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ALKOXI DES AND 3- LACTAMS Thi s invention was nmade wi th Governnent support
under NIH Grant #CA 42031 awarded by the National Institute of Health. The
Governnent has certain rights in the Invention. REFERENCE TO RELATED
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REFERENCE TO RELATED APPLICATIONS

This is a continuation of application Ser. No. 07/949,107,
filed on Sep. 22, 1992, now abandoned, which is 2 contnu-
ation-in-part application of U.S. Ser. No. 07/863,849, filed
Apr. 6, 1992, now abandoned, which was a continuation-
in-part application of U.S. Ser. No. 07/862,953, filed Apr. 3,
1992, now abandoned, which was a continuation-in-part
application of U.S. Ser. No. 07/763,805, filed Sep. 23, 1991,
now abandoned.

BACKGROUND OF THE INVENTION

Three esters of N-acyl phenyl isoserine, taxol, taxotere
and cephalomannine have been found to possess significant
properties as antiturnor agents. This application describes a
process for the preparation of N-acyl, N-sulfony! and
N-phosphory! substituted isoserine esters, in general and to
a semi-synthesis for the preparation of taxane derivatives
such as taxol, taxotere and other biologically active deriva-
tives involving the use of metal alkoxides and B-lactams, in
particular.

The taxane family of terpenes, of which taxol is 2 mem-
ber, has arracted considerable interest in both the biological
and chemical arts. Taxol is a promising cancer chemothera-
peutic agent with a broad spectrum of andleukemic and
tumor-inhibiting activity. Taxol has the following structure:



and chem cal arts. Taxol is a prom sing cancer chenothera- peutic ageP&
with a broad spectrumof antileukemc and tunor-inhibiting activity. 4582004
has the following structure; 1 8 FE B 2004 OH .2 Il (1) wherein Ph is
phenyl and Ac is acetyl. Because of this promsing activity, taxol is
currently undergoing clinical trials in both France and the United States.
The supply of taxol for these clinical trials is presently being provided
by the bark from Taxus brevifollia (Wgtern Yew). However, taxol is found
only in mnute quantities in the bark of these sl ow grow ng evergreens.
causi ng consid- erable concern that the limted supply of taxol wi |l not
neet the demand. Consequently, chem sts in recent years have expended
their energies in trying to find a viable synthetic route for the
preparation of taxol. So far, the results have not been entirely
satisfactory. One synthetic route that has beeqayroposed Is diregted to
the synthesis of the tetracyclic taxane anIeus {romcom nodity chem cals.
A synthesis of the taxol congener taxusi ,h?§ ba eported by Holton, et
al, in JACS 110, 6558CeHaf¥i Dpesfite tRp—progr ade in_this approach,

the final total synthesisf taxoll is. | itkel,PHt 0 be a
mul tistep, tedious, amgHeOSt 6CeYS (A senis\seh ke approach to the
preparation of taxol has beenzdescri beo in JACS 110,

5917 (J.988), and involves th®Hise of a o-o~neg of uaxoiﬁ 10- deacet yl

wherein Ph is phenyl and Ac is acetyl. Because of this
promising activity, taxol is currently undergoing clinical
trials in both France and the United States.

The supply of taxol for these clinical trials is presently
being provided by the bark from Taxus brevifollia (Western
Yew). However, taxol is found oaly in minute quantities in
the bark of these slow growing evergreens, causing consid-
erable concern that the limited supply of taxol will not meet
the demand. Consequently, chemists in recent years have
expended their energies in trying to find a viable synthetic
route for the preparation of taxol. So far, the results have not
been entirely satisfactory.

One synthetic routc that has been proposed is directed to
the synthesis of the tetracyclic taxane nucleus from com-

modity chemicals. A synthesis of the taxol congener taxusin
has been reported by Holton, et al. in JACS 110, 6558
(1988). Despite the progress made in this approach, the final
ol synthesis of taxol is, nevertheless, likely to be a
multi-step, tedious, and cosdy process.

A semi-synthetic approach to the preparation of taxol has
been described by Greene, et al. in JACS 110, 5917 (].988),
and invoives the use of a congener of taxol, 10-deacetyl
baccatin [[1 which has the structure of formula O shown
below:



baccatin |11

whi ch has the structure of fornula |1

shown below 1 61 EEEB 2004
2004 3. HOO ph_-~" AcO 0 10-deacetyl baccatin IIl is nore readily

avai |l abl e than t axol

since it can be obtained fromthe needl es of Taxes

baccata. According to the nethod of G eene et at., 10-deacetyl baccatin
1l is converted to taxol by attachnent of the CG10 acetyl group and by

attachnent of the C-13 P-am do ester

side chain through the esterification

of the C 13 alcohol with a P-am do e&@ boxylic acid.unit Al though this

approach requires relatively few steps,

the synthesis of the B-am do

carboxylic acid unit is a nmulti-step process which proceeds in |owyield,

and the coupling reaction is tedious and al so

proceeds in | ow yield.

However, this coupling reaction is a Kkey step which is required in every
contenpl ated synthesis of taxol or biologically active derivative of

taxol, since it has been shown byOMani, et at. in JACS 93, 232

g1 1971)

that the presence of the 13-anidoYe$te0 side chain at C13 is required for

anti-arnor activity. Marc

US Paz. No. 4,814,470 tlHa exivativwgg of the fornula |1

have an activity significg
HOv oo

4 RO

10-deacety! baccatin III is more readily available than taxol
since it can be obtained from the ncedles of Taxus baccara.
According to the method of Greene et al., 10-deacetyl
baccadn I is converted to taxol by attachment of the C-10
acetyl group and by attachment of the C-13 B-amido ester
side chain through the esterification of the C-13 alcohol with
a P-amido carboxylic acid unit. Although this approach
requires relatively few steps, the synthesis of the B-amido
carboxylic acid unit is 2 multi-step process which proceeds
in low yield, and the coupling reaction is tedious and also
proceeds in low yield. However, this coupling reaction is 2
key step which is required in every contemplated synthesis
of taxol or biologically active derivative of taxol, since it has

" been shown by Wani, et al. in JACS 93, 2325 (1971) that the

presence of the B-amido ester side chain at C13 is required
for anti-mmor acgvity.

More recently, it has been reported in Colin et al. U.S. Pat.
No. 4,814,470 that taxol derivatives of the formula III below,
have an actvity significantly greater than that of taxol (I).

bel ow,

(1). 1 8 FEB 2006



OH am OCOCH3 OCOC6H5 OH R represents hydrogen or acetyl and one of F"EFR®L
R''" represents hydroxy and the other represents tart-butoxy- carbonb g

and their stereoisoneric forms, and m xtures thereof. According to Colin
et al., US. Pat. No. 4.418,470, the products of general forrmula (I1l) are
obtained by the action of the sodiumsalt of tert-butyl N -chlorocarbanate
on a product of general fornula: co-o. OCOCH3 OCOC6H5 in which R denotes
an acetyl or 2,22-trichloroethoxycar-.jqonyl radical, followed by the

repl acenent O the 2,2,2- trichloroethoxycarbonyl group or groups by
hydrogen. It is reported by Denis et aL in U S. Paz, No. 4,924,011,
however, that this process leads to a m xture of isonmers which has to be
separated and, as a result, not all RPe bacgat n 11l or 10-de@myl baccatin

[1l enployed for the preparation of thé dpduct of general formula (1V)
Qrewy ¥ (111). 1 8 F E B 2004 s

Denis et al.
es of baccatin IIl or

di scl ose a different process for
of 10-deactyl baccatin Il11-gf_ :

, OCOCH;

OCOC4H;s
R’ represents hydrogen or acetyl and one of R" and R™
represents I;ydroxy and the other represents tert-butoxy-
carbonylamino and their stereoisomeric forms, and mixtures
thereof.

According to Colin et al., U.S. Pat. No. 4.418.470, the
products of general formuia (111} are obained by the action
of the sodium salt of tert-butyl N-chlorocarbamate on a
product of general formula:

RO 0 aw
J . OCOOCH:Ch

H 0]

' OCOCH,
OCOCHs

in which R’ denotes an acetyt or 2,2, 2.michloroethoxycar-
bonyl radical, followed by the replacement of the 2.2.2-
trichloroethoxycarbony! group or groups by hydrogen. It is
reported by Denis et al. in U.S. Par. No. 4,924,011, however,
that this process leads to a mixture of {somers which has to
be separated and, as a result, not all the baccarn I or
IO-dcactylbaccat..in I employed for the preparation of the
product of gencral formula (TV) can be converted to 2
product of general formula (II).



OCOCH3 ocoCAH5 C6H5- CH NHCOOC( CH3h in which R denotes hydrogen or ﬁcﬁpymm
wherein an acid of general forrmula: (CH3)30000NH CaH5 O--Rl (V)

which RI is a hydroxy-protecting group, is condensed wth a taxane
derivative of general fornula: HO OCQCH3 OCOC4H5 1 8 FEB 2094 6 in which
R2 is an acetyl hydroxy-protecting group and R3 is a hydroxy-protecting
group, and the protecting groups RL, R3 and, where appropriate, R are

t hen repl aced by hydro- gen. However,. ghis nethod enpl oys relatively harsh
condi - tions, proceeds with poor conversion, and provides |ess than

optimal yields. A major difficulty remaining in the synthesis of taxol and
ot her potential anti-tunor agents is the lack of a readily available

nmet hod for easy tachpent, o the G 13 oxy of the chem cal unit which
provi des the ~- aiﬂ péﬁrt%maromapﬁn tbc\éohpmml processDenis ocess for

its attachment et al. disglose aidiffevet: lfbﬁp?c iﬁn erhesivesadf t axol as
wel | as rel at gdeadih MY'BY oRIDNLELAb methl fralifd ©2

)

O -- -

OCOCH;

CsHs —CH—~NHCOOC(CHi)

in which R’ denotes hydrogen or acatyl wherein an acid of
general formula:

O0—R; (VD)

(CH3)sCOCONH COOH

CeHs
in which R, is a hydroxy-protecting group, is condensed
with a taxane derivative of general formula:

R;0 0 : (vin

HO--



substituents or a nodified C 13 side chain. This need has been fU|fithT§BZM&
by the discovery of a new, efficient process for attachnent, to the C
oxygen. of the chemi cal unit which provides the P-am do ester side chain.
Anot her major difficulty encountered in the synthesis of taxol is that
known processes for the attachnent of the P-am do ester side chain at C 13
are generally not suffi- ciently diastereosel ective. Therefore the side
chain precursor nmnust be prepared in pgtically active formto obtain the
desired di astereoner during attachnent. The process of this invention,
however, is highly diastereoselective, thus per- mtting the use of a
racem c m xture of side chain precursor, elimnating the need for the
expensive, time-consum ng process of separating the precursor into its

respective enan-int wddehi R, fisramsacdiy hyeizekiyopraddiincopmup/and ®eisds at a

Uyd
faster rate th | &gﬁ? h 1,3t LV | ess
si de-chain preca@sﬁcﬁ)ﬂrﬁ%ﬁgg ee;%"?gu?i' L@gj@@ﬁ?wxg@%uggg%ibcesses.
SUMARY OF THE I Rw, _Pﬁ@%%&%eé{sﬁ tiga TRlRERA DYnTERG-on.
therefore, is tgen.pHoweven s anpthot employ st tedapvepaharsiooondi-N- acyl

N-sul fonyl and Pﬁ@ﬁggraeedsewi&fﬁopt-cbﬁ%ﬁf 2 arid GroViges lesy gfano! a side
e erivative

chai n precursor 6?2{1 s% t hesi s*of taxane s -the provision of a
process fine the of 1 6 FEB 2004 -7 the side chain precursor

e L4l SRl ity Sl e i otuscl il 1y
to - )

process which | “availab cymétﬁgg.lafo%%c%stﬁg%&ﬁmcnu to the C-13 oxygen,
of the chemical unit which provides the B-amido ester side
chain. Development of such a process for its attachment in
high yield would facilitate the synthesis of taxol as well as
related anti-tumor agents having a modified set of nuclear
substituents or a modified C-13 side chain. This need has
been fulfilled by the discovery of a new, efficient process for
attachment, to the C-13 oxygen. of the chemical unit which
provides the f-amido ester side chain.

Another major difSculty encountered in the synthesis of
taxol is that known processes for the attachment of the
B-amido ester side chain at C-13 are generally not suffi-
ciently diastereoselective. Therefore the side chain precursor
must be prepared in optically active form to obtain the
desired diastercomer during attachment. The process of this
invention, however, is highly diastereoselectve, thus per-

" mining the use of a racemic mixture of side chain precursor,
eliminating the need for the expensive, time-consuming
process of separating the precursor into its respective enan-
domeric forms. The reacton additionally procesds at a faster
rate than previous processes, thus permitting the use of less
side-chain precursor than has been required by such previ-
Ous processcs.

SUMMARY OF THE INVENTION

Among the objects of the present invendon, therefore, is
the provision of a process for the preparauon of N-acyl,
N-sulfonyl and N-phosphoryl esters of isoserine; the provi-
sion of a side chain precursor for the synthesis of taxane
derivatives: the provision of a process for the attachment of



In accordance with the present invention, a process is provided for fﬁ]?EB 2004

preparation of

| soserine esters having the formula R2 Rl conpri sing

reacting a P-lactamwi th a netal al koxide, the 3-lactam having the formula
Rs.,, 05 OR4-~ [ R R3 R2 and the netal al koxide having the fornmla MOCE1l

E2E3 wherein

Rl is -OR6, --SR7, or -NRBR9; R2 is hydrogen, alkyl, alkenyl.

al kynyl, aryl, or het- eroaryl; R3 and R4 are independently hydrogen.

al kyl, alkenyl, . alkynyl, aryl. heteroaryl, or acyl, provided, however,
that R3 and Rs' are not both acyl: 1 8 F E 8 2004 8 Rs is -COR10,
--COOR10, --COSR10, --CONRBR10, --SO2R11, or --POR12R13, R, is hydrogen.

al kyl, al kynyl, al kynyl, aryl. heteroaryl, hydroxy protecting group, or a
functional group which increases the water solubility of the taxane
derivative, R7 is alkyl, alkynyl, alkynyl, aryl, heteroaryl, or sulfhy-
dryl protecting group. R$ is hydrogen, alkyl, alkynyl, alkynyl, aryl, or

het - eroaryl;

Phe side chain precursor in relatively high yield to provide an
intermediate which is readily converted to the desired taxane
dt.:nvanvc; and the provision of such a process which is
highly diastereoselective.

In accordance with the present invention, a process is

provided for the preparation of isoserine esters having the
formula

Ra R
3 ) E
/
Rs O—C\—Ez
Rz Ry Es

comprising reacting a B-lactam with a metal alkoxide, the
P-lactam having the formula

N —F

Ru ' Ry
R3 R3

and the metal alkoxide having the formula
MOCE,E.E,

wherein

R, is —ORg, —SR,, or —NR4Ry;

R, is hydrogen, alkyl, alkenyl. alkynyl, aryl, or het-
eroaryl; :

R; and R, are independently hydrogen. alkyl, alkenyl,
alkkynyl, aryl, heteroaryl, or acyl. provided. however, that R,
and R, are not both acyl:



RO is an am no protecting group; R10 is alkyl, alkonyl, alkynyl,
heteroaryl, R
14, R12 and R13 are independently al kyl, al kenyl, alkynyl, aryl
het eroaryl, --

aryl, or

or cyclic,
Pref erably,

het -

~I I R alkyl, alkynyl, alkynyl, aryl, heteroaryl,

OR10, or NR8R14, R14 is hydrogen, alkyl, alkenyl,
eroaryl; El, E and E3 are independently hydrogen,

provi ded, at |east one of El, E2 and E. is other than
two of El, E2, and E togetf§er with the carbon to wh

are attached conprise a nono- or polycyclic skeleton. In accord
anot her aspect of the present inven- tion, the netal al koxide and ;--lactam
are selected so as to provide a process for preparing taxol, taxotere and
other biologically active taxane derivatives having the foll ow ng

structural

a8 LB, B O, BB

hydr oxy,

—S0O.R,,. or —POR,R,,

R, is hydrogen, alkyl, alkenyl, alkynyl, aryi, heteroaryl,
hydroxy protecting group, or a funcuonal group which
increases the water solubility of the taxane derivative,

Ry is alkyl, alkenyl, alkynyl, aryl, beteroaryl, or sulfhy-
dryl protecting group,

Ry is hydrogen, alkyl, alkenyl, alkyayl, aryl, or het-
eroaryl;

R, is an amino protecting group;

R,q is alkyl, alkenyl, alkynyl, aryl, or heteroaryl,

R,, is alkyi, alkenyl, alkynyl, aryl, heteroaryl, —OR,,, or
—"i\iRgRl‘;. : :

R,; and R;; are independendy alkyl, alkenyl, aikynyl,
aryl. heteroaryl, —OR,,, or —NR4R,,,

R,. is hydrogen, alkyi, alkemyl, alkynyl, aryl, or het-
eroaryl;

E,, E; and E, are independently hydrogen, hydrocarbon
or cyclic, provided, at least one of E,, E, and E, is other than
hydrogen. Preferably, two of E,, E,, and E, together with the
carbon to which they are attached comprise a mono- or
polycyclic skeleton.

In accordance with another aspect of the present inven-
tion, the metal alkoxide and B-lactam are selected so as to
provide a process for preparing taxol, taxoters and other
biologically active taxane derivatives having the following
structural formula:

Ris Rig  Rpy ()

aryh,

_mgp@a@m

al kynyl ,

hydr ocar bon
hydr ogen.

i ch they

ance with

formula: R15 R5 09 14 R24 R17 ) 18 F E B 2004 9 wherein

hydr ogen,



al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, aryloyloxy or R15 and R14 tOQ%tFEfﬂ"Zﬂm
forman oxo; R -7 and R 1 g are independently hydrogen or | ower

al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryloyloxy or R17 and R18
together forman oxo; R39 and R20 are independently hydrogen or hydroxy or

| ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryloy- |oxy; R21 and R22
are i ndependently hydrogen or |ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy,
or aryloyloxy or R21 and R22 together9form an oxo; R24 is hydrogen or
hydroxy or | ower al kanoyl oxy, al k- enoyl oxy, al kynoyl oxy, or aryl oyl oxy; or
R, 3 and R ,4 together forman oxo or nethylene or R 3and Rl together with
the carbon atomto which they are attached forman oxirane ring or R 3 and
R together with the carbon atomto which they are attached form an

oxetane ring; R, h drogen, hydroxy, or |ower al kanoyl oxy, al kenoy-

| oxy, aIkynoonxQY %@yﬂoyloxy or, R, is hydrogen, hydroxy, or |ower

al kanoyl oxy, al kendyt—Rox At Ak proyiausly defizedd oyl oxy; or R26 and R25

taken together fon saandxﬁ',ilaml lﬁ@EptﬂdBMdyQWftﬂrD al koxy,
103

gerdtyaroRy, |
?LéaPzigﬁéyaer?Lw@W?%;ﬁgW Vil Py BOYIER, Aol by p e ef ore
netal al koxi de hav;ggﬁﬁhg 2 ?é 3B%XA0 tri- or tetracyclic taxane
‘oni ¥ ef g are independently hydrogen or lower

nucleus to forma
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or
R,; and R, together form an oxo:

Ry and R,, are independenty hydrogen or hydroxy or
%ower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloy-
oxy;

Ry; and R,, are independendy hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or
R,; and R,, together form an oxo; :

R,4 is hydrogen or hydroxy or lower alkanoyloxy, alk-
enoyloxy, alkynoyloxy, or aryloyloxy; or

R,3 and R,, together form an oxo or methylene or

R,3 and Ry, together with the carbon atom to which they
are attached form an oxirane ring or

R,5 and R, together with the carbon atom to which they
are attached form an oxetane ring;

R4 is hydrogen, hydroxy, or lower alkanoyloxy, alkenoy-
loxy, alkynoyloxy, or aryloyloxy or

R4 is hydrogen, hydroxy. or lower alkanoyloxy, alkenoy-

‘loxy, alkynoyloxy, or aryloyloxy; or R,q and R, taken
together form an oxo; and

Ry is hydrogen. hydroxy or lower alkoxy, alkanoyloxy,
alkcnoyloxy, alkynoyloxy, or aryloyloxy.

Briefly, therefore, the taxane derivatives are prepared by
reacting a f-lactam (2) with a metal alkoxide having the bi-,



internediate. The internediate is then converted to the taxane derival6\€B )
P-lactam (2) has the general formula: Rs 0 (2) N1 21 4 3 P-4i i R R3
Rx wherein R -Rs are as previously defined. The netal al kox- ide preferably
has the tricyclic taxane nucl eus corresponding ho the general fornula: (3)
R24 wherein Mis a netal, and R15-R27 are as previously defined- Mst
preferably, the netal al koxide has the tetracyclic taxane nucl eus
corresponding to netal al koxide (3) wh@rein RM and R23 together form an
oxetane ring. Oher objects and features of this invention will be in pant
apparent and in ﬁfitrt poi nted,.out herei nafter. DETAI iﬁ DESCRI PTI ON The
present inventio dFRacyelic D YE t fOFReD A-ATidg &85t i t ut ed

i soserine est er sintermgdisee-alTheanaiermediet isx chen ecanvemedottdetha axane

derivatives whi ctaxane dirdvagvedddlyctaac(iyviasisid cﬁdnaicfbmﬂa?.) the
structure of which is depicted hereinbelow (7) 1 8 FEB 2004 - 11 wherein

Rl, R2, R3, R4 and R are as previously defined. |In accordance with the
resent invention. RS of 3-lactam
P S B @
Nl-:-/
43
Re : Ry
Ry Ra

wherein R,~R, are as previously defined. The metal alkox-
ide preferably has the tricyclic taxane nucleus corresponding
bo the general formula:

Ris Rig Ry &)
Ris

Ra

Rae

wherein M is 2 metal, aud R, ,-R,; are as previously defined
Most preferably, the metal alkoxide has the tetracyclic
taxane nucieus corresponding w metal alkoxide (3) wherein
" Ry, and R, together form an oxetane nng
Other objects and faatures of this invention will be in pan
apparent and in part pointed out hereinafrar

DETAILED DESCRIPTION

The present invention is directed to a process for prepar-
ing substituted isoserine esters, in general, and taxol, taxo-
tere and other taxane derivatives which are biologically
active using B-lactam (2), the structure of which is depicted

hersinbelow:
1)
B3~ . /0 (
Nl 2
43
R Ry



(2) is preferably ---CORLOwith RIO wwth RL O being aryl, heteroaryl

p- substituted phenyl. or |ower al koxy, and nost preferably phenyl, 18 FEB 2004
nmet hoxy, ethoxy, tart-butoxy ("tBuO'; (CH3)3C0---), or 'wherein Xis d,

Br, F, CHO, or NO2-. Preferably R2 and R4 are hydrogen or |ower alkyl. R3

Is preferably aryl, nost preferably, naphthyl, phenyl. -continued O xx::>.
-~UOw L'/~" Cyr L,/ wherein X is as previously defined, Me is nethyl and
Ph is phenyl. Preferably, Rl is selediled from-OR ,, --SR, or -NR8R9

wherein Ra, R and R9, are hydroxy, sulfhydryl, and am ne protecting
groups, respectively, and Rg is hydro- gen, alkyl. al kenyl, alkynyl, aryl,
or heteroaryl. Mst pref- crably, RLis -OR wherein R6 is triethylsilyl
("TES"), 1-ethoxyethyl ("EE") or 2.2.2-trichlorbethoxynethyl. 1 8 FEB 2004
- 12 The P-lactam al kyl groups, either alone or with the various
substituents defined herei nabove are preferably |ower alkyl containing

f:om on_?_hto siwhereinoR la ,an;‘mndrR ace [l gu\qons] defpeto 15 ca[ Eoln
at ons ey may n et ny
propyl, i sopr I‘?ff‘acﬁé | Sﬁ% B%ﬁ §P% 315 ak#%}mﬁgnd t he
like. The O- I ﬁ?,lpl 10 PHEh imr’ﬁé“-'é Beingearylar i ous

substituents - mr@axy pesul:smumszhmyhr of émwlclr;alkoxy, and most

preferably phenyl, methoxy. ethoxy, tert-butoxy (“tBuQ";
(CH,),CO0—), or

wherein X is Cl, Br, F, CH;0—, or NO,—. Preferably R,
and R, are hydrogen or lower alkyl. R, is preferably aryl,
most preferably, naphthyl, phenyl,

-conunucd

O Q. ~

wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, R, is selected from —OR,, —SR, or
—NR R, wherein R, R, and R,, are hydroxy. sulfhydryl,
‘ and amine protecting groups, respectively, and Rg is hydro-
gen, alkyl, alkcnyl alkynyl, aryl, or heteroaryl. Most pref-

crably, R, 1s —OR, wherein Ry is trethylsilyl ('TES")
l-et.hoxyer.hyl ("EE™) or 2.2.2-trichloroethoxymaethyl.



| ower al kenyl containing fromtw to six carbon atons in the prlnC|pngEBZM‘
chain and up to 15 carbon atons. They may be straight or branched charn
and include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, aryl,
hexenyl, and the |like. The P-lactam al kynyl groups, either al one or mﬁth
the wvarious substituents defined herei nabove are preferably [|ower alkynyl
containing fromtw to six carbon atons in the principal chain and up to
15 carbon atons. They may be straightl2er branched chain and incl ude

et hynyi, propynyl, butynyl, isobutynyl, aryl, hexynyl, and the like. The
P-lactam aryl noieties described, either alone or wwth various
substituents, contaln fron16 to 15 carbon atons and |nclude phenyl ,

a- napht hyl or f3 rotected

hydr oxy, hal oge ngﬁ C c ox a‘?ﬁﬁ

antido, etc. gﬂ?%"‘g E%HB? ’iﬁ:‘# E é"?ﬁg r%?e EET@E YR of
f3-lactam (2) cwnmmneg fFormenel W/5ix & onamzm/m ( "EE'),
tri tet h%'! silyl pﬁnti al2thaid rarehhgy @6t hpmbhyhzoxﬁs )
protecting gro

MOM'), benzyl ox] C?ls P#fé ¢ ﬁ@'ﬁl g‘éai‘ggp‘%e&cm ig}'guch as
met hyl car bonaté??rﬁéﬂla?&'&y a kP WII et u@Yhs FKVbt ﬁ-}l sk
trinethylsilyl likenethyl-t-butylsi- lyl. dlnethylaryIS|IyI

di rnet hyl het er oar'rhgl yiac,%ﬂp %kﬁh P%u Spyélﬁll 3}11 A variety
be Found in " %ﬁﬁ@ﬁ ‘”b RebeYF. S%ypfe cene,
Juba May and Sdew é:qma.tmng mwotmxg:aar on aelmstmchcshoul d be

easily renoved mncrpzlooldain @l ifRto AP chrBohERo#R94They may be
straight or branched chain and include ethenyl, propenyl,
isopropenyl, butenyl, isobutenyi, aryl, hexenyl, and the like.

The B-lactam alkynyl groups, either alone or with the
various substituents defined hereinabove are preferably
lower alkynyl containing from two (0 six carbon atoms in the
principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include ethynyl, propynyl,
butynyl, isobutynyl, aryl, hexynyl, and the like.

The B-lactam aryl moieties described, either alone or with
various substituents, contain from 6 to 15 carbon atoms and
include phenyl, a-naphthyl or B-naphthyl, etc. Substituents
include alkanoxy, protected hydroxy, halogen, alkyl. aryl,
alkenyl. acyl, acyloxy, nitro. amino. amido, etc. Phenyl is the
more preferred aryl

As noted above, R, of B-lactam (2} may be —OR, with
Ry being alkyl. acyl, cthoxycthyl (“EE™), triethylsilyl
("TES™), 2.2.2-trichloroethoxymethyl. or other hydroxyl
protecting group such as acetals and ethers, i.e., methoxym-
ethyl (“MOM™), benzyloxymethyl; esters, such as acetates;
carbonates, such as methyl carbonates; and alkyl and aryl
silyl such as tricthylsilyl. trimethylsilyl, dimethyl-t-butylsi.
lyl. dimethyiarylsilyl. dimethylheteroarylsilyl, and triisopro«
pylsilyl. and the like. A variety of protecting groups for the
hydroxyl group and the synthesis thereof may be found in
“Protective Groups in Organic Synthesis” by T. W. Greene.
Joln Wiley and Sons, 1981, The hydroxyl protecting group
selecied should be easily removed under conditions that are



-13 sufficiently mld, e.g., in 48% HF, acetonitrile, pyridine, or g@?%
HCl / wat er / et hanol , and/or zinc, acetic acid so as not to disturb th B R0
| i nkage or other substituents of the taxol internediate. However, R6 is
preferably triethylsilyl, 1-ethoxyethyl or 2,2,2-trichloroethoxynethyl,

and nost preferably triethylsilyl. Also as noted previously, R7 may be a
sul fhydryl pro- tecting group and RO nay be an am ne protecting group.
Sul f hydryl protecting groups include_hgnithioacetals such as 1-ethoxyethyl
and net hoxynmet hyl, thioesters, or thiocar- bonates. Am ne protecting groups
I ncl ude carbamates, for exanple, 21,2-trichloroethyl carbamate or

tertbutyl carbam ate. A variety of sulfhydryl and am ne protecting groups
may be found in the above-identified text by T. W Geene. Since 3-lactam

(2% Pﬁst ste\r/]er al safyeientiy g—ﬁﬁ@r@g@‘sim uis%sl'ﬂ?@%r?’l‘ﬁﬁé] 'éiﬂd,'t(ﬁd in tge
ar a e co resent Jinvention havl ng ‘asymmetric carbon
atons may exi s{@—?ﬁ’nm{”é&%@ﬁﬁﬁf@ ’ %@PCD?CBBF@E& B %&9‘\/‘9 formns.

-

Al of these fodasusbetheonstendinkage witt othert sebstimentofoft ties taxolvent i on-

More speci fi cal interhiieiipfeeSeHbweWaNt RN §ICidRSahppated sy,

di ast ereoners, rlac m_c xf ures qd pther xtures theregf. =lactam (2)

can be prepared*f y>Yavairta . rs I ted in
sdiexysthyl |0ty 213 anrichl eroedioxyancihyl; <and | most,

schemes A and BpoeferablyaiethylsilplAr H'~ -.e- OHDI M' ' oF.E'VI 1,

GdL! Also as noted previously, R, may be a sulfhydryl pro-
tecing group and Ry, may be an amine protecting group.
Sulfhydryl protecting groups inciude hemithioacetals such
as l-ethoxyethyl and methoxymethyl, thicesters, or thiocar-
bonates. Amine protecting groups include carbamates, for
example, 2,2,2-trichloroethylcarbamate or tertbutylcarbam-
ate. A variety of sulfhydryl and amine protecting groups may
be found in the above-identified text by T. W. Greene.

Since B-lactam (2) has several asymmetric carbons, it is
known to those skilled in the art that the compounds of the
present invendon having asymmetric carbon atoms may
exist in diastereomeric, racemic, or opdcally actve forms.
All of these forms are contemplated within the scope of this
invention. More specifically, the present invention includes
enantiomers, diastereomers, racemic mixtures, and other
mixtures thereof.

. P-lactam (2) can be prepared from readily available
matertals. as is illustrated in schemes A and B below:

Scheme A

' CHi0
o A N
o OCH,; . o
~ T

) .,

Ar QAc
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-A LAINT. tS"~

CH2Cl 21 25 C
mn; (e) KOH,

m n; benzoyl
C. to -50 C;
THF, -789 C.
In schenme A,

group can be
nitrate, and

famliar to those experienced—<n the artdt
dr oxy-4-aryl azet zdi n- 2- ones. Tpera-hydrox

, 18 h; (b) 4 equiv <ceric anmoniumnitrate, CH3CN,

. \ H
4/ N140 O LT.. CO Ar OMreagents: (a) triethyla&%dﬁ%qmn

-10 C., 10

THF, H2O, 0 C., 30 min; (d) ethyl vinyl ether, THF, toluene
sulfonic acid (cat.), 0 C., 1.5h; (e) n-butyllithium ether, --78 C., 10

chloride, -78C., 1h; (f) lithium diisopropyl am de,

THE -78

(g) lithium hex anethylldi-sil azide, THE -78 C. to 0 C.; (h)
to 25 C 12 h. The starting materials are readily avail able.
a-acetoxy acetyl chloride is prepared fromglycolic acid,
and, in the presence of a tertiary gpine, it cyclocondenses wth mnes

prepared from al dehydes and p-net hoxyarmline to give
1-p-nethoxypheny|-3-acg|oxy-4£?rylazeuj In- 2-ones. The p-nethoxyphenyl

r eadi enov

ed |thrag
t Resg’acy M@y aLo Qa&é%g%; h

[a]

q;ovidé” Y-
p ijs_pgro-
At orss

WO‘L}AJSJ .

reagents: (a) triethylamine, CH,Cl,, 25° C., 18 ; (b) 4 equiv
ceric ammonium nitrate, CH,CN, -10° C., 10 min; (c) KOH,
THEF, H,0, 0° C., 30 min; (d) ethyl vinyl ether, THF, toluene
sulfonic acid (cat), 0° C., 1.5h; (e) n-butyllithium, ether,
-_'{8° C., 10 min; benzoy! chloride, ~78° C., 1h: () lithium
diisopropy! amide, THF ~78° C. to ~50° C.: (g) lithium
hexamethyldisilazide, THF -78° C. 10 0° C.; (h) THF, -78°
C.w25°C, 12,

The starting materials are readily available. In scheme A,
@-acetoxy acetyl chloride is prepared from glycolic acid,
and, in the presence of a tertiary amine, it cyclocondenses
with mines prepared from aldehydes and p-methoxyaniline
to give 1-p-methoxyphenyl-3-acyloxy-4-arylazetidin-
2-ones. The p-methoxypheny! group can be readily removed
through oxidation with ceric ammonium nitrate, and the
acyloxy group can be hydrolyzed under standard conditions
familiar to those experienced in the art to provide 3-hy-
droxy-4-arylazetidin-2-ones. The 3-hydroxyl group is pro-
tected with 1-ethoxyethyl, but may be protected with variery
of standard protecting groups such as the triethylsilyl group
or o.t.hcr trialkyl (or aryl) silyl groups. In Scheme B. ethyl-
a—fzethylsilyloxyacctatc is readily prepared from glycolic
acid.

The racemic [-lactams may be resolved into the pure
enantiomers prior to protection by recrystallization of the
coresponding 2-methoxy-2-(triflusromethyl) phenyl acetic
esters, However, the reacton described hersinbelow in

oxijdation with ceric anmmoni um
ol yzeg under gtandard conditions



tected wth 1-ethoxyethyl, but may be protected with variety of Stfg%§$%m£
protecting groups such as the triethylsilyl group or other trialky

aryl) silyl groups. In Schene B. ethyl- a-triethylsilyloxyacetate is
readily prepared fromglycolic acid. The racernic P-lactarns nay be
resolved into the pure enantionmers prior to protection by
recrystallization of the corresponding 2 -nethoxy-2-(trifluoronethyl)
phenyl arctic esters. However. the rggcti on descri bed hereinbelowin 1 8
FEB 2004 -15 which the 5-am do ester side chain is attached has the

advant age of being highly diastereosel ective, thus permt- ting the use of
a racemc mxture of side chain precursor. The 3- (| -ethoxyethoxy)

- 4- phenyl azet i@ n2-qne of e . 3-.

-tr !Oet hg;l si | yl‘g géi%h@%’gﬁgjﬁgﬁ %Sgnéﬂg’rn iﬁhj@ﬁ@c%‘c%a%é%onver ted to
f3-lactam (2), a | Yo EIROSECIbYS, iUsupemit-hi um and an
acyl ) Chlhori Fetin%thglm of of guoBirec mitttlﬁ.@eyéfTﬁdeOchﬂm ?ém&ﬁﬁﬁnyl Chlt oride
or phosphoryl ¢ | -t OW. - 0 resen
invgntign ig pa |%ufée-rl I'Edg&\i:dﬁﬁﬁh#ﬁ}%%ﬁ &i '?Té)?é rr@rqg or

pol ycyclic metS&RCH% g} #dd it e &&4 XY enydagtiGira E;  MOCE
E3 in which E2-Bpeaofl sdnemar Bonanobehiaivered tor 8-hictanh¢d), befine a

carbocyclic anfnmdrht RiOCy Hase, preteehBly Wb SR ITBYiumk! -acQ] polycyclic
g s hyssﬁg.@@pggggggf@ﬁ%ﬁ-e?ﬁmﬂ IR b

preferably,
chlonde or phosphory! chloride at —78° C. or below.
The process of the present invention is particularly useful
for the esterification of mono- or polycyclic metal alkoxides
which are represented by the formula

E'l ~\
MOC/T Ea_ ,;
Ej

in which E,. E, and the carbon to which they are attached
define 2 carbocyclic and/or heterocyclic skeleton which may
be mono- or polycyclic and E; is hydrogen or hydrocarbon.

preferably lower alkyl. Most preferably, the carbocyclic
and/or heterocyclic skeleton comprises about 6 to 20 atoms
and the hetero atoms are oxygen. The cyclic skeleton may be
hydrocarbon and/or heterosubstituted with heterosubstitu-
ents including, for example, esters, ethers, amines, alcohols,
protected alcohols, carbonyl groups, halogens, oxygen. sub-
sututed oxygen or substituted nitrogen.

When the metal alkoxides have the bi-, mri- or wetrasyctic
taxane nueleus, the process of the presesnt inventon may
advantageously be used w prepare taxane derivatives, many
of which have been found to have significant biological
activiry. As used herein, a metal alkoxide having the bicyclic
taxane nucleus has the carbocyclic skeleton corresponding
to rings A and B of metal alkoxide (3):



and/ or heterocyclic skel eton conprises about 6 to 20 atons and the Pg%EQ?ML
atons are oxygen. The cyclic skel eton may be hydrocarbon and/ or

het er osubstituted with heterosubstitu- ents including, for exanple, esters,
et hers, am nes, alcohols, protected al cohols, carbonyl groups, hal ogens,
oxygen, sub- stituted oxygen or substituted nitrogen. \Wen the netal

al koxi des have the bi-, tri- or tetracyclic taxane nucleus, the process of
the present invention may advantageaugy be used to prepare taxane
derivatives, many of which have been found to have significant biol ogical
activity. As used herein, a netal al koxide having the bicyclic taxane

nucl eus has the carbocyclic skel eton correspondi ng

to rings A and B of

nmetal al koxide (3): 1 8 FEB 2804 -16 MONO (3) R24 Mand R s-R27 are as

previously defined. A netal al koxide having the tricyclic taxane nucl eus

has the carbocyclic skeleton corresponding to rings A, B and C of netal

al kox- ide (3). A nmetal alkoxi gg IR%/: ng,,t he tetracyclic taxang€d) nucl eus has
t

carbocyclic rings A. B amd C of
defined by R22. Rz, and2
Preferably, the netal alks

al koxide (3) and the oxetane ring
Bighi (ﬁqgthey are attached.
n fhe sprocess of the present

invention is nmetal al koXide (§). preferghl y, R15 is -0OI2 or - OCGCHS;

R 16 is hydrogen; RMOn

orman oxo; R19 is -OTl 1; Rte ahd

R21 are hydrogen; R and;fR2 Ar the carbons to which

Ris

M and R, -R; are as previously defined. A metal alkoxide
having the tricyclic taxane nucleus has the carbocyclic
skeleton corresponding to rings A, B and C of metal alkox-
ide (3). A metal alkoxide having the tetracyclic taxane
nucleus has carbocyclic rings A, B and C of metal alkoxide
(3) and the oxetane ring defined by R,,. R,5, and the carbons

to which they are arached.

Preferably, the metal alkoxide used in the process of the
present invention is metal alkoxide (3). Most preferably, R, <
is —OT, or —OCOCH5; R, is hydrogen; R;; and R,
together form an oxo; R,e is —OT,;; R,y and R,, are
hydrogen; R,, and R,; together with the carbons to which
they are attached form an oxetane ring; R,, is CH,COO0-;
R, is PACOO—; R, is hydrogen: Ra., is hydroxy; and T,
and T, are independenuy hydrogen or hydroxy protectng

group.

Metal substituent. M, of metal alkoxide (3) is a Group IA,
[1A, OIA. lanthanide or actinide element or a transition,
Group IIIA, [VA, VA or VIA metal. Preferably, it is a Group
IA, 1A or transition metal. and most preferably. it is lithium,

magnesium, sodium, potassium or titantium.

The metal alkoxide alkyl groups, either alone or with the
various substituents dcfined heretnabove are preferably

lower alkyl containing from one to six carbon atoms in the
prinzipal zhain and up w 10 carbon aoms, They may be
straight or branched chain and include methyl, ethyl, propyl,
isopropyl. butyl, isebutyl, teri-buryl, aryl, hexyl, and the

Liks.



they are attached forman oxetane ring; R24 is CH3COO; Res is PhCOO-; Res
i s hydrogen; R27 is hydroxy; and Ti and T2 are |ndependently hydr ogéf F&8 2004
hydroxy protecting group. Metal substituent, M of netal al koxide (3) is a
Goup IA IIA ITIIA lanthanide or actinide element or a transition.

Goup IIl'A IVA, VAor VIAnnetal. Preferably, it is a Goup 1A IIlA or
transition netal. and nost preferably. it is lithium magnesium sodium
potassiumor titantium The netal al kopi de al kyl groups, either alone or
with the various substituents defined herei nabove are preferably |ower

al kyl containing fromone to six carbon atons in the principal chain and
up to 10 carbon atons. They nmay be straight or branched chain and i ncl ude
nmet hyl . et hyl. propyl i sopropyl . butyl, isobutyl, tart-butyl, aryI

butyl, and the Thcancﬂal&lﬁdﬂildaomlkcnﬁ'gmupst atté&lﬂédﬂﬂaeﬂé groups,

th | th th sti,t ts f
i a‘é‘: yh S vamous RbSTREnts SEERFS, NS %ﬂaﬁﬁgﬁ‘@?ﬁ?ﬁ o the
r I nCI a cnal
p P 18%1#@ngcaﬁ{%inygwm%yq Bﬁycﬂm&mom iaigget or

branched chai n"an de e propen | sopropenyl . butenyl
i sobut enyl . argrincipal echdin and tpetd i|Recarton mms. %imayab&ynyl groups,

Slrtepgag: Sne or w hk@#’n&ﬁ@% &qﬁgbst | tuent | ne a%ﬁl& (r)r\éei ﬁr?he
br anched CEQT’" Eaﬁﬁﬁﬁrh@ﬁ?ﬁéﬁﬁﬂuiﬂﬁ“i@“%%@?’d?%%%‘%“*‘Eyf” aryl.,
hexynyl, and theThekeetal alkoxide alkynyl groups, either alone or wug

the various substituents defined hersinabove are preferably

lower alkyny! containing from two to six carbon atoms in the

principal chain and up to 10 carbon atoms. They may be

straight or branched chain and include ethynyl, propynyl,

butynyl, isoburynyl, aryl, hexynyl, and the like.

Exemplary alkanoyloxy include acetate, propionate,
buryrate, valerate, isobutyrate and the like. The more pre-
ferred alkanoyloxy is acetate.

The metal alkoxide aryl moietes, either alone or with
various substituents contain from 6 to 10 carbon atoms and
include phenyl, a-naphthyl or B-naphthyl, etc. Substimuents
include alkanoxy, hydroxy, halogen, alkyl, aryl, alkeayl,
acyl, acyloxy, nitro, amino, amido, etc. Phenyl is the more
preferred aryl.

Metzal alkoxides (3) are prepared by reacting an alcohol
laving two to four rings of the taxane nucleus and a C-13
hydroxyl group with an organometallic compound in a
suitable sclvent. Preferably, the alcohol is a derivative of
baccatin Il or 10-deacetyl baccatin III having the structure



Exenpl ary al kanoyl oxy include acetate, propionate, butyrate, valerate,

i sobutyrate and the like. The nore pre- ferred al kanoyl oxy is acet at &.8 FiftBell!
net al al koxide aryl noieties, either alone or with various substituents
contain from6 to 10 carbon atons and include phenyl, a-naphthyl or

P- napht hyl , etc. Substituents include al kanoxy, hydroxy, hal ogen, alkyl,
aryl, alkenyl, acyl, acyloxy, nitro, amno, arnido, etc. Phenyl is the

nore preferred aryl: Metal al koxides 83 are prepared by reacting an

al cohol laving two to four rings of the taxane nucleus and a C 13

hydroxyl group with an organonetallic conpound in a suitable solvent.
Preferably, the alcohol is a derivative of - baccatin IIl or 10-deacetyl
baccatin Ill having the structure 1 8 FEB 1084 -18 Ha (4) wherein T, is a
hydroxy protecting group, and Zis --0T2 wherein T. is acyl, preferably
acetyl, or other hydroxy protectipg group. Mst preferably, thegaglcohol is
a protected baccatin Ill, in partigcular, 7-0-triethylsilyl baccatin III
(whi ch can be obtained as descri bed by ,Geene, et al. in JACS 110, 5917
(1988) or by other routes) hyl silyl baccatin Il1l. As
reported in Geene et al., Mis converted to
7-0-thethylsilyl- | 0-H&aG
reaction scheme: HO HO

wherein T, is a hydroxy protecting group, and Z is —OT,
wherein T, is acyl, preferably acetyl, or other hydroxy
protecting group. Most preferably, the alcohol is a protected
baccatin III, in particular, 7-O-triethylsilyl baccatin I
(which can be obtained as described by Greene, et al. in
JACS 110, 5917 (1988) or by other routes) or 7,10-bis-O-
triethylsilyl baccatin III. '

As reported in Greene et al,, 10-deacetyl baccatin [ is
converied (o 7-O-trethylsilyl-10-deacetyl baccatin 11
according to the following reaction scheme:

HO

(CzHshSiA ~
CsHsN -




OCOCH3  OCOC6Hs (CzHs)3SiCl CSHSIY r () 1 8 FEB 2004 -19 OH HO (6a) gWrgemn
what is reported to be carefully optim zed conditions, 10-deacetyl

baccatin Ill is reacted with 20 equivalents of (C2Hs)3Si Cl at 23 C under
an argon atnosphere for 20 hours in the presence of 50 ml of pyridine/ nmol
of 10-deacetyl baccatin Ill to provide 7-triethylsilyl-10- deacetyl
baccatin Il (6a) as a reaction product in 84-86% vyield after

purification. The reaction product isiphen acety- lated with 5 equivalents
of CH3COCL and 25 nL of pyridine/ mmol of (6a) at 0 C. under an argon

at nosphere for 48 hours to provide 86%yield of 7-0-triethylsilyl baccatin
11 (6b). Geene, et al. in JACS 110, 59 1 7 at 5918 (1988).
Alternatively, 7-triethylsilyl-10-deaceryl baccatin m(6a) can be
protected at C 10 oxygen with an acid |l abile t;%/droxyl protecting group.
For exanple, treatnment of (6a) with n-bu- tyPHthiumin THE fol | owed by
triethylsilyl chloride (1. I mol equiv.) at .C gPves
7,10-bis-Otriethylsilyl baccatin I11CH§6c) | Q) yi eP8ilCaogy, (6a) can
be converted to 7.0- triethylsilyl-10{l- sbdccatin 111 (6d) in
909tc vyield by treatnment with excess £ «f1amg a catalytic

- o -

! OCOCH;
QCOCgHs

(6a)

Under what is reported to be carefully optimized conditious,
10-deacetyl baccatin III is reacted with 20 equivalents of
(C,H,),SiCl at 23° C. under an argon atmosphere for 20
hours in the presence of SC ml of pyridine/mmol of
10-deaceryl baccatin I to provide 7-uiethylsilyl-10-
deacety! baccatin III (6a) as a reaction product in 84-86%
yield after purificaion. The reaction product is then acety-
lated with 5 equivalents of CH,COC! and 25 mL of pyridine/
mmol of (6a) at 0° C. under an argon atmosphere for 43
hours to provide 86% yield of 7-O-triethylsilyl baccatin I
(6b). Greene, et al. in JACS 110, 5917 at 5918 (1988).

Alternatively, 7-triethylsilyl-10-deacetyl baccatin III (6a)
can be protected at C-10 oxygen with an acid labile hydroxyl
protecting group. For example, treaument of (6a) with n-bu-
tyllithium in THF foilowed by triethylsilyl chloride (1.1 mol
equiv.) at §° C. gives 7,10-bis-O-uiethylsilyl baccaun I
{(6¢c) in 95% yield. Also, (6a) can be converted to 7-O-
triethylsilyl-10-(1-ethoxyethyl) baccatin I (6d) in 90%
yield by trearmemt with excess ethyl vinyl ether and a
‘catalytic amount of methane sulfonic acid. These prepara-
tons are illustrated in the reaction scheme below.



tions are illustrated in the reaction schene below. 1 8 F E B 2004 -20

OCOCH3 0 OSi (CZH5)3 Ho "
OSi (CzH3)3 0 HO n- BuLi
i C2H3OC2H5 ( 6d)

CH3CCCl -

( CAT) CH3S03H HO

-20-

OCCC. -i 3 OCOCBH5
(CZHs) 3Si C OCOCH3 OCOCBHs (6b) OSi (CZHs)3 HOB a

-conti nued ‘I 8 FEB 2[][”]

QSi(CzHs)s

HGus
CH;COC1 (6b)
CsHsN E
: NS
I S
: ococH
OCOCsHs
-continued
0Si{CzHsh
0
0Si(CzHs)s
HOns
n-Buli
CERysa (6c)
2 5 o
= OCOCH,
OCOCH;s
OEE
0Si(CzHs)3
HOn
CH;0CHs
(CATCH;SOH — (6d)

Ol-llllllllllll

4
+
1,
LY

OCOCH;

COCeH;3



OCOCT-fi BCO~j 1 8 FEB 2004 -21 7-Otriethylsilyl baccatin Il (6b), 7,1

O bis-Otriethylsilyl baccatin Il (6¢), or 7-0-triethylsilyl- 18 FEB 2004
10- (1- et hoxyethyl) baccatin Ill (6d) is reacted with an organonetallic

com pound such as n-buryllithiumin a solvent such as tetrahy- drofuran
(THF), to formthe netal al koxide 13-0-lithium 7.0triethylsilyl baccatin
11 (7b) 13-0-lithium7,10-bis-O tdethylsilyl baccatin IIl (7c), or
13-OC-lithium7-0- triethylsilyl-10-(1-gthoxyethyl) baccatin al (7d) as

shown in the follow ng reaction scheme: CH3CH2CH2cH2u t Ho- CH3
CH3CH2CH2CH} t Lia OH OCOCH3 OCOC6HS (7b) Z = -OCOCH~ (7c) 7 OSL1C Hs53
(7d) Zz -,"OEE . 6b--d 7b-d 1 8 F E B 2004 -22 As illustrated in the

| ovent! o8 such s Tiidnethy iyl Bdctatin Y (b} 7 f61S- Olurlebiy B
baccatn II (6c), or 7-O-triethylsilyl- 10-(1-cthoxyethyl)
baccatin I (6d) is reacted with an organometallic com-
pound such as n-butyllithium in a solvent such as tetrahy-
drofuran (THF), to form the metal atkoxide 13-O-lithium-
7-O-tricthylsilyl baccatin I (7b) 13-O-lithivm-7,10-bis-O-
triethylsilyl baccatin IO (7¢), or 13-O-lithium-7-O-
triethylsilyl-10-(1-ethoxyethyl) baccatin [II (7d) as shown in
the following reaction scheme:

CH;
C‘JSi(Csz)s

CH;CHCH,CHa L + HO--

CHyCHCHCH3 » LiOn -

[}
1)
1
1
'
]
]
'
]

\ OCOCH;
OCOC4Hs

(Th) 2 = —OCOCH,
(7o) Z = = OSi(C;Hs)y
(7d) Z = =OEE



lithium7-Otriethylsilyl baccatin Il derivative (7b, 7c, or 7d) reacts
with a P-lactamof the present invention to provide an internediatel@HLB 2004
8c, or 88) in which the CG7 hydroxyl group is protected with a
triethylsilyl or 1-ethoxyethyl group. RO Ua 7b-d (2) } RORS 8b-d b. R -
-000H3 C. RSI(CHD d.RSEE 1 8 FEB 2004 -23 Internedi ate conpound ( Sh)
readily converts to taxol when RL is ---OR6, R ; and R3 are hydrogen, R4

is phenyl, R5 is benzoyl and R6 is a 2gydroxy protecting group such as
triethylsilyl. Internediate conpound (8c) readily converts to taxotere

when Rt is - OR6, R and R3 are hydrogen, R4 is phenyl, R3 is

tert but oxycarbonyl and Re is a hydroxy protecting group such as

triethylsilyl. 'A&fﬂlhﬁm‘.@xﬁ%& foR8Mn h%iﬂédherﬁenmumﬁw 1

%dlegcgglzo;?ﬁﬁeg#}h%% gdd Eﬁfﬁﬁg;:pir ﬁE?nn rouBFe@%’tzsR?r: Zt Egleg?/: yl .

| nt er nedi at e S+ RE i ndi cat ed

conpounds by hidjrmeagzs Hgl.h a-lactamof the present invention to provide
an intermediate (8b, 8¢, or 88) in which the C-7 hydroxy!

group is protected with a wiethylsilyl or l-ethoxyethyl
goup.

RO

Rj\ o.

H R: R

HO -

PhRCOO <
AcO o
3b-d
p, R = ==COCH,

¢ R===Si(CaHs)3
d R==—EE



and 1-et hoxyethyl groups under mld conditions so as not to di St“rbﬂﬂr\ﬁBZ[}m
ester linkage or the taxane derivative substitu- ents. HF. C5H5N. CH3c

TAXOL HF. C5H5N. CH3CN Sc TAXOTERE M 0. 1% HCL Et OH > 14-DEACETYL TAXCL

O her taxane derivatives may readily be prepared by selection of the
proper substituents R1-Rs of P-lactam (2) or of netal al koxide (3). The
preparation of such other conpounds is illustrated in the exanples which
follow. Both the conversion of the algphol to the netal alkoxide and the
ultimte synthesis of the taxol can take place in the same reaction
vessel . Preferably, the B-lactamis added to the reaction vessel after
formation therein of the netal al koxide. The organonetallic conpound

n-butyllithiumis, prefer. ably used to, convert the al cohol to the
cor r espondi ng netlﬁﬂmqgé?éﬁede@%ﬁ@u@ﬂhébgd@ﬂg@é’ SO It9c8@§5’gst i t uent

such as it hi uwhein RqpisopyORyyi Re,amd Boy ate thyidrogen, Magitephanyl.ani des,

et hyl m&gneSi ;JE"RQQH‘E&Z tand E%ﬁeﬁilﬁlﬁrbfx pro@etingt fryupsgahasi tp@ um_
conpounds, otnel.: (X noti tani um
oo ek el Sl e
or ganopot assi unteROEHe WG Sapbnarhtf e é’sn‘irgyﬁ &%ﬂ FRUSTRe T
O ganoret al | i ¢ pheppln®Rs dse tembutoxycarsionyt| 8idoRs nidy A AYSHESYr ed by
avai | abl e met hopotesdhgdigtoupesuch i 29 wiethylsibvii cdmeahmnddiate; cmﬂ.het al . Lower
al kyl halides ap8und (8d) readily converts to 10-deacetyl taxol when R, is

—OR,, R, and R, are hydrogen, R, is phenyl, Ry is benzoyl.

and Ry is a hydroxy protecting group such as triethylsilyl.

Intermediate compounds (8b, 8¢ and 8d) may be f:onvcr;cd

to the indicated compounds by hydrolyzing the triethylsilyl

and 1-ethoxyethy! groups under mild conditions so as not to

disturb the ester linkage or the taxane derivative substtu-

ents.

. N.
o HF, CsHsN, CHiCN >TAXOL‘

g TN CHON. ) raxOTERE

8l HCLEOH > 14 ppACETYL TAXOL

Other taxane derivatives may readily be prepared by
selection of the proper substituents R, ~R of B-lactam (2) or

R,s—R., of mewal alkoxide (3). The preparation of such other
compounds is illustrated in the examples which follow.
Both the conversion of the alcohol to the metal alkoxide
and the ultimate synthesis of the taxol can take place in the
same reaction vessel. Preferably, the B-lactam is added to the
reaction vessel after formation therein of the metal alkoxide.
The organometallic compound n-butyllithium is prefer-
ably used to convert the alcohol to the corresponding metal
alkoxide, but other sources of metallic substituent such as
lithium diisopropyl amide, other lithium or magnesium
amides, cthylmagnesium bromide, methyimagnesium bro-
mide, other organoiithium-goempounds, other organomagne-
sium compounds, organosodium, organoutamium, orga-




preferred. For exanple, butyl brom de can be reacted with [|ithium é?k dﬂ
diethyl ether to give a solution of n-butyl- lithiumin the follow ng B 2004
manner: Q 3CH2CH2CHzBr + ZI..i -10 C ErzO CH3CH. CHCH U + Liar

Al ternatively, the lithium al koxi de may be induced to undergo exchange
with netal halides to form al koxi des of alum num boron, cerium calcium
zirconiumor zinc. Although THE is thegreferred solvent for the reaction

m xture, other ethereal solvents, such as dinethoxyethane, or aromatic
solvents may al so be suitable. Certain solvents, including sone

hal ogenat ed sol vents and sone straight- chain hydrocarbons in which the
reactants are too poorly sol ubIe are not suitable. O her solvents are not

appropriate for ons. e, sér?raﬁo@ﬁawﬁghappr@@rl ate for

use with certalnﬁoBr ano allic c oun ’such due to
i ncompatibility t%%&ﬂ %PF%&I & ﬁQW’é&@ﬂdéﬂgﬁﬂé‘#’é ﬁiﬁ’eﬁ herein is

directed to the used anomamllualaom@mmdaemacadaéx a\raﬂ?d:iq. 9F used
Wi th mdificatior}ﬁaynbe' r@%a gDakr%ﬁta%It%eiﬁtﬁﬁ gicladieg reduotonl

al koxi de. Therefq W%‘Dt%k%r%lédest ge

[ithium7-O-triet

i nt er nedi at e accdﬂ'@h waecm&(hu bg'orm\sﬂsn@%rbe dﬁﬂgs of the
i nvention al so hdithihm m@@jtmrlﬂlenhyll/mhogm @ivbel &gluucg.hlof n-butyl-

di ast ereosel ecti \qﬁh”]%F f ?&qﬁé es of the side chain
precursors nmay be use lﬁéﬁb an l'al °cost savings may be realized because
there is no need to resolve racemc f3-lactans into their pure enanti -
oners. Additional cost savings may be realized because |ess

. =10°C.
CH3CH;CH2CH:Br + 2“—556'9
CH,CH,CH,CH; i + LiBr

Alternatively, the lithium alkoxide may be induced to
undergo exchange with metal halides to form alkoxides of
aluminum, boron, cerium, calcium, zirconium or zinc.

Although THF is the preferred solvent for the reaction
mixmre, other ethereal solvents, such as dimethoxyethane,
or aromatic solvents may also be suitable. Certain solvents,
including some halogenated solvents and some straight-
chain hydrocarboas in which the reactants are too poorly
soluble, are not suitable. Other solvents are not appropriate
for other reasons. For example, esters are not appropriate for
use with certain organometallic compounds such as n-bu-
tyllithium due to incompatibility therewith.

Although the reaction scheme disclosed herein is directed
to the synthesis of certain taxol derivatives, it can be used
with modifications in either the B-lactam or the tetracyclic
metal alkoxide. Therefore metal alkoxides other than 13-O-
lithium-7-O-triethylsilyl baccatin I may be used to form a
taxol intermediate according to the method of this invention.

The process of the invention also has the important
advantage of being highly diastereoselective. Therefore
racemic mixtures of the side chain precursors may be used.
Substantial cost savings may be realized because there is no
need to resolve racemic B-lactams into their pure enanti-
omers. Additional €05t saxaa2s may be realized because 1ess
side chain precursor, e.g., 60~70% less. is required relative
10 prior processes.



side chain precursor. e.g.. 60-70%less, is required relative to prior
processes. 1 8 FEB 2004 -25 The water solubility of conpounds of foqm¥kﬂ%
(I') may be inproved if Rl is -OR6 and R9. is --0Ol,, and R 5 and/or , ?@‘
a functional group which increases solubility; such as ---COGCOR: wherein
Gis ethylene, propylene. CHCH, 1,2-cyclohexane, or i, 2-phenylene, R =CH
base. NR2R3, OR, SR3, OCH2CONR4R5. OH R==hydrogen, nethyl R3 CH,),VRR
(CH )nNeR'R R*X, e n=lto3 R4=hydrogen,,4 ower alkyl containing | to 4
carbons R3=hydrogen, |ower alkyl containing | to 4 carbons, benzyl,
hydr oxyet hyl , CH , COzZH, di net hyl am noet hyl R6R7=l ower al kyl containing | or
2 carbons, benzyl or R6 and R7 together with the nitrogen atom of NR6R7
formthe following rings | I NN C R38=lower alkyl containing I or 2
carbons, benzyl . X1$--halide hase. =YH3, (HOCZHO3N, N 3)3, CH3IN(C2H4OH) z,
NH2( CH2) &NHc, | @Et‘ﬁj@ i@ﬁ&lﬁ&y ofzomprands of frieRa19mafthe

T area func?onal group which increases solubility, such as

—COGCOR" wherein

G is ethylene, propylene, CHCH, 1.2-cyclohexane, or
1,2-phenylene, ‘

R'=CH base. NR?R?, OR?, SR OCH.CONR'R®. OH
R=hydrogen. methyl )
R*=(CH,) NR"R”; (CH,),N®R°R7R®*X,®

n=! to3 |

R’=hydrogen. lower alkyl containing 1 to 4 carbons

R’=hydrogen, lower alkyl containing 1 to 4 carbons,
benzyl, hydroxyethyl, CH,CO,H, dimethylaminoethyl

R‘*R’:Iowcr alkyl containing 1 or 2 carbons, benzy! or R®
an

R’ together with the nitrogen atom of NR6R? form the
following rings

aIQl®
Sle

CH,
R®=lower alky! containing 1 or 2 carbons, benzy!
Xlezhalide

base=NH,, (HOC,H,),N, N(CH,)., CH.N
1] 4 v L1 s P T 1\ (CjH OH) L)
NH,(CH,),NH., N-methylglucamire, ﬁaDI—I, IEOH.?



The preparation of conpounds in which R or Tl is --- COG CORt is

forth in Hangwitz U S Pat. No. 4,942,184 which is incorporated herél%FEBﬂUU‘
reference. The follow ng exanples illustrate the invention. EXAMPLE |
Preparation of 2'-ethoxyethyl-7-triethylsilyl taxol, and subsequently
taxol, fromracemc p-lactarn To a solution of 7-triethylsilyl baccatin I1I]
(20 ng, 0.028 mol) in 1 mM of THE at -78 C. was added dropwi se 0.17 nmi
of a 0.1641 solution-of nBuLi in hexang.. Afiter 30 mn at --78 C., a
solution of cis- | -benzoyl-3-( 1-ethoxyethoxy)- 4-phenyl azetidin-2-one
(47.5 my, 0.14 mol) in 1 mM of THE was added dropwi se to the m xture. The
solution was allowed to slowy warm (over 1.5 h) to 0 C. and was then
stirred at 0O C. for 1 hand |l mM of a 10% solution of AcOH in THE was

added. The mmwaco Ln@dy\/ﬁelwm&ht @&- gq-ue@@(}L\laHCOB and
Cesi due. whi cﬁ“‘fw' ?%‘?PS%BEV Daef 'E‘ZC’US“ra 9@{30 PAEIRITS Bow of
(2R 3'S)-2' Y% bﬁm Y §§¢gﬂlcgnd 3. 5 m (13% of

2', 3 -epi(2 s, éﬂm el o&m@gmmples ilusemny ithe lipventianoi . A 5 ny sanpl e of
(2R 3'S)-2'-ethoxyethyl- 7-triethylsilyl taxol was dissolved in 2 ml of

ethanol, and 0.5 nil of 0.5% aqu?gg of uti on was added. The m xture
was stirred at 0 C. for 30 h an ‘Htglﬂﬁv}th 50 m of ethyl acetate. The

sol uti on was extr}é_ ted with 20, M of saturated aqueous sodium bicarbonate
2

sol ution, dried o¥SPPamHAMO{Ld rethexyethyb-dntderhyisibyl taxal, r esi due was
purified by flash andoswbsegquerriyhyatol, firomt dﬁcdnﬁc@li@tﬁr@o% taxol . which

was i denti cal
To a solution of 7-triethylsilyl baccatin III (20 mg, C.028

mmol) in 1 ml of THF at =78° C. was added dropwise 0.17
ml of a 0.164M solution of nBuLi in hexane. After 30 min
at -78° C., a solution of cis-1-benzoyl-3-( 1-ethoxyethoxy)-
4-phenylazetidin-2-one (47.5 mg, 0.14 mmol) in 1 ml of
THF was added dropwise to the mixture. The solution was
aliowed to slowly warm (over 1.5 h) to 0° C. and was then
stirred at 0° C. for | h and | ml of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated agqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography to give 23 mg (80%) of
(2R, 3'S)-2'-ethoxyethyl-7-triethylsilyl taxol and 3.5 mg
(13%) of 2'3-epi(2'S, 3'R)-2'-ethoxyethyl-7-tiethylsilyl
taxol. -

A 5 mg sample of (2'R, 3'S)-2'-ethoxyethyl- 7-triethylsilyl
taxol was dissolved in 2 mi of ethanol, and 0.5 ml of 0.5%
aqueous HCl solution was added. The mixwre was stirred at
0° C. for 30 h and diluted with 50 ml of ethyl acetate. The
solution was extracted with 20 ml of saturated aqueous
sodium bicarbonate solution, dried over sodium sulfate and
concentrated. The residue was purified by flash chromatog-
raphy to provide 4.3 mg (¢a.90%) taxol, which was identical
with an authentic sample in all respects.

A 5 mg sample of 2',3"-epi(2'S,3'R)-2'-ethoxyethyl- 7-tni-
ethylsilyl taxol was dissolved in 2 m! of ethanol and 0.5 ml
of 0.5% aqueous HCI solution was added. The muixture was
stirred at 0° C. for 30 h and diluted with 50 ml of ethyl
acetate. The solution was extracted with 20 ml of saturated



wi th an aut hen

2',3 -epi(2'S, 3 R-2"-ethoxyethyl- 7-tri- ethylsilyl taxol was dissol

2 mM of ethano
m Xxture was S

-27 aqueous so
concentr at ed.

4.5 ng (ca. 909
2',7-(bis)trie
P-lactam To a

of nBuLi in he
ci s-1-benzoyl -
nmol) in 1 m

allowed to wataxélo 0 C and held at 0 C

sol uti on of Ac

chr omat ogr aphy
3'S)-2",7-(bis
epi (2' S 3R -2
(0.112 rnnol)

tic sanple in all respects. A5 ng sanple of

ikEE 0k

| and 0.5 m of 0.59a aqueous .HC solution was added. The
tirred at 0 C. for 30 h anal diluted with 50 m of ethyl
acetate. The solution was extracted with 20 m of saturated 1 8 FEB 2004
di um bi carbonate solution, dried over sodium sulfate and
The resi due was purifig(é%b_y dash chromat ography to provide

o) of 2',3 -epi- taxol. EXAMPLE 2 Preparation of

thylsilyl taxol, and subsequently taxol, fromracemnc

solution of 7-triethylsilyl baccatin 111(100ng, 0.143 nmol)

in 1 m of THEQQL‘ bﬁif Sdll?ﬁsb?gﬂ'% ﬁf%%lﬁﬁo‘ﬁ O?}lcdﬂo,}& MlﬁﬁM sol ution

3u F?FBSE%Qd ﬁé‘ﬁ?ldlieai"éﬁ aatméc%rbey 8858 ny, 0.715
hramamgsap ifided pdowie seSt mg HeaBQ¥a)y of IWE-epi-ution was

for 1 h. One nl of a 10%

OH in THE was added. The m xture was partitioned between
saturated agueous NaHCO, and 60140 et hyl acetate/ hexane. Evaporation of
the organic | ayer gave a resi due BaRidd 2)urified by fl ash
fol | owed by recrystalllzatlon to give 131 ng (85% of (2'R

)tr7' (eE, f@:’ r ﬁﬁﬂyislfgy/%%%t@% of 121.3 ny

of (2 Rsulasegu

To a solution of 7-miethylsilyl baccatin II (100mg, 0.143
mmol) in 1 ml of THF at =45° C. was added dropwise 0.087
ml of a 1.63M solution of nBuli in hexane. After | h at <45°
C., a solution of cis-1-benzoyl-3-triethylsilyloxy)- 4-pheny-
lazetidin-2-one (274 mg, 0.715 mmol) in 1 ml of THF was
added dropwise to the mixmre. The solution was allowed to
warm 0 0° C. and held az 0° C, for | h. One ml of 2 10%
solution of AcOH in THF was added. The mixmre was
partiioned between saturated aqueous NaHCO, and 60/40
ethyl acetate/hexane. Evaporation of the organic layer gave
a residue which was purified by flash chromatography
followed by recrystallization to give 131 mg (85%) of (2'R,
3'S)-2",7-(bis)trethylsilyl taxol and 15 mg (10%) of 2',3-
epi(2'S,3R)-2',7-(bis)uiethylsilyl taxol.

. To a solution of 121.3 mg (0.112 mmol) of (2R, 3'S)-2,
7-(bis)uiethylsilyl taxol in 6 ml of acetonitrile and 0.3 mi of
pyridine at 0° C. was added 0.9 ml of 48% aqueous HF. The
mixture was stirred at 0° C. for 8 h, then at 25° C. for 6 h.
The mixture was partitioned between samrated agueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 113 mg of material which was
purified by flash chromatography and recrystallization to
give 94 mg (98%) taxol, which was identical with an
authentc sample in all respects.

To a soluton of S mg of (2'R, 3'S)-2',7-(bis) triethylsilyl
taxol in 0.5 m! of acetonitrile and 0.03 ml of pyridine at 0°
C. was added 0.09 m! of 48% aqueous HF. The mixture was
stirred at 0° C, for § h, thep at 25° C. for ¢ h, The mixture
was partitioned between samrated agueous sodium bicar-
bonate and ethyl acetate. Evaporation of the ethyl acetate

ly axol, rom racemic B



7-(bis)triethylsilyl taxol in 6 m of acetonitrile and 0.3 m of pyr%péﬂgmm
at 01 C. was added 0.9 m of 4890 aqueous HF The m xture was stirrea a
C. for 8 h, then at 25 C. for 6 h- The m xture was partitioned between
saturated aqueous sodi um bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 113 ng of material which was purified by flash
chromat ography and recrystallization to give 94 ng (98% taxol, which was
identical with an authentic sanple i.rpgal| respects. To a solution of 5 ny
of (2R 3 '5)-2",7-(bis) triethylsilyl taxol in 0.5 m of acetonitrile and
0.03 mM of pyridine at 0 C. was added 0.09 m of 48% aqueous HE The
m xture was stirred at 0 C. for 8 h, then at 25 C. for 6 h. The m xture
was partitioned between saturated aqueous sodi um bicar- bonate and et hyl
acetate. Evaporation of the ethyl acetate 1 8 F E B 2004 -28 sol ution gave
5 ng of materi SOlEICM Zaxe Harg fafconagrizh swhichhwasepug fadryy dlash
recrystal | i zat lcm-d:mmgtq?ﬁﬁaﬁﬂ teerysttliation 0. @iveed.§ amel (cEXAVPLE 3

.

Preparati on of g&erA- LPiSht. %ﬁ& silyl taxol, and ~subsequently taxol, from
optically acti v%%g)l éfcet"a‘% ‘Fg a )se(%l ution of 7-triethylsilyl baccatin |11

(100 ng, 0.1 43 mol) inl m of THE at -45 C. was added dropw se 0.087

nil of a 1.63M solution of nBuLi iBX®RXOPEE After | h at 45 C., a
solution of (+)-cis- | -bcnzoyl-3-triethylsilyloxy- 4-phe- nyl azeddi n-2-one

(82 nmg, 0.215 nmmol) W | m,of T . .added .dr,opwi se, to {he m xture. The
solution was all O\A/edﬁl]’ﬁpaﬁﬂé%c?ﬁ ﬂ-%hﬂm@nﬂsw ¢axol.fand 2 hours. One
of a 10% subsequently taxol, from optically active B-lactam

To a solution of 7-triethyisilyl bacecatin ITI (100 mg, 0.143
rmol) in 1 mi of THF at —45° C. was added dropwise 0.087
ml of 2 1.63M soluton of nBuLi in hexane. After 1 h at —45°
C., a solution of (+)-cis-!-benzoyl-3-triethylsilyloxy- 4-phe-
nylazetidin-2-one (82 mg, 0.215 mmol) in | ml of THF was
added dropwise to the mixture. The solution was allowed to
warm to 0° C. and held at 0° C. for 2 hours. One ml of a 10%
solution of AcOH in THF was added. The mixwmre was
parttioned between sawurated aqueous NaHCO, and 60/40
ethyl acetate/hexane. Evaporation of the organic layer gave
a residue which was purified by flash chromatography
followed by recrystallizadon to give 145 mg (94%) of (2'R,
3'S)-2",7-(bis)tricthylisilyl taxol.

To a solution of 121.3 mg (0.112 mmol) of (2R, 3'S)-2,
7-(bis)uiethylsilyl taxol in 6 ml of acetonitrile and 0.3 ml of
pyridine at 0° C. was added 0.9 m! of 48% aqueous HF. The
mixture was stirred at 0° C. for 8 h, then at 25° C. for 6 h.
The mixture was partitioned between saturated aqueous
sodium bicarboaate and ethyl acetate, Evaporatdon of the
ethyl acetate solution gave 113 mg of material which was
purified by fash chromatography and recrystailization to
give 94 mg (98%) taxol, which was identical with an
authentc sample in ail respects.



solution of AcOH in THE was added. The m xture was partitioned between
sat ur at ed aqueous NaHCO3 and 60/ 40 ethyl acetatel hexane. Evapor ati ohg 6f8 2004
the organic | ayer gave a residue which was purified by flash

chromat ography followed by recrystallization to give 145 ng (94% of (2'R
3'S)-2",7-(bis)triethylsilyl taxol. To a solution of 121.3 ng (0.112 mmol)
of (22R 3'9-2'", 7-(bis)triethylsilyl taxol in 6 mM of acetonitrile and
0.3 mM of pyridine at 0 C. was added 9 m of 48% aqueous HF. The

m xture was stirred at 0 C. for 8 h, then at 25 C. for 6 h. The m xture
was partitioned between saturated aqueous sodium bicarbonate and et hyl
acetate, Evaporation of the ethyl acetate solution gave 113 ng of nateri al
whi ch was purified by gash chromat ography and recrystallization to give

94 ngy (98% taxol, which was |dm@1€g authentic sanple in all
respects 1 8 FEBZOO4 29 EXA ration of taxotere To a solution
of 7,10-bis-triethylsilyl baccatin Il (200 ng, 0.248 mmol)) in 2 nL of

THE at -45 C. was added dropPrsrar@dbfdofitaebtadel. 63M sol ution of nEuLi in
hexane. After 0.5 b at 45 C. a solution of cis- 1 (tent but oxycar- bonyl ) -

3-triet hygzl Lyt oTy- 4- s&lamdnab‘fdwllro}-&sn&e%&iﬁt 2 i of g
5 T M B o e U ., 1
THE was added- dmﬁwlﬁ%((bldrféi e of & ﬁﬁMrﬁ&iuﬁﬁﬂv@eﬁBuﬁt@ hexanequeous
NaHCO3 and 60/ Afftert 0\ haap+$8/ Gexanwlution of cis-1-(tert-butoxycar-

bonyl)- 3-triethylsilyloxy-4-phenylazetidin-2-one (467 mg,

1.24 mmol) in 2 ml. of THF was added dropwise to the

mixwure. The solution was warmed to 0° C. and kept at that

temperature for 1 b before 1 mL of a 10% solution of AcOH

in THF was added. The mixture was parttioned between

saturated aqueous NaHCO; and 60/40 ethyl acetate/hexane.

Evaporation of the organic layer gave a residue which was

purified by filtraton through silica gel to give 280 mg of

crude 2',7,10-tris-triethylsilyl taxotere.

To a solution of 280 mg of the crude product obtained
from the previous reaction in 12 mi of acetonitrile and 0.6
mL of pyridine at 0° C. was added 1.8 mL of 48% aqueous
HF. The mixture was stirred at 0° C. for 3 b, then at 25° C.
for 13 h, and partitioned between saturated aqueous sodium
bicarbonate and ethy! acstate. Evaporation of the ethyl
acetate solution gave 215 mg of material which was purified
by flash chroma.tography to give 190 mg (95%) of taxotere,
which was recrystallized from methanol/water. All analyt-
cal and spectral data were identical with thar reported for
taxotere in U.S. Pat. No. 4,814,470,




Evaporation of the organic layer gave a residue which was purified bgFEg
filtration through silica gel to give 280 ng of crude
2',7,10-1ris-triethylsilyl taxotere. To a solution of 280 ng of the crude
product obtained fromthe previous reaction in 12 ml of acetonitrile and
0.6 nL of pyridine at 0 C was added 1.8 rnL of 48% aqueous HF. The

m xture was stirred at 0 C. for 3 h, then at 25 C for 13 h, and
partitioned between saturated aqueoussgQdi um bicarbonate and et hyl
acetate. Evaporation of the ethyl acetate solution gave 215 ng of materi al
whi ch was purified by flash chromatography to give 190 nmg (95% of
taxotere, which was recrystallized from nethanol/water. Al analyti- cal
and spectral data were identical IHég:eﬁeported for taxotere in U S
Pat. No. 4,814,470. 16FEB2004 -30 EXAMPLE 5 OAc wherein N 2 is Preparation
of 3'-desphenyl-3'-(2-naphthyl) taxol To a solution of 7-triethylsilyl
baccatin 111 (200 ng, 0.286 nmmol.) in 2 nL of THagat -45 C. was added
dropwi se 0.174 nlL of a 1.631+1 solution of nBuLw I'n hgxane. After 0.5 h at

-.45 C. a solution of g¢is- I-benzoeSI-B-t i et hyl | gxy- 4-(2-

napht hyl) azeti di n- iﬁw?’ B , THEogps added
dropwi se to the m xtugke. Tbhe sol utiion ' . kept at that
tenmperature for | ef ONe of "@»1q% sol upron of YaedH in THE was

added. The m xture was ﬁartitf-’oned bet ous NaHCO, and
60/ 40 et hyl acet at e/ hexafte. Ev ration o ;

wherein N, is

Preparation of 3'-desphenyi-3'-(2-naphthyl) taxol

_To a solution of 7-triethylsilyl baccatin [1I (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
—45° C.. a solution of cis- 1-benzoyl-3-triethylsilyloxy- 4-(2-
naphthyl)azetidin-2-one (620 mg, 1.43 mmol) in 2 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
| mL of a 10% solution of AcOH in THF was added. The
mixture was partitioned between sawrated 3aqueous
NaHCO, and 60/40 ethyi acetaterhexane. Evaporation of the
organic layer gave a residue which was purified by filtration
through silica gel to give 320 mg of a mixmure containing
(2'R.3°'S)-2",7-(bis)triethylsilyl-3'-desphenyl- 3'{2-naphthyl)
taxol and a small amount of the (2'S.3'R) isamer.



organi c | ayer gave a residue which was purified by filtration through
silica gel to give 320 ng of a m xture containing 19;595%1
(2'R 3 9S5)-2",7-(bis)triethylsilyl-3 -desphcayl- 3'-(2-naphthyl) taxol an

a small amount of the (2'S.3'R) isoner. 1 8 FEB 2004 -31 To a solution of
320 nmg (0.283 nmmmol) of the m xture obtained fromthe previous reaction in
18 znL of ac: tonitrile and 0.93 nL of pyridine aL 0 C. was added 2.8 nl

of 43% aqueous HF. The m xture was styrred at 0 C for 3 h, then at 25 C
for 13 h, and partitioned between saturated aqueous sodi um bi carbonate and
ethyl acetate. Evaporation of the ethyl acetate solution gave 255 ng of
material which was purified by flash chronmatography to give 166 ng (64%

f 3'-desphenyl hth I stal|ized f

et hanol / vt or ;f‘%éégﬂua@ee 81340 e (0253, i) Golee aeselie s 1 R
(CDC13, 300 the-previous reactionin mbafradmmmlc% (m |H
ar gxi : 8 7. 9(2.n(d 0.93LthL off tﬁﬁé a:D"a@ @iﬁsﬂ&ﬂﬂe@@ of 43":'76( Enm ZaH
aronmat i c) %aﬁ?ag &Yigé Sl qa gm?hr 5" Zl1@126 (dd, ’

J-=9. 2, o andparusianad betwesn samrared aqyeoss 68 (d,

il?? 14H§0 N bié&rbonats ahd Hith: rBya bk-aﬂﬂn)of ﬂm39 gm81l Hd
) (g wmwﬁwgﬁ%% o
(br, I'H 70H), ved | OAC)
1.83 (m 1H H3Bdesphenyl+3- (Q-napbthy\l@;mol wh&hwasmcrymhzcﬁ 68 (s, 3H,
Mel9), 1.24 (sfréth methanol/water.
m.p. 164°-165° C.; [a],.2° —52.6° (c 0 005 CHCl,)
'H NMR (CDCl,, 300 MHz) 6 8.14 (d, J=7.3 Hz, 2H.

benzoate ortho), 7.96 (m, 1H, aromatic), 7.90 (m, 1H,

aromatic), 7.85 (m, 2H, aromatic), 7.76 (m, 2H, aromatic),

7.60 (m, 3H, aromatic), 7.52 (m, 4H, aromatc), 7.41 (m, 2H,

aromatic), 7.01 (d, J=8.8 Hz, 1H, NH), 6.27 (s, 1H, H10),

6.26 (dd, J=9.2, 9.2 Hz, 1H, H13), 5.97 (dd, J=8.8, 2.5 Hz,

1H, H3", 5.68 (d, J=7.1 Hz, 1H, H2B), 4.93 (m, 1H, HS),

4.92 (m, 1H, H2"), 4.39 (m, 1H, H7), 4.30 (4, J=8.5 Hz, 1H,

H20a), 4.20 (d, J=8.5 Hz, 1H, H20B), 3.81 (d. J= 7.1 Hz,

1H, H3), 3.60 (d, J=5 Hz, 1H, 2’0OH), 2.48 (m, 14, Hb6w),

2.45 (br, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.30 (m, 2H, H14),

2.24 (s, 3H, 10Ac), 1.83 (m, 1H, H6B), 1.82 (br s, 3H,

MelB), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Mel$), 1.24 (s, 3H,

Mel7), 1.14 (s, 3H, Mel6).

EXAMPLE 6




Mel7), 1.14 (s, 3H Mel16). EXAMPLE 6 0 W as 0 1 6 F EB 2004 -32 mp1gFﬂ 00
164-165 C.; [a],,A -52.6 (c 0.005, CHC13). 'H NWR (CDC13, 300 MHz)

(d, J=7.1 Hz, 2H, benzoate ortho), 8.11 (rn, 3H, aromatic), 7.91 (m 3H,
aromatic), 7.70 (I1l, 2H, aromatic), 7.63-7.46 (m 7H, aro- matic), 6.75

(d, J= 8.8 Hz, | H NH), 6.52 (& 1=8.8, 1.6 Hz, 1H, H3'), 6.27- (s, |H,
H10), 6.27 (dd, J-9.1, 9.1 M, 1H, H 13), 5.68 (d, J=7.1 Hz, | H, H20),
4.85 (dd. 7 7.6, 2.2.Hz, 1H, H5), 4,87 (dd, J= 1.6 Hz, 1H, H2'), 4.39 (m
IH, H7), 4.24 (d, J=8.5 Hz, | H, H0a), 4.17 (d, J=8.5 Hz, |I_H, H0 p),
3.80 (d, J=7.1 Hz, IH H3), 3.65 (br, IH 2'OH), 2.55 (m |H Hea), 2.48
(br, 1H, 70H), 2.41 (s, 3H 4Ac) 2. 38 (m IM H14), 1.96 (s, 3H, 10Ac),

1.86 I|H, H613), 1.8 1.76 1.69 (s, 3H,
|v919)(m1 28 (S, ) h\% Clzat'a%m —i%éidp(om&vﬁﬁo? MeO OAc(g

Preparation of 3‘@%%@@ Job MboxgrReny 4, Az pl gh8Ap2001 - 33
benzoate ortho), 8.11 (m, 3H, aromatc), 7.91 (m, 3H,
aromatic), 7.70 (m, 2H, aromatic), 7.63~7.46 (m, 7H, aro-
.matic), 6.75 (d, J=8.8 Hz, 1H, NH), 6.52 (dd, 1=8.8, 1.6 Hz,
1H, H3", 6.27 (s, 1H, H10), 6.27 (dd, J=9.1, 9.1 Mz, 1H,
H13), 5.68 (d, J=7.1 Hz, 1H, H2B), 4.85 (dd, J=7.6, 2.2 Hz,
1H, HS), 4.97 (dd, J= 1.6 Hz, 1H, H2", 4.39 (m, 1H, H7),
4.24 (d,J=8.5 Hz, 1H, H20a), 4.17 (d, J=8.5 Hz, 1H, H208),
3.80(d, J=7.1 Hz, 1H, H3), 3.65 (br, I1H, 20H), 2.55 (m, 1H,
Héea), 2.48 (br, 1H, 70H), 2.41 (s, 3H, 4Ac), 2.38 (m, 1M,
H14), 1.96 (s, 3H, 10Ac), 1.86 (m, 1H, H6B), 1.80 (brs, 3H,
Mel3), 1.76 (s, 1H, 10H), 1.65 (s, 3H, Mel19), 1.28 (S, 3H,
Mel7), 1.16 (s, 3H, Mel6).

EXAMPLE 7

MeO

Preparation of 3'-desphenyl-3 - (4-methoxyphenyl)
taxol



wherein Np 1 is Preparation of 3'-desphenyl-3'-(1-naphthyl) taxol TquF 2001
solution of 7-triethylsilyl baccatin IIl (200 ng, 0.286 mml) in 2 %ﬁ
TI-1F at -45 C. was added dropwise 0.174 nL of a 1.63M solution of nButi

in hexane. After 0.5 h at. -.45 C., a solution of cis-I|-benzoyl-3-triethyl
silyl oxy-4-(1- naphthyl)azetidin- 2-one (620 ng, 1.43 mmol) in 2 nmL of THE
was added dropwisc to the m xture. The solution was warnmed to 0 C. and

kept at that tenperature for I. h befgge | nL of a 10% solution of AcOH in
THE was added. The m xture was partitioned between saturated aqueous
NaHCa3 and 60140 et hyl acetatel hexanC. Evaporation of the organic |ayer
gave a residue which was purified by filtration through silica gel to give
325 nmg of a mxture containing (2'R,3' S)-2',7- (bis)tricthyisilyl-

3' -desphenyl -3' - (1-naph- thyl) taxol and a small anmount of the (2'S,3'R)

I somer. To a sokHdrein @ _.32% ng (0.287 mmol) of the m xture obtained from
the previous reaction in"18 nL of acetoniuile and 0.93 nL of pyridine at 0O
C. was added 2.8 nL of 48% aqueous HF The m xture was stirred at 0 C. for
3 h. then at 25 C for 13 h. apd partitioned between saturated aqueous
sodi um bi carbonate and gt hyl acktate. Evaporation of the ethyl acetate

sol ution gave 260 ng 3 |ich was purified by flash

chromat ography to gi of 3'-(l-naphthyl) taxol, which was
AL
00" ng, 0.286 mml) in 2 nL of THE at -45 C

recrystallized from r. 1 8 FEB 2004 -34 To a solution of
7-triethylsilyl bacca
was added dropwi se 0.174

Preparation of 3'-desphenyl-3'-(1-naphthyl) taxol

To a solution of 7-triethylsilyl baccatin IT (200 mg, 0.286
mmot) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nButi in hexane. After 0.5 h at
—45° C., a solution of cis-1-bcnzoyl-3-u'icthylsil:floxy-d-(I-
naphthyl)azetdin- 2-one (620 mg, 1.43 mmol) in 2 mL of
THE was added dropwise to the mixture. The soluton was
warmed to 0° C. and kept at that temperature for | h before
1 mL of a 10% solution of AcOH in THF was added. The
mixture was partitioned between sawmrated aqueous

NaHCO, and 60/40 ethyl acetate/hexane. Evaporadon of the
orgarnic layer gave a residue which was purified by filtraton
_ through silica gel w0 give 325 mg of a mixture containing
(2R.3'S)-2",7- (bis)triethylsilyl- 3'-desphenyl-3'-(1-naph-
thyl) taxol and a small amount of the (2'S3R) isomer.

To a solution of 325 mg (0.287 mmol) of the mixture
obtained from the previous reaction in 18 mL of acstomitrile
‘and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixmire was stirred at 0° C, for 3 b, thea
ar 25° C. for 13 h, and partitioned between sarurated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
cthyl acetate solution gave 260 mg of material which was
purified by flash chromatography to give 166 mg (64%) of
3'-(1-naphthyl) taxol, which was recrystallized from metha-
nol/water.



rnL of a 1.63M solution of nBuLi in hexane. After 0.5 h at -45 C., a
solution of cis- | -benzoyl-3-triethylsilyl oxy-4- 16 FEB 2004
(4- nmet hoxyphenyl )azetidin- 2-one (590 ng, 1.43 nmol) in 2 tnL of THE was
added dropwi sc to the m xture. The solution was warnmed to 0 C. and kept at
that tenperature for | h before | nmL of a 10% solution of AcOH in THE was
added. The m xture was partitioned between saturated aque- ous NaHCC3 and
60/ 40 et hyl acer. atel hexane. Evaporatizgn of the organic |ayer gave a

resi due which was purified by filtration through silica gel to give 320 ng
of a mxture containing (2°R 3'S)-2'.7-(bis)triethylsilyl-

3' -desphenyl -3' - (4-net hoxyphenyl) taxol and a small anmount of the (2'S,
3'R) isoner. To ol ut,i on of .320, Q 8 mmol f the m xtur obt ai ned
fromthe previ ougﬁeaa.%qlwq ﬂfimr{ﬂyg?ﬂﬁ%@ma Iﬁe(202hmg;. 3851 of
pyridine at 0 cnmal) indenl 2fTHE atf~48%C.avas addedrrdpevise)0. 174 was

sat ur ated aqueons i S3VE g"‘?ﬁ"@?ﬂgﬂgti ﬁ‘éx%@?dwf%%? on of the
ethyl acetate sﬁﬁtiéﬁ--g@&g‘@@é n‘gla(‘fi‘s‘a‘é QP?QK’ ‘v‘\ﬁpa §1YI%Yfred by flash
chr omat 0gz- aphy(4-nefaesyprenyl)azegdine2-oae- () mey L 43 mumolinnhoxyphenyl )
taxol, which wa3 miecfy THB! Waaeddied hasel {ovaher miktipre, TTHe 176 C.; (al

VA23 --48.86 (c &u%ﬁléﬂ 115 QU pgg% 53 A (0, J=7.1
e, 2H - benzoal g BTGECT ?@?g‘%ae P AGQH e s o Ot ©).

aromatic), 6.26addsd.I'The BiXrureswas partitionkd batwees sheurattd dqueid3) , 5. 70
(dd, 1=8.8, 2.7ok¥ NdHCO, and 60/40 ethyl acetate/hexane. Evaporation
of the organic layer gave a residue which was purified by
filration through silica gel to give 320 mg of ‘a2 mixture
conwaining (2'R. 3'S)-2".7-(bis)triethylsilyl- 3'-desphenyi-3'-
(4-methoxyphenyl) taxol and a small amount of the (2'S,
3R) isomer.

To a soluton of 320 mg (0.288 mmol) of the mixwre
obtained from the previous reaction in 18 mL of acetonitrile
and 0. 93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetare solution gave 255 mg of material which was
purified by flash chromatography to gave 172 mg (68%) of
3'-desphenyl-3'-( 4-methoxyphenyl) taxol, which was
recrystallized from methanol/water.
m.p. 174°~176° C.; [a]s® —48.86° (c 0.05, CHCl,).
'H NMR (CDCl,, 300 MHz) § 8.12 (d, J=7.1 Hz, 2H,
benzoate ortho), 7.72 (m, 2H, aromatc), 7.59 (m, lH,
aromatic), 7.53-7.36 (m, 8H, aromaric), 6.96 (d, J=8.8 Hz,
1H, NH), 6.90 (m. 2H, aromarc), 6.26 (s, 1H, H10), 6.21
(dd, J=9.3, 9.3 Hz, (1H, H13), 5.70 (dd, J=8.8, 2.7 Hz, 1H,
H3"), 5.66 (d, J=6.8 Hz, 1H, H2B), 4.93 (dd, J=9.9, 2.2 Hz,
1H, HS), 4.74 (dd, J=5.5, 2.7 Hz, 1H, H2B), 4.35 (m, 1H,
H7), 4.29 (d, J=8.8 Hz, 1H, H20a), 4.18 (d, J=8.3 Hz, 1H,
H208), 3.78 (d, J=6.8 Hz, 1H, H3), 3.78 (s, 3H, ArOMe),
3.67 (d, }=5.5 Hz, 1H, 2'OH), 2.61 (m, 1H, H6a), 2.50 (d,
J=4.4 Hz, 1H, 70H), 2.37 (s, 3H, 4Ac), 2.31 (m, 2H, H14),
2.25 (s, 3H, 10Ac), 1.84 (m, 1H, HéP), 1.79 (br s, 3H,
+Mel8), 1.79 (s, 1H, 10H), 1.67 (s, 3H, Me19), 1.22 (s, 3H,
Mel7), 1.13 (s, 3H, Mel6).



H3'), 5.66 (d, J=6.8 Hz, 1H, H2P), 4.93 (dd. J=9.9, 2.2 Hz, |IH H5), 1&;@&2001‘
(dd, J= 5.5, 2.7 Hz, IH H213), 4.39 (m 1H, H7), 4.29 (d, J=8.8 Hz,

H20a), 4.18 (d, J=8.8 Hz., 1H H20O, 3.78 (d, J=6.8 Hz, IN, H3), 3. 78 (s
3H, ArOWe), 3.67 (d, J=5.5 Hz, IH 2'CH), 2.61 (m IH Hea), 2.50 (d,

J=4.4 Hz, 1H, 70H), 2.37 (s, 3H, 4Ac), 2.31 (m 2H, H14), 2.25 (s, 3H,
|OAc), 1.84 (m 1H, He6P)11.79 (br s, 3H, 7Me18), 1.79 (s, 1H, IOH), 1.67
(s, 3H M19), 1.22 (s. 3H  M1l7), L 48.(s, 3H MlI6). 1 8 FES 2004 -35
EXAMPLE 8 Preparation of 3'-desphenyl-3 '- (4-chlorophenyl) taxol To a
solution of 7-triethylsilyl baccatin Ill (200 ng, 0.286 wmuol) in 2 nL of
THE at 45 C. was added drop wise 0.174 nL of a 1.63M solution of nButi in
hexane. After 0.5 h at -45 C., a solution of cis- |

-benzoyl -3-triethylsilyloxy-4- (4- BKENMIEBEYS) azetidin-2-one (595 ng, 1.43
mmol) in 2 nL of THE was added dropwi se to the m xture, The solution was
warnmed to 0 C. and kept at that tenperature for I h before |l nL of a 10%
solution of AcOH in THE was added. The m xture was partitioned between

sat urat ed aqueous NaHCO8 an860/40 ethyl acetatefhexane. Evaporation of

the organic |ayer gave a regi due which was purified by filtration through
silica gel to give 320 ng#A Q] Xxture containing (2'R 3'9)
-2',7-(bis)triethylsilyl -(4-chl o- %phenyl) taxol and a
smal | amount of the (2 S,{R) g

Prepa.ranon of 3'-desphenyl-3 ‘- (-chlorophenyl)
taxol '

To a solution of 7-triethylsilyl baccatin III (200 mg, 0.286
mmotl) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBud in hexane. After 0.5 h at
—45 ° C., a solution of cis-1-benzoyl-3-triethylisilyloxy-4-
(4-chlorophenyl)azetidin-2-one (595 mg, 1.43 mmol) in 2
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 1 mL of a 10% solution of AcOH in THF was added.
The mixture was partitioned between saturated aqueous
NaHCO, and 60/40 ethyl acetate/hexane. Evaporation of the
organic layer gave a residue which was punﬁed by filuadon
through silica gel w0 give 320 mg of a mixwure containing
(2R, 3'9) -2' 7-(bis)triethylsilyl 3'-desphenyl-3'-{4-chlo-
rophenyl) taxol and a small amount of the (2'S, 3'R) isomer.



To a solution of 320 ng (0.287 mml) of the mxture obtained fromthg
previous reaction in 18 nL of acetonitrile and 0.93 niL of pyridine QFE)BZDU"
C. was added 2.8 nL of 48% aqueous HF. The m xture was stirred at 0 C. for
3 h, then at 25 C for 13 h. and partitioned between saturated aqueous

sodi um bi carbonate and ethyl acetate. Evaporation of the ethyl acetate

sol ution gave 255 ng of material whicRhewas purified by flash

chromat ography to give 158 ng (62% of 3'-desphenyl-3'-( 4-chlorophenyl)
taxol, which was recrys- talli zed from nmet hanol /water mp. 173-175 C.;
[cx]ffA" =50.8 (c 0.01, CHC13). 'H NWMR (CDC3, 300 MHz) 8 8.13 (d. J=7.1 Hz,

2H, b d 65-7, 35
(m 105”2332%?&??3639*??58% -Og_gzﬁlzﬁ%%l-q qu%%{«xmr 6.25 (dd,
1=8.3, 8.3 Hz. lohtaing] frenvthe pagviguissrancno HHE (d, J=7.1
ha, R H2), GRDOI9Y.mL &f By r?dahd-mo? cawas)addcd?z&uﬂ-ef@% Her),

4.40 (m 1H, H7 aarﬁgifc(ﬁbrsﬂfﬁtﬁanz | H
H20P), 3.80 (d, "éﬁ%«%ﬁ
| H H%Sa) 2, 3823 3114-46?1 fﬁl PHIHPO“Q;‘;% ST ’q%i%é (m 1H,

Ho P), 1. 80 (brso&iluﬁ:lri blcubbd:ﬁme B ethyl :-aeetamsﬁvagorz@oos e Me 17),

1.14 (s, 3H  Medf); EXANELGi8ribn Bafk 295 g OF ndteHzR %8%h was
purified by fash chmmar.ography to give 158 mg (62%) of
3'-desphenyl-3'-( 4-chlorophenyl) taxol, which was recrys-
tallized from methanol/water.

m.p. 173°-175° C,; [a]y = =50.8° (c 0.01, CHCly).

'H NMR (CDCl,, 300 MHz) § 8.13 (d, J=7.1 Hz, 2H,
benzoate ortho), 7.72 (d, J=8.2 Hz, 2H, benzamide ortho),
7.65-7,35 (m, 10H, aromatic), 6.97 (d, J=8,8 Hz, 1H, NH),
6.27 (s, 1H, H10), 6.25 (dd, J=8.3, 8.3 Hz, 1H, H13), 5.78
(dd, J=8.8, 2.2 Hz, 1H, H3", 5.67 (4, J=7.1 Hz, 1H, H2),
495 (dd, J=8.8, 2.2 Hz, 1H, HS), 4.77 (br s, 1H, H2), 4.40
(m, 1H, H7), 4.31 (d, ]=8.2 Hz, 1H, H20a), 4.19 (d, J=8.2
Hz, 1H, H20B), 3.80 (4, J=7.1 Hz, 1H, H3), 3.61 (brs, 1H,
2'0H), 2.54 (m, 1H, H6a), 2.38 (s, 3H, 4Ac), 2.32 (m, 2H,
H14), 2.24 (s, 3H, 10Ac), 1.85 (m, 1H, H6B), 1.80 (br s, 3H,
Mel8), 1.68 (s, 3H, Me19), 1.23 (s, 3H, Mel7), 1.14 (s, 3H,
Mel6).

EXAMPLE ¢

Br




-37 Preparation of 3'-desphenyl-3'-(4-bronophenyl) taxol To a solution of
7-uiethylsilyl baccatin IIl (200 nmg, 0.286 nmol) in 2 nL of THE at 445EB i
was added dropwi se 0.174 nlL of a 1.63M solution of nBuLi in hexane. After
0.3 hat 45 C., a solution of cis- |-benzoyl-3-ttiethylsilyloxy-4-

(4- bronophenyl )azetidin- 2-one (660 ng, 1.43 mmol) in 2 nL of THE was
added dropwi se to the m xture. The soI3 tion was warnmed to 0 C. and kept at
that tenperature for-1 h before 1 nL gf' a 10% solution of AcOHin T KF was
added. 'file m xture was partitioned between saturated agueous NaHCO3 and
60/ 40 ethyl acetate/hexane. Evaporation of the organic layer gave a

resi due which was purified by filtration through silica gel to give 330 ngy

3 - Gespheny -3 - (PTG TSR G BRRERAID 51 che (2 5

3'R) isoner. To a solution of 330 ngmﬂ 284 mmol ) of the mi xture obtained
fromthe previous reaction in 18 nL of acetonltrlle and 0. 93 of

pyridine at 0 CT@vassaidded of B-methylsilydcbaggasaddl (ECOme, ﬁi;’( re was
stirred at 0 anﬁ mlit BETHFar 24 5°QC. wals ddddd ded Q:EOITMned bet ween
sat urated aque so | bﬁcg 8@?}@&% et atlon of the
ethyl acetate ﬁflao 6;’;% % C |ed by fl ash
chr omat ogr aphy—‘ﬁ) oilxe 2 861uHOT

taxol, which vds dzgu@nilz;on lsﬂB mnml)hnoﬁ 172 C.;

[ ||\r -50. 94 %Hﬁ fuddn) d. J=7.2
R e GRS g&gﬁﬁ'@ﬁ?& %

before 1 mL of a 10% soluuon of AcOH in THF was added.
Tiae mixture was partitioned between saturated agqueous
NaHCO, and 60/40 ethyl acetate/hexane. Evaporation of the
organic layer gave a residue which was purified by filtration
through silica gel to give 330 mg of a mixture containing
(2R, 3'S) -2',7- (bis)triethylsilyl- 3'-desphenyl-3'-(4-bro-
mophenyl) taxol and a small amount of the (2'S, 3'R) isomer.

To a solution of 330 mg (0.284 mumol) of the mixture
obtained from the previous reaction in 18 mL of acetonitrile
and 0.3 mL of pyndmc at 0° C. was added 2.8 mn of 48%
aqueous HE. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated agueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 265 mg of material which was
purified by flash chromatography to give 186 mg (64%) of
3'-desphenyl-3'-( 4-bromophenyl) Laxol which was recrys-
tallized from methanol/water.

m.p. 170°-172° C,; [a]x2® =50.94° (c 0.01, CHCl,).

'H NMR (CDCl,, 300 MHz) § 8.12 ) d, J=7.2 Hz. 23H.
benzoate ortho). 7.71 (m., 2H. aromauc), 7.61 (m. 1H.

aromatic), 7.50— 7.47 (m, 6H, aromatic), 7.38 (m. 3H,
aromatic), 7.04 (d, J= 8.8 Hz. 1H. NH), 6.27 (s, 1H, H10),
6.23 (dd. J=8.2, 8.2 Hz, 1H, H13), 5.75 (dd. J=8.8, 2.2 Hz,
1H, H39, 5.66 (d, J=7.1 Hz, 1H, H28), 4.94 (dd, J=9.3, 1.7
Hz, 1H, HS), 4.75 (dd, J= 22 Mz, 1H, H2), 4.38 (m. 1H,
HT), 4.29 (d, 1=8.2 Hz, 1H, H20w), 4.18 (d. J=8.2 Hz. lH,
H20p), 3.79 (d. J=7,1 Hz, 14, H3), 3.7 (br, 1 H, 20H), 2.33
(m, 1H, Héc), 2.38 (br, 1H, 70H), 2.37 (s, 3H. 4Ac), 2.30
(m, 2H, H14), 2.23 (s, 3H, 10Ac), 1.87 (m, 1H, H6PB), 1.80

nophenyl)



aromatic), 7.50- 7.47 (m 6H, aromatic), 7.38 (m 3H, aromatic), 7.04 (d,
J=8.8 Hz, 1 H NH), 6.27 (s, 1 H H10), 6.23 (dd, J-.2, 8.2 Hz, 1LGHEBH0L
13), 5.75 (dc, J=8.8, 2.2 Hz, IH H3), 5.66 (d, J=7.1 Hz, 1H, H213), 4.94
(dd. J=9.3, 1.7 Hz, 1H H5), 4.75 (dd, J= 2.2 Mz, 1H, H2'), 4.38 (m 1H,
H7), 4.29 (d, .1=8.2 Hz, | H, H0a), 4.18 (d, 1=8.2 Hz. | H MP), 3.79
(d. J=7,1 Hz. 1} . H3), 3.7 (br, IH,_%‘SQ—D, 2.53 (m IH Hea), 2.38 (br.
1H, 70H), 2.37 (s, 3H 4Ac), 2.30 (m 2H, H14), 2.23 (s, 3H [0Ac), 1.87
(m 1H, H613), 1.80 1 8 F E B 2004 38 (br s, 3H MTB), 1.80 (s, 1H [IOH),
1.67 (s, 3H Ml9), 1.22 (s, 3H Me i 7), 1.13 (s, 3H, W6). EXAMPLE 10
QAc Preparation of 3'-desphenyl-3"- (3, 4-nethylenedi oxyphenyl) taxol To a

solution of 7-trjethylsjl C Wl 2 1 B2 A1y, 2 L of
THE at -45 C a&dégivmgﬁgblﬁ i#(t g@ ’ l'ggl\/&go? ut i o#l(??' nBuLi in
hexane. After 0.52% &, 3H4Med7). 4.331(s: i35, Mclo).
ci s-1-benzoyl -3-triethylsilyloxy-4- (3,4-nethyl enedi oxyphenyl)aaeti di n-
2-one (610 ng, 1.43 mol) in 2 of Sﬁd dropwi se to the m xture.
The solution was warned to 0 C. a at tenperature for 1 h
before I nL of a 10% solution of AcOH in THE was added. The m xture was
partitioned between saturated aque- ous NaHCO3 and 60/40 et hyl

acet at e/ hexane. Evaporation @gf_theg organic |ayer gave a residue which was
purified by 1 8 FEB 2004 -39

O

QAc

Preparation of 3'-desphenyl-3' @3,
4-methylenedioxyphenyl) taxol

To a solution of 7-triethylsilyl baccatin III (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0. 174
mL of 2 1.63M solution of nBuLi in hexane. After 0.5 h at
—45 ° C.. a solution of cis-1-benzoyl-3-tricthylsilyloxy-4-
(3.4-methylenedioxyphenyl)azetidin- 2-one (61Q mg, 1.43
mmol) in 2 of THF was added dropwise to the mixmure. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of 2 10% solution of AcOH in THF was
added. The mixture was partitioned between saturated aque-
ous NaHCO, and 60/40 ethyl acetate/hexane. Evaporauon
of the organic layer gave a residue which was purified by



filtration through silica gel to give 320 ng of a m xture containin%
(2'R 3'S)-2',7-(bis)triethylsilyl- 3'-desphenyl-3'- (3, 8 FEB 2004
4- et hyl enedi oxyphenyl) taxol and a small anobunt of the (2'S, 3'R) isoner.
To a solution of 320 ng (0.284 mml) of the m xture obtained fromthe
previous reaction in 18 nL of acetonitrile and 0.93 nL of pyridine at 0 C
was added 2.8 nL of 48% aqueous HF. e m xture was stirred at 0 C. for 3

h, then at 25 C. for 13 h, and partitioned between saturated agueous

sodi um bi carbonate and ethyl acetate. Evaporation of the ethyl acetate
solution gave 113 ng of material which was purified by dash chromat ography
to give 165 ng (64% of 3'-desphenyl-3'-( 3,4-nethyl enedi oxyphenyl) taxot,

whi ch tallized f t 8 : NA
Mhes (e o ool diehafiroud gL cat 18 ,%V&‘g{f% g%%%;@xﬁ‘ﬁ?l_z e, 2h
benzoat e or t ho) Gomaringn (2R, 3" odel (P13 tmetity 11 -SRI S T 7. 50 (m
2H, aromatic), {3,38methyhkinediongphenyl) tafol mnd &, sEadhamaymt 8f94 (m 2H,

tic), 6.88 =Gaidy BN ' 6. 83 | H. tic), 6.28. (s. |
ﬁ.rogallo)c? 6. 23 L‘%&?ﬁjzjg_)fség‘éir‘m.ml H, H13§,mS.? a,rorz'l'i.f%t hyl ene§:S

7 (
5.69 (dd, J= 9.1To2aSsolution laf B20) mg. @B284. mynmeld qfzthe MIARGHp) "4 95
l(a‘i H;):9- 2’ 3%- %%E&inbd?mh@irlac ﬁr&?id@rvgﬂﬂ%&n i® &z milief acc!(?;\%ﬂébg)l. ngl
) , . — : A . = . , .

(d, 1=.9 Hz, 1 wdgﬁ?gefp}?ﬁﬁ%ﬁ 9 éz‘;a(i’d%%&iéﬁ%ﬁmﬁa L 43 (d,
J=4.1 Hz, i H aquespus HBolhs mimrurswas at Pdiﬁ% :r ay Ho! (s, 3H,
10Ac), 1.88 (mai25° Eidpr 18 Bafdpastititedben@yen saBualed aquEPUS o), 1. 68
(s, 3H M 19), sdaidfin (Sicabonte Wd ethyP dcorate3Evhpofition of the

ethyl acetate solution gave 113 mg of material which was

purified by flash chromatography to give 165 mg (64%) of

3'-desphenyl-3'-( 3,4-methylenedioxyphenyl) taxol, which

was recrystallized from methanol/water.

m.p. 178°-180° C.; [a]y, = —46.6° (c 0.003. CHCly):

'H NMR (CDCl,, 300 MHz) & 8.14 (d, J=7.2 Hz, 2H.
benzoate ortho), 7.72 (m. 2H, aromatic), 7.15 (m. 1_H.
aromatic), 7.50 (m. 2H, aromatic), 7.38 (m, 2H, aromatic),
7.0 (m. 1H, aromatic), 6.94 (m, 2H, aromatic), 6.88 (d. J=9.1
Hz, 1H NH), 6.83 (m. 1H. aromatic), 6.28 (s, 1H. H10), 6.23
(dd, J=9.1,6.1 Hz. 1H. H13), 5.97 (s, 2H. methylene), 5.69
(dd, J=9.1, 2.5 Hz. 1H, H3"). 5.68 (d. J=6.9 Hz. 1H. H2/).

495 (dd, J=9.6. 2.2 Hz, 1H. MS), 4.72 (dd, I=2.5 Hz. 1H,
-H2"),4.41. (m, 1H, H7), 4.31 (d. ]=8.4 Hz, 1H. H20a). 4.20
(d, J=8.4 Hz, 1H, H20PB), 3.81 (d, J=6.9 Hz, 1H, H3), 3.60
(br, 1H, 2'OH), 2.56 (m, 1H, Hb6a), 2.43 (d, J=4.1 Hz, 1H,
70H), 2.39 (3, 3H, 4A¢), 2.31 (m. 2H, M14), 2.24 (s, 3H,
10Ac), 1.88 (m, 1H, H6B), 1.82 (br s, 3H, Mel18), 1.69 (s,
1H, 10HD, 1.68 (s, 3H, Me19), 1.24 (s, 3H, Mel7), 1.15 (s.
3H, Mel6).




1BFEB2004 -40 EXAMPLE 11 nmoo f OAc O Preparation of 3'-desphenyl-3"-(3,

4- di met hoxyphenyl ) taxol To a solution of 7-triethylsilyl baccati n I k1 F(E?Q@M
ng, 0.286 rnnol) in 2 nL of THF at -45 C. was added dropw se 0.174

1. 63M sol ution of nBuLi in hexane. After 0.5 h at --45 C. a sol utlon of
ci s- 1-benzoyl -3-triethylsilyloxy-4- (3,4-di nmethoxyphenyl)azetidin- 2-one
(630 ng. 1.43 mmol) in 2 nm. of THE \Q@s added dropwi se to the m xture, The
solution was warned to 0 C_ and kept "at that tenperature for 1 h before 1
m. of a 10% solution of AcOH in THE was added. The m xture was partitioned
bet ween saturated aque- ous NaHCO3 and 60/40 ethyl acetate/hexane.
Evaporation of the organic |ayer gave a residue which was purified by
filtration through silica gel to give 330 ng of a m xture containing

(2R 3 S5)-2",7-(bis)triethy Isilyl- 3'-desphenyl-3"- (3, 4-dinethoxyphenyl)
taxol and a small anount of the (2'S,3 R isoner. 1 8 FEB 2004 To a
solution of 330 ng (0.286 mmol) Qf_the mxture obt ai ned fromthe previous
reaction in 18 rnL of acetonitri IBXAMPREIBLnL of pyridine at 0 C. was
added 2.8 nlL of 48% aqueous HE The m xture was stirred at 0 C. for 3 h.
then at 25 C for 13 h, and partitioned between saturated aqueous

MeQ
OMe

OH
Ph o YT

Ph—\(oo Aco:

Preparation of 3'-desphenyl-3'-(3,
4-dimethoxyphenyl) taxol

To a solution of 7-triethylsilyl baccatin I (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
—45 ° C.. a solution of cis«l-benzoyl-3-tricthylsilyloxy-4-
(3,4-dimethoxyphenyl)azetidin- 2-one (630 mg. 1.43 mmol)
in 2 mlL of THF was added dropwise 1o the mixture. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of a 10% solution of AcOH in THF was
added. The mixwre was partitioned between saturated aque-
ous NaHCO, and 60/40 ethyl acetatehexane. Evaporation
of the organic layer gave a residue which was purified by
filtration through silica gel to give 330 mg of a mixture
containing (2'R.3'S)-2',7-(bis)triethylsilyl- 3'-desphenyl-3'.
(3, 4dimethoxyphenyl) taxol and a small amount of the
(2'S,3'R) isomer.



sodi um bi carbonate and ethyl acetate. Evaporation of the ethyl acetate

sol ution gave 260 ng of material which was purified by flash 18 FEB 2004
chromat ography to give 175 ng (67% of 3'-desphenyl-3'-(

3, 4-di met hoxyphenyl ) taxol, which was recrystall i zed from met hanol / wat er .
mp. 165-167 C.; [aj NA25-42.0 (c 0.005, CHCI3). 'H NMWR (CDCI 3, 300 MHz) 8
8.12 (d, J=8.3 Hz 2H, benzoate orthg 7.73 (d, J=8.2 Hz, 2H. benzam de
ortho), 7.65 7.35 (m 6H, aromatic), 1-7.0 (m 2H, aromatlc) 6.94 (d.
J=8.8 Hz, 1H, NH), 6.88 (d, J=8.3 Hz. 2H aro- matic). 6.27 (S, 1 H H. 10),
6.21 (dc, J=9.3.9.3 Hz. 1 H H 13), 5.69 (m 2H, H3, 142P), 4.94 (dd, H.
J=9.9.2.2 Hz, | H H5), 4.77 (d. J=2.8 Hz, | H H2'), 4.39 (dd. J=11.0.

6.6 Hz, | H _H7)m 4.30 (d. 3 Hy H20 d.. 1=8.5 Hz. 1 H,
H20[ 3). 3.88 (s. )E%aAPb&E? gg;ﬁ(gg@ﬁ@ a%’” Qfégcgam% 1H. 1H
H3), 3.59 (d, Joimmeek rolmr&he proviquerenctiomin [8HnlBApcemmanis. 3H, 4Ac),
2,95 (m 2H b Hdd’di pglr?&fhe(% 08IC, JeSakidel B8 bl GFEAF0) | 100

r s S \
Mc16). EXAMPLE @%E SIEEB 6%@132"2"}* e @n (o rfor'3 b e
a:

N- debenzoy! - N- trdkyeafarohy . mﬁﬂmm@r@dsbﬁmnmsmmﬂrmm%. |yl
baccatin 111( 15pdigm &i2abomaet )a)nd mtﬁ yhMacerdteT fvagorationCofvde added

dropwi se 0. 136?@3 %’&L‘lﬁ% rybsﬁ qqg%f mdt gfqo&cmf‘,;gr 0.5 h at

-45 C., |

yl silyl ox?- Zopu ﬁﬁ&&y Q C’Eu' H@/car 1gllvf l}'l;, (67%) of
3'-desphenyl-3'-( 3 4—d1methoxypheny1) taxoi which was

recrystallized from methanol/water.
m.p. 165°=167° C.; [@]ya> —42.0° (c 0.005, CHCl,).

'H NMR (CDCl,, 300 MHz) § 8.12 (d, J=8.3 Hz, 2H,
benzoate ortho), 7.73 (d, J=8.2 Hz, 2H. benzamide ortho),
7.65=7.33 (m, 6H. aromatic), 7.1-7.0 (m. 2H. aromatic),
.94 (d. ]=8.8 Hz, 1H, NH), 6.88 (d, J=8.3 Hz. 2H, aro-
matic), 6.27 (S, 1 H., H10), 6.21 (dd. J=9.3. 9.3 Hz. I H. H13),
5.69 (m. 2H, H3, H2B), 4.94 (dd. Hz. J=5.9. 2.2 Hz, 1 H, HJ),
4,77 (d. J=2.8 Hz, 1H, H2"), 4.39 (dd. J=11.0, 6.6 Hz, 1H,
H7), 4.30 (d. ] =8.5 Hz, 1H, H20a), 4.19 (d. J=8.5 Hz. 1H,
H20B). 3.88 (s. 3H. ArOMe). 3.87 (s, 3H. ArOMe), 3.80 (d,
J=7.1 Hz. 1H, H3), 3.59 (d, J=4.4 Hz. 1H. 2’0OH), 2.54 (m.
1H, Hbéa). 2.38 (s. 3H, 4Ac), 2.36 (m. 2H. Hlda, H14B),

2.23 (s, 3H, 10Ac), 1.86 (m, 1H, H6P). 1.80 (br s. 3H,
Mel8), 1.68 (s, 3H, Mel9), 1.23 (s, 3H. Mel7), 1.14 (s, 3H,
Melo6),

EXAMPLE 12

QAc




2 nL of THE was added dropwi se to the m xture. The solution was warﬁnag[ %30
0 C and kept at that tenperature for 1 h before 1 nL of a 10% sol uti rE 1“
AcOH in THE was added- The m xture was partitioned between saturated aque-
ous NaHCO3 and 60/40 ethyl acetate/ hexane. Evaporation of the organic

| ayer gave a residue which was purified by filtration through silica gel

to give 252 ng of a mxture containing (2'R

3'S)-2",7-(bis)triethylsilyl-N debenzoyl -N ethoxycarbonyl taxol and a

smal | amount of the (2'S,3' R) isonmer. To a solution of 252 ng (0.112 nmol)
of the m xture obtained fromthe previous reaction in 12 nL of

acetonitrile and 0.6 nL of pyridine at 0 C. was added 1.8 m of 48%
aqueous HF. The m xture was stirred at 0 C. for 3 h, then at 25 C for 13

h, and partiti oriPrispanatiomof dNudebenzoyl-bbethoxpdarhanylcaxbbnat e and et hyl

acetate. Evaporation of the ethyl acetate solution gave 216 ng of materi al

LD e, P TS A I Y 1SS mg00Ty o

met hanol / vt emmmylfli@ilega?ﬁ? ;a\f?a@m- wg%ﬁe@ Gréé&’% C13). rH

NVR (CDC13. 3043¢-ml@fea 1263M sohntian af, nBali ihdvenmmes Afteh0)3 7.65-7.3

1 5 i O ikl bl it e )

4 §3ﬁ7§’dd21 ggéﬂ:ﬂyllmy#@ﬁeﬁ?h:&%%gizen&(ﬁ mtg Ll mmel}in 4 ‘2‘305’”‘ 1
’ SRS = , dr sd do e Bieuré. Thel H ,

401 (a, -7 gol%r%ong &%Edlmsof% ?ggﬁcéﬁlt?’at that temperature

for 1 h before 1 mL of a 10% solution of AcOH in THF was

added. The mixmre was partitioned between sarurated aque-

ous NaHCO, and 60/40 ethyl acetate/hexane. Evaporation

of the organic layer gave a residue which was purified by

filtration through silica gel to give 252 mg of a mixture

containing (2'R. 3'S)-2',7-(bis)triethylsilyl-N-debenzoyl-N-

ethoxycarbony! taxol and a small amount of the (2'S,3'R)

isomer.

To a solution of 252 mg (0.112 mmol) of the mixture
obtained from the previous reaction in 12 mL of acetonitrile
and 0.6 mL of pyridine at 0° C. was added 1.8 mi of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 216 mg of material which was
purified by flash chromatography to give 155 mg (85%) of
N-debenzoyl-N-ethoxycarbonyl taxol, which was recrystal-
lized from methanol/water.

m.p. 161.5°-162.5° C.; {aly,* —62.2° (¢ 0.51, CHCl,).

'H NMR (CDCl,, 300 MHz) § 8.12 (d, J=7.7 Hz, 2H,
benzoate ortho), 7.65-7.3 (m. 8H. aromatic). 6.28 (m. 1H.
H10) 6.27 (m, 1H, H13), 5.67 (d, J=7.1 Hz, 1H, H2p). 5.53
(d, J=9.3 Hz, 1H, H3", 5.29(d, J=9.3 Hz, 1H, NH), 4.94 (dd.
J=9.3, 2.2 Hz, lH, HJ), 4.64 (dd, J=5.0, 2.8 Hz, IH. H2Y),
4.41 (m. 1H, H7), 4.29 (d, J=8.5 Hz, IH, H200), .17 (d,
J=8.5 Hz. |H. H208). 4.01 (g, J=7.1 Hz, 2H. COOCH,



CH3), 3.79 (d. J=7.1 Hz. | H H3), 3.45 (d. J=5 Hz. | H. ?%I-E(
H. Heac), 2.47 (d, J=3.9 Hz IH. 70 H), 2.36 (s, 3H 4Ac), 2 24 (s, EBZOU‘
| CAc), 2.22 (m 2H H14HZ H14D), 1.87 (m 1H, H6a), 1.83 (br s, 3H,
Vicl8), 1.77 (s, 1H, 10 H), 1.68 (s. 3H, M19). 1.27 (s. 3H Viel7). 1.15
(s. 3H Vie 16), 1.14 (t. J= 7 1 Hz. 2H. COOCH2CH,). EXAMPLE 13 0 OAc
Preparation of 3'-desphenyl - -(4-ni tdéophenyl) taxol To a solution of
7-triethylsilyl baccatin f (200rrg 0.286 nmrnol) in 2 rnL of THE at -45 C.
was added dropwi se 0.174 nlL of a 1.63M solution of uButi in hexane. After
0.5 hat -45 C., a solution of cis-I-benzoyl-3-triethylsilyloxy-4-

(4-ni trophenyl )@F[ |g| 'ylg %top.e- JI.errqH 1?@ \r/%&(slvxggnga'%t St%l THE was

added dr opwi se .+ and kept

sol Ut
at that terrper Sf'l' (Inh g@'-)vlghl Qﬁ JE18 He g4 ﬁ@ihﬁh HBO6ACOH in THE
was added. Th¢ 5,m3>§{urdemvp,szpp.tt(|st iIHed (g em'sqtrﬂr pgHgous NaHCO3

and 60/40 eth atye xan FE 2 Eva TH or gani c

| ayer gave a ?&F‘g@é dm%ﬁ%i g%gjbﬁﬁ P—ﬁétr ﬁTgﬁ %(%I |gl ca gel

go gl veh320 rrg 1H, hOM) x1 68 (s aMlt':rllQ) ((1,2 R (K B Me T b]Ic s Eg eE r21yI83| I3y| )
esphenyl 4 n 0 t he 'S, 3'R

|sorrerp Toya sgl}itft yg%ig?pgg kn;] C 38% mq(ﬁm& obt ai ned from

h d f di

B gp\rl\g\sll gg;eaegcgl (r)nr; |O][1 ig% m%&?_érﬁe and 0.93 rnL of pyridine at

NG,

OAc

Preparation of 3'-desphenyl-3 '-(4-nitrophenyl) taxol

To a solution of 7-triethylsilyl baceatin M1 (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.]74
mL of a 1.63M solution of nButi in hexane. After 0.5 h at
—45 ° C,, a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-nitrophenyl)azetidin- 2-one (610 mg, 1.43 mmol) in 2
ml, of THF was added dropwise to the mixmure. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of a 10% solution of AcOH in THF was
added. The mixmure was partitioned between samurated
aqueous NaHCO, and 60/40 ethyl acetate/hexane.



aqueous HF. The m xture was stirred at 0 C. for 3 h, then at 25 C ﬁpf §ﬁmﬂ
h. and partitioned between saturated aqueous sodi um bi carbonate anJ e %y

acetate. Evaporation of the ethyl acetate solution gave 255 ng of naterial
which was purified by flash chromatography to give 147 ma (57% of

3' -desphenyl -3'-( 4-nitrophenyl) taxol, which was recrystallized from

met hanol /water. mp. 188--190 C.; [all§§25-63.7 (c 0.01, CHC13). 'H iNWR
(CbC13, 300 MHz) a 8:26 (d, J=8.8 Hz, 2H, benzoate ortho), 8.20 (m 2H,
aromatic), 7.73 (m 4H, aromatic), 7.60 (m IH aromatic), 7.52 (m 4H
aromatic), 7.41 (m IH aromatic) , 7.15 (d, J=8.8 Hz, | H NH), 6.26 (s,
1 H H110), 6.26 (dd, 3--9.3, 9 3 H, 1 H H13), 593 (dd. J=8.8, 2.8 Hz,
1 H H3), 566 (d, 3=6.6 Hz, H, H2P) 4.94 (dd, J=9.3, 1.7 Hz. 1H, HO5),

4.82 (dd, 3=3.9 4 7 d. J=8.8 Hz,
I H, H(20a) 4. 195‘{211%%J rhEonlo[Hme H?;?:%@%r(g%'i ‘E}g éu% "é?”@( WASH 2 OH)
3.79 (d, J=6.6P sBrqugh 3H1cm+@e)l l02°14& 820 ds%Bate, | H,
o e ST e
1.21 (s, 3H, Nb??ﬁq“ﬁhfi’éq(é%"ﬁophemw) taxal Mazsman AHoBHAGFPLE 14 . H

OH Preparation ﬂﬁ:g’SdéBﬁPQQubﬁﬁ (2-furyl) taxol To a solution of
7-triethylsilyl baccatin [l (100 ng, 0.143
To a solution of 320 mg (0.284 mmol) of the mixwre

obtained from the previous reaction in 18 mL of acetonitrile
and 0.93 mL of pyridine at 0° C. was added 2.8.mt of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. For 13 h. and panitioned between saturated
aqueous sodium bicarbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 255 mg of material which
was purified by flash chromatography to give 147 mg (57%)
of 3'-desphenyl-3'-( 4-nirophenyl) taxol, which was
recrystallized from methanol/water.

m.p. 1838°-190° C.; [@],,* —63.7° (c 0.01, CHCl,).

'H NMR (CDCl,, 300 MHz) a 8.26 (d, J=8.8 Hz 2H.
benzoate ortho), 8.20 (m, 2H, aromatic), 7.73 (m, 4H,
aromatic), 7.60 (m, 1H. aromatic), 7.52 (m, 4H. aromatic),
7.41 (m, 1H. aromatic) , 7.15 (d, J=8.8 Hz, 1H, NH), 6.26
(s, 1H, H10), 6.26 (dd, J=9.3, 6.3 Hz, 1H, H13), 5.93 (dd.
J=8.8, 2.8 Hz, 1H. H3"), 5.66 (d, J=6.6 Hz, 1H, H2RB), 4.94
(dd, }=5.3, 1.7 Hz. 1H, HS), 4.82 (dd. J=3.9, 2.8 Hz, 1H,
H2'), 4.38 (m. 1H. H7), 4.30 (d. J=8.8 Hz. 1H, H20c), 4.1
(d, J=8.3 Hz. 1H. H20p), 3.86 (d, J=3.9 Hz, 1H. 2'OH), 3.79
(d, J=6.6 Hz, 1H, H3), 2.55 (m. 3H. H6a). 2.46 (d.J=3.8 Hz,
1H, 70H). 2.41 (s. 3H. 4A¢), 2.38 (m. 2H, Hl14), 2.23 (s, 3H.
10Ac), 1.82 (m. IH, H6PB), 1.80 (br s, 3H, Mel8), 1.74 (s.
IH, 10H). 1.68 (s, 3H, Mel9), 1.21 (s, 3H., MelT), 1.13 .
3H, Mel6).



mmol) in 1 nil. of THE at 450 C. was added dropwi se 0.087 nL of a 1. &BR 2004
solution of nBuLi in hexane. After 0.5 h at -45 C. a solution of cis-

1- benzoyl -3-triethylsilyloxy4- (2-furyl)azeddin- 2-one (266 ng, 0.715 mmol)
inl m of THE was added dropwi se to the m xture. The solution was warned
to O C. and kept at that tenperature for |I h before | nL of a 109e
solution of AcCH in THE was added. Thgs.m xture was partitioned between
saturated agueous NaHCO 3 and 60/40 et hyl acetate/ hexane. Evaporation of
the organic |ayer gave a residue which was purified by filtration through
silica gel to give 143 ng of a mxture containing (2'R 3'S) -2', 7- (bis)
triethylsilyl- T-desphenyl-T-(2- f %gpgg$§?£ and a smal|l anount of the
(2'S, 3'R) isoner. 1 8 FEB 2064 -46"To lon of 143 ng of the m xture
obtained fromthe previous reaction in 6 nL of acetonitrile and 0.3 mL of
pyridine at 0 C was added mL of 48% aqueous HF The m xture was
stirred at 0 C. .for 3 h, 25 C. for 13 h, and partitioned between
sat urat ed aqueous sodi um Qi car - Bonate and et hyl alkt@ate. Evaporation of
the ethyl acetate solutio e 115 ng of materiall whi &h was purified by
flash chromatography t@ giv I (2-fury!)
taxol, which was recrystfjal li nmet hay . . 1QH-176 C.; (a)
NQ 23 -47.8 (c 0.045py ¥ C 1 (d, J=7.0 Hz,
2H, benzoate ortho), 7.74(( aronat I aromatic),
6.86 (d, J=9.2 Hz, 1H, NHH 6.400dd. J=1.2 29 (s, ' H H
10), 6.24 (dd. 1=9.2, 9.2 Hz, | H

Preparation of 3'-desphenyl-3'-(2-furyl) taxol

To a solution of 7-triethylsilyl baccatin II (100 mg, 0.143
mmol) in 1 mL of THF at <45° C. was added dropwise 0.087
mL of a 1.63M selution of nBuLi in hexane. After 0.5 h at
=45 ° C., a solution of cis-1-benzoyi-3-triethylsilyloxy-4-
(2-furyl)azeddin- 2-one (266 mg, 0.715 mmol) in 1 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
1 mL of a 10% solution of AcOH in THF was added. The
mixture was partitioned between samrated agueous
NaHCO, and 60/40 ethy! acetate/hexane, Evaporation of the
organic layer gave a residue which was purified by filuration
through silica gel to give 143 mg of a mixture containing
(2R, 3'S) -2, 7- (bis) triethylsilyl- 3'-desphenyl-3'(2-furyl)
taxol and a smzfll amount of the (2'S, 3'R) isomer.




H13), 5.89 (dd, J --9.2, 2.4 Hz, 1 H H3), 5.69 (d, J=7.0 Hz, 1H H23),

4.96 (dd, 1=9.5, 1.8 Hz, | H H5), 4.83 (d, J=2.4 Hz, |H H2'), 4. 38 Kdd00t
J=10.7, 6.7 Hz, | H H7), 4.31 (d. J=3.6 Hz, ! H H0a), 4.20 (d.1=8.6 Hz.
1 H H203). 3.83 (d, 1=7.0 Hz. | H H3), 2.56 (m | H, H65). 2.43 (s, 3H,

4Ac). 2.35 (m 2H. H14), 2.24 (s, 3H. 10Ac) , 1.89 (m 1H, HeP) 1.87 (br

s. 3H Vie 18) , 1.87 (s. | H | OH) _.4¢1.69 (s. 3H M 19) , 1.25 (s, 3H
Me 17) , 1.15 (s, 3H M 16). 1 8 FEB 2004 -47 EXAWPLE 15 Preparation of 3
' - desphenyl - 3" - (4-fl uorophenyl) taxol To a solution of 7- tr| et hyl silyl

baccatin Il (20 . 2 SxohFE Oﬁ%a: added
dropwi se 0.174 ?L&gfscguﬁg&mp ggg"r@u xane ter 0..5 h at
-45 C., a sol greoiowd masnénbﬂnz@ms&rmmwmkylandy% mL of

(4-fluorophenyl’) azeni di n- one ) in 2 THE was
added dr upwi sepﬂ'@ 35 Q7 &r @E? Q\éﬂh‘ﬁautsdﬂil and kept

at that tenper EF%%ESISM%PR onegﬁtogfh athjeglo/& Qbutco&,roiyﬁ:m I n THE

was added. Th re-was par etieen sa urat ed aqueous NaHCGO3

and 60140 et hylmdcga@ndldﬂmahetw&apsamm dqudous godiuny biegrer gave a
resi due which S purlfled btf{flltrat on through, silic ?el to give 315 ng
of a mxture c vapora(r.mrg)qrmmpﬁg |ageLate

3 -d h | -3 t 2'S,

3, despheny! sgf@gﬁf%@rﬁgg%mﬁéeénwtﬁcﬁw pERR bPRakhe
chromatography to give 98 mg (81%) of 3'-desphenyl-3'-
(2-furyl) taxol, which was recrystallized from methanol/
water.

mp. 174°-176° C.; [a] ny 2 —47.8° (c 0.045, CHCly).

'H NMR (CDCl,, 300 MHz) 3 8.14 (d, J=7.0 Hz, 2H,
benzoate ortho), 7.74 (m. 2H, aromatic) , 7.51 (m, 7H,
aromatic), 6.86 (d, J=9.2 Hz, 1H, NH), 6.40 (d. J=1.2 Hz.
2H, furyl), 6.29 (s, ! H. H10), 6.24 (dd. J=9.2, 9.2 Hz, 1H,
H13), 5.89 (dd, ] =9.2, 2.4 Hz, 1H, H3", 5.69 (d, J=7.0 Hz.
1H, H2B). 4.96 (dd, ]=9.5, 1.8 Hz, 1H. HS), 4.83 (d, J=2.4
Hz, 1H, H2), 4.42 (dd. J=10.7, 6.7 Hz, 1H, H7), 4.31 (d.
J=8.6 Hz, |H. H20a), 4.20 (d. J=8.6 Hz. 1H. H208). 3.83 (d.
J=7.0 Hz. 1H, H3), 2.56 (m. 1H, H6B), 2.43 (s. 3H. 4Ac).
2.35 (m, 2H. H14), 2.24 (s. 3H. 10Ac) , 1.89 (m. 1H, H6B)
. 1.87 (br s. 3H. Mel8) . 1.87 (s. 1H. 10H) . 1.69 (s. 3H.
Mel9) . 1.25 (s. 3H, Mel7) . 1.15 (s. 3H. Mel6).




To a solution of 315 m (0.236 nmrnol) of the mxture obtained fro EE
previous reaction in 18 nL of acetoniurile and 0.93 rnL of pyridin B g0
C. was added 2.8 m. of 43 0 aqueous HE The m xture was stirred at 0 C
for 3 h. then at 25 C. for 13 h, and partitioned between saturated agueous
sodi um bi carbonate and ethyl acetate. Evaporation of the ethyl ace:zte

sol ution wave 250 ng of material whichymas purified by flash

chromat ography to give 160 ng (64% of 3'-desphenyl-3'-( 4-fiuorophenyi)
taxol, which was recrystallized fromnmethanollwater. mp.171-173 C.;
[aj,,,q"" -49.0 (c 0.005, CHC13). 1H V'tilR (CDC13, 300 MHz) b 8.13 (d.

J=7.5 Hz, 2H, benzoate ortho),_J. Sé ils aromatic), 7.61 (m 1H,
aromatic), 7.50 (m 4H, arorratl gk( 2H., aromatic), 7.10 (m 2H,

aromatic), 6.96 (d, J=3.7 Hz, H NH), 6.27 (s 1H, H 10) , 6.25 (dd.
1=8.7, 8.7 Hz. IH H13), 579(dd J=8.7, 2.-1 Hz, IH H3'), 5.67 (d.
1=7.1 Hz. | H HP), 4,45, (dd. J=7.9 Hz. IH H5), 4.76 (dd. 1=4.8, 2.4 Hz,
IN, H2'), 4.39 (m | 7), 4.31 (d, J=8.9 Hz, | H H20a), 4.20 (d.

J=8.9 Hz. | H, H20p). d. J=7.1 Hz, 1 H H3), 3.57 (d. J=4.3 Hz. IN.
2'0H), 2.58 (m |H Hgs A3 (d. J=4.3 Hz. 1H, 70H). 2.38 (s, 3H 4Ac),
2.30 (m 2H H 14), 2. H 10Ac), 1.85 (gaelH H60), 1.80 (br s. 3H.
Mel8), 1.69 (5, | H QQt .55 (s, 3H, Vle 19y, 1.83 (s, 3H M 17), 1.14
(s, 3H, 4ei6). EXAMPLE 1% FEB 004 - effar ati on of

3' - Desphenyl - 3" - (2-t OH

Preparation of 3 '-desphenyl-3'-(4-flucrophenyl)
taxol

To a solution of 7-triethylsilyl baccatin IMI (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of 2 1.63M solution of nButi in hexane. After 0.5 b at
45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-flucrophenyl)azenidin- 2-one (570 mg, 1.43 mmol) in 2
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 1 mL of a2 10% solution of AcOH in THF was added.
The mixmure was partitioned between samrated aqueous
NzHCO, and 60/40 cthyl acetate/hexane. Evaporaton of the
organic layer gave a residue which was purified by filraton
through silica gel to give 315 mg of a mixture containing
(ZR, 3S) -2.7- (bis)uiethylsilyl- 3'.desphenyl-3'-(4-
fluoropheny!) taxol and a small amount of the (2'S, IR)
isomer.



To a solution of 7-triethylsilyl baccatin |1l (100 ng. 0.143 nmol) il FERI00L
of THE at --45 C. was added dropwi se 0.087 nlL of a 1.63M solution of aBuLi
in hexane. After 0.5 h at -45 C., a solution of cis-1- (4-bcnzoyl)
-3-triethylsilyloxy- 4- (2-thienyl)azeddin- 2-one (277 ng, 0.715 mmol) in |
m. of THE was added dropwi se to the m xture. The solution was warnmed to O
C. and kept at that tenperature for 148 before 1 nL of a 10% sol ution of
AcOH in THE was added. The m xture was partitioned between saturated
aqueous NaHCO3 and 60140 et hyl acetate/ hexane. Evaporation of the organic

| ayer gaveare5|d h was ri,fd ed b Itratlon through silica gel
to give 169 ny of ;? V@t%r“é“@ﬂn‘gér’r‘l ndRg( @ %@ mymol) of (g gurives: hyl si |yl -
3 desphenyl - (QbnedyIym thaxarevings eetidn imidusd of atbedigss 3 R)

i somer. To a soI u&?@@g}j r&é% r‘?&&dé‘ gbﬁu‘;%sog&&ﬂne% ng _g,__ previ ous

reaction in 6 nL acet gﬁ#ﬂéﬂ e an pyridite “was added
0.9 nL of 48% aqudifo & FRIXCEFe Wiss sericdr ed03C.ofa Jﬂurd’renh t hen at

ﬁil:)cac-r b]:)(rjlgt ésagd € > Pa fmﬁl@hed;\}g aﬁ%n‘éﬁé&t‘.zﬁ?ﬁ ?étﬂ?@dé%i soI ution
gave 140 ngy of m{ﬁhgﬁqﬁ;\%qﬁg’% %lfi Ef‘héﬁ aCH{RLE %‘P‘TP&?@[ hy to give
93 ny (761-7a) ofc acae's.prmiynoa aﬂet]ﬁCbmg)oﬁ mbna&wwhitmvm
SN é?" ‘mﬁ%‘ “‘%%5%% oy asg(@%ttw B pensoat o
ortho). 7.72 '(d '— { pénfineras 6?11’[]')0) taxple5- WG ( nivasH,
aromatic), 7.31 (mtryszaﬂmfad I:olnqucthd:rhol/wlat@:nyl) 7.19 (dd. J=3.9, 1.1 Hz.

:—IH Nwlegylzgs 7.03 1.(:1(.18.'171‘;:?7 ?a _;._49 bl;n lD)O:) CEIG (d J=8.8 Hz, 1
'H NMR (CDCly, 300 MHz) 6 8.13 (d. J=7.5 Hz, 2H,
benzoate ortho), 7.25 (m, 2H, aromatic), 7.61 (m. 1H,
aromatic), 7.50 (m, 4H, aromatic), 7.43 (m, 2H. aromatic),
7.10 (m. 2H, aromatic), 6.96 (d, J=8.7 Hz, 1H, NH), 6.27 (s,
IH, HIQ) , 6.25 (dd. J=8.7, 8.7 Hz. 1H, HI13), 5.79 (dd,
J=8.7, 2.1 Hz, IH, H3"), 5.67 (d. J=7.1 Hz. 1H, H2B), 4,45
(dd. J=7.9 Hz. lH, H3), 4.76 (dd. J=4.8, 2.4 Hz, 1H, H2Y,
4.39 (m. 1H. H7), 4.31 (d, J=8.9 Hz, 1H. H20w), 4.20 (d.
=8.9 Hz. 1H, H20B). 3.80 (d. J=7.1 Hz. IH, H3), 3.37 (d.
J=4.8 Hz. 1H. 20OH), 2.58 (m, 1H, H6a), 2.43 (d. J=4.3 Hz,
1H, 70H). 2.38 (s, 3H.4Ac), 2.30 (m, 2H. H14), 2.24 (s, 3H.
10Ac). 1.85 (m, 1H. H6B), 1.80 (br s. 3H. Mel8), 1.69 (S,
- 1TH, I0H). 1.55 (s, 3H, Me19), 1.23 (s, 3H. Mel7), 1.14 (s,
3H, Mei6).

EXAMPLE 16




(s, 1 H H10), 6.24 (dd, 1=8.8, 7.7 Hz, 1 H H13), 6.05 (dd, J=8.8g derlr
e, | H H3'), 5.68 (d, J=7.1 Hz, 1 H H2), 4.95 (dd, J= 9.3 1.7 M0 M}
H5), 4.78 (d, J=2.2 Hz, 1 H, H2'), 4.40 (dd, J=I 1.0, 6.6 Hz, | H, H7),
4.31 (d, J=8.5 Hz, 1 H, H20a), 4.20 (d. J=8.5 Hz. 1 H. H200). 3.81 (d.
J=7.1 Hz, 1 H H3), 3.72 (br s, | H 2°0H, 2.54 (m | H Hea). 2.41 (s, 3
H 4Ac), 2.37 (m 2H, Hlda, H1413), %923 (s, 3H, [OAc), 1.88 (m IH.

Héa), 1.82 (br s. 3H, Me18), 1.68 (s, 3H Me19), 1.23 (s. 3H M 17), 1.14

(s, 3H M 16). 18F%§g Egﬁw:igeiﬁlﬁﬁgga séﬁiﬁfﬁm&? hydr oxy

protected Taxol using “nagnesium a Pis triethylsilyl

baccatin Il (10 added

dropwi se 0.048 %'d;ﬂsp@u ﬁ gﬁﬂ 63% gﬁ%&% ggde in
ether. After | I4E@ - 04 @F prase
3-triethylsilymkyof a |6an\¢|m1eniatmanu&z(mmeugane1Af&rmﬁn1mlaxun| m L
and Keptat a?ﬂ“”‘” Sha soludoder o1yl VL2 berty ‘5"3 T on' of AccH
in THE was addgg{iﬂ?gﬁ& 4 glc&g zggPFttﬁt?gr J\;Séﬂ'm% tlﬂr aqueous
NaHCO3 and 60/ @ ywaacaé!ad&dedmm mmemwsqlnaO@rgam c layer
nave a resi duewmmd:d\maSO° Giradd &eppatfthas bereh E@ﬁmtre%@ﬂhh Beforevwed by

recr stallizatti 4 I ol . Ex
' bl P{E 18 Pr epgr atml(_)n om% ggrdué)né& Egggfg% ST N ue‘gﬁf
NaHCO, and 60/40 ethy! acetate/hexane. Evaporation of the
" organic layer gave a residue which was purified by filtration
through silica gel to give 169 mg of a mixrure coataining
(2R,3'S)-2', 7-(bis)triethyisilyl- 3'-desphenyl-3'-(2-thienyl)
taxol and a smail amount of the (2'S, 3'R) isomer.

To a solution of 169 mg of the mixture obtained from the
previous reaction in 6 mL of acetonitrile and 0.3 mL of
pyridine at 0° C, was added 0.9 mL of 48% aqueous HF. The
mixture was stirred at 0° C. for 3 h, then at 25° C. for 13 h,
and partitioned between saturated agueous sodium
bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gave 140 mg of material which was purified
by flash chromatography to give 93 mg (76%) of

‘3'-desphenyl-3'-(2-thienyl) taxol, which was recrystallized
from methanol/water.

. m.p. 173°=175° C.; {a]u.> —42.1° (c 0.515, CHC,).

'H NMR (CDCl,, 300 MHz) § 8.14 (d, J=7.1 Hz, 2H,
benzoate ortho). 7.72 (4, J=8.7 Hz, 2H. benzamide ortho),
7.65-7.35 (m. 6H, aromatic), 7.31 (dd, J=5.5, 1.1 Hz, 1H.
thienyl), 7.19 (dd. J=3.9, 1.1 Hz. IH, thienyl), 7.03 (dd.
J=35.5,3.9 Hz, 1 H, thieny!), 6.96 (d, J=8.8 Hz, 1H. NH), 6.28
(s, 1H, H10), 6.24 (dd, J=8.8, 7.7 Hz, 1H, H13), 6.05 (dd,
J=8.8, 1.7 Hz. 1H, H3"), 5.68 (d. J=7.1 Hz, 1H, H2}, 4.95 (dd.
J=9.3, 1.7 Hz, 1H, H5), 4.78 (d. J=2.2 Hz, 1H, H2), 4.40
(dd, J=11.0, 6.6 Hz, 1H, H7), 4.31 (d, J]=8.5 Hz. 1H, H20a).
4.20 (d. J=8.5 Hz. 1H. H20B), 3.81 (d. J=7.1 Hz. lH. H3),
3.72 (brs, 1H, 2'0H), 2.54 (m. 1H. H6). 2.41 (s, 3H, 4Ac),
2.37 (m. 2H, Hl4a, H14B), 2.23 (s, 3H, 10Ac), 1.88 (m. 1 H.
Hb6a), 1.82 (brs. 3H, Mel8), 1.68 (s, 3H. Mel9), 1.23 (s,
3H, Mel7), 1.14 (s, 3H, Mel6).




pot assi um al koxi de To a solution of 7-triethylsilyl baccatin |1l (100gwpg 7604
0.143 mol) in 1 nL of THE at -45 C. was added dropwi se 0.286 nL of a

0. 5M sol ution of potassium hexanmethyl disilazide in toluene. After 1 h at
-45 C., a solution of (+)-cis-1-benzoyl -

3-triethylsilyl oxy-4--phenyl azetidin- 2-one (82 ng. 0.215 wmol) in | nL of
THE was added dropwi se to the nixtureso_The solution was warned to 0 C. and
kept at that tenperature for 3 h before | nL of a 10% solution of AcOH in
THE was added. The mi xture was partitioned between saturated aqueous

Na- HCO3 and 60/40 ethyl acetate/hexane. Evaporation of the organic |ayer
gave a residue which was purified by -flash chromatography foll owed by
recrystallization to give 139 ”%5&280 of ﬁ 'R 3 S5)-2",7-

(bis)tricthylsiiyl taxol. 1 8 F YYPLEL EXAMPLE 19 Preparation of

2' ,7-hydroxy protected Taxol using |ithium alkoxide fromlithium
hexanet hyl di si | a%’ a‘l:?n- leus i, {ythicRbbedsThxbl k3¢gatin 111 (100 ny.
0.143 mol) in | 0 ﬁ'gsaf_,'fé'ﬁé@‘ro g 4 ]

at -4 . Wa ed dropw se 0.143 nL of a 1.0M
sol ution of Iithium hexaznet hﬂagg??&ﬁ&éﬁgglﬁmE After | h at -45 C., a

+) - -1 - - 3- . 745 - 2-
(2" mo. 0. 215 Fech sorutan ot Trnetiy Gt Saachen bl S 7EE gﬁj ture. The
sol ution was mamobdint o ALG THFkep«t 3 Ct was addsperepwise h before |
m of a 10% S&Jqltd'(foa 9f00¢ QluiiBnTHE e yiddatkncbiermmibromidevis partitioned
between  sat uf al.ed \FRHEPYS HatsS And JddABadivd) asst P-%"c’n'i%’@f‘e-

3-triethylsilyloxy-3-phenylazeudin-2-one (82 mg. 0.213

mmol) in | mL of THF was added dropwise to the mixwre.

The solution was warmed to 0° C. and kept at that

temperature for 4 h before 1 mL of a 10% solution of AcOH

in THF was added. The mixture was partiticned between

sapurared aqueous NaHCO, and 6(/40 ethy! acetate/hexane.

Evaporation of the organic layer gave a residue which was

purified by flash chromatography followed by

recrystailization to give 148 mg (96%) of (2'R,3'S)-2',7-

(bis)triethylsilyl taxol.

EXAMPLE 138

Preparation of 2',7-hydroxy protected Taxol using
potassium alkoxide

To a solution of 7-triethylsilyl baccatin III (100 mg, 0.143
mmol) in 1 mL of THF at —45° C. was added dropwise 0.286
mL of a 0.5M solution of potassium hexamethyldisilazide in
toluene. After 1 b at =45° C., a solution of (+)-cis-1-benzoyl-
3-triethylsilyloxy-4-phenylazetidin- 2-one (82 mg, 0.215
mmol) in 1 mL of THF was added dropwise to the mixwre.
The solution was warmed to 0° C. and kept at that
temperature for 3 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCO, and 60/40 ethy! acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography followed by
recrystallization to give 139 mg (90%) of (2'R,3'S)-2,7-
(bis)tricthylsilyl taxol.



Evaporation of the organic laver gave a residue which was purified bygfgg zgm
flash chromat ography foll owed by recrystailization to give 151 ng (98% o
(2'R 3 S5)-2",7- (bis)triethylsilyl taxol. - EXAMPLE 20 Preparation of Taxol
using lithium al koxide (fromlithium hexanethyl disilazide) To a solution of
7-triethylsilyl baccatin B (100 ng, 0.143 mol) ini nm of THE at 45 C
was added dropwise 0.143 nlL of a |.OMysolution of lithium

hexanet hyi di silazide-in THF. After 1 h at -45 C. a solution of (+)-cis-I

- benzoyl - 3- (2-net hoxy- 2- propyl oxy) - 4- phenyl azeti di n- 2-one (58 ng. 0.172
mmol) in | nL of THE was added dropwi se to the mxture. The sol ution was
warnmed to 0 C. and kept at that tenperature for 2 h before 1 nL of a 10%
solution of AcOH in THE was added. The m xture was partitioned between

sat urat ed agueous NaHCO3 and 60/40 et hyl acetatel hexanc. Evaporation of
-the organic |ayer gave a resi duE X NIPWBSI9purified by recrystallization
to give 147 m (99% of (2'R 3'S)-2'-(2-nethoxy-2-propyl oxy) -
7-triethylsilyl taxol. 1 B FE 04 -52 To a solytion of 116 ng (0.112

mmol ) of (2'R 3 s%pm%pggi,&h}'QFW|M§sct# t-h-’&@ﬁ PS8yl taxol in 6
nL of acetonitrilikthfum fik®xide dropy tithium kexdmethylass 0.9 nL of 48%
aqueous HF The m xture was stirred at 0 C. for 8 h, then at 25 C for 10

h. The nixture wfo paohitiowofd-mhetwisilysbaceain dIaG0® asgsddiddm

bi carbonat e anchaidlyin 136! & FHEYACASAIC Wa8laddsd Edpihiseegliaze sol ution

gave 113 M of fE3Fy ?.%ﬁqégluuy\éans P ey Rk ArRe kR AR B O
THF. After | b at —45° C., a solution of (+)-cis-1-benzoyl-
3-trethylsilyloxy-4-phenylazeddin- 2-one (82 mg, 0.215
mmol) in | mL of THF was added dropwise to the mixmre.
The solution was warmed to 0° C. and kept at that
temperature for 2 h before | mL of 2 10% solution of AcOH
in THF was added. The mixwre was paritioned between
saturated aqueous NaHCO, and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography followed by
recrystallization to give 151 mg (98%) of (2'R,3'S)-2',7-
(bis)triethylsilyl taxol.

EXAMPLE 20

Preparation of Taxol using lithium alkoxide (from
lithium hexamethyldisilazide)

To a solution of 7-triethylsilyl baccatin T (100 mg, 0.143
mmol) in | mL of THF at —45° C. was added dropwise 0.143
mL of a 1.0M solution of lithium hexamethyldisilazide in
THF. After | h at —45° C., a solution of (+)-cis-1-benzoyl-3-
(2-methoxy-2-propyloxy)-4-phenylazetidin- 2-one (58 mg,
0.172 mmol) in | mL of THF was added dropwise to the
mixture. The solution was warmed to 0° C. and kept at that
temperature for 2 h before | mL of a 10% solution of AcOH
in THF was added. The mixwre was partitioned between
sarated aqueous NaHCO, and 60/40 ethyl acetate/hexane.
Evaporaton of the organic layer gave a residue which was
purified by recrystallization to give 147 mg (39%) of (2R,
3'S)-2'-(2-methoxy-2-propyloxy)- 7-triethyisilyl taxol.



give 95 ng (99% of taxol. which was identical with an authentic sag“%ﬁagﬂ
all respects. EXAMPLE 21 Menthyl N-benzoyl-(2'R, 3'S)-phenylisoserin I
To a solution of (-)-nmenthol (22 ng, 0.143 mmol) in 1 n. of THE at -45 C.
was added dropwise 0.143 nL of a 1.OM solution of |ithium

hexanet hyl di si |l azide in THF. Aver 1 h at -45 C_, a solution of

(+)-cis-1-benzoyl - 3- (2- et hoxy- 2- proggl Oxy)- 4- phenyl azeddi n- 2-one (58 ny,
0.172 mmol) in 1 nmL-of THE was added dropwi se to the m xture. The
solution was warned to 0 C. and kept at that tenperature for 2 h before 1
mL of a 1096 solution of AcOH in THE was added. The m xture was
partitioned between saturated aqueous NaHCO3 and 60/ 40 et hyl

acet at el hexane. Evaporation of the organic |ayer gave 77 ng of a residue
whi ch was dissolved in 6 nL of THE at 00 C. To thIS soI ution was added 0.9
niL. of glacial acetic acid and 0.9 nL of water. FEB 1004 .53. The

m xture was sti rr'Edaasal(ﬂumqulbsmgt(ﬂehlﬁanm@h)(ﬂfe@m ‘r{Zsat ur at ed

aqueous sodi um y[ngqz«@qm t ﬁmormtl@nnﬁf. tdﬂe et hyl
ceerate ol u L oﬁ G i 09
Kl-benzoylg (FZ) é LE*l'E'riE ?‘Sn for
N-benzoyl - (2’ R?ﬁ)mwlm&rfmeleshem nikmire smampamuoncd ) - bor neol
(22 n, 0 143 YilJedd sanMared adtfodt sodifint bitdrhasadagtoemyle 0.143 ni
ot alt acetate, Evaporation of the ethyl acetate soluton gave 113

mg of material which was purified by recrystailization to

give 95 mg (99%) of taxol, which was identical with an

authendc sample in all respects.

EXAMPLE 21

Menthyl N-benzoyi-(2R, 3'S)-phenylisoserine ester

0 Ph 0
o)]Y\Pi/U\Ph
Oou H

To a solution of (-)-menthol (22 mg, 0.143 mmol) in 1 mL
of THF at —45° C. was added dropwise 0.143 mL of 2 1.0M
solution of lithium hexamethyldisilazide in THF. After | hat
—45° C.. a solution of (+)-cis-1-benzoyl-3-(2-methoxy-2-
propyloxy)- 4-phenylazeddin-2-one (58 mg, 0.172 mmol) in
1 mL of THF was added dropwise to the mixmure. The
solution was warmed to 0° C. and kept at thal teraperature
for 2 h before 1 mL of 2 10% solution of AcOH in THF was
added. The mixture was partiioned between saturated
aqueous NaHCO, and 60/40 ethyl acctate/hexane.
Evaporation of the organic layer gave 77 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acedc acid and 0.9 mL of water.

o



solution of lithium hexamethyldisilazide in THE After | h at --45" C, a

sol ution of (+)-cis-I-benzoyl-3-(2-nethoxy-2- propyl oxy)- 18 FEB 2004
4-phenyl azetidin-2-one (58 ng, 0.172 mml) in 1 nL of THF was added

dropwi se to the m xture. The solution was warned to O C. and kept at that
tenperature for 2 h before I nL of a 10% solution of AcOH in THF was

added. The m xture was partitioned betyeen saturated aqueous NaHCO8 and
60140 ethyl acctatel hexanc. Evaporation of the organic |ayer gave 75 ng of

a residue which was dissolved in 6 nL of THF at 0 C To this solytion was
added 0.9 ni of Thecidknaeewas strtedaad 0F. €.nforod hathen pamk@oRest ure was
stirred at 00 Cpdiyech NarhiaBdPanheblinesiivae! Wrarbondter anédedryleous

sodi um bi carbonate an f acet . _Rvap | : %@ lLgcet at e

sol ution gave 7AGRIRMI @Wn@mﬁ% %{ﬁiﬂqog?}% oAt agraphy on
silica gel to gifvmaarial whikh was purified by sdagEal0gpN 308 silida

phenlyl i soserine t 86 oived 4B B E%)- 68 ;ﬁ)_(&ﬁﬁLEI-b&nSeyb(B'&ﬁlS)N- benzov
1-(2' R 3' §) - pher |§Oﬁ§_6%$§ elgss &r OH To a solution of S-cis-verbenol (22
my. 0.143 =01) iRPFLYHEOHIAH 45 C. was added dropwise 0.143 nlL of a
LOM sol ution of Iithiumhexanmethyldisilazide in THF. After 1 h at -45 C
a solution of (7)-cis-1-benzoyl - 3- (BXAWPLEy22- propyl oxy) - ;
4- phenyl azeti di n-2-one (58 ng, 0.172 mmol) in | nL of THE was added

q : : .
ropwi se to the mx %rr%.ylW%gr?zlg)trll_@mgss)\gsﬁg&gug&% eofagd kept at that

S o " oH 0
I

To a solution of {=)-bomeol (22 mg, 0.143 mmol) in 1 mL
of THFE at —45° C. was added dropwise 0.143 mL of a 1.OM
solution of lithium hexamethyldisilazide in THF. After | hat
—45° C., a solution of (+)-cis-1-benzoyl-3-(2-methoxy-2-
propyloxy)- 4-phenylazetidin-2-one (38 mg, 0.172 mmol) in
1 mL of THF was added dropwise to the mixwre. The
solution was warmed to 0° C. and kept at that temperature
for 2 h before | mL of a 10% solution of AcOH in THF was

- added. The mixwure was partitioned between saturated
aqueous NaHCO,; and 60/40 ethyl acctate/hexanc.
Evaporation of the organic layer gave 75 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution

was added 0.9 mil of glacial acetic acid and 0.9 mL of water.
The mixture was stirred at 0° C. for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetate, Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica
gel to give 54 mg (90%) of bormyl N-benzoyl-(2'R.3'S)-
phenylisoserine ester. |




tenperature for 2 h before 1 nL of a 10% sol ution of AcCH
added. The m xture was partitioned between

60/ 40 et hyl

acet at e/ hexane.

in THE was 1
satur ated aqueous NaHCGB3 an
Evaporation of the organic |ayer gave 79 ng of

aresidue with was dissolved in 6 nL of THE at O C. To this solution

g FEB 2004

was

added 0.9 nL of glacial acetic acid and 0.9 nil of water. The m xture was
stirred at 0 C for 3 h, then partitiaoyed between saturated aqueous sodi um

bi carbonat e and et hyl

gave 70 ny

to give 55 ng (92% of S-verbenyl

ester. 1 8 F E B 2004 . 55 EXAMPLE 24 Terpi nen-4-yl

acet at e. EvaporatTon of the ethyl acetate solution

of material which wa W ie chromat ogr aphy on silica gel
ERAE

N-benzoyt - (2' R, 3' S)S phebehiyd d¥didrroy (@ RI3'B)- preersy lisdsetimm of
(+)-terpinene-4-ol (22 ng, 0.143 nmol in 1l nm of THE at -450 C. was added
dropwi se 0,143 niL. of a 1.0 MsolutTon of Iithium hexamethyldisilazide in

THF. After

2- propyl oxy) - 4- phenyl aze tidi n-2-one (58 ng,
was added dropw se
kept at that

NaHCO3 and 60/ 40 et#41yl ac
gave 80 ng of a residue ¥

h,

t hen

2'R 3" S)- phenylisoserine

h at 1450 C., a solution of (+)-cis-I-benzoyl-3-(2- nethoxy-

t enper 2

di

OH

To a solution of S-cis-verbenol (22 mg, 0.143 mmol) in 1
mL of THF at —45° C. was added dropwise 0.143 mL of a
1.0M solution of lithium hexamethyldisilazide in THF. After
1 h at —45° C., a solution of (+)-cis-1-benzoyl-3-(2-
methoxy-2-propyloxy)- 4-phenylazetdin-2-one (58 mg,
0.172 mmol) in 1 mL of THF was added dropwise to the
mixture. The solution was warmed to 0° C. and kept at that
temperature for 2 h before | mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCQ; and 60/40 ethy! acetate/hexane.
Evaporation of the organic layer gave 79 mg of a residue
with was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetc acid and 0.9 nil of water.
The mixmure was stirred at 0° C. for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetarte solution gave 70 mg
of material which was purified by chromatography on silica

gel 1o give 35 mg (92%) of S-verbenyl N-benzoyl-(2'R,3'S)-
phenylisoserine ester.

0.172 mmol ) in | nm of THE

m xture. The solution was warned to 00 C. and
2 h before |l m of a 10% solution of AcOH in
vs p@rtitiopgd begween saturated aqueous

efh xane. s=Evapdfation of the organic |ayer
%Mﬁ\feﬁh/ P@m_of THE at 0 C. for 3
|
H



pardri aned between snnirntM aqueau3 sodi um bi caf hadatc and et hyl m%tﬁtﬂm!‘
Evaporation of the ethyl acetate solution gave 70 ng of nateri al I'C %
purified by chromatography on silica gel to give 50 ng (83% of

terpi nen-4-yl N benzoyl-( 2'R 3" S)-phenylisoserine ester. 1 8 FEB ?Q -56
EXAMPLE 25 | sopi nocanphenyl N-benzoyl-(2'R, 3'S)-phenylisoserine ester To a
solution of (--)-isopinocanphenyl. (2_255@, 0.143 mol) in 1 m of THE at
-45 C. was added dropwi se 0.143 nL of™a 1. OM solution of |ithium
hexanet hyl di silazide in THE After I h at -45 C., a solution of
(+)-cis-l-benzoyl - 3-(2-nmethoxy- 2-propyl oxy)-4-phenyl azeti di n-2-one (58
ng, 0.172 mol) in 1 nL of THE was added dropwi se to the mxture. The
solution was warned to 0 C. and KX VIPLEhalt tenperature for 2 h before |
m. of a 10% solution of AcOH in THE was added. The m xture was partitioned
bet ween saturat agueou CO3 and 60140 et hyl acet at ef hexane.

Evapor ation of t q@%ﬁ@ﬂmebcmd-m'ﬁf-p enplsosarinahi ch was
dissolved in 6 nL of THE at O C. To ddieg solution was added 0.9 nL of

gl acial acetic acid and 0.9 nL of water. The m xture was stirred at 0 C
for 3 h, then partitioned between saturated aqueous sodi um bi carbonate and
ethyl acetate. Evaporation of the ethyl acetate solution gave 70 ng of
mat eri al which was purjifjed by chronat ography on silica gel to give 53 ngy
(89% of isocanphen zoyl-( 2'R 3 S)-phenylisoserine ester. 1 8 FEB
2004

To a solution of (+)-terpinene-4-ol (22 mg, 0.143 mmol)
in 1 mL of THF at —45° C. was added dropwise 0,143 mL
of a 1.0 M solution of lithium hexamethyldisilazide in THF.
After | h at —45° C., a solution of (+)-cis-1-benzoyl-3-(2-
methoxy- 2-propyloxy)-+-phenylazetidin-2-one (58 mg,
0.172 mmol) in | mL of THF was added dropwise to_the
mixturc. The solution was warmed to 0° C. and kept at that
temperature for 2 h before | mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqucous NaHCO, and 60/40 ethy! acetate/hexane.

Evaporation of the organic layer gave 80 mg of a residue
which was dissolved in 6 mL of THF at 0° C. for 3 h, then
parddoned between samirated aqnécus sodium bicarboaate
and ethyl acstats. Evaporation of the ethyi acetate solution
gave 70 mg of mawerial which was purified by
chromatography on silica gel w give S0 mg (83%) of
terpinen-4-yl N-bcnzoyl-(_Z'R. 3'S)-phenylisoserine esier.



-57 EXAMPLE 26 a-terpineyl N-benzoyl-(2'R 3'S)-phenylisoserine est er1@-té-§{m
To a solution of (-)-nmenthol (22 ng, 0.143 mmol) in | nm. of THE at

was added dropwi se 0.143 nL of a LOM solution of |ithium

hexanet hyl di silazide in THE After 1 h at --45 C., a solution of
(+)-cis-1-benzoyl - 3- (2- mer hoxy-2- propyl oxy)- 4-phenyl azeti di n-2-one (58
mg, 0.172 mmol) in 1 nL of THE was adged dropwi se to the m xture. The
solution was warned to 0 C. and kept at that tenperature for 2 h before 1
m. of a 10% solution of AcOH in THE was added. The m xture was partitioned
bet ween saturated aqueous NaHCO3 and 60140 et hyl acet at e/ hexane.
Evaporation of the organic |ayer gave 73 ng of a residue which was

di ssolved in 6 nL of THF at 0 C. To this solution was added 0.9 niL of
glacial acetic acid and 0.9 nmlL of BEdRAMNVPLENRS i xture was stirred at 0 C.
for 3 h, then partitioned between saturated aqueous sodi um bi carbonate and
ethyl acetate. Evaporation of the ethyl acetate solution gave 70 ng of

mat eri al which was purified by ¢ghraqonato n silica gel to give 48 ny
(80% of a-terpineyl N benzoyl - @WW@&%@I i soserine ester. EXAlIVTLE

27 Preparation of 2 S ﬁnggom esf@di um al koxi de To a
sol ution of 7tr|ethyﬁllg§?e§acca n ﬁh 0 143 mol) in | nm of
TI-1F at . 45 C is added dropwi sc 0-143

%\ P
OAK/\IT)LP!:
OH H

To a solution of (—)-isopinocamphenyl (22 mg, 0.143
mmol) in 1 mt of THF at —45° C. was added dropwise 0.143
mL of a2 1.0M solution of lithium hexamethyldisilazide in
THF. After 1 h at ~45° C., a solution of (+)-cis-1-benzoyl-
3-(2-methoxy- 2-propyloxy)-4-phenylazetidin-2-one (58
mg, 0.172 mmol) in 1 mL of THF was added dropwise to the
mixture. The solution was warmed to 0° C. and kept at that
temperature for 2 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between'
saturated aqueous NaHCO, and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave 77 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetic acid and 0.9 mL of water.
The mixture was stirred at 0° C. for 3 h, then parttioned
between saturated agueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica
gel 1o give 53 -mg (89%) of isocamphenyl Nsbenzoyls(
2'R,3'S)-phenylisoserine ester.



m. of a IMsolution of sodi um hexanethyldisilazide in 1 8 FEB 2004 -58 THF.
After I h at -45 C.. a solution of (+) -cis-I|-benzoyl-

3-triethylsilyloxy-4-phenylazeti din-2-one (82 ng, 0.215 nmml) in 1

THE i s added dropwi se to the m xture. The solution is warnmed to

kept at that tenperature

THE i s added.

resi due which
recrystallizat

18 FEB?UUL
m. o
0 C and

for 3 h before 1 nL of a 10% solution of AcOH in

The m xture is partitiaged between saturated aqueous NaHCO3
and 60/ 40 ethyl acetatefhexane. Evaporation of the organic |ayer gives a

is purified by flash chromat ography foll owed by
ion to give 108 ngHEXNOMPRILE 26

(2R 3 9S)-2".7-(bis)triethyisilyl taxoi. EXAMPLE 28 OAc OH 44 HO H
N- delSeregyneni Oi-bemzanydb@iRa31S)- pheaypiisdsertnsol ution of

Preparation of

7-triethylsilyl baccatin Il (200 ny, &@86 mol) In 2 tnL of T
C. was added dropwi se 0.174 nL of a 1.63M solution of nBuLi in
-45 C a solution of (+)-cis-1-(4-chlorobenzoyl) - 3-

After 0.5 h at

tricthylsilyloxy- 4-ph

THE was added
kept at that
THE was added.

NaHCO3 and 60/ 40 ethQ

nyl azeti di n-2-one (215 ng, 0.515 mnol)

HE at 452
hexane.

in 2 nL of

dropwi se o the m xture. The solution was warnmed to 0 C. and

tenpe e
The

was partitioned between saturated aq
at el hexane.

[ ¢ o0
%ok(\ﬁm

QH

To a solution of (-)-menthol (22 mg, 0.143 mmol) in | mL
of THF at —45° C. was added dropwise 0.143 mL of a2 1.0M
soluton of lithium hexamethyldisilazide in THF, After | hat
-45° C., a solution of (+)-cis-l-benzoyl-3-(2-methoxy-2-
propyloxy)- 4-phenylazetidin-2-one (58 mg, 0.172 mmol) in
1 mL of THF was added dropwise to the mixture. The
solution was warmed 10 0° C. and kepr at that tsmperature
for 2 h before 1 mL of a 10% solution of AcOH in THF was
added The mixfure was partitioned between saturated
agueous NaHCO, and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave 73 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetic acid and 0.9 mL of water.
The mixture was stirred at 0° C. for 3 b, then partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetatz. Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica
gel to give 48 mg (80%) of a-terpineyl N-benzoyl-(2'R.3'S)-
phenylisoserine ester.

EXAMPLE 27

Preparation of 2',7-hydroxy protected Taxol using
sodium alkoxide

To a solution of 7-uiethylsilyl baccain U1 (100 mg, 0.143
mmol) in 1| mL of THF at =45° C. 1s added dropwise 0.143
mL of a IM solution of sodium hexamethyldisilazide in

or 2 h before | nmL of a 10% solution of AcOH in

ueous



Evaporation of the organic |ayer gave a residue which was purified bg
filtration through silica gel to give 320 nag of <crude (2'R FEB 2004
3'S)-2".7-(bis)triethylsilyl-N debeuzoyl-N-( 4-chlorobcnzoyl) taxol. 1 8 E
E B 7004 -59 To a solution of 320 ng (0.286 nmmol) of this crude product in
18 nL of acetonitrile and 0.93 rnL of pyridine at 0 C. was added 2.8 nL

of 48% aqueous HF. The m xture .mas_ggered at 0 C. for 3 h, then at 25 C
for 13 h, and partitioned between saturated aqueous sodi um bi carbonat e

and ethyl acetate. Evaporation of the ethyl acetate solution gave 252 ng

of (r)raterial whi ﬁ ?d_:@/atla 1k, }-(zg_ | vg_ 213 ng
e o e TR e BT R ey
NUR (CDCl 3, 300nmdd) ia 8. m:L@d’I‘BE/m adziedzld;opmazaat comikare.7. 64 (m
2H aromati o), ThéGolistiont 1§ watds@te O° C7addl ¥ erstire 7- 03 (d,
J=8.8 Hz, 1 IH, H13),
A e TR G S
J= 9.9, 11 He, € mixpureds patisigned between samr:mi)aqunogs (m 1H,
H7), 4.29 (d NBHE and-60/4Redy laébclﬁtdfﬂexiHB Evhipordtidh ofizhe) , 3.78 (d,

(a4, 3=45 te, p@%@ge é%fﬁ&x' U’*“Zﬁ i 8 Terbes) (s

3H | OAc), 1. 8 ﬁf;y iwed By gn 19 e t08 1 1oy
1.67 (s, 3H, Nﬁmg)mﬂ:mf(& S)-2% {b;snnrﬁlxbﬂﬂwawaw)
EXAMPLE 28

0 P 0
if’l\\‘~/”ll\()
H OH
a

P ° AcO:\_\O
0

Prcpai'alion of 'N-‘dcbenzoyl-N-(4-chlor0benzoyl)
taxol

To a solution of 7-triethylsilyl baccatin II (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
-45 ° C.. a soludon of (+)-cis-1-(4-chlorobenzoyl)-3-
tricthylisilyloxy- - 4-phenylazetidin-2-one (215 mg, 0.515
mmol) in 2 mi. of THF was added dropwise to the mixture.
The solution was warmed o 0° C. and kept ar that
temperature for 2 h before 1 mL of 2 10% soludon of AcOH
in THF was added. The mixwmre was partitioned between
saturated aqueous NaHCO, and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of
crude (2R, 3'S)-2'.7-(bis)iethylsilyl-IN-debenzoyl-N-(
d-chlorobenzoyl) waxol.



EXAMPLE 29 OAc (CH3)3 Ph O Preparation of N dcbenaoyl-N(4-t-butyl bcug gggmm
ta.xol 1 B FEB 2004 -60 To a solution of 7-trio hylsilyl- baccatin 111 ?

ng. 0.286 nmmol) in 2 nL of THE at -45 C. was addcd dropwi se 0,174 niL, of

a 1.63Nt solution of nBuLi in hexane. After 0.5 h at -45 C. a solution of
(+) -cis-lI-(4-t-butylbenzoyl)-3- triethylsilyloxy- 4-phenyl azstidin-2-one
(2.16 ng, 0.515. mol) in 2 n of THE s4as added dropwi se to the m xture.

The solution was warmed to 0 C. and kept at that tenperature for 2 h

before I nL of 10% soj ution of AcOH in THE was added. 7l1e, m xture was

partitioned betwden2 sQfuRQR cof ARong (RS mmioHOLFOrEs hadude
acet at e/ hexan cExmpgrlaSunﬂ, gf‘ atbm;g&g&naﬁdl@ggr é}? @ﬂ dye which was

urified by figytargt i Lve rude
i iﬁm@ LT e N R,
To a solution'¥ 8l afudC. ﬁfbbdﬂ iand18 nl of
acetonitrile mm aquzm safurated ageoGs wém@l@i@a?b@uﬁ‘e of 48%
h, and EZJ;%‘}E“ floctine_ Evd il géégi%%sf@% EEB#‘Q %ﬁ‘}ﬁg&; “and et hy)
acetate. Eva f%e oM AS, (ppn 8 e of materi al
whi ch was pulrolq hromaipgraghy tctgnwald‘gm@r{ﬁd»%) oifvi - déﬂem)(lgz% of
N-debenzoyl - N{4-chlorobenzoyl) taxol, which was recrystallized from
methanol/water.

m.p. 179°~181° C.; [a]n.> —49.8° (c 0.01, CHCL,).

TH NMR (CDCl,, 300 MHZ) 8 8.12 (4, I=7.1 KZ, 24,
benzoate ortho), 7.64 (m, 2H, aromadc), 7.60 (m, 1H,
aromatc), 7.49 (m, 9H, aromatic), 7.03 (d, J=8.8 Hz, 1H,

- NH),.6.26 (s, 1H H10), 6.21 (dd, J=8.2, 8.2 Hz, 1H, H13),
5.76 (dd, J=8.8. 2.2 Hz, 1H, H3", 5.66 (d. J=7.1 Hz, lH,
H2B), 4.92 (dd, J=9.9, 1.I Hz, 1H, H5). 4.77 (dd. J=5.5, 2.2
Hz, 1H, H2"), 4.38 (m, 1H, H7), 4.29 (d. J=8.8 Hz, 1H.
H20c), 4.18 (d. J=8.5 Hz, 1H, HZOB), 3.78 (d, J=6.6 Hz, 1H,
H3), 3.35 (d, J=5.5 Hz, 1H, 2’0OH), 2.55 (m. 1H, Héq), 2.49
(d, J=4.2 Hz, 1H, 70H), 2.36 (s, 3H, 4Ac), 2.28 (m, 2H,
H14),2.22 (s, 3H, 10Ac), 1.85 (m, 1H, H6R), 1.77 (brs, 3H,
Mel8), 1.76 (s, 1H, 10H) , 1.67 (s, 3H, Mel9), 1.22 (s. 3H,
Mel7), 1.13 (s, 3H, Melé6).

EXAMPLE 29

(CHsh

Ph—( ° Aco:\_ 0
0

Preparation of Nedebenzoyl-N-{4-(-butylbenzoyl)
taxol



(4-t-butyl benzoyl) taxol, which was recrystallized from methanol/water.
mp. 171"-173* C.; (a],.25 X9.2 (c 0.05, CHCI3). =H NMIr R (CDCl 3, 300 6 FaB300:
3 8.13 (d, J=7.1 Hz, 2H, benzoate ortho), 7.76-7.25 (m 12H, aronatic),
6.98 (d, J=8.8 Hz, NH), 6.27 (s, |IH H10), 6,21 (dd, 1=8.8, 8.8 Hz, 2H,
H13), 5.77 (dd, J=8.8, 2.7 Hz, 1H, H3'), 5.67 (d, h=6.6 Hz, 1H, H2P), 4.94
(dd, 1=9.3, 1.2 Hz, 1H, H5), 4.78 (dd,eJ=4.4, 2.7 Hz, 1H H2'), 4.38 (m
IH, H7), 4.29 (d, J=8.2 Hz, 1 H, H0a), 4.20 (d,1=8.2 Hz, | H H205), 3.79

d, 1=6.6 Hz, L - o2t 7 4gdl, Hea), 2.48
Ed, J=4.1 Hz. 13@%6%&%g’;ﬂﬁcgﬁ%§%§£&é§mé ,mg’m;ngd*z- 22 %s, 3H,
| OAc), 1.85 (MmO 1pep) Ml o sf('lﬂ a3 P35 addsgl drOPWISe | o), 1. 68
s, 3H, M19 9 (s,.9H, Bu),..1.2 e 3H. Me _17), , 3H, M
(16) . 18FEBZO%Q1%%&'%%@P‘@PQI‘%rgﬁﬁ"l{-ﬁ’h@@ﬁﬂaﬂg é“iﬁé?ééair ation of
o el oL | o o T bl ) o 2t
0 a solution_o -t.rl et S ccat N . In
of THE at -45“@5%@3%1 d (ﬁ'géﬁf‘gga%ﬁi%' ﬂné)f @qg&gn g@gﬁl} i on of nBuLi
i n hexane. Af gemol) in @ mil. of AHFGrvasadudd tiropwase ¢o ¢he muxture.
(16(1?1 met hoxybﬁlzeoyﬂﬁébnt r&&sh aﬂﬂ& %"0‘4' 61 fahldorwe%l mﬁet I di n-2-one
- temperature for 2 h before 1 mL of 2 10% solution of AcOH
in THF was added. The mixwre was partitioned between
saturated aqueous NaHCO, and 60/40 ethyl acstare/hexane.
Evaporation of the organic layer gave a residue which was
purified by fltratdon through silica gel to give 330 mg of
crude (2R.3'S)-2'.7-(bis)triethylsilyl-N-debenzoyl-N-( 4-t-
butylbenzoyl) taxol.

To a solution of 330 mg (0.289 mmol) of this crude
product in 18 mL of acetonitrile and 0.93 mL of pyridine at
0 ° C. was added 2.8 mL of 48% aqueous HF. The mixture
was stirred at 0° C. for 3 h, then at 25° C. for 13 h, and
parttioned between saturated aqueous sodium bicarbonate
and ethyl acetate. Evaporaton of =he ethyl acetate solution
gave 260 mg of material which was purified by flash
chromatography to give 240 mg (92%) of N-debenzoyl-N-
(4-t-butylbenzoyl) taxol, which was recrystallized from
methanol/water.

m.p. 171°-173° C.; [} —49.2° (¢ 0.05, CHCly).

'H NMR (CDCl,, 300 MHz) § 8.13 (d, J=7.1 Hz, 2H,
benzoate ortho), 7.76-7.25 (m, 12H, aromaric), 6.98 (d,
J=8.8 Hz, NH), 6.27 (s, 1H, H10), 6,21 (dd, I=8.8, 8.8 Hz,
2H, H13), 5.77 (dd, J=8.8, 2.7 Hz, 1H, H3"), 5.67 (d, J=6.6
Hz, 1H, H2B), 4.94 (dd, J=9.3, 1.2 Hz, 1H, HS5), 4.78 (dd,
J=4.4,2.7 Hz, 1H, H2"), 4.38 (m, 1H, H7), 4.29 (d, ]I=8.2 Hz,
1H, H20a), 4.20 (d, I=8.2 Hz, 1H, H20B), 3.79 (d, J=6.6 Hz,
H3), 3.65 (d. J=4.4 Hz, 1H. 2'0H). 2.57 (m. 1H, H6c), 2.48
(d, J=4.1 Hz. 1H, 70H), 2.37 (s. 3H, 4Ac), 2.31 (m, 2H,
H14), 2.22 (s, 3H, 10A¢), 1.85 (m, 1H. H6f). 1.79 (brs, 3H,
Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Me19), 1.29 (s, 9H,
Ar'Bu), 1.23 (s, 3H, Mel7), 1.13 (s, 3H, Mel6).



1.43 mmol) in 2 niL of THE was added dropwi se to the mxture. The ﬁo Eﬁéﬁ]
was warnmed to O C. and kept at that tenperature for I h before | ni'l 0t
10% sol ution of AcOH in THE was added. The mi xture was partitioned between
saturated agueous NaHC3 and 60140 et hyl acetatel hexane. Evaporation of the
organic |ayer gave a residue which was purified by filtration through
silica gel to give 362 ng of a m xtur contalnlng

(2R 3 S)-2",7-(bis)uiethylsilyl- N— debenzoyl - N-(
4-net,hoxybenzoyl)-3,-dcsphcny| -(4- fluorophenyl) taxoi and a snal

anount of the (2'S,3 R isoner. 1 8 FEB 2Q0& -62 To a solution of 362 ny

of the m xture obtained fromthe previous reaction in 12 nL of

acetonitrile and 0.6 nmL of was added 1.8 niL of 48%
aqueous HF. The m xture was séb&#‘-gé?i-tﬁ%% for 3 h, then at 25 C. for 13
h, and partitioned between saturated aqueous sodi um bicarbonate and et hyl
acetate. Evaporation of the ethyl acetate solution gave 269 ng of nateri al
whi ch was purified by flash Ehromatography to give 183 ng (71% of

N- debenzoyl - N- (4- met hoxybenzoyl ) - 3' - desphenyl- 3'-(4- fluorophenyl) taxol,
whi ch was recrystallized frem ~gthanol/water. rn.p. 172-174.5 C., (a],
--47.0 (c 0.0044, CHC 3). (CDhC13, 300 HHz) 3 8.13 (d, J=7.2 Hz, 2H
benzoate ortho), 7.7-7.4 ( . 7. o ) 8 8 FE 2H,
aromatic), 6.97 (d, J=8.8 T® NH), 16.27 (s, | G 3 (dd
J=8.8, 8.8 Hz, 1 H H 13), 5. Y . 67 (d
1=7.1 Hz, 1H, H2P), 4.94p(dd, H

Preparadon of
N-debenzoyl-N-{4-methoxybenzoyl)-3'-desphenyi-
3'- (4-fluorophenyl) taxol -

To a solution of 7-triethylsilyl baccatin I (200 mg, 0.285
mmol) in 2 mL of THF at —45° C. was added dropwise 0.175
mL of 2 1.63M solution of nBuLi in hexane. After 0.5 h at
—45 ° C., a soludon of cis-1-(4-methoxybenzoyl)-3-
triethylsilyloxy- 4-(4-fluorophenyl)azetidin-2-one (614 mg,
1.43 mmol) in 2 mL of THF was added dropwise o the
mixmure, The solution was warmed to 0° C. and kept at that
temperature for 1 b before 1 ml of a2 10% solution of AcOH
in THF was added. The mixture was partitioned between
samrated aqueous NaHCO, and 60/40 ethyl acetate/nexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 362 mg of a
mixture coataining  (2R,3'S)-2',7-(bis)triethylsilyl-N-
debenzoyl-Na«( 4-methoxybenzoyl)-3,-desphenyl-3'+(4-
fluorophenyl) taxol and a small amount of the (2'S,3'R)
isomer.



J=9.9, 2.2 Hz, | H H5), 4.75 (dd. J-4.4, 2.2 Hz, | H H2') , 4.39 (m |

H H7), 4.31 (d, J=3.5 Hz, | H, H20a) , 4.19 (d, J=8.5 Hz, I|H, H2013)8 EEB 2004
3.79 (d, 1=7.1 Hz, |H, H3), 3.59 (d, 3=4.4 Hz, IH 2'0H), 2.54 (m IH,
Heéa), 2.47 (d, 1=4.4 Hz, 1H, 70H), 2.36 (s, 3H 4Ac), 2.30 (m 2H Hlda),

H14P), 2.24 (s, 3H 10Ac), 1.88 (m IH Hea), 1.78 (br s. 3H M18), 1.74
(s. I'H 10H), 1.68 (s, 3H M19), 1.234s, 3H M 17), 1.14 (s, 3H Ml
6). In view of the above, it will be séen that the several objects of the
i nvention are achi eved. A5 v3ncu~ clap g could be made in the ahnve

conposi uoni and proccsAcs wt 6u. ditp tin: fromthe -icopc O tht

I nvention, it is intenlch that all Matter cunrained in the ab4v4 descjpdQa
be interpratid as_Musuwvc and nbt in_a limting seffm E. 8 FEB 7004 -63
CLAIMS: 1. A netaloa s@butinsn ﬁéﬁ&%gm&@fﬁmmmpi?@nqd mMdOFherein M

j[sta met Fl!; Etl ﬁ&ﬁ@@sﬁcﬁbﬁ Egral%%mnm%mmﬁhﬁi!ceaiﬂi ﬂ.g%%amlied}lfkdefijne ?
oracye’ ne - Bying ot STV OGP AR 5% aglid@uSHIF! Thckoxi de o
FLra VA VA %ﬁwg?ﬁmﬁé g@%%% fEhrs ige o
and parttioned betwesn saturated aqueous sodium
bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gave 269 mg of material which was purified
by flash chromatography to give 183 mg (71%) of
N-debenzoyl-N-(4-methoxybenzoyl)-3'-desphenyl-  3'-(4-
fluorophenyl) taxol, which was recrystallized from
methanol/water. ,

mp. 172°-174.5° C.; [&]w2 —47.0° (¢ 0.0044, CHCL).

'H NMR (CDCl,, 300 HHz) & 8.13 (d, J=7.2 Hz, 2H,
benzoate ortho), 7.7-7.4 (m, 9H. aromatic), 7.10 (dd, J=3.8,
8.8 Hz, 2H. aromatic), 6.97 (d, J=8.8 Hz, 1H, NH), 6.27 (s,
1H, K10), 6.23 (dd. J=8.8, 8.8 Hz, 1H, H13), 5.76 (dd. J=8.8.
2.2 Hz. 1H. H3), 5.67 (d. J=7.1 Hz, 1H, H2B), 4.94 (dd,
J=9.9, 2.2 Hz, 1H, HS), 4.75 (dd, J=4.4, 2.2 Hz, 1H, H2},
4.39 (m, 1H. H7), 4.31 (d, J=8.5 Hz, 1H, H20a) , 4.19 (d,
J=8.5 Hz, tH, H20PB) . 3.79 (d, J=7.1 Hz, 1H. H3), 3.59 (d.
J=4.4 Hz, 1H, 2’0H), 2.54 (m, 1H. Hba), 2.47 (d, J=«.4 Hz,
1H, 70H), 2.36 (s, 3H, 4Ac), 2.30 (m. 2H, Hl4a), H14B),
2.24 (s, 3H. 10Ac), 1.88 (m. |H. Héa), 1.78 (br 5. 3H,
Mel8), 1.74 (s. 1H., 10H), 1.68 (s, 3H. Me19), 1.23 (s, 3H,
Mel7), 1.14 (s, 3H, Mel6).

In view of the above, it will be seen that the several
objccts of the invention are achieved.

As vanous changes could be made n the above
composiuons and procesiés withoul departing from the
scopé of the invention, it i3 intended that all matier contained

in the above descaipdon be interpreted as Mlusgative and not
in a lirniting sense.



3. The netal al koxide of claim1l wherein the netal is a Goup IA IIA or
transition netal 4. The netal al koxide of claim1 wherein the netal if £R 2001

l'ithium magnesium sodium potassiumor titanium 5. The netal a|kOXI%é %?

claiml1l wherein the nmetal is lithium_1 8 FEB 2004 -64- 6. An al koxi de

having the forrmula: 15 wherein M is*?’netal; R15 and R16 are independently

hydr ogen, protected hydroxy, |ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy,

aryl oyl oxy or R15 and R16 together forman oxo; Rl7 and R18 are

i ndependent |y hydrogen or | ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or

aryl oyl : R17 and R18 together forman oxo; R19 and R20 are

i ndependent |y hydrogen or protected hydroxy or |ower alkanoyl oxy,

al kenoyl oxy, al kynoyl oxy,  aryl oyl oxy; R21 and R22 are i ndependently

hydr ogen or A owetrahl &booyidxyhaaikgnohkotyprmallkynoyl oxy, or aryl oyl oxy and

R22 together forman oxo; or R21 R24- is hydrogen or hydroxy or | ower

al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryl oyl oxy; or R23 and R24

t oget her forman oxo or nethylene or R23 and R24 together with the carbon

atomto which they are attachet,forman oxirane ring; or

MO— L€,
£,

wherein

M is a metal;

E; and E, and the carbon to which they are attached
define a tetracycline taxane nucleus; and

E; is hydrogen.

2. The metal alkoxide of claim 1 wherein M is a Group IA,
IIA, IIIA, lanthanide, actinide, Group IIIA, IVA, VA, or VIA

metal, zinc or cadmium.

3. The metal alkoxide of claim 1 wherein the metal is a

Group IA, IIA or transition metal.

4, The metal alkoxide of c¢laim 1 wherein the metal 1s

lithium, magnesium, sodium, potassium or titanium.

5. The metal alkoxide c¢f c¢laim 1 wherein the metal is

lithium.



R23 and R22 together with the carbon atomto which they are attached form
an oxetane ring; and R25 is hydrogen, hydroxy, or |ower aIkanoonxy,TﬂFEBlmi
al kenoyl oxy, al kynoyl oxy, or aryloyloxy; or 1 8 FEB 2004 -65 R26 is -

hydr ogen, hydroxy, or | ower alkanoquéXJ al kenoyl oxy, al kynoyl oxy, or
aryl oyl oxy; or R26 and R25 taken together forman oxo; and R27 is
hydrogen, hydroxy or |ower al koxy, alkanoyloxy, al kenoyl oxy, al kynoyl oxy,
or aryl 8yl ox$n 2lkrrddg heiidw dtheltermelaherein R19 is hydrogen; R20 is
protected hydroxy or |ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or
aryl oyl oxy; R21 is hydrogen or %@gg&h@r with R22 fornms an oxo; R22 is

hydr ogen or | ower al kanoyl oxy, enoy , al kynoyl oxy, or aryl oyl oxy or
together with R21 forns an exo; ydrogen or hydroxy or | ower

al kanoyl oxy, al kenoyl oXypuudl “zaryl oyl oxy; or R23 and R24
together forman oxo or net hyl and R24 together with the carbon
atomto which they are attac oxi rane ring; and R25 is hydrogen,
hydroxy, or |ower al kanoyl oxy, &, d\keqoylroxy?' al kynoyl oxy, or aryl oyl oxy;
and R26 is hydrogen. 8. The al kokite/of,,dl:ai m 6 wherein R15, R17, R19, R21,
and R26 are hydrogen. 9. The al Kéxifde of claim®6 wherein R15 is hydrogen
and R16 is protected hydroxy or |ower al kanoyl oxy, al kenoyl oxy,

wherein

M is a metal;

Ris and Rie¢ are independently hydrogen, protected
hydroxy, lower alkanoyloxy, alkenoyloxy, alkynoyloxy,
aryloyloxy or R;s and Ry together form an oxo;

Ri» and Rig are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ris
and Rig together form an oxo;

R;s and Rzy are independently hydrogen or protected
hydroxy or 1lower alkanoyloxy, alkenoyloxy, alkynoyloxy,
aryloyloxy;

Rz and Rz are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or R
and R;; together form an oxo;

Rzg - is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

Rz and Rzy together form an oxo or methylene or

Rzz and Rz¢ together with the carbon atom to which they
are attached form an oxirane ring; or

Ro; and Ryz together with the carbon atom to which they
are attached form an oxetane ring; and

Rasg is hydrogen, hydroxy, or lower alkanoyloxy,

alkenoyloxy, alkynoyloxy, or aryloyloxy: or



al kynoyl oxy, or aryloyloxy. 10. The al koxide of claim6 wherein R15 is
hydrogen, and R16 is |lower al kanoyloxy. 11. The al koxi de of clai m 618 FEB 2004
wherein R17 and R18 are hydrogen. 1 8 F E B 7004 -66 12. The al koxi de of
claim6 wherein R1-, together with R18 forms an oxo. 13. The al koxi de of
claim6 wherein R17 is hydrogen, and #88 is |ower al kanoyl oxy,

al kenoyl oxy, al kynoyl oxy, or aryloyloxy. 14. The al koxide of claim®6

wherein R19 igg¢hydivgenydandieRl0 hedporyect esk hydeasy oral rsedyloxy,
al kanoyl oxy, al kenoy onz al kynoyl oxy, or aryloyloxy. 15. The al koxi de of
claimé %wﬂm aRHKIDOY APEY hy 8F0Ge 1 oY Ox e Al KRwéi @8dofRee| BR KFEB

wher ei n s} e is | ower al kanoyl oxy, al kenoyl oxy,
al kynoyl oxy, or fB cé%ogQg F%nghe al koxi de of claim®6 wherein R21 and

R22 are hydr cfgen.isl&yd'h@gaﬂlkohwdeo«xﬁ( i hoeevherldoxyR21a hhan&®R2oay e
i ndependent | drogen. or | oywer al kanoyl ox al kenoyl oxy, al kynoyl oxy, or
aryloyId&ﬁk?ﬁg£§é¥Yaﬂ%l¥éﬁo¥£§§¥he?rf%F 3ﬁ¥8§8 R24 is hydrogen or hydroxy
or | ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryl oyl oxy; or R23 and
R24 together form an oxo or nethylene; or R23 and R24 together with the
car bon at-om tThewd kexids ofirelaimabhebereim an oxirane ring. 19. The
al koxi de of q{a|n16 m@gr |n R24 is hydroxy or | ower al kanoyl oxy,
al kenoyl oxy, deynoy oxy 7 of aryl oyl oxy.

Rao is protected  hydroxy or lower alkanoylozry,

alkenoyloxy, alkynoyloxy, or aryloyloxry;

Rz; is hydrogen or together with Ry forms an oxo;

Rz 1is hydrogen or lower alkanoyloxy, alkenoyloxry,
alkynoyloxy, or aryloyloxy or together with R;; forms an oxo;

Rze 1is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

Rz3 and Ryg together form an oxo or methylene; or

R;3 and Rp; together with the carbon atom to which they
are attached form an oxirane ring; and

Rzs is  hydrogen, hydroxy, or lower alkanoyloxy,
alkencoyloxy, alkynoyloxy, or aryloyloxy; and

R;s 1s hydrogen.

8. The alkoxide of claim 6 wherein Ris, Ri7, Ris, Rz1, and Rge

are hydrogen.
9. The alkoxride of claim ¢ wherein R;s is hydrogen, and Ryg
is protected hydroxy or lower alkanoyloxy, alkenoyloxy,

alkynoyloxy, or aryloyloxy.

10. The alkoxide of claim 6 wherein R;s is hydrogen, and Rjg

is lower alkanoyloxy.

11. The alkoxide of claim & wherein R;7; and Rjg are hydrogen.



1 8 FEB 2004 -67 20. The al koxide of claim6 wherein R24 is | ower

al kanoyl oxy. 21. The al koxi de of claim®6 wherein R25 is hydroxy or 19?@32%#
al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryloyloxy, or R26 is hydrogen.
22. The al koxi de of claim6 wherein F%éhis | ower aryl oyl oxy, and R26 is
hydrogen. 23. The al koxide of claim6 Wherein R24 is |ower al kanoyl oxy,
R25 is |l ower aryloyloxy, and R26 is hydrogen. 24. The al koxide of claim®6
wherein R2-7 is hydroxy or |ower al koxy, al kanoyl oxy, al kenoyl oxy,

al kynoyl oxy, .or | oyl oxy.. 25. _The al koxi de of, cl ai m 6, wher ej 15 is
v oguht- KBRS SIRRIE s cRLadR ol | NBFES KBy, CRBERREN oiyih o
al kenoyfexys ahkymeyl oxy, or aryloyloxy; R17 together with R18 form an oxo;

R19 is hydrogen; R20 is protected hydroxy or |ower alkoxy, alkanoyl oxy,
al kenoyl oxy, al kynoyl oxy, or aryloyloxy; R24 is acetoxy; R25 is benzoyl oxy;

and R27.is r T I ' of, claj I n s a Goup

A | |i?' X ﬁg ?‘%‘Fh’é%ede‘%?ac %%Jf‘dg, 5%%%%% FPA,ﬂll wd%t&é’gf oM Bk o ,

zinc oricadmuwerl 8 HEBin®Sloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy.

14, The alkoxide of claim 6 wherein R;g is hydrogen, and Razg
is protected hydroxy or lower alkanoyloxy, alkenoyloxy,

alkynoyloxy, or aryloyloxy.
15. The alkoxide of claim & wherein R;s and Rz are hydrogen.

16. The alkoxide of claim 6 wherein R;; is hydrogen, and Rp;
is lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or

aryloyloxy.
17. The alkoxide of claim 6 wherein R;; and R;; are hydrogen.

18. The alkoxide of claim 6 wherein

Ry and Ry are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Rz
and Rz; together form an oxo;

R2q¢ 1is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

R;i and Ras together form an oxo or methylene} or

Rzz3 and Ry; together with the carbon atom to which they

are attached form an oxirane ring.

18. The alkoxide of claim 6 wherein Ris is hydroxy or lower

alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.



27. The netal al koxide of claim6 wherein the netal is a Goup IA IIl1A or
transition netal. 28. The netal al koxide of claim®6 wherein the nequF¢§ 004
l'ithium magnesium sodium potassiumor titanium 29. The netal alkox'dé
of claim®6 wherein the netal is lithi 30. An al koxi de having the
formula: 3 wherein Mis a nmetal; RI5°TS hydrogen, protected hydroxy, |ower
al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryl oyl oxy, or oxo; Rl8 is

hydr oge®0 - oWd1e al RakopRagy, &f kewdpioxy, 6 alwharedroxyR:or asyl oldwxy, or
0X0; R2%l'é%4§ﬁ|& en, protected hydroxy, |ower al kanoyl oxy, al kenoyl oxy,
al kynoyl'oxy, a@r aryl oyl oxy; R21 and R22 are independently hydrogen or | ower
al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryloyloxy or RR1 and R22

t oget her. form an oxo; R24 is hidrogen or hydroxy or | ower al kanoyl oxy,

al kenoyPdxy, Thieyidaeide of atyivyPomperedimRiesahd Rydrogyetdierldwgin an
| X 4 t iLth t i ch
They " ard BholTenyt ATRAOLCRY, OIRLHBLILY W7 AALBAM SEETLEE M. ©

hydr ogens hydirexyen.l ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or
aryl oyl oxy, or oxo; and R27 is hydrogen, hydroxy, |ower al kanoyl oxy,
al kenoyl oxy, al kynoyl oxy, or aryl oyl oxy.

22. The alkoxide of claim 6 wherein Rys is lower aryloyloxy,

and Rzs is hydrogen.

23. The alkoxide of claim & wherein Ray is lower

alkanoyloxy, Rys is lower aryloyloxy, and Rys is hydrogen.

24. The alkoxide of claim 6 wherein Ry; is hydroxy or lower
alkoxy, alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy.

25. The alkoxide of claim 6 wherein

Ris is hydrogen;

Rig is protected hydroxy or lower alkoxy, alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy;

Ri? together with R;g form an oxo;

Ris "is hydrogen;

Ryp is protected hydroxy or lower alkoxy, alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy;

Rz 18 acetony;

R;s is benzoyloxy; and

Rg7 is hydroxy.

26, The metal alkoxide of claim & wherein M is a Group IA,
IIA, IIIA, lanthanide, actinide, Group IIIA, IVA, VA, or VIA

metal, zinc or cadmium.



31. The al koxi de of claim 30 wherein R21 is hydrogen or together with R22
fornms an oxo. 32. The al koxi de of claim 30 wherein R16 is |ower 18 FEB 2004
al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryloyloxy. 33. The al koxi de of
claim30 wherein R16 is |ower al kanoy4 oxy. 34. The al koxi de of claim 30
wherein R18 is hydrogen or |ower al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or
aryl oyl oxy. 35. The al koxide of claim 30 wherein R18 is oxo. 36. The

al koxi de&/ -of Thei meZelwhalkPni/e0 dfs eydingén Wrerpint sbedndalk okyg. B7.

The- a OXId m.3 n R27 .i.s hydroxy or |ower al kanoyl oxy,
alkeno§¥ gﬁgkyﬁ%§|8§y?répgégﬁﬁ8yﬁﬁ§§a-38 The al koxi de of clai m 30
wher ei n R16 is protected hydroxy or |ower alkanoyloxy, alkenoyl oxy,

al kynoyl oxy, or aryloyloxy, RIBis oxo, R20 is protected hydroxy or |ower

al kanoy®xy,Tha| Ketad oﬁylkoaqu@mowfoxcyla@m a@yw@ﬂrmyl Rbg imewedt §y; R25

IS benz 4 70 A 9 The met al al koxi de
of cla9%¥%bﬁ%%brel igls a %§ lumFAPR%FﬁgauFYI lt anlde actini de,
Goup IIl1'A VA VA or VIA netal, zinc or cadn1un1 40. The netal al koxi de

of claim 30 wherein the netal is a.(}ou A II1Aor transition netal. 41.
The nmetéd- alWuxi dete cﬁéﬁﬁﬁé@ewhéﬁel%ﬂ@h@ ﬁ%t&heﬁ§ln the metal 1is
lithium.

30. An alkoxide having the formula:

k¥

MO 1)

wherein

M is a metal:

Ri¢ 1s hydrogen, protected hydroxy, lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy, ©r oxo;

Ris is hydrogeh, lower alkanoyloxy, alkenoyloxy,
alkynoyloxy, or aryloyloxy, or oxo;

Ryp "is hydrogen, protected hydroxy, lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy;

Ry and Rz are independently hydrogen or lower
alkanoyleoxry, alkenoyloxy, alkynovloxy, or aryloyvlexy o©r Rax
and R.; together form an oxo;

Rzg is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy: or

Ryz; and Ry; together form an oxo or methylene; or

Ro3 and Ry, together with the carbon atom to which they

are attached form an oxirane ring; and



l'i thium magnesi um sodium potassiumor titanium 42. The netal aIk%xiEe
of claim30 wherein the metal is |ithium o FEB 2004

-69-

Ros is- hydrogen, hydroky, lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy, or oxo; and
Rz7 is hydrogen, hydrozxy, lower alkanoyloxy,

alkenoyloxy, alkynoyloxy, or aryloyloxy.

31. The alkoxide of claim 30 wherein R;; 1s hydrogen or

together with Ri, forms an oxo.

32. The alkoxide o¢f claim 30 wherein R;g 1is lower

alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

33. The alkoxide of ¢laim 30 wherein R;¢ 1is lower

alkanoyloxy.

34. The alkoxide of claim 30 wherein Rjs is hydrogen or

lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.
35. The alkoxide of claim 30 wherein Rz is oxo.

36. The alkoxide of claim 30 wherein Ry 1is hydrogen or

protected hydroxy.

37. The alkoxide of claim 30 wherein Rz; is hydroxy or lower

alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

38. The alkoxide of claim 30 wherein

Rij¢ 1is protected hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy;

Rig 1s oxo;

Rzo is protected hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloeoxy, or aryloyloxy;

Rpzq is acetoxy;

Rss 1s benzoyloxy: and
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Rz7 is hydroxy.
39. The metal alkoxide of claim 30 wherein M is a Group IA,

ITA, IIIA, lanthanide, actinide, Group IIIA, IVA, VA, or VIA

metal, zinc or cadmium.

40. The metal alkoxide of claim 30 wherein the metal is a

Group IA, IIA or transition metal.

41, The metal alkoxide of c¢laim 30 wherein the metal 1is

lithium, magnesium, sodium, potassium or titanium,.

42, The metal alkoxide of claim 30 wherein the metal 1is

lithium.



