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Synthesis of Taxol and its derivatives.

This invention was made with Govermment support
under NIE Grant #CA 42031 awarded by the National
5 Instiqgéutes of Health. The United States Government has
certain rights in the invention.

BACKCGROUND OF THE INVENTION
The prasent invention is directed to a process

for the synthesis of taxol and other tricyclic and
10 tetracyclic taxanes and novel intermediates thersof.

The taxane family of terpenes, of which taxol
is a member, has attracted considerable interest in both
the biological and chemical arts. Taxol is a promisiag
cancer chemotherapeutic agent with a broad spectrum of

15 antileukemic and tumor-inhibiting activity. Taxol has
the folk ow1ng ‘structure:

wherein Ac is acetyl.
The supply of taxol is presently being provided
20 by the bark from Taxus brsvifollia (Western Yew).

However, taxol is found only in minute quancities in the
bark of these slow growing evergresens. Conseguently,
chemists in recent vears have expended their energies in
rying to find a viable svnthetic route for the
25 preparation of taxol. To date, the results have nctc been

entirely satisfaccory.
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A semi-synthetic approach to
taxol has been described by Greene,
5917 (1988},
10-deacetyl baccatin III which has ths

et

and involwes the use of a

formula II shown below:

HOIN

N
Ph KS AcG

PCT/US94/08350

the preparacion of
in JACS 110,
congener of taxol,

al.

structure of

10-deacetyl baccatin III is more readily available than

taxol since it can be obtained from the needles of Taxus

baccata.

lO-deaéetyl baccatin III (“10-DAB")

According to the method of Greene et al.,
is conwverted to taxol

by attachment of the C-10 acetyl group and by attachment

of the C-13 R-amido ester side chain through the

esterification of the C-13 alc
carboxylic acid unit.

Denis et al.

in U.S. Patent No.

ohol with a R-amido

4,924,011

disclose another process for preparing derivatives of

. - @ . -
baccatin III or of lo-deaqulbaccatln III of general

formula
R-0 o CH
/)
cv)
CQ—Q

CH—OH ' o

0 aH ' H :

OCOC H E
CgHg—— CH—NHCOOC(CCH,) 4 0cOoCH,
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in which R’ denotes hydrogen or acetyl. As reported, an
acid of general formula:

CCH4) ;COCONH

CgHs

in which R, is a hydroxy-protecting group, is condensed

with a taxane derivative of general formula:

R-0 o OH

4

cvi)
H__O-—

t

t

3

)

1

.
0COCH,

in which R, is an acetyl hydroxy-protecting group and R,
is a hydroxy-protecting group, and the protecting groups
R,, R, and, where appropriate, R, are then replaced by
hydrogen. _ '
Other semisvnthetic approaches for the
preparation of taxol and for the preparation of other
taxanes which possess tumor-inhibiting properties have
been reported in recent vears, but each of these
approaches requires 10-DAB or baccatin III as a starting
material. As such, the supply of taxol and cther taxane
d rivacives remains' dependent at least to some extent
upon the collection of various parts of plants from the
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remota cortfié¥s of the world and the extraction of 10-DAR

and/or baccatin 1III therefrom.

SUMMARY OF THE INVENTION
Among the objects of the present invention,

5 therefore, is the provision of & process for the
synthesis of taxol and other tetracvclic taxanes; the
provision of such a process which is highly
diastereoselective; the provision of such a process which
proceeds in relatively high vield; and the provision of

10 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
15 invention, the process comprises reacting a compound
having .the formula

P, Ot

with BrMgN(iPr),, an aldehyvde {or kz=tone), followed byv
phosgene and an alcohol to form a compound having the

20 formula:
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wherein

R, is hydrogen or p*otected hydroxy; R; is

hydrogen or protected hydroxy;

R; is oxo;

Ry is hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or ~0OCOR,;;

R,. and R,y are independently hydrogen, alkyl,

alkenyl, alkynyl, aryl or heterocaryl

Ry is hvdrogen, protected hydroxy, or oxo;

R;p is -0P,,;

Ry; is -0OP;;;

Ry; is hvdrogen, alkyl, alkenyl, alkyny
alkoxy, aryloxy, -NX3X.5, -SX,, monocyclic aryl or
monocyclic heterocaryl;

Xs 1s hydrogen, alkyl, alkenyl, alkynyl,
or heteroarvl;

X0 1s alkyl, alkenyl, alkynyl, aryl, or
heterocaryl; and

'.-l

’

P, and P,; are hydroxy protecting groups.
In accordance with another aspect of the

aryl,

prnsent invention, the process comprises reacting a

compound having the formula

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

P1 3OHHI

~s

wherein
5 R, is hydrogen or protected hvdroxy;
Ry is hydrogen, alkyl, alkenyl, alkvnyl, arvl
or heterocarvl;
' Ry 1s hydrogen, protected hvdroxy, or oxo; and
. Py and Py are hydroxy protecting. groups.
i0 " In accordance with another aspect of the
prasent invention, the process comprises reacting a
compound having the formula:

P, 30un

with lithium tetramethylpiperidide and camphosulfonvl
1s oxaziridine to form a compound having the formula:

eet Has Been Replaced
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wherein R, ié hydrogen, protected hydroxy, or oxo; R, is
hydrogen, alkyl, 'alkenyl, alkynyl, aryl or heterocaryl;
and P, and P, are hydroxy protecting groups.

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

P, g0

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

P, 50tm

I
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wherein R, is hvdrogen, protected hvdroxy, or oxo; R. is
hydrogen, alkvl, alkenyl, alkynyl, arvl or heteroary
and ?P., and P.. &re hydroxy protecting groups.

-In accordance with another aspect 0f the
present invention, the process comprises reacting a

compound having the formula:

P, 30mn

with lithium diisopropylamide to form a compound having
the formula:

P 430

~a

wherein R is 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
P,, and P,, are hydroxy protecting groups.

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

AMENDED SHZET This Sheet Has Been Replaced
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with DBU te form a compound having the formula
Rig
wherein .
S R, is hydrogen, hydroxy, protected hvdroxy or
-OCOR;,, or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCCR;;, or together with R, is a carbonate;
Ry, 1s hydrogen, alkyl, hydroxy, or protected
10 hydroxy, or together with R, is a carbonate;
" Rgp 1s hydroxymethylene;
R; is -OMs, -OTs or a bromide;
R,, 1is hydrogen, protected hydroxy, or -OCOR,,,
or together with R, is a carbonate;
15 R, is hydrogen, oxo, hydroxy, protected hydroxy,
or -OCOR,;, or together with R,, or R,, is a carbonate
Rio 1s hydrogen, oxo, hydroxy, protected
hydroxy, or -OCOR,,, or together with R, is a carbonate;
I —

—
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P., is a hydroxy protecting group;
R:s, Rs:, Rs::, Ps;;, and R,; are independently
hvdrogen, alkyl, &lkenvl, alkvnyl, alkoxy, arvloxy,
-NX.X.., -SX.,, monocvclic aryl or monocyclic heteroarvl;
S X, is hvdrogen, alkyl, alkenyl, alkynyl, arvl,
or heterocaryl; and
X0 is alkyl, alkenyl, alkynyl, aryl, or
heterocarvl. ) _
In accordance with another aspect of the

10 present invention, the process comprises reacting a

compound having the formula:

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

formula:

15

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

compound having the formula:

[
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wherein
| R, is hydrogen, hydroxy, protected hydroxy, or
~OCOR;y, Or together with R; is a carbonate;

R, is hvdrogen, protected hvdroxy, or -OCOR,.,
or together with R, or R,, is a carbonate;

R4 1s hydrogen, alkyl, hvdroxy, protectad
hydroxy, or -OCOR,,, together with Rp 1s an oxo, or
together with R,, R,, or R; is a carbonate;

Ry, is hydrogen, alkyl, alkenyl, alkvnyl, arvi,
heteroaryl, or cyano, together with R,, is an oxo,
together with R,, or R; is a carbonate, or together with R,
d the carbons to which they are attached form an
oxetane ring;

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

R;. 1s hydrogen, halogen, protected hydroxy, or
-OCOR,, ;

’ Pi3 is a hydroxy protecting group;

Ra7+ Ryor Ry, Ry, and Ry; are independently
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, arvloxy.
~NXgX:0, -S5X,;0, monocyclic aryl or monocyclic heterocaryl;

Xy 1s hydrogen, alkyl, alkenyl, alkynvl, aryl,
heteroaryl, or heterosubstituted alkyl, alkenyl, alkvnyl,
aryl or heteroaryl; and

—
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X,, is alkyl, alkenyl, alkynvl, arvl,
heteroarvl, or heterosubstituted alkvl, alkenyl alkynyi,
aryl or heteroarvil.

In general, the process of the present

invention may be used to prepare taxanes having the

formula:
N
/ \ A
=B TITTICE 72
13 g
7< y
34_ s Rea
R,/
R Rs
14
® Ry Ry
(1)
wherein
R, is hydrogen, hydroxy, protected hydroxy, or
"OCOR:O;

R, is hydrogen, hydroxy, -OCOR;,, Or OXO;
R,, is hydrogen, alkyl, alkenyl, alk?nyl, aryl
heteroaryl, cyano, 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 Rs and the carbon
atoms to which they are attached form an oxetane ring;
Rg is hydrogen, halogen, hydroxy, protected
hydroxy, -OCOR,;, 0x0, or together with R,, and the carbon
atoms to which they are attached form an oxetane ring;
Ry is hydrogen, alkyl, alkenyl, alkvnyl, arvl,
or heterocaryl, hydroxy, protected hvdroxy or together
with R,, forms an oxo;
Rg, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl, hvdroxy, protected hydroxy or together
with R, forms an oxo;
R,, is hydrogen, halogen, hydroxy, protected
hydroxy, -OCOR,,, 0x0O, Or -ORy; —
| et Has Been Replaced
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12-1
R¢ is hydrogen,

hydroxy, protected hydroxy,
acyloxy, or oxo;

R.¢c 1s hydrogen, -OCOR;,, hydroxy,
hvdroxy, or oxo;

Ry» 1s hydroxy, protected hydroxy, MO- or

—_—

—
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R., is hydrogen, alkyl, alkenvl, alkvnvl, aryl,
or heterocarvl; _

- Ry, is hydrogen,- alkyl, alkenyl, alkynyl, aryl,
or heterocaryl, hydroxy, protected hydroxy or together
with R. forms a carbonate;

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

R.:, Ras, Ryp, Ry, Ry, and Ry; are indezendently
hyvdrogen, alkyl, alkenyl, alkynyl, monocyclic aryl or
monocvclic heterocaryl;

X, is ~0X,, =SX,;,- or -NXX,:

X, is hydrogen, alkyl, alkenyl} alkynyvl, arvl,
or heteroaxyl;

X; and X, are independently hydrogen, alkyl,
alkenyl, alkynyi, arvl, or heterocaryl; .

X, is -COX,5, -COOX,y, -COSX,y, -CONX¢X1q,
or -S0,X;:; '

X¢ is hydrogen, alkyl, alkenyl, alkynyl, arvl,
heteroaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative; '

X, is alkyl, alkenyl, alkynyl, aryl, heteroarvl,
or suh.hydfy1 protecting group

_ X, is hydrogen, alkyl, alkenyl, alkynyl, arvl,
heteroaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
arvl or heterocaryl;

Xs 1s an amino protecting group;

Xy, 1is alkyl, alkenvl, alkynvl, arvyl,
heteroaryl, or heterosubstituted alkyl, alkenyl alkynyl,
aryl or heterocaryl;

' X, is alkyl, alkenyl, alkynyl, aryl,
heteroaryl, -0X,;, Or -NX X ; -
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: lkvayl, arvl
g alkenyl, alkwvn:
15 hy en, alkvl,
X.; 15 hydrog
or heteroarvl; and | .
M comprises ammonium or
—_—
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The present invention is additionally directed
to an intermediate for use in the presparation of a
tricyclic or tetracyclic taxane having the formula:

wherein

R, is hvdrogen, hydroxy, protected hydroxy or
-OCOR;4, Or 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 Ox0; ' |

Ry is hydrogen, alkyl, alkenyl, élkynyl, aryl or
heterocarvl;

Ry is hyvdrogen, hvdroxv, protected hydroxy, oxo,
or -OCOR;,, or together with R, is a carbonate;

Ry 1s hydrogen, hydroxy, protected hydroxy,
oxo, or -OCOR,s, or together with R; is & carbonate;

R,;; is hydrogen, hydroxy, protected hydroxv,
~OCOR,s or MO-;

Ry, Ryer Ry, Rja, Ry, and Rys are independently
hydrogen, alkyl, alkenyl, alkynvl, alkoxy, arvloxv,
-NXgX(q, —S%;, monocyclic arvl or monocvclic hetercarvl;

Xy i1s hvdrogen, alkvl, alkenvl, alkvnvl, arvl,
or hetesroarvl;

X,y 15 alkyl, alkenvl, alkynvl, arvl, cr

hetercaryl: and

M comprises ammonium or is a mecal._
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The present invention is further directed to an
intermediate for use in the preparation of a tricyclic or
tetracyclic taxane having the formula:

wherein

R, is hydrogen, hydroxy, protected hydroxy or

-OCOR;,, Or 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, hyvdroxy, protectad hydroxy,
-0OCOR,;,, Or oxo, or together with R;,, is a carbonate;

Ry 1s hydrogen, alkyl, cyano, hydroxy,
protectad hydroxy, or -OCOR,s, or together with R; or Ry is
a carbonéte; _

Ry and R,y are independently hvdrogen, alkyl,
alkenyl, alkynyl, aryl or heteroaryl;

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 -OCOR,y, or together with R, is a carbonate;

R,; is hydrogen, hydroxy, protected hydroxy,
-0OCOR,5 or MO-;

Ry, Rior Ryt Ry Ry, st and Ry are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX,,, -S¥X,,, monocyclic aryl or monocyclic
heterocaryl;

I
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¥y is hvdrogen, alkyl, alkenyl, alkynyl, aryl,
or heﬁeroaryl;

X, is alkyl, alkenyl, alkynyl, arvl, or
heteroaryl; 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

tetracvclic taxane having the formula:

wherein

R, is hydrogen, hydroxy, protected hvdroxy or
-0OCOR,y, ©r together with R, is a carbonate;

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR,;,, or together with R, is & carbonacte; _

R, is hydrogen, hydroxy, protected hydroxy, or
-OCOR;35;

Ry, is hydrogen, alkyl, cvano, hydroxy,
protected hydroxy, or -QCOR,;; :

—a—carberatal

R,. is hvdrogen, alkyl, alkenvyl, alkynyl, arvl
or heteroaryl;

Ry, 1s hvdrogen, hvdroxy, protected hvdroxyv, oxo,

® SN

or -OCOR,;, or together with R,, is a carbonats;

R, 1s hydrogen, hvdroxy, protected hydroxy,

oxQ, or -0COR.,, or together with R, 1s a carbonace;

T~
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R;; is hydrogen, hydroxy, protected hydroxy,
-OCOR;: or MO-; _

R.s, Ri:, Ry Ryze Ri:e Ry, and Ry ar
independently hvdrogen, alkyl, alkenyl, alkynyl, alkoxy,

®

arvioxy, -N¥X,X,,, -S¥X,,, monocyclic aryl or monocyclic
hetercarvl;

X, is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl; :

X is alkyl, alkenyvl, alkynyl, aryl, or
heteroaryl; and

M comprises ammonium or is a metal.

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

wherein

R is C, - C; alkyl,

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

R, is hydrogen, hydroxy, protected hydroxy, oxo,
or -0OCOR,;, together with R, is a carbonate, or together
with R, is a carbonate;

R,, 1is hydrogen, alkvl, hydroxy, protected
hydroxy, or -OCOR,,, or together with R, is a carbonate;

R,, is hydrogen, halogen, hvdroxy, protected
hydroxy, -OR,y, -OCOR,,, or together with R, is a

carbonate; -

heet Has Been Replaced
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R, is hydrogen, oxo, hydroxy, protected hydroxy,
-OR,,, or -OCOR,,;, or together with R,, or R, is a.
carbonats;

Ry is hydrogen, oxo, hydroxy, protected
hydroxy, =-OR,y, or -OCOR.,, oOr together with R, is &
carbonate;

Ry; 1s hydrogen, hydroxy, protected hydroxy,
-0OCOR;5 or MO-;

R,s is a functional group which increases the
solubility of the taxane derivative; ' '

Ry7. Rag, Rye, Ryys Ry, Ry, 2nd Ry are
independently hvdregen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXoX.9, =-SX,q, monocyclic aryl or monocyclic
heteroaryl:; '

_ Xs is hydrogen, alkyl, alkenyl, alkynyl, arvl,
or héteroaryl;

. Xy, is alkyl, alkenyl, alkynvl, arvl, or
hetercarvl; and

M comprises ammonium or is a metal.

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

13

268a

(D
1}
lD
"J

wh
R, 1s hydrogen, hvdroxy, protected hydroxy or

& -

-OCOR,e, or together with R, is a carbonate;
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R, is hydrogen, hydroxy, protected hyvdroxy, oxo,
or -OCOR,,, or together with R, or R,, 1s & carbonate;

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

Ry is hydrogen, alkyl, alkenyl, alkynyl, arvl,
‘heteroaryl, or cyano, together with R,, is an oxo,
together with R,, or R is a_éérbonate, 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 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, -ORy;., Or -OCOR;,, or together with Ry is a
carbonate;

Ry i1s hydrogen, oxo, hydroxy, protected hydroxy,
-OR,3, Or -OCOR;;, or together with R,, or R, is a
carbonate;

Ry 1s hydrogen, oxo, hvdroxy, protected
hydroxy, -OR,, or -OCOR,,, or together with Ry is a
carbonate; | '

R,; is hydrogen, hydroxy, protected hydroxy,
~-0OCOR,;, MO- or

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

This Sheet Has Been Replaced
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Ry, Rag. Rygr Ryy, RH,Zand RW are independently

hydrogen, alkyl, ealkenyl, alkynyl, alkoxy; arvloxy, -
NX,X,,, -SX,q, monocvclic aryl or monocyclic heteroéryl;
X, is -0X,, -S¥;, or -NX.¥,;
5 X, 1s hydrogen, alkyl, alkenyl, alkynvl, aryl,
or heteroarvl;

(o)

X, and X, are independently hydrogen, alkyl,

alkenyvl, alkvnyl, aryl, or heteroarvl;
X; is -COX,, -COOX,,, -COSX,;, -CONXgX.q.
10 or -S0.X,;; _

X, is hydrogen, alkyl, alkenyl, alkvnyl, arvl,
heterocaryl, hydroxy protecting group, or a functional
group which increases the water solubility of the taxane
derivative; '

- 1S X, is alkyl, alkenyl, alkynyl, aryl, hetsroaryl,
or sulfhydryl protecting group;

Xy is hydrogen, alkyl, alkenyl, alkynyl, arvl,
or hetsroaryl;

X, 1s an amino protecting group;

29 X0 is alkyl, alkenvl, alkynvl, aryl, or
heteroarvl;

X, is alkyl, alkenyl, alkynyl, aryl,
heterocarvl, -0Xi, or -NX.X; _

. X4 is hydrogen, alkyl, alkenyl, alkynvl, arvyl,
25 or hetercarvl; and

M comprises ammonium or is a matal.

Other objects and features of this invention

will be in part apparent and in part pointed out

hereinafter.
30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
~ As used herein "Ar" means aryl; "Ph" means
phenyl; "M=" means methyl; "Et" means ethyl; "iPr" means
isopropvl; "tBu" and "t-Bu" means tert-butvl; "R" means
otherwise defined; "Ac" means acetyl;

35 "py"* means pvridine; "TES"™ means triechvlsilyl; "TMS*®
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means trimethyl-silyl; *“TBS* means Me,t-BuSi-; "Tf" means
-SO,CF,; "BMDA" means BrMgNiPr.; "Swern" means {COCl) .,
Et,N; "LTMP" means lithium tetramethylpiperidide; "MOpP"
means 2-methoxv-2-propvl; "BOM® means benzyloxymethyl;
"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-
difluorotrimethyvlsilicate; *"Ts" means toluenesulfonyl;
"TBAF" means tetrabutyl ammonium hydride; "TPAP" means
tetrapropyl -ammonium perruthenate; "DBU" means
diazabicycloundecane; "DMAP* means p-dimethylamino
pyridine; "LEMDS" means lithium hexamethyldisiiazide;_
"DMF" means dimethylformamide; "AIBN" means azo-(bis) -
isobutyronitrile; *“10-DAB" means lO-desaéetylbaccatin
IIT; "FAR" means_2-chloro-l,l,2-trifluorotriethylamine;
"mCPBA" means metachloroperbenzoic acid; "DDQ" means
dicyanodi;hlorqquinone; *sulfhydryl protecting group®"
includes, but is not limited to, hemithiocacetals such as
l-ethoxyvethvl and methoxymethyl, thiocesters, or
thiocarbonates; "amine protecting group" includes, but is
not limited to, carbamaces, for example,
2,2,2—trichloroechylcarbamate 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, benzyl, p-methoxybenzyl,
p-nitrobenzyl, allyl, trityl, methoxymethyl,
methoxyethoxymethyl, ethoxyethyl, tetrahydropyranvl,
tetrahydrothiopyranyl, and trialkylsilyl ethers such as
trimethylsilyl ether, triethylsilyl ether,
dimethylarylsilyl ether, triisopropvlsilyl ether and
t-butyldimethylsilyl ether; estars such as benzoyl,
acetyl, phenylacetyl, formyl, mono-, di-, and
trihaloacetvl such as chloroacetvl, dichlorocaceryl,
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trichloroadétyl, trifluoro-acetyl; and carbonates
including but noc limited to alkyl carbonates having from
one to six carbcon atoms such as mecthyvl, ethyl, n-proovl,
isopropvl, n-butvl, t-butvl; isobutyl, and n-pentvl;
alkyl carbonates having from one to six carbon atoms and
substituted with one or mors halogen atoms such as _
2,2,2-trichloroethoxymethyl and 2,2,2-tri-chloroethyl;
alkenvl carbonates having.from two to six carbon atoms
such as vinvl and allyl; cycloalkyvl carbonates having
from three to six carbecn atoms such as cvclopropvl,
cvclobutyl, cycloventyl and cvclohexyl; and phenvl or
benzyl carbonates optionally substituted on the ring with
one or more C, alkoxy, or nitro. Other hydroxyl,
sulfhyvdryl and amine protecting groups may be found in
“"Protective Groups in Organic Synthesis® by T. W. Greene,
John Wiley and Sons, 1981.

_ The alkvl groups described herein are
preferably lower alkvl 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
methvl, ethyl, propyl, isopropvl, butyl, hexyl and the
like. Thev mayv be hydrocarbon or heterosubstituted with

the various substituents defined herein, including

s
heteroalkyl, alkenyl, hecerocalkenvl, a
heteroalkynyl, arvl, heterocarvl, and heterosubstituted
heterocarvl.
The alkenvl groups described herein are
preferably lower alkenyl containing f£rom two to six
atoms in the principal chain and up to 15 caczbon
atoms. Thev may be straight or branched chain and
include ethenyl, propenyl, isopropenvi, butenvl,
isqbucenvl, hexenvl, and the like. They may be
C

hydrocarbon or hsterosubstitutad with the various

n
heteroalkyl, heterocalkenvl, alkvnvl, he

heteroaryl, and hstcerosubstituted hatercarvl.
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Thé 4lkvnyl groups described herein are
preferably lower alkynvyl containing from two to six
carbon atoms in the principal chain and up to 15 carbon
atoms. They may be straight or branched chain and
include ethynyl, propvayl, butynyl, isobutynyl, hexyvnyl;

and the like. Thev may be hydrocarbon or

heterosubstituted with the various substituents defined
herein, including alkyl, heteroalkyl, alkenvl,
heterocalkenyl, heterocalkynyl, aryl, heterocaryl, and
heterosubstituted heteroarvl.

The arvl moieties described herein contain from
6 to 15 carbon atoms and include phenyl. They may be
hydro-carbbn or heterosubstituted with the various
substituents defined herein, including alkyl,
heteroalkyl, alkenyl, heteroalkenyl, alkynyl,
hetercalkynyl, heterocaryl, and heterosubstituted
hetercaryl. Phenyl is the more preferred arvl.

The heteroaryl moisties described herein
contain from S to 15 atoms and include, furyl, thienyl,
pvridyl and the like. They may be hydrocarbon or
heterosubstituted with the variocus substituents defined
herein, including alkyl, hetercalkvl, alkenyl,
heterocalkenyl, alkynyl, heterocalkynyl, aryl, and
heterosubstituted heteroaryl.

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

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

The hvdrocarbon substituents described herein
may be alkyl, alkenyl, alkynyl, or aryl, and the hetero-
substituents of the heterosubstituted alkyl, alkenyl,
alkynyl, arvl, and heterocaryl moieties described herein
contain nitrogen, oxygen, 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, heéeroaryl such as furvl or thienyl, alkanoxyv,
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hydroxy, protected hydroxy, acvyl, acvloxy, nitro, amino,
and amido. '
An exemplary svnthesis of baccatin III or 10-

depicted hersinbelow in Reaction Scheme A. The
starting material, diol 2, can be prepared from patchino
(commonly known as B-patchouline epoxide) which is
commercially available. The patchino is first reacted
with an organo-metallic, such as lithium t-butyl followed
by oxidation with an organic peroxide, such as t-
butylperoxide in the presence of titanium
tetraisopropoxide to form a tertiary alcohol. The
tertiary alcohol is then reacted with a Lewis acid, such
as boron trifluoride at low temperatura, in the range
from 40°C to -100°9C; in the presence of an acid, such as
trifluoromethane sulfonic acid. 2 grabhical depiction of
this rsaction scheme along with an experimental writs-up
for the preparation of diol 2 can be found in U.S. Patent
No. 4,876,399.
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Ca) TMSCI, py
(b) LDA, TscCI

C(c) HF, py 0s0
4

28a
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Ac,0. py., DMAP
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HQun
38
10-0AB
TASF
AcO
oP,
HOi H,/ Pd HOmt
if P,=BOM _
35 37
S - Baccatin
Bh S AcQ
0 1) a. LHMOS, gLactam o
b. HF, pyridine
2) H,/Pd
rf P,=80M
A4
TAXOL

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, |

5 methyl in compounds 15, 16, and 17, Ms in compounds 24aa

' and 262, and Ts in compound 26aa. Tt should be
understood, however, that Ps, P;, Py, and P,; may be other
hydroxy protecting groups and R may comprise other lower
alkyl substituents in compounds 6, 7, 15, 16 and 17.

10 : 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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Reaction Scheme A°
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278
MsCl, py
9F4a
P,
43010 P
EINGiPr),
poQ
288
= F
Z oK ACZO. gy, DMA
/ OMPM
0 OMs

In Reaction Scheme A’, P; is TMS or Ac, P, is
MOP or BOM, P, is TES, P,y; is TBS and P; is acetal or
kecal, preferably acetonide. It should be underscood,
howevexr, that Py, P;, Py, and P; and P;, may be cther
hydroxy protecting groups.

In general, tricyclic and tstracyclic taxanes
bearing C13 side chains may be obtained by reacting a
RB-lactam with alkoxides having the taxane tricvclic or
tetracyclic nucleus and a C-13 metallic oxide substituent
to form compounds having a R-amido ester substituent at
C-13. The R-lactams nave the following struccural

formula:

—_—_—
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wherein X. - X; are as defined above. The alkoxides
having the tricyclic or tetracyclic taxane nucleus and a
C-13 metallic oxide or ammonium oxide substituent have
the following structural formula:

18

wherein R;, Ry, Re, Res Rs, Res Rear Rsas Ry, and Ry, are as
previously defined, R;; is -OM and M comprises ammonium or
is a 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 methyl or
butyl. Most preferably, the alkoxide has the tetracyclic
taxane nucleus and corresponds to the structural formula:

—_—

—_—
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wherein M, R;, R,,, Rs;,, Ry, and R, are as previously
defined.

As set forth in Reaction Scheme A, taxcl mav be
preparad bv converting 7-protected Baccatin III 35 to the
corresponding alkoxide and reacting the alkoxide with &
B-lazctam in which X, is protected hydroxy, X, is phenyl
and ¥; is benzovl. Protecting groups such as 2-
methoxgpropyl {"MOP"), l-ethoxvethyl ("EE") are

-

preferfad,'but a variety of other standard proteacting
groups such as the triethylsilyl group or other trialkyl
(or arvl) silyl groups mav be used. Taxanes having
alternative side chain sub%étuents may be preparad
through the use of B-lactams which comprise the
alternative substituents.

Taxanes having alternative C9 substituents may
be prepared by selectively reducing the C9 keto
substituent of taxol, 10-DAB, Baccatin III or one of the
other intermediates disclosed herein to yield the
corresponding C9 P-hyvdroxy derivative. The reducing
agent 1s preferably a borohvdride and, most preiferably
tetrabutvlammoniumboro-hydride (Bu,NBH,) or
triacestoxyborchydride.

as 1llustrated in Reaction Scheme 1, the

'3
'—‘
1]
13
[

reaction of baccatin III with Bu,NBE, in mechy
chloride yislds S-desoxo-9B-hvdroxybaccatin III 5. After
the C7 hydroxy group is protected with the triethvlsilvl
protecting grougp, for example, a suitable side chain may
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be attached t6 7-protected-9R-hydroxy derivative 6 as
elsewhere described herein. Removal of the remaining
protecting groups thus vields 9P-hyvdroxy-desoxo taxol or
other 9B-hydroxvtetracylic taxane having a Cl3 side
chain.

REACTION SCHEME 1

HQto: HQlue

Bu, NBH,

 J

CH,CI,

HOIn:

Al;ernatively, the C13 hydroxy group of 7-
protected-9f-hydroxy derivative § may be protected with
trimethylsilyl or other protecting group which can be
selectively removed relative to the C7 hydroxy protecting
group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various

substituents of the taxane. For example, reaction of
B
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7, 13-nrotected—95-hydroxv derivative 7 with KH caussas the
acetate group to migrate from Cl0 to C9 and the hydroxy
group to migrate from C9 to Cl0, thereby vielding 10-
desacetyl derivative 8. Protection of the Cl0 hydroxy
group of l0-desacetyl derivative 8 with triethvlsilyl
yields derivative 9. Selective removal of the C13
hydroxy proteacting group from derivative 9 vields
derivative 10 to which a suitable side chain may be

attached as described above.
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REACTION SCHEME 2

QAc

OTES
HQit- TMSQtus.

1) TMSCI, Et,N

Iy
i

2) KkH

QTES

TMSOttree
TESC!I
&
h ' ET.N
ph-< 2
s]
HF
pyridine
HOuss»

—_——
—

Sy T

2As shown in Reaction Scheme 3, 10-oxo

derivative 11 can be provided by oxidation of 10-
desacetyl derivative 8.

———

Thereafter, the C13 hydroxy
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protecting group can be selectively removed followed by
attachment of a side chain as described above to vield ¢9-
acetoxy-1l0-oxo-taxol or other 9-acetoxy-l0-oxotetracylic
taxanes having a Cl3 side chain. Alternatively, the C9
acetate group can be selectively removed by reduction of
10-oxo derivative 11 with a reducing agent such as
samarium diiodide to yield 9-desoxo-10-oxo derivative 12
from which the C13 hydroky 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 C13

side chain.

REACTTON SCHEME 3

[y

OH

TMSCOtne

TPAP TMSOm..
———————
HQ =
pn-—<:
N\
0
TMSQte-
Reaction Scheme 4 illustrates a reaction in
which 10-DAB 1s rsduced to yield pentacl 13. The C7 and
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Cl1l0 hydroxyl groups of pentaol 13 can then be selectively
protected with the triethylsilyl or another protecting
group to produce trioi 14 to which a Cl1l3 side chain can
be attached as described above or, alternatively, after
further modification of the tetracylic substituents.

REACTION SCHEME ¢

HQti: HOMs

BuNBH,

CH,Cl,

HO"II-

14

Taxanes having C9 and/or Cl0 acyloxy
substituents other than acetate can be prepared using 10-
DAB as a starting material as illustrated in Reaction
Scheme 5. Reaction of 10-DAB with triethylsilyl chloride
in pyridine yields 7-protected 10-DAB 15. The C1l0
hydroxy substituent of 7-protected 10-DAB 15 mav then be
readily acylated with any standard acvlating agent to
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vield derivative 16 having a new Cl0 acyloxy substituent.
Selective reduction of the C9% keto substituent of
derivative 16 vields 9f8-hvdroxy derivative 17 to which a
Cl1l3 side chain may be attached. Alternatively, the C10

5 and C9 groups can be caused to migrate as set forth in
Reaction Scheme 2, above.

REACTION SCHEME S

HOH TESC)
pyridine
Acylating
agent
Y
0COf g
QTES
HOHN 1) HF HOwH
<3) Bu NBH,
3) TESC!
Ph——<& AcQ Q
S 17
Taxanes having altsrnative C2 and/or C4 esters
10 can be prapared using baccatin III and 10-DAB as starting

‘materials. The C2 and/or C4 esters of baccacin III and
10-DAB can be selectively reduced to the corrssponding

alcohol(s) using reducing agents such as LAH or Red-3al,
and new esters can theresafrer be substituted using

—————

S

o

cet Has Been Replaced

T



10

15

20

25

WO 95/03265

PCT/US94/08350

43
standard acylating agents such as anhydrides and acid
chlorides in combination with an amine such as pyridine,
triethylamine, DMAP, or diisopropyl ethyl amine.
Alternatively, the C2 and/or C4 alcohols 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 prepared 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 Cl10
hydroxy group) by simply replacing 10-DAB with baccatin

II 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 bv
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) .

—

—— —————
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TMSOUN TMSCIN

LAH

ct,C0
pyridine

TMSQuN

Deprotonation of triol 18 with LDA followed by
S introduction of an acid chloride selectively gives the C4
ester. For example, when acstyl chloride was used, triol

18 was convertad to 1,2 diol 4 as set forth in Reaction

Scheme 7.

Triol 18 can also resadily be converted to the
10 1,2 carbonates 19. Acetvlation of carbonate 19 under
vigorous standard conditions provides carbonate 21 as
described in Reaction Scheme 8; addition of alkyvllithiums

or Grignard r=agents to carbonats 19 providas thz C2

S
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hydroxyl group at C4 as set forth in

c1,co
Pyridine TMSOUN

TMSOt
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As set forth in Reaction Scheme ¢, other C¢
substituentcs can be provided by reacting carbonats 19
with an acid chloride and a tartiary amine to yield
carbonate 22 which is then reacted with alkyllithiums or
Grignard reagents to provide 10-DASB d=f1vatvves having

new substituents at C2.

Scheme ©

C1,C0
TMSQiun Pyridine TMSOII
R4qCOC!
pyridine
OMAR
TMSQmIn o
Li or TMSOM
R31Mg°r

Alternatively, baccatin III may be used as a
scarting material and resacted as shown in Reaction Scheme
10. 2After being protected at C7 and Cl3, baccatin III is
reduced with LAY to produce 1,2,4,10 tetraol 24. Tetraol
24 is convertad to carbonate 25 using Cl,CO and pvridine,

and carbonace 25 is acylated at Cl0 with an acid chloride

e

J——
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and pyridine to produce carbonate 26 (as shown) or with
acetic anhvdride and pyridine (not shown). Acetylation
of carbonate 26 under vigorous standard conditions
provides carbonate 27 which is then reacted with alkyl
lithiums to provide the baccatin ITI derivatives having
new substituents at C2 and C10.
Scheme 10
Haun
1) TESCI, py
2) TMSCI, OMAP
Iimidazoie, DMF
LAH
TMSOsi1t Ci1,C0
R,qCOCH
pyridine
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TMSQuu T™MSONnu

TMSQuUII

10-desacetoxy derivatives of baccatin III and
10-desoxy derivatives of 10-DAB may be preparsd by
reacting baccatin III or 10-DAB (or their deriwvatives)
with samarium diiodide. Reaction between the tetracyvclic
taxane having a Cl0 leaving group and samarium 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 substituents on the tetracyclic nucleus
remain undisturbed. Thereaftsr, the C9 keto subscituent
may be rsduced.to provide the corresponding 9-desoxo-9f-
hydroxy-l0-desacetyoxy or l0-desoxy derivatives as

otherwiss described herein.
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C7 dihydro and other C7 substituted taxanes can
be prepared as set forth in Reaction Schemes 11, 12 and
12a.
REACTION SCHEME 11
S
/
[o¢
HQt11 NaH 'SCH3
cs,
CHq !
Ph—<
0
n8u3SnH
AIBN (cat)
toluene (reflux)
'
-_
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REACTION SCHEME 12

——

HQir.

HOmn.
FAR

QAc

HQts.
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REACTION SCHEME 12a

Q

TMSOm

LiOum

-As shown in Reaction Scheme 12, Baccatin III
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-chloro baccatin III can be
prepared by treatment of baccatin III with methane
sulfonyl chloride and triethylamine in methylene chloride
solution containing an excess of triethylamine
hydrochloride.
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Taxanes having C7 acyloxy substituents can be
prepared as set forth in Reaction Scheme 12a, 7,13~
protected l0-oxo-derivative 11 1s converted to its
corresponding C13 alkoxide bv selectively rsmoving the
Cl1l3 protecting group and replacing it with a metal such
as lithium. The alkoxide is then resacted with a B-lactam
or other side chain precursor. Subseqguent hydrolysis of
the C7 protecting groups causss a migration of the C7-
hyvdroxy substituent to Cl0, migration of the Cl0 oxo
substituent to C%, 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
tetrafluorcborate in methylene chloride solution. The
product dicl then reacts with lead tetraacetate to
provide: the corrasponding C4 kstone.
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REACTION SCHEME 13

HO#ee Me ;08F HQ1te

HOu,

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 Cl0 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 carbonvl 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 anv intermediate having a
Cl, C2 carbonate.

\1so, the proéess for forming the oxetane ring,
as examplified in the conversion of 24a to 27a in
Reaction Scheme A, can be applied to a variety of
intermediatss having a C4 ‘carbonvl group.

The aldol process exemplified in the conversion
of S to 6 in Reaction Scheme A can be applied to any
suitably protected intermediate having a C3 carbonyl
group and a C8a hydrogen. A variety of ketones or
aldehydes can be used as a reactant in this procsess.

Formation of a cvclic 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 raégents or metallic species to the
corresponding alcohols. Alcohols can be oxidized using a
varietv of oxidizing agents as exemplified in the
Reaction Schemes, to the corresponding carbonvl 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 ars contemplated within the scope of this
invention. 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.

e
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EXAMPLES
REACTION SCHEME A
Triethylsilyloxy alcohol 3 . To a solution of diol 2 (3.16 g, 13.4 mmol) and DMAP (70 mg, 0.57
mmol) in CH,Cl, (65 mL) at room temperature was added tricthylamine (3.7 mL, 26.6 mmol)
followed by dropwise addition of TESCI (2.7 mL, 16.1 mmol). After 1.75 h, the reaction mixture
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 portions of
saturated aqueous NaHCQO; solution and with 100 mL of water, dried aver anhydrous Na,SO,,
and concentrated under reduced pressure to give 4.88 g of crude u'icthylsilyloxyalcohol 3. An
analytical sample was obtained by plug filtration through a shart pad of silica gel washing with
hexane and then cluting the pure compound 3 (P, o = TES) (colorless oil) with 5% ethyl acetate in
hexane.
3 (Pyo=TES): H NMR (300 MHz, CDCl3) 8 0.61 (g, J = 7.7 Hz, 6H, TES CH,), 0.89 (s,
34, CH; 16), 096 (t, J --._'7'.7 Hz, 9H, TES CH,), 1.03 (d, J = 7.1 Hz, 3H, CH; 19), 1.07 s,
_ 3H, CH; 17), 1.23 (d,J =143 Hz, IH; H2a), 1.56 (dd, 7 = 6.0, 6.0 Hz, 1H, H7), 1.76 (ddd,
J =30, 11.0, 13.7 Hz, 1H, H9), 1.90 (ddd, J = 2.2, 8.8, 15.4 Hz, 1H, H9), 1.96 (m, 1H,
Hlda), 2.37 (m, 2H, H2f, H14B), 2.51 (ddd, J = 7.7, 7.7, 10.4 Hz, 1H, H8c), 2.94 (s, 1H,
OH-3), 4.21 (dd, J = 2.2, 5.0 Hz, 1H, H10), 5.43 (dd, J = 2.8, 2.8 Hz, 1H, H13). 13CNMR
(75 MHz, CDCl;) & (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), 415 (C8), 44.2 (C2), 45.0 (C1), 45.2 (C15), 45.8
(C9), 69.6 (C11), 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 cml; MS (CI) 351
(M+1, 58), 333 (100), 219 (34).

Hydroxy Ketone 4. To a vigorously stirred solution of the crude compound 3 (P,q = 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 hexane (18 mlL, 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 to a 55 *C bath where it was

—
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heated under reflux for 8h. The solvents were evaporated under reduced pressure, the resulting
thick syrup was dissolvcd in ethyl acetate (850 mL) and 3.5 mL of H,O was added dropwise with
vigorous stirring. The resulting mxxturc was stirred at room tiﬂ‘?ﬁiﬁiﬂrc for 1h and then filtered
through a pad of Celite which was Eurthcr washed with two pretiers of 100 mL of ethyl acetate.
Evaporatian of the solvent under reduced pressure afforded an qil that was filtered through a short
pad of silica gel eluting with 10% ethyl acetate in hexane to give 4.78 g of pure hydroxyketone 4
(P ¢ = TES) (colorless ail). .

4 (P, =TES): 'HNMR (300 MHz, CDCl5) § 0.58 (g, J = 7.7 Hz, 6H, TES CH,), 0.94 (¢, J =
7.7 Hz, 12H, CHj 19, TES CH,), 0.98 (s, 3H, CH; 17), 1.31 (s, 3H, CH; 16), 1.71 (dd, J =
5.0, 11.5 Hz, 1H, H2a), 1.85 (m, 3H, HI, H9B, H14B), 1.96 (s, 3H, CH; 18); 2.15(d, J =
12.1, 1H, OH-13), 2.22 (ddd, J = 4.9, 13.2, 15.9 Hz, IH, H9%), 2.56 (dddd, J = 3.8, 7.1,
13.7, 13.7 Hz, 1H, H8a), 2.75 (dd, / = 2.2, 11.0 Hz, 1H, H2f), 2.80 (ddd, / = 4.4, 7.7, 11.0
Hz, 1H, H14B), 4.10 (t, 7 = 11.0 HZ, 1H, H13B), 4.56 (d, 7 = 5.0 Hz, 1H, HI10B); 13C NMR
(75 MHz, CDCf3) d (ppm) 4.3 (TES CH,), 6.5 (TES CHj), 13.4 (CH; 18), 18.4 (CH,19),
25.8 (CH; 17), 27.1 (CH;4 16), 34.7 (C14), 38.2 (C15), 38.8 (C2), 44.0 (C8), 44.2 (C9), 47.8
(C1), 67.3 (C13), 69.7 (C10), 137.3 (C11), 138.3 (C12), 219.2 (C3) IR (CHCly) v 3550,
2960, 2880, 1660, 1460, 1410, 1240 1200, 1160, 1140, 1080, 1050, 1000, 980, 900, 810 cm-i;
MS (CI) 367 (M+1, 2), 349 (100), 331 (53).

Ketone 5. To a solution of hydroxyketone 4 (P, = TES) in anhydrous pyridine (25 mL) at -23 *C
under niogen was added dropwise TBSOTT (3.2 mL, 13.9 mmol). After 5 min, the flask was
moved to 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 aqueous NaHCO4 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 yellowish oily residue was purified by filtration through. a short pad of silica gel eluting with
10% cthyl acetate in hexane to give 4.78 g of pure ketone 5 (P = TES, P, 5 = TBS) (94% yield
from2)."
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5 (P, = TES, P,3 = TBS): 'H NMR (300 MHz, CDCly) & 0.03 (s, 3H, TBS CH,), 0.05 (s,
3H, TBS CHy), 0.57 (q, / = 8.2 Hz, 6H, TES CH,), 0.93 (t, / = 8.2 Hz, 9H, TES CH,), 0.93
(s, 9H, TBS t-Bu), 0.96 (d, J = 1.8 Hz, 3H, CH, 19), 1.06 (s, 3H, CH; 17), 1.33 (s, 3H, CH,4
16), 1.68 (dd, J = 5.5, 11.5 Hz, 1H, H2a), 1.84 (m, 2H, H1, H9P), 1.89 (s, 3H, CH, 1),
1.92 (dd, 7 = 6.0, 14.3 Hz, 1H, Hl4a), 2.21 (ddd, J = 5.5, 13.2, 15.4 Hz, 1H, H9a), 2.39
(ddd, J = 8.2, 10.4, 14.3 Hz, 1H, HI14B), 2.52 (ddd, J = 3.9, 7.1, 13.6 Hz, 1H, H8a), 2.66
(dd, J = 2.8, 11.5 Hz, 1H, H2p), 4.45 (dd, J = 5.5, 10.4 Hz, 1H, H13f), 4.61 (d, J = 5.0 Hz,
1H, H10B); 13C NMR § (ppm) -5.4 (TBS CH,), -4.6 (TBS CHj;), 4.3 (TES CH,), 6.5 (TES
CH,), 14.1 (CH; 18), 17.9 (TBS C(CH;)y), 19.1 (CH; 19), 25.4 (CH; 17), 25.8 (TBS
C(CH,)s), 26.8 (CH; 16), 33.5 (C14), 38.6 (C15), 39.4 (C2), 43.7 (C3), 44.4 (C9), 47.5 (C1),
67.5 (C13), 69.5 (C10), 136.8 (C11), 138.8 (C12), 213.5 (C3); IR (CHCl;) v 2950, 2900,
1680, 1460, 1420, 1395, 1365, 1250, 1200, 1110, 1080, 1000, 900, 860, 840 cm-!; MS (CI)

481 (M+1, 3), 463 (16), 349 (100), 331 (50); Anal. Caled. for C,7Hs;05Siy: 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.) under nitrogen at rcom temperature was added 126 mL of 2a3.1 M solution (3.89 mmol) of
.MeMgBr in ether. After 3 h, a solution of ketone 5 (P;q = TES, P 3 = TBS) (750 mg, 1.56.
mmol) in THF (3.5 mL) was added dropwise at room temperature. After 1.5 b, the reaction
mixture was cooled to.-23 *C and a solution of 4-pentenal (327 mg, 3.89 mmol) in THF (4 mL)
was added dropwise down the side of the flask. After I h, 10 mL of a saturated agueous NH,Cl
solution was added. Ater2 min, the reaction mixture was diluted with 100 mL of hexane, then
poured into 100 mL of H,O. 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. Toa §olution 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 to -10 *C. After 30 min, cthanol (3.7 mL) was
added and the rcsu!tir_1 g 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 NaHCO4 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,SO, and concentrated under reduced pressure to
give 1.05 g of a yellow solid. The crude mixture was filtered through silica gel with 10% % ethyl
acetate in hexanes to give 965 mg -of a white solid which was further purified by silica ge}
chromatography cluting with 2% ethyl acetate in hexanes to yield 745 mg (75 %) of ketocarbonate
6 (P;q = TES, Py3 = TBS, R = Et) as a white solid. The product was isolated as a 6:1 ratio of
conformational isomers. Tae following NMR data is for the predominant conformer.
6 (Pyq = TES, P,3 = TBS, R = Et): mp 103-104 °C; 'H NMR (500 MHz, CDCl;) § 0.08 (s,
3H, TBS CHjy), 0.08 (s, 3H, TBS CHj3), 0.56 (q, / = 7.8 Hz, 6H, TES CH,), 0.94 (t,J =78
Hz, 9H, TES CHj), 0.96 (s, SH, TBS t-Bu), 1.08 (s, 3H, CH; 17), 1.29 (m, 1H, HE), 1.38 (s,
3H, CH; 19), 1.42 (s, 3H, CH; 16), 1.66 (dd, J = 4.6, 12.5 Hz, 1H, H9a), 1.83 (s, 3H, CH,
18), 1.83 (dd, J = 4.5, 4.5 Hz, 1H, Hlda), 2.05 (m, 1H, HS), 2.06 {(dd, J = 6.4, 14.2 Hz, 1H,
HS), 2.47 (m, 2H, H9a, H6), 3.01 (dd, / = 3.7, 12.3 Hz, 1H, H14B), 4.20 (m, 2H, H2q,
H2B), 447 d, J =73 Hz, 1H, H13p), 4.50 (dd, 7 = 4.6, 11.4 Hz, 1H, H10B), 4.91 (dd, J =
1.33, 10.1 Hz, 1H, H20), 4.97 (dd, J = 1.8, 16.9 Hz, 1H, H20)., 3.29 (dd, 7 = 0.9, 10.1 Hz,
1H, H7), 5.73 (dddd, 7 = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); 13C NMR & (ppm) -5.3 (TBS
CHj,), -4.5 (TBS CH,;), 4.8 (TES CH,), 6.5 (TES CH;), 14.0 (CEt CHj;), 15.5 (CH; 19), 15.9
(CH; 18), 18.1 (TBS C(CH,)y), 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(C15), 41.1(C2), 47.1(C1), 47.5 (C9), 55.1 (C8), 63.8
(OEt CHz2), 66.3 (C13), 68.3 (C10), 84.0 (C7), 114.8 (C20), 134.3 (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 cm!; MS (EI) 636 (M, 100), 593 (20), 538
(34), 409 (33}, Anal. Calcd. for C55Hg4O4Si,: C, 65.99; H, 10.13. Found: C, 65.88, H, 10.17.

Hydroxyketone 7. To a stirred solution of ketacarbanate § (P,q = TES, P,y = TBS, R = Er) (4.00
g, 6.28 mmol) in THF (65_ mL) under nirogen at -35 *C was added 50 mL of a 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 cocled to -78 *C and 2.29 g of (R)-camphoryisulfony! oxaziridine (18 mmol) in THF

(18 mL) was added dropwisc down the side of the flask. After 30 min, the rcmiion mixture was
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quenched with 300 mL of a saturated aqueous NaHCO; solution and extracted with 500 mL and
th;;,n 150 mL of 25% ethyl acetate in hexanes. The combined organic phases were washed with
brine, dried over anhydrous Na2804_ and concentrated under reduced pressure to yield 7 g of a
waxy solid. This material was purified by flash chromatography, eluting with 3% ethyl acetate in
hexanes to yield 3.50 g of hydroxyketone 7 (P, = TES, P,; = TBS, R = Er) (85%).

7 (Pyo = TES, P53 = TBS, R = Et): !'H NMR (500 MHz, CDCl,) § 0.0 (s, 3H, TBS CH,),
0.03 (s, 3H, TBS CHj), 0.50 (g, / = 7.8 Hz, 6H, TES CH,), 0.87 {t, J = 7.8 Hz, 9H, TES
CH;), 0.90 (s, 9H, TBS t-Bu), 1.03 (s, 3H, CH; 17), 1.25 (t, / = 7.0 Hz, 3H, OEt CH;), 1.35
(s, 3H, CHj; 19), 1.40 (m, 1H, H6), 1.41 (s, 3H, CH; 16), 1.66 (dd, J = 4.6, 12.8 Hz, 1H,
H9B), 1.77 (d, / = 1.4 Hz, 3H, CHj, 18), 1.83 (dd, J = 6.0, 14.7 Hz, 1H, Hl4a), 1.97 (dd, J
= 4.1, 8.5 Hz, IH, HI), 2.02 (m, 2H, HS, HS), 2.44 (dd, J = 11.9, 11.9 Hz, H, H9a), 2.75
(d, J = 10.5 Hz, 1H, OH-2), 4.14 (q, / = 14.2 Hz, 2H, OEt CH,), 4.35 (dd, J = 6.0, 8.7 Hz,
1H, H13), 442 (dd, 7 = 4.6, 11.0 Hz, 1H, H10), 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, H7), 5.67 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); !3CNMR & (ppm) -5.3
(TBS CHj), -4.5 (TBS CHj), 4.7 (TES CH,), 6.5 (TES CH,), 14.0 (OEt CHj;), 15.0 (CH,4
19), 16.0 (CH; 18), 18.0 (TBS C(CH;)s), 25.8 (TBS C(CHj)y), 27.5, 27.8 (CH; 17), 28.1
(CH; 16), 30.4, 305 (CS, C§), 36.9 (C15), 47.3 (C9), 54.5 (C1), 54.7 (C8), 639 (OEx
CH,), 66.2 (C13), 67.8 (C10), 70.3 (C2), 83.6 (C7), 114.9 (C20), 135.4(C11), 137.9 (C4"),
144.5 (C12), 155.6 (Ethylcarbonate C=0Q), 217.8 (C3); IR (CCl,) v 3600, 2950, 2900, 1750,
1700, 1660, 1470, 1400, 1370, 1240, 1080, 1050, 1000, 840, 680 cmrl; MS (CI) 653 (M+1, 8),
564 (100), 431 (69), 389 (67).

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

acid in THF was added dropwise down the side of the flask. The cloudy mixture was stirred 10

Sheet Has Been Replaced

sormmsermes TR



WO 95/03265 ) PCTUS94/08350

60

min then poured into 1200 mL of 50% ethyl acetate in hexanes and washed with 1 L of a saturated
aqueous NaHCO; solution. The aqueous phase was exmracted with four 500 mL portions of ethy
acetate and the combined organic phases were washed with brine, dried over anhydrous Na,S0,
and concentrated under reduced prt;ssum to yield 2.29 g of 2,3,7-triol as 2 white solid. This
material was used without further purification.

To a vigorously stirred solution of wiol (2.2:9 g, 3.93 mmol) in CH,Cl, (157 mL) and pyridine
(15.7 mL) under niwogen at -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 to room temperature over a pericd of 1 h
then poured into 250 mL of ethyl acetate, washed with two 125 mL pon:iéns of a saturated aqueous
NaHCO; solution and 100 mL brine, dried over anhydrous Na,SO, and concc-xzrsatg% \Cx:xger
reduced pressure to yield 2.52 g yellow oil. This material was filtered through a 2 mc}Zpad of
silica gel with 50% ethyl acetate in hexanes and concenwation under reduced pressure yielded 2.39
g (95% from 7) of hydroxy carbonate 8 (P, = TES, P4 =TBS) as a white solid.

8 (Po=TES, P;u =TBS): mp 155 - 157 °C; 'H NMR (500 MHz, CDCl;) & 0.09 (s, 3H, TBS
-CH;), 0.10 (s, 3H, TBS CHj), 0.59 (q, 7 = 8.2 Hz, 6H, TES CH,), 0.96 (t, / = 8.2 Hz, 9H
TES CHj), 0.97 (s, 9H, TBS t-Bu), 1.11 (s, 3H, CH; 19), 1.14 (s, 3H, CH; 17), 1.30 (s, 3H,
CH; 16), 1.3% (dd, J = 4.1, 13.3 Hz, 1H, H9B), 1.65 (m, 2H, H6, HE), 1.99 (dd, / = 6.4,
15.1 Hz, 1H, Hl4a), 2.01 (d, 7 = .9 Hz, 3H, CH; 18), 2.04 (d, / = 3.7 Hz, 1H, HI), 2.11
(ddd, J = 7.8, 15.6, 15.6 Hz, 1H, HS), 2.28 (ddd, I = 9.6, 9.6, 14.2 Hz, 1H, H14p), 2.34
(dd, J = 12.4, 13.3 Hz, 1H, H9B), 2.41 (m, 1H, HS), 3.87 (dd, J = 0.9, 10.5 Hz, 1H, HD),
3.95 (d, J = 3.7 Hz, 1H, H2), 4.59 (dd, J = 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, / = 10.5 Hz, IH, H20), 5.07 (dd, J = 1.5, 17.0 Hz,
1H, H20), 5.77 (m, 1H, H4); 13C NMR 8 (ppm) -5.4 (TBS CH;), -4.4 (TBS CHj), 4.8 (TES
CH,), 6.5 (TES CHj), 15.5 (CH; 18), 17.9 (TBS C(CHj);)., 18.2 (CH; 19), 25.6 (TBS
C(CHi)), 25.9 (CH;3 16), 27.5 (CH; 17), 28.3 (C6), 28.4 (CS), 29.8 (C14), 30.8 (Cl15),
36.5 (C8), 36.8 (C9), 37.3, 50.8 (Cl), 66.6 (C10), 67.8 (C13), 70.5 (C2), 91.9 (C3), 91.9
(C7), 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,
710 !y MS (CI) 625 (M+1-H,0, 6), 551 (11), 477 (100), 459 (12), 433~(_8—);—3i4;£9_9)_;’_{ma1.
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Caled. for C33H004Si5: C, 64.92; H, 9.90; Found: C, 65.13; H, 9.28.

Ketocarbonate 9. To a vigorously s‘tirr:d soludon of dimethylsulfoxide (2.41 mL, 34 mimol) in

CH,Cl, (57 mL) under nitrogen at -78 *C was added 8.5 mL of 2 2.0 M solution (17.0 mmol) of

oxalyl chloride in CH,Cl,. After 10 min, a solution of hyroxycarbonate 8 (P, = TES, P4 =

TBS) (3.45 g, 5.67 mmol) in 16 mL CHzélz was added dropwise down the side of the flask.

After 30 min at -78 °C, wiethylamine (6.8 mL, 49 mmol) was added and the mixture was warmed

to room temperature. The mixture was diluted with 200 mL hexanes, washed with two 75 mL

portions of a saturated aqueous NaHCO; solution and brine, dried over anhydrous Na;80, and

concentrated Cu_ixdsc: ::t\i)uccd pressure to yield 3.45 g of a yellow sclxd This material was fi Itered

.though a 1 mch[pad of silica gel with 10% ethyl acetate in hexanes and then recrystallized from

hexanes to yield 2.62 g of ketocarbonate 9 as white crystals. The mother liquor was purified by

silica gel chromatography, cluting with 10% ethyl acetate in hexanes and then recrystallization from

hexanes to yield an additional 0.58 g of ketocarbonate 9 (P4 = TES, Py = TBS) (total yield: 3.20
g, 93%).

9 (P,q = TES, P;3;=TBS): mp 140.0- 1415 'C; !'H NMR (500 MHz, CDCl3) 3 Q.11 (s, 3H,

TBS CHy), 0.12 (s, 3H, TBS CH,), 0.60 (g, / = 7.8 Hz, 6H, TES CH,p), 0.96 (t, J = 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),'
1.42 (dd, ] =37, 142 Hz, 1H, H98), 1.63 (m, 2H, H6, H6), 2.12 (m, 1H, HYS), 238 d,J =
0.9 Hz, 3H, CH; 18), 247 (dd, J = 11.4,. 13.3 Hz, 1H, H9%), 2.65 (d, J = 8.2, 1H, HI), 3.94
(dd, /7 = 1.4, 10.4 Hz, 1H, H7), 4.44 (dd, 7 = 3.7, 11.4 Hz, 1H, H10), 4.49 (s, 1H, H3), 4.64
(dd, J = 6.9, 7.8 Hz, 1H, H13), 5.04 (dd, / = 1.4, 11.9 Hz, 1H, H20), 5.07 (dd, / = 1.8, 174
Hz, IH, H20), 5.76 (m, 1H, H4); 13C NMR 3 (ppm) -5.4 (TBS CH,), -4.5 (TBS CH,), 4.8
(TES CH,), 6.5 (TES CHj), 15.7 (CH; 18), 17.8 (CH4 19), 17.9 (TBS C(CHj)5), 25.5 (TBS
C(CH3)3), 28.2 (CH; 16), 28.3 (CH, 17), 28.3 (C6), 29.6 (C5), 30.4 (C14), 37.7 (C15),
38.0 (C8, C9), 62.1 (Cl)'., 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=Q), 206.8 (C2); IR (CCly)
1 2930, 2860, 1760, 1670, 1450, 1380, 1340, 1240, 1180, 1170, 1120, 1090, 1060, 1044, 980,
890, 860, 820, 700, 650 cm-!; MS (CI) 607 (M+1, 6), 549 w (45);
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Anal. Calcd. for C34H3304Si5: C, 63.30; H, 9.63; Found: C, 65.23; H, 9.66.

2-Keto-3-Hydroxy-Lactone 10. To a stirred solution of 3,7cyclic carbonate 9 (P4 = TES, Pi5
= 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 at -25 *C. The reaction mixture was allowed to warm 1o
-10 °C over the course of 30 min. Tiuc cold reaction mixture was poured into 100 mL of 10%
aqueous acetic acid and exmacted with 100 mL of 10 % ethyl acetate in hexanes. The organic
phase was washed with 50 mL of a saturated aquco@s NaHCO; solution and 50 mL of Erine.
The combined aqueous phases were extracted with two 20 mL portions of 10% ethyl acetate in
hexanes. The ox’iganic phases were combined, dried over anhydrous Na,SO, and conceatrated
under reduced p:ssmc to give 2.4 g of a yellow oil. This material was purified by silica gel
chmmatogrn;ﬁhy, eluting with 3% then 10% ethyl acetare in hexanes to yield 2.033 g (90%) of the
hydroxy lactone 10 (P;q = TES, P53 = TBS) as a foamy solid and 0.207 g (7.2%) of the 3-
carbamate. _
10 (P;g=TES, P;5=TBS): 'H NMR (500 MHz, CDCl,) § 0.12 (s, 3H, TBS CH,), 0.14 (s,
3H, TBS CH,), 0.61 (g, / = 7.8 Hz, 6H, TES CH,), 0.92 (s, 9H, TBS t-Bu), 0.97 (t, J = 7.8
Hz, 9H, TES CH;), 1.11 (s, 3H, CH4 17), 1.22 (s, 3H, CH; 19), 1.27 (s, 3H, CH, 16), 1.32
(dd, J =3.2, 13.3 Hz, IH, H9B), 1.64 (ddd, / = 2.3, 6.9, 9.2 Hz, 1H, H6), 2.07 (m, 2H, HS,
HS), 2.17 (m, 1H, Hl4a), 2.33 (m, 1H, HS), 2.65 (m, 2H, H14p, H1), 2.74 (dd, J = 12.4,
12.4 Hz, 1H, H9a), 3.92 (dd, / = 2.8, 11.5 Hz, 1H, H7), 4.47 (dd, J = 3.2, 11.0 Hz, 1H,
H10), 4.55 (dd, J = 2.8, 9.6 Hz, 1H, H13), 5.02 (d, / = 10.1 Hz, 1H, H20), 5.07 (dd, / =
1.4, 16.9 Hz, 1H, H20), 5.81 (dddd, J = 6.9, 6.9, 10.5, 16.9 Hz, 1H, H4); 3CNMR & (ppm)
-5.2 (TBS CH;), -4.5 (TBS CH,), 4.8 (TES CH,), 6.6 (TES CH4), 16.4 (CH; 18), 17.9 (TBS
C(CH;)3), 24.2 (CHj 19), 25.7 (TBS C(CH;);), 26.9 (CH; 16), 30.1 (CH; 17), 30.4 (C3),
32.7 (C6), 32.9 (C14), 39.1(Cl153), 40.6 (C9), 48.1(C8), 62.0(Cl), 67.3 (Cl10), 67.6
(C13), 87.9(C3), 91.1 (67), 115.8 (C20), 137.7(C11), 138.5 (C4"), 143.0 (C12), 173.5
(C4), 207.6 (C2); IR (CCly) v 3500, 2970, 2900, 1780, 1700, 1480, 1360, 1260, 1210, 1160,
1070, 1010, 910, 890, 840 cm-T; MS (EI) 606 (M, 100), 549 (69), 474 (27), 431 (65), 417(40);
Anal. Calcd. for Cy3H540¢Si5: C, 65.30; H, 9.63; Found: C, 65.38; H,9.64. —
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Keto Lactone 11. To the 2-keto-3-hydroxylactone 10 (P,q = TES, P53 = TBS) (1.10 g, 1.83

mmol) was added a 0.1 M solution of Sml, in THF (82 mL, 8.2 mmol). The resulting dark blue

solution was stirred at room temperature under N, for 4h. After cooling to O °C an ethereal

solution of HC! (0.66M; 4.2 mL, 2.77 mmol) was added; after 5 min the flask was opened to the

air and the reaction mixture was diluted wixfx 200 mL of cold ethy! acetate, then poured into 50 mL

of ice cold 0.2N aqueous HCl. The organic phase was separated and washed with 50 mL of a 5%

aqueous citric acid solution, two 50 mi. portions of a saturated aqueous NaHCO; solution and 50

mL of brine, dried over anhydrous Na;SO, and concentrated under reduced pressure. The

resuiting material was dissolved in 100 mL of hexanes, thea silica gel ( 230—400 mesh; 4.3 g) was

added and thc(r{x‘xét‘}xa v)ms vigorously stirred at room temperature for 65 min before filtering

through a 1 1ncthnd of silica gel eluting with 300 mL of 20% ethy! acetate in hexanes. The
solvent was evaporated under reduced pressure and the residue was purified by silica gel

chmmatograph}, eluting with 10% ethyl acetate in hexanes to yield 822 mg (77%) of the cis-
ketolactone 11 and 164 mg (15%) of the corresponding rrans isomer.

To a solution of the trans-2-ketolactone (611 mg, 1.03 mmol) stirred in 10 mL. of THF under
nitrogen at 0 "C was added down the side of the flask 6.8 mL of a 0.6 M solurion (4.1 mmol) of t-
BuOK in THF. The resulting solution was stirred for 1.5 h then 10 mL of a 10% acetic acid
solution 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 saturated aqueous NatHCO; solution.
The organic layer was washed with water and brine then dried over anhydrous Na,SO4 and
concentrated under reduced pressure to yield 613 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 vigorously for 15 min
then filtered through a 1/2( ;xﬁtgf silica gel with 20% ethyl acetate in hexanes. Concenmation of
the filtrate under reduced pressure yielded 576 mg of pale yellow oil. This material was purified
by silica gel chromartography, eluting with 10% then 20% cthyl acetate in hexanes to yield 472 mg
(77%) of pure cis-2-ketolactone 11 (P4 = TES, P;3 = TBS), 84 mg (13%) 6f pure frans isomer

and 24 mg of a 6:1 mixture of cis:rans isomers.

11 (P =TES. Py3 = TBS): mp =86.5-88.0°C; 'HNMR (500 M¥Hz, CDCly) & 0.05 (s, 3H,
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TBS CHj,), 0.07 (s, 3H, TBS CHj), 0.54 (q, J = 7.8 Hz, 6H, TES CH,), 0.84 (s, 9H, TBS t-
B;x), 0.90 (1, /= 7.8 Hz, 9H, TES CH,), 1.03 (s, 3H, CH; 17), 1.11 (s, 3H, CH; 16), 1.15 (s,
3H, CH; 19), 1.35 (dddd, / = 4.6, 4.6, 7.3, 14.2 Hz, 1H, H6), 1.43 (dd, /= 3.7, 12.8 Hz, IH,
H98.,), 1.67 (dddd, J = 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, 1H, H5), 2.07 (d, /= 1.4 Hz, 3H, CH; 18), 2.25 (m, 1H, HS), 2.30 (dd, J =
11.9, 12.3 Hz, 1H, H9a), 2.45 (d, /= 8.2 Hz 1H, H1), 2.58 (ddd, /7 = 8.7, 9.2, 16.0 Hz, 1H,
H14B), 3.93 (dd, J = 2.8, 11.4 Hz, 1H H7p), 4.03 (s, 1H, H3a), 4.37 (dd, J = 3.7, 11.0 Hz,
1H, H10B), 4.46 (ddd, J = 1.4, 4.6, 9.2 Hz, 1H, H13B), 4.96 (dd, J = 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); 13
NMR & (ppm) -5.3 (TBS CH;), -4.6 (TBS CHj), 4.5 (TES CH,), 6.5 (TES CHjy), 15.0 (CH, _
18), 18.0 (TBS C(CHs)), 25.7 (TBS C(CHs)4), 28.9 (CHj 19), 29.2 (CH; 16), 25.8 (C5),
29.9 (CH; 17), 30.3 (C8), 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 (C7), 115.7(C20), 137.7(C11), 138.5 (C47), 1424
(C12), 174.7 (C4§, 204.3 (C2); IR (CCly) v 2975, 2899, 1780, 1705, 1460, 1355, 1260, 1180,
1070, 1060, 1000, 830 cm-l; MS (CI) 591 (M+1, 5), 523 (6), 459(100), 441 (5); Anal. Caled.
for C35H43045i,: C, 66.07; H, 9.89; Found: C, 66.97; H, 9.91.

1-Hydroxy-2-Keto-Lactone 12. To 34.2 mi. of a stirred 0.2 M soluton (6.84 mmol) of LTMP in
THF under nizrogen at -10 “C was added a solution of ketolactone 11 (P4 = TES, P,; = 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 solution of (t)-camphorsulfohyl oxaziridine (1.96 g,
8.55 mmol) in THF (10 mL) was added dropwise down the side of the flask. Alfter 20 min, .thc
reaction mixture was cooled to -78 *C, diluted with 200 mL of hexanes and rapidly poured into
250 mL of a vigorously stirred saturated aqueous NH,Cl solution. The aqucous phase was
extracted with two 30 mL portions of hexane and the combined organic phase were dried over
anhydrous Na,SO, and concemrated under reduced pressure to givc 1.4 g of a waxy solid. This
material was chrﬁ;'natogmphcd (CH,Cl; followed by hexanes increasing to 10% ethyl acetate in
hexanes) to give 0.882 g of hydroxyketolactone 12 (P4 = TES, P53 = TBS) (85%) as a white

solid, 0.083 g of the corresponding frans-hydroxyketolactone (8 %) as a solid, and 31 mg of
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returned ketolactone 11 (3 %).

12 (Pyo=TES, P13 =TBS): mp 124-126 °C; IH NMR (C¢Ds) & (ppm) 0.09 (s, 3H, CH; in
TBDMS), 0.17 (s, 3H, CHj; in TBDMS), 0.62 (q, / = 7.78 Hz, 6H CHj’s in TES), 1.03 (t, J
=7.78, 9H CHj’s in TES), 1.05 (s, 3H, CH;19), 1.13 (s, 9H, t-Bu in TBS), 1.20 (s, 3H,
CH;317), 1.39 (m, IH, H6), 142 (s, 3H, CH;16), 1.44 (dd, /= 0.92, 13.28 Hz, 111, HOp),
1.98 (dd, J = 9.61, 12.82 Hz, 1H, H14p), 2.05 (n, 1H, I1I5), 2.06 (broad, 1H, OHl, D20
exchangabie), 2.25 (m, 11, HG), 2.27 (d, J = 0.91 Hz, 3H, CH;18), 2.29 (m, 1H, HS), 2.41
(dd, /= 10.98, 13.28 Hz, 1H, H9%«a), 2.56 (dd, J = 3.21, 12.82 Hz, 1H, l114a), 3.83 (dd, J =
2.75, 11.90 Hz, 1H, H7), 4.04 (s, 1H, H3), 4.47 (dd, J = 0.92, 10.98 Hz. 1H, H10), 4.60
(ddq, /=091, 3.2, 9.61 Hz, 1H, H13), 5.11 (br d, J = 10.53 Hz, IH H20), 5.18 (br d, J =
17.40 Hz, 1H, H20), 5.77 (m, 1H, H4); 13C NMR (CDCl,) 5 (ppm) -3.4 (TBS CH,), 4.7
(TBS CHj), 4.5 (TES CH,), 6.5 (TES CH,), 15.5 (CH4 18), 17.9 (TBS C(CH,)s), 22.5 (CH;,
19}, 25.7 (TBS C(CH,)3), 263 (CHy 16), 29.8 (CH; 17), 29.8 (CS), 30.4 (C6), 39.6 (C14),
41.3 (C15), 44.5 (C9), 45;0 (C8), 58.1 (C3), 66.5 (C10), 68.2 (C13), 83.0 (C1), 91.7 (CD),
115.7 (C20), 137.0 (C11), 137.6 (C4"), 145.5 (C12), 175.0 (C4), 202.4 (C2); IR (CCl) v
3500, 3000, 1780, 1720, 1100 cm-1; MS (CI) 607 (M+1, 10), 589 (56), 475 (100), 457 (61);
Anal. Caled for Cy4Hs304Si5: C, 65.30; H, 9.63. Found: C, 65.19; H, 9.60.

1,2-Dihydroxy-trans-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 2 solution of cis-hydroxyketone 12 (P, = TES,
Py3 = TBS) (342 mg, 0.563 mmol) in THF (25 mL). After {.5 h, 25 mL of 2 15 % aqueous
NaOH solution was ad&cd dropwise directly to the rezction mixture. The reaction mixwre was
vigorously stirred at room temperature for 3 h ana was en 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 mL 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% ether in hexanes followed by 25% ethyl acetate in hexanes to
yield 290 mg mrans-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 a solution of the mixture containing cis-
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diol in THF (1 mL) under nitrogen at room temperatre was added 0.5 mL a 30% aqueous solution
of NaOH. After 2.5 h, the reaction mixture was poured into 30 mL of H,O and exmacted with 30
mL of ether. The organic phase was washed with 30 mL of H;0 and 30 mL of brine, dried over
anhydrous Na,S50O, and concentrated under reduced pressure to give 0.02 g of a yellow solid,
| which was purified by silica gel chromatography eludng with 5% ethyl acztate in hexanes (0 yield
an additional 12 mg (total yield: 302 mg, 88%) of rans-diol 13 (P, = TES, P53 = TBS).
13 (Pyo=TES, P;;=TBS): mp 127-128°C, 'HNMR (500 MHz, CDCl3) § 0.09 (s, 3H, TBS
CHs), 0.11 (s, 3H, TBS CH,), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.87 (s, 9H, TBS t-Bu),
0.96 (t, / = 8.1 Hz, 9H, TES CH;) 1.13 (s, 3H, CH; 17), 1.23 (s, 3H, CH; 16), 1.31 (s, 3H,
CH; 19), 1.42 (dd, J = 3.7, 12.8. I:;tz, 1H, H9B), 1.46 (ddd, J = 4.8, 8.8, 11.4 Hz, 1H, HE),
1.74 (dddd, / =3.3, 7.3, 9.9, 12.4 Hz, 1H, H6), 1.99 (d, J = 1.5 Hz, 3H, CH; 18), 2.10 (m,
1H, HS), 2.21 (dd, J = 3.7, 5.4 Hz, 1H, Hl4da), 226 (m, 3H, HS, H9«a, H14B), 2.92 (d,J =
7.7 Hz, 1H, H3), 3.84 (dd, / = 2.2, 7.7 Hz, 1H, H2), 3.85 (s, IH, OH1), 3.97 (dd, / = 29,
11.4 Hz, 1H, ﬂ7), 4.47 (dd, J = 3.7, 11.4 Hz, 2H, HI3, HlO) 5.01 (dd, J = 1.8, 12.2 H,
1H, H20), 5.07 (dd, J = 1.7, 17.0 Hz, 1H, H20), 5.78 (dddd, J = 7.3, 7.3, 10.1, 16.5 Hz, 1H,
H4), 6.837 (d, / = 2.9 Hz, 1H, OH2), 13C NMR (CDCl;) 3 (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, 435.18, 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
C33HgOgSig: C, 65.08; H, 9.92. Found C, 65.06; H, 9.98.

Carbonate 14. To a stirred solution of diol 13 (P4 = TES, P;3 = TBS) (1.00 g, 1.64 mmol) in
CH,C(l, (58 mL) and pyridine (5.8 mL) under nirogen at -78 *C was added dropwise 8.2 mL of 2
M solution (16.4 mmol) of phosgene in toluene. Then the reaction mixure was warmed to -23 °C
and stirred for 30 miﬁ. To the resulring mixtwre, 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% ethyt acetate in hcxanés. The organic phase was washed with 100 mL of a
10 % aqueous CuSQO, solution, two 200 mL portions of a saturated aqueous NaHCO; solution and

brine, dried over anhydrous Na,SO, and concenrated under reduced pressurc to g:vc l.Llgofa
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(7.62 cn)
pale yellow solid. This material was filtered through a 3 inch[pad of silica gel with 15% ethyl

acetate in hexanes to yield 1.045 g (100%) of carbonate 14 (Po = TES, P;; = TBS) as a white
solid. _ '

14 (P,q =TES, P;3 =TBS): mp 146-147 °C, 'H NMR (500 MHz, CDCl3) 5 0.11 (s, 3H, TBS
CH,;), Q.12 (s, 3H, TBS CH,;), 0.61 (g, / = 7.8 Hz, 6H, TES CH,), 0.88 (s, 9H, TBS t-Bu),
0.96 (t, / = 7.8 Hz, SH TES CHj), 1.20 (s, 3H, CH; 17), 1.30 (s, 3H, CH;j 16), 1.32 (s, 3H,
CHj 19), 1.40 (ddd, /= 2.7, 4.5, 9.2 Hz, 1H, Hf), 1.44 (d, J = 3.7, 13.3 Hz, 1H, HIB), 1.71
(dddd, J= 2.7, 6.9, 9.6, 12.8 Hz, 1H, H6), 2.11 (ddd, J = 7.8, 15.3, 15.3 Hz, 1H, HS5), 2.29
(dd, J = 3.2, 15.6 Hz, 1H, Hl4a), 2.31 (m, 2H, H5, Hoa), 2.59 (dd, J = 9.2, 15.6 Hz, 1H,
H14B), 2.99 (d, /= 7.3 Hz, IH, Hia), 4.02 (dd, J = 2.7, 11.4 Hz, 1H, H7B), 4.38 (dd, J =
3.7, 11.0 Hz, 1H, HI0B), 4.47 (4, J = 7.3 Hz, 1H, H2p), 4.57 (dd, J = 2.1, 9.2 Hz, 1H,
H138), 5.02 (dd, J = 1.4, 10.1 Hz, 1H, H20), 5.06 (dd, J = 1.4, 16.9 Hz, 1H, H20), 5.77
(dddd, 7 = 6.9, 6.9, 10.1, 17.0 Hz, 1H, H4), !3CNMR (CDCl4) 3 (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-1, MS (EI) 634 (M, 12), 577 (100), Anal. Calcd. for C34H5g07Sis:
C, 64.31; H, 9.21. Found C, 64.41; H, 9.22.

Ketoester 15. To a stirred solution of lactone 14 (P|y = TES, P,3 = TBS) (1.05g, 1.65 mmol) in
mczhariol (70 mL) under nigogen at -78 *C was added a samratéd solution of ozone in methylene
chlorigic (50 miL,, 4Q mL then 8 mL) until no more starting material remained by TLC analysis.
Triethylamine (4.8 mL) and wrimethylphosphite (3.1 mL) were added sequentially to the resulting
mixture at -78 “C. After stirring 5 min, the solution was warmed to 0 *C and stirred for 2 h. The
resulting solution was poured into 250 mL of a saturated aqueous NaHCQ5 solution and extacted
with three 200 mL portions of CH,Cl;. The combined organic layers were washed with 150 mL
of a saturated NnHCO:, solution, dried over anhydrous Na,SO, and concentrated under reduced

witRou X
pressure to give 1.10 g of the alde:hydc as a colorless oil. This material was uschfurthcr

purification. .
To a strred solution of the aldehyde (1.10 g) in t-butanol (30.8 mL), acetone (10.3 mL) and 8 mL
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of a 1.25 M (10 mmol) aqueous KH; PO, solution at 0 *C was added 113 mL ofa I M (11.3

mmol) aqueous KMnO, solution over the course of 2 min. The reaction mixture was stirred at

"C for 30 min, poured into 200 mL of a 10% aqueous Na,S,04 solution. and extracted with three

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

dried over anhydrous Na,SO, and concenmrated under reduced pressure. To a stirred solution of
the oily residue in ether (30 mL) at room temperature was added an cthereal solution of CH,N, (20
mL). The solution was concenuntcg_ gxgc:“ r;:duc:d pressure to give 1.15 g of a colorless oil. This
material was filtered through a 2. inchlpad of silica gel with 40% ethyl acetate in hexanes and
concentration under reduced pressure yielded 1.01 g (91%) of lactone ester 15 (P1o=TES,Py3=
TBS, R = Me).

15 (Pyg=TES, P53 =TBS, R =Me): 'H NMR (500 MHz, CDCI3) §0.12 (s, 3H, TBS CH,),
0.12 (s, 3H, TBS CH;), 0.60 (q, / = 8.1 Hz, 6H, TES CH,), 0.88 (s, 5H, TBS t-Bu), 0.96 (,
J= 8.1 Hz, 9H,; TES CH,), 1.21 (s, 3H, CHy), 1.30 (s, 3H, CH;), 1.33 (s, 3H, CH,), 1.51
(dd, J = 3.7, 13.2 Hz, 1H, H9B), 1.53 (m, IH, H6), 2.06 (d, / = 1.1 Hz, 3H, CH, 18), 2.07
(ddd, J = 2.9, 7.7, 21.6 Hz, 1H, H6), 2.29 (dd, J = 3.7, 15.8 Hz, 1H, Hldq), 2.31 (dd, J =
13.2, 13.2 Hz, 1H, H9a), 2.46 (ddd, J =77, 16.3, 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, 1H, H3a), 3.68
(s, 3H, CO,Me), 4.09 (dd, /= 2.6, 12.1 Hz, 1H, Hp), 4.39 (dd, /= 3.7, 11.0 Hz, 1H, H108),
4.47 (d, J = 7.3 Hz, IH, H2f), 4.59 (dd, J = 1.8, 9.2 Hz, 1H, H13B); Anal. Calcd. for
C54H50sSiy: C, 61.22; H, 8.77. Found C, 61.30; H, 8.79.

Enol ester 1 6. 'i'o a stirred solution of lactone ester 15 (P = TES, P;3 = TBS, R = Me) (1.0l g,
1.51 mmol) in THF (24.5 mL) at -78 *C was added siowly a 19.4 mL of a2 0.2 M solution (3.88
mmol) of LDA in THF down the side of the flask over the course of 3 min. After stirring 35 min,
10 mL of a 33% solution of acedc acid in THF was quickly added. After 5 min, the mixture was
poured into 150 mL of a saturated aqueous NaHCOj5 solution and exmacted with three 200 mL
portions of CHCI;. The combined organic phases were dried over anhydrous Na,SQ4 and
concentrated under reduced pressure to give (.02 g of crude enol ester 16 (Pig = TES, P53 =

TBS, R = Me) as a colorless oil. Approximately 3% of unreacted ester lactone 135 was still present
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but this material was used without further purification. .

16 (P,g=TES, P;3 = TBS, R = Me): 'H NMR (300 MHz, CDCl;) §.0.09 (s, 3H, TBS CHy),
0.10 (s, 3 ‘;H TBS CHj3), 0.61 (q. 6H, TES CHy), 0.87 (s, 9K, TBS t-Bu), 0.96 (t, / = 8.0 Hg,
TES CHy), 1.08 (s, 3H, CHj), 1.21 (s, 3H, CHy), 1.33 (S, 3H, CHj), 1.61 (d, J= 4.3 Hz, 1H,
OH-7), 1.89 (dd, /= 4.3, 13.9 Hz, 1H, H%«), 1.95 (dd, J = 11.2, 11.2 Hz, 1H, HIB), 2.01 (d,
J=1.1 Hz, 3H, CH; 18), 2.22 (ddd, J = 2.7,: 10.7, 15.5 Hz, 1H, HSB). 2.45 (dd, J = 4.8, 15.5
Hz, 1H, Hé6a), 2.54 (dd, /= 9.1, 15.0 Hz, 1H, H14B), 2.86 (dd, J = 3.7, 15.0 Hz, 1H, Hl4a),
3.07 (s, 1H, H3), 3.40 (ddd, J = 4.8, 4.8, 9.6 Hz, 1H, H7a), 3.75 (s, 3H, CO,Me ), 4.39
(dd, J = 4.3, 11.2 Hz, IH, HI10f), 4.60 (d, /= 4.3, 11.2 Hz, 1H, H20), 4.67 (dd.J= 2.1, 9.1
Hz, 1H, H13B), 12.24 (s, 1H, OH4).

Enol ester 1 7. To a stirred solution of crude enol ester 16 (P1o=TES, P;3=TBS, R = Me) (1.02
- g inTHF (13 mL) and 2-methoxypropene (13 mL) under z;iu'cgcn at 0 °C was added 0.48 mL of
a 0.1 M solurion (0.048 mmol) of p-toluenesuifonic acid in THF. The mixture was stirred at 0 °C
for 10 min and then triethylamine (0.66 mlL.) was added. Thc mixture was concsntrated under
- reduced pressure and purified by silica ze‘ chromatoaranhy, eluting with 7.5% ethyl acetate in
' hexanes i increasing to 30% ethyl acetate in hexanes to axcld 938 mg enol ester 17 (Py = MOP, P,
=TES, P53 = 'I'BS R =Me) (84% from 15) and 30 mg (3%) of recovered lactone ester 15.
17 (P; =MOP, Pyg = TES, P;3 = TBS, R = Me): mp 95-97 °C, 1H NMR (300 MHz, CDCl;) ]
0.08 (s, 3H, TBS CH,), 0.10 (s, 3H, TBS CHj), 0.59 (q, / = 7.7 Hz, 6H, TES CH,), 0.87 (s,
9'H._ TBS t-Bu), 0.95 (t, J = 7.7 Hz, 9H, TES CHjy), 1.10 (s, 3H, CH;), 1.19 (s, 3H, CHy),
1.30 (s, 3H, CH;), 1.34 (s, 3H, MQP CH;), 1.37 (s, 3H, MOP CHj;), 1.84 (m, 2H, H%,
H9B), 1.98 (s, 3H, CH; 18), 2.17 (ddd, /= 2.8, 10.4, 15.9 Hz, 1H, H6B), 2.52, (dd, J = 9.3,
15.4 Hz, H, H14p), 2.63 (dd, J = 4.4, 15.9 Hz, 1H, H6a), 2.88 (dd, / = 3.8, 15.4 Hz, IH,
Hlda), 3.06 (s, 1H, H3a), 3.26 (s, 3H, MOP OMe), 3.37 (dd, / = 4.4, 10.4 Hz, 1H, H7a),
3.72 (s, 3H, CO,Me). 4.36 (dd, J = 6.0, 9.3 Hz, IH. H10B), 4.57 (d, / = 2.2 Hz, 1H, H2p),
4.67 (dd, /= 2.8, 9.3 Hz, 1H, H13B), 12.24 (s, 1H, OH4).

Enol-ester 17-(P; = TES). Td'a solution of the enol ester 1 6 (P, = TES, P, 5 = TBS, R = Me) (9
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mg, 0.0137 mmole) and DMAP (3.5 mg, 0.0286 mmale) in pyridine (0.6 mL) at 0 °C was added
triethyisilyl chloride (0.025 mL, 0.14 mmole). The solution was stirred at room temperature for
16 h, diluted with ethyl acetate (10 mL), poured into a saturated aqueous sedium bicarbonate
soluton (20 mL.) and extracted with 2‘0% ethyl acetate/hexane (20 ml x 3). The combined organic
layer was dried over anhydrous NaSQ,, fiitered and conceatrated to yield 25 mg of crude 17.
Column chromatography (10% cthyl acetate/ hexane) provided 10 mg (95%) of pure'enol ester 17
(Py = Pyg = TES, Py3 = TBS, R = Me).

17 (P; =Py = TES, P;3 = TBS, R = Me): 'H NMR (300 MHz, CDCl5) 8 0.08 (s, 3H, TBS
CHy), 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 (t, /=17.7 Hz, 18H, TES CHj,), 1.05 (s, 3H, CH;), 1.19 (s, 3H, CHj), 1.30 (s, 3H, CHjy),
1.84 (m, 2H, H9¢, HIRB), 1.98 (s, 3H, Cﬁ3 18), 2.17 (ddd, J = 2.8, 10.4, 15.9 Hz, 1H, Héf),
2.31 (dd, J = 4.4, 15.9 Hz, 1H, Hée), 2.52, (dd, J = 9.3, 15.4 Hz, 1H, H14f), 2.85 (dd, .I =
3.3, 15.4 Hz, 1H, Hlda), 3 03 (br s, 1H, H3a), 3.34 (dd, J = 5.0, 10.4 Hz, IH, H7a), 3.75
(s. 3H, CO,Me OMe), 4.36 (dd, J=35.0, 10.4 Hz, 1H, H10p), 4.58 (d, 7=27 Hz, 1H, H2B),
4.66 (brd, /= 11.0 Hz, 1H, H13p), 12.22 (s, 1H, OH4).

Ketone 18. To a stirred solution of enol ester 17 (P; =MOP, P = TES, P3 = TBS, R = Me)
(963 mg, 1.3 mmol) in DMF (30 mL) under nitrogen at room temperature was added solid
potz;ssium thiophcno;cidc (250 mg, 1.69 mmol) followed by thiophenol (0.4 mL, 3.9 mmol). The
solution was warmed to 86 °C for 3.5 hours. The solution was allowed to cool to room
temperature then was poured directly into 250 mL of a saturated aqueous NaHCO, solution and
extracted with three 150 mL portions of 30% ethyl acetate in hexanes. The combined organic
phases were then filtered through a chgc;z,slﬁg gel pad and subsequently concentrated under
reduced pressure to yield 1.29 g of crude product. This material was purified by radial
chromatography, eluting with 15% then 20% and ﬁnally 25% ethyl acetate in hexanes to yield 763
mg (86%) of ketone 18 (P; = MOP, P, o = TES, P, = TBS).

18 (P, =MOP, P4 = TES, P;; = TBS): 'H NMR (300 MHz, CDCl,) 3 0.10 (s, 3H, TBS
CHs), 0.14 (s, 3H, TBS CH,), 0.58 (q, / = 8.2 Hz, 6H, TES CH,). 0.94 (s, 9H, TBS 1-Bu),
0.95 (1, / = 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, CHj; 16), 1.80 (m, 1H, H5), 1.81 (dd, 7 = 3.8, 3.8 Hz, 1H, H9B),
1.98 (m, 1H, H5), 1.99 (d, J = 1.1 Hz, 3H, CH; 18), 2.21 (m, 1H, H6B), 2.29 (dd, J = 10.4,
12.1 Hz, 1H, HS«), 2.43 (dd, J = 9.3, 15.4 Hz, 1H, Hl4a), 2.53 (m, 1H, H6a), 2.63 (dd, s
= 5.0, 15.4 Hz, 1H, H14B). 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, H7), 4.34 (dd, / = 3.9, 10.4 Hz, IH, H10), 4.55 (d,J = 5.5 Hz, 1H,
H2), 4.73 (dd, J = 5.3, 7.7 Hz, 1H, H13). -Anal. Calcd. fof C3He4COgSiq: C, 63.49; H, 9.47,
Found C, 63.56; H, 9.53.

18 (P;=P,q = TES, P;3 = TBS): 'H NMR (300 MHz, CDCl,) 3 0.10 (s, 3H, TBS CH,), 0.14
(s, 3H, TBS CH;), 0.47-0.63 (m, 12H, TES CH,), 0.90-0.99 (m, 27H, TBS t-Bu, TES CH,),
1.22 (s, 3H, CHj), 1.25 (s, 3H, CHy), 1.33 (s, 3H, CH;), 1.75 (dt, J = 11.6, 1.6 Hz, 1H),
1.85 (d, / = 3.3 Hz, 1H), 1.90 (t, J = 3.9 Hz, 1H), 1.97 (t, / = 8.1 Hz, 1H), 2.00 (s, 3H,
CH,), 2.30 (m, 1H), 2.39-2.60 (m, 3H), 2.65 (m, 1H), 3.35 (dd, J = 9.6, 7.8 Hz, 1H, H7a),
4.35 (dd, J =10.8, 3.3 Hz, 1H, H10p), 4.57 (d, 7 = 5.1 Hz, 1H, H2B), 4.72 (m, 1H, H13p).

Ketone 18 (P,=BOM). To a stirred solution of ketone 18 (P; = MOP, P4 = TES, P,3 =TBS)
(293 mg, 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 a 0.1 M solution of PPTS in CH,Cl, (0.02 mmol).
The reaction mixture was stirred for 3 h, poured into 100 mL of a saturated aqueous NaHCO,
solution and extracted with two 100 mL portions of ethyl acetate. The combined organic phases
were washed with brine, dried over anhydrous Na;SO, 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, P,¢=TES, P35 =TBS): mp 75-77 "C, 'H NMR (500 MHz, CDCl3) & 0.10 (s, 3H,
TBS CHj), 0.13 (s, 3H, TBS CH;), 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; 16), 1.84 (dd, J = 13.7, 4.1 Hz, 1H, H9a), 1.88 (m, 2H, H9B, OHT7), 1.92 (m, 1H,
H6B), 2.05 (d, / = 1.4 Hz, 3H, CHy 18), 2.10 (m, 1H, H6a), 2.36 (dddd, J =1.4, 4.1, 9.9,
14.4 Hz, 1H, H5a), 2.47 (dd, J = 8.9, 15.4 Hz, 1H, H14B), 2.51 (m, 1H, H58), 2.54 (dd, J
= 4.8, 15.4 Hz, 1H, H14p), 2.86 (d, J = 5.5 Hz, 1H, H3), 3.59 (ddd, J = 4.5, 6.2, 11.3 Hz,
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1H, H7), 4.38 (dd, / = 4.1, 9.1 Hz, 1H, HI10), 4.56 (d,J = 5.5 Hz, 1H, H2), 4.69 (ddd, J
=1.4, 4.8, 9.3 Hz 1H, HI3). Anal. Calcd. for C3,Hs40,5i,x.5H,0: C, 62.19; H, 9.30. Found
C, 62.16; H, 9.22. |

To a stirred solution of hydroxy ketone 18 (P;=H) (179 mg, 0.29 mmol) in CH;Cl, (9.5 mL),
diisopropylethylamine (1.49 mL, 8.6 mmof) and tetrabutylammonium iodide (253 mg, 0.69 mmol)
under nitrogen was added dropwise benzyloxymethylichloride (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 extracted with two 100 mi. portions of 50% ethyl acetate
in hexanes. The combined organic phases were washed with brine, dried over anhydrous Na,SQ,
and concenmated 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,5 = TBS) as a colodless ail.

18 (P,=BOM, P, = TES, P5 = TBS): 'H NMR (500 MHz, CDCl3) & 0.10 (s, 3H, TBS CH,),
0.13 (s, 3H, TBS-CH;,), 0.59 (q,J =7.7 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.94 (,
J =17.7 Hz, 94, TES CHy), 1.22 (s, 3H, CH; 17),.1.31 (s, 3H, CHj 19), 1.33 (s, 3H, CH; .
16), 1.87 (dd, J = 12.1‘, 3.8 Hz, 1H, HY«), 1.98 (d, J = 1.4 Hz, 3H, CH, 18), 1.99 (m, 2H,
Hé6P, HOB), 2.21 (m, 1H, Hba), 2.34 (dd, J = 10.4, 12.1 Hz, 1H, H5a), 2.43 (dd, J = 9.3,
15.4 Hz, 1H, Hl4a), 2.55 (ddd, J = 5.5, 11.0, 13.7 Hz, 1H, H58), 2.62 (dd, J = 5.0, 15.4
Hz, 1H, H14B), 2.74 (d, J = 5.0 Hz, 1H, H3), 3.38 (dd, J = 6.6, 11 Hz, 1H, H7), 4.38 (dd, J
= 3.8, 10.4 Hz, 1H, H10), 4.56 (d, J = 5.0 Hz, 1H, H2), 4.58 (d, J =11.5 Hz 1H, CH,Ph),
4.64 (d, J =11.5 Hz 1H, CH,Ph), 4.68 (m, 2H, HI3, OCH,0), 4.82 (d, J =7.2 Hz 1H,
QCH,0), 7.31 (m, 5H, Ph).

Ketone 222 (P5=TMS). To a vigorously stirred solution of ketone 18 (P4=BOM, P, = TES,
Py3 = TBS) (315 mg, 0.42 mmol) in THF (10.5 mL), triethylamine (0.88 mL, 6.3 mmol) and
trimethylsilyl chloride (0.53 mL, 4.2 mmol) under nirogen at -78 *C was added dropwise down
the side of the flask 1.35 mL of a 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 sarurated aquecus NaHCO5 solution and brine,
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dried over anhydrous Na,SO, an& concentated under reduced pressure. -'I‘nc resulting oil was

filtered through celite with hexanes and the filtrate was concentrated under reduced pressure to give

338 mg (99%) of the TMS enat czhcg 21a (P;=BOM, P o= TES, P;3 = TBS, Py = TMS) as a

colorless oil. To a vigorously stirred soluton of TMS enol ether 21a (P;=BOM, Pg=TES, P 13

= TBS, Py = TMS) (224 mg, 0.274 mmol) in hexanes (2.8 mL) under nirogen at room

temperature was added dropwise 14.9 mL of a 0.02 M solution (0.30 mmol) of MCPBA in

hexanes. After 5 h, 2 mL of a saturated aqueous NaHCO; solution and 2 mL. of 2 10% aqueons
Na;5,0; solution were added. The reaction mixture was diluted with 150 mL of ethy! acetate and

washed with 20 mL of a saturated aqueous NaHCO, solution, 20 mL of a 10% aqueous Na, 5,0,

solution, 20 mL of a saturated aqueous NaHCO solution and brine, dried over anhydrous

Na, SO, and concentrated under reduced pressure to give 231 mg of the crude material as 2
colerless oil. This material was used without further purification, or, alternatively, was purified by

flash chmmatégraphy on silica gel to give 168 mg (74%) of 222 (P;=BOM, P, = TES, P 3=
TBS, Ps = TMS) along with a mixture (15%) of 21a and 1 8 which could be recycled.

22a (P;=BOM, Pjo = TES, P;3 = TBS, P; = TMS): mp 50.5-52 °C, 'H NMR (500 MHz,
CDCl3) 8 0.10 (s, 3H, TBS CH,), 0.13 (s, 9H, T™MS CHy), 0.14 (s, 3H, TBS CHj3), 0.59 (q, J
=8.2 Hz, 6H, TES CH;), 0.94 (s, 9H, TBS t-Bu), 0.94 (t, J = 8.2 Hz, 9H, TES CH,), 1.24 (s,
3H, CH, i'/‘). 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, J = 3.4, 13.7 Hz, 1H, HIP), 2.16 (ddd, J
= 6.2, 7.2, 13.3 Hz, 1H, Hba), 2.40 (dt, / =114, 13.3 Hz, 60), 2.43 (dd, J =9.2, 15.2 Hz,
1H, H14p), 2.63 (dd, J = 5.5, 15.2 Hz, 1H, Hlda), 2.74 (d, 7 = 5.5 Hz, 1H, H3a), 3.40 (dd,
J =12, 10.6 Hz, 1H, H7a),4.36 (dd, J = 3.4, 11.3 Hz, 1H, HI0B), 4.40 (dd, / = 6.2, 12.0
Hz, 1H, H5a), 4.54 (d, / = 5,5 Hz, LH, H2p), 4.57 (d, J =117 Hz 1H, CH,Ph), 4.64 (d, J
=11.7 Hz 1H, CH,Ph), 4.68 (d, 7 =7.0 Hz 1H, OCHQO) 4.74 (m, 1H, H13), 478 (d, / =7.0

Hz, 1H, OCH,;0), 7.31 (m, SH, Ph). Anal. Calcd. for C43H7,04Sk: 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, Po=TES, P;
= TBS, Ps = TMS) (231 mg, 0.274 mmol) in acetonitile (7 mL) at 0°C was added dropwise 7 mbL

This Sheet Has Been Replaced

A

", - SUBSTITUTE SHEET {RULE 26)



-

WO 95/03265 PCT/US4/08350

74
of a 1:10:10 (by volume) mixture of 48% aqueous HF:pyridine:acetonitrile . Alfter surring for 20
min, 2 mL of a saturated aqueous NaHCO; solution was added. The reaction mixture was diluted
with 150 mL of ethyl acetate and washed with 30 mL of a saturated aqueous NaHCO, solution and
brine, dried over anhydrous Na; SOy and concenmrated under reduced pressure to give 223 mg of
the crude alcohol as a colorless oil. This material was purified by silica gel chromatography to yield
155 mg (74%) of ketone 22a (P; = BOM, Po = TES, P53 = TBS, P5 = H), 15 mg (7%) of the

5B-hydroxy ketone and 33 mg (14% recoverable material) of a 1:1 mixmure of TMS enol ether 21a
and ketone 18, | .

22a (P, =BOM, P|q = TES, P;3 = TBS, Ps =H): 'HNMR (500 MHz, CDCl;) 3 0.10 (s, 3H,
TBS CH3), 0.14 (s, 3H, TBS CHj), 0.59 (q, J = 8.2 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS -
Bu), 0.94 (1, /= 8.2 Hz, 9H, TES CHj;), 1.23 (s, 3H, CH; 19), 1.32 (5, 3H, CH; 17), 1.33 (s,
3H, CH, 16), 1.83 (dd, J = 11.0, 13.7 Hz, 1H, H6B), 1.97 (d, / = 1.4 Hz, 3H, H183), 2.01 (dd,
J =32, 13.7 Hz, 1H, H9P), 2.11.(ddd, /= 5.5, 7.7, 13.7 Hz, 1H, H6a), 2.47 (d&, J=81
15.4 Hz, 1H, H14B), 2.57 (m, 2H, Hl4q, HYa), 2.88 (d, /= 5.5 Hz, 1H, H3a), 3.39 (dd, J =
7.7, 11.0 Hz, 1H, H7w), 3.41 (d, /= 3.3 Hz, 1H, OH-5), 4.38 (m, 2H, H5f, HI10), 4.55(d, J
= 5.5 Hz, 1H, H2), 4.57 (d, J =11.5 Hz 1H, CH,Ph), 4.62 (d, J=11.5 Hz 1H, CH,Ph), 4.72
(m, 2H, H13B, OCH,0), 4.80 (d, J/ =7.1 Hz 1H, OCH,0), 7.31 (m, 5H, Ph). ”

Ketone 222 (Ps=TMS) from ketone 22a (Ps=H). To a vigorously stirred solution of 5-hydroxy-
4-ketone 22a (P; = BOM, P, = TES, P;5 = TBS, P5 = H) (51 mg, 0.067 mmol) in CH,C], (2.2
mL) and triethylamine (0.14 mL, 1.0 mmol) under nitrogen at 0 *C was added
trimethylsilylchloride (0.041 mL, 0.34 mmol). After 0.5 h, the reaction mixture was quenched
with 5 mL of a saturated aqueous NaHCO; solution and exmracted with 150 mL hexanes. The
organic phasc was washed with 50 mL of a saturated aqueous NaHICO4 solution and brine, dried
over anhydrous Na,SO, and concentrated under reduced pressure to give 56 ng[a colorless oil.
This material was filtered through silica gel and the filtrate was concentrated under reduced

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

Alcohol 23a. To a stirred solution of ketane 22a (P; = BOM, P, = TES, P,5 = TBS, Ps = TMS)
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(18.9 mg, 0.023 mmol) in CH,Cl; (4 mL) under nizogen at -65 “C was added dropwise 2 0.073
mL of a 3.1 M solution of MeMgBr in ether (0.23 mmol). The reaction mixture was allowed to
warm to -43 *C, stirred for 16.5 h and then quenched with 0.13 mL of a 2.0M solution of AcOH
in THF (0.25 mmol) and then poured into a stirring mixture of 50 mL of a saturated aqueous
NaHCO3 solution and 50 mL of ethyl acetate. The aqueous phase was extracted with 50 mL ethy}
acetate. The combined organic phases were washed with brine, dried over anhydrous Na,SO, and
concentrated uhdcr reduced pressure 10 yield 20.5 mg of a calorless oil. This material was purified
by silica gel chromatography to yield 18.4 mg (95%) of alcohol 23a (P; = BOM, P, = TES, Pi3
=TBS, Ps = TMS) as a colorless oil. ,

23a (P;=BOM, P\ = TES, P;3 = TBS, Ps = TMS): 'H NMR (500 MHz, CDCl;} §0.09 (s,
9H, TMS), 0.11 (s, 3H, TBS CHjy), 0.12 (s, 3H, TBS CH;), 0.56 {q, / = 7.9 Hz, 6H, TES
CH,), 0.92 (t, / =7.9 Hz, SH, 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, J = 3.8, 4.1, 13.0
Hz, 1H, H6a), 1.99 (d, J = 1.4 Hz, 3H, H18), 2.01 (dd, J = 11.3, 13.0 Hz, 1H, H9%«), 2.06
(m, 2H, H3, H9p), 2.13 (ddd, J = 1.7, 12.3, 13.0 Hz, 1H, H6B), 2.37 (dd, J = 5.5, 15.0 Hz,
1H, Hi4a), 2.54 (dd, / = 9.2, 15.0 Hz, 1H, H14p), 2.96 (s, 1H, OH-4), 3.51 (dd, J = 1.7,
4.1 Hz, 1H, H5), 3.73 (dd, J = 3.8, 12.3 Hz, 1H, H7q), 432 (dd, / = 4.1, 11.3 Hz, 1H,
H10B), 4.64 (s, 2H, CH,Ph), 4.72 (d, / = 6.8 Hz, 1H, OCH,0), 4.80 (m, 3H, H2, H13,
GCH,0), 7.31 (m, 5H, Ph). Anal. Caled. for Cy4H,405Si;: C, 63.42; H, 9.19. Found C, 63.40;
H, 9.15.

Hydroxy olefin 24a. To a refluxing solution of alcohol 232 (P;=BOM, P,q = TES, P4 = TBS,
Ps = TMS) (46.7 mg, 0.055 mmol) in toluene (1.1 mL) was added 1.1 mL of a 0.1M solution of
Burgess reagent in toluene ( 0.11 mmol). The mixture was refluxed for 20 min then cooled to
room temperature, diluted with ethyl acetate, washed with a sarurated solution of NaHCO; and
brine, dried over anhydrous Na,SO, and filtered. Concentration of the filtrate under vacuum
yiclded 46 mg of crude olefin. This material was used without further purificadon.

To a stirred solution of this crude olefin (46 mg, 0.055 mmol) in acztonirrile (2.5 mL) at 0 °C was

added 2.5 mL of a 1:10:10 (by volume) mixture of 48% aqueous HF : pyridine : acetonimile. The
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mixture was stirred at 0 °C for 20 min, quenched with a saturated solution of NaHCO; and
extracted twice with ethyl acetate. The combined organic phases were washed with brine, dried
over anhydrous Na;30, and filtered. Concentration of the filtrate under vacuum 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, P,¢ = TES, P, = TBS, R = H) as well as 2.1 mg of unreacted
alcohol 23a (4%).

24a (P;=BOM, P o= TES, P 3= TBS, R = H): mp 66-68 "C 'H NMR (500 MHz, CDC},) §
0.12 (s, 3H, TBS CHjy), 0.13 (s, 3H, TBS CHjy), 0.59 (g, / = 7.9 Hz, 6H, TES CH,), 0.94 (¢,
J =17.9 Hz, SH, TES CHjy), 0.95 (s, 9H, TBS -Bu), 1.18 (s, 3H, CH; 19), 1.23 (s, 3H, CH,
17, 1.35 (s, 3H, CH;4 16), 1.73 (d, 1H, J = 3.4 Hz, OH5), 1.83 (dd, J = 9.9, 10.5.Hz, 1H,
H9a), 1.91 (ddd, J = 7.2, 7.5, 13.4 Hz, 1H, Héa), 1.97 (dd, J = 3.8, 9.9 Hz, 1H, HIB), 2.03
(d, J= 1.4 Hz, 3H, 18), 2.14 (ddd, J = 9.6, 9.6, 13.4 Hz, 1H, H6P) 2.35 (dd, J = 5.1, 15.4 Hz,
1H, Hl4a), 2.50 (dd, J=9.6, 15.4 Hz, 1H, H14), 3.03 (d, / = 5.8 Hz, 1H, H3a), 3.44 (dd,
J=135, 9.6, Hz, 1H, H7a), 4.38 (m, 2H, H10, H5), 4.54 (d, /= 5.8 Hz, 1H, H2), 4.58 (d, J
=11.6 Hz, 1H, CH;,Ph), 4.62 (d, J=11.6 Hz, 1H, CH,Ph), 4.73 (d, J =7.0 Hz, 1H, OCH,0),
4.75 (m, 1H, H13), 4.79 (d, J =7.0 Hz, 1H, 0CH,0), 5.00 (s, 1H, H20E}, 5.18 (s, 1H, H20Z),
7.31 (m, 5H, Ph). Anal. Caled. for C41H404S1,x0.5H,0: C, 65.47; H, 8.98. Found C, 65.63;
H, 8.97.

Allyl mesyiate 24aa. Toa stirred solution of allyl alcohol 2da (P; = BOM, P g = TES, P53 =
TBS, R = H) (11.5 mg, 0.0154 mmol) in pyridine (0.6 mL) under nitrogen at 0 "C was added
dropwise methanesulfonyl chloride (0.02 mL, 0.258 mmol). After 45 min, a saturated aqueous
NaHCOj5 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, and concentrated under
reduced pressure to give 13 mg of 24aa (P; =BOM, Py = TES, P;3 = TBS, R = Ms) as a
colorless oil. This material was used without further purificadon.

24aa (P;=BOM, P =TES, P ;3 = TBS, R = Ms): 'H NMR (300 MHz, CDCl,); § 0.12 (s,
3H, TBS CHj3), 8 0.13 (s, 3H, TBS CHj), 0.58 (q, / = 7.9 Hz, 6H, TES CH,), 0.93 (s, OH,
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TBS t-Bu), 094 (i, J = 7.9 Hz, 9H, TES CHy), 1.23 (s, 3H, CHy 17), 1.22 (s, 3H, CH; 19),
1.34 (s, 3H, CH; 16), 1.80 (br t, J =13 Hz, 1H, H9«), 1.98 (m, 1H, H6), 1.79 (ddd, /= 2.2,
5.5, 15.1 Hz, 1H, Hida), 201 (d, /= L.1 Hz, 1H, CH;18), 2.06 (dd, J = 3.3, 13.7 Hz, 1H,
H98), 2.01 (br s, 3H, CH3 18), 2.22-2.32 (m, 3H, H14a, Hba, H6B), 2.54 (dd, J= 9.9, 15.4
Hz, 1H, H14p), 3.02 (s, 3H, 0S0,CH;), 3.05 (d, J = 6.0 Hz, IH, H3a), 3.45 (t, J = 8.5 Hz,
IH, HTa), 437 (dd, J=3.6, 11.0 Hz, 1H, HIOP), 4.57 (4, /= 6.0 Hz, 1H, H2B), 4.59 (q, 28,
PhCH,0), 4.69 (d, J = 7.1 Hz, IH, OCH,0), 474 (m, 1H, HI3p), 4.76 (d, J = 7.1 Hz, 1H,
OCH,0), 5.03 (br t, J = 8.5 Hz, IH, H5B), 5.09 (br s, 1H, H20), 5.24 (br s, 1H, H20), 7.35
(m, 5H, Ph). : |

Triol 25a. To a stirred solution of allyl alcohol 24a (P; = BOM, P, = TES, P;3 =TBS,R =H)

(45 mg, 0.0606 mmol) in a mixture of pyridine (0.32 mL) and ether (3.2 mL) under nizogen at 0

*C was added a 0.157 M solution of OsQ, in THF (0.42 mi, 0.066 mmole). After 12hat0°C,
NaHS 05 (530 mg), pyridine (0.3 mL), THF (2 mL) and water (3 mL) were added. The mixtmure

was vigorously stirred at room temperature for 14 h, poured into 50 mL of a saturated aqueous

NaHCO3 solution and exmracted with ethyl acetate (40 ml. x 3). The combined orga.nic.phasc was

dried over anhydrous Na,SO, and concentrated under reduced pressure to give 60 mg of a pale

yellow oil, which was column chromatographed (30% ethyl acetate/hexane) to yicl-ci 34.3 mg (73

%) of wiol 252 (P;=BOM, P 4 = TES, P,; = TBS).

25a (P, = BOM, P,y = TES, P;3 = TBS): 'H NMR (500 MHz, CDCly); §0.11 (s, 6H, TBS

CHy), 0.60 (ddd, / = 9.0 Hz, 6H, TES CH,), 0.79 (s, 3H, CHz 19), 0.93 (s, 9H, TBS t-Bu),
0.94 (dd, 7= 9.0 Hz, 9H, TES CHy), 1.22 (s, 3H, CH;3 17), 1.35 (s, 3H, CH; 16), 1.64 (dd, J/ =
5.6, 16.4 Hz, 1H, H9B), 1.70 (m, 1H, HEB), 2.22 (dd, J = 2.7, 16.8 Hz, 1H, H%a), 2.23 (d, J
= 0.7 Hz, 3H, CH5 18),, 2.36 (dd, J = 9.2, 15.0 Hz, 1H, H14f), 2.45 (m, 1H, Héa), 2.96 (s,
1H, OHS5), 3.21 (dd, 6.9, 15.0 Hz, 1H, Hl4a), 3.42 (d, /= 5.0 Hz, 1H, H3), 3.53 (m, 1H,
H20), 3.38 (s, 1H, OH4), 3.70 (t, J = 3.0 Hz, 1H, H5(3), 4.04 (br d, 7 = 11 Hz, 1H, H20),
4.06 (dd, J = 11.5, 5.0 Hz, 1H, H7w), 4.48 (d, J = 5.0 Hz, 1H, H2B), 4.49 (d, / = 12.0 Hz,
1H, PhCH,0), 4.53 (br s, 1H, HIOB), 4.71 (m, 1H, HI3B), 4.72 (d, / = 12.0 Hz, IH,
PhCH,0), 4.85 (d. / = 6.8 Hz, lH, OCH,0), 4.98 (d, / = 6.8 Hz, 1H, OCH,0), 7.34 (m, 5H,

R
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Ph). Anal. Calcd. for C41Hgg0, oSiy: C, 63.36; H, 8.82. Found C, 63.19; H, 8.75.

Diol rﬁcsylate 26a. To a stirred solution of allyl mesylate 24aa (P; = BOM, P4 = TES, Py =
TBS, R = Ms) (5 mg, 0.0064 mmol) in a mixture of pyridine (0.4 mL) and THF (0.4 mL) under
nitrogen at room temperature was added a Q. 157 M solution of OsQ, in THF (0.06 mL). After7
h, NaHSO; (150 mg) and water (0.2 mL) wcﬁ: added. The mixwre was vigorously stirred for 14
h, poured into 20 mi of 2 saturated aqueous NaHCO4 soludon and extracted with ethyl acerate 20
mL x 3). The combined organic phase was dried over anhydrous Na,SO, and concentrated under
reduced pressure to give 6 mg of 2 pale yellow oil. The cil was column chromatographcd (40%
ethyl acetate/hexane) to yield 2.7 mg (50%) of diol mcsylatc 26a (P-, =BOM, Py = TES, Pj3 =
TBS, R = Ms).
26a (P;=BOM, P; =TES, P;3 = TBS, R = Ms): 'H NMR (500 MHz, CDCL); §0.14 (s; 6H,
TBS CHj), 0.58 (ddd, J = 8.0 Hz, 6H, TES CH,), 0.89 (s, 3H, CHj 19), 0.93 (s, 9H, TBS t-
Bu), 0.94 (dd, J = 8.0 Hz, SH, TES CHy), 1.31 (s, 3H, CH;17), 1.37 (s, 3H, CH, 16), 1.76
(dd, J = 5.5, 15.1, 1Hz, H9p), 1.95 (m, 1H, H6B), 2.23 (d, J= 0.7 Hz, 3H, CHj 18), 2.25
(dd, / = 4.8, 15.1 Hz, 1H, H9%a), 2.39 (dd, /= 9.2, 15.1 Hz, 1H, H14p), 2.45 (m, IH, H6a),
2.39 (dd, 6.8, 15.1 Hz, 1H, Hl4a), 3.05 (d, J = 3.4 Hz, IH, H3a), 3.06 (s, 3H, OSO,CHjy),
3.35 (s, 1H, OH4), 3.52 (m, 1H, H20), 3.92 (dd, J = 4.5, 11.6 Hz, 1H, H7a), 4.13 (dd, J = |
1.0, 11.3 Hz, 1H, H20), 4.46 (br d, J= 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, J = 12.0 Hz, 1H, PhCH,0), 4.83 (d, /= 6.9 Hz, 1H,
OCH,0), 4.84 (m, 1H, H5B), 4.92 (m, 1H, H13f), 4.93 d, J = 6.9 Hz, 1H, OCH,0), 7.34
(m, 5H, Ph).

Diol tosylate 26aa. To a stirred solution of triol 25a (P; = BOM, P,q = TES, P,5 = TBS) (37
mg, 0.0476 mmole) in CH,Cl; (0.4 mL) under nitrogen at -78 *C was added triethylamine (0.25
ml.) followed by trimethylchlorosilane (0.075 mL). The solution was stirred at -78 *C for 1 h,
poured into 20 mL of a saturated aqueous NaHCO; solution and extracted with chloroform (30 mL
x 3). The combined organic phase was dried over anhydrous Na,SQ,, and concentrated under

reduced pressure to give 38.2 mg of a colorless oil. This oil was dissolved in THF (0.5 mL) and
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cooled to -78 °C. To this solution was added a 0.2 M solution of LDA in THF (0.9 mL, 0.18§
mmole). After 20 min at -78°C, p-toluenesulifonyl chloride (35 mg, 0.183 mmole) was added.
After stirring at -35 °C for 3 b, MeOH (0.2 mL) and diethylamine (0.3 mL) were added. The
solution was sdrred at -35 *C for 30 min and poured into 30 mL of a saturated aqueous NaHCO,
solution and extracted with chioroform (40 mL x 3). The combined organic phases were dried
over anhydrous Na; SOy, and concentrated under reduced pressure to give 58 mg of a colorless oil.
The oil was dissolved in acetonitrile (3.6 mL) and pyri&inc (3.6 mL). To this solution 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 aqueous NaHCO, solution and extracted with chloroform (40
mL x 3). The combined organic phase was dried over anhydrous N2,S0y, and concentrated under
reduced pressure to give 56 mg of crude diol tosylate 26aa. Column chromatography (40%
ethylacetate/hexane) yielded 34 mg (80 %) diol tosylate 26aa (P; = BOM, Po = TES, P,5 = TBS,
R=Ts).
26aa (P; =BOM, P, =TES, P;3 = TBS, R = Ts). 'H NMR (300 MHz, CDCl;); § 0.18 (s,
6H, TBS CHj), 0.58 (d, / = 12.5 Hz, 6H, TES CHy), 0.82 (5, 3H, CHgz 19), 0.94 (dd, 7 =13.0
Hz, 9H, TES CH3), 0.97 (s, 9H, TBS t-Bu), 1.28 (s, 3H, CH; 17), 1.34 (s, 3H, CH, 16), 1.67
(dd, J = 16.5, 4.4 Hz, 1H, HIf), 1.80 (m, 1H, H6B), 2.13 (dd, /= 16.5, 4.4 Hz, 1H, H9a),
2.18 (m, 1H, H6a), 2.24 (s, 3H, CH; 18), 2.33 (s, 3H, CH;Ph), 2.42 (dd, J = 14.8, 9.3 Hz,
IH, .H14ﬁ), 2.90 (m, 1H, Hlda), 2.93 (br s, 1H, OH4), 3.08 (br d, J = 3.3 Hz,. 1H, H3a),
3.38 (brt, J=11.0 Hz, 1H, H7), 3.87 (m, 1H, H20), 4.09 (br d, J = 9.9 Hz, 1H, H20), 4.52
(d, J = 3.3 Hz, 1H, H2p), 4.45 (br d, J = 4.4 Hz, 1H, HI0B), 4.46 (d, J = 12.1 Hz, 1H,
PhCH,0), 4.59 (d, / = 12.1 Hz, 1H, PhCH;0), 4.66 (brt, / = 3.8 Hz, 1H, H5B), 4.75 d, /=
7.1 Hz, 1H, OCH;0), 4.83 (d, / = 7.1 Hz, 1H, OCH,0), 4.89 (br dd, / = 7.7, 6.6 Hz, lH,
~ HI3B), 7.14 (d, /= 8.2 Hz, 2H, SO,Ph), 7.34 (m, SH, OCH,Ph), 7.75 (d, / = 8.2 Hz, 2H,
..SO2Ph).

Oxetane 27a from diol mesylate 26a.  To a stirred solution of diol mesylate 262 (P; = BOM, Pyq
= TES, P;5 =TBS, R = Ms) (2.7 mg) in oluene (0.4 mL) under nicogen at room temperature was

added diisopropyl ethylamine (0.008 mL). The solution was refluxed for 3.5 h, cooled to room
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temperature, poured into 20 mL of a saturated aqueous NaHCO; solution and exmracted with ethyi
acetate (20 mL x 3). The combined organic phase was dried over anhydrous Na,S80,, and
concentrated under reduced pressure to give 3 mg of a pale yellow oil. The oil was column
" chromatographed (30% ethyl acetate/hexane) to vield 1 mg (42%) of oxetane 27a.
272 (P;=BOM, P, = TES, P;4 = TBS): 'H NMR (500 MHz, CDCl,); §0.10 (s, 6H, TBS
CHj3), 0.59 (dd, J = 8.0 Hz, 6H, TES CHz),' 0.92 (s, 9H, TBS t-Bu), 0.94 (dd, J = 8.0 Hz, 9H,
TES CHjy), 1.20 (s, 3H, CH; 17), 1.26 (s, 3H, CH; 19), 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, CHj 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, J= 5.5 Hz, 1H, H3x), 2.41 (dd, J =
9.2, 15.1 Hz, 1H, H14(), 2.43 (m, 1H, Héa), 2.54 (s, IH, OH4), 2.76 (dd, J = 5.2, 15.1 Hz,
Hlda), 3.21 (dd, /= 3.4, 13.0 Hz, 1H, H7a), 4.36 (d, J = 8.6 Hz, 1H, H20a), 4.37 (dd, J =
4.1, 11.3 Hz, 1H, H10B), 4.40 (br d, / = 8.2 Hz, 1H, H5a), 4.60 (d, / = 5.5 Hz, 1H, H2§),
4.61 (d, J = 12.6 Hz, 1H, PhCH,0), 4.67 (m, 1H, HI3p), 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), 491 (dd, J=
0.7, 8.6 Hz, 1H, H20B), 7.34 (m, SH, Ph). Anal. Calcd. for C,;HqcOpSiy: C, 64.87; H, 8.76.
Found C, 64.61; H, 8.73. |

Oxetane 27a from diol tosylate 262aa. Td a stirred solution of diol tosylate 26aa (P; = BOM, P,
= TES, By3 = TBS, R = Ts) (33 mg, 0.0354 mmole) in toluene (3.3 mL) under nigogen 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 solution was filtered through a short pad of
silica gel using 30% ethyl acetate/hexane as eluent. The filtrate was concentrated to give 25 mg of
crude 27a, which was column chromatographed (30% ethyl acetate/hexane) to yir;ld 2l mg (78 %)
of oxetane 27a (P;=BOM, P;q = TES, P|3 = TBS).

Oxetane 29. To a stirred solution of oxetane 27a (P; = BOM, P, = TES, P,; = TBS) (21 mg,
0.0276 mmiloe) and dimethylaminopyridine (3.4 mg, 0.0278 mmole) in pyridine (110 L., 1.37

mmole) under nirogen 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 acetate, poured into 20 mL of saturated

aqueous NaHCO- solution and extracted with ethyl acetate (20 mL x 3). The combined organic

phases were dried over anhydrous 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 16

mg (72%) of oxetane 29 (P; =BOM, P o = TES, P35 = TBS).

29 (P; = BOM, Pyq = TES, P,3 = TBS): 'H NMR (500 MHz, CDCl3); & 0.10 (s, 3H, TBS

CH,;), 0.12 (s, 3H, TBS CHj), 0.56 (q, 6H, TES CH,), 0.92 (t, 9H, TES CH;), 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, J =
13.0 Hz, 1H, H9), 1.98 (d, / = 1.4 Hz, 3H, CH; 18), 2.02 (dd, /= 7.5, 13.0, 1H, H9B), 2.07
(dr, 7 = 8.0, 13.0 Hz, 1H, H6), 2.13(s, 3H, OAc), 2.24 (dd, /= 3.4, 15.0 Hz, 1H, Hlda),
2.40 (dd, /= 8.6, 15.0 Hz, 1H, H14B), 2.51 (ddd, J= 4.1, 9.2, 15.0 Hz, 1H, Hb6a), 2.63 (d,

J = 6.5 Hz, 1H, H3a), 3.69 (dd, J= 4.1, 13.0 Hz, H7a), 4.35 (dd, J= 3.4, 11.3 Hz, 1H,
H108), 4.64 (m, 4H, PhCH,0, H28, H50a), 4.75 (d, J/ = 7.2 Hz, 1H, OCH,0), 4.76 (br d, J
= 9.2 Hz, 1H, H20), 4.83 (d, /= 7.2 Hz, 1H, OCH,0), 4.85 (brd, /= 9.2 Hz, 1H, H20), 4.88
(brt, J = 8.2 Hz, 1H, HI3p), 7.35 (m, SH, Ph).

Benzoate 30. To a stirred solution of oxetane 29 (P;=BOM, P, = TES, P,; = TBS) (6 mg,
-0.0075 mmol) in THF (0.5 mL) under nitrogen at -78 "C was added a 0.3M solution of
phenyilithium in ether (44 ul, 0.013 mmol). 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 extracted with ethyl acetate (20
mL x 3). The combined 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 chromatographed
(25% ethyl acetate/hexane) to yield 6.2 mg (94%) of benzoate 30 (P; =BOM, P;; = TBS,R =
TES).

30 (P, =BOM, P,; =TBS, R =TES): 'H NMR (500 MHz, CDCl,); § 0.09 (s, 3H, TBS CH,),
0.14 (s, 3H, TBS CH;), 0.60 (ddd, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.96 (t, 6H, TES
CH;), 1.23 (s, 3H, CHy 17), 1.38 (s, 3H. CH; 19), 1.46 (s, 3H, CH; 16), 1.69 (s, 1H, OH),
1.97 (ddd, /= 14.5, 10.0, 3.1 Hz, IH, H6B), 2.05 (dd, J = 16.1, 5.1 Hz, 1H, HIR), 2.09 (dd.
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J=15.1, 6.2 Hz, 1H, H14B), 2.13 (s, 3H, CHy 18), 2.22 (dd, /= 15.1, 8.2 Hz, 1H, Hl4q),
223 (dd, /= 15.0, 8.5 Hz, 1H, H9B), 2.24 (s, 1H, OAc 4), 2.38 (dd, J = 16.1, 4.1 Hz, 1H,
HOa), 2.67 (m, 1H, Hba), 3.40 (d, /= 6.2 Hz, 1H, H3a), 3.99 (dd, J = 10.1, 6.8 Hz, 1H,
H7a), 420 (d. J= 8.2 Hz, 1H, H20B), 4.29 (d, / = 8.2 Hz, 1H, H20a), 4.49 (d,/ = 12.0 Hz,
1H, PhCH,0), 4.63 (br t, 1H, H10p), 4.74 (d.J = 12.0 Hz, 1H, PhCH,0), 4.92 (d, 7= 6.9 Hz,
1H, OCH;0), 4.91-4.95 (m, 2H, H13p & H5a), 5.01(d, J = 6.9 Hz, 1H, OCH,0), 3.66 (d, J =
6.2 Hz, 1H, H2B), 7.28 (m, 1H, PhCH,), 7.35 (m, 4H, PhCH,), 7.48 (m, 2H, PhCOO -m),
7.59 (m, 1H, PhCOO0 -p), 8.11 (m, 2H, PhCO0-0).

Alcohol 31. To a solution of benzoate 30 (P; = BOM, P,; = TBS, R = TES) (6.2 mg, 0.007
mmol) in 2 mL of THF was added 0.1 mlL of a 0.1 M solution of TBAF in THF. The mixture was
stirred for 2 h at 25 °C under nitrogen. The reaction mixture was diluted with 10 mL of ethyl
acetate, then poured into 10 ml of a saturated aqueous NaHCO, solution. The organic phase was
washed with 10 mL of a saturated aqueous NaHCO, solution, c‘iricd over anhydrous Na;SO, and
concentrated under reduced pressure to give 4.5 mg (93%) of alcohol 31 (P;=BOM, P; = TBS,
R =H).
31(P;=BOM,P,;=TBS,R=H): mp 213-216 *C 'H NMR (500 MHz, CDCl3); & 0.10 (s, 3H,
TBS CHj), 0.15 (s, 3H, TBS CHj), 0.94 (s, 9H, TBS t-Bu), 1.26 (s, 3H, CH;317), 1.39 (s,
3H, CH; 19), 145 (s, 3H, CH; 16), 1.68 (s, 1H, OHI), 1.89 (ddd, J = 14.5, 10.0, 2.5 Hz, 1H,
H6pB), 2.10 (dd, J = 13.0. 9.0 Hz, 1H, H14p), 2.15 (dd, 7 = 15.0, 8.0 Hz, 1H, Hl4a), 2.18 (s,
3H, CH3 18), 2.23(dd, /= 15.0, 8.5 Hz, 1H, H9f), 2.26 (s, 1H, OAc 4), 2.40 (dd, J = 15.0,
3.5 Hz, 1H, H%a), 2.68 (m, lH, Héa), 2.90 (br s, 1H, OH10), 3.54 (d, / = 6.0 Hz, 1H,
| H3a), 4.16 (d, /= 8.0 Hz, 1H, H20f), 4.23 (dd, /= 10.0, 7.0 Hz, 1H, H7a), 4.30 (d, /= 8.0
Hz, 1H, H20x), 4.68 (dd,/= 15 Hz, 2H, PhCH,0), 4.78 (m, 1H, H10f), 4.87 (d, J = 6.5 Hz,
1H, OCHZO). 4.95 (t, /= 2.0 Hz, 1H, H20«), 4.92 (d, /= 7.0 Hz, 1H, OCH,0), 4.93 (brd, J
= 2.0 Hz, 1H, H13B), 4.96 (brd, J = 6.5 Hz, 1H, H5a), 4.97 (d, J = 6.5 Hz, 1H, QCH,0),
5.68 (d, /= 6.0 Hz, 1H, H2pB), 7.28 (m, 1H, PhCH,0), 7.35 (m, 4H, PhCH,0), 7.40 (m, 2H,
PhCOO-m), 7.59 (m, 1H, PhCOOQ-p), 8.13 (m, 2H, PhCOO-0). Anal. Caled. for
C43H5¢,OIOSI$:0.5H20: C, 66.72; H, 7.94. Found C, 66.75; H, 7.96.
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Alcohol 3 1 through Alcohol 30a. To a stirred solution of oxetane 29 (P; = BOM, P ¢ = TES,

P;; = TBS) (16 mg, 0.02 mmole) in acetonimile (0.33 mL) at 0 "C was added 2 4% solution of
HF-pyridine complex in acetonitrile (0.8 mL). The solution was stirred at O °C for 11 b, diluted
with ethyl acetate, poured into 20 mL of a saturated agueous NaHCO; solution and exuacted with
CHCI; (30 mL x 3).- The cémbincd organic phases were dried over anhydrous Na,S0, and
concentated under reduced pressure to give 13.5 mg (0.0196 mmole) of 30a as an oil. This ail
was dissolved in THF (1 mL) and cooled to -78 “C. To this solution at -78 "C was added a 0.285
M solution of phenyilithium in THF (0.144 ml, 2.1 eq.). After 10 min, the solution was poured
into 20 mL of saturated aqueous NaHCO4 solution and CHCl5 (30 mL x 3). The combined
organic phase was dried over anhydrous Na,SO4 and concentrated under reduced pressure to give
16 mg of a pale yellow oil, which was crystalized to yield 12.7 mg (85%) of benzoate 31 (P, =
BOM, P;3= 'I_'BS, R = H).

Ketone 32. To a solution of benzoate 31 (P; = BOM, P 5 = TBS, R = H) (18 mg, 0.235 mmole)
and 4-methylmarpholine N-oxide (18 mg, 0.154 mmole) in CH,Cl, (2.6 mL) at room temperature
was added tetrapropylammonium perruthenate (6 mg, 0.017 mmole). The solution wa§ stirred at
room temperature for 15 min and filtered through silica gel with 30 % ethyl acetate/hexane. The
filtrate was concentrated under reduced pressure to yield ketobenzoate 32 (P; = BOM, P53 = TBS)
(18 mg, 100%). |

32 (P, =MOP, P,3 = 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, 3H, CH; ), 1.44 (s, 6H,
MOP CH,), 1.49 (s, 3H, CHj ), 1.75 (s, 1H, OH1), 1.76 (m, 1H, H6), 1.83 (s, 3H, CH; 18),
2.21(dd, J =7, 15 Hz, IH, Hl14), 2.25 (s, 3H, OAc), 2.29 (dd, J = 8, 15 Hz, 1H, Hl14), 2.61
(d, J =16 Hz, 1H, H9), 2.74 (ddd, J =8, 9, 17 Hz, IH, H6), 3.19 (s, 3H, MOP OCH,), 3.20
(d, / =6 Hz, I1H, H3e), 3.32 (d, / = 16 Hz, 1H, H9), 3.78 (dd, J = 8, 10 Hz, 1H, H7), 4.15
(d, / = 8 Hz, 1H, H20), 4.34 (d, / = 8 Hz, 1H, H20), 4.89 (d. J =9 Hz, 1H, HS), 5.04 (m,
1H, H13), 5.90 (d, J = 6 Hz, 1H, H2), 7.50 (m, 2H, PhCOO -m), 7.62 (m, 1H, PhCQO -p),
8.24 (m, 2H, PhCQO -o).

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 CH,), 0.65 (q, J = 8 Hz, 3H, TES CH,), 0.66 (g, / =8 Hz, 3H, TES CH;), 0.94 (s,
9H, TBS t-Bu), 1.00 (t, / = 8 Hz, 3H, TES CH,), 1.24(s, 3K, CHs ), 1.38 (s, 3H, CH, ), 1.49
s, 3H, CHy ), L.75 (s, 1H, OH1), 1.80 (m, 1H, H6), 1.81 (s, 3H, CH, 18), 2.20 (dd, J = 9,
15 Hz, 1H, H14), 226 (5, 3H, OAc CHy), 2.29 (dd, J = 8, 15 Hz, 1H, H14), 2.48 (ddd, J = 3,
9, 17 Hz, 1H, H6), 2.58 (d, J = 17 Hz, 1H,H9), 3.15 (d, J =6 Hz, 1H, H3a), 336 (d, J = 17
Hz, 1H, H9), 3.79 (dd. J =7, 9 Hz, 1H, H7), 4.14 (d, J = 8 Hz, 1H, H20), 4.33 (d, J =8 Hz,
1H, H20), 4.90 (d, 7 = 9 Hz, 1H, H5), 5.04 (m, 1H, H13), 5.90 (d, / = 6 Hz, 1H, H2), 7.49
(m, 2H, PACOO -m), 7.61 (m, 1H, PhCOO -p), 8.13 (m, 2H, PACOO -0).

32 (P;=BOM, P;3 = TBS): 'H NMR (500 MHz, CDCly); § 0:16 (s, 3, TBS CHj), 0.18 (s,
3H, TBS CH,), 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, 1H, OH1), 1.83 (4, 3H,J = 0.5 Hz, CH3 18), 1.89 (ddd, J = 15.0, 9.5,
1.5 Hz, 1H, H6p), 221 (dd, J = 15.0, 9.0 Hz, 1H, H14B), 2.26 (s, 1H, OAc 4), 2.29 (dd, J =
15.0, 8.0 Hz, 1H, Hl4w), 2.72 (m, 1H, Héa), 2.75 (d, /= 16 Hz, 1H, Ha), 3.18 (d, J= 6.5
Hz, 1H, H3a), 3.26 (d, /=-16.5 Hz, H9a), 3.65 (dd, /= 9.0, 7.5 Hz, 1H, H7a), 4.15 (4, J=
7.5 Hz, 1H, H20B), 4.34 (d, / = 7.5 Hz, 1H, H200), 4.61 (d,/ = 12.0 Hz, 1H, PhCH,0), 4.72
(d, J = 12.0 Hz, 1H, PhCH,0), 4.81 (d, J = 7.0 Hz, 1H, OCH,0), 4.92 (d, J = 7.0 Hz, 1H,
OCH,0), 4.93 (br d, J = 6.5 Hz, 1H, H5a), 5.05 (brt,J = 6.5 Hz, 1H, H13B), 5.91 (d, J = 6.0
Hz, 1H, H2B), 7.28 (m, 1H, PhCH,0), 7.35 (m, 4H, PhCH,0), 7.50 (m, 2H, PhCOQ -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 0°C before
being cannulated into a 0°C THF (1.3 mL) suspension of benzeneseleninic anhydride (57 mg, Q.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 NaHCO5. The organic layer was then washed
ﬁth 50 mi of aqueous saturated Na,3,0; followed by 50 mL of aqueous saturated NaHCO;.
The organic layer was then dred with Nn-zSO;. 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 solution of ¢-BuQK (0;08 mmol) at -78 °C. The reaction was stirred
20 min. and then 0.25 mL of a 0.8M AcOH/THF solution was added at -78 *C and stirred 5 min.
The mixture was diluted with 20 mL of ethyl acetate and was poured into 50 mL of aqueous
saturated NaHCO,. The organic layer was then dried with Na,SOy, filtered and evaporated to give
18.6 mg of a yellow solid which was then plug filtered through silica gel with 2% ethyl
acetate/hexanes followed by 30% cthyl acetate/hexanes to give 15.9 mgof 33 (P;=BOM, P;; =
TBS) (96% yield).

33 (P, = BOM, P;5 = TBS): m.p.: 234-236°C, 'H NMR (500 MHz, CDCl;) 8 0.13 (s, 3H,
TBS CHj), 0.15 (s, 3H, TBS CHj), 0.95 (s, 9H, TBS t—Bu), 1.11 (s, 3H, CH, 16), 1.18 (s,
3H, CH; 17), 1.59 (s, 1H, OHI), 1.82 (5, 3H, CH; 18), 1.89 (ddd, 7= 2.1, 12.4, 14.4 Hz, 1H,
H6B), 1.97 (d, /= 2.0 Hz, 3H, CH; 18), 2.14 (dd, J = 8.6, 15.4 Hz, 1H, H14B), 2.21 (d&, J=
8.9, 15.4 Hz, IH, Hl4a), 2.29 (s, 3H, Ac), 2.70 (ddd, /= 6.5, 9.6, 14.4 Hz, 1H, Héa), 3.93
(d, J = 6.9 Hz, 1H, H3a), 4.17 (d, 7 = 8.6 Hz, 1H, H20f), 4.28 (d, J = 2.4 Hz, 1H, OH10j),
4.31 (dd, J = 6.5;‘_ 12.4 Hz, 1H, H7«a), 4.32 (d, /= 8.6 Hz, 1H, H20«¢), 445 (d, J = 12.2 Hz,
1H, PhCH,0), 4.60 (d, /= 12.2 Hz, 1H, PhCH;0), 4.60 (d, /= 7.3 Hz, 1H, OQCH,0), 4.73 (d,
J =173 Hz, 1H, OCH,0), 4.97 (dd, J = 2.1, 9.6 Hz, 1H, H5a), 5.01 (ddd, J = 2.0, 8.6, 8.9
Hz, 1H, HI13B), 5.35 (d, /= 2.4 Hz. 1H, H10a), 5.64 (d, 7 = 6.9 Hz, 1H, H2p), 7.3 (m, 5H,
PhCH,), 7.49 (i1, / = 1.7, 7.9 Hz, 2H, PhCOO -m), 7.61 (11, J = 1.7, 7.6 Hz, 1H, PhCOO -p),
8.10 (dd, J = 1.2, 7.9 Hz, PhCOO -0). |

33 (P, =MOP, P,; = TBS): 1H NMR (300 MHz, CDCl,) 6 0.13 (s, 3H, TBS CH,), 0.15 (s,
3H, TBS CHj3), 0.95 (s, 9H, TBS t-Bu), 1.00 (s, 3H, CH; 16), 1.09 (s, 3H, CH3 17), 1.23 (s,
3H, MOP CH,), 1.37 (s, 3H, MOP CH,), 1.58 (s, 1H, OH1), 1.79 (s, 3H, CH; 19), 1.90 (ddd,
J = 2.6, 8.8, 13.7 Hz, 1H, H6P), 2.04 (s, 3H, CH; 18), 2.13 (dd, / = 8.8, 15.5 Hz, 1H,
H14p), 2.22 (dd, / = 8.8, 15.5 Hz, 1H, Hlda), 2.29 (s, 3H, OAc), 2.79 (ddd, 6.3, 9.9, 14.8
Hz, 1H, Héa), 3.17 (s, 3H, MOP OCH3), 3.90 (d, J =7.1 Hz, |H, H3a), 4.16 (d, J = 8.2 Hz,
1H, H20a), 4.25 (d, / = 2.2 Hz, 1H, OH4), 4.32 (d, / = 8.8 Hz, 1H, H20PB), 4.41 (dd, 7 =
6.6, 11.0 Hz, 1H, H7a), 4.94 (dd, /7 = 2.2, 9.9 Hz, 1H, H5a), 5.03 (ddd, J = 1.1, 8.2, 8.8
Hz, IH, HI3p), 5.20(d, / = 6.2 Hz, 1H, H10a), 5.60 (d, / =7.2 Hz, |H, H2pB), 748 (¢, J =
7.7 Hz, 2H, PhCOQ-m), 7.61 (t, J = 7.7 Hz, IH, PhCOQ -p), 8.10 (d, / = 7.1 Hz, 2H,
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PhCOO-0).

Acciate 34. To a pyridine (0.1 mL) solution of 33 (P; = BOM, P;3 = TBS) (15.9 mg..0.02

mmol) and DMAP (1.2 mg, 0.01 mmol) at room temperature was added acetic anhydride (38 ul.,
0.4 mmot) and the reaction stirred 19 h. The mixture was then diluted with 20 mL of ethyl acetate

and poured into 50 mL of aqueous sanurated NQHCO;;. The organic layer was dried with Na,SQ,,

filtered and evaporated to give 18.1 mg of crude product. The material 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;3 =TBS): !HNMR (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, CH; 16), 1.63 (s, 1H,
OH1), 1.76 (s, 3H, CH; 19), 1.99 (ddd, J = 2.1, 10.5, 14.7 Hz, 1H, HGB), 2.04 (d, /= 1.0 Hz,
3H, CHj 18), 2.17 (dd, J = 8.6, 15.1 Hz, 1H, H14p), 2.19 (s, 3H, AcO10), 2.24 (dd, J = 8.6,
15.1 Hz, 1H, Hl4a), 2.28 (s, 3H, AcO4), 2.88 (ddd, / = 6.5, 9.8, 14.7 Hz, 1H, Hba), 3.87 d,
J=17.0 Hz, 1H, H3a), 4.15 (d, J = 8.2 Hz, 1H, H20B), 4.24 (dd, J = 6.5, 10.6 Hz, 1H, Hia),
4.31 (d, J = 8.2 Hz, 1H, H20«x), 4.44 (d, J = 12.0 Hz, 1H, PhCH,0), 4.68 (d, J = 12.0 Hz,
1H, PhCH,0), 4.85 (s, 2H, OCH,0), 4.95 (dd, / = 2.1, 9.8 Hz, 1H, H5a), 5.65(d, /=70
Hz, 1H, H2B), 6.39 (s, 1H, H10a), 7.30 (m, 5H, PhCH,), 7.49 (ut, J = 1.4, 8.2 Hz, 2H,
PhCOO -m), 7.61 (tt, /= 1.4, 7.2 Hz, 1H, PhCQO -p), 8.05 (dd, J = 1.2, 8.2 Hz, IH, PhCOQ
-0), IR (CHCl3) v 3600, 3050, 2975, 2880, 1750, 1730, 1460, 1379, 1250, 1100, 1020, 860
anl,

34 (P;=P|;=TES): 'H NMR (300 MHz, CDCl;) § 0.57 (q, / = 7.7 Hz, 6H, TES CH,), 0.67
(q, J =7.7 Hz, TES CH,), 0.92 (t, J =7.7 Hz, 9H, TES CHjy), 1.01 (t, J = 7.7 Hz, 9H, TES -
CH,), L.11 (s, 3H, CH; 17), 1.19 (s, 3H, CH;4 '19), 1.61 (s, 1H, OH1), 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, / = 7.6, 14.9 Hz, 1H. Hl4a), 2.28 (s, 3H, QAcq),
2.51 (ddd, J = 6.9, 9.6, 14.3 Hz, 1H, H6a), 3.82(d, J =7.2 Hz, 1H, H3x), 4.14 (d, J = 8.3
Hz, 1H, H20B), 4.30 (d, J = 8.3 Hz, 1H, H20a), 4.48 (dd, J = 6.6, 10.4 Hz, 1H, H7w), 4.92
(dd, J = 7.7, 8.8 Hz, 1H, H5q), 4.96 (d, / =8.2 Hz, 1H, HI13B), 5.63 (d, J = 6.6 Hz, 1H,
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H2a), 6.47 (s, 1H, H10a), 7.47 (t, J = 7.1 Hz, 2H, PhCOO -m), 7.60 (¢, / = 7.1 Hz, PhCOO
-p), 8.10 (d, 7 = 7.1 Hz, PhC0OO0 -0).

Diol 35. A soludon of 34 (P; = BOM, P, = TBS) (16.3 mg, 0.0199 mmol) in THF (0.5 mL)
was added to cris(diemylamino)sulfoniumdiﬂqorouimcthylsilica:c (TASF) (37 mg, 0.134 mmale)
at room temperature under nirogen aunosphérc. The soluton was stirred for 40 min, diluted with
ethyl acetate, poured into 20 mL of a saturated aqueous NaHCO4 solution and extacted with
CHCl;3 (30 mL x 3). The combined organic phase was dried over anhydrous Na,SO, and
concenmated under reduced pressure (o 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 BII (3 5). |
35 (P;=BOM) mp. 224-225°C, 'H NMR (500 MHz, CDCly), 8 1.08 (s, 3H, CH,4 17), 1.18 (s,
3H, CHj; 16), 1.61 (s, 1H, OHI), 1.77 (5, 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 (d, J = 1.5 Hz, 3H, CH, 18), 2.20 (s, 3H, Ac0),
2.28 (s, 3H, AcQ), 2.27-2.29 (m, 2H, H14), 2.89 (ddd, J =7, 10, 16.5 Hz, 1H, Héa), 3.94 (d,
J=7Hz, 1H, H3), 4.16 (dd, J = 1, 8.5 Hz, 1H, H20p), 4.24 (dd, /= 6.5, 10.5 Hz, 1H, H7),
4.31 (d, /= 8 Hz, IH, H20a), 4.45 (d, /= 12.0 Hz, 1H, OCH,Ph), 4.67 (d, / = 12.0 Hz, 1H,
OCH;Ph), 4.84 (d, /= 5 Hz, 1H, OCH,0), 4.86 (d, 7 = 5 Hz, 1H, OCH,0), 4.87 (m, 1H,
HI3B), 4.95 (dd, J = 2.0, 9.5 Hz, 1H, H5a), 5.63 (d, J = 7 Hz, 1H, H2B), 6.40 (s, 1H,
HI10a), 7.30 (m, SH, PhCH,), 7.48 (m, 2H, PhCOO -m), 7.61 (m, 1H, PhCOQ -p), 8.10 (2H,
~.m, PhCOO -0). 13C NMR (CDCl;) 5 (ppm) 10.3, 14.9, 20.0, 20.7, 22.4, 26.6, 35.3, 38.4,
- 42.7, 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, 138.0, 144.4, 167.3, 169.8, 171.0, 203.0.
IR (CHCl3) v 1720, 1460 cm-l. Anal. Caled. for C49H40:4: 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 mmol) in 0.25 mL of
THF at -45 C was added dropwise 21 uL of a 1.03 M solutiaon of lithium bis(aimethylsilyl)amide
in THF. After th at -45 'C, a solution of (S)-cis-1-benzoyl-3-miethylsilyloxy-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 was
warmed to 0 C and kept at that temperature for 1 h before 0.2 mL of a 10% solution of AcOH in
THF was added. The mixture was pa_niti_oncd between saturated aqueous NaHCO3 and 60% ethyl
acetate / hexane. Evaporation of the organic layer gave a residue which was purified by filtration
through silica gel to give 20.2 mg of crude (2'3,3'5)-2’-tricthylsilyl-?-BOM taxol. _

To a solurion of 20.2 mg (0.018 mmol) of (2'R,3'S)-2'-triethylsilyl-7-BOM taxol in 0.8 mL of
acetonitrile and 0.3 mL of pyridine 2t 0 "C was added 0.10 mL of 48% aqueous HF. The mixture
was stirred ét 0°Cfor1hand then partitioned between saturated aqueous sodium bicarbonate and
ethyl acetate. Evaporation of the ethyl acetate 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) 3§ 8.11 (d, J = 7.1 Hz,2H,
benzoate ortho), 7.76 (d, J=7.1 Hz,1H, benzamide ortho ), 7.61-7.26 (m, 11 H, aromatic),
7.06(d, J = 8.8 Hz, 1H, NH), 6.33 (s, IH, HI0), 6.17 (dd, J = 8.8, 8.8 Hz, lH, H13), 5.79
(dd, J = 8.8, 2.2 Hz, 1H, H3", 5.67 (4, J = 6.6 Hz, 1H, H2b), 4.91 (d, J=8.8 Hz1H, HS),
;.87-4.77(m, 3H, H2', OCH2Ph),4.67(d, J=12 Hz, OCH20) 4.43(d, J=12 Hz, OCH20), 4.30
(d, /= 8.2 Hz, 1H, H20a), 4.19 (d, / = 8.2 Hz, IH, H20b), 4.15 (m, IH, H7), 3.70 (d, / = 6.6
Hz, 1H, H3), 3.61 (d, /= 2.5 Hz, 1K, 2'0OH), 2.85 (m, 1H, H6a), 2.35 (s, 3H, 4Ac), 2.30 (m,
2H, H14), 2.19 (s, 3H, 10Ac), 2.05 (m, IH, H6b), 1.78 (br s, 6H, Mel18,Me19), 1.72 (s, IH,
10H), 1.19 (br 5, 6H, Mel6, Mel17). Anal. Caled. for C535H590,5x0.5H,0: C, 67.20; H, 6.15.
Found C, 67.08; H, 6.16.

Taxol. To a suspension of 10% I"d on carbon (50 mg) in ethanol (0.6 mL) saturated with
hydrogen at room temperature was added a soluton 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 authentic 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, CH4 19), 1.75 (s, IH, OH1), 1.79 (s, 3H, CH, 18), 1.90 (ddd, J= 14.6,
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11.0, 2.3 Hz, 1 H, H6B), 2.26 (s, 3H, AcO10), 2.33 (dd, J =15.4, 8.9 Hz, 1H, H14p), 2.38
(dd, 7 =154, 8.9 Hz, 1H, Hlda), 2.41 (s, 3H, AcO4), 2.46 (d, J =4.1 Hz, 1H, OHT), 2.57
(ddd, 7=10.0,14.6,65 Hz, 1H, Héa), 3.54 (d, J=5.0 Hz, 1H, OH2’), 3.82 (d.J=6.9 Hz, IH,
Hi), 4.22 (d, J=8.5 Hz, 1 H, H20a), 4.32 (d, J=8.5 Hz, | H, H20B), 4.42 (ddd, J=11.0,
6.5, 4.1 Hz, | H, HTa), 4.81 (dd, J= 5.0, 2.5 Hz, | H, H2"), 4.96 (dd, /=100, 2.3 Hz, 1H,
HSQ), 5.69 (d /=69 Hz, 1 H, H2PB), 5.81 (dd, J=8.7, 2.5 Hz, 1 H, H3"), 6.25 (dd, /=8.9,
8.9 Hz, 1 H, H13B), 6.29 (s, 1H, H 10cx), 6.98 (d, J = 8.7 Hz, 1H, NH),7.37 (m, 1H, PHCON
-p), 7.46 (m, 9 H, Ph 3'; PhCOO 2' -m, PACON -m), 7.62 (m, 1H, PhCOO -p), 7.76 (br d, J
=8.7 Hz, 1H, PhCON -0), 8.16 (br d, J=7.3 Hz, 1 H, PhCOO -0). IR (CHCl3) v 1730, 1650

o,

10-Deacertyl baccadn I (3 6). To a mixmure of ketone 3 3 (P; = MQOP, Pl 3 =TES) (2.2 mg, 0. 003
mmol) in pyridine (30 pL, 0.36 mmotl) and acetoniwile (20 uL) at 0 *C was added 48% aqueous
HF (12 11,032 ;nmol) and the solution was then warmed to room temperature and sﬁrr:d 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 agueous saturated Na,CO4 and 20 mL ethyl acetate. The aqueous
layer was extracted twice with 20 mL of ethy! acetate and the organic layers were combined, dried
with Na2,S0,, filtered, and concentrated to give 2.7 mg of a yellow oil. The material was éuriﬁcd
by plug silica gel column chromatography by eluting with a 50% ethy! acetate/hexanes mixrure
followed by ethyl acetate to give 1.5 mg of 3 6, which exhibited spectra identical with an authentic
sample of 10-DAB.

Baccatin I (37). To a mixmure of ketone 34 (P; = MOP) (2.1 mg, 0.003 mmol) in pyridine (30
pL, 0.36 mmol) and acetonitile (20 uL) 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 2 separatory funael containing 30 mL of
aqueous saturated Na;CO; and 20 mL cthyl acetate. The aqueous layer was exmracted twice with
20 mL of ethyl acetate and the organic layers were combined, dried with Na,SQy, filtered, and

concentrated o 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 acetate/hexanes mixture to give 1.7 mg of 37, which

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

| REACTION SCHEME A’
Hydroxyketone 19. To a'vigorously stirred -solution of kctoxjc 18 (P;=MOP) (181 mg, 0.265
mmol) in THF (2.2 mL) under nitrogen 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 mixture was cooled to 40 *C and, after stirring 1 h, 2
mL of a saturated aqueous NaHCOj solution was added. The reaction mixture was diluted with 50
mL of 30% ethyl acetate in hexanes and washed with 20 mL of a saturated aqueous NatHCO,
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
give 210 mg of a colorless oil. This material was purified by radial chromatography, eluting with
25% cthyl acetate in hexanes to yield 150 mg (81%) 5B-hydroxyketone 19 as a white solid, 15 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 CHjy),
0.62 (q, J = 8.2 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Buj. 0.96 (t, J = 8.2 Hz, 9H, TES
CH;), 1.05 (s, 3H, CH4 19), 1.19 (s, 3H, CH; 17), 1.33 (s, 3H, CH; 16), 1.35 (s, 3H, MOP
CH,), 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, 15.1 Hz, 1H, Hlda), 2.14 (d, / = 1.4 Hz, 3H, CH; 18), 2.23 (dd, / = 7.3,
14.7 Hz, 1H, H%), 2.55 (dd, /= 9.2, 15.1 Hz, IH, H14B), 2.76 (ddd, /= 3.7, 7.3, 13.7 Hz,
H, H6a), 3.22 (s, 3H, MOP OCH,), 3.24 (d, /= 4.1 Hz, 1H, OHS), 3.28 (d, /= 6.0 Hz, 1H,
H3a), 3.83 (dd, 7 = 3.7, 9.2 Hz, 1H, H7a), 4.06 (ddd, J= 4.1, 7.3, 7.3 Hz, 1H, H5a), 4.46
(dd, 7= 5.0, 7.3 Hz, 1H, B10B), 4.53 (d, / = 6.0 Hz, 1H, H2[3), 4.63 (dd, J = 2.8, 9.2 Hz, IH,
H13B).

Ketone 20. Toa \;igorcusly stirred solution of 5-hydroxy-4-ketone 19 (P,=MOP) (420 mg,
0.602 mmol) in CH,Cl, (20 mL) and triethyiamine (1.18 mL, 8.5 mmol) under nirogen at O °C

This Sheet Has Been Replaced

AW

QURQTITIITE SHERT M F 2R)




WO 95/03265 PCT/US4/08350
5

9l

was added mimethylsilyichloride (0.40 mL, 3.3 mmol). After 0.5 h, the reaction mixture was
quenched with 5 mlL of a saturated aqueous NaHCO; solution and exmracted with 50 mL CHCL,,
The organic phase was washed with.brine, dried aver anhydrous Na2,S0, and concentrated under
reduced pressure to give 453 mg (98%) of ketone 20 as a colorless oil. This material was used
without further purification.

20 (P;=MOP): !H NMR (500 MHz, CDCI;) 8 0.11 (s, 6H, TBS CHj), 0.12 (s, 9H, T™MS
CH,), 0.59 (g, J/ = 7.8 Hz, 6H, TES CHy), 0.94 (5, 9H, TBS t-Bu), 0.96 (t, / = 7.8 Hz, 9H,
TES CHy), 1.23 (s, 3H, CHy 17), 1.32 (s, 3H, CH; 19), 1.33 (s, SH, MOP CHj;), 1.35 (s, 3H,
CH; 16), 1.37 (s, 3H, MOP CH,), 1.86 (m, 3H, H6pB, H9¢, H9f). 2.05 (d, / = 1.4 Hz, 3H,
CH; 18), 243 (d, J = 3.7 Hz, 1H, HI4[3).- 245 (d,J =4.6 Hz, 1H, .H14a), 2.59 (ddd, J = -
6.0, 8.2, 14.2 Hz, 1H, Héa), 2.84 (d, / = 6.0 Hz, 1H, H3a), 3.21 (s, 3H, MOP OMe), 3.51
(dd, J = 6.0, 11.0 Hz, 1H, H7«), 3.94 (dd, J = 4.1, 8.2 Hz, 1H, H5a), 4.38 (dd, J = 5.0, 8.7
Hz, 1H, H108), 4.54 (d, / = 6.0 Hz, 1H, H2B), 4.74 (dd, J = 6.4, 6.4 Hz, 1H, H13p).

Diol 21. To a stirred solution of ketane 2 § (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 cther
(5.85 mmot). The reaction mixture was stirred for 5.5 h, poured into 100 mL of a saturated
aqueous NaHCO; solution and exwmacted with thres 100 mL portions of CHCl;. The combined
organic phases were dried over anhydrous N2,S0O, and concentrated under reduced pressure to
yield 453 mg of the hydroxy mrimethylsilyl ether as a colorless oil. This material was used without -
further purification.
To a stirred solution of the trimethylsilyl ether (453 mg) in pyridine (8 mL) and acézonitrilf:: (8 mL)
at 0 "C was added 0.3 mL of a 43% aqueous HF solution. After stirring 20 min, the resulting
mixture was poured into 100 mL of a saturated aqueous NaFICO5 solution and exmracted with three
150 mL portions of CHCl;. The combined organic layers were dried over anhydrous Na, SOy and
concenaated under reduced pressure to yield 422 mg of diol 2 1. This matcri:;:iscd without
further purification.
21 (P;=MOP): 'H NMR (300 MHz, CDCl,) § 0.08 (s. 3H. TBS CH,), 0.10 (s, 3H, TBS CH,).
0.56 (q, / = 7.7 Hz, 6H, TES CH,), 0.90 (s, 9H, TBS t-Bu), 0.93 (t, / = 7.7 Hz, 9H, TES
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CH,), 1.16 (s, 3H, CH, 17), 1.25 (s, 3H, CH, 16), 1.29 (s, 3H, CHy 19), 131 (s, 3H, CH,
20, 1.38 (s, 3H, MOP CH,), 1.46 (s, 3, MOP CH,), 1.81 (4, / = 3.8 Hz, 1H, Hia), 1.86
(d, J =9.9 Hz, 1H, HOP), 1.90 (dd, J = 6.1, 8.3 Hz, 1H, H9w), 1.96 (s, 3H, CH, 18), 2.12
(ddd, J = 3.3, 3.3, 10.4 Hz, 1H, Héa), 2.30 (m, 1H, H6P), 2.42 (dd, J = 3.9, 15.4 Hz, 1H,
Hlda), 2.61 (dd, J = 9.3, 15.4 Hz, 1H, HI4p), 2.81 (s, 1H, OH4), 3.04 (m, 1H, OHS), 3.40
(dd, J =139, 15.8 Hz, 1H, Hla), 4.28 (dd, J = 6.6, 8.2 Hz, 1H, HI0B), 4.62 (dd, 7 = 1.6,
7.8 Hz, 1H, HI3p), 4.66 (d, J = 3.8, 1H, H26).

Acetate 22, To a stirred solution of diol 2 1 (P;=MOP) (470 mg, b.66 mmo}) in pyridine (12 mL)

under nitrogen 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 aqueous phase was extacted with CHCl; then the combined extracts

were washed with brine, dried with Na,SO, and filtered. Concentration of the filrate under

vacuum yielded 470 mg (94% from 2 0) of crude material which was pure acetate 22 by IH NMR
and TL.C analysis.

22 (Ps=Ac, P;=MOP): 'H NMR (500MHz, CDCl;) 5 0.10 (s, 3H, TBS CHy), 0.13 (s, 3H,
TBS CH;), 0.59 (q, / = 7.8 Hz, 6H, TES CH,), 0.94 (s, 9H, TBS t-Bu), 0.95 (t, / = 7.8 He,
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 CH,), 1.41 (s, 3H, MOP CH3), 1.91 (d, /= 3.4 Hz, 1H, H3a), 1.94 (m,
2H, HY, H9), 2.00 (d, /= 1.5“Hz, 3H, CH; 18), 2.06 (ddd, J = 3.9, 3.9, 11.7 Hz, 1H, Héa),
2.10 (s, 3H, OAc), 2.14 (dd, J = 11.7, 239 Hz, 1H, H6B), 2.38 (dd, J = 3.9, 15.1 Hz, 1H,
Hl4a), 2.63 (dd, J = 9.3, 15.1 Hz, 1H, H140), 2.78 (d, /= 1.5 Hz, 1H, OH4), 3.20 (s, 3H,
OMe CH;), 3.38 (dd, /= 3.9, 11.7 Hz, 1H, H7a), 4.30 (dd, J = 4.9, 10.3 Hz, 1H, H10f), 4.50
(ddd, J = 1.5, 3.9, 12.2 Hz, 1H, H5q), 4.64 (dd, J = 1.5, 1.5 Hz, 1H, H130), 4.66 (d, J = 3.4
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 nizrogen at 10 *C was added SOCI,(0.037 mL,

5.1 mmol) over a period of three minutes. The mixwre was warmed to room temperature and
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stirred for 2.3 h then diluted with CHCl; and poured into saturated aqueous sodium bicarbonate
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solution. The aqueous phase was extracted with CHCl, and the combined extracts were washed
with brine, dried over anhydrous Na;SOy4 and filtered. Concentration of the filtrate under vacuum
yiclded 24 mg of crude material which was purified by silica gel chromatography to give 13 mg
(52%) of a 4:1 mixture of 7-MOQOP-exo;endo cyi:lic olefins and 6 mg (27%) of a 4:1 mixture of 7-
hydroxy-exo;endo cyclic olefins.

23 (Ps=Ac, P;=MOP): 'H NMR (500 MHz, CDCl,) § 0.10 (s, 3H, TBS CHj), 0.12 (s, 3H,
TBS CHj3), 0.59 (q, J=7.9, 6H, TES CH,), 0.93 (s, 9H, TBS t-Bu), 0.96 (t, /= 7.9, 9H, TES
CHj), 1.21 (s, 3H, CH; 17), 1.30 (s, 3H, CH; 19), 1.32 (s, 3H, MOP CHj), 1.34 (s, 3H, MOP
CHs), 1.37 (s, 3H, CHj 16), 1.72 (m, 2H, H6p, H9B), 1.89 (dd, J = 3.8, 13.4 Hz, 1H, HIB),
2.03 (d, J = 1.37 Hz, 3H, CHj 18), 2.05 (s, 3H, OAc CH;), 2.33 (dd, J = 5.1, 15.4 Hz, 1H,
Hlda), 2.47 (m, 2H, H6a, H14B), 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, H7a), 4.37 (dd, J = 3.3, 11.0 Hz, 1H, H10B), 4.53 (d, J = 5.8
Hz, 1H, H2), 4.74 (m, 1H, H13p), 5.15 (s, 1H, H20E), 5.21 d, 7 = 1.37 Hz, 1H, H202),
5.36 (d, J= 9.3 Hz, 1H, H3a).

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 5.35 mL
of 2 0.157 M solution (0.368 mmol) of OsO, in THF. After 1 h, NaHSO5 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 acetate and poured into saturated aqueous sodium bicarbonate. The aqueous
layer was extracted with ethyl acetate and the combined extracts were washed with brine, dried
over anhydrous Na,SO4 and concentrated under reduced pressure to yield 281 mg of crude
material which was purified by silica gel chromatography, eluting with 50% ethyl acetate/hexane to
yield 190 mg (73%) of pure diol 24 and 48 mg (19%) of the enol acetate.

24 (Ps=Ac, P,=MOP): 'H NMR (500 MHz, CDCly) § 0.10 (s, 3H, TBS CH,), 0.11 (s, 3H,
TBS CHjy), 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, J = 7.8 Hz, 9H, TES CHj), 1.20 (s, 3H, CH; 17), 1.31 (s, 3H, CH; 16), 1.33 (s,
3H, MOP CH,), 1.47 (s, 3H, MOP CH;)1.54 (dd, J = 12.3, 25.0 Hz, 1H, H6P), 1.63 (dd, J =
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5.5, 15.1 Hz, 1H, H9B), 2.05 (s, 3H, OAc), 2.15 (s, 3H, CH, 18), 2.26 (m, 2H, H9a, OH20)
2.37 (dd, J = 9.2, 14.7 Hz, 1H, H14f), 2.46 (ddd, J = 4.8, 4.8, 13.4 Hz, 1H, Héc), 2.69 (d, J
= 4.5 Hz, 1H, H3a), 3.18 (s, 3H, MOP CHj;), 3.28 (dd, J = 3.8, 14.7 Hz, 1H, Hl4a), 3.76
(dd, J = 4.0, 11.6 Hz, 1H, H7a), 3.84 (m, 2H, H20, H20), 3.95 (s, 1H, OH4), 4.42 (dd, J =
51,58 Hz,. 1H, H10B), 4.44 (d, J= 4.1 Hz, 1H, H2p), 4.63 (dd, J = 4.1, 12.3 Hz, 1H, H5a),
4.67 (dd, /= 4.1, 9.2 Hz, 1H, HI13p).

24 (P,=BOM): 'H NMR (300 MHz, CDCl;) 3 0.9 (s, 3H, TBS CHj), 0.10 (s, 3H, TBS CHjy),
0.58 (q, J =7.9Hz, 2H, TES CH,), 0.83 (s, 3H, CH; 19), 0.9Z (s, 9H, TBS t-Bu), 0.93(t, J =
7.9 Hz, TES CHj), 1.20 (s, 3H, CH;y 17), 1.33 (s, 3H, CH; 16), 1.58 (q, J = 13.2Hz, 1H,
H6B), 1.71 (dd, J = 10.4, 5.5 Hz, HIB), 2.04(s, 3H, OAc), 2.17 ( br s, 3H, CH; 18), 2.20 (dd,
J = 104, 3.8 Hz, 1H, H9a), 2.35 (dd, J = 14.8, 9.1 Hz, 1H, H14B), 2.43 (dt, /= 13.2, 5.0
Hz, 1H, Béa), 2.80 (d, J = 4.6 Hz, 1H, H3a), 3.31 (dd, J = 4.4, 14.8 Hz, 1H, Hl4a), 3.71
(dd, 7 = 4.9, 13.0 Hz, 1H, H7a), 3.83 (m, 2H, H20), 3.98(s, 1H, OH1), 4.46(d, J = 4.8 Hz,
1H, H2B), 4.48 (m, 1H, H108), 4.51(d, J = 12.1 Hz, 1H, PhCH;0), 4.64 (dd, J = 13.2, 5.0
Hz, 1H, H5a), 4.66 (m, 1H, H13B), 4.70 (d, J = 12.1 Hz, 1H, PhCH,0), 4.83 (d, /= 7.1 Hz,
1H, OCH,0), 4.94 (d, /=7.1 Hz, 1H, OCH,0), 7.33(m, 5H, Ph).

94

Triol 25. To a stirred solution of acetoxydiol 24 (Ps=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 a 0.166 M (0.01
mmol) methanolic'éoluﬁon of sodium methoxide. After 2.5 h, the reaction mixture was diluted
with 10 mL of ethyl acetate, then poured into 10 mL of 2 saturated aqueous NaHCO; solution.
The organic phase was washed with 10 mL of a saturated aqueous NaHCO5 solution, dried over
anhydrous Na,SO,4 and concentrated under reduced pressure to give 25 mg of pure triol 25
(100%).

25 (P;=MOP): 'H NMR (500 MHz, CDCl3) 8 0.10 (s, 3H, TBS CH,), 0.11 (s, 3H, TBS CH,),
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, J
= 8.1 Hz, 9H, TES CHj), 1.19 (s, 3H, CH, 17), 1.31 (s, 3H, CHj 16), 1.33 (s, 3H, MOP
CH;), 1.47 (s, 3H, MOP CH,), 1.59 (dd, J = 11.7, 11.7 HZ, 1H, H6B), 1.62 (dd, J= 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, H9«), 2.38
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(dd, J=9.5, 15.0 Hz, 1H, H14p), 2.45 (ddd, /= 4.4, 4.4, 13.6 Hz, 1H, H6a), 2.60 (d, /= 4.4
Hz, 1H, H3 d), 3.21 (s, 3H, MOP OMe), 3.25 (dd, J = 4.4, 15.0 Hz, 1H, Hl4a), 3.52 (dd, /=
4.4, 12.8 Hz, 1H, H7a), 3.72 (dd,"/ = 4.4, 11.4 Hz, 1H, H5a), 3.79 (s, 1H, OH4), 3.86 (d, J
= 11.0, 1H, H20), 3.93 (d, /= 11.4 Hz, 1H, H20), 442 (dd, /= 5.1, 5.1 Hz, 1H, HI0B), 4.45
(d, J=4.4 Hz, 1H, H2f), 4.66 (dd, / = 4.0, 9.2 Hz, 1H, HI13B).
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p-Methoxybenzylidene acetal 25b:  To a solution of the diol 24 (Ps=Ac, P;=BOM) (6.5 mg,
0.0079 mmol) and anisaldehyde dimethyl acetal (0.013 mi, 0.076 mmol)} stirred in CH,Cl; was
added a solution of p-toluenesulfonic acid (0.002 ml, 0.1M in THF, 0.0002 mmol). The rcsulti:ig
solution was stirred at room temperature for 15 min then triethylamine (0.1 mi) was added and
stirring was continued for 10 min. The mixture was rinsed into 30% ethyl acetate in hexanes (15
mi) then the aqueous phase was extracted with 30% ethyl acetate in hexanes (2 x 5 ml): The
combined cxtra-cts were washed with brine, dried over Na,SO,, and filtered. Concentration 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 of
diasteromers.
25b (Ps=Ac, P;=BOM, major diasteromer): 'H NMR (500 MHz, CDCl;) § -0.05 (s, 3H, TBS
CHj), 0.07 (s, 3H, TBS CHjy), 0.60 (g, J = 7.9Hz, 2H, TES CH,), 0.78 (s, 3H, CH; 19) 0.82
(s, 9H, TBS t-Bu), 0.95(t, /=7.9 Hz, TES CHy), 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, HIB), 1.74 (s, 3H, OAc), 2.26 (s, 3H, CH, 18),
2.28 (dd, /= 16.8, 1.4 Hz, 1H, HO9a), 2.38 (dd, J/ = 15.1, 9.7 Hz, 1H, H14p), 2.57 (dt, J =
5.1, 9.9 Hz, 1H, Héa) 3.10 (dd, J = 5.1, 14.7 Hz, 1H, Hlda), 3.11 (d, / = 4.8 Hz, 1H,
H3a), 3.79 (s, 3H, OCH,), 3.84 (dd, / = 5.0, 11.5 Hz, 1H, H7w), 4.15 (d, / = 8.2 Hz, lH,
H20), 4.20 (d, / = 8.2 Hz, 1H, H20), 4.48(d, / = 12.0 Hz, 1H, OCH,Ph), 4.55 (d, J = 4.8 Hz,
~1H, H2f), 4.57 (m, 1H, HI0B), 4.71 (d, J = 12.0 Hz, 1H, OCH,Ph), 4.73 (m, 1H, H13B),
4.78 (dd, /= 12.4, 4.9 Hz, 1H, Hja), 4.84 (d, / = 6.7 Hz, 1H, OCH,0), 4.99 (d, J = 6.7 Hz,
1H, OCH,0), 6.05 (s, 1H, acetal CH), 6.80 (d, J = 7.5 Hz, 2H, p-MeQPh -0), 7.27-7.36 (m,
7H, 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 toluene stirred at 0 *C was added a solution of diisobutylaluminum
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hydride (0.082 ml, 2.0M in roluene, 0.12 mmol). The resulting solution was stirred for 3.5 h then
methanol (0.1 ml) was added. The mixture was diluted with ethyi acetate (5 mi) and stirred with
saturated aqueous sodium porassium tartrate for 1.5 hours. The aqueous phase was separated and
extracted with ethyl acetate (2 x 10 mi) then the combined extracts were washed with brine and
dried with Na,5Q,. Filrration followed by concentration of the filtrate under vacuum yieided 12
mg of crude material ghnt was puﬁﬁcd by silica gel chromatography (30% ethyl acetate in hexanes
cluent) to yield 4.7 mg of a mixwre of formate acetals, 1.1 mg of 4-MPM-1,2,5,20-tetraol, and
3.2 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 temperature for 30 min then rinsed into ethyi
acetate over samrated aqueous NaHCQ,. The aqueous phase was extracted with ethyl acetate (2 x
10 ml) and the combined extracts we;rc washed with brine, dried over Na,SO,, and filtered.
Concentration of the filtrate under vacuum yielded a mixture of p-methoxybenzylidene acetals. Th‘e
mixture of acetals was dissolved in toluene (0.4 mi) and the solution was cooled to 0 *C then 2
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 ml) was added. The mixture was
diluted with ethyl acetate (5 ml) and stirred with saturated aqueous sodium potassium tartrate for
1.5 hours. The aqucéus phase was separated and exmracted with ethyl acetate (2 x 10 ml) and the
combined extracts were washed with brine and dried over Na,SO4. Filtration followed by
concentration of the filtrate under vacuum yielded 4.5 mg of crude material that was purified by
silica gel éhroma;ography (30% ethyl acetate in hexanes eluent) to yield 2.8 mg of 4-MPM-
1,2,5,20-tetraol.
The mixmure of formate p-methoxybenzy! ethers was dissolved in methanol (0.1ml) and 3%
aqueous NH4OH (0.1ml) was added. The cloudy mixmure was stirred at room temperature for 30
minutes then rinsed into ethyl acetate over saturated aqueous NaHCO;. ’fhe aqueous phase was

extracted with ethyl acetate (2 x 10ml) and the combined extracts were washed with brine, dried
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over Na,S0O,, and filtered. Concentration of the filtrate under vacuum yielded 4.8mg of crude
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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-tetraol: 68% from 25b. |
4-MPM-1,2,520-tetracl : 1H NMR (500 MHz, CDCly) § 0.13 (s, 3, TBS CH,), 0.06 (s, 3H,
TBS CH,), 0.60 (q, / = 8.0Hz, 2H, TES CH,), 0.89 (s, 9H, TBS t-Bu), 0.95(t, J = 8.0 Hz,
TES CH,), 0.97 (s, 3H, CH; 19), 1.22 (s, 3H, CH; 17), 1.30 (s, 3H, CHj 16), 1.83 (dd,J =
16.8,5.8 Hz, H9a), 1.91 (q, /= 12.4 Hz, 1H, H6B), 2.12 (m, 2H, H9a and 14f), 2.18 (s, 3H,
CHj, 18), 2.55 (m, 2H, H14p and 6a), 2.79 (d, J = 5.3 Hz, 1H, H3a), 2.95 (d, J = 3.0 Hz, 1H,
OHS5), 3.54 (m, 1H, QH20), 3.66(dd, J/ = 10.3, 5.3 Hz, 1H, H2B), 3.81 (s, 3H, OCHj), 3.85
(dd, J = 5.2, 11.6 Hz, 1H, H7a), 3.91 (dt, J = 5.9, 12.4, 1H, I:ISG), 4.18 (s, 1H, OH1), 4.13
(d, J = 13 Hz, 1H, H20), 4.20 (dd, J = 7.22, 12.9 Hz, H, H20), 447 (d, J = 11.8 Hz, 1H,
CCH,Ph), 4.58 (m, 1H, H10B), 4.79 (d, J = 11.8 Hz, 1H, OCH,Ph), 4.835 (m, 1H, H13p),
4.37 (d, /= 6.8 Hz, 1H, OCH,0), 5.01 (d, / = 10.6 Hz, IH, MPM CH,), 5.10 (d, /= 6.8 Hz,
1H, OCH,0), 5.1 1(d, /= 10.6 Hz, 1H, MPM CH,), 5.49(d, J = 10.5 Hz, 1H, OH2), 6.87 (4,
.J=38.7 Hz, 2H), 7.30 (d, / = 8.7 Hz, 2H, p-MeQPh -0), 7.27-7.36 (m, 5H, p-MeOPh -m and Ph
CHy).
To a solution of the 4-MPM-1,2,5,20-terraol (2.0 mg, 0.0023 mmol) stirred in 0.2 ml of CH,Cl,
and 0.02 ml of 2,2-dimethoxypropane at 0 °C was added a solution of p-toluenesuifonic acid
(0.002 mi, 0.IM in THF, 0.0002 mmol). The resuiting solution was stirred for 20 min then
triethylamnine (0.1 ml) was added aad stirring was continued for 10 min. The mixture was rinsed
into ethyl acetate (10 mi) over saturated aqueous NaHCO; then the aqueous phase was extracted
with ethyl acetate (2 x 5 ml). The combined extracts were washed with brine, dried with Na,SQ,,
and filtered. Concentration of the filtrate under vacuum yielded 2.1 mg of crude material which
was purified by silica gel chromatography to yield 1.1 mg of acetonide 26b.
26b (P590=C(CHj),;, P;=BOM): 'H NMR (500 MHz, CDCl;) &~ 0.073 (s, 3H, TBS CHjy),
0.008 (s, 3H, TBS CHj), 0.60 (q, /= 7.9Hz, 6H, TES CH,), 0.79 (s, 9H, TBS t-Bu), 0.95(,
J=7.9 Hz, 9H, TES CHy), 1.10 (s, 3H, CH; 19), 1.25 (s, 3H, CH;4 17), 1.34 (s, 3H, CH; 16),
1.41 (s, 3H, CH, acctonide), 1.46 (s, 3H, CH, accronide), 1.88 (dd, / = 16.7,5.5 Hz, H9§),
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. 1H,
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HOa), 2.42 (dd, J = 14.3,7.2 Hz, 1H, Hl4a), 2.61 (d, J = 5.1 Hz, 1H, Hia), 2.62 (m, 1H,
H6B), 3.71 (dd, J = 11.3, 5.1Hz, 1H, H2B), 3.75 (dd, J = 5.0, 11.3 Hz, 1H, H7a), 3.80 (s,
3H, OCHy), 3.99 (dd, J =12.0, 6.2 Hz, 1H, H5e), 401 (d, J = 14.2 Hz, 1H, H20), 4.17 (s,
1H, OHI), 4.4 (d, J = 14.2 Hz, 1H, H20), 4.47 (4, J = 11.6 Hz, 1H, OCH,Ph), 4.58 (m, 1H,
H10B), 4.80 (d, J = 11.6 Hz, 1H, OCH,Ph), 4.84(d, J = 11.3 Hz, 1H, OH2), 4.85 (m, 1H,
H13p), 4.88 (d, / = 10.3 Hz, 1H, OCH,0), 4.89 (d, J = 6.8 Hz, 1H, MPM CH,), 5.00 (d, J =
10.3.Hz, 1H, OCH,Ph), 5.10 (d, J = 6.8 Hz, 1H, MPM CH,), 6.85 (d, J = 8.9 Hz, 2H, p-
MOPh -0), 7.27 (d, / = 8.9 Hz, 2H, p-MeOPh -m), 7.27-7.36 (m, 5H, PhCHj).

98

Diolcarbonate 27b: To a solution of the diol 26b (P555=C(CHs),, 'P7=BOM) (I.lmg)in 0.2 mL
of CH,Cl; and 0.02 mL of pyridine stirred at -78 °C was added a solution of phosgene (0.010
mL, 2M in toluene, 0.02 mmol). The resulting solution was stirred at -78 *C for 10 min then
warmed to 0 °C for 3 h. The mixture was diluted with 30% ethyl acetate in hexanes (5 mL) then
poured into 30% ethyl acetate in hexanes (10 mL) over saturated aqueous NaHCO3. The aqueous
phase was extracted with 30% ethyl acetate in hexanes (2 x 5 mL) then the combined extracts were
washed with brine, dried with Na,SOy, and filtered. Concentration of the filtrate under vacuum
yiclded 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 ml of THF and 0.05 mL of methanol was added a
solution of pyridinium tosylate (0.005 mi, 0.1M in CH2C1§). The mixture was stirred at room
tempcn;mrc for 24 h and partitioned between saturated sodium bicarbonate and ethyl acetate. The
cthyl acetate layer was dried over sodium sulfate and evaporated to give 0.9 mg of diol 27b.

27b (P;=BOM): 'H NMR (500 MHz, CDCl;) §-0.24 (s, 3H, TBS CH,), -0.038 (s, 3H, TBS
CH;), 0.58 (q, J = 8.1Hz, 6H, TES CH,), 0.84 (s, 9H, TBS t-Bu), 0.93(t, / = 8.1 Hz, 9H, TES
CH,),1.14 (s, 3H, CH; 19), 1.19 (s, 3H, CH; 17), 1.34 (s, 3H, CH; 16), 1.88 (brd, /=17
Hz, H9f), 2.00 (br q, / = 12 Hz, 1H, Hé6B), 2.08 (d, / = 1.4 Hz, BH, CHj; 18), 2.2 (m, 2H,
H9a and 14f), 2.35 (brs, 1H, H3w), 2.39 (dt, / = 4.8, 13 Hz, Héax), 2.74 (br s, 1H, 20 OH),
2.87 (dd, J = 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 (brm, 1H, H5), 4.37 (dd, J = 13.0, 5.8 Hz, 1H,
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H20), 4.39 (dd, J = 4.8, 5.8 Hz, 1H, H10p), 4.47 (m, 2H, H20 and 2p), 4.59 (4, /= 11.6 Hz,
1H, OCH,Ph), 4.63 (br m, 1H, H13B), 4.71 (d, J = 11.6 Hz, 1H, OCH,Ph), 4.88 (d, J = 7.2
Hz, 1H, OCH,0),4.91 (d, J = 7.2 Hz, 1H, OCH,0), 4.93 (m, 2H, MPM CHy,), 6.84 (d, /= 8.6
Hz, 2H, p-MeOPh -0), 7.23 (d, J = 8.6 Hz, 2H, p-MeOPh -m), 7.27-7.36 (m, 5H, Ph CH,).
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Mesylate 28b. To a stirred solution of diol 27-b (0.9 mg) in pyridine (0.6 mL) under niogen at
0° C was added dropwise methanesulfonyl chloride (0.02 mL). After 12 h, a saturated aqueous
NaHCO; solution (0.05 mL) was added. The mixture was strirred 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, z;nd concentrated under reduced

pressure to give 1 mg of 28b as a colorless oil.

Oxetane 29. To a stirred solution of mesylate 28b (1 mg) in toluene (0.4 mL) under nirogen at
room temperature v-vas added diisopropyl ethylamine (0.008 mL). The solution was refluxed for
3.5.h, cooled to room temperature, poured into 20 mL of a saturared aqueous NaHCO, solution
and extracted with ethyl acetate (20 mL x 3). The combined organic phase was dried over
anhydrous Na,SQy, and concentrared under reduced pressure to give 1.5 mg of a pale yellow oil.
The oil was column chromatographed (30% ethyl acstate/hexane) to yield I mg of MPM oxetane.
- This material was dissolved in 1 mL of methylene chioride, 0.1 mL of 0.1 M phosphate buffer and
1 mg of DDQ were added, and the mixture was stirred at ambient temperature for 2h. The mixture
was poured into 20 mL of a saturated aqueous NaHCO; solution and extracted with ethyl acctate
(20 mL x 3). The combined organic phase was dried over anhydrous Na,SO,, and concentrated
under reduced pressure to give 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 (S pL). The soiution was stirred for 15 h, diluted with ethyl acerate,
poured into 20 mL of a 10% aqueous CuSOy, solution and extracted with ethyl acetate (20 mL x 3).
The combined organic phase was washed with a saturated aqueous NaHCO solution, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give 2 mg of a pale yellow oil.

The oil was column chromatographed (25% ethyl acetate/hexane) to yield 0.6 mg of oxetane 29.
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In ¥iew of the above, it will be seen that the
several objects of the invention are achieved.

As various changes could be made in the above
compositions without departing from the scope of the
invention, it is intended that all matter contained in
the above description be interpreted as illustrative and
not in a limiting sense.
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1. 2n intermediate for use in the preparation

of a‘tricyclic or tetracyclic taxane having the formulea:

wherein
R, is hydrogen, hydroxy, protected hydroxy or
~OCORy,, Or together with R, is a carbonate;
R, 1s hydrogen, hvdroxy, protected hydroxy, oxo,
) or -OCORw, Or together with R, is a carbonate '
R; is hydrogen, hydroxy, protected hydroxy,
-0COR;;, or oxo;
Ry is hydrogen, alkyl, alkenvi, alkynyl, arvl or
heterocarvl;
Ry is hydrogen, hydroxy, protectsd hydroxy, oxo,
or -OCOR,;, or together with Ry, is a carbonate;
Ry is hydrogen, hydroxy, protescted hydroxy,
0X0, or -OCOR,y, or together with Ry 1s a carbonate;
R,; 1s hydrogen, hYdroxy, protected hydroxy,
~OCOR,;s or MO-;
Ry, Ryo, Ry, Ry;, Ry, and Rys ars independently
hydrogen, alkyi, alkenyl, alkyvnyl, alkoxy, arvlioxy,
~NX3X,,, -SX;;, monocyclic arvl or monocyclic heterocarvi;
X, is'hydrogen, alkyl, alkenyl, alkynyl, arvl,
or heteroarvi;
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2. An intermediate for use in the preparaticn
cf a tricyclic or tetracyclic taxane having the fermula:

wherein

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

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

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

R;y, 1s hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or -OCOR,,, or together with R, or R, is
& carbonate;

'Rk and R,y are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl or heteroaryl;

Ry is hydrogen, hydroxy, protected hydroxy, oxo,
or -OCOR;;, or together with Rn Or Ry is a carbonate;

Ry is hvdrogen, hydroxy, protected hydroxy,

OX0, or -OCOR,y, or together with R; is a carbonate;

R:; is hydrogen, hydroxv, protected hydroxy,
-OCOR;; or MO-;

Ras. Rior Ry Ry, Ry, Ry and Ry are
independently hYdrogen, alkyl, alkenyl, alkynyl, alkoxy,

AMENDED SHEET | ANEN N R
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arylexy, -N¥:.X.., -SX.., monocyclic aryl or monocyclic
25 heteroarvl;
X¥; is hycdrogen, alkyl, alkenyl, alkvnyl, aryl,

or heteroaryl;

This Shee
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heteroarvl; and

<D

M comprises ammonium or is a metal.

(#9)

3. An intermediate for use in the preparation
of a tricvclic or tetracvclic taxane having the formula:

wherein
5 R, is hydrogen, hydroxy, protected hydroxy or
' -OCOR;., or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxy, oOXo,
or -OCOR,., or together with R, is a carbonate;
R, is hydrogen, hydroxy, protected hydroxXy, or
10 -OCOR;: ; '
Ry, is hydrogen, alkyl, cyano, hydroxy,
protected hydroxy, or -OCORy4:
R,. is hvdrogen, alkyl, alkenyl, alkynyl, aryl
or heteroaryl;
15 ' R, is hydrogen, hydroxy, protected hydroxy, OXxo,
or -OCOR;;, or 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, hydroxy, protected hydroxy.
20 -OCOR,g; or MO-;

HII\III I\Il\l ||||I \\I\| |\ \Ill
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Rys: Ryo» Rair Ryye By, Ry, and Ry are independently
hyérogen, aikyl, alkenyl, aikyzyl, alkoxy, aryloxy, -
NXeXi10, -SXj0, Monocyclic axyl or monoczcl:." hetercaryl;
25 X, is hydrogen, alkyl, alkenyl, alkymvl, aryl, cc
hetercaryl;
X, is alkyl, alkenyl, alkynyl, aryl, cr hetercaryl;
and M comprises ammonium or is a metal. '

Y

4. An intermediata for use in the preparation of a
tricyclic or tetracyclic taxann having the formula:

This Sheet Has Been Rep

0N

whersin
S R is C, - Cy alkyl,
R, is hydrogen, hydroxy, protected hydroxy oz
-QCOR,, Or together with R. is a carbonate;
R; is hydrogen, hydrcxy. rrotected hydroxy, oxo, or
_ ~-OCOR,;, together with R, is a carbonate, or together with
10 Rw 1s a carbonate;
Ra 1s nydrogen, alkyl, hydrexy, protected hycéroxy.
or -QCOR,;, or together with R, is a carkonate;
R:, 1s hydroé'en, halogen, hydroxy, protected hydroxy,
-CR,3, or =-0OCOR;,, or together with R, is a carbonate;

is Ry, is hydrogsn, oxo, hydroxy, pretacted hydroxy,
-OR,q, or -0OCOF,,, or together with R,; or R.,, is a
carbonate;

awenoen seeet wrmcie o (T E) A LA
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R,, is K¥¢d-ogen, oxo, hydroxy, bPotected hviroxy,
-OR.s, Or -OCOR,,, C©r together with Ry, is a carbonate;
20 Ryy 1s hydrogen, hydroxy., protected hydroxy, -OCOR,e
¢r MO-;
R.,; is a functicnal group which increases the
sclubility of the taxans derivative;
Ry7, Ragr Rigr Ray, Ryzr Ry, 2nd R;s are independently
25 hydrogen, alkyl, alkenyl, -alkynyl, alkoxy, aryloxy, -
NXX.o. —SX, monocyclic axyl or monocyclic heterocaryl;
. X, 1s hydrogern, alkyl, alkenyl, alkynyl, aryl, or
hetercaryl;
X., is alkyl, alkenyl, alkynyl, aryl, cr heterocaryl:
30 ad M comprises ammonium or is a metal.

5. an intermediate for use in the preparation of a
tricyclic or tetracyclic taxane having the formula:

R 7a
This Sheet Hag Been Rep
e (A i
wherein
S R, is hydrcgen, Sroxy, protected hydroxy cr

-OCOR,,, Or together with R, is a carbonate;
R, 1s hydrcgen, hydrcxy, protectad hydroxy, oxc, or
-0OCOR;,, Or together with R, or R, is a carbonate;
P.. is hydrogen, alkyl, hydroxy, protected hydrexy,
10 or -CCOR,,, together with R, 1s an oxe, cr tocether with
=,

!

Ra. ©Or Ry is a carbornate;

AMENDED SHEET (ARTICLE 19)



CTUSS 4/ 08350

This Sheet Has Been Replaced 4 6 Fmg

ec'd POTT0 1TFEB190S

20

25

30

35

40

R,. is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryvl, or cvano, together with R,, is an oxo,

'
4

together with R,, ¢r R is & carbcnate, or together wi

b
(a]
-
o)

T
and the carbons to which they are attached form an
oxetane ring;

R: 1s hydrogen, hydroxy., protected hydroxy,
-OCOR;-, oxo, together 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 -OCOR;,, or together with Ry is a
carbonate;

R, is hydrogen, oxo, hydroxy, protected hydroxy.
-OR,3, or -OCOR,;;, or together with R,, or R,, is a
carbonate; '

R,y is hydrogen, oxo, hvdroxy, protected
hydroxy, -OR,;s, or -OCOR,,, or. together with Ry is a
carbonate; '

R;; is hydrogen, hydroxy, protected hvdroxy,
-OCOR,;, MO- or

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

Ra7, Ragr Rior Ry Ry, Ry Ry, and Ry, are
independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
aryloxy, -NXgX,,, -SX,,, monocyclic aryl or monocyclic
heteroaryl; ' '

X; is ~-0X;, -SX;, or -NXgX,;

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

N ) )
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X; and X, are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, or heteroaryl;

}‘:E iS "COX:G, 'COOXIC., -COSXIG, -CONX.EX-_W
Qor -~ SO:X:.: :

}—
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or -SC.X,:: :

X, is hydrogen, alkyl, alxenyl, alkynyl. arvyl,
hetercaryl, hydroxy protecting group, ¢r & functional
group waich increases the water sclubility of the taxans
derivative; |

X, is alkyl, alkenyl, alkynyl, aryl, hetsroaryl, cr
sul fhydryl protecting group;

X, is hydrogen, alkyi:, alkenyl, alkynyl, aryl, or
heteroaryl; )

X, is an amino prctecting group;

X,; is alkyl, alkenyl, alkynyl, aryl, or heteroazyl;

Xy is aikyl, alkanyl, alkynyl aryl, hetercaryl,
-QZ0., T -NXgX,,: )

X,, is hydrogen, alky., alkenyl, alkynyl, aryl, or
heterocaryl; and

M comprises armonium or is a metal.

§. A process for the preparation ¢f an intermediate
useful in the synthesis of a tricyclic or tetracyclic

taxane comprising reacting a compcound having the formula

OF4a

This Sheet Has Been Replaced

T

P, 50

with BrMgN({i?r),, an aldehyde (or ketone), followed kv

prcsgene and an alcchol te form a compound having the
Zormula:
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whereain

R, is hydrogen or protected hydroxy; R, is hydrogen
or protected hydroxy; ' |

Ry is oxc;

Rn, i3 hydrogen, alkyl, cyano, hydroxy., protected
hydrexy, or -QCOR,;

R,. and R;s; are independently hydrogen. alkyi,
alkenyl, alkymyl, aryl or hetercaryl;

R, 1s hydrogen, protected hydroxy, or oxc;

Ry is -OP;s;

Ry is -OPyy; :

Ky is hydrogern, alkyl, alkernyl, alkynyl, alkoxy,
aryloxy, -NX.,X,,, -SZ.,,, monocyclic aryl or monocyclic
hetercaryl; | '

X, is hydrogen, alkyl., alkenyl, alkynyl, aryl, or
hetaroaryl; |

Xy is alkyl, alkenyl, alkymyl, aryl, or heteroazrvi;
and '

Py and P., are hydroxy protecting groups.

7. A process for the preparation of an intermediate
useful irn the synthesis of a tricyclic or tetracycl:ic
taxane comprising reacting a corgound having the formula

AMENDED SHEET (ARTICLE 18)
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P 130HH|

5 with lithium tetramethylpiperidide to form a cempound
haviang the formula:

P, ;0unt
wherein
R, is hydrogen or protected hydroxy:
ic Rye 1s hydrogen, alkyl, alkenyl, alkynyl, aryl er
heterocaryl;

Ry 1is hydroge.., protected hydroxy, or oxo; and
Py and P;; are hydroxy protecting groups.

8. A process for the preparation of an intermediate
15 useful in the svnthesis of a tricyclic or tetracyclic

taxane comprising reacting a compound having the formula:

AMENDED SHEET (ARTICLE 19)
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P, 5Quu

with lithium tetramethylpiperidide and camphecsulfonyl
oxaziridine tc form a compound having the formula:

9% g

P ;01N

20 0

~.

wherein R is hydrogen, protected hydroxy, Or oxo; R, is

hydrogen, alkyl, alkenvl, alkymyl, azyl or hetercaryl;
and ¥, and P.; are hydroxy protecting groups.

3. A prccess for the preparation of an intermediate
useful in the synthesis of a tricyclic or te=racyclic

=" P9

taxane comprising reacting a compcund having the formula:

AMENDED SHEET (ARTICLE 19)

L

I



10

WO 95/03265 ‘i ‘ \ PCT/US94/08350

This Sheet Has Been Re plac

[T

=]

with a hydride reducing agent to form a compound having
the formula:

R ;0NN

wherein Ry, is hydrogen, protected hydroxy, -©= 0x0o; R.. is
hydrogen, alkyl, alkenyl, alkynyl, arvl c¢r heteroaryl:

and ?,, and Py, are hydroxy protecting gzoups.

1G6. A process for the preparation of an
intermediate useful in the synthesis cf a tricyclic or

tetracyclic taxane compr*sa...g reacting a compound having
=ne formula:

AMENDED SHEET (ARTICLE 19)
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P, 30

with lithium diisopropylamide to form a compound having
the formula:

p1301IIII

~e

wherein R is lower alkyl, R, is hj/drogen, protﬁected
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
P, and P, are hydroxy - protecting groups.

11. A process for the preparation of an
intermediate useful in the synthesis of a tricyclic or

tetracyclic taxane comprising reacting a compound having
the formula:

A O RN A

AMENDED SHZTT
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T4t RA& 'S

with DBU te form a compound having the formula:

Rig

wherein .

R, is nydrogen, hydrcxy, protected hydroxy or
-OCOR,,, ©r together with R, is a carkonate;

R, is hydrogen, hydroxy, protected hydroxy., oxo, or
-0CCR,,, or together with R, is5 a carbonate;

R, 1s hydrogen, alkyl, hydrcxy. cor protected
h:ydroxy, or together with R, is a carkcocnate;

R, is hydroxymethylene:;

Rs is -OMs, -OTs or a bremide;

Ry, i1s bydrogen, protected hydroxy, or -COCOR,,, or
togecther with R, is a c<arbonate;

Ry, is hydrcgen, oxc, hydroxy, protected hydroxy. or
-CCOR,,, or together with K,, cr R.. is a carbonate;

R,» 1s hydrogen, oxo, hvdroxy, protected hydroxv, or
-QCOR,,, ©r together with X, is a carbonate;

P;; 15 a hydroxy protecting grour:
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R.s. Ric; Riz, Ry, and R, are indéPendently hydrogen,
25 alkyl, alkenyl, alkynyl, alkoxy, aryioxy, -NX,X,., -8Z.,
menecyclic arvl or monocyclic hetersaryl:
¥, is hydrogen, alkyl, alkenyl, alkynyl, aryl, oz
heterocaryl; and
X;s 15 alkyl, alkeryl, alkynyl, aryl, or hetezoaxzyl.

12. A process for the preparation of an
intermediate useful in the synthesis of a tricyciic or
tetracyclic taxane comprising reacting a compound having
the formula: '

P50

R
Rap Rag "3
5
with KCt3u and (PhSe0)},0 to form a reaction product having
the formula:

72
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R
4p n4a S

.

and exposiag the reaction product to additional KOtBu,
silica gel, or other acids or bases, ¢r to heat to

=
<
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rearrange thé& ¥eaction product to a compound having the
formula:

(T

1]

wherein .

R, is hydrogen, hydroxy. protécted hydroxy, or
-OCOR,,, ©Or together with R, is a carbonate;

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

'R,, is hydrogen, alkyl, hydroxy, protected
hydroxy,-or ¥OCORn, together with R,, is an oxo, or
together with R,, Ry, Or R; is a carbonate;

Ry is hydrogen, alkvl, alkenvl, alkynyl, aryl,
hetercaryl, 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 they are attached form an
oxetane ring;

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

R,, 1s hydrogen, halogen, protected hydroxy, or
-OCOR,,;

P, is a hydroxy protecting group;

Ry: Ryp, Ryys Ry, and'Ry are independently
hydrogen, alkyl, alkenyl, alkynyl, alkoxy, aryloxy, -
NXgX;0, ~-SX,0, monocyclic aryl or monocyclic heteroéryl;

Xy is hydrogen, alkyl, alkenyl, alkynyl, aryl,
hetercaryl, or heterosubstituted alkyl, alkenyl, alkynyl,
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X,- is a;iicyi, alkenyl, alkynyl, a'i‘?l, heteroaryl, or
hetercsubstituted alkyl. alkenyl alkynyl, aryl or
hetercazyl. :
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