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NOVEL METHODS FOR THE PREPARATION
OF_TAXANES USING OXAZOLIDINE INTERMEDIATES

The present invention relates to novel
oxazolidines which find utility as intermediates in
the preparation of C-13 acyloxy sidechain-bearing
taxanes such as paclitaxel and analogs thereof.

The present invention also relates to novel methods
of preparing the oxazolidines, as well as to novel .
methods of coupling the oxazolidines to form the
aforementioned sidechain-bearing taxanes.

Taxanes are diterpene compounds finding
utility in the pharmaceutical field. For example,
paclitaxel (Taxol®), a taxane having the structure:

55 OAc
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where Ph is phenyl, Ac is acetyl and Bz is benzoyl,

has been found to be an effective anticancer agent.
The compound taxotere, having the following
structure, has also been reported for anticancer
use:
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The conpound taxotere, having'the fol |l ow ng structure, has al so been

reporit el for anticancer 25 use: . -2-
[err] - . Nat ural |y occurrlng t axanes such as pacl i taxel may
be found in plant materials, and 5 have been isolated therefrom Such
t axanes nmay, however, be present in plant materials in relatively
smal | anmpunts so that, in the case of _Raclitaxel, -for exanple, large
nunbers of the slow growi ng yew trees“form ng a source for the
conpound 10 nay be requiréd The art has thus continued to search for
synthetic, including sem-synthetic vroutes for the preparation of
natural |y occurring t axanes such as paclitaxel, as well as routes for
t he preparation of pharnmaceutigal |y useful anal ogs 15 thereof. In
particular, efficient nethods or the addi tH@Qn offa CQB acyl oxy
sidechain to a taxane cor re sought as the MN.esk
acyl oxy si dechain ?'Fhi%ﬁ‘?s phaNhfac ogiogl ac
taxane nore readily.converted to pne 2 havi )y
activity. The Pre: |m9.
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Naturally occurring taxanes .such as

paélitaxel may be found in plant materials, and

5 have been isolated therefrom. Such taxanes may,
however, be present in plant materials in
relatively small amounts so that, in the case of
paclitaxel, for example, large numbers of the slow-
growing yew trees forming a source for the compound -

10 may be required. The art has thus continued to
search for synthetic, including semi-synthetic
routes .for the preparation of naturally occurring
taxanes such as paclitaxel, as well as routes for
the preparation of pharmaceutically useful analogs

15 . thereof. 1In particular, efficient methods for the
addition of a C-13 acyloxy sidechain to a taxane
core are sought as the presence of the C-13 acyloxy
sidechain imparts pharmacological activity or
provides a taxane more readily converted to one

20 having such pharmacological activity.

The present invention provides novel
oxazolidine compounds useful as intermediates for
25 the preparation of C-13 acyloxy sidechain-bearing
taxanes. Novel methods for coupling the
oxazolidine intermediates of the invention with
taxanes'containing a hydroxyl group directly bonded
at C-13 to provide the afo:ementioned C-13 acyloxy



oxazol i di ne conmpounds useful as internediates for 25 the preparation of

C-'13 «acdyl oxy. si dechai n- bearing taxanes. Novel nethods for coupling the
oxazolidine interimedi ates of the invention with t axanes containing a
hydr oxyl group directly bonded at G 13 to provide the aforenmentioned

C- 13 acyl oxy - 3- ,

si dechai n- bearing taxanes are al so providpg,_as are -; nethods of
prepari ng the .novel oxazolidines of the present invention.

In particular, novel oxazolidines of the 5 fornmulae.l and Il are provided:
R5 R6 [err] 10 ° where Rlerr] is hydrogen,

aryl carbonyl, al koxygachaiilbeéring taxanes arkyhtsé oFilided, aBl 8FEl ™ 1S

hydr ogen, aryl carbonyl: .al kgxycarbonyl or 15 a carbonyl, with the
provi so t hat R[errfgxhgds of gfepqﬁﬁaa(Qﬁ?—BGYS}y%%??ﬁi%H1QHﬁaﬁféFbPr] i's
aryl ; present invention.

In particular, novel oxazolidines of the
5 formulae I and II are provided:

R® RS
N 0 o
R? fcozlz4
H OR?
R! X
Y 0 m
R? fC02R4
-10
where
Rl is hydrogen, arylcarbenyl, alkoxycarbonyl or
alkylcarbonyl;
Rl* is hydrogen, arylcarbonyl, alkoxycarbonyl or
15 alkylcarbonyl, with the proviso that R1l* is

not tert-butoxycarbonyl when R? is aryl;
R2 is aryl, heterocyclo or alkyl;
R% is hydrogen, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl, or heterocyclo;

20 RS and R® are (a) each independently alkyl; or (5)
together with the carbon atom to which they
are bonded, form a cycloalkyl, cycloalkenyl or
heterocyclo group; and

R8 'is alkyl or aryl;



Rlerr] is aryl, heterocyclo or alkyl; R4 is hydrogen, alkyl, alkenyl,

at kypyk, aryl, cycl oal kyl, cycl oal kenyl, or heterocyclo; 20
Rlerr] and Rlerr] are (a) each independently al kyl; or (b)

together with the carbon atomto which they are bonded, forma
cycl oal kyl , cycl oal kenyl or het erocycl o group; and , R8 is al kyl
or aryl; Y : " and salts

t her eof . The novel oxazolidines of the present i nvention are
useful as internediates i the preparation of C 13 acyl oxy

si dechai n-bearing 5 taxanes such"as paclitaxel and anal ogs thereof.

Thus, the present i'nventigqy fdyithetneiayedes novel . nethods for.coupling
the intermediates of the formulae | _and Il with a taxane containing a

hydroxyl group directly DEMRIGPVAL €x§5°ibdkﬁﬁﬁuQﬁaPH9 PEeEsNEcy| oxy
si dechai n- beari ng imeémciorfardhasefulf k! ivddhddiatelsaixl thel err]
Tkl o onyt ke ARt o 693 Beptbuy MARHAIRRksng L o
moi ety directly bdrakahes SﬁchBasfpacllsaxdlnnmbﬁmﬁlegapthageqﬁy be achi eved
ibﬁvggtei on gﬁ‘t hodspides Cr e Grledlehe i Afendfon further' BrBveaeslAdLgENt of the
’ ' methods for coupling the intermediates of the
formulae I and II with a taxane containing a
hydroxyl group directly bonded at C-13 to provide
10 C-13 acyloxy sidechain-bearing taxanes of the
following formula VI:

RINH

R? O-T
OH

15 where Rl is hydrogen, arylcarbonyl, alkoxycarbonyl
or alkylcarbonyl; R2 is aryl, heterocyclo or alkyl;
and T is a taxane moiety directly bonded at C-13 of
said moiety. Coupling may be achieved by the
methods described following.

20 In one embodiment of the invention, a
cémpound of the formula VI or salt thereof may be
prepared by a method comprising the steps of:

(a) contacting a compound of the
following formula III or salt thereof:



conpound of the formula VI or salt thereof may be prepared by a nethod
conmprd sing the steps of: (a) contacting a conpound of the
following formula Il or salt thereof: 25 :

-5- [err] with a conpound of the following fornmula IV:

in the presence of a coupling agent, to forma conpound of the
followng formula V or salt thereof: 10 _ . S [err]

' RS RS
R! X
N o

- R? CO,H

with a compound of the following formula IV:
5 HO -T (IV),

in the presence of a coupling agent, to form a
compound of the following formula V or salt

thereof:
10
R RS
R! X
N o ™)
R? . t co, -T
where R1, R2, R5, R6 and T are as defined above;
and
15 (b) contacting said compound of the

formula V or salt thereof with a ring-opening agent
to form said compound of the formula VI or salt
" thereof. Each of the steps (a) (when Rl is R1*)
and (b) of this method are themselves novel
20 methods. Aadditionally, the compounds of the
formulae III and V and salts thereof are novel when
Rl is R1*. '



where R err], Rerr], Rerr], Rerr] and T are as defined above; and 15
(b) « w~contacting said conpound of the formula V or salt thereof with a
ri ng-.openi.ng agent to formsaid conpound of the fornmula VI or salt

t hereof . Each of the steps (a) (when Rerr] is Rerr]*) and (b) of this
met hod are thensel ves novel 20 nethods. Additionally, the conpounds of the
formulae Il and V and salts thereof are_ngvel when -*; Rerr] is Rerr]*.

- 6- Compounds of the formula Il include conmpounds of
the formula.l where R4 is’ hydrogen. A conpound of the formula | where
Rlerr] is other than hydrogen may be converted to a conpound of the 5

formila |1 where Rierr] tmshiidd otnd EBYALLECHPOUncludedmDr i Sing the

step of hydroly2|ngosald conmpound of t he fornmul ere R4 is_other

t han hydrogen to mpgyRds QiQhﬁnﬁ&ﬁﬁﬁléfItﬂ%¢¥?ﬂ3ﬂﬂ¥§ droggp. A
conpound capabl e otompbendisf tHee ﬂwdmhysn where e JJsDothlm'l enad as the

Such ab " aqueoulYReaTEn Ak he, GPHVeRLES Qﬁy%g'%# el o R o
hydroxi de, or gt ef éoupnia hllkathertee 3| is Rl m@xnavslsnetm:t lithium
sodi um or pot assi UBkdgr; SYEY %)J'EP h??i-oﬂrifhg"‘ éﬁ%ﬁ chnguhﬂﬁsoE

carboxylic acid salf of a conp r mul rther contact

with an acid, prefEPSbﬁ?r@PIa Ilﬂhﬁﬁﬁa aéFd°§ﬁ%ﬁ %H§Q%§¥drﬁﬂﬁﬂlﬂes a
conmpound of t heotar said ddxﬂpcmﬁr efRéhteSfbmhmaln thanyl s, 20 which

where Rierr] i of FaTPYW, CHbdnit 3#P eerece LRINHG i}vea%oa%@%siﬁéﬁ‘;ﬁ%né! ogous
to those ik hodmpﬂexedlamctﬂaerhydm'oﬂ.yzlnceammar Blepplay conpounds
g;bggfngg{”giatLgll foqﬁErJgédEsRhﬁEihde ddueous bases' BudRohBer

aqueous hydroxides (e.g., metal hydroxides such as

barium hydroxide, or preferably, alkali metal

hydroxides such as lithium, sodium or potassium

15 hydroxide). Contact with a base provides a
carboxylic acid salt of a compound of the formula
III. Further contact with an acid, preferably a
mineral acid such as HCl, provides a compound of
the formula ITI where R4 is hydrogen, that is,

20 - which contains a free carboxylic acid group.
Compounds of the formula III where R! is other than
R1* may be prepared by methods analogous to those
methods described herein for the preparation of
compounds of the formula III where Rl is R1*.

25 In another embodiment of the invention, a
compound of the formula VI or salt thereof may be
prepared by a method comprising the steps of:

(a) contacting a compound of the
following formula VII or salt thereof:
30



conpound of the formula VI or salt thereof may be prepared by a nethod

canprsi St ng the steps of: (a) contacting a conpound of the
following formula VII or salt thereof: 30 _
7 [err] with a conpound of the following fornmula IV:
in the presence of a coupling agent, to forma conmpound of the
followng formula VIII .or salt t her eof . [err] 10
where R1, R2, R8 and T are as defined abovg “and (b)
contacting sald conpound of the
H OR®
R! )& -
\Nj 0T (VD
R? CO,H

with a compound of the following formula IV:
5 HO"T (IV):

in the présenée of a coupling agent, to form a
compound of the following formula VIII or salt

- thereof:
10 -
H OR®
Rl
N 0 (VIID)
R? CO,-T

where R1, R2, R8 and T are as defined above; and
(b) contacting said compound of the
15 formula VIII or salt thereof with a ring-opening
agent to form said compound of the formula VI or
salt thereof. Each of the steps (a) and (b) of
this method are themselves novel methods.
Additionally, the compounds of the formulae VII and
20 VIII and salts thereof are novel.
Compounds of the formula VII are compounds
of the formula II where R4 is hydrogen. A compound
- of the formula II where R4 is other than hydrogen
may be converted to a compound of the formula VII



15 formula VIl or salt thereof with a ring-opening agent to formsaid

conpourid of the formula VI or salt thereof. Each of the steps (a) and
(b) of -this method are thensel ves novel nethods. Additionally, the
conpounds of the formulae VII and 20 VIII and salts thereof are novel.
Compounds of the fornula VII are conpounds of the fornula Il where R4
I s hydrogen. A conpound of the formula,ll where R4 is other than
hydr ogen may be converted to a conpoﬁna of the fornula VII
- 8- ‘by a novel nethod conprising the step of hydrol yzi ng said
compound of the forpula Il where” R4 i s other than‘hydrogen to form said
conmpound of t for ' f QﬁﬂRP of the 5
formula Il to formhsya %&%{')é}ﬁﬂé&iﬁ&ﬁﬁk%%?g&%lfe na%?be conduct ed as

- described above foiYrRlyzing,gadd yompoundaof othp finrmerla #E wherel a | where
R4 is other theh {yB0EEN dhad B drageR e Urkkwisdil®e compoliganygka 11. 10

Th ' f th |j nb h
o lowes orr]che Portie gk [\ ayapolpRES Ohca SomBring. BBFE on car bon

15 atons, the dxazfbdrmiile IDrhgooficdm af coinpodnd m ahd formaldd VEImay exi st
as the four stereq rﬁﬂ"%dfﬁgﬁgﬁd ak' BeskPiBla'ddbve G chC and Id or 1ld,

respectively, as follows: |
hydrolysis of a compound of the formula I where R%

is other than hydrogen to form a compound of the
formula III.

10 The ring of the present oxazolidine
compounds is numbered herein as follows:

2

N\

3n o1

4 5
With respect to the 4- and 5-position carbon
15 atoms, the oxazolidine cpmpounds of the formulae I
and II may exist as the four stereoisomers Ia or
ITa, Ib or IIb, Ic or IIc and Id or II4d,
respectively, as follows:

CO,R* CO.R?

20 (Ia)
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stereochem stry of taxanes may affect

is desirable to

10

[err] 5

‘As t he

their pharnmaceuti cal
-9 -
. RS RS H  OR®
RY )« R! )&
N o Y o
R?":S—""<:‘ . R?":S————4<~’ .
CO,R CO.R'
(b) (IIb)
RS RS H ORS
RY X R! X
SN o Y o
‘..-'L Y o e,
2 \“\\‘ '9)4 2 \\\\‘ '9,’
R Yco,r* R % coR*
dc) . (IIc)
H OR#
Rl
N 0
2 “,
R % coR*
(Id)

As the stereochemistry of taxanes may affect

their pharmaceutical activity, it is desirable to

employ oxazolidine intermediates which will provide

the final taxane product with the stereochemistry

sought.

While the use of stereoisomeric mixtures

of a compound of the formula I or II is
contemplated herein, the use of a single
stereoisomer providing the desired stereochemistry
in the final-product may achieve a more efficient

activity,

It



enpl oy oxazolidine internediates which will provide the final taxane
proeduct: wth the stereochem stry 10 sought. While the use of

st ereoi sonmeric m xtures of a conmpound of the forrmula I or Il is

contenpl ated herein, the use of a single st ereoi somer providing the
desired stereochem stry in the final product nmay achieve a nore
efficient - 10 --; use of the
starting materials and | ess conplicated ~ 10s"eparation and purification

pr ocedur es. 5 “The present invention is described further as
fol | ows. . The ternms "al'kyl"™ or "al k", as useéed herein al one or

t of t her... , . ' [ s k ght d
o erea oo, 6"l 4B, M e g AL LOEL Vet Ui WesihpsShegiont one

branched chain 10 safurat:é “bon “groups, pr a
12 carbons in the fePagAtiomiand puadfigayion preeedines.ut ed such groups

I ncl ude et hyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyL,

pentyl, hexyl, isohexyl, heptyl, 4,4- 15 dinethyl pentyl, octyl,
2,2,4-trinethyl pentyl, nonyl, decyl, undecyl, dodecyl and the Ilike.

Exenpl ary substS tuents nephe nmtegbntorimventioneisfdescriberi ffurdtherng gr oups:

hal o, al koxy, al kylL hj al kenyl, al kynyl, aryl, cycloal kyl,
cycl oal kenyl, 20 hé%r%§%l%wsbrotected hydr oxy, carboxyl (-

al kyl oxycar bonyl, al kyl caFhertemns ,"addyddney| "alk® (@ -u5E9 ,hearmzino' (- NH2) ,
nmono- or dial kyl an)gne Obr as gdtOlof( afbther group, denbt@ terms [ower alk

or "lower alkyl", as,25 used note sy ubst |t uted

herein, d h opt |l
groups as descri beBPEHERAL Y% S quﬂguﬁéarnﬁtﬁa%%h%gg“i%ggpﬁﬁﬁaaF %in the

normal chain. 10 saturated hydrocarbon groups, preferably having 1
to 12 carbons in the normal chain. Exemplary
unsubstituted such groups include methyl, ethyl,
propyl, isopropyl., n-butyl, t-butyl, isobutyl,
pentyi. hexyl, isohexyl, heptyl, 4,4-

15 dimethylpentyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl, dodecyl and the like.
Exemplary substituents may include one or more of
the following groups: halo, alkoxy, alkylthio,
alkenyl, alkynvyl, aryl, cycloalkyl, cycloalkenyl,

20 hydroxy or protected hydroxy, carboxyl (-COOH),
alkyloxycarbonyl, alkylcarbonyloxy, carbamoyl
(NH2-CO-), amino (-NHz), mono- or dialkylamino, or
thiol (-SH). .

The terms "lower alk" or "lower alkyl®, as

25 used herein, denote such optionally substituted
groups as described above for alkyl having 1 to 6
-carbon atoms in the normal chain.

The terms "alkoxy" or *alkylthio®, as used
herein, denote an alkyl group as described above

30 bonded through an oxygen linkage (-0-) or a sulfur
linkage (-S-}, respedtiéely. The term
*alkyloxycarbonyl®”, as used herein, denotes an
alkoxy group bonded through a carbonyl group. The

. term 'élkylcarbonyl', as used herein, denotes an



The terns "al koxy" or "alkylthio", as used - herein, denote an al kyl
gfFoup as descri bed above 30 bonded through an oxygen |linkage (-O) or a

sul fur - linkage (-S-), respectively. The term al kyl oxycar bonyl ", as
used herein, denotes an al koxy group bonded through a carbonyl group.
The term "al kyl carbonyl ", as used herein, denotes an

- 11 - al kyl group bonded through_3§9qrbonyl group. The term
"al kyl car bonyl oxy", as used herein, denot an al kyl car bonyl group

whi ch is bonded through an oxygen |inkage. The terns "nonoal kyl am no"
or 5 "dialkylamno" denote an am no group substituteéed by one or two

al kyl groups as de i td v ) . term
"al kenyl ", as usedéﬁggfgr%%\r%ngred thfggegaértﬁg%ogﬁ’&tﬁg?ugfou‘gﬁgdenot es
such optional |y 10t€¥Bst3tkulcRrPosydoxys . S ek hersing depotes ramer
contai ning at | easilRPEce&BdIYL lgeoup’ WRDCHO0L® Konded Rerdughxenpl ary

substituents include one pr ,nore al kyl groups ,as .described above,

and/ or one or m)reoxygerbr%d'ﬂgag&éscFpﬁegegﬂ%vénodgo%??}lméﬂﬂstPfuents. 15

The term "al kydyl " *diasligskhina*eidenakenanoamino groumisubstitntedeby gr oup,

denotes such optiogal!yy ¢ o%ilﬁ;tli g%gﬁggggu&é:s P Ghibegd for al kyl,
ca

further contai ning at |east on on to carbon triple bond.
Exenpl ary substit ERSRESHEYeYe one or nore 20 al kyl groups as descri bed

above, an?/or one or norerhe téﬁhpUngﬁQ?QPlb&@ WY hereidl lglbneulst i tuents.
e LT oyoL o8l ul onde J Shele! BeBLer “aenarel ANl BEESHO TR <),
ring 25 systen) psebstihited groapsi ag described figer aldyd, furtbey carbons
Dot ohnty =GR or ceSiiEid 1t e, sBirbuSbayn By gD oe
bond. Exemplary substituents include one or more
"alkyl groups as described above, and/or one or more
groups described above as alkyl substituents.
15 The term *alkynyl®, as used herein alone or
as part of another group, denotes such optionally
substituted groups as described for alkyl, further
containing at least one carbon to carbon triple
bond. Exemplary substituents include one or more
20 alkyl groups as described above, and/or one or more
groups described above as alkyl substituents.
The term *"cycloalkyl®", as used herein alone
or as part of another group, denotes optionally
substituted, saturated cyclic hydrocarbon ring‘
25 systems, preferably containing 1 to 3 rings and 3
to 7 carbons per ring. Exemplary unsubstituted
such groups include cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl, cyclododecyl, and adamantyl. Exemplary
30 substituents include one or more alkyl groups as
described above, and/or one or more groups
described above as alkyl substituents.
The term "cycloalkenyl®", as used herein
alone or as part of another group.idenotes such



cycl odecyl, cycl ododecyl, and adamantyl. Exenplary 30 substituents include
one'or 'for-e al kyl groups as descri bed above, and/or one or nobre groups
described above as al kyl substituents. The term "cycl oal kenyl "
as used herein al one or as part of another group, denotes such

- 12 - optionally substituted groups as described above for
cycl oal kyl, further containing at |east one carbon to carbon doubl e
bond formng a partially unsat ur at ed” r%%u; Exenplary substituents
include 5 one or nore al'kyl groups as described above, and/or one or
mor e groups descrlbed above as al kyl : substituents.- The
terms "ar" or aryl, ?ﬁﬁiﬁ I not her -group,
denote 10 optionall subst | 3{] g#ggacg?@éér oaﬁssat#%rc%r %& aBo

pref erably contain|£3r1F¥ﬁlqﬁlkMHgsf&ﬁﬁhsrtépnﬁalnmng at leasboqae Exenpl ary

unsubstituted such gapbes to cdﬁh@hﬂ@@uﬁﬂénméndtﬁd¥ﬁ%ﬁ6 ?QQtEQP yhyl
Exenpl ary substjtuents ingclude one or fn referab three_ 15 or

fewer, nitro groupsEFRIF3HLIINgas FEERP St&EH@EtsaﬁBF6F &r oups
descri bed above &s ahé&ydr moresw:kyllt geoups as descrlbedTbboiIEE Mand/or

dendtes an aryi 20 oy aut. grovgl, MEetioRt ddle feo8IRA Calbonyi

group. 1$Eb$%#¢ﬁﬁﬂkﬁfwocyclo" or "heterocyclic", as used
herein al one or as part ofTﬁgugéymg 3aRUPor *arfPNOlR YldORakkYn
substituted, fully s©$urated or gnsaturated aromati c or non-aronatic
cyclic groups - ar%?é’Ftoﬁ ARPERSKIHPUPn dEeNnPESst one ring,

preferably nonochImptmndimdubstgtuupd homdwslig Sremaﬁlatgﬁaupgl each
ring. The heter Ocy;éf’efera f%%n%ﬁ{umﬁ&r eélar?ﬁlg‘ﬁgﬁégfi 6%ko 15”%%16” at ons,

1 30 or 2 sulfur nrtroge
- carbons. Exemplary unsubstituted such groups

include phenyl, biphenyl, and naphthyl. Exemplary
substituents include one or more, preferably three

15 or fewer, nitro groups, alkyl groups as described
above, and/or groups described above as alkyl
substituents.

The term *arylcarbonyl®, as used herein
alone or as part of another group, denotes an aryl

20 group as described above bonded through a carbonyl
group.

The terms “heterocyclo" or *"heterocyclic®,
as used herein alone or as part of another group,
denotg optionally substituted, fully saturated or

25 unsaturated, aromatic or non-aromatic cyclic groups
having at least one heteroatom in at least one
ring, preferably monocyclic or bicyclic groupé
having 5 or 6 atoms in each ring. The heterocyclo
group may, for example, have 1 or 2 oxygen atoms,.1

30 or 2 sulfur atoms, and/or 1 to 4 nitrogen atoms in
the ring. Each heterocyclo group may be bonded
through any carbon or heteroatém of the ring
system. Exemplary heterocyclo groups include the
following: thienyl, furyl, pyrrolyl, pyridyl,



the ring. Each heterocyclo group may be bonded 't hrough any carbon or

het ‘er.odt om of the ring system Exenplary heterocycl o groups include the
follow ng: thienyl, furyl, pyrrolyl, pyridyl, _

- 13 - i m dazolyl, pyrrolidinyl, piperidinyl, azepinyl,

i ndol yl, isoindolyl, quinolinyl, isoquinolinyl, benzot hi azol yl ,
benzoxazol yl, benzi m dazol yl, benzoxaf%qgolyl, benzof urazanyl, and
especially, 5 tetrahydropyranyl (e.g. 3- trahydropyranyl). Exenpl ary
substituents include one or nore al kyl groups as descri bed above,

and/ or one or nore . groups descri bed *above as al kyl" substituents.

" s . " ' i t of
another group, _deniracazdfyfy pAtdiSHickd, BERELIMANNC eriiylil!- O
The term "taxane mdPEPIYL, aksqindelydneigyinolinybncisesuimodiingd  cont ai ni ng
SUbst it uted and whe o Ly ez o B T The i ng
zysféhfgagregp. Su %nﬁ8¥%${%2?#¥;ﬁ n&ﬁ%Hié?%P¥;' ang jgspecidddyat t he 4-
and 5-positionsy auétaghﬁmromgﬂgﬂyiﬂ(e.QoubLEetth#drdprahyﬁa11Ta2dtgiif,
S;J ;Qane" , aZsalrjge]::lOﬁgglél#%?ﬂggérﬁs?é%enﬁég%éﬁ%% ro?ge'ntogi HW:& glﬁiane noi ety
as descri bed agBoeps B degqribed) abg¥el oayd AMni exieaion- Mezei ng 25
taxane”, as used hgighps dIEHied ABBYENES alkyL YUrAt1ci@ntst axane noiety
as described above, , The terms "halogen' or *halo", as used
10 herein alone or as part of another group, denote
chlorine, bromine, fluorine, and iodine.
The term *taxane moiety®, as used herein,
denotes moieties containing the core structure:

10 9(:“3

15 CH,
which core structure may be substituted and which
may contain ethylenic unsaturation in the ring
system thereof. Such moieties having an oxetane
ring fused at the 4- and S-positions, and an

20 ethylenic double bond between C-11 and C-12, such
as are found in paclitaxel, are preferred.

The term “taxane®”, as used herein, denotes
compounds containing a taxane moiety as described
above. The term "C-13 acyloxy sidechain-bearing

25 taxane", as used herein, denotes compounds
containing a taxane moiety as described above,
further containing an acyloxy sidechain directly
bonded to said moiety at C-13 through the oxygen of
the oxy group of the acyloxy substituent.

30 The term *hydroxy (or hydroxyl) protecting
group”, as used herein, denotes any group capable



further containing an acyl oxy sidechain directly bonded to said noiety

at’ 'C+13 t hrough the oxygen of the oxy group of the acyl oxy -substituent.
30 X The term "hydroxy (or hydroxyl) protecting group", as used
herei n, denotes any group capabl e -

14 - of protecting a free hydroxyl group which, subsequent to .
the reaction for which it is enpl oyed, ,may be renoved wi‘t hout
destroying the remai nder of the nDIecaﬁe. Such groups, and the 5
synthesis thereof, may be-found in "Protective G oups in Oganic

Synt hesis" by T.W Geene, John - W ley and Sons, 1981, or Fieser &

Fi eser. Exenpbar prbrdEplty 1AL RGBT, : |
met hoxynet hyl , 1-et hg?(sget h%I , qér)ret %y- 1- o%gﬂng?%wg. yT," benzyl oxynet hyl ,
([err]-trinmethyl si FYPSCAUent ki kagaRion: EoraWpiFb bl didyl, 2,2, 2-tri -
fh! or Ioet hox%/ﬁar bonginploybal ymé:dllﬁéwe:ranlz_ oveid %llli_thgtllt dé;‘{tihzﬁiﬁiﬂgtsﬁhﬂ s

ri chl or omet hoxyca n - ri r oet hoxyme
The term "salt" aggﬁgéladﬁgr 'lfﬁu?? TQlerade. g&aﬁ?t%r%% @t"&aﬁ"@ and/ or

i norgani ¢ aci d55 andynthesisptherxeof, may be foufidiein erPodtaeylive as used
herein al one or asg a éﬂg% # " t.£5 i formed by
20 removal of the E?g?gx§# 6%%up ?§ﬁ¥?ﬁ%E8roﬁgn?égoﬁﬁggnggfSéﬁnorganic
car boxylic acid. & F%rﬂ?daégﬂﬁnqﬁqslr Ora¥1gsed hdfi@seral one or as part of
?Rot heL gr oup, E;aemplssyawigw&%qweaeiﬁgsgf%w iQQ?.YzaebOPded

rough an oxygen - g2 _Preparation o

Oxazol i di nes o théégﬁggﬁhéthyf' 1 ethoxyetgg}nu}eﬁ?éﬂaﬁﬂiqﬂ The

oxazol i di nes t heetByherhel, hengvloxymethyd. sftbrimeshydsidny-be prepared

starting with a 30ceRoRPruachy!, Wikl iodbPaidl ™ 2,7 eri-
chloroethoxycarbonyl, t-butyl(diphenyl)silyl,
trialkylsilyl, trichlofomethoxycarbonyl, and 2,2, 2-

trichloroethoxymethyl.

15 The term "salt®, as used herein, includes
salts with organic and/or inorganic acids and/or
bases. '

The term *acyl®, as used herein alone or as
part of another group, denotes the moiety formed by
20 removal of the hfdroxyl group from the group -COOH
of an organic carboxylic acid. The term *acyloxy*,
as used herein alone or as part of another group,
denotes an acyl group as described above bonded
through an oxygen linkage (-0-).

P . X 1lidi £ t]
Formulae I and II
The oxaquidines of the formulae I and II
and salts thereof may be prepared starting with a
30 compound of the following formula i:



- 15 - [err] where R err] is hydrogen, arylcarbonyl,

at koxytarbonyl or al kyl carbonyl; Rferr] is aryl, heterocyclo or alkyl;
5 Rerr] is hydrogen, alkyl, alkenyl, alkynyl, aryl, cycl oal kyl ,
cycl oal kenyl or heterocyclo; and where R3 is hydrogen or the group
Rlerr], where Rlerr] is the group: [err] where R err] and
Rlerr] are as defined above, and R7 is _ 5al_kyl or aryl. Conpounds of the
formula i nmay be prepared as describe&'ln, or by nethods anal ogous 15
to those described in, U-S. Application Serial No. 07/ 975, 453, filed
Novenber 12, 1992 (Attorney Docket No. LD54), or U S. Application
Serial No. 08/ 263, 869, filed iyﬂﬁi21, 1994 (Attorhey Docket . No.
LD68), or as described bel ow. 20 CdApounds of the fornula | and
salts thereof may be prepared frgm conppunds of the formula i and
salts thereof where R err] is Rer vel methodd conprising the
step of contacting said conpougdl OR*

OR3

where Rl is hydrogen, arylcarbonyl, alkoxycarbonyl
or alkylcarbonyl; R2 is aryl, heterocyclo or alkyl;
5 R%'is hydrogen, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl or heterocyclo; and where
R3 is hydrogen or the group R3P, where R3P is the

group:

10 - - OR’

where RS and R6 are as defined above, and R7 is
alkyl or aryl. Compounds of the formula i may be
prepared as described in, or by methods anaiogous

15 to those described in, U.S. Application Serial No.
07/975,453, filed November 12, 1992 (Attorney
Docket No. LDS4), or U.S. Application Serial No.
08/263,869, filed June 21, 1994 (Attorney Docket

' No. LD68), or as described below.

20 | Compounds of the formula I and salts thereof
may be prepared from compounds of the formula i and
salts thereof where R! is R1* by a novel method
compriéing the step of contacting said compound of
the formula i or salt thereof with an acid

25 catalyst, and additionally, where R3 in said
compound of the formula i or salt thereof is
hydrogen, with a compound of -the formula ii or iii
described following. The aforementioned compounds



the formula i or salt thereof wwth an acid 25 catalyst, and additionally,
where 'R3 in said conmpound of the formula i or salt thereof is

hydrogen, with a conpound of-the formula ii or iii descri bed foll owi ng.
The af orenenti oned conpounds . - 16 -

of the fornulae ii and iii have the follow ng structures; .[err]

where R err], Rerr] and Rlerr] are as defined above,; and wher e R err]
(i) is a group such that Rerr]-CHerr]- Ts°Rlerr] or (ii) 10 forns,
together with R err] and the atons to which Rlerr] and R6 are bonded, a
cycl oal kenyl or heterocyclo group containing at | east one carbon to

car bon doubl e bqﬁf‘ﬂﬁpq£3%$iaeog?;gﬁ%fﬁiﬁﬁﬁa : Ehgag§1;5*ing are .

comerci al |l y avail abl e~or “may f eadi repare nown- met hods.
Exenpl ary conpoundsst@fuctuness fornula ii include the conpounds: [err]
, Or, nost preferably, 2-nethoxypropene. Exenplary conpounds

o
R®*-CH=C-R® (i)

N (i)

where RS, R6 and R7 are as defined above, and where
R52 (i) is a group such that R52-CH;- is RS or (ii)

10 forms, together with R® and the atoms to which R5a
and R® are bonded, a cycloalkenyl or heterocyclo
group containing at least one carbon to carboﬁ
double bond. Compounds of the formulae ii and iii
are commercially available or may readily be

15 prepared by known methods. Exeﬁplary compounds of
the formula ii include the compounds:

OCH, OCH,4

- oY

preferably, 2-methoxypropene. Exemplary compounds
20 of the formula iii include the compounds:

, Or, most

dimethoxypropane,

. OCHg OCH,

or Y
OCH, Q<-OCH3

Novel compounds of the following formula iwv
25 and salts thereof: .



20 of the formula iii include the conmpounds: di met hoxypr opane,

[eYr]: © « Novel conpounds of the following fornmula iv 25 and salts

t hereof: - - 17 - Jerr] wher e
Rlerr], Rerr], Rerr] and Rlerr] are as defined above may be formed as
|nterned|ates in the aforementioned 5 method when a conpound of the
formula i or salt thereof in which R3 {p hydrogen-js contacted with

t he conpound of the formula ii or iii. In the presence of acid

catal yst, the conpound iv or salt t her eof undergoes conversion to a
conmpound of the 10 formula | or salt thereof. - Conpounds of the
formula I'l and salts t her eof e prepared from'conpounds of .the

conprising the step of
r salt thereof where R3 is
I ysa wi tW)a conpound of

formula i and salts thereof by a noye
contacting a conpound of the 15 for
hydrogen, in t he presence of
the following fornula vi: [er

OR3P

where R1*, R2, R3P and R4 are as defined above may
be formed as intermediates in the aforementioned
5 method when a compound of the formula i or salt
thereof in which R3 is hydrogen is contacted with
the compound of the formula ii or iii. In the
presence of acid catalyst, the compound iv or salt
_ thereof undergoes conversion to a compound of the
10 formula I or salt thereof.

Compounds of the formula II and salts -
thereof may be prepared from compounds of the
formula i and salts thereof by a novel method
comprising the step of contacting a compound of the

15 formula i or salt thereof where R3 is hydrogen, in
the presence of an acid catalyst, with a compound
of the following formula vi:

"HC(ORS)3 {vi)

where R8 is as defined above. Compounds of the
formula vi are commercially available or may
feadily be prepared by known methods. Exemplary
compounds of the formula vi include
25 trimethoxymethane and triethoxymethane.
Novel compounds of the following formula v
and salts thereof:



20 where R8 is as defined above. Conmpounds of the formula vi are

conmerci alsly avail abl e or nay readily be prepared by known net hods.
Exenpt ary conmpounds of the formula vi include 25 trimethoxynet hane and
tri et hoxynet hane. Novel conpounds of the followi ng formula v
and salts thereof: _ - 18
[err] where Rlerr], Rerr], Rerr] anfgRerr] are as deflned above nay
be formed as internediates in the aforenmentioned 5 nethod. In the
presence of acid catal yst, the conpound v or salt thereof undergoes
conversion to a.,conmpound of the forrmula Il or salt thereof.
For the conversion of a conpound .ﬁlm a conpound I' or Il as described
above, the present 10 "nethods enpl gy an "dcid catal yst" Any acid
catalyzing the nethod referred to nmjy suitlpbly be enployed as the acid
catal yst, with organic sulfon ' at is, or@%nlc aci ds
cont ai ni ng t he group 80203. or sul m neral acids 15 being
preferred. Particularly preferred suc catal ysts include
pyri di ni um p-tol uene sul fonate 0O

I

CH

/\
R0 OR®

where Rl, R2, R4 and R8 are as defined above may be
formed as intermediates in the aforementioned
5 meﬁhod. In the presence of acid catalyst, the
compound v or salt thereof undergoes conversion to
a compound of the formula II or salt thereof.
_ For the conversion of a compound i to a
compound I or II as described above, the present
10 methods employ an *"acid catalyst”. Any acid
catalyzing the method referred to may suitably be
employed as the acid catalyst, with organic
sulfonic acids (that is, organic acids containing
the group S020~) or sulfonates, or mineral acids
15 being preferred. Pafticularly preferred such acid
catalysts include pyridinium p-toluene sulfonate
(PPTS), toluene sulfonic acid, camphor sulfonic
acid, and the like. N '
The compounds of the formula i and salts
20 thereof may exist as four stereoisomers with
respect to the carbon atoms at those positions
corresponding to the 4- and 5-position carbon atoms
of the compounds of the formulae I and II. These
stereoisomers are the following compounds of the
25 formulae ia, ib, ic and id:



(PPTS), toluene sulfonic acid, canphor sulfonic acid, and the |ike.
The cofrpounds of the fornula i and salts 20 thereof may exist as four

stereoi soners wth respect to the carbon atons at those positi-ons
corresponding to the 4- and 5-position carbon atons of the conpounds of
the formulae | and Il. These stereoi soners are the foll owi ng conpounds
of the 25 formulae ia, ib, ic and id: _ ;49 _ " - - 19
- [err]
R!NH
g Q
/\/H\ (ia)
i R? : OR*
! H
OR®
. RINH
0
(ib)
R? OR*
OR?
R!NH
H o]
g (i)
R? OR*
5 " OR3
R'NH
0
(i)
R? OR*
OR?

A desired stereoisomer of a compound of the
100 formula I or Ii or salt thereof may be prepared by
the methods described above by employing the
.apprqpriate stereoisomer of the starting compound
of the formula i or salt thereof. Thus, use of a



A desired stereoi somer of a conpound of the 10 formula I or Il or salt
t her eof” may be prepared by the methods described above by enploying the

appropriate stereoi soner of the starting conpound of the formula i or
salt thereof. Thus, use of a - 20 -
conmpound ia can provide a conmpound la or Ila, use of a ¢conpound ib can
provi de a conpound Id or Ild, use of_aaﬁonpound i €. can -provi de a
conmpound I c or l1c, and use of a conpofind id can prOV|de a 5 conpound
Ib or I'lb. It is preferred to enploy a singl e stereoi soner of the
starting conpound i .or salt thereof in the above described nethods,

al t hough stere0|soggﬁbguﬁax£gré§h Alg20 aP Bompourfd L) 1 IH? w8k 2
conmpound ia to prepare a 10 conpQu l'a or ?a 'S artlcula y preferred.

of a compound ib can prov;de a compound Id or II4,

use of a compound ic can provide a compound Ic or
IIc, and use of a compound id can provide a

5 compound Ib or IIb. It is preferred to employ a
single stereoisomer of the starting compound i or
salt thereof in the above described methods,
although stereoisomeric mixtures may also be
employed. Use of a compound ia to prepare a

10 compound Ia or IIa is particularly preferred.

' Coupli to . lidi
sidechain-} . T
An oxazolidine sidechain-bearing taxane of
15 the formula V or VIII or salt thereof may be
prepared by a method comprising the step of
contacting an oxazolidine compound of the formula
III or VII, respectively, or salt thereof, in the
presence of a coupling agent, with a taxane of the
20 formula IV having a hydroxyl group directly bonded
to C-13 thereof. The taxane starting material of
the formula IV is preferably a compound such as
those described in European Patent Pubiication No.
400,971, incorporated herein by reference, or a
25 compound such as those described in U.S. Patent
Application Serial No. 08/995,443, filed
December 23, 1992 by Poss et al., or
continuation-in-part thereof U.S. Patent
Application Serial No. 08/171,792, filed
30 December 22, 1993, both also incorporated herein by
' reference. Exemplary such taxanes include those of
the following formula IX:



Coupling to Prepare Oxazolidi ne Si dechai n- beari ng Taxanes

An' ‘oxazol i-di ne si dechai n-bearing taxane of 15 the fornula V or VIIl or salt
t her eof may be prepared by a nethod conprising the step of

contacting an oxazolidi ne conpound of the fornula [Tl or VII,
respectively, or salt thereof, in the presence of a coupl.ing agent,
with a taxane of the 20 formula I'V having g hydroxyl group directly bonded
to C13 thereof. The taxane starting material of the formula IVis
preferably a conmpound such as t hose described in European Patent
Publ i cati on No. . 400,971, incorporated herein by reference, or a 25
conpound such as those described in U S, Patgm Application Serial No.
08/ 995, 443, filed Decenber 23, by Pqgss et al., or '
continuation-in-part thereof U S. Pa “JAppl ication Serial No.

08/ 171,792, filed 30 Decenber < 0 incorporated herein by

reference. Exenpl ary such taxang of ﬁﬂf foll ow ng

formula I X: o N 21 [err]
wher e Rlerr] is hydrogeﬁ? h p
O-C(O)R"®

O-C(O)RM

where _
R11 is hydrogen, hydroxyl, R15-0-, R16-c(0)-0-, or
5 R16-0-c(0)-0-;
R12 is hydrogen, hydroxyl, fluoro, R15-0-,
R16-C(0)-0- or R16-0-C(0)-0-;
R13 and rR14 are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
10 aryl, or heterécyclo;
R15 is a hydroxyl protecting group; and
R16 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo, |
15 or salts thereof.
All stereoconfigurations of the unspecified
chiral centers of the compound of the formula IX
are contemplated for use in the coupling method of
the present invention. The use of a single
20 stereoisomer is preferred, although mixtures
thereof may be employed. 7-Trialkylsilyl baccatin
III compounds are preferably employed as the
compounds of the formula IV, most preferably, 7-
trimethylsilyl baccatin III or 7-triethylsilyl
25 baccatin III. _
Any compound capable of effecting the
coupling reaction may be employed as the coupling
agent of the present invention. Exemplary coupling



5 Rerr]-OC (O -0-; Rlerr] is hydrogen, hydroxyl, fluoro,

Rerr] -0 » Rerr]-C(O-0 or Rerr]-0C (O -0, Rlerr] and
Rl err} are independently hydrogen, alkyl, al kenyl', al kynyl,
cycl oal kyl, cycl oal kenyl, 10 aryl, or heterocyclo; Rlerr] is a
hydr oxyl protecting group; and R16 is hydrogen, alkyl, alkenyl,

al kynyl , . cycloal kyl, cycloal keryd .. aryl or. '

het erocyclo, 15 or salts t her eof . Al stereoconflguratlons of .

t he unspecified chiral” centers of the conmpound of the fornula IX

are contenpl ated for, use in the coupling method of - the present

i nvention. The useagénasSimgitﬁieZQ:neSberﬁ@té%mﬁpdxﬁxd@ Fohhifg, anl t hough

Compounds are. pr ef SPEDTY Byt aener8scer (A8 SRAmelse the formil a 1V,

nmost preferably, 71-hydr¢xybﬂn2qﬂnaahylebancw&hydndxysmccinumhdehylsiIyI 25

baccatin II1. _ t A Bd aPskeRf1 ] h coupling
reaction may b 6%6% Q%ht cgupF?ﬁg é? é%?ﬂ%?ﬁﬁﬁ as zsen
i nventi on. Eb| for example, an a01d chlorlde such as-22-

agents incl ude olnepix'ramyre mmu&dﬁrfﬁiﬂzlgaﬁl-3-oxaz%9.tlulﬁ ﬂi-ova%' hgl ne
ester (for exanple r,0X ri azol e or r oxysucci ni

both of these withP 18?%%+%>§3118ﬁ588 ‘f%r?ﬂe ‘t’t‘ﬁ@)t)e %ﬂ &Rhydride (for
exanpl e, an acid cokazolidinelvfathe fopmuba dEII oYl WMIiIdeparticularly

bi s( 2- oxo- 3- 0xazol ¢ igyidg amnt@hevﬁpwgg?ﬂ Q{dﬂ%@m@gﬂcﬁﬁg%a ted wth an

oxazol idine of th g agents
conprising a d@hpoeaebedikimide 4319-€a¢b@ﬂ¢1 Qﬂyhpgr@odllmlde (DCC),

di cycl ohexyl car bOdllS“d’flé(ﬁEi@pﬁflcarboélﬁniﬁé smxrcqpyb(far bodiinmde (D C), or
1- (3-di net hyl am n f ﬁﬂyé% -carbodiirg th 1- %déocgl ride),
bi s( 2- oxo- 3- oxazol Td Hﬁ%ﬁ Propy -ethlyl-carbodiimide
- hydrochloride), bis(2-oxo-3-oxazolidinyl)phosphinic
chloride), carbonyl diimidazole (CDI), pivaloyl
15 chloride, or 2,4,6-trichlorobenzoyl chloride;
wherein the aforementioned compounds are preferably
employed together with a compound such as
1-hydroxybenzotriazole (HOBt) or

N-hydroxysuccinimide (Ho-Sq). or an amine such as
20 triethylamine, pyridine or pyridine substituted at
the 4-position with -N(R!7) (R18), where R17 and R18
are independently selected from alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl or heterocyclo
(to form a compound such as 4-dimethylaminopyridine
25 (DMAP)), or where R!7 and R18, together with the
nitrogen atom to which they are bonded, form a
heterocyclo group (to form a compound such as 4-
morpholinopyridine or 4-pyrrolidinopyridine).

30 Ring Opening to Form Taxanes of the
- Formula VI
A sidechain-bearing taxane of the formula VI
or salt thereof may be prepared from an oxazolidine
- sidechain-bearing taxane of the formula V or VIII



chlorlde) carbonyl diimdazole (CD), pivaloyl 15 chloride, or
2,'4:6-tricehl orobenzoyl chloride; wherei n the aforenentioned conpounds
are preferably enpl oyed together with a conpound such as

1- hydr oxybenzotri azol e (HOBt) or N- hydr oxysucci ni m de (HO Su), or an
am-ne such as 20 triethylam ne, pyridine or pyridine substjtuted at

the 4-position with -N(Rerr]) (Rerr]), w@gre Rlerr]-.and R{&éfr] are
i ndependent|ly sel ected from al kyl, al kenyl, aIkynyI cycl oal kyl ,
cycl oal kenyl or heterocyclo (to forma conpound such as

4-di net hyl am nopyri dine 25 (DVAP)), or where R err] and R err], together

Wi th t?e f ni t rogsn s?émcmﬂ@afchhph&ymmda@w@hs&agntﬁe steﬂl%?rocycl 0
group (to forma c un ine or
4-pyrrolidinopyri dl%ot dbo"(f‘g Sad3 € taxape, go% rﬁ& ?oVrr?’I"a‘QHFesozbf t he
Formul a VI salu\Ehehadfamnthearrrqg+apeningohgehe tapable of or

salt thereof may bepuengy edhd LMyAhe O¥Ré Wkdbdliaine 3085 BbAadEar | N9

t axane of the fornu

or salt thereof? bychraugh&t13omfr thentaxane modetyf of saédntaxaneg said

taxane of the for madigé cinpbutia Yo foh sa:.dst?éiaﬁeh%ﬁﬁfmﬂﬂtbfatﬁé ng- openi ng

agent capabl e of ning the r of t oxazol i di ne group bonded 5
t hr ough C- 13 of thef‘i’ﬂ&";ﬁev%o"é't §ah, EheTeLrx ane conpound to form said

t axane conpound of the A1breﬁdmae&lcbassedﬁ dilmgr-epening agents ford

f d cl of a S eLs) f. a_conpound
0 o sait theregr (s CeieRalgnoge n catilouna v BF ERWHEREGLE e 0NN
preferably caud® nigammauns VIrrﬁE‘;t spiefthengaf axe Lewigeachgwsthian of the
conpounds V or VI réiﬁﬁébly catiB8r fPhika)Mdyd hﬁﬁhspﬁéfgfaﬂ ¥f“ﬁb Lewi s acid

capable of el ect | becal iSiely QheC Ll $PS0 08 J T St oyed i
thereof (*"mild Lewis acids®*). Any Lewis acid
capable of effecting the aforementioned ring
15 opening may be employed in the method of the .
present invention. Exemplary such agents include
palladium containing agents such as Pd(CH3CN)2Clj.

23 -

A preferred class of ring-opening agents for
the conversion of a compound VIII or salt thereof
20 to a compound VI or salt thereof are protic acids.
Any protic aéid capable of effecting the
aforementioned ring opening may be employed in the
method of the present invention. Exemplary such
ring-opening acids include organic carboxylic
25 acids, such as acetic acid or trifluorocacetic acid,
and/or mineral acids such as hydrochloric acid,
hydrofluoric acid or sulfuric acid, in water.
The compounds of the formula VI and salts
thereof may exist as four stereoisomers with
30 respect to the carbon atoms at those positions
corresponding to the 4- and 5-position carbon atoms
of the compounds of the formulae I and II. 'These
stereoisomers afe the following compounds of the
formulae VIa, VIb, VIc and VId:



pal | adi um cont ai ni ng agents such as Pd(CH err]CN)[err]d[err]. A
preferred.cl ass of ring-opening agents for t he conversion of a conpound
VIIl or salt thereof 20 to a conpound VI or salt thereof are protic acids.
Any protic acid capable of effecting the af orenmenti oned ring openi ng
may be enpl oyed in the met hod of the present invention.--Exenplary such
ri ng- openi ng aci ds include organi c carboxyldq 25 aci ds; such as acetic acid
or trifluoroacetic acid, and/or mneral acids such as hydrochloric
aci.d, hydrof l uoric aci'd or sulfuric acid, in water. The
conpounds of the formula VI and salts * thereof may exist as four
stereoisoners with 30 respect to the carbon atons at those positions .
corresponding to the 4- and 5- poRINEPN carbon atons _of .the conpounds o
the fornmulae I and Il. These stgereoi s rs are the follow ng conpounds

of the formulae Vla, VIb, Vlc &d VId: -
24 H
5 - (Vla)
R : O-T
OH
’ RINH
0
2 _ (VIb)
R O-T
OH
5
RINH
= o]
2 (VIc)
R O-T
OH
RINH
o}
) (VId)
R i O-T
OH
10 A desired stereoisomer of the compound of

the formula VI or salt thereof may be prepared by
the methods described above by employing the

appropriate stereoisomer of the starting compound
of the formula III or VII or salt thereof. Using



[err]
t He' foor ruka VI
above by enpl oyi ng the

or salt thereof may be prepared by .
appropriate stereoi soner of the starting conpound

10 A desired stereoi soner of the conpound of"’

of the formula I'Il or VII or salt thereof. Using
the designations "a" through "d" to refer to thg,
stereoi soners of the fornmulae |11l and VIL are used‘Tor t he

- 25-

conmpounds |
a conmpound VI a;
conpound VI b;
predom nantly,

Vi c;

and |1 above: use of a conmpound Illa or VIla will

5 use of “a conpound 111d or VIId will provide a

use of, a conmpound I11c or Mlc wll - provide,
a cohpodesighat Rmng am thr@ugh *d M g réF@URL. @hea conpound

and use of a steregfggxf?éi@ Ié ltlr})le fO\I/‘lm{l ae iiI gn%VR&% a%r gggm n

10

15

30

used for the compounds I and II above: use of a
compound IIIa or VIIa will provide a compound VIa;
use of a compound ITId or VIId will provide a
compound VIb; use of a compound IIIc or VIIc will
provide, predominantly, a compound VIa along with a
minor amount of a compound VIic; and use of a
compound IIIb or VIIb will provide,'predominantly,
a compound VIb along with a minor amount of a
‘compound VId. It is preferred to employ a single
stereoisomer of the starting compound III or VII or
salt thereof in the above described methods,
although stereoisomeric mixtures may also be
.employed. Use of a compound Ia to prepare a
compound VIa is particularly preferred.

A preferred embodiment of the present
invention further comprises the step of
deprotecting one or more groups, particularly to
free hydroxyl groups, on the taxane moiety to
prepare taxanes of the formula VI or salts thereof.
Deprotection may, for egample, be conducted priot
or subsequent to, or simultaneously with, the
aforementioned ring opening methods by use of a
deprotection agent. Any compound capable of
deprotection may be employed as the deprotection
agent. For example, acids such as hydrofluoric
acid or aqueous protic acids, or
tetra-alkylammonium fluorides such as tetra-n-
butylammonium fluoride, may be employed for removal
of silyl protecting groups; benzyl protecting
groups may be removed by hydrogenation;
trichloroethoxycarbonyl protecting groups may be
removed by contact with zinc; and acetal or ketal

t he net hods descri bed

provi de

antly,



10 a conpound VIb along with a m nor anmount of a - compound VId. It is
preferred:to enploy a single stereoi soner of the starting conpound I
or VIF or - salt thereof in the above described nethods, al t hough
stereoi sonmeric mxtures may al so be 15 enpl oyed. Use of a conpound la to
prepare a conpound Vla is particularly preferred. A
preferred enbodi nent of the present |ny§nt|on further conbrlses t he
step of deprotecting one or nore groups, particularly to 20 free

hydr oxyl groups, on the taxane noiety to prepare taxanes of the formula
VI or salts thereof.; Deprotection may, for exanple, be conducted prior

or subsequent to, gkoaeauhhgr%wgisvw Be Féfoved B ¥IdTRINd YEed ring

openi ng net hods by_u eprqQtectign agent Any conpound capable
of depr ot ect i oR¥ Hg§°b§°b éﬁm%§ Fﬁégﬁeprotectl agent. For
exanpl e, acids such as hydrp&ftmmukarly paefdrﬁédaGMEomﬁméﬂﬁndﬁtﬁhé ds, or

tetra-al kyl amoni u Eggﬁél F@ﬁ&ggs Si E#%# agpggéﬁ;;rluorlde

may be enpl oyed fo reana protec
prot ecti ng Jroapsning aed rttenm@scsyonyqf 00R® 20X gmre hydroxyl

trichl oroet hoxycar B%Mbspéﬂttﬁfé |ta%afeO¥RAg "B rbEeure, 'HlPR4RA1A% 150Nt act
with zinc; and acet - 26-

protecting groups ﬁgy Bg r%‘h%?/éacf iy the vse of an acid dig-@-achds or Lew s
aci ds. minpnal | acidirduchpasl hydedckldweit riid)olcaddadle of Present

I nvention conprlse g e and de rotectlon of one
or nore hydroxyl af%bgyiJ€Q§§#?fﬁéB 8?%%%&5 %&ﬁmﬁ rtlcularly

at G 7, such ald pysima gg@e@s% afhus¢ efor  example, msmeloeﬁ aachadiduch as
hydrochl ori ¢ aci d) agakebheae reactlsﬁfééﬁd{Eh$HErhé§d¥1H%P?%ngeagg

deprotection 10 S|nultaneous exa , use an ac

under reaction conBf®? ﬂ@aHBEzFPyéﬁi$BUV§AW¥}t eous ring opening
and deprotection of cleavable hydroxyl protecting
groups at C-7 such as trialkylsilyl (e.g.

15 trimethylsilyl or triethylsilyl).

agent

The methods of the present invention may be
conducted under any conditions, such as
20 temperature, pressure and time, and using the
appropriate starting materials and catalysts in any
relative amount, effective to achieve the desired
conversion. Similarly, a solvent may be employed
if desired and may be selected from any material in
25 which the conversion may be conducted, including
inorganic (e.g., aqueous) or organic (e.g.,
écetone. dimethylformamide, tetrahydrofuran,
methylene chloride, acetonitrile, benzene or
toluene) liquids or mixtures thereof. Solvents are
30 preferably employed which are inert to the
reaction. '
The products of the methods of the present
invention may be isolated and purified by any
suitable methodology such as extréction,



N
ring opening may all ow sinultaneous ring opening and deprotection of

cl eavabl @ hydroxyl protecting groups at C7 such as trialkylsilyl (e.g.
15 trimethylsilyl or triethylsilyl). Preferred Reaction
Condi ti ons The net hods of the present invention may be
conduct ed under any conditions, such as 20 tenperature, pregssure and tine,.
and using the appropriate starting matseri_al s and gatal ysts in any

rel ati ve amount, effective to achieve the desired. conver si on.

Simlarly, a solvent may be enpl oyed if desired and may be sel ected

fromany material in 25 which the conversion may be conducted, including
inorganic (e.g. aﬂi&ﬁ&ﬁﬁaﬂ&bﬂDrQ%?bﬁai@xihulon. cdigkane, di methyl formam de,

tetrahydrofuran | en or.i tonitrile, benzene or

tol uene) |iquids %R ﬁﬁ&i? er@Bﬁ gﬁ s are 30 preferably enployed
whi-ch are inert to the Partiantlavly preferred reHoripnodoatisitddénghe net hods
of the present 1. S0l i.fiad Y.

Sui tabl & ot hodol &S ScS{C}L '@’JQ@E&B ALEHb A GReLs be§OnlYe AVare

- 27 - di stgey aiqltﬁh m@mf-puavim Tabkdlesnd to 6echr omat ogr aphy, and
the Iike. Par tg L1l ldyy é@l@ﬁﬁééeﬂxélﬁ%‘é ihpydraeed bieons for
conducting various nethods descrihed herei are set. forth in the
fol | owi ng Tabl es FIFERNLS or producks pay gd Qﬁcﬁrﬁgaﬁﬁgrates of

reactants or produxg apmoﬁ&&ammlmyadyoofptrmare&ﬁods ofisthpppogedrad e in ~any
of the nethods of iﬁvéﬂﬁi entUhlesE”X@ﬂ%#&E% &b@ggtg&he Sa-*g@lcat

reference 10 to a ‘conpound ‘herein is |ncru €
sol vents t herd@f . to a compound herein is understood to include salts

and/or solvents thereof.

and/or



- 28 - Table 1 Preferred Reaction

Cﬁndhtfbns for the Preparation of a Conpound of the Formul a
starting conmpounds i; and ii or iii when

R[err] =Hini . nolar ratio of ii or nol ar excess of ii or

i . i cat al yst . aci d

cat al yst mol ar ratio of - 280.03:1 to-0.1:1

catal yst:i tenperature ([err] Q) 80 to 110

pressure (atm “at nmospheric at nosphere gas

inert to reaction . sol vent : * o organic

anount of sol vent 1 9:50 n to 1 g:7kQent (viei ght of i: volune of

sol vent) . . 2 QL. Ned ernedi at e and

converted to a conpdur sence of
acid catal yst, or R AuQoMmDg - a Ieparate step. 10
Table 2 Preferred Reaction Cbndltlons for the Preparatlon

of a Conmpound of tffe—Formota T bldlllng ToTTpoTTTd [
(Rlerr] = H and |i startipgacorpeurdsf v|:ii; and &bl ar bikteslserof |vi:i
cat al yst acid catal yst mol B Lafgi P 0
0.03:1to 0.1:1 catal yot ;| Cenperaruare
80 to 110 molar ratio of ii or molar excess oé ii or
iji:i diizi
. catalyst acid catalyst
molar ratio of 0.03:1 to 0.1:1
__catalyst:i
temperature (°C) 80 to 110
pressure (atm) atmospheric
atmosphere gas _inert to reaction |-
_solvent organic
amount of solvent 1 g:50 ml to 1 g:100 m1
(weight of i: volume of
solvent)
5

Compound iv can be formed as an intermediate
and converted to a compound of the formula I in
situ due to the presence of acid catalyst, or
contacted with acid catalyst in a separate step.

10
' Table 2
Pref i R . conditi for the P .
of a Compound of the Formula II
starting compound i (R3 = H) and vi
molar ratio of wvi:i molar excess of vi:i
catalyst acid catalyst
molar ratio of @ | 0.03:1 to 0.1:1
catalyst:i
| temperature (°C) ' 80 to 110




- 29 -
at'nmospher e

pressure (atm
gas inert to reaction

at nospheri c
sol vent

of.

or gank c anount of sol vent 1 9:50mM to 1 g:100 m (wei ght
of i:volunme of sol vent) Compound v can be forned
as an internediate and converted to a conpound of the fornmula II. 5
Tabl e 3 Preferred Reaction CbnditioaszgoL the Preparation
a Compound of the Formula 11l or VI starting conmpound | or
Il (where R4 # H); : and base mol ar
rati o of base:l or 1:1to 1.05:1 11 further
starting acl d nat ¢r 1 al nolar ratro or . pcid:|
or 1:1 to 1.(5~dm.Rressure (atm) t ic .
room (- 25C) L_pr eSSW&%@re 1| g@d mieiC reaction
at nosphere gas I ner 0 reactlon SOl VEN
aqueous/ or gani C i pelmm@mmm—SOIVEREL ot of o _or g: 100
m _ (wei ght {of | afbuht of solverto! Ung Ofg Y VAN 1 §Q100 m1 | AS
descri bed above, Hse(v(’)efigtl_&eo iezvgg'llx\ecg

solvent)

10

Compound v can be formed as -an intermediate

and converted to a compound of the formula II.

c 3 . ~onditi ‘ he P .
of a Compound of the Formula IIT or VII

starting compound

I or II (where R% # H);
.and base '

molar ratio of base:I or
IXI

1:1 to 1.05:1

further starting
material

acid

molar ratio of acid:I or
II

1:1 to 1.05:1

‘ temperature (°C)

room (~25°C)

|______pressure (atm)

atmospheric

atmosphere

gas inert to reaction

solvent

amount of solvent
(weight of I or II:
volume of solvent)

agueous/organic mixture
1g:50ml to 1 g:100 ml1

As described above, use of the base only can

provide a formula III or VII salt; further use of
an acid provides the free carboxylic acid.



provide a formula Il

or VIl salt;

ftee, cdrboxylic acid
Preferred Reaction Conditions for the Preparation
of a Conpound of the Formula V or VIII

Tabl e- 4

11 or VII;
VIT: IV

and

coupl i ng agent

phosphi nic chl oride and

nolar ratio

phosphi ni ¢ chl oride’ I

0.5:1to 1:
60 to 100
at nosphere
‘organic
of 111

of

1

or VII:

Preferred Reaéﬁi

Forrmul a VI
protic acid

Usi ng

10

further

use of

30 -

starting conmpound

an acid provides the

IV nolar ratio of Il or . mol ar excess of 111 or
VI1:1V, especially nolar_ 39 - ratio.of 171:1 to 1.5:1
carbodii m de or
am ne

1.5:1 to 1:1

or VII
(atm

or. Vi

IPVOt%Qa@QEHgiQompound st

molar ratio of IIX or
VII:IV

carbodii m de or

rature ([err] O
- at nospheric

aLat [faYa) nf
arting eepegRdand vV |
molar excess of III or

VII:IV, especially molar

coupling agent

carbodiimide or
phosphinic chloride and
amine

ratio of 1.1:1 to 1.5:1

nmol ar ‘ratio of amne: |11

(wei ght
Table 5

nd of the

:and

molar ratio of
carbodiimide or
phosphinic chloride:III
or ViI

1.5:1 to 1:1

molar ratio of amine:IIX

0.5:1 to 1:1

or VII
temperature (°C) 60 to 100
Dpressure (atm) atmospheric ‘

atmosphere gas inert to reaction
solvent organic

amount of solvent
(weight of III or VII:
volume of solvent)

l1g:5ml to 1 g:10 ml

Www  of o , )  Acig

starting compound

VIII; and protic acid
(especially, aqueous

protic_acid) |



(especi al |l y, aqueous | Protic acid)

1-- H nolar ratio of acid:VIII nol ar excess of
acid:Vill - tenperature ([err] O 0 to 25 pressure
(atm at nospheri c at nosphere gas inert to
reaction sol vent agueous/organic = - anount of
sol vent 1 9g:10mM to 1 g:20 m - fyeight of ViI1: volume
of - sol vent) Table 6 Preferred Reaction
Conditions for the Preparation of a Conmpound of the Fornmula VI Using
Lews acid 5 . Starting coirpound V; and Lew s acid
(especially, mlIq Lew s . . _ adi d)
nol ar ratio of LJ\Méiar ratiogof,agiqyVigLl o  molar excess of .\
tenperature (C room (~25[err] d acpdeysire (at
at nospheric ¢ I €o gas in rs tQ-reaction
sol vent Esg&g&g&%&%—iJ;L-——— § 2 g:5 m to
19g:15 n (Yei.ght pxfesgureol{atm) of atmospheri¢)
Preferred Groups atmoBpRLEL ed 0r olipg LOLRLAY Par gLy fGPYunds 10
used or prepared =
solvent aqueous/organic
' amount of solvent 1 g:10 ml1 to 1 g:20 ml
(weight of VIII: volume '
of solvent)

Pref 3 . ~onditi c ] .
c : i of the F la VI Using Lew P

5
‘starting compound V; and Lewis acid
(especially, mild Lewis
acid)
molar ratio of Lewis 0.02:1 to 0.1:1
acid:v
temperature (°C) room (725°C)
_pressure (atm) atmospheric
atmosphere ' gas inert to reaction
_Solvent organic
amount of solvent 1 g:5ml to1l g:15 ml
(weight of V: volume of
solvent)

Preferred Groups
' Preferred groups forming part of compounds
10 .used or prepared by the present invention are those
where: -
Rl and R!* are each independently
arylcarbonyl (especially benzoyl) or



where: Rlerr] and Rlerr]* are each independently

ar'yl ear'’bonyl (especially benzoyl) or

- 32 = al kyl oxycarbonyl (especially unsubstituted | ower

al kyl oxycarbonyl such as tert-butoxycarbonyl); R2 is phenyl,
thienyl or furyl; Rlerr] is hydrogen or Rl err] where Rlerr], R6.
and R7 5 are each independently unsubsgig ted | ower -al kyl

(especially, methyl or ethyl); 4 is hydrogen or unsubstituted

| ower al kyl (especially, methyl or ethyl); Rlerr], Rerr]
and R[err] are each.independently 10 unsubstituted | ower alkyl (especially,

met hyl or eth&li&loxycarbo?%; g%ﬁkkhahiyuﬂﬁéﬁﬁ%ﬂ%; 3 howet alkyl

(especially neigéi or etégf e nolety: 15
[err] wherg-Loxyc nyl jsuchy @so§ert-ptrvcanhonyl) ior a hydr oxy!
protecting group, especiak?yigqphemylﬂnﬂugﬁlebgrfﬁrQE;hydrogen or a
hydr oxyl protecting groupgp3 . espegipal a I alkyl sj Iyl group
such as triet Ryl %?de%?g%!} i%‘gghyl g*‘%/fl?.ﬁg' RO Y C 13
Acyl oxy Si dechal n- dear each Tindepandently unsubsfbmutetlilcwer aflkglC 13
acyl oxy sidechai n agspecidlEhp! hah)ield Ljyand of itself, may inpart an
I ncreased or nore des?rablg 5harnaco gbi%&Pym)
R* is hydrogen or unsubstituted lower alkyl
(especially, methyl or ethyl);
’ R5, R and R7 are each independently
10 unsubstituted lower alkyl (especially, methyl or
ethyl); :
R8 is unsubstituted lower alkyl (especially
methyl or ethyl); and’
T is the moiety:
15

OR?® O QR

OH 65
where
R? is hydrogen, alkylcarbonyl, or a hydroxyl
protecting group, especially acetyl; and
20 R10 is hydrogen or a hydroxyl protecting group,
especially a trialkylsilyl group such as
triethylsilyl or trimethylsilyl.

c-13_Acy] Sidechain-} .

25 The addition of a C-13 acyloxy sidechain as
described herein, in and of itself, méy impart an
increased or more desirable pharmacological
activity to the taxane product, or may form a
taxane product which is more readily converted to a



activity to the taxane product, or may forma t axane product which is
nbre, readi |y converted to a - 33 -

t axane having an increased or nore desirable phar macol ogi cal activity
than the starting conpound. Exenplary taxanes which nay be prepared

by the present nethods for the preparation of 5 sidechain-bearing taxanes .
i ncl ude those taxanes descri bed i n Eurppean Patent Publication No.
400,971, and U. S. Patent Applications 07/ , 443, filed Decenber 23,
1992 and 08/171,792, filed Decenber 22, 1993 all incorporated herein
by 10 reference. It is preferredto ulti:mately prepare t axotere or,

most preferably, pﬂ%ﬁﬁxﬂv UitliifreaselOof ol diddzale! he present

i nventi on. armacol Qgi ca | y act]ve taxanes such as

paclitaxel may be Egéamé§°%ﬁﬂ#4§Ln§°t&§éﬁYstFﬁpt?@%ﬂs?ﬂftﬁﬁﬂlents suf fering |
from cancers such zempoend! ., Exemplédi/i 8axafiés Grhidh Imayobeapeeparedel anoma

and | eukem a. C appr azal i di nes,

t axanes and ot her Pgnﬁgﬁn%%e%eé?cﬂzggggﬁeﬁgf. %%ﬁ%é@af%%ﬁgé @% in nmore than

one stereoisoneSicsideahaim+bearimg«masanesnensludetuhasaonpxanes descri bed

herein are cony gﬁg&,lﬂwgﬂya eaﬁ'QQEeﬁErﬁﬁbif%atEBBSNB”t'a"y free
|n a

of other isoners), t ereal soners éf
exanpl e, as a racefPe97dr and ’213San?a&?ﬁErAﬂP%’t—‘Eﬁ'elqnﬁFelogdﬁgslvﬁ’* s preferred

t hat t hese com@medsna@e@&stzant 19bkyahaees LI7XM92r, fileft er eoi soners.
The present inventign_i escr bed . byt f ol.l ow ng exanpl es
which are il |ustrabﬁ$ méﬁr% Togsy &l r‘*ﬂcﬂ’ép%%lﬁé;?’&ﬁ&&& By Vit the
scope. of 1Ge peéeeenceleuru;ls preferred to ultimately prepare

taxotere or, most preferably, paclitaxel according
to the methods of the present invention.
Pharmacologically active taxanes such as
paclitaxel may be used as antitumor agents to treat
15 patients suffering from cancers such as breast,
ovarian, colon or lung cancers, melanoma and
léukemia.
As can be appreciated, the oxazolidines,
taxanes and other compounds described herein may be
20 present in more than one stereoisomeric form. All
stereoisomers of the compounds described herein are
contemplated, whether alone (that is, substantially
free of other isomers), in admixture with certain
stereoisomers (for example, as a racemate) or in
25 any other mixture thereof. It is preferred that
these compounds be substantially free of other
stereoisomers.
The present invention is further described
by the following examples which are illustrative
30 only, and are in no way intended to limit the scope
of the present claims.



- 34- Abbr evi ati ons The foll ow ng abbreviati ons have the

i ndi cat edimeani ng t hroughout the present 5 specification. Ac =
acet yl "Bz = -C(O-Ph (i.e., benzoyl) DCC = di cycl ohexyl carbodi i m de
10 DVAP = di et hyl am nopyri di ne DMVF = di net hyl f or mam de Et = et hyl
Et OAc = ethyl acetate MOP = 1-nmet hoxy-1-nethylethyl 15 Ph = phenyl
H = honogeneity i ndex PVA = phosphognﬁxbgic acid-; PPTS = pyridi ni um
p-tol uene sul fonate TEA = triethylam ne 20 TES = triethylsilyl THF
= tetrahydrofuran TLC'= thin layer chromatography
- 35 - : ' : ' :

. aAb} . o

- The following abbreviations have the
indicated meaning throughout the present
5 specification.

- AC acetyl

Bz = -C(0)-Ph (i.e., benzoyl)

DCC = dicyclohexylcarbodiimide
10 DMAP = dimethylaminopyridiné

DMF = dimethylformamide

Et = ethyl

EtOAc = ethyl acetate

MOP = l-methoxy-l-methylethyl
15 Ph = phenyl

HI = homogeneity index

PMA = phosphomolybdic acid

PPTS = pyridinium p-toluene sulfonate

TEA = triethylamine

20 TES = triethylsilyl
THF = tetrahydrofuran .
TLC = thin layer chromatography



The follow ng Exanples 1 to 4 denonstrate

cyclizations formng a

pref er r'edsoxazol i di ne ester “conmpound of the fornmula | or Il of the
pr esent ~ invention. 5 EXAMPLE 1

Preparation of (4S-trans) -3-Benzoyl-2.2-dinethyl -

phenyl - 5- oxazol i di necar boxylic acid, ethyl ester [err]

[R- (R, S*) ] -[err]- (Benzoylanino)-[etrgg - hydr exybenzenepr opanoi ¢
acid, ethyl ester: [err] (225 ny,

0.7183 mmmol ) was suspended in nethyl ene

m),

" mxture 20 was cool ed to r
. was added, followed b % %L o?ﬂ%%te
- mxture was stirre@¥YF #zatlonSh

chloride (CHerr]Cl[err], 3.0

and DMF (2.0 nl.) was’ added untii a clear solution resulted. The

%QYRrQBGEedéﬁ%ﬂ§§§% e ”"D')
ming opraterned stzwdme mprmm ) of

&k twice nore
to stand overni ght

2- et hoxypr opeegpdang addele fdwamaddint ben Ivast 2ené
at intervals of 2 hours, .and the m xture was all owe
at room nventlon.
5
EXAMPLE 1
CHj
10 COzEt
[R- (R*,S*) ] -B- (Benzoylamino) -a-
hydroxybenzenepropanoic acid, ethyl ester:
EHBz
/§\/C(')2Et
Ph H
15 OH

(225 mg, 0.7183 mmol) was suspended in methylene
chloride (CH2Cl2, 3.0 ml), and DMF (2.0 ml) was

added until a clear solution resulted.

The mixture

20 was cooled to 0°C, and 2-methoxypropene (1.7957

mmol) was added, followed by PPTS (approximately 5
mg, 0.016 mmol). The mixture was stirred for 4
hours, then another 2.6 eq. (1.7957 mmol) of 2-
methoxypropene were added. The addition was

25 repeated twice more at intervals of 2 hours, and
the mixture was allowed to stand overnight at room



- 36 - tenperature. The reaction was quenched with sat ur at ed

NaHGO erk], and the mixture was washed with saturated NaHCO3, dried,
and the solvent renoved to give the product in quantitative yield. The
5 residue was refluxed in an excess of toluene and

2, 2- di net hoxypr opane and azeotroped overnight U HPLC i sol ati on gave 73
ng of the title product (2999 . hexanes/ethyl acetate = 2:1) K
= 0.48 10 mp. = 87-88[err]C [err]H i n accordance with the above
structure. EXANPLE 2 Alternative

Preparations (A) and (B) of (4S-trans)-

3t EeanOYL 2, 2- di me¢diperbdiz@)y! The reac(:t:.on wad ¥aehtHkgesackoy! ic - a;il d,

et hyl ester err no) -a-
hydr oxybenzenepr op%%%?%ataeé@angpﬁylﬁé%tﬁé x}Z'HE ;ﬁé%el&%é%éﬂg}pended in
tol uene (250 M) asaturatedd NAHCO3, @tp.ﬂq;xpaildmthb aobem Stendved o After
heating to r ef GURREN d 0 ft ene wer e
distilled off, PP 2%4%5 gt in &ﬁé’%’f%d‘”’% ?eerlmg ﬂ%gm) were added,
and 25 distil l3ativesidue oon mféuxedFantmremﬁ pénsosnene and

2- met hoxypr opene (2, ﬂdlﬁ&&:@%obaﬁb)aﬁ@daiéﬁﬂﬁbﬁd ovefﬁ.@gﬁi; and then

another 50 m) were nade, I St odi ca di scar ded.
Purification on %L’é?%?&ﬁeﬁ@?ﬁy?gdﬁ%t%é é:ﬁ" gifiﬁav@ g (93% 30

of the title produ¢29¢n. a m xture with other reacti on products.

(Product char aCter‘fﬁé'Flfexanes%@ﬁ&itgeétﬂéh %&l’lckw‘e §f ggxample 1.)
T3 10 m.p. = 87-88°C

1y NMR in accordance with the above structure.

15 - -2, 2-di -4- -5-

(a) [R- (R*, S*) ] -B- (Benzoylamino) -a-

hydroxybenzenepropanoic acid, ethyl ester (2.200

20 mg) was suspended in toluene (250 ml) and the flask
equipped with a Dean-Stark trap. After heating to
reflux, the compound dissolved. 40 ml of toluene
were distilled off, PPTS (120 mg) and 2-
methoxypropene (3.5 ml) were added, and

25 distillation was continued. Further additions of
2-methoxypropene {2 ml, and then 1 ml) and toluene
(50 ml, and then another 50 ml) were made, and the
distillate periodically discarded. Purification on
HPLC (hexane/ethyl acetate, 3:1) gave 2.3 g (93%)

30 of the title product in a mixture with other
reaction products. (Product characteristics
consistent with structure of Example 1.) '



(B JR (R, S*) ] -[err]- (Benzoylamno) -[err]-(1-

met’hexy- 1« et hyl et hoxy) benzenepr opanoi ¢ aci d, et hyl ester:

NHBz ferr] (2.200 ng) was mixed with toluene (200 m) and PPTS
(75 ng) was added. The m xture was heated and t ol uene renoved in a
Dean- Stark trap. After 70 mM 10 of toluene were removed, a TLC was.
conducted whi ch showed a m xture of prggucts and the hydroxyester
starting material of Exanple 1. 2-Methoxypropene (0.5 mM) was added and
the distillation continued. A second charge of 2-nethoxypropene (0.5
m) was 15 added and the distillation continued. Wen the vol une

dropped to about 70 m, TLGyshoweqd 0nl% LRey_a_ (dd ' t. Lt was
purﬂoi ed by HPLC (hex;(nge)s/ et hg/#)ggefgt Z] g&é%lgo%l%gg%gﬁ/é&l 56 ng
of the title produsethitsy-dvaethylethdxy foenneneprafansiaraciq, ceympaund) in
adm xture with ot hgiggdegaction products. (Product characteristics
consistent with structure of Exanple 1.)

EXAMPLE 3 25 Preparation of (4S,5R)-3-Benzoyl -2-ethoxy-4-phenyl -

5-oxazol i di necarboxylic acid, ethyl est egHBz
- 38 - /’\/cozzt
Ph H
b OMOP

 (2.200 mg) was mixed with toluene (200 ml) and PPTS
(75 mg) was added. The mixture was heated and
toluene removed in a Dean-Stark trap. After 70 ml
10 of toluene were removed, a TLC was conducted which
showed a mixture of products and the hydroxyester
starting material of Example 1. 2-Methoxypropene
(0.5 ml) was added and the distillation continued.
A second charge of 2-methoxypropene (0.5 ml) was
15 added and the distillation continued. When the
volume dropped to about 70 ml, TLC showed only the
title product. .It was purified by HPLC
(hexanes/ethyl acetate, 5:1 to 1:1) to give 1.56 mg
of the title product (75% overall yield from the
20 starting compound) in admixture with other reaction
products. (Product characteristics consistent with
structure of Example 1.)



[err] [R- (R*, S*) ]-[err]-(Benzoyl am no) -a-

hydr oXybenzenepr opanoi ¢ acid, ethyl ester (1.16 5 nmol) is suspended in
benzene (10 m ), and triethoxynmethane (3.44 nmmol) and -PPTS (72 ng) are
added. Heating to reflux provides the title conmpound. 10 :
EXAMPLE 4 Preparati on of (49, 5R)-3-Benzoyl - 2- net hoxy- 4-
phenyl-5-oxazol i di necarboxylic acid, ethyl ester " o

[err] 15 (A [R (R7T 3)"] -[err]- (Benzoyl ani no)-a-
hydr oxybenzenepr opanoi ¢ acid, ethyl ester (1.16 mol ) was suspended in
benzene (10 nl), and trimet hoxynet hane (3.44 mmol) and PPTS (72 ny)
were 20 added. Heating to reflux (1Q§[err]C3 did nof di-ssal ve ~ the
starting conmpound. 2 ni of DVF were th aglRRE so that nost of the
starting conpound di ssol ved, al t hou t he sol ution remai ned sonmewhat
turbid. The flask was equi pped g@& a hl et extractor

§§
Ph

COLEt
[R- (R*, S*) ]-B- (Benzoylamino) -~
hyéroxybenzenepropanoic acid, ethyl ester (1.16
S nmmol) is'suspended in benzene (10 ml), and
triethoxymethane (3.44 mmol) and PPTS (72 mg) are
added. Heating to reflux provides the title
compound.

10 EXAMPLE 4

§
0
§

Ph CO2Et
15
(a) [R-(R*,S*)]-J-(Benzoylamino)-o-

hydroxybenzenepropanoic acid, ethyl ester (1.16
mmol) was suspended in benzene (10 ml), and

. trimethoxymethane (3.44 mmol) and PPTS (72 mg) were

20 added. Heating to reflux (103°C) did not dissolve
the starting compound. 2 ml of DMF were then added
so that most of the starting compound dissolved,
although the solution remained somewhat turbid.
The flask was equipped Wich a Soxhlet extractor.



- 39 -~ The thinble of the extractor was filled with 4A nol .
si‘eves. After 1 hour, and approximately 3 to 4 cycles in the Soxhl et
extractor, TLC showed consunption of the starting material, and a new
5 mgjor spot of the title product. It was diluted wi th Et OAc, washed
with NaHCO err] and Herr]Q dried and the solvent renmoved. NMR showed
t he presence of the title product and a small inpurity. ‘The pr oduct
was purified on HPLC (hexane ethyl acetat&9 10 3:1) to give 358 ng (87%

of the title product. (B) Preparation of the title conpound

. was . conducted on a larger scdle as f:ol | ows. [R— :

R, S* Be, drox benzene acid, ethyl

SRS L R ba ¢ RAL SURSIES OGS BRentEh " oY

- trimet hoxynet hane $Ql199ieyes. Aim@rpwﬁﬁbﬁﬁz8nubkmmenxladdeMy Jheo r eact i on
sol uti on ves heat of gt g] herdd cbenle MEcHE . 7rRdBE,ERT O Ss0lut i on

of nost of the starti'ng 20 conpoun y "heat’in a Soxhl et
extractor. The thi FRRSUMBELOTe Ok thec SbaTting matexrdal, apd: p B nol . sieves.

After 1 hour, Ceswﬂ majoﬁm:fwld"fﬁtthley]!:i;tlé prédides iTg Wae éamesa 4 a new
extractor, TLC s I n ma

maj or spot of the tlﬁcﬂ&ww(?%&g? w#‘&v@%ﬁ@% @?‘é’ga\%ﬁ)t h&ﬁ‘?icam%ashed W th
NaHCO err] and H eth?()somem:dmwde SR estioweshithed praBnce ofhowed t he

presence of the ti a The_product was
purified on HPLC 3%111@ exan?‘mﬁ%@t and, 8 ¥ is" %% E%ve gﬁ?ms g (97%

of the title prodLB’E'° %Mﬂfeaﬂ %‘FII‘/’P%S(I'@X&HE gthylracetate,

di ast er eomer s onot3 sepaf@tga@)e 358 m&’awmpewf ‘tHé EitIe3pPoduct JLC
(hexanes/ethyl acetate = 2:1) Rf =

- 40 - .
(B) Preparation of the title .compound was

conducted on a larger scale as follows. [R-
(R*,S*)]-ﬂ-(Benzoylamino)-a#hydrogybenzenepropanoic_
15 acid, ethyl ester (3.138 g) was suspended in
benzene (100 ml), and trimethoxymethane (3.190 g)
and PPTS (628 mg) were added. The reaction
solution was heated to reflux, 20 ml of DMF were
added for dissolution of most of the starting
20 compound, followed by heating with a Soxhlet
extractor. The thimble in the extractor was filled
with 4A mol. sieves. After 1 hour, and
approximately 3 to 4 cycles in the Soxhlet
extractor, TLC showed consumption of the starting
25 material, and a new major spot of the title
product. It was diluted with EtOAc, washed with
NaHCO3 and H20, dried and the solvent removed. NMR
showed the presence of the title product and a ,
small impurity. The product was purified on HPLC
30 (hexane:ethyl acetate, 3:1) to give 3.138 g (97%)
of the title product. The product (an oil) was a
mixture of diaétereemers (not separated).
Mass spec.: M+Ht = 356
TLC (hexanes/ethyl acetate = 2:1) Rf = 0.41



[err]H NMR in accordance with the above structure. The

foll ewrngs Exanpl es 5 to 7 denpnstrate hydrol ysis of the ester group of
a preferred 5 oxazolidine ester of the formula | or Il to form t he
correspondi ng carboxylic acid, or salt thereof, of the formula Il or
VI, EXAMPLE-10 Preparation of (4S-trans)

- 3- Benzoyl - 2, 2- di net hyl - 4- 'phenyl-5-oggzolidinecqrboXyIic aci d,
l'ithiumsalt" [err] 15 (48¥Ytrans)

- 3- Benzoyl - 2, 2- di net hyl - 4- phenyl - 5- oxazol i di necar boxylic acid, ethyl
ester (73 ny) was di ssolved i'n THF (0.5 nml) at roomtenperature and

LiCH (0.217 m, 1M4in Herr]O was added, dropw se. “Initially, a
bi - phasi ¢ ni xture s epy@ ?°E‘g?n% W rt%lenégﬁﬁai PFOHCH S he | ast

gquantity of Li OH and stirring for 5 mnutes the solution becane

honbgeneous. After furthe&ggg%ﬂ&gm%égr%i&ug, \Fmotﬂ -?%Foﬁg‘l. Sl s were

renmoved i n vacuo. The resi azeotrope uene/ et hanol and
dried at 25 55[er Hydrolysasghf tikecesteylonanpueh a preferred lithium

salt was obtaingd (HRA1GERAE estePUst lik@ifdmila I or II to form
the corresponding carboxylic acid, or salt thereof,
of the formula III or VII.

) EXAMPLE. 5
10 = =3- =2.2- =4-
H3c><cns
BzN 0
§
o co,Li
15 (4S8-trans)-3-Benzoyl-2,2-dimethyl-4-phenyl-

5-oxazolidinecarboxylic acid, ethyl ester (73 mg)
was dissolved in THF (0.5 ml) at room temperature
and LiOH (0.217 ml, 1M in H20) was added dropwise.
Initially, a bi-phasic mixture was observed, but

20 after the addition of the last quantity of LiOH and
stirring for 5 minutes the solution became
homogeneous. After further stirring for 1/2 hour,
the solvents were removed in vacuo. The residue
was azeotroped with toluene/methanol and dried at

25 55°C overnight under high vacuum. The title
lithium salt was obtained (no further
purification).



- 41 - Preparatlon of (4S-trans)-3-Benzoyl -2, 2-di net hyl - 4-
necarboxylic acid [err] 5 (4S-trans)

pRenyl *5- exazol i di

- 3- Benzoyl.- 2, 2- di et hyl - 4- phenyl - 5- oxazol i di necar boxylic acid,

ester (1.56 g)
LiOH (4.63 m, 1M

Li OH and stirr
After further stir
w th aqueous 1N 15
NaCl . The H20 laye
conbi ned organic p

was di ssolved in THF (10 n1) at roomtenperature

et hyl

and

I n H20) was added dropw se. Initially, a bi-phasic
m xture was observed, but ’ after the adgttlon of the last quantity of

ing for 5 mnutes the So

tTon became honbgeneous.

ring for 1/2 hour, the reaction m xture was quenched
. HCG (4 63 m), and diluted with EtCAc and saturated

I ved in

vacuo to give 1.39 g onhenﬂl:i:mxaqnliimnﬁgasbaxgﬂzm@aﬁhdch 20 was
honogeneous by TLC and [err] H NVR TLC (et hyl

acet at e/ acet one/ net hanol / water = H CHy 1:1) R = 0.40 mp. =
173-176C [err]

EXAMPLE 7 P
nhenyl - 5- oxazol i di

10

15

C
H NWR in accordancé WRth whe above structure. 25 -
reparation of (4S. 5[eryd) -3-Benzoyl-2-nethoxy-4-

necar boxylic acid
y BzN 0

&
§

Ph CO2H

(48-trans)-3-Benzoyl-2,2-dimethyl-4-phenyl-
5-oxazolidinecarboxylic acid, ethyl ester (1.56 g)
was dissolved in THF (10 ml) at room temperature
and LiOH (4.63 ml, 1M in H20) was added dropwise.
Initially, a bi-phasic mixture was observed, but
after the addition of the last quantity of LiOH and
stirring for 5 minutes the solution became
homogeneous. After further stirring for 1/2 hour,
the reaction mixture was quenched with agueous 1N
HCl (4.63 ml), and diluted with EtOAc and saturated
NaCl. The H20 layer (pH = 3) was twice extracted
with EtOAc, and the combined organic phase dried
with MgSO4. The solvent was removed in vacuo to
give 1.39 g of the title product acid (97%) which
was homogeneous by TLC and lH NMR.

TLC (ethyl acetate/acetone/methanol/water =
_ 7:1:1:1) Rf = 0.40
m.p. = 173-176°C
ly NMR in accordance with the above structure.



- 42 - | - [err] A probedure

aﬁalegbUSTto that of Exanple 6 was enpl oyed, substituting the title
product of - 5 Exanple 4 (177 ng) in place of the title product of
Exanple 1 and enpl oying the foll ow ng amounts of t he renmai ni ng
reagents: 0.524 m INLIiOH 2.0 m THF and 0.524 1N HC. 161 ng of the
. crude title product (99% was obtained. The sane:-procedure was 10 '
~carried out at a larger scale (using 3, 58048g-of the title product of
- Exanple 4, 10.38 m of 1IN- LiOH 40 ml of THF, and 10.38 ml of 1N HQ)
to yield 3.23 g.of the crude title product (98% - (mnor inpurity

present). The product was a 15 m xture,of db&ﬁtereonérs (not separated).
TLC (et hyl acet at e/ acet one/ nmet hanol / wat = 3 7:1:1:1) RF = 0.35

mp. (mxture) = 160-162[err]C [err] MR i n accordance with the above
structure. 20 The foll ow ng axpl e 8 denonstrates the
preparation of a preferred starting EN3 hydQoxyl - bearing taxane
material of the formula IV. 25 _ EXAMPLE 8
Preparation of 7-Triethylsilylbaccatin ) ‘
§
Phs CO2H

. A procedure analogous to that of Example 6

was employed, substituting the title product of

5 Example 4 (177 mg) in place of the title product of
Example 1 and employing the following amounts of
the remaining reagents: 0.524 ml 1IN LiOH, 2.0 ml
THF and 0.524 1N HCl. 161 mg of the crude title
product (99%) was obtained. The same procedure was’

10 carried out at a larger scale (using 3,580 mg of
the title product of Example 4, 10.38 ml of 1N
LiOH, 40 ml of THF, and 10.38 ml of 1N HCl) to
vield 3.23 g of the crude title product (98%)
(minor impurity present). The product was a

15 mixture of diastereomers (not separated) .
TLC (ethyl acetate/acetone/methanol/water =

7:1:1:1) RE = 0.35

m.p. (mixture) = 160-162°C

1y NMR in accordance with the above structure.

20
The following Example 8 demonstrates the
preparation of a preferred starting C-13 hydroxyl-
bearing taxane material of the formula IV.
25 " EXAMPLE 8

E ! . EZ—I . !] ] -1 ]1 ! . III



s

- 43 - [err] (1)
[2aR- (2al;err],4[err],6[err].9a.11[err],12[err].12a[err].12b[err])]-
Benzoi c acid. 12b-acetyl oxy-2a,3,4,4a,5.- 5

6, 9, 10, 11, 12, 12a, 12b- dodecahydro- 6, 9, 11-
trlhydroxy 4a 8,13. 13-t etranet hyl - 5- oxo-
4-[(triethylsilyl)oxyl-7,11- et hano-1H

cycl odecal 3. 41 benz[ 1, 2- bl oxet - 12- yl ester 43 -

(7-9g- TES- 10- Desacetyl baccatin 111) 10

10- Desacetylbaccatln I (27.4 g, 50.3 mmol) (amount not corrected for
impurities measured 15 (twi ce) as: H20pqd) 0%(é e CH err]OH: 1. 49%
(1.69%, et hyl acetate: 0.1% (0. 090/75\c 03% ) and

Herr]O (K F.) =

L 3-necked fl ask

t hernoneter) and

w. %Herr]O (KF.)
Q = <0.01) was added

4- di met hyl am nopyri di ne (2. 62 g, 21.4
0.09) were added to a flane-dried, ™\
(equi pped with a 20 nechanical stirrg
were dissolved in dry di nethyl f HiQwm
= <0.01). CHerr]Cl[err] (256 m) (w.
and the resulting

(1) = . -

10

10-Desacetylbaccatin III (27.4 g, 50.3 mmol)
(amount not corrected for impurities measured
15 (twice) as: H30: 1.0% (1.57%), CH30H: 1.49% (1.6%),
ethyl acetate: 0.1% (0.09%), hexane (0.03%)) and
4-dimethylaminopyridine (2.62 g, 21.4 mmol) (wt. %
H20 (K.F.) = 0.09) were added to a flame-dried,
- argon purged 1 L 3-necked flask (equipped with a
20 mechanical stirrer and a digital thermometer) and
were dissolved in dry dimethylformamide (122 ml)
(wt. % H20 (K.F.) = <0.01). CHxClz (256 ml) (wt. %
H20 (K.F.) = <0.01) was added and the resulting



s

- 44 - honobgeneous sol ution was cooled to -50[err]C. (The

tenperature of the reaction solution rose from23[err]C to 25[err]C
during the addition of CHerr]dJ[err].) Triethylamne (NEt3, 16 m, 120
mol) (wt. % Herr]O 5 (K F.) = 0.08) was added dropwi se over 3 m nutes
and the resulting solution was stirred at -50C for 5 mnutes before the
dropwi se addition of neat triethylsilyl chloride:(Et[ert]Si Cl, 18.6 nl,
111 mol ). The addition of Et[err] S-Ch4was conducted over 10 a period
of 10 m nutes and the terperature of the reaction did not rise above
-50[err] C. The reaction becanme very cloudy during the addition of

Et 3Si d . The resulting mixture was stirred at ~-50 err]Cfor 1 hour
and was then al | ond@mogeseana solutinn wes coaled kg) -PR°G - 4Fbef rcezer for

2t2 hggEs ]éAf : %%R@'é%h@u?ép&lfwtrééwm tddducsbhl £65€ gri;]@n 2_3°§:r eaction
at - err or ¢ Yesds ' oQy e mxture was
t hen renoved fromt >°¢C &?ﬁleﬁq:hfn&d%gﬁé%ga Pg 26l“:E)][SZ’err] C. (TLC anal ysis
of the 20 m xt ureT(rsGItWham1aehWElabetleﬁt Gll-sﬂ-apnmmol) prtos Fhéiz0l ybdi c
aci d/ et hanol) gvea(lxteg. t)hg ?W‘%S adéﬁf d!e irgﬁgsshomed a

e

singl e spot for pro ure was
combi ned wi th Et m@néw}leaﬁasuhgm S QFJJ%MGFOSFBQUEQSaC nt30°C frE

;ﬂ esul tT Ih ng a?rgeouz lsayghutes BepsFalik a%pmsﬁeaaaﬁ@i&g d%/triéait QAc (250
Na%—l[err]eP(éIOerIr]ne(2“){“1?%3}9%s E’(Leéé:{ﬁx Agg’a§%8g%"‘ja 'ue S

NaH err] Pg err] an@Qd )[.er T]leoamt:ms:ﬁ &t 3B ECHf was ecansivisitiedd oger
(250 )| Sat horasy Paiis3 Sfafy Pylifles Sald o8 LhghBfanure BERME 125
filtered and concemeagtdgn didonot lfkﬂ%\ﬁé-wve( AS0°GoncBhe reaacddonon t he
rot ovap Ver e Coaddfieedertt Sloudpidir itgt Rhecaneieion oPELssicl.

The resulting mixture was stirred at ~-50°C for 1
hour and was then allowed to stand (without
15 stirring) in a -48°C freezer for 22 hours. (A
Separate experiment showed that stirring the
reaction at -48°C for 8 hours resulted in ~60%
conversion.) The mixture was then removed from the
freezer and warmed to ~-10°C. (TLC analysis of the
20 mixture (solvent: ethyl acetate, stain:
phosphomolybdic acid/ethanol) revealed the absence
of starting material and showed a single spot for
the product (Rf = 0.60).) The cold mixture was
combined with EtOAc (1L) and washed with H20 (890
25 ml). The resulting agueous layer was separated and
extracted with EtOAc (250 ml). The combined
organic layers were washed with 5.7% aqueous
NaH2PO4 (2 x 250 ml) (measured pH of 5.7% aqueous
NaHz2PO4 = 4.30 £ 0.05; measured pH of the combined
30 NaHzPH4 washings = 5.75 £ 0.05), half-saturated
aqueous NaCl (250 ml), saturated aqueous NaCl (250
ml), dried over NazSO4, filtered and concentrated
on a rotovap. (All concentrations on the rotovap
were conducted with a water bath temperature of



,45 - 35[err]C.) The resulting sem -solid was further dried
by exposure to high vacuum (~1 mm Hg for 20 m nutes) to give 41.5 g of
a white solid. The crude product was then dissolved in CHerr]Cl[err]
(400 M) 5 (heating in a 35C water bath was required to di ssol ve the
solid) and the volunme of the resulting solution was reduced to -150 mi
on a rotovap. Crystallization started Enediatelygand the m xture
was allowed to.stand at room tenperature f 1 10 hour. Hexanes (100 m)
wer e added and the m xture - was gently swirled. The m xture was al |l owed
to stand in a 4ferr]C cold roomfor :16.5 hours. The solid was

filtered,” washed wgighclj9 ﬁr&efé.«lﬁdﬁffg]s/eﬁexeam(éag furtr%ﬁo dfikbgon a

suction fllter and dried under vacuum for 2 hour s)
to give 26.1 g ( PEPPSHFet ke ?+ﬁhé"ﬁ?%ﬂhdrla aHQMf?% wder. The
mot her |iquor was minhoeek)atedgive a4l S @vaf anwhibe solids esthde was

crystallized from Coaer bCHBEEElLe latP dielcvea sn(dhbrOliahbent ) t! @

product as white crystal I""zat T on was he same
manner as Wt h (heatfingsincaod5W wategubatht was svequlinet to  di ssol ved

in CHerr]d[err] QﬁQQOTVL &h&hgah&»eaéﬂmn@n%lumetae MR WEnA Ilh St on

resultlng sol ution VF\Pr@LS r.educed on a rotovap. Crysta
S

began within 5 25 HEieE, wa?h’éeq?'i“}&%rté’ w&?an‘F-o%dat’EP%Q‘fﬁR} at room
tenmperature for 1 Irmys;:au.melatﬁom dfarvddC immedintoly faid the 4dxtaves. The

crystals were fiIt sh 9 err]dhexanes (3 x 50
n|¥ on a suction fIP%ePl egaﬁﬁnéﬁﬁQﬂj EEP%ELgﬂp%§%% é .é‘nn1kg for 18
30 hours.). e beukR Bexahes 10 mids wedtenatided a:md the tefictjuzrer | H NVR
of the first crop phsppady 'girled. The Higeaody @&éﬁ k@ the two

crops was 93% uncqrrec ed ment al An SIS
tand in a 4°C cold room for 16.5 hours. The solid

was filtered, washed with 1:9 CHzCls/hexanes (3 x
250 ml) on a suction filter, and dried under high

15 . vacuum (~0.2 mm Hg for 42 hours) to give 26.1 ¢
(79%) of the title product as a white powder. The
mother liquor was concentrated on a rotovap and the
residue was crystallized from CH2Clz.to'give 4.5 g
(14%) of the title product as white crystals.

20 Recrystallization was conducted in the same manner
as with the first crop of product: the solid was
dissolved in CH32Clz (100 ml) without heating and
the volume of the resulting solution was reduced to
~7 ml on a rotovap. Crystallization began within S

25 minutes. The mixture was allowed to stand at room
temperature for 1 hour, then in a 4°C cold room for
42 hours. The crystals were filtered, washed with
1:9 CHzClaz/hexanes (3 x 50 ml) on a suction filter,
and dried under high vacuum (~0.2 mm Hg for 18

30 hours.). The H NMR of this crop was identical to

. the 1H NMR of the first crop of product.
The combined yield for the two crops was 93%

(uncorrected). '
Elemental Analysis (%)



- 46 - lerr] Cal cd. Found C 63. 80

63.43. | H 7. 65 7.66 5 KF(Herr]O 0.00 0. 00 np: 239
- 242C (deconp.) [err][err]D -53.6[err] (c 1.0, CHCO[err]) TLC
Rlerr] = 0.60 (silica gel, EtOAc); visualized by phosphonol ybdi ¢

aci d/ ethanol . 10 An alternative procedure was enpl oyed as

fol | ows: In a flame-dried 250 ml ~ 3- necked;, fl ask - equi pped
with an argon inlet was placed 10-des- - 46éacetyl baccatin Il (5.44 g, 10
mmol, having-a water. 15 content of 1.56 wt. % and a nethanol content of
1.6 w 9%, 4-dinethylam nopyridine {0.49 g, 4 nmol) and

N, N- di met hyl f or.mami de (24 nl, dried over 4A mol ecul ar si eve). The

m xture was stirred £35Hs0@0S1 tenperature until honogeneous.

Di chl oromet hane (50 20 mga3dd.C or edgngqused w thout purification) was
added and the tenperature ) Iowergd o -50[err]C Triethylamne (2.9
m, 21 mmol) was &dded dr%ose 63083 a 5 minute period, followed by
triethylsilylchlorgde (3.4s85 20 nfobp over a 10 25 minute period. The

m xture was all Wre#P t t -A8[err] C for a period of 21 hours,
diluted with 2(?8 h'?zos’o1‘%1'(;15t0$11yI acgfgﬁe and 175 ml of water. (The

reacti on was noni tmped2dy T12437€6 (desompc) as eluent: R[err] for -the
starting materi al pafR%HH, B3 .60r (g01.0 heyoigguct = 0.83; W and PMA

v sualzation. ) Thes, ng RN (e Rra 0y S ST AT W L g
W th 5% aqueous poplésSphtolybdicosehayechamel basic (50 nl x 2) (pH of 5%
KH2ZPOA 10 An alternative procedure was employed as

follows:

In a flame-dried 250 ml é-necked flask
equipped with an argon inlet was placed 10-des-
acetylbaccatin III (5.44 g, 10 mmol, having a water.

15 content of 1.56 wt. ¥ and a methanol content of 1.6
wt %), 4-dimethylaminopyridine (0.49 g, 4 mmol) and
N,N-dimethylformamide (24 ml, dried over 4A
molecular sieve). The mixture was stirred at room
temperature until homogeneous. Dichloromethane (50

20 nl, HPLC grade, used without purification) was
added and the temperature was lowered to -50°C.
Triethylamine (2.9 ml, 21 mmol) was added dropwise
over a 5 minute period, followed by
triethylsilylchloride (3.4 ml, 20 mmol) over a 10

25 nminute period. The mixture was allowed to stand at
-48°C for a period of 21 hours, diluted with 200 ml
of ethyl acetate and 175 ml of water. (The
reaction was monitored by TLC using EtOAc as
eluent: Rf for the starting material = 0.56, Rf for

30 the product = 0.83; UV and PMA visualization.) The
aqueous layer was separated and extracted with
ethyl acetate (50 ml x 1). The organic layers were
combined and washed with 5% aqueous potaséium
phosphate mono basic {50 ml x 2) (pH of 5% KH2PO4



- 47 - in H20 was 4. 3) hal f - saturated sodi um chl oride (50 m X
1), .bt'i ne (50 m x 1) dried over sodium sul fate and concentrated in
vacuo to give crude title product as a solid (7.45 g). The crude 5
material was dissolved in 75 m of hot di chl oronet hane and the total

vol une was reduced to 30 mM by heating to begin crystallization. It was
set aside at roomtenperature for 2 hours,gnd 4[err]C for 16 hours. The
crystals were filtered on a 10 buchner fﬂﬂnel washed with cold 10%

di chl oronethane in hexane (25 m) and dried in vacuo to afford 5.38 g
of title product. The not her” | i quor's and washi ngs were concentrated I n

vacuo and the sol i%‘ lf"%l QHE %§)Crm%léé&%gt5ta%ﬁ§d”ﬂﬁs&ﬁ& 11808 m of

di chl or onet hane. g ove cfr | zati on procedure, 0.72 g
of the pr oductmias 1dht Sring 480 amketdid @F-'épd qyer SOdJé-E'Frbl ned yield of

the title product sulfaEeTﬁﬁdlchEéﬁeﬁﬁ’édJ%P%tcﬂo' td, gi¥e acxifd € solid. 20

' 238- 240 tal Anal 9

[ort] o g fprodugs, fg & saia (7185800 tndGelda "t

7.65 ~ 7.665 magEriadd9was2difsolvéd in 753l ofSRoﬁ (c 1.0, CHCl[err])
TLC. = 0.53 t

visual i zati on. (Sldl&wgbeggéﬁg gﬁﬁ %l‘ﬂa %&eyoi‘éﬁr(?]wa%%‘f% to
4alerr],6[err], 9[e}Q]mllbyehe]atiagem]bq®a{ exyptazbization. It was

6. 12b-Bi s (acetyl Qe ashide GReResH Péiperddire for 2 hours and 4@ 5. 6.9,
10,11, 12, 12a, 12b-gdqdecahydro-

9, 11- di hydr oxy- 4a. rléﬁ@@é?ran’ﬁ?ﬁﬁxyscals were filtered on a
10 buchner funnel, washed with cold 10%

dichloromethane in hexane (25 ml) and dried in
vacuo to afford 5.38 g of title product. The
mother liquors and washings were concentrated in
vacuo and the solid residue was czystéllized by
15 dissolving in 8 ml of dichloromethane. Following
the above crystallization procedure, 0.72 g of the
product was obtained as a second crop. The
combined yield of the title product
7-TES-10-desacetylbaccatin III, 'as a white solid
20 (m.p. 238-240°C), was 6.10 g (93%).
Elemental Analysis (%)

C35H50010S1
Calcd. Found
C 63.80 63.76
25 H 7.65 7.66

mp: 239 - 242°C
[elp: -53.7 (c 1.0, CHCl3)
TLC: Re¢ = 0.53 (silica gel,50% EtOAc in hexane); UV
and PMA visualization. HI = 98.9%
30 ' -
(ii) I2aR-(2act,48.42B.68.9¢.118.120,.12ac, 12ba) ]~



- 48 - | 4- r (triethylsilyl)oxyl-7,11-net hano- 1H

cy.cl,odecq[ 3. 4] benz[ 1, 2-Db]oxet-5-o0ne (7- O TES-baccatin 111)
[err] 5 7- O TES- 10- desacet yl baccatin |11 prepared in
step (i) above (21.4 g, 32.4 mmol) was added to a flame-dried, argon
purged 1L 3-necked flask 10 (equipped with a nechanical stirrer and a
digital t hernonet er) and dissolved in THF (350 nm*; freshly

distilled from sodi um benzophenone). The‘rﬁ%uTting sol uti on was cool ed-
to -70[err]C. A solution -of n- butyllithium(n-BuLi, 14.6 nl of a 2.56

M solution 15 in hexanes, 37.3 mmol, titrated in trlpllcate wth

di phenyl acetic acid in THE ﬁ{ chlﬂﬁ ﬂdgzd !_Zgigpmﬂﬁe ozgh_a peri od of
23 m nutes. The tenp above
-68[err] C during the addicts e 304 hoenz (2 phoxet-Srane t he addition of
n- BuLi and did not ap - | I 70[err] C. The resulting

m xture was stirred a?fggd?%?$¥§$$%¥ﬁzgkﬁ%nutes and was then war nmed
to -48[err]C. (A clear honpbgeneous sol utj obt ai ned upon war m ng
to -48[err]C.) After stirring at 25 Jgg? hour, acetic
anhydride (4.6 m, 49 nmol , 38[err]C, 1 atn) under an
at nosphere of argon before use) over 7 mnutes. The

tenperature of the reaction A5C during the
addition. The

7-0-TES-10-desacetylbaccatin III prepared in

step (i) above (21.4 g, 32.4 mmol) was added to a
flame-dried, argon purged 1L 3-necked flask

10 (equipped with a mechanical stirrer and a digital
thermometer) and dissolved in THF (350 ml, freshly
distilled from sodium/benzophenone). The resulting
solution was cooled to -70°C. A solution of n-
butyllithium (n-BuLi, 14.6 ml of a 2.56 M solution

15 in hexanes, 37.3 mmol, titrated in triplicate with
diphenylacetic acid in THF at 0°C) was added
dropwise over a period of 23 minutes. The
temperature of the reaction did not rise
above -68°C during the addition. Solids were

20 formed upon the addition of n-BuLi and did not
appear to dissolve at -70°C. The resulting mixture
was stirred at -70°C for 20 minutes and was then.
warmed to -48°C. (A clear homogeneous solution was
obtained upon warming to -48°C.) After stirring at

25 -48°C for 1/2 hour, acetic anhydride (4.6 ml, 49
mmol, distilled (137 - 138°C, 1 atm) under an
atmosphere of argon before use) was added dropwise
over 7 minutes. The temperature of the reaction
did not rise above -45°C during the addition. The



- 49 - re'sulting solution was stirred at -48[err]C for 20 m nut es

and:thensat O[err]C for 1 hour. The sol ution was diluted wth ethyl
acetate (350 m), washed Wwith saturated aqueous NH err]d (250 m), and
the 5 layers were separated. The aqueous |ayer was extracted with
ethyl acetate (200 m ). The conbi ned organic layers were washed with
saturat ed aqueous NaCl, dried over NaJerr]SOerr}, filtered, and
concentrated on a rotovap. (Al concent ratd%ris on 10 the rot ovap were

" conducted with a water bath tenperature of 35C. ) Exposure of the
sem -solid to high vacuum (-1.5 nmHg for 1/2 hour) gave 24.7 g of

) and the vol une §PSE eig?gi%dﬁfuétﬁ’?fVﬁgﬁﬁ%ﬁ?%ﬁ%%&ﬁ?k%%&*{fé[ 20t o a
rotovap. Crystalliminutes msyhrithent bcn0efor duthour. Thkesalutiom was
~allowed to stand afag uted tvﬁ'EPxeéﬁszieaéé’Eaéfz @5@“%&?5 @agntHen in a

h e g vver]S

4l err]C col d © rop or 18 haours. Crvys il tered, 20 washed
vvi[th ]1: 9 CHerr] Cl‘[”eﬁ]?%&ﬂ?@g esuw%omﬂ@f Gehi BRefilter, and

?gizego/émdfer Ei $h VBgyei lﬁ(w&:eglseparﬁﬁe&lg frHie J&dw(ﬁ)layérgwag Zg- 99

: of the t odyct I ne I t e, J}eedl.es. nmot her

| i quor was concent?’é?é%ceto% é‘”?tég‘t ﬁgﬁiaﬁﬁe%}ee Zgb%r% .due¥&§s crystallized
from CH err] Cl[ er r¢omhizined oxganic lgyers ovsle gvashetwith savuratéed product

as smal | whi t eaqlidsidacIG uehak! bééfiﬁﬁ(s%s, ¢ondupb@d Ay fol | ows:
The residue was di ssolved in (fH[err]Cl[err] 1 - m) and the vol unme of
the resulting sol LEPRFEREEALRS onedyuEeBOYaP 5 AlloFongentsabiens omft er

SHte andi ng( gt . )10 roaﬁ@éﬁwd Fais l{fe@ef ebndidté@Witha Wa)ﬁ&ﬁ:‘ab;étﬁad f or med.
xanes wer e added .in pQri{ians an sal ut i on. was
swirled. A few cry%?‘&?%r s °%Br<gs)ten?£fﬂps[urﬁes O%i %’E‘g ?ﬁ@ln??zp’t#\g was
allowed to to high vacuum (~1.5 mm Hg for 1/2 hour) gave 24.7

g of a white solid. The crude product was
dissolved in CH2Clz (300 ml) and the volume of the

15 resulting solution was reduced to ~70 ml on a
rotovap. Crystallization began within one minute.
The mixture was allowed to stand at room _
temperature for 45 minutes, and then in a 4°C cold
room for 18 hours. The crystals were filtered,

20 washed with 1:9 CHzClz/hexanes (3 x 100 ml) on a

. suction filter, and dried under high vacuum (~0.2

mm Hg for 19 hours) to give 20.9 g (92.0%) of the
title product as fine white needles. The mother
liquor was concentrated on a rotovap and the

25 residue was crystallized from CHzClz/hexanes to
give 0.82 g (3.6%) of the title product as small
white crystals. Crystallization was conducted as
follows: The residue was dissolved in CHaClz (10
ml) and the volume of the resulting solution was

30 reduced to ~5 ml on the rotovap. After standing at
room temperature for 1/2 hour, no crystals had
formed. Hexanes (5 ml) were added in 1 ml portions
and the solution was swirled. A few crystals were
present by this time. The mixture was allowed to



stand at roomtenperature for 1/2 hour (nore crystals forned) and then

in a 4[efr]C cold roomfor 18 hours. The crystals were filtered, washed
with 1:9 ° CHerr]Cl[err]/hexanes on a suction filter, and dried under 5
hi gh vacuum (-0.15 nm Hg for 21 hours). The conbined yield for
the two crops was 95. 6% np: 218 - 219[err] C (deconp.,)

[err][err]D: -78.4[err] (c 1.0, CHCl[err]l)sdQ. TLC. Rferr] = 0.37 (silica
gel, 1:9 acetone/CHerr]C[err]); vi sual i zed by phosphonol ybdi c

aci d/ et hanol . ' The fol l owing Exanpies 9 to 11 denpnstrate

the coupling of a preferred oxazolidine' carboxylic 15 acid of the fornula
1l or VI with a &afd at fwhi(nerdpémukagfbaxm lodur higadre nul a | V.

f )
arore “ogerr), opEPpthe temeol LSRN o 5ol e, 1L
Benzoyl - 2. 2- di net hippunspheflye -crystals o, Bilte ar st

6, 12b- bi s(acet yl OXMﬁZCI /hexanes on a suct:.on filter, and dried under
12- (benzoyl oxy). - 9 10, sél 12,1

.1
dodecahydr o- 11- %yd#‘bﬂ? ﬁ%C‘B‘-“EB (~03. %5 o Bg; £ %f hours) .

0x0-4-[(triethylsilyl)oxyfhd, ddmiviriehnddlld for the two crops was
cyclodecar[3.4]ben§§I6§-bloxet-9-y| ester
- 51 - U "

mp: 2;8 ~ 219°C (decomp.)
(®]22p: -78.4° (c 1.0, CHCl3)

10 TLC: Rfg = 0.37 (silica gel, 1:9 acetone/CH2Cl2):
visualized by phosphomolybdic acid/ethanol.

The following Examples 9 to 11 demonstrate
the coupling of a preferred oxazolidine carboxylic .
15 acid of the formula III or VII with a C-13
hydroxyl-bearing taxane of the formula IV.

_EXAMELE_S.
Preparation of [2aR-
20 (2a¢. 4 § 4S* . SR*) 11, 12¢,12ac, 12bal 1-3-



[err] 7-Triethylsilylbaccatin Il (156 ng), the

title product of Exanple 6 (94 ng), toluene (0.6 5 m), DCC (69 ng) and
DVAP ¢27 ng) were m xed toget her and the resulting m xture was heated
at 80[err]C for 3 hours. TLC at that tinme showed conpl ete

consunption of the 7-triethylsilylbaccatin I1I starting material and

t he appearance of a new spot. 10 The reactign m xture-was dirifuted with
[err] (20 m ), saturated aqueous [err]5 10 mM) was added,: t he
Herr] O layer was extracted with [err] (2 x 10 nl) and the conbi ned
organic layers were.dried over anhydrous MgSO err]. Upon concentration
I n vacuo sone 15 prec ﬁ&tate formed whi ch was renoved by.
filtration. The conpouhd urcfied by Aqy,epar at iove .&Eé(hexane et hyl
acetate, 2:1) to gi ve 2 nmg (96% of the’ , Mass
spec.: MrH+ = 1,008 20 T xanes/ et hyl
= 164-165[err]C [BEN]H N
The above procedure was

7-triethylsilylbaccatin I anple 6
(287 ny), toluene (F8 nm)
- 52 - HPLC c mat ogr

Q Litanses

7-Triethylsilylbaccatin III (156 mg), the

title product of Example 6 (94 mg), toluene (0.6

5 ml), DCC (69 mg) and DMAP (27 mg) were mixed
together and the resulting mixture was heated at _
80°C for 3 hours. TLC at that time showed complete
consumption of the 7-triethylsilylbaccatin III
starting material and the appearance of a new spot.

10 The reaction mixture was diluted with CHzCls (20
ml), saturated aqueous NaHCO3 (10 ml) was added,
the H20 layer was extragted with CH2Clz (2 x 10 ml)
and the combined ofganic layers were dried over
anhydrous MgSO4. Upon concentration in vacuo some

15 precipitate was formed which was removed by
filtration. The compound was.purified by
preparative HPLC (hexane:ethyl acetate, 2:1) to
give 214 mg (96%) of the title product.
Mass spec.: M+H* = 1,008 _

20 TLC (hexanes/ethyl acetate = 1:1) Rf = 0.56
m.p. = 164-165°C
lg NMR in accordance with the above structure.

The above procedure was repeated on a larger

scale employing 7-triethylsilylbaccatin III (475

25 mg), the title product of Example 6 (287 mg),
toluene (1.8 ml), DCC (210 mg) and DMAP (50 mg).



title product EXAMPLE 10 5

Al-ternative Preparation of [2aR- (2aferr], 4[err], 4af[err], 6[err].
9lerr] (4S*. 5R*), 1l[err], 12[err]. 12aferr], 12b[err] ] "3-
Benzoyl-2.2-dinethyl-4-pheny|-5- oxazol i di necar boxylic acid
6. 12b- bi s(acet yl oxy) - _ .
12- (benzoyl oxy) - 2a. 3. 4. 4a, 5. 6. 9. 10, 11, 12. 12a. 12b- 10-; ., e
dodecahydr o- 11- hydr oxy- 4a, 8, 13, 13-t et r anet 5= 5- 0X0- 4-
[(triethylsilyl)oxyl-7,11- et hano-1H
cyclodecar[3,4]benzr[1 2- bl oxet - 9- yI ester ‘ A suspension of the.
title product of Ie 15 6 (10 )
bi s( 2- oxo- 3- oxazol HBP rﬁP@Y Yleéﬁ?érﬁﬁl@ RG5(98F) REVERE t he
structure: tltle product, [err] 20 and
7-triethylsilylbaccatin Il (170 mg) in [err] (0.5 mM) and TEA (0.068
mM) was stirred at room tenperature for 3 hours. After 1/2 hour the
suspensi on becanme a somewhat cloudy soEZANMEBLE 1No reacti on was
observed by TLG The m xtur gjvasnkhe : {630 Lellux for 1 hour
(no reaction). At t hat > DIV ) Q contlnued for
1 hour resulting |r4%ﬂ4kéﬁ;4§£ R O 2 SR e e with
et hyl acetate, washed with Bgnzgg §li et 1O 161 ARG pH 3 phosphate
buffer, 30 saturat ) A , gi ve 232 ngy
(95% of the crude ]" . FNIVIR ) - : . - 53

10 =11- = = =5~

-4~ -7 - -1H-

A suspension of the title product of Example
15 6 (103 mg), bis(2-oxo-3-oxazolidinyl)phosphinic
chloride (65 mg) having the structure:

20 and 7-triethylsilylbaccatin III (170 mg) in CH,Cl,
(0.5 ml) and TEA (0.068 ml) was stirred at room
temperature for 3 hours. After 1/2 hour the
suspension became a somewhat cloudy solution. No
reaction was observed by TLC. The mixture was then

25 heated under reflux for 1 hour (no reaction). At
that time, DMAP was added and heating continued for
1 hour resulting in product formation. The mixture
was diluted with ethyl acetate, washed with

_ saturated aqueous NaHCO3, pH 3 phosphate buffer,

30 saturated aqueous NaCl, dried and evaporated to

give 232 mg (95%) of the crude product. 1H NMR



showed,the desired title product and about 2 to 5% starting material .

(ﬁrodyct characteristics consistent with structure of Exanple 9.) 5
EXAMPLE 11 Preparation of [2aR- (2aa. 4[err],
dalerr], 6[err]. 9[err](4S*, 5R*). 1l[err], 12a. 12a[err], 12bf[err]- 3-
Benzoyl - 2- met hoxy- 4- phenyl - 5- oxazol i di necar boxylic . - -acid

6. 12b- bi s(acetyl oxy) - 12- (benzoyl oxy)- 10. 53 - ‘s _
2a.3.4.4a.5.6.9, 10,11, 12, 12a. 12b- dodecahydro- 11- hydr oxy- 4a,

8, 13, 13-t etranet hyl - 5- oxo- 4-
[(triethylsilyl)oxyl-7.11-met hano-1H -
cycl odecar [ 3, 4] benshpwadbtheetde8iyéd asittdre product am{iealﬁc}ut o 5%

(135 )" S0l tone. Chreibh! nbEaRFE)  if¥oaner thbEpPEROUSGE" XTI C 0 o6

t oget her and the r &SBSiskgNki W%Gheswqw& o Esampler®f) | ux (about

80[err]C for 1 hour. At that tine, the reacti on was not conplete and a
second charge o DCC (56.5 nm). and%ﬁS ng) were added and the
m xture was refTuxed for another 2 hou 25 anounts of starting

material still remalned After mmmnmf_uuamwth Et OAc, washing

with saturated @

10 - -11-
H QOCH;
BzN 0
§
P O Httsees
: 8]
15 - Ho OBZ

7-Triethylsilylbaccatin III (255 mg), the

title product of Example 7 (155 mg), toluene (1.0
ml), DCC (113 mg) and DMAP (27 mg) were mixed

20 together and the resulting mixture was heated to -
reflux (about 80°C) for 1 hour. At that time, the
reaction was not complete and a second charge of
DCC (56.5 mg) and DMAP (13.5 mg) were added and the
mixture was refluxed for another 2 hours. Small

25 amounts of starting material still remained. After
work-up (dilution with EtOAc, washing with
saturated aqueous NaHCO3, and drying with anhydrous



- 54 - MySq err]) the product was purified on preparative HPLC.
The mai'n fractions gave 300 ng (82% of the title product (and a snall
anount of inpurity). On a larger scale, 7-triethylsilylbaccatin
5111 (1.022 g), the title product of Exanple 7 (620 ng), DCC (451 ng)
and DVAP (107 ng) were m xed together in a dry flask -and suspended in

t ol uene (3.5 mM). The mxture was heated at 80[err]C for 1 hour ,
then another 0.5 eq. of the title product ©™ -10 Exanple 7 was added,

fol l oned by a second charge of DVAP (107 ng) and DCC (451 ng). Starting
mat eri al still remained after heating for 1 hour. -The reaction

m xture was heat ed overn| ht and worked-up _ _, as descri bed above.
Purification on HPH %@ﬁ@déf:ﬁywaio@%@tféedg°ﬁ prepayatyg®e as the

first fraction 75 m@f afhd WM ifracth6ist fvd i30ee mg (sawdasttﬁ&% g,

65% . 213 ng of sta ng 2199 renaine uct was a

m xture of . di ast %jr Pfg?a‘%“i%gf’ngeﬁa% )am%tTlf’% ("ﬂ‘@k‘ﬁg& ethyl acetate
= 1:1) Rf = 0.51 m p.Orf | XXarger schia; 155¢ﬁet]t@ls:.ly[lbac]:hiti\h/R in
accordance wth hg’é,flb ct anples 12
to 13 dermnstrate Py%z? méh%f tﬁ%é?e?f%%? coupH] uctg f‘?( the -
formula V or VI R® yiRIQ A53 m9)aapfolMAP (1063 G@dhaﬂeﬁeb@a?t&ﬂg t axane of

the fornula VI.  together ima dry f1BSRAVEAE duspdfhded in toluene

Preparation of Packj té)ﬁ . The mixture was heated at 80°C for 1 55 -

U:

hour, then another 0.5 eq. of the title product of

10 Example 7 was added, followed by a second charge of
DMAP (107 mg) and DCC (451 mg). Starting material
still remained after heating for 1 hour. The
reaction mixture was heated overnight and worked-up
as described above. Purification on HPLC

15 (hexane:ethyl acetate, 9:1'— 1:1) gave as the
first fraction 75 mg of an impurity, then the title
product (928 mg, 65%). 213 mg of starting matei‘ial
(21%) remained. The product was a mixture of
diastereomers (not separated).

20 TLC (hexanes/ethyl acetate = 1:1) Rf = 0.51
m.p. (mixture) = 152-155°C

1y NMR in accordance with the above structure.

The following Examples 12 to 13 demonstrate
25 ring opening of preferred coupled products of the
formula V or VIII to yield a C-13 acyloxy
sidechain-bearing taxane of the formula VI.

EXAMPLE 12
30 Preparation of Paclitaxel



[err] | The title product of Exanple 11 (106 ng) was
dissolved in THF (1.5 m) and cooled to O[err]C. 10% 5 aqueous HCl (0.5

m ) and acetic acid (0.5 M) were added. The reaction m xture was
stirred at O[err]C for 5 hours. It was then stirred for 2 hours at room
tenperature, foll owed by storage overnight at 4[err]C As the reaction .
was still not conplete, the mixture 10 was then stirred at room
tenperature for 5 hours  after WﬂChTﬁ%‘M)ﬁaHiHQWMGHalVms
detectable by TLC. After work-up (dilution with Et OAc, washing with
saturated NaHCO err] and brine, and ‘drying.wth MgSO err]), it was

purified by preparative 15 oHPLC (hexane:ethyl actetate, 5:1 -> 1:2) to
give 70 mg (78% of thejjtitle product. (gyoduct oWharacteristics
consistent with those of ag& aut henti c sanp | yheY natural product.)

20 . 13 o PLesqr ation of

Pacl i t axel The tigle pfloduct ™ 084 nmol ) was
di ssolved in acetone (1.0 n1L(~Q%?Qﬂgqrr] 4 >(0.5 ng) was
added (fromtip of spatul af and¥he Ow- i rTNL at room
tenperature. After 2 hour s, rotectio The B-tE Wlsilyl group

was observed to a small extent (additional polg 5stp6uc on TLC were

observed). Further stirring gave

v The title product of Example 11 (106 mg) was
dissolved in THF (1.5 ml) and cooled to 0°C. 10%

5 aqueous Hcl'(O.S ml) and acetic acid (0.5 ml) were
added. The reaction mixture was stirred at 0°C for

5 hours. It was then stirred for 2 hours at room
temperature, followed by storage overnight at 4°C.
As the reaction was still not complete, the mixture

10 was then stirred at room temperature for 5 hours
after which .time no starting material was
detectable by TLC. After work-up (dilution with
EtOAc, washing with saturated NaHCO3 and brine, and
drying with MgSO4), it was purified by preparative

15 HPLC (hexane:ethyl actetate, 5:1 — 1:2) to give 70
mg (78%) of the title product. (Product
characteristics consistent with those of an
authentic sample of the natural product.)

20 EXAMPLE 13
Preparation of Paclitaxel

The title product of Example 9 (0.084 mmol)
was dissolved in acetone (1.0 ml), PA(CH3CN)aCl,

25 (0.5 mg) was added (from tip of spatula), and the
mixture was stirred at room temperature. After 2
hours, deprotection of the 7-triethyl$i1yl group
was observed to a small extent (additional polar
spots on TLC were observed). Further stirring gave



- 56 - addi tional deprotection of the 7-triethylsilyl group,
al though sone starting material still remai ned. Anot her portion of
Pd(CH err]CN)[err]Cl[err] (0.5 ng) was added and stirring was

. continued overnight. 5 At this tinme, paclitaxel, the starting acetonide -
t axane and an anal og of the starting acetonide taxane in which the
7-position triethylsilyl group had been deprotect.ed to form a hydroxyl
group were observed by TLC. A third-p8ftfon of .

Pd(CH err]CN)[err]Cl[err] 10 (0.5 ng) was added and stirring was continued
for 8 hours (deprotecting thé 7-posittion triethylsilyl group; at

this time, a small R tarting. rigl _remined w.th anounts of
i mpurities nore aﬁg@#&?nggaﬁegﬁﬁﬁﬁégﬁaﬁjPEa¥ﬁ8 ?é55}42h¥ ¥ e was 15
quenched with sat ugzoug, NaHIpegh |somestagtipgbpaterial latillg with et hyl

acetate, washing wrehakid@d. ANGERAGED akgr , and
drying with anhygraous %/gg%err G Tﬁgﬁggll égnt?g?%e@?g%%vgg%n vacuo

and the residue waS9pulREi tigripgWas: eentinuadovernight.- > 1:2)
toyield 30 ng§ At4eMisotinepe padlitadelduehe( 864t ik &lcetonfaaduct

characteristics copsistent_with thase of aut hentic sgnpl e of the
natural product.) Lak3hE and an analog of %ﬁe starting aceto we claim
is: 1 Rapsnkoinfwhichahe dppostitdonotrtettyizdlyd gikotipe

following formil a YLgohesd! depft¥¥ed to form a hydroxyl group were

observed by TLC. A third portion of Pd (CH3CN) 2Cl5

10 (0.5 mg) was added and stirring was continued for 8
hours (deprotecting the 7-position triethylsilyl
group; at this time, a small amount of starting
material remained with amounts of impurities more
polar than paclitaxel). The reaction mixture was

15 quenched with saturated NaHCO3, worked up by
diluting with ethyl acetate, washing with H20
followed by saturated aqueous NaCl, and drying with
anhydrous MgSO4. The solvents were removed in
vacuo and the residue was purified by HPLC

20 (hexane:ethyl acetate, 2:1 — 1:2) to yield 30 mg
(42%) of the title product (paclitaxel). (Product
characteristics consistent with those of an
authentic sample of the natural product.)



[err] mhere Rlerr] is hydrogen, arylcarbonyl, alkoxycarbonyl or
al'kKylcarbonyl; R2 is aryl, heterocyclo or alkyl; and T is a taxane noiety
directly bonded at C 13 of said noiety; conprising the steps of:
(a) contacting a conpound of the following formula Il or salt thereof:
[err] where Rl and R2 are as defined above; and Rl err] and Rerr] .
are (a) each independently alkyl; or (b)_ 57 together ‘with ‘tHe carbon at om
to which they ' 58 -

What we claim is:

1. A method for the preparation of a
cqmpound of the following formula VI or salt
_thereof:
RINH o
. - (VD
R? O-T
OH

where

Rl is hydrogen, arylcarbonyl, alkoxycarbonyl or
alkylcarbonyl;

R2 is aryl, heterocyclo or alkyl; and

T is a taxane moiety directly bonded at C-13 of
said moiety; |

comprising the steps of:
(a) contacting a compound of the

follow1ng formula III or salt thereof-

where _

Rl and R2 are as defined above; and

R3 and R6 are (a) each independently alkyl; or (b)
together with the carbon atom to which they



are bonded, forma cycl oal kyl, cycl oal kenyl or het er ocycl o group; wth
a conpound of the following formula IV or salt thereof:

HO - T trv), where T is as defined above, in the presence of a

coupling agent, to forma conpound of the following formula V or salt
thereof: [err] where R err], Rerr], Rerr], Rerr] and T are as .
defi ned above; and (b) contacting said conpound;of ‘the.formula V or

salt thereof with a ring-opening agent, an88 optionally, deprotecting one
‘or nore protected hydroxyl  groups., to formsaid conpound of the fornula Vi
or salt thereof. . 2. The met hod of claim1,: mherein

Rerr] is arylcarbonyl Q. al, kyl.oxycar bon R err henyl ,
thienyl or furyl; : Iﬁé’f"*‘fi % '%/] cygloallyh i fYe ¥l or
unsubstituted | ower albhqtammtyclo groﬁp:s t he noiety:
with a compound of the following formula IV or salt
therepf:

HO - T (IV):

where T is as defined above, in the presence of a
coupling agent, to form a compound of the following
formula V or salt thereof:

where R1, R2, R5, R6 and T are as defined above;
and

(b) contacting said compound of the formula
V or salt thereof with a ring-opening agent, and,
optionally, deprotecting one or more protected
hydroxyl groups, to form said compound of the
formula VI or salt thereof. '

2. The method of claim 1, wherein

Rl is arylcarbonyl or alkyloxycarbonyl;

R2 is phenyl, thienyl or furyl;

RS and RS are each independently
unsubstituted lower alkyl; and

T is the moiety:



- 59 - . Jerr] where R err] is hydrogen, alkylcarbonyl, or a
hydroxyl - protecting group; and R10 is hydrogen or a hydroxyl
prot ecti ng group. 3. The nethod of claim1, wherein said
coupl i ng agent conprises a carbodiimde, enployed together with

1- hydr oxybenzotri azol e -or N-hydroxysucci ni mi de; or a carbodjim de,

bi s(2- oxo- 3-oxazol.i di nyl) phosphinic chlorgge car bonyt di'i-mdazol e,
pi val oyl chloride, or 2,4,6- trichlorobenzdyl chloride, wherein the

af or ement i oned conpounds are enpl oyed together with an am ne. 4,
The method of claim:1, whereéin said ring:opening agent' is a Lewis acid.
5. The nethod of claim4, wherein saéggLe\%s ac‘ld is . .

Pd(CH err]CN)[err] Cl[eFr]. ) T --%od of claim1, wherein

7. The net hod of
Nd conpound of the
und of the fornmula |1

sai d compound of the forrmula VI is paC|I;
claim1l1, wherein Rerr] is the grd
formula I'll or salt thereof, and whg
or salt thereof is prepared by a

where
R? is hydrogen, alkylcarbonyl, or a hydroxyl
) protecting group; and
R10 is hydrogen or a hydroxyl protecting group.

3. The method of claim 1, wherein said
coupling agent comprises a carbodiimide, employed
together with l-hydroxybenzotriazole or
N-hydroxysuccinimide; or a carbodiimide, bis(2-oxo-
3-oxazolidinyl)phosphinic chloride, carbonyl
diimidazole, pivaloyl chloride, or 2,4,6-
trichlorobenzoyl chloride, wherein the
aforementioned compounds are employed together with
an amine.

4. The method of claim 1, wherein said
ring-opening agent is a Lewis acid.

5. The method of claim 4, wherein said
Lewis acid is PA(CH3CN)2Cl3.

6.  The method of claim 1, wherein said
compound of the formula VI is paclitaxel.

7. The method of claim 1, wherein RI is
the group R1* in said compound of the formula III
or salt thereof, and wherein said compound of the
formula III or salt thereof is prepared by a method



- 60 - conprising the step of contacting a conpound of the follow ng
formula I: or salt thereof: [err] where Rerr], Rerr] and R err]
are as defined above; R4 is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
cycl oal kenyl, or heterocyclo; and Rlerr]* is hydrogen, arylcarbonyl,

al koxycar bonyl or al kyl carbonyl, with the proviso that Rerr]* is
not tert-butoxycarbonyl when R2 is aryl W%%h a hydrol-yzing agent.
8. The met hod of claim7, wherein said mpaund of the formula | or salt

thereof is prepared by a nethod conprising the step of contacting a
conpound of the foll.owng fornula i or salt thereof:

comprxs;ng the step of contacting a compound of the
following formula I or salt thereof:

RS RS
. )g
SN 0 ®
) R? CO,R®

where

R2, RS and R6 are as defined above,

R4 is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,

cycloalkenyl or heterocyclo; and

RY* is hydrogen, arylcarbonyl, alkoxycarbonyl or
alkylcarbonyl, with the proviso that R1* is
not tert-butoxycarbonyl when R2 is aryl;

with a hydrolyzing agent.

8. The method of claim 7, wherein said
compound of the formula I or salt thereof is
prepared by a method comprising the step of
contacting a compound of the following formula i or
salt thereof: '

®

where i
Rl*, R2 and R4 are as defined above; and



[err] where Rerr]*, Rerr] and Rerr] are as defi ned above; and
- 61 - <« Rerr] is hydrogen or the group Rlerr], where Rerr] is the

group: [éerr] where Rl err] and R err] are as defined above, and
Rlerr] is alkyl or aryl; with an acid catalyst, and additionally,
where R3 is hydrogen, with a conpound of the fornmula ii or iii: [err]

where Rlerr], Rerr] and Rerr] are as defggped above,-;and where Rierr] (i)
is a group such that Rerr]-CHerr]- is Rerr] or (ii)

R3 is hydrogen or the group R3P, where R3P is the -
group:

RS

|

-C-R®

|
OR’

where RS and R6 are as defined above, and R7 is
alkyl or aryl:;

with an acid catalyst, and additionally,
where R3 is hydrogen, with a compound of the
formula ii or iii: '

| ?R7
R*-CH=C-R® (i)

N/ (i)

where R5, RS and R7 are as defined above, and where
R52 (i) is a group such that R52-CH;-~ is RS or (ii)
forms, together with R® and the atoms to which R52
and RS are bonded, a cycloalkenyl or heterocyclo
group cohtaining at least one carbon to carbon
double bond.

9. A compound of the following formula I
or salt thereof:



forms, together with R6 and the atons to which R err] and R6 are bonded, a
cycl pakkenyl or heterocyclo group containing at | east one carbon to carbon
doubl e bond. 9. A conpound of the following formula | or salt

t her eof : - 62 - [err] where
Rlerr]* is hydrogen, arylcarbonyl, al koxycarbonyl or al kyl car bonyl ,
wth the proviso that Rerr]* is not tert-butoxycarbanyl  'when R2 is
aryl; R2 is aryl, heterocyclo or alkyl; R &rf is hydrogen, alkyl, alkenyl,
al kynyl, aryl, cycl oal kyl, cycl oal kenyl, or heterocyclo; and R err]
and Rlerr] are (a) each independently .alkyl; or (b) *  together with the
carbon atomto which they are bond?d, fprn1a cycloal kyl, cycl oal kenyl
or het er ocycl o group. 10R}  ARtonmpound of claim9 which is
sel ected fromthe group consisting of:

RI"
N o ®

A

R CO,R*

where

R1* is hydrogen, arylcarbonyl, alkéxycarbonyl or
alkylcarbonyl, with the proviso that R1* is
not tert-butoxycarbonyl when R2 is aryl;

R2 is aryl, heterocyclo or alkyl;

R4 is hydrogen, alkyl, alkenyl, alkynyl, aryl, -
cycloalkyl, cycloalkenyl, or heterocyclo; and

R5 and R® are (a) each independently alkyl; or (b)
together with the carbon atom to which they
are bonded, form a cycloalkyl, cycloalkeqyl or
heterocyclo group.

10. A compound of claim 9 which is
selected from the group consisting of:

(45-trans)-3-benzoyl-2,2-dimethyl-4-phenyl-
5-oxazolidinecarboxylic acid, ethyl ester;

(4S—trans)-3-benzoyl-2,2—dimethylj4-phenyl-
5-oxazolidinecarboxylic acid, lithium salt; and

(4S-trans)-3-benzoyl-2,2-dimethyl-4-phenyl-
5-oxazolidinecarboxylic acid. '

11. A compound of the following formula V
or salt thereof:



(4S-trans) -3-benzoyl -2, 2-di net hyl - 4- phenyl - 5-oxazol i di necarboxylic acid,
et hyd estser; (4S-trans) -3-benzoyl -2, 2-di net hyl - 4- phenyl -

5- oxazol i di necarboxylic acid, lithiumsalt; and (4S-trans)

- 3- benzoyl - 2, 2-di net hyl - 4- phenyl - 5-oxazol i di necar boxyli:c aci d.

11. A conpound of the following formula V or salt thereof:

- 63 - [err] - 63 - where R err]* i‘s hydrogen,
aryl carbonyl, al koxycar bonyl or alkylé%rbonyl, with the proviso that
Rlerr]* is not tert-butoxycarbonyl when R2 is aryl; R2 is aryl,
heterocyclo or alkyl; Rerr] and Rlerr] are (a) each independently alkyl;
or (b) together with the carbon ﬁgcnn @ Wwhi ch they ~are.bonded,
forma cycl oal kyl, cyctoal kenyl or hgt erocycl o group; and T is a
taxane noiety directly bonded at g%lB of said noiety.

R

where

R1* is hydrogen, arylcarbonyl, alkoxycarbonyl or
alkylcarbonyl, with the proviso that R1* is
not tert-butoxycarbonyl when R2 is aryl;

R2 is aryl, heterocyclo or alkyl;

R3 and R6 are (a) each independently alkyl; or (b)
together with the carbon atom to which they '
are bonded, form a cycloalkyl, cycloalkenyl or
heterocyclo group; and '

T is a taxane moiety directly bonded at C-13 of

said moiety. '

12. A compound of claim 11 which is

[2aR-(2aa, 48, 4aB, 6B, 9x(45*,5R*) , -
1le,12a,12a@,12ba] 1-3-benzoyl-2,2-dimethyl-4-
phenyl-5-oxazolidinecarboxylic acid 6,12b-
bis (acetyloxy)-12- (benzoyloxy) -
2a,3,4,4a,5,6,9,10,11,12,12a,12b-dodecahydro-11-

- hydroxy-4a,8,13,13~-tetramethyl-5-oxo-4-
[(triethylsilyl)oxy]-7,11-methano-1H-
cyclodeca([3,4]benz(1,2-b]Joxet-9-yl ester.

_ 13. A compound of the following formula
iv or salt thereof:



12. A conpound of claim 11l which is [2aR- (2a[err], 4[err],
dalerr],. 6[err], 9[err](4S*, 5R*),- 1l[err], 12[err], 12aferr], 12bf[err]]
-3 -benzoyl - 2, 2-di et hyl - 4- phenyl - 5- oxazol i di necarboxylic acid 6, 12b-
bi s(acetyl oxy) - 12- (benzoyl oxy) - '

-

2a, 3,4,4a,5,6,9, 10, 11, 12, 12a, 12b- dodecahydr o- 11- - ;,

hydroxy 4a, 8, 13, 13- tetranethyl 5- oxo- 4- SRS
[(triethylsilyl)oxy]-7,11-nethano-1H cytl%%eca[S 4]benz[1 2- b] oxet - 9-yl
ester. 13. A conpound of the following fornula iv or salt

t her eof : : ‘64 - [err] where Rerr]*
I s hydrogen, aryl carbonyl, alkoxyc§xbonyl or al kyl carbonyl, w.th the
proviso that Rerr]* is not tgrbnﬁutoxycarbonyl when R2 is aryl; R2 is

al kyl, al kenyl, al kynyl, aryl,
d R[err] @)t he group:
OR*

aryl, heterocyclo or alkyl; R4 is hydroge
cycl oal kyl, cycl oal kenyl, or heter ;

R2

where .
R1* is hydrogen, arylcarbonyl, alkoxycarbonyl or
' alkylcarbonyl, with the proviso that R1* is

not tert-butoxycarbonyl when R2 is aryl;

R2 is aryl, heterocyclo or alkyl;

R4 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl, or heterocyclo; and

R3P is the group:

where

RS and R® are (a) each 1ndependently alkyl; or (b)
together with the carbon atom to which they
are bonded, form a cycloalkyl, cycloalkenyl or
heterocyclo group; and

R7 is alkyl or aryl.

14. A method for the preparation of a
compound of the following formula VI or a salt
thereof:



[err] where R5 and R6 are (a) each independently alkyl; or (b)

together,with the carbon atomto which they are bonded, forma
cycl oal kyl, cycl oal kenyl or het erocycl o group; and R7 is al kyl or aryl.
14. A nmethod for the preparation of a conmpound of the follow ng fornula
VI or a salt thereof: - 65°-  [err]

where R err] is hydrogen, arylcarbonyl, al koxycarbonyl, or -«*
“al kyl carbonyl; R érr] is aryl, heterocycrbﬁér'alkyl; and T is a taxane

noi ety directly bonded at- C 13 of said noiety; conprising the steps
of : (a) contacting a conpound:of the followng formula VII or
salt ther-eof: 1 o
R*'NH 0
(VD
R? O-T
OH
where -
Rl is hydrogen, arylcarbonyl, alkoxycarbonyl or
alkylcarbonyl:;

R2 is aryl, heterocyclo or alkyl; and
T is a taxane moiety directly bonded at C-13 of
said moiety;
comprising the steps of:
(a) contacting a compound of the
following formula VII or salt thereof:

H OR®
R! /;>x<\\
\Nj ot (VID
R? CO.H

where

Rl and R2 are as defined above; and

R8 is alkyl or aryl;

with a compound of the following formula IV or salt -
thereof:

HO - T (IV):
where T is as defined above, in the presence of a

coupling agent, to form a compound of the following
formula VIII or salt thereof:



[err] where R err] and R err] are as defined above; and R8 is al kyl
aryly w th a conpound of the following fornula IV or salt thereof:

HO - T (v,
coupl i ng agent,
t her eof :

where T is as defined above, in the presence of a

to forma conpound of the following formula VIII or

- 66 - [err]«~ 4. ®.,  Wher

Rlerr], Rerr], Rerr] and T are as defilu%% above; and,

N o  (viD

Y {

where R1, R2, R8 and T are as defined above; and

(b) contacting said compound of the formula
VIII or salt thereof with a ring-opening agent,
and, optionally, deprotecting one or more protected
hydroxyl groups, to form said compound of the
formula VI or salt thereof.

R? CO,-T

15. The method of claim 14, wherein

Rl is arylcarbonyl or alkyloxycarbonyl;
R2 is phenyl, thienyl or furyl;

R® is alkyl or aryl; and

T is the moiety:

""OR?® O ot

OH &g

where

R? is hydrogen, alkylcarbonyl, or a hydroxyl
protecting group; and

R10 ig hydrogen or a hydroxyl protecting group.

or

salt
e



(b) contacting said conmpound of the fornmula VIII or salt thereof with a
ri ng- openi ng agent, and, optionally, deprotecting one or nore protected
hydr oxyl groups, to form said conmpound of the formula VI or salt thereof.

15. The net hod of claim 14, wherein Rlerr] is aryl carbonyl or

al kyl oxycar bonyl ; Rlerr] is phenyl, thienyl or furyl; Rlerr] is.
al kyl or aryl; and Tis the noiety: Jerr] - mhere RO .i s

hydr ogen, al kyl carbonyl, or a hydroxyl protecting group; and R err]

I s hydrogen or a hydroxyl “protecting group.

- 67 - 16. The net hod of cl ai m 14, mhereln sai d coupling agent

conprises a carbodiin de, s(2 0- Xaz0 hos ni.c chloride),
carbonyl diinidazole, pi va?% c% ﬂn&&% g E %ﬁ%ﬂnfﬁ '19

chl ori de; wherein theualanHﬁgﬂnnam@mpcmspeundsazbqﬂnamaﬂeyebtegéfamm Wit h

1- hydroxybenzotri azgl §xa P10 PoshRi A d€ch Mride), carbonyl
diimidazole, pivaloyl chloride, or 2,4,6-
trichlorobenzoyl chloride; wherein the
aforementioned compounds are employed.together with
1-hydroxybenzotriazole, N-hydroxysuccinimide, or an
amine. |

- 17. The method of claim 14, wherein said
ring-opening agent is a protic acid.

18. The method of claim 17, wherein said
"protic acid is an organic carboxylic acid and/or an
aqueous mineral acid.

19. The method of claim 14, wherein said
compound of the formula VI is paclitaxel or
‘taxotere.

20. The method of claim 14, wherein said

compound of the formula VII or salt thereof is
prepared by a method comprising the step of
‘contacting a compound of the following formula II
or salt thereof:

H OR?
R! X
N o) an
R? | t CO,R*

where Rl, R2 and R® are as defined above; and



am ne. 17. The met hod of cl aim 14, wherein said ring-opening

agent is:a protic acid. 18. The nmethod of claim 17, wherein said
protic acid is an organic carboxylic acid and/ or an aqueous m neral acid.
19. The met hod of claim 14, wherein said conmpound of the forrmula VI is
paclitaxel or taxotere. 20. The nethod of claim 14, wherein said.
conpound of the fornmula VIl or salt thereof is prepared by_a.ygethod
conprising the step of contacting a conpourd® of the followind fornula Il or

salt thereof: [err} where R err], Rerr] and Rlerr] are as

defined above; and |, ' : -063- -

| R4 is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
cycloalkenyl, or heterocyclo;

with a hydrolyzing agent.

21. The method of claim 20, wherein said
compound of the formulé II or salt thereof is
prepared by a method comprising the step of
contacting a compound of the following formula i or
salt thereof:

RINH g

@
R? OR*

OR®
where R1, R2 and R4 are as defined above; and
R3 is hydrogen;
with an acid catalyst and a compound of the
following formula wvi:
HC(OR8) 3 (vi)

where R8 is as defined above.

22. A compound of the following formula
IT or salt thereof: |



Rlerr] is alkyl, alkenyl, alkynyl, aryl, cycloal kyl, cycl oal kenyl , or

heterocyelo mnth a hydroly2|ng agent . 21. The met hod of claim
20, wherein said conpound of the formula Il or salt thereof is prepared by
a nmethod conprising the step of contacting a conpound of the follow ng
formula i or salt thereof: [err] where Rlerr], Rerr] and Rerr]
are as defined above; and R3 is hydrogen; £§th an aC|d catafyst and a
conmpound of the followi ng fornmula vi: [err] where R8 is
as defined above. 22. A conpound of the followng fornula Il or
salt thereof: ; - 69- © where

where

Rl is hydrogen, arylcarbonyl, alkoxycarbonyl or
. alkylcarbonyl;
R2 is aryl, heterocyclo or alkyl;
R4 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl, or heterocyclo;
and '
R8 'is alkyl or aryl.

23. A compound of claim 22 which is
selected from the group consisting of:

(48,5R) -3-benzoyl-2-ethoxy-4-phenyl-5-
oxazolidinecarboxylic acid, ethyl ester;

(45,5R) -3-benzoyl-2-methoxy-4-phenyl-5-
oxazolidinecarboxylic acid, ethyl ester; and

(45, 58) -3-benzoyl-2-methoxy-4-phenyl-5-
' oxazolidinecarboxylic acid.

24. A compound of the following formula
VIII or salt thereof:

H ORS
R} ’;:><:\\
\Nj 0r (VI
R? CO,-T

where



Rlerr] is hydrogen, arylcarbonyl, alkoxycarbonyl or al kyl car bonyl ;
Rlerr] is aryl, heterocyclo or alkyl; Rerr] is hydrogen, alkyl, alkenyl,

al kynyl , aryl, cycl oal kyl, cycl oal kenyl, or heterocyclo; and R err]
is alkyl or aryl. 23. A compound of claim 22 which is selected
fromthe group consisting of: (4S, 5R) -3 -benzoyl-2 -ethoxy-4

- phenyl -5 - oxazol i di necarboxylic acid, ethyl ester; -; e (4S, 5R)

- 3-benzoyl - 2- net hoxy- 4- phenyl - 5- oxazol i di necar boxylic acid, ethyl ester;
and (4S,5[err]) +=3-benzoyl - 2- net hoxy- 4- phenyl -5- ¢ - ¢
oxazol i di necar boxyljic acid. ' 24: = RDconpound of the foll ow ng
formula VIl or salt thereof: [err] where °

Rl is hydrogen, arylcarbonyl, alkoxycarbonyl or
alkylcarbonyl;

R2 is aryl, heterocyclo or alkyl;

R8 is alkyl or aryl; and

T is a taxane moiety directly bonded at C-13 of
said moiety.

25. A compound of claim 24 which is

{2aR-(2aw, 4f,4a8,68,9a(4S*,5R*) , -
lla,12a,12ac0, 12ba] ] -3-benzoyl-2-methoxy-4-phenyl-
S5-oxazolidinecarboxylic acid 6,12b-bis(acetyloxy)-
12-(benzoyloxy)-2a,3,4,4a,5,6,9,10,11,12,12a,12b-
dodecahydro-11-hydroxy-4a,8,13,13-tetramethyl-5-
oxo-4-[ (triethylsilyl)oxy}-7,11-methano-1H-
cyclodeca([3,4)benz[1,2-b]Joxet-9-yl ester.

26. A compound of the following formula v
or salt thereof:

RINH o
™)
R2 OR*
o
|
CH
8 /\
RO OR®
whete
Rl is hydrogen, arylcarbonyl, alkoxycarbonyl or
~ alkylcarbonyl;

R2 is aryl, heterocyclo or alkyl;



- 70- Rlerr] is hydrogen, arylcarbonyl, alkoxycarbonyl or

al kykcatcbonyl ; Rlerr] is aryl, heterocyclo or alkyl; Rl err]
is alkyl or aryl; and . Tis a taxane noiety directly bonded at C 13

of sai d noiety. 25. A conpound of claim
24 which is : [2aR- (2a[err], 4[err], 4aferr],6[err],

9[err] (4S*, 5R*) , - 11[err], 12[err], 1l2aferr], 12b[err]]]

- 3- benzoyl - 2- et hoxy- 4- phenyl - 5- oxazol i di necarboxylic acid

6, 12b- bi s(acet yl oxy) - 71 -

12- (benzoyl oxy) - 2a,3, 4, 4a, 5, 6, 9, 10, 11, 12, 12a 12b-
dodecahydro- 1l - hydroxy 4a, 8, 13, 13- tetranethyl
ox0-4-[(triethylsilyl).oxy]-7,11-nmethano- 1H

cycl odecaf 3, 4]be”2[kﬁ21§]ﬂ?EE08eH| &PbFI, alkenyl, al nyl, A
conmpound of the follow ng reof err]

or qul
wher e Rerr] is hy&V&é@ﬁﬁ%}yl %%‘F]nﬂﬁ?a?enyil kny ﬁFBBﬂWCJd-?

al kyl car bonyl ; and R2 is aryl,*heterocyclo or alkyl;
R8 is alkyl or aryl.



- 71 - Rerr] is hydrogen, alkyl, alkenyl, alkynyl, aryl,
cyéréérkyﬂg'cyoldabkenyl,_or hetergeyclo; and R8 is al kyl or aryl.

pMPs
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Abstract

_ .
OF TAXANES USING OXAZOLIDINE INTERMEDIATES

Novel oxazolidines finding utility as
intermediates in the preparation of C-13 acyloxy
sidechain-bearing taxanes such as paclitaxel and
analogs thereof. The present invention also
relates to novel methods of coupling the
oxazolidines to form the aforementioned taxanes,
and to methods of preparing'the oxazolidines.



