR,;;

R, and R;; are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl or hetercaryl;

Ry 1s hydrogen, protected hvdéroxy, or oxo;

Ry, is -OPq; - - '
is -OP,;;

Ry; is hyvdrogen, alkyl, alkenyl, alkynyvl,
alkoxy, aryloxy, -NXX;o, =SX.. mbnocyclic arvl or
monocyclic heteroaryl; '

Xs is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or hetercaryl;

) X0 is alkyl, alkenyl, alkynyl, aryl, or
heterocaryl:; and

2

P, and P;, are hydroxy protecting groups.

. In accordance with another aspect of the

present invention, the process comprises reacting a
compound having the formula



P 450




with lithium tetramethylpiperidide to form a compound
having the formula: '

P1 EOIHH

-8

whereain .
R, is hvdrogen or protected hyvdroxy;
Rye 1s hydrogen, alkyl, alkenyl, alkvoyl, arvl
‘or heteroazyl;
' Ry is hydrogen, protected hydroxy., or oxo; and
Py and P,; are hydroxy protecting. groups.
In accordance with another aspect of the
prasent invention, the process comprises reacting a
compound having the formula:

P 130“”!

with lithium tetramethylpiperidide and camphosulfonyl
oxaziridine to form a compound having the formule:



wherein Ry is hydrogen, protected hydroxy, or oxo; R,. is
hydrogen, alkyl, alkenyl, alkynyl, aryl or heterocaryl;
and Py and P,; are hydroxy protecting groups.

| In accordance with anocther aspect of the
present invention, the process comprises reacting a
compound having the formula:

with a hydride reducing agent, preferably Red-Al, to form
2 compound having the formula:

9130nm
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.In accordance with another aspect of the
present invention, the process comprises rsacting a
compound having the formula:

[~ 1 3Oluu

‘with lithium diisopropylamide to form a compound having
the formula:

£, 40

wherein R 1is lower alkyl, R, is hydrogen, protected
hydroxy or R, and R; together form a carbonate, R, is
hydrogen, protected hydroxy or R, and R, together form a
carbonate, Ry is hydrogen, protected hydroxy, or oxo; and
Py and P,; are hydroxy protecting groups.

In accordance with another aspect of the

present invention, the process comprises reacting a
compound having the formula:
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wherein _

R, is hydrogen, hvdroxy, protected hvdroxy or
-OCORy,, O together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxa,
or -OCOR;;, or together with R, is a carbonate;

R, is hydrogen, alkyl, hydroxy, or protected
hydroxy, or together with R, is a carbonate;
T " Ry is hydroxymethylene;

Ry is -OMs, -OTs or a bromide;

R;, is hydrogen, protected hydroxy, or -OCOR,,,
or together with R, is a carbonate;

R, is hydrogen, oxeo, hydroxy, protected hydroxy,
or -OCOR;;, or together with R,, or R,, is a carbonate;

Rs is hydrogen, oxo, hydroxy, protected
hydroxy, or -QCOR,,, or together with R, is a carbonate;



i1 -

Py is & hvdroxy protscting group;

Rsg, Rjg, Rz, Payj, and R;; are independently
hvdrogen, alkvl, alkenvl, alkynvl, alkoxy, arvloxy,
-NX.X.., =-SX,., monocyclic arvl or monocyclic heterocarvl:

X, is hvdrogen, alkyl, alkenvl, alkynvl, arvi,
or heteroaryl:; and '

X0 1s alkyl, alkenyl,.alkynyl, aryl, or
hetercarvl.

In accordance with another aspect of the
present invention, the process comprises reacting a
‘compound having the formula:

R

R s

4b R4a

with KOtBu and (PhSe0),0 to form a compound having the
formula:

.Q

which rearranges in the presence of additional KOtBu,
silica gel, or other acids or bases, or with heat to a
compound having the formula:



wheresin

R, is hydrogen, hydroxy, protected hydroxy, or
-QCOR;o, oOr together with R, is a carbonate;

R; is hydrogen, protected hydroxy, or -OCOR;.,
or together with R; or R,, is a carbonate;

R, is hvdrogen, alkyl, hvdroxy, protectsd
hydroxy, or -OCOR,;, together with R, is an oxo, or
together with R,, R, Or R; is a carbonate;

Ry is hydrogen, alkyvl, alkenyl, zlkvavl, arvi,
heateroaryl, or cyano, together with R,, is an oxo,
together with R,, or R; is a carbonate, or together with Rg
and the carbons to which thev ars attached form an
oxetane ring;

Rs; is hydrogen, protected hydroxy, -OCOR,;;,
together with R,, or Ry is a carbonate, or together with
Ry and the carbons to which they are attached form an
oxetane ring;

R,, is hydrogen, halogen, protected hydroxy, or
-OCOR,, ;

) P;; is 2 hydroxy protecting group;

Ry2, Ryer Ry, Ry, and Ry; are independently
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, arvloxy,
~NXoX.p, =SK;. monocyclic aryl or monocyclic heteroaryl;

Xy is hydrogén, alkyl, alkenyl, alkynyvl, aryl,
heterocaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
aryl or heteroaryl; and
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Xio 1s alkyl, alkenvl, alkvnvl, arvl,

4

heteroaryvl, or heterosubstitcuted alkyl, alksnvl alkynyi
arvl or heterocarvl. '

' In general, the process of the present
invention may be used to prepare taxanes having the

formula:

12r——\ 1Q =

§13uu|<: 155 17
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(1)

wherein

R, is hydrogen, hydroxy, protected hvdroxy, or
-OCORy; :

R, is hydrogen, hydroxy, -OCOR;;, Or OXO;

R, is hvdrogen, alkyl, alkenyl, alkymyl, aryl,
heterocaryl, cvano, hydroxy, -OCOR,;, or together with R,
forms an oxo, oxirane or methylene; .

Ry is hydrogen, together with R,, forms an oxo,
oxirane or methylene, or together with Ry and the carbon
atoms to which they are attached form an oxetane ring;

R; is hydrogen, halogen, hydroxy, protected
hydroxy, -OCOR;;, oxo, or together with R,, and the carbon
atoms to which they are attached form an oxetane ring;

R; is hydrogen, alkyl, alkenyl, alkynvl, aryl,
or heteroaryl, hydroxy, protected hvdroxy or together
~with R,, forms an oxo;

R;, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heceroaryl, hydroxy, protected hydroxy or together
with R; forms an oxo;

R,, 1s hydrogen. halogen, hydroxy, protected
hydroxy, -OCOR,,, 0ox0, or =-OR,;
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_ Ry 1s hvdrogen, hydroxy, protected hydzoxy,
acyloxy, or oxo; _'
Ry¢ Ls hydrogen, -OCCOR,,, hydroxys, protscted
hvdroxy, Or oxo;
R,; is hydroxy, protected hydroxy, MO- or
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Rys is hydrogen, alkyl, alkenvl, alkvnvl, aryl,
or heterocaryl; _ _

" Rus 18 hydrogen,-alkyl, alkenvl, alkynyl, aryl,
or heteroaryl, hydroxy, protected hydroxy or together
with R, forms a carbonate;

R;s 1s a functional group which increases the
solubility of the taxane;

Ryss Ry, Ryg, Ry, Ry, and Ry; are indegendeatly
hydrogen, alkyl, alkenyl, alkynyl, monocyclic aryl or
monocvclic heteroaryl;

' X, is -0%, -SX;,. or -NX %;;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heterocarvl;

¥, and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, arvl, or hetercaryl; _

Xs is -COX,p, -COOXy, -COSX,;, -CONX¢Xio,
or -50,X,:; |

Xs is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heterocaryl, hydroxy protecﬁing group, or a functional
group which increases the water solubility of the taxane
derivative;

X, is alkyl, alkenyl, alkynyl, aryl, heterocarvl,
or sulfhydryl protecting group;

) Xy is hydrogen, alkyl, alkenyl, alkynvl, arvl,
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
arvl or heterocarvl;

¥X; is an amino protecting group;

X is alkyl, alkenyl, alkynyl, aryl.
heteroaryl, or heterosubstituted alkvl, alkenyl alkynyl,
arvl or heteroarvl;

' X,, is alkyl, alkenyl, alkynyl, arvyl,
heterocaryl, -0X,,, or =N¥.X,,: '



X4 13 hvdrogen, alkvl, alkenvl, alkvn
or hetaroarvl; and
M comprises ammonium or is a mecal.



The present invencion is additionally dirscted
to an incermediate for use ia ths2 praparation of a
tri cvc‘:.c or t:=l:racvc71.c taxane having the formula:

wherein

R, is hvdrogen, hydroxy, protected hydroxy or
-0COR,,, or together with R, is a carbonate;

R, is hydrogen, hyarcxv, protacted hydroxy, oxo,
or -OCORn, or together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy,
-0COR;,, or oxo;

Re is hvdrogen, alkyl, alkenyl, alkymyl, aryl or
hetersarvl;

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -QCOR;;, or together with R,, is a carbonats

Rio is hydrogen, hydroxy, protected hydroxy,
oxo, or -OCOR,;, or together with R, is a carbonate;

Ry is hydrogen, hvdroxy, protectad hvdroxy,
-0OCOR,s or MO-;

Rys» Ry, Ry, Rya, Ry, and Ry ars independently
hydrogen, alkyl, alkenyl, alkynvl, alkoxy, arvioxy,
-NXgXig, -5X.q, monocyclic arvl or monocvclic hetsroaryl;

Xy 1s hvdrogen, alkyl, alkenvl, alkvayl, azvl,
or heteroaryvl;

Xip is alkvl, alkenvl, alkvovl, azvl, cr
hetarcaryl; and

M comprises ammonium or is a mecal.
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The prasent invention is further directed to an
intermediate f£or use in the preparation of a tricyclic or
tetracvclic taxane having the formula:

wherein
, Ry is hvdrogen, hydroxy, protected hydroxy or
-QCOR,q, ©OT together with R, is a carbonate;

R; is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;, Or together with R, is a carbonate; '

R; is hydrogen, hvdroxy, protected hydroxy,
-OCOR;,;, Or oxo, or together with R,, is a carbonate;

Ry is hydrogen, alkyl, cyano, hydroxy,
protectad hydroxy, or -OCOR,,, or together with R, or R, is
a carbonate; _

Ry and Ry are'independently hydérogen, alkyl,
alkenyl, alkynyl, aryl or heterocaryl; :

' Ry is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;;, or together with R, or R,, is a carbonate;

'Rm is hydrogen, hydroxy, protected hydroxy,
oxo, or -0COR,;, or together with R, is a carbonate;

R;; is hydrogen, hydroxy, protected hydroxy,
-0COR;g or MO-;

Rys, Ryes Ry, Rya. Ryys Ry 2nd Ry are
independently hydrogen, alkyl: alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX,3, -SX,,, monocyclic aryl or monocyclic
heteroaryl;



X, is hydrogen, alkyl, alkenyl, alkynyl, ar

<
.._-

or hetercarsvl:;

X,y is alkvl, alkenyl, alkynyl, arcyl, or
hecercaryl; and

M comprises ammonium or is a metal.

The invention is further directed to an
intermediate for use in the preparation of a tricyclic or

tetracyclic taxane having the formula:

R

14

wherein

R, is hydrogen, hydroxy, protected hydroxy or
-OCOR,, Or together with R, is a carbonate;

R; i1s hvdrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;,, Oor together with R, is & carbonate; _

R; is hydrogen, hydroxy, protected hydroxy, or
~OCOR;; _

Ry is hydrogen, alkyl, cvano, hydroxy,

protected hydroxy, or -OCOR,;:

R;e 1s hydrogen, alkyl, alkenvl, alkynvl, arvl
or heterocaryl:; '

Ry is hydrogen, hvdroxy, protected hvdroxy, oxo,
or -QOCOR,,, or together with R,; is a carbonate;

Ry i1s hydrogen, hydroxy, protected hydroxy.
ox0, or -Q0COR,,, or together wich R, is a carbonate;
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Ris 1s hvdrogen, hydroxy, protectsd hydroxy,
-OCOR,s or MO-;
Rzg; Rgo: P‘!t.' R;z, R, R;;, and R35 ara

3o
.

1dependently hvdrogen, alkvl, alkeavl, alkyavl, alkoxy,

arvloxy, -NXX,;, -S%X,,, monocyclic aryl or monocyclic
hetercaryl; ' '

Xs is hydrogen, alkyl, alkenyl, alkvnvl, arvl,
or heteroaryl;

X,o 1s alkyl, alkenyl, alkynyl, arvl, or
heterocaryl; and

M comprises ammonium or is a metal.

The present invention is further directed to an |
intermediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

wherain

R is C, - G, alkyl, :

R; is hydrogen, hydroxy, protected hydroxy or
-0OCOR;o, ©x together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;, together with R, is a carbonate, or together
with R, is a carbonate;

R,, is hydrogen, alkvl, hydroxy, protected
hydroxy, or -OCOR;;, or together with R, is a carbonate;

R,, is hydrogen, halogen, hvdroxy, protected
hydroxy, -ORy, -OCOR,,, or together with R, is a
carbonate;



R. is hydrogen, oxo, hvdroxy, protacted hydroxy,
-OR,,, Or =-CCOR,,, or together with R,, or R,, is a
carbonatca; _

R, 1s hydrogen, oxo, hydroxy. protscced
hydroxy, -OR,s, or =-OCOR,;, Oor togsther with R; is a
carbonate; _

Ry is hydrogen,_hydroxy, procected hydroxy,
-QCOR;5 or MO-;

Rys is a functional group which increases the
solubilitcy of the taxane derivative;

Rirs Ry Rygr Ry Ry Ry, and Ryg are
independently hwvdregen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXX,, -SX,,, monocyclic aryl or monocyclic
hetercaryl: .

X, is hydrogen, alkyl, alkenvl, alkynyl, arvyl,
or héteroaryl;

. X, is alkyl, alkenyl, alkvovl, arvl, or
hetercarvl; and '

M comprises ammonium or is 2 metal.

The iavention is further directed to an
intarmediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

Rao

13

28

wherain
R, is hydrogen, hvdroxy, protected hydrows or
-0COR,,, Or tagether with R, is a carbonats;
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R, is hydrogen, hydroxy., protected hydroxy, oxo,
or -QCOR;,, or together with R, or R,, i1s a carbonate;

R,, 1s hydérogen, alkyl, hvdroxy, protcected
hydroxy, or -OCQOR,,, together with R, 1s an oxo, Or
together with Ry, Ry, Or Ry is a carbonate;

| Ry, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or cvano, together with R,, is an oxo,
rtogether with R,, or Rg is a carbonate, or together with R
and the carbons to which they are attached form an
oxetane ring; | '

' Rs is hydrogen, hydroxy. protected hydroxy,
-OCOR,,, oxo, together with R,, or Ry is & carbomate, or
together with R, and the carbons to which they are
attached form an oxetane ring;

R, is hydrogen, halogen, hydroxy, protected
hydroxy, -OR,, or -OCOR,,, or together with R, is a
carbonate;

R, is hydrogen, oxo, hydroxy, protected hydroxy,
~OR,q, Or -OCOR,;, or together with R,, oFr Ry is a
carbonate;

R,y is hydrogen, oxo, hydroxy, protected
hydroxy. -OR;, oOr. -OCOR,,, or together with R, is a
carbonate; - :

RQ is nydrogen, hydroxy, protected hydroxy,
~OCOR,g, MO- or

R,y is a functional group which increases the
solubility of the taxane derivative;
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sz_r ‘Ra2ss Ryo, Ry, Ry, Rys and R;, are independéntly
hydrogen, alkyl, alkenyl, alkvnyl, alkoxy., arvloxy, -

NX X, =-S%iq. monocycli; aryl or monccvclic heceroéryl;

X, is -0¥X;, -3%,, or -NXX,;

X, is hydrogen, alkyl, alkenyl, alkynyl, arvi,
or hetercarvl;

X, and X, are independently hydrogen, alkvl,
alkenyl, alkynyl, aryl, or hetercarvl;

X is -COX‘O, -CO0X,4, -COSX,q, =CONX X,q.
or -S0.X,,; .

X, is hydrogen, alkyl, alkenyl, alkvayl, a=zvl,
hetercaryl, hvdroxy protecting group, or a functional
group which incrsases the water solubility of the taxane
derivative; ' '

X, is alkyl, alkenyl, alkymyl, arvl, hetsroaryl,-
or sulfhydryl protecting group;

. Xy is hydrogen, alkyvl, alkenyl, alkvayl, aryl,
_or heteroaryl; | '

%y is an amino protecting group:

Xy is alkyl, alkenyl, alkvuyl, arvl, or
hetercarvl;

X, is alkyl, alkenyl, alkyuvyl, arzvl,
heterocaryvl, -0X,,, or ~NXX,,;

or heteroarvl; and

M comprises ammonium or is a metal.

Other objects and featurss of this invention
will be in parc apparent and in part pointed out
hereinafcer.

DETAILED DESCRIPTION OF THE PREFEZRED EMBODIMENTS

2s used herein "Ar" means arvl; "Ph" means
phenyl; "Me" means methyl; “Et* means ethvl; "iPr* means
isopropyl; "tBu® and "t-Bu* means tert-bucvl; "B" means
lower alkyl unless otherwise defined; "Ac" means acstyl;

"pv" means pyridine; “TES* means criechylsilyl; “TMS"



- 24 -

means trimechyl-silyl; “TBS* means Me,t-BuSi-; “TE£" means
-50.CF,; "BMDA" means BrMgNiPr,; “Swern" means (COCl),,
Et,N; “LTMP" means lithium tecramethyvlpiperidide; *MOP"
means 2-methoxy-2-propvl; “BOM" means benzvloxymethyl;
"LDA" means lithium diisopropvlamide; "LAE" means lithium
aluminum hydride; "Red-Al" means sodium bis(2-
methoxyethoxy) aluminum hydride; "Ms" means CH;S0,-;
*TASF" means tris({diethylamino)sulfonium-
difluorotrimethylsilicate; *"Ts" means toluenesulfonyl;
"TBAF" means tetrabutyl ammonium hydride; "TPAP" means
tetrapropyl-ammonium perruthenate; "DBU" means
diazabicycloundecane; "DMAP* means p-dimethylamino
pyridine; *LEHMDS" means lithium hexamethyldisilazide;
"DMF" means dimethylformamide; "AIBN* means azo-(bis)-
isobutyronitrile; "10-DAB" means l0-desacetylbaccatin
III; "FAR" means 2-chloro-1,1,2-trifluorotriethylamine:
*mCPBA" means metachloroperbenzoic acid; “DDQ* means
dicyanodichloroquinone; *sulfhydryl protecting group*
includes, but is not limited to, hemithiocacetals such as
l-ethoxyethyl and methoxymethyl, thioesters, or
thiocarbonates; "amine protecting group" includes, but is
not limited to, carbamaces, for example,
2,2,2-trichlordethylcarbamate or tertbutylcarbamate;
*protected hydroxy* means -OP wherein P is a hydroxy
protecting group; and *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, benzvl, p-methoxybenzyl,
p-nitrobenzyl, allyl, trityl, methoxymethyl,
methoxyethoxymethyl, ethoxyethyl, tetrahydropyranyl,
tectrahydrothiopyranyl, and trialkylsilyl echers such as
trimethylsilyl ether, triethylsilyl ether,
dimethylarylsilyl echer, triisopropvlsilyl ether and
t-butyldimethylsilyl ether; estaers such as benzoyl,
acetvl, phenylacetyl, formyl, mono-, di-, and
trihaloacetyvl such as chlorocacstvl, dichlorocacecyl,



trichloroacetyl, :riflucro—acetyl; and carbonates -
including buc not limited to alkyl carbonates haviang £
one to six carbon atdms.such as methyl, ethyl, n-propvl,
isopropvl, n-butvl, t-butvl; isobutyl, and n-pencvl;
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-chlorcethyvl;
alkenyl carbonates havini from two to six carbon atoms
such as vinvl and allyl; cycloalkyl carbonates having
from three to six carbon atoms such as cyélopropyl,
cvclabutyl, cyclopentvl and cyvclohexyl; and phenyl or
benzyl carbonatses optionally substituted on the ring with
one or more C,  alkoxy, or nitro. Other hydroxyl, '
sulfhydryl -and amine protecting groupé may be found in
"Protective Groups in Organic Svnthesis* by T. W. Greene,
John Wiley and Sons, 1981.

The alkyvl groups described herein are
prefsrably lower alkyl containing from one to six carbon
atoms in the principal chain and up to 15 carbon atoms.
They may be straight or branched chain and include
methyl, ethyl, propvl, isopropyl, butyl, hexyl and the
like. Thev may be hydrocarbon or heterosubstitutad with
the various substituents defined hersin, including
heterocalkyl, alkenyl, heterocalkenvl, alkvnyl,
hetercalkynyl, arvl, heteroarvl, and heterosubstituted
heterocaryl.

The alkenvl groups described herein ars
preferably lower alkenvl containing from two to six
c;rbon actoms in the principal chain and up to 1S5 carbon
acoms. They may be scraight or branched chain aad
include ethenyl, propenvl, isopropenvl., butenvl,
isobutenvl, hexenyl, and the like. They mav be
hydrocarbon or hsterosubstitucad with the various
substituents defined herein, iacluding alkvl,
heteroalkyl, hetercalkenyl, alkvnyl, hetercalkynyl, arvl,
heteroaryl, and heterosubstizuced hacerocarvl.
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The alkynyl grcups_déscribed herein are
prefarably lower alkynyl containing from two to six
carbon atoms in the principal chain and up to 15 carboen
atoms. They may be straight or branched chain and
include echynyl, propynyl, butynyl, iscobutynyl, hexynyl,
and the like. They may be hydrocarbon or '
heterosubstituted with the various substituents defined
herein, including alkyl, heterocalkyl, alkenyl,
heteroalkenyl, hetercalkynyl,'aryl, hetercarvl, and
heterosubstituted hetercaryl.

_ The aryl moieties described herein contain from
6 to 15 carbon atoms and include phenyl. They may be
hydro-carbon or heterosubstituted with the #arious
substituents defined herein, including alkyl,
.héteroalkyl, alkenyl, hetercalkenyl, alkymyl,
hetercalkynyl, heteroaryl, and heterosubstituted
heterocaryl. Phenyi is the more preferred aryl. _

The heterocaryl moieties described herein
contain from 5 to 15 atoms and include, furyl, thienyl,
pPyridyl and the like. They may be hydrocarbon or
heterosubstituted with the various substituents defined
herein, including alkyl, heterocalkyl, alkenyl,
heteroalkenyl, alkynyl, hetercalkynyi, arvl, and
heterosubstituted heterocaryl.

The acyl moieties described herein contain
alkyl, alkehyl, alkynyl, aryl or hetercaryl groups.

) . The alkoxycarbonyloxy moieties described herein
comprise lower alkyl, alkenyl, alkynyl or aryl groups.

The hydrocarbon substituents described herein
may be alkyl, alkeﬁyl, alkynyl, or aryl, and the hetero-
substituents of the heterosubstituted alkyl, alkenyl,
alkynyl, aryl, and heteroaryl moieties described herein
contain nitrogen, Ooxygen, sulfur, halogens and/or one to
six carbons, and include lower alkoxy such as methoxy,
ethoxy, butoxy, halogen such as chloro or fluoro, and
nicro, heﬁeroaryl such as furyvl or thienyl, alkanoxy,



hydroxy, protactad hydraoxy, acvl, acvloxy, nitro, amina,

and amido.

An examplarv svnthesis of baccatin III or 10-

2 elow in Reaction Scheme X. The
starting material, diol 2, can be prapared from patchino
(commonly known as B-patchouline epoxide) which is
commercially available. - The pacchind is first reacted
with an organo-metallic, such as lithium t-butyl followed
by oxidation with an organic peroxide; such as k-
butylperoxide in the presence of titanium
tetraiscpropoxide to form a tertiary alcchol. The
tertiary alcohol is then reacted with a Lewis acid, such
as boron trifluoride at low temperaturs, in the range
from 40°C to -100°C; in the prasence of an acid, such as
trifluoromethane sulfonic acid. 2 graéhical depiction of
this reaction scheme along with an experimental writs-up
for the preparation of diocl 2 can be found in U.S. Patent
No. ¢,876,399.
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Reaction Scheme 2
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TASF
AcQ
HOU Hzlﬂd HOm
It P,=80M
335 37
Baccatin

a 1) a. LHMOS, fglactam
b. HF, pyridine
2) H,/Pd
it P,=BOM
TAXQL

In Reaction Scheme A, P, is TMS, P, is MOP or BOM, P, is
TES, P;; is TBS, and R is ethyl in compounds 6 and 7,
methyl in compounds 15, 16, and 17, Ms in compounds 24aa
and 26a, and Ts in compound 26aa. It should be
understood, however, that Ps, P;, Py, and P,; may be other
hydroxy protecting groups and R mey comprise other lower
alkyl substituents in compounds 6, 7, 15, 16 and 17.

Reaction Scheme A may be varied between
compounds 18 and 29 as set forth below in Reaction Scheme
A', with the reactions leading to compound 18 and

following compound 29 being ‘as set forth in Reaction
Scheme A.
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AczO. py, OMABR

In Reaction Scheme &', P; is ™S or Ac, P, is
MOP or BOM, P, is TES, P,; is TBS and Py is acstal or
katal, preferably acetonide. It should be understoad,
however, that Ps, P;, Py, and P,; and Py, may be cther
hyvdroxy protecting groups.

In general, tricyclic and tstracvclic taxanes
bearing Cl3 side chains may be obtained by reacting a
B-lactam with alkoxides having the taxane tricyclic or
tetracyclic nucleus and a C-13 metallic oxide substicuent
to form compounds having a R-amido ester substituent at

C-13. The B-lactams have the following structural
formula:



wherein X, ~ X, are as defined ahave. The alkoxides
having the tricyclic or tatracyclic taxane nucleus and a
C-13 metallic oxide or ammonium oxide substituent have
the following structural formula:

19
\
1

R13nlll 11 13

14 1 7<R6
4 S Rea

wherein R;,, R;, Re: Ry, Rg: Rg, Reor Riar Ry, and Ry, are as
previously defined, R,; is -OM and M comprises ammonium or
'is a2 metal optionally selected from Group IA, IIA,
transition (including lanthanides and actinides), IIB,
ITIA IVA, VA, or VIA metals (CAS version). If M
comprises ammonium, it is preferably tetraalkylammonium
and the alkyl component of the tetraalkylammonium
substituent is preferably C, - C,, alkyl such as methyvl or
butyl. Most preferably, the alkoxide has the tetracyclic
taxane nucleus and corresponds to the structural formula:



MQan

wherein M, R,, R, R.., R,. and R, are as praviously
defined. _

As set forth in Rsaction Scheme A, taxcl may be
prepared by converting 7-procected Baccatin III 35 to the
corrasponding alkoxide and reacting the alkoxide with 2
B-lactam in which X, is protected hydroxy, X, is phenyl
and X; is benzoyl. Protecting groups such as 2-
methoxypropvl ("MOP“), l-ethoxyethyl ("EE") are
preferrad, but a variecy of other.standard protecting
groups such as the triethylsilyl group or other tiialkyl
(or aryl) silyl groups may be used. Taxanes having
alternative side chain Substitutes may be prepared
through the use of B-lactams which comprise the
alternative substituents.

Taxanes having alternative C9 substituencs may
be prepared by sslectively reducing the C9 keto :
substituent of taxol, 10-DAB, Baccatin III or one of the
other intermediatas disclosed herein to yiesld the
corresponding C9 PB-hvdroxy derivative. The reducing
agent is preferably a borohvdride and, most preferably,
tetrabutylammoniumboro-hvéride (Bu,NBH,) or
triacetoxyborohydride. |

As illustratsed in Reaction Scheme 1, tne
reaction of baccatin III with Bu/N3¥, in mechylene
chloride yields 9-dssoxo-9B-hvdroxybaccacia III S.

>

£tar
the C7 hydroxy group is protected with the triethvlsilyl
protecting group, for exampls, a suitable side chain may
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be attached to 7-protecced—93-hydroky derivative 6 as
elsewhere described herein. Removal of the remainin
protecting groups thus vields 9P-hvdroxy-desoxo taxol or
other 9f-hydroxyvtetracylic taxane having a Cl3 side |
chain. ' '

REACTION SCHEME 1

HQuo:
Bu N8H,

Alternatively, the C13 hydroxy group of 7-
protected-9f-hydroxy derivative 6 may be protected with
trimethylsilyl or other protecting group which can be
selectively removed relative to the C7 hvdroxy protecting
group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various
substituents of the taxane. For example, reaction of



7,13-procected-9fB-hydroxy derivative 7 with Ki causas the
acetate group to migrata from Cl0 to CY9 and ths hydroxy
group to migrate from C9 to Cl0, thersby y;elding'lo—
desacetyl derivative 8. Protection of the Cl0 hydroxy’
group of l0-desacecyl derivative 8 with triethylsilyl
"yields derivative 9. Selective removal of the C13
hydroxy protecting group from derivative 9 yields
derivative 10 to which a suitable side chain may be
attached as described above.



REACTION SCHEME 2

QAc

QTES

- HGQttes TMSOine-

1) TMSC!, Et.N

HE
pyriaine

As shown in Reaction Scheme 3, 1l0-oxo
derivative 1l can be provided by oxidation of 10-
desacetyl derivative 8. Thereafrer, the Cl3 hydroxy



protecting group can be selectively removed followed by
actachment of a side chain as described above to vield ¢-
acstoxy-1l0-oxo-taxol or other 9-acstoxy-l0-oxotetracviic
taxanes having a Cl3 side chain. Altarnatively, the C9
acecate group can be selactively removed bv reduccign Qf
10-0x0o derivative 11 with a rsducing agent such as
samarium diiodide to yield 9-desoxo-10-aoxo derivative 12
from which the Cl3 hydroxy protecting group can be
selectively removed followed by attachment of a sidé
chain as described above to yield 9-desoxo-10-oxo-taxol
or other 9-desoxo-l0-oxotetracylic taxanes having a Ci3
side chain.

REACTION SCHEME 3

QH

TMSQuu-
TBAP TMSQisees

TMSOue.

12

Reaction Scheme 4 illuscratas a reaction in
which 10-DAB is raduced to vield pencacl 13. The C7 and
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C1o hydroxyl groups of pentaol 13 can then be selectively
protected with the triethylisilyl or another protecting
group to produce triol 14 to which a Cl3 side chain can
be attached as described above or, alternatively,'afcer

- further modification of the tetracylic substituents.

REACTION SCHEME 4

HQun MO
Bu NBH,
CH,CI, |
Fh—q<:
Q
13 TESCI
ET,N
QTES
GTES
HQlwe.

HO §.
3 &
Pn—qs:Acde a
a
14

Taxanes having C9 and/or Cl0 acyloxy
substituents other than acetace can be prepared using 10-
DAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triechylsilyl chloride
in pyridine yields 7-protected 10-DAB 15. The C10
hydroxy substituent of 7-protected 10-DAB 15 mav then be
readily acylated with any standard aéylacing agent to



vield derivative 16 having a new Cl0 acvloxy substituent.
Selective reduction of the C9 keto subscituent of
derivativa 16 vialds 9R8-hydroxy derivative 17 to which a
'Cl3l side chain may be attached. Alternacively, the ClQ
and C9 groups can be caused to migréce as set forth in
Reaction Scheme 2, above.

REACTION SCHEME 5

HQi! TESC!
pyridine
0 .
Acylating
agent
A
OTES
HQnn 1) HF HOu
2) Bu NE8H,
3) TESCI

Taxanes having alternative C2 and/or C4 esters
can be prepared using baccatin III and 10-DAB as scartcing
materials. The C2 and/or C4 esters c¢f baccatin III and
10-DAB can be selectively reduced to the corresponding
alcohol(s) using reducing agents such as LAH or Red-Al,
and new esters can thereafrer be substituced using
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standard acylating agents such as anhydrides and acid
chlorides in combination with'an amine such as pvridine,
triethylamine, DMAP, or diisopropyl ethyl amine.
Alternatively, the C2 and/or C4 alcchols may be converted
to new C2 and/or C4 esters through formation of the
corresponding alkoxide by treatment of the alcohol with a
suitable base such as LDA followed by an acylating agent
such as an acid chloride.

Baccatin III and 10-DAB analogs having
different substituents at C2 and/or C4 can be preparad as
set forth in Reaction Schemes 6-10. To simplify the
description, 10-DAB is used as the starting material. It
should be understood, however, that baccatin III
derivatives or analogs may be produced using the same
series of reactions (except for the protection of the C1l0
hydroxy group) by simply replacing 10-DAB with baccatin
III as the starting material. 9-desoxo derivatives of
the Baccatin III and 10-DAB analogs having different
substituents at C2 and/or C4 can then be prepared by
reducing the C9 keto substituent of these analogs and
carrying out the other reactions described above.

In Reaction Scheme 6, protected 10-DAB 3 is
converted to the triol 18 with lithium aluminum hydride.
Triol 18 is then converted to the corresponding C4 ester
using Cl,CO in pyridine followed by a nucleophilic agent
(e.g., Grignard reagents or alkyllithium reagents).



Scheme 6

T™MSOHnN

T™MSQuun

TMSQly
LAH

Ci,C0
pyridine

T™MSOuI

Deprotonation of triol 18 with LDA followed by
introduction of an acid chloride selectively gives the C4
ester. For example, when acetyl chloride was used, triol
18 was converted to 1,2 diol 4 as set forth in Reaction
Scheme 7.

Triol 18 can also readily be converced to the
1.2 carbonate 19%. Acetvlation of carbonacs 19 under
vigorous standard conditions provides carbonate 21 as
described in Reaction Scheme 8; addition of alkyllithiums
or Grignard resagents to carbonate 19 provides thes C2
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ester having a free

hydroxyl group at C4 as set forth in
Reaction Scheme §. : ' ' "

Scheme 7

LOA

RzgCacC! TMSOuN

Cl.‘,CO
Byridine




As set forth in Reaction Scheme ¢, other C4
substituencs can be provided bv rsacting carbonats 19
with an acid chloride and a tertiary amine to vield
carbonate 22 wihich is then reacted with alkyllichiums or-
Grignard reagents to. providse 10-DAB derivatives having
new substituents at C2.

Scheme 9

cL,co

TMSQiun Pyridine TMSQu
R44G0CI
pyridine
DMAR
TMSOmn a
‘ Ry,bi ar TMSOuu
RjMgBr

_ Alternatively, baccatin IITI may be used as a
starting material and reacted as shown in Reaction Scheme
10. After being protected at C7 and Cl3, baccatin III is
reduced‘with LAH to produce 1,2,4,10 tetraol 24. Tetraol
24 is converted to carbonate 25 using Cl,C0 and pyvridine,
and carbonate 25 is acylated at C10 with an acid chloride
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and pyridine to produce carbanate 26 (as shown) or with
acetic anhydride and pyridine (not shown). Acetylation
of carbonate 26 under vigorous standard conditions
prdvides carbonate 27 which is then reacted with alkyl
Lithiums to provide the baccatin ITI derivatives havzng
new substituents at €2 and C10.

Scheme 10

HOt
1) TESCI, py

2) TMSCi, OMASB
Imidazole, OMF

LAH

TMSQNn Ci,Co

pyridine TMSOnII

RzSCQCl
pyridine
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™SO TMSaH

TMSOuUI

l10-desacetoxy derivatives of baccatin III and
10-desoxy desrivatives of 10-DAB may be preparsd by
reacting baccatin III or 10-DAB (or their derivatives)
with samarium diiodide. Reaction between the tetracvclic
taxane having a Cl0 leéving group and samerium diiodide
may be carried out at 0°C in a solvent such as
tetrahydrofuran. Advantageously, the samarium diiodide
selectively abstracts the Cl0 leaving group; Cl3 side
chains and other substituehcs on the tetracyclic nucleus
remain undisturbed. Thereaftsr, the C9 keto substicﬁenc
may be reduced.to provide the corrasponding 9-desoxo-9f- ’
hydroxy-l10-desacetyoxy or l0-desoxy derivatives as
otherwise described herein.
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C7 dihydro and other C7 substituted téxanes can
be prepared as set forth in Reaction Schemes 11, 12 and
1l2a.

REACTION SCHEME 11

S
/
c.
HOI NaH SCHy
CS,
CH4l
0
nauaan
A1BN (Ccgat)

toluene (reflux)

HOn
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REACTION SCHEME 12a

Q

TMSOum

1) THF

C2) HF, Pyridine, CH4CN

-As shown in Reaction Scheme 12, Baccatin IIIX
may be converted into 7-fluoro baccatin III by treatment
with FAR at room temperature in THF solution. Other
baccatin derivatives with a free C7 hydroxyl group behave
similarly. Alternatively, 7-chlaro baccatin IIT can be
prepared by treatment of baccatin III with methane
sulfonyl chloride and triethylamine in methylene chloride
solution containing an excess of triethylamine
hydrochlo:ide:
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Taxanes having C7 acvloxy substituents éan be
prepared as set forth in Reaction Scheme 12a, 7,13-
praotected l0-oxo-derivative 1l is converced to its
corresponding C1l3 alkoxide bv selectively removing the
Cl3 protecting group and replacing it with a metal such
as lithium. The alkoxide is then rsacted with a B-lactam
or other side chain precursor. Subsequent hvdrolysis of
the C7 protecting groups causes a migration of the C7
hydroxy substituent to C10, migration of the Cl0 oxo
substituent to C9, and migration of the C9 acvloxy
substituent to C7. ' '

As shown in Reaction Scheme 13, 7-0-
triethylsilyl baccatin III can be converted to a
tricyclic taxane through the action of trimethyloxonium
tetrafluoroborate in methylene chloride solution. The
product diol then rsacts with lsad tetraacetats to
provide: the corraesponding C4 kstons.
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REACTION SCHEME 13

HOIII.-

MO

The subprocesses-of Reaction scheme A can be
applied at various stages. For example, the process for
the conversion of compound 30 to compound 33 can be
applied to any intermediate having a hydroxyl group at C-
10 and two hydrogens at C-9, e.g., the process for
introducing C9 and C1l0 carbonyl and hydroxyl groups can
be applied to suitably protected intermediates 4 through
29. '

Likewise, the process for introduction of Cl
and C2 oxygen-containing functional groups (conversion of
6 to .13 in Reaction Scheme A) can be applied to any
intermediate having a C3 carbonyl group.
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Similarly, the process for introducing C2 and
C4 acyl groups as exemplified in Reaction Schemes 6
through 10 can be applied to any intermediate having a
Cl, C2 carbonate.

Also, the pfocess for forming the oxstane ring,
as exemplified in the conversion of 24a to 27a in
Reaction Scheme A, can be applied to a variety of
intermediatss having a C4.carbcnyl group.

The aldol process exsmplified in the conversion
of 5 to 6 in Reaction Scheme & can be applied to any
suitably protected intermediats having a C3 carboayl
group and & C8a hydrogen. A variety of ketones or |
aldehydes can be used as a reactant in this process.

Formation of a cyclic carbonate from any 1,2 or
1,3 diol subunit in any intermediate can be carried out
by uéing phosgene as a reactant. Carbonyl groups can be
reduced by hydride reégents or metallic species to the
corresponding alcohols. RAlcohols can be oxidized using a
variety of oxidizing agents as exemplified in the
Reaction Schemes, to the ccrreéponding carbonyl groups.

The compounds disclosed in this application
have several asymmetric carbons and may exist in
diastereomeric, racemic, or optically active forms. All
of these forms are contemplated within the scope of this
inveation. More specifically, the present invention
includes the enantiomers, diasteriomers, racemic
mixtures, and other mixtures of the compounds disclosed
herein. |

The following examples illustrate the
invention.
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EXAMPLES
REACTION SCHEME A

Tricthylsilyloxy alcohol 3 . To a solution of diol 2 (3.16 g, 13.4 mmol) and DMAP (70 mg, 0.57
mmal) in CH,Cl, (65 mL) at room temgerature was added triethylamine (3.7 mL, 26.6 mmal)
followed by dropwise additon of TESCI (2.7 mL, 16.1 mmol). After 1.75 h, the reaction mixmre -
was diluted with 150 mL of hexane, then poured into 100 mL of a saturated aqueous NaHCO,
solution and 150 mL of hexane. The organic phase was washed with two 100 mL ﬁonicns of
saturated aqueous NaHCO; soludon and with 100 mL of water, dried o§er anhydrous Na,SO,,
and concentrated under reduced pressure to give 4.88 g of crude uicxhyisilyloxy_alcoﬁo! 3. An
analytical sample was obtained by plug filtratiod through a shart pad of silica gel washing with
hexane and then eluting the pure compound 3 (P, o = TES) (colorless oil) with 5% cthyl acetate in
hexane, '

3 (Pyo = TES): 'H NMR (300 MHz, CDCl,;) & 0.61 (g, / = 7.7 Hz, 6H, TES CHjy), 0.39 (s,
3H, .'CHg 16), 0.96 (t, 7 =7.7 Hz, SH, TES CH,), 1.03 (d, / = 7.1 Hz, 3H, CH; 19), 1.07 (s,
3H,CH317), 123 (d, J = 143 Hz, IH; H2a), 1.56 (dd, J = 6.0, 6.0 Hz, 1H, HT), 1.76 (ddd,
J =350, 110, 13.7 Hz, 1H, HY), 1.90 (ddd, J = 2.2, 8.3, 15.4 Hz, 1H, H9), 1.96 (m, 1H,
Hlda), 2.37 (m, 2H, H2p, H14p), 2.51 (ddd, J = 7.7, 7.7, 10.4 Hz, 1H, Hic), 2.94 (s, 1H,
OH-3), 4.21-(dd, / = 2.2, 5.0 Hz, 1H, H10), 5.43 (dd, J = 2.8, 2.8 Hz.. 1H, H13). 13ICNMR
(75 MHz, CDCly) & (ppm) 4.8 (TES CH,), 6.7 (TES CH,), 15.02 (CH; 19), 23.0 (CH; 17),
-26.2 (CH; 18), 28.0 (CH; 16), 33.6 (C14), 41.5 (C8), 44.2 .(CZ), 45.0 (C1), 45.2 (C15), 45.8
{C9), 69.6 (CL1), 74:_9 (C10), 96.0 (C3), 123.0 .(C13), 143.7 (C12); IR (CHCl;) v 3530, 2970,
2930, 2900, 1460, 1340, 1140, 1100,.1080. 1045, 1010, 970, 915, 650 cm-l; MS (CD) 351
(M+1, 58), 333 (100), 219 (34).

Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3 (P4 = TES) in
anhydrous CH,Cl, (30 mL) at 0 *C under nitrogen was added Ti (OiPr), (13.5 mL, 43.1 mmol)
followed by dropwise addition of anhydrous 2M +-BuQOH in hexanc (18 mL, 36 mmol). After 45
min dimethylsulfide (15 mL) was added slowly over a period of 5 min. The solution was stirred

for 10 min at 0 *C, then 15 min at room temperature and then moved t0 255 "C bath where it was
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heated under reflux for 8h. The solvents were evaporated under reduced pre:;:sure.
the resulting thick syrup was dissolved in ethyi acetate (850 mL) and 3.5 mL if H,O
was added dropwise with vigorous stirring. The resulting mixture was stirred at
room temperaturé for 1h and then filtered through a pad of Celite which was further
‘washed with two portions of 100mL of ethyl acetate. Evaporatiori of the solvent
under reduced presure afforded an oil that was filtered through a short pad of silica
gel eluting eith 10% ethyl acetate in hexane to give 4.78g of pure hydrowyketone
4 (P,,=TES) (colourless oil). | |

4 (Pio=TES): 'HNMR (300 MHz, CDCly) § 0.58 (q, /= 7.7 Hz, 6H, TES CHy), 0.94 (t, / =
7.7 Hz, 12H, CHy 19, TES CH;), 0.98 (s, 3H, CH; 17), 1.31 (s, 3H, CH; 16), 1.71 (dd, / =
3.0, 115 Bz, 1H, H3), 1.85 (m, 3H, HI, H9B, H14B), 1.96 (s, 3H, CH; 18); 2.15 (d, / =
121, 18, OB-13), 222 (ddd, J = 49, 132, 159 Hz, 1H, H9a), 2.56 (dddd, J = 3.3, 7.1,
13.7, 13.7 Hz, 1H, H8a), 2.75 (dd, / = 2.2, 11.0 Hz, 1H, H2§), 2.80 (ddd, J = 4.4, 77, 1L.0
Hz, 1H, H14f), 4.10 (t. / = 11.0 HZ, 1H, H13B), 4.56 (d, /= 5.0 Hz, 1H, HI0B): 13C NMR
(75 MHz, CDCL;) § (pom) 4.3 (TES CHy), 6.5 (TES CHy), 13.4 (CH; 18), 18.4 (CH,19),
25.8 (CH; 17), 27.1 (CHj 16), 34.7 (C14), 38.2 (C15), 38.8 (C2), 4.0 (C8), 44.2 (C9), 47.8
(C1), 67.3 (C13), 69.7 (C10), 137.3 (C11), 138.3 (C12), 219.2 (C3): IR (CHCl,) v 3550,
2360, 2380, 1660, 1460, 1410, 1240, 1200, 1160, 1140, 1080, 1050, 1000, 980, 900, 810 s

MS (CD) 367 (M-'-l 2), 349 (100), 331 (S5).

Ketone 5. To a solution of hydroxyketane 4 (P10 =TES) in anhydrous pyridine (25 mL) at -23 °C
under nicogen was added dropwise TBSOTF (32 mL, 13.9 mmol). After 5 min, the flask was
moved (0 an ice bath and stirred for 1.75 h. The solution was diluted with 75 mL of hexane at 0
"C and then decanted from the insoluble oil into saturated aqucbus NaHCO; solution (200 mL).
The remaining oil was extracted with three 75 mL portions of hexane. The combined organic
phases were washed with two 50 mL portions of saturated aqueous NaHCO; solution and then
with 50 mL of water, dried over anhydrous Na,SO, and concentrated under reduced pressure.
The ycucwish aily residue was purified by fileration through a short pad of silica gel eluting with

10% cthyl acctate in hexane to give 4.78 g of purc ketone § (pm = TES, P;; =TBS) (94% yield
from 2).
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5 (P, = TES, P,3 = TBS): 'H NMR (300 Mz, CDCly) § 0.03 (5. 3H, TBS CH,), 0.05 (s,
3H, TBS CH,), 0.57 (4, J = 8.2 Hz, 6H, TES CH,), 0.93 (t, / = 8.2 Hz, 9H, TES CHj), 0.93
(s, 9H, TBS t-Bu), 0.96 (d, / = 1.8 Hz, 3H, CH; 19), 1.06 (s, 3H, CHj 17), 1.33 (s, 3H, CH,
16), 168 (dd, J = 5.5, 11.5 Hz, LH, H2a), 1.84 (m, 2H, HI, HOP), 1.89 (s, 3H, CH, 18),
1.92 (dd, J = 6.0, 14.3 Hz, 1H, Hl4a), 221 (ddd, J = 5.5, 132, 15.4 Hz, 1H, HOa), 2.39
(ddd, 7 = 8.2, 10.4, 14.3 Hz, 1H, H14p), 252 (ddd, J = 39, 7.1, 13.6 Hz, 1H, H8a), 266
(dd, J = 2.8, 11.5 Hz, 1H, H2B), 4.45 (dd, J = 5.5, 10.4 Hz, 1H, HI3B), 4.61 (d, J = 5.0 Kz,
1H, H10B); *C NMR 3 (ppm) -5.4 (TBS CHj), -4.6 (TBS CHy), 4.3 (TES CHy), 6.5 (TES
CHy), 14.1 (CH; 18), 17.9 (TBS C(CH,)y), 19.1 (CH, 19), 25.4 (CH; 17), 25.8 (TBS
C(CH;3)s). 26.8 (CH; 16), 33.5 (C14), 38.6 (C15), 39.4 (C2), 43.7 (C8), 44.4 (C9), 47.5 (CL),
67.5 (C13), 69.5 (C10), 136.8 (C11), 138.3 (C12), 213.5 (C3); IR (CHCl3) v 2950, 2900,
1680, 1460, 1420, 1395, 1365, 1250, 1200, 1110, 1080, 1000, 900, 860, 840 cm-%; MS (CD)

431 (M+i. 3), 463 (16), 349 (100), 331 (50); Anal Calcd. for C;7H4,058iy: C, 67.44; H,
'10.90. Found: C, 67.31; H, 10.78. ’

Ketocarbonate 6.  To a stirred solution of diisopropylamine (0.60 mL., 4.28 mmol) in THF (11
mL) ander nitrogen at room temperature was added 126 mlL of 2 3.1 M solution (3.89 mmol) of
-MeMgBrin ether.  After 3 h, a soludon of ketone 5§ (P, = TES, P 5 = TBS) (750 mg, 1.56
mmol) in THF (3.5 mL) was added dropwise at room temperature. .Aftcr 1.5 t;, the reaction
mixture was cooléd to.-23 °C and a solution of 4-pentenal (327 mg, 3.89 mmol) in THF (4 mL)
was added drapwise down the side of the flask. After 1 h, 10 mL of a saturated aqueous NH,Cl
solution was added. Ater 2 min, the reaction mixture was diluted with 100 mL of hexane, then
poured into 100 mL of H3O. The organic phase was washed with 100 mL of H,0 and 100 mL of
brine, and dried over anhydrous Na,SO, and concentrated under reduced pressure to give 0.92 g
of a yellow oil. To a solution of the crude mixture in CH,Cl, (10 mL) and pyridine (10 mL) under
nitrogen at -23 "C was added 2.3 mL of 4 M solution (9.36 mmol) of phosgene in toluene
dropwise and the reaction mixture was warmed o -10 *C. After 30 min, ethanol (3.7 mL) was
added and the rcsu!tipg mixture was stirred for 30 min. The reaction mixture was then diluted with

300 mL of hexane, washed with 200 mL of a saturated aqueous NaHCOj5 solution, 200 mL of a
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10 % aqueous CuSQy solution, 200 mL of H,0, 200 mL of a saturated aqueous NaHCO; solution
and 200 mL of brine, dried over anhydrous Na,SQ, and concznmated under reduced pressure to
give 1.03 g of 2 yellow solid. The crude mixmre was filtered through silica gel with 10% ethyl
acetate in hexanes to give 965 mg ::t‘ a white solid which was further purified by silica gel
chromatography eluting with 2% ethy! acetate in hexanes to yield 745 mg (75 %) of kciocarbonage
6 (P,q = TES. Py3 = TBS, R = Et) as a white solid. The product was isolated as a 6:1 ratio of
conformational isomers. The following NMR data is for the predominant conformer.

6 (Pyg = TES, P;3 ='IBS, R = Et): mp 103-104 °C; 'H NMR (500 MHz, CDCl3) & 0.08 (s,
3H, TBS CH;), 0.08 (s, 3H, TBS CH;), 0.56 (g, / = 7.8 Hz, 6H, TES CH;), 0.94 (t, J =7.3
Hz, 9H, TES CHj), 0.96 (s, 9H, TBS t-Bd), 1.08 (s, 3H, CH; 17), 1.29 (m, 1H, HS6), 1.38 (s,
3H, CH; 19), 1.42 (s, 3H, CHj 16), 1.66 (dd, J =4.6, 12.5 Hz, 1H, HSa), 1.83 (s, 3H, CH,4
18); 1.85 (dd, J = 4.5, 4.5 Hz, 1H, Hl4e), 2.05 (m, 1H, HS), 2.06 (dd, 7 = 6.4, 142 Hz, 1H,
HS), 2.47 (m, 28, HSa, HE), 3.01 (dd, J = 3.7, 12.3 Hz, 1H, H14B), 4.20 (m, 2H, H2q,
H2), 447(d, J =7.3 Hz, IH, H138), 4.50 (dd, J = 4.6, 11.4 Hz, IH, HlOﬁ), 491 (dd, 7 =
1.83, 1G.1 Hz, 1H, H20), 4.97 (dd, J = 1.8, 16.9 Hz, 1H, H20), 5.29 (dd, J = 0.9, 10.1 Bz,
1H, H7), 5.73 (dddd, / = 6.9, 6.9, 10.5, 169 Hz, 1H, H4); 13C NMR 3 (ppm) -5.3 (TBS
CH,), -4.5 (TBS CH,); 4.8 (TES CH,), 6.5 (TES CH,), 14.0 (QEt CH,), 15.5 (CH; 19), 159
(CH; 18), 18.1 (TBS C(CHj3)4), 25.8 (TBS C(CHj)s), 27.6 (CH; 17), 28.2 (CH; 16), 30.4,
30.5 (C5, C6), 34.1 (Cl14), 39.0(C13), 41.1 (C2), 47.1(C1), 47.5 (C9), 55.1 (CB), 63.8
(OE: CHz), 66.3 (C13), 68.3 (C10), 84.0 (C7), 114.8 (C20), 134.8 (C11), 138.1 (C4"), 1449
(C12), 155.7 (Ethylcarbonate C=0), 214.8 (C3); IR (CCl,) v 3000, 2950, 2900, 1770, 1700,
1490, 1390, 1280, 1140, 1100, 1030, 910, 880, 860 cml; MS (EI) 636 (M, 100), 593 (20), 538
(34), 409 (33); Anal. Calcd. for C; sHg404Si,: C, 65.99; H, 10.13. Found: C, 65.88, H, 10.17.

Hydroxyketone 7. To a stirred solution of ketocarbonate 6 (Pyq = TES, P,3 = TBS, R = Er) (4.00
g, 6.28 mmol) in THF (65 mL) under nizrogen a1 -35 "C was added 50 mL of 2 0.2 M solution (10
mmol) of LDA in THF down the side of the flask over a 10 min period. After 30 min, the reaction
mixture was coaled o -78 "C and 2.29 g of (R)-camphorylsulfanyl oxaziridine (10 mmol) in THF
(18 mlL.) was added dropwise down the side of the flask. After 30 min, the reaction

mixture was



- 62

quenched with 300 mL of a satrated aqueous NaHCO; solution and cxtrm:icd with 500 mL and
dxt;n 150 mL of 25% ethyl acetate in hexanes. The combined organic phases were washed with
brine, dried over anhydrous anSO4_ and concenmated under reducsed pressure to yield 7 g of a
waxy solid. This macerial was purified by flash chromatography, eludng with 3% ethyl acetate in
hexanes to yield 3.50 g of hydroxyketone 7 (P, = TES, P;3 = TBS, R = Et) (85%)

7 (P;o=TES, P;3 =TBS,R =Ef:: 'HNMR (500 MHz, CDCl5) § 0.01 (s, 3H, TBS CH,),
0.03 (s, 3H, TBS CHj), 0.50 (q, / = 7.8 Hz, 6H, TES CH,), 0.87 (t. / = 7.8 Hz, 9H, TES
CH;), 0.90 (s, 9H, TBS t-Bu), 1.03 (s, 3H, CH; I7), 1.25 (t, / = 7.0 Hz, 3H, OE: CH,), 135
(s, 3K, CH, 19), 1.40 (m, lH, HS), 141 (s, 3H, CH; 16), 1.66 (dd, / = 4.6, 12.8 Hz, 1H,
HSB), 1.77 (d. J = 1.4 Hz, 3H, CH; 18), 1.83 (dd, J = 6.0, 14.7 Hz, 1H, Hl4a), 1.97 (dd, J -
= 4.1, 8.5 Hz, 1H, H1), 2.02 (m, 2K, HS, HS), 2.44 (dd, J = 119, 11.9 Hz, 1H, H9a), 2.75
(d, /.= 10.5 Hz, 1H, OH-2), 4.14 (g, / = 14.2 Hz, 2H, OE: CH,), 4.35 (dd, J = 6.0, 8.7 Hz,
1H, H13), 442 (dd, J = 4.6, 11.0 Hz, 1H, K10), 4.49 (dd, J = 4.1, 10.1 Hz, 1H, H2), 4.86
(dd, J = 1.8, 10.3 Hz, 1H, H20), 4.92 (dd, J - 1.8, 16.9 Hz, 1H, H20), 5.23 (dd, J = 1.4,
10.1 Hz, 1H, HY), 5.67 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); !3CNMR 3 (ppm) -5.3
(TBS CH,), -4.3 (TBS CHy), 4.7 (TES CH,), 6.5 (TES CH,), 14.0 (CEt CH3); 15.0 (CH;4
19), 16.0 (CHj; 18), 18.0 (TBS C(CH;)s), 25.8 (TBS C'(QH3)3), 27.5, 27.8 (CH; 17), 28.1
(CH, 16), 30.4, 30.5 (C3, C6), 36.9 (C15), 47.3(C9), 54.5(Cl), 54.7 (C8), 63.9 (QOEt
CH,), 66.2 (C13), 67.8 (C10), 70.3 (C2), 83.6 (CT), 114.9 (C20), 135.4(Cl1), 137.9(C4"),
144.5 (C12), 155.6 (Ethylcarbonate C=0), 217.8 (C3); IR (CCl,) v 3600, 2950, 2900, 1750,

1700, 1660, 1470, 1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cml; MS (CI) 653 (M+1, 8),
564 (100), 431 (69), 389 (67).

Hydroxycarbonate 8. To a vigorously stirred solution of hydroxyketone 7 (Pyo = TES, Py3 =
TBS,R = Et).(2.69 g, 4.12 mmol) in toluene (117 mL) under nitrogen at -78 °C was added
dropwise down the side of the flask 85 mL of 2 0.97 M solution (82.4 mmol) of RedAl in toluene.
After 6 h at -78 °C, the solution was allowed to gradually warm to room temperature over a period
of 6 h. The mixture was recoaled to -10 *C and 125 lmL of a 2 M solution (250 mmol) of acetic

acid in THF was added dropwise down the side of the flask. The cloudy mixwre was stirred 10
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min then poured into 1200 mL of 50% czhyi acetate in hexanes and washed with 1 L of a saturated
aqueous NaHCO; solution. The aqueous phase was extracted with four 500 mL portions of ethyl
acetate and the combined organic phases were washed with brine, dried over anhydrous Na,5Q,
and concentrated under reduced prc‘ssurc to yield 2.29 g of 2,3,7-triol as 2 white solid. This
material was used withaut further punnc:mon. | :

To a vigorously strred salution of wiol (2.29 g, 3.93 mmal) in CHzCIZ (157 mL) and pyridine
(15.7 mL) under nicrogen ac -78 °C was quickly added 7.6 mL of 2 3.0 M solution (23 mmol) of
phosgene in toluene. The solution was allowed to warm t room temperacure overa pericd of 1 h
then poured into 250 mi of ethyl aczrate, washed with two 125 mL pom‘ons ofa sannim:d aqueous
NaHCO; solution and 100 mL brine, dried over anhydrous Na,SO, and conccnu-sa:g% u:gcr
reduced pressure to yield 2.52 g yellow oil. This marerial was filtered through a 2 mch[pad of .
silica gel with 50% ethyl acetatz in hexanes and conceamration under reduced pressure yielded 239
g (95% from 7) of hydroxy carbonate 8 (P,q = TES, P;3 = TBS) as a white solid.

8 (Pyg=TES, P,3 = TBS): mp 155-157°C; 'H NMR (500 MHz, CDCly) § 0.09 (s, 3H, TBS
-CH,), 0.10 (s, 3H, TBS CHj), 0.59 (g, J = 8.2 Hz, 68, TES CH,y), 0.96 (1, / = 8.2 Hz, 9H,
TES CH;y), 0.97 (s, 9H, TBS t-Bu), 1.11 (s, 38, CH, 19), 1.14 (5, 3H, CH; 17), 1.30 (s, 3H,
CH; 16), 1.39 (dd, J = 4.1, 13.3 Hz, 1H, HIB), 1.65 (m, 2H, H6, H6E), 1.99 (dd, J = 6.4,
15.1 Hz, 14, Hlda), 2.01 (d, / = .9 Hz, 3H, CH; 18), 2.04 (d, J = 3.7 Hz, IH, HI), 2.11
(ddd, J = 7.8, 15.6, 15.6 Hz, IH, HS), 2.28 (ddd, I = 9.6, 9.6, 14.2 Hz, 1H, H148), 2.34
(dd, J = 12.4, 13.3 Hz, H, H9B), 2.4l (m, 1H, HS), 3.87 (dd, J = 0.9, 10.5 Hz, IH, H7),
395 d. J = 3.7 Hz, 1H, H2), 4.59 (dd, 7 =3.7, 11.4 Hz, 1H, H10B), 4.40 (s, 1H, H3), 4.55
(dd, J = 6.4, 8.7 Hz, 1H, H13), 5.03 (d, 7 = 10.5 Hz, H, H20), 5.07 (dd, / = 1.5, 17.0 Hz,
1H, H20), 5.77 (m, 1H, H4); !3C NMR 3 (ppm) -5.4 (TBS CH;), -4.4 (TBS CH,), 4.8 (TES
CH,), 6.5 (TES CH;), 15.5 (CH; 18), 17.9 (TBS C(CHj),), 18.2 (CH; 19), 25.6 (TBS
C(CH3)3), 25.9 (CHj 16), 27.5 (CH, 17), 28.3 (C6). 28.4 (C5), 29.8 (C14), 30.8 (C19),
36.5 (C8), 36.8 (C9), 37.3, 50.8 (C1), 66.6 (C10), 67.8 (C13), 70.5 (C2), 91.9 (C3), 91.9
(CN, 116.3 (C20). 133.7 (C11), 137.9 (C4"), 142.6 (C12), 148.0 (cyclic carbonate C=0); IR
(CCl,) v 3450, 2950, 2870, 1750, 1460, 1380, 1350, 1220, 1120, 1080, 1040, 980, 900, 820,
Tl0crmrt; MS (CI) 625 (M+(-H,0, 6), S51 (11), 477 (100), 459 (12), 433 (8), 344 (90); Anal.
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Caled. for Cy3HggOsSiy: C. 64.92; H, 9.90; Found: C, 65.13; H, 9.88.

Ketocarbonate 9. To a vigorously strred solur.ibn of dimethylsulfoxide (2.41 mL, 34 mmol) in
CH,, (57 mL) under nicogen at -'_78 *C was added 8.5 mL of a 2.0 M solution (17.0 mmol) of
aoxaly! chloride in CH,Cl,. After 10 min, a solution of hymxyéarbonazc 8 (P,g =TES,Py3= '
TBS) (3.45 g, 5.67 mmol) in 16 mL CH,Cl, was added dropwise down the side of the fask.
After 30 min at -78 *C, tiethylamine (6.8 mL, 49 mmol) was added and the mixture was warmed
to room temperature. The mixture was diluted with 200 mi hexanes, washed with two 73 mL
pordons of a saturated aqueous NaHCO, solutic;n and brine, dried over anhydrous Na;50, and
conceatrated E-f%f ﬁucﬁ pressure to yield 3.45 g of a yellow .s_olid. This material was filtered
though a I,incthad of silica gel with 10% ethyl acetate in hexanes and then recrysullized from
hexanes to yield 2.62 g of ketocarbonate 9 as white crystals. The mother liquor was purified by
silica gel chromatography, eluting with 10% ethyl acstate in hexanes and then recrystailization from
hexanes o yield an additional 0.58 g of ketocarborate 9 (P, g = TES, Py3 = TBS) (total yield: 3.20
g, 93%).

9 (P,q =TES, P;5="TBS): mp 140.0-141.5°C; 'H NMR (500 MHz, CDCl3) 5 0.11 (s, 3H,
TBS CHy), 0.12 (s, 3H, TBS CH,), 0.60 (q, / = 7.8 Hz, 6H, TES CH,), 0.96 (t, / = 7.8 Hz,
9H, TES CHj), 0.98 (s, 9H, TBS t-Bu), 1.06 (s, 3H, CH; 19), 1.17 (s, 6H, CHj 16, CH3 19),
142 (dd, ] =37, 142 Hz. 1H, H9p), 1.63 (m, 2H, H6, HE), 2.12 (m, 1H, H3), 238 d,J =
0.9 Hz, 3H, CH; 18), 2.47 (dd, J = 11.4, 13.3 Hz, IH, H9a), 2.65 (d, J =82, 1H, Hl), 3.94
(dd,J = 1.4, 10.4 Hz, 1H, H7), 444 (dd, J = 3.7, 11.4 Hz,_lH, H10), 4.49 (s, 1H, H3), 4.64
(dd, 7 = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, / = 1.4, 11.9 Hz, 1H, H20), 507 (dd, J =138, 174
Hz, 1H, H20), 5.76 (m, 1H, H4); 13C NMR § (ppm) -5.4 (TBS CHjy), -4.5 (TBS CHy), 4.8
(TES CHjy), 6.5 (TES CH,), 15.7 (CH; 18), 17.8 (CH; 19), 17.9 (TBS C(CHs)y), 25.5 (TBS
C(CH;)), 28.2 (CH; 16), 28.3 (CH; 17), 28.3 (C6), 29.6 (C5), 30.4 (Cl4), 37.7(C19),
38.0 (C8, C9), 62.1 (Cl)ﬁ. 66.5 (C10), 67.5(C13), 91.3(C3), 91.5(C7), 116.4 (C20),
132.8 (C11), 137.0 (C4"), 145.4 (C12), 146.6 (cyclic carbonate C=0}), 206.8 (C2); IR (CCly)
v 2930, 2860, 1760, 1670, 1450, 1380, 1340, 1240, 1180, 1170, 1120, 1090, 1060, 1040, 980,
890, 860, 820, 700, 650 cm-!; MS (CI) 607 (M+1, 6), 549 (11), 475 (100), 431 (4), 347 (45);
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Agal. Caled. for C39H3Q4Sin: C, 65.30; H, 9.63; Found: C, 65.23; H, 9.66.

2-Keto-3-Hydroxy-Lactone 10. To a stirred solution of 3,7-cyclic carbonate 9 (Pyq = TES, P,
= TBS) (2.246 g, 3.70 mmol) in THF (9 mL) was added 19.4 mL of 0.2 M LTMP (3.88 mmol) in
THF dropwise down the sides of the flask a¢ -25 "C. The reacdon mixmure was allowed o warm
-10 *C over the course of 30 min. ’I"hc cold reaction mixture was poured into 100 mL of 10%
aquegus acstic acid and exoacted with 100 mL of 10 % ethyl acetate in hexanes. The organic
phase was washed with SOmL of a saturated aqueous NaHCO; solution and SOmL of brine. The
combined aquecus phases were extracted with two 20mL portions of 10% ethyl acetate in
" hexanes. The organic phases were combined, dried over anhydroﬁs Na,SO, and concentrated
under reduced pressure to give 2.4g of a yellow oil. This material was purified by silica gel
chromatography, eluting with 5% then 10% ethyl acetate in hexanes to yield 2.033g (90%) of

the hydroxy lactone 10 (P,, = TES, P;; = TBS) as a foamy solid and 0.207g (7.2%) of the 3-
_ carbarnate.

10 (Pjo=TES, P;3=TBS): 'H NMR (500 MHz, CDCl,) § 0.12 (s, 3H, TBS CH,), 0.14 (s,
3H, TBS CHj), 0.61 (q, / = 7.8 Hz, 6H, TES CH,), 0.92 (s, 9H, TBS t-Bu), 0.97 (¢, J = 7.8
Hz, 98, TES CHy), 1.11 (s, 3H, CH; 17), 1.2 (s, 3H, CH, 19), 1.27 (s, 3H, CH, 16), 1.32
(dd,J =3.2, 13.3 Hz, IH, H9B), 1.64 (ddd, J = 2.3, 6.9, 9.2 Hz, 1H, H6), 2.07 (m, 2H, H6,
HS), 2.17 (m, 1H, Hl4a), 2.33 (m, IH; HS), 2.65 (m, 2H, H14p, HI), 2.74 (dd, / = 12.4,
12.4 Hz, 1H, HSw), 3.92 (dd, J = 2.8, 11.5 Hz, 1H, H7), 4.47 (dd, / = 3.2, 11.0 Hz, 1H,
HI10), 4.5 (dd, J = 2.8, 9.6 Hz, 1H, H13), 5.02 (d, / = 10.1 Hz, 1H, H20), 507 (dd, J =
1.4, 16.9 Hz, H, H20), 5.81 (dddd, 7 = 6.9, 6.9, 10.5, 16.9 Hz, IH, H4); 3CNMR § (ppm)
-5.2 (TBS CH,), -4.5 (TBS CHy), 4.8 (TES CH,), 6.6 (TES CH,), 16.4 (CH; 18), 17.9 (TBS
C(CHy)3), 24.2 (CHy 19), 25.7 (TBS C(CHy)y), 26.9 (CH; 16), 30.1 (CHy 17), 30.4 (CS),
32.7 (C6). 32.9 (Cl4), 39.1(CLS), 40.6 (C9), 43.1 (C8), 62.0 (Cl), 67.3 (C10), 67.6
(C13), 87.9(C3), $1.1 (CT). 115.8 (C20), 137.7 (CL1), 138.5 (C4"), 143.0 (C12), 173.5
(C4), 207.6 (C2); IR (CCl,) u 3500, 2970, 290, 1780, 17C0, 1480, 1360, 1260, 1210, 1160,
1070, 1010, 910, 890, 840 cm-!; MS (EI) 606 (M. 100), 549 (69). 474 (27). 431 (63). 417(40);
Anal. Calcd. for C;1H5q0gSiy: C, 65.30; H, 9.63; Found: C, 65.38; H, 9.64.
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Keta Lactone 11, To the 2-keta-3-hydraxylactane 10 (Pq = TES, Py = TBS) (1.10 g, 1.83
" mmol) was 1dded 2 0.1 M saltution of Sml, in THF (82 mL., 8.2 mmal). The rcsulugg'duk blue
solution was stirred at room temperature under N4 for 4h.  After cooling to 0 *C an ethereal
solution of HCI (0.66M; 4.2 mL, 2.77 mmol) was added; after 5 min the flask was opened to the
air and the reacton mixmure was diluted wi:fx 200 mL of cold ethy! acztare, then paured into 50 mL
of ice cold 0.2N aqueous HCL The arganic phase was segarated and washed with 50 mL of 2 5%
aquesus cirric acid salutan, two 50 mL ponicn# of a saturated aquegus NaHCO, solution and 50
ml. of brine, dried over anhydrous N2,S0, and concentrated undcr_rcduczd pressure. The
resuiting material was dissolved in 100 mL of hexanes, Lﬁcn siiicn gel ( 230-400 mesh; 4.3 g) was
added and the mixture was vigorously stirred at room temperature for 65 min before filtesing
through a 1 inch (2.54 cm) pad of silica gel eluting with 300mL of 20% ethyl acetate in
-hexanes. The solvent was evaporated under reduced pressure and the residue was purified by
silica gel chromatography, eluting with 10% ethyl acetate in hexanes to yield 822mg (77%) of
the cis-ketolactone 11 and 164mg (15%) of the corresponding trans isomer.
To 2 soludon of the rans-2-ketolacrone (611 mg, 1.03 mmol) stirred in 10 mL of THF under
hitmgcn a0 °C was added down the side of the flask 6.8 mL of a 0.6 M solution (4.1 mmal) of t-
BuOK in THF. The resulting soludon was stirred for 1.5 h then 10 mL of a 10% acstic acid
solutan in THF was added down the side of the flask. After stirring for 5 min the mixture was
diluted with 200 mL of hexanes and poured into 100 mL of a samrated aqueous NaFHCO4 solution.
* The organic layer was washed with water and brine then dried over anhydrous.N2,50, an&
cancenaated under reduced pressure to yield 6§15 mg of pale brown oil. The oil was dissolved in
10 mL of hexanes and silica gel (3.0 g) was added. The mixture was stirred vigorousty for 15 min

then filtered through a 1/2 inch (1.27cm) plug of silica gel with 20% ethyl acetate in hexanes.
Concentration of the filtrate under reduced pressure yielded 576mg of pale yellow cil. This
material was purified by silica gel chromatography, eluting with 10% then 20% ethyl acetate
in hexanes to yield 472mg (77%) of pure cis-2-ketolactone 11 (P, = TES, P, = TBS), 84mg

(13%) of pure trans isomer and 24mg of a 6:1 mixture of cis:trans isomers.

11 (P;q=TES, P 3 =TBS): mp=86.5-88.0°'C; 'H NMR (500 MHz, CDCl;) § 0.05 (s, 3H.
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TBS CHy), 0.07 (s, 3H, TBS CHj), 0.54 (q, J = 7.8 Hz, 6H, TES CHy), 0.84 (s, 9H, TBS t-
Bu), 0.90 (t, /= 7.8 Hz. 9K, TES CH,), 1.03 (s 38 CH, 17), L.11 (s, 35, CH; 16), L.15 (s,
3H, CHy 19), 135 (dddd, / = 4.6, 4.6, 7.3, 14.2 Hz, 1H, H6), 1.43 (dd, /= 3.7, 12.8 Hz, 1H,
H9B,), 1.67 (dddd, 7 = 3.2, 7.3, 10.1, 13.7 Hz, 1H, H6), 1.83 (dd, J = 4.6, 16.0 Hz, 1H,
Hlda), 2.03 (m, IH, HS), 2.07 (d, /= 1.4 Hz, 3H, CH, 18), 225 (m, IH, HS), 2.30 (dd, J =
119, 12.3 Hz, 1H, HS), 2.45 (d, J = 8.2 Hz, 1H, H1), 2.58 (ddd, J = 8.7, 9.2, 16.0 Hz, 1H,
 H14p), 3.93 (dd, 7 = 2.8, 11.4 Hz, 1H H7B), 4.03 (s, 1H, H3a), 437 (dd, / = 3.7, 11.0 Hz,
1H, HI0B), 4.46 (ddd, J = 1.4, 4.6, 9.2 Hz, 1H, H13p), 496 (dd, /= 1.4, 10.1 Hz, 1H, H20),
5.01 (dd, J = 1.4, 17.4 Hz, 1H, H20), 5.73 (dddd, J = 6.4, 7.3, 10.5, 16.9 Hz, 1H, H4); 13C
NMR § (ppm) -5.3 (TBS CHg), 4.6 (TBS CHj), 4.5 (TES CH,), 6.5 (TES CHj), 15.0 (CH,
18), 18.0 (TBS C(CHy)y), 25.7 (TBS C(CHy)s), 28.9 (CH; 19), 29.2 (CH; 16), 29.8 (C5),
29.9 (CH; 17), 30.3 (C6), 32.8 (C14), 38.5 (C15), 44.2 (C8), 44.9'(C9), 60.6 (C3), 61.2
(C1), 66.9 (C10), 67.8 (C13), 91.9 (CT), 115.7(C20), 137.7(Cl1), 138.5 (C4"), 142.4
(C12), 1747 (C4), 204.8 (C2); IR (CCl,) v 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180,
1070, 1060, 1000, 830 cmml; MS (CI) 591 (M1, 5), 523 (6), 459(100), 441 (5); Anal. Calcd.
far Cy3Hs305Si5: C, 66.07; H, 9.89; Found: C, 66.97; H, 9.91.

1-Hydroxy-2-Keto-Lactone 12. To 34.2 mL. of a stirred 0.2 M soludon (6.84 mmol) of LTMPin
THF under airogen at -10 *C was added a solution of ketolactone 11 (P, = TES, P;5 = TBS)
(1.008 g, 1.71 mmol) in 10 mL of THF dropwise down the side of the flask. After 0.5 h, the
reaction mixture was cooled to  -40 °C and a soludon of (+)-camphorsulfonyl oxaziridine (1.96 g,
8.53 mmol) in THF (10 mL) was added dropwise down the side of the flask. After 20 min, the
reaction mixture was cooled to -78 *C, diluted with 200 mL of hexanes and rapidly poured into
230 mL of a vigorously stirred saturated aqueous NH,Cl solution. The agucous phase was
extracted with two 50 mL portions of hexane and the combined organic phase were dried over
anhydrous N2,30, and concetrated under reduced pressure to g-ivc 1.4 g of a waxy solid. This
material was chrc.:-ma:ogmphcd (CHzCI-z followed by hexanes increasing to 0% ecthyl acstate in
hexanes) to give 0.882 g of hydroxyketolactone 12 (Pjg = TES, P;3 = TBS) (85%) as a white

solid, 0.083 g of the corrcsponding &am—hydroxykctolaczonc (8 %) as a solid, and 31 mg of
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returned ketolactone 11 (3 %).

12 (Pq = TES, Py3 = TBS): mp 124-126 °C; 1H NMR (C¢Dg) 8 (ppm) 0.09 (s, 3H, CH; in
TBDMS), 0.17 (s, 3H, CH; in TBDMS), 0.62 (q, / = 7.78 Hz, 6H CHy's in TES), 1.03 (1, J
=7.78, 9H CHy’s in TES), 1.05 (s, 3H, CH;19), 1.13 (s, 9H, t-Bu in TBS), 1.20 (s, 3H,
CH;17), 1.39 (m, 1H, H6), 1.42 (s, 3H, CH,16), 1.44 (dd, S = 0.92, 13.28 Hz, 1IL, HOp), |
1.98 (dd, J = 9.61, 12.32 Hz, 1H, HI4p), 2.05 (mn, 1H, I15), 2.06 (broad, 1H, OH!, D20
exchangable), 2.25 (m, 15, H6), 2.27 (d, J = 0.91 Hz, 36, CH,18), 2.29 (m, 1H, HS), 2.41
(dd, J = 10.98, 1328 Hz, 1H, Hq), 2.56 (dd, J = 3.21, 12.82 Hz, 1H, 114a), 3.33 (dd, J =
2.75, 11.90 Hz, 1H, HY), 4.04 (s, 1H, H3), 4.47(dd, J = 0.92, 10.98 Hz. 1H, HI10), 4.60
(ddq, /=091, 3.21, 9.61 Hz, 1H, H13), 5.11 (br d, J = 10.53 Hz, 1H, H20), 5.18 (br d, / =
17.40 Hz, 1H, H20), 5.77 (m, LH, Hd); 13C NMR (CDCl3) 3 (ppm) 5.4 (TBS CH,), 4.7
(TBS CHy); 4.5 (TES CHy), 6.5 (TES CH,), 15.5 (CH; 18), 17.9 (TBS C(CH;)s), 22.5 (CH;
19), 25.7 (TBS C(CH,)s), 26.3 (CH; 16), 29.8 (CH; 17), 29.8 (CS), 30.4 (C6), 39.6 (C14),
413 (C15), 44.5 (C9), 45.0 (C8), 58.1 (C3), 66.5 (C10), 682 (C13), 83.0 (C1); 91.7 (C),
115.7 (C20), 137.0 (C11), 137.6 (C4"), 145.5 (C12), 175.0 (C¥), 202.4 (C2); IR (CCK) v
3500, 3000, 1780, 1720, 1100 cm-%; MS (CI) 607 (M+1, 10), 589 (56), 475 (100), 457 (61);
Anal, Caled far Cy3Hs3QgSiy: C, 65.30; H, 9.63. Found: C, 65.19; H, 9.60.

1,2-Dihydroxy-tans-lactone 13. To a stirred 1.23 M solution of Red-Al (4.6 mmol, 5.6 mmol) in
THF under nitrogen at -78 ’C was quickly added a solution of cis-hydroxyketone 12 (P{q = TES,
P|; = TBS) (342 mg, 0.563 mmol) in THF (25 mbL). After .5 b, 25 mL of 2 15 % aqueous
NaOH solution was added dropwise directly to the reaction mixture. The reaction mixmure was
vigorously stirred at room temperature for 3 h ana was ten poured into 100 mL of H,0 and
extracted with two 100 mL portions of ether. The organic phases were combined and washed
with 100 mL of H,0 and 100 rnI.. of brine, dried over anhydrous Na,;SO, and concentrated under
reduced pressure to give 0.35 g of a pale yellow solid. This material was purified by silica gel
chromatography eluting with 10% cther in hexanes followed by 25% ethyl acetate in hexanes to
yield 290 mg #rans-diol 13 as colorless needles, 14.5 mg (4.2 %) of trans-hydroxyketone, and 20

mg of a mixture of cis-diol and unknown byproducts. To 2 solution of the mixture containing cis-
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diai in THF (! mL) under nirogen at room temperamre was added 0.5 mL 2 30% aqueous solution
of NaQH. After 2.5 h, the reaction mixwre was poured into 30 mL of H,O and exmacted with 30
mL of cther. The organic phase was washed with 30 mL of H,0 and 30 mL of brine, dried gver
anhydrous Na;SQ4 and concentrated under reduced pressure to give 0.02 g of a yellow salid,
- which was purified by silica gel chromatography eluting with 5% ethy! acztate in hexanes o yield
an ad&iu‘onal 12 mg (total yield: 302 mg, 88%) of rans-dicl 13 (P, = TES, Py3 = TBS).
13 (Pyo=TES, P;3=TBS): mp 127-128°C, 'H NMR (500 MHz, CDCl;) § 0.09 (s, 3H, TBS
CHy), 0.11 (s, 3H, TBS CHj,), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.87 (s, 9H, TBS t-Bu),
0.96 (t, J = 8.1 Hz, 98, TES CHj) 1.13 (s, 3H, CH, 17), 1.23 (s, 3H, CH; 16), 1.31 (s, 3H,
CH; 19), 142 (dd, J = 3.7, 12.8 Hz, 1H, H9B), 1.46 (ddd, J = 4.8, 8.3, 11.4 Hz, 1H, HE),
1.74 (dddd, 7 = 3.3, 7.3, 9.9, 12.4 Hz, IH, H6), 1.99 (d, / = 1.5 Hz, 3H, CH; 18), 2.10 (m,
1H, HS), 221 (dd, 7 =3.7, 5.4 Hz, 1H, Hl4a), 2.;26 (m, 3H, HS, H9«a, HI4B),292(d,J =
7.7 Hz, 1H, H3), 3.34 (dd, J = 2.2, 7.7 Hz, 1H, H2), 3.85 (s, 1H, OH1), 3.97 (dd, 7 = 2.9,
114 Hz, IH, BT), 447 (dd, /7 = 3.7, 11.4 Hz, 28, HI3, H10), 501 (dd, 7 = 1.8, 12.2 Hz,
1H, H20), 5.07 (dd, 7 = 1.7, 17.0 Hz, 1H, H20), 5.;1'8 (dddd, s = 73, 7.3, 10.1, 16.5 Hz, 1H,
Hd), 6.87 (d, / = 2.9 Hz, 1H, OH2), !3C NMR (CDCly) 5 (ppm) -5.31, -4.59, 4.79, 6.55,
- 16.60, 17.68, 21.24, 24.70, 25.62, 28.50, 29.52, 30.05, 40.20, 40.41, 44.18, 45.18, 45.60,
66.62, 69.25, 71.32, 88.91, 116._09,.136.96, 138.63, 139.93, 180.10, IR (CHCl4) v 3050,
1730, 1460, 1350 cm!, MS (EI) 608 (M, .13), 590 (26), 267 (100), Anal. Caled. for
C33Hgo0gSip: C, 65.08; H, 9.92. Found C, 65.06; H, 9.98.

Carbonate 14. To a stirred solution of dicl 13 (P;q = TES, P;3 = TBS) (1.00 g, 1.64 mmol) in
CH,Cl; (58 mL) and pyridine (5.8 mL) under nizogen at -78 *C was added dropwise 8.2 mL of 2
M solution (16.4 mmol) of phosgene in taluene. Then the reaction mixure was warmed to -23 °C
and stirred for 30 min. To the resulting mixture, 50 mL of a saturated aqueous NaHCO; solution
was added. After warming to room temperature for 10 min, the reaction mixture was extracted
with 200 mL of 10% ethyl acetate in hexanes. The organic phase was washed with 100 mL of 2
10 % aqueous CuSQ, solution, two 200 mL portions of a saturated aqueous NaHCO; solution and

brine, dried over anhydrous Na,5Q, and concentrated under reduced pressure (o give 1.1 gofa
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pale yellow solid. This material was filtered through a 3 inch (7.62cm) pad of silica gel with
15% ethyl acetate in hexanes to yield 1.045g (100%) of carbonate 14 (P, = TES, P,, =
TBS)as a white solid.

14 (P,q=TES, P13 =TBS): mp 146-147 °C, 'H NMR (500 MHz, CDCl3) § 0.11 (s, 3H, TBS
CH,), 0.12 (s, 38, TBS CH,), 0.61 (g, J = 7.8 Hz, 68, TES CH,), 0.88 (s, 9H, TBS t-Bu),
0.96 (¢, J = 7.8 Hz, 9H TES CHy), 1.20 (s, 35, CH; 17), 1.30 (s, 3H. CH; 16), 1.32 (s, 3H,
CH, 19), 1.40 (ddd, /= 2.7, 4.5, 9.2 Hz, 1H, H6), 1.44 (d, / = 3.7, 13.3 Hz, LH, HOP), 171
(dddd, J= 2.7, 69, 9.6, 12.8 Hz, 1H, H6), 2.11 (ddd, 7 = 7.8, 15.3, 15.3 Hz, 1H, HS), 2.29
(dd, / = 32, 15.6 Hz, 1H, Hl4), 231 (m, 2H, HS, H9a), 259 (dd, 7 = 9.2, 15.6 Hz, 1H,
*H148), 2.99 (¢, J =7.3 Hz, 1H, H3a), 4.02 (dd, 7 = 2.7, 11.4 Hz, 1H, H7p), 4.38 (dd, / =
3.7, 11.0 Hz, 1H, HI0B), 4.47 (d, J = 7.3 Hz, 1H, H2B), 4.57 (dd, J = 2.1, 9.2 Hz, 1K,
H13p), 5.02 (dd, J = 1.4, 10.1 Hz, 1H, H20), 5.06 (dd, J = 1.4, 16.9 Hz, IH, H20), 5.77
(dddd, / = 6.9, 6.9, 10.1, 17.0 Hz, 1H, Hd), 13CNMR (CDCl4) § (ppm) -5.37, 4.60, 4.75,
6.51, 17.02, 17.60, 21.24, 24.64, 25.55, 27.36, 29.50, 30.11, 37.56, 39.96, 42.89, 43.75,
45.39, 66.54, 68.29, 87.37, 90.05, 116.15, 136.54, 136.94, 144.93, 153.32, 169.89, IR
(CHCl3) v 3070, 1800 cm-t, MS (EI) 634 (M, 12), 577 (100}, Anal. Caled. for C4Hsg0O5Siy:
| C643LH,921. Found C, 6441 K, 922

Ketoester 15. Toa s:im;'l solution of lactone 14 (P;q = TES, P,3; = TBS) (1.05g, 1.65 mmol) in
methanol (70 mL) under nicrogea at -78 *C was added 2 sazura:c.;d solution of ozone in methylene
chlcrigtc (50 mL:., 49 mL thc_:n' & mL) uatil no more starting material remained by TLC analysis.
Tricthylamine (4.8 mL) and wimethylphosphite (3.1 mL) were added sequentially to the resulting
mixture at -78 *C. After stirring 5 min, the soluton was warmed to 0 °C and stirred for 2h. The
resulting solution was poured into 250 mL of a saturated aqueous NaHCQ4 solution and extacted
with three 200 mL portions of CH,Cl,. The combined organic layers were washed with 150 mL
of a saturated NaHCO; solution, dried aver anhydrous Na,SO, and concentrated under reduced

pressure o give 1.10 g of the aldehyde as a colorless oil. This material was used
without further purification,

To a sdrred salution of the aldehyde (1.10 g) in' t-butanal (30.8 ITLL). acetone (10.3 mL) and 8 "‘L
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of a 1.25 M (10 mmol) aqueous KH,PO, solution at 0 C was added 113 mL of a | M (113

mrmnol) aqueous KMnO, solution aver the course of 2 min. The reaction mixture was stirred at Q

*C for 30 min, poured into 200 mL of a 10% aqueous Na,§,0; solu.:ion. and exmaced with thres

200 mL pardons of ethyl acstate. The combined organic layers were washed with 50 mL of water,

dried aver anhydrous Na,SQ, and concentrated under reduced pressure. To a stirred solution of
the oily residue in ether (30 mL) at room temperamre was added an ethereal solution of CH,N, (20
mL). The solution was conc:numgg_ tgxgc:“ r;:duc:d pressure to give 1.15 g of a colordess oil. This
material was filtered through a 2 inch[pad of silica gel with 40% ethyl acstate in hexanes and
concencration under reduced pressure yielded 1.01 g (91%) of lactane ester 15 (Pyq = TES, P 13=
TBS, R = Me).

15 (P1o=TES, P13=TBS, R = Me): 'H NMR (500 MHz, CDCly) § 0.12 (s, 3H, TBS CH,),
0.12 (s, 35, TBS CHy), 0.60 (g, J = 8.1 Hz, 6H, TES CH,), 0.88 (s, 9, TBS t-Bu), 0.96 (¢,
7= 8.1 Hz, 9H, TES CHjy), 1.21 (s, 3H, CH;), 1.30 (s, 3H, CHy), 1.33 (s, 3H, CHy), 151
(dd, J = 3.7, 13.2 Hz, 1H, H9), 1.53 (m. 1H, HE), 2.06 (d, J = 1.1 Hz, 3H, CH, 18), 2.07
(ddd, J = 2.9, 7.7, 21.6 Hz, 1H, HE), 2.29 (dd, J = 3.7, 15.8 Hz, 1H, Hl4a), 231 (dd, 7 =
13.2, 132 Hz, 1H, H9a), 2.46 (ddd, 7 = 7.7, 16.8, 24.5 Hz, 1H, HS), 2.53 (ddd, J = 5.5, 7.7,
16.8 Hz, 1H, H5), 2.60 (dd, /= 9.2, 15.8 Hz, 1H, H14B), 2.99 (d, / = 7.3 Hz, IH, H3a), 3.68
(s, 3H, CO;Me), 4.09 (dd, / = 2.6, 12.1 Hz, 1H, H7B), 4.39 (dd, /= 3.7, 11.0 Hz, 1H, H108),
447 (d, J = 7.3 Hz, IH, H2f), 4.59 (dd, / = 1.8, 9.2 Hz, 1H, H138); Anal. Calcd. for
C34F530Siy: C, 61.22; H, 8.77. Found C, 61.30; H, 8.79.

Enol ester 16. To a strred solution of lactone ester 15 (P;q = TES, Py3 = TBS, R = Me) (1.01 g,
1.51 mmol) in THF (24.5 mL} at -78 *C was added slowly a 19.4 mL of 2 0.2 M solution (3.88
mmol) of LDA in THF down the side of the flask over the course of 3 min. After stirting 35 min,
10 mL of 2 33% solution of acedc acid in THF was quickly added. After S min, the mixture was
poured into 150 mL of 2 saturated aqueous NaHCO; solution and extracted with three 200 mL
portions of CHCly. The combined organic phases were dried over anhydrous Na,SO; and
concentrated under reduced pressure to give 1.02 g of crude cnol ester 16 (Pyy = TES, P53 =

TBS, R = Me) as a colorless oil. Approximately 3% of unreacted ester lactone 15 was still present
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bue this material was used without further purificadian. _ :
16 (P q=TES, Pu. = TBS, R = Me): 'H NMR (300 MHz, CDCly) & 0.09 (s, 3H, TBS CHy),
0.10 (s, 3H, TBS CHy), 0.61 (q, 6H, TES CH,), 0.87 (s, 9H, TBS t-Bu), 0.96 (1, / = 8.0 Hz,
TES CH;y), 1.08 (s, 3H, CH,). 1.21 (s, 3H, CH,), 133 (S, 3H, CHy), 1.61 (d, J= 4.3 Hz, IH,
OH-7), 1.89 (dd, /= 4.3, 13.9 Hz, 1H, H9a), 1.95 (dd, J = 11.2, 11.2 Hz, 1H, HI9B), 2.01 (d,
J= 1.1 Hz, 3H, CH; 18), 2.22 (ddd, J = 2.7,. 10.7, 15.5 Hz, 1H, H6B), 2.45 (dd, J = 4.3, 15.5
Hz, 1H, Héa), 2.54 (dd, 7= 9.1, 15.0 Hz, 1H, H14f), 2.86 (dd, /= 3.7, 15.0 Hz, 1H, Hl4a),
3.07 (s, 1H, H3a), 3.40 (ddd; J =438, 438, 9.6 Hz, 1H, H7a), 3.75 (s, 3H, CO;Me ), 4.39
(dd, J = 4.3, 11.2 Hz, 1H, H10B), 4.60 (d, J = 4.3, 11.2 Hz, 1H, H2f), 4.67 (dd, J = 2.1, 9.1
'Hz, 1H, H13f), 12.;".4 (s, 1H, OH4).

Enol ester 17, To a stirred solution of crude enol ester 16 (P = TES, P,3 = TBS, R = Me) (1.02
g) in THF (13 mL) and 2-methoxypropene (13 mlL) under t;iu-ngen at 0 “C was added 0.48 mL of
20.1 M solution (0.048 mmol) of p-toluenesulfonic acid in THF. The mixture was stirred at Q °C
for 10 min and then miethylamine (0.66 mL) was added. The mixture was concsatated under
reduced pressure and purified by silica ge! chromatography, eluting with 7.5% ethyl acetate in
" hexanes increasing to 30% ethyl acetate ir; hexanes to yié!;i 938 mg encl ester 17 (P; =MOP, P4
= TES, P3 = TBS, R = Me) (84% from 1 5) and 30 mg (3%) of recovered lactone ester 1 5.

17 (P; =MQOP, Py = TES, P;3 = TBS, R = Me): mp 95-97 °C, !H NMR (300 MHz, CDCl;) 5
0.08 (s. 3H. TBS CHj;). 0.10 (s, 3H, TBS CH,), 0.59 (q, / = 7.7 Hz, 6H, TES CH;), 0.87 (s,
SH, TBS t-Bu), 0.95 (1, / = 7.7 Hz, 9H, TES CHj), 1.10 (s, 3H, CHjy), 1.19 (s, 3H, CHy),
1.30 (s, 3H, CH;), 1.34 (s, 3H, MOP CHj), 1.37 (s, 3H, MOP CH,), 1.84 (m, 2H, HO9«,
H9B), 1.98 (s, 3H, CH; 18), 2.17 (ddd, /= 2.8, 10.4, 15.9 Hz, 1H, H6B), 2.52, (dd, / = 9.3,
15.4 Hz, 1H, H14p), 2.63 (dd, 7 = 4.4, 15.9 Hz, IH, H6a), 2.88 (dd, J = 3.8, 15.4 Hz, 1H,
Hlde), 3.06 (s, LH, H3a), 3.26 (s, 3H, MOP OMe), 3.37 (dd, J = 4.4, 10.4 Hz, lH, HT0),
3.72 (s, 3H, CO;Me), 4.36 (dd, J = 6.0, 9.3 Hz, IH, H108), 4.57 (d, / = 2.2 Hz, H, H2f),
4.67 (dd, /= 2.8, 9.3 Hz, 1H, H13f), 12.24 (s, LH. OH4).

Enol ester 17 (P; = TES). To a solution of the enal ester 1 6 (P, = TES, P, 3 = TBS, R = Me) (9
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mg, 0.0137 mrholc) and DMAP (3.5 mg, 0.0286 mmole) in pyridine (0.6 mL) at 0 *C was added
miethylsilyl chioride (0.025 miL., 0.14 mmole). The solution was strred at room temperature for
16 h, diluted with ethyl acetate (10 mL), poured into a saturated aqueous sodium bicarbonate
somn'on (20 mi..) and exmacted with Zb% cthyl acetate/hexane (20 mL x 3). The combined arganic
Iaycr was dried over anhydrous NaSQ,, fiitered and concantrated to yield 25 mg of cﬁxde 17.
Column chromatagraphy (10% ethy! acetate/ hexane) provided 10 mg (95%) of pure’enol ester 17
(P; = Pyg = TES, P, = TBS, R = Me). |
17 (P; =Pyo = TES, P13 = TBS, R =Me): 'H NMR (300 MHz, CDCl;) §0.08 (s, 3H, TBS
CH;), 0.10 (s, 3H, TBS CHj;), 0.59 (q, J = 8.1 Hz, 12H, TES CH, ), 0.87 (s, 9H, TBS t-Bu),
0.95 (. /=7.7 Hz, 18H, TES CHy), 1.05 (s, 3H, CH;), 1.19 (s, 3H, CHy), 1.30 (s, 3H, CHy),
1.84 (m, 2H, H9c, H9B), 1.98 (s, 3H, CH; 18), 2.17 (ddd, J = 2.3, 10.4, 15.9 Hz, 1H, H6R),
231 (dd, J = 4.4, 15.9 Hz, H, Héa), 2.52, (dd, 7 = 9.3, 15.4 Hz, 1H, H14B), 2.85(dd, J =
3.3, 15.4 Hz, 1H, Hl4a), 3.03 (br s, 1H, H3a), 3.34 (dd, J = 5.0, 10.4 Hz, lH, H7a), 3.75
(s. 3H, CO;Me OMe), 4.36.(dd, J=3.0, 10.4 Hz, 1H, H10B), 4.58 (d, /= 2.7 Hz, 1H, H2B),
4.66 (br d, /= 11.0 Hz, 1H, HI3p), 1222 (s, 1H, OH4).

Ketone 18. Toz s&rrcd solution of eaol ester 17 Py = MOP.'.PN = TES, P53 =T8S, R = Me)
(963 mg, 1.3 mmol) in DMF (30 mL) under nitrogen at room temperature was added solid
pota;ssium thiophenoxide (250 mg, 1.69 mmol) followed by thiophenol (0.4 mL, 3.9 mmol). The
solution was wann:;d io 86 *C for 3.3 hours. The solution was allowed ta cool to raom
temperature then was poured direcdy into 250 mL of 2 samfatcd aqueous NaHCO; soluton and

extracted with thres 150 mL portions of 30% ethyl acetate in hexanes. The combined organic
phases were then filtered through a 2 inch (5.08cm) silica gel pad and subsequently concentrated
under reduced pressure to yield 1.29g of crude product. This material was purified by radial

chromatrography, eluting with 15% then 20% and finally 25% ethyl acetate in hexanes to yield
763mg (86%) of ketone 18 (P, = MOP, P, = TES, P,, = TBS).

18 (P; =MOP, Py = TES, P;3 = TBS): 'H NMR (300 MHz, CDCl;) § 0.10 (s, 3H. TBS
CHjy), 0.14 (s, 3H, TBS CHy), 0.58 (4. / = 8.2 Hz, 6H, TES CH,). 0.94 (s, 9H, TBS t-Bu),
0.95 (¢, / = 8.2 Hz, 9H. TES CHy), 1.22 (s, 3H, CH; 19), 1.30 (s. 3H. CH, 17), 1.32 (s, 6H,
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MOP CH,), 1.33 (s, 3H, CH; 16), 1.80 (m, 1H, HS), 1.81 (dd, / = 3.8, 3.8 Hz, 1H, HOp),

1.98 (m, 1H, HS), 1.99 (d, J = 1.1 Hz, 3H, CH, 18), 2.21 (m, 1H, HEP), 2.29 (dd, / = 10.4,

12.1 Hz, 1H, H9a), 2.43 (dd, / = 9.3, 15.4 Hz, IH, Hlda), 2.53 (m, 1H, H6a), 2.63 (dd, ;
= 5.0, 15.4 Hz, 1H, HI4p), 2.70 (d, J = 5.0 Hz, 1H, H3), 3.20 (s, 3H, MOP OMe), 3.39 (dd,

J = 6.1, 10.4 Hz, 1H, HT), 434 (dd, J = 3.9, 10.4 Hz, 1H, H10), 4.55 (d, J = 5.5 Hz, 1K,

H2), 473 (dd, J = 5.3, 7.7 Hz, 1H, H13). Anal. Calcd. for C3¢HyOSip: C, 63.49; H, 9.47,

Found C, 63.56; H, 9.55.

18 (P;=P o= TES, P;3 = TBS): 'H NMR (300 MHz, CDCl;) § 0.10 (s, 3H, TBS CHj), 0.14
(s, 3H, TBS CHj), 0.47-0.63 (m, 12H, TES CHy), 0.90-0.99 (m, 27H, TBS t-Bu, TES CHj),
1.22 (s, 3H, CHs), 1.25 (s, 3H, CH;), 1.33 (s, 3H, CH,), 1.75 (dt, J = 11.6, 1.6 Hz, 1H),
1.85 (d, J = 3.3 Hz, 1H), 1.90 (t, J = 3.9 Hz, 1H), 1.97 (t, J = 8.1 Hz, 1H), 2.00 s, 3H,
CHj), 2.30. (m, 1H), 2.39-2.60 (m, 3H), 2.65 (m, 1H), 3.35 (dd, / = 9.6, 7.8 Hz, 1H, H7q),
4.35 (dd, 7 =10.8, 3.3 Hz, 1H, HI0B), 4.57 (d, J = 5.1 Hz, 1H, H2B), 4.72 (m, 1H, H13B).

Ketone 18 (P;=BOM). To a stirred soluton of ketone 18 (P; =MOP, P4 = TES, P;3 = TBS)
(293 uig. 0.43 mmol) in THF (28.6 mL) and methanol (9.5 mL) under nitrogen at room
temperature was added dropwise 0.20 mL of 2 0.1 M solution of PETS in CH,(l; (0.02 mmotl).
The reaction mixture was strred for 3 h, poured into 100 mL of a saturated aqueous NaHCO4
solution and extracted with two 100 mL portions of ethyl acetate. The combined organic phases
were washed with brine, dried ovér anhydrous Na,30, and concentrated under reduced pressure
to yield 274 mg of the hydroxy ketone 18 (P;=H) as a colorless oil. This material was used
without further purification. _

18 (P;=H, Plo =TES, P;3 = TBS): mp 75-77 *C, 'H NMR (500 MHz, CDCl3) 5 0.10 (s, 3H,
TBS CH;), 0. 13 (s, 3H, TBS CHj), 0.61 (q, / =8.2 Hz, 6H, TES CH;), 0.93 (s, 9H, TBS t-
Bu), 0.95 (t, / = 7.7 Hz, 9H, TES CH,), 1.19 (s, 3H, CH, 19), 1.22 (s, 3H, CH; 17), 1.35 (s,
3H, CH;j 16), 1.84 (dd, / = 13.7, 4.1 Hz, H, H9e), 1.88 (m, 2H, H9f, OHT), 1.92 (m, 1H,
H6B), 2.05 (d, / = 1.4 Hz, 3H, CH; 18), 2.10 (m, IH, H6a), 2.36 (dddd, J =1.4, 4.1, 9.9,
14.4 Hz, 1H, H3a), 2.47 (dd, J = 8.9, 15.4 Hz, IH, H14), 2.5t (m, 1H, H5B), 2.54 (dd, J
= 4.8, 154 Hz, 1H, H14B), 2.86 (d, / = 5.5 Hz, 1H, H3), 3.59 (ddd, / = 4.5, 6.2, 11.3 Hz,



75

lH, H7), 4..38 (dd, J = 4.1, 9.1 Hz, 1H, HIQ), 4.56 (d,/ = 5.5 Hz, lH, H2), 4.49 (ddd; J

=1.4, 4.3, 9.3 Hz [H, H13). Anal. Calcd. for CnH“O-,SIZx.SHZO: C, 62.19; H, 9.30. Found

C 62.16; H,922.

To 2 stirred sclution of hydroxy ketone 18 (P;=H) (179 '_mg, 0.29 mmaoal) in CH,Cl; (9.5 mL),

diisopropylethylamine (1.49 mL, 8.6 mmiol) and temabutylammonium iodide (253 mg, 0.69 mmol)

under nitrogen was added dropwise benzyloxymethyichioride (0.42 mL, 2.86 mmol). The reaction

mixture was brought to reflux for 32 h, cooled to room temperature, poured into 100 mL of 2
saturated aqueous NaHCO+ solution and exmacted with two 100 mL portions of 50% ethyl acesate
in hexanes. The combined organic phases were washed with brine, dried aver anhydrous Na,SO,
and concenmrated under reduced pressure to yield 249 mg of the hydroxy ketone as a yellowish oil.
This material was purified by silica gel chromatography to yield 196 mg (92%) of ketone 18
(P;=BOM, P, = TES, P;3 = TBS) as a colorless oil.

18 (157=BOM, P o=TES, P,5 = TBS): 'H NMR (500 MHz, CDCl;) § 0.10 (s, 3H, TBS CHjy),
Q.13 (s, 38, TBS CHy), 0.59 (q, / = 7.7 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.94 (¢,
J =7.7 Hz, SH, TES CHy), 1.22 (s, 3H, CH; 17),.1.31 (s, 3H, CHj 19), 1.33 (s, 3H, CH;
16), 1.87 (dd, / = 12.1, 3.8 Hz, 1H, H9«a), 1.98 (d, J = 1.4 Hz, 3H, CH; 18), 1.99 (m, 2H,
H6B, H9B), 2.21 (m, 1H, Hba), 2.34 (dd, / = 10.4, 12.1 Hz, 1H, H5a), 2.43 (dd, 7 = 9.3,
15.4 Hz, 1H, Hl4a), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H5P), 2.62 (dd, J = 5.0, 15.4
Hz, 1H, H14B), 2.74 (d, / = 5.0 Hz, 1H, H3), 3.38 (dd, J = 6.6, 11 Hz, 1H, HT), 4.38 (dd, J
= 3.8, 104 Hz, 1H, H10), 4.56 (d, J = 5.0 Hz, 1H, H2), 4.58 (d, J =11.5 Hz IH, CH,Ph),

4.64 (4, J =11.5 Hz 1H, CHyPh), 4.68 (m, 2H, HI3, OCH,0), 4.82 (d, J =7.2 Hz 1H,
OCH,0), 7.31 (m, 5H, Ph).

Ketone 22a (Ps=TMS). To a vigorously stirred solution of ketone 18 (P—,=BOM, P,q = TES,
Pi3 = TBS) (315 mg, 0.42 mmol) in THF (10.5 mL), wiethylamine (0.88 mi., 6.3 mmol) and
trimethysilyl chlaride (0.53 mL, 4.2 mmol) under nizogen at -78 *C was added dropwise down
the side of the flask 1.35 mL of 2 0.5 M solution (0.68 mmol) of LDA in THF. After 25 min, 2
mL of a saturated aqueous NaHCO; solution was added. The reaction mixture was diluted with

150 mL of hexanes and washed with 20 ml of a sawrated aqueaus NaHCO, solution and brine,



rg

‘dried over anhydrous Na,SQ, and concenaated under reduced pressure. The resulting ail was
filtered through celite with hcxancs.and the filoate was concznmrated under reducsd prcssufr:’ to give
338 mg (99%) of the TMS enal czhc.: 21a (P;=BOM,P,q=TES, P;3 =TBS, Py =TMS) as a
colarless ail. To a vigarously strred soludon of TMS enol ether 21a (Py=BQOM, P,y = TES, P4
= TBS, P, = TMS) (224 mg, 0.274 mmol) in hexanes (2.8 mL) under nizogen at room B
temperature was added dropwise 14.9 mL of 2 0.02 M solution (0.30 mmol) of MCPBA in
hexanes. After 5 h, 2 mL of a satrated aqueous NaHCO4 solution and 2 mL of 2 10% aqueous
Na,8,0; solution were added. The reaction mixrure was diluted with 150 mL of ethyl acstate and
washed with 20 mL of a satwrated aqueous NaHCO; solution, 20 mL of 2 10% aqueous Na,S,0,
solution, 20 mL of a saturated aqueous NaHCO; solution and brine, dried over anhydrous
N2,S0, and conceatrated under reduced pressure to give 231 mg of the crude material as a
coleriess oil. This material was used without further purification, or, alternadvely, was purified by
flash ';hramat&g’mphy on silica gel to give 168 mg (74%) of 222 (P;=BOM, P|q = TES, P[5 =
TBS, P; = TMS) along with a mixmure (15%) of 212 and 18 which could be recycled.

22a (P;=BOM, P,q = TES, P35 = TBS, Ps = TMS): mp 50.5-52 °C, 'E NMR (500 MHz,
CDCl,) 8 0.10 (s, 3H, TBS CHjy), 0.13 (s, 9H, TMS CHy), 0.14 (s, 3H, TBS CHj), 0.59 (q, /
-8‘7Hz,6H TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.94 (¢, J = 82 Hz, 9H, TES CH,), 1.24 (s,
3H, CH; 17), 1.32 (s, 3H, CH; 19), 1.33 (s, 3H, CH; 16), 1.82 (dd, J = 11.3, 13.7 Hz, 1H,
H9a), 1.95(d, / = 1.4 Hz, 3H, CH,18), 1.98 (dd, / = 3.4, 13.7 Hz, 1H, H9B), 2.16 (ddd, /
= 6.2, 7.2, 13.3 Hz, 1H, Hba), 2.40 (dt, 7 =11.4, 13.3 Hz, 6B), 2.43 (dd, 7 =9.2, 15.2 Hz,
1H, H14), 2.63 (dd, J = 5.5, 15.2 Hz, 1H, Hlda), 2.74 (d, / = 5.5 Hz, 1H, H3«), 3.40 (dd,
J =12, 10.6 Hz, 1H, H7),4.36 (dd, / = 3.4, 11.3 Hz, 1H, HI0B), 4.40 (dd, / = 6.2, 12.0
Hz 1H, H50), 4.54 (d. J = 5,5 Hz, 1H, H2B), 4.57 (d, J =11.7 Hz 1H, CH,Ph), 4.64 (d, /
={1.7 Hz 1H, CH,Ph), 4.68 (d, J =7.0 Hz 1H, OCH,0), 4.74 (m, 1H, HI3), 4.78 (d, J =7.0

Hz, 1H, OCH,0), 7.31 (m, 5H, Ph). Anal. Calcd. for C43H;409Sis: C, 63.19; H, 8.88. Found
C, 63.19; H, 8.92.

Ketone 222 (Ps = H). To a vigorously stirred solution of crude 22a (P;=BOM, P|4 = TES, P3
= TBS, Py = TMS) (231 mg, 0.274 mmol) in acetonitile (7 mL) at 0°C was added dropwise 7 mL
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of a 1:10:10 (by velume) mixture of 48% aqueous HF:pyridine:acetonimile . After stirring for 20
min, 2 mL of a sarurated aqueous NaHCO, soludon was added. The reaction mixrure was diluted

- with 150 mL of ethyl acetate and washed with 30 mL of a saturated aqueous NaHCO, solution and
brine, dried over anhydrous N2,SO, and concentrated under reducad pressure to give 223 mg of
the crude alcohol as a coloriess oil. This material was purified by silica gel cliromatography 10 yield
153 mg (74%) of ketone 22a (P; = BOM, Pq = TES, P;3 = TBS, Ps; =H), 13 mg (%) of the
5B-hydroxy ketone and 33 mg (14% recaverable material) of a 1:1 mixmure of TMS enol ether 312
and ketone 18. .
222 (P; = BOM, P,g = TES, P3 = TBS, P; = H): 'H NMR (500 Mz, CDCly) 5 0.10 (s, 3E.
TBS CH;), 0.14 (s, 3H, TBS CHy), 0.59 (q, 7 = 8.2 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-
Bu), 0.94 (1, /= 8.2 Hz, 9H, TES CH,;), 1.23 (s, 3H, CH; 19), 1.32 (s, 3H, CH; 17), 1.33 (s,
3H, CHj; 16), 1.83 (dd. /= 11.0, 13.7 Hz, 1H, HEB), 1.97 (d, /= 1.4 Hz, 3H, H18), 2.01 (dd,
J=1332,13.7 Hz, 1H, H9), 2.11 (ddd, J = 5.5, 7.7, 13.7 Hz, 1H, H6a), 2.47 (cfd, J=33,
15.4 Hz, 1H, H140), 2.57 (m, 2H, Hldq, H9a), 2.88 (d, /= 5.5 Hz, 1H, H3q), 3.39 (dd, /=
7.7, 11.0 Hz, IH, Hia), 3.41 (d, J = 3.3 Hz, 1H, OH-5), 438 (m, 2H, H5B, H10), 4.55 (4, 7
= 5.5 Hz, 1H, H1f), 4.57 (d, J =11.5 Hz IH, CH,Ph), 4.62(d, J=11.5 Hz IH, CH,Ph), 4.72

(m, 2H, HI3B, OCH,0), 4.80 (4, J =7.1 Hz IH, OCH,0), 7.31 (m, SH, Ph). "

Ketone 222 (Ps=TMS) from ketone 222 (Ps=H). To a vigorously stirred soludon of S-aydroxy-
4-ketone 22a (P; = BOM, P4 = TES, P,5 = TBS, P5 =H) (51 mg, 0.067 mmol) in CH,CI, (2.2
mL) | and triethylamine (0.14 mL, 1.0 mmol) under nitrogen at 0 ‘C was added
&imcthylsilﬂcﬁ!or’ide (0.041 mL, 0.34 mmol). After 0.5 h, the reaction mixture was quenched
with 5 mL of 2 saturated aqueous NaHCO, solution and exmracted with 150 mL hexanes. The

arganic phase was washed with 50 mL of a saturated aqueous NaHCO; solution and brine, dried
over anhydrous Na,SO, and concentrated under reduced pressure to give 56mg of a colorless
oil. This material was filtered through silica gel and the filtrate was concentrated under reduced

pressure to yield 54mg (96%) of ketone 22a (P, = BOM, P, = TES, P; = TBS, P, =
TMS)

Alcohol 23a. To a stirred soludon of ketone 223 (P, = BOM, Py =TES, P(3 =TBS, P; = TMS)
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(18.9 mg, 0.023 mmol) in CH,Cl, (4 mL) under nizogen at -65 “C was added dropwise a 0.073
mL of a 3.1 M'solu:ion of MeMgBr in cther (0.23 mmol). The reaction mixture was aflowed to
warm to 48 *C, stirred for 16.5 h and then quenched with 0.13 mL of a 2.0M solution of AcQH
in THF (0.25 mmo!) and then poured into a stirring mixture of 50 mL of a saturated aqueous
NaHCO, solution and 50 mL of ethyl acztate. The aqueaus phase was extracted with 50 mL ethyt
acetate. The combined organic phases were washed with brine, dried over anhydrous Na, SO, and
concentrated under reduced pressure o yield 20.5 mg of a colorless oil. This material was puri‘ﬁcd
by silica gel chromatography to yield 18.4 mg (95%) of aicohol 23a (P;=BOM, P = TES, P,
= TBS, P; = TMS) as a coloriess oil. ,

233 (P;=BOM, Pyo = TES, P;3 = TBS, P; = TMS): 'H NMR (500 MHz, CDCl3) §0.09 (s,
9H, TMS), 0.11 (s, 3H, TBS CH,;), 0.12 (s; 3H, TBS CH,), 0.56 (g, / = 7.9 Hz, 6H, TES
CHy), 0.92.(t, / = 7.9 Hz, 9H, TES CHjy), 0.93 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH; 17), 1.28
(s, 3H, CH; 19), 1.33 (s, 3H, CH; 20), 1.34 (s, 3H, CH, 16), 1.74 (ddd, 7 = 3.8, 4.1, 130
Hz, 14, Héa), 1.99 (d, / = 1.4 Hz, 3H, HI18), 2.01 (dd, J = 11.3, 13.0 Hz, 1H, H%a), 2.06
(m, 2H, H3, H9B), 2.13 (ddd, / = 1.7, 12.3, 13.0 Hz, IH, H6f), 2.37 (dd. J = 5.5, 15.0 Hz,
1H, R14a), 2.54 (dd, J = 9.2, 15.0 Hz, 1H, H14p), 2.96 (s, 1H, OH-4), 3.51 (dd, 7 = 1.7,
4.1 Hz, 1H, H3), 3.73 (dd, 7 = 3.8, 123 Hz, 1H, H7q), 432 (dd, 7 = 4.1, 11.3 Hz, 1H,
HI0B), 4.64 (s, 2H, CH,Ph), 4.72 (d, J = 6.8 Hz, 1H, OCH,0), 4.80 (m, 3H, H2, HI3,
CCH,0), 7.31 (m, SH, Ph). Anal. Caled. for Ca4H74CSi3: C, 63.42; H, 9.19. Found C, 63.40;
. H, 9.15. .

Hydroxy olefin 24a. To a refluxing solution of alcohol 23a (P;=BOM, P,, = TES, P, = TBS,
Ps = TMS) (46.7 mg, 0.055 mmol) in toluene (1.! mL) was added 1.1 mL of a 0.1M solution of
Burgess reagent in toluene ( 0.11 mmol). The mixwure was refluxed for 20 min then cooled to
room temperature, diluted with ethyl acetate, washed with a saturated solution of NaHCO, and
brine, dried over anhydrous Na,SO, and filtered. Concentration of the filorate under vacuum

yielded 46 mg of crude olefin. This material was used without further purificadon.
Toa strred soludoa of this crude olefin (46 mg, 0.055 mmol) in acetonimile (2.5 mL) at 0 "C was

added 2.5 mL of a 1:10:10 (by volume) mixture of 43% aqueous HF : pyridine : acctoniaile. The



79

mixture was stirred at 0 °C for 20 min, quenched with a saturated solution of NaHCO; and

extracted twice with ethyl aceate. The combined organic phases were washed with brine, dried
over anhydrous Na;SOy and filtered. Concentration of the filtrate under vacuim yielded 48 mg of

a colorless oil which was purified by silica gel chromatography to yield 25.9 mg (62%) of

hydroxy olefin 24a (P; = BOM, P4 = TES, P,; = TBS, R = H) as well as 2.1 mg of unreacted

alcohol 23 (4%). o : |

24a (P;=BOM, P q=TES, P,3 = TBS, R = H): mp 66-68 "C 'H NMR (500 MHz, CDCl,) §

0.12 (s, 3H, TBS CHjy), 0.13 (s, 3H, TBS CH,), 0.59 (g, /= 7.9 Hz, 6H, TES CH,), 0.94 (¢,

J=1.9 Hz, 9H, TES CHy), 0.95 (s, 9H, TBS t-Bu), 118 (s, 3B, CH; 19), 1.23 (s, 3H, CH;

17), 1.35 (s, 3H, CH; 16), 1.73 (d, 1H, J = 3.4 Hz, OHS), 1.83 (dd, J = 9.9, IO.S'Hz, 1H,

H9a), 1.91 (ddd, J = 7.2, 7.5, 13.4 Hz, IH, Héa), 1.97 (dd, J = 3.3, 9.9 Hz, 1H, H9f), 2.03

d. /=14 Hz, 3H, 18), 2.14 (ddd, J = 9.6, 9.6, 13.4 Hz, 1H, H6B) 2.35 (dd, J= 5.1, 154 Hz,

1H, Hl4a), 2.50 (dd, J =9.6, 15.4 Hz, 1H, H14p), 3.03 (d. /= 5.8 Hz, 1H, H3q), 3.4 (dd,
J=13, 9.6, Hz, 1H, H7a), 4.38 (m, 2H, H10, HS), 4.54 (d, /= 5.8 Hz, 1H, H2), 458 (d,J
=11.6 Hz, 1H, CH;Ph), 4.62 (4, /=11.6 Hz, 1H, CH,Ph), 4.73 (d, J =7.0 Hz, 1H, OCH,Q),
4.75 (m, H, H13), 4.79'(d, 7=7.0 Hz, 1H, OCH,0), 5.00 (s, 1H, H20E), 5.18 (s, 1H, H20Z),

7.31 (m, SH, Ph). Anal. Calcd. for Cy4,Hgs03S1,x0.5H,0: C, 65.47; H, 8.98. Found C, 65.63;
H, 8.97.

Allyl mesylate 24aa. .To a stirred solution of allyl alcohol 24a (P; = BOM, P4 = TES, P(3 =
TBS, R = H) (11.5 mg, 0.0154 mmol) in pyridine (0.6 mL) under nitrogen at 0 °C was added
dropwise methanesulfony! chloride (0.02 ml..,. 0.258 mmol). After 45 min, a saturated aqueous
NaHCO; solution (0.05 mL) was added. The mixmre was stirred for 10 min, poured into 20 mL
of a sawrated aqueous NaHCO; soluton and extracted with 40% ethyl acetate/hexane (20 mL x
3). The combined organic phase was dried over anhydrous Na,SO, and concentrated under
reduced pressure to give 13 mg of 24aa (P; = BOM, P,y = TES, Py3 = TBS,R = Ms) as a
colorless oil. This material was used without further purificadon,

24aa (P, =BOM, Py =TES, P;5 = TBS, R = Ms): 'H NMR (300 MHz, CDCl,); § 0.12 (s,
3H, TBS CHj), 6 0.13 (s, 3H, TBS CHj;), 0.58 (q, / = 7.9 Hz, 6H, TES CH,), 0.93 (s, 9H.
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TBS t-Bu), 0.94 (t, / = 7.9 Hz, 9H, TES CH,), 1.23 (s, 3H, CH4 17), 1.22 (s, 3H, CH; 19y,
'1.34 (s. 3H, CH; 16), 1.80 (br ¢, J =13 Hz, 1H, H9a), 1.98 (m, 1H, HE), 1.79 (ddd; J=23,
5.5, 15.1 Hz, 1H, Hida), 2.01 (d, :f= 1.1 Hz, 1H, CH;18), 2.06 (dd, 7 = 3.3, 13.7 Hz, 1H,
H9B), 2.01 (br s, 3H, CH3 18), 2.22-2.32 (m, 3H, Hlde, Héa, HAB), 2.54 (dd, J = 9.9, 154
Hz, 1H, H14B), 3.02 (s, 3H, 0SO,CH,), 3.05 (d, J = 6.0 Hz, IH, H3a), 345 (t, /= 8.5 Hz,
1H, H7a), 4.37 (dd, J=3.6, 11.0 Hz, 1H, I-'H'Qﬁ), 4.57 (d, /= 6.0 Hz, 1H, H2f), 4.59 (q, 2H,
PhCH;Q), 4.69 (d, /= 7.1 Hz, 1H, OCH,0), 4.74 (m, 1H, H13B), 4.76 (d, J = 7.1 Hz, 1H,
CCH,0), 5.03 (br t, / = 8.5 Hz, 1H, H5f), 5.09 (br s, 1H, H20), 5.24 (br ;,_IH, H20), 7.35
(m. SH, Ph). |

Triol 252. To a stirred soludon of allyt alcohol 24a (P; = BOM, P;¢=TES, P;3 =TBS,R = H)

(45 mg, 00606 mmol) in a mixture of pyridine (0.32 mL) and ether (3.2 mL) under nizogen at 0

*C was added 2 0.157 M solution of OsQ, in THF (0.42 mL, 0.066 mmole). After 12hat 0°C,
NaHSOQ; (530 mg), pyridine (0.3 ml.), THF (2 mL) and water (3 mL) were added. The mixmure
was vigorously stirred at room temperature for 14 h, pourad into 50 mL of a saturated aqueous

NaHCO; soludon and exmacted with ethyl acetate (40 mi. x 3). The combined organic'phasc was
dried over anhycimus Na,SO, and concentrated under reducsd pressure to give 60 mg of a pale
yellow oil, which was columa chromatographed (30% ethyl acetate/hexane) to yicl;:i 34.3 mg (73

%) of wiol 253 (P, =BOM, P4 = TES, P4 = TBS).

25a (P; = BOM, P;¢ = TES, P;; = TBS): 'H NMR (500 MHz, CDCly); 3 0.11 (s, 6H, TBS
CH;), 0.60 (ddd, J = 9.0 Hz, 6H. TES CH,), 0.79 (s, 3H, CHy 19), 0.93 (s, 981, TBS t-Bu),
0.94 (dd, /= 9.0 Hz, 9H, TES CHj), 1.22 (s, 3H, CH; 17), 1.35 (s, 3H, CH; 16), 1.64 (dd, J =
5.6, 16.4 Hz, 1H, H9B), 1.70 (m, 1H, H6B), 2.22 (dd, J = 2.7, 16.8 Hz, 1H, H9q), 2.23 (d. J
=0.7 Hz, 3H, CH4 18),, 2.36 (dd, 7 = 9.2, 15.0 Hz, 1H, H14p), 2.45 (m, LH, Héa), 2.96 (s,
1H, OHS), 3.21 (dd, 6.9, 15.0 Hz, 1H, Hide), 3.42 (d, /= 5.0 Hz, 1H, H3a), 3.53 (m, 1H,
H20), 3.38 (s, 1H, OH4), 3.70 (1, / = 3.0 Hz, IH, H5p), 4.04 (br d, / = 1] Hz, 1H, H20),
4.06 (dd, 7 = 11.5, 5.0 Hz, lH, H7a), 4.48 (d, 7 = 5.0 Hz, 1K, H2[B), 4.49 (d, / = 12.0 Hz,
IH, PhCH,0). 4.53 (br s, 1H, HI0B), 4.7t (m, 1H, H13B), 4.72 (d, J = 12.0 Hz, LH,
PhCH,0), 4.85 (d, / = 6.8 Hz, lH, OCH,0), 4.98 (d. / = 6.8 Hz, 1H, OCH,0), 7.34 (m, SH,
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_ Ph). Anal. Calcd. for CqHg30,05i5: C, 63.36; H, 8.82. Found C, 63.19; H, 8.75.

Diol rﬁcsylatc 26a. To a stirred solution of allyl mesylate 2daa (P; = BOM, P4 = TES, Pi;=
TBS, R = Ms) (5 mg, 0.0064 mmot) in a mixture of pyridine (0.4 mL) and THF (0.4 mL) under
nigogen at room temperature was added a 0. 157 M solution of OsQ, in THF (0.06 mL). After 7
h, NaHSO5 (150 mg) and water (0.2 mL) were added. The mixmre was vigorously stirred for 14
h, poured into 20 mL of a saturated aqueous NaHCO; soluton and exmracted with ethyl acemte (20
mL x 3). The combined organic phase was dried over anhydrous Na,SQ, and concentrated under
reduced pressure to give 6 mg of a pale yellow oil. The oil was cclumn chromamgraphcd (40%
ethyt acetate/hexane) to yield 2.7 mg (50%) of diol mesylate 26a (P7 BOM, Py =TES,P|3 =
TBS, R = Ms). _
26a (P;=BOM, P, = TES, P;3 =TBS, R = Ms): 'H NMR (500 MHz, CDCL); 3 0.14 (s, 6H,
TBS CHQ. 0.58 (ddd, 7 = 8.0 Hz, 6H, TES CH,), 0.89 (s, 3H, CHj 19), 0.93 (s, SH, TBS t-
Bu), 0.94 (dd, J = 3.0 Hz, 9H, TES CHjy), 1.31 (s, 3H, CH;17), 1.37 (s, 3H, CH; 16), L.76
“(dd, J = 5.5, 15.1, 1Hz, H9B), 1.95 (m, 1H, H6B), 2.23 (d, J= 0.7 Bz, 3H, CH4 18), 225
(dd, J = 4.3, 15.1 Hz, 1H, Ha), 239 (dd, J = 9.2, 15.1 Hz, 1H, H14B), 2.45 (m, 1H, Hbc),
2.89 (dd, 6.3, 15.1 Hz, 1H, Hl4a), 3.05 (d, J = 3.4 Hz, 1H, H3a), 3.06 (s, 3H, 0S0,CH,),
3.35 (s, IH, OH4), 3.52 (m, 1H, H20), 3.92 (dd, J = 4.5, 11.6 Hz, 1H, HTw), 4.13 (dd, J =
1.0, 11.3 Hz, 1H, H20), 4.46 (brd, /= 4.5 Hz, 1H, H10), 4.52 (d, /= 3.4 Hz, 1H, H2), 4.54
(d, / = 12.0 Hz, 1H, PhCH,0), 4.70 (d, /= 12.0 Hz, 1H, PhCH,0), 4.83 (d, /= 6.9 Hz, 1H,

0CH,0), 4. 34 (rn, 1H, HS5f), 4.92 (m, 1H, H13p), 493 (d, J = 6.9 Hz, 1H, OCHZO), 734
(m, 5H, Ph).

Diol tosylate 26aa. To a stirred solution of miol 25a (P; = BOM, P, = TES, P, = TBS) (37
mg, 0.0476 mmole) in CH,C; (0.4 mL) under nizrogen at -78 °C was added tricthylamine (0.25
mL) followed by wimethylchlorosilane (0.075 mL). The solution waﬁ stirred at -78 *Cfor 1 h,
poured into 20 mL of a saturated aqueous NaHCOy solution and extracted with chloroform (30 mL
x 3). The combined organic phase was dried over anhydrous Na,SQy, and concentrated under

reduced pressure to give 38.2 mg of a colorless oil. This oil was dissolved in THF (0.5 mi) and
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caaled to -78 *C. To this solution was added a Q.2 M solution of LDA in THF (0.9 mL, 0.18
mmole). After 20 min at -78°C, p-tolucncsulfdnyl chloride (35 mg, 0.183 mmole) was added.
After stimring at -35 *C for 3 h, MeOH (0.2 mL) and diethylamine (0.3 mL) were added. The
solution was strred at-35 *C for 30 min and poured into 30 mL of a saturated aqueous NaHCO,
solution and exmracted with chioroform (40 miL. x 3). The combined organic phases were dried
over anhydrous Na, SOy, and concentrated under reduced pressure to give S8 mgof a colorless oil.
The oil was dissolved in ac=tonigile (3.6 mi.) and pyriciinc (3.6 mL). To this soludon at 0 °C was
added 48 % aqueous solution of HF (0.36 mL). The solution was stirred at 0 °C for 15 min,
poured into-30 mL of a saturated aqucous‘NaH_(_;'O:‘ soludon and exmracted with chloroform (40
mL x 3). The combined organic phast': was dried over anhydrous Na,SQ,, and concentrated under
reduced pressure to give 56 mg of crude diol tosyfate 26aa. Column chromatography (40%
ethylacetate/hexane) yielded 34 mg (30 %) diol tosylate 26aa (P; = BOM, Pyq = TES, P;3 = TBS,
R=Ts). |

26aa (P;=BOM, P4 = TES, P|; = TBS, R = Ts). 1H NMR (300 MHz, CDCl,); §0.18 (s,
6H, TBS CH,;), 0.58 (d, J = 12.5 Hz, 6H, TES CH,), 0.82 (s, 3H, CHj 19), 0.94 (dd, J=13.0
Hz, 9H, TES CHj), 0.97 (s, 94, TBS t-Bu), 1.28 (s, 3H, CH;4 17), 1.34 (s,3H, CHj 16), 1.67
(dd, J = 16.5, 4.4. Hz, 1H, H9p), 1.80 (m, 1H, HEB), 2.13 (dd, J = 16.5, 4.4 Hz, IH, H9a),
2.18 (m, IH, Héa), 2.24 (s, 3H, CH, 18), 2.33 (s, 3H, CH;Ph), 2.42 (dd, J = 14.8, 9.3 Hz,
1H, H14f), 2.90 (m, 1H, H14a), 2.93 (br s, [H, OH4), 3.08 (br d, J = 3.3 Hz, 1H, H3a),
3.38 (brt, /=110 Hz, IH, H7a), 3.87 (m, IH H20), 4.09 (br d, J = 9.9 Hz, 1H, H20), 4.52
(d, 7 = 3.3 Hz, 1H, H2p), 445 (br d, / = 4.4 Hz, 1H, HIOP), 446 (d, J = 12.1 Hz, 1H,
PhCH,0), 459 (d, / = 12.1 Hz, 1H, PhCH,0), 4.66 (br ¢, / = 3.8 Hz, IH, H5B), 475 d, /=
7.1 Hz, 1H, OCH;Q), 4.83 (d, / = 7.1 Hz, IH, OCH,0), 4.89 (br dd, J = 7.7, 6.6 Hz, IH,

H13f), 7.14 (d, J = 8.2 Hz, 2H, SO,Ph), 7.34 (m, 5H, OCH,Ph), 7.75 (d, J/ = 8.2 Hz, 2H,
SO, Ph).

Oxctane 27a from diol mesylate 26a. To a stirred solution of dial mesylate 262 (Py = BOM, P
= TES, P,3 =TBS, R = M5) (2.7 mg) in wluene (0.4 mL) under nicrogen at room temperature was

added diisopropyl ethylamine (0.008 mL). The solution was refluxed for 3.5 h cooled to rocom
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temperature, poured into 20 mL of a saturated aquéous NaHCO4 solution and extracted with ethyi
acstate (20 mL x 3). The combined arganic phase was dried aver anhydrous Na,SQ,, and
concentrated under reduced pressure 1o give 3 mg of a péle yellow oil. Tﬁc oil was column
" chromamwgraphed (30% ethyl acetata/hexane) to yield 1 mg (42%) of oxerane 27a.

27a (P;=BOM, P, = TES, P,; = TBS): 'H NMR (500 MHz, CDCl,); 30.10 (s, 6H, TBS
CH;), 0.59 (dd, J = 3.0 Hz, 6H, TES CI-'I,). 0.92 (s, 9H, TBS t-Bu), 0.94 (dd, J = 8.0 Hz, 9H,
TES CHj;), 1.20 (s, 3H, CH; 17), 1.26 (s, 3H, CH419), 1.32 (s, 3H, CH; 16), 1.93 (dd, J =
11.3, 13.4 Hz, 1H, H9a), 1.98 (d, J = 1.4 Hz, 3H, CH; 18), 2.06 (dd, J = 6.0, 18.6 Hz, 1H,
H6B), 2.11 (dd, J = 4.5, 13.4 Hz, 1H, HOP), 2.14 (d, /= 5.5 Hz, 1H, H3a), 2.41 (dd, J =
9.2, 15.1 Hz, 1H, H148), 2.43 (m, 1H, H6a), 2.54 (s, IH, OH4), 2.76 (dd, J = 5.2, 15.1 Hz,
Hlda), 321 (dd, J= 3.4, 13.0 Hz, 1H, Hla), 4.36 (d, J = 8.6 Hz, 1H, H20c), 4.37 (dd, /=
4.1, 11.3 Hz, IH; H10B), 4.40 (br d, J = 82 Hz, 1H, Hia), 4.60 (d, J = 5.5 Hz, lH, H28),
4.61 (d, J = 12.6 Hz, 1H, PhCH,0), 4.67 (m, 1K, H13p), 4.69 (d, J = 12.6 Hz, 1H,
PhCH,0), 4.75 (d, /= 7.5 Hz, 1H, OCH,0), 4.86 (d, /= 7.5 Hz, 1H, OCH,0), 4.91 (dd, J =

0.7, 8.6 Hz, 1H, H20B), 7.34 (m, 5H, Ph). Anal. Calcd. for Cy;HgQySi5: C, 64.87; H, 8.76.
Found C, 64.61; B, 8.78.

Oxetane 272 from diol tosylate 26aa. T6 a stirred sohm’on.of diol tosylate 26aa (Py=BOM, P,
=TES, Bj; = TBS, R = Ts) (33 mg, 0.0354 mmole) in toluene (3.3 mL} under nitrogen at room
temperature was added DBU (0.11 mL, 0.73 mmole). The solution was heated at 80 °C for 10
min, then the temperature was' increased up to 110 °C during a 40 min period, maintained at 110 *C
for 30 more min and cooled to room temperature. The soludon was filtered thfnugh a short pad of
silica gel using 30% ethyl acetate/hexane as eluent. The ﬁlfrine was concentrated ‘o give 25 mg of

crude 272, which was column chromatographed (30% ethyl acetate/hexane) to yield 21 mg (78 %)
of oxetane 27a (P;=BOM, P, = TES, P;3 = TBS).

Oxetane 29. To a stirred soludon of oxetane 272 (P; = BOM, P¢ = TES, P,3 = TBS) (21 mg,
0.0276 mmloce) and dimethylaminopyridine (3.4 mg, 0.0278 mmole) in pyridine (110 pL, 1.37

mmole) under niwrogen at room temperature was added acetic anhydride (26 pL, 0.276 mmole).
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The solution was stirred for 25h, diluted with ethyl acstate, poured into 20 mL of saturated
aqueous NaHCO, solution and exmacted with ethyl acstate (20 mL x 3). The combined organic
phases were dried over anfiydrous Na,SO, and concentrated under reduced pressure to give 26 mg
of a pale yellow oil, which was column chromatographed (25% ethyl acetate/hexane) to yield 1§
- mg (72%) of oxetane 29 (P; = BOM, P, = TES, P|5 = TBS).
29 (P;=BOM, P = TES, P = TBS): 'H NMR (500 MHz, CDCL); § 0.10 (s, 3H, TBS
CHj), 0.12 (s, 3H, TBS CHjy), 0.56 (g, 6H, TES CHy), 0.92 (1, 9H, TES CHj), 0.94 (s, 9H,
TBS t-Bu), 1.35 (s, 3H, CH; 16), 1.30 (s, 3H, CH; 17), 1.29 (s, 3H, CH; 19), 1.96 (br t, / =
13.0 Hz, 1H, HSa), 1.98 (4, /= 1.4 Hz, 3H, CH; 18), 2.02 (dd, J = 7.5, 13.0, 1H, HSB), 2.07
(dt, 7 = 8.0, 13.0 Hz, 1H, H6f), 2.13(s, 3H, OAc), 2.24 (dd, /= 3.4, 15.0 Hz, 1H, Hl4a),
2.40 (dd, /= 8.6, 15.0 Hz, 1H, H148), 2.51 (ddd, /= 4.1, 9.2, 15.0 Hz, 1H, Héa), 2.63 (d,
J= 6.3 Rz, 1H, H3e), 3.69 (dd, f= 4.1, 13.0 Hz, H7a), 4.35 (dd,)’: 3.4, 113 Hz, 1H,
HlOﬁ), 4.64 (m, 4H, PaCH,0, H2j, HSa), 475 (d, J =7.2 Hz, 1H, OCH;0), 4.76 (brd, J
= 92 Hz, 1H, H20), 4.83 (d, /=72 Hz, 1H, OCH,0), 4.85 (br d, J= 9.2 Hz, 1H, H20), 4.83
(brt, /= 8.2 Hz, 1H, HI3p), 735 (m, SH, Ph).
Benzoawe 30. To a stirred soludon of oxetane 29 (P; = BOM, P4 = TES, P = TBS) (6 mg,
-0.0075 mmol) in THF (0.3 mL) under nitrogen at -78 “C was added a 0.3M so!ﬁtion of
phenyllithium in ether (44 pL, 0.013 mimol). The solution was stirred at -78 °C for 15 min and
quenched with a 10% solution of acetic acid in THF. The solution was diluted with ethyl acetate,
poured into 20 mL of a saturated aqueous NaHCQ, solution and extmracted with ethyl acetate (20
ml x 3). The zcombined organic phases were dried over anhydrous Na,SO, and concentrated
under reduced pressure to give 8 mg of a pale yellow oil. The oil was column chromatograpned
(25% cthyl acctate/hexane) (o yield 6.2 mg (94%) of benzoate 30 (P;=BOM, P;3=TBS,R =
TES).
30 (P, =BOM, P;; =TBS,R = TES): 'H NMR (500 MHz, CDCl;); § 0.09 (s, 3H, TBS CHjy),
0.14 (s, 3H, TBS CHj), 0.60 (ddd, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.96 (¢, 6H, TES
CH,), 1.23 (s, 3H, CHy 17), 1.38 (s, 3H. CH; 19), 1.46 (s, 3H, CH, 16), 1.69 (s, IH. OH1),
1.97 (ddd, /= 14.5, 10.0, 3.1 Hz, 1H, H6pB), 2.05 (dd, J = 16.1, 5.1 Hz, 1H, HIp), 2.09 (dd,
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1= 151, 62 Hz, 16, H14B), 2.13 (s, 3H, CHj (8), 2.22 (dd, /= 15.1, 2 Hz, 1H, Hlda),
223 (dd, = 150, 8.5 Hz, 1H, H9P), 2.24 (s, 1H, OAc 4), 238 (dd, J = 16.1, 4.1 Hz, 1K,

' H9a), 2.67 (m, 1H, H6a), 3.40 (d, = 6.2 Hz, 1H, H3a), 3.99 (dd, J = 10.1, 6.8 Hz, 1H,
H7a), 420 (4, /= 8.2 Hz, 1H, H20B), 429 (4, J = 82 Hz, 1H, H20a), 4.49 (.= 120 Hz,
{H, PhCH,0), 4.63 (br ¢, 1H, HI0B), 474 (dJ = 12.0 Hz, 1H, PhCH,0), 492 (4, /= 69 Hz,
{H, OCH,0), 4.91-4.95 (m, 2H, H13p & H5a), 5.01(d, J = 6.9 Hz, 1H, OCH;0), 5.66 (4, J =
6.2 Hz, 1H, H2p), 7.28 (m, 1H, PhCH,), 7.35 (m, 4H, PhCH,), 7.48 (m, 2H, PhCOO -m),
7.59 (m, 1, PCOO p), 8.1 (m, 2H, PhCOO-0).

Alcohol 31. To a solution of benzoate 30 (P; = BOM, P,3 = TBS, R = TES) (6.2 mg, 0.007
mmol) in 2 mL of THF was added 0.1 mL of 2 0.1 M soludion of TBAF in THF. The mixture was
stirred for 2 h at 25 °C under nicogen. The reaction mixture was diluted with 10 mL of ethyi
acetate, then poursd into 10 mL of a saturated aqueous NaHCO5 solution. The organic phase was
washed with 10 mL of a saturated aqueous ﬁaHCO; solution, c‘iricd over anhydrous Na;S0, and
concentrated under reduced pressure @ give 4.5 mg (93%) of alcohol 31 (P;=BOM, P(; = TBS,
R =H).
31 (P;=BOM, P;3 = TBS, R = H): mp 213-216 °C 'H NMR (500 MHz, CDCl3); § 0.10 (s, 3H,
TBS CHjy), 0.15 (s, 3H, TBS CHj3), 0.94 (s, 9H, TBS t-Bu), 1.26 (s, 3H, CH; 17), 1.39 (s,
3H, CH; 19), 1.45 (s, 3H, CH; 16), 1.68 (s, 1H, OHl), 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, 1H,
Hé6B), 2.10 (dd, J = 15.0, 9.0 Hz, 1H, H14B), 2.15 (dd, 7 = 15.0, 8.0 Hz, IH, Hlda), 2.18 (s,
3H, CH3 18), 2.23°(dd, J = 15.0, 8.5 Hz, 1H, HIB), 2.26 (s, 1H, OAc 4), 2.40 (dd, J/ = 15.0,
3.5 Hz, 1H, H9a), 2.68 (m, 1H, Héa), 2.90 (br s, 1H, OHI0), 3.54 (d, / = 6.0 Hz, 1H,
' H3a), 4.16 (d, /= 8.0 Hz, 1H, H20B), 4.23 (dd, /= 10.0, 7.0 Hz, 1H, H7a), 4.30 (d, /= 8.0
Hz, 1H, H20a), 4.68 (dd,/ = 15 Hz, 2H, PhCH,0), 4.78 (m, 1H, H10f), 4.87 (d, 7 = 6.5 Hz,
1H, OCH,0), 4.95 (¢, J = 2.0 Hz, 1H, H20a), 4.92 (4, J% 7.0 Hz, 1H, OCH,0), 4.93 (brd, J
= 2.0 Hz, 1H, H13p), 4.96 (br d, J = 6.5 Hz, 1H, H5a), 4.97 (d, J = 6.5 Hz, 1H, OCH,0),
5.68 (d, J = 6.0 Hz, 1H, H2[B), 7.28 (m, 1H, EhCHZO), 7.35 (m, 4H, PhCH,0), 7.40 (m, 2H,
PhCOO-m), 7.59 (m, IH, PhCOO-p), 8.13 (m, 2H, PhCOO-0). Anal. Calcd. for
Ca3H400105ix0.5H,0: C, 66.72; H, 7.94. Found C, 66.75; H, 7.96.
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Alcohal 3 1 through Alcohol 30a.  To a stirred solution of oxetane 29 (P;= BOM, P ¢ = TES,

' P,y = TBS) (16 mg, 0.02 mmole) in acztonimile (0.33 mL) ac 0 °C was added 2 4% solution of
HF-pyridine complex in acztonitrile (0.8 mL). The solution was stirred at O “C for i1 b, diluted
with ethyl acetate, poured into 20 mL of 2 sazﬁr:ucd aqueaus N:iHCO; soluton and exmractad with
CHCl; (30 mL x 3). The combined organic phases were dried over anhydrous Na,SO, and -
concentated under reduced pressure to give 13.5 mg (0.0196 mmole) of 302 as an oil. This ail
was dissolved in THF (1 mL) and cooled to -78 *C. To this soludon at -78 *C was added a 0.285
M solution of phenylilithium in THF (0.144 mL, 2.1 eq.). After 10 mir, the solution was poured
into 20 mL of saturated aqueous NaHCO5 solution and CHCl4 (30 mL x 3). The combined
organic phase was dried qver anhydrous Na,SO, and concenmrated under reduced pressure to give

16 mg of a pale yellow oil, which was crystalized to yield 12.7 mg (85%) of beazoate 31 (Py =
BOM, P13.=.'__ TBS. R= m.

Ketone 32. To a soludon of benzoate 31 (P; = BOM, P53 = TBS, R = H) (18 mg, 0.235 mmole)
and 4-methylmorpholine N-oxide (18 mg, 0.154 mmole) in CHACl, (2.6 mL) at room temperamre
was added tezapropylammonium perruthenate (6 mg, 0.017 mmole). The solution was stirred at
room temperature for 15 min and filtered through silica gel with 30 % cthyl aczratc/hexane. The

filtrate was concenmrated under reduced pressure to yield ketobenzoate 32 (P; = BOM, P 3 = TBS)
(18 mg, 100%). )

32 (P, =MOP, P35 = TBS): 'H NMR (300 MHz, CDCl) § 0.12 (s, 3H, TBS CH,), 0.16 (s,
3H, TBS CHj), 0.94 (s, 9H, TBS t-Bu), 1.25 (s, 3H, CH; ), 1.42 (s, 3K, CH, ), 1.44 (s, 6H,
MOP CHa), 1.49 (s, 3H, CHy ), 1.75 (s, 1H, OHI), 1.76 (m, 1H, H6), 1.83 (s, 3H, CH; 18),
2.21(dd, 7 =7, 13 Hz, LH, H14), 2.25 (s, 3H, OAc), 2.29 (dd, 7 = §, 15 Hz, 1H, H14), 2.61
(d, J =16 Hz, 1H, H9), 2.74 (ddd, J =8, 9, 17 Hz, 1H, H6), 3.19 (s, 3H, MOP OCHj), 3.20
(d,/ =6 Hz, IH, H3@), 3.32 (d, / = 16 Hz, 1H, H9), 3.78 (dd, J = 8, 10 Hz, 1H, HT), 4.15
(d, J =8 Hz, 1H, H20), 4.34 (d, J = 8 Hz, 1H, H20), 4.89 (d. / = 9 Hz, 1H, HS), 5.04 (m,
LH, H13), 5.90 (d, J = 6 Hz, LH, H2), 7.50 (m, 26, PhCOO -m), 7.62 (m, 1H, PhCOO -p),
8.24 (m, 2H, PhACOO -0).

32 (P;=TES, P,3=TBS): 'HNMR (300 MHz, CDCl;) § 0.12 (s, 3H, TBS CH,), 0.16 (s, °
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" 3H, TBS CHy), 0.65 (q, / = § Hz, 3H, TES CH,), 0.66 (q, / =8 Hz, 3H, TES CH;), 0.94 (s,

9H, TBS t-Bu), 1.00 t, 7 = § Hz, 3H, TES CH,), 1.24(s, 3H, CHy ), 1.38 (s, 3H, CH, ), 1.49

(s, 34, CHy ), L75 (s, LK, OHL1), 1.80 (m, (H, H6), 181 (s, 3, CH, 18), 2.20 (dd, J =9,

15 Hz, 1H, H14), 226 (s, 3H, OAc CH,), 2.29 (dd, J =8, 15 Hz, 1H, H14), 248 (ddd, J = 3§,

9, 17 Hz, 1H, H6), 2.58 (d, J = 17 Hz, 1H, H9), 3.15 (d, J =6 Hz, 1H, H3a), 3.36 (d, / = 17

Hz, 1H, H9), 3.79 (dd, J =7, 9 Hz, 1H, HY), 4.14 (d, J = § Hz, 1H, H20), 4.33 (d, J =8 Hz,

1H, H20), 490 (d, J =9 Hz, 1H, HS), 5.04 (m, 1H, H13), 5.90 (d, J = 6 Hz, 1H, H2), 7.49
(m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOO -p), 8.13 (m, 2H, PhCOO -0).

32 (P;=BOM, P;3 = TBS): 'H NMR (500 MHz, CDCl;); 5 0:16 (s, 3H, TBS CHj), 0.18 (s,
3H, TBS CHy), 0.94 (s, 9H, TBS t-Bu), 1.26 ( s, 3H, CH; 17), 1.47 (s, 3H, CH; 19), 1.52 (s,

3H, CH, 16), 1.76 (s, LH, OH1), 1.83 (d, 3H.J = 0.5 Hz, CHj 18), 1.89 (ddd, 7 = 15.0, 9.5,
1.5 Hz, 1H, H6B), 221 (dd, J = 15.0, 9.0 Hz, 1H, H14p), 2.26 (s, 1H, OAc 4), 2.29 (dd, J =
15.0, 8.0 Hz, 1H, Hl4a), 2.72 (m, 1H, H6a), 2.75 (d, /= 16 Hz, 1H, H9a), 3.18 (d, /= 6.5
Hz, 1H, H3a), 326 (d, / =16.5 Hz, H9a), 3.65 (dd, /= 9.0, 7.5 Hz, 1H, H7a), 4.15 (d. J=
7.5 Hz, 1H, H208), 4.34 (d, J = 7.5 Hz, 1H, H20a), 4.61 (d,/ = 12.0 Hz, 1K, PhCH,0), 4.72
(d, J = 12.0 Hz, 1H, PhCH,0), 4.81 (d, J = 7.0 Hz, 1H, OCH,0), 492 (d, J = 7.0 Hz, 1H,
OCH,0), 493 (br d, J = 6.5 Hz, 1H, H5a), 5.05 (brt, /= 6.5 Hz, 1H, H13), 5.91 (d, 7= 6.0
" Hz, 1H, H2§), 7.28 (m, 1H, PhCH,0), 735 (m, 4H, PhCH,0), 7.50 (m, 2H, PhCOO -m),
7.62 (m, 1H, PhCOO -p), 8.13 (m, 2H, PhCOO -0)

Hydroxyketone 33. To a THF (1.3 mL) solution of 32 (P; = BOM, P,; = TBS) (16.2 mg, 0.02
mmol) at .78 *C was added 4 equivalents of a 0.24M ¢ -BuOK solution in THF (0.33 mL, 0.08
mmol.). The solution was warmed to -20 “C for 40 min and then briefly warmed to Q°C before
being cannulated into 2 0°C THF (1.3 mL) suspension of benzeneseleninic anhydride (57 mg, 0.16
mmol.). The reaction was stirred for 40 min. at 0 °C before being diluted with 20 mL of ethyl
acetate and poured into 50 mL. of aqueous saturated NaHCO;. The organic layer was then washed
with 50 mL of aqueous saturated Na,S,0; followed by 50 mL of aqueous saturated NaHCO,.
The organic layer was then dried with Na,SQ,, filtered and evaporated to give 18.8 mg of the

hydroxyketone as an oil. To a THF (1.3 mL) solution of the crude hydroxyketone (18.8 mg) was
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* added 0.33 mL of a 0.24M soludon of ¢ -BuOK (0.08 mmol) at -78 "C. The reaction was stirred
20 min. and then 0.25 mL of a 0.8 AcOH/THF soludon was added at -78 *C and stirred 3 min.
The mixwmre was diluted with 20 mL of ethyl acetate and was poured into 50 mL of aquegus
sararated NaHCO;. The organic layer was then dried with Na, SOy, filtered and evagarated (o give
18.6 mg of a yellow solid which was then plug filtered through silica gel with 2% ethyt
acemte/hexanes followed by 30% cthyl acerate/hexanes to give 15.9 mg of 33 (P;=BOM, P); =
TBS) (96% yield).

33 (P; =BOM, Py3 = TBS): m.p.: 234-236°C, 'H NMR (500 MHz, CDCl) § 0.13 (s, 3H,
TBS CHy), 0.13 (s, 3H, TBS CHjy), 0.95 (s, 9H, TBS t-.Bu), 1.11 (s, 3H, CH; 16), 1.18 (s,
3H, CH;3 17), 1.59 (s, 1H, OHI), 1.82 (s, 3H, CH; 18), 1.89 (ddd, /= 2.1, 124, 14.4 Hz, 1H,
H6B), 1.97 (d, /= 2.0 Hz, 3H, CH; 18), 2.14 (dd, J = 8.6, 15.4 Hz, IH, H14p), 2.21 (dd, J=
8.9, 15.4 Hz, 1H, Hl4a), 2.29 (s, 3H, Ac), 2.70 (ddd, J = 6.5, 9.6, 14.4 Hz, 1H, Héa), 3.93
(d, / = 6.9 Hz, 1H, H3a), 4.17 (d, J = 8.6 Hz, 1H, H20B), 428 (d, /= 2.4 Hz, 1H, OH108),
431 (dd, J = 6.5,12.4 Hz, 1H, H7a), 4.32 (d, /= 8.6 Hz, 1H, H20@), 4.45 (d,J = 12.2 Hz,
1H, PhCH,0), 4.60 (d, / = 122 Hz, 1H, PhCH,0), 4.60 (d, /= 7.3 Bz, 1H, OCH-_,O); 4.73 (d,
J =13 Hz, 14, OCH,0), 4.97 (dd, / = 2.1, 9.6 Hz, 1H, H5a), 5.01 (ddd, J = 2.0, 8.6, 8.9
Hz, 1H. HI3f), 5.35 (d, /= 2.4 Hz. 1H, K10a), 5.64 (d, /= 6.9 Hz, 1H, H2B), 7.3 (m, 5H,
BhCH,), 7.49 (v, / = 1.7, 7.9 Hz, 2H, PhCOO -m), 7.61 (tt, J = 1.7, 7.6 Hz, 1H, PhCOO -p),
8.10 (dd, J = 1.2, 7.9 Hz, PhCOO -0). '

33 (P, =MQP, P; = TBS): H NMR (300 MHz, CDCly) § 0.13 (s, 3H, TBS CH,), 0.15 (s,
3H, TBS CHj), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 3H, CH; 16), 1.09 (s, 3H, CH4 17), 1.23 (s,
3H, MOP CHj), 1.37 (s, 3H, MOP CH;), 1.58 (s, 1H, OH1), 1.79 (s, 3H, CH; 19), 1.90 (ddd,
J =128, 88, 13.7 Hz, 1H, H6P), 2.04 (s, 3H, CH; 18), 2.13 (dd, 7 = 8.8, 15.5 Hz, 1H,
H14B), 2.22 (dd, J = 8.8, 15.5 Hz, 1H, Hlda), 2.29 (s, 3H, OAc), 2.79 (ddd, 6.3, 9.9, 14.8
Hz, 1H. H6a), 3.17 (s, 3H, MOP OCHy), 3.90 (4, / = 7.1 Hz, 1H, H3q), 4.16 (d, / = 8.2 Hz,
1H, H20@), 4.25 (d, / = 2.2 Hz, 1H, OH4), 4.32 (d, / = 8.8 Hz, 1H, H20B), 4.41 (dd, J =
6.6, 11.0 Hz, IH, H7a), 4.94 (dd, J = 2.2, 9.9 Hz, IH, H5a), 5.03 (ddd, / = L.1, 8.2, 8.8
Hz, IH, H13p), 5.20 (d, /' = 6.2 Hz, |H, Hl0a), 5.60 (d, / =7.2 Hz, IH, H2p), 7.48 (¢, / =
7.7 Hz, 2H, PhCOO-m), 7.6 (t, / = 7.7 Hz, IH, PhCOO -p), 8.10 (d. / = 7.1 Hz, 2H,
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PhCCQO-0).

Aceate 34. To a pyridine (0.1 mLz soludon of 33 (P; = BOM, P53 = TBS) (15.9 mg, 0.02

- mmol) and DMAP (1.2 mg, 0.01 mmol) at room temperature was added acetic anhydride (38 pL.,
0.4 mmol) and the reaction stirred 19 h. The mixture was then diluted with 20 mL of ethyl acetate
and poured into 50 mL of aqueous samurated NaHCOj. The organic layer was dried with N2,SQ,,

. filtered and evaporated to give 18.1 mg of crude product. The maicrial was plug filtered through
silica gel with 20% ethyl acetate/hexanes to give 16.8 mg of 34 (P, = BOM, P, = TBS) (100%
yield). . -

34 (P;=BOM, P;5 = TBS): !H NMR (500 MHz. CDCl,) § 0.14 (s, 3H, TBS Me), 0.16 (s, 3H,
TBS Me), 0.95 (s, 9H, TBS t-Bu), 1.17 (s, 3H, CH, 17), 1.18-(s, 3H, CHj; 16), 1'.63 (s, IR,
OH1), L.76 (s, 3H, CH; 19), 1.99 (ddd, 7= 2.1, 10.6, 14.7 Hz, 1H, HGB), 2.04 (d, /= 1.0 Hz,

| 3H, CH; 18), 2.17 (dd, J = 8.6, 15.1 Hz, 1H, H14p), 2.19 (s, 3H, AcO10), 2.24 (dd; J = 3.6,

15.1 Hz, 1H, Hl4a), 2.28 (s, 3H, Ac04), 2.88 (ddd, / = 6.5, 9.8, 14.7 Hz, 1H, Hbax), 3.87 (d,

J=17.0Hz IH, H3a), 4.15 (d, /= 8.2 Hz, 1H, H20B), 4.24 (dd, J = 6.5, 10.6 Hz, 1H, Hla),

431 (d, /=32 Hz, 1H, H20a), 4.44 (d, J = 12.0 Hz, 1H, PhCH,0), 4.68 (d, /= 12.0 Hz,

1H, PhCH,0), 4.85 (s, 2H, OCH,0), 4.95 (dd, J = 2.1, 9.8 Hz, 1H, H5a), 5.65 (d, /= 7.0

Hz, 1H, H2B), 6.39 (s, 1H, H10a), 7.30 (m, SH, PhCH,), 7.49 (1, J = 1.4, 8.2 Hz, 2H,

PhCCO -m), 7.61 (u, /= 1.4, 7.2 Hz, 1H, PhCOO -p), 8.05 (dd, J = 1.2, 8.2 Hz, 1H, PhCO0

-0), IR (CHCI;) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379, 1250, 1100, 1020, 860

arl,

34 (P,=P,3=TES): !H NMR (300 MHz, CDCl;) § 0.57 (g, / = 7.7 Hz, 6H, TES CH,), 0.67

(q, J =7.7 Hz, TES CH,), 0.92 (t, / = 7.7 Hz, 9H, TES CH,), 1.01 (t, / = 7.7 Hz, 9H, TES

CHy), L.11 (s, 3H, CH; 17), 1.19 (s, 3H, CH; 19), 1.61 (s, 1H, OHL), 1.67 (s, 3H, CH; 16),

1.86 (ddd, J =2.2, 10.4, 14.3 Hz, 1H, H6B), 2.11 (d, J = 1.1 Hz, 3H, CH; 18), 2.12 (m, 1H,

H14B), 2.17 (s, 3H, OAcl0), 2.23 (dd, J = 7.6, 14.9 Hz, 1H. Hl4a), 2.28 (s, 3H, OAcd),

251 (ddd, J = 6.9, 9.6, 14.3 Hz, 1H, H6a), 3.82 (d,"7 = 7.2 Hz, 1H, H3a), 4.14 (d, J = 8.3

Hz, 1H, H20B), 4.30 (d, / = 8.3 Hz, 1H, H20a), 4.48 (dd, J = 6.6, 10.4 Hz, 1H, H7a), 4.92

(dd, J = 7.7, 8.8 Hz, 1H, H5), 4.96 (d, / = 8.2 Hz, H, H138), 5.63 (d, / = 6.6 Hz, lH,
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H2a), 6.47 (s, 1H, HlQa), 747 (t, / = 7.1 Hz, 2H, PhCOO -m), 7.60 (1, / = 7.1 Hz, PhCOQ
), 8.10 (d, J =7.1 Hz, PhCQQ -a). | | |

Diol 35. A soludon of 34 (P; = BOM, P,y = TBS) (16.3 mg, 0.0199 mmol) in THF (0.5 mL)
.was added w0 cris(dicthylamino)sulfoniumdiﬂgomu'imcthylsilicatc (TASF) (37 mg, 0.134 mmole)
at room temperature under nigogea aanasphere. The solutdon was stirred for 40 min, diluted with
ethyl acetate, poured into 20 mL of 2 saturated aqueous NaHCO3 solution and extacted with
CHCl3 (30 mL x 3). The combined organic phase was dried over anhydrous N2,SO4 and
concentrated under reduced pressure to give 16 mg of a pale yellow oil, which was filtered through
a pad of silica gel using 70 % ethyl acetate/hexane as eluent. The filtrate was concentrated to yield
13.5 mg (94 %) of 7-BOM BOI @3 5).

'35 (P,=BOM) mp. 224-225 °C, 'H NMR (500 MHz, CDCly), & 1.08 (s, 3, CH; 17), L.13 (5,
3H, CH3 16), 1.61 (s, 1H, OHY), 1.77 (s, 3H, CH; 19), 1.99 (ddd, J = 2, 10.5, 14.5 Hz, 1H,
H6B), 2.02(d, J - 5 Hz, 1H, OH13), 2.10 (4, J = 1.5 Hz, 3H, CH; 18), 2.20 (s, 3H, AcO),
2.28 (s, 3H, AcO), 2'.27~2.29 (m, 25, H14), 2.39 (ddd, /=7, 10, 16.5 Hz, 1H, Héa), 3.94 (d,
J =17 Hz, 1H, H3), 4.16 (d4, J = 1, 8.5 Hz, 1H, H20p), 4.24 (dd, /= 6.5, 10.5 Hz, 1H, HT),
431 (d, J = 8 Hz, 1H, H20a), 4.45 (d, /= 12.0 Hz, 1H, OCH,Ph), 4.67 (d. J = 12.0 Hz, 1H,
OCH,Ph), 4.84 (d, J/ = 5 Hz, 1H, OCH;0), 4.86 (d. J = 5 Hz, 1H, OCH;0), 4.87 (m, 1IH,
H13p), 4.95 (dd, J = 2.0, 9.5 Hz, 1H, HS5a), 5.63 (d, J = 7 Hz, 1H, H2f), 6.40 (s, 1H,
H10c), 7.30 (m, SH, PhCH,), 7.48 (m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOQ -p), 8.10 (ZH,
m, PhCOO -0). 13C NMR (CDCly) 5 (ppm) 10.3, 14.9, 20.0, 20.7, 22.4, 26.6, 35.3, 38.4,

- 427, 47.2, 57'.-4, 67.8, 69.9, 74.6, 75.8, 76.4, 78.7, 80.3, 80.3, 80.9, 84.4, 96.7, 127.7,

127.9, 128.5, 128.8, 129.6, 130.3, 132.4, 133.8, 133.0, 144.4, 167.3, 169.8, 171.0, 203.0.

IR (CHCl3) v 1720, 1460 cm-\. Anal. Calcd. for C39Hys0p2: C, 66.28; H, 6.56. Found C,
66.09; H, 6.59.

7-BOM-Taxol. To a solution of 7-BOM baccatin 111 (3 5) (13.2 mg, 0.018 mmal) in 0.25 mL of
THF at 45 C was added dropwise 21 pL of a 1.03 M solution of lithium bis(imethylsilyl)amide
in THF. After Lh at--45 "C.'a solution of (S)-cis-1-benzayl-3-iethylsilyloxy-4-azetidin-2-one (15 -
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mg, 0.039 mmol) in 0.25 mL of THF was added dropwise to the mixture. The solution -w'as
warmed 100 C and kept at that temperature for 1 h before 0.2 mL of a 10% solution of AcOH in
THF was added. The ﬁxmm was partidoned betwesn saturated aqueous NaHCO 4 and 60% ethyl
acetate / hexane. Evaporation of the organic layer gave a residue which was purified by Gluration
through silica gel to give 20.2 mg of crude (2'R,3'S)-2"-miethylsilyl-7-BOM taxol.

Tb a solution of 20.2 mg (0.018 mmol) of (2'R,3'S)-2'-triethylsilyl-7-BOM wxol in 0.3 mL of
acetonitile and 0.3 miL of pyridine 2t 0 'C was added 0.10 mL of 48% aqueous HF. The mixmre
was stimed at 0 C fdr 1 h and then partitioned between saturated aqueous sodium bicarbonate and
ethyl acetate. Evaporadon of the ethyi acetare solution gave 17.7 mg' of material which was
purified by flash chromatography to give 15.4 mg (86%) of 7-BOM-taxol.

7-BOM-Taxol: m.p 169-172 'C, !H NMR (CDCl4, 300 MHz) 6 8.11 (d, / = 7.1 Hz2H,
benzoate ortho), 7.76 (d, J=7.1 Hz,1H, benzamide ortho ), 7.61-7.26 (m, 11 H, aromatic),
7.06(d, 7 = 8.8 Hz, 1H, NH), 6.33 (s, 1H, H10), 6.17 (dd, J = 8.3, 8.8 Hz, 1H, HI3), 5.79
(dd, 7 = 8.8, 2.2 Hz, 1H, H3"), 5.67 (d, J = 6.6 Hz, 1H, H2b), 4.91' (d, I=8.8 Hz 1H, HS),
;.8‘7-4.‘77(m. 3H, H2', OCH2Ph),4.67(d, J=12 Hz, OCH20) 4.43(d, J=12 Hz, OCH20), 4.30
(d, J= 8.2 Hz, 1H, H20a), 4.19 (4, J = 8.2 Hz, 1H, H20b), 4.15 (m, 1H, HT), 3.70 (d, J = 6.6
Hz, IH, H3), 3.61 (d, /= 2.5 Hz, 1H, 2'0OH), 2.85 (m, 1H, Hba), 2.35 (s, 3H, 4Ac), 2.30 (m,
2H, H14), 2.19 (s, 3H, 10Ac), 2.05 (m, 1H, H6b), 1.78 (br s, 6H, Mel8,Mel9), 1.72 (s, 1H,

10H), L.19 (br s, 6H, Mel6, Mel7). Anal. Caled. for Cg5Hsg0, x0.5H,0: C, 67.20; H, 6.15.
Found C, 67.08: H, 6.16.

Taxol. Toa §uqunsion of 10% Pd on carbon (50 mg) in ethanol (0.6 mL) saturated with
hydrogen at room temperature was added a soludon of 7-BOM-taxol (14.4 mg, 0.0148 mmol) in
ethanol (0.2 mL x 4). The reaction mixture was refluxed for 45 min under hydrogen and then
. filtered through silica gel eluting with ethyl acetate. The solvent was evaporated under reduced
pressure to give 11.9 mg of taxol (94%) as colorless needles, which exhibited spectra identical
with an authentc sample of taxol.
Taxol: mp. 210-212-°C, 'H NMR (500 MHz, CDCl,) & 1.15 (s,3H, CH, 16), 1.24 (s, 3H,
CH, 17), 1.68 (s, 3H. CH; 19), 1.75 (s, 1H, OH1), 1.79 (s, 3H, CHj, 18), 1.90 (ddd, /= 14.6,
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11.0, 2.3 Hz, 1 H, H6P), 2.26 (s, 3H, AcO10), 2.33 (dd, J =15.4, 8.9 Hz, 1H, H14p), 2.38
(dd, J =15.4, 8.9 Hz, 1H, Hlda), 241 (s, 3H, AcO4), 2.46 (d, J =4.1 Hz, IH, OHY), 2.57
(ddd, 7=10.0,14.6,6.5 Hz, 1H. Héa), 3.54 (d, J=5.0 Hz, 1H, OH2"), 3.82 (d.7=6.9 Hz, 1K,
Hia), 422 (d, 7=8.5 Hz, | H, H20a), 4.32 (d, /=8.5 Hz, | H, H20), 4.42 (ddd, /=110,
6.5, 4.1 Hz, | H, HTa), 4.81 (dd, /= 5.0, 2.5 Hz, | H, H2'), 4.96 (dd, /=100, 2.3 Kz, 1K,
HSQ), 5.69 (d, /=69 Hz, | H, H2B), 5.81 (dd, /=87, 2.5 Hz, 1 H, H3"), 625 (dd, /=8.9,
8.9 Hz, 1 H, HI3p), 6.29 (s, 1H, H 10), 6.98 (d, /= 8.7 Hz, 1H, NH),7.37 (m, 1H, PhCON
-p), 7.46 (m, 9 H, Ph 3", PhCOO 2’ -, PhCON -m), 7.62 (m, LH, PhCOO -p), 7.76 (br d, 7
=8.7 Hz, 1H, PhCON -0), 8.16 (br d, /=7.3 Hz, 1 H, PhCOO -0). IR (CHCl3) v 1730, 1650
anl, -

10-Deacertyl baccadn I (3 6). To a mixmre of ketone 33 (P; = MOP, P53 = TES) (2.2 mg, 0.003
mmol) in pyridine (30 uL, 0.36 mmol) and aceronirile (20 pL) at 0 "C was added 48% aqueous
BF (12 pi, 032 ;nmol) and the solution was then warmed to room temperature and sﬁﬁcd for 36
hours. The mixtwure was then diluted with 2 mL of ethyl acetate and poured in to a separatory
 funnel containing 30 mL of aqueous saturated NaZCO3 and 20 mL. ethyl acetate. The aqueous
~ layer was exmacted twice with 20 mL of ethyl acetace and the arganic layers were combined, dried
with Na,S0Q,, filtered, and concentrated to give 2.7 mg of a yellow oil. The material was purified
by plug silica gel column chromatography by eluting with a 50% cthy!' acstate/hexanes mixture

followed by ethyl acetate to give 1.5 mg of 3 6, which exhibited spectra identical with an authendc
sample of 10-DAB.

Baccatin I (37). To a mixture of ketone 34 (P; = MOP) (2.1 mg, 0.003 mmol) in pyridine (30
L., 0.36 mmol) and acetonimile (20 pL) ac 0 °C was added 48% aqueous HF (12 pL., 0.32 mmol)
and the solution was then warmed to room temperature and stirred for 36 hours. The mixture was
then diluted with 2 mL of ethyl acetate and poured in to a separatory funnel containing 30 mL of
aqueous saturated Na,CO; and 20 mL ethyl acetate. The aqueous layer was extracted twice with
20 mL of ethyl acetate and the organic layers were combined, dried with Na,SQ,, filtered, and

concentrated to give 2.7:mg of a yellow oil. The material was purified by plug silica gel column
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chromatography by eluting with an ethyl acstate/hexanes mixtwre to give 1.7 mg of 37, which

" exhibited spectra identical with an authentic sample of baccatin IIL.

REACTION SCHEME A’ _
Hydroxyketone 19. To a vigorousiy stfm:d salution of kctogic 18 (P;=MQP) (181 mg, 0.265 _
mmol) in THF (2.2 mL) under nirogen at -78 °C was added dropwise down the side of the flask
2.13 mL of 2 0.2 M solution (0.426 mmol) of LDA in THF. After 10 min, a solution of 116 mg of
(S)-camphorsulfonyloxaziridine (116 mg, 0.396 mmol) in 1.5 mL THF was added dropwise
down the side of the flask. The reaction mixmure was coaled to 40 *C and, after stirring 1 k, 2
mi of a sarurated aqueous NaHCO; solution was added. The reaction mixmure was diluted with 50
mL of 30% ethy! acetate in hexanes and washed with 20 mL of a saturated aqueous NaHCO;
solution and brine, dried over anhydrous Na,SO, and concentrated under reduced pressure. The
resulting oil was filtered through silica gel with 30% ethyl acetate in hexanes and concentrated to
give210 mgofa coloricsé oil. This material was purified by radial chromatography, eluting with
25% cthyl acenate in hexanes to yield 150 mg (81%) SB-hydroxykstone 19 as a white sofid, 1S mg
(8%) returned starting ketone 18 and 10 mg (5%) of the corresponding Sc-hydroxyketone.
19 (P;=MOP): 'H NMR (500 MHz, CDCl,) § 0.08 (s, 3H, TBS CH;), 0.12 (s, 3H. TBS CHj),
0.62 (q, J = 8.2 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.96 (t, J = 8.2 Hz, 9H, TES
CHy), 1.03 (s, 3H, CH; 19), 1.19 (s, 3H, CH,4 17), 1.33 (s, 3H, CH; 16), 1.35 (s, 3H, MOP
CHj), 1.43 (s, 3H, MOP CH,), 1.67 (dd, J = 5.0, 14.7 Hz, 1H, H9B), 1.87 (m, 1H, HEP),
2.12.(dd, J = 4.1, i5.1 Hz, 1H, H14a),' 2.14 (d, J = 1.4 Hz, 3H, CH; 18), 2.23 (dd,J = 7.3,
14.7 Hz, 1H, HSa), 2.55 (dd, /= 9.2, 15.1 Hz, H, H14p), 2.76 (ddd, /= 3.7, 7.3, 13.7 Hz,
1H, Héa), 3.22 (s, 3H, MOP QCH,), 3.24 (d, J= 4.1 Hz, 1H, OHS), 3.28 (d, /= 6.0 Hz, 1H,
Hia), 3.83 (dd, / = 3.7, 9.2 Hz, 1H, H7a), 4.06 (ddd, J = 4.1, 7.3, 7.3 Hz, 1H, H50), 4.46

(dd, /= 5.0, 7.3 Hz, 1H, H10B), 4.53 (d, /= 6.0 Hz, 1H, H2p), 4.63 (dd, /= 2.8, 9.2 Hz, IH,
H13p). '

Ketone 20. To a \}igorously stirred solution of 5-hydroxy-4-ketone 19 (P;=MOP) (420 mg,
0.602 mmot) in CH,Cl, (20 mL) and triethylamine (1.18 mL., 8.5 mmol) under nizogen at O °C
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wa§ added rimethylsilylchloride (0.4Q0 mL, 3.3 mmol). After 0.5 h, the reaction mixwre was
quenched with 5 mL of a saturated aqueous NaHCQ; solution and extracted with 50 mL CHCL;.
The organic phase was washed Qidz.hrinc. dried over anhydrous Na,SO4 and concenmated under
reduced pressure to give 453 mg (98%) of ketane 20 as a colorless oil. This material was used
without further purificaton.

20 (P;=MOP): !H NMR (500 MHz, CDC13-) 3 0.11 (s, 6H, TBS CHj), 0.12 (s, 9H, T™MS
CHy), 0.59 (g, / = 7.8 Hz, 6H, TES CHjy), 0.94 (s, 9H, TBS t-Bu), 0.96 (t, J = 7.8 Hz, 9H,
TES CHy), 1.23 (s, 3H, CH; 17), 1.32 (s, 3H, CH, 19), 1.33 (s, 3ﬁ. MOP CHjy), 1.35 (s, 3H,
CH; 16), 1.37 (s, 3H, MOP CH;), 1.86 (m, 3H, H&B, H9¢, H9B), 2.05 (d. / = 1.4 Hz, 3H,
CH; 18), 243 (d, J = 3.7 Hz, 1H,_H14{3).. 2.45 (d, / = 4.6 Bz, 1H, H l4a), 2.59 (ddd, J =
6.0, 3.2, 14.2 Hz, 1H, Héa), 2.34 (d, J = 6.0 Hz, 1H, H3a), 3.21 (s, 3H, MOP OMe), 3.51
(dd,7 = 6.0, 11.0 Hz, 1H, H7«a), 3.94 (dd, J = 4.1, 8.2 Hz, 1H, H5a), 4.38 (dd, 7 = 5.0, 8.7
Hz, 1H, H10B), 4.54 (d, J = 6.0 Hz, 1H, H2B), 4.74 (dd, J = 6.4, 6.4 Hz, 1H, H13p).

Diol 21. To a stirred solution of ketone 2 0 (P;=MOP) (453 mg, 0.588 mmol) in THF (23 mL)
under nitrogea at -78 "C was added dropwise 1.95 mL of a 3 M solution of MeMgBr in ether
(5.85 mmol). The reaction mixture was stirred for 5.5 h, poured into 100 mL of a saturated .
aqueous NaHCO; solution and exmacted with thﬁ:; 100 mL portions of CHC!;. The combined
organic phases were dried over anhydrous N2,SO, and conczntrated under reduced pressure to
yield 453 mg of the hydroxy mimethylsilyl ether as a colorless oil. This material was used without -
further purificadon.

To a stirred solution of the trimethylsilyl ether (453 mg) in pyridine (8 mL) and accmnitrile.: (8 mL)
at 0 °C was added 0.8 mL of a 48% aqueous HF solution. After stirring 20 min, the resulting
mixmure was poured into 100 mL of a sawrated aqueous NaFCOj solution and cxmracted with three
150 mL portions of CHCl3. The combined arganic layers were dried over anhydrous Na,SQ, and
concentrated under reduced pressure to yield 422 mg of diof 21. This material was used
without further purification . _

21 (P,;=MOP): 'H NMR (300 MHz, CDCl,) § 0.08 (s, 3H, TBS CHj,), 0.10 (s, 3H, TBS CHy),
0.56 (q, / = 7.7 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.93 (¢, / = 7.7 Hz, 9H, TES
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CHa), L.16 (s, 3H, CH; 17), 1.25 (s, 3H, CH, 16), 1.29 (s, 3H, CH; 19), L31 (s, 3H, CH,4
20), 1.38 (s, 3H, MOP CH,), 1.46 (s, 3H, MOP CH,), 1.81 (d, / = 3.8 Hz, IH, Hia), 1.86
(d, J =99 Hz, 1H, H9B), 1.90 (dd, J = 6.1, 8.3 Hz, 1H, H9a), 1.96 (s, 3H, CH; 18), 212
(ddd, J =33, 3.3, 10.4 Hz, 1H, Hé6a), 2.30 (m, 1H, H6B), 2.42 (dd. J = 3.9, 15.4 Hz, 1H,

Hlda), 2.61 (dd, J =93, 15.4 Hz, 1H, HI4p), 2.81 (s, 1H, OH4), 3.04 (m, 1H, CHS), 3.40
© (dd, J =139, 158 Hz, 1H, HTa), 4.28 (dd, J = 6.6, 8.2 Hz, 1H, HI0P), 4.62 (dd, J = 1.6,
7.8 Hz, 1H, H13p), 4.66 (d, J = 3.8, 1H, H2B).

Acetare 22, To a stirred saludion of diol 2 1 (P;=MOF) (470 mg, 0.66 mmol) in pyridine (12 mL)
under nirogen at room temperature was added acetic anhydride (4.5 mL). After 11 b, the reaction
mixture was diluted with 50 mL of CHCl,, then poured into 50 ml of saturated aqueous sodium

- bicarbonate solution. The aqueons phase was exmacted with CHCl; then the combined extracts
were washed with brine, dried with Na2,SO, and filtered. Concentration of the filtrate under

vacuum yielded 470 mg (94% from 2 0) of crude material which was pure acetate 22 by 'H NMR
and TLC analysis. , |

22 (Ps=Ac, P;=MOP): 'H NMR (500MHz, CDCl,) § 0.10 (s, 3H, TBS CHjy), 0.13 (s, 3H,

TBS CH,), 0.9 (q, / = 7.8 Hz, 6H, TES CH,), 0.94 (s, 95, TBS t-Bu), 0.95 (t, J = 7.8 Hz,

9H, TES CHj), 1.18 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.32 (s, 3H, CH; 19), 1.33 (s,

6H, CH, 20, MOP CHj), 1.41 (s, 3H, MOP CH,), 1.9! (d, J = 3.4 Hz, 1H, H3a), 1.94 (m,

2H, H9, H9),2.00 (d, /= 1.5 Hz, 3H, CH; 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, 1H, Hba),

2.10 (s, 3H, OAc), 2.14 (dd, J = 11.7, 23.9 Hz, 1H, H6B), 2.38 (dd, / = 3.9, 15.1 Hz, 1H,

Hlda), 2.63 (dd, J = 9.3, 15.1 Hz, 1H, H14p), 2.78 (d, J = 1.5 Hz, 1H, OH4), 3.20 (s, 3H,

OMe CH,), 3.38 (dd, /= 3.9, 11.7 Hz, 1H, H7a), 4.30 (dd, / = 4.9, 10.3 Hz, 1H, H10B), 4.50

(ddd, J = 1.5, 3.9, 12.2 Hz, 1H, H50), 4.64 (dd, J = 1.5, 1.5 Hz, 1H, H13p), 4.66 (d, 7 =34
Hz, 1H, H2B).

Olefin 23. To a stirred solution of alcohol 22 (Ps=Ac, P;=MOP) (26 mg, 0.034 mmol) in
CH,Cl, (1.48 mL) and pyridine (0.37 mL) under nicrogen at 10 °C was added SOC1,(0.037 mL,

5.1 mmol) over a period of three minutes. The mixture was warmed to room temperature and
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sﬁrrcd for 2.3 h then diluted with CHCIl; and poured into sawrated aqueous sodium bicarbonate
solution. The aqueous phnSc was extracted with CHCl, and the combined extracts were washed
with brine, dried over anhydrous Na;SO,4 and filtered. Concentration of the filtrate under vacuum
yielded 24 mg of crude material which was purified by silica gel chromatography to give 13 mg
| (52%) of a 4:1 mixture of 7-MOP-exa;endp cyclic olefins and 6 mg (27%) of a 4:1 mixture of 7-
.hydroxy-exa;endo cyclic olefins.
23 (Ps=Ac, P;=MOP): 'H NMR (500 MHz, CDCl,) § 0.10 (s, 3H, TBS CHj), 0.12 (s, 3H,
TBS CH;), 0.59 (q, /=17.9, 6H, TES CH,), 0.93 (s, 9H, TBS t-Bu), 0.96 (1, /=7.9, 9H, TES
CHy), 1.21 (s, 3H, CH; 17), 1.30 (s, 3H, CHj 19), 1.32 (5, 3H, MOP CHy), 1.34 (s, 3H, MOP
CH,), 1.37 (s, 3H, CH; 16), 1.72 (m, 2H, H6B, HOPB), 1.89 (dd, J = 3.8, 13.4 Hz, 1H, HIf),
2.03 (d, J = 1.37 Hz, 3H, CH; 18), 2.05 (s, 3H, OAc CHjy), 2.33 (dd, /= 3.1, 15.4 Hz, 1H,
Hlda), 2.47 (m, 2H, Héc, H148), 3.06 (d, J = 5.8 Hz, 1H, H3a), 3.20 (s, 3H, MOP OMe),
3.38 (dd, J = 6.9, 11.0 Hz, 1H, H7), 4.37 (dd, J = 3.8, 11.0 Hz, 1H, H10B), 4.53 (d, /= 5.8
Hz, 1H, H28), 4.74 (m, 1H, H13B), 5.15 (s, 1H, H20E), 5.21 (d, J = 1.37 Hz; 1H, H20Z),
5.36 (d, J=9.3 Hz, 1H, H5¢). '

Diol 24. To a stirred solution of a 4:1 mixture of the exo,endocyclic olefins 23 (Ps=Ac,
P,=MOP) (249 mg, 0.337 mmol) in pyridine (4.6 mL) under nitrogen at 0 °C was added 2.35 mL
of 2 0.157 M solution (0.368 mmol) of OsQ, in THF. After 1 h, NaHS O3 was added along with
6.2 mL of water and the mixture was stirred for 1 h at room temperature. The mixture was then
diluted with ethyl ac'ctatc and poured into saturated aqueous sodium bicarbonate. The aqueous
layer was extracted with ethyl aceta:c.: and the combined extracts were washed with brine, dried
over anhydrous Nﬁ2804 and concentrated under reduced pressure to yield 281 mg of crude
material which was purified by silica gel chromatography, elutdng with 50% ethyl acetate/hexane to
yield 190 mg (73%) of pure diol 24 and 48 mg (19%) of the enal acetate.

24 (Ps=Ac, P;=MOP): 'H NMR (500 MHz, CDCly) § 0.10 (s, 3H, TBS CH,), Q.11 (s, 3H,
TBS CH,), 0.60 (dq, /= 1.5, 7.8 Hz, 6H, TES CH,), 0.87 (s, 3H, CH; 19), 0.93 (s, 9H, TBS
t-Bu), 0.95 (t, /= 7.8 Hz, 9H, TES CH,), 1.20 (s, 3H, CH; 17), 1.31 (s, 3H, CH, 16), 1.33 (s,
3H, MQP CH,), 1.47 (s, 3H, MOP CH;)1.54 (dd, J = 12.3, 25.0 Hz, 1H, H6B), 1.63 (dd, J =
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5.5, 15.1 Hz, 1H, HOB), 2.05 (s, 3H, OAc), 2.15 (s, 3H. CH, 18), 2.26 (m, 2H, H9a, OH20)
237 (dd, J = 9.2, 14.7 Hz, 1H, H14B), 2.46 (ddd, J = 4.8, 4.8, 13.4 Hz, 1H, Hé), 2.69 (d, J
= 4.5 Hz, 1H, H3a), 3.18 (s, 36, MOP CHj), 3.28 (dd, J = 3.8, 14.7 Hz, 1H, Hl4a), 376

(dd, J =40, 11.6 Hz, 1H, Ha), 3.84 (m, 2H, H20, H20), 3.95 (s, 1H, OH4), 4.42 (dd, J =
5.1, 5.8 Hz, 1H, H10B), 4.44 (d, /= 4.1 Hz, 1H, H2), 4.63 (dd, J = 4.1, 123 Hz, 1H, H5a),

467 (dd, J= 4.1, 9.2 Hz, 1H, H138). |

24 (P,=BOM): 'H NMR (300 MHz, CDCl;) § 0.9 (s, 3H, TBS CHj), 0.10 (s, 3H, TBS CHy),

0.58 (g, J =7.9Hz, 2, TES CHy), 0.3 (s, 3H, CHj 19), 0.9Z (s, 9H, TBS t-Bu), 0.93(;, / =

7.9 Hz, TES CHy), 1.20 (s, 3H, CH; 17), 1.33 (s, 3H, CH, 16), 1.58 (g, J = 13.2Hz, 1H,

H6B), 1.71 (dd, J = 10.4, 5.5 Hz, HOB), 2.04(s, 3H, OAc), 2.17 ( br s, 3H, CH, 18), 2.20 (dd,

7= 10.4, 3.8 Hz, 1H, H9), 2.35 (dd, J = 14,8, 9.1 Hz, 1H, H14p), 2.43 (dt, 7= 13.2, 5.0

Hz, 1H, H6a), 2.80 (d, J = 4.6 Hz, 1H, H3a), 331 (dd, J = 4.4, 14.3 Hz, 1H, Hlda), 3.71

(dd. J = 48, 13.0 Hz, 1H, Hc), 3.83 (m, 2H, H20), 3.98(s, 1H, OH1), 4.46(d, J = 4.8 Hz,

1H, H2p), 4.48 (m, 1H, H10p), 4.51(d, J = 12.1 Hz, 1H, PhCH,0), 4.64 (dd, J = 13.2, 5.0

Hz, 1H, H5q), 4.66 (m, 1H, H13p), 4.70'(d, J = 12.1 Hz, 1H, PhCH,0), 4.83 (d, /= 7.1 Hz,

1H, OCH,0), 4.94 (d, J =7.1 Hz, 1H, OCH,0), 7.33(m, 5H, Ph).

Triol 25. To a stirred solution of acetoxydiol 24 (P5=Ac, P;=MOP) (26.5 mg, 0.035 mmol) in
anhydrous methanol (0.9 mL) at -5 °C under nitrogen was added 0.060 mL. of 2 0.166 M (0.01
mmol) methanolic ‘solution of sodium methoxide. After 2.5 h, the reaction mixture was diluted
with 10 mL of ethyl acetate, ﬁ}cn 'pourcd into 10 mL of a saturated aqueous NaHCOj solution.
The organic phase was washed with 10 mL of a saturated aqueous NaHCO, solution, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give 25 mg of pure wiol 25
(100%).

25 (P;=MOP): 'H NMR (500 MHz, CDCl;) & C.IO (s, 3H, TBS CH,), 0.11 (s, 3H, TBS CHj),
0.60 (q, J = 8.06 Hz, 6H, TES CH,), 0.87 (s, 3H, CH; 19), 0.94 (s, 9H, TBS t-Bu), 0.95 (t,
= 8.1 Hz, 9H, TES CH,), 1.19 (s, 3H, CH; 17), 1.31 (s, 3H, CH3.16), 1.33 (s, 3H, MOP
CH,), 1.47 (s, 3H, MOP CH,), 1.59 (dd, 7= 11.7, 11.7 HZ, 1H, H6p), 1.62 (dd, /= 5.5, 16.1
HZ, 1H, H9B), 2.11 (d, J = 0.7 Hz, 3H, CH; 18), 2.24 (dd, J = 5.5, 16.1 Hz, 1H, H9a), 2.38
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(dd, J = 9.5, 15.0 Hz, 1H, H14p), 2.45 (ddd, J = 4.4, 4.4, 13.6 Hz, 1H, H6a), 2.60 (d, ] =44
Hz, 1H, Hia), 3.21 (s, 3H, MOP OMe), 3.25 (dd,/ = 4.4, 15.0 Hz, 1H, Hl4da), 1.52 (dd, J=
4.4, 12.8 Hz, 1H, HTe), 3.72 (dd,"S = 4.4, 11.4 Hz, 1H, H5a), 3.79 (s, 1H, OH4),3.86 (d, J .
= 11.0, IH, HZb), 3.93 (d, /= 11.4 Hz, 1H, H20), 4.42 (dd, /= 5.1, 5.1 Hz, 1H, HIOB), 445
(d, J = 4.4 Hz, 1H, H2@), 4.66 (dd, J = 4.0, 9.2 Hz, 1H, H13B).

p-Methoxybenzylidene acetal 25b: To a solution of the diol 24 (Ps=Ac, P;=BOM) (6.5 mg,
0.0079 mmol) and anisaldehyde dimethyi acetal (0.013 ml, 0.076 mmol) stirred in CH,Cl; was -
added a solution of p-toluenesulfonic acid (0.002 ml, 0.{M in THF, 0.0002 mmol). The resulting
solution was stirred at room tcmpcramfc for 15 min then triethylamine (0.1 ml) was added and
stirring was continued far 10 min. The mixture was rinsed into 30% ethyl acetate in bexanes (15
mi) then the aqueous phase was extracted with 30% ethyl acetate in hexanes (2 x 5 mi). The
combined extracts were washed with brine, dried over Na,SOy, and filtered. Concentation of the
filtrate under 'vacuum_ yielded 12 mg of colorless oil which was purified by silica gel

chromatography to yield 6.9 mg (96%) of p-methoxybenzylidene acetal 25b as a 5:1 mixture gf
diastereomers .

25b (Ps=Ac, P;=BOM, major  p s % 'H NMR (500 MHz, CDCl3) & -0.05 (s, 3H, TBS
CHj), 0.07 (s, 3H, TBS CH;), 0.60 (q, /= 7.9Hz, 2H, TES CH,), 0.78 (s, 3H, CHj 19) 0.82
(s, 9H, TBS t-Bu), 0.95(t, /= 7.9 Hz, TES CHj), 1.25 (s, 3H, CH; 17), 1.37 (s, 3H, CH; 16),
1.58 (m, H6P), 1.70 (dd, J = 16.8,5.8 Hz, H9B), 1.74 (s, 3H, OAc), 2.26 (s, 3H, CH; 18),
228 (dd, J = 16.8, 1.4 Hz, 1H, H9a), 2.38 (dd, / = 15.1, 9.7 Hz, 1H, HI14p), 2.57 (dt, J =
5.1, 9.9 Hz, 1H, H6a) 3.10 (dd, J = 5.1, 14.7 Hz, 1H, Hlda), 3.11 (d, J = 4.8 Hz, 1H,
H3a), 3.79 (s, 3H, OCH;), 3.84 (dd, J = 5.0, 11.5 Hz, 1H, H70), 4.15 (d, J =82 Hz, 1H,
H20), 4.20 (d, / = 8.2 Hz, 1H, H20), 4.48(d, J = 12.0 Hz, LH, OCH,Ph), 4.55 (d, / = 4.8 Hz,
1H, H2B), 4.57 (m, 1H, H10p), 4.71 (d, J = 12.0 Hz, 1H, OCH,Ph), 4.73 (m, IH, H13p),
4.78 (dd, J = 12.4, 4.9 Hz, 1H, H5a), 4.84 (d, J = 6.7 Hz, 1H, OCH;0), 4.99 (d, /= 6.7 Hz,
IH, OCH,0), 6.05 (s, 1H, acetal CH), 6.80 (d, J = 7.5 Hz, 2H, p-MeOPh -0), 7.27-7.36 (m,
TH, p-MeOPh -m and Ph).
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Acetonide 26b. To a solution of the p-methoxybenzylidene acetal 25b (Ps=Ac, P,=BOM) (11.5
mg, 0.012 mmol) in 0.4 mL of tolucné' stirred at 0 *C was added a solution of diisobutylaluminum
hydride (0.082 ml, 2.0M in toluene, 0.12 mmoi). Thé resulting solution was stirred for 3.5 h then
méxhanol (0.1 mi) was added. The mixture was diluted with ethyl acetate (5 mi) and stirred with
samrﬁu:d. aqueous sodium potassium tartrate for LS hours. The aqueous phase was separated and
exmacted with ethyl acetate (2 x 10 mi) then the combined extracts were washed with brine and
dried with Na,3O,. Filtration followed by concentration of the filtrate under vacuum yielded 12
myg of crude material that was purified by silica gel chromatography (30% cthyl acetate in hexanes
eluent) to yield 4.7 mg of a mixmre of formate aceals, 1.1 mg of 4-MPM-1,2,5,20-tetracl, and
5.2 mg of a mixture of formate p-methoxybenzyl ethers.
The mixmre of formate acetals was dissolved in methanol (0.1 mi) and 3% aqueous NH,OH was
added. The cloudy mixture was stirred at room temperamre for 30 min then rinsed into ethyi
acetate over samurated aqueous NaHCO4. The aqueous phase was exmracted with cihyl acetate (2x
10 mi) and the combined extracts wc‘rc washed with brine, dried over Na,SQ,, and filtered.
Concentration of the filtrate under vacuum yielded a mixture of p-methoxybenzylidene acetals. 11;e
mixture of acetals was dissolved in toluene (0.4 mi) and the solution was cooled to 0 °C then a
solution of diisobutylaluminum hydride (0.02 mi, 2.0M in toluene, 0.08 mmol) was added. The
resulting solution was stirred for 3.5 hours then methanol (0.1 mi) was added. The mixture was
diluted with ethyl acetate (5 mi) and stirred with saturated aqueous sodium potassium tarzrate for
1.5 hours. The aqucﬁus phase was separated and exmracted with ethyl acetate (2 x 10 ml) and the
combined extracts were washed with brine and dried over Na,SOq. Filtration followed by
concentration of the filtrate under vacuum yielded 4.5 mg of crude material that was purified by
silica gel chromatography (30% ethyl acetate in hexanes cluént) to yield 2.8 mg of 4-MPM-
1,2,5,20-tetraol. ‘
The mixture of formate p-methoxybenzyl ethers was dissolved in methanol (0.1ml) and 3%
aqueous NH,OH (0.1ml) was added. The cloudy mixture was stirred at room temperature for 30
minutes then rinsed into cthyl acetate over saturated aqueous NaHCO,. The aqueous phase was

extracted with ethyl acetate (2 x 10ml) and the combined extmracts were washed with brine, dried



100

over Nast.,;, and ﬁltcn:d. Concentration of the filrate under vacuum yielded 4.8mg of crude
material which was purified by silica ge! chromatography to yield 3.2mg of 4-MPM-1,2,5,20- -
tetraol. Total combined yield of 4-MBM-1,2,5,20-temracl: 68% from 25b.

4-MPM-1,2,520-tetracl : 'H NMR (500 MHz, CDCI;) 30.13 (s, 3H, TBS CHj), 0.06 (s, 3H,
“TBS CH;), 0.60 (g, J = 8.0Hz, 2H, TES CI-i,_), 0.89 (s, 9H, TBS t-Bu), 0.95(t, 7 = 8.0 Hz,
TES CH;), 0.97 (s, 3H, CH; 19), 1.22 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 16), 1.83 (dd, / =
16.3,5.8 Hz, H9a), 1.91 (q, /= 12.4 Hz, 1H, H6P), 2.12 (m, 2H, H§a and 14p), 2.18 (s, 3H,
CH; 18), 2.55 (m, 2H, H14 and 6a), 2.79 (d, J = 5.3 Hz, 1H, H3e), 2.95 (d, = 3.0 Hz, 1H,
OHS), 3.54 (m, 1H, OH20), 3.66(dd, J = 10.3, 5.3 Hz, 1H, H2B), 3.81 (s, 3H, OCHjy), 3.35
(dd, J =352, 11.6 Hz, 1H, H7a), 3.91 (dt, J= 5.9, 12.4, 1H, I-'ISC.'.), 4.18 (s, 1H, CHI), 4.13
(d, 7 =13 Hz, 1H, H20), 4.20 (dd, 7 = 7.22, 12.9 Hz, IH, H20), 447 (d, /= 11.8 Hz, 1H,
CCH,Ph), 4.58 (m, 1H, H108), 4.79 (d, 7 = 11.8 Hz, 1H, OCH,Ph), 4.85 (m, 1H, H13),
4.37 (d, J=6.8 Hz, 1H, OCHZO).' 5.01 (d, J = 10.6 Hz, 1H, MPM CHj), 5.10 (d, /= 6.8 Hz,
1H, QCH,Q), 5.11(d, 7= 10.6 Hz, 1H, MPM CH,), 5.49(d, /= 10.5 Hz, IH, OH2), 6.87 (d,
- J=8.7 Hz 2H), 7.30 (d, /= 8.7 Hz, 2H, p-MeQPh o), 7.27-7.36 (m, SH, p-MeOPh - and Py
CHy). _

To a solution of the 4-MPM-1,2,5,20-tezraol (2.0 mg, 0.0023 mmot) stirred in 0.2 mi of CH,Cl,
and 0.02 ml of 2,2-dimethoxypropane at Q *C was added a solution of p-toluenesuifonic acid
(0.002 ml, 0.1M in THF; 0.0002 mmol). The resulting solution was stirred for 20 min then
:i-icth'ylamin: (0.1 mi) was added and stirring was continued for 10 min. The mixture was rinsed
into ethyl acetate (10 ml) over saturated aqueous NaHCO4 then the aqueous phase was extracted
with ethyl acetate (2 x S mi). The combined exzacts were washed with brine, dried with N2,SQ,,
and filtered. Concentration of the filorate under vacuum yiclded 2.1 mg of crude material which
was purified by silica gel chromartography to yield 1.1 mg of acstonide 26 b.

26b (P520=C(CH;),, P;=BOM): 'H NMR (500 MHz, CDCl;) 8~ 0.073 (s, 3H. TBS CHj),
0.008 (s. 3H, TBS CHj), 0.60 (q, /= 7.9Hz, 6H, TES CH,), 0.79 (s, 9H, TBS t-Bu), 0.95(t,
J=17.9 Hz, 9H, TES CHy), 1.10 (s, 3H. CH; 19), 1.25 (s, 3H, CH, 17), 1.34 (s, 3H, CH, 16),
L.41 (s, 3H, CHj accronide), 1.46 (s, 3H, CH, acetonide), 1.83 (dd, J = 16.7,5.5 Hz, HIB),
2.08 (dd, /= 14.3, 9.2 Hz, 1H, H14f), 2.17 (s, 3H. CH, 18), 2.21(dd, J = 17.1, 1.7 Hz. lH,
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| H9), 242 (dd, J = 143,7.2 Hz, IH, Hlda), 261 (d, J = 5.1 Hz, 1H, H30), 262 (m, 1H,

H6R), 3.71 (dd, J = 113, 5.1Hz, IH, H2B), 3.75 (dd, J = 5.0, 11.3 Hz, 1H, HTq), 3.80 G,
3K, OCHy), 3.99 (dd. J =12.0, 6.2 Hz, 1H, HSq), 401 (d, / = 14.2 Hz, 1H, H20), 4.17 (s,

[H, OHI), 4.4 (d, J = 14.2 Hz, 1H, H20), 4.47 (4, /= 11.6 Hz, IH, OCH,Ph), 4.58 (m, 1K,
© HIOB), 4.80 (4, J = 11.6 Hz, 1H, OCH,Ph), 484, J = 11.3 Hz, 1H, OH2), 4.85 (m, 1HL
HI3p), 4.8 (d, / = 10.3 Hz, 1H, OCH,0), 4.89 (4, J = 6.8 Hz, 1H, MPM CHy), 5.00 (d, / =
103.Hz, 1H, OCH,Ph), 5.10 (d, J = 6.8 Hz, 1H, MPM CHy), 6.85 (d, J = 89 Hz, 2H, p-
McOPh o), 7.27 (d, J = 8.9 Hz, 2H, p-McOPh -m), 7.27-7.36 (m, SH, PhCHy).

- Diclcarbonate 270b: To a solution of the diol 26b (P555=C(CHs),, 'P7=BOM) (1.1 mg)in0.2 mL

of CH,Cl; and 0.02 mL of pyridine stirred at -78 °C was added a solution of phosgene (0.010

mi., 2M in-toluene, 0.02 mmol). The resulting solution was stirred at -78 °C fuf 10 min thea

warmed to0 0 °C for 3h. The mixmure was diluted with 30% ethyl acetate in hexanes (5 mL) then

poured into 30% ethyf acerate in hexanes (10 mL) over saturated aqueous NaHCOj. The aqueous
phase was extracted with 30% ethyl acetate in hexanes (2 x § mL) then the combined exmacts were
washed with brine, dried with Na,SO,, and filtered. Concentration of the filtrate under vacuum
yicided 1.3mg of crude material. Purification by silica gel chromatography yielded 0.9 mg of pure
1,2-cyclic carbonate.

To a solution of the carbonate stirred in 0.1 mi of THF and 0.05 mL of methanol was added a
solution of pyridinium tosylate (0.005 ml, 0.1M in CH,Cly). The mixture was stirred at room
tempcrz;mrc for 24 h and partitioned between saturated sodium bicarbonate and ethyl acetate. The
ethyl acetate lairer was dried over scdium suifate and evaporated to give 0.9 mg of diol 27b.

27b (P;=BOM): 'H NMR (500 MHz, CDCl3) 5-0.24 (s, 3H, TBS CHj), -0.038 (s, 3H, TBS
CH,), 0.58 (q, /= 8.1Hz, 6H, TES CH,), 0.84 (s, 9H, TBS t-Bu), 0.93(t, J = 8.1 Hz, 9H, TES
CHy).1.14 (s, 3H, CH; 19), 1.19 (s, 3H, CHj 17), 1.34 (s, 3H, CH, 16), 1.88 (brd, J =17
Hz, H9B), 2.00 (br q, / = 12 Hz, 1H, H6P), 2.08 (d, J = 1.4 Hz, 3H, CHj; 18), 2.2 (m, 2H,
H9a and 14f), 2.35 (brs, IH, H3a), 2.39 (dt, J = 4.8, 13 Hz, H6a), 2.74 (br s, 1H, 20 OH),
2.87 (dd, s = 15.1 ,5.1 Hz, 1H, Hl4a), 3.71 (dd, J = 11.3, 5.1Hz, 1H, H2B). 3.58 (br s, 2H,
H7a and 20 OH), 3.78 (s, 3H, OCHj;), 3.78 (br m, 1H, HS«), 4.37 (dd, J = 13.0, 5.8 Hz, 1H,
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H20), 439 (dd. J = 4.8, 5.8 Hz. |H, H10B), 4.47 (m, 26, H20 and 2B), 4.59 (& / = 1.6 Hz,
LH, OCHyPh), 4.63 (br m, IH, HI3), 471 (d, 7 = 11.6 Hz, 1H, OCH,Ph), 438 (d, / = 7.2
Hz, 1H, 0CH,0).4.91 (d, J = 7.2 Hz, 1H, OCH,0), 4.93 (m., 2H, MPM CHy). 6.84 (d, J = 8.6
Hz, 2H, p-MeOPh -0), 7.23 (d, / = 8.6 Hz, 2H, p-McOPh -m), 7.27-7.36 (m, SH, PhCH,).

Mesylate 28b. To a stirred solution of diel 27b (0.9 mg) in pyridine (0.6 mL) under nicogen at
0° C was added dropwise methanesulfonyi chloride (0.02 mL). After 12 h, a saturated aqueous
NaHCO; solution (0.05 mL) was added. The mixture was stirred for 10 min, poured into 20 mL
of a saturated aqueous NaHCO; solution and extracted with 40% ethyl acetate/hexane (20 ml x 3).
The combined organic phase was dried over anhydrous Na,SO, a‘nd concentrated under reduced
pressure to give 1 mg of 28D as a colorless oil.

~ Oxemne 29. To 3 stirred solution of mesylate 28b (1 mg) in toluene (0.4 mL) under nizogen at
' room temperature was added diisopropyl ethylamine (0.008 mL). The solution was refluxed for
3.5 b, cooled to room temperature, poured into 20 mL of a samrated aqueous NaHCO; solution
and extracted with ethyl acetate (20 mL x 3). The combined organic phase was dried over
anhydrous Na,SO;, and concentrated under reduced pressure to give 1.3 mg of 2 pale yellow oil.
The oil was column chromatographed (30% ethyl acstate/hexane) to yield 1 mg of MPM oxetane.
This material was dissolved in 1 mL of methylene chioride, 0.1 mL of 0.1 M phosphate buffer and
| mg of DDQ were added, and the mixture was stirred at ambient temperature for 2h. The mixure
was poured into 20 mL of a sarurated aqueous NaHCO4 solution and extracted with ethyl acetate
(20 mL. x 3). The combincd organic phase was dried over anhydrous Na,SO,, and concentrated
under reduced pressure to givc 1.0 mg of an oil. To a stirred solution of this material (1 mg) and

dimethyl aminopyridine (1.5 mg) in pyridine (10 pL) under nirogen at room temperature was
added acetic anhydride (5 pL). The solution was stirred for 15 h, diluted with ethyl acetate,
poured into 20 mL of 2 10% aqueous CuSO, solution and extracted with ethyl acetate (20 mL x 3).
The combined organic phase was washed with a saturated aqueous NaHCO4 solution, dried over
"anhydrous N2,SO, and concentrated under reduced ércssurc to give 2 mg of a pale yellow oil.

The oil was column chromatographed (25% ethy! acetate/hexane) to yield 0.6 mg of oxetane 29.
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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 scape 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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CLAIMS: -
1.  An intermediate fer use in the preparaticn of a

'tricyclic or tetracyclic taxane having the formula:

Rep Raa Rs

wherein .

R, is hydzcgen, hydroxy, protected hydraxy cr
'-0COR;;. Qr together wikh R, is a carzrbonate:

R, is hydrcgen, hydroxy. pratectad hydraxy, oxc, er
~QCOR;,, O together with R, or R, is a carbonace:;

R, is nydrogen, alkyl, hydroxy, protected hydrexy.
or -CCOR,;, together with Ry 15 an oxe, or together with
R, R, Or R; is a cazbonate;

' Rey is hydrogen, alkyl, alkenyl, alkymyl, arvl,
hetercarvl, or cyano, together with R, is an axg,
together with R, cr & is & carbcnate, or together with Rg
and the carbons to which they are attached form an
Qoxetane ring;

Ry is hydrogen, hydroxy, protected hydroxy,
-O_COR,{'; OXQ, togecher with R,, or R,; is a carbonate, or
together with R,, and the carbons to which they are
attached form an oxetane ring;

R., is hydrogen, halogen, hydroxy, protected
hydroxy, =-OR,,, or -QOCOR,,, or together with Ry is a
carbonate; | '

R, is hydrogen, oxo, hydroxy, protected hydroxy,
-OR;4, Or -OCOR;;, Or togecher with R;, or Ry, is a
carbonate;
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Rys is hydrogen, axo, hvdroxy., protectad
- hydroxy, -OR,, or -OCOR,, or together with R, is a
carbonate; : .
_ R,; is hydrogen, hydroxy, protected hvdroxy,
-QCOR,;;, MO- or :

" Ry is a functional group which increases the
solubility of the taxane derivative; |
Ryrs Rass Ryor Ry Ryzs Ryes Rys, and Ry, are
independently hydrogen, alkyl, alkenyl, alkynvl, alkoxy,
aryloxy, -NXgX;, -S5X,, monocyclic aryl or monocyclic
heteroaryl; ' '
X, is -0X,, ~SX,;, or -NX.X,:;
X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
. or heterocaryl; |
. ¥ and X, are independencly hydrogen, alkyl,
alkenyl. alkynyl, aryl, or hetercaryl;
Xg 1S -COXy, =COOKya, -COSXj,, ~CONKeX,q,
or =503X4: '

X is hydwogen, alkyl, alkenyl, alkynyl. aryl,
hel:ercézyl, hydraxy procecting group. ©r a2 functicmal
group which increases the water sslublility cof the taxanse
derivazive;

X, is alkyl, alkenyl, alkyayl, axyl, hetercaryl, cr
sulfhydryl protectiang group; ' -

is kydrogen, alkyl. alkezyl, a2lkyrmyl, aryl, cr
hetexsaryl; )

X, is an amiz=o prctectirsg group:;

X.; is alkyl, alkeayl, alkynyl, aryl, or hetercazyl:
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11 . hecax ca.ryl .
i alkars 1, all [ﬂ.Y].. a.::yI.,.
%,, Ls aikyl, Y i’y . mar
‘ . 1, azyl, cr
o '-c'" en, al 1L, alken,l, alkyoys g
| X., is hydsogen, kv 3’
‘bac zvl; and 1
hatezoar L; . . . .
i LR T -
M compriies ammo I:.s a2 meta



