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| NTERVEDI ATES FOR THE HEM SYNTHESI S OF TAXANES AND . THEI R
PROCESSES OF PREPARATI ON The present invention relates to
novel i nternmediates for the hem synthesis of taxanes and to, 5 their
processes of pR@paAT4AP3R2 Taxanes, nat ur al PSTHERZGLRE6TSth a

di t er pene sk | i e al sterified by a [err]-amno

acid side chain dgkﬁgggEﬁgéﬁgﬁkgpgyﬁﬁﬁo#EﬁIgYNRF§$6§lBﬁeﬂ §e§§ﬂe, are
From Taxaceae - of the oBRGERTERICEEaRH O PRRERRERIOR'C "0O0 i Taxel o
(Rl err] = Ac, R errizs rkas ] = ceph nine, their
derivatives deacetylatedeﬁ EESS§%%p%gVF5%§?BOFelg{esbggcgkggg (derivatives

wi t hout side chakBimegRaeagNked rha nRwikPachathul 8¢ La3afes BEWOW, [err]
REPLACEMENT SHEET ( RULE 26)

5 their processes of preparation.

Taxanes, natural substances with a diterpene
skeleton which is generally esterified by a B-amino
acid side chain derived from N-alkyl- or
N-aroylphenylisoserine, are known as anticancer agents.

10 Several dozen taxanes have been isolated from Taxaceae
of the genus Taxus, such as, for example, paclitaxel (R,
= Ac, R, = Ph, R; = R, = H), cephalomanine, their
derivatives deacetylated in thé 10 position, or
baccatins (derivétives without side chain) represented

15 by the formulae 1 and 2 below.

REPLACEMENT SHEET (RULE 26)



2 Because of concern not to rapidly

exhaust its original source, Taxus breviffolia, French researchers
have sought to isolate paclitaxel fromrenewable parts (l eaves) of T.
baccata, the European yew. They have 5 t hus denonstrated the probable
bi.ogenetic precursor of t axanes, 102deacetyl baccatin Ill, the

spri ngboard of choice for the hem synthesis because of its relative
abundance in | eaf extracts. The hem synt hesi s of taxanes,
such as 10 paclitaxel or docMeaxel (Rerr] = Alerr], Rerr] = t-butyl oxy,
Rerr] = Rerr] = H, fhb@ consi in es®erifying the 13-hydroxyl

of a protected derivative ' | O- deacet yl baccatin

[1l with a [err]-amno ach .
for the hem synthesis of 5
the state of the art (EP-0Q
EP-0 495 718, WD 92/09589, WD 94770
94/ 10169, WD 94/ 12482, EP-0 400 97

der/ Me oﬁiarious processes
¢ ot gRel “are described in
EP-0 336 841,

WO 94/ 07879, WO

Because of concern not to rapidly exhaust its
original source, Taxus brevifolia, French researchers
have sought to isolate paclitaxel from renewable parts
(leaves) of T. baccata, the European yew. They have

5 thus demonstrated the probable biogenetic precursor of
taxanes, 1l0-deacetylbaccatin III, the springboard of
choice for the hemisynthesis because of its relative
abundance in leaf extracts.

The hemisynthesis of taxanes, such as

10 paclitaxel or docetaxel (R, = Ac, R, = t-butyloxy, R, =
R, = H), thus consists in esterifying the 13-hydroxyl of
a protected derivative of baccatin or of
l0-deacetylbaccatin III with a f-amino acid derivative.

Various processes for the hemisynthesis of

15 paclitaxel or of docetaxel are described in the state
of the art (EP-0 253 738, EP-0 336 840, EP-0 336 841,
EP-0 495 718, WO 92/09589, WO 94/07877, WO 94/07878,

WO 94/07879, WO 94/10169, WO 94/12482, EP-0 400 971,.

REPLACEMENT SHEET (RULE 26)



3 EP-0 428 376, WD 94/14787). Two recent works [I. GCeorg, T.T.
Chen, I Gim, and DM Vyas, "Taxane Anti cancer Agents, Basic

Sci ence and Current Status", ACS Synposi um Seri es 583, Washi ngton
(1995)] and especially 5 [NhttheM/Suffness "Taxol [err] Science and
Applications” CRC Press (1995) and f%OO references cited] conprise

exhausti ve conﬁklgtl ns _of hen1s%2thesez of taxanes. The
[err]-anino acfd & 868cAdPnsWRePRYed 7B dm Two reﬂgapkyprkgr[l Georg,
N—aroylphenyllzp er| e_of clltaxel

f (2R, 39)
configuration By Fh ima, aﬂglh Hlfyyéﬁch §§gﬁe %gtﬁg §§ﬁthe5|s
of taxanes 1S h@entg FQQE@'BcﬁenSQaQBd gﬁ&kgﬁkléFB?ﬁg"erS§Ct The first

probl em consistsS in Obtai ni'ng "a pure enanti omer

pheny| | soser | ng.dge\ah é@%l‘égpb%edwhghﬁﬁﬁtoﬁS (3987 SufbhesbacohILgxanes.

The second problem consi sts I'S enantioneric pur
during thes [Magthew Eu¢#heas, OﬁTERSlbaQEQEhEedﬁhaVﬁbbYQcéﬁﬁohBG

subsequent treatnents of the products obt ai ned (deprotection of the
hydroxyl's, andCRaeplreke) (1928) and 1500 relFBpr¥nstidiesel] asmpEekei C

synt hesi s i nvol ving derivatives of [err]-am no acids have focused on
the chem stry ekhaseséwveneoapdlatibhs d€r heaticyAsheses of[ eakhne®.no aci ds
for which a dehydrated cyclic formis a [err]-lactam (EP-0 525 589).
The majority of the vari Bhe B2Bmineymthdsesdef cphéngl deviwednérdari vati ves
useful as precursors of taxane side chains focus on a comon

i ntermedi ate, NeakkyRy- ersNrareylphenylispsetineaofdpanhithxel or

10 docetaxel are of (2R,3S) configuration and one of the
main difficulties in the hemisynthesis of taxanes is to
obtain an enantiomerically pure product. The first
problem consists in obtaining a pure enantiomer of the
phenylisoserine derivatives employed in the

15 hemisynthesis of taxanes. The second problem consists
in retaining this enantiomeric purity during the
esterification of the baccatin derivative and the
subsequent treatments of the products obtained
(deprotection of the hydroxyls, and the like).

20 Many studies on asymmetric synthesis
involving derivatives of B-amino acids have focused on
the chemistry of isbserine and of its derivatives,
B-amino acids for which a dehydrated cyclic form is a
B-lactam (EP-0 525 589). The majority of the various

25 syntheses of phenylisoserine derivatives useful as
precursors of taxane side chains focus on a common
intermediate, (2R,3R)-cis-B-phenylglycidic acid, which

is subsequently converted to B-phenylisoserine by



I s subsequently converted to [err]-phenylisoserine by

4- reaction with anmonia (EP-0 495 718) or a nucl eophile (Gou et
al., J. Og. Chem, 1983, 58, 1287-89). These vari ous processes
require a |large nunber of stages in order to produce

[err]-phenylisoserine of (2R 395) 5 cofffi guration, necessarily with a
stage of racem.c on, by conyentiopal . sel ective crzﬁtfllization

. resol ution,
t echni ques, ei FRBFELBR 8?@8[§WW?Ebﬂeﬁ§PgPyﬁ?aiZlﬁéiﬂro? pyrleophile
[err]-phenylis ring, _ or sybsequen af copyer sipn.
Furt her nor e, iga§Pd8§ ¢ 're?giﬁg?hehééghti%ﬁé?ch§Ur?%§9'§8)' %?e?gxane
side chain pre ' e . esterificati of t catin
derivative, va??%%gﬁé gg&b%%s&% ﬁ%%%lﬁge% %%%é%de *Bgﬁ %grgﬁ%gégrfﬁy usi ng
cyclic — ippaepedbabesaftebpopherytonbbgriati 80, (¥Ri §8) renove t he
ri sks of isonerization during esterification 15 reactions under severe
reacti on cendi tbafisgutation, RackksHkaly wheh anvehye bertracémceam (EP-0
400 971), oxazol i di ne (WO 92/09589, WO 94/07877, WD 94/07878, WO
94/ 07879, WO 94£40168iol(bPAtdR¢8Ar ionadzEabeetive ctZPeQl128aB876n or
oxazoline (WD 94/14787) derivatives. 20 These cyclic precursors are
prepared from téehniquescoeitbeonfiongclier Bl phbepigilyoidicnacilérovafove. As
for the | atter, the processes provided involve a | arge nunmber
of stages and B-BBeB¥iipgserinai coresvbaeqguanthyor déker convessdpnain t he
desired taxane_side chain precursor. It 25 was thus inportant to, devel op
a novel route FBFthggmore, inprdeedteyrehainstbe PRABEABNRELESPWRLEN are
t axane _

10 of taxane side chain precursors during the
esterification of the baccatin derivative, various
means have been provided, in particular by using cyclic
intermediates of blocked configuration, which remove
the risks of isomerization during esterification

15 reactions under severe reaction conditions. In
particular, they involve B-lactam (EP-0 400 971),
oxazolidine (WO 92/09589, WO 94/07877, WO 94/07878,

WO 94/07879, WO 94/10169, WO 94/12482), oxazinone
(EP-0 428 376) or oxazoline (WO 94/14787) derivatives.

20 These cyclic precursors are prepared from the
corresponding B-phenylisoserine derivative. As for the
latter, the processes provided involve a large number
of stages and a necessary racemic resolution in order
to obtain the desired taxane side chain precursor. It

25 was thus important to develop a novel route for the
improved synthesis of intermediates which are taxane
side chain precursors, in particular of enantiomers of

cis-B-phenylglycidic acid, of B-phenylisoserine and of



side chain precursors, in particular of enantioners of
cirs-[err]-phenylglycidic acid, of [err]-phenylisoserine and of

5 their cyclic derivatives. Finally, for the

hem synt hesi s of taxanes and in particular of paclitaxel, the sole
appropriate baccatin derivative used until now is that for which

5

the 7-hydroxy radical ecte a trialkylsilyl (EP-0 336 840,
FRELEosvELaB! FeRiuRtanben

WD 94/ 14787), tHEGeF¥S ALyf

is carried out exclusively in

oroups | Tor the hydFSR9t antpEohbs B BUBYRERER PnChaF CFEUPR, S1d0

meke possi bl e &ﬁ'%ﬁ%&!éu Egtg%tkgglgtakgi 7 RYILaXY appro é@ghﬁgl and |n

addition all ow a fat’ing cond or the

deprotection sha@Ratin derivative uEEe ﬁhﬁ%@”hoﬁ”!@”EPQE ESEa%ﬁigﬁ'rSt of

all to an i nproved process for the preparation of taxane si
chain precsrsotse 7-hydroxy radlcsmelergeaﬁéceeaorog}l BOtk9alRe1ERYGAL I ON

consists in converting a cis-[err]-arylglycidate derivative of general

fornula | (EP-0 336 840, WO 9A4Y147817) CHtE@Beplotection of which
O in which 20 Ar represents an aryl, in particular phenyl,
R represents aibydevraebdoputadkcausipedfeiabhygidic medium. Ikneas or
branched al kyl or a cycl oal kyl
thus also important to employ novel protective groups
for the hydroxyl functional group which in particular
10 make possible selective protection of the 7-hydroxy
radical and in addition allow a wider choice of
operating conditions for the deprotection stage.
The present invention relates first of all to
an improved process for the preparation of taxane side
15 chain precursors.
The process according to the invention

consists in converting a cis-B-arylglycidate derivative

of general formula I

Ar-C*H - C*H-COOR
Y 1
O
in which
20 Ar represents an aryl, in particular phenyl, and

R represents a hydrocarbon radical, preferably a
linear or branched alkyl or a cycloalkyl
optionally substituted by one or more alkyl
groups,

25 so as to regio- and stereospecifically introduce the

and



optionally substituted by one or nore al kyl groups, 25 so as to
regi o- and stereospecifically introduce the

6 [err]-N-al kyl ami de and the [err]-hydroxyl or their cyclic
precursors in a single stage by a Ritter reaction. Dependi ng on the
reaction m xture, two types of Ritter 6 reaction are thus

di sti ngui shed: one T& E Egnln 5 the oxet ane, resultlng,in a linear
formof the chfrN-alkylamidg p dFP@c?F?YQFBXZEnﬁFeFEF}rfGKE t6nal i zed, the

ot her resultlng n the direct for xazol i ne. txn
Ee

synbol i ndi cat Fﬁﬁsﬁrﬁséﬁcg §tng & sgagﬁs?ﬁnﬁtFF588§r58ﬁ°tﬁPPh an Ror S
configuration. pl en&@ngbgLZtﬁgs éacEanﬁkikggréeaﬁ&bogxpo§ %frﬁogggglflc

W th reten Ion O COI’] guration an IThversi o

configuration. »LhecpEACSSE EﬁﬁgrﬁiggihﬁuﬁgﬁehQVSHg'QEth open?ﬁ?hof

advant ageous| y carried out on one o e enanti onmer s
cis-[err]-aryl ghucbdatander kréahl¥engf i ﬁeaelﬁhea%5forﬁobfuhﬁelch§9nas to

obtain the correspondi ng enanti oner of the linear chain or of the
oxazol i ne obt awhe¢dh is dir@cth9uhnaubspglestly FafdtibAglazedsethe

resol ution. According to the nethod of preparation of the
cis-[err]-aryl gtherdatsulleingatinvehef ddeeetakfokmaniba bf 288  descri bed
subsequently, R represents an optically pure enanti omer of a highly
sterically hingsagdliéheralhe "*" gyubotaibdhcatdscthe pueaenageolishy a
cycl oal kyl substituted by one or nore alkyl groups, in particular

a cycl ohexyl . ﬁﬁﬂmmﬁtrhéncﬁrbpéﬁaﬂP?hbénoReoﬁfStﬁénflguratlon In

10 both cases, the Ritter reaction is stereospecific, with
retention of C-2 configuration and inversion of C-3
configuration. The process according to the invention
is advantageously carried out on one of the enantiomers
of the cis-B-arylglycidate derivative of general

15 formula I, so as to obtain the corresponding enantiomer
of the linear chain or of the oxazoline obtained,
without subsequently requiring a racemic resolution.
According to the method of preparation of the
cis-B-arylglycidate derivative of general formula I

20 described subsequently, R represents an optically pure
enantiomer of a highly sterically hindered chiral
hydrocarbon radical, advantageously a cycloalkyl
substituted by one or more alkyl groups, in particular
a cyclohexyl. R will then preferably be one of the

25 enantiomers of the menthyl radical, in particular (+)
menthyl.

1. Direct synthesgis of the linear chain

The direct synthesis of the linear chain by



25 enantionmers of the nmenthyl radical, in particular (+) ment hyl .

1- Direct synthesis of the linear chain The direct
synthesis of the linear chain by ' 7
the Ritter reaction consists in reacting a cis-[err]-arylglycidate
derivative of general fornula I defifhed above with a nitrile of
formul a ) ) Rlerr][-CN 5. in which

R2 represents fheaRHEtPXIFEECtipRerongapysain reagkdng a in the

f .0t hd h |, phur,i id h [ id,
oo o oo BB a2 BB BRI DI o, sty BSTALALT LT *1 Y,
[err]-arylisosgpirig Bebhydhl %g Q' ag‘ﬁ%?cﬁhe of folRlY 2 112

Rl err]-CO NHk,

Ar-C"H C H COOR -C%IO" in which Ar, R and R2
are defined above, I's then obtaineéﬁ 5 The reaction is
carried ous W tih wRYeRSi on of the configuration of the CG3 of the

cis-[err]-phenyl glycidate derivative. Thus, starting froma _
(2R 3R)-cis-[err]-phenyl gl yeephodSenies i yatarmpl fd@ical, SREFESHONGI A0

[err]-arylisoserine derivative of (2R 3S5)
phenyl,
in the presence of a proton acid, such as sulphuric
acid, perchloric acid, tetrafluoroboric acid, and the
10 like, and of water.
A B-arylisoserine derivative of general
formula IIa
R2-CO-NH

AI'-C'H-L;'H-COOR 1la
o

in which Ar, R and R, are defined above,
is then obtained.

15 The reaction is carried out with inversion of
the configuration of the C-3 of the
cis-B-phenylglycidate derivative. Thus, starting from a
(2R, 3R) -cis-B-phenylglycidate derivative, the
corresponding B-arylisoserine derivative of (2R, 3S)

20 ° configuration is obtained.

The Ritter reaction is carried out in an
appropriate solvent, at a temperature of between -75
and +25°C.

The appropriate solvent can be the nitrile



20 configuration is obtained. The Ritter reaction is carried

out in an appropriate solvent, at a tenperature of between -75

and +25[err] C The appropriate solvent can be the nitrile

8 itself, when it is liquid at the reaction tenperature, or
alternatively the acid itself (sul phuric #c., perchloric ac. or
tetrafl uorobori,c ai a,sol vent, such as, for exanple, nethylene
chloride or etH§Fe 5 WhéphéF 1¥hélﬁP6§oﬁtaEPGsrééﬁPéﬁFl5ﬁ§PPVaG§€Grcan

f h I Wh
oo 11 (e PSSR R BE T B Bt s o
cis-[err]- aryl E¥8hqg%§cogcgen%{%et fTHPﬁghoFﬁg 88( eSBSnalggionf£guratlon

for which Ar presen a®pheh

[err]-aryli sos bbACader £yt axsma&eh (PEsPPERAEARI 8L AL el (2R 5P

configuration epresen irectly

obt ai ned, s etH@kChTHEOBHBthSaBQHE QBH@EnEQQHaEE§ ?E@ﬁuﬁﬁﬂr gheLbg.

side chain of pacl it axel . . Direct synthesis o e cyc Ic chain
For this secondhpowatbil ntayfesaaByt Eet the hyBeatiykeB.is also carried out
with anitrile of formula R[err]-CN

in which 20 R 2 whpnebenkenRPrdeéi HRJ absienyl) aid aesleydy! or
| ower perhal oal kyl radical, such as trichl oronet hyl,

with the cis-B-arylglycidate of general formula I of
(2R, 3R) configuration for which Ar represents a phenyl,

10 then the corresponding f-arylisoserine derivative of
general formula IIa of (2R, 3S) configuration for which
Ar and R2 represent a phenyl is directly obtained,
which product is none other than the precursor of the
side chain of paclitaxel.

15 2. Direct synthesis of the cyeclic chain

For this second possibility, a Ritter
reaction is also carried out with a nitrile of formula
R’,-CN

in which

20 R’, represents R, defined above or a lower alkyl or

lower perhaloalkyl radical, such as
trichloromethyl,

in the presence of a Lewis acid, in particular the
boron trifluoride acetic acid complex, boron

25 trifluoride etherate, antimony pentachloride, tin
tetrachloride, titanium tetrachloride, and the like, or
of a proton acid, such as, for example,

tetrafluoroboric acid, the reaction being carried out



in the presence of a Lewis acid, in particular the boron trifluoride
acetic acid conplex, boron 25 trifluoride etherate, antinony

pentachl oride, tin tetrachloride, titaniumtetrachl oride, and the
|l i ke, or of a proton acid, such as, for exanple,
tetrafl uoroboric acid, the reaction belngfkarrled out

9 I n anhydr,ou As for the synthesis of the |inear

chain, the l?o%?EﬁgrBHﬁ BEHB nitrile itself, when it is liquid at

th ti t t | ti | t | h
as. for exampl e methyl chg Eof EReopvabRsid Ry, tggpigggégeegg&v?g# o
tenperature iSgo)yveRtSBalehieeRe K§t§9§e+§?%8iE]CWh n it is 119&98 at g

absence of water, an intranol ecul (eac I on |s car

the oxazoline ghe %@agﬁﬂeﬁakeﬁﬁégﬂkarélbo E?ﬁéklbeg O\ / .
Ar - C*H C*H COOR , R and ferr are as gflned above, S

obtained. s approprléﬁelBolbénB'tEﬁEthQCtESB éﬂahﬁ@eprﬁéﬁﬁ9§eﬁé
water, the reaction is carried out with i nversi on of 15

configuration chlbeede 3robthhd etheker The reacﬁheﬂytéh\pérdﬁheedﬂél vative.
Thus, starting froma
also between -75 and +25°C.
In the absence of water, an intramolecular

Ritter reaction is carried out and the oxazoline of

10 general formula IIb

d

N
. P b

Ar-C*H - C*H-COOR
in which Ar, R and R’, are as defined above,
is obtained.
As in the Ritter reaction in the presence of
water, the reaction is carried out with inversion of

15 the configuration of the C-3 of the cis-B-
phenylglycidate derivative. Thus, starting from a
(2R, 3R) -~cis-B-phenylglycidate derivative, the
corresponding oxazoline of (2R, 3S) configuration is
obtained.

20 For both Ritter reactions, in order to avoid
the formation of a free carbocation which is the cause
of many potential side reactions, the reactants are
preferably added in the following order: i) the complex

between the nitrile and the acid is first formed, then



(2R, 3R)-cis-[err]-phenyl gl yci date derivative, the correspondi ng

oxazoline of (2R, 3S) configuration is obt ai ned. 20 For both
Ritter reactions, in order to avoid the formation of a free carbocation
which is the cause of many potential side reactions, the reactants are
preferably added in the followi ng order: t9 the conpl ex bet ween t he
nitrile and the.,acid is first forned, th ,

10 ii) thét ckgecﬁFéPy§FthY§5dé§ Fagﬁﬁetﬁiﬁpﬁr@lEBHﬁﬁsgﬂmposedof t he

oxirane and thecnitrile. .The,products obtained by this first
st age, mhﬁghngeoﬁéF?P?a?§PiEBSePFﬁglagrivatives of general 5 formula

Ila or oxazoline derivat&ﬁgsgﬁgdggggrgbtgg galgybggiﬁlkgrsggggaggfurther

converted in a second option stage descr erein f then

converted to aghdeh are hya99m&§e§5§§n§aeee&%59§bgenofbgéﬁéfa@eing coupl ed
to a protected baccatin derivative for the hem synThesis of 10

t axanes, i B pafbrfullar 10k pacbikhaselinandekrtigativeslBrdgaaeiihakegmula
derivatives or of docetaxel. In the case of [err]-arylisoserine

derivatives of Igepecah ber fluraher cohirartefieisaposetbadt bpaieaalbe preceded
by a conventional stage of protection of the hydroxyl by an 15
appropri ate pretagei desgraobpd Redteinbefloweowf thenecahvertedf tonakddkl ' a
Rlerr]-CO NH | Ar-C*H - C"H COCR |
oGP by controlled saponification, before being coupled to a
protected baccatin derivative for the hemisynthesis of
10 taxanes, in particular of paclitaxel and its
10-deacetylated derivatives or of docetaxel. In the
case of fB-arylisoserine derivatives of general formula
ITa, the saponification can be preceded by a
conventional stage of protection of the hydroxyl by an

15 appropriate protective group. A derivative of general

formula II‘a

R 3 -CO-NH
AﬁCLH-Cﬂ#COOR iLa
oop
in which

Ar, R and R, are defined above, and

GP represents a protective group for the hydroxyl
20 functional group which is appropriate for the

synthesis of taxanes, in particular chosen from

alkoxy ether, aralkoxy ether, aryloxy ether or

haloalkoxycarbonyl radicals, such as, for example,

methoxymethyl, l-ethoxyethyl, benzyloxymethyl or



I n which Ar, R and R2 are defined above, and GP
represents a protective group for the hydroxyl 20 functional group
which is appropriate for the synt hesi s of taxanes, in particular
chosen from al koxy et her, aralkoxi et her, aryloxy ether or

hal oal koxycarbonyl radicals, such as, forléxanple, met hoxynet hyl ,

| - et hoxyet hyl , benzyloxynet hyl _or, _
([err]-?rin%thylsilﬁ é?%&?ﬁgﬁ¥}ﬁ§ﬂyﬁﬁﬁﬁﬁ§¥)methyl 9TOUPEy r ahydr opyranyl or

o]l Koycar boL LI conrapyy orf LSRR chercl balpogagted of
fornyl 5 r%ﬁhﬁéhis 'ﬁ-hQEBgSBEEFBGSr ?}§y1s§1yfoé§h2} gRNVversion
0 or muf a a or

of the derivatives o b “*The
derivatives of genepalkok@aRutd1l! ariokllcery1, AQ1BLAEA,RDOYEFGER |
optionally be converteg ?nto 200e?r918k& Fﬁ%grheggateg m%?cﬁ aFg s?ée chain
precursorssin the radicBh®g8] SyBtBRe8hSoptata¥gnes. These conversions take
pl ace with retention of the configuration of the G2 and C3 :
positions. The3nopebsibler gofivergionbbdi 6hd deklivhbites of fBaM@lhhe sane

stereochem stry as the derivatives of 15 formula TTa or b from which

they derive. The @faderi3ITb obtained in this second stage are
subsequent |y converted into acids by controll ed saponification,

bef ore being coupl ed wit Bha gevivativebaofageneral formula IIa or IIb.
obtained above can optionally be converted into novel
10 intermediates which are side chaiﬁ precursors in the
hemisynthesis of taxanes. These conversions take place
with retention of the configuration of the-C-2 and C-3
positions. The novel intermediates obtained will thus
have the same stereochemistry as the derivatives of
15 formula IIa or IIb from which they derive. The products
obtained in this second stage are subsequently
converted into acids by controlled saponification,
before being coupled with a protected baccatin
derivative for the hemisynthesis of taxane, in
20 particular of paclitaxel or of docetaxel.
3.1 Cyclization of the derivatives of general
formula IIa
The derivatives of general formula IIa can
subsequently be converted into oxazolines of formula
25 ITb according to conventional methods of the state of
the art (WO 94/14787).
The @-arylisoserine derivatives of general

formula IIa can also be converted into novel



derivative for the hem synthesis of taxane, in 20 particul ar of
paclitaxe
derivatives of general formula Ila

derivatives of general forrmula Ila can

oxazolines of forrmula 25
the art. (WD 94/14787). , The

[err]-arylisos%??ﬁ%fﬁé?$9%?i9¥glb? %%E%;g?dlates ?Eraemer?t af eyl so be

converted intoaffy I 12 oxazol i di none
I'a

state of

or

of docet axel . - 3.1 Cyclization of the

The

subsequently be converted into
|1 b accordi ng!40 conventional methods of the

cyclic interne tés of general formula Sl a O

| | C/ \ R'[err]-COON O\ /

Ar-CH - C-H COOR in which Ar and ROare defined above and R'[err]
represents R 2 defined above, an dlkoxy radical, preferably a 5
t-butoxy radical, or a linear égd#iﬁwm ed al kyl radscal conprising at

| east one unsaturation, for é& a ?lfnethyl- =propyl ene radi cal, and
t he correspondi ng di al kyl acetal The oxazol i di nones of
general formula Ill1'a 10 are obt AFESH - HEOR 4 by reacting a
[err]-arylisoserine derivative of general fornula Ila with a

hal oal koxycar bbmywhesheAr andpRrareudefifed, @bove ahdiRh arepetdsmatzar bonyl
and then by cyclization

(TrQQO),

5

10

15

20

R’, defined above, an alkoxy radical, preferably a
t-butoxy radical, or a 1inear or branched alkyl radical
comprising at least one unsaturation, for example a
l-methyl-1l-propylene radical, and the corresponding
dialkyl acetals.

The oxazolidinones of general formula III'a
are obtained first of all by reacting a B-arylisoserine
derivative of general formula IIa with a
haloalkoxycarbonyl ester, in particular 2,2,2-
trichloroethoxycarbonyl (TrOC), and then by cyclization
in the presence of a strong organic base, such as
diazabicycloundecene (DBU). An oxazolidinone derivative
of general formula IIIa

]
HN/ ~o 1ila
Aﬁé&ﬂ-(§ﬂ4ﬂ!ﬂl
in which Ar and R are defined above,
is then obtained.
The derivatives of general formula IIIa can

also be obtained by direct synthesis, by reacting the



in the presence of a strong organic base, such as 15 di azabi cycl oundecene

(BBU). An oxazolidinone derivative of general fornmula Illa

O || C 111a / \ HN O\ /

Ar-C*H - C-H COCR in which Ar and R arge_defined above, i's then
obt-ai ned. The derivatives of g%%eral formula Illa can 20 al so

TR PO [ o o T T S S AR T e
The acyl at ed derlvatlvesEgé gggfggkdfgégybgtive% okl%eg?ﬁefu§§£ﬁufgd by

I ntroducing the R'[err] accor acyl ation

t echni ques, intileg a§ep6655ﬂﬁ Oﬁya nﬂPB?QBi?QtEhécﬁhaQi £h§?5¥% Lo

exanpl e an acyl halid ornu err err] is

defined above aadoXdiggr eéeehé asﬁail.09891a@ioﬁ”techn1@ﬁ@¥dr idecpé the
correspondi ng aci d. The di al kyl acetal S are obtai ned

according 50 pbesbrcasofil aheappropesater atpbat dDhguhgent pf fegeérbfiple
3.2 Opening of the oxazoline of general formula I'lb
The [err]-aryl asoseylnbalibdevafi fermlgeRey-al0-X, in fwirimH R",| ik
NH err] defined above and X represents a halogen, or an
anhydride of the corresponding acid.
The dialkyl acetals are obtained according to
10 the usual techniques for the formation of acetals.
3.2 Opening of the oxazoline of general
formula ITb

The B-arylisoserine derivative of general

formula IIIb

NHZ
M—C‘H C'H-COOR 111
O CO-R' 3

15 in which Ar, R and R’, are defined above,
is obtained by hydrolysis of the oxazoline of general
formula IIb in acidic medium.
Advantageously, when R’, represents a lower
perhaloalkyl, such as trichloromethyl, the R’,-CO-
20 radical constitutes a protective group for the hydroxyl
functional group.
This taxane side chain precursor can then be

converted into amides of general formula III'b



Ar-C*H - (err]H COOR 111b | O- CO -

R[err] 15 in which Ar, Rand R 2 are defined above, I s obtained by
hydrol ysis of the oxazoline of general formula I'lb in acidic nmedium
Advant ageously, when R [err] represents a | ower per hal oal kyl , such as
trichloromethyl, the R2-CO 20 radical &®nstitutes a protective group for
t he hydroxyl functional group. Thi s taxane side chain
precursor can then be c into am des of general formula Ill'Db
14 R [err]-CO NH | %ull'%'?ﬂ Ar - C*H C*H COOR 111" b |

O COR, i n which AR - CPH-€O0R and Rifeqyr] are defined
above. The precursor of thea side chain aclitaxel (R'2
= phenyl) or of docetaxel (R'[err] = t Cou@»»®)» can thus 5 be obtained

wi t hout distinction. 4. Preparation of the cis-[err]-arylalycidic acid
derivative of formula I The cis-[err]-arylglycidic acid
derivative of in wh@ehula | can be prepared according to conventional 10
processes of the state of the art or by sinple esterification of

cis-[err]-aryl gl yardi B, arrd amd Rt hare deFahedspdodieng al cohol R-OH In
order to inprove the
The precursor of the side chain of paclitaxel
(R", = phenyl) or of docetaxel (R", = t-butoxy) can thus
5 be obtained without distinction.
4. Preparation of the cis-8-arylglycidic acid
derivative of formula I
The cis-B-arylglycidic acid derivative of
formula I can be prepared according to conventional
10 processes of the state of the art or by simple
esterification of cis-B-arylglycidic acid with the
corresponding alcohol R-OH. In order to improve the
overall yield in the synthesis of taxane chain
precursors, a cis-B-arylglycidate derivative of general

15 formula I

in which
Ar is defined above and
R represents an optically pure enantiomer of a

highly sterically hindered chiral hydrocarbon

20 radical,

is prepared in the process according to the invention



overall yield in the synthesis of taxane chain precursors, a
cis-[err]-arylglycidate derlvatlve of general 15 formul a |

Ar-C*H - C*H COOR \ / 10 i n which Ar is
defi ned above and R represents an optically pure enantioner of a
hi.ghly sterically hindered chiral hydrocaiBon 20 radi cal , is
prepared in th rocess_accordi o .the vent'on

15 by reggpFﬁ@cgﬁggaﬁgshﬁggengFoP armui

Ar - CHO with the hal oacet at e of fo nukﬁ

X-CH err] - COOR Ar and R being HetT'8ed above and X

r epresent i ng aw*i%h 988, nlopRethed! 8 dochluel ne ~ or a bron ne.
Advant ageousl vy, e optlcaP y pure enanti oner of a highly sterically
hi ndered chiral hydrocarbon 10 radiyCedy 18ogr cycl oal kyl substituted by
one or nore al kyl groups, in partrcular a cycl ohexyl .

It concerns a Darzeng' ahdagt beinghfe#dhedht®Bve and a M xture of the two
di ast ereoi soners, ester of (2R, 3R)-cis-[err]-arylglycidic acid and

(2S,3S)-cis- [err] X1lrepreesghgliyig di hadegenandnopazfienlaeakl yhpoiéne
enant 1 oner
or a bromine.
Advantageously, the optically pure enantiomer
of a highly sterically hindered chiral hydrocarbon

10 radical is a cycloalkyl substituted by one or more
alkyl groups, in particular a cyclohexyl.

It concerns a Darzens’ reaction through which
a mixture of the two diastereoisomers, ester of
(2R, 3R) -cis-B-arylglycidic acid and (2S,38)-cis-8-

15 arylglycidic acid and of an optically pure enantiomer
of the chiral alcohol R-OH, is obtained, since the
Darzens’ reaction, carried out with a highly sterically
hindered haloacetate, results essentially in the cis
form of the'B-arylglycidate. Advantageously, the highly

20 sterically hindered chiral hydrocarbon radical will be
chosen so that it allows the physical separation of the
two diastereoisomers from the reaction mixture, for
example by selective crystallization, without requiring
a stereospecific separation of the desired enantiomer

25 at the end of the reaction by conventional

-crystallization or chiral column chromatography

methods.

Advantageously, R-OH represents menthol, one



of the chiral alcohol R CH, is obtained, since the Dar zens' reacti on,

carried out with a highly sterically hi nder ed hal oacetate, results
essentially in the cis formof the [err]-aryl glycidate. :
Advant ageously, the highly 20 sterically hindered chiral hydrocarbo
radical wll be chosen so that it algoms t he physical separation of

th t di [ f th ti, 1 xt , | I
by sel ecti ve cPyoLaP FOke| BIOBHY RDBFLratiYs Pigaered Chltpl, abephelfic &

ti f ' At i 25 t.th d th ' b
convent i onal WHEcHCES BEORBBRY BB pomRPrar oL Y AvA LhrBha Cor BRD
nmet hods. its enaﬁFaﬁﬁg¥§gt§gg§Fsly, R-COH represents nent hol, one

16 of the rare steri [y hindered chiral alcohols whi ch

i s econom ¢ and connercighlgh@v§ggaggg EQbPLA syntheéié §gagtioneric
forns. In the process for the synthesis of a 5 precursor

of the taxane prédeuebBarnoft BRedfakahé bPde chaifll €PREEg8al is to
cis-[err]-phenylglycidate of (2R 3R configuration. In this case, the

hi ghly stericapkgpare a bisdgrpHenplgaychgdtecarbeprrarical R will be
sel ected so that the diastereoisomer of the cis-[err]- 10 '
phenyl gl yci dat eonfigeragRpncolifi ghiat cesecr yheahlighty sterichillgt fromthe
reaction mxture. Wien R-OH is nenthol, _(+)-menthol is advantageously
enpl oyed. hindered chirpd hy¢nesarbenDuadénsl Rewillohei setartedd
out in the presence of a base, particularly an al kal
so that the diastereoisomer of the cis-fB-
10 phenylglycidate of (2R,3R) configuration crystallizes
first from the reaction mixture. When R-OH is menthol,
(+) -menthol is advantageously employed.
The asymmetric Darzens’ reaction is carried
out in the presence of a base, particularly an alkali
15 metal alkoxide, such as potassium tert-butoxide, or an
amide, such as lithium bistrimethylsilylamide, in an
appropriate solvent, in particular an ether, such as
ethyl ether, at a temperature of between -78°C and
25°C. The reaction results in a diastereoisomeric
20 mixture composed virtually exclusively of the cis-
glycidates, which can reach a yield of greater than
95%, in the region of 97%. Treatment of the isolated
product in an appropriate solvent, in particular a
methanol/water mixture, makes it possible readily to
25 obtain physical separation of the required
diastereoisomers.

By fractional crystallization (2 stages),

rapid enrichment in the desired diastereoisomer is



15 netal al koxide, such as potassiumtert-butoxide, or an am de,

such as lithiumbistrinmethylsilylamde, in an appropriate solvent, in
particul ar an ether, such as ethyl ether, at a tenperature of between
-78[err]C and 25[err] C.- The reaction_results in a diastereoi soneric
20 m xture conposed virtually exclusivel§7of the cis- gl yci dat es,

whi ch can reach | el.d of. greater than . 95% in the_region of 97%

Tr eat ment  of tﬁggﬁéSFgfeHltﬁ a db?ﬁgﬁEFoFﬁogﬁréﬁp%BﬁFFXt8fsgg9§HFF in
particular a py hanol /wat er m xture, nmakes it possible readily to 25

obt ai n physi cal 'separation of the required di ast er eoi soners.

By fractional CryStalliz?&EOTagge§t68§ﬁl’is part&éﬂhgffgrEﬁﬁggegnknlthe

desi red di ast er eoi soner 7

obt ai ned, mﬁthbécahaétQteebﬁaEEEBﬁsthétiseﬁeﬂﬁea%ﬁkity of thansPR¥
The latter point is particularly 1nportant ecause It conditions the

i soneric perityagbnehethengahdesbrhBianaiabberesdesneaBl exHiBst €hgoi soners
exhi biting their own biological activity which is different from

that of the detheéd bawmabéological activity whith Lendik@blentofebmerve
t hat the sel ective use of the two enantioners of the nenthyl 10
ester nakes it tpatsspBl theodesired, tagang.t he sane process, the 2
precursor diastereoi soners of the two enantionmers of glycidic acid.
In addition to a fairly BEghsyremgrkabpereo observe that the

selective use of the two enantiomers of the menthyl

10 ester makes it possible to access, using the same
process, the 2 precufsor diastereoisomers of the two
enantiomers of glycidic acid.

In addition to a fairly high yield of pure
isolated diastereoisomer (up to 45%), the

15 diastereoisomeric purity.of the major product of the
reaction, the ease of implementation of the reaction,
the simplicity and the speed of the purification, and
the low cost of the reactants and catalysts make the
industrial synthesis of this key intermediate in the

20 asymmetric synthesis of B-amino acids easy and
economical to access.

When a derivative of general formula I
obtained by an asymmetric Darzens’ reaction is used in
the process according to the invention, the derivatives

25 of general formulae IIa, II’a, IIb, IIIa, IIIb and
III'b defined above are then obtained for which R
represehts an optically pure enantiomer of a highly

sterically hindered chiral hydrocarbon radical, such as



| sol ated di astereoi somer (up to 45%, the 15 diastereoisoneric purity of

the maj or product of the reaction, the ease of inplenentation of the
reaction, the sinplicity and the speed of the purification, and
the |l ow cost of the reactants and catal ysts make the i ndustri al

synthesis of this key intermediate in thel®820 asymetric synthesis of

2 et vatlve of S¥RAPRRAYY Aebact ESPed i oprcaPopSRR aliiorrPEeBa zens'
Gorvatives 2ot BRrgbautaf robRETEReRY L, ProRet Ry PRRRETLI D and'

opt i cal Ly pur e ananr FReerosy a heBRRVEYE "'T8 Tealty ni ndered chiral

hydrocarbon radical, suchphaspresent invent&oP also relates to these 18
a cycl oal kyl substituted by one or nore al kyl groups, In particular a

cycl ohexyl 5 praéeiehtyvaBnt Whhich are o8dy38t AgEPHELYMEA) a0BEt MYl the
The present invention also relates to these 5 derivatives, which are of

use as internedyathesiis bfetaxane sydeherasnsf taxane side chains.
It should be noted that the present process constitutes a very rapid
access to the substitutedt shouldhbeahobgdzbhaneshal peadgndepeocked in the
literature 10 (WO 94/14787), in 3 stages fromcomercially avail able
product s i nst eg@ngtibutesga very rgpidoacrcebbetiosthenshibshtituned
chiral oxazolines already described in the literature
10 (WO 94/14787), in 3 stages from commercially available
products instead of 6 to 8.
5. Controlled saponification
A controlled saponification of the
derivatives of general formulae IIa, II'a, IIb, IIIla,
15 IIIb and III'b is carried out under mild conditions, so
as to release the acidic functional group while
retaining the structure of the said derivatives, for
example in the presence of an alkali metal carbonate in
a methanol/water mixture.
20 After controlled saponification, the
derivatives of general formulae IIa, II’a, IIb, IIIa,
IITb and III'b defined above for which R represents a
hydrogen atom are obtained, which derivatives can be
employed directly in the hemisynthesis of taxanes by
25 coupling with an appropriate baccatin III derivative.
6. Hemisynthesis of taxanes

6.1 Esterification

The present invention thus also relates to a



A control |l ed saponification of the derivatives of general fornulae
ITa, Il"a, Ilb, Illa, 15 Il1lb and Ill'"b is carried out under mld
conditions, so as to release the acidic functional group while
retaining the structure of the said derivatives, for exanple in the
presence of an alkali netal carbonate in 19 a net hanol /water m xture.

20 o rolled onlflcatlon derivatives of
gener al fornul§$&$¥3é§rﬁ T EhS &' iSypthesi qflkﬁxﬁﬁﬁslpﬁ geRetidted above
for which R repRsRALS ™, hydrogen atom are obtai ned, which
derivatives can be ‘enpl oyed directly in the hen1synthe5|s of taxanes
by 25 coupling with an appropriate bacggiin |l lpderivative. 6.
Hem synt hesi s of taxanes 6.1 Esterification
The present indentwhdreHd hus also relates to a
19 process for the hem synthesis of taxanes of general formula IV,
CB | B i n Ghirelpresents a s@decphaianichozes ¥eomahe chdseallsr om
the radicals of following fornmulae: [err]

of following formulae:

Rz4x>§ﬂ Rz<x>§ﬂ
Ar-C'H - CB.000- Ar-CH - CUH-CO0-
Us @ II'a oG
3 o
A T
Ar-C*H - C*R-COO- n-c\:-a-c-n-coo-
i NH,
R z.ao.(c o LLa Ar-CoH - CoH-COO-
Ar-CoH - CVR-COO0- LR o.c0-r,
RO
AP-C*H - C*H-COO-
Uy ::-co-x'z

in which Ar, R,, R’,, R",, R, and GP are defined above,

and

B represents a radical derived from baccatin III

10 of general formula V

REPLACEMENT SHEET (RULE 26)



in which Ar, Rerr], R[err], R'[err], Rerr] and GP are defined above,
and B represents a radical derived frombaccatin Il 10

general formul
i n which

avVv 20 [err]

Ac represents the acet radi cal , Bz

of

I
represents the benzoyl radical, g%@ represents the nmethyl radical,

5 Rl err]

represents an acetyl radical or a protective

gr oup

for the hydroxyl functional group GP1, af@R, Rlerr] represents a
protective group for the hydixyl

10

15

in which
Ac represents the acetyl radical,
Bz represents the benzoyl radical,
Me represents the methyl radical,
R, represents an acetyl radical or a protective
group for the hydroxyl functional group GPl, and
R; represents a protective group for the hydroxyl
functional group GP2,
by esterification of an appropriate baccatin III
derivative of general formula V, carrying a C-13
hydroxyl functional group, with one of the derivatives
of general formulae IIa, II’a, IIb, IIIa, III’a, IIIb
and III'b defined above, for which R represents a
hydrogen atom, under conventional conditions for the
preparation of taxanes as defined in the state of the
art (in particular: EP-0 253 738, EP-0 336 840,
EP-0 336 841, EP-0 495 718, WO 92/09589, WO 94/07877,
WO 94/07878, WO 94/07879, WO 94/10169, WO 94/12482,

EP-0 400 971, EP-0 428 376, WO 94/14787).

REPLACEMENT SHEET (RULE 26)



functional group GP2, by esterification of an appropriate baccatin |11

10 derivative of general formula V, carrying a C 13 hydr oxyl
functional group, with one of the derivatives of general fornulae Ila,
I[1'a, Ilb, Illa, Ill"a, IIlIlb and I111"'b defined above, for which R
represents a hydr ogen atom under coR¥entional conditions for the 15

preparation of taxanes asg,defjned in e state qf the art (in
particul ar: EP-0 253 738§hEP- qséﬁdsﬁ@g protegblyes ggoyRe AEL,0 495 718, WO
92/ 09589, WD 94/ /107878, WD 94/ 07879 94/ 10169, WO

94/ 12482, %g%@%%§8§n§}¥;@gg% 4 °§?§F'mEP§XFT£%§?%? groups

21 1 d Jve g re

i ndependent |y ST*%#§%§hot g%% ggﬁ@é&%?%%%ﬁ?ggguggggﬁeg’ E#SPO?Sd in the
heni synt hesi s eribam%%ly&léchﬂio 338, fh'b')gb%y'r%bb/'(ﬁp(-'ép3963t§§1§40) or

TrOC (EP-0 336 841). ( and GP2 al so represent,
i ndependentsly of - ogeiaaadher: kileeakepieBearGhedabbrdaeadly of
hal oal koxycar bonyl radicals conprising at |east one hal ogen at om

They are advanoageansthetradildakari prwbrahched hihAeraldkyl resi due conprises
between 1 and 4 carbon 10 atons and 3 or 4 hal ogen atons, preferably
chosen from haloalRkoxyceirbooydetradigedsboopnbri2idg? at- letwsacbher o-

et hoxycarbonyl , 2,2,2-trichloro-t-butoxycarbonic and

t ri chl or onet hoRpeEBHNREOMadiThgls areadidvans agkious lyr wadicalsalin wbieh

hindered than the hal oal koxycarbonyl (TrOC) 15 . used until now to protect
t axanes in thethepagkyﬂoﬁgs1due comprises between 1 and 4 carbon

10 atoms and 3 or 4 halogen atoms, preferably chosen from
2,2,2-tribromoethoxycarbonyl, 2,2,2,l-tetrachloro-
ethoxycarbonyl, 2,2,2-trichloro-t-butoxycarbonic and
trichloromethoxycarbonyl radicals, radicals which are
all more hindered than the haloalkoxycarbonyl (TrOC)

15 used until now to protect taxanes in the 7 position.

GP1 and GP2 also represent, independently of
one another, acyl radicals in which the carbon o to the
carbonyl functional group carries at least one oxygen
atom.

20 These acyl radicals are described in
particular in Patent Application EP-0 445 021. They are
advantageously alkoxy- or aryloxyacetyl radicals of
formula

Rs-0-CH,-CO-

25 in which R; represents a sterically hindered alkyl

radical, a cycloalkyl radical or an aryl radical,

or arylidenedioxyacetyl radicals of formula



GP1 and GP2 al so represent, independently of one anot her, acyl
radicals in which the carbon a to the carbonyl functional group
carries at |east one oxygen atom 20 These acyl radicals
are described in particular in Patent Application EP-0 445 021. They
are advant ageousl y al koxy- or aryl o®¥acetyl radicals of formul a
Rerr] -0- CHerr] - CO- 25 in which R err] represents a sterically

hi ndered al kyl radical, a cycloalkyl radi cal or an aryl radical,

or arylldenedloxyaﬁgt¥! rqdlcals of f nu\en<$> _
22 [err / epresents an aryl i dene

radi cal . erlcally hi ndered al kyl is preferably 5
understood to AEsA & | Fﬁeg% or branched C[err]-C[err] alkyl radi cal

substituted by AbnHoLggkULKY substituents chosen from hal ogens or
| i near or brang 1CFerr][r SFe%F] al kyl, | i near or branched

(err]-Cferr] al koxy. or gkékﬁbagﬁ?rhhn@é%éaabﬁkbloﬁs prefe%ébﬂyradlca|5 It
will be, for exanple, a tert-buty tri phenyl et hyl radical .

Cycl oal kyl 5i s phdkesgbby wBdaeahoad lhﬁe&&aarabranche@cgﬁc&)am]@d' kyl
radi cal optionally substituted by one or nore bul substituents

chosen from hakadéealosubstitukefeby ohebbanabee Bbeky]sﬁbetﬁkuahkﬁl,
| i near or branched Cerr]-Cerr]
chosen from halogens or linear or branched C,-C, alkyl,
linear or branched C,-C¢ alkoxy or C,-C¢ cycloalkyl or
aryl radicals. It will be, for example, a tert-butyl or

10 triphenylmethyl radical. |

Cycloalkyl is preferably understood to mean a
C,-C¢ cycloalkyl radical optionally substituted by one
or more bulky substituents chosen from halogens or
linear or branched C;-C; alkyl, linear or branched C,-C;

15 alkoxy or aryl radicals. Advantageously, it is a
cyclohexyl radical substituted by one or more linear or
branched C,-C, alkyl radicals, such as, for example,
menthyl, its racemate or its enantiomers and their
mixtures in all proportions.

20 Aryl is preferably understood to mean a
phenyl, naphthyl, anthryl or phenantryl radical
optionally substituted by one or more bulky
substituents chosen from halogens or lihear'or branched
C,-Cs alkyl, linear or branched C,-C, alkoxy or aryl

25 radicals, in particular the phenyl radical. It is

preferably a phenyl radical optionally substituted by

one or two above bulky substituents ortho- and ortho’-



15 al koxy or aryl radicals. Advantageously, it is a cycl ohexyl

radi cal substituted by one or nore |linear or branched Cerr]-Cerr]
al kyl radicals, such as, for exanple, menthyl, its racemate or its
enantionmers and their m xtures in all proportions. 20

Aryl is preferably understood to mean a 23  phenyl, naphthyl, anthryl or
phenantryl radical ally substituted by one or nore bul ky
substituents cﬁgégﬁefFSH Egns or linear or branched Cl- C6 al kyl,

[ b hed Cl-C6 Ik di n partic Iar t he
bhonyl vadical i s o Finsdid OarRitaeng ss PEREERAR v DaBELbtb0a

substituted by, eanoge ggn§wgn§boﬁ§pBHL§XeﬁébsEPFH Qéﬁg{ﬁgﬁé ?gd ortho' -

23 to the et ina
preferably undghshaadhrylene! 220201308ReBKLERG. SOBRRY BuLEACHYABHA! ?ske“e or
y O u

phenant hryl ene r adi cal optlona y substitute

substituents chegenbhirip BabsteRseft sl LRBBEn from ﬁélB§@H§h8§ At oy C[err]
al kyl, l'inear or branched CJerr]-Cerr] al koxy of aryl radicals,

part.i cul ar t heophbighchadi calc, alkyl, linear orCBkamithedPe, ab cam@ggyesent
i ndependently of one another, a trial kyl germanyl radical or t oget her

10 form a di ezl emylr mdddahlsf, inrpakalcular the phenyl radical.
-SiRerr]-O-SiRerr]- in which Rlerr] and R err], independently
of one another, representPd and GP28t slsoakkprksedel, edndepghdeadilyabfas
defined above; in .
one another, a trialkylgermanyl radical or together
10 form a divalent radical of formula
-8iR,-0-SiR,-
in which
R, and Ry, independently of one another, represent a
éterically hindered alkyl radical as defined above; in
15 particular, R, and R, each represent an isopropyl
radical. |
6.2 Optional opening
When C represents a radical of formula IIb or

IIIa, the oxazoline ring is opened in order to obtain a

20 taxane derivative of formula VI

REPLACEMENT SHEET (RULE 26)



15 particular, Rerr] and R err] each represent an isopropyl radi cal .

6: 2 Optional opening When C represents-a radical of formula
l1b or Il1la, the oxazoline ring is opened in order to obtain a 20

t axane derivative of fornula V

REPLACEMENT SHEET (RULE 26) 24 24

[err] I n which Ac, Bz, Me, Ar, Rerr], Rerr] and R err]

L' a radicals are

are defined above. The Iggp, Il11a and
5’8&@3 [ rredbum The radi cal

general |y opened by hy acidiu"r basi c
of formula IIb can be opened

in which
Ac, Bz, Me, Ar, R,, R, and R; are defined above.
The IIb, IIIa and III’'a radicals are
generally opened by hydrolysis in acidic or basic
5 medium. The radical of formula IIb can be opened
according to the methods described in the state of the
art (in particular WO 94/14787), by hydrolysis in
acidic medium, followed by treatment in basic medium,
in order to obtain the derivative of general formula
10 VI.
6.3 Deprotection
Finally, the hydroxylé of the derivatives of
general formula V or VI are deprotected by replacing
the protective groups for the hydroxyl functional
15 group, GP (when C represents the II'a radical), GP1
(when R, is other than an acetyl) and GP2, by a hydrogen
atom according to the usual techniques.
For the derivatives of general formula V in

which C represents a radical of formula IIb or IIIa and

REPLACEMENT SHEET (RULE 26)



according to the nethods described in the state of the art (in
particul ar WO 94/14787), by hydrolysis in acidic nmedium followed by
treatnment in basic nmedium in order to obtain the derivative of
general formula 10 WVI. 6.3 Deprotection

Fi.nally, the hydroxyls of the derivatives2bf general formula V or WV
are deprotected by replacing .= the protective groups for_ the hydroxyl
functi onal 15GP&r6HS/°GPGP%héﬁe€ F§€F8§Eﬁ?§tﬂﬁeogl°§er§BPE§PF; GP1

(when R4 is other than an.acetyl) and_GP2,. by a. hydrogen .ato
according to tﬁgn3§3390pg&hﬁraﬁg§_employed 2h Ehe gSWQ?NBtH@?F§aPELes of

general formul ' Lch, C.represents a digal of fornmula Il1b or
[11a and %a\&/ahgs, sucﬂ'has trla.eLRyiSfiyiS, Eﬁ558eprorze6giogna}sor GP2

are, |ndependeatlysoh gie 2iRkihneously ggepeiah]eggglgpgfylggaafgg%gxed in

the hem synthesis o axanes, suc rra
deprotecti@n i gpove. Ccarried out sinmultaneously with the opening descri bed
5 above. ' When GP1 and/or GP2 are bul ky

hal oal koxycarbonyl radi cahen ¢epr ah8ybroBpkS a¢al budfy out according to
t he usual techni ques described for TrOC, by the action of zinc or of

zi nc doped wi t haleal¥ox¥@arboriadl sadivallsasdepppeectibnatisoegamiedsol vent,
in particular in acetic acid, tetrahydrofuran or ethyl al cohol ,
with or w thoubpuatiecording to the usualbheecbRigaerd/ desGP2bade faryl
radicals in ,

TrOC, by the action of zinc or of zinc doped with heavy

10 metals, such as copper, in an organic solvent, in
particular in acetic acid, tetrahydrofuran or ethyl
alcohol, with or without water.

When GP1 and/or GP2 are acyl radicals in
which the carbon o to the carbonyl functional group

15 carries at least one oxygen atom, deprotection is
carried out in basic medium by saponification in
methanol at low temperature, advantageously with
ammonia in methanol at a temperature of less than 10°C,
preferably in the region of 0°C.

20 For the case where C represents a radical of
formula IIb, opening of the oxazoline is carried out
simultaneously with deprotection in basic medium, in
order to resdlt, in one stage, in the corresponding
taxane derivative of general formula VI in which R,

25 represents an acetyl radical or a hydrogen atom and R,

represents a hydrogen atom, in contrast to the opening

in acidic medium described in the state of the art,

REPLACEMENT SHEET (RULE 26)



whi ch the carbon [err] to the carbonyl functional group 15 carries at

| east one oxygen atom deprotection is carried out in basic nmedi um by
saponification in nmet hanol at | ow tenperature, advantageously wth
ammoni a in nmethanol at a tenperature of |ess than 10[err]C,

preferably in the region of O[err]C. 20 26 For the case where C
represents a radlcal of fornmula I1b, opening of the oxazoline is
carried out whicly ﬁﬁﬁP&ﬁ@@u@lFemeﬁ §§9§@té@tb@ﬁlpnm@dspm medi um in
order to result, in one sfag in the corresponding t axane derivative
of general formula VI in %HONPePFPtefﬁlverSEP@§§nF§eaﬁeE@§F§Iuﬁéagcal or

The opening. Rew, HeEHie Apd SReGeReryaac fHAia cPhee OF RS art.
o te Ch&’&%%”tes BB ek Y kg 019815 By erazesnin ne e

known protective grougs are renove

oxazol i ne %ha'%véW@eerbeW@s1dent1cale%%nkhe09%@% Ak ?&xﬁ%gr0|§

giving taxanes in ~ 5 every respect identical ffé reference 't axanes. By

way of exanpl ewagnéfi exampae,! andhqy b&%e!ahbdbbﬁwoihe vallhE%f ggention
wi t hout, however, limting t he scope t hereof, paclitaxel

10- deacet yl t axehe depeatosaNWiEhout, héﬂ@v@QQeliﬁﬁhlﬁgntQ% g@b%bned from
the corresponding 10 protected derivati ves.

debl ocki ng of theraofl,spaclifteskll,he0-deacetylibanod,t ecbhaloaahangl
functional group carries at | east one oxygen atomwas first attenpted
under the and docetaxel can be obtained from the corresponding

10 protected derivatives.

The deblocking of the acyls in which the
carbon a to the carbonyl functional group carries at
least one oxygen atom was first attempted under the
conventional conditions regarded as the mildest, that

15 is to say zinc acetate in methanolic medium at reflux.
In this case, the reaction being complete in a few
hours (against a few days for acetates), we constantly
isolated, in addition to the desired product, its C-7
epimer resulting from the conventional

20 retroaldolization equilibrium. It being presumed that,
even under the neutral, indeed slightly acidic,
conditions, the main agents responsible were methanol
and especially the temperature, we returned to the
standard conditions for deblocking acyls described by

25 early writers, by saponification in basic medium in
ethanol at low temperature. Under these conditions, no

significant epimerization was observed. By way of

example, we obtained paclitaxel, 10-deacetyltaxol,



‘conventional conditions regarded as the mldest, that 15 Is to say zinc

acetate in nethanolic nmedium at refl ux. In this case, the reaction
bei ng conplete in a few hours (against a few days for acetates), we
constantly i solated, in addition to the desired product, its C7
epimer resulting fromthe conventional 207 retroaldolization equilibrium
It being presuned that, even under the neutral, indeed slightlf

aci di c, eephiaiomapine handedeceiaxel, rir poveTY| respeet nderhitta

and especially the tenperature, we returned to the st andard

condi tions forCt@ebR®ckeFRreaRGe staEares pebrefy the coprgspoRtingrs, by
saponi fication iﬂobasic nedi at, | ow tenperature. Under

m i n et hano|
t hese conditi oAsORH~ ©F ar%f%ﬁY??%%ﬁ}agﬁéH@?¥¥%§?Bﬁeﬁas observed. By way
f | e, bt ai Ljt | 0-d | £ |
27 cophal omani ne_ dhiPEbEEt okl SRRHLAVES RPCEL DAY RIY ta to
th f , I . I -
arslgiyggg ;Fa%eﬁ c@%i%%%?g%%ég ﬁg@éféggfglnghli?n%f?yﬁg?¥r%ﬁ%% & be not ed

that all the d dfﬁﬁf' i [ ert hel ess
targeted at in%%%g?%g@tﬁg overgf yP%F% g?é%%%lmpi&ﬂdﬁ%ﬁigﬁﬁthesis, consi st
in synthesi zi NBehiiynthesi®Nedyhs S8 in NSy sREHiRehgr€hand, for the purpose
of converting it into one of the cyclic structures 10 nentioned
above ([err]-|phénybisoyerhé dtRLbn Obeforeh@@Zofdbneshe plitSose of

par adoxi cal ly, the apparent better performances in the coupling of
these cyclic stome¢ntisg it into one of the cyclic structures

10 mentioned above (B-lactams, oxazolidines or
oxazolines). Thus, paradoxically, the apparent better
performances in the coupling of these cyclic structures
only compensates for the fall in overall yield caused
by the addition of ring creation stages to the

15 synthetic sequence for the linear chain (i.e. a total
of 9 stages). For the general process for the synthesis
of taxanes according to the invention, a product such
as paclitaxel is obtained in only 5 stages:

e (1S,2R,58)-(+)-menthyl (2R,3R)-3-phenylglycidate

20 e (1S,2R,5S8)-(+)-menthyl (4S,5R)-2,4-diphenyl-4,5-

dihydroxazole-5-carboxylate

e saponification

hemisynthesis (esterification)
¢ opening and deprotection.

25 Finally, the present invention relates to the
synthetic intermediates of general formulae IV, V and
VI described above which are of use in the general

synthesis of taxanes, a subject of the present



only conpensates for the fall in overall yield caused by the addition
of ring creation stages to the 15 synthetic sequence for the |linear

chain (i.e. a total of 9 stages). For the general process for the
synt hesi s of taxanes according to the invention, a product such

as paclitaxel is obtained in onIy 5 stage28 * (1S, 2R, 5S) - (+) - nent hyl
(2R, 3R) - 3- phenyl gl yci date 20 (1S, 2R, 5S) - (+) - ment hyl

(4S, 5R) - 2, 4- di pRERPFignS. di hydr oxazol e- 5- car boxyl at e *
saponlflcatlon * hen1s¥ LEGSI &esterlflcatlon * openi ng and
deprotection., Genera 'Malhy r?ﬁXCﬁFEQBnFaﬁﬁGQﬁtFSn relates to the

synthetic inteyf descri bed

above which arBrSEE%égiynuP §9§§ﬁ8ﬁa?° hedf §§ﬂ?ﬁ8§?§ bP Fﬁ?anes a subj ect

of the present,nyention a s turated or unsaturate hydrégar | nvent i on.
General |l y, hydroxycarbon ra pre era | y*Un ers 86d to nean

according 50 tBedical whi¥RNEhANCBmpRiNEabAd SF H&@u&s&eﬂrwﬁﬂgar bon 5

radi cal which can conprise one or nbre unsaturations a$ an
optionally unsaﬁahahgdahlapaioﬁalmyaﬂﬁgséurated 2ik¥hy 89 BPLhenakly

unsaturated cycl oal kyl, an aral kyl or an aryl, it being possible for
each optlonallalkylbean optistia¥lyt uhedtlyaceq eyclBaRk§UDShht HEAIRy1i N
particular 10 alkyl substituents. Li near or branched

al kyl is prefeombayp aryl, it being possible for each optionally to be
substituted by one or more substituents, in particular

10 alkyl substituents.

Linear or.branched alkyl is preferably
understood to mean according to the invention a C,-C
alkyl, in particular chosen from the methyl radical,
ethyl radical, propyl radical, isopropyl radical, butyl

15 radical and its various branched isomers, such as, for
example, tert-butyl, pentyl radical and hexyl radical
and their various branched isomers. This definition
also applies to the alkyl residues of the alkoxy or
aralkoxy radicals.

20 Cycloalkyl is preferably understood to mean
according to the invention a C,-C; cycloalkyl, in
particular chosen from the cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl radicals.

Aryl is preferably understood to mean

25 according to the invention an aromatic or
heteroaromatic radical, in particular chosen from the
phenyl, naphthyl, anthryl, phenantryl, pyridyl or

pyrimidyl radicals and the like.



understood to nean according to the invention a CJerr]-Cerr] al kyl,

in particular chosen fromthe nethyl radical, et hyl radical, propyl
radi cal, isopropyl radical, butyl 15 radical and its various branched
i soners, such as, for exanple, tert-butyl, pentyl radical and hexyl
radi cal and their various branched #8oners. This definition

al so applies to the al kyl .,residues of the al koxy or ar al koxy
radicals. 20 Fi é?&lyalP?ﬂ°9§npﬂ§fQFégﬁ?a@HHéP§§G§§t99dnﬁan

according to the |nv tlon a (Jerr, err, cl oal ky particul ar
chosen from t h&“&A PE&?F g% C% iba§%e c?bﬁ b@ﬁ??ﬂkSFchclohexyl
radi cal s. referabl understo d to

according to tﬁgrPﬁ§Z%tF891§%&§ ﬁ%tPEeSFra 1y rﬁ&ﬁ&?@ﬁr&ﬁagﬁécpaggsal in

I h h I
st oSG B, g e L ne? ke L

5 and 3Fbgahlnalg$gggg@oh§ preferably understood to mean
chlorlne, brom ne or iodine hal oal koxy- carbonyl radicals are

preferably radicals in wrhehgeheral proakkyl fbesn:ﬂéesyﬁﬁaé!sagso?et ween 1
and 4 carbon atons 5 and 3 or 4 haFogen at ons. The

general processakaneshacsprtiiegi 8oothe inveh8ianesisagepediad g the
invention is repeated in Schenme 1 below, for R representing
(+)-nment hyl an8chemer 1 belowR Zorepr espmeiegtphgnyk) -méfthyl and R, dhe
final stage in_the hem synthesis of
R’, representing phenyl.
10 The final stage in the hemisynthesis of
taxanes by the process according to the invention is
summarized in Schemes 2 and 3 below. Scheme 2
summarizes the synthesis of paclitaxel from derivatives
of formula IV defined above in which C represents a
15 radical of formulae IIb or III’a. Scheme 3 summarizes
the synthesis of 10-deacetyltaxol from a derivative of
formula IV in which C represents a radical of formula
IIb.

Of course, the same synthetic schemes can be

20 used for the other definitions of the substituents.



t axanes by the process according to the invention is summari zed in

Schenes 2 and 3 bel ow. Schene 2 sumari zes the synthesis of
paclitaxel from derivatives of fornmula |V defined above in which C
represents a 15 radical of fornulae Ilb or Il1"a. Schenme 3 sunmari zes

the synthesis of |0-deacetyltaxol froma d8rivative of formula IV in
which C represents a radical of formula I'lb. o
course, the sane synthetic schenes canSGEEMEGY ;sed for the ot her
definitions of the substituents. 30 SCHEME 1

[err]

A T e I A e

ek _.12\6."%0.6 a2
?H. | A R £
N o .ﬂr,.o au’i‘o

(-]
'-‘ )k EXAMPLES OF SUBSTITUENTS
RN © " Ars Phenyt _
Ar o ; (‘__. R= Benzoyl, Tigloyl, t-Butoxycarbony!
C0y- |  GPy, GPy= Trivihyige..anyl, Haloikoxycsrbony?, Alcoxyacetyl

8P s Protective group

REPLACEMENT SHEET (RULE 26)



REPLACEMENT SHEET ( RULE 26) 31 SCHEME 2
[err]

PACLITAXEL

10-DEACETYLTAXOL

GP,,GP, = triethylgermanium, 2,2,2-trichloro-t-butoxycarbonyl

REPLACEMENT SHEET (RULE 26)



SCHEME 3 [err] 10- DEACETYLTAXOL

GP[err],Go[err] = triethylgermanium 2,2,2-trichloro-t-butoxycarbonyl

32 EXPERI MENTAL PART | . Taxane side chain precursors

Exanpl e 1: _ (1S, 2R, 5S5)-(+)-Ment hyl chl oroacet ate [err]
5. 57 mL (0.704 nol) of anhydro88 pyridine are

EXPERIMENTAL PART
I. Taxane side chain precursors
Example 1:
(1s,2R, 58) - (+) -Menthyl chloroacetate
e _Me
SIcH,co00

5 ~ 57 mL (0.704 mol) of anhydrous pyridine are
added to a stirred solution at room temperature of
100 g (0.640 mol) of (1S,2R,58)-(+)-menthol in 1 L of
dry dichloromethane. After stirring for a few minutes,
56 mL (0.704 mol) of chloroacetyl chloride are

10 subsequently added and the reaction is allowed to
continue for 30 min. After monitoring by T.L.C., 50 g
of crushed ice are added and the reaction mixture is
left vigorously stirring for 1 h. After diluting with
100 mL of dichloromethane, the organic phase is washed

15 several times with a saturated aqueous sodium chloride
solution (200 mL), dried over MgSO, and then
concentrated under reduced pressure. After purifying
the crude product thus obtained by silica gel
chromatography (15-40 um) (eluent: cyclohexane/ethyl

20 acetate, 20/1), 146 g of (1S,2R,5S8)- (+)-menthyl
chloroacetate are obtained in the form of a syrup.

The compound obtained exhibits the following

characteristics:



added to a stirred solution at roomtenperature of 100 g (0.640 nol)
of (IS, 2R 5S)-(+)-nmenthol in 1 L of dry dichl oronet hane. After
stirring for a few m nutes, 56 nL (0.704 nol) of chloroacetyl chloride
are 10 subsequently added and the reaction is allowed to conti nue
for 30 min. After nonitoring by T.L.C., 583¢g of crushed ice are added
and the reaction mxture_is | eft vigorously- -stirring for 1 h. After
diluting with ® 4001¥B2iH MRy (FRSG:ddOheE®) :t Be 73r dAHi cAbhasé -P§ washed
15 several tinesg with sat ur at ed aqueous sodi um chl ori de sol ution
(200 niL), drieﬂnavéroﬁgz e atd: tfen 13- Eéhce%t?atéHHunHerJreduced

: Aft f h d h bt i
Gel " chr omitodr Hph &guél{!e?w}” B 2chcBhexhrbl ol P Tbo
acetate, 20/1)4 %QG(QHof 1SE?E%5§QH(+% nEnLh¥£.}h ngogpgzﬁgcgt e are

obtained in the or m of i ned
hibits t f t

I AT oSBT 3465 By 35,08, - o

and 402 (2t 24, & = &30ty 02602 ({H nf g 77 G, &1 8 Loy ud) 87 (10

m J=7and 2.6 Hz) 1.50 (1H, “nj, 1.43 (1H J =
11.7 and 3 Hz), 1.07 5Exa£x§tb1n 102(1H q, J = 11.8 Hz), 092 and
0.90 (6H, 2d, J = 6.4 Hz), 0.89 (1H, m, 0.77 (3H, d, J = 7 Hz).
Exanpl e 2: (18) TR 258D S) +) +MedEhy Dy (2R 2FRBR} - BhehgDy | -
gl yci date : _

glycidate

10 69 mL (0.686 mol) of benzaldehyde are added
to a stirred solution at room temperature of 152 g
(0.653 mol) of (iS,2R,5$)-(+)-menthyl chloroacetate in
600 mL of anhydrous ethyl ether. After stirring for a
few minutes, the solution is cooled to -78°C under an

15 inert atmosphere, a suspension of 85 g (0.718 mol) of
potassium tert-butoxide in 400 mL of anhydrous ethyl
ether is subseqdently added over 2 h and the reaction
mixture is allowed to return to room temperature. After
monitoring by T.L.C., the organic part is diluted with

20 200 mL of dichloromethane, washed sevéral times with a
saturated sodium chloride solution, dried over MgSO, énd
concentrated under reduced pressure. 200 g of a crude

product are thus obtained in the form of a syrup



[err] 10 69 nL (0.686 nol) of benzal dehyde are added

to a stirred solution at roomtenperature of 152 ¢ (0.653 nol) of

(1S, 2R, 5S5)-(+)-ment hyl chloroacetate in 600 nmL of anhydrous et hyl
ether. After stirring for a few m nutes, the solution is cooled to
-78[err] C under an 15 inert atnosphere,34 suspension of 85 g (0.718 nol)
of potassiumtert-butoxide in 400 nL of anhydrous et hyl ether is

subsequent | y agaBgaspépg2fpugndingtereaisroprs (ofnwhighetwe arfowés to

return to roonlgargerature. Af ter ., .mnitoring bg T.L,C., the organic
part is dilute8Pi tHO 35€ 5867F1 » oVhEFEN L8 SHBTRSRHES adshedteederal tinmes
wth a sa uraEed sgdiun]ggéguidgésolution,'dried over MgSdJ err] and

concentrat ed ung&F-tr&4e eﬁrHF r&2 B8:g of a crude product are thus

obtained in the form of syr . 34
cont ai ni ng four diasteregpséngggsfoFtﬁﬁrcﬁh?MBO%PElgFSOf the Sﬁ&d?mo are

trans), whsCh ($o8UBLE¢hed 8SckESmbPhanol broﬁéﬂﬁtE8n§b°egy§§akh%%ﬂtiOn'

In a first step, the solution of the crude product in met hanol
brought to 60[ gon] L. b€ WBhmeBed watefO8rBlgehananmmeedawaber iar eegeadual Iy

added, is left for 16 h at roomtenpérature W thout being subjected
to vi braftbenss B el koomceknpeedthpvewishbul pBasg EBluBHebBed to

vibrations. A yellow-coloured lower solid phase rich in
trans isomers is discarded and the white crystals of

10 the upper phase, which are rich in cis isomers, are
separated by filtration. The crystals thus obtained are
redissdlved in 2 L of methanol brought to 60°C, 500 mL
of osmosed water are added, until a persistent _
cloudiness is obtained, and the mixture is left for

15 16 h at room temperature. Three additional
crystallizations, carried out according to the same
process but with reduced volumes of methanol (1 L) and
water (200 mL), are necessary to obtain 23 g of
(1s,2R,58) - (+) -menthyl (2R, 3R)-3-phenylglycidate in the

20 crystalline state with an HPLC purity > 99% (Yd = 12%).

The compound obtained exhibits the following

characteristics:
e M.p. = 104°C
* 400 MHz H NMR (CDCl,) (6 ppm): 7.40 (2H, dd,

25 J=7.8 Hz and 1.7 Hz), 7.32 (3H, m), 4.58 (1H, dt,

J

10.9 Hz and 4.2 Hz), 4.26 (1H, d, J = 4.6 Hz), 3.83
(1H, 4, J = 4.8 Hz), 1.6 to 0.85 (9H, m), 0.78 (3H, d,

J=17Hz), 0.75 (3H, 4, J = 6.4 Hz), 0.62 (3H, 4,



trans isoners is discarded and the white crystals of 10 t he upper phase,
which are rich in cis isoners, are separated by filtration. The
crystals thus obtained are redi ssolved in 2 L of nethanol brought to
60[err] C, 500 niL of osnpbsed water %re added, until a persistent

cl.oudi ness is obtained, and the m xture |§ | ef t for 15 16 h at room
tenperature. Tpreeg agiq,tg i onal crystallizations, carried out according
to the sane process but with reduced vol umes of methanol (1 L) and

wat er (200 nl)x-:34¢ DEEASEAdor LY aldk,2R,5F - (+) -menth
(1S, 2R 5S) - (+) - rrer?tehyl (2R 3R) - 3. phe(rj\\(yl g1y ci o) menthy], (2R 3B)a1 1 ne

state w th an HpHemgipeiddWodiYihTe B¥stal for the puzpos-@qeoieoéwund
obt ai ned exhibits the foll ow ng characteristics:

104[err]C indiZf \ddértdrenindt MYR dFCIEL @ibdgl e rddnMfirat lz,,g.o (2H
dd, 25 J =7.8 Hz and 1.7 Hz), 7.32 (3H, nm), 4.58 (1H, dt, =
10.9 Hz ard 4.2 Hz), 4.2¢ E—ingie rrystad Mals cbt@ined frc@rLLlaL d, J 4.8

Hz), 1.6 to 0.85 (9H, m, 0.78 (3H, d, J =7 Hz), 0.75 (3H, d, J =
6.4 Hz), O. 62cggﬁ q&llne suspension resultlng from the addition,35 J

= 6.9 Hz). I on of (1S, 2R, 5S) ment hyl (2R 3R)-

3- phenyl gl yci d‘ﬁ’[l&es c’(f"frfg‘tealn%rsqlﬁ’@ r(ﬁ%@ fg:toné semi- |hnd| rec][ .
determ nation qf th sol.ute confJj qurati.on: The single
crystal was obtait gzeg)(?rﬁléltm of &;’ﬁ ALY |°r+é1a§ﬁsﬁé’n§ie&ﬁa1”€§ul Ohg fromthe

addi tion, sldw"'éo‘zolrlﬁ’ltg’ %flnteh%e%%e%mw\ﬁ@xt (W%l rt:)y 3 35590y

10 (HPLC) were deposited by this solution, which needles

were stored under moist conditions until the final
selection.
The selected sample (fine needle with

dimensions.o.lz x 0.12 x 0.40 mm) was studied on a CAD4
.15 Enraf-Nonius automatic diffractometer (molybdenum

radiation with graphite monochromator). The unit-cell

parameters were obtained by refinement of a set of

25 reflections with a high theta angle. Data collection

(204.x = 50°, scanning w/20 = 1, t,, = 60 s, HKL domain:
20 H 0.6 K0.14 L 0.28, intensity controls without

significant drift (0.1%)) provided 1888 reflections,

1037 of which with I>1.50(I).

Ci1sHz603: Mr = 302.42, orthorhombic, P2,2,2,,

a =5.709(11), b = 12.908(4), c = 24.433(8) A,

25 A 1801(5) A3, Z = 4, D, = 1.116 Mg.m3, A(MoKa) =

0.70926 i, u = 0.69 cm™, F(000) = 656, T = 294 K,
final R = 0.072 for 1037 observations.

After Lorenz corrections and polarization



saturated solution of the glycidate in nethanol. On sl ow cool i ng,
fine needles with a purity of 99.95% 10 (HPLC) were deposited by this

sol ution, which needles were stored under noist conditions until the
final sel ection. ; e selected sanple (fine needle
W th di mensions 0.12 x 0.12 x 0.40 was studied on a CAD4 15

Enraf - Noni us gut-ouptie ?Q' EHAC &S gEEEPFEWBEEbQSEvgge 51ngrﬁgkgggon_mﬁth

graphite nonochronator he uni ers=wer e obt ai ned by

refinenent OfMétﬁéhsouhlch make Eﬁfbgﬁh&ﬁmé[ﬂbtﬂo@ahbggrﬁhﬁ%§o§ﬂ Dat a

col | ection (2[err] = 50, scanhing W HKL
domai n: 20 olf @he KoBhidrbgen?@tomBt efisth melkeahe, WthEOHEmalnlng
significant drift (0.1%) provided 1888 reflections, 1037 of which
with | > 5[ errphtbmns being Ebeathﬂ[byrrspriek di/f ferdfded2andr t hor honbi c,
P2[err]2[err]2[err], 5.709(11), b = 12.908(4), c = 24.433(8) A
25 V= 5801€5FCAF§#WF szallng gpsraplens 1A6tRYy. ispbropicferr] (MK[err])
= 0.70926 A, [err] = c err] F(000) = 656, T = 294 K,

final R = 0.0¥efipement7 (Bbser&? ponand then anisotropiss refinsment
corrections a ol ari zation 36
corrections, Qﬂepspr83§ re™R8E o5 fba Bgﬁﬁggepréepms are 19@?56@3 whi ch

The.mol ceul o, SPREST BrioAERg” ailte?shik: (BerngeRodadtotty Podd BR 7~
differences aegeoofggfs BLGARSLYE1318 gagbgprséi&mél?éf.t%e' sotopi ¢

refinenment (R ani sotropi I NeNen
.10 complete structure was refined by whole matrix (x, vy,

Zz, B;yy for C and O, x, y, z for H; 200 variables and
1037 observations; w = 1/0(F,)2 = [02(I) + (0.04F2)32]-/2)
resulting in R = 0.080, R, = 0.072 and S, = 1.521
(residue Ap s 0.21 edA3),

15 The scattering factors are taken from the
International Tables of crystallography [International
Tables for X-ray Crystallography (1974), Vol. IV,
Birmingham: Kynoch Press (Current distributor
D. Reidel, Dordrecht)]. The calculations were carried

20 out on a Hewlett-Packard 9000-710 for the determination
of the structure [Sheldrick, G.M. (1985),
Crystallographic Computing 3: Data Collection,
Structure Determination, Proteins and Databases, edited
by G.M. Sheldrick, C. Krliger and R. Goddard, Oxford,

25 Clarendron Press] and on a Digital MicroVax 3100 for
the other calculations with the MOLEN suite of programs
[Fair, C.K. (1990), MOLEN: An Interactive Intelligent

System for Crystal Structure Analysis, Enraf-Nonius,



(R =0.095), nost of the hydrogen atons are | ocated . usi ng a Fourier
di fference (between 0.39 and 0.14 eAlerr]), t he ot hers bei ng
positioned by cal culation. The 10 conpl ete structure was refined by
whole matrix (x, v, z, [err] for §7and 0, x, y, z for H 200

vari abl es and 1037 observati ons; = 1/[err](F[err])[err] =

[[err] (1) + ( [e A r resulting in R=0.080, Rerr]
= 0.072 and S err &%k%§%eﬂéiﬁﬁu%%ésidue [err]p [err] 0.21 e[err]). 15
The scatteri ng factors are takeigy &qogg hQ, TagRrRAMUtErnational Tables of
crystal |l ography [International - Tabl es ?or X-ray Crystall ography
(1974), Vol. 1V, [Johnsdh/) Nt JKha(odSNOURTEES Rdfart RN Pig4 but or

D. Reidel, Dordrecht)]. The cal culations were carried 20 out on a

Hew et t - Packar d 900ak7RAdbger NabéodaleLaboghtony, TenneBbekheushfjuct ure

[ Shel drick, G M (1985), Crystal | ographi c Conputing 3: Data

Col | ecti on, jw uct ure goeterm nati on, Proteins and Databases, edited
by G M Sheldrlck C\Kruger fang dedard xford, 25 Cl arendron
Press] and on a Digitj y\Va @! fo t he ot her cal cul ations
with the MOLEN suite ﬂ‘ , C K. (1990), MOLEN: An
Interactive Intelligeyg fomrCrystal Structure Analysis,

Enr af - Noni us, \ 0@ 9 37 R Delft, The

Net her | ands] . DI AGRAM § Johnson, C. K
(1965), ORTEP, 'ﬁc R - 3794, Cak KPdge Nat Labor at ory,
Tennessee, USA] l: II Q -

wr

4

5 A (1S,2R,58) - (+) -menthyl (éR,BR)-3-
phenylglycidate sample, by treatment with sodium
methoxide in methanol, made it possible to obtain the
corresponding méthyl phenylglycidate, the
characteristics of which are as follows:

10 e [a]?® = +12 (¢ = 1.15, chloroform)
e 400 MHz 'H NMR (CDCl,) (6 ppm): 7.40 (2H, d,
J =8 Hz), 7.32 (3H, m), 4.26 (1H, 4, J = 4.6 Hz), 3.84

(1H, d, J = 4.6 Hz), 3.55 (3H, s).



5 - A (1S,2R 55)-(+)-menthyl (2R 3R)-3- phenyl gl yci dat e

sanpl e, by treatnent with sodi um nmet hoxi de in nethanol, made it
possi ble to obtain the correspondi ng net hyl phenyl gl ycidate, the
characteristics of which are as follows: 10 * [[err]] [err] = +12 (c
1.15, chloroform * 400 MHz [err]H NSR (CDCl [err]) ([err] ppm

(2H, d, J

= 8 Hz), 7.32 (3H)3rr) 4.26 (1H, d, J = 4.6 Hz), 3.84

(1H, d, J = 4.6 Hz), 3.53

Exanpl e 3:

4, 5-di hydr ooxazol e- 5- car

10

15

20

B A % A

4,5—dihydrooxazole-5-carboxy1ate

O =

15 mL (0.109 mol) of a 54% solution of
tetrafluoroboric acid in ether are added over 10 min to
a stirred solution, under an inert atmosphere at -65°C,
of 30 g (0.0993 mol) of (1S,2R,5S)-(+)-menthyl (2R, 3R)-
3-phenylglycidate and 305 mL (2.98 mol) of benzonitrile
in 1.5 L of anhydrous dichloromethane. The reaction is
allowed to continue at -65°C for 1 h and, after
monitoring by T.L.C., 300 mL of a saturated aqueous _
sodium hydrogencarbonate solution are added and the
reaction mixture is allowed to return to room
temperature with stirring. After extracting the aqueous
phase with dichloromethane (2 x 200 mL), the combined
organic phases are washed with a saturated sodium
chloride solution (200 mL) and with water (50 mL) and
dried over MgSO,. After concentrating under reduced
pressure and removing the residual benzonitrile under
high vacuum at 50°C, the crude product obtained is

purified by silica gel chromatography (15-40 pum)

7.40

38



15 L (0.109 nol) of a 54% sol ution of 5 tetrafluoroboric acid in ether

are added over 10 mn to a stirred solution, under an inert

at nosphere at -65[err]C, ~of 30 g (0.0993 nol) of

(1S, 2R, 59)-(+)-ment hyl (2R, 3R)- 3- phenyl gl yci date and 305 niL (2.98
mol ) of benzonitrile in 1.5 L of anB$drous dichl oronet hane. The

reaction is 10 _allowed to contlnze at _-65[err]C for 1 h and, after
moni tori ng by FeLuent:sgychpheranedsthyit agebatitoud®/1) - sodi um

hyd b I h

 loned to retarn to rooff 8 Sf dSerhr aRb %l FeRFRYE: 328A5k£r v acting
th 1 h I t 0 th nmbi ned
orgaﬁFEGBEZsesaé ggwgghgggmﬂ hy rgéggggiggg éﬁfﬁﬂrygagtcﬁFSrgagoso:Efion
(200 ni) and wi glweteaf 1ﬁ5gthl=o§Hd cg'ib gy Quer %’9§?ﬁéy§‘;g?§u3?

concentrating un reduc essure an renovi

benzoni trike ugHern 2QniBiel ¥ﬁ€u581§6w59§eéﬁ5§?cEQ§1%EEG%.prOdUCt obt ai ned

is. purified by silica gel chronatography err

39 (el uemt go0ymHahex MR etdydl Jcqbabpm) 20810 (2H, 4, 32 g of
(152R5m (+)-nent hyl (4S,5R)-2, 4-

di phenyl - 4, 5- dOhydroaxHz)l, e755¢aKhHxytat g are . ahHg), 7.46sqkHted,in the
form of a col ourl ess syrup (Yd = 80% 5 which exhibits the follow ng
characteristicg:= 7.4 Hz1007MBg [(BH; ] W) NVR.4CDC1Her d} ) J( Eesrt Hpiy: 8. 10
(2H, d, J=7.1Hz), 7.54 (1H, t, J = 7.4 Hz), 7.46 (2H, t,
4.88 (1H, d, J = 6.4 Hz), 4.85 (1H, dt, J = 10.9 and
10 4.4 Hz), 2.09 (1H, m), 1.84 (1H, m, J = 7 and 2.7 Hz),
1.71 (1H, m), 1.69 (1H, m), 0.94 (3H, 4, J = 6.5 Hz),
_ 0.2 (1H, m), 0.85 (3H, d, J = 7 Hz), 0.77 (3H, 4,
J = 7 Hz).
Example 4:
15 (4s,5R) -2,4-Diphenyl-4,5-dihydrooxazole-5-

carboxylic acid

W

25 mL of a solution of 6 g (43.2 mmol) of
potassium carbonate in osmosed water are added to a
stirred solution at room temperature of 3.5 g
20 (8.64 mmol) of (1S,2R,S5S)-(+)-menthyl (4S,5R)-2,4-
diphenyl-4,5-dihydrooxazole-5-carboxylate in methanol
(70 mL) and the reaction is left to continue for 16 h

at room temperature. After monitoring by T.L.C., the



J=7.4 H), 7.34 (5H m, 5.40 (1H, d, J = 6.4 Hz), 4.88 (1H, d, J =
6. 4 FE), 4.85 (1H, dt, J = 10.9 and 10 4.4 Hz), 2.09 (1H m, 1.84 (1H,

m J =7 and 2.7 Hz), 1.71 (1H, m, 1.69 (1H nm), 0.94 (3H d, J = 6.5
Hz), 0.9 (1H, m, 0.85 (3H, d, J =7 Hz), 0.77 (3H, d, J =7 Hz).
Exanple 4: 15 (4S, 5R) - 2, 4- Di ph€nyl - 4, 5-di hydr ooxazol e- 5-
carboxylic aC|geLerr 25 nL of a _soluytion of 6 ¢

(43.2 mmol ) of Teactigg BiXtyreCAPnGRRFENERAEEADYBASHarEAUSPE added to a
o g;g%g;" gg;oggﬁ%ﬁg&%&g TReabyEopBhad Bnls 2Braih@a®dsiRbhed'
Fehction s 1 el SR BB RAREO ! /1 SobDglF (ABTai£icq bhop A%t gpe the

moni toring by LibwCaadiR%on of go mlL of a gqueous HC1 solut+ﬁn nd
reaction mixture is concentrate er reduce pressure € aqueous

phase thussobt akiedcteavasidethyl %Eﬁa@bchbo&ombhﬁﬂ? (3n% LERAbThig

acidified to pH 2 by sl ow addition of 20 mL of a 1M aqueous HO
sol ution and orgagitr axtedcetibh phhgksagebatieied XM§BO, Mand The conbined
organi c extraction phases are dried (MpJSO™) and concentrated under

reduced pressurencentrated under reduced pressure.
2.26 g of (4S,5R)-2,4-diphenyl-4,5-
dihydrobxazole—SFcarboxylic acid are thus obtained in
10 the form of a white powder (Yd = 98%) which exhibits
the following characteristics:
o [al® = 427.7 (c = 0.99, C'Hzclz/MeOH,. 1/1)
e F = 201-202°C

e 400 MHz 'H NMR (d,-DMSO) (6 ppm): 7.99 (2H, 4,

15 J = 7.3 Hz), 7.64 (1H, t, J = 7.4 Hz), 7.55 (2H, t,
J = 7.7 Hz), 7.36 (5H, m), 5.40 (1H, d, J = 6.3 Hz),
4.99 (1H, 4, J = 6.4 Hz).

Example 5: .
(1s,2R,58) - (+) -Menthyl (2R, 38)-N-benzoyl-3-

20 phenylisoserinate

Qg =y~ 7 4=

15 mL of a 1M aqueous HCl solution are added
to a stirred solution at room temperature of 1 g

(2.47 mmol) of (1S,2R,5S)-(+)-menthyl (4S,5R)-2,4-



2.26 g of (4S,5R)-2, 4-di phenyl -4, 5- di hydr ooxazol e-5-carboxylic acid
are thus obtained in 10 the formof a white powder (Yd = 98% which
exhibits . the follow ng characteristics: * [ferr]][err] = +27.7 (c
= 0.99, CHerr]Cl[err]/MeOH, 1/1) * F = 201-202[err]C * 400 MHz
[err]H NVR (d[err]-DVMBO) ([err] ppm: 7.981(2H, d 15 J =7.3 Hz), 7.64
1H t, J = 7.4, . L.55 ], t =7.7 , .7.36 (5H, , 5.40 (1H
((j, J = 6.3 H) ,dl'EQGHY§.-é9 5((33?11@1’09@2@.4—4? -ﬁzvc.ar'gzo)xylate g "%)mxaee 5;(]
(1S, 2R 59)-(+)-Mnthyl R, - N~ ben | - 3- henyl i soseringte [err
15 mL of a IM & ug‘c?ﬁ%laﬂéa s@%ﬂlﬂan aﬁ*&&&@ﬁ’y%%ms%trérg( il"ﬁ'%d tion at
STy he 2 Virtaliibed mixtur” 18 ERght ok & e p iUl
diphenyl'415'd%&%@&Oﬁéﬁﬁﬂkﬁﬁ?%g@%{?ﬁi%%%eahﬁ.@e@h&%HB. to rooff Methanol

(15 nlL) and tetrahydrofuran _ _ reaction mxture is brought
for 1 h togeflenprAdture, a daltWra¥ed RfuicddhLBolinC. and returning to

room 5 tenperature, a saturated aqueous sodi um hydr ogencar bonat e
sol ution (45 nmhydrdoggntditdonatadédution (45 mL) is gradually added
until a basic pH is obtained. After stirring for 48 h
at room temperature, the aqueous phase obtained after
concentrating under reduced pressure is extracted with
10 dichloromethane (100 mL). The aqueous phase is washed
with a saturated sodium chloride solution (2 x 50 mL),
dried over MgSO, and concentrated under reduced pressure
and the residue obtained is chromatographed on silica
gel (15-40 pm) (eluent: dichloromethane/methanol,
15 95/05) .

0.835 g of (1S,2R,58)-(+)-menthyl (2R,3S)-N-
benzoyl-3-phenylisoserinate is thus isolated in the
form of a white solid (Yd = 80%) which exhibits the
following chafacteristics: '

20 e 400 MHz *H NMR (CDCl13) (& ppm): 7.77 (2H, 4,
J = 7.2 Hz), 7.51 (1H, t, J = 7.3 Hz), 7.45 (4H, m),
7.36 (2H, £, J = 7.2 Hz), 7.29 (1H, t, J = 7.2 Hz),
7.04 (1H, 4, J = 9.2 Hz), 5.78 (1H, dd, J = 9.2 and
2.1 Hz), 4.79 (1H, dt, J = 10.9 and 4.4 Hz), 4.63 (1H,
25 broad s), 3.35 (1H, broad s), 1.81 (2H, m), 1.67 (3H,
.m), 1.5 to 1.36 (2H, m), 1.09 to 0.91 (2H, m), 0.89
(3H, d, J = 6.9 Hz), 0.77 (3H, d, J = 6.5 Hz), 0.74

(3H, 4, J = 6.9 Hz).



until a basic pHis obtained. After stirring for 48 h at room
tenperature, the aqueous phase obtai ned after concentrating under
reduced pressure is extracted with 10 di chl oronet hane (100 ni). The
aqueous phase i s washed with a saturated sodiumchloride solution (2
x-50 nm), dried over MgSHM and concAtrated under reduced pressure
and the residue obtainedjs chronatographed on silica gel (15-40
[err]m (eluent: dichlor fePriet hanol , 15 95/ 05).

0. 835 f (1S, 2R, 5S)-(+) hyl Ry39) - N .
benzoylg- g- pﬁ\enyl i sos)er |( n?at g??’?’ﬁag%i“ga%f‘&&ﬂn (2Rs38) -N-bepzevdrOs ypite

solid (Yd = 80%}{@&h&? hRigt, ?? s %& W ng characteristics: 20
* 400 MHz [err]H NWVR %?ﬂe?r?f‘% 2iepesEy :L’lt .77 (2H, d, J =72
Hz), 7.51 (1H, t, J = 7.3

= Hz), 7.45 % ) 7.36 (2H, t, J = 7.2
Hz), 7.29 (1H, t, J = 7.2 Hz), 4 @H = 9.2 Hz), 5.78 (1H,
dd, J = 9.2 and 2.1 Hz), 4_Z8 ~ . J 10.9 and 4.4 Hz), 4.63
(1H, 25 broad s), 3.35 (1H, bs),s1.89 m, 1.67 (3H, n,
1.5to0 1.36 (2H, m), 1.09 to 0. 9% ' g8 (3H, d, J = 6.9 Hz),
0.77 (3H, d, J = 6.5 Hz), 0.74 (3H, d J 79 Hz).
42 Exanpl e 6: (1S, 2R, 59) - (+) - Ment hyl
(2R, 3S) - N- benzoyl - & triethylsilyl-3-phenyll'soserinate [err]

0.255 g (2.08 mmol) of 4-dimethylamino-

5 pyridine is added to a solution of 0.8 g (1.89 mmol) of
(18, 2R, 58) - (+) -menthyl (2R, 3S)-N-benzoyl-3-
phenylisoserinate in 10 mL of anhydrous
dichloromethane. After stirring for a few minutes at
room temperature, 477 uL (2.84 mmol) of triethylsilyl

10 chloride are added over 5 min. After stirring for 1 h
at room temperature and monitoring by T.L.C., the
reaction mixture is diluted with 100 mL of
dichloromethane. The organic phase is washed with a
saturated aqueous sodium hydrogencarbonate solution

15 (2 x 20 mL) and with a saturated sodium chloride
solution (50 mL), dried over MgSO, and concentrated
under reduced pressure. After purifying the residue
'obtained by silica gel chromatography (15-40 um)
(eluent: cyclohexane/ethyl acetate, 10/1), 0.74 g of

20 (18, 2R, 58) - (+) ~-menthyl (2R, 3S)-N-benzoyl-0-
triethylsilyl-3-phenylisoserinate is obtained in the
form of a colourless syrup (Yd = 75%).

The compound obtained exhibits the following



0.255 g (2.08 mmol ) of 4-dinethy|anino-' 5 pyridine is added to a

solution of 0.8 g (1.89 nol ) of (1S, 2R, 59) - (+) - ment hyl

(2R, 3S) - N- benzoyl - . phenylisoserinate in 10 nL of anhydrous

di chl or onet hane. After stirring for a few m nutes at room
tenperature, 477 [err]L (2.84 mmol) of trfdthylsilyl 10 chloride are

added over 5 nl Elrrlng for 1 h at room tenperature and
noni t ori ng by ? rec eFﬁé reaction mxture is diluted with 100 nL of

di chl or onet han €, | shed \wi at urat ed aqueous
sodi um hydr oge%car Eoﬁg g@%o }? @dﬁ@ i fp?)zoghr‘f@% a‘r%'lI %I h a sat ur at ed
sodi um chloridg _ §9Iu9|ga 8§g )., 3 drlzg 4O0u8 Ngsggerﬁk

ung fter %O é he fe5|due

concentrat ed 'reddce p(eséure rifyrn

obt ai ned by S|b|ga7gg§)chﬁ0§qtqgﬁapa 515 402[3551ny 32 (zﬁelyent.
cycl ohexane/ et hyl acetate, 10/1), of (1S, 2R, '5Sf- (4) - ment hyl

(2R, 3S)-N-Benzgyk- ©.2 Hz) tnlathxbﬁllmb 35pb©nxhnsoaaulnate3lalﬁbtatned in

t he formof a col ourl ess syrup (Yd = 75% . The conpound
obt ai ned exhi bt s ttheahdl ko®i Hg), 1.88 to 1.67 (m), 1.44 (2H, m), 43
characteristics: * 400 Mz [err]H NVR (CDCl[err]) ([err] ppn): 7.82
(2H, d, J1=0% ppy, 07832 (hli, 0t 80J (m) 7. 0.62) (3R,48,(aH= U,Hz), J =7

M), 7.37 (24 d, 3 ='7.2 b)), 7.32 (2H L,
.62 to 0.34 (m).

Example 7:
10 (2R, 38) -N-Benzoyl-O-triethylsilyl-3-

phenylisoserine

osmm,

A solution of 0.644 g (4.655 mmol) of sodium

carbonate in 10 mL of osmosed water is added to a
stirred solution at room temperature of 0.5 g

15 (0.931 mmol) of (1S,2R,5S)-(+)-menthyl (2R,3S)-N-
benzoyl-O-triethylsilyl—3—phenyliéoserinate in 15 mL of
methanol. After stirring for 16 h at room temperature
and monitoring by T.L.C., the reaction mixture is
concentrated under reduced pressure and the residual

20 aqueous phase is washed with dichloromethane
(3 x 50 mL) and then acidified to pH 2 by slow addition
of a 1M aqueous HCl solution (10 mL). The aqueous phase
is extracted with ethyl acetate (3 x 50 mL) and the

combined organic phases are dried over MgSO, and



5 J=7.2 H), 7.26 (2H, m, 5.60 (1H, dd), 4.73 (1H, dt, J = 11 and
4.3 Hz), 1.88 to 1.67 (m, 1.44 (2H m, 1.06 and 0.87 (m, 0.80 (m,
0.67 (3H, d, J =7 Hz), 0.62 to 0.34 (m. Exampl e 7:

10 (2R, 3S)-N-Benzoyl -O-triethyl silyl-3- phenyl i soseri ne
[err] A solutlon of 04%44 g (4.655 Mol ) of sodium
carbonate in 10 nlL of osngsed wat er anged to a stirred solution at
roon1tenperatuF@nSFnBrBtﬁ ypder ped Efe FeS8PLe1S, 2R 59) - (+) - ment hyl

(2R, 3S) -

nethanol. After g??f?YLQBf%%biéhﬁks %g?Egﬁgéﬁgggierlgaleﬁ ﬁl%g%giorlng
B T b ol o3l BRERYPRSBLELURE 18 obraifERCER! ERLCHOHATEE Legirpd pressure

and t he reS|duaI

x 50 nmL) and t
HCQ solution (

acetate (3sx 5@hH¥hc&éQ1§ﬁch

MySO4 and

(2R, 3S) - N-benzoyl -O-triethylsilyl- 3-phenylisoserine is obtained in

the formof a

10

15

20

aqueous phase TS Wwas Iorone aneé

(3

Sﬂdéﬁ'QY&'ed9b@)pbbgﬁﬂye§h9ﬂﬁ@gdthéoﬁollowbngj a 1M aqueous

0 nL he aqueous IS extracte th ethyl

conblned organi ¢ phases are dried over

44 concentrated under
reduced pressuse400 MHz 'H NMR (d,0DB2®)g (6f ppm): 8.46 (1H, 4,

Uhet8.3 Hz), 7.82 (2H, 4, J = 7.1 Hz), 7.54 (1H, t,
J=7.2 Hz), 7.47 (4H, wm), 7.32 (2H, t), 7.36 (1H, t),
5.44 (1H, dd, J = 9.2 and 5.5 Hz), 4.64 (1H, 4,
J = 5.6 Hz), 0.77 (9H, m), 0.45 (6H, m).

Example 8:

(18,2R,58) - (+) -Menthyl (2R, 38)-N-benzoyl-O-

(2,2,2-trichloroethoxy)carbonyl-3-phenylisoserinate

B2NH 0 ma_ _me

480 mg (3.96 mmol) of 4-dimethylaminopyridine
are added to a stirred solution at room temperature
under an inert atmosphere of 1.38 g (3.3 mmol) of
(18, 2R, 58) - (+) -menthyl (2R, 3S)-N-benzoyl-3-
phenylisoserinate in 30 mL of anhydrous
dichloromethane. After stirring for 10 min, 540 uL
(3.96 mmol) of 2,2,2-trichloroethoxycarbonyl chloride
are added over 5 min. After stirring for 2 h at room
temperature and monitoring by T.L.C., the organic phase

is washed with a saturated sodium hydrogencarbonate



powder (Yd = 90% which exhibits the following 5
400 MHz [err]H NWMR (d[err]-DMSO) ([err] ppm: 8.46
J

Hz), 7.82 (2H,
7.32 (2H, t),
(tH, d, 10 J
Exanpl e 8:

) | S, 2
(2,2,2-trichIoﬁS@Pﬁ&??)é&r%oﬁ?l

480 my (3. 96

nol ) of

characteristics:

d J=7.1Hz), 7.54 (1H, t,
7.36 (1H, t), 5.44 (1H, dd, J =
= 5.6 Hz), 0.77 (9H, m), 0485 (6H, m.

R_5S) - (+)-Ment hyl (2R, 3S)-N-_benzoyl -O
) pRERy WiiEHs 8r PakPEatpdr ppdium

(I'H,
= 7.
9.2

phenylisoserin%%@béﬁtggkgéfgpggﬁa3%?8%%51%§EEEP%%Pé%%h%%hgﬁgifXFpgr
stirring for 1Qua Regs3dlel Shthl

2,2,2-trichlor

or gani ¢ phase

10

15

20

0 : )
2, 2- oet hoxycar bonyl CﬁférFgégi19@ag§§ﬁa&§%8@ggggrgp#¥n. After
stirring fer 2 (Rsaliof QAN (elueh@TPeyRibhexand /&RRivobi-a

obtained in the form of a colourless syrup (Yd = 82%).
| The cdmpound obtained exhibits the following

characteristics:
®* 400 MHz 'H NMR (CDCl,) (& ppm): 7.82 (2H, d,
J = 7.4 Hz), 7.53.(1H, t, J = 7.4 Hz), 7.44 (4H, m),
7.35 (2H, t, J = 7 Hz), 7.29 (1H, t, J = 7 Hz), 7.09
(1H, 4, J = 9.3 Hz), 6.0 (1H, dd, J = 9.3 and 2.5 Hz),
5.45 (1H, 4, J = 2.6 Hz), 4.78 and 4.72 (2H, 24,
J = 11.9 Hz), 4.77 (1H, m), 1.85 (1H, m), 1.79 (1H, m),
1.65 (2H, m), 1.43 (1H, m), 1.02 (1H, m), 0.96 (1H, m),
0.86 (1H, m), 0.83 (3H, 4, J = 7 Hz), 0.78 (3H, 4,
J = 6.5 Hz), 0.68 (3H, d, J = 6.9 Hz).

Examplé 9:

(18,2R,58) - (+) -Menthyl (4S,5R)-4-

phenyloxazolidin-2-one-5-carboxylate

0

Q.J\o,, et

d, J =09.3
2 Hz), 7.47 (4H m,
and 5.5 Hz), 4.64

dded.to a stirred

| f, 4-di hyl gm i di 15
sol ution at rofi 1%Eﬁ8§rgpgggadﬁ iqhﬂo Eéﬁkgﬁéersfﬁggﬁﬁbr%n%f 1.38 g (3.3

a?%,T591§;1 t he

_ is washed with a“saturated sodlun1hygrogencarbonate
45  sol uti anep2gx of0 (1k), 2RNBSM-1(} ) ameALUkAL GERS 8Ei) UN-benzo¥l
solution (10 nL), dried over MpSHM and concentrated under reduced
pressure. After(2par,2tyrighloroethoxy)carbonyl-3-phenylisoserinate are

l-@vi de

*



the resi due obtained by silica gel chromatography 5 (15-40 [err]m

(eluent: cycl ohexane/ ethyl acetate, 5/1), 1.60 g of

(1S, 2R, 59)-(+)-nment hyl (2R, 3S)- N benzoyl - -
(2,2,2-trichl oroet hoxy)carbonyl - 3- phenyl i soserinate are obt ai ned in
the formof a colourless syrup (Yd = 82% 46 The conpound
obt ai ned exhibits the follomﬁn 10 characteristics: 400 MHz [err]H

NVR (CDC13) ([err] ppm): 17m®2 2P38 &mol) °fJ1187d4aﬂé?lcyl9§5éiH°]r J =
7.4 Hz), 7.44 (4K n& gg g H, t, J =7 H),
7.09 (1H, Ygdeg-Z-gng [is) a F?Ha &&lrfed §°§u§ﬁ8n2 k H??m 15 5.45

402 bbb il 1 el okt * T
™. 096 (1M k. e muot) B8l il Bk, 51834 Jheningl Tof 482078 (3H d

6.5 Hz),

[I s, ]2R 59) 5(+) piRoI- 048, SRe~trichlorBReRBkyY 8a%bbflyd-3-0ne- : car ﬁfx{% e
err

mol ) of 1, 8-dpheabldpbekeritalk- in 30 mnn6QCaﬁhgaeou§ added to a stirred
sol ution at room tenperature under an inert atnosphere of 3.96 g
(6.62 mmol ) of ditBl2Rom8rhahe- Mafitkyl s¢2Rr3hy- Bor 39 min at room

benzoyl - O (2, 2, 2-trichl or oet hoxy) car bonyl - 3- phenyl i soserinate in 30
mL of anhydrousemperature, the organic phase is washed with 10 mL of

a saturated sodium chloride solution, dried over MgSO,
10 and concentrated under reduced pressure. After
purifying the residue by silica gel chromatography
(15-40 pum) (eluent: cyclohexane/ethyl acetate, 7/3),
2.18 g of the compound cited in the title are obtained
in the form of a yellow syrup (Yd = 95%).
15 The compound obtained exhibits the following
characteristics:
® 400 MHz 'H NMR (CDCl,) (6 ppm): 7.40 (5H, m), 6.09

(1H, s), 4.93 (1H, 4, J = 5.3 Hz), 4.86 (1H, dt, J = 11

and 4.4 Hz), 4.73 (1H, 4, J 5.4 Hz), 2.05 (1H, m),
20 1.81 (1H, m), 1.71 (2H, m), 1.54 to 1.41 (3H, m),
1.07 (2H, m), 0.94 (3H, 4, J = 6.5 Hz), 0.88 (3H, d,

J=7Hz), 0.77 (3H, d, J = 7 Hz).



di chl oronet hane. After stirring for 30 mn at room tenperature, the
organi ¢ phase is washed with 10 niL of a saturated sodi um chl oride
solution, dried over MpSO4 10 and concentrated under reduced pressure.

Af ter purifying the residue by silica gel chronmatography (15-40
[err]m (eluent: cyclohexane/ethyl acetat&7 7/3), 2.18 g of the
conpound cited in the title are qhtained in the formof a yellow
syrup (Yd = 95%. 15 xample 10,6 conpound obt ai ned exhibits the

fol I owi har act erji st HMR (CDcL
(Terr] pom: 7.40 (5 mti8528358) - (1) Hentayl Zegssmiony- § 25 5 1),

. 20 ft81*?fﬁ*5ﬁfrbfn%% sHpbayiopaplight arbpss ﬁrrboﬁﬁﬁhtz 07 (21

n): 0. 94 (3H, d, J = 6.5 Hz), 0.88 (3H, d J =7 H), 0.77 (3H, d, J
=7 Hz). 47 Exanpl e
10: (I'S 2R 59)-(+)- Ment (485 N-E.
but oxycar boni c- 4- phenyl oxazol i boxy [err]
3.8 nL (6.07 mol) of a 1.6Ms n bu yllithiumin hexane are
added to a stirred solutio n inert atnosphere of
1.91 g

©

Me

3.8 mL (6.07 mmol) of a 1.6M solution of
5 n-butyllithium in hexane are added to a stirred
solution at -40°C under an inert atmosphere of 1.91 g
(5.52 mmol) of (1S,2R,58)-(+)-menthyl (4S,5R)-4-
phenyloxazolidin-3-one-5—carboxylate in 20 mL of
anhydrous tetrahydrofuran. After stirring for 10 min at
10 -40°C, a solution of 1.81 g (8.28 mmol) of
t-butoxycarbonic anhydride in solution in 5 mL of
tetrahydrofuran is added and the reaction mixture is
allowed to return to room temperature over 15 min.
After diluting with 50 mL of dichloromethane and
15 washing with a 2% aqueous HCl solution until a pH = 5
is obtained, the organic phase is dried (MgsSO,) and
concentrated under reduced pressure. After purifying
the crude product by silica gel chromatography
(15-40 pm) (eluent: cyclohexane/ethyl acetate, 5/1),
20 2.12 g of the compound cited in the title are obtained
in the form of a colourless syrup (Yd = 86%).

The compound thus obtained exhibits the



(5.52 mmwl) of (1S, 2R 5S)-(+)-nenthyl (4S,5R)-4-

phenyl oxazol i di n- 3- one- 5-carboxylate in 20 nL of - anhydr ous
tetrahydrofuran. After stirring for 10 min at 10 -40[err]C, a solution of
1.81 g (8.28 mmwol ) of t - but oxycar boni ¢ anhydride in solution in 5 nL
of tetrahydrofuran is added and the #8action mxture is al | oned

to return to r% erature over, 15 mn. After diluting with 50 nL
of di chl or onret & °§ﬁ g FRATQCERTASEACES a 2% aqueous HO solution until a

ggncentratedlﬁngg?%l %h@¥§ gﬁﬁéf)ggﬁiﬁmﬁﬁrlf 4% %Nggog%hﬁggﬁuﬂﬁ ‘pr oduct

b I | &h h 40 e cl,o ane/ eth
agef;tgcaS?i) %'r%nq%%%gag §+ tﬁe7(ﬁ§ duﬁé%gr#gg (%k?hgttlgpebaggéobtalneé

in the form of jasce urhe%% palY 6 i Th nmpound
t hus obt ai ned exhle?s th WP, 9 ¥Wu2), 2.0 an, w] 3.28

fol | ow ng ghar gawer mgt, i s 40 eRr ( 1herk] ) err]
oLy o g sharg gg Eni) ,qm*n (2H, m) (i sztbd& .ol NB!B E'?C,h @E836(9§1LH R

= 10.9 and.  s),41518Z)(2H4. GG, (bH,94d (3@1 3. § k.. 52HQ5 Ghd (M, ®)79 5
(1H,n’),173(2Hn’)162t0124(3Hn')133(9 s), 1.11 (2H,
m, 0.94 (3H @,.83 «38,5dzy and H:M, ©0).77 (3H, @,89 %SH,Hﬂ).J = 7 Hz),
0.77 (3H, d, J = 7 Hz). Exanpl e 11:
(I'S, 2R 59)-(+)-Mnthyl (EsasRle3lfizbenzoyl-4- 10
phenyl oxazol i di n- 3-one-5- car boxyl ate [err]

(18,2R,58) - (+) -Menthyl (4S,5R)-3-N-benzoyl-4-

10 phenyloxazolidin-3-one-5-carboxylate

0.25 mL (2.17 mmol) of benzoyl chloride is
added to a stirred solution at room temperature under
an inert atmosphere of 500 mg (1.45 mmol) of
(1S, 2R, 58) - (+) -menthyl (4S,5R);4-phenyloxazolidin-3—

15 one-5-carboxylate and 176 mg (1.16 mmol) of
4-pyrrolidinopyridine in 7 mL of anhydrous
dichloromethane. After stirring for 3 h at 50°C, the
reaction mixture is brought back to room temperature
and diluted with 20 mL of dichloromethane. The organic

20 phase is washed with 10 mL of a saturated sodium
chloride solution, dried over MgSO, and concentrated

under reduced pressure. After purifying the crude



0.25 nL (2.17 mmol ) of benzoyl chloride is added to a stirred solution
at room tenperature under an inert atnosphere of 500 ng (1.45 mmol) of
(1S, 2R, 59)-(+)-ment hyl (4S, 5R) - 4- phenyl oxazolidin-3- 15 one-5-carboxyl ate
and 176 ng (1.16 mmol) of 4-pyrrolidinopyridine in 7 nL of anhydrous
di chl oronet hane. After stirring for 3 h a$950[err]C t he reaction

m xture is brou ht back to,.qomtenperature and dil uted mnth 20 nL of

dlchloronethan? oPYafid 1°80 9edh shromateeIrphy,i(dR -4 MM of a saturated
sodi um chl% e% squtr8 e drEKdF%a&{ﬁgggg%err %?u gggc%gtg t .

under reduced pressure

49 produgd, mB%dﬂd b&%e CQ@%U@H%qraQF% g%%alge rr]g%g gPngg%luent:

cycl ohexane/ et hyl “acet at'e, in the
title are obta@n%glbﬁrqggsfgygh f(Yd - 4%%c;olourless syrup (Yd = 46% . 5

The conpound t hus obtai ned exhibits fol |l ow ng characterlstlcs
* 400 Miz [serr]H NWR (CD@hbebbhbohhar&huBDtha§n£@ @%Habéts the J = 7.1
Hz), 7.68 (1H, t), 7.53 (4H, m, 3 (3 1H, d, J 4.4

Hz), 4.90 (1H, fdﬂlowlngleharaaderiet1és4 FE) '4.85 (1H d J = 4.3 FE),
2.07 (1H, m, 1.80
® 400 MHz 'H NMR (CDCl,) (6 ppm): 8.16 (2H, d,
J = 7.1 Hz), 7.68 (1H, t), 7.53 (4H, m), 7.43 (3H, m),
5.57 (1H, d, J = 4.4 Hz), 4.90 (1H, dt, J = 10.9 and
10 4.4 Hz), 4.85 (1H, 4, J = 4.3 Hz), 2.07 (1H, m), 1.80
(1H, m), 1.72 (2H, m), 1.47 (3H, m), 1.09 (2H, m), 0.95
(3H, 4, J = 6.5 Hz), 0.88 (3H, 4, J = 7 Hz), 0.78 (3H,
d, J = 7 Hz). |
Example 12:
15 (4S,5R) -3-N-Benzoyl-4-phenyloxazolidin-3-one-

5-carboxylic acid

A solution of 75 mg (0.543 mmol) of potassium
carbonate in 1 mL of water is added to a stirred
mixture at room temperature of 120 mg (0.266 mmol) of

20 (18,2R,58) - (+) -menthyl (4S,5R)—3-Ahbenzoyl—4-
phenyloxazolidin-3-one-5-carboxylate in 2 mL of
methanol. After stirring for 30 min, the reaction

mixture is diluted with 10 mL of water and the aqueous



(1H, m, 1.72 (2H, m), 1.47 (3H, m, 1.09 (2H, m, 0.95 (3H, d, J =

6.5 Hz), 0.88 (3H, d, J =7 Hz), 0.78 (3H, d, J =7 Hz).

Exanpl e 12: 15 (4S, 5R) - 3- N- Benzoyl - 4- phenyl oxazol i di n- 3- one-
5-carboxylic acid [err] ' A solution of 75 ng (0.543
mol ) of potassiun1 carbonate in 1 n38f water is added to a stirred

SRS S Thehg sk wiEh BLnbOpd s Bukotecndle. arcer

StirTing for SBUHPRIIAAE FEaBE Bt BY BRRRELPE MY BT BOCWFERSORTL o
rgtaésﬁgg &F?hggﬂnﬁﬁ%fpgagﬁlé?oﬁgF 3ﬁgedAV%th ethyl g¢ FFylngoto pH Ehisgy
reans of M W Shgor 8 dUshe con:aBUROUSMATSSphaaghl 028! BaHEH" I |

5nL of a satuwartadssaﬁl B ahk;altu&lats_al 869 8m chloréabegoQﬁE&oMgsm and
concentrated under reduced pressure.

(4S, 5R) - 3- N- bedzagld- éver Mgspbeatydoa@z@éwr@tédqm@dérclaé&@@al c ac! d are
obtained 10 in the formof a white powder (Yd = 52% which exhibits
pressure.

40 mg of (4S,5R)-3-N-benzoyl-4-
phenyloxazolidin-3-one-5-carboxylic acid are obtained
10 in the form of a white powder (Yd = 52%) which exhibits
the following characteristics:
® 400 MHz 'H NMR (d,-DMSO) (& ppm): 12.98 (1H, broad s),
7.95 (2H, d, J = 7.1 Hz), 7.63 (1H, t, J = 7.4 Hz),
7.50 (2H, t, J = 7.5 Hz), 7.42 (2H, m), 7.37 (3H, m),
15 4.90 (1H, 4, J = 5 Hz), 4.77_ (1H, d, J = 5 Hz).
Example 13:
(48, 5R) -4-Phenyloxazolidin-3-one-5-carboxylic

acid

10 mL of a homogeneous solution of 360 mg

20 (8.67 mmol) of NaOH, 3 mL of methanol and 0.5 mL of
water in pyridine are rapidly added to a stirred

solution at 0°C under an inert atmosphere of 300 mg

(0.867 mmol) of (1S,2R,5S)-(+)-menthyl (4S,5R)-4-



‘the fol l owing characteristics: * 400 MHz 1H NMR (d[err]-DVBO) ([err]

ppm: 12.98 (1H, broad s), 7.95 (2H, d, J =7.1 Hz), 7.63 (1H t, J =
7.4 H), 7.50 (2H, t, J =7.5 Hz), 7.42 (2H, m), 7.37 (3H, m, 15
4.90 (1H, d, J =5 Hz), 4.77 (1H, d, J = 5 Hz). Exanpl e 13:
(4S, 5R) - 4- Phenyl oxazol i di n- 3- one- 5- car box i ¢ acid [err]

10 mL of a homp eneqﬁf squE{on of 360 ng .20 8.67 mmol ) of NaOH, 3 nL
of met hanol anéhﬁqy xagolidin-grone -5y GRpboxviatare 3 83 @fy meddeaalo a

I S S L o P A

51 henyl gxazal j dif- 2-one-.5- late, 3 _m..of nethanol . d

Phen 0.5 bt of Sgeind e o G G 00 Bk r2ale it WERMRR G5 or 20 min

at O[err]C, the@ineatd WA cH Hate i(go ) g?xi[dl %%‘i‘;eg }Jlt‘ﬁat er (30 n) and
nf?f acidifyi

washed with 5 dichoronet hane (3 er ng to a pH = 1,

the resi dud agiRebToriddTRAneS @6 gt ed satn etk e 3 etate 3 x 20
m.) and the conbi ned organic phasesqare g &rieglfﬁbgéﬁ% gﬁé L

concentrated umter readdued pReEDUESphase is extractedBwithOkthyl
(4S, 5R) - 4- phenyl oxazol i di n- 3- one- 5-
acetate (3 x 20 mL) and the combined organic phases are
dried (MgSO,) and concentrated under reduced pressure.
. 86 mg of (4S,5R)-4-phenyloxazolidin-3-one-5-
10 carboxylic acid are thus obtained in the form of a
yellow syrup (¥d = 53%) which exhibits the following
characteristics:
® 400 MHz 'H NMR (d,~-DMSO) (6 ppm): 13.33 (1H, broad s),
8.46 (1H, s), 7.38 (5H, m), 4.89 (1H, d, J = 5 Hz),
15 4.75 (1H, 4, J = 5 Hz).

II. Baccatin IITI derivatives

Example 14:

7-0-Triethylsilyl-10-deacetylbaccatin III

6.2 mL (36.6 mmol) of triethylsilyl chloride
20 are added over 10 min to a stirred solution, at room
temperature and under an inert atmosphere, of 10 g -

(18.3 mmol) of 10-deacetylbaccatin III and 8.17 g



10 carboxylic acid are thus obtained in the formof a yel | ow syrup

(Yd = 53%9 which exhibits the follow ng characteristics: * 400
MHz [err]H NMR (d6-DVBSO) ([err] ppm: 13.33 (1H, broad s), 8.46 (1H,
s), . 7.38 (5H, m, 4.89 (1H, d, J =5 Hz), 15 4.75 (1H, d, J =5 Hz).

I't. Baccatin I1] derivatives 52 Exanple 14:
7-C>Triethy|shkél-10-dei | baccatin |11

6.2 mL (36.6 fy FofmEL) o yFSPV§F°&H@6PPB¥r1§6neaFE 888eWlo@ér 10 min to

L o (el oISl i e S
5o orons S FbABHFRS ) B AR RO e, OB

di chl or onet hane. reac g of

crushed ice arﬁlﬁ@ﬁ?@ g EBE stirrifXby Srbﬁsggfko§t%6rh? . ?ggrously for

10 mn. The resi organlc phase s washed w 't 0nm),

dried OVGFSNQS%Qﬁahaingréaﬂién%nhébéd1HnQS§héadH§EH water RBBBSHLS,
After treating the crude product obtained

dried over MgSO, and concentrated under reduced

pressure.
After treating the crude product obtained
with the minimum amount of ethyl acetate, 11.2 g of
10 7-0-triethylsilyl-10-deacetylbaccatin III are obtained
in the crystalline state (Yd = 92.3%).
The product thus obtained exhibits the
following characteristics:

® 400 MHz *H NMR (CDCl;) (& ppm): 8.10 (2H, d,

15 J = 7.4 Hz), 7.60 (1H, t, J = 7.5 Hz), 7.47 (2H, t,
J =7.6 Hz), 5.60 (1H, 4, J = 7 Hz), 5.17 (1H, 4,
J=1.9 Hz), 4.96 (1H, 4, J = 8 Hz), 4.86 (1H, m), 4.41

(1H, dd, J = 10.6 and 6.6 Hz), 4.31 and 4.16 (2H, 24,
J

8.4 Hz), 4.26 (1H, d, J = 1.9 Hz), 3.95 (1H, 4,
20 J

6.9 Hz), 2.48 (1H, ddd, J 14.5, 9.7Iand 6.7 Hz),

2.29 (3H, s), 2.27 (2H, m), 2.08 (3H, s), 1.90 (1H, m),
1.73 (3H, s), 1.62 (1H, s), 1.08 (6H, s), 0.94 (9H, t,

J = 8 Hz), 0.56 (6H, m).



wi th the m ni rum anount of ethyl acetate, 11.2 g of 10

7-O-triethylsilyl-10-deacetyl baccatin |1l are obtained in the
crystalline state (Yd = 92.3%. The product thus obtained
exhibits the fol |l ow ng characterlstlgs * 400 MHz [err]H NWR
(coCferr]) ([err] ppm: 8.10 (2H, d, 1593 3 = 7.4 Hz), 7.60 (1H, t, J =
7.5 Hz), 7.47 (2H, t, = .Q FE), 5.60 (1H, d, J =7 Hz), 5.17 (1H
d, J =19 Ft) 4. &gﬁﬁﬂ% 'J =8 Hz), 4.86 (1H m, 4.41 Zng,
dd, J = 10.6 and 6. Ft 4.

(1H, d, J = 1.9 Hz) ) %*i%@‘égje@”&wl a& ﬁze)aceﬁyj@a(‘%ﬁ%l&dgn

14.5, 9.7 and 6.7 FE), 2.29 (3H s),H? 27 (2H, m, 2.08 (3H, s), 1.90
(1H, m, 1.73 (3H, s), 1.62 ElH s)y 1. 08 (6H s), 0.94 (9H, t,

J =8 Hz), 0.56 (6H, m. = 53

Exanmpl e 15: 7- OHdrd £ 5 YMil acetyl baccatin |11
[err] 80 [err]L ’ o) t hyl ger manyl

chloride are added over 10 min to a i on, 5 at room

100 ng (0.183 mmol ) of

i i ' # AL
-,
10- deacet yl baccatin Il and B0 M

tenperature and under an inert atnnapher-
. =M

80 uL (0.476 mmol) of triethylgermanyl
chloride are added over 10 min to a stirred solution,
5 at room temperature and under an inert atmosphere, of
100 mg (0.183 mmol) of 10-deacetylbaccatin III and
41 mg (0.275 mmol) of 4-pyrrolidinopyridine in 4 ml of
anhydrous dichloromethane and the mixture is stirred at
50°C for 13 h. After cooling the reaction mixtufe and
10 diluting with 15 mL of dichloromethane, 1 g of crushed
ice is added and the mixture is left stirring
vigorously for 10 min. The residual organic phase is
washed with a saturated sodium hydrogencarbonate
solution (5 mL) and a saturated sodium chloride
15 solution (5 mL), dried over MgSO, and concentrated under
reduced pressure. After chromatographing the crude
product on silica gel (15-40 um) (eluent:
cyclohexane/ethyl acetate, 25/75), é? mg of 7-0-
triethylgermanyl-10-deacetylbaccatin III are obtained
20 in the form of a colourless syrup.
The product thus obtained exhibits the

following characteristics:



41 ng (0.275 mol) of 4-pyrrolidinopyridine in 4 m of anhydr ous

di chl oronet hane and the mixture is stirred at 50[err]C for 13 h. After
cooling the reaction m xture and 10 diluting with 15 nlL of

di chl oronet hane, 1 g of crushed ice iis added and the mxture is |left
stirring vigorously for 10 min. The Pésidual organic phase is

washed with a sat a sQd] en rbo ate solutfion (5 nL) and a
sat urat ed sodi Um3 Wdeﬁ #@H] zégﬁf% ‘f 2%j'rq9ed(26'9'er‘%'|\/gSC][ err] and
concentrated under . Af er i ng the crude
product on S|IP€a gel gpﬁﬂ%ﬁfﬁf I&é % %P ;?t%%ej%%é/gthyl
acetate, 25/75); 6% I_&f) 5063 (1m,t Ial etJm_L_I genneyl - %0 2(1ea(ci%t ylstiaccat in

I1l are obtained 20 i'n t'hé formof colourless S The
product thus oltaiongqdmexly,bigt s gherz) , 4 .H@l @y, ng;)chqr gczt quhst lcs:

54 * 400 MHz [err]H NIVR(CDCl[)err]) ([err] ppm : 8.09 (2H’ d, J
= 7.1 Hz), 57. 60 E118..3),, 4.287.(4HZh) 74487 ZIHHtm), 3.97 (iH7 A, Hz), 5.63
(1H, d, J = 7.1 Hz), 5.24 (1H s), 4.99 J =8 Hz), 4.78 (1H,
t), 4.32 (1H, & = 75Hz),=2853),(14,2%)(1H,.30) (34; 175)(,213 24) ,(1%,9%)(1H d,
J=7Hz),259(1Hn’)230(3H s), 2.24 (1H m, 2.10 (iH, m,
2.03 (3H, s), 2.82 ((1H, m),, 2.73 (3H, ®), 1.82 (IHL1m)9H1.MB, (BH) EBH, t, J
= 7.7 H). Exanpl e 16: 10

7-0-(2, 2, 2- Tri @hAdr dSH bW ox ol HE&By| ¥-10- = 7.7 #@dcetyl baccatin 111 [err]

Example 16:
10 7-0-(2,2,2-Trichloro-t-butoxycarbonyl) -10-

deacetylbaccatin III

3.3 g (13.8 mmol) of 2,2,2-trichloro-t-
butoxycarbonyl chloride are added over 2 h to a stirred
solution at 40°C under an inert atmosphere of 5 g

15 (9.19 mmol) of 10-deacetylbaccatin III and 1.1 mL of
anhydrous pyridine in 250 mL of dry dichloromethane.
After reacting for an additional 30 min and returning
to room temperature, the organic solution is washed
with a 2% aqueous HCl solution (30 mL), washed with

20 osmosed water (2 x 100 mL), dried over MgSO, and
concentrated under reduced pressure (Yd = 55%). After

chromatographing the crude product on silica gel



3.3 9 (13.8 mmol ) of 2,2,2-trichloro-t- but oxycar bonyl chloride are
added over 2 h to a stirred solution at 40[err] C under an inert

at nrosphere of 5 g 15 (9.19 Mol ) of 10-deacetyl baccatin IIl and 1.1 niL
of anhydrous pyridine in 250 nL of drg di chl or onet hane. After
reacting for an additional 30 min and ret®Pning to roomtenperature,

t he organi c sol,yti S shed Lt 2% ,a us HC1 solutlon (30 n),
wnshod i th 261558 uE) " Tedbents EY\MéSHﬁE?ne(ZFgE‘Mgoé‘EFt%Sm 2480) "

concentrated u d eduge [ ure . Yd =559 r chr omat ogr aphi ng
t he crude prodgc % gl%lgag gﬁ utoxyca bofi &?'10' 55

(15-40 [err]m e eket at /

7-0-(2, 2, 2- trlg%?%%§9?b %%%kgga? & % B%Baﬁﬁgﬁ &ﬁdgggeﬁg%gacca in EFF i's
obtained in thgohgew of a white powder . 5 The product
obt ai ned exhibits the foll ow ng characteristics: * 400 MHz [err]H
NVR (CDC [err]) ([err] pphke pr&dﬁ@t(%ﬁtaﬂned exhdbité H&E falﬁgwﬁﬁ t7 J =
7.4 Hz), 7.49 (2H, t, J =7.6 H), 5.65 (IH d, J = Hz) , 4 (1H,
dd, 10 J = l1@h8raecdeZistlies: 5.39 (I H d), 4.98 (1H d, J=7 5 Hz) ,

4.89 (1H, m), 4.35 and 4.20 (2H, 2d,
e 400 MHz 'H NMR (CDC1,) (6 ppm): 8.10 (2H, 4,

= 7 Hz), 7.62 (1H, t, J = 7.4 Hz), 7.49 (2H, t,

7.6 Hz), 5.65 (1H, 4, J = 6.9 Hz), 5.44 (1H, 44,

10 10.8 and 7.3 Hz), 5.39 (1H, d), 4.98 (1H, 4,

7.5 Hz), 4.89 (1H, m), 4.35 and 4.20 (2H, 2d,

= 8.4 Hz), 4.10 (1H, 4, J = 7 Hz), 4.01 (1H, 4,

P T N T T
1}

= 1.8 Hz), 2.64 (1H, m), 2.31 (3H, s), 2.29 (1H, m),
2.11 (3H, d), 2.05 (2H, m), 1.89 (3H, s), 1.09 (3H, s),

15 1.07 (3H, s).

Example 17:

a) 7-0-Triethylsilylbaccatin III

0.54 mL (7.5 mmol) of acetyl chloride is
added over 10 min to a stirred solution at room
20 temperature under an inert atmosphere of 1 g (1.5 mmol)
of 7-0O-triethylsilyl-10-deacetylbaccatin III and

1.25 mL (15 mmol) of pyridine in 15 mL of dry



J =84 H), 410 (1H d, J = 7 Hz), 4.01 (1H d, J=1.8 H), 2.64
(1H, m), 2.31 (3H, s), 2.29 (1H m . 511 (3H, d), 2.05 (2H 1), 1.89
(3H s), 1.09 (3H, s). 15 1.07 (3H s). Exanpl e 17:

a) 7-O-Triethylsilylbaccatin Il1l" [err] 0.54 nmL
(7.5 mml) of acetyl chloride is adde® over 10 nmin to a stirred

| uti 0 d h f 1 1.5
o) of - SREPiPrenRiPenty | Abetctearhinactar A bl REaREOR | 1. 25 mt
15 I f 1
g6 o )d?chpg%ogégﬁgkge §?§2m8n1§8¥ ﬁa Png L Cat }og pt crusP%ﬂperature
and nonitoring;py fgl aﬁﬁedlaﬂdo hng§Q§8re is f@ 584 g ﬁ and the mxture

is left stirring vi gorously for e resi organi ¢ phase is

5 washed with wagetohd1ly £8rmhp, mﬂﬁ'e@hevféskg§£4 8Pganic phﬁg?c§gtrated

under reduced pressure. After silica gel chr omat ogr aph 15-40
[err]m) (ebuenwashygdl ahekawatethyb x 10 mafet akeed68449) Mg8o/2hd of
7-O-triethylsilyl baccatin 1l is obtained in the formof a white

powder 10 (Ydcenééffrated under reduced pressure. After silica gel
chromatography (15-40 um) (eluent: cyclohexane/ethyl
acetate, 60/40), 0.756 g of 7-O-triethylsilylbaccatin
III is obtained in the form of a white powder

10 (yYd = 70%).
The compound obtained exhibits the following

characteristics:
.' 400 MHz *H NMR (CDCl3) (6 ppm): 8.11 (2H, d,
J

7.1 Hz), 7.6 (1B, t, J = 7.4 Hz), 7.48 (2H, t,
15 J

7.7 Hz), 6.46 (1H, s), 5.63 (1H, d, J = 7 Hz), 4.96
(1H, 4, J = 8.1 Hz), 4.83 (1H, m), 4.49 (1H, 44,
J = 10.4 and 6.7 Hz), 4.31 and 4.15 (2H, 2d, J =
8.3 Hz), 3.88 (1H, 4, J = 7 Hz), 2.53 (1H, m), 2.29
(3H, 8), 2.27 (2H, m), 2.19 (3H, d, J = 0.8 Hz), 2.18
20 (31, s), 2.12 (1H, 4), 1.88 (1H, m), 1.68 (3H, s), 1.65
(1H, s), 1.2 (3H, s), 1.04 (3H, s), 0.92 (9H, t), 0.59

(6H, m).



-The conpound obt ai ned exhibits the foll ow ng characteristics: *

400 MHz [err]H NVMR (CDCl[err]) ([err] ppm: 8.11 (2H, d, J =7.1 Hz),
7.6 (1H, t, J =7.4 Hz), 7.48 (2H, t, 15 J =7.7 Hz), 6.46 (1H, s), 5.63
(1H, d, J = 7 Hz), 4.96 (1H, d, J = 8.1 Hz), 4.83 (1H, m, 4.49 (1H,
dd, J =10.4 and 6.7 Hz), 4.31 and 2715 (2H, 2d, J = 8.3 Hz),
3.88 (1H, d, J =7 Hz), %f53; 1H, . m, 2.29 _ (3H, s), 2.27 (2H, m,
2.19 (3H, d, J = 0.8 Hz) “*3"pse E@‘(SH, s), 2.12 (1H,3d), 1.88 g%HkQE?, )
1.68 (3H, s), 1.65 L raS ), Al ., S),. 1.04 H .s . , 1),
0 59 ( %6H, . 7L%H(Z,E.Z-T%igiﬁoralt-£ugc catboLQ}?-

Exanpl e 18: : 7-0-(2,2,2-Trichl oro-t-butoxycarbonyl) -
bacggtin 1] bafgffrn I 50 [err]L (0.695 mml) of
acetyl chloride are 5 added to a stb&éed solution at roomtenperature
under an inert atnosphere™Qf 260 pg of 7-0-(2,2,2-trichloro-

t - but oxycar bonyl - 10- deacet yl bac ' prid 127.5 ng (1.04 mol ) of
4- di met hyl ami nopyri di ne i n M5 Me dcobtengeRihane. After
reacting for 1 h at room

50 uL (0.695 mmol) of acetyl chloride are
5 added to a stirred solution at room temperature under
an inert atmosphere of 260 mg of 7-0-(2,2,2-trichloro-
t-butoxycarbonyl-10-deacetylbaccatin III and 127.5 mg
(1.04 mmol) of 4-dimethylaminopyridine in 2.5 mL of dry
dichloromethane. After reacting for 1 h at room

10 temperature, the organic phase is washed with a 2%
aqueous HCl solution until a pH = 6 is obtained, dried
over MgSO, and concentrated under reduced pressure.
After chromatographing the residue obtained on silica
gel (15-40 pum) (eluent: cyclohexane/ethyl acetate,

15 6/4), 0.23 g of 7-0-(2,2,2-trichloro-t-
butoxycarbonyl)baécatin ITI is obtained in the solid
state (Yd = 83%).

The compound obtained exhibits the following
characteristics:

20 e 400 MHz *H NMR (CDCl,) (6 ppm): 8.11 (2H, d,

J 7.1 Hz), 7.62 (1H, t, J = 7.4 HZ)( 7.49 (2H, t,

[
]

7.6 Hz), 6.39 (1H, s), 5.64 (1H, 4, J = 6.9 Hz),



10 ténperature, the organic phase is washed with a 2% aqueous HG

solution until a pH = 6 is obtained, dried over MgSdJ err] and
concentrated under reduced pressure. Af ter chromat ogr aphi ng t he
resi due obtained on silica gel (15-40 [err]n) (el uent:

cycl ohexane/ ethyl acetate, 15 6/4), 0.238g of 0 (2 2,2-trichloro-t-

but oxycar bonyl iLn | IS obtained jn the state (Yd = 83%.

The cgnpoundyo%#j%c G‘l'gxﬁiém t% 3 /L 1013w v ZS) éhe?r acidhi Sics: 20 *

400 MHz [err]H NMR err)).. ( r ppn) ( J =71

Ezz321 (7.13[2 ((le,J {I‘f(g)%? 8% ‘5@{ %‘M -33 an]dl _1¢ 6(%1}&) 2d 39 (1H, s),
' TR kTR P34 %o (1H6 -§, Ha), 2.54. @H, ﬁ%% 4.87

5.61 (1H, dd,

1H, m, 4.33 apd 4,0
I(-lz), ?64(1H dddﬁég(ws?&g’d?zmé 2872Hz) )%‘#Hﬁfd“ﬂand(m

m, 52 % (3H18)EH B ,(Hid, k-0 %I;lZ)o 2#A (BHoaM(1n, m), 183

(3H, s), 1.63 (1H, s), 1. 14 (3H, s), 1. 09 (3H, s). Exanpl e
19: 1.83 7(3®,Pgnoxy.aeet Wi, 1@)deacaisy| (@acca)i,ni.lds [@H,] &) .
1.05 mL (7.5 nmol ) of phenoxyacetyl chloride

Example 19:

7-0-Phenoxyacetyl-10-deacetylbaccatin III

1.05 mL (7.5 mmol) of phenoxyacetyl chloride
10 are added over 10 min to a stirred solution, at room
temperature and under an inert atmosphere, of 1.03 g
(1.88 mmol) of 10-deacetylbaccatin III and 0.6 mL
(7.5 mmol) of anhydrous pyridine in 100 mL of dry
dichloromethane. After reacting for 30 min at room
15 temperature and monitoring by T.L.C., the organic
solution is washed with a 2% aqueous HCl solution until
a pH = 2 is obtained, washed with osmosed water
(2 x 50 mL), dried over MgSO, and concentrated under
reduced pressure (Yd = 70.5%). After chromatographing
20 the crude product on silica gel (15-40 um) (eluent:
cyclohexane/ethyl acetate, 60/40), 7-O-phenoxyacetyl-

10-deacety1baccatin ITI is obtained in the form of a



10 are added over 10 mn to a stirred solution, at room tenperature
and under an inert atnosphere, of 1.03 g (1.88 mmmol ) of

10- deacetyl baccatin Il and 0.6 nL (7.5 nmmol) of anhydrous pyridine in
100 nmL of dry di chl oronet hane. After reacting for 30 mn at room 15
temperature and nonitoring by T.L.C., the58rganic solution is washed
wth a 2@6aqueo%§ HC  so tion unti | a pH =2 is obtained, washed with
osnosed wat er dried over MgSg err] and concentrated under

product on silica, ;Cejl K 13“??8%@@%% RARRE. SR . fold e

acetate, 60/40), %ﬂqgﬁg cetyl- - 10- deacetyl baccatin |11 |s
obt ai ned in the orn1o o 59

white powder. o 1 h uc g the foll ow ng
400 Mz IiONMﬂ_ ?cﬁéi?q 65%@ rrﬁ%m

characteristics: VR ( err] ppn) 8.09 (2H,
d, 5 J 37 .FH)p.37m),(HHseat, (14{ t7 ‘.b"dzh 47H%$(3H48t (2H J =17.6
Hz), 7.31 (2H, t,J—77Hz) 6.99 (3H, m, 1H, ) ‘5.61 (1H,
d, J =7 Hz), 4 97 (.BHH=),, 7.31 (25 &,80H2) 7.4 &@)(,316 o) ,(3%,44)(1H dd, J
= 10.6 and 6.8 Hz), 4.30 and415(2H 2d, J 8.4 Hz), 3.86 (1H, 10
d, J =7 Hz), %.32 ((1H, rs)),, 5.31 ((AH, €, 32=27 GQH,, 4).97 (1H, 4,05 ((3H
s), 1.86 (1H, m, 1.68 (3H, s), 1.01 (3H, s), 0.98 (3H, s).

Exanpl e 20: J = 7.8 Hz), #.86 O3H,( plendxypdcdiy,) dt)- deacatOylébandat i n
6.8 Hz), 4.30 and 4.15 (2H, 2d, J = 8.4 Hz), 3.86 (1H,
10 d, J =7 Hz), 2.56 (1H, m), 2.27 (3H, s), 2.27 (2H, m),
2.05 ((3H, s), 1.86 (1H, m), 1.68 (3H, s), 1.01 (3H,
s), 0.98 (3H, s).
Example 20:
7,10-0-Di (phenoxyacetyl) -10-deacetylbaccatin

15 III

0.5 mL (3.68 mmol) of phenoxyacetyl chloride
is added over 10 min to . a stirred solution, at room
temperature and under an inert atmosphere, of 500 mg
(0.92 mmol) of 10-deacetylbaccatin III and 0.6 mL

20 (7.36 mmol) of anhydrous pyridine in 50 mL of dry
dichloromethane. After reacting for 6 h at room

temperature and monitoring by T.L.C., the solution is



15 111 [err] : 0.5 nL (3.68 nmol ) of

phenoxyacetyl chloride " is added over 10 min to a stirred solution, at
room tenperature and under an inert atnosphere, of 500 ngy (0.92
mol ) of 10-deacetyl baccatin Il and 0.6 nL 20 (7.36 muol ) of anhydrous
pyridine in 50 nL of dry di chl oronet®@ne. After reacting for 6 h at
room tenperature and nonjptoring by T.L.C , the solution is .

60 wnshoteaben gk gqt&oaguREESSHFht PBAULAPP uatbﬁq a pHjg 2 is

bt ai ned, h Lt h d t 2 2Q L dried . M3SH and
gongngratggsuﬁggg&nggzgggg?gggﬁEé.gsmésegAY?é?rck gﬁaFBgWBbﬁyﬁﬁlgﬁe cr ude
duct il 5 -4 " I t hyl
222 t gfe Og , Z') | b%érgﬁggpszjangd g%&ce%éféﬁé@urﬁcféé‘eﬁédu&é’& ShExanel ethy
7-10- O bi h 540= . I i | i - Al inth
(orm of o whi toobonaertonatOsfeaRthy bHECBELAe produbt! ohlagRiaLTgAY! M (e
obt ai ned exhi bi(ts-abeyhp! (a1LEEHE ; 18 cléﬁéfcéﬁéﬁéhﬁgilcééetate %4499 Miz 1H
NVR (CDCl[err]) ([errf ppm : 8.09 ¥2H, d, =7.1 th, .61 (1H, t,
52; 7£4 Hz), 70485(8Hoft 7-10-0-bidstpRefiokirhcety2y-(8HdehcedyTblc8atiin, 7. 22

ITI is obtained in the form of a white powder
(Yd = 74%).
The product obtained exhibits the following
10 characteristics:
® 400 MHz 'H NMR (CDCl,) (& ppm): 8.09 (2H, 4,

= 7.1 Hz), 7.61 (1H, t, J 7.4 Hz), 7.48 (2H, t,

7.6 Hz), 7.29 (2H, t, J = 6.8 Hz), 7.22 (2H, t,

g o g
[}

= 7.5 Hz), 6.96 (4H, m), 6.84 (2H, 4, J = 7.9 Hz),
15 6.42 (1H, s), 5.69 (1H, dd, J = 10.5 and 7.1 Hz), 5.60
(1H, d, J = 6.9 Hz), 4.96 (1H, d, J = 8.2 Hz), 4.84

(1H, t, J

7.4 Hz), 4.8 (2H, s), 4.65 and 4.41 (2H,
2d, J = 15.8 Hz), 4.32 and 4.14 (2H, 2d, J = 8.4 Hz),
3.98 (1H, d, J = 6.8 Hz), 2.65 (1H, m), 2.28 (3H, s),

20 2.26 (2H, m), 2.09 (3H, s), 1.80 (3H, s) and (1H, m),

0.98 (6H, s).



J =7.5 Hz), 6.96 (4H, m, 6.84 (2H, d, J = Hz), 15 6.42 (1H, s), 5.69
(1H, dd, J = 10.5 and 7.1 Hz), 5.60 (1 d J =6.9 Hz), 4.96 (1H, d,
J =8.2 Hz), 4.84 (1H, t, J =7.4 Hz), 4.8 (2H, s), 4.65 and 4.41
(2H, 2d, J = 15.8 Hz), 4.32 and 4.14 (2H, 2d, J = 8.4 Hz), 3.98
(1H, d, J = 6.8 Hz), 2.65 (1H, m, 2.28 (8H, s), 20 2.26 (2H, m, 2.09
(3H, s), 1.80 (3H, s) and (1H nE 0.98 (6H, s).

61 Exanpl sgple 21: 7- O-Phenoxyacet yl baccatin 11
[err] . mol ) _of.acetyl chloride is
added over 10 nmin to a s?FPFgBe§8FHFFg§¥§§?°Fﬁg%F gI?enperature and under
an inert atnosphere, of 1.11 g (1.64 mmol ) of

[1l in 40 nL of anhydrous
Qom t enperature and nonitoring
ieilopR0 ML of osnobsed
h ethyl acetate (3 x
with water (2 x 20
Her reduced pressure (Yd =
40 [err]m (eluent:

7-C>phenoxyacety|-10-deacety|baalatin

pyridine. After reacting for .
by T.L.C., the reacti onygl
wat er 10 and the aqueous phase i

30 nL). The conbi ned organi ¢ phase
m.), dried over MpSO4 and i :
84.5% . After silica gel chromoglla

ABO

0.233 mL (3.27 mmol) of acetyl chloride is
added over 10 min to a stirred solution, at room
5 temperature and under an inert atmosphere, of 1.11 g
(1.64 mmol) of 7-0-phenoxyacetyl-10-deacetylbaccatin
III in 40 mL of anhydrous pyridine. After reacting for
16 h at room temperature and monitoring by T.L.C., the
reaction mixture is diluted with 50 mL of osmosed water
10 and the aqueous phase is extracted with ethyl acetate
(3 x 30 mL). The combined organic phases are washed
with water (2 x 20 mL), dried over MgSO, and
concentrated under reduced pressure (Yd = 84.5%). After
silica gél chromatography (15-40 um) (eluent:
15 cyclohexane/ethyl acetate, 60/40), 7-O-phenoxyacetyl-
baccatin IIT is obtained in the crystalline state.
The product obtained exhibits the following
characteristics:
® 400 MHz 'H NMR (CDCl,) (& ppm): 8.10 (2H, d, J =
20 7.1 Hz), 7.61 (1H, t, J = 7.4 Hz), 7.48 (2H, t, J =
7.7 Hz), 7.27 (2H, t, J = 8 Hz), 6.95 (3H, m), 6.26

(1H, s), 5.71 (1H, 4d, J = 10.4 and 7.2 Hz), 5.62 (1H,



15 cycl ohexane/ et hyl acetate, 60/40), 7-0O phenoxyacetyl - baccatin 111

is obtained in the crystalline state. The product obtai ned
exhibits the foll ow ng characteristics: * 400 MHz [err]H NWMR
(CDCl[err]) ([err] ppm: 8 10 (2H, d, J = 20 7.1 Hz), 7.61 (1H, t, J =
7.4 Hz), 48(2H t, J 77Hz) 7827 (2H t, J 8Hz) 695(3H,
m, 6.26 1H, dd, -104and7 5.62 (1

62 Jg'HffEé i’lzé @118 o(lHJ 4,893 =5) 3 &Izéo (*lﬁo n()lH m) ¢ 4.81

?2& 46,53\](% é ﬁz’) "9124|§?)1A2% Jeding L §%2%[2()2H AP 54" (1§H , i

6.
1H, d, J =5 , B s) H, d, 0,7 ghiz) (1H,
ET), T 28 ,S)S%i}%) ﬁO(cLHZgiB}F' 69?{z7 612 (mlﬁéxanple
22; _ 2 9 7210- @y (12123, 3(3Ilet rsa}' S%Iszqpy('lHl &, T=-5 He |
di si | oxanedi yl) - 0 deacetylbaccatln Il ‘Terr] _ 1
1.28 m (2505 mme) (H,nshyt vl loist Rizwm @g ¥ = 0.71u8M,sal @hi Qi nghexane are
added over 10 min to a

1.78 (3H, s), 1.13 (3H, s), 1.08 (3H, s).

Example 22;
7-10-0-(1,1,3,3-Tetraisopropyl-1,3-

disiloxanediyl) -10-deacetylbaccatin III

10 1.28 ml (2.05 mmol) of n-butyllithium as a
1.6M solution in hexane are added over 10 min to a
stirred solution, at -40°C and under an inert
atmosphere, of 500 mg (0.93 mmol) of 10-deacetyl-
baccatin III in 20 mL of anhydrous tetrahydrofuran.

15 After stirfing for 5 min, 350 uL (1.12 mmol) of 1,3-
dichloro-1,1,3,3-tetraisopropyldisyloxane are added and
the reaction mixture is allowed to return to room
temperature over 20 min. After stirring for 1 h at room
temperature, 225 mg (2.05 mmol) of 4-dimethylamino—

20 pyridine are added and the reaction mixture is left



stirred solution, at -40[err]C and under an inert at nosphere, of 500

nmg (0.93 mmol ) of | 0-deacetyl - baccatin Il in 20 nL of anhydrous
tetrahydrofuran. 15 After stirring for 5 mn, 350 [err]L (1.12 mol) of
1, 3- dichloro-1,1, 3, 3- tetralsopropyldlsyloxane are added and t he
reactlon m xture is allomed to return to $dom tenperature over 20 mn.

After stirring . erature, 225 .(2.05 nmol ) of
4- di et hyl ami n&* lrféngp§PFdFﬁeagﬁétéﬂﬁé énh t fi t?ﬁaégabﬁgn?QtHPe % 3| ef t
er,_addi

| f
cat ur at ed aque SIS EBHEANFRHERPPGBOSHR PBRO TR RPHiEn E18 PExEREPact od
Wi th d'ChlOrOnﬁghggﬁfggtédgglgh)dlzﬁforo ethgﬂﬁbé g 969 C Qﬂgses are

washed with a satura aqueous §8arum ¢ e so |on 20 m),
dried over _con&;gﬁgé e aaeecgﬂagaheg uns&sgh%adu?gg Br EﬁEH%Eteé‘fter
purifying by silica gel chromatograp f
CyC'Ohexans/etEﬁheéﬁ@tébaluﬁoéﬁQbrlégosamuEion (20 ml), dried over

7,10-0 (1,1, 3, 3-tetrai sopropyl - 1, 3-di syl oxanedi yl )-10- 10

deacet yl baccat MgsD] | arad ecaxden thitdk ed) videANPEDieed pressurd atefiatl = 659 .

The product obtained exhibits the foll ow ng characteristics:

400 MHz [err] HpNWREYEDG! byr slilichege]l phepmat8gi@phH,(18-40 gm) 15 7.2

Hz), 7.60 (1H, t, J = 7.4 Hz), 7.47 (2H, t, J= 7.6 Hz), 5.60 (1H, s),

5.59 (1H, d), 4ebmentw, ciclghexane/ethyd szz;anemspmmmfxen ®8 OfH dd, J

= 10.4 and 6.9 Hz), 430 and 4.17 (2H, 2d, J = 8.5 Hz), 3,92 (1H
7,10-0-(1,1,3,3-tetraisopropyl-1, dlsyloxanediyl)-lo-

10 deacetylbaccatin III are obtained in the amorphous
state (Yd = 65%).
The product obtained exhibits the following
~characteristics:
e 400 MHz 'H NMR (CDCl,) (6 ppm): 8.10 (2H, 4, J =
15 7.2 Hz), 7.60 (1H, t, J = 7.4 Hz), 7.47 (2H, t, J =
7.6 Hz), 5.60 (1H, s), 5.59 (1H, d), 4.97 (1H, 4, J.=
7.9 Hz), 4.87 (1H, m), 4.68 (1H, dd, J = 10.4 and
6.9 Hz), 4.30 and 4.17 (2H, 24, J = 8.5 Hz), 3.92 (1H,
d, J = 7.1 Hz), 2.49 (1H, m), 2.28 (3H, s), 2.27 (1H,
20 m), 2.04 (1H, m), 1.91 (1H, m), 1.67 (3H, s), 1.55 (1H,

g), 1.32 to 0.85 (34H, m).



d J=7.1 Hz),

2.49 (1H, ), 2.28 (3H, s), 2.27 (1H, 20 m), 2.04 (1H,

m, 1.91 (1H, m, 1.67 (3H s), 1.55 (1H, s), 1.32 to 0.85 (34H, m.

64

Exanpl e 23:

13-0-[[(4S, 5R) - 2, 4- Di phenyl - 4, 5-di hydr oxazal -
5-yl]carbonyl ]-7-0-triethylsilylbaccatin Pfl [err]

2.06 g (10 mmol

solution, at roomtenper

(10 nmol ) of

in 55 nL of anhydrous tolUene. T ér

) of dicyg] ohexyl ¢arbodiim de 5 are added to a stirred
E%ﬁ?@ﬁ% gg'and under an inert atnosphere, of 2.67 g

3 -4, 3-0: 0494240 '5'55'%13§F19’§§:§'z%i(—g‘3i d

|Kr|né

(45, 5Ry2 o4 clige

mol) of 7-Ot rsl.s,tlhﬂawowiqc@ab-r&éi-Ieg-.hyign Balc@tia grmol) of

4-di net hyl am nopyri di ne are a aé and the reaction mxture is brought
to 70[err]C for 1 h. Aftegreturning to roomtenperature and renoving
the insoluble materials by fi tion, the organic phase is
concentrated under reduced pr re. After 15 purifying the crude product

by silica gel

10

15

20

chr omat ogr aghy (15-25 [err]m (eluent: cycl ohexane/ et hyl
Me OAc

N7 o
Ar H

N Os- o Me OSIEY

2.06 g (10 mmol) of dicyclohexylcarbodiimide
are added to a stirred solution, at room temperature
and under an inert atmosphere, of 2.67 g (10 mmol) of
(4S,5R) -2,4-diphenyl-4,5-dihydroxazol-5-carboxylic acid
in 55 mL of anhydrous toluene. After stirring for
5 min, 3.5 g (5 mmol) of 7-O-triethylsilylbaccatin III
and 0.61 g (5 mmol) of 4-dimethylaminopyridine are
added and the reaction mixture is brought to 70°C for
1 h. After returning to room temperature and removing
the insoluble materials by filtration, the organic
phase is concentrated under reduced pressure. After
purifying the crude product by silica gel
chromatography (15-25 um) (eluent: cyclohexane/ethyl
acetate, 90/10).

4.62 g of 13-0-[[(4S,5R)-2,4-diphenyl-4,5-
dihydroxazol-5-yl] carbonyl-7-0O-triethylsilylbaccatin

III are obtained in the crystalline state (Yd = 97%).



acetate, 90/10). 4.62 g of 13-0-[[(4S, 5R) -2, 4-di phenyl -4, 5-

di hydr oxazol -5-yl Jcarbonyl -7-O-triethylsilylbaccatin 20 111 are obtained
in the crystalline state (Yd = 97%.

65 The conpound thus obtained exhibits the fol |l ow ng
characteristics: 400 MHz [err]H NMRR(CDC [err]) ([err] ppn) : 8.23
(2H, d J = 7.2 Hz) 5 J =

, 8.07 (2H
7.z11HHz)5 765?8(1H t, J Ihe g F}i’?‘m‘? Zéufgﬁgzﬁ?;‘:é :"hzgégj( fﬁ:z . ,56.6612

, S), . .
E(lH, d, J =6, §£’é1zﬁj)°wangj"ﬁi‘§§§t%%9t&fs ‘4.50 (1H, dd. J = 10.5 and 6'(ZHH221’
4. 29 1H, ody 1 8. 83 10 . d.
371 Hz§, 73 550%1H m H@%?ﬂ?ﬂﬁg 5‘5 o) - 8_'2%5% '9.3 Hz), 2.26
(1H, dd, J = 13 3 Q”Q Hz) 8. 67H4bH,2d16J(3H7 §)H%)077(§5 (§h £.,99 (3H

s), 1.89 (1H, m, 1.72 (1H 's), (3H "s), §),"1.19

(3H, s), 0592 09H,7L4 ﬁz# 87H5b (QH57t66U,-ﬁh 4 ﬁé), 7 49 (4H Ewgnpl e 24
13-O [4S,5R)-2, 4-Di phenyl-4,5-dihydrooxazol-
5-yl ] carbonyl] 7738- d6ERomyaceét. ybkbddat,i ), 1 6.1BernH, t, J = 8.2 Hz),

5.68 (1H, 4, J = 7.1 Hz), 5.60 (1H, 4, J = 6.5 Hz),
4.95 (2H, d), 4.50 (1H, dd, J = 10.5 and 6.7 Hz), 4.29
(1H, 4, J = 8.4 Hz), 4.14 (1H, 4, J = 8.4 Hz), 3.83

10 (1H, 4, J

7.1 Hz), 2.55 (1H, m), 2.37 (1H, 44,
J = 15.3 and 9.3 Hz), 2.26 (1H, dd, J = 15.3 and
8.6 Hz), 2.16 (3H, s),2.07 (3H, s), 1.99'(3H, s), 1.89
(1H, m), 1.72 (1H, s), 1.69 (3H, s), 1.23 (3H, s), 1.19
(3H, s), 0.92 (9H, t, J = 8 Hz), 0.57 (6H, m).
15 Example 24:
13-0-[[48,5R) -2,4-Diphenyl-4,5-dihydrooxazol -

5-yl] carbonyl] -7-0O-phenoxyacetylbaccatin III

380 mg (1.84 mmol) of dicyclohexylcarbodi-
imide are added to a stirred solution, at room

20 temperature and under an inert atmosphere, of 490 mg



380 nmg (1.84 mmol ) of dicycl ohexyl carbodi - I mde are added to a
stirred solution, at room 20 tenperature and under an inert atnosphere,

of 490 ny 66 (1.83 mmol) of
(4S, 5R) - 2, 4- di phenyl - 4, 5-di hydr ooxazol - 5-carboxylic acid in 10 nL of
anhydrous tol uene. After stirring f6f 5 nin, 660 my (0.92 nmml) of

Z-ginethylaﬁfﬁ3§y¥gc%m§1§ e ;gg léhdag%eéﬁngBPé’492' l ggﬁézgé'brought
C A

the Lo OB RAYbeat e, AR, iy 1B, BL B4, SpRSaEhhEn e Rrdes Agtekem™Y! N0
concentrat ed “%Qﬁ%rﬁﬁ %%g grﬁi%grgsoA%beqo %E &élﬁerr%o féhe crude

product by silica chromat o | uent :

cyclohexane/etgﬁ n%&%%%%% 1%%béht1n II1I QQQ HE20fg (0.92 mmol) of
13-0-[[4S, 5R) 4- dlpheny -4, 5-di hydr ooxazol -

S-yl]carbomyl | 4/d@meke: &m@@@by&aagaéta&elhadeaeand theORkaickedn N the
crystalline state (Yd = 909%. The conpound t hus obtai ned

exhibits the mlxtu&elh@wbm@ugharaotenhstiei:z h. * 400 MHz [err]H NMR
(cbCferr]) ([err] ppm : 8.18 (2H, d, J =7 Hz), 807 (2H, d, J =
7.3 Hz), 7.63 @AflHert returning to7réohiz remperdtirg2 ahdOMemoying. 2&e(2H, t,
20 J =7.5Hz), 6.94 (3H, m, 6.23 (1H s) and (1H m, 5.70 (1H,
dd, J = 10, 4 aﬂ@sxblybmg)ma5e@ia@§Hbydflltratlgm+ the szanacS@hesH ig, J =
7 Hz), 4.93 (2H, d), 4.79
concentrated under reduced pressure. After purifying
10 the crude product by silica gel chromatography
(15-40 um) (eluent: cyclohexane/ethyl acetate, 99/1),
800 mg of 13-0-[[4S,5R)-2,4-diphenyl-4,5-dihydrooxazol-
5-yl] carbonyl] -7-0-phenoxyacetylbaccatin III are
obtained in the crystalline state (Yd = 90%).
15 The compound thus obtained exhibits the
following characteristics:
® 400 MHz 'H NMR (CDCl,) (& ppm): 8.18 (2H, d,
= 7 Hz), 8.07 (2H, 4, J = 7.3 Hz), 7.63 (1H, t,

7.4 Hz), 7.59-7.32 (10H, m), 7.28 (2H, t,

20 7.5 Hz), 6.94 (3H, m), 6.23 (1H, s) and (1H, m),

.70 (1H, dd, J = 10.4 and 7.1 Hz), 5.67 (1H, 4,

O vy g g
il

7.3 Hz), 5.58 (1H, d, J = 7 Hz), 4.93 (2H, d), 4.79
and 4.53 (2H, 2d, J = 15.9 Hz), 4.30 and 4.13 (2H, 24,

J

8.5 Hz), 3.97 (1H, 4, J = 6.9 Hz), 2.67 (1H, m),
25 2.38 (1H, dd, J = 15.2 and 9.3 Hz), 2.26 (1H, dd,
J = 15.2 and 8.4 Hz), 2.15 (3H, s), 2.02 (3H, s), 1.95
(3H, s) and (1H, m), 1.80 (3H, s), 1.74 (1H, s), 1.25

(3H, s), 1.17 (3H, s).



and 4.53 (2H, 2d, J = 15.9 Hz), 4.30 and 4.13 (2H, -2d, J = 8.5 Hz),
3.97 (1H, d, J = 6.9 Hz), 2.67 (1H, m, 25 2.38 (1H, dd, J = 15.2 and

9.3 Hz), 2.26 (1H dd, J = 15.2 and 8.4 Hz), 2.15 (3H, s), 2.02 (3H,
s), 1.95 (3H s) and (1H, m, 1.80 £3H, s), 1.74 (1H, s), 1.25
(3H, s), 1.17 (3H, s). 7 67

Exanpl e 25: 13-0O (4S,5R) - 2, 4- Di phenyl -4, 5-
dihydrooxazol-5-y|]carboﬁ??fpi9og%5,2,2-trichloro-t-

but oxycar bonyl ) baccatin L L&, _ _n4 1.4 E. 27 ng (0.13
mmol ) of dicyclohexylcargédpiﬁﬁé%s’SR) 2r&-DiRBEYE-4:37i rred sol ution, at

t t nde ' t re, o0 f 4o
(45,5 2. 4. @invdropRlep el farBBhll §LTB0 S, B 20k riantBeBl -y 1y o

anhydr ous toIugueo*gaggboﬁyhgggegaggﬁ gr¥in, 51 ng 10 (0.065 nmol ) of

7-0-(2,2,2-trichloro-t- but oxycar bonyl ) baccatin Il and 8 ng (0.065
nmol ) of 4- di met hyl angsQopyri di ne are added and the m xture is
brought to 70[err]C for 1 fter returning to room t enperature and
removi ng the insoluble mat | s by
N o
Ar, H
H;A--é:”,bﬂ
o
5 27 mg (0.13 mmol) of dicyclohexylcarbodiimide

are added to a stirred solution, at room temperature
and under an inert atmosphere, of 35 mg of (4S,5R)-2,4-
dipheny1—4,S-dihydrooxazol-5—carboxy1ic acid in 3 mL of
anhydrous toluene. After stirring for 5 min, 51 mg

10 (0.065 mmol) of 7-0-(2,2,2-trichloro-t-
butoxycarbonyl)baccatin III and é mg (0.065 mmol) of 4-
dimethylaminopyridine are added and the mixture is
brought to 70°C for 1 h. After returning to room
temperature and removing the insoluble materials by

15 filtration, the organic phase is concentrated under
reduced pressure and the residue obtained is purified
by silica gel chromatography (15-40 um) (eluent:
cyclohexane/ethyl acetate, 9/1).

0.99 g of the compound cited in the title is

20 thus obtained in the form of a white solid (Yd = 67%)



15 filtration, the organic phase is concentrated under reduced

pressure and the residue obtained is purified by silica gel
chromat ography (15-40 [err]nm) (el uent: cycl ohexane/ ethyl acetate,
9/1). 0.99 g of the conpound cited in the title is 20 thus

obtained in the formof a white solid (Yd®8 67% .

R (CDCl\[melr(r:]h it b't?ﬁ%ﬁﬁ f%e‘ié”o@%ﬁc”l%rsa% ?r'aséfsc'ecr??tch}z) 807 (24 d,
. 3 -0 1 4 9 = 7.3 Hz), 7.52

Z]4H n HZ) g‘é’% ?’ﬁ =3 N%R3é&?&' °HZF%?“Q4 %1&(91%‘} dig. 4 He), )

(if @ 4"94J n7712“%')z" Ay g da.) 7 1) e 0265 JaE0 ey o),

3.97 (1H d, 1#)9 kg Jafd €y @n 3 #5)() .90 at, ngﬁé 1 and

10 6 Hz), 2. 27 (IH dd J = 2 and 8 (3H, 2.01
(3H, s), 1598 (BH9 YbH, 1m$3 @3':45 S()11{ 1532 6 24 (@il ts) g L a2y ,s), 1.18

(3H, s). Exanpl e 2
13-0-[[ 4S, 5R) - 3,..48Di(pigny, - 4, & di. hszOQX&@Q- (189 4, J = 7 Hz) and
5-yl]carbonyl]-7,10-0-(1, 1, 3, 3-tetrai sopropyl -1, 3-
di si | oxanedi yl )(1H)- déace®yOBadast,i d)l,1 4.%er(lH, 4, J = 7 Hz), 4.31
and 4.15 (2H, 2d, J = 8.4 Hz), 3.97 (1H, d,
J=6.9 Hz), 2.64 (1H, m), 2.37 (1H, d4d, J = 15.1 and
10 6 Hz), 2.27 (1H, dd4, J = 15.2 and 8.5 Hz), 2.16 (3H,
s), 2.01 (3H, s), 1.98 (3H, s), 1.83 (3H, s), 1.72
(1H, s), 1.25 (3H, s), 1.18 (3H, s).
Example 26:
13-0-[[4S,5R) -2,4-Diphenyl-4,5-dihydrooxazol-
15 5-yl]lcarbonyl] -7,10-0-(1,1,3,3-tetraisopropyl-1,3-

disiloxanediyl) -10-deacetylbaccatin III

L.

7 mg (0.06 mmol) of dicyclohexylcarbodiimide
are added to a stirred solution, at room temperature
and under an inert atmosphere, of 4 mg (0.015 mmol) of

20 (4S,5R) -2,4-diphenyl-4,5-dihydrooxazol-5-carboxylic



7 nmg (0.06 mml ) of dicycl ohexyl carbodiim de are added to a stirred

sol ution, at roomtenperature and under an inert atnosphere, of 4 ng
(0.015 nmol) of 20 (4S, 5R) -2, 4-di phenyl -4,

5- di hydr ooxazol - 5- car boxyl ic 69
acid in 0.5 nL of anhydrous toluene. Aftef2stirring for 5mn, a

| i f 5 .(,0..0065 | f 7,210-0- ] .
?g,gfg?g-?etragg& &Bygif?ggd%§?P8£¥é§8PﬁlF9}59ne' Aftgrastiyrprgciern 11

d of 1 0.0 I . 5 - di h ' i di ' mL of
gghygrousn?ofugngzgéngDS%lggaagdeAgtangbr¥b?§gg$§¥5Eﬁkgﬁniﬁf%Foon?

o A o By k2P R - BRE IS obRoRYIUIN HOREREREGs D] 36200 L1 ona)

20 mn. After returning to roo eratire; ani ¢ phase is

diluted with 5gghcatydbabbatenetiang shedoygh a saturated
aqueous sodiun1chFor¥ge soluthgﬁ,égrﬁegaosgroﬁg% é??? g%d

concentrat ed uad@imethylahédopoeigiassyhes ALl e AHhyBY¥blS tBeuehudes
product by silica gel chromatography (15-25 [efr]m (eluent:

cycl ohexane/ et bddedcenfter #t3xrifignfoef 2bhaideatvabbretehperacuted in the
title are obtained (Yd = 90% in the anor phous st ate.
The conpound obhei nédtuxki bhist brohghtokbo®dAg for anchddactienhdtics:
* 400 MHz [errgH NVR (CDCl[err]) ([err] ppm : 8.21 (2H d, 20 J=17.2
Hz), 8.07 (2H, 28, min= Afgepzyetursdngltlp room temperature, the
organié phase is diluted with 5 mL of dichloromethane,
10 washed with 2 mL of a saturated aqueous sodium chloride
solution, dried over MgSO, and concentrated under
reduced pressure. After purifying the crude product by
silica gel chromatography (15-25 um) (eluent:
cyclohexane/ethyl acetate, 7/3), 6 mg of the derivative
15 cited in the title are obtained (Yd = 90%) in the
amorphous state.
The compound obtained exhibits the following
characteristics: |
e 400 MHz 'H NMR (CDCL,) (& ppm): 8.21 (2H, d,

20

7.2 Hz), 8.07 (2H, 4, J 7.6 Hz), 7.63 (1H, t,

7.5 Hz), 7.59 (1H, t, J

7.4 Hz), 7.50 (2H, t,

= 7.4 Hz), 7.39 (5H, m), 6.26 (1H, t), 5.64 (1H, 4,

O 9 9 g

= 7 Hz), 5.59 (1H, d, J = 6.9 Hz), 5.54 (1H, s), 4.93
(1H, 4, J = 6.8 Hz) and (1H, m), 4.68 (1H, dd), 4.28

25 and 4.16 (2H, 2d, J = 8 Hz), 3.84 (1H, d, J = 7.3 Hz),
2.48 (1H, m), 2.35 and 2.25 (2H, 2dd), 2.02 (3H, s),
1.88 (3H, s) and (1H, m), 1.67 (3H, s), 1.63 (1H, s),

1.30 to 0.90 (34H, m).



J =7.5Hz), 7.59 (1H, t, J =7.4 Hz), 7.50 (2H, t, J =7.4 Hz), 7.39
(5H, m, 6.26 (1H, t), 5.64 (1H, d, J =7 Hz), 5.59 (1H, d, J =6.9
Hz), 5.54 (1H, s), 4.93 (1H, d, J = 6.8 Hz) and (1H m, 4.68 (1H,
dd), 4.28 25 and 4.16 (2H, 2d, J =8 Hz), 3.84 (1H d, J = 7.3 Hz),
2.48 (1H, m), 2.35 and 2.25 (2H, 2dd), 2.8% (3H, s), 1.88 (3H, s) and
(1H, m, 1.67 (3H, s), 163(1H §’) 1.30 to 0.90 (34H, m.

Exanpl &xample 27: 13 o [[(4S, 5R) - 3- N- Benzoy! -
phenyloxazolldln 3 one-5-yl Lcar k@ i et hyl silyl baccatin II
[err] 3 ]o a[lg(ggyﬁﬁ 03I§76'B g‘ “di cycl ohexyl car bodi -
i mde are adde | ol,ut i on gnper at ure under an
i nert atnnspheg%e%Paf%%z f?%i% 80°f§75n¥% gbonyll 7
(4S, 5R) - 3- N- bepy N+ 3-one-5-carboxylic acid in 2
mL of anhydrous %uéﬂi@%&%’%terﬁglrrlng for 5 mn, 30 ng (0.043 mol)

of 7-0- triethylsilylbaccgin Il and 8 ng (0.066 mmol) of
4-di met hyl am nopyri di ne are aggéf and the reaction

5 28 mg (0.136 mmol) of dicyclohexylcarbodi-
imide are added to a stirred solution at room
temperature under an inert atmosphere of 40 mg
(0.137 mmol) of (4S,5R)-3-N-benzoyl-4-phenyloxazolidin- .
3-one-5—carboxylié acid in 2 mL oflanhydrous toluene.

10 After stirring for 5 min, 30 mg (0.043 mmol) of 7-0-
triethylsilylbaccatin III and 8 mg (0.066 mmol) of
4-dimethylaminopyridine are added and the reaction
mixture is brought to 60°C for 13 h. After returning to
room temperature, the reaction mixture is diluted with

15 10 mL of dichloromethane and the organic phase is
washed with 5 mL of a saturated sodium chloride
solution, dried over MgSO, and concentrated under
reduced pressure. After purifying by silica gel
chromatography (15-14 um) (eluent: cyclohexane/ethyl

20 acetate, 2/1), 13 mg of the derivative cited in the

title are obtained in the amorphous state (Yd = 31%).



mxture is brought to 60[rr]C for 13 h. ‘After returning to room
tenperature, the reaction mxture is diluted with 15 10 nL of

di chl oronet hane and the organi c phase is washed with 5 nL of a
sat urated sodi um chl ori de solution, dried over MgSO err] and
concentrated under reduced pressure. 7After purifying by silica gel

chromat ogr aphy (15-14 [erLFU) (el uent: cycl ohexane/ethyl 20 _acetate,
2/1), 13 ng of the derivAfeyEompPEERd gbtpdned expipigsytieofeAilawangn t he
anor phous st at 71

The conpound O%P%Fﬁ§&e§%§150§s the fol l owi ng characteristics *
400 MHz HGN 1 8. Q6 7.3
He), 7. 7[2e2r2L dwﬂ’(ﬁgg EH@ ’w‘ﬂ/ ééﬁ{('ji p@mpp“g L 0%2?21@) '7.58 (1H J =
[, TS b0cd w299 ol 826 (1 5‘9 783, ¥y o6 5 (1

1H, d, J 5 5.8 Hz). 44 Hg gd 8.3 Hz), 44 H = 10. 4
gnd 6.6 FE? 4327 Znﬁ §§§2($2ﬁe élﬁ 16 ? g ‘3 ﬁ%? 436 %$ 7 gq J =7

Hz), 2.50 (1H, (8H, &)267 40 (182Hc)M 6. 241Q1ﬁ3Hs)S)6 33011Q3Ht S)5.%398
(3H, s), 1.85 (1H, m), 1.76 (1H, 's), 1.67 (3H .24 zéH s), 1.23

(3H, s), 0.91 (QH, 8, J = 8.9 Hz), 6.6 ((GH, am J = 5 7 Hz), 4 .9Bxanpl e 28:
15 13-0-[[(4S, 5R) - 4- Phenyl oxazol i di n- 3- one-
5-yl ] carbonyl ] {XH1040- di €pheBoHgacetyBB- 10H, 4, JdeaseByHbBagcatus |11 [err]
(1H, dd, J = 10.4 and 6.6 Hz), 4.27 and 4.12 (2H, 2d,
10 J = 8.3 Hz), 3.80 (1H, 4, J = 7 Hz), 2.50 (1H, m), 2.26
(2H, m), 2.19 (3H, s), 2.07 (3H, s), 1.98 (3H, s), 1.85
(1H, m), 1.76 (1H, s), 1.67 (3H, s), 1.24 (3H, s), 1.23
(3H, s), 0.91 (9H, t, J = 7.9 Hz), 0.56 (6H, m).
Example 28:
15 13-0-[[(48,5R) -4-Phenyloxazolidin-3-one-
5-yllcarbonyl] -7,10-0-4di (phenoxyacetyl) -10-

deacetylbaccatin III

65 mg (0.315 mmol) of dicyclohexylcarbodi—
imide are added to a stirred solution, at room

20 temperature and under an inert atmosphere, of 78 mg



65 ng (0.315 mmol ) of dicycl ohexyl carbodi - I mde are added to a
stirred solution, at room 20 tenperature and under an inert atnosphere,

of 78 ny 72 (0.293 nmol ) of
(4S, 5R) - 2, 4- di phenyl -4, 5- d|hydrooxazol 5-carboxylic acid in 3 nL of
anhydr ous tol uene. After stirring fé6# 5 min, a solution of 237 ny

and 36 g (0. 288-AA3) TBE) 456 1B %pgﬁzﬁéy%"éﬁ%ﬁ. deazﬁtﬁyggﬁéi%k%: uene
Ir

Ator returni ng Fatpgmtic e a3 mh ot ARRYERGUPnEOThEPPLGREREF e

material s by stlrr%h%tﬁeklgnmlhhe 0§8§9E908h82e25§ ﬁgnqgnﬁggtﬁgaggder

reduced pressure an he crude product obtalne y S|I|ca

gel chromat ograghy, 1@50491EQthHBxyacetyi?LQQUHeaE¥E§99ﬁEQQEﬁﬁtEih acetate,

1/1). of the conpound cited in the title are

t hus obt ai Bed andt Be mgnwphggs fainol § 6¥d4-d@Q&&hymﬁmiﬁop%§ldlﬁenmﬁund
exhibits the follow ng characteristics err]H NWVR

(CDA [err]) ([2rmL pfrEoluBnédl8ig2ekiddd and thé reZctidn RifRkbutdHisd, J =
7.1 Hz), 7.64 (1H, t, J=7.4 H), 7.58 (1H, t, J =7.3 Hz), 7.51
(4H, m, brought to 60°C for 1 h. After returning to room
temperature and removing the insoluble materials by
filtration, the organic phase is concentrated under
10 reduced pressure and the crude product obtained is
purified by siliéa gel chromatography (15-40 um)
(eluent: cyclohexane/ethyl acetate, 1/1).
280 mg of the compound cited in the title are
thus obtained in the amorphous state (Yd = 90%), which
15 compound exhibits the following characteristics:
® 400 MHz 'H NMR (CDCl,) (6 ppm): 8.18 (2H, d,
= 7 Hz), 8.06 (2H, 4, J = 7.1 Hz), 7.64 (1H, t,

7.3 Hz), 7.51 (4H, m),

J
J = 7.4 Hz), 7.58 (1H, t, J
7.39 (5H, m), 7.25 (4H, m), 6.96 (4H, m), 6.85 (2H, d,
J

20 = 8 Hz), 6.33 (1H, s), 6.19 (1H, t, 0 = 9 Hz), 5.68

(1H, dd, J = 10.5 and 7.1 Hz), 5.65 (1H, d,

J = 6.9 Hz), 5.59 (1H, 4, J = 7 Hz), 4.93 (2H, d,
J = 7.1 Hz), 4.79 (2H, s), 4.63 and 4.40 (2H, 2d,
J = 15.9 Hz), 4.30 and 4.13 (2H, 2d, J = 8.4 Hz), 3.94

25 (1H, d, J = 6.9 Hz), 2.68 (1H, m), 2.37 (1H, 4d,
J = 15.3 and 9.3 Hz), 2.24 (1H, 4d, J = 15.3 and
8.7 Hz), 2.02 (3H, s), 1.95 (3H, s), 1.80 (3H, s) and

(1H, m), 1.69 (1H, s), 1.12 (3H, s), 1.01 (3H, s).



7.39 (5H, m), 7.25 (4H, ), 6.96 (4H, m, 6.85 (2H, d, 20 J = 8 Hz),

6.33 (1H, s), 6.19 (1H t, J = 9 Hz), 5.68 (1H, dd, J = 10.5 and 7.1
Hz), 5.65 (1H, d, J =6.9 Hz), 5.59 (1H, d, J = 7 Hz), 4.93 (2H, d,
J=7.1He), 4.79 (2H, s), 4.63 and 4.40 (2H, 2d, - J = 15.9 Hz), 4.30
and 4.13 (2H, 2d, J = 8.4 Hz), 3.94 25 781H d, J = 6.9 Hz), 2.68 (1H,
m, 2.37 (1H, s1edozplB.3 and 9.3 Hz), 2.24 (1H dd, J = 15.3 and
8.7 Hz), 2.02 gﬁ——?@—%ﬁ%ﬁ— nLp: B 5), 1.80 (3H s) and (1H m, 1.69
(1H s), 1.12 (3H s), 1g0L (3H 9).

73 [11. Hem syntheSrs Exampl e 29:

Preparation of paclitaxelp i
13-0- [ [ (4S, 5R) - 2, 4- di pheny [ T4 B o5 0% pac?h eEkeT

di hydr ooxazol - 5-yl ] car boay! FrémO18tbetiysi, 5x) baGaakiBheny1 -4 kL
0.6 L (0.6 nol) of a 1M aqueous HCO sol ution I s added to a stirred

solution, &t rdikydespxazol-s-¢1lcarbonylldg-oakriathiy1ginpiphecatial 90 g
(0.095 nol) of 13-0- 10 [[(4S, 5R) - 2, 4-di phenyl - 4, 5-di hydr ooxazol -5-yl ] -
car bonyl ] - 7- 0- TXTet hyl sil yl baccatin Il in a m xture of

tetrahydrofuran (1.2 L) and nethanol (1.2 L) and the reaction m xture
is stirred at roomtenpefabule (Deb mol) of b 3M agheeusaddilngol3ubibnof a
saturated aqueous 15 sodi um hydr ogencar bonate sol ution, the solution is
kept homd§erEggs b adatirssdopodutien,t atr zbpor stmpgnasude and 6 L

of water and the reactign mxture is stirred for an
under an inert atmosphere, of 90 g (0.095 mol) of 13-0O-

10 [[{(4S,5R)-2,4-diphenyl-4,5-dihydrooxazol-5-yl] -
carbonyl] -7-0-triethylsilylbaccatin III in a mixture of
tetrahydrofuran (1.2 L) and methanol (1.2 L) and the
reaction mixture is.stirred at room temperature for
4 h 30. After adding 3.5 L of a saturated aqueous

15 sodium hydrogencarbonate solution, the solution is kept
homogeneous by addition of 6 L of.tetrahydrofuran and
6 L of water and the reaction mixture is stirred for an
additional 1 h 30. After adding 15 L of ethyl acetate
and 15 L of osmosed water, the residual aqueous phase

20 is extracted with ethyl acetate (15 L). The organic
phase is dried over MgSO, and concentrated under reduced
pressure and the crude product thus obtained is |
purified by silica gel chroﬁatography (15-40 um)
(eluent: cyclohexane/ethyl acetate, 1/1).

25 75 g of taxol are thus isolated in the
crystalline state (Yd = 95%), the characteristics of
which are in every respect in accordance with the

literature data.



additional 1 h 30. After adding 15 L of ethyl acetate and 15 L of

osnosed water, ‘the residual aqueous phase 20 Is extracted with ethyl
acetate (15 L). The organic phase is dried over MgS( err] and
concentrat ed under reduced " pressure_and the crude product thus
obtained is purified by -silica gel &fromatography (15-40 [err]m

(el uent: cyclohexane/eth&B gpeta 5 g of taxol are

thus isolated in the F§E&éﬁfP%g%§#§g§%@ya.g-g§qygnyﬁe4,5

characteristicgg I gh e_ ki evetyirespect i,n,accordance with the
literature dat?}%&drooxaigq-%-yaﬁcarﬁony&ﬁ-7-8-Q5,&,5-tr17§&oro-%-

b) From 13-0-[5&%0?@2- b%h?]l % 5

di hydr ooxazol - 5-yl ca?%bny ?g$%¥ E??,};Frichloro-t- (.
but oxycar bonyl) baccatin bbl 41, (0.09 mmol) of9@ ﬁﬁrﬁhkeﬁﬂsoﬁcﬁ”0|) of a 1M
aqueous HC1 5 solution are added to a stirred solution, at room

tenper at ur 6 angolngebnaarenadded kFBSANBEerrell L2108 ion, at(@cBd?8 mml) of
13-O-[[(4S,5R) -2, 4-di phenyl - 4, 5-
di hydr ooxazol - Sepppratiarey blid7 ufide?, an2inerehhemdsphere, of 15 mg
but oxycar bonyl ) baccatin Ill in a mxture of 10 tetrahydrofuran (0.18 nl)
and met hanol (d019148) maed) of 13tbe [Hd4S, BRN -2i, #t-dipheaydt-dr,6ed at room
tenperature for_, 8 h. After adding 0.6 nL of a saturated aqueous
sodi um hfdhygderexrBerabeyddcarbonyld h@-9ol(d, ReR -tgikbdoro-t-
honobgeneous by _addition of 1 nL of tetrahydrofuran and 15 1 nL of water
and the reacti SHERFEYCArEopYlibacraginodIl in agpixgurei 6Fal 1 h 30. After
adding 2.5 .nL of _ethyl
9 ?o %etraﬁ%drofuran (0.18 mL) and methanol (0.18 mL) and
the reaction mixture is stirred at room temperature for
8 h. After adding 0.6 mL of a saturated aqueous sodium
hydrogencarbonate solution, the solution is kept
homogeneous by addition of 1 mL of tetrahydrofuran and
15 1 mL of water and the reaction mixture is stirred for
an additional 1 h 30. After adding 2.5 mL of ethyl
acetate and 2.5 mL of osmosed water, the residual
aqueous phase is extracted with ethyl acetate (2.5 mL).
The combined organic phases are dried over MgSO, and
20 concentrated under reduced pressure.
14 mg of 7-0-(2,2,2-trichloro-t-
butoxycarbonyl) taxol are thus obtained in the crude
state (Yd = 93%), which product is used without
additional purification in the following stage.
25 30 uL (0.525 mmol) of acetic acid and 22.5 mg
(0.344 mmol) of zinc powder are added to a stirred

solution at room temperature of 13 mg (0.0128 mmol) of

7-0-(2,2,2-trichloro-t-butoxycarbonyl)taxol in 2 mL of



acetate and 2.5 nL of osnobsed water, the residual aqueous phase is

extracted with ethyl acetate (2.5 ni). - The conbi ned organi ¢ phases
are dried over MgpSO4 and 20 concentrat ed under reduced pressure.

14 nmg of 7-0-(2,2,2-trichloro-t- but oxycar bonyl )t axol are thus
obtained in the crude state (Yd = 938, which product is used without

ddi t | t faol lg t 30 L
(0505 ot ok, PRRsae’ Dty U IR 23R, 3pnat 9P ne bonci

oy of L “eshpEEStyrs and®RoHht8RBl BOOT KOERCT SR Beter'S 1T L7 017
75 et hyl @S@hﬁ&ﬁg éhhekgﬁkkéﬁhnﬂlkﬂhré hig® §tpﬁogglet 1 tenperature

and nonitoring b ut’ing e reac on m xture

with 3 nL of etaméltate, £hacBghadcl beageoaal aaahaaewaéhmgﬁ.egew Laragnosed
wat er 5 (1 nm), with a safurated aqueous sodi um rogencar bonat e

solution (% nLXlamﬂ)ag&tﬁhWhtbaWﬁ&ated aqueotsl 8d%RN NgSC{err] and

concentrat ed under reduced pressure. Af ter
chr omat ogr aphi hydrbgeacadbopateugsblafiohl (1 ail)i aadgabalihSwi@h! etk
(el uent: cycl ohexane/ et hyl acetate, 6/4), 9.5 ng of taxol are thus

i solated in thdried oyeysMgBSpj rendtadrcéntrat8@%nder reduced
pressure.
After chromatographing the crude product on
10 silica gel (15-40 um) (eluent: cyclohexane/ethyl
acetate, 6/4), 9.5 mg of taxol are thus isolated in the

crystalline state (Yd = 89%).
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rocess for the preparation of - axaneREPLACEBI de

“luﬂ 1 |“F> PCT/ FR96/ 01676 [ THIS SHEET HAS BEEN

chain precufsorstinm hPa cis-[err]-arylglycidate ef-t=vat-veof
general formula | Ar-Clerr]H - CH COOR \ /

O 5in whlcﬁ'o 97/15562 Ar represents aﬂGaryI radi cal B@B/FR96/01676 R
represents a hydrocarbon radical, preferabl | i near or branched
al kyl or a cycl oal kyl optiona 1 bstituted by one or nore al kyl
10 groups, I s_converted, 0 regi o- and stereospecifically

i ntroduce the [err]-N—aIQyIa 58°§ﬁ88?ﬂ%sf FrPr%?8F8§§Pn0P taxapge;
cyclic precursgy ﬁe'ghglﬁ'ﬂg %u%%?%% g|rec§hhtgr a?%i%? 3 qupich

consi sts either: synt eS| ¥i&S7 “Chai n by
reacting a C'SdE%&%hté%%'QEY§bﬂ§%§1d%6kmﬁ&hV$ of general formula
| defined above with a nitri 0 ormul a
R2-CN 20 in which R2 represents an aryl radical, in the
presence of a protonic acid and ar-CrHi-d3*H-COOR order to obtain a
[err]-arylisoserine derivative of ganeral fornula Ila,

o

5 in which
Ar represents an aryl radical and
R represents a hydrocarbon radical, preferably a
linear or branched alkyl or a cycloalkyl
optionally substituted by one of more alkyl

10 groups,

is converted, so as to regio- and stereospecifically
introduce the B-N-alkylamide and the o-hydroxyl or
their cyclic precursors in a'single stage by a Ritter
reaction, which consists either:

15 a of the direct synthesis of a linear chain by
reacting a cis-B-arylglycidate derivative of
general formula I defined above with a nitrile of
formula

R,-CN

20 in which

R2 represents an aryl radical,
in the presence of a protonic acid and of water, in
order to obtain a f-arylisoserine derivative of general

formula IIa,

—_—
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11a AN | | THIS SHEER HAR BREM
R and R2 ar4"!“"""&"'”“”}'“@ b of the direct jsynt hBEPEAGRD o
cyc a [err] aryl gl yci e derivative of
general forrrulal defi ned above W|than|tf7|Ie of 5 formul a
R[err]-CN I n which R [err] represents R err] defined above
or a | ower al kyl or RpR6NIber hal oal kyl rad|cal such as 10

trichl oronethyl, in the preselhce of a Lewis acid or of a protonic
acid, i n anhydrous medi um Ur%@ﬂ%bt aint xazol i ne of
general fornmula Ilb R[err] | 7\
N O u .\ mAr-C[err]I—I—C[err]I—I—COCR in
which Ar, R and R 2 are defined above. 15 2. Process according
to claim1l, characterized in that R represents an optically pure
enantionmer of drhwiilch frgr RCANAY RYI ALer @dfEhbdakbove; By drocarbon radical,
advant ageously a cycl oal kyl substituted by one or nore al kyl groups,

|n_part|cul ar 20 @ ofchdkeexdilrect synthesis of a cyclic chain by
reacting a cis-gB-arylglycidate derivative of
general formula I defined above with a nitrile of
5 formula
R’,-CN
in which
R’, represents R, defined above or a.lower alkyl or
lower perhalocalkyl radiéal, such as
10 trichloromethyl, |
in the presence of a Lewis acid or of a protonic acid,
in anhydrous medium, in order to obtain the oxazoline
of general formula IIb
X2
Ta o
Ar-C*H - C*H-COOR

in which Ar, R and R’, are defined above.

15 2. Process according to claim 1,
characterized in that R represents an optically pure
enantiomer of a highly sterically hindered chiral
hydrocarbon radical, advantageously a cycloalkyl
substituted by one or more alkyl groups, in particular

20 a cyclohexyl. -_

i
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78 ~ Process according to claim 2, c fg: - ETZEE 'dEEN
5 R .. et o RS

3, characteriZedin that the cis- [err]-phenyl gl yci date derivative of
general formula | is of (2R 3R) confi’§uration and the derivatives of
general fornul ae and&#[b obtai ned are of (2R _3S) configuration.

5. Process according to one (ﬁ%ﬂ§n§QFQHﬁiqﬁ)tq4 Zeterized in that

Ar and R2 reprq._q.EE:t hQcess ccordl n o one of

claims 1 to &har acterl zé:clijaitnkt hast otnhe °§ro onle@asilml&”qeﬁstﬁ’ st age

a is chosen erfHeSl&{eQ{t‘Hylh I%Fdlq}alperwlp%rfgq&ﬁ.l q:' O(I’+) -me tﬁlg}lb.afl uor obori c
0

acid, the Lewis acid in the stagé'b sen from oron
trifluoride acetic acid qonpl @pocess RISYa i ftld‘eriéj%ftePafl 3@' nony

pentachloride, tin tetrachloride or titaniumtetrachlori t he
protonic ad d i3 tdimrsicaga ilzdds itretuhafd thfeOl@Slrs-fB-@iHefﬁylglyc:Ldate
Process according to one of clainms 1 to 20 6, characterized in that the
[err]-arylisoselemiaatdnves atfi yeneral dorganler d ifsoroful @R,13R)i s converted by
protection of t he hydroxyl by an appropriate protective group (GP),
in order to obtesnfiguratiivm ang ¢hegdearidatiioemilcf Ideneral formulae
Rlerr]-CO NH | Ar-C*H - C*H COOR 11'a |
OGP in whil@and IIb obtained are of (2R,38) configuration.

5. Process according to one of claims 1 to

10 4, characterized in that Ar and R, represent a phenyl.
6. Process according to one of claims 1 to
5, characterized in that the protonic acid in the stage
a is chosen from sulphuric acid, perchloric acid or
tetrafluoroboric acid, the Lewis acid in the stage b is
15 chosen from the boron trifluoride acetic acid complex,
boron trifluoride etherate, antimony pentachloride, tin
tetrachloride or titanium tetrachloride and the
protonic acid in the stage b is tetrafluoroboric acid.
7. Process according to one of claims 1 to
20 6, characterized in that the B-arylisoserine derivative
of general formula IIa is converted by protection of
the hydroxyl by an appropriate protective group (GP),

in order to obtain a derivative of general formula II'a
R2-CO-NH
tuﬂ;H-Cﬂ#COOR a
oo

in which

This Sheet Has Been Rerlaced .
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79 Ar; R and err] are defined above and GP represﬁ ERSBHEET HAS BEEN
protective mumluﬁ“" h””ﬂEroxyl functional group which iI's apgpgq;gmte
for the sy anes, in particular chosen from lalke Oxy-—e et

5 aral koxy ether aryloxy et her or hal oal koxycar bonyl radi cal s, such

as, for exanple, nethoxynethyl 1- etﬁ%xyethyl, benﬁygoxynethy: or
h yl th , tet n or
E[JH ol konycabFongl SPdoRe e SR Bhostediihd or aikyl iyl 10 ot hers,
o Poarace. §§50?5¥*85¥§9%Eé'sro@%?a%%%‘;{gmup for tRE BYakBRYEoea | 1 that
h I f I ted
the [err]-ary Eﬁﬁé@i{:ﬂg §%€M§;\'€ﬂ(§chll er%%%gfié{e 868UL Re éf%ﬁﬁegggver e

i nto novel 15 oxazo n es of “general

I11a O|| C/ bf taxanes 1n artiEhhaf chosen fréﬁlélkox§ ether,
Ar - C*H C*H COOR in whic r and R are defined above by reacting a

[err]- arylssosafamnoﬂyreunéryeaﬁileﬁyeéaher orf RATBABkbkPcasBohPINg t O one

of claims 1 to 5 with a 20 hal oal koxycarbonyl ester, in particular 2,2,2-

trichl or oet hoxyadibahg| sﬁtﬁxhs,aﬁdrtéxampyepyméthekyméthyl in the presence
of a strong organi c base, such as di azabi cycl oundecene (DBU),

optionally conWeethdxyebhEhuehenyyloxpmehhyl or (B-trimethyl-

silylethoxy)methyl groups, tetrahydropyranyl or
B-alkoxycarbonyl radicals, B-halogenated or alkylsilyl
10 ethers, or alkoxyacetyl, aryloxyacetyl, haloacetyl or
formyl radicals.
8. Process according to one of claims 1 to
6, characterized in that the B-arylisoserine derivative
of general formula IIa is converted into novel
15 oxazolidinone cyclic intermediates of general formula

IITa

ﬁl
77N
Hb( ? - lUla
Ar-C*H - C*H-COOR

in which Ar and R are defined above
by reacting a f-arylisoserine derivative of general
formula IIa accordihg to one of claims 1 to 5 with a

20 halocalkoxycarbonyl ester, in particular 2,2,2-
trichloroethoxycarbonyl (TrOC), and then by cyclization
in the presence of a strong organic base, such as

diazabicycloundecene (DBU),

optionally converted subsequently into the

This Sheet Has Been Replaced
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8R?[err] corre wg ﬂﬂlﬁﬂ"mm&genera C)irnrmvx/nai ch A? and R 3] esgs#g‘sgg‘éégbove

and R'[err] defi ned above, an al koxy ra e
or branched al kyl radical conprising at |east one 5 unsaturatron.
9. Process according to one of clains. 1800 6, characterized ig t hat
t he oxazollne of gener al f Qrmul IIbis hydrol sed in acidic mediumin
order to &gﬁﬁﬂagﬁﬁaﬂrﬁmeéﬁ ogereraldé AvdIdf 8general 10
formul a IIIb, in which Ar, Rand R 2 are defined above,
optionally converted subsequently into he correspondi ng am de of
general formula Ill1'Db [ ] CO~NH
Ar - C*H C*H COOR 111' b
OCORJerr] in which Ar, Fg'c&'ferr] °and R'[ re defi ned above.
15 10. Process accord L\A et%cl aims 1 to 9,

. characterized in that the cis- [err] aryl gl yci

in which Ar and R are defined above and R", represents
R’, defined above, an alkoxy radical or a linear or
branched alkyl radical comprising at least one
5 unsaturation.
9. Process according to one of claims 1 to
6, characterized in that the oxazoline of general
formula IIb is hydrolysed in acidic medium in order to
obtain the B-arylisoserine derivative of general
10 formula IIIb,
N2
Ar-C*H - C*H-COOR Lib
:)-m-k'z

in which Ar, R and R’, are defined above,
optionally converted subsequently into the
corresponding amide of general formula III’'b
R34J}NH
l
Ar-C*H - C*"H-COOR Li'h
i
O-CO-R'z

in which Ar, R, R’, and R", are defined above.
15 10. Process according to one of claims 1 to

9, characterized in that the cis-B-arylglycidate

This Sheet Has Been Replaced
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.81 derivative of general formul a I THIS Df?gﬂi_f\%w BEEN
gefl ned achm“'rmI“I“““Im“m R represents an ggtmgfry pure—enantioner of a

highly st éri BalYy *hi ndered chiral hydrocarbon radi cal ,
is prepared by reacting the al dehyde of f&tnula _
Ar - CHO wi t.h the hal oacetate of fornmula _10
X-CH2-COOR ~ dexivatiye,Qdf geperad fermHe@ Above and X
representing a halogen, in particular a chlorine or a brom ne.
11. Process according to one of AFGHs CHEPORS5 10, characterized in that
the derivatives of fornul ae 11 41'a, |Ib, Iula [I1'a, Il1lb and
[11"b defined above in which R F%presents a hydrogen atom are
obtai ned by controll ed saponification. 12. Precursor
conpounds of taxane side 20 chains, characterized in that they are
selected from in whibg derivatives of follow ng general formulae I, I1a,
l1b, I'l"a, IIlb and I11"b:

Ar is defined above and
R represents an optically pure enantiomer of a
5 highly sterically hindered chiral hydrocarbon
fadical,
is prepared by reacting the aldehyde of formula
Ar-CHO
with the haloacetate of formula
10 X-CH,-COOR
Ar and R being defined above and
X representing a halogen, in particular a chlorine
or a bromine.
11. Process according to one of claims 1 to
15 10, characterized in that the derivatives of formulae
ITa, II'a, IIb, IIIa, III’a, IITb and III’b defined
above in which R represents a hydrogen atom are
obtained by controlled saponification.
12. Precursor compounds of taxane side
20 chains, characterized in that they are selected from
the derivatives of following general formulae I, Ila,

IIb, II'a, IIIb and III'b:

This Sheet Has Been Re'i
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are deflned | u lﬂ I " lﬂﬂ cl ai s 1 to 3 and 5, an REPLACHD
represents an nanti oner of a 5 highty—sterical l y

hi nder ed

14. Conpounds accordi ng tAr-GTH hGYH-COOR! ai meR9-CO-NI12 gl 13,

in which - Ar, ?mag‘:ﬁ‘,h:ﬁ?"ﬁsa

chiral® hydrocarbon radi cal . 13. Conpounds
according to claim12, characteri zed8n that Ris one of the
enanti oners of the ment hyl radical, in particular (+)-nenthyl.

10

characterized

in that the cis-[err]- pheryl gl yci dat e derivative of general fornula I

s of
~fornul ae

15. Precursor conpounds of taxage side chai ns,

they are
I1la and

(2R 3R) configurati®n and he deri vM&bGﬂ%ral
lla, Ilb, Illb and Ill'"b are of (2R 3S) 15 ﬂlgonflguration.

racterized in that

sel ected from t hel Bleri vati ves _of follomnn eneral fornul ae
R+ -CO-NH lﬂgg

- I1» 2
N

\ / Ar-C*H - C*"H-COOR
Ar-C*H - C*H-COOR éﬁ?

NH, Uk OO ULR
Am(?H-(?H&IEm. Ar-C*H - C*"H-COOR
!
o-co-kz 0-CO-R'»

in which
Ar, R,, R’;, R", and GP are defined in one of
claims 1 td 3 and 5, and
R represents an optically pure enantiomer of a
5 highly sterically hindered chiral hydrocarbon
radical.
13. Compounds according to claim 12,
characterized in that R is one of the enantiomers of

the menthyl radical, in particular (+)-menthyl.

10 14. Compounds according to either of claims

12 and 13, characterized in that the cis-g-
phenylglycidate derivative of general formula I is of
(2R, 3R) configuration and the derivatives of general
formulae IIa, IIb, IIIb and III'b are of (2R, 3S)
15 configuration.
15. Precursor compounds of taxane side
chains, characterized in that they are selected from

the derivatives of following general formulae IIIa and

This Sheet Has Been Rep
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111 a e in which Ar, R and m'ﬁ’baxf% dé“\‘/"i:’n%"dc’N
i ., St

above or mmsltmﬂ hydrogen atom 5
accordi ng characterlzed in that they are of"(zﬂ 35)

conflguratlon Process for_the preparation of taxanes
of general fornula IV, 10 83 CB |V in which
B represents a é&dlcal of general formula V [err] I n
whi ch A presents the acetyl radical, :
i 1]
C
\ .
"N\/ IO R" 3-CON~ o
\ /
Ar-C*H - C*H-CODR Ar-C*H - C*H-COOR
Ilis 1a

in which
Ar, R and R"2 are defined above or R represents a
hydrogen atom.

5 16. Compounds according to claim 15,
characterized in that they are of (2R, 38)
configuration.

17. Process for the preparation of taxanes
of general formula IV,
10 C-B Iv
in which

B represents a radical of general formula V

in which

Ac represents the acetyl radical,

REPLACEMENT SHEET (RULE 26)
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Bz represents the benzyl radical, ETRISPSIKERTNHAS BEEN
rrethyl radrlmll “Ij)! "II represents an acetyl radical|or a REPRACED | ve
group for t |onaI group GP1, and 5 Rl-e++4—tepresenTs
a protectlve group for the hydr oxyl functional group GP2, and
C represents a side chain chosen fronrthesﬁadrcals of follomnng
formulae Ila, Il"a, IIb, Illa, III L11b and I'11"b: [err]

10 in which Ar, R2BereEreﬁenESaﬁHeGPeQFKId€Pﬁﬁgﬁlabove by

esterification of ap appropriate baccat erivative of genera
fornula V, Carryingﬁs %@ sen gﬁ mekgy& radlcag,

R, represents an acetyl radical or a protective
group for the hydroxyl functional group GP1l, and

5 R; represents a protective group for the hydroxyl
functional group GP2, and
C represents a side chain chosen from the radicals
of following formulae IIa, II’'a, IIb, IIIa, III’'a,
ITIIb and III;b:

32-¢°-'f'l Rz-co-p:u
Ar-CH - CH.COO- Ar-C*H - CH-COO-
Lla ™ LI'a OGP
R ﬁ |
AN Lk _C 1
N7 =
Ar-C*H - C*H-COO- AT-C*H - CYH-COO-
1] NH,
R 2 con”  Lla Ar-Cl'H-C'H-COO-
ArCTH - CoH-COD- e o.co-r,
7o
ArC*H - C*H-COO-
ore 'o-co-n-z

10 in which Ar, R,, R’,, R", and GP are defined above,
by esterification of an appropriate baccatin III

derivative of general formula V, carrying a C-13

REPLACEMENT SHEET (RULE 26)
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85 dr ox functi group, with one of the deriv Ty18s T
formJIaeI | | mla“ I'11"a, Il1l1b and 111" b gSHFgE%é&BEEN
represents L obt ai ned by the process Pnr ng

claim 11. Process according to claim 17,
characterlzed in that the GPl and GP2 pro?%ctlve groups are,

| ndependent |y g& one anqt her, copventional ,group pyed.,in the
hem synt hesi s GYIFe%Y e ungpipnad group, ¢ pi Pk?P?lP§I§h8rd?ﬁEE?theF|near

ha 3522??%“'3?@%}8& S8 T BR TR carien TrioS REEB BaCL bonyl O
i t
functi ona 9“’;? ooy %hllégaﬁ rgﬁﬁesent&,g)‘%ég 68"k 8h Sopral

trial kyl ger man r adi 1 an ornfa-drva ent
radi cal of for fhel t 1 hRlerr]-O-SiRerr]-
i n which er?]Egﬁgesseﬁsforﬁﬁggpeﬁdgn? » ? one another, represent a

sterical |l yshindered al kyhgradpgedkess according to cifimPigcess according to
either of clains 17 20 and 18, characterized in that the acyl radicals

in whi chchheacaeboned i thatcahbogph &HActPangkoBieedRve groupdlli €s
at | east one oxygen atom are chosen from - al koxy- or ary?oxyacetyl
radi cal s of foamel,aindependently of one another, BbawvehtOofibllegirbupsO - 25
in which Rierr] represents a sterically hindered al kyl radical, a

cycl oal kyl radewplopedamnathe hewisuhthesis of baxanybudsueulasyacetyl
radi cal s of formula
trialkylsilyls or TROC, or linear or branched bulky
10 haloalkoxycarbonyl radicals comprising at least one
halogen atom, acyl rédicals in which the carbon a to
the carbonyl functional group carries at least one
oxygen atom, or a trialkylgermanyl radical or GPl and
GP2 together form a divalent radical of formula
15 -SiR,-0-SiR,-
in which
R, and Ry, independently of one another, represent a
sterically hindered alkyl radical.
19. Process according to either of claims 17
20 and 18, characterized in that the acyl radicals in
which the carbon o to the carbonyl functional group
carries at least one oxygen atom are chosen from
- alkoxy- or aryloxyacetyl radicals of formula
R¢-0-CH,-CO-
25 in which R, represents a sterically hindered alkyl

radical, a cycloalkyl radical or an aryl radical,

- or arylidenedioxyacetyl radicals of formula

This Sheet Has Been Rerlac




86 O / \ AR err] CHCO V/ O in which Ar" represents a

radi cal . rocess according to claim 19, gﬂzlsa%égggEEN
in that: terically hindered alkyl radical i a 5 TITnear
] 0O GO

or branched Cfert]-Cetr]* al kyl radical substituted by

one or nore

bul ky substituents chosen from hal ogens o6 | i near br anched
Cerr]-Cerr] alkyl, linear or branched Cerr]-Cerr] al koxy or
Cerr]-Cerr] cycloalkyl or aryl radlcalﬁ t he cycl oal kyl
radical is a C3-C6 cycloal kyl 10 raﬂ phonal |y substituted by one or
nore bul ky substituents chosen fr Hh ogens or linear or branched
Cerr]-Cerr] alkyl, linear or branchegwE[err] Clerr] alkoxy or ary

radicals, preferably a cycl ohexyl radical substituted

by one or nore

linear or br a”fihe%%ﬁfmcﬂqcebilaséhw aﬁagkﬁ}@haene@adiealexaﬁp' e ment hyl,

its racemate or its enantioners herr mxtures in all proportions,
the aryl radical is a phegyl, pggaaggyhcccrdln?ngbr&hagh pbenantryl radi cal

optionally substituted by one or nore
hal ogens or 2QhakhBeatigedbianchad:Clerr]-Cerr] alkyl,

Ky substituents chosen from
| i near or branched -
Cl1- C6 al koxy or aryl radicals, in particular the phenyl

r adi cal

preferably a phenyl radi the sperdrally hindeselisailkyletallyceiheisr at wo above

bul ky substituents ortho- and ortho'- to the ether bond, and 25
the arylidéne Radesazl orsbyaphbagdl €meCs alkyl radical substituted by

10

15

20

25

one or more bulky substituents chosen from halogens or
linear or branched C,-C, alkyl, linear or branched C,-C,
alkoxy or C,-C, cycloalkyl or aryl radicals,

the cycloalkyl radical is a C,-C; cycloalkyl
radical optionally substituted by one or more bulky
substituents chosen from halogens or linear or branched
C,-C¢ alkyl, linear or branched C,-C, alkoxy or aryl
radicals, preferably a cyclohexyl radical substituted
by one or more linear or branched C,-C; alkyl radicals,
for example menthyl, its racemate or its enantiomers
and their wmixtures in all proportions,

the aryl radical is a phenyl, naphthyl,
anthryl or phenantryl radical optionally substituted by
one or more bulky substituents chosen from halogens or
linear or branched C,-C, alkyl, linear or branched C,-C,
alkoxy or aryl radicals, in particular the phenyl
radical, preferably a phenyl radical optionally
substituted by one or two above bulky éubstituents
ortho- and ortho’- to the ether bond, and

the arylidene radical is a phenylene,

This Sheet Has Been Replace:
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hth ene anthrylene or phenanthrylene radlcalk THIS ”igﬁghgﬂaTﬁ

substltu e bul ky substituents choseanront Sl
| i near C[err] Clerr] alkyl, linear or branched

Cerr]- C[err a koxy or aryl 5 radicals, in particular the phenyl

radi cal . 21. Process accoﬁ(:?l ng to either of clains 17 -
and 18, characterl d.in that 4 represents an acetyl radi cal an
represents a tH 4%% rylene or phenanthiat ERHERN |

[ t et hi th bonI
s i, lmtmgﬁw%e?f:%%%& yhorycar bony
|
P ocoss aocr aubstiticg? chslel TRk Haidgtils or }—_s}ne@ﬁapgceogwéﬁ .

that R4 represent ar yeziere N

2,2,2-tri cE\I org;tﬁo;’i&yl-(ﬁay;];L ﬁq%e?r%g)nryl %enoiya& g&ganéf )glr t oget her
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-SiRerr]-O-SiRerr]- in errf Rerr] each represent an
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17 to 21, characterized in that C represents a radical of
formula |1a w emndAl8andharacterizedRinr ehats @)t taprés@hesyin addetyl

R4 represents an acetyl radical. 25 24. Process according to
one of clainms ¥adigal and P2 zepreseatiszedtimailkyflsidyisequentl-y, the
hydr oxyl s Qf . the derivatives of general fornmula IV are

trichloroethoxycarbonyl,” 2,2, 2-tribromoethoxycarbonyl,
10 2,2,2,1-tetrachloroethoxycarbonyl, 2,2,2-trichloro-t-
| butoxycarbonyl, trichloromethoxycarbonyl, phenoxyacetyl
or trialkylgermanyl radical.
22. Process according to either of claims 17
and 18, characterized in that R, represents a GP1 group
15 and GP1 and GP2 represent a 2,2,2-trichloroethoxy-
carbonyl or phenoxyacetyl radical or together form a
divalent radical of formula
-SiR,-0-SiR,-
in which R, and R, each represent an isopropyl radical.
20 23. Process according to one of claims 17 to
21, characterized in that
C represents a radical of formula IIa with Ar and
R, representing a phenyl and
R4 represents an acetyl radical.
25 24. Process according to one of claims 17 to
23, characterized in that, subsequently, the hydroxyls

of the derivatives of general formula IV are
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Ac, Bz, Me and R [err] are defined in one of

the precedlng cl ai s, 88 R4 represents a hydrogen atom
or an acetyl r% and 10 R5 represents a hydrogen
at om ePr°te°§§d ?aﬁanéfdéPPFQPF96§eofS@@HéFaPePBP%MIarlv

C-B IV nd B_are.defined e of clains 17 to 23,
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20 . Baccatin eplvatlves wni ch are of
89 use in the hem synthesis of taxanes, charactgLized in
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5 in which
Ac, Bz, Me and R’, are defined in one of the
preceding claims,
R, represents a hydrogen atom or an acetyl radical,
and
10 R; represents a hydrogen atom.
25. Taxane derivatives of general formula IV
C-B Iv
in which C and B are defined in one of claims 17 to 23,
with the exception of the derivatives in which C
15 represents a radical of formula IIa, II'a, IIb, IIIb or
III'b, and GP1l and/or GP2 are, independently of one
another, conventional groups employed in the
hemisynthesis of taxanes, such as trialkylsilyls or
TroOcC.

20 26. Baccatin III derivatives which are of
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that they are chosen fromthe derivatives of gener al F{E"g‘a @Wg BEEN

NFO- - P. ”IIJIN“IJ'“I]L Inlﬁhlch 5 Ac represents ﬁ | cal
Bz represe di cal, Me representis_the Y2

radi cal , "rRa repr esents an acetyl radical or a prot ective_
gr oup for t he hydroxyl functional group , 10 Rlerr] represents a
protective group for functiopal group GP2, and

dr oxyl )
GP1 and GP2 ar& |ﬁﬁebgﬁdgéFFﬁyéFhﬁﬁésaﬂStE%Fanesr characggrkyed in

hal oal k b £ TrCc, |
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carries g gast one oxygen atom or trial kyl ger manyl
radi cal s or GPl and &P t oget her form a dival ent radi cal of
formul a -SiRerr]-OSiRerr]-

90 in which Rferr] and Rl errjgg i ndependeritey of one another, represent a
sterically hindered al kyl radi wa\.

HO---

in which
5 Ac represents the aceﬁyl radical,

Bz represents the benzyl radical,
Me represents the methyl radical,
R, represents an acetyl radical or a protective
group for the hydroxyl functional group GP1,

10 R; represents a protective group for the hydroxyl
functional group GP2, and
GP1 and GP2 are, independently of one another,
bulky haloalkoxycarbonyl radicals, with the
exception of TrOC, acyl radicals in which the

15 carbon a to the carbonyl functional group carries
at least one bxygen atom, or trialkylgermanyl
radicals or GP1 and GP2 together form a divalent
radical of formula

-SiR7_O_SiRB—
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90
in which
R, and R;, independently of one another, represent a

sterically hindered alkyl radical.
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