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WD 2004/ 092151 - 1 - PCT/ FR2004/ 000901 METHOD FOR
PRODUCTI ON OF 4, 10( 3- DI ACETOXY- 2a- BENZOYLOXY-

5( 3, 20- EPOXY- 1, 13a- DI HYDROXY- 9- OXO- 19

NORZYZR CPRIFAL S TAX- | | - ENE -51The presenpCTA¥YBRODEA000901
relates to a novel process for the preparation of
taxoi ds of general formula: RROO RI-NHOA' v 0"

('MET@ OE F:sgli' ERBBJEII:%B{QF %ﬁ—ﬁplﬂ@a{'&d hfq,%h?i@hoxy*

T atrcat;

represents éﬁhQ@JrEQ@ﬁYalohil@fD&HY@B@X%9 Q’X&‘B—I%ﬁ
al koxyacetyl or (fekd®LARO fAdixSRl1 Rker epresents a
benzoyl radi cal OT—aTr—RZ-O-—@OE?HdA@@TCHI-—r% whi ch R2
represents a straight or branched al kyl rad| cal

COT‘BP&E' prBgehtt J‘;!Lrﬁre(ifﬁlllgﬂ 26 D8Bes F’rt%:c leé ahb}#glArprocedssb for
resents a eny r adi i ona ubstituted by
@“%r PHg?r 1{) JLAaﬁ s&tc 3/1265 Fhaal ogen

at onms (fluorine, chI orine, bromne or iodine) and

al kyl', al koxy, alkylthio, cyano, nitro and
trifluoronethyl radicals, RO)ei nder stood that the
al kyl radi cal 'ﬁhd the al s of the radicals

conprise 1 to £ car on at gns S represents an
25 aromatic A reld ¢ ' 5 ring, menbers
and conpri si ng ohe or- m : c,dlffe(lient
atons chosen frd® nitrogemZQxygen O ul fur atons.

More particularly, Ar repraeen-s a P&, 2- or 30
3-thienyl or 2- or 3-furyl rad
i eny uryl v adigal 2

In the general formula (I),

Ar represents an aryl radical,

R represents a hydrogén atom or .an acetyl, (Ci-Cq)
‘alkoxydgétyl or (C,-C4) alkyl radical,

Ry, represents a benzoyl radical or an R;-0-CO- radical
in which R; represents a straight or branched alkyl

radical comprising 1 to 8 carbon atoms.

. Preferably, Ar represents a phenyl radical optiqnally

substituted by one or more atoms or radicals chosen
from halogen atoms {(fluorine, chlorine, bromine or
iodine) and alkyl, alkoxy, alkylthio, cyano, nitro and
trifluoromethyl radicals, it being understood that the
alkyl radicals and the alkyl portions of the radicals
comprise 1 to 4 carbon atoms, or else Ar represents an

aromatic heterocyclic radical having 5 ring members and

" comprising one or more identical or different atoms

chosen from nitrogen, oxygen or sulfur atoms.

More particularly, Ar represents a phenyl, 2- or

3-thienyl or 2- or 3-furyl radical.
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More particularly still, Ar represents a phenyl
radical optionally substituted by a chlorine or
fluorine atom or by an al kyl (nmethyl), alkoxy
(methoxy) or 2- or 3-thienyl,or 2- or 3-furyl
radical. 5 O even nore particul ar advantage is the

prgsictp Dft i denerg) Sonmul aak 1depRedred ArpheRyEsealisScal
aafg?he,n | _radical,. RL represents tert-but og&ycar,bonyl
r naldyy ot beet sPin aac%leﬁ?wr%%i gal tipprine”atom

Mesdt | bR nay hkdkyade [ meniony) | healdcocessestkogyn ter date or
foy .preparing the conpaunds of formula (1), of patent

E(F)’{ 3@75& v%i h glpggr éesr,adéLtcg:I#i ng from

10- deacetyl baccatin Il11, a process which consists, in

a LSt €nalhPs ctj .
16¥fgeggé§ylr§éa%af)laﬁﬁef?{l?g?n ét%‘%{%)%i tlisonifhef np§0duCt of
serEgRradt agermihaacidtlyl ARi mieh Ae 1TPHIFRETDHN2 i Ahanyl

t Hidd shager, | QARG | RY tBet-Bubesith®Bonk® aradical
fourth stage, in carryi

ngout a .
LA Bor e stsy PRo RS PR of 264C38ri £ 1 ation) in the 7

20 position, in a fifth stage, in carrying out a

cycl opropylation in.the_7-8 position,. t ,
pé%uottlior?rla%%aa%t%egerflacﬁ%’ a‘?rt“%xg [ %g‘et %%g’leg’g%% hellélnn%“?’n tf%edate
1Z¥opogrtdmmt iaml, theé ngbirpoundsa offi ngbrwebye (Il of patent

depr ot gctiggs thessi de ghain. e SAds O 2¥arting  from
cycl opropylation 1n the 7-8 position Is carried out in

t HE-prasehydbarcréinof Idn & PAACSRR ahied | ROPsTeium D 2
| gdirde, ﬁ@d@%3|ﬂmﬁ£@@étﬂfﬁxg0ﬂ:h@f lan- Rty lRicadatin III
azi d%ﬂ (30 I um azi de), or of arg#laternary. ammn%u:[ntsalt .
or™ Hiend| BPSIH oM dfkdl iSSRAN Priphatt. Egytating in
betend Cappasienior ,atiaf , a ashdlrdclstsege, i rnnt hegpaiterttsing the
pybl | g der. t he nt@g% %[337_ 0, gg%ﬁgn __

i BeoEEHsaih i oY Tof W (SRR ue
trifluoromethanesulfonylation (or triflation) in the 7
position, in a fifth stage, in carrying out a
cyclopropylation in the 7-8 position, then, 1in a
penultimate stage, in attaching the side chain in the
13 position and, finally, in a final stage, in
deprotecting the side chain. The stage of
cyclopropylation in the 7-8 position is carried out in
the presence either of an alkali metal halide (sodium
iodide, potassium fluoride) or of an alkali metal azide
(sodium azide) or of a quaternary ammonium salt or,

finally, of an alkali metal phosphate.

It became apparent later, as disclosed in the patents
published under the numbers WO 95/33736, WO 95/33737
and WO 96/32387, that the presence of alkali metal
azide or halide (sodium iodide, potassium fluoride) was
not essential and that an additive such as as molecular
sieves in the presence of sodium chloride was
effective. The solvent used in these three patent
applications was composed of a mixture of acetonitrile

and of. tetrahydrofuran.
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azi de or halide (sodiumi odide, potassiumfluoride)
was 35 not essential and that an additive such as as
nol ecul ar sieves in the presence of sodiumchloride
was effective. The sol vent &sed in these three patent
appl i cati ons was conposed of a m xture of acetonitrile
and of. tetrahydrofuran. 3 It is also known, fromthe

pﬂ@erlsbyaiganzmbmh\u dye ronP0Fhewobske » @,prh?bdﬁsdaaal | 8idy,
cnl ens an pear n _legr.anedr
LBeREs bt r  o5Sbhgrdss %@a33378939f§§é‘5¥§b4 S Kelly

tﬁEl&hOappeﬁtaﬁelnombdrbhedmonVQEtﬁ@ﬂaJ Vol. 35, No. 43,
ot i e senc rg
53, el ganct aane | the Bresence ofidiakdl 0oula be

" the excess is
vm:gmrbédth@ ﬂm&ﬁﬁmeidt@@@xmwe Wﬁcnr%ence of a

gxbaggsw al;l iy %cal&dhe 95&08§éegssqlsosaaﬂ # hddethe
abovenentioned patents has been inproved by the

u&%l@htsuFﬁbldﬂéa | A-Q-tirddt adepecier ik &Ves pP@Vﬁﬁbd 1is

akiosiess fadusheiaprgparati on of the conpound of
formula () ROO RI-NHOA~vV \p~—.. OH=0 HO

CIII}B OCOC6H5 in which Ar represents an aryl
A oBLoalbt B SRERLa2 1Y HIp0°D, PLOMLAO BRAEEhNbY patents
i ca

55%%?y? or-a represents a benzoyl
rraadsi dﬁemun@moR@dOo@Otheadseabﬂ Pl bAneR2 represents
a straight or branched al kyl radical conprising 1 to
8 carbon "

In a first aspect, there is provided a process for the

preparation of the compound of formula (TI)

R0 0
) Rfl;[H o
ﬁw’/ﬁ\\g//”\\Y)“"- | 0
OH ' i 0O
HO OCOCH,
DCOCH,
in which

Ar represents an aryl radical,
R reéresents a hydrogen atom or an acetyl,
alkoxyacetyl or alkyl radical,
R; represents a benzoyl radical or an Ry;-0-CO-
radical in which Rs; represents a straight or
branched alkyl radical comprising' 1 to 8 carbon

atoms,




atons, -3a- by a process which consists in bringing

the conpound of formula (I11) R-O0 OSOZ CF3 HOL14-

(ii) HO OCOCH3 OCOC6H5 in which R is a protective

group for the hydroxyl funcgi,anal group when R

represents hydrogen in the fornula (1) or one of the

groups cited for R into contact with a weak-base

chosen fron1nn|ecu|ar si eves, then, successively or

beforeEﬁ in couplin precursor of the side chain

and Yhald y PHAESsr ot %@&1’! ng=emeidpti obll | pringing the

pr ot eclcesthpdtindr ¢y Ifofiriiatal q1dl) groups, which conpri ses

carrying out the cycl opropanation reaction in

sul folane. In a second aspect, there is provided a

process for the prepaigfion of an [ eai-at e of

gener al formJIa(IIIFRRetO , 69%

OCOC6Hs in which R : 3 [

formula (11) as deXi
derivative of gener

HOF, 1, . (If)HOm-

O O SO Z CF3

(in

~in which R’ is a protective group for the hydroxyl
_functional group when R represents hydrogen in the
formula (I) or one of the groups cited for R, into

. contact with a weak” base chosen from molecular
51eves then, successively or beforehand, in
coupling a precursor of the side chain and,
finally, in deproteéting the optionally protected
hydroxyl functional groups, which comprises
carrying out the cyclopropanation reaction in
sulfolane.

In a second aspect, there_is provided a process for the

prepa;ation of an intermediate of general formula (III)

rRo §

HOIH:. (l“)

in which R’ has the same meaning as in the formula
(II) as deflned above,

+*



OCOC6H5 i nto, contact with a nol ecul ar sieve, which is
carried out in sulfolane. The conpound of follow ng
formula (1) ROORVHOA"-¥ol. (=) OHO H=HO
OCOCH3 DCOC6H5 in which Ar represents an aryl

radi cal S n_atomor an_ace
al koxyah::e?uqug q.gﬁerg d& d‘%/%% € Fﬁgr%‘%’f‘%sﬁit goﬁmBiﬂzé}'F”
radi cal or an R2- C>CI} radi ¢al in which R represents

a straight or br ed al kyl . radi cal sing 1 to
8 carbaon at ons, ?gé 5 &12%

consists in br|ng|ng
R-O00 0-80 2 '

in which R is a % he hydr oxyl
functional group/wiren\R [ epreserjits hyddogen in the
formula ( (] A" citedifor R into 5 (”)
contact w (R a apr ol Weyl ar  si eves,

t hen, successive oyplTng a
precursor of the sigé S y, in
deprotecting thequjlonally protec(ﬁ@(h&ﬂ{oxyl

into contact with a molecular sieve, which is
carried out in sulfolane.

The compound of following formula (I)

@)

in which

Ar represents an aryl radical,

R represents a hydrogen atom or an acetyl,
alkoxyacetyl or‘alkyl raaical,

R; represents a benzoyl radical or an Ry-0-CO-
radical in which R; represents a straight or
branched alkyl radical comprising 1 to 8 carbon
atoms,

is prepared by a process which consists in
bringing the compound of formula (II)
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functional groups, which conprises carrying out the

10 cycl opropanation reaction in sulfolane. Also

di sclosed is a process for the preparation of an
internedi ate of general forauda-(111) R OOHO (11Q
O HO OCOCH3 15 DCOC6HS in which R has the sanme
meani ng as in theigrnula OII) @ug{ye.cpb bringing the

derivative of gener for ) #ntd contact with
a nol ecul ar sieve, —eh—1-S O arrled out in

sul folane. In a way, the

cycl opropyl ati oy B ' ' ed out in sulfqglane

conprisi@%?pgg‘ 3 oht of water. (Hhe
presence wa 1 J § conversion of

the derivative 8 gl ow, a by- product
produced during t hg | ,, to the

derivative of fdi@ula (\V); the (§3§%355L0n of the
derivative of fornmnulae Q?bt&%g$d of the derivative of
formula (1V) is difficul ®eas 5 the separation of
the derivative of formula (V) from the derivative of

for mul An( Whichi R'edsi @ PREEWWR aroud1idd ke hydrexyl

Hfgilcti@qmoﬁp QHEHB R @%@é’se@h@drgb& l\g.n the
formula (I) or one of the groups cited for R, into
contact with a weak base chosen from molecular sieves,
then, successively or beforehand, in coupling a
precursor of the side chain and, finally, in
deprotecting the optionally protected hydroxyl
functional groups, which comprises carrying out the

cyclopropanation reaction in sulfolane.

Also disclosed is a process for the

preparation of an intermediate of general formula (III)

Q)

DCOCH,

in which R’ has the same meaning as in the formula (II)
above, by bringing the derivative of general formula
(II) into contact with a molecular sieve, which is

carried out in sulfolane.

In an entirely preferred way, the cyclopropylation
reaction is carried out in sulfolane comprising between
2 and 5% by weight of water. The presence of water
makes possible the conversion of the derivative of
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10 For better inplenmentation of the disclosed process,

it is preferable to operate with an anount of water

of approximately 4% by weight with respect to the

sul fol ane. The reaction tenperaature is in particular

bet ween 20C and the boiling point of the reaction 15

m XpunelaThelwddbeilon, i sa cBY-peddaut qﬁrcm@é@cn alhyidg the

SRSty 500, OB SO S8 M LSEREEL 00 ane

théegérﬁéa@ﬂlmi|Eh@ederavaylcarmﬂﬂfmmmukmﬂmﬁéml20@nd of
anghéh%eﬂq}alﬂl% DBEfndfl&fmeée ?g{lytenlt faEf(_E'_gL%ufl% whereas

sever al hours. Accor to a roCcess

i e mseEREG tina @lfs@ll”@séée@‘b%‘é%%e Q§e f@rmube fHde from
oftmaed@yﬂv@tgde syEf 9&@9@125(fﬁprr 9xi grteby 4% of
wat er by weight) as reaction vent in the presence
of 100% by wei'ght of 4 A nolecul ar sieve as activated
powder wig.ly respect to the substrate. g thig case,
the reactid wilff be carried out at a té : [
6€ the 30 subst ate g

conpl et e 6 The produc

in MBL a Jprotegtjgye

hydr oxy or an acet I QSH
or al kyl be obt ai ned by rea

d. “ t
derivati¥@ of 5 trlpFﬁ@%onethanesulfonH% aC|£i sucﬁO
t he anhydrldeQQDQﬂﬁm chloride, with baccatﬂ? M= or
10-deacetyl bagwatin 111 protected on its | @yposition
by a protective group, such as in particul ar
trichl oroet hoxycar bonyl . 10 Gbnerally, the reaction of

aFggrbé@téyelﬁﬁleﬁéﬁ{$$¥5ﬂng¥EEHga JBNHS%Fa r%ce%s it is

carried out in an inert organic solvent iphati’¢
hpdebeaabdas, toopbvpemalky hikhgenat edmoanhtar efat water of

h¥g psaEbopsy i n 44 he presence .of an _organic base,
<o E ogin teryiary° b9 %%Qg el respec to the
sulfolane. The Treaction temperature is in particular
between 20°C and the boiling point of the reaction

mixture.

The addition is carried out of preferably 25 to 100% by
weight of molecular sieve with respect to the
substrate. As regards the reaction conditions, the
reaction is generally carried out between 20°C and the

boiling point of the solvent for one to several hours.

According to a better process for implementing the

disclosed process, use will be made of the hydrated sulfolane
(approximately 4% of water by weight) as reaction

solvent in the presence of 100% by weight of 4 A

molecular sieve as activated powder with respect to the

substrate. In this case, the reaction will be carried

out at a temperature in the region of 60°C until the

substrate has been completely converted.
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15 aliphatic am ne (triethylamne) or pyridine, at a

tenperature of between -50 and +20C. According to a

better process for inplenmenting the disclosed
process, where one of, the préferred conpounds of 20
formula (111) where R represents an acetyl group is

pr €P&r &Fodusth the Eempoliad GF)f okmukhichl R'wheepr&sémss a

th§r§@88tﬂﬁéan@u#ﬁfé¥ £§échpaB09§1t@%§¥¥HHH%} @Eo%% or

fornmul a % i nol ecu si eve:
proQucfCrEYisol é‘@@&’xﬁy"cﬁté’érl &F ofalitleat mett@al sugan be

asobh@im@cﬂl onaly addirelzent ieh a sekventy suydriastatlyl of
f the insoluble materials

I
ot e R L (o By THE PEatbrofnhuarade o
anthe hehlohidey ystidahl |}:m10amnbyIBD addivi-araektylbaccatin

i h t
soLresellety giuses, pObUbLLLLY RS ERcohEETE anou.

ei Fut %EhelftrRﬁ}@in?ldeRICttHls:f}:lmndatéwm@carbonyl

recryst allization froma solvent or solvent m xture,

ch as t hanol met hanol .as a m xture with 35
FJSS’I' et Hete or FBPGERARN suPfol afe adderiwattiwe  of

\Mﬂﬁiﬂmwdmmm%tHMheﬁﬁﬂfbbﬁﬂﬁ %Eh@rlﬂg aga2ribyt UpGEW IR an

di;i,gonropyl et her, acet te.as.a mxture wth
||§‘%%ropycf e | 7503 iéﬁe IQheddiet | RYPERFRTRRDS,
b?p@hpoﬁétlggrla@hqgena'sedi; cangelaxoﬁiauttllconhgaeragaeabhis gd in
out, oW e h Qr as..a m xtur vvlthet L, .

agé?at% anof? ato %g‘%ﬁ ?ﬁ)éfse’ SBFE‘]‘ bray,t‘%/%telary
néé%HHﬁRﬂPl B@lpﬁeaﬂ§dl@¢had@mun@n ofor emWWIanﬁﬁu6§t a

ftempathedref okhgetRLeAULEp SHEVEpge€ONCENtrati on
under reduced pressure and precipitation by addition

of water w th seeding.
According to a better process for implementing the

disclosed process, where one of the preferred compounds of
formula (III) where R represents an acetyl group is
prepared from the compound of formula (II) where R has
the same ﬁeaning,
after reaction of the compound of formula (II) with the
molecular sieve:
- the crude product is isclated by a series of
treatments, such as the optional addition of a solvent,
such as ethyl acetate, the removal of the insoluble
materials by filtration, the concentration of the
reaction medium and then the crystallization by
~addition of solvents which induce insolubility, such as
those chosen in particular from water or toluene,
- then either the crude product is purified by
recrystallization from a solvent or solvent mixture,
such as methanol, methanol as a mixture with
diisopropyl ether or toluene, sulfolane as- a mixture
with toluene, or methylene chloride as a mixture with
‘diisopropyl ether, or ethyl acetate as a mixture with

diisopropyl ether,
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10 Preferably, the crude product will be purified by
crystallization froman ethyl acetate/diisopropyl

ether mxture with a ratio of between 50/50 v/v and
10/90 v/v and preferably equdl-to 25/75. 15 The

product of formula (I11) obtained is subsequently or
pr8vi ouSFytRBuprede aBE8fFf kgl oprEi hd8d kHowhromagography

pebﬁoﬁl$kth|gél}nelﬁﬁléﬁtbé&h@ SaPreEHr 80t Qﬁthhﬁe§h9§ene

2 Eab0Bb8F 1 P SR SRS VLER oSEAYEn JRIEHHE ESganol or

848cetoxazol 1€li nes, such as disclosed in particular in
patents EP 595 370, EP 663 906, EP 663 907, EP 663

908, EP 666 857 and EP 669 915, or (3-lactans, such
asPreffecalpbed thepaedicm arililn béettebteodi hy paddntison of

Z%QFyﬁOOa@géatéJS 5f1.22F€ é@goﬁnd S 1.5hé16 888cul ? sieve,

fol | owm ng exanp [es i strate t e presen I nven
bu‘fo%%t%a‘ﬁéi” benfegargeycasd PUSSHUrE: i onreﬁepltatlon

| yedddiei3) FEAMRLE JvidD Bfin
4,10( 3- di acet oxy- 2a- benzoyl oxy- 5(? 20- epoxy-

1, 13a- di hydr oxy-9- oxo-7(3-(trifl uoronethyl sul fonyl oxy)
35?11@:5@%1@% wilteh @ rmdiel t protu82% w2102 peof pdrified by

vie A t wder d
Codit e e e T A A PRl seher
a s tRre trtde-necked fefasketarmen ) M&tofe asd hedf 2d v/v

atarftP e ré‘fyra%g@r@ﬁ)gqt gloy 24 Meurs. The reaction nmedi um
is 8 cooled tdo anbient tenperature and then filtered.

The insoluble nmaterials are washed in 3 times with 50

mMThef pesdydt acet Eogmilc t (EI DY JaPt&iRBASES aEE@bsequently

C%%Bk%fe"%%%ﬁ%&yca%%ﬂz8§|C8%§*l§@3tfo RSiheAs, Fagun to a

person skilled in the art with a precursor of the side
chain chosen from P-~phenvylisoserine protected in the 27
position, such as disclosed in patent EP 336 840,
oxazolidines, such as disclosed in particular in
patents EP 595 370, EP 663 906, EP 663 907, EP 663 908,
EP 666 857 and EP 669 915, or p-lactams, such as
disclosed in particular in the following patents
EP 400 971, US 5,254,580 and US 5,466,834.

The following examples illustrate the present invention
but should not be regarded as a limitation on the

invention.
EXAMPLE 1

2.0 g of 4,10B-diacetoxy-2a-benzoyloxy-5pB,20~-epoxy-
1,13a-dihydroxy-9-oxo~7p- (triflucromethylsulfonyloxy)

tax-ll-ene with a purity of 92%, 2.02 g of 4 A
molecular sieve as activated powder and 1.0 g of sodium
chloride are charged to 14 ml of sulfolane in a 50 ml
three-necked flask and the mixture is heated at 60°C
for approximately 4 hours. The reaction medium is
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5 di hydr oxy-9- oxo- 19-norcycl opropa[ g]tax-11-ene (1)
solution thus obtained is quantitatively determ ned by

HPLC with respect to a standard (1.29 g,
Conpar ati ve exanpl es-wiBth different solvents 10

889 .

The results are shown in the follow ng tabl e:

yi el d of

Exanpl e

Sof9ehtd Cérdi amorentDCt¥mpedaGoser vaid onbtenC £ ACCNGdF The

151ﬂ$ofhﬁ¥%@$%%@g£%f%@

en-1 hours

%/ hghcasehdtr saeé GQGNWG@DBCQ Lcﬁlagm% 1azr@<%;omb1ned
ﬂamoéﬂ@a%&%ﬁ%

SO/%O eé h erbdl X'%_'elfgi:'(§

%gﬁ epl

DS, B o Bots THFES, HERS, S0/t of

The

hgﬁ}g %%?73

ledders HowsocHs (1)
o&m&mw oBEEIANHD@sE'Ej'MJEI\i-tJatQIve(l\Q dEPErti A¥E by

()é%ic}{%th resﬁgé{Jko ‘a stg*aardH(ﬁ QQOCHByleld of 88%).

Comparative examples with different solvents

The results are shown in the following table:

Example | Solvent Conditions | DC Yield | Observations
c1 AcCN/THF | 15 g, > 99% | 69% 13.5% acetamido
10v/1v reflux 3 7.7% ethylen-1

hours

cz2 DMF 0.5 g 98% 70% 16.5% ethylen-2
40 - 50°C
7 hours 30

C3 NMP 0.5 g > 99% | 12.6% | DPecomposition
50°C,
3 hours .

c4 Acetone 3 g > 99% - 5.6% ethylen-1
reflux 2 40% 7-epi OH
hours

O,

HO:nu.

ACETAMIDO

OAc O

ETHYLEN-2 or {IV)

HO e

HO1n
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000CeHs OCOCH3 OCOCsH5 ETHYLEN-2 or (IV) 7-epi OH 9

- EXAMPLE 2 60.0 g of

4,10( 3-di acet oxy- 2a- benzoyl oxy- ( 3, 20- epoxy-

1, 13a- di hydr oxy- 9- oxo- 7( 3- (trgftuoronet hyl sul f onyl oxy)

5 tax-11-ene with a purity of 89.8% by weight, 60 g of

4 BR8RY0 | nol ecul ar sieve as activated powder and

9.6 mM of water are charged to 240 g of sulfolane in a

500 mi three- necked flask and the mixture_is heated

wi%th &t Bri Rf at ‘688Pr e agEhPEXT rEE BPRZRYRBEYSP FHacROXY -

r @a@IBMﬂlﬁﬂimy-@-@@—%—t Qﬂmwk%nmyﬂs&ffcﬁiyl’lﬂxy
etate]Dare added. The s. 3 s filtered TthYOéJé} £

4 o8 A e arPd“EJh Rsol n%i’e?’l aONts g ©
V\dsi?ﬂrngsftrom mee lwictifl 250 |$11e®rfe elalsyl aacetrated Thewder and

sﬂ%ﬁgﬁdﬁﬂﬁsﬁéteﬁfSr%OEHEE gda%% bﬁ% g of sulfolane in a

4,"10( i acet oxy- 2a- benzo
5(5@02@'Jepbhye?a m@ﬁkﬁﬁhy@c’wly @I@(othe mokcyetopiepalighted

t @4 - §f‘fr§91|1?_‘| QN §dres eht-aiNgd-d.siguant) tat igRlds . The
det er m ned PLC. with respect to a standard (37.5

ylr&a&t&P“SS%dlu% {7 acerdRrdbte nd0%l abfor 00188 PE i §thYl
cm«fg%tteatae:@ ARG amfeesséaég;eercéldres& tﬂa{qtelﬁem@@gh a
a oxXI ma m t he
CORtotT AR T pe Ingp ek, Aitenlal docvagien 4
nitiokes demfneﬁfalmkedfv\mmiylarecadded oTBe engyaiour pleases
fMEt%ﬁ S?ggwégl%g?”%&$e%ﬁ§edh NPopSaLALLL &L, O3, 408 oy -
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Ee medi,umis cooled to anbient tenperature over

8T8 P et i Hén BBSBSGL oFbaemStenaAizbd(37-5 o
wateld aﬂ% 883a) 0 AUNftdacoiVes bfhathe $heuBUSpENIISON d)S is
 DeoafRRLE ol PYEE BBRLELRI LTI 10 g o
t ApES Worh BPprdximately 45 minutes and the concentrate

obtained (75.2 g) 1is stirred at 40°C. 59.2 ml of
demineralized water are added over one hour to the
solution and then seeding is carried out at 40°C with
100 mg of 4,10B8-diacetoxy-2a-benzoyloxy-5B,20-epoxy~
1,13a-dihydroxy-9-oxo~19-norcyclopropal[gltax-1ll-ene.

The medium is cooled to ambient temperature over 2
hours 30 minutes and then 80.3 g of demineralized water
are again run in over 1 hour. The suspension is then
cooled to 0-4°C over approximately 1 hour 30 minutes.
The product is filtered off, washed 3 times with 33 ml
of demineralized water and dried under reduced pressure
at 45°C for 16 hours. 12.65 g of crude product are thus
obtained, which product has a purity of 70.8% by weight
guantitatively determined by HPLC (yield of 83%).

12.5 g of crude product are charged to a 100 ml round-

bottomed flask and are dissolved in 25 ml of methanol
at 55°C. The reaction medium is cooled to 35°C and then
seeded with a few mg of 4,10f-diacetoxy-2d-benzoyloxy-




10

15

20

25

30

“tax-11-ene.

of dem neralized water and dried under reduced
pressure at 45C for 16 hours. 12.65 g of crude _
product are thus obtained, which product has a purity
of 70.8% by wei ght quantitatjwyely determ ned by HPLC
(yield of 83%. 35 12.5 g of crude product are charged
t05&,2@6em¢xyfﬂu&5a{m3mymmmk?+Qﬁﬁméﬁﬂbfmdxm&rﬁnﬁﬁ&@h{gﬂ

harel %ﬁné .reaction nediumis .
coo ed tog@%C gﬁl gt g%%%eoed 5§t &SRO e% to ambient

4, 9opRe B et 0)gna-thenz oylooxP-4°d0 ever approxmately 3
5(@@@95®D@&Ee%:gﬁﬁﬁkibggﬁxyt% ﬁ%r €9r€%|QQ%§&Q§[QL1ce
h cool ed

The suspension i s i ent
t el attumd ol tq%éﬁ%omzic 69€?rap95?cbxFﬁ§Pel<§ﬂﬂB?d under

hOthE@ucé’dt Qﬁ:efstshﬁréatatonéﬂdlef@&OdlL@t nhbsr¥ashed gMee pure
nd, then dried under

m of di pr e
F iR Besutb iR, R it 6w RoaR s PPCECY. diafus epurity
pratué .dke b3husremtgha| nads nwwht £hi pe bgudetbamiaegurh¢ y HPLC

of(]_QgC]_Z §t%/ a b nq%rgdl%?g%v%% determ ned by HPLC

recry 10 EXAMPLES 3 to 5
Exarrpl e 2 is repeated as far as the crude product, a

vaniphberampwy «of water being added to the sul fol ane.
Eéégggé_tbﬁﬁrrrvhs ETHYLEN-1 ETHYLEN-2 3 Sieve 60C, 4

Bl 3. 55 FRAEDB0TS LAFoAS, theg rule prognes, 2
55ﬁﬁﬁi&bﬁﬁﬂamd%ﬂﬂﬂﬂf%wékéi:béﬁnéy@dﬁﬁdﬂtézﬂﬂéﬂéhﬂiyian%.
hours, 8.7 0.2 4% water 15 The inpurity naned

EFHYLEN2s—diffiecult to—separate
Example Conditions ETHYLEN-1 | ETHYLEN-2
3 Sieve 60°C, 4 hours 3.6 5.5
4 Sieve 60°C, 4 hours, 6.9 2.4
1% water
5 Sieve 60°C, 4 hours, 7.9 1.4
2% water .
2 Sieve 60°C, 4 hours, 8.7 G.2
% water

The impurity named ETHYLEN-2 is difficult to separate
from (III} by silica chromatography or crystallization;
in contrast, the impurity named ETHYLEN-1 is easily

removed by these same techniques.

EXAMPLE 6 -  Purification by crystallization from

methanol

58 g of 4,10B-diacetoxy-2a-benzoyloxy-B,20-epoxy-1, 13a-
dihydroxy-9-oxo-7B~ (trifluoromethylsulfonyloxy)tax-11-

ene with a purity of 92%, 58 g of 4 angstrom molecular
sieve as activated powder and 29 g of sodium chloride
are charged to 580 ml of ethyl acetate in a 2-liter
glass reactor and the mixture is heated with stirring
at between 55 and 65°C for approximately 46 hours. The
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from(ll11) by silica chromatography or

crystallization; in contrast, the inpurity naned
ETHYLEN-1 is easily renoved by these sanme techniques.

20 EXAMPLE 6 - Purification Byl crystallization from

met hanol 58 of

4, {@%Qtamacérte@l%ynilzal%e@p@wwxytce3azm@mxytqmg®aat@59 and

di hyde oxyd 9%116(}13 Lt ddd ueforrﬁtat%eslul ARy ) ta%ollnle
u“gngf 92% 58 g of angstrom

wo‘f‘%‘&%’?la?f $PeV@sasdadtiieat &d Fhowke? %]nd0§9€§hbi acetate.
soTheim ohlgahnde pafaes@ar@ﬁél t echBOnell ofarf hythe 4,10p-

acet iter I ctor xture i
o8 ALE L2 g LR, Ol dosy repclor, and the xte (5,
ap@xml%ﬂ@tqydb:pbmpes[gm ~11Hena eact i solwedbnm i S thus
anb fatur Itered through
%%r‘%rcekgand t he |nso v%b?lg erl al 1< Vashe aedlum
tv’ﬁ!%f%%%qrjl@ﬁﬁt%fsféhhmmacéﬂat é. g The ZAQami cof water)

phases e cewbicaedyapd t@§04mﬂ0Qﬁ5 water. The reaction
dlacgtoxy .2a- benzoyl ox 20-ep ox -1, 13a- di hydr oxy- 9
U9- ASr c§Mo %IIY % teBP | B-€e ‘éTE‘fFutcifonaPHEgleatdY

ol neld mrsdel\ﬁsheduwedhpaﬁsaﬂﬁeouﬂi: sodidfiferature of less

o AT R0 a8 ho R mFhated, oy DIE 1onnae

medi umliverdonice mamatisd! tauta vpl oima;etnilapmrmxmmtlel yeduced

200 -gds ynder, re%ucec%wye%%w% at, ¢a tlggg %ﬁ‘#ﬁi % éesx§1th

han 40C and 825 ni thanol are
Rrodditiom ¢§ Hlﬁfchua@@loutlw dist LRl 9tenl unaed then the

T%d.il@ﬁfionpres§§re atodl é@NMPeryy Ureaﬁli)lleﬁiis t hegndOG ture.
f. methanql (1145 éot al ) "and
nt Ot Frp@ra?ﬁre‘g 10B-

Cryi sitcadtloixzaiosiveing ciyilictiyat5@d 20-epoty21 , g3af—d4h3;aﬁ:3xy 9-
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suspension 1is cooled to 0°C over approx1mately 1 hour
30 minutes. The suspension is filtered and the product
is washed twice with 116 ml of diisopropyl ether. After
drying at ambient temperature to constant weight, 25 g
of product are obtained (yield of 55%), which product
assays at 94% by weight by HPLC quantitative

determination (> 99% by area internal normalization).

EXAMPLE 7 - Purification by chromatography

4.9 g of crude 4,10B-diacetoxy-2a-benzoyloxy-5p,20-
epoxy-1,13a-dihydroxy-9-oxo-19-norcyclopropalgltax~-11-

ene with an HPLC purity of 93.9% (internal
normalization of the areas) and assaying at 65.5% by
weight are purified by chromatography with 250 g of
silica gel, elution being carried out with a mixture of
methylene chioride and ethyl acetate (v/v: 75/25). The

- fractions comprising the product are combined and

concentrated wunder reduced pressure. The solution
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20 suspension is cooled to OC over approximately 1

hour 30 m nutes. The suspension is filtered and the
product is washed twice with 116 m of diisopropyl

ether. After drying at anbi amt -tenperature to

constant weight, 25 g of product are obtained (yield

of olg594nedvhi 261 pg bdassags ass ay§%atw194%3byﬂmm ghtabyative

HREG HAdatl ve ernbg%k/g 9;1/:;&;1f rea 99.4%

i nternal normalization urttication by

chtretfograpin 3oield Cg‘- dt7%r-ude
4, 10( 3- di acet oxy- 2a- benzoyl oxy-5( 3, 20-

epoxy- 1, 13a- di hydr oxy-9- oxo- 19- norcycl opropa[ g] t ax- 11-
oHEXAUELE 208 1PLC PUTLE)Cot 193, oY i nekYHgdilization  from

natinm dpasdpyan efhdhe(prmas) and assaying at 65. 5% by

wei ght are purified by chromat ography with 250 g of 35
silica gel, elution being carried out with a m xture

of23 meghylogne chhaei dé,anfi- éihgzétaxgt—auebénwleWQSB,20-

T t IS
RO R ) M e R b R 5 -
ok‘ﬂnm el 2 1reyitgsafs 248 EYS%RMCWW HﬂS@yqimtEm |Y/’é 5%

degyer abriahtonarahedpé%we@y 1|T'FL§ B%o%g_mé%ély 640 ml of
(pur|f| catio

of
P& ilc &9H fn% %W%F%?l Pfaﬁ%ﬁ Phase glatedpespyys washed
e&h&be(DhEEh 2356 af Cbﬁdewater The solution 1is then
40%91 %t 0X éa ben % el
epoxy -i’ f§ & hYBrGRy- rge QPE F@%r@op?gpaf%ﬁﬁ%grﬁ ely
1(30éfﬁe wh t ke a mmaiidualof v@l%rby HEL Cappdoasmayehy atd ml.
7%2§%ﬁﬁy &@'9811§6§ %bfﬁcﬂé%ﬂgfIWa r%%!%ﬁt§h¥e§40t£” the

acetate e or gani ¢ phase obt arné

\N&@Hé&lop oM i th isa‘xqars{afa\'ﬂaﬁ@blemhe tegpgriagnries and

t R@Bn JrgONCANM S éﬁéibﬂ““ﬁ@%aﬁ%@%ﬁerpr§§§Pé§ #s 2°Cc. The
ﬁg‘rom mat el y 15 30C to a residual volune of
a

FERPalel ylS/4 Goeledyoandy the (pregpfbpyiaké hdf arashed
t héphadd@dnl 0 dfhedisebpibpRlovethd I 0 AEthQUr&r@ing under

rediuced Ppressure a 17.6 g of purified 4,108~

- diacetoxy-2a~benzoyloxy-58, 20-epoxy-1, 13a-dihydroxy-9-

oxo-19-norcyclopropa[g]tax-11l-ene are obtained, which
product has a purity of approximately 97% and assays at
89.3% by weight (yield of 88%).

Example 8 is repeated with different recrystallization

solvents.

Example Conditions RY% ETHYLEN—lH ETHYLEN-2

8 ACOEt /DIPE 88 0.3 -
271775

9 MeOH/DIPE | 82 1.7 0.2
70/30

10 MeOH/toluene 47 0.3 0.2
50/50 |

11 ACOEt /DIPE 88 0.2 -
50/50




then the suspension obtained is cooled to 2C. The

suspension is cool ed and the product cake is washed 20

with 36 m of diisopropyl ether. After drying under

r enoicedlopreszise at 25C, 17. G3g-of purifpeg/#r20047000901

di acet oxy- 2a- benzoyl oxy-5(3, 20- epoxy- 1, 13a- di hydr oxy-9

- oxo-19-norcycl opropa[g]tax-il-ene are obtained,

whi ch product has a purity of approximtely 97% and

assays at 25 89.3% by weight (yield of 88% . Exanple

8 is repeated with diwhfierestcremystas!ization

sol vents. Exanpl e Conditions RY% ETHYLEN-1 ETHYLEN- 2

O 8 AcCEt/DIPE 88 0.3 - 27/75 9 MOH/ DI PE 82 1.7 0.2

70130 1B MeCekssl deme ik OpBePaRat b 560 £1 L hac CRimBbiREd of

88 0.2 %ﬁ%%g m 2004/ 092151 - 13 - PCT/ FR2004/ 000901

VWHAT Ig5 DTS. 1. A process for the preparation

of the conmpound of formula (1) ROO RI-NHOGqr~"

"Ong.. O OH H O HO OCOCH3 ORC%OGI—E o n which Ar

represents an yl radical, -
| R-NH

(1)

in which

Ar represents an aryl radical,

R represents a hydrogen atom or an acetyl,
alkoxyacetyl or alkyl radical,

R; represents a benzoyl radical or an Ry-0-CO-
radical in which R; represents a straight or
branched alkyl radical comprising 1 to 8 carbon

atoms,

by a process which consists in bringing the

compound of formula (II)

R-Q 0  0O-S0,CF,

HO e (I

el : OCOCH,

in which R’ is a protective group for the hydroxyl
functional group when R represents hydrogen in the



R represents a hydrogen atom or an acetyl,

al koxyacetyl or alkyl radical, RL represents a benzoyl
radical or an R2-O-CO radical in which R2 represents

a straight or branched al kyljaradi cal conprising 1 to

8 carbon atoms, ".. _~ by a process which consists in

bri ngi MpimMda C(om)pmmdamé $Or i agtdﬂhps R:lﬂaﬂ ®B8CR, into
CF3 HO11 Il C[IK}{ i.ch

a prot ecdtﬂtvaec( gr%ﬁﬁgfor t“hea}?w g‘f’lgxyl ?unct |f\§%§[} mglecﬁlar
when Rament@hmdrogencewmelm dfror rh#ém(eﬂ)aml: in

one of gchfp Saf O{_{ L;;_OémR st o phoont AL WbBQlﬁ and,
osen m no t he

weak base ¢ ecul ar sieves,

successﬁwlyly(ar Hef 6PPRRKECTARY ééw?plqugl%%%%u%s’ﬁected
of the s a'nf@&@tldhaﬂa||bmoh@s¢eprﬂhgéhlngcbh@rlses
optlonall rotected dro functi onal .
whi ch i L e G WP iR RGRion  in

reactl(yuﬂﬂmlaﬂé folane. 2. The process as clainmed in
claim1, wherein Ris an acetyl radical, RLis a
tert-butoxycarbonyl 11 radical and Ar is a phenyl

r édi calThed priwe gy coesslaignad aimeelaim cl ai wharewneReils an

the reaghian ig,gacshied ayt ipsthe prﬁéﬁecsueaxg}cé\rbonyl
mol ecular_ $i eve as activated powder. 4. The procéess as

cl ai medadicailaims Pradd & PhFeYd; ﬁad&§élls made of a
rati o by weight of the nolecular sieve to the

c f_fornul Il .
%npou%jleo prgcggs a a(s 2:la1med in claim 1, wherein the
reaction is carried out in the presence of 4 A

molecular sieve as activated powder.

4, The process as claimed in claims 1 and 3, wherein
use is made of a ratio by weight of the molecular
sieve to the compound of formula (I1) of

approximately 100% by weight.

5. The process as claimed in claims 1 to 4, wherein
the sulfolane comprises 2 to 5% by weight of

water.

6. The process as c¢laimed in claim 5, wherein the

sulfolane comprises approximately 4% of water.

7. The process as claimed in claim 1 to 6, wherein
the reaction temperature is between 20°C and the

boiling point of the solvent.

8. The process as claimed in claim 6, wherein the

reaction temperature is approximately 60°C.

9. The process as claimed in claim 1, wherein the
crude product is disolated by addition of ethyl

acetate to the reaction medium, filtration of the



approxi mately 100% by wei ght. 5. The process as

clainmed in clains 1 to 4, wherein the sulfol ane
conprises 2 to 5% by weight of water. 6. The process

as claimed in claim5, whereis the sulfolane

conprises approximately 4% of water. 7. The process as

cl ai rreehdlraecﬁileaiﬂg] blte@eﬁzo\g%@bghﬁraﬁ:ﬁgmrle@@i @Re reaction
tamaanjels n an oi i pm

t he sol% %%mgg?ﬂcé%gyiﬁﬁiiéﬁ?ﬁipln gétlo of
wherelmawh&: reactlon tenperature is apprOX|nater

60C. 9.. The process as clained in claim1, wherein the

- crude product is isolated by addition of ethyl

adét-at €heo pERcesHcas onladdedminf idl@diam i Sn Wherqn safter

mol ecul;al, 15t CO&&?”%E&&Q” Bﬁcoh'&%tf eaqd | %hri@f’édlm by
and then crystal’lization b rtion of water.

The pr 3€6FYsdeidiigatedn n %F@Fnl@- whetBeRt aFFbr SOlvent
i sol at Akt uike CinuskPr oflieh l&el@ﬂélnfolled Methanol as  a
recrystalllzatlon E{o .a solven o vent a%xt
chosen™rdMtret Kah refRRAGPYds ﬁFXtuPSt

di i sopmapyluret heirth ned haerod, aSuhfomHNEUae\ﬂtmuxture with
Lt hengo1Bkdl A38:A%13n8l XEHIBMEN kOl UNGLxeure with
met hyl ene chI a mxt sopro

et her digd sepmpvdceatdiar asod mithvidr eacefate dasmorlwyture
ether. y1tn ThesRpeepsd atnhehai med in claim 10, wherein
the crude product IS purified with a m xture of ethyl
acetate and i sopropyl ether according to a ratio of

- appr.oxrhet abyoded 5 Sa¥/ kwlakizned hénpraiceiss as, Chnﬂ:ierfm_ni Nthe

clal m 1 oWCLELR® 5 7 SG 200a s EA° o Sl b4 ey

acetate and isopropyl ether according to a ratio

of approximately 25/75 v/v.

12. The process as claimed in claim 1, wherein the
precursor of the side chain 1is <chosen by
derivatives of B-phenyliscserine protected in the

2’ position, oxazolidines or P-lactams.

13. A process for the preparation of an intermediate

of general formula (III)

HO s ()

OCOCH,

HO

in which R’ has the same meaning as in the formula
(IT) of claim i,



derivatives of (3-phenylisoserine protected in the 2
position, oxazolidines or (3-lactans. 13. A process
for the preparation of an internediate of general
formula (I1l) ROOO HO OCOC6H5 in which R
has the sane neaning as in't formula (11) of claim

1, 16 Dby bringing a derivative o ene
(150 B S £85IV SRR (o)
contact with a nolecular sieve, which is «carried out

in sul fol ane. RO 0 0_502.0F3

(D)

HO e

HO z ESCXDC“43
OCOCH,

into contact with a molecular sieve, which is
carried out in sulfolane.



