1 9 FEB 2004 t TAXANES PREPARED BY BETA- LACTAMS AND ANNDNIUNIALKCMI ? 0
BACKGROUND OF THE | NVENTI ON Three esters of N-acyl phenyl isoserine, E@éq

t axot ere and cephal omanni ne have been found to possess significant
properties as antltunnr agents. This application describes a process for
the preparation "of N-acyl, N-sulionyl and N-phosphoryl substituted

| soserine esters, in general, and to a sem -synthesis for the preparation
of taxane derivatives such as taxol, taxotere and other biologically
active derivatives involving the wuse ofy ammoni um al koxi des and S-1 act ans,
in particular. The taxane famly of terpenes, of which taxol is a nenber,
has attract ld e d In t t he bi ol ogical and chem ca
arts. Taxol %F&sxcg&gﬁoﬁégpﬁgé@?ﬁé@é*éh‘eﬁgﬁ-ﬁ&ép@w @MU&HN'L\)\M ALK Q¥ O&S
spectrum of antileukem c and tunor-inhibiting activity. TaxoL has the
followi ng structure; CAc OH _ H' Qao' O C6H5000 Ca wherein Ac is acetyl.

Because of t n F TEE INVENTE®X0l is currently undergoing clinical
trials in both France @ h% gthed St ates.. The supply of taxol for these
clinical trials is presen?r BEFRG prodi g6y PRI bat ko s esrnFaxusxol ,

brevifol Lia (VPQee%e Youg. cepm@&emgnhamelnaw& faard by to possess
significant properties as antitumor agencs, This
application describes a process for the Preparaticn of
N-acyl, N-sulfonyl and N-phesphoryl substitured isoserine
esters, in general, and te a semi- synthesis for the
preparation of taxane derivatives such as taxol, taxcters
ané cthesr Dlo%oglcally active derivatives invelving the
use of ammonium alkoxides and f-lactams, in particular.

| The taxane family of Cerpenes, of which taxcl

15 a member, has attracted considerable interest ia both
the biological and chemical arts. Taxol is a promising
cancer chemotherapeutic agent with a broad spectrum of
antileukemic and Cumer-inhibiting activity. Taxol has
the following structure:

whersin 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 tr-ials
1s presently being provided by the bark from Taxus
breviZollia (wWestarn Vew) . However, tcaxgl is found anly

in mMinuté quantities in the bark of tnese s2low growing

Svergresns. causing consideraple ¢encern that the limiced



in mnute quantities in the bark of those slow grow ng evergreens.1@qq$ﬁmg
consi derable concern that the limted 19 FEB 2004 2 supply of taxol wl
not neet the denmand. Consequently, chemsts is in recent years have
expended their energies in trying to find a Viable synthetic route for :he
preparation of taxol. So far, the results have not been entirely
sati sfactory. One synthetic route that has been proposed is directed to
the synthesis of the tetracyclic taxane nucleus fromcomodity chem cals.
A synthesis of the taxol congener taxusin has been reported by Holton, et
al. in JACS 114, 6558 (1988). Despite thg progress made in this approach,
the final total synthesis of taxol is, Tnevertheless, likely to be a
mul ti-step, tegdi ad tlyspro SmaA-SeHl - S hetic roach to the
preparation o?ﬁ%@gl@ﬁal':sg%é'énwaé%gﬁgeae% I?;"éee?l%e?&ae"tc‘ al .&F"ﬂsﬁ@r‘fi@,
5917 (1988), aHtF ol ves FTRELSevetra SoNgereegiiadaxtlieis Idrsemoat yin
baccatin |11 Vﬂi‘_ﬁﬂhdﬂa;sctf‘.?n&t£U9£55§epgyn5g%!€‘ilca:E‘Jchéh_ﬂé/_m el ow QN HOtti
a

10-deacetyl baccatin Il11 is_npore readi|ly available than taxol since it can
be obtai ned frRRHE el @s bE<TaxusSCbadeat &A@ i Ty 13/ 2 MOy of
G eene et al.,erddlixeceiytibpgeasp. 111 is converted to taxol by

attachnment of the G 10 qgetylvgrou .and by attachnpent of
e syrithetic route that has been proposed is

directed to the synthesis of the tetracyclic taxane
nucleus Irom commodity chemicals. A synthesis of the
taxol congener taxusin has been reported by Holton, et
al. in JACSs 110, 6558 (1988). Despite the prcé:ess mace
in this approach, the final total synthesis of taxal is,
nevertheless, likely to be a multi-step, tedious, and
cestly process, o .

A semi-synthetic appreoach to the preparation of
taxol has been described by Greene, et al. in JACS 110,
5917 (1988), and involves the use of a congener of taxol,

m

l0~-deacetyl baccatin III which has the structurs o
formula IT sheown below:

HOt

l0-deacetyl baccacin IIT is more readily availabls chan
ctaxcl since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al.,
10-deacertyl baccatin IIT is converted to taxel by
attachment of the C-10 acetyl group and by attcachment of
the C-13 B-amido escter side chain thraough the
esterification of the C-13 alcohol with a B-amido

carboxylic acid unit. Alchough this aporoach requires



the C-13 ti-am do ester side chain through the esterification of tﬂﬁF%B%ﬁL
al cohol with a '"a-am do carboxylic acid unit. Although this approa
requires 1 9 FEB 7004 3 relatively few steps, the svnthesis of the B-am do
carboxylic acid unit is a nmulti-step process which proceeds in |ow yield,
and the coupling reaction is tedious and al so proceeds in |ow vyield.
However, t-_5 coupling reaction -s a key step which is required an Over'
Contenplated 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 Z-amido ester3side chain at Cl13 is required for
anti-tunor aQLh%aiB More recently, it has been reported n Colin at al.

17

U.S. Patent 4 70%Y hat SPaxahes SYFFEG5GTdiSTg 10 PHEFST | owi ng
formula I'll" Cﬁﬁ%ﬂﬁwﬁteuﬁcyﬁty.§tgngfgcgﬂbly-gm%@taﬁddﬁﬁsthmﬂgmf taxcl (1)

R'0 OHR repRseus gen. of ,acetyl _and one.of R'_and R represents
hydroxy and the ot her repré eﬁtsYGer?néutﬁxycobgrb8ﬁylaﬁ%% ~Fhd™T hei r

st er eoi somer i GHFs 2@l ed xt ntesethet aof owAgceldi.ng Hawdods n Btial .
U. S. Patent c%u%ISn@ﬂ%eg@@ Qﬁodgc%skgv ggg%r%h_ﬁ_ armyd a. fLl1) are obt ai ned
c

by the action_of the sodi um sal tert hilarocarbarrtate on a
product of geﬁgﬁé SR RMRlated synchesis of taxol or biolagically

active derivative of taxel, since it has been shown zv
Wani, et al. in JACS 83, 2325 {1971) that the pressence of

the B-amido ester side chain at €13 is required for

anti-tumor actiwvity.
- 4

More recently, it has besn reported in Colin et
al. U.S. Pazent No. 4,814,470 that taxanes correspeonding
to the following formula Irfi¢have an activicy
significantly greater than that ci taxcl (I).

3 4 OCOCH

GCOC Hq
(III)
R’ represents hydrogen or acetyl and one ¢f R* and R"'
represents hydroxy and the other represents tertc-butoxv-
carbonylamino and their stereoisomeric forms, and
mixtures thereof.
According to Caolin et al., U.S. Pactent
4,418,470, the products of general formula (III) are
abtained by the action of the sodium salt of tert-butyl

N-chlorocarbamate on a product of general formule:



19 FEB 2004 4 CO0 COS A'O OH H OCOCaH5 CCOCH (TV) in which R denotes

an acetyl or 2,2,2-trichloroethoxv- carbonyl radical, followed by thedFg8 700t
repl acenent of the 2,2,2-trichlaroethoxvcarbvnvl group or groups by
hydrogen. It is reported by Denis et al. in U S. Patent No. 4,924,011,
however, that this process leads to a mxture of isoners which has to be
separated and, as a result, not all the baccatin 111 or 10-deactyl baccatin
Il enployed for the preparation of the product of general formula (IV)

can be converted to a product of generals formula (111). In an effort to

| nprove upon the Colin et al. process, Denis et al. disclose a different
process for preparing derivatives of baccatin IIl or of 10-deactyl-
baccatin I'll of general fornulagGa co-4 Cdc@dd®Hg: UM, H
/ -
C1v3
Co-C --
/ 1
THMEENNS
CgHyg O0CAC4HS |
ecacH,
{(IV)

in which R’ denotes an acetyl or 2,2,2-trichlercethoxy-
carbonyl radical, followed by the replacement cf the
2,2,2-trichlcroechoxycarﬁbﬁyl Group or groups by
hydrogen. It is reported bv Denis et al. in U.S. Patent
No. 4,524,011, however, tha:c this Drocess leads to a
mixture of isomers which has to be separated and, as a
result, not all the baceatin III or l10-deactylbaccarcin
il employed for the preparation of the producec of
general formula (IV) can be converted to a product of
general formula (III). i

- In an effort to improve upon the Colin et al.
process, Denis et al. disclose a different process for
preparing derivatives of baccatin IIT or of l0~deactyl-
baccatin III of general formula

V)
Co0—o0

CH—QH
QOH ' H
OCOCSHS

CaH g CH—NHCOOCC CH,) 4 QCOCH,



JI'1 OCOCH CV) CSH5---CH NHOOOCC CH3] 3 OCOCH3 1 9 FEB 2004 5 in ““Eﬁ33§¢582ma
denot es hydrogen or acetyl wherein an acid of genera? Formula: C

30000NH C EH5 (VT) in which RL is a hydroxy-protecting group, is condensed
with a taxane derivative of general fornula: R OHo OH H OCOC6H5 CCOCH3

Cvi tDin which R is an acetyl hydroxy-protecting group and a, 1is a
hydroxy-protecting group, and the protegting groups R1l, Rg and, where
appropriate, R are then replaced by hydrogen. However, this nethod

enpl oys re: atirvelhi diarsh dfz%@éél ijl@@éro&éﬁc%eﬂ_%fc%@tml RO - LONVET SI 0Ny @Had
provi aes e than opt | yields. Amjor difficulty remaining in the
synt hesi s o?ﬁ?%gg%‘ éﬁﬁﬂggﬁ%f potential anti-tunor agents is the lack of a
readi ly avail abl e nethod for easy attachnent,

0—nA,

CCOH
CCH;3] ;COCONH

CeHs
(VI)

in which R, is a hydroxy-protecting group, is condensad
lwith & taxane derivative of general formula:

R-0 o QH7

CvVie

0COCH,

in which R, is an acecyl hydroxy-protecting group and R,
is a hydroxy-protecting group, and the protecting groups
Ri. Ry and, where appropriate, R, are then replaced by
hydrogen. However, this method employs relatively harsh
conditions, proceeds with poor conversian. and provides
less than optimal vields.

A major difficulty remaining in the synthesis
of ctaxol and other potential anti-rumor agents is the
lack of a readily available mechod for easy attachmenc,
to the C-13 oxygen., of the chemical unit which provides
the &-amido ester side chain. Development of such a
process for its attachment in high vield would facilitate
the synthesis of raxol as well as related-anci-cumor
2F8NLS having a modified sec of nugclear SuUBStituéncs a- a

W




to the G 13 oxygen, of the chemi cal unit which provides the B—an1do1gq@ngL
side chain. Devel opnent of such a process for its attachnment in high'y

woul d facilitate the synthesis of taxol as well as related-anti-tunor
agents having a nodi fied sac of nuclear substituents or a 1 9 FEB 2004 6
nodi fied Cr-13 side chain. This need has been fulfilled by the discovery

of a new, efficient process for attachnment, to the C 13 oxygen, of the
chem cal unit which provides the 13-am do ester side chain. Another ngjor
difficulty encountered in the synthesis of taxol is that known processes
for the attachnent of the i3-am do esté@r side chain at C 13 are generally

not sufficient djast repsel ective. The ore, e side chaln grecursor
nust be prepéWéé‘ dﬁffgaffg € acEfvR- for OHSSFa?ﬁStmfﬂﬁxﬂﬂﬁf --&c
di ast er eoner b¢h&n@gdﬁit@chﬂ@nbr Ihaeproeess 0%rthmsuaa&an:qn1 however,

I's highly dlastere ct hus rmtting &, racem c n1xture
Hof side chaith %ﬁ%éﬁ%%g EO F%1§arfn8xvﬁ8qnegd ? éﬂgxpengive

ti me-consum ngnt ¢n0@5@@1@éssepar&tamgcbhespegcan§@rQﬁm4¥4ts respective
e O ncAhSRRLE OB 08 L @Bl 01 Geeaiin. e Lasigy rate

t han previous processes, g tIng the Use of "ess S|de chain
precur sor thamv¢E®£®@%nOqu&K® dipytBashkpLehi 9FSCHEEEESs FEF “SOWARY . - OF

THE | NVENTI O\, Anpngthe 9bj egtsgofint e Baesent:aventiion.a: tharefare, is
the provision of a process for _the
generally not su:flc1encly diascereoselective.

Therefore, the side chain precursor must be prepared in
cotically active form to obtain the desired diastereomer
during attachment. The process ¢f this invention,
however, is highly diastereoselective, thus permitiing
the use of a racemic mixture of side chain precursocr,
eliminating the need for the expensive, time-consuming
process of separating the precursor into 1ts respective
enanciomeric forms. The reaction additionelly proceeds
ac a fastar rate than previous processes, thus permittin
the use oI lass side-cnain precursor than has been

ragulirad py such previous processes.
SUMMARY OF THE INVENTION

Among the objects of the present invention,
therefore, is the provision of a process Ifor the
preparacion of N-acyl, N-sulfonyl and N-phosphorvl esters
of isoserine; the provision of a side chain precursor for

the synthesis of taxane derivatives; the provision ot

o

process Eor the atcachment of the side chain precursor in
relatively high vield to provide an intermediace which 1is
readily converted to the desired taxane derivative; and
the provision of such a process wnich is highly
diastereoselective.

In accordance with the present lnvention, a
process is provided for the preparation of Lsoserine
estars having the formula



preparation of N-acyl, N-sulfonyl and N-phosphoryl esters of isoseri®©ggs 200t
the provision of a side chain precursor for the synthesis of taxane
derivatives; the provision or a process for the attachnment of the side
chain precursor in relatively high yield to provide an internedi ate which
is readily converted to the desired taxane derivative; 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 fornula 1 9 FEB 2001 conprising reacting e
B-lectamwith an al koxide, the b-lact'amhaving the fcr_nula : x5"' 4 z 2 4
3 xa and the al koxi de having the fornmula MOCElIE E3 wherein X1 is -OX&,
-SX,, or -NX, X,; X2 is hydrogen,xalg¥le al kenyL, al kynyl, aryl, or

nt 1|y

heteroaryl; X; and X, are independ hydrogen, al kyl, alkenyl, alkynyl,
aryl, hetercaryl, aryl or he;egﬁxxiggsfkiqL%q;glkyI, al kenyl , al kynyl, aryl
or heteroar_yl, provided, ho%everk ha QX, and?X4 are not both aryl;

2 1 Sz

COmMPrising reacting a R-lactam with an alkeoxide, cn=

B-lactam having the formula:

X 0
I~ /
N"l 2/
« 3
X4 l x.t_
Xs XZ

and the alkoxide having the formula
MOCE, E,E,
wherein . '

X, is -0X;, -5X,, or -NX,X,:

¥, is hvdédrogen, alkyl, alkenvl, alkvnyvl, arvl,
or heterocaryl;

X, and X, are independently hydrogen, alkvl,
alkenyl, alkynyl, aryl, heteroaryl, acyl or hetero-
substituted alkyl, alkenyl, alkynyl, arvl or hetercarvl,
provided, however, that X, and X, are not both acyl:

Xs is -COX,y, =COQX,q, -COSX,p, =CONXzXq,
or -Sozx“;

Xy is hydrogen, alkyl, alkenyl, alkynyl, arvl,
heterocaryl, hydroxy protecting group;

X, is alkyl, alkenvl, alkynvl, aryl, hetercarvl,
or sulfhydryl protecting group;

X, is nvdrogen, alkyl, alkenvl, alkynyl, az=vl,
neteroaryl, or heterosubstituted alkyl, alkenyl, alkvnyl.
arvl or hetercaryl; i

X, 1s an aming protecting grcu§3



X, is -COX1lg, -COOX10, -COSX10 -CONX5X10, or -SQzXIl; X6 is hydro @r[} B 700
al kyl, al kenyl, al kynyl, aryl, heteroaryl, hydroxy protecting groug, &, gé
al kyl, al kenvi, alkynyl, aryl, heteroar_yl, or sulfhydryl protecting
group; xa is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or

het erosubstituted al kyl, al kenyl, alkynyl. aryl or heteroaryl; Xa'is an

am no protecting group-; 1 9 FEB 2004 8 :{;e is al,,<-y' alkeny' , alkynyl

, aryl heteroaryl or heterosubstituted al kyl , al kenyl, al kynyl aryl or
heteroaryl X12 is alky , alkenyl, alkynyl, aryl heteroaryl, -0OX,,, or -NX
4; X 4 is hydrogen, alkyl, alkenyl, alkynyl, &-Y-", or heteroaryl; El, E,
and :., are independent|y hydrogen, _hydrocarhban €yclic, provided, at

| east one of y., Z2 an&°E35i§8 heraﬁ%&ﬁ-ﬁydfﬁﬁ%ﬁ&“&hd%\nEbnprises_

ammoni um | n Becorslanee, Wt h-anetbercaspeat 2ef atlfwey L. Pradseemty J, iveifon, the
al koxide and i3-]Jactamm are_selected so as to provide a process for

prepari ng taX%T%‘t%Xo?%?E‘G%hé‘Other bi ol ogically active taxane derivatives
having the follow ng s¥pucsuedkvfor mlikernyR .1 de¥Yry=. &Y~

neceroaryl, =0X,,. ar -NXsby,;

X,, is hydrogen, alkyl. alkenvi, alkyayl, arvi,
cr neteroaryl;

E,, E; and &, are independently nhydrogen,

A%

hydrocarbon or cyclic, preovided, at least one of Z,,
and E, is other than hydrogen; and

M comprises ammonium.

In accardance with another aspect of the
present inventlion, the alkoxide and EB-lactam ars selected
so as to provide a process for preparing taxol, taxotere
and other hiologically active taxane derivatives having

thne following structural formula:

Ay 24

8 n"U ng

X4_X3_ﬁ
Al
S\N NG P ™ann qa
[
H X, A4
Ryd
(31

wherein

X, - X,, are as previously defined;

R, is hydrogen, hydroxy, protected hydroxy Qr
together witn R,, forms a carbonate;

R, is hvdrogen, hydroxy, -O0COR,,, or togsather
with R,, forms an axQ; -

R,. is hydregen or together with R, forms an

Qxa;



defined; Rl is hydrogen, hydroxy, protected hydroxy or together wt
forms a carbonate; R, is hydrogen, hydroxy, -OCORst, or together wth R=s

Ry :e. RIQR 7 T N Hwherein ,1 Rl4a (3) X1 - Xt, are as previ OUSU’IBE{EBZ{]OL
h Rt,

fora an oxa; _ R2, is hydrogen or together with R forns an 1_ ~7v~R7a
MIli R6a oxa; 1 9 FED 2004 Q w -4, s hydrogen, together with R4a, forns an
oxo cxirane or nethylene, cr Together with Rs. and is Ca=-CC_ atons to
which they are attached form an oxetane ring; ~4a is hydrogen, aikyl ,

al keny!, ai<vnvy, ar’
Q

R, is nydrogen, togecher with R, forms an oxc,
CxXirang ¢r merivlene, ar tagether w=th Rg, and the carzen
4CCMS TQ which they ars attached form an oxecans Cing;

- R,, is nvdrogen, alkyl, alkenvl, alkvmvl, a=zvi,
Retercarvl, cyane, nyéroxy, -OCOR,,, Or Cogether witn R,
forms an oxo, oxirane or methylene;

R; is hydrogen or together with R,, forms an
axa,

Rs, 15 hydrogen, hydroxy. protected hydroxy,
acyloxy, together with Ry forms an oxo, or together with
R, and the carbon atoms ta which they are attached form
an oxetane ring;

R; is hydrogemn, alf&i, alkenvl, alkynvl, axzvl,
or hetercaryl, hydroxy, protected hydroxy or Eogether
with R,, forms an oxao;

Ree is hydrogen, alkyl, alkenyl, alkvmvl, aryl.
or heterocaryl, hydroxy, prctected.hydroxy ar together
with R, forms an oxo;

R, ig hvdrogen, halogen, praotected hydroxy,
~OR,;,, OT together with R,, forms an axo: |

R, 15 hydrogen or together with Ry forms an
oXQ;

Ry 15 nydrogen or together with R,, forms an
QXO;

Ry, 1s hydrogen, hydroxy, protected hydroxy,
acyloxy, or together with R, forms an oxo;

Ryp 1s hydrogen or together with R,,, forms an
OXQ;

Ries 15 hydrogen, hydroxy, protected hydroxy,
-0COR,, or togecher with R,, forms an oxo;

Ry is hydrogen, alkyl, ‘alkenyl, alkynyl, arvl,
or heteroaryl. hydroxy, proctected hydroxy or tegether
with R, forms a carbonace:

Ry 15 hydrogen, alkyl., alkenvl,.alkynyl, aryl,
or netercaryl; .



het ar oar _vl, cyano, hydroxy, -OCCR36, forns an oxo, OXxirane or QﬁFE@%ﬂm
or together with R RS is hydrogen or together with R5, forns an Ry

hydr ogen, hydroxy, protected hydroxy, acyloxy, together with RS forns an
oxo, or together with R and the carbon atonms to which they are attached
form an oxetane ring; Rs is hydrogen, alkyt, alkenyl, alkynyl, aryl , or
het eroaryl, hydroxy, protected hydrox v or together wth RG forns an axa;
R6,, is hydrogen, alkyl, alkenyl,- alkynyl, aryl, or heteroaryl, hydroxy,
protected hydraxy an together mﬁth R. forans an oxo; R7 is hydrogen

hal ogen, protected hydroxy, -ORis, orr& ogether with R7 a forns an oxo; R7,
i s hydrogen or together w.th fornB an_axe;., A8, hydrogen: or to ether
with RIMforns an oxo; “ROaJ sgﬁyﬁﬁogEn ydrd%gg- ‘otectgdghyd%oxng

acyl oxy, or together with RO forns an oxo; RIOis hydrogen or together with
RIO forms an CXO REQ is hydroge% chydroxy, protected hydroxy, -CCOR 9
or together with Rio fornms an 0xo; P i s hydrogen, alkyl, alkenyl,

al kynyl, aryl, or het&gpards ,a-rhf,'cﬁnow pl’-@ﬁé@?é&eﬁ)‘;&ﬁbxﬁ‘ GredByet her with

R forms a CQEE?E?tQikenyl, alkvnyl, monocyclic aryl or monecyYcLic
necarcarvl.

Briefly, therefcre, tlle taxane derivatives ars
prepared by reacting a £-lagtam (2) with an alkoxide
having the bi-, tri- or tetracyclic taxane nucleus to
form a R-amido ester intermediats. The intermediate 1s
then converted to the taxane derivative. 8-lactam (2)

nas the general formula:

Y

Xz g
T\N 15}
1 F
« 3
X, X
X3 %z (2)
wherein X, - X are as previously above. The alkoxide

praferably has the tricyclic taxane nucleus correspending
to the general formula:

R‘tnn

10/ Fig

MGt

2 (3)

wherein R, - Ry, are as previously defined and M
comprises ammonium. Ma¥e prefezably, the alkoxide has
the Ce:racycllc raxane nucleus cor*esﬁondlng to alkoxide



a,,. is hydrogen, alkyl, alkenyl, .alkynyl. aryl, or hezeroaryl; 19QFREFIODA
10 -5 is hydrogen, acyl, hydroxy protecting group; and Rzy, R}o and R31

are n dependently hvdrecen, alkyl, alkenyl, alkynyl-, ntnocyci is aryl or
nmonocyclic heteroax'vL. Briefly, therefore, the taxane derivatives are
prepared by reacting a Z-lactam (2) wit?z an al koxide having the hi-, tri-

or tetracvelic taxane nucleus to forma 9-am da-ester internediate. The

intermediate is then converted to the taxane derivative.

Q |l actase (2)

has the general formula: X 0 X4 X X1 z (2) wherein Xs - XS are as
previ ously above. The al koxi de preferably has the tricyclic taxane nucl eus

correspondi ngyy tQ.Lpg, general , anyla Rica ,e Alo/ Rg
A2 an

------ 52 =&@Selner Igom an oxXscane -ing.

MosT praferaply, the alkoxide hes-the tetzacsclis caxana

nuclaus ané correspends to the scructuzal formul

fu

MCHIn

wherein M, R,, R,., R;, Ry, R, R,. Ry, and R,,, are as
previcusly defined.

Gther ohjects and features of this igvention
will be in part apparent and in rart pointed out
hereinafier.

DETAILED DESCRIPTION

As used herein "Ar" means aryl; "Ph" means
phenyl; “Ac* means acetyl; “Et” means ethyl; "R" means
alkyl unless otherwise delined; 'Bﬁ' means butyl; "Pr*
means propyl; "TES” means triethylsilyl; *TMS* means
trimethylsilyl; *TPAP" means tetrapropylammonium
perruthenate; "DMAP* means p-dimethyl-amine pyridine;
"DMF* means dimethylformamide; *“LDA* means lithium
diisopropylamide; *“LAH" means lithium alumisum hydride;
“Red-Al" means sodium bis(2-methoxyethaxy) aluminum
hydride; ~AIBN*" means aze-{bis) -i1sobutyranitrile; *“FarR"
means 2-chlore-1l,1l,2-triflucrotriethylamine; “10-DAB"
means lO—desacechbaccacin_III;‘prgtected hydroxy means
=OR wherein R is a hydroxy protecting group: Eulfhydryl
rrotecting group* includes, but is not limited to,
Rénmuthiocacetals such as l-ethoxyathyl and methoxymethyl,
thicgesters. or thiocarbonates; "amine pEotecting group"



t~ la ms tv1011111 a 's 14 R 14a (3) wherein R, - R,,, are as previloUgE¥ 200
defined and M conprises ammoni um More prefereably, the al koxide has the
tetracyclic taxane nucl eus corresponding to al koxide 1 9 FEB 2UU6 (3) ~
wherein RL and R15 together form an oxecane ring. Mst preferably, the

al koxide has the tectacyclic taxane nucl eus and corresponds to the

scructual formula: MZ1J11 a wherein. M R2, R,,, R7, R r., 1t., Ra, and
RIOC& are as previously, defined. Orher objects and features of this
invention wll be in part apparent and, in part pointed out hereinafter
DETAILED DESCRIPTICN As used herei ™' Ar nmeans= aryl; 'Ph' neans

phenyl .; "Acdhcirs, asetiyls n&t' mqang ethyl ..~ 2ans alkyl unless
ot herwi se defipned;_ "Bu'. neans buty P?"Egﬁegﬁs SE%EY% =PES S REENS
triethyl silyl:® =N SRENECE 7Y et AYRBREP| 02" TRARDUIFARS TDamats; and

tetrapropyl afemaky srocecting group” includes, But i3 noc limscad
tc, ethers such as metnvl, t-putyl, benzvl, p-mechoxy-
benzyl, p-nitrobenzyl, allyl, trityl, mechoxymechvl,
methoxyethoxymethyi, ethoxyethyvl, tetrahvd:opyranyl,
cet:ahvdrothicovranvl and trialkylsilyl ethers such as

trimecthylsilyl ether, triethylsilyl ether, dimethvlarvl-

s§ilvl ether, triisoprooylsilyl ether and T-pDutyldimethvl-
silyl ether; esters such as benzoyl, acetyl, ghenyl-
acetyl, formyl, mono-, di-, and trihaleacetyl such as
chloroacetyl, dichlorcacetyl, trichloroacetyl, trifluoro-
acetyl; and carbonates including but not limited to alkyl
carbonaces having from one to six carbon atoms such as
methyl, ethyl, n-propyl, iseprooyl, n-butyvl, c-butvl;
isobutyl, and n-pentvl; alkyl carbonates having fraom one
o six carbon atoms and substituted with one or more
nalogen atoms such es 2,2,2=trichloroethoxvmechyl and
2,2,2-trichleoroechyl; alkenyl carbonatas having from two
to six carbon atoms such as vinvl and allyl; c<¢ycloalkyl
carbonates have from three to six carbon atoms such as
cyclopropyl, cyclobutyl, cveclepentyl and cvelonexvl; and
chenyl or benzyl carbonates cptionally substituted on the
ring with one or more C, alkoxy. or nitrc. Other
nvdroxyl, sulfhydrvl and amine protecting groups may be
tound in *“Protective Groups in Crganic Synthesis* by T.
W. Greene, Jonn Wiley and Sons, 1981.

The alkyl groups described herein, either alone
or with the various substituents defined hereinabove are
prerferably lower alkyl containing from one to six car=eon
atoms in the principal chain and up to 15 carbon atoms.
They may be straight or branched chain and include
methyl, ethyl, propyl, isopropyl, butyl, hexyl and the
like.

The alkenvl groucs dascribed he*eln gither



perruthenate; "DVAP' neans p-dinethyl-a:mna pyridine; "DW" means 19F£B 2004
di met hyl formam de; "LQOA" neans |ithium diisopropylamde; "LAH' neans

| ithium alum num hydride; "Red-Al" nmeans sodi um bi s(2-net hoxyet hoxy)

al um num hydride; "AIBN' neans azo- (his) -zsobutyronitrz.le; "FAR'

means 2-chloro-1,1,2-triflucrotriethylam ae; "10-DAB" neans

10- desacet yl baccatinl|l; protected hydroxy neans -OR wherein Ris a

hydr oxy protecting group; sulfhvdryL protecting group” includes, but is

not limted to, hernithioacetals such as i-ethoxyethyl and met hoxymnethyl,

t hi oescers, or thiocarbonates; "an1ne-ﬁ%otect|ng group” 1 9 F E B 2004 la

i ncl udes, lmg deaNot o liplted, arbgna exa le -, :COiGhloroetzy?
car bzr nat e orctertbu?y?céfbah%?é gHG- cO't‘EC‘t Fhegriouty® =2

i ncl udes, butS3% f&ﬁb¢mn¢@@m5tc; ehhem31suabaas<ﬂﬁiiqda 1 -t yd L 13

benzyl , - net heaeynorbenzad Lo al Lyl . tritwvl,, h,gx et | th
nethoxyethoxyne;Q%n et%cx et vlgg?eﬁraﬁvdroﬁbraﬁtl“““ﬂgq FREnd
t et , ahydr ot H*Opyt )ﬁ tr?aﬁR?ﬂSLLyLS@ph@mgngdohQﬁ;emYInethyIS|Iy

et her, tr|emebmdaﬂvEHfﬁgxagynetgﬂaathe §zhyl ether, triisopropylsilyl
ether and t-butyldimethvl-_si ether; esters such as benzoyl, acetyl,
phenyl - acetyl, Lormyl; UFYTH¥ STANESt FRRAFGRGS IeZRidh atither

chIoroacetyHIQﬁQﬂﬁnnwﬁﬂnn@he &arﬁ@&@rgaggtxhuehk@“déﬁﬂke&ﬂﬁ%ﬂ@xnﬁ“d

to S?Qaéifb?%gﬁ%s%e% I S1E QPR Y. SRS A4t pry o Bt

t -butyl; |S§é‘blﬂaﬂ OTarRkFIMP et Vike ad:kyhcmaamonaraesl ad ng faomone
carbon atoms. They may bhe straight or branched cnain and
include ethynyl, propymnyl, butyny;, iscbutvnyl, hexynvl,
and the like. -

The arvyl moieties described herein, either
alone or with varicus substituents, contain S=om € to 15
carbon atoms and include phenyl. Substituents include
a2lkanoxy, protected hydroxv, halogen, alkvl, aryl,
alkenyl, acyl, acyloxy, nitro, amino, amido, etc. Shenyl
1s the more prafesrred arvli.

The hetercaryl moieties described herein,
either alone or with various substituencs, contain from 3
to 15 atoms and include, furyl, thienyl, pyridyl and che
like. Substituents include alkanoxy, protected hvdroxy,
halogen, alkyl, arvi, alkenyl, acyl, acvloxy, nitcro,
amine, and amido.

The acyloxy groups described herein contain
alkyl, alkenyl, alkynyl, aryl or hneteroaxyl groups.

The heterosubstituents of the heterosubs-icuted
alkyl, alkenyl, alkynvl, aryl, and heteroarvl moieties
described herein, contain nitrogen, oxygen, sulfuc,
halogens and/or one to six carbons, and include lower
alkoxy such as methoxy, ethoxy. butoxy. halogen such ag
calore or fluors, and nicro.

The present invention is directed to a process
for preparing substituted isoserine escars, in general

and taxol, taxotere and other taxane derivacives which




to six carbon atons and substituted with one or nore hal ogen atons $ucftpR).
2,2,2-trichloroetr_oxynethyl and 2,2,2-trichloroethyi; al kenyl carbonates
having fromtwo to six carbon atons such as vinyl and ally!; cycl oal kyl
carbonates have fromthree to six carbon atons such,as cyclopropyl,

cycl obutyY, cyclopentyl and cycl ohexv?; and phenyl or benzyl carbonates
optionally substituted on the ring with one or nore Cl.6 al koxy, or nitro.
O her hydroxyl, sulfhvdrvl and am ne protecting groups may be found in
"Protective Groups in Organic Synthesis". by T. W Geene, John Wley and
Sons, 1981. The al kyl groups described herein, either alone or with the
various substisventsonetinediberei-nghovy ar%e g.prcfé-eg@bu; lower alkyl.,.,
cont ai ning from 1 one. to six.carbon _ atons i the principal chain and up to
15 carbon aton®® "They fayCBeSFrai GRE 20FS8A&hed chain and i ncl ude

met hyl, ethyl, propyl i sopropyl, butyl, hexyl and the |I|ike. The al kenyl

gr oups descrlbed hereln e;then salone or widh the various substituents
defined herein 1 9 FEB 200 |3 above™ase Qgéferably | ower al kenyl contai ni ng
frcmtw t six carbon atons in the princjpal -chain and up to 13 carbon
atons. They nay be straight or brancﬁed £hain and include etienyl,

prapenyl, iscp ropenyl, buteryl, rSﬂbure1yf¥1hexenyl, and t he Iike. The

al kynyl groups descri bed herein, either &alone or with the various
substituents defined herein- 1 X3 (23

wherein X, - X, are as previously above.

In accordance with the present invention, X5 of
B-lactam (2) is preferably -COX,, or -COOX,, with X,, baing
lower alkyl, arvl, heteroefryl {such as furyl or thienvl),
or substituted phenyl, and most preferably phenvl,
methyl, ethyl, terc-butyl, or

wherein X is Cl, Br, F, Cd,0-, or NO,-. Preferably X, and
X, are hydrogen or lower alkyl. - X; i1s preferably aryl,
most preferably, naphthyl, phenvl, |

Res
e

wherein X 1s as previously defined,. Me_ is methyl and @2n

is phenyl. DPrefarably. X, is selecced from -0OX,, =SX, or




above are preferably | ower alkynyl containing !'rcmtwo to siXx carboq $;g€ﬁm£
in the principal chain and up to 15 carbon atons. They may be straigh

branched chain and include ethynyl, propynyl, butynyl, isobutynvl,
hexvnyl, and the Like. The aryl nvieties 'described herein, either alone
or with various substituents, contain from6 to 15 carbon atons and

I ncl ude phenyl. Substituents include al kanoxy, protected hydroxy, hal ogen,
al kyl, aryl, alkenyl, acyl, acyloxy, nitro, am no, amno, etc. ahenvl s
the nore preferred aril. The heteroaryl _noieties described herein, either
al one or with various substituencs, confain from5 to 15 atons and

i nclude, furyhxthigla; I dyl an he _1ike. ,Substituents .include .
al kanoxv, protected hfd?ﬁié;' %él%@gn%931?§?Fh%§??¥yalEényﬁ?cégyr,a§5yloxy,
nitro, ani no®™anf BRPAGCCIhG goyhmey. gresmps-dessly bednbekei hs condadgen,

al kyl, al kenyglkyal kgnyglnaryl, 1@, nat er vyl g S, .- het ergsubstituents
of the heter8§$FsL Iﬁtegy a!ﬁylfqgﬁkeﬁ§¢%‘af%§ny Teéggﬁy'andgﬁgferoaryl
noi eti es deScTDET=hEr efn, ZEomehi WHRTebYel GxyFeretRyIL Lyl hal ogens

and/ or one t6"SE&" tar hershcap@cihpal uded owesx zﬂipgyt§yeﬂle§cg$ggg§y,
et hoxv, butqﬁgthpflogen such as chloro or fluoro, and nitro. The pr esent
invention is direcfed to a process for Preparing substituted isoserine

esters, in general, ahd haxeH, abaveleny addgolher aimxane miss ivatiggs which

1 9 FEB 20064ith X¢ being alkyl, acyl, ethoxyethyl ("EE"), triethyl-
silyl ("TES*), 2,2,2-trichlorcethoxymethvl, or other
hydroxyl protecting group such as acetals and ethers,
i.e., methoxymethyl (“MOM* ),  benzvlcxymethyl; escers,
such as acetates; carbonates, such as methyl carbonates;
and alkyl and ary! silyl such-as triethylsilyl, t=i-
methylsilyl, dimethyl-t~putylsilyl, dimethylarylsilyl,
dimethylheteroarylsilyl, and triisopropvylsilyl, and the
like. A varietv of protecting groups for the hydroxyl
group and the synthesis thereof mav be found in
"Protective Groups in Organic Synthesis" by T. W. Greene,
John Wiley and Sons, 1981. The hydroxyl protecting group
selected should be easily removed under conditions that
are sufficiently mild, e.g., in 48% HF, acetenitrile,
pyridine, or 0.5% HCl/water/ethanol, and/or zinc, acetic
acid so as not to disturb the ester linkages c¢r other
substituents of the taxol incermediate. However, X¢ is
preferably triechylsilyl, l-ethoxyethyl or 2,2, 2-tri-
chloroechoxymethyl, and moest preferably triethylsilyl.

Since B-lactam (2) has several asymmetric

carbons, it is known to those skilled in the art thac the
compounds of the present invention having asymmetric
carbon atoms may exist in diastereomeric, racemic, cor
optically active forms. All of these forms are
conteémplated within the scope of this inventisn. More
Specifically, the present invention includes enantiomers,
diastersomers, racemic mixcures, and other, mixtures
Lhereaof. '



4 are biologically active using 6-1ocum (2), the struczure of which §&EB 200k
depi cted hereinbelow. N x4 ;5~1 C2 2 x x2 (2) wherein X, - XS are as

previ ously above. in accordance with the present invention, XS of S-lac

tam (2) is preferably -CCXIQ or -COOX,fl with X1, being |ower alkyl, aryl,
het eroary? (such as furyl or thienvl), or substituted phenyl, and nost
preferably phenyl, nethyl, et-hyl, tert-butyl, C wherein Xis d, Br, F,
CH3Q, or NO2-. Preferably X, and X. are hydrogen or lower alkyl. X3 is
preferably aryl, nost preferably, naphtfyl, phenyl, Or Ore Cue Ph r

wherein X is as previously defined, Me- is nethyl and ?h is phenyl, :
Preferably, X1 is sel ectieddamm -(QX, cBX barpieodyd 200am- KKOXY lvher ei n X5,

X, and X4, aRg YR matl - fWAr s s &G juscrated in schemes A ang B

nelow:

Scheme 2
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am ne protecting groups, respective-ly, and Xg is hydrogen, alkyl, 19FgB 704
al kenyi, al kynyl, aryl, or heceroaryl. Mst preferably, X1 is -OX, wherein

X, is tri ethylsilyl ("TES"), |-ethcxyethyl ("EE"), or

2,2,2-tricrloroethoxy- nmethyl. As noted above, Xz of ti-lactam (2) may be
-OX6 with X6 being al kyl, acyl, ethoxyethyl ("EE"), triethy?- sily

("TES"), 2,2, 2- trlchloroethoxynethyl or ot her hydroxyl protecting group
such as acetal s and ethers, i . e . , methoxynethyl ('MOM), -

benzyl oxynet hyl ; esters, such as acetates; carbohates, such as nethyl
carbonates; and al kyl and aryl silyl "such-as trlethyI5|IyI tri-

met hyl si |yl , - <l qeddy! - f abutylsiiyt,ndioet pylaryl sidee, 18k; (o) 4

di met hyl heteroarylsily ana—fFflsoprogyIS|lyl, and F lyi ke- A variety of
hes

protecting grotps $¥F-¢ HyareRyr~-gP66 FAdSthe - &Yn Si°s “Ther ecf may be
found in "RaHecTtve Goupsed n 0 garH ¢ S&nt besiys" vhyvT. 2WWhe@.e6E,. John
W ley and Sons, 1981. The h droxg rotectifg gro S ;ecledLs puld be

easily rennvéﬁ“tm‘d%rs‘conﬂ?tx fis= rhé?* Care sug%|0|gﬁ%lypn1ld, e qg., in 48%

HF, acetoni t¥ritmiumpystdene, -089Q, 5% HelhwatzEn amyhandt L c 2@ or — 78%e, acetic
Cld so as nof. t. plg%uﬁbuﬁhg egESEOgbnk oﬁhgr-ygu@sgétue@&g of t he
e

taxol internedia préféerably triethvisil I-ethoxyethyl

or 2,2,2- tr|Lgbhlb¢%@@moh?nﬁmﬁthléhé LragtdsrefBrabt PG i & %h@?gllyF Si nce

I 3- Iactan1(2fhﬁas PEYEr gl agyAMeibhc carbons, it is known to those skilled
in the art that the cgnpounds of the present invention hag¢g asymmetric
carbon atons may eX|stTPﬁ AF&SEeRrEoRBFRE A T, ST ==

In scheme A, c-acetoxy acetyl chloride is prepargd frem
glycolic acid, and, iz the presence cf a tertiary amine,
it cyclocondenses with imines prepared from aldehydes and
p-methoxyvaniline to give l-pimethdxyphenyl—3-acyloxy-4-
arylaretidin-2-ones. The p-methoxyphenyl group can be
readily removed through oxidation with. ceric ammenium
nitrate, and the acyloxy group can be hydrolyzed under
standard conditions familiar to those experienced in the
art ta pfovide 3-nydroxy-4-~arylazetidin-2-ones. The
j-hydroxyl group is protected with l-ethoxyethiyl, but may
be protected with a-' variety of standard protecting groups

such as the criethylsilyl group or other trialkyl (or
aryl) silyl groups. In Scheme B, ethyl-a-triethyl-
silyloxvacetate is readily prepared from glycolic acid.

The racemic B-lactams may be resolved into the
pure enantiomers prior to protection by recrystallizacion
of the corresponding 2-methoxy-2-(trifluoromethyl)
pnenylacetic esters. However, the reaction described
nereinbelow in which the f-amido ester side chain 1s
attachad has the advantage of being highly diastereo-
selective, thus permitting the use of a racemic mixture
of side chain precursor.

The 3-{l-ethoxyethoxy)-4-phenylazetidin-2-cne
of schneme A and the 3-({l-triethylsilyloxy}-4-phenyl-
azetidin-2-one of scheme B can be converted to 8-lactam
(2), by creacment with a base, preferably n-butyllithium,

and an acyl chloride, alkylchloroformate) sulfonvl



optically active fornms. Al of these fornms are contenplated within theFEB 2004
scone of this invention, nore specifically, the present invention includes
enantioners, diastereoners, racem c mxtures, and other, m xtures

thereof. 1 9 FEB 2004 16 3-lactam (2) can be prepared 'fromreadily
avail able materials, as is illustrated in schemes A and 3 below Schene n

OO0Ob Scheme 8t r O EEAr OF= Ar QACOHO Ht O c¢cd™ e N// T Ar QAc
OL= TESO Okt Ar CHOf N-T1A5 A P-// HN 4/1 Ar OTES

18
chloride, phosphinyl chloride or phesoheryl chloride ac
-78 °C or below.
The process of the present invention is
particularly useful for the escerificatien of monc- or
polycyclic alkoxides represented bv the Zormula

in wnich E;, E; and the zarbon te which Lhey are attached
define a carbocvelic and/or heterocyclic skelecon which
may be mono- or pelycyclic and E; is hydrogen or hvdro-
carbon, preferably lower alkyl.' Most preferably, the
carbocyclic and/or heterocvclic skeletan comprises about
6 to 20 atoms and the hetero atoms acse oxvgen. The
Cyclic skeleton mey be hydrocarbon and/or hetsro-
substituted with heterosubstituents including, for
example, esters, ethers, amines, alcchels, protected
alcaohols, carbonyl groups, halogens, oxygen, substicuted
oxXygen or substituted nitrogen.

When the alkoxides have the bi-, tri- or
tetracyclic taxane nucleus, the process of the present
invention may advantageously be used to prepare taxane
derivatives, many of wnich have been found to have
significant biclagical activity. As used herein, an
alkoxide having the bicyclic taxane nucleus has the
carbocyclic skeleton corresponding to rings A and B8 of
alkoxide (3):



GAr 0O TES5 19 FEB 2004 17 reagents: (a) net.y-ame, ?=ac, ,8 ( o) 49 Fé&8 200
iv ceric ax=or-r= _ iz- ate. C 3CN -=04C, KOH, , '"UC CaC 30 (d) et.':yl
“rJdrlvl 2CZe= - i - ~CUe”e sul_~n~r" aci (ct ) CCC, (e .”™. Z}Ji thium
ether, -78C, 10 rain; benzoyl ch icr:.de, -780C. 1h; -(f) lithiumdi
socrepyl amde, Tip -78C to -500C, (g) |tthium hexanethyldi silazide,

"**"HF -780C to OIC, (h) THI S -78C to 25C, 12h. The starting naterials are
readily available. In scheme A a-acetoxy acetyl chloride is prepared from
glycolic acid, and,. in the presence of_a tertiary amne, it

cyci acondenseslwith i m nes prepared fromral dehydes and p-nethoxyanrl.ne to
give 1-- stethoxyfl henyl-3-acyl oxy-4- ar-ylaretidirr-Z-ones. The

p-rnet hcxyphenyl group can be readily maved through oxidation with.ceric
arncrium nitrate, and the acvl oxy grodprcan be. hydrolyzed under standard
conditions fam liar to those a¥periegte B. tge art to provide
3-hydroxy-4-ary|azetidin--2-o§§s.ﬁ1 : “hy8r,6%yl' group is protected

wi th. 1-ethoxyethyl, but may ,bE‘pRotec% it hed variety of standard
protecting groups such asM@he B et §ﬂ| or other trialkyl (or
aryl) silyl groups. In Schene yé - silyloxyacetate is

readi |l y prepared-from gl ycolAg (acid: ?5;2 mc & | actans may be resol ved
into the Rea
a af R As
A
2 (3)

wherein R, - R,,, and M are as previously defined. an
alkoxide Raving the t;iqyclic taxane nucleus has the
carbocyclic skeleton correspondirnig to rings A, B and C of
alkoxide (3). An alkoxide héﬁing the tetracyclic taxane
nucleus has carbocyclic rings A, Brand C of alkoxide (3)
and the oxetane ring defined by R,, Rs;,, and the carbons
to which they are attached.

Substituent, M, of alkoxide 3 comprises
ammonium, preferably tetraalkylammonium, and the alkvl
component o©f the tetraalkylammonium substituent is )
preferably C, - C,, alkvl such as methyl or butyl.

Alkoxides (3) are prepared by reacting an
alcohol having two to four rings of the taxane nucleus
and a C-13 hydroxvl Ggroup with a tetraalkylammonium
halide such as tetrabutylammonium chloride in a suitable

solvent. Preferably, the alcohol 1s a derivative of
baccatin III or l0-deacetyl baccatin III having the
formula:

MGt




pure enantioners prior to protection by recrystallization of 19 FEB 2004
t he-correspondi ng 2-net hoxy-2-(trifluaronethyl) phenylacetic esters.
However, the reaction described hereinbelowin which the i3-amdo ester
side chain is attached has the advantage of being highly diasterea-
selective, thus permtting the use of a racemc mxture of side chain
precursor. The 3-(1-ethoxyetboxy)-4-phenyl azetidin-2-one of schenme A and
the 3-(1-triethylsilyloxy)-4-Phenyl- azetidin-2-one of schene B can be
converted to B-lactam (2), by treatnent wi ch' a base, preferably
n-butyllithium, and an acyl chloride, agkylchlorofortnate' sul=onyl 19 FED
2014 ?8 chl oride, phosphinyl chloride or phcsphoryl chloride at -78 OC or
bel ow. The Pré€essiof M h&.prasent,i n&ent Ron 15, PBartiacud &)y ausetsl for the
esterificatiop-af:RpQ9:, @L::RAl_veygld.c alkoxides, represented by the
formula MQQ\E2. .3 in %hich'%if'Enghd'ﬁ'???iif%gﬁftggﬁhjt_ They are
attached def Fhe~a*¥aPBoc¥Elife: -afdi o¥s Netreoeycl Re Skeheddpsohi ch may be
mono- or pol ygeyebierang Ebokechudr agen-L&, Mdr o:s caEbog,q,prefher abl:ys | over
al kyl . Most p%eferapl , the carbocyclic and/or heterocyclic skefeton.
conpri ses aboTT 28870 at9fs RRG-CFENt er G ntoECF € dXYYeRr TR 2€ycl i ¢
skel eton may bachydiancachoniandber ikeliero- Subsdtiadeeh s P caccacin
heterOSUbStltff?t%whgghuggggbefggtained as described by Greene, et al.

in JACS 110, 5917 (13988) or by octher routes) cr

7,10-bis-O-triechylsilyl baccatin ITI.

As repcorted in Greene et al., l0-deacecvl
baccatin III is converted to 7-0O-triechylsilyl-10-

deaceryl baccatin III according to the following resaccion

scheme:

Wi

CCyHgl ST C

MG .-

(S} (6a)

Under what 1s reported to be carefullv optimized
conditions, l0-deacetyl baccatin III is reacted with 20
equivalents of (C,H;),5iCl at 23eC under an argon
atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of 1l0-deacetyl baccatin III tc provide
7-triechylsilyl-i0-deacetyl bagcacin III (6a) as a
reaction product in 84-86% yield after purificatien. Thse
reaccion product is then acetylated with S equivalencs of
CH,COCl and 25 mL of pyriﬁine/mmcl of (6a) atc (¢ oC under
an argon atmosphere for 48 hours to provide 86% vield of
7-0=-tcriechylsilvl baceacin III (6b). GCreene, et al. in
JACS 110, 5917 ac 5918 (1588).



exanpl e, esters, ethers, am nes, alcohols, protected alcohols, carboﬁﬁﬁEBzm‘
groups, hal ogens, oxygen, substituted oxygen or substituted nitrogen. \Wen
t he al koxi des have the bi-, tri- or tetracyclic taxane nucleus, the
process of the present invention may advantageously be used to prepare
taxane derivatives, many of which have been found to have significant
bi ol ogi cal activity. As used herein, an al koxi de having the bicyclic
t axane nucl eus has the carbocyclic skeleton corresponding to rings A and S
of alkoxide (3) : 1 9 FEB 2004 Alca ig Ala/R9 (3) wherein R1 - Rl4a and
M are as previously defined. An al koxi & having the tricyclic taxane
nucl eus has the carbocyeclic _skel et.on correspgonding to rings A B and C of
al koxi de (3)..An_al koxi §§“ﬁa\?@ﬁg"t% 't Z&‘rté’éfa??ygl%la%ﬁ é£0ﬁ9€P695‘:’has
carbocyclic r?HgsEARBaAd Céafl alzkoxiede {R)ec ant ddﬁ&:ﬂk@t@ﬁﬁgéhngiggf kped
by R4, Rya, angid hgasatHOAS [ they are attached. Substituent, M of
al koxi de 3 canpyjses amhﬁﬁ%gw\g]g &ra ety‘nt et¥aatkyl arY ToTEMr L &nd t he
al kyl  conponent dt=the®t ef faal kg anmobiuumisdbstivuent TR poefewadl ¥y CL -
G a alky Sufrjagi‘f‘@iwiyplrcﬁgbwideAl(liQ)i' des 3.5 Merpaed by reacting
: 7.10-bis-O~triechylsilyl baccatin III (6c) in 95% vield.

Also, (6a) can be converted to 7-0-triethylsilyl-10-
(L-ethexyethyl) baccatin III (64) in 90% vield by
Creatment with excess ethyl vinvl ether and a cacalveic
amount of methane sulfonic acid. These prescarations ars

1llustrated in the reaction scheme below.



al cohol having two to four rings of the taxane nucleus and a C 13 hydrpgyii
group with a tetraal kyl ammoni um hal i de such as tetrabutyl amoni um chl ori de
in a suitable solvent. Preferably, the alcohol is a derivative of

baccatin Il or 10-deacetyl baccatin Ill having the formula: r.10iiiut 0 1
9 FEB 7004 20 wherein M'~4aR7 ~R7a -4y, rya, R Q and R104 are as
previously defined. More preferably Rl10a is protected hvdrex or -CCG,,,
R a is ydrCgen. R, is hydrogen, halogem#r protected hydrexv, 1?.4 a is

acez:cxv, and R, _-'s benzovlexv. Mst pre erably, the alcohol is a
Crotected baccatin I1l, in particular, 7-0O-triethylsilyl baccatin Ii
(whi ch can be obtained as described by Geene, et al. in JACS 110, 5917
(1988) or by other routes) or 7,10-bis-C>;r?%ﬂ?®dsilyl baccatin I11. As
reported in Geene et a?., 10-deacet bacclati,A 111 is converted to

7-Qtriethylsilyl-1.0- deacetyl bacca
reaction schenme: OCOCSH5 (5) C GaHH3

CHECOCI §

= %
CsHsN ‘ S JcocH,

0CAC Hy

0Si(CyHed,
0
0S1CC,oH45),
HO1t

n-8uli
(CHgd S CH =

S dcocH,

0COCH,

(6c)
G HL0CLH
23 2''s QEs
CCAT]CHESG3H
0SiCC,H)
HCH 53

S S%o0

Z dcocn,

BCOCEHS

(6d}

7-O-criechvlsilyl baceatin ITT (6b}), 7,10-pis-
O-triechylsilyl baccatin III (6e). or 7-<C=criethylsilyl-
10-(l-echexyethyl) baccatin TITr (sd) is reacted with
base such as an organometallic compound:{for example,



CSHSN HO - (6a) Under what is reported to be carefully optim zed 19 FEB 7004

condi tions, 10-deacetyl baccatin IIl is reacted wth 20 equival ents of
(C,HS) )Sid at 230C under an argon atnosphere for 20 hours in the
presence of 50 m of pyridine/ mol of 10-deacetyl baccatin Il to provide
7-triethylsilyl-10-deacetyl baccatin IIl (6a) as a reaction product in

84-86% yield after purification. The reaction product is then acetyl ated
with 5 equival ents of CH, 0001 and 25 nl of pyridine/nmol of (6a) at 0 aC
under an argon atnosphere for 48 hour 3t o provi de 86% yi el d of
7-0-triethyl siy 1¢bag9at|n I Ul % Greene, et ell in JACS 110, 5917 at
5918 (1988). 1 9 FED ‘200% ]F?M%%% &t { YeFy 2X2TBlEat ARSI A 01 acet vl
baccatin |1 _FEsaY ks hiee praddé eczegvmat ) C iOnp&rﬂG@\MﬂdrEEXaﬁﬂkg:Iablle
hyd=oxr| proteelas -F. 0 at ment _of -

n- butvlllthlun1|n@gggfgﬁg%“b t?n%thy?sir Fpshﬁngégﬁ%r“W TSRS v )
at OOC gi ves ¥5f0554%¥h344¢w§rw&s:avéchﬁtaamonlmmlC@QQrHQ$ 95%ayi el d.

Al so, (6a) canlbencorveld e t:. = +8ERYLSI |, 1--et hexyet-hyl )
baccatin Illtggg |n 9 @6 ield by ék%éeg%ne%ﬁ ¥£ﬁ exggss et y¥ &?nyl et her
and a catal ytic Qﬁﬂqﬁﬂﬁr%tﬁ¥bﬁ¢%¥éEFéVlTﬁé§éapP@papatH6#§ are

illustrated iA Oheemammsdhy;ﬁﬁﬁﬁﬁiiﬁﬂﬁwﬁO -bis-O-triethylsilyl
baccatin IIT (7e¢), or 13-0- tetramethylammonium-7-0-tri-

ethylsilyl-10-(i-ethoxyetinvi} baccatin III (7d4) as shown
1n the following reaction scheme:

“{ QM3 0S1CCH,

| dcocH,
0COCH,

2] KHMDS

B) CCH3) NCI

CCH3) NG ---

i dcocn,
QCACgH,

{7b) 2
(7)) 2
(74) Z

-OCOCH,
-0Si(C,H,),
-OEE

As lilllustrated in the following r=action
scheme, a suitable ammonium alkoxide of the present
invention such as 13-O-tscramechylammonidm=7=0-




1 9 F EB 2006 CH3COC1 CSHSN (6a) r- HuL | CCzZHS]35i Cr HAiii HA Il uyBFER 004
OCCCH3 OCOC5H (6b) OCOCSHS (6¢) CZH3CC2HS C CAT] CH, 503Fi H01111 OEE OCOCH3
OCOCSH5 {6d) 7-Otriethvlsilyl baccatin II1l (6b), 7 10-bis Otriechy?silyl
baccatin Il (6¢), or 7_OcrieChylsi.y7- 10--(1-ethCxyeth_vl) baccatin |11 -
(6d) is reacted with base such as an organonetal lic Conmpound™ (for exanple,
19 FEBT7004 2 3 ~butyllithium, an am de ( for exanple, potassium hexe-

rnethyld silazide ("K:S") , a hydride ( --cr exanple,
24
tristhylsilyl baccatin III derivative (7b, 7¢, or 74)
reacts with a B-lactam of the present invenczion £o
provide an intermediate (8b, 8¢, or 8d) in which the C-7
hycroxyl group is protacted with 2 cristhvlsilyl or

l-ethoxvethyl group.

7 b-d ' (2)

C1) THF

8 b-4
bh, R = -COCH,
¢, R = -Si(C.H,),
d, R = =EE

Intermediate compound (8b) readily convercs to
taxol when X, is -0X;, X, and X, are hydrogen, X, is
phenyl, X, is benzoyl and X, is a hydroxy protecting group
such as triethylsilyl. Intermediate compournd (8c)
readily converts to taxotere when X, is «0X,, X, ang X, ar=
hydrogen, x, is phenyl, x; is terchbutoxvearbonyl and X, :is



pot assi um hydride) and the |i ke and an anmoni um conpound such as anhb&ﬁ&ﬁﬁWL
tetranet hvl ammorium chloride in a solvent such as tetrahydrofuran to fC -n

13 -0- tetranmethy!amonium 7-0-triethylsdi.lyl baccatin 111 (7b)
13-O-tetramet hyl ammonium 7,1 O bi s-0-triethylsilvl baccatin I1l (7c), or
13-O-tetramet hy?antncnium 7-p-tri- ethylsilyl-ZO (?-ethoxyethyl) baccatin
11 (7d) as shown in the follow ng reaction schene: z CH3 1 0 HO--- 13
CCH3]4N' O OH (7b) z = -OCOCH3 (76) Z = -0Si (Q2Hs)3 (7d) Z -CEE As
illustrated in the followng reaction schene, a suitable amoni um al koxi de
of the present invention such as ? 3-CZ€cramethylanuaonirim7-o01 9 F ED

2001 24 ..rieghyl, ELE&& baccatin Il derivative (7b, 7c, or 7d) reacts with
a G |accam of thé re eﬁFQQﬁRHHWQNQRQﬁUFﬁ@ﬁ@d@$ah~¥ﬁié¥héd*aﬁe (8b, Sc, or

8d) in which mé%m%dmw# Qo GRUN 48 ratected-mitb-astep_thyl,slyl or
1- ethoxyethyltgLQEEcaE 1NQ!|Ik when X, is -0X,, -X; and X, ares nvdérsgen,
%¢ is phenvl, X; 1s penzoyl, and X, is a nycroxy
Protecting group such as criethylsilyl. Intermediate
compeunds (8b, 8¢ and 8d} may be convertad to the
indicatrad Compounds by hydrolyzing the triativisilyl and
l-ethoxvethyl groups under mild conditions s¢ as not co
discurb the ester linkage or the taxane derivacive
substituents.

HF, CHN, CHCN -

8b > TAXOL
HE, CHN, CH,ON '
8¢ > TAXOTERE
: 0.1% HCL, EtOoE
8d > 10-DEACETYL TAXOL

Both the conversicn of the alcohol to the
ammonium alkoxide and the ultimate synthesis of the raxol
can take place in the same reaction vessel., P
the B-lactam is added to the reaction vessel a
formation therein of the ammonium alkoxide.

Although THF is the preferred solvent for the
reaction mixture, other ethersal solvents, such as
dimethoxyvethane, or aromatic solvents may also be
suitable. Certain solvents, including some halogenated
solvents and scme straight-chain hydrocarbons in which
the reactants ars too POOrly soluble, are not suitcable,
Other solvencs are pnot appropriate for other reasons.
For example, esters are not appropriate f£or use wikh
certain organometallic compounds such as n-butyllithium
due to incompa:ib‘l*:v therewith.

AlChough the reaction scheme di5elosed her=1in
is diregted =o the synthesis of certain taxol

derivatives, ic can he used with modificarions in arzher

b




OESP50 NHO=Q&4 1 ~1 PhCOOP A Ace ai 7 b-d as x 5N N X ' COHLY d FfB 1904
Xt (2) ] THET 8 b-d b, R=-C0CH C R-SI(CHS)3 d, R=-EE

I nt er medi at e conpound (8b) readily converts Co taxol when Xt is -0OX6, X

and X, are hydrogen, X; is phenyl, XS is benzoyl and X. is a hydroxy
protecting group such as triethylsilyl. Internmedi ate conpound (Bc)

readily Cdtwerts to taxotere when x, is -ox,, X, :and x, ara hydrogen, Xi

is phenyl, x5 is tertbutaxvearbonyl and x in 1 9 FEB 2D0! 2 5; a hydroxy

orctecting group such as trieth_yls_lv].
[}

49

the 3-lactam or the tstracyclic ammeonium alkixida.
Therafore, alkoxidas other sthan l3-O-cecramesnviammenium-
=7=0-tri-ethylsilyl baccatin IZI mav be used tc fcrm a
taxal or cther taxanes according o che method of this
ioventicn. The R-lactam and the tetracyclic alkcxide can
De cerived Irem natural or unnatural sources, co prepare
other taxel derivatives, 10-deacetyltaxanes, and
synthetic taxanes, and the enantiomers and dizsterscmers
thereof contemplated within the present invention.

The praocess of the inventicn also has the
important advantage of being highly diastereaselective.
Therefore racemic mixtures_pf the side chain precursors
may be used. ‘Substantial cost savings may be realized
because there is no need to resolve racemic f-lactams
inte their pure enantiomers. Additiconal cost savings may
be realized because less side chain precursax-, e.q..,
60-70% less, is required relative ta prior pracesses.

The water solubility of compounds of formula
(3) may be improved by modification of the €2’ and/or €7
substituents. Far instance, water solubility may be
increased if R, is -0X; and R, is -OR,,, and X; and R,, are
independently hydrogen or -COGCOR! wherein:

G is ethvlene, propylene, -CH=CH-, 1,2-cyclo-
hexylene, or 1,2-phenylene:

R' = OH base, NR'™R’, OR’, SR, OCH,CONR'R®, or OH;
R’ = hydrogen or methyl;

R’ = (CH,) ,NR°R’ or (CH,) N®R°R'R®X*®;

n =1to 3;

R' = hvdrogen or lower alkyl contcaining 1 teo 4
carbons;

R® = hvdrogen, lower alkyl containing 1 ro 4
carbons, bemzyl, hydroxyvethyl, CH,CO,H, or
dimethylaminoethyl;

R* and R’ = independently selected from lower

~alkyl containing l-or 2 carbons or
benzyl, or R¢ and & together with



I nt er medi at e conpound (8d)
Is -0X5, X2 and X3 are hydrogen,
~vdr oxJ
8c and 8d) may be converted to the
triethylsilyl and i-ethoxvethyl
disturb the ester

sane reaction vessel. Preferably,

readil y-converts to
<
Protecting group such as triethylsilyl.

groups under
| i nkage or the taxane derivative
CPHsN, CH~-CN > TAXOL 8 HF, CsHSN, CHCN c > TAXOTER 8d 0.1% HO ,
10- DEACETYL TAXOL Bot h the conversion of the al cohol
al koxi de and the ultimate synthesis of 4’he taxol

10- deacetyl naxo

X- is benzovl, and X5“$Ei%lﬁh
i nternmedi ate Conpounds M

i ndi cat ed conpounds by hydrol yzing the

mld conditions so as not cc

I s Phenyl,

substituents. Sb ?F,
Et on: >
to the amoni um

can take place in the
the Glactamis added to the reaction

vessel

the preferred solvent for the

such as

Certai n sol vents,

after

formati on therein of ERE BAFOAFEM &9Txite ARt hotrgh® THES s

reackeopng@l Xburnewioigheri=sfdhereal solvents,
di et hoxvet hane, or aromatic solvents nmay al so be suitable.

i ncliudi ng some halogenatéd solventsland sonme

strai ght-chain hydr ar onT:iE]whti :] [: :] [: :]

Hy

R* = lower alkyl containing 1 or 2 carbons,
benzvl;
X* = halide; znd
base = NH,, (HOC,H,),N, N(CH,),, CH,N(C,H,0H),,
NH, (CH;} (NH,, N-methylglucamine, NaOH,
or KOH. 7

The preparation of compounds in which X, or X, is -COGCOR!
is set forth in Haugwitz U.S. Patent 4,942,184 which is
incorporataed herein by referance.

Alternatively, water solubility mayv be
increased when X, is -0X, and X, is a radical having the
formula -COCX=CHX or -COX-CHX-CHX-SO,0~M wherein X is
hydrogen, alkyl or arvl and M is hydrogen,
Or an ammonio group as described in XKingston
Pacent No. 5,05%,6%%

Taxanes having alternative C9 substituents may

alkaline metcal
Lt al U.5.

et al .,
referencal .

{incorporated herein by

be prepared by selectively reducing the C9 kato
substituent to yield the corresponding €9 P-hydroxy
bly a

cetrabutylammeonium-

derivative. The reducing agent is prefera
borohydride and, most preferably,
(BuNBH,} or triacetoxy-berohydride.
As illustrated

reaction of baccatin III with Bu,NBH,

borohydride
in Reaction Scheme 1, the
in mechvlene
chloride yields S-desoxo-9B-hydroxybaccacin III 5. After
tne C7 hydroxy group is protected with the triechylsilvl
for example, 2 suicapls-side chain may

T0 7-protacted-9&-hydroxy dereivacive 6§ as

procecting group,

he agzached



the reactants are too poorly soluble, are not suitable. Oher solveni§ FaBell
not appropriate for other reasons. For exanple, esters are not appropriate
for use with certain organonetaliic conpounds such as n-butvllithium due
to inconpatibility therewith. ACM the reaction schene disclosed herein is
directed to the synthesis of certain taxol derivatives, it can be used
with nodifications in either 19FEBfI OL 26 the 2-l'actamor the tetracyclic
anmoni um al koxi de 7hererore, al koxides O her an 13-Otetranethyl amoni um -
-7-O-tri-ethylsilyl baccatin Il may he used to Hma taxol or other
taxar_es according to the nethod of thtgs invention. The b-lactam and the
tatracycla.c al kcxide can be derived fromnatural or unnatural sources, to
n_epar ot herzistieRrdsatTia’s W-zfcacet Jehvuzranes, ared rsaithietd

t axanes, and 1.ha. ehantd Q;ﬂ.ar.}@nd,&g a&tpr.eaan@gs,_vt.he&e,o %h £l at.ed within
the present inventio process of the invention al so has the |nportant
advant age of Her¥y %d]@ﬂ%:wrés?‘éf%é@rfec:ﬁk?@“e TREAEF0Re G-ac EH%E mi xt ur es
of the side @myjtprecursors may be used. 'Substantial cast savings may be
realized because there is no need to resolve racemc i3--lactans into
their pure enantioners. Additional cost savings may be realized because

| ess side chd@3aRqMTNUIBIHEME. J., 60-70%less, is required relative to
prior processes. The: water solubility.of conpounds of fornmula (3) may be
i nproved by nodificatiken of the C2' and/or C7 OAc

OH
QH
HQlts- HQuis:-
Bu NEH,
(:Hz(:l2 .
ph—\< CG\ Q
5 a
TESCI
ETaN

HQin.-

Alternatively, the C1l3 hydroxy group of 7-
protected-9f-hydroxy derivacive 6 may be protected with
crimechylsilyl or other protecting group which can be
selectively removed relacivg to the C7 hydroxy protecting
group as illustrated in Reaction Scheme 2, to enable
further selective manipulation of the various
substituents of the taxane. For example. reaction of

7,13-protected-98-hydroxy derivative 7 with KH causes the



substituents_ For instance, water solubility may be increased if RL {§FFp 20
-OX, and R7 is -OR2 , and X,, and R, are independently hydrogen or )
-CQECOR wherein: Gis ethylene, propylene, -CH=CH, 1, 2-cyclo- hexyl ene,
or 1,2-Chenylene; FO = OH base, NP R3, OR, SRI, OCH CONKMMR , or (H Rz
hydrogen or nethyl; R3 = (Ch,) NRR or (CH) "NaiRR7/RaX; n =1to 3; FP
hydr ogen or | ower alkyl containing 1 to 4 carbons; R hydrogen, |ower

al kyl containing 1 to 4 carbons, berrzyl, hydrox_yethyl, CH CO i1, or

di rnet hyl am noethyl ; R and H7 = independently selected fromlower alkyl

containing 1-or 2. carbons or benzyl, or R and R7 together with 1 9 F E D

2301 27 the*fAPErbgegracar RoofniiNER = fOrNB f-ghe_f.ollow ng rings or Ra
€ %?;CY'gnﬁaFFEerygnﬂxﬁase =

= |l ower al kyloeontaiping. 1 _or. 2 carbons, enz
NH3, (HOCZH%)OBN, ﬁ%‘%ﬁsj‘ 3 :‘-8%%9(6"2 IE3H)  cheraly ¥ OB EENHL L0 -N- ne

t hyl gl ucani Fes2 e derikemivEhe pr epaymid O 0f s £aNpOUAdS Lpgwhich X or
X, is - COGGER%up oTT hYeseR

vialds derivacive §,

£ 10- jowq :
0z lO0-desacstyl derivative 8 with triechyvisily]
Selective removal of

hvd the C13
YQIOXy protecting group from derivative 9 vields

ivaci i ; :
active 10 to which a suitable side chain mav be
attached as described above.

der



is set forth in Haugwitz U S. Patent 4,942,184 which is incorporated]dFFs 7004
herein by reference. Alternatively, water solubility may be increased when
X, is -OX, and X. is a radical having the formnmula -000X=CHX or

- COX- CHX- CHX- SQ2Q - M wherein X is hydrogen, alkyl or aryl and Mis

hydr ogen, al kaline nmetal or an anmmonia group as described in Kingston et
al., US. Patent No. 5,059,699 (incorporated herein by reference). Taxanes
having alternative C9 substituents nay be prepared by sel ectively reducing
the C9 keto substituent to yield the corregponding C9 P-hydroxy
derivative. The reducing agent is preferably a borohydride and, nost
preferably, tetraxiytamosciyms borohydride (5u4NBH,) or
triacetoxy-bcrohydride. As illustrated in Reaction Schene 1, the reaction
of baccatin Il wth Bu4NHH gin nethylene chloride yields 9desoxo-9

chydr oxybaccatin |11 tove C7 hydroxy group is\prote teWth t he

triethylsilvl protectixyg __xapplg | S41 GaDlje
g/ grQups thus
e

fir Xy aerlvatlve-.ﬁsgs
c. the remaining p

-2 xH

QTES

TMSQtue TMSOlrne

HF
pyridine

HQues.




OH HO',., HOO ACQ Ph 7 I~x OAc HQuii Q Fh--;~ACO5 0 6 TESCI ETIN 19FEB 2004
Alternatively, the CLl3 hydroxy group of 7- protected-9p-hydroxy derivative

6 may be protected with trinmethylsilyl or other protecting group which can
be selectively renoved relative to the C7 hydroxy protecting group as
illustrated in Reaction Schene 2, to enable further selective nmanipul ation
of the various b5ubstituent5 of the taxane_ For exanple, reaction oz
7,13-.protected- 9(3-hydroxy derivative 7 with KH causes the 1 9 FED 2004

29 acetate group to mgrate from Cl0 tp:C9 and the hydrexv group to

mgrate fromC9 tc CIO thereby yielding 1 0- ' desacetyl derivative 8.
Protectien of the Cl O hsdséxwr grodgaef: idhr desaeesys, deoi-vaki ve 8 with

triethy silvierivarive 11 can be Drovided by sxidation of 10-

|
4

desacstyl derxivas

i
i3

8. Theraaj;

. . -
" exr, tne Cll npvycroxv

'J.

0]
{
j—
1]
0

-

(7

(D
[)a
th

iea(mhvy

(@}

{

TToleCcting grous can ze

\‘

o

'_3
<

sllowes v
attachment cf a sice chain as dascribed abaove ro vield &-
acetoxy~ll-oxo-z2axcl or atner S-acetoxy-ll-cxotatracwlic
taxanes having a Cl3 side chain. Altermativelv, che C9
acetate group can be selectively ramoved by reduccicn of
L0-oxo derivative 11 with a reducing agent such as
samarium diiodide to yield 9-descxo-10-oxo derivacive 12
from which the Cl13 hvdroxy protecting group can be
selectively removed followed by attachment aof a2 sids
chain as described above £d -yield 9-desoxo-Ll-gxa-zaxal
or ather S-desoxo—lﬁ-cxotetracydjc taxanes having a Ci3
side chain.



yi el ds derivative 9. Selective removal of the Cl3~ hydroxy protecting?!3FEB 2004
group fromderivative 9 yields derivative 10 to which a suitable side

chain may be attached as descri bed above. 1 9 FEB 7004 30 ACT=0N SCHEME 2

O ACHOis OTES TMSQGtu. TESCI Ei 3N 9 HF pyrldine OTES HOi,,. 7 CAC -2J

KHT O48 10 1 9 F E B 2004 31 As shown Reaction Schene 3, 10- oxo

derivation 11 can be provided by exhidation of 10-

-
-

ITACTION SCHIME 3

n
{h

TMSOlne.
TMEQN-

TMEQie-

12

Reaction Scheme 4 illustraces a serlies of
reactions in which 10-DAB is used as the starting
material. Reduction of 10-DAB vields pentazaol 13, the C7
and C10 hydroxyl groups of which can be selectively
protected with the trietnylsilyl or another protecting
group to produce trigl 14, A Cl3 side chain can be
attached to triol 14 as described above or, alter-
natively, after further modification ©f the tetracwlic
subscicuancs.



desacetyl derivation 8. Thereafter, the Cl3 hydroxy protecting group ﬁ@@EQ?mﬁ
sel ectively renoved foll owed by attachnent o a side chain as describe '
above to v:.ei d S- acetoxy-? 0-oxo-=aXCL or of:”er 9-acetoxv-?
O-cxotetracvt)ic taxanes having a Cl3 side chain. Alternatively, the C9
acetate group can be selectively renoved by reduction of 7-0-o0xo0
derivative 11 with a reduci ng agent such as samariumdiiodide to yield
9- desoxo- LO-oxo derivative 12 fromwhich the Cl3 hvdroxy protecting group.
can be selectively renoved foll owed by attachnent of a side chain as
descri bed above to yield 9-desoxo-10-oxd3caxcl or other
9-desoxo-|C>ogg§@@f@@v§&Lg Laxanes having a CT-3 side chain. 1 9 FEB 2004
i h4 Slim 8u =34+=12 Sm 2 T Reaction Schene 4 illustrates a
series of reactions in which 10-DAB is used as the starting material.
Reducti on of 10-DAB yi élrds pencaal 13, the C7 and C].0 dydroxyl groups at
whi ch can be sel i otected with the triethylsilYl orsanother
protecting grou tELaI 14. A C13 side 'nfgaque .

HGHq HOro-

Bu, NBH,

CHZCI2

HQn

Taxanes having C9 and/or C10 acyloxy
substituents other than acerate can be prepared using 10-
DAB as a starting material as illustrated in Reactc:ion
Scheme 5. Reacticn of 10-DAB with triethylsilyl cnlecride
in pyridine vields 7-protected 10-DAB 15. The C10
hvdroxy substituent of 7-protected 10-DAB 15 may then be
readily acylated with any standard acylating agen:t co
vield derivative 16 having a new C10 acyloxy substicusat.
selective reduction of the C9 keto substituent ot
derivative 16 yields 9R-hydroxy derivative 17 to which a
Cll side chain may be attached. Alternatively. rthe C10
and €9 groups <an ba caused to migrate as'set forta in
Reaction Scheme 2, above.



attached to trial 14 as described above or, alter- natively, after fuytylpep 7004
nodi fication of the tetrac'clic subscituents. 1 9 FEB 2C04 33 REACTCON SC
EM 18 11 TESCI ET. N Taxanes having C9 and/or Cl0 acyl oxy substituents

ot her than acetate can be prepared using |C DAB as a starting material as
illustrated in Reaction Schene S. Reaction of 10-DAB with triethylsilyl
chloride in pyridine yields 7-protected 10-DAB 15. The Cl O hydroxy
substituent o 7-protected 10-DAB 15 nay then be readily acylated with any
standard acylating agent to yield deéivative 16 having a new O o acyl oxy
substi:uent, Selective reduction of Ae C9 keto substituent or derivative
16 yields 93 .hy. ggq@I've 17 to which a C] side chain nay be
attached. Al =He—<l O and C9 groups can be caused to mgrate

asset forth in Reactioh Schene 2, above. 1 9 FEB 2006 34 REACTI ON SW ME
HOtll Acylat ing agemk cH

HQl TEsSC] HOI
pyridine
Acylating
s agent
]
QCCR.gq
QTES
Harl 1) HF HQr

2) Bu, NEH,

3) TESCI

Taxanes having alternatcive C2 and/gor C4 esters
can be prepared using baccatin IIZ and 10-DAB as starting
materials. The C2 and/or C4 esters of baccatzin III and
10-DAB can be selectively reduced to the corresponding
aleohol (s) using reducing agents such as LAH or Red-Al,
and new esters can thereafter be substituted using
standard acylating agents such as anhvdrides and acid
chlorides in combination with an amine such as pyridine,
triethvlamine, DMA®, or diiscopropyl etnyl amine.
Alrernatively, cthe C2 and/or C4 alcoha;s mav he egnverxced
to new C2 and/er C4 esters through formacwan af tne

corrasponding alkoxide by treatment of the alconol with &



OCOR29 HCiui an Ph AC1 7 1) HP HO111t 2) Eu4NSH4 3) TESCE Ph AcO0% Q\FEB 2004
16 OTES Taxanes having alternative C2 and/or C4 esters can be prepared
usi ng baccatin IIl and 10-DAB as starting materials. The C2 and/or C4
esters of baccatin = and 10-CAS can be selectively reduced to the
correspondi ng al cohol (s) using reducing agents such as LAS{ or Red-Al,

and new esters can thereafter be substituted using standard acyl ating
agents such as anhydrides and acid chlorides in conbination with an am ne
such as pyridine, triechylamne, DVAP, _.or diisopropyl ethyl am ne.
Alternatively, the c2 and/or C4 al cohol $>may be converted co new C2 and/or
C4 esters threughafardmij of the respondi ng._al koxi de by treatment of
the al cohol with, e OJI-rI%(éI% T4 B iﬁ'{'350{3ga‘f1?abpg Fals & Sudtt -7&s EBA -

fol | owed by am-acyRat iffg amjehtchloride.

daccatin III and 10-DA3 analogs having

i

z

31

di r s = : ;
*ent substituents at C2 and/or C4 can be prepared as

r

se

e
h
'y

Orth in Reaction Schemes 5-10. To Simplify the
a ript] - . )
©SCription, 10-DAB is used as the starting materiai.

should be understood, however, that baccatina III

Hi
%)

derivatives or analogs may be produced using the same
Series of reactions (except for the protection of the CLe
Rydroxy group) bv simply replacing 10-DAB with baccatir
ITII as the starting material. Derivatives of the
baccatin IIT and 10-DAR analogs having different
substituents at €2 and/or Ci'tan then be prepared bv
Carrying out the other reacticns described herein.

In Reaction Scheme 6, protected 10-DA3 3 is
converted to the triol 18 with lithnium aluminum hydrids.
Triol 18 is then converted to the corresponding C4 esrer
using Cl,CO in pyridine followed by a nucleophilic agent
(e.g., Grignard reagents or alkyllithium reagents) .



such as an acid chloride Baccatin Ill and 10- DAB anal ogs havi ng di f f ed &rftFA 200
substituents at C2 and/or C4 can be prepared as set forth in Reaction
Schenmes 6-10. To sinplify the description, 10-DAB is used as the starting
material. It should be understood, however, that baccatin 77- derivatives
or anal ogs may be produced using the sane series of reactions (except for
the protection of the C10 hydroxy group) by sinply replacing 10-DAB with
baccatin 11l as the starting material- Derivatives of the baccatin Il
and 10- DAB anal ogs having different substituents at C2 and/or C4' ban then
be prepared by carrying out the other ¥gactions described herein. In
Reaction Schenme 6, protected 10-DAB 3 is converted to the trial 18 with
l'ithium al um Aanehgdbide. Trial 18 is then converted to the correspondi ng
C4 ester wusing A,CQin pyridine followed by a nucleophilic agent (e.g.,
G.ignard reagents or alkyllithiumreagents). 19FFQ2Ul1 36 Schene 6 a Ol=s 3
LAH TMBCiiiil T OTEQ~es

TMEOnH

TMSQatm

LAH
CIICO
pyridinea

Y
TM3OU TMEANnt
Ha1Li cr
A4y MgBr

Deproconatioﬁ of triol 18 with LDA fcllowed by
introduction of an acid chloride selectively gives the C4
ester. For example, when acetvl chloride was used, triol
18 was convercted to 1,2 diel 4 as set forth in Reaction
Scheme 7.

Triol 18 can also readily be converted to the
1,2 carbonate 19. Acetylation of carbonate 19 under
vigorous standard conditions provides carbonate 21 as
described in Reaction Scheme 8: addition of alkyllichiums

or Grignard reagents ta carbonate 19 provides the C2
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Deorotonation of trial 18 wth LDA followed by introduction of an acid
chloride selectively gives the C4 ester. For exanple, when acetyl chloride
was used, trioL 18 was converted to 1,2 diol 4 as set forth in Reaction
Schenme 7. Trial 18 can also readily be converted to the 1,2 carbonate 19.
Acetyl ati on of carbonate 19 under vigorous standard conditions provides
carbonate 21 as described in Reaction Schene 8; addition of alkyllithiunms

or Gignard reagents to carbonate 19 provides the C2 A31INgEr 1 9 FEB 204
ester having a free hvdroxvl ;roue ac C4sas se: far: h Reaction Schene
Scheme 7 OTES TMSOrlIr Ttu SCrtl i O7ES Hu \,1 ~ RUwzn u HO, 1.0 HO I8
A30CO 8Ster naving a fras hydroxyl group ac C4 as sar farth in
Reacticn Scheme 5.

-

Schema 7

LOA
TMEAmn
FIMCOCE TMSCu




019 FE M38 scheme 8 0TSS O-=r a TlAsoliiil 18 Cl2Co Py r 1 d 1 n'éFEBI00
7hi SOIm OTES Lo ) ho a 0 ,19 Ac2a OVAP OTES TMb04 4i ?1 As set forth in
Reaction Schene 9, other C4 substituents can be provided by reacting
carbonate 19 wth an acid chloride and a tertiary amne to yield

carbonate 22 -which is then reacted with alkyllithiums or Gignard reagents
to provide 10-DAB derivatives having new substituents at C2. 19FEB2004 3a

18

Scheme 8§

c12co.
Pyridine TMSQuN

TMSQL1

As set Zorth in Reaction Scheme $, other C4
substituents can be provided by reacting carbonate 19
with an acid chloride and a2 tertiary amine to vield
carbonate 22 which i1s then reacted with alkvllichiums or
Grignard reagents to provide 10-DAB derivatives having

new substicuents ac C2.




Schene 9 C7/ES OF_C O TMbOrr[rl 18 OI C17Co Pyr f d | ne T MSC 11t O 7 & ok 2004
119 FZQCOC | pyridine OVA P CTESt OTES TMSO [[[! 23 A31L i or P3i MySr

TMSOrirl Alternatively, baccatin Il may be used as a starting Mteri al
and reacted as shown in Reaction Schenme |4. After being protected at Cl
and Cl13, baccatin Ill is reduced with LAH to produce ~,2,4,~. Qtetracl 24.

Tetras: 24 is converted to carbonate 25 using C12CO and pyridine. and
carbonate 25 is acvlated at ClO with an acid chloride and pyridin-- to
produce carbonate 26 (as shown) or with acetic anhydride and pyridi ne (not

shown). AceC vl arion 3¢

Scheme 9

!
TMSQin CipCo
PRyridine TMSCHH
RyqC0C!
pyridine
' OMAPR
+
TM3CuI -
Ry li or TM3Qr
Ry,MgBFr

Alternatively, baccatin IIT may be used as a
starting material and reacted as shown in Reacrion Schame
«¢. Aftér being protmcted at ¥ and C13, bacgagin ZZI iso
réduced with LAM to produce 1,2,4,L10 tetragl 24, Tatrasl
24 1s converted :to carbeonate 25 using Cl,CC and pyridine,
and carbonate 25 is acylated at €10 with an acid chloride
and pyridineg to oroduce carbonate 26 (as shown) 9r witch
acgtic anhydride and pyridine (not shown). Acetylation
of carbonate 26 under vigorous scandard conditions
provides carbonatce 27 wnich ig them raastad with alkvl



of carbonate 26 under vigorous standard conditions provides carbonatel37EB 200
which is themreacted with alkvl 1 9 FEB 2004 40 lithiunms to provide the
baccatin |11l derivatives having new substituents at C2 and C10. Schene

10 OAC OH 110i[II( ',~V / TM8Qiitt 1) TESC,

py 2) TVWsCl, OVAP

| nt dazele, OMF CAC LAHt TMSO 11l TMSO Il OH 0 24 25 R29COCI  pyridine OH

19 F E9 2004 7,%A SCI W
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lithiums to provide the baccatin III derivatives having

new substituenzs atc C2 and C10.

Scheme 10

TMSQiuit

HQOtt
1) TESCI, py
2) TMSCLl, DOMAP
tmidazole,
QH
QOTES
TMSQu CIZCO
pyridine

pyridine

LAH

TMSOin




;r 11 Lr TMsO m LO -desacetoxy derivatives of baccatin _rl and 10- dﬁEiEgzm;
derivatives of 1Q DAB may be prepared by reacting baccatin LIZ or

(or their derivatives) wth samariumdiiodi de. Reaction between the
tetracyclic taxane having a Cl0 |eaving group and samarium diiodi de may

be carried out at OCin a solvent such as tetra- hydrofuran.

Advant ageously, the samarium diiodide selectively abstracts the CIO

| eavi ng group; Cl13 side chains and other substituents on the tetracyclic
nucl eus remain undi sturbed. Thereafter, the C9 keto substituent nay be
reduced to provide the correspondi ng 9hdesoxo 93- hydroxy-10--desacet Oxy or
10- desoxy derivatives as otherw se described herein. 1 9 FEB | UJ4 42

HX 1 cl C7 di hydro and_other C7 substituted taxanes can be prepared as set
forth in Reaction SchgTésll, 12 and 12a. REACTI ON SCHEME L20@AC Hall's, C
OAC n$u3sSnH AJ_BN C d' f% to luene Cre |l uxa

in
(311

-
- SCIi AL TMSGQHN

TMSCiH

Ll0-desacetoxy derivatives of baccatin TTI and
10-desoxy derivatives of 10-DAB may be prepared by
reacting baccatin ITI or 10-DAB (or their derivatives)
with samarium diiodide. Reaction between the tetracyclic
taxane having a Cl0 leaving group and samarium diiadide
may be carried out at 0°C in a solvent such as tetra-
hydrofuran. Advantageously, the samarium diiodide
selectively abstracts the C10 leaving group; Cl3 side
chains and other substituents on the tetracyclic nucleus
remain undisturbed. Thereafter, the C9 keto substitcuent
may be reduced to provide the corresponding 9-desoxo-3f-
hydroxy-10-desacettxy or 10-desoxy derivacives as
otherwise described herein.



0O At HO 1 9 FEB 2004 43 H01111 OH F A P REACTION sc- = ,Z OAc Fah -- 79 BefDI04
CAc HGii"™ OHms ¢ | Et 3N Et3NHCI H 0lri OAC QAc 1 9 FEB 2DD4 REACTI ON SC:
“ME | 2a CAC 44 OTES TMsO11111( }f7- if / HO1l1llti HO ~

42
C7 dihvcéro and other C7 substicucad taxanes can
De prepared as sst fQrth in Reacticn Schemes 11, 12 and
i2a.

REACTION SCHEME 11

MO NaH HOHIT TSCH,

Cs,

CH4!

nEuESnH
AIlEBN (gaz)

tocluene (reflux)

MG




HF Ry Ph--< ACO - Ph-,- ACO L i Olulli T 01111 Pyridine, CH CN OH Afﬁg?@g%m
in Reaction Schene 12, Saccatin IT.r my be converted into 7-fluora
baccatin Il by treatnment wth FAR at roamtenperature in THE sol ution

ot her Dbaccatin darivatives with a ire- C7 hydroxyl groan behave

51mlarlx. Alternatively, 7-chloro baccatin "_T_ can be i _Hr0S X0 5N XX4
X2 x1 CA-)T HF (2 HF, 1 9 FEB 2004 prepared by treatneTt ox baccat_n =TI
Wth methane sul =onyl chloride and =4_ethvlanm ne- in nethvi ene solution
contain--,gn excess of triethylam ne hvdro- chloride. Taxanes having C7 a

vl axy substituents can be prepared as sgt forth in Reaction Schene 12a,

7, 13-

RIACTION SCHEME 12

QJAac

HO“"' =HOMn
FAR
QAc
MsCI HOIn-
s
EtaN

ET NHC |




protected 10-oxo-derivative 11 is converted to its corresponding C¥39F B 2004
al koxi de by sel ectively renoving the C13 protecting group and replacing |q
wi th anmmonium The alkox.de is then reacted with a (3- |actam or othet

side chair: precursor. Subsequent hydrolysis of the C7 Protecting. groups
causes a mgration of the C7 hydroxy substituent to CIOQ, mgration-:'or

the Cl O oxo substituent to C?, and mgration of the C9 ac_y, | oxy
substituent to C7. A wide variety of tricyclic taxanes are naturally
occurring, and through mani pul ati ons anal ogous to those described herein,
an appropriate side chain can be attachqd to the Cl3 oxygen af these

subst ances. Alternatively, as shown in Reaction Schene 13, 7-0-
triethylsilyl zehageain rsdddmcam be converted to a tricyclic taxane through
the action of trinethylaxonium tetran:|luoroborate in nethylene chloride
solution. The product dial then reacts with |lead tetraacetate to provide
the corresponding C4 ketone. This ketone can be reduced to the al cohol

with a hydride reduci ngg agent such as sodi um borohvdri de and: subsequent
acetvl ati on proguces he @4« CS diacetate. 1 9 FEB 2804 46 3QIAELN
SCHEME 1-3 CAc nggF.--C:34

TMSQlim Hau

Ligmy

(2) HF, Pyridine, CH3CN

¥ cH
X4 X3 q
xs\ Il Qac¢
N Qi
|
|} I‘I H=

Ha =
Phcad

™
_}
ACQO

As shown 1n Reaction Scheme 12, Baccatin ITIT
may be converted into 7-fluorc baccatin III by traatment
with FAR at rocm temperature in THE solution. Ctherx
baccatin derivatives with a free C7 hydroxyl group behave
similarly. Alternatively, 7-chloro baccatin ITT can be



|/ HO11l- CAC O U Pn ACC O Ph--~ Hq T OAC Pb(QAcJa OAc HC1li. Recentljygagp 7004
hydroxyl ated taxane (14-hydroxy-10- deacetyl baccatin TIT) has been

di scovered in an extract of yew needles (C&EN, o 36-37, April 12, 1993).
Derivatives of this hydroxyl ated taxane having the vari ous C2, ca, etc_
functional groups described above may al so be prepared by using this

hydr oxyl ated taxane. |In addition, the Cl4 hydroxy group togecher with the
Cl hydroxy group of 10-DAB can be converted to a 1,2- carbonate as
described in C&EN or it may be converted to a variety of esters or other
functional groups as otherw se descriB&d herein in connection wth the C2,
G4, O and C._Q _subs |tuents 1 9 FEB 20D 4 7 The follow ng exanple is
provi ded to **”ar Y S3/ateetheo f noentaohn EXAMPEEN meggeinaUS; n~

TetrabutV]aﬁﬁmnlQM%QDChKﬁfﬂ&EEES@|@LJQ 1O afs hei ebhybsil el baccating ||
(100 ng, 0. 143 1mml)) J hl nl. of THE at -45 C was addgd drepwi se 0.7286 nL

of a 0.5 Msolution of 1 Hest tfn 20 excess of tristiylamine avdro-
chloride.

Taxanes having C7 acvleoxy substituents can be
prepared as set forth in Reac-ion Scheme 12a, 7,13-
protected 1l0-oxo-derivative 11 is converted to irts
corresponding Cl3 alkoxide by selectively removing the
Cl3 protecting group and replacing it with ammenium. The
alkoxide is then reacted with a B-lactam or othe® side
chain precurscr. Subsequent hydrolysis of the C7
Drotecting groups causes a mig*atior cf the C7 hydraxy
substituent to Cl0, migration-of the C10 oxo substituent
co €2, and migration aof the C9 acvloxy substituen: to C7.

A wide varisty of cricyclic taxanes are
naturally occurring, and through manipulations analogous
o those descxribed herein, an appropriate side chain can

r

be attached to the Cl3 oxygen of these subscances.
Alternatively, as shown in Reactrion Scheme i3, 7-0-
triethylsilyl baccatin III ean be converted to a
tricyclic taxane through the action of trimethyloxonium
tetrailuoroborate in méthylene chloride sclution. The
product diol then reacts with lead tetraacerate to
provide the corresponding C4 ketone. This ketons can be
reduced to the alcohol with a hydride reducing agent such

as sodium borohvdride and subsequent acetvlation produces
the C4, C5 dizcetate.




hexamet hyl di -silazide in toluene. After 15 rein, a solution of 16 ng 9 104
(0.143 noral) of anhydrous tetrinethyl - annonlun1chlor|de in 0.5 nL ﬁﬁ%ﬂ
was added. After an additional 7. h at -45 C, the m xture was marned to O
C and a solution of (.p) -cis-I-benzoyl-3-triethylsilyloxy-4-- henyl azeti
di -2 -one (82 ng, 0.215 mol) in 1 :[L of TH= was added dropwi se to the
m xture. The solution-was stirred at O Cfor 3 h_ before 1 :rtL of a 10%
solution of AcCE in THF was added. The m xture was partitioned between
sat urated agueous NaHCO, and 60/40 ethyl acetate/ hexane. Evaporation of
the organic layer gave a residue which yas purified by flash

chromat ography fol |l owed by recrystalllza?lon to give 134 ng (87% of

(2'R 3'S)-2", Tazfibrspiir cestind 9inl yl taxol. 1 B FEB 2004 48 CLAIMS 1. An

al koxi de having the fornula;, (3) wherein R_is hydrogen, hydroxy,
protected hydroxy or together wwth R, fornms a carbonate; R, is hydrogen,
hydr oxy, -OCOR31, or together with R, forns an oxo; R' is hydrogen or
together-with R forns2am oxo; R, is hydrogen, together witB*R forns an
0X0, OXirane or Q a

aTES

" H LIRS
HQin Mezoap“ GII

HO'IH-

HQ

ph_< Q QAc

C

Ol
~J

Recently a hydroxylated taxane {(l4-hydroxy-10-
deacetvlbaccatin III} has been discovered in an extract
of yew needles (C&EN, p 36-37, April 12, 1983).
Derivatives of this hydroxylated taxane having the
various C2, C4, etc. functional groups described above
may also be preparsd by using this hydroxylated taxane.
In addition, the Cl4 hydroxy group together with the C1
hydroxv group of 10-DAB can be converted to a 1,2-
carbonate as described in G&EN or it may be converted to
a variety of esters or other functional groups as
otherwise described herein in connection .with the C2, <4,
C% and ClQ substituents.



met hyl ene, or together with R and the carbon atons to which they aﬁ@?FEBZ%L
attached forman oxetane ring; R a is hydrogen, alkyl, al kenyl, alkyn
aryl, heteroaryl, cyano, hydroxy, -0COR2a, or together W th R, fornms an
oxo, oxirane or nethylene; R5 is hydrogen or together with RSa forns an
ox0, Rsa is hydrogen, hydroxy, protected hydroxy, acyloxy, together with
R5 forns an oxo, or together wwth R, and the carbon atons to which they
are attached forman oxetane ring; R6 is hydrogen, alkyl, alkenyl, alkynyl,
aryl, or heteroaryl, hydroxy, protected hydroxy or together with R6a forns
an oxo; Rsa is hydrogen, alkyl, alkenyly7 al kynyl, aryl, or heteroaryl,
hydr oxy, protected hydroxy or together with R6 fornms an oxo; R 1is
hydr ogen, hal ogen, prot&w etbhydv iy, ex&ifble 05 bogetlied wu tdexf E&dlaras an
oxo; R a is hydragen fpgether W wih R forms an oxo; R, is hydrogen or
together with R, fornms an 0xo; T TS hydr ogen, hydroxy, protected hydroxy,
acyloxy, or together wwth R fornms an oxo; R10 -is hydrogen or together
with Rioa forns an oxo; Ri b, is hydrsggmrfiydroxy, protected hydroxy,
-COOR,, or hggggh%gggét%J?rforns éﬁ‘ﬁ?ﬁ"‘l 9 FEB 2001 49 RL. is '
hydrogen, al Ky e : 1 gp_2L58¥E8&ryl, hydroxy, protected
hydr oxy or together wi Jo R éhﬂuuidh d&ﬂikﬁﬁi@tnﬁﬁs 1S hueragen, ralkyl

al kenyl, al kyayb, @Y. 195 mmol)) in 1 mi of TEF at -45 9C was added
dropwise 0.286 mL of a 0.5 M solution of paotassium
hexamethyldi-silazide in toluene. After 15 min, a
solution of 16 mg (0.143 mmol) of anhydrous tetramethyvl-
ammonium chloride in 0.5 mL of THE was added. Alter an
additional 1 h ac ~45 °C, the mixture was warmed to 0 °C
and a2 scluticn of (+)—cis-l-%énzoyl—E—triethylsilyloxy-4-
chenylazetidin-2-cne (82 mg, 0.213 mmol) in 1 mi of THF

was added dropwise to the mixture. The sclution was
stirred at 0 °C for 3 h before 1 mL @f a2 10% solution of
ACQOE in THEF was added. The mixcure was partitioned
between saturacsd acuecus NaHCO; and 60/40 ethyl acetate/
hexane. Evapcrziion of the organic layer gave a residue
which was purified by flash chromatograpﬁy followed by
recrystallization to give 134 mg (87%) of {2°'R,3'8)-2",7-
(bis)triethylsilyv]l taxol.



heteroaryl; R 6 is hydrogen, acyl, hydroxy protecting group; R29, R30 and
R31 are independently hydrogen, alkyl, alkenyl, alkynyl, nonocyclic1drkfB 2604
or nonocyclic heteroaryl; and Mis an al kyl ammoni um cont ai ni ng substituent.
2. The al koxide of claiml wherein R10, is -000R29. 3. The al koxi de of
claim1l wherein R9i is hydroxy, protectggd hydroxy or acyloxy. 4. The

al koxide of claim1 wherein R together with R9a forns an oxo0. 5. The

al koxi de Oéuﬁln@i m 1l wherein R2 is -OCOR31. 6. The al koxide of claim1
wherein RTT5-0COR30. 17. The al knxi.de of claim1l wherein R, is -0OCOR30
, RR is -OCOR, 1,. and R3. and R ; are as defined in claim1. 8. The

al koxi de of. cl dmalkekedeiavRngi sheridmofled hydroxy or - OR2, wherein Rea
is as defined in claiml. 9. The alkcctide of claim1l wherein Ra is
_-OCOR30 , R is -OCOR31, R is FAygsoxy; and R3a and R31 are as defined in
claim1l. 1C. The al koxide ofgclaign 9 wherein Rl0a is hydroxy, protected
hydr oxy or -QOCOR29; and"R 9 i%5/a sd,@gefi dinclaiml. 11. The al koxi de of
claim9 wherein R9a is" dtoxXy?,  protected hydroxy or acyl oxy.

12. The al koxi de of cla ' rRS. a tetral kyl anmoni um cont ai ni ng
substituent. 13. THeuwlRkoxi 1 aWnerei n Mis tetranethyl anmoni um
or tetrabutyl-anmoni um 9<The%al koxi de of claim 1 wherein

{3)

wherein

R: is hydrogen, hydroxy, protected hydroxy or together with
R,, forms a carbonate;

R, is hydrogen, hydroxy, -OCOR,,, or together with R,, forms
an oxo;

R;, is hydrogen or togetherrwith R, forms an oxo;

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

R,, is hydrogen, alkyl, alkenyl, alkynyl, aryl, hetercaryl,
cyano, hydroxy, -OCOR,,, or together with R, forms an oxo, oxirane
or methylene;

R 1s hydrogen or together with R,, forms an oxo,

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

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

Rsa, 1s  hydrogen, alkyl, alkenyl, alkynyl, aryl, or
hetervaryl, hydroxy, protected hydroxy or together with R, forms
an oxo;

R, is hydrogen, halogen, protected hydroxy, -OR,,, or together
with R,, forms an oxo; _

Ry, 18 hydrogen or together with R, forms an oxo;

R; is hydrogen or together with R,, forms an oxo;

Ry, 1is hydrogen, hydroxy, protected hydroxy, acyloxy, or
together with R, forms an oxo;

R, 5 hydrogen or together with R,,, forms an oxo;

Risa 15 hydrogen, hydroxy, protected hydroxy. =COOR,, or
together with R,, forms an oxo:



R10, is protected hydroxy or -OCOR2,, and R, together with R forrrs1@r|;EB 2004
oxo; R, is protected hydroxy; R, is -OCOR30 and R30 is alkyl ; R2

-OCOR31 and R31 is aryl; and R, is hydroxy. R29 is alkyl; 15. The aI koxi de
of claim1l wherein RlOa is hydroxy, protected hydroxy or acetoxy; R9
together with Rya fornms an oxo; R, is lggdroxy or protected hydroxy; R ,.

I s acetoxy; R2 is benzyloxy; and R_is hydroxy. 16. The al koxi de of claim

12 wherein RLlG,is bgdr(ﬁ?@g éntogggﬁﬁ Wafli@e,?}lloahfgi fln ox%}ainfj /]A-\2I S
hyd The e or.c aim

I o0en ek S8R St o AT R L T LKL 0T G
wher ei n $2TPER2ERIOR31 and R3, is aryl. 19. The al kcxi de of claim12

wherein R' i s RQGOR36, RBrdmgeml}cyRB, ailkenykyl abihyi®l. i samylyl. &0. The
-al koxi de metegbatyn;14 wherein Mis tet rarret hyl anmoni um or

tetrabutyl ammgni ym h?&ro e glcg@)él bgég@l g&ghé Rl0a is protected
hydroxy or - zm ,3? %tlndepeng tly hy ogeH,O 9ky1 alkenyl,
alkynyl, monocycllc aryl or monocyclic heteroaryl; and
M is an alkylammonium-containing substituent.

2. The alkoxide of claim 1 wherein R,;,, is -OQCOR,,.

3. The alkoxide of ¢laim 1 wherein R,, is hydroxy, protected
hydroxy or acyloxy.

4. The alkoxide of claim 1 wherein R, toggther with R,, forms an
oxc.

5. The alkoxide of claim 1 wherein R, is -OCOR,,.

6. The alkoxide of claim 1 wherein R,, is -OCOR,,.

7. The alkoxide of claim 1 wherein R,, is -OCOR,,, R, i8 -OCOR,,, and

Ry, and R,;, are as defined in claim 1.

8. The alkoxide of claim 1 wherein R, is protected hydroxy or -
OR,. wherein R,, is as defined in claim 1.

9. The alkoxide of claim 1 wherein R,, is -OCOR,,, R, is -OCCR,,, R, is
hydroxy; and R,, and R,, are as defined in claim 1.

10. The alkoxide of claim 9 wherein R,,, is hydroxy, protected
nydroxy or -OCOR,,; and R,, is as defined in claim 1.

11. The alkoxide of claim 9 wherein R,, is hydrogen, hydroxy,
vrotected hydroxy or acyloxy.

¥
12. The alkoxide of <¢laim 1, wherein M is a tetralkylammonium-
containing substituent.

13. The alkoxide of claim 1 wherein M is tetramethylammonium or
tetraburyi- ammonium.



R, is protected hydroxy; Rais -OCOR30 and R 0 is alkyl; R2 is -OCOR31 and
R=1is aryl; and R is hydroxy. R29 is alkyl; 22. The al koxide of clldifhB12N
wherein R1,. i-s hydroxy, protected hydroxy or acetoxy; R9 together with
R, fornms an Oxc; R, is hydroxy or protected hydroxy; 1 9 F E B 2004 51 Rda
is acetoxy; R is benzyloxy; and R, i;4s hydroxy. 23. The al koxide of claim
19 wherein R, is hydrogen or protect ea hydr oxy. 24. The al koxi de of claim
19 wherein R, s hydro r.lower, acyloxy. 25. The al koxide of claim19
wher ei nellﬂ i%’eh)?z%%’e%e %%ntcgaé'f‘hgewh%et" R,, forms an oxo and R ,, is
hydrogen or tFeget HePrQaTh eR1 DY IFSHMOTanO8 Ry 2874 Ras dlskakkyler havi ng t he
formul a wher é;ntogetiher- @CEXHY, oformBTan dxoi s a hydroxy protecting group T.
I's a hydroxy Rr o 6xidregr 84 OMrdRy ;i S phenyl_, Ac is acetyl, and

R.,. is -0OCOR,, and R;, is alkyl;

R; is -OCOR,;, and R;, is aryl; and

R; is hydroxy.

15. The alkoxide of claim 1 wherein
Ripa 15 hydroxy, protected hydroxy or acetoxy;
R; together with R,, forms an oxo;
R, is hydroxy or protected hydroxy;
R.,» i85 acetoxy;
R, is benzyloxy; and
R. 1s hydroxy.

16. The alkoxide of claim 12 wherein R,, is hydrogen or together
with R,,, forms an oxo and R, is hydrogen or together with R,
forms an oxo.

17. The alkoxide of claim 12 wherein R,, is -OCOR,, and R,  is
alkyl.

18. The alkoxide of claim 12 wherein R, is -0OCOR,; and R,, 1is
aryl.

1%. The alkoxide of claim 12 wherein R,, is OCOR,,, R, is -OCOR,,, R,
18 alkyl and R,., is aryl.

20. The alkoxide of claim 14 wherein M is tetramethylammonium or
tetrabutylammonium.

2l. The alkexide of claim 19 wherein
R,;a is protected hydroxy or -OCOR,, and R,, is alkyl;
R, tegether with R,, forms an oxco;
R, is protected hydroxy;
R, 18 -OCOR;, and R,, is alkyl;
R, is -OCOR,, and R,, is aryl; and
R. is hydroxy.

22. The alkoxide of ¢laim 19 wherein
Ris. ¥5 hydroxy, protected hydroxy or acetoxy:
Ry together with R, formes an oxXo;
R, is hydroxy or protected hydroxy;



Mis an al kyl ammoni um cont ai ni ng substituent. 27. The al koxi de of cl diqwwEbn
wherein Mis a tetral kyl ammoni um - contai ni ng substituent _

51
R,, 1s acetoxy;
R; is benzyloxy; and
R; is hydroxy.
23. The alkoxide of claim 19 wherein R, is hydrogen or protected

hydroxy.

24. The alkoxide of claim 19 wherein R,,, is hydrogen or lower
acyloxy. ‘

25. The alkoxide of claim 1% wherein R,, is hydrogen or together
with Ry, forms an oxo and Ry, is hydrogen or together with R,

forms an oxo.

26. An alkoxide having the formula

R =111

wherein

Z is ~OCOCH, or -0OT,,

T, is a hydroxy protecting group

T. is a hydroxy protecting group

Ph is phenyl,

Ac is acetyl, and

M is an alkylammonium containing substituent.

27. The alkoxide of claim 26, wherein M is a tetralkylammonium-
containing substituent.



