i METHOD FOR PREPARI NG TAXANE DERI VATI VES The present invention relates to
a,new process for preparing taxane derivatives of general formula: [err] 5
whi ch possess noteworthy antil eukaem ¢ and antitunour properties. In the

general fornul wobkyo7B78epresents a hydrogen atom or an peey¥kes28p9dk:
R[grr] represents a benzoyl radical or a radical Rerr]-O-CO In 18 whi ch

Rlerr] represents an aPROCESS| FORYPRERARYNG T opERyiraTeyegoal kenyl ,
bi cycl oal kyl, phenyl or nitrogenous heterocyclic radical, and Ar represents
an aryl radical. The present invention relates to a new

process for preparing taxane derivatives of general '

formula:
RO, . 0 OH
RNH O |
= o
Ar = Ot '
= = 0
OH l?l z
HO Z  OCOCH;
OCOCgH;

5 which possess noteworthy antileukaemic and antitumour
properties.
In the §enera1 fbrmula.(I):
R represents a hydrogen atom or an acetyl radical, R,
represents a benzoyl radical or a radical R,-0-CO- in
10 which R, represents an alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, bicycloalkyl, phenyl or
nitrogenous heterocyelic radical, and Ar represents an
aryl radical.
More ésgecially, R represents a hydrogen atom
15 or an acetyl radical and R, represents a benzoyl
radical or a radical R,-0-CO- in which R, represents:
- an unbranched or branched alkyl radical containing 1
to 8 carbon atoms, an alkenyl radical containing 2 to
8 carbon atoms, an alkynyl radical containing 3 to
20 8 carbon atoms, a cycloalkyl radical containing 3 to
6 carbon atoms, a cycloalkenyl radical cbntaining 4 to

6 carbon atoms or a bicycloalkyl radical containing 7
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Nore especially, R represents a hydrogen atom 15 or an acetyl radical and
Rl err] represents a. benzoyl radical or a radical Rerr]-OCO in which
Rlerr] represents: - an unbranched or branched al kyl radical containing 1
fo 8 carbon atons, an al kenyl radical cont@ining 2 to 8 carbon atons, an
aIk&nyI radi cal containing 3.to 20 8 carbon atons, a cycloal kyl radical

containing 3 tegeb10acadbon Aoms) %s‘@'ﬂﬁiﬂal@a@&ﬂg ‘Hﬁ?‘.ti%ldﬂl 4 to 6
carbon atonms or a bicycloal kyl radical containing 7 to 10 carbon

atons, these r atbstituted it ickedldry nﬁiﬂéstdxﬂ:l#tﬂidudﬁs @HosEn Ffdh
substituents chosen from
halogen atoms and hydroxyl radicals, alkyloxy radlcals
contazn;ng 1 to 4 carbon atoms, dialkylamino radicals
5 in which each alkyl portion contains 1 to 4 carbon
atoms, piperidino or morpholino radicals, 1;piperaziny1
radicals (optionally substitﬁted at position 4 with an
alkfl radical containing 1 to 4 carbon atoms or with a
phenylalkyl radical in which the alkyl portion contains

10 1 to 4 carbon atoms), cycloalkyl radicals containing 3
to 6 carbon atoms, cycloalkenyl radicals containing 4
to 6 carbon atoms, phenyl, cyano or carboxyl radicals
or alkyloxycarbonyl radicals in which the alkyl portion
contains 1 to 4 carbon atoms,

15 - or a phenyl radical optionally substituted with one
or more atoms or radicals chosen from alkyl radicals
containing 1 to 4 carbon atoms or alkyloxy radicals
containing 1 to 4 carbon atoms,

- or a saturated or unsaturated 5- or 6-membered

20 hitrogenous heterocyclic radical cptio#ally substituted
with one or more alk&l radicals containing 1 to
4 carbon atoms,
on the understanding that the cycloalkyl, cycloalkenyl
or biéycloalkyl radicals can be optionally substituted

25 with one or mofe alkyl radicals containing 1 to
4 carbon atoms, and
Ar represents a phenyl or a- or S-naphthyl radical

‘optionally substituted with one or more atoms or
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kal ogen atons and hydroxyl radicals, alkyloxy radicals containing 1 to 4

. carbon atons, dialkylamno radicals 5 i n which each al kyl portion
contains 1 to 4.carbon atons, piperidino or norpholino radicals,

1=pi perazinyl radicals (optionally substituted at position 4 with an al kyl
- radical containing 1 to 4 carbon atons or with a phenylal kyl radical in
whi ¢ch the al kyl portion contains 10 1 to“4 carbon atons), cycloal kyl

“adi cal ini 6 carb Lkenvl T adl i i

Lo 6 corbon ot GRALGA oA EFop Ratansd | (FRurEENe. (PELERARS ) ot bony!
dical's in whi i | i 15 -

2 phonyl radi e embifer 19qi08] 4 g A RTL, LTI 0 e

chosen from al kygly¥ adi 62 $116P10! AATkSy ! dPxf1 CRIOOa Ay PERy OF a By KVRESY

radi cal s

hydroxyl, hydroxyalkyl, mercapto, formyl, acyl,

5 acylamino, aroylamino, alkoxycarbonylamino, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
carbamoyl, dialkylcarbamoyl, cyano and trifluoromethyl
radicals, on the understanding that the alkyl radicals
and alkyl portions of the other radicalé contain 1 to

10 4 carbon atoms, and that the alkenyl and alkynyl
radicals contain 3 to 8 carbon atoms and the afyl
radicals are phenyl or a- or S-naphthyl radicals.

Of very special importance are the products
of general formula (I) in which R represents a hydrogen

15 atom or an acetyl radical, R; represents a benzoyl or
t-butoxycarbonylamino radical and Ar represents a
phenyl radical.

The products of géneral formula (I) in which
R, represents a benzoyl radical correspond to taxol and
- 20 to 1l0-deacetyltaxol, and the products of general
formula (I) in which R, represents a t-butoxycarbonyl
radical correspond to those which form the subject of
European Patent 0,253,738.
According to the process which is described

25 in International Application PCT WO 92/09,589, the
derivatives of general formula (I) may be obtained by:
- condensation of an oxazolidine derivative of general

formula:
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€ontaining 1 to 4 carbon atons, - or a saturated or unsaturated 5- or

6- menbered 20 ni trogenous heterocyclic radical optionally substituted
with one or nore alkyl radicals containing 1 to 4 carbon atons, on the
understanding that the cycloal kyl, cycl oalgkenyl or bicycloal kyl radicals
carl be optionally substituted 25 with one or nore al kyl radicals
containing 1 to 4 carbon atons, d Ar rejggpents a phenyl or [err]- or

[err]-naphthyl radical optionally \lubst_ie’t uted with one or nore atons or

3
(m
Boc-N>< :

Ry R'3

o)

in which Ar is defined as above, Boc represents a
t-butoxycarbonyl radical and R’, and R’,, which may be
identical or different, represent an alkyl radical
containing 1 to 4 carbon atoms optionally substituted

5 with one or more aryl radicals, or an aryl radical, or
alternatively R’, and R’,, together with the carbon atom
to which.they are linked, form a 4- to 7-membered ring,
with protected 10-deacetylbaccatin III or baccatin III

of general formula:

10 in which G, represents a group protecting the hydroxyl
function and G, represents an acetyl radical or a group
protecting the hydroxyl function, to obtain a product

of general formula:
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radi cal s chosen from hal ogen (fluorine, chlorine, brom ne, iodine) atons
and al kyl, al kenyl, . al kynyl, aryl, arylalkyl, alkoxy, alkylthio, aryloxy,
aryl thio, hydroxyl, hydroxyal kyl, nercapto, fornyl acyl, 5 acyl am no,
aroyl am no, alkoxycarbonylanlno am no, al kyl am no, di al kyl ami no, carboxyl,
al kpxycar bonyl , carbanoyl, dlalkylcarbanDyF cyano and trifl uoronethyl

radi cal s, on the understandlng t hat the al kyl radlcals and al kyl portions
of the other radicals contain 1 to 10 G20 O-Gqs, and that the

al kenyl and al kynyl radicals gpntain 3 to atons and the aryl
radi cal s are phenyl olrJerr]-Hor [err =iz als. O very specia
| nportance are the pro ol ner, ip which R aoPresents a
hydr ogen 15 atomor ap acatyl- radi'& q C ;2pts a benzoyl or
: Ba>§:><:0

in which Ar, R’;, R’;, G,, G, and Boc are defined as
abqve, |

- treatment of the product of general formula (IV) in
an acid medium under conditions.which have no effect on

5 G; and G,, to obtain the product of general formula:

in which Ar, G, and G, are defined as above,
- treatment of the product of general formula (V) with
a suitable reagent for introducing a benzoyl radical or

radical R,-0-CO-, to obtain a product of general formula:
10

HO

OCOCH;
0COCH;

in which Ar, er G, and G, are defined as above, and
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t -but oxycar bonyl am no radi cal and Ar represents a phenyl radical. The
products of general.formula (1) in which Rl err] represents a benzoyl

radi cal correspond to taxol and 20 to 10-deacetyltaxol, and the products
of general formula (I) in which Rerr] represents a t-butoxycarbonyl
radjcal correspond to those which formthegsubject of European Patent

0, 263, 738. According to the process which is described 25  in

| nternati onal AppieplaicemenCbA\BHE Gttt ivd qymnipay &, ardd G, oEnthal
~formula (1) may be obtained by: - condensation of an oxazolidine derivative
of general for product of general formula (VI) by hydrogen atoms to
obtain the product of gemeral formula (I).
It has now been found, and this forms the
5 subject of the present invention, that the products of
general formula (I) may be obtained by:

- condensation of an acid of general formula:

Ar COOH

; \ v

o)

R‘l-N><
H

R3

in which Ar and R, are defined as above and R,
represents a hydrogen atom or an élkoxy radical

10 containing 1 to 4 carbon atoms or an optionally
substituted aryl radical, or of a derivative of this
acid, with baccatin III or l1l0-deacetylbaccatin III of
general formula (III) in which G, represents a group
protecting the hydroxyl function and G, represents an

15 acetyl radical or a group protecting the hydroxyl
function, to obtain a product of general formnla:

G20

Gl

R
N4
5
i
== 11T
guul
w

0COCgH
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4 [err] in which Ar is defined as above, Boc represents a t-butoxycarbonyl
radical and R[err].and R[err], which nmay be identical or different, '
represent an alkyl radical containing 1 to 4 carbon atons optionally
substituted 5 wth one or nore aryl radigals, or an aryl radical, or
alternatively R[err] and R [err] together with the carbon atomto which
they are linkedy {fiom ad, & 8841 6) Gardli ddE M oG8 gbove,

neng
10- deacetylbaccatln 11 or b&CcaPln |1 eneral fornula: [err] 10 in

which Jerr] repgapidtecti®GE R @ﬂdewgzuam; it 0Herdeincti on and err]
represents an acetyl radical or a group _
appropriate, of the hydroxyl functions protected by G;

and G, to obtain a product of general formula:

(X

5 in which Ar and Ri are defined as above, G’; represents
a hydrogen atom or a group protecting the hydroxyl
function and G’, represents a hydrogen atom or an
acetyl radical or a group protecting the hydroxyl
function, and then

10 - where appropriate, replaéement of the protective
groups G’, and, where éppropriate. G’, of the product of
general formula (IX) by hydrogen atoms to obtain a
product of general formula (I).

According to the invention, the

15 esterification of the product of general formula (III)
is performed by means of an acid of general formula
(VII), optionally in the form of an gnhydride or in the
form of a halide or mixed anhydride.

It is preferable to use an acid of general

20 formula (VII), or its activated derivatives, in which

R; represents a hydrogen atom or an alkoxy radical

' containing 1 to 4 carbon atoms or a phenyl radical
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protecting the hydroxyl function, to obtain a product of general forml a:

S [err] in which Ar; R[err],R[err], (err], Jerr] and Boc are defined as
above, - treatnent of the product of general formula (1V) in an acid medium
under conditions which have no effect on 55 {Jerr] and err], to obtain

t hel. product of general  fornula: [err] in which Ar, Jerr] and & are
defined as abosptionaldg! sebetdftuted RiekUehebrigdeedlelledtPd (V) with

donating radicals chosen more especially from the group
comprising alkoxy radicalé containing 1 to 4 carbon
atoms.

5 The esterification by means of an acid of
general formula (VII) may be performed in the presence
of a condensing agent, for instance a carbodiimide such
as dicyclohexylcarbodiimide or a reactive carbonate
such as di-2-pyridyl carbonate, and an activating

10 agent, for instance an aminopyridine such as 4-
(dimethylamino) -pyridine or 4-pyrrolidinopyridine,
working in an organic solvent chosen from ethers such
as tetrahydrofuran, diisopropyl ether, methyi t-butyl
ether or dioxane, ketones such as methyl isobutyl

15 ketone, esters such as ethyl acetate, isopropyl acetate
or n-butyl acetate, nitriles such acetonitrile,
aliphatic hydrocarbons such as pentane, hexane or
heptane, halogenated aliphatic hydrocarbons such as
dichloromethane or 1,2-dichloroethane or aromatic

20 hydrocarbons such as benzene, toluene, xylenes,
ethylbenzene, isopropylbenzene or chlorobenzene, at a
temperature of between -10 and 90°C. It is especially
advantageous to perform the esterification working in
an aromatic solvent at a temperature in the region of

25 20°cC. | |

The esterification may also be carried out
' using the acid of general formula (VII) in the form of

an anhydride of formula:
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a suitable reagent for

! I ntroduci ng a benzoyl radical or radical
Rlerr]- , to obtain a product of general formula: 10
[err] in which Ar, Rerrt], Gerr] and Jerr] are defined as above, and 6
- replacenent of the protective groups Ger] and Jerr] of the product of

gener al
formula (I'). It has now been foung aqg this for
present invention, that the prod gener
by: - condensation of an id oh\ for@u a:
Rl-N>< N'R1
Ry H

formula (VI) by hydrogen atons to obtain the product of general

ns the 5 subj ect of the
formula (1) nay be obtained

X

in which Ar, R; and R, are defined as above, in the

presence of an activating agent, for instance an.

aminopy:ridine such as 4-(dimethylamino)pyridine,

working in an organic solvent chosen from ethers such

as tetrahydrofuran, diisopropyl ether, methyl t-butyl

ether or dioxane, ketones such as methyl isobutyl

ketone, esters such as ethyl acetate, isopropyl acetate

or n-butyl acetaﬁe, nitriles such as dcetonitriie,

aliphatic hydrocarbons such as pentane, hexane or

10

heptane, halogenated aliphatic hydrocarbons such as

dichloromethane or 1,2-dichloroethane or aromatic

hydrocarbons such as benzene, toluene, xylenes,

ethylbenzene, isopropylbenzene or chlorobenzene, at a

temperature of between 0 and 90°C.

15

The esterification may also be carried out

using the acid of general formula (VII) in the form of

a halide or in the form of a mixed anhydride of general

formula:

0

\/ \\“L
R¢-N 0]

R{y H

X
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Ferr] in which Ar and Rlerr] are defined as above and R err] represents a
hydr ogen atom or an. al koxy radi cal 10 containing 1 to 4 carbon atons or
an optionally substituted aryl radical, or of a derivative of this acid,
Wi th baccatin Il or 10-deacetyl baccatin 44! of general formula (I11) in
whi‘ch Gl represents a group protecting the hydroxyl function and G
represents an i whiektX, rquiimd R] dreidefinsdias tdbugré fend)xir oxy!
function, to obtain a product of general forrmula: [err] 7
' represents a halogen atom or an acyloxy or aroyloxy
radical, optionally prepared in situ, in the presence
of a base which is preferably a nitrogenous organic
5 base,'for instance a tertiary aliphatic amine such as
triethylamine, pyridine, an aminopyridine such as
4-(dimethylamino)p?ridine or 4-pyrrolidinopyridine,
working in an inert organic solvent chosen from ethers
such as tetrahydrofuran, diisopropyl ether, methyl
10 t-butyl ether or dioxane, esters such as ethyl acetate,
isopropyl acetate or n-butyl acetate, nitriles such as
acetonitrile, aliphatic hydrocarbons such as pentane;
hexane or.heptane, halogenated aliphatic hydrocarbons
such as dichloromethane or 1,2-dichloroethane and
15 aromatic hydrocarbons such as benzene, toluene,
xylenes, ethylbenzene, isopropylbenzene or
chlorobenzene, at a temperaturé of between 10 and 80°C,
and preferably in the region of 20°C.
It is preferable to use an activated
20 derivative of géneral formula (XI) in which X
represents a halogen atom or an acyloxy radical
containing 1 to 5 carbon atoms or an aroyloxy radical
in which the aryl portion is a phenyl radical
opticnally substituted with 1 to 5 identical or
25 different atoms or radicals chosen from halogen
(chlorine, Srcmine) atoms and nitro, methyl or methoxy

radicals.

The deprotection of the side chain may be
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A0 which Ar, Rerr], Rerr], Gerr] and Jerr] are defined as above, -
deprotection of the side chain and, where appropriate, of the hydroxyl
functions protected by GJerr] and & to obtain a product of general
formula: [err] 5 in which Ar and Rlerr] are defined as above, G [err]
represents a hydrogen atom or a group prqifcting t he hydroxyl function and
.G [lerr] represents a hydrogen atom or an ‘dcetyl radical or a group

protecting thoRyEsalNG 14"ehl BredlilohDSR 4 tnoryfisie g0PRCPTI Al C.

repl acenent of” the prot ive oups [err ere appropriate, G 2 of
the product of¢ Sh15P18VAR14! Xau htawaoaeﬂaﬁtefso%gaﬁbaaaaia pr oduct

of general formila (1). According to the invention, th
(acetic acid, methanesulphonic acid, trifluoromethane-
sulphonic or p-toluenesulphonic acid) used alone or
5 mixed, working in an organic solvent chosen from

alcohols (methanol, ethanol, propanol, isopropanol),
ethers (tetrahydrofuran, diisopropyl ether, methyl
t-butyl ether), esters (ethyl acétate, isopropyl
acetate, n-butyl acetate), aliphatic hydrocarbons

10 (pentane, hexane, heptane), halogenated aliphatic
hydrocarbons (dichloromethane, 1,2-dichloroethane),
aromatic hydrocarbons (benzene, toluene, xylenes) and
nitriles (acetonitrile), at a temperature of between.
-10 and 60°C, and preferably between 15 and 30°C. The

15 indrganic or organic acid may be used in a catalytic or
stoichiometric amount or in excess.

The deprotection may also be carried out
under oxidizing conditions using, for example, ammonium
cerium IV nitrate in an acetonitrile/water mixture or

20 2,3-dichloro-5,6-dicyano~1,4-benzogquinone in water.

The deprotection may also be carried out
under reducing conditions, for example by
hydrogenolysis in the presence of a catalyst. |

The protective groups G, and G, are preferably

25 2,2,2-trichloroethoxycarbonyl or 2-(2-trichloromethyl-
propoxy) carbonyl radicals or trialkylsilyl,
dialkylarylsilyl, alkyldiarylsilyl or triarylsilyl

radicals in which the alkyl portions contain 1 to 4
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i5 esterification of the product of general formula (lI11) is performed by
means of an acid of.general fornula (VIl), optionally in the formof an
anhydride or in the formof a halide or mxed anhydride. It is preferable
te use an acid of general 20 formula (VMI'1), or its activated derivatives,
in which R3 represents a hydrogen aton1or an al koxy radical containing 1 to

4 carbon atons or a phenyl radical op®i onal | y squt}tutedhmﬁth one or
nore el ectron- atln radi cal s chose nDre espeC|aI y fromthe group
conpri si ng alk8§§ PRJR Eaﬁt % Gﬁe preferably

phenyl radicals.
Replacement of the protective groups G, and,
where appropriate, G, representihg a silyl radical by
5 hydrogen atoms may be performed simultaneocusly with
deprotection of the side chain.
Replacement of the protective groups G, and,
 where appropriate, G, representing a 2,2,2-trichloro-
ethoxycarbonyl or 2-(2-trichloromethylpropoxy)carbonyl
10 radical is performed with zinc, optionally in
combination with copper, in the presence of acetic acid
at a temperature of between 20 and 60°C, or by meéns of
an inorganic or organic acid such as hydrochloric acid
or acetic acid dissolved in an aliﬁhatic alcohol
15 containing 1 to 3 carbon atoms or in an aliphatic ester
such as'ethyl acetate, isopropyl acetate or n-butyl
acetate, in the presénce of zinc bptionally in
combination with copper.
This replacement may also be performed by
20 electroiyﬁiq reduction.
The acid of general formula (VII) may be
obtained by saponification in a basic medium of an

ester of general formula:

Ar

\‘ wCOORy
IS

R{ H
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satons. 5

The esterification by means of an acid of general

formula (VII) nmay he perfornmed in the presence of a condensing agent,

i nstance a carbodiimde such as dicycl ohexyl carbodiimde or a reactive
tarbonate such as di-2-pyridyl carbonate, ?nd an activating 10 agent,
I nst ance an am nopyri di ne such as 4- (dine

hyl am no) - pyri di ne or

| ethet or

for

f or

4- pyrrolldlnopyﬁlqhggh ggrkhngaha fN Qfﬂa@éflﬁ Vfg a%Utyegn&rﬁmethers

‘'such as tetrahydrofuran, dii opropy? et

di oxane, Kketonggpedgbnis HR! hlkyuseau&)éhlléonthaheag 1€¢0b°4S ca¥onas et hyl
acetate, isopropyl acetate or n-butyl acetate, nitriles such acetonitrile,

al i phatic hydratamBosptivnally pabstitutedx@ithoa phehldecradilagenat ed

al i phati c hydrocarbons such as

10

15

20

25

In general, the saponification is performed

by means of an inorganic base such as an alkali metal

hydroxide (lithium, potassium; sodium hydroxide) or an
alkali metal carbonate or bicarbonate (sodium
bicarbonate, potassium carbonate or bicarbonate), in an
aqueous-alcoholic medium such as a methanol/water
mixture at a temperature of between 10 and 40°C, and
preferably in the regiqn of 20°C.

The ester of general formula (XII) may be
obtained by the action of an aldehyde of general
formula:

R, -CHO (XIIT)
in which Ry is defined as above, optionally in the form
of a dialkyl acetal or an enol alkyl ether or an
orthoformate of general formula:

HC(OR,) 5 (XIV)
in which R, is defined as above, on a phenylisoserine

derivative of general formula:
Ar ~COOR,4

Ry-NH OH

in which Ar, R, and R, are defined as above, prefrably
in the 2R,3S form, working'in an inert organic solvent
in the presence of a strong inorganic aéid such as

sulphuric acid or strong organic acid such as
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di chl oronet hane or 1, 2-di chl oroet hane or aromatic 20 hydr ocar bons such as
benzene, toluene, xylenes, ethylbenzene, isopropyl benzene or chl orobenzene,
at a tenperature of between -10 and 90C. It is especially advantageous to
performthe esterification working in an ggomatic sol vent at a tenperature
in the region of 25 20C. The esterification may al so be carried out using:

the acid of gepetaluetesulphoric ddid,hoptiichalllydthelfdin s fr mul a:
[err] in which Ar, Rlerr] and Rlerr] are defined as above, in the
pPyridinium salt, at a temperature between 0°C and the
boiling point of the reaction mixture. Solvents which
are especially suitable are aromatic hydrocarbons.
5 The phenylisoserine derivative of general

formula (XV) may be obtained by acylation of a

phenylisoserine derivative of general formula:

~COOR,
\ (XVD

NH; OH

in which Ar and R, are defined as above.
The acylation is performed by the action of
10 benzoyl chloride or a reactive derivative of general
formula;
R,-0-CO-Y (xvII)
in which R, is as defined above and Y represents a
halogen (fluorine, chlorine) atom or a residue -O-R, or
15 -0-CO-0-R, working in an organic solvent, for instance
an aliphatic estef such as ethyl acetate or a
halogenated aliphatic.hydrocarbop such as
dichloromethane, in the presence of an inorganic or
organic base such as sodium bicarbonate. In general,
20 the reaction is performed at a temperature of between 0
and 50°C, and preferably in the region of 20°C.

The product of general formula (XVI) may be
prepared under the conditions described in
International Application PCT WO 92/09,589.

25 The anhydride of general formula (X) may be
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presence of an activating agent, for instance an am nopyzi di ne such as
4-(di met hyl am no) pyri di ne, working in an organi ¢c solvent chosen from ethers
such 5 as tetrahydrofuran, diisopropyl ether, nethyl t-butyl ether or
droxane, ketones such as nmethyl isobutyl kggone, esters such as ethyl
acetfate, isopropyl acetate or n-butyl acetate, nitriles such as

acetonitrile, abbhpdidhed b{df:eiatbﬁgSaSﬂﬁﬂydfaﬂﬁﬁgaﬁgenbe!ﬁah as 10
hept ane, hal ogenated al i phatic hydrocarbons such as di chl or onet hane or

1, 2- di chl or oet hdbeyelohexybtasbbiiintdebeiishsthe asilicofegenetralluene,
xylenes et hyl benzene, isopropyl benzene or chl orobenzene, at a tenperature
of between 0 anfoBdflar [CIIL5 working in aﬁhergenéclBoluenbnchayealso be
carried out using the acid of general formula (VII) in the form of
£from ethers such as tetrahydrofuran, diisopropyl ether,
5 methyl t-butyl ether or dioxane, ketones such as methyl
isobutyl ketone, esters such ase ethyl acetate,
isopropyl acetate or n-butyl acetate, nitriles such as
acetonitrile, aliphatic hydrocarbons such as pentane,
hexane or heptane;.halogenated aliphatic hydrocarbons
10 such as dichloromethane or 1,2-dichloroethane or
aromatic hydrocarbons such as benzene, toluene,
xyienes, ethylbenzene, isopropylbenzene or
chlorocbenzene, at a temperature of between 0 and 30°C.
The activated acid of general formule (XI)
15 may be cbtained by the action of a sulphuryl halide,
| preferably the chibride, or a product of general
formula: | |
Rg-CO-Z (XVIII)
in which Rg represents an alkyl radical containing 1 to
20 4 carbon atoms o:'a phenyl radical optionally
substituted with 1 to 5 identical or different atoms or
radicals chosen from halogen atdms and nitro, methyl
and methoxy radicale and Z represents a halogen atom,
preferably a chlorine atom, on an acid of general
25 formula (VII), working in a suitable organic solvent
such as tetrahydrofuran in the presence of an organic

base, for instance a tertiary amine such as

triethylamine, at a temperature of between 0 and 30°C.
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a halide or in the formof a m xed anhydride of general forrmula: [err]

10 in which Ar, Rlerr] and Rlerr] are defined as above and X represents a
hal ogen atom or. an acyl oxy or aroyl oxy radical, opti-onal Iy prepared in
situ, in the presence of a base which is ggeferably a ni trogenous organic 5
baske, for instance a tertiary aliphatic amne such as triethyl ani ne,

pyridine, an aninopyri di maes pildcass’ acdiording &y Q%U?’féyéiﬁ; or
4-pyrrolidinopyridine, working in an inert organic solvent chosen from
et hers invention is especially useful for preparing the
products of.general formula fI) in which R represents a
hydrogen atom or an acetyl radical, R, represents a
5 benzoyl or t-butoxycarbonyl radical and Ar represents
an optionally substituted phenyl radical.
The examples which follow illustrate the
present invention.
EXAMPLE 1
10 A solution of 10.0 g of methyl (2R,38)-3-t-
| butoxycarbonylamino-2-hydroxy-3-phenylpropionate and
0.25 g of pyridinium b-toluenesuiphonate in 200 cm® of
toluene is dehydrated by distilling off 20 cm® of
solvent. 6.34 cm® of p-methoxybenzaldehyde dimethyl
15 acetal are added in the course of 5 minutes to the
reaction mixture heated to boiling. During the
addition, 50 cm® of solvent are distilled off, and then

a further 100 em® of solvent are distilled off. After

cooling to a temperature in the region of 20°C, 80 cm?®

20 of cyclohexane are added'in the course of 10 minutes.
The mixture is cooled to 0-5°C. The slurry obtained is
filtered on sintered glass and the filter cake is
washed with 40 cm® of cyclohexane and then dried under
reduced pressure at a temperature in the region of

25 20°C. 10.39 g of (2R,48,5R)-3-t-butoxycarbonyl-2-(4-
methoxyphenfl)4-phenyl-5-methoxycarbony1-1,3-
oxazolidine, the characteristics of which are as

follows, are thereby obtained in a 74% yield:
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such as tetrahydrofuran, diisopropyl ether, nmethyl 10 t-butyl ether or
di oxane, esters such as ethyl acetate, isopropyl acetate or n-butyl
acetate, nitriles such as acetonitrile, aliphatic hydrocarbons such as
pent ane, hexane or heptane, hal ogenated aliphatic hydrocar bons such as

di chl oronet hane or 1, 2-di chl or oet hane and 15 aromati ¢ hydrocarbons such
as benzene, toluene xyl enes, ethylbenzen& | sopropyl benzene or

Cheroghon or " 2ol BRFREE Ed<todin i e Wl BTy HaelicHerioide "
an acyl oxy radiear ReAc Mixis ) doataduh ] A .CONRe Bt ol
which the aryl 2abt,i 97403 A7RS"Mle143911%3e, 1460, 1435, 1390, 1370,
1245, 1175, 1165, 816, 760 and 700 cm™?
5 - proton nuclear magnetic resocnance spectrum (400 MHz;
- CDCl;; temperature: 323°K; chemical shifts & in ppm;
coupling constants J in Hz): 1.11 (s, 9H); 3.60 (s,
3H); 3.82 (s, 3H); 4.58 (d, J = 5, 1H); 5.42 (broad d,
J =5, 1H); 6.38 (s large, 1H); 6.92 (d, J = 7.5, 2H);
10 7.30 to 7.45 (mt, 7H).
14 cm® of an aqueous solution containing
0.31 g of lithium hydroxide monohydrate are added to a
solution of 3.0 g of the product obtained above in
27 cm® of methanol. The mixture is stirred for 2 hours
15 at a temperature in the region of 20°C. The methanol is
removed by distillation under reduced pressure and
40 cm® of dichloromethane are then added. With vigorous
stirring, the reaction mixture is acidified by adding
1N hydrochloric acid until the pH equals 1. After
20 settling has taken place, the agueous phase is
separated and extracted twice with 40 cm® of
dichloromethane. The combined organic phases are dried
over sodium sulphate. After filtration and evaporation
of the solvent, 2.88 g of (2R,4S,5R)-3-t-
25 = butoxycarbonyl-2- (4-methoxyphenyl) -4-phenyl-1,3-
oxazolidine-s-ca:boxflic_acid, the characteristics of
which are as follows, are obtained in a 94.5% yield:

- infrared spectrum (in disk with KBr): characteristic
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-optionally substituted with 1 to 5 identical or 25 different atoms or

radi cal s chosen from hal ogen (chlorine, bromine) atoms and nitro, methyl or
nmet hoxy radi cals. The deprotection of the side chain nay be 11 perforned
in the presence of an inorganic acid (hydrochloric acid,

organic acid
sulgphoni c or

‘organi c sol ve

I sopr opanol ),

10

15

20

25

(acetic acid, nethanesul phonic acid, trifluoromethane-

p-t ol uenesul phoni ¢ aci d) usé® al one or 5 nixed, worki ng in an

Do peion "Sands W' 424 FE1E %sed EKY, PLB2"Ddas,
1755, 1700, 1615, 1590, 1515, 1460, 1250, 1175, 1030,
835, 765 and 705 cm™l | |
- proton nuclear magnetic resonance spectrum (250 MHz;
CDCl,; chemical shifts 6 in ppm; coupling constants J
in Hz): 1.08 (s, 9H); 3.82 (s, 3H); 4.61 (d, J = 5,
1H); 5.42 (broad d, J = 5, 1H); 6.38 (broad s, 1lH);
6.92 (d, J = 7.5 2H); 7.30 to 7.45 (mt, 7H).

- EXAMPLE 2

0.52 g of dicyclohexylcarbodiimide is added
at 0°C to a stirred solution of 1.0 g of (2R,4S8,5R)-3-
t-butoxycarbonyl-2- (4-methoxyphenyl) -4-phenyl-1,3-
oxazolidine-5-carboxylic acid, 1.34 g of 4,acetoxy-2a-
benoyloxy-SB,20-epoxy-1,13a-dihydroxy-9-qxo-7ﬁ,103-
bis(2,2,2-trichloroethoxy) carbonyloxy-1l-taxene and
0.061 g of 4-(dimethylamino)pyridine in 7.6 cm® of
anhydrous toluene. The mixture is stirred for 2 hours
at a temperature of 20°C. The dicyclohexylurea is
separated by filtration and washed with toluene. The
combined organic phases are washed with 0.1N |
hydrochloric acid solution énd saturated sodium
hydrogen carbonate solution and dried over sodium
sulphate. }fter filtration and concentration to dryness
under reduced pressure, 2.09 g of crude 4-acetoxy-2a-
benzoyloxy-58,20-epoxy-1-hydroxy-9-oxo-78,108-
bis(2,2,2-trichloroethoxy) carbonyloxy-11l-taxen-13a-yl
(2R, 48,5R) -3-t-butoxycarbonyl-2- (4-methoxyphenyl) -4-

phenyl-1,3-oxazolidine-5-carboxylate are obtained, the
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et hers (tetrahydrofuran, diisopropyl ether, methyl t-butyl ether), esters
(ethyl acetate, isopropyl acetate, n-butyl acetate), aliphatic hydrocarbons
10 (pentane, hexane, heptane), hal ogenated aliphatic hydrocarbons

(di chl or onet hane, 1, 2-dichl oroethane), aromatic hydrocarbons (benzene,

tol uene, xylenes) and nitriles (acetonitrilJg), at a tenperature of between
-10 and 60[err]C, and preferably between 15 and 30[err]C. The 15

i nor gani ¢ or (”éﬁgg§b€$%fggf¥sb@f”&ﬁfcﬁ @ecgéa% iigwgr st0|ch|onetr|q

anount or in excess e déprot ection may al e carried out under

oxi di zi ng Cond't'ﬂ@:&@é&%%éa%ﬁﬁa%ﬁélsﬂ“mm&ﬂiéﬂé \asbdipt Lok AN

acetonitrile/water mxture
2, 3- di chl oro- 5 ystli V@ 03974; DEPESAULPROS 17281 2910 Theslsprobestion may

al so be carried out
1455, 1250, 1175, 980, 710 and 700 cm™!

5 - proton nucleaf magnetic resonance spectrum (400 MHz;
CDCl,; temperature: 323°K; chemical shifts 6 in ppm;
coupling constants J in Hz): 1.09 (s, 9H); 1.18 (s,
3H); 1.27 (s, 3H); 1.67 (s, 3H); 1.72 (s, 1BH); 1.82 (s,
3H); 1.90 (s, 3H); 2.02 (m, 1H); 2.13 (dd, J = 15 and

10 9, 1H); 2.25 (dd, J = 15 and 9, 1H); 2.60 (mt, 1H);
3.83 (d, J =7, 1H); 3.83 (s, 3H); 4.12 (d, J = 8, 1H);
4.26 (d, J =8, 1H); 4.60 (d, J =5, 1H); 4.61 (4, J =
12, 1H); 4.78 (limiting ab, J = 11, 2H); 4.90 (broad d,
J =10, 1H); 4.90 (d, J = 12, 1H); 5.45 (broad d, J =

15 5, 1H); 5.50 (44, J = 11 and 7, 1H); 5.66 (4, J = 7,
1H); 6.12 (t, J = 9, 1H); 6.18 (8, 1H); 6.39 (broad 8);
6.94 (d, J = 7.5, 2H); 7.42 (d, J = 7.5, 2H); 7.35 to
7.50 (mt, 5H); 7.49 (¢, J =5, 2H); 7.63 (t, J = 7.5,

1H); 8.03 (d, J = 7.5, 2H).

20 9 pl of 37 % (w/w) aqueous hydrochloric acid
solution are added to a solution of 0.161 g of the
product obtained above in 2.1 cm® of ethyl acetate. The
mixture is stirred for 3 hours at a temperature in the
region of 20°C. Assay by high performance liquid

25 chromatography shows that the yield of 4-acetoxy-2a-
benzoyloxy-58,20-epoxy-1-hydroxy-9-oxo-78,108-
bis (2,2, 2-trichloroethoxy) carbonyloxy-11l-taxen-13a-yl
(2R;3s)-3-t-butoxycarbonylamino-3-pheny1-2-
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under reducing conditions,
The prot.ective groups Jerr] and Jerr] are preferably 25

a catal yst.

for exanple by hydrogenolysis in the presence of

2,2,2-trichl oroet hoxycarbonyl or 2-(2-trichloronethyl- propoxy)carbonyl
radi cals or trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl or

triarylsilyl

radicals in mhlch the al kyl. portions contain 1 to 4 12

carpon atons and the aryl portions are préPerably phenyl radicals.

Repl acenent of _t

rotectlve groups Ggfrr] and, where approprlate (€74

representing-at® ¥BF9 zopigpate i

10

15

20

25

4-Acetoxy-2a-benzdyloxy-53,20;epoxy-1-
hydroxy-s-oxo-7ﬁ,103-bis(2,2,2-£richloroethoxy)-
carbonyloxy-1l-taxen-13a-yl (2R,38)-3-t-

- butoxycarbonylamino-3-phenyl-2-hydroxypropionate is

converted to 4-acetoxy-2a-benzoyloxy-58,20-epoxy-9-oxo-
1,78,108-trihydroxy-1l-taxen-13a-yl (2R,38)-3-t-
hutoxycarbonylamino-B-phenyl-z-hydréxypropionate (or
Taxotere) under the conditions described in Patent
EP 0,253,738. |
EXAMPLE 3

A solution of 2.43 g of methyl (2R,38)-3-t-
butoxycarbonylamino-2-hydroxy-3-phenylpropionate and
0.059 g of pyridinium p-toluenesulphonate in 60 cm® of
toluene is dehydrated by distilling off 5 cm® of
solvent. A solution of 1.7 g of 3,4-dimethoxybenz-
aldehyde dimethyl acetal in 14 cm® of toluene is added
in the course of 15 minutes to the reaction mixture
heated to boiling. During the addition, 15 cm® of
toluene are distilled off, and then a further 25 cnm®
are distilled off. After cooling to a temperature in
the region of 20°C, 40 cm® of water are added with
stirring. After settling has taken place, the organic
phase is separated and dried over magnesium sulphate.
After filtration and concentration to dryness, the
residue is taken up with 8 cmP'pf diisopropyl ether.
The product which crystallizes is separated by
filtration, rinsed with diisogggpyl ether and then
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5 hydr ogen atons may be performed sinultaneously with deprotection of
t-he side chain. Replacenent of the protective groups Jerr] and, where.
appropriate, G2 representing a 2,2,2-trichloro- et hoxycarbonyl or
2-(2-trichl oronet hyl propoxy) car bonyl 10 rgqical is performed with zinc,
optionally in conbination with copper, in"fhe presence of acetic acid at a

tenmperature of adegedcandéd Fedueke prieEsude .0y .y >0 (2% 487 gga-.%i-q:-or

organic acid such as hydrochloric acid or acetic acid dissolved in an
al i phati c al cobakokycagbonlylafinb-26 (3,d3diMe thokFphenyl) -Al pHdnfialy C

ester such as ethyl acetate, isopropyl acetate or n-butyl acetate, in the
presence of zimetbpkycaxbonyilrl;arbxazolddivne!,h theppbarabiier iistiilcc Ent
may al so be perforned by '
which are as follows, are thereby obtained in a 50 %
5 vyield: |
- infrared spectrum (disks, mixed with KBr):
characteristic absorption bands at 3085, 3065, 3030,
2975, 2935, 2840, 1740, 1700, 1600, 1520, 1495, 1455,
1425, 1265, 1175, 1025, 800, 755 and 700 em™?
10 - proton nuclear magnetic resonance spectrum (300 MHz;
DMSO-d; chemical shifte & in ppm; coupling constants J
in Hz): 1.00 (s, 9H); 3.58 (s, 3H); 3.80 (s,IBH); 3.83
(s, 3H); 4.68 (d, J = 4, 1H); 5.31 (unres. comp., 1H);
6.34 (unres. comp., 1H); 6.95 to 7.10 (mt., 3H); 7.35
15 to 7.50 (mt., S5H).

0.24 g of 86 % potassium hydroxide is added
to a solution of 1.63 g of the ester thereby obtained
in 25 cm® of methanol and 7 cm® of distilled water. The
mixture is stirred for 40 minutés at a temperature in

20 the region of 20°C. After removal of the methanol by
distillation under reduced pressure and acidification
of the medium to pH 3-4 byladding.lN hydrochioric acid,
the precipitate obtained is separated by filtration.
The filter cake is washed with water and then dried.

25 1.45 g of (2R,48,5R)-3-t-butoxycarbonyl-2- (3, 4-
dimethoxyphenyl)-4-pheny1-1,3-oxazolidine-S-carboxylic
acid, the purity of which is 95 % and the

characteristics of which are as follows, are thereby
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*20 el ectrolytic reduction. The acid of general fornmula (VI1) may be
obt ai ned by saponification in a basic nmediumof an ester of general

fformula: [err]. 13L in which Ar, Rlerr] and Rerr] are defined as above
‘and R4 represents an al kyl radical contaigging 1 to 4 carbon atons
optionally substituted with a phenyl radical. In general, the

.saponi ficati opbtaiped dud 92 % PAdIRENS of an inorgani c base such as an
al kali metal hydroxide (lithium potassium sodi um hydroxide) or an

- infrared spectrum (disks, mixed with KBr):

characteristic absorption bands at 3225, 3030, 3005,

2975, 2930, 2840, 1740, 1710, 1610, 1600, 1515, 1465,

5 1455, 1260, 1175, 1020, 760 and 700 cm"!

- proton nuclear magnetic resonance spectrum (250 MHz;

DMSO-d;; chemical shifts 6 in ppm; coupling constants J

in Hz): 1.00 (s, 9H); 3.78 (s, 3H); 3.81 (s, 3H); 4.55

(d, T = 4, 1H); 5.23 (unres. comp. 1H); 6.29 (unres.

10 comp., 1H); 6.90 to 7.10 (mt, 3H); 7.30 to 7.50 (mt,
5H) . |
EXAMPLE 4

0.076 g of dicyclohexylcarbodiimide and
0.0075 g of 4-(dimethylamino)pyridine are added all at

15 once at 0°C to a stirred suspension of 0.155 g of
(2R,4s,53)-3-tdbutoxyca:bony1-2-(3,4-dimethoxypheny1)-
4-pheny1-1,3-oxazolidine-S-carboxylic acid and 0.24 g
of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1,13a-dihydroxy-
9-oxo-73,105—bis(2,2,2-trichloroethoxy)carbonyloxy-ll-

20 taxene in 2.5 cﬁ@ of anhydrous tolﬁene. The mixture is
stirred for 1 hour at 0°C. The dicyclohexylurea formed
is separated by filtration. The cake is washed with
toluene. The combined toluene phases are washed
.successively with saturated aqueous sodium bicarbonate

25 solution and then with water. After drying and
concentration to dryness under reduced pressure,

0.435 g of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-
hydroxy-9-oxo-78,108-bis(2,2,2-trichloroethoxy) -
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al kali metal carbonate or bicarbonate (sodi um bicarbonate, potassium
carbonate or bicarbonate), in an aqueous-al coholic nmedium such as a

met hanol / wat er 10 m xture at a tenperature of between 10 and 40[err]C,
and preferably in the region of 20C. The ester of general formula (XI1) may
?btalned by the action of an aldehyde 82 general formula: 15

rr] fi.ned as above,

optlonafﬁy in FﬁﬁbPBV}Pﬁ& &1d| Wqé é%léﬁ eR3-3atcyl ether or an
BAIGEER ST IR %‘%%@é@ﬁ“ng-a’m&%' 39,20 in
gener al f0rn”'3xazolidine-5 -carboxylate, the characteristics of which
are as follows, is obtained in a quantitative yield:
5 - infrared spectrum (CCl,): characteristic absorption
bands at 3580, 3550-3375, 3090, 3070, 3030, 1765, 1740,
1730, 1715, 1605, 1520, 1500, 1465, 1455, 1265, 1250,
1180, 1035, 985, 710 and 695 cm™! |
- proton nuclear magnetic resonance spectrum (400 MHEz;
10 CDCl,;; temperature: 323°K; chemical shifts & in ppm;
coﬁpling constants J in Hz): 1.10 (=, 9H); 1.17 (s,
3H); 1.25 (s, 3H); 1.66 (s, 3H); 1.70 (s, 1H); 1.82 (s,
3H); 1.90 (s, 3H); 2.02 (mt, 1H); 2.13 (dd, J = 15 and
9, 1H); 2.24 (dd, J = 15 and 9, 1H); 2.60 (mt, 1H);
15 3.83 (d, g =7, 1H); 3.89 (s, 3H); 3.93 (s, 3H); 4.12
(d, T =8, 1H); 4.26 (d, T = 8, 1H); 4.60 (4, J = 4.5,
1H); 4.60 (4, J = 12, 1H); 4.78 (limiting ab, 2H); 4.89

(broad d, J 10, 1H); 4.90 (d, T = 12, 1H); 5.46

20 5.66 (4, § =7, 1H); 6.13 (t, J = 9, 1H); 6.15 (s, 1H);
6.39 (s; 1H); 6.90 (4, § = 7.5, 1H); 7.03 (4, J = 1,
1H); 7.07 (&d, J = 7.5 and 1, 1H); 7.35 t§ 7.50 (mt,
S5H); 7.48 (¢, § = 7.5, 2H); 7.62 (¢, J = 7.5, 1H); 8.03
(d, o = 7.5, 2H).

25 ' 2 pl of methanesulphonic acid are added to a
solution of 0.223 g of the ester obtaingd above in
2.5 cm® of methanol. The mixture is stirred for 2 hours

30 minutes at a temperature in the region of 20°C.
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*[err] in which Ar, Rerr] and R err] are defined as above, prefrably in the
2R, 3S form working in an inert organic solvent in the presence of a strong
i-norgani ¢ acid.such as 25 sul phuric acid or strong organic acid such as
14 p-tol uenesul phonic acid, optionally in,.the formof a pyridiniumsalt, at
a tenperature between O[err]C and the bo?#ing poi nt of the reaction

g e Ry R BBk paRRrEuarh, heyE e, FrEeRat R AR SERY) rmy be
obtained by aEﬁL@tEﬂQ gﬁeid of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-
l-hydroxy-9-oxo-78,108-bis(2,2,2-trichloroethoxy) -
carbonyloxy-l1ll-taxen-13a-yl (2R,38)-3-t-butoxy-
5 carbonylémino-3-phenyl-z-hYdroxypropionate is 88 %.
EXAMPLE 5
a solution of 0.497 g of methyl (2R,3S8)-3-t-
butoxycarbonylamino-2-hydroxy-3-phenylpropiocnate,
0.012 g of pyridinum b-toluenesulphonate and 0.295 g of
10 2,4-dimethoxybenzaldehyde in 20 cm® of anhydrbus
toluene is heated to reflux for 24 hours. The water
formed during the reaction is removed by means of a
Dean and Stark apparatus. After cooling to a
temperature in the region of 20°C, the solutiom is
15 washed with 37 % (w/w) aqueous sodium hydrogen sulphite
solution and then with saturated aqueous_éodium
bicarbonate solution; After concentration of the
'organic phase under reduced pressure, 0.700 g of
(48,5R) -3-t-butoxycarbonyl-2-(2,4-dimethoxyphenyl) -4-
20 phenyl-S-methoxycarbonyl-l,3—oxazolidine is obtained in
an 80 % yield in the form of a virtually equimolecular
mixture of the diastereo-isomeric forms A and B, the
characteristics of which are as follows:
- infrared spectrum (CCl,): characteristic absorption
25 bands at 3095, 3070, 3035, 2980, 2955, 2935, 2840,
1760, 1745, 1710, 1615, 1590, 1510, 1465, 1455, 1435,
1210, 1160, 1040, 835 and 700 cm™!

- proton nuclear magnetic resonance spectrum (250 MHz;
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‘phenyl i soserine derivative of general formula: [err] in which Ar and R err]
are defined as above. The acylation is perfornmed by the action of 10
benzoyl chloride or a reactive derivative of general forrmula: Rerr]-O-COY
(XVI1) in which Rerr] is as defined above and Y represents a hal ogen
(fluorine, chlorine) atomor a residue -ggRerr] or 15 -OCOORerr]
.wotking in an organic solvent, for instance an aliphatic ester such as

et hyl acet at epMsoadpal engaﬂﬁéeﬂ shipbat b cihygpmgacdbaplinghcenstants J

di chl oronet hane, in the presence of an inorganic or organi c base such as
sodi um bi car bimalie) s | &. gonésal ~C2CH;) § hef Blctl 22 i 68 perC (CHPG f a
tenperature of between O
A); 3.55 (unres. comp. -COOCH; or -OCH; of B); 3.87 to
3.85 (mt, -COOCH, or -OCH, of A and B); 4.64 (d, J =
5 4.5, -H5 of B);.S.Ol (d, g = 2.5, -H5 of A); 5.21 (4, J
= 2.5, -H4 of A); 5.26 (4, T = 4.5, -B4 of B); 6.46
f[dd, J = 7.5 and 1.5, "ésns at position 2 (-H5) of Al;
6.52 (s, -H2 of A); 6.50-6.65 [mt, -HE2 and -C.H; at
position 2 (-H5 and -H3) of B +';c51-15 at position 2
10 (-H3) of A); 7.00 [d, J = 7.5, -CgHg at position 2 (-H6)
of Bl; 7.30 to 7.55 (mt, 5H, -CgHy at position 4 (-H2 to
-H6) of A and B].
0.073 g of lithium hydroxide monohydrate is
added to a solution of 0.700 g of the ester obtained
15 above in a nixture. of 9 em® of methanol and 3 cm® of
distilled water. The resulting mixture is stirred for
3 hours 30 minutes at a temperature in the region of
20°C. The methanol is removed by distillation under
reduced pressure. The agqueous phase is washed with
20 toluene and is then acidified until the pH equals 3-4
by adding 1N aqueous hydrochloric acid solution. The
precipitate obtained is separated by filtration, and
the filter cake is washed copiously with water to
neutrality and then dried under reduced pressure.
25 0.450 g of (48,5R)-3-t-butoxycarbonyl-2-(2,4-
dimethylphenyl) -4-phenyl-1, 3-oxazolidine-5-carboxylic
acid is thereby obtained in a 74 % yield in the form of

a virtually equimolecular mixture of the
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‘and 50[err]C, and preferably in the region of 20[err]C. The product of
general fornmula (XVlI) may be prepared under the conditions described in

I'nt ernati onal Application PCT WO 92/09, 589. 25 The anhydri de of
general fornula (X) nay be 15 obtai ned oy reacting a dehydrating agent
sueh as dicycl ohexyl carbodiimde wth the acid of general forrmula (VII),

_\gfio,r‘ki ng in an AGAse U1 S R ' UBLHLC the Wl ke dal{ADYE Cbiir an.
i sopropyl ether, 5 nethyl t-butyl ether or dioxane, ketones such as
met hyl i sobut ynilkdi Qe £HPISBIswEn ase et hyl acetate,
- infrared spectrum (in disk with KBr): characteristic
absorption bands at 3300-2700, 2700-2250, 3070, 3030,
5 3005, 2975, 2940, 2840, 1710, 1615, 1590, 1510, 1460,
1210, 1160, 1035, 835 and 700 cm™?
- proton nuclear magnetic resonance spectrum (200 MHz;
'DM'SO-ds; temperature: 393°K; chemical shifts & in ppm;
coupling constants J in Hz; mixture of the 2
10 diastereoisomers in the proportion 55:45): 1.00 (s,
-C(CH;); of B); 1.25 (s, -C(CHy); of A); 3.75 to 3.85
(mt, 6H, -OCH; of A and B); 4,43 (d, J = 5, -HS5 of B);
4.77 (4, § = 2, -H5 of A); 5.21 (d, J = 2, -H4 of a);
5.21 (4, J = 2, -H4 of B); 6.42 [dd, J = 7.5 and 1.5,
15  -C.Hy at position 2 (-HS) of Al; 6.49 (s, -H2 of A);
6.45-6.60 [mt, H2 and -C,H; at position 2 (-H5 and -H3)
of B + -CzH; at position 2 (-H3) of A]; 7.02 [d, J =
7.5, -CgHs at position 2 (-H6) of Al; 7.15 [d, J = 7.5,
-CcHs at position 2 (-H6) of B]; 7.25 to 7.50 [mt, 5H, -
20 CgHg at position 4 (-H2 to -H6) of A and B].
EXAMPLE 6
0.656 g of dicyclohexylcarbodiimide and
0.0287 g of 4-(diméthylamino)pyridine are added all at
once at 0°C to a stirred suspension of 1.671 g of
25  (4S,5R) -3-t-butoxycarbonyl-2- (2,4-dimethoxyphenyl) -4-
phenyl-1,3-oxazolidine-5-carboxylic acid and 1.003 g of
.4-acetoxy-2a-benzoyloxy-5§,20-e§oxy-1,13a-dihydroxy-9?
oxo-78,108-bis(2,2,2-trichloroethoxy) carbonyloxy-11-
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t Sopropyl acetate or n-butyl acetate, nitriles such as acetonitrile,
al i phatic hydrocarbons such as pentane, hexane or heptane, hal ogenated
al i phati c hydrocarbons 10 such as di chl oronet hane or 1, 2-di chl oroet hane
or aromatic hydrocarbons such as benzene, toluene, xylenes, ethyl benzene,
i sopropyl benzene or chlorobenzene, at a tgpperature of between 0 and 30C.
Theiactivated acid of general formula (Xl) 15 may be obtai ned by the
action of a sutakengl iha8i dm® of canhpdi-gus heoThéne i dFhe aninturediist of
general fornula: Rerr]-CO-Z (XVI11) in which Rerr] represents
an al kyl radi catirvedaferng0imipugés a 03Chandatbes feraSphonyke m&diaca
optlonally substituted with 1 to 5 identical or different atons or
temperature in the region of 20°C. The dicyclohexylurea
formed is separated by filtration and washed with
5 toluene. The combined toluene phases are washed with
saturated agqueocus sodium bicarbonate solution and then
with water. After drying, filtration and concentration
to dryness under reduced pressure, 1.623 g of crude
4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-9-oxo-
10 78,108-bis(2,2,2-trichloroethoxy) carbonyloxy-11l-taxen-~
13-yl (4S8,5R)-3-t-butoxycarbonyl-2-(2,4-
dimethoxyphenyl) -4-1,3-oxazolidine-5-carboxylate are
obtained in the form of a diasteroisomeric mixture, the
constituents of which are separated by liquid
15 chromatography on silica gel, eluting with an ethyl
acetate/cyclohexane mixture (75:25 by voluﬁe).
One of the two diastereoisameis possesses the
following characteristics: |
- proton nuclear magﬁetic resonance spectrum (400 MHZz;
20 CDCl;; chemical shifts & in ppm; coupling constants J
in Hz): 1.20 (s, 3H); 1.25 (s, 9H); 1.30 (s, 3H); 1.76
(s, 1H); 1.85 (s, 3H); 2.00 (s, 3H); 2.05 (mt, 1H):;
25 3H); 3.95 (4, J =7, 1H); 4.14 (4, J = 8, 1H); 4.30 (4,

(L
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fadical s chosen from hal ogen atons and nitro, nethyl and nethoxy radicals
and Z represents a hal ogen atom preferably a chlorine atom on an acid of
general 25 formula (MI'1), working in a suitable organic solvent such as
tetrahydrofuran in the presence of an orgggic base, for instance a tertiary
~anmi he such as triethylanmine, at a tenperature of between 0 and 30[err]C.

16 The processsagoofdjng Lo7ihgnp:egens i(Byenfr) 9ngl gqegpeciyall ¥, u§§5ul for
preparing the products of general formula ( 1) in which R represénfs
hydrogen at om 6r4an(ddst gl =r adscahd ®L5;r LB $PECSEN(E, 2T = 1.5, 1H);
6.69 (s, 1H); 7.16 (4, J = 7.5, IH); 7.35 to 7.50 (mt,
3H); 7.48 (t, J = 7.5, 2H); 7.67 (4, T = 7.5, 2H); 7.63
5 (t, T =7.5, 1H); 8.04 (4, J = 7.5, 2H).
The other diasteroisomer possesses the
following characteristics:
- infrared spectrum (CCl,): characteristic abéorption
bands at 3580, 3550-3300, 3070, 3030, 1760, 1740, 1710,
10 1610, 1590, 1510, 1455, 1435, 1260, 1250, 1210, 1180,
1035, 985, 710 and 700 cm! |
- proton nuclear magnetic resonance spectrum (400 MHz;
CDCl;; chemical shifts 6 in ppm; coupling constants J
in Hz): 1.10 [s, 9H: -C(CH;)3]l; 11.16 (s, 3H: -CH, 16 or
15 17); 1.24 (s, 3H: -CH, 16 or 17); 1.53 (s, 3H: -CH, 19);
1.66 (s, 1H: -OH 1); 1.82 (s, 3H: -CH, 18); 2.00 (s,
3H: -COCH;); 2.00 (mt, 1H: -(CH)-H6); 2.12 (dd, J = 15
and 9, 1H: -(CH)-H14); 2.24 (dd, J = 15 and 9, 1H: -
(CH) -H14); 2.60 (mt, 1H: -(CH)-H6); 3.82 (4, J = 7, 1H:
20 -H3); 3.82 (s, 3H: -OCH;); 3.90 (s, 3H: -OCH3); 4.12 (4,
J =8, 1H: -(CH)-H20); 4.26 (d, J = 8, 1H: -(CH)-H20);
4.55 (4, J = 4, 1H: H5'); 4.62 (d, J = 12, 1H: -O(CH)-H
of CCl1,CH,0CO0 at position 7); 4.78 (ab, J = 11, 2H:
O-CH, of Cl;CH,0CO0 at position -10); 4.89 (brocad d, J =
25 10, 1H: -H5); 4.89 (d; J = 12; 1H: -O(CH)-H of
C13CCH§OCOO.at-position -7); 5.46 (broad 4, J = 4, 1H:
H4’); 5.50 (dd, J = 11 and 7, 1H: -H7); 5.65 (d, J = 7,
1H: -H2); 6.05 (t, J = 9, 1H: -H13); 6.16 (s, 1H:

N




5 benzoyl or t-butoxycarbonyl radical and Ar represents an optionally
substituted phenyl radical. The exanples which followillustrate the
present invention. EXAVPLE 1 10 A solution of 10.0 g of nethyl
{ 2R 3S)-3-t- butoxycarbonyl ani no- 2- hydr oxy- 3- phenyl propi onate and 0.25 g of
pyii di ni um p-tol uenesul phonate in 200 cn% of toluene is dehydrated by

distilling of Ly4@ Cm% .8% enlr: GC3f_Catepbbieion- get hopybanaasphyde
dimethyl 15  ace al are Zﬁled I n thé Eourgg of 5°n1nutgs to the rzggtlon

m xture heateg e Qankigdd  cop .0 1HE E2dgi;t i7Q22 Ja,cdf e 17). 50f 18l vent are
distilled off, and then a further 100 cnierr] of solvent are distilled off.
After coolli ng-tgng aEtnpesdties 2n (RE6) bgi Du30f ta07e50] Cut305H=] el
at position 4’ (-BE2 to -H6)]l; 7.48 [t, J = 7.5, 2H:
5 -0COCH; (-E3 and -H5)1; 7.63 [t, J = 7.5, 1H: -OCOCHs
(-E4)]; 8.03 [d, 0 = 7.5, 2H: -OCOC.H; (-H2 and -H6)].
80 ul of methanesulphonic acid are added to a
solution of 1.623 g of the crude ester obtained above
in 20 cm® of methanol. The mixture is stirred for 4
10 hours at a temperature in the region of 20°C. Assay by
high performance liquid chromatography shows that the
yield of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-9-oxo-
7B,10§-bis(2,2,2-trichloroethoxy)carbonyloxy-ll-taxen-
13-yl (2R, 38)-3-t-butoxycarbonylamino-3-phenyl-2-
15 hydroxypropionate is 88 %.
EXAMPLE 7
A solution of 10.0 g of methyl (2R,3S)-3-t-
butoxycarbonylamino-z-hydroxy-B-phenylpropionate, 1.0 g
of pyridinium p-toluenesulphonate and 5.7 em® of
20 benzaldehyde dimethyl acetal in 250 cm® of anhydrous
toluene is heated to reflux. 200 cm® of solvent are
distilled off in the course of 2 hours. The solution is
cooled to a temperature in the region of 20°C and
washed with 50 cm® of water. After settling has taken
25 place, and separation, drying and concentration to
dryness of the organic phase, the residue obtained is
taken up in 14 cm® of diisopropyl ether. The slurry

obtained is filtered, rinsed and drained. 8.4 g of
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20 of cycl ohexane are added in the course of 10 m nutes. The m xture is
cooled to O-5[err]C. The slurry obtained is filtered on sintered glass and
the filter cake.is washed with 40 cnB of cycl ohexane and then dried under
reduced pressure at a tenperature in the region of 25 20[err]C. 10.39 g
of (2R, 4S, 5R)-3-t-but oxycar bonyl - 2- (4- 30 '

nmet hoxyphenyl ) henyl met hoxycar bonyl -1, 3- oxazol.i dj ne,
characterlstlcizgﬁ PBS'QF&' ¥FEWI #@nﬁﬁﬁrébﬁ QH£}|§1 a 74%

)altlbglo(rjptlonlga;\ﬂ‘lgn ?‘%ed pre gggx%la%h KBré')P(f' WY Wedlindd in
a 65 % yield in the form of a single diastereoisomer,
the cﬁaracteristics of which are as follows:

5 - infrared spectrum (disk, mixed with KBr):
 characteristic absorption bands at 3250, 3095, 3070,
3030, 2975, 1716. 1500, 1460, 1165, 760 and 700 cm™?
- proton nuclear magnetic resonance spectrum (300 MHz;
DMSO-d,; chemical shifts & in ppm; couéling constants J
10 in Hz): 0.95 (s, 9H); 4.26 (unres. comp., 1H); 5.10
(unres. comp. 1H); 6.20 (s, 1BH); 7.25-7.55 (mt, 5H).
1.26 g of 86 % potassium hydroxide are added
to a solution of 7.07 g of the ester obtained above in
88 cm® of methanol and 22 cm® of water. The mixture is
15 stirred overnight at a temperature in the region of
25°C. The methanol is removed by distillation under
reduced preasure. The mixture is acidified by adding 1N
hydrochloric acid until the pH equals 2. The
precipitate obtained is separated by filtration, washed
20 copiously with water to neutrality and then dried under
.reduced pressure. 7.0 g of (2R,48,5R)-3-t-butoxy-
carbonyl-2,4-diphenyl-1,3-oxazolidine-5-carboxylic acid
are thereby obtained in a quantitative yield in the
form of a single diastereoisomer, the characteristics
25 of which are as follows:
- infrared spectrum (disk, mixed with KBr): main
characteristic absorption bands at 3080, 3050, 3030,
3005, 2975, 1760, 1695, 1600, 1585, 1490, 1460, 1435,
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zéno, 1740, 1700, 1614, 1514, 1460, 1435, 1390, 1370, 1245, 1175, 1165,
816, 760 and 700 cnferr] 5 - proton nucl ear nmagnetic resonance spectrum
(400 MHz; CDCl[err]; tenperature: 323[err]K, chemcal shifts [err] in ppm
coupling constants J in Hz): 1.11 (s, 9H); 3.60 (s, 3H); 3.82 (s, 3H); 4.58
(d, J =5, 1H); 5.42 (broad d, J =5, 1H);3%6.38 (s large, 1H); 6.92 (d, J =
7.5{2H; 10 7.30 to 7.45 (nt, 7H). 14 cnferr] of an aqueous sol ution
containing 0.3h1xy%f 760 hdndn 790lrencilde nonohydrate are added to a sol ution
~of 3.0 g of the product obtained above in 27 cnferr] of nethanol. The
m xture i s stir+ egkdton lrlesr hagnetic resmeante r spectine (200 MH9} 20C.
The nmethanol is renoved by distillation under reduced pressure and 40
crerr] of di cAMEQhahemical fahi fikidd inNppm;v icpupliing constants J
5 1H); 5.30 (broad d, J = 4, 1H); 6.38 (s, 1H); 7.25 to
7.55 (mt, 5H).
EXAMPLE 8
0.70 g of dicyclohexylcarbodiimide and
0.030 g of 4-(dimethylamino)pyridine are added to a
10 stirred suspepsion of 1.25 g of (2R,48,5R)-3-t-
"butoxycarbonyl-2,4~-diphenyl-1,3-oxazolidine-5-
carboxylic acid and 1.08 g of 4-acetoxy-2a-benzoyloxy-
58,20-epoxy-1,13a-dihydroxy-9-oxo-78,108-bis (2,2, 2-
trichloroethoxy) -carbonyloxy-11l-taxene in 12 cm® of
15 anhydrous toluene. The mixture is stirred for 24 hours
at a temperature in the region of 20°C. The
dicyclohexylureé formed is separated by filtration and
washed with toluene. The combined organic phases are
washed with saturated aqueous sodium bicarbonate
20 solution. After drying and concentration to dryness
under reduced pressure, 2.27 g of a crude product are
obtained, which product is purified by liquid
chromatography on silica gel, eluting with a
hexane/ethyl acetate mixture (1:1 by volume). 1.05 g of
25 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-9-oxo-
78.,108-bis(2,2,2-trichloroethoxy) -carbonyloxy-1l1l-taxen-
13a-yl (2R,48,5R)-3-t-butoxycarbonyl-2,4-diphenyl-1,3-

oxazolidine-5-carboxylate are thereby obtained in a 75
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gtirring, the reaction mxture is acidified by adding 1N hydrochloric acid
until the pH equals,1. After 20 settling has taken place, the aqueous
phase is separated and extracted twice with 40 cnferr] of dichloronethane.
The conbi ned organi c phases are dried over sodium sul phate. After
filtration and evaporation of the solvent, 2.88 g of (2R 4S,5R)-3-t- 25
but pxycar bonyl - 2- (4- met hoxyphenyl ) - 4- phe -1, 3- oxazolidi ne-5-carboxylic

00, the, charpet PSSRl MILEhoRs 28 LfLl AlkyareopRaLncd, L @ 04 5%
characteristics of which are as follows:
- iﬁfrared spectrum (in dibk.with KBr) : main
characteristic absorption bands at 3250, 3095, 3070,
5 3030, 2975, 1710, 1500, 1460, 1165, 760 and 700 cm™*
- proton nuclear magnetic resonance spectrum (400 MAz;
CDCl,; chemical shifts 6 in ppm; coupling constants J
in Hz): 1.05 (s, 9H); 1.15 (s, 3H); 1.25 (s, 3H); 1.63
(s, 3H); 1.73 (s, 1H); 1.80 (s, 3H); 1.87 (unres. comp.
10 3H); 2.01 (mt, 1H); 2.08 (dd, J = 15 and 9, 1H); 2.23
(dd, J = 15 and 9, 1H); 2.58 (mt, 1H); 3.81 (d, J = 7,
1H); 4.10 (d, J = 8, 1H); 4.26 (d, J = 8, 1H); 4.60 ,
J = 12, 1H); 4.61 (d, J = 4, 1H); 4.78 (ab, J = 11,
2H); 4.87 (broad d, J = 10, 1H); 4.90 (d, J = 12, 1H);
15 5.46 (mt, 1H); 5.50 (dd, J = 11 and 7, 1H); 5.63 (d, J
=7, 1H); 6.13 (mt, 1H); 6.13 (s, 1H); 6.43_(unre§.
comp., 1H); 7.35 to 7.50 (mt, 10H); 7.48 (t, J = 7.5,
2H); 7.62 (t, J = 7.5, 1H); 8.03 (d, J = 7.5, 2H).
2.6 pl of methanesulphonic acid are added to
20 a solution of 41 mg of the ester obtained above in
0.4 cm® of methanol. The mixture is stirred for
48 hours at a ﬁemperature in the region of 20°C. Assay
by high performance liquid chromatography shows that 4-
acetoxy-2a-benzoyloxy-58, 20 -epoxy-1-hydroxy-9-oxo-
25 7B,10§-bis(2,2,2-trichlofoethoxy)carbonyloxy-ll-taxen-
13a-yl (2R,38)-3-t-butoxycarbonylamino-3-phenyl-2-
hydroxy-propionate is obtained in a 50 % yield.
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-absor ption bands at 3325-2675, 2980, 2955, 2935, 2845, 1755, 1700, 1615,
1590, 1515, 1460, 1250, 1175, 1030, 835, 765 and 705 cnferr] - proton

nucl ear magnetic resonance spectrum (250 MHz; 5 CDCl [err]; chem cal
'shifts [err] in ppm coupling constants J in Hz): 1.08 (s, 9H); 3.82 (s,
3H); 4.61 (d, J =5, 1H); 5.42 (broad d,33 = 5, 1H); 6.38 (broad s, 1H);
0 6.92 (d, J =7.52H); 7.30 to 7.45 (nm, 7H). EXAMPLE 2 10 _ 0.52
g of dicycl ohBXAMRREDOdi i mide is added at O[err]Cto a stirred solution of
1.0 g of (2R 4S,5R)-3- t-butoxycarbonyl -2-(4-nmet hoxyphenyl) -4-phenyl -1, 3-
oxazol i di ne-5-car boxyl i & sclution3s£fylef. 04gacdt meghyler(2R,3S)-3-t-
benoyloxy-5[errL,20-epoxy-1,13[err]-dihydroxy-9-oxo-7[err],10[err]- 15

bi s(2, 2, 2- t r | EHES*YEARbRRYLard By Rokydroxy 3cphenydpropionate,

3

0.334 g of pyridinium p-toluenesulphonate and 3.75 cm
5 of trimethyl orthoformate in 70 cm® of toluene is
heated to reflux. 4 cm® of solvent are distilled off.
After cooling to a temperature in ﬁhe region of 20°C
and filtration, the filtrate is concentrated to dryness
under reduced pressure. The residue is taken up with
10 50 cm® of hexane. The slurry obtéined is filtered,
rinsed and drained. 4.6 g of (4S,5R)-3-t-
butoxycarbonyl#z-methoxy-4-phenyl-S-methoxycarboﬁyl-
1,3-oxazolidine are thereby obtained in a 40 % yield in
the form of a mixture of diastereoisomers, the
15 characteristics of which are as follows:
- infrared spectrum (CH,Cl,): chracteristic absorption
bands at 2980, 2955, 2935, 2840, 1760, 1745, 1710,
1495, 1460, 1440, 1175, 1080 and 1065 em™1
- proton nuclear magnetic resonance spectrum (300 MHz;
20 DMSO-d,; temperature: 393°K; chemic;l shifts & in'ppm;
coupling constants J in Hz) on the 65:35 mixture of
diastereoisamers:.1.22'(5, 3H); 1.32 (s, 3H); 3.34 (s,
3H); 3.43 (s, 3H); 3.75 (s, 3H); 4.55 (4, 3 = 3, 1H);
4.68 (4, J = 8, 1H); 4.98 (d, J = 8, 1H); 5.17 (4, J =
25 3, 1H); 6.10 (s, 1H); 6.13 (s, 1H); 7.20 to 7.50 (mt,
5H) .
16.1 g of lithium hydroxide monohydrate are

added to a solution of 11.27 g of the product obtained
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0.061 g of 4-(dinethylam no)pyridine in 7.6 cnferr] of anhydrous tol uene.
The m xture is stirred for 2 hours at a tenperature of 20C. The '

di cycl ohexylurea is separated by filtrati on and washed with tol uene. The 20
conbi ned organi ¢ phases are washed with 0. 1N hydrochloric acid solution and
satur at ed sodi um hydrogen carbonate sol uBi4on and dried over sodi um

sul’phate. After filtration gnd concentration to dryness under reduced
"pressure, 2.0 VS i&&%%a@& w_ '32@8 cmx of water. '.l‘ge

benzoyl oxy-5[ e 20- epoxy-,1- h -9-o0x0-7[ e 10[.e - .
i a(o 25 1 RS R B AR a0 BEHSE s & yeperature in
2R, 4S, 5R) - 3-1 u f -5 (4 nvd ) -4-

éhenyl -1, é oxté:%% }r%e%%%?;ﬂooo%y( gﬁﬂgték%b;_ﬁie%,r%eved by

distillation under reduced pressure, and 145 cm® of

5 water and 245 om® of ethyl acetate are then added. The

two-phase mixture is cooled to 0°C with stirring and
then acidified with 1N hydrochloric acid until the pH
equals 5. The agqueous phase is separated after settling
has taken place and extracted with twice 75 cm® of

10 ethyl acetate. The organic phases are combined and
dried over sodium sulphate. After filtration and
concentration under reduced pre#sure'at 25°C to a
volume of 50 cm’, 9.80 g of 4-acetoxy-2a-benzoyloxy-
58,20-epoxy-1,13a-dihydroxy-9-oxo-78,108-bis(2,2,2-

15 trichloroethoxy) -carbonyloxy-1l-taxene, 4.29 g of
dicyclohexyl-carbodiimide and 0.25 g of 4-
(dimethylamino)pyridine are added to this residual
solution at 0°C. The mixture is stirred for 15 minutes
at 0°C and then for 3 hours at a temperature in the

20 region of 20°C. The dicyclohexylurea formed is
separated by filtration and washed with ethyl acetate.
The combined organic phases are washed with saturated
agqueous sodium bicarbonate solution. After drying and
concentration to dryness under reduced pressure, 14.75

25 g of 4-acetoxy-za-benzoyloxy-Sﬁ,20;epoxy-1-hydroxy-9-
oxo-?ﬂ,lOﬁ-Sis(2,2,2-trichloroethoxy)carbonyloxy-li-
taxen-13a-yl (48,5R)-3-tebutoxycérbonyl-z-methoxy-4-

phenyl-1,3-oxazolidine-5-carboxylate are obtained in
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19 characteristics of which are as follows: - infrared spectrum

(CHCl [err]): characteristic absorption bands at 3575, 1765, 1740, 1725,
1710, 1615, 1515, 1455, 1250, 1175, 980, 710 and 700 cnferr] 5 - proton
nucl ear nagneti c resonance spectrum (400 gHz CDC [err]; tenperature:
323Kerr]K chemical shifts [err] in ppm 8 upl i ng constants Jin Hz): 1.09

ST 160 (s, S mybe b fnetipgtobhdrie Mol b o1 ) 1 0% 0%
3 7 ke g e, 18 gt 19,61 (3 50
12, 1H); 4.78 ¢l infraredispebtrull. (CBJ1, #: 98ntheeadidtic absorption
bands at 1760, 1725-1710, 1600, 1450, 1245, 1175, 1060,
5 985 and 815 cm™! |
- proton nuclear magnetic resonance spectrum (400 MHz;
CDCl,; temperature; 323°K; chemical displacements 8 in
ppm; coupling constants J in Hz): 1.23 (s, 3H); 1.32
(s, 3H); 1.35 (unres. comp., 9H); 1.88 (s, 3H); 1.91
10 (s, 3H); 2.08 (s, 3H); 2.08 (mt, 1H); 2.26 (split ab, J
= 15 and 9, 1H); 2.65 (mt, H); 3.65 (s, 3H); 3.92 (4, J
=7, 1H); 4.18 (4, J = 8, 1H); 4.31 (d, J = 8, 1H);
4.64 (d, J = 12, 1H); 4.80 (4, J = 7, 1H); 4.83
(limiting ab, 2H); 4.95 (broad d, J = 10, 1H); 4.95 (d,
15 3 =12, 1H); 5.04 (broad d, J = 7, 1H); 5.58 (dd, J =
11 and 7, 1H); 5.72 (d, J = 7, 1H); 6.25 (s, 1H); 6.31
(s, 1H); 6.34 (t, J = 9, 1H); 7.30 to 7.55 (mt; 5H) ;
7.54 (¢, J = 7.5, 2H); 7.68 (t, J = 7.5, 1H); 8.08 (4,
J = 7.5, 2H).
20 47 ul of 37 % (w/w) hydrochloric acid are
| added to a stirred solution of 0.617 g of ester
obtained above in 7.6 cin3 of ethyl acetate. The mixture
is stirred for 20 hours at a temperature in the region
of 20°C. Analysis by high performance liquid
25 chromatography shows that 4-acetoxy-2a-benzoyloxy-
58, 20-epoxy-1-hydroxy-9-oxo-78,108-bis(2,2,2-
trichloroethoxy)carbonyloxy-1l-taxen-13a-yl (2R,38)-3-
t-butoxycarbonylamino-3-phenyl-2-hydroxypropionate is
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J = 10, 1H); 4.90 (d, J = 12, 1H); 5.45 (broad d, J = 15 5, 1H); 5.50 (dd,
J =11 and 7, 1H); 5.66 (d, J = 7, 1H; 6.12 (t, J =9, 1H); 6.18 (s, 1H);
6: 39 (broad s) 6. 94 (d J =7.5 2H),; 7.42 (d, J =7.5, 2H); 7.35to 7.50
(nt, SFD 7.49 (t, J 5 2H); 7.63 (t, ~ 7.5 1H); 8.03 (d, J = 7.5,
FD( 9 [err]l of 37 % (w w) aqueous hydrochloric acid

.solutlon are qﬁﬁgﬁﬁ éoéug#_ g;e 161 g of the product obtained above

in 2.1 cnB of ace at e ure is stirred for 3 hours at a

tenperaturelrhgéggﬁggign of 20[err]C. Assay by high performance liquid 25
chr omat ogr aphy™ Shows at the yield of 4-acetoxy-2[err]-

benzoyl oxy-5[err], 20- epoxysd1B¥L6R*¥£ 94 002- &[ 6£ rhetBYEr (2R, 35) -3-
bis(2, 2, 2- tr|chloroethoxy)carbonyloxy 11- taxen-13a-yl
(2R 39) - 3- t - bubenyeRL MMiNO AP+ BpdPoripeByphénylpropionate and 0.01 g of
5 pyridinium p-toluenesulphonate in 70 cn® of toluene is
dehydrated by distilling off 30 cm® of solvent. 30 cm®
of toluene are added and 20 cm® of solvent are
distilled off. After cooling, a solution of 2.57 g of
p-methoxybenzaldehyde dimethyl acetal in 6 om® of
10 toluene is added. 20 cm® of toluene are added, and the
mixture is then heated for 40 minutes to a temperature
in the region of 100°C while distilling off 60 cm’ of
solvent. After cooling, the cloudy solution is filtered
through cotton wool and then concentrated to drymess.
15 6.13 g of a yellowish oil are thereby obtained, which
oil is stirred for 12 hours with 30 cm® of cyclohexane.
Aftef filtration on sintered glass and_washing of the
precipitate with twice 10 em® of cyclohexane, 5.09 g of
(2R,4S,5R)-3-benzoy1-2-(4-methoxypheny1)-4theny1-5-
20 methoxycarbonyl-1,3-oxazolidine are obtained in a 91 %
yield.

25 cm® of an agqueous solution contain;ng 834
mg of 86 % potassium hydroxide are added to a solution
of 4.80 g of the product obtained above in 120 cm® of

25 methanol. The mixture is stirred for 1 houf at a
temperature in the region of 20°C. The'methanol is
removed by distillation under reduced pressure, and 25

3

cm® of water and 50 cm® of isopropyl ether are then
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<20 hydroxypropionate is 95 % 4-Acetoxy-2a-benzoyl oxy-5[err], 20-epoxy- 1-
hydr oxy-9-oxo-7[err],10[err]-bis(2,2,2-trichl oroet hoxy) -

carbonyl oxy-11-taxen-13[err]-yl (2R 3S),-3-t- 5

“but oxycar bonyl anmi no- 3- phenyl - 2- hydr oxypr opi onate is converted to
4-acetoxy-2a-benzoy|oxy-5[err],20-epoxy-3-oxo- '

1, 7[err],10[err]-trihydroxy-11-taxen-13[ 7r]-y| (2R, 38) - 3-t-

condi 1 ons. deealefieg TH aesnnel prasel 5 Hedidat e p A piRLeT (1e
has taken place and then washed with twice 25 cm® of
isopropyl ether. The agueous phase is acidified by
adding concentrated hydrochloric acid until the pH
5 equals 1, and 50 cm® of dichloromethane are then added.
After settling has taken place, the agqueous phase is
separated and washed with 25 em® of dichloromethane.
The combined organic phases are washed with 25 em® of
"water and then dried over sodium sulphate. After
10 filtration and concentration to dryneés, 4.49 g of
' (2R, 48, 5R) -3-benzoyl-2- (4-methoxyphenyl) -4-phenyl-1, 3-
oxazolidine-5-carboxylic acid are obtained in a 97 %
yield.
EXAMPLE 11

15 A solution of 0.1023 g of (2R,48,5R)-3-
benzoyl-2- (4-methoxyphenyl) -4-phenyl-1, 3oxazolidine-5-
carboxylic acid and 5.2 mg of 4- (dimethylamino)pyridine
in 3 cm® of toluene is added to a solution of 0.137 g
of 85 % 4,105-diacetoxnya-benzoyloxy-SB,20-epoxy-

20 1,13a-dihydroxy-9-oxo-78-triethylsilyloxy-11-taxene and
0.0521 g of dicyclohexylcarbodiimide in 1 cm® of
toluene. The mixture is stirred for 2 hours 15 minutes
at a temperature in the region of 20°C. The
dicyclohexylurea is separated by filtration. 20 cm® of

25 saturated sodium bicarbonate solution are added to the
filtrate. After settling has taken place, the agqueous
phase is separated and extracted with 3 times 30 cm® of

dichloromethane. The combined organic phases are dried

* This Sheet Has Been Replaced




A-solution of 2.43 g of nethyl (2R 3S)-3-t-

but.ozycar bonyl am no- 2- hydr oxy- 3- phenyl propi onate and 0. 059 g of pyridinium
p-tol uenesul phonate in 60 cnferr] of 15 tol uene i s dehydrated by
distilling off 5 cnferr] of solvent. A solution of 1.7 g of '

3, 4- di met hoxybenz- al dehyde di nethyl acetaBg8in 14 cnierr] of toluene is
added in the course of 15 mnutes to the reaction mxture heated to
boi | i ng. Duri ngover addiumosulphate.cAfltexf £filtratdloncaadare distilled off,
and then a further 25 cnierr] are distilled off. After cooling to a
tenmperature in snecpagmti@n.zoczw@ aniosr & pIdngte dsaobtadaed wwhich
stirring. After settlln has taken ace, the organic phase | S -separated
and dried over REGABS gﬁs %3 hxomatographyt P8 7a8d ofo®ddrdcG®at i on

h k h f I h
oo o euteod 1 a8 Kokt o 108 2B 1

5 diameter, eluting with a cyclohexane/ethyl acetate
mixture (70:30 by volume). 127.4 mg of 4,108-diacetoxy-
2a-benzoyloxy-58,20~-epoxy-1-hydroxy-9-oxo-78-
triethylsilyloxy-l1l-taxen-13a-yl (2R,4S,5R)-3-henzoy1-
2- (4-methoxyphenyl) -4-phenyl-1,3-oxazolidine-5-

10 carboxylate, the structure of which is confirmed by the
proton nuclear magnetic resonance spectrum and the
purity of which is in the region of 95 %, are thereby
obtained in a 70.54 % yield.

400 ul of a 0.9N ethanolic solution of

15 hydrochloric acid are added to a solution of 40 mg of
the product obtained above in 2 cm® of ethanol. The
mixture is stirred for 6 hours at a temperature in the
region of 20°C. Assay by high performance liquid
chromatography shows that the yield of 4,108-diacetoxy-

20 Za-benzoyloxy;Sﬁ,20-epoxy-1,7B-dihydroxy-9-oxo-11-
taxen-13a-yl (2R,3S)-3-benzoyl-B-phenylpropionaﬁe (or
taxol) is 51.4 %.
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‘The product which crystallizes is separated by f||trat|on

di i sopropyl ether and then 21 dried under reduced press mmmﬂ “J“M”H“l
(2R 4S, 5R) - 3-t-. but oxycar bonyl ani no- 2- ( 3, 4- di met hoxyphenyl ) -*4- Shehyl *5-3

et hoxycar bonyl - 1, 3- oxazol i di ne, the characteristics of which are as

folloms, are fained in a 50 % yield: - inf I
.(di nixedh& ﬁfﬁﬁ% characteristic g@sorption band%@g?@g%ggﬁhgggg
*3030, 2975 2935, 2840 1740, 1700, 16@QAIM§20 1495, 1455, 1425, 1265,
1175, 1025, 800, 755 and 700 cnferr]

1. Process for preparing taxane derivatives of

general formula:

R/NH O

HO

OCOCH3
‘0COCgH;5
in which
'5 R represents a hydrogen atom or an acetyl radical, and
R, represents a benzoyl radical or a radical R,-0-CO- in
which R, represents:
- an unbranched or branched alkyl radical containing 1
to 8 carbon atoms, an alkenyl radical containing 2 to
10 8 carbon atoms, an alkynyl radical containing 3 to
8 carbon atoms, a cycloalkyl radical containing 3 to
6 carbon atoms, a cycloalkenyl radical containing 4 to
6 carbon atoms or a bicycloalkyl radical containing 7
to 10 carbon atoms, these radicals being optiomnally
15 substituted with one or more substituents chosen from
halogen atoms and hydroxyl radicals, alkyloxy radicals
containing 1 to 4 carbon atoms, dialkylamino radicals
in whigh each alkyl portion contains 1 to 4 carbon
atoms, piperidino or morpholino radicals, l-piperazinyl
20 radicals (optionally substituted at position 4 with an
alkyl radical containing 1 to 4 carbon atoms or with a

phenylalkyl radical inﬁwhich the alkyl portion contains
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10 - proton nucl ear magnetic resonance spectrun1(30
chem cal shifts [err] in ppm coupling constants J |n Hﬂﬁﬂ”ﬂ[“w—ﬂ"””",
3:58 (s, 3H); 3.80 (s, 3H); 3.83 (s, 3H); 4.68 (d, = 4, munises*
conp., 1H) 6.34 (unres. conp., 1H); 6.95,t0 7.10 (m 3H); 7.35 15 to
7.59 (nt 5H). 0.24 g of 86 96potassiun1ﬁydroxide is added to a sol ution

f 1.63 ft i t m8 of
of 153 g of lfeegokchabiigholtodl2! B8 1pR1kyC EHatealE! BeARA1AIRGT S0 7

20 the regiogook 3QkBbhl Crofl CbybeBRIRengl FiA1ERLEABBK RN LY Iy | ati on
under reduced pressure and acidification of the nmedi umto pH 3-4"by addi ng

Iy e sk eyl sy o Sesata ki <o
or alkyloxycarbonyl radicals in which the alkyl portion
5 contains 1 to 4 carbon atoms,
- or a phenyl radical optionally substituted with one
or more atoms or radicals chosen from alkyl radicals
containing 1 to 4 éarbon atoms or.alkyloxy radicals
containing 1 to 4 carbon atoms,
10 - or a saturated or unsaturated 5- or 6-membered
nitrogenous heterocyclic radical optionally substituted
.with one or more alkyl rﬁdicals containing 1 to
4 carbon atoms,
on the understanding that the cycloalkyl, cycloalkenyl
15 or bicycloalkyl radicals can be optionally substituted
with one or more alkyl radicals containing 1 to
4 carbon atoms, and
Ar represenﬁs a phenyl or o- or S-naphthyl radical
optionally substituted with one or more atoms or
20 radicals chosen from halogen (fluorine, chlorine,
bromine, iodine) atoms and alkyl, alkenyl, alkynyl,
aryl, arylalkyl, alkoxy, alkylthio, aryloxy, arylthio,
hydroxyl, hydroxyalkyl, mercapto, fprmyl, acyl,
acylamino, aroylamino, alkoxycarbonylamino, amino,
25 alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
carbamoyl, &ialkylcarbamoyl, cyano and trifluoromethyl
radicals, on the understanding that the alkyl radicals

and alkyl portions of the other radicals contain 1 to
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25 1.45 g of (2R 4S,5R)-3-t- butoxycarbonyl 2-(3, 4-

di net hoxyphenyl ) - 4- phenyl - 1, 3- oxazol i di ne- 5- car boxyl i c aC| d ”“l“l mlurllllullml ||||

which is 95 % and the characteristics of which are as | ows* d&relt héreby *
22 obtained in a 92 %yield: - infrared spectrun1(d|sks n1xed with KBr):
characteristic absorption bands at 3225, 3030, 3005, 2975, 2930, 2840,
1740, 1710, 1610, 1600, 1515, 1465, 5 4155 1260, 1175, 1020, 760 and 700

ot o R B S e i 1ol
radicals contain 3 to 8 carbon atoms and the aryl
radicals are phenyl or o- or S-naphthyl radicals
characterized in that a ptbtected 10-deacetylbaccatin

5 III or baccatin III derivative of general formula:

in which G, represents a group protecting the hydroxyl
function and G, represents an acetyl radical or a group
protecting the hydroxyl function, is esterified by

means of an acid of general formula:

10 in which Ar and R; are defined as above and R,
represents a hydrogen atom or an optionally substituted
aryl radical, or of a derivative of this acid, to

obtain a product of general formula:

;, Th,l sllslliiﬂt'iliireen Rgﬂ




im Hz): 1.00 (s, 9H); 3.78 (s, 3H); 3.81 (s, 3H); 4.55 (d, J
(unres. conp. 1H); 6.29 (unres. 10 conp., 1H); 6.90 to 7.1 mml‘mllﬁ"ﬂmm
7.30 to 7.50 (nt, 5H) EXAMPLE 4 0.076 g of di cycl ohexyl carbo de amd s *
0 0075 g of 4-(dimethyl am no)pyridine are added all at 15 ‘'once at O[err]C
%4st|rred suspensi on of 0.155 g of
R

8,5R) 3-t-but oxycar bonyl - 2- (3, 4- dlnethoxyphenyl)
0.24%

4- phenyl - 1, 3- oxazol i di ne- 5-carboxylic aci &

4- acet oxy- 2[err] benzoyl oxy-5[err}, 20- epQxy-1
9-o0xo0-7,10[err]-bis(2,2,2a¢richlo oethoxy
2.5 cnferr] of anhydrous t Y 8 4
O[err] C. The dicycl ohexyl urda f §r medid"$

i's washed with RI_NXO

R3 H

taxene in
1 hour at
gt i on. The cake

in which Ar, R;, R, G, and G, are defined as above, the
side chain of which and, where appropriate, the
hydroxyl functions of which, protected by G; and G,,
is/are deprotected to cbtain a product of general

5 formula:

HO

0COCHs

in which Ar and R, are defined as above, G’; represents
a hydrogen atom or a group protecting the hydroxyl
function and G’, represents a hydrogen atom or an
-acetyl radical or a group protecting the hydroxyl
10 function, the prptective groups G’, and, where
appropriate, G’, of which are replaced, where
appropriate, by hydrogen atoms according to known
methods. |
2. Process according to claim 1, characterized
15 in that the esterification is performed by means of an

acid or one of its derivatives for which, Ar and R;

. This Sheet Has Been Repl;
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tol uene. The combined tol uene phases are mashed succe55|vely
aqueous sodi um bi carbonate 25 solution and then with materi"u uﬂﬁ E ﬂ"-

and concentration to dryness under reduced pressure, 0.435
4- acet oxy-2[ err]-benzoyl oxy-5[err], 20- epoxy- | -
hydgoxy-9-oxo-7p, 10[ err] - bi s(2, 2, 2-tri chl%¥ oet hoxy) - 23

car bonyl oxy- 11 taxen 13a yI (Zﬁgﬁs 55$n3 t-
‘but oxycar bony ReiRE de Aprﬁqﬁe,pfegaents a hydrogen

oxazol i di ne-5- arbox Iat t he characteristics o e s folloms
obtained in a \/ﬁelfﬁ’é‘fdra cal ¢ ‘F‘a’r’é’d‘%\g;c’i?u $Rrr]):

characteri sti @t bs r t' Or;]phenyl radical optionally substituted with

one oOr more electron-donating radicals.

5 3. Process according to clainm 2; characterized
in that the electron-donating'radicals are chosen from
alkoxy radicals containing 1 to 4 carbon gtoms.

4. Process according to claim 1, characterized
in that the groups protecting baccatin III or 10-

10 deacetylbaccatin III represented by G, and G, are chosen
from (2,2,2-trichloroethoxy)carbonyl and 2-~(2-
trichloramethylpropoxy)carbonfl radicals and
trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl orx
triarylsilyi radicals in which the alkyl portions

15 contain 1 to 4 carbon atoms and the aryl portions are
preferably phenyl radicals.

5. Process according to one of claims 1 to 4,
characterized in that the esterification by means of an

acid of general formula:

Ar COOH

IS

R/ H

o)

20 in which Ar and R, are defined as in claim 1 and R, is
defined as in one of claims 1 to 3, is performed in the
presence of a condensing agent and an activating agent,

working in an organic solvent at a temperature of
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bands at 3580, 3550-3375, 3090 3070, 3030 1765, 1740, 173
1520, 1500, 1465, 1455, 1265, 1250, 1180, 1035, 985, 710 ang wm?mmim""l”"l

proton nucl ear magneti c resonance spectrum (400 MHz;
tenperature: 323[err] K, chemcal shifts [err] in ppm Coupllng constants J
in H): 1.10 (s, 9H); 1.17 (s, 3H); 1.254%, 3H); 1.66 (s, 3H); 1.70 (s,

1H)% 1.82 (s, 1.9 3 02 (nmt, 1H); 2.13 (dd, J = 15 and 9, -
"1H) ; 224(ddbg‘2weq_fsa~14&9nd%°cz 60 (mt, 1H) : 15 3.83 (d, J = 7, 1H):

3.89 (s, 3H); 3.93 (s, 3H); 4.12 (d, ; 4.60
(d, J = 4.5, 1 ) 4.60 (REOGess i %Fﬂingi ta aﬁﬂﬁnq‘gl&%"’%\‘ﬁriﬁeﬂg (br oad
d, J = 10, 1FD = 12 5.46 br ad 4 5, 1H); 5.50
(dd, J = 11 ariP hﬁﬁ)&%o”né‘i%%’%% agent - ‘irzﬂ J =9, 1H: 6.15
(s, 1H; carbodiimides and reactive carbonates and the

5 activating agent is chosen fram aminopyridines.
7. Process according to claim 6, characterized
in that the condensing agent is chosen from
dicyclohexylcarbodiimide and di-2-pyridyl carbonate and
the activating agent is chosen from 4- (dimethylamino) -

10 pyridine and 4-pyrrolidinopyridine.
8. Process according to claim 5, characterized
in that the solvent is chosen from ethers, ketones,
esters, nitriles, aliphatic hydrocarbons, halogenated
aliphatic hydrocabons and aromatic hydrocarbons.

1s 9. Process according to claim 8, characterized
in that the solvent is chosen from aromatic
hydrocarbons.
10. Process according to one of claims 1 to 4,
characterized in that the esterification is performed

20 by means of an anhydride of general formula:

in which Ar and R; are defined as in claim 1 and R; is
defined as in one of claims 1 to 3, working in the

presence of an activating agent in an organic solvent
-an_actlvating agent
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nd 110 7 5500 T 0 (b r an g ) 2 7 ol 0Elllllﬁ’lllllﬁlﬂllEIIEIHIII

1H); 8.03 (d, J = 7.5 2H). 25 2 [err]l nethahesﬂ

acid are added to a solution of 0.223 g of the ester obtalned above |n 2 5
cnferr] of methanol. The m xture is stirreggd for 2 hours 30 mnutes at a
temperature in the region of 20C 24 Assay by high performance liquid

Zhgﬁg?éigrgghﬁgﬁé%w O%iéﬁﬁé/z# CL&Iween 0 and 90°C.
1-hydroxy-9-oxqyrlerr], 1@ 8ddsd! éé&:?dﬁé LS RLAR 1P Yoharacterized
in that the activating agent is chosen £rom
aminopyridines.
5 12. Process accprding.to claim 11, characterized
in that the activating agent is chosen from 4-
(dimethylamino)pyridine and 4-pyrrolidinopyridine.
13. Process according to claim 10, characterized
in that the solvent is chosen from ethers, ketones,
10 esters, nitriles, aliphatic hydrocarbons, halogenated
aliphatic hydrocarbons and aromatic hydrocarbons.
14. Process according to one of claims 1 to 4,

characterized in that the este?ification is performed

by means of an activated acid of formula:

15 in which Ar and R, are defined as in claim 1, R; is
defined as in one of claims 1.to 3 and X represents a
halogen atom or an acyloxy or_aryloxy radical,
optionally prepared in situ, in the presence of a base
in an organic solvent at a temperature of between 10

20 and 80°C.
1s. Process according to claim 14, characterized
in that the base is chosen from nitrogenous organic

bases.
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cafbonyloxy-ll-taxen-lS[err]-yI (2R, 3S)-3-t-butoxy- 5
car bonyl am no- 3- phenyl - 2- hydr oxypropi onate is 88 % EXAMPLE SHIIIHHHIHt“HHlmf" l“l
0.2497 g of methyl (2R 3S)-3-t- | | T
but oxycar bonyl am no- 2- hydr oxy- 3- phenyl propi.onate, 0.012 g of pyridi num

b-tql uenesul phonate and 0.295 g of 10 2,§-dinethoxybenzaldehyde in 20

- cnferr] of anhydrous tol i ted. refl ux . .for 24 . ter

. formed during #Eé reacti%%gggs%e%%égggﬂyghggh§H8Fmb&5éaﬁB§%%%§Fér%éﬁi

' apparatus. Aft [ t S@B t 3 A reqigo fe a0 e

solution is 15ﬂl &/g?%eggﬁi taﬁ'%f% 0 ?ﬁ W%Egﬁgguggggdggm@ﬁx%gﬁéggﬁ%l phite

solution and tgeaphatlcotetanty aHEANT PRFUNIRY eRidalALREYRIMInAR, After

concentration of The organic phase un ced pressure, 0700 g of
17. Process according to claim 14, characterized

5 in that the solvent is chosen from ethers, ketones,
esters, nitriles, aliphétic hydrocarbons,_halogenated
aliphatic hydrocarbons and aromatic hydrocarbons.

18. Process according to claim 17, characterized
in that the solvent is chosen from aromatic

10 hydrocarbons.
i9. Process according to one of claims 1 to 4,
characterized in that the deprotection of the side
chain and, where appropriate, of the hydroxyl functions
protected by silyl protective groups G, and G, is

15 performed in the presence of an inorganic or organic
acid or mixtures thereof, working in an organic solvent
at a temperature of between -10 and 60°C.
20. Process according to claim 19, characterized
in that the inorganic acid is chosen from hydrochloric

20 and sulphuric ﬁcids and the organic acid is chosen f£rom
acetic, methanesulphonic, trifluoramethanesulphonic and
p-toluenesulphonic acids.
21, Process according to claim 19, characterized
in that the solvent is chosen from alcohols, ethers,

25 esters, nitriles, aliphatic hydrocarbons, halogenated
aliphatic h&drocarbons and-aromatic hydrocarbons.
22. Process according to claim 1, characterized

in that the deprotection of the side chain is performed

- This Sheet Has Been Rei
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(4S, 5R) - 3- t - but oxycar bonyl - 2- (2, 4- di met hoxyphenyl ) -4- 20

phenyl - 5- net hoxycar bonyl - 1, 3-oxazolidine is obtained in an SOHI'III‘HIIHIIIHIIIIHl"l
the formof a virtually equinolecular mxture of the diastere

forms A and B, the characteristics of mhiq?,are as folloms - |nfrared

spec(run1(CCl[err]) characteristic absorption 25 bands at 3095, 3070,

la%s, 1435 128 @*?%}rﬁ%%%eeééé 2 PO Ang agee 1 ke PEA B ot

resonance spectgdiie %Q‘Enzc medielyPbO-d[err]; chemcal shifts [err] in
ppm coupling constants
23. Process according to claim 22, characterized

in that the oxdizing agent is ammonium éerium Iv

5 nitrate in an aqueous-organic medium.
24. Process accérding to one of claims 22 and 23,
characterized in that the agqueous-organic medium is a
water/acetonitrile mixture. |
25. Process according claim 22, characterized in

10 that the oxidizing agent is 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone in water.

26. Process according to claim 1, characterized
in that the deprotection of the side chain is performed
by hydrogenolysis.

15 27. Process according to claim 26, characterized
in that the hydrogenolysis is performed with hydrogen
in the presence of a catalyst.

28. Process according tb claim 1, characterized
in that replacement of the'protective groups G; and,

20 where appropriate, G, :epresenting a 2,2,2-
trichloroethoxycarbonyl or 2-(2-trichloromethyl-
propoxy) carbonyl radical by hydrogen atoms is performed
with zinc, optionally in combination with copper, in
the presence of acétic acid at a temperature of between

25 20 and 60°C, or by means of an inorganic or organic
acid dissolved in an aliphatic alcohol containing 1 to
3 carbon atoms or in an aliphatic ester, in the

presence of zinc optionally in combination with copper.
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I® Hz): 1.00 (s, -C(CHerr])[err] of B); 1.22 (s -C(CHerr])]|
355 (unres. comp. -COCCH err] or -OCHerr] of B); 3.87 to agmm n'u”ug"ml
-QOCCH err] or -0CH err] of A and B); 4 64 (d, J =5
(d, J =2.5 -H5 of A; 5.21 (d, J =2 Eélof A ; 526(d J =4
of B)é’; 6.46 [dd, J = 7.5 and 1.5, C[err]l-f rr] at position 2 (- H[err]) of

5

2 (s, R 0f A); [ d rIlH err] at position 2
( H5 and - H3) L -qu??Hrs??f it HSEFFFE f?%‘l'}i ]'( H3) of Al; 7.00 [d,
J =7.5 -derr]Herr] at position 2 (-H6) OfCQb 7.30 to 7.55 (m 5H,
-Clerr]Herr] at position 4 (-H2 to -Pf of ARRH B]. 0.073 g of Iithium
hydr oxi de nonohydrate is added to a sol of O. 700 g of the ester
obt ai ned 15 above in a mxture of 9 ¢ of \ met hanol and 3 cnB of

distilled water. The resulting rrixturR;-N\>2;Prred for

R{ H

in which Ar and R, are defined as in claim 1 and R, is

defined as in one of claims 1 to 3, optionally in the

form of a salt, ester, anhydride, mixe& aﬁhydride or
5 halide.

30. A product of general formula:

0
Arl R
HO H OCOCH
OCOCgH;

in which Ar and R; are defined as in claim 1, R; is
defined as in one of claims 1 to 3 and G; and G, are

defined as in one of claims 1 and 4.

Pyl

PR
P

" This Sheet Has Been Re

[ fill




_ . WSS sRm
3 hp i} a tenperature in The regi on :of 20 err]C The t hano
is ’e$§$§qﬂﬂgwﬁ§3§5 tion undegureduced preSEUre The. afueous phaSgPIS
washefl with 20 t ne and is then" aci ditfiedzuntil: hewphiequals 3-4 by
y AN0 MART93 h drochlorlc aci d” soldtiwon:: The:p _Mp[tate obt ai ned is
sepprpted by filtr n, and the filtér cake:i . mash! ; CO
1eutrallty and th n dried under reduced pressure. 25" @ 450 g of

Q
[eX
[eX
>

(4S onyl - 2- (2 40y = : {
_dlnethylphenyl) 4- phenyl _.,““ ARG Alrdes t her eby
obtained in a 74 %yi AT : fotecdl ar m xture
of the

The present invention relates to a new’

process for preparing taxane derivatives of general

formula:

RI.N;S\J\
Ar

(¢ JTTTL]

Q
m

HO

OCOCH;3

5 which possess noteworthy antileukaemic and antitumour
properties. '
In the generai formula (I): _
R represents a hydrogen atom or an-acetyl radical, R,
represents a benzoyl radical or a radical R,-0-CO- in
10 which R, rgpresents'an alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, bicycloalkyl, phenyl ox
nitrogenous heterocyclic radical, and Ar represents an
aryi radical.
ubré esgecially, R represents a hydrogen atom
15 or an acetyl radical and R, represents a benzoyl
radical or a radical R,-0-CO- in which R, represents:
- an unbranched or branched alkyi radical containing 1
to 8 carbon atoms, an alkenyl radical coﬁtaining 2 to

8 carbon atoms, an alkynyl radical containing 3 to

20

8 carbon atoms, a cycloalkyl.radical containing 3 to
6 carbon atoms, a cycloalkenyl radical containing 4 to
6

carbon atoms or a bicycloalkyl radical containing 7

PO e



26 di astereoisoneric fornms A and B, the characteristics of which are as
follows: - infrared spectrum (in disk with KBr): Ta sorption
bands at 3300-2700, 2700-2250, 3070, 3030, 5 J005]-28"5, :

1710, 1615, 1590, 1510, 1460, 1210, 1160, 1035, |835 and 700 cni
proton nucl ear magnetic resonance spectrum (200 {MViz; 1 DNGARADS7 r I}
tenperature: 393K; chem cal shifts [err] in ppm| qoupling constagnfs J in
~Hz; mxture of the 2 10 . diastereoi soneis in tHe proportion "4%): 1.00
(s, -C(CH err])[err] of B); 1.25 (s, -C(CH err]){ferr] of A; 3.75|to 3.85
(m, 6H, -OCHterdp chrBoandtBihs,4tUhdsédradicals béingiopionalisy (d, J = 2,
-H5 of A); 5.21 (d, J =2, -H4 of A; 5.21 (d, J =2, -H4 of B); 6.42 [dd,
J = 7.5 and 1ssbstituted with one or more substituents chosen from

halogen atoms and hydroxyl radicals, alkyloxy radicals
containing 1 to 4 carbon atoms, dialkylamino radicals

5 in which eaéh_alkyl portion contains 1 to 4 carbon
atoms, piperidino or morpholino radicgls, l-piperazinyl
radicals (optiénally substituted at position 4 with an
alkyl radical containing 1 to 4 carbon atoms or with a
phenylalkyl radical in which the a;kyl portion contains

10 1 to 4 carbon atoms), cycloalkyl radicals containing 3
to 6 carbon atoms, cycloalkenyl radicals containing 4
to 6 carbon atoms, phenyl, cyano or carboxyl radicals

- or alkyloxycarbonyl radicals in which the alkyl portion
contains 1 to 4 carbon atoms,

15 - or a phenyl radical optionally substituted with one
or more atoms or radicals chosen from alkyl radicals
containing 1 to 4 carbon atoms or alkyloxy radicals
containing 1 to 4 carbon atoms,

- or a saturated or -unsaturated 5- or 6-membered

20 nitrogenous heterocyclic radiéal optionally suﬁstituted
with one or more alkyl radicals containihg 1 to
4 carbon atoms,
on the understanding that the cycloalkyl, cycloalkenyl
or bicycloalkyl radicals can be optionally substituted

25 with one or more alkyl radicals coptaining 1 to
4 carbon atoms, and
Ar represents a phenyl or o- or f-naphthyl radical

optionally substituted with one or more atoms or



15 -CJerr]Herr] at position 2 (-H5) of Al; 6.49 (s,Rng’iGWENl)SHS T4 -6.60
[m, H and -(Jerr]Herr] at position 2 (-H5 and -H3) of B + -(err]iHlerr]
at jposition 2 (-H3) of A; 7.02 [d, J = 7.5 -Cerr]HErnl} MAROWSVtijon 2
[ |
N

(-H6) of Al; 7.15 [d, J = 7.5, -CJerr]Herr] at posifipn 2 (-H6) of B}
7.25 to 7.50 [nmt, 5H, - 20 Cerr]Herr] at positiopn #=(=HZT0 - Ho) A
and B]. EXAMPLE 6 0.656 g of dicycl ohexyl carbodiim de and 0.0287_g _of

4- (di met hyl am no) pyridine are added all at3once at 0OCto a stirred
suspension of 1.671 g of 25 (4S, 5R) - 3-t-butoxycarbonyl - 2-

(2, 4- di met hoxypredicals /chopenyfram halegen i (firoming Binexci d and
1.003 g of

4- acet oxy- 2[ er rPFERiBgy| 129inel atony_and alkylsatkenyy Al RYlg.
oxo-7[err], 100 eptls P 3{1 21854 | ' STRSLPE MR SR EONL A4y, L aryithio,

hfdroxyl, hydroxyalkyl, mercapto, formyl, acyl,

5 acylamino, aroylamino, alkoxycarbonylamino, amino,
alkylamino, dialkylamino, carboxyl., alkoxycarbonyl,
carbamoyl, dialkylcarbamoyl, cyano and trifluoromethyl
radicals, on the understanding that the alkyl radicals
and alkyl portions of _t:he other radicals contain 1 to

10 4 carbon atoms, and thﬁt the alkenyl and alkynyl
radicals contain 3 to 8 carbon atoms and the aryl
radicals are phenyl or a- or S-naphthyl radicals.

Of very special importance are _the products
of general formula (I) in which R represents a hydrogen

15 atom or an acetyl radical, R, répresents a benzoyl or
t-butoxycarbonylamino radical and Ar represents a
phenyl radical. |

The products of general formula (I)' in which
R; represents a benzoyl radical correspopd to taxol and

20 to l10-deacetyltaxol, and the products of general
formula (I) in which R, represents a t-bﬁtoxycarbonyl
radical correspond to those which form the subject of
European Patent 0,253,738. .

According to t.he process which is described

25 in International Application PCT WO 92/09,589, the
derivatives of general formula (I) may be obta.ﬁ.ned by:

- condensation of an oxazolidine derivative of general

formula:



REPLACEMENT SHEET 27 taxene in 8 cnferr] of anhydrous

Is stirred for 10 mnutes at O[err]C and then for 5 hog,
in.the region of 20C. The dicycl ohexylurea forned is s
filtration and washed with 5 toluene. The conbined t

tol uene. The m xture

p| greTre—phases ar

e

e (REPRAGEMINT gHEEi

re

washed with saturated agueous sodi um bi carbonate sol utj oh i th
water. After drying, filtration and concentration to_d'yweggygﬁggﬁﬁygd
pressure, 1.623 g of crude 4
4- acet oxy- 2a- benzoyl oxy-5[ err], 20- epoxy-1| - hydr oxy- 9- ox9- 10
7[err],10[err]-

ced

bis(2,2,2-trichl orsgt hoxy)€a0Bonyl oxy- 1taxenm—13a-yl

(4S, 5R) - 3-t - but oxycar bonyl - 2- (2, 4-

10

3 an

"

R 3

in which Ar is defined as abové, Boc represents a
t-butoxycérbonyl radical and R’, and R’;, vwhich may be
identical or different, represent an alkyl radical
containing 1 to 4 carbon atoms aptionaily substituted
with one or more aryl radicals, or an aryl radical, or
alternatively R’, and R’,, together with the carbon atom
to ﬁhich they are linked, form a 4- to 7-membered ring,
with protected 1l0-deacetylbaccatin III or baccatin III

of general formula:

HO

in which G; represents a group protecting the hydroxyl

function and G, represents an acetyl radical or a group
protecting the hydroxyl function, to obtain a product

of general formula:



di met hoxyphenyl ) -4-1, 3-oxazol i di ne-5-carboxyl ate are obtained in the form

of a diasteroisomeric mxture, the constituents of which sSeparated—
| “RERICEMENT SHEET
P 1 WO

| bquid 15 chromat ography on silica gel, eluting with a
acet at e/ cycl ohexane m xture (75:25 by volunme). One of the
di ast ereoi soners possesses the follow ng characteristics ¢ f¢) gl ear |
magneti c resonance spectrum (400 WHz; 20 CDCl[err]; chemcal shifts [err]
in ppm coupling constants J in Hz): 1.23 (s, 3H); 1.25 [s—SHr—t36-(s
3H); 1.76 (s, 1H); 1.85 (s, 3H); 2.00 (s, 3H); 2.05 (nt,}{1H); 2.17 (s, 3H);
2.26 (dd, J =15 and 9, 1H); 2.34 (d€ép0L = 15 gn . 1H); 2,60 (nt, IA);
3.82 (s, 3H); 3.92 (s, 25 @H); 3.95 (d - IH); 4.14 (d, J = 8, 1H);
4.30 (d, J = 8, 1H);A{1.62(d|KJ:1 W1iting ab,

I\ )

\)

? \ L STTTT) (W
Boo-N><O . 5 E 0
Ry ry HO I OcocH,

in which Ar, R’3, R’3, G, G, and Boc are defined as
above, |

- treatment of the product of general formula (IV) in
an acid medium under conditions which have no effect on

5 G; and G;, to obtain the product of general formula:

HO z OCOCH;

in which Ar, G, and G, are defined as above,

‘= treatment of the product of general formula (V) with

a suitable reagent for introducing a benzoyl radical or

radical R,-0-CO-, to cbtain a éroduct of §enera1 formula:
10

OCOCH3
OCOCgHs

in which Ar, R,, G, and G, are defined as above, and



2H) . The ot her di asteroi soner possesses the fol eri sttics:

infrared spectrum (CO [err]): characterigsti c absorpti on bands at
3550- 3300, 3070, 3030, 1760, 1740, 1710,

- replacement of the protective groups G, and G, of the

2H); 4.90 (mt, 1H); 4.92 (nm, 1H); 4.92 (d, J = 12, ,
1H); 5.63 (dd, J = 11 and 7, 1H); 28 5.70 (d, J j 1 1H) ;
6.34 (t, J =9, 1H,; 6.43 (dd, J = 7.5 and 1.5, 1H); 15 1H);
6.69 (s, 1H; 7.16 (d, J = 7.5, 1H; 7.35to 7.50 ( =
7.5, 2H); 7.67 (d, J =7.5 2H); 7.63 5 (t, J = 7.5, =
7.55,

product of general formula (VI) by hydrogen atoms to
obtain the product of geanal formula (I).
It has now been found, and this floms the
5 subject of the present invention, that the products of
general formula (I) may be obtained by:

- condensation of an acid of general formula:

Ar COOH

) \ (VID

o

IS
H

R3

in which Ar and R, are defined as above and Ry
represents a hydrogen atom or an alkoxy radical

10 containing 1 to 4 carbon atoms or an optiocnally
substituted aryl radical, or of a derivative of this
acid, with baccatin III or 10-deacetylbaccatin III of
general formula (iII) in which G, represents a group
protecting the hydroxyl function and G, represents an

15 acetyl radical or a .group protecting the_ hydroxyl

function, to obtain a pfoduct of general formula:

2
z
X
8
i
gmn
w



10
and 700 cnferr]

1610, 1590,.1510, 1455, 1435, 1260, 1250, 1210,

prot on nucl ear

magneti c resonance spe

CDCl [err]; chemcal shifts [err] in ppm coupling condtdnts J i ﬁ@ 1.
[s, 9H: -C(CH err])[err]]; 11.16 (s, 3H -CHerr] 16 ar 1510M$§; 124 (
. 3H -CHerr] 16 or - 17); 1.53 (s, 3H -CHerr] 19); 1. 6%&_&’&—-‘4;
1.82 (s, 3H -CHerr] 18); 2.00 (s, 3H -COCHerr]); 2,00 (nt, 1H
-(CH-HB); 2.12 (dd, J = 15 and 9, 1H -(fH)-H14); 2.2 (dd. -I=345-=
1H - (CH)-H14); 2.60 (m, 1H -(CH-H6); 3.82 (d, J =7, 1H 20 -H3);
3.82 (s, 3H -aChjletel )Ax3.B0 Ry, 8 and08] atrd Jdefinkd (b aboved, 1H:

-(CH) - H20): "4.26 (d,

J =8, 1H

(CH)- 20); 4.55 (d, J = 4, 1H

H5" ) ;

4.62

(d, J = 12, 1H depxpfeqtion Gf [the |didea . whexei on 7); 4.78 (ab, J
= 11, 2H O CH err! of CI[err]CI—I[err|OCOOat'position-10); 4.89 g;broad d,
J = : ppropriate, of the h 1

10

15

20

xyl functions protected by

and G, to cbtain a product of general formula:

G20 -G'y
R¢NH o -
Ar'./\s)l\Ouul o~ um
| OH : NA°
£ R
HO z OCOCH3
_ .OCOCBHS.

in which Ar and R, are defined as above, G’; represents
a hydrogen atom or a group pz'_ot:ecting the hydroxyl
function and G"z represents a hydrogen atom or an
acetyl radical or a groi:.p protecting the hydroxyl
function, and then

- where appropriate, replacement of the protective
groups G’; and, where appropriate, G’, of the product of
general formula (IX) by hydrogen atoms to obtain a
prdduct of general formula (I).

According to the invention, the:
esterification of the product of general formula (III)
is performed by means of an acid of Qenera.l formula
(VII), optionally in the form of an anhydride or in the
form of a halide or mixed anhydride.

It is preferable to use an acid of general
formula (VII), or its activated derivatives, in which
R, represents a hydrogen atom or an alkoxy radical

containing 1 to 4 cari:on atoms or a phenyi radical



25 10, 1H -H5); 4.89 (d; J =12, 1H -Q(CH-H of ﬁl[err1 erT
position -7); 5.26 (broad d, J = 4, 1H H4'):; 5.50 (dY, RH%ACEME$E§M_L
-H7); 5.65 (d, J =7, 1H -H2); 6.05 (t, J =9, 1H -HIfr—6. 16 (s F
29 -H10); 6.50 [nt, 2H. -(ferr]Herr] at position 2' {- -BW 97 6
(unres. conp., 1H H2'); 7.22 [d, J = 7.5 1H -(ert]k err] a posi tit
28 (-HB)], 7.30 to 7.50 [nmt, 5H. -CJerr]Herr] at posiltiion-4—{-—2-t0o"
-H6)]; 7.48 [t, J =7.5, 2H 5 -OCOC[erg|H err] (-H3 and -H5)]; 7.63 ft
J=7.5 1H -0OCOerr]Herr] (-H4)] 8.03 [d, J = 7.5
- OC0C] er r ] H erogtd omi?l By Ceubibd { tut¥d Miltd br@f dfeuwae%uw&%hc acid are
added to a

) at

donating radicals chosen more especially from the group
comprising alkoxy radicals containing 1 to 4 carbon
atoms.

5 The esterification by means of an acid of
general formula (VII) may be performed in the Presence
of a condensing agent, for instgnce a carbodiimide such
as dicyclohexylcarbodiimide or a reactivé carbonate
such as di-2-pyridyl carbonate, and an activating

10 agent, for instance an aminopyridine such as 4-
(dimethylamino) -pyridine or 4-pyrrolidinopyridine,
working in an organic solvent chosen from ethers such
as tetrahydrofuran, diisopropyl ether, methyl t-butyl
ether or dioxané, ketones such as methyl isobutyl

15 ketone, eéters such as ethyl acetate, isopropyl acetate
or n-butyl acetate, nitriles such acetonitrile,
aliphatic hydrocarbons such as pentane, hexane or
heptane, halogenated aliphatic hydrocarbons such as
dichloromethane or 1,2-dichlorcethane or aromatic

20 hydrocarbons such as benzene, toluene, xylenes,
ethylbenzene, isdpropylbenéene or chlorocbenzene, at a
temperature of between.-lo #nd 90°C. It is especiaily
advantageous to perform the esterification working in
an aromatic solvent at a témperature in the region of

25 20°C.

The esterification may also be carried out
using the acid of general formula (VII) in the form of
an anhydride of formula:



solution of 1.623 g of the crude enter obtained above in 20 cnB of

nmet hanol . The m xture is stirred for 4 10 hours at re—tenper irﬁhﬁﬁj
region of 20[err]C. Assay by high performance |iquid chronab@@ p hd

that the yield of 4-acetoxy-2[err]-benzoyloxy-5[err], % Epoxy- 9- oxo-

7[err],10[err]-bis(2,2,2-trichIoroethoxy)carbonyloxy-
(2R, 3S) - 3-t - but oxycar bonyl am no- 3- phenyl - 2- 15 hydroxygroplonate S
EXAMPLE 7 A solution of 10.0 g of nethyl ¢ 2R, 3S) - 3- t- -
- but oxycar bonyl am no- 2- hydr oxy- 3- phenylproplonate
-p-tol uenesul phonate and 5.7 cn{ benzaldeh de dinet hyl aceta

of anhydroughxoluene s ated tarreflux. 200 cnB8 of sol vent
are distilled off in the urseo

250 cnferr]

10

15

t RCRARIB97 V!

g8

O g of pyridinium

SThe solution is

Rl-N>< ><

in which Ar, R, and R; are defined as above, in the

N-Ry

presence of an activating agent, for instance an
aminopy:ridine such as 4-(dimethylaminO)pYridiné,
working in an organic solvent chosen from ethers such
as tetrahydrofuran, diisopropyl ether, methyl t-butyl
ether or dioxane, ketones such as methyl isobutyl
ketone, esters such as ethyl acetate, isopropyl aceﬁate
or n~-butyl acetate, nitriles such a§ acetonitrile,
aliphatic hydrocarbons such as pentﬁne, hexane or
heptane, halogenated aliphatic hydrocarbons such as
dichloromethane or 1,2-dichloroethane orlaranatic

- hydrocarbons such as benzene, toluene, xylenes,

ethylbenzene, isopropylbenzene or chlorobenzene. at a
temperature of between 0 and 90°C.

The esterification may also be carried out
using the acid of general formnia (VII) in the form of

a halide or in the form of a mixed anhydride of general

Ar ' ﬁ\
ol
IS

O m
R{ H

formula:

%

in



cooled to a tenperature in the region of 20[err]C and Washed with 50
cnferr] of water. After settling has taken 25 pl ace j~ene—separat

drying and concentration to dryness of the organic ph%sﬁﬁ?w%ﬁﬁﬁggﬁﬂﬁgT
obtained is taken up in 14 cnferr] of diisopropyl ethgr{ The slurry
obtained is filtered, rinsed and drained. 8.4 g of 3( 10 MAR 1997

(2R, 4S,5R) - 3-t - butoxycarbonylanlno 2, 4- di phenyl -
met hoxycar bonyl -1, 3- oxazol i di ne are therqu obtalned iIn ta—65—%-ytetd—t n
formof a single diastereoisoner, the characteristics{of which are as

- ihnﬁhachdmpeniram(ng sdre defithed Bl K&%Ffa‘ﬁa X

follows: 5

10

15

20

25

represents a halogen atom or an acyloxy or aroyloxy
radical, optionally prepared in situ; in the p:esence.
of a base which is preferably a nitrogenous organic
base, for instance a tertiary aliphatic amine such as

triethylamine, pyridine, an aminopyridine such as

4- (dimethylamino)pyridine or 4-pyrrolidinopyridine,

working in an inert organic solvent chosen from ethers
such as tetrﬁhydrofuran, diisopropyl ether, methyl
t-butyl ether or dioxane, esters such as ethyl acetate,
isopropyl acetate or n-butyl acetate, nitriles such as
acetonitrile, aliphatic hydrocarbons such as pentane,
hexane or heptane, halogenated aliphatic hydrocarbons
such as dichloromethane or 1,2-dichlorocethane and
aromatic hydrocarbons such as benzene, toluene,
xylenes, ethylbenzene, isopropylbenzene or
chlorobenzene, at a temperature of between 10 and 80°C,
and preferably in the region of 20°C.

It is preferable to use an activated
derivative of gegeral formula (XI) in which X
represents a halogen atom or an acyloxy radical
containing 1 to 5 carbon atoms or an aroyloxy radical
in which the aryi portioﬁ is a phenyl radical |
optionally substituted with 1 to 5 identical or
different atoms or radicals chosen from halogen
{chlorine, brominé) atoms and nitro, methyl or methoxy
radicﬁls.

The deprotection of the side chain may be

t he



characteristic absorption bands at 3250, 3095, 3070, 3030, 2975, 1710,

1500, 1460, 1165, 760 and 700 cnierr] - proton nuclear nmagn

spectrum (300 MHz; DMSO-dferr]; chem cal shifts [err] in pp m@@F@EﬁﬂgﬂﬁﬁT ,
constants J 10 in Hz): 0.95 (s, 9H); 4.26 (unres. conp. H); 5.10 {
(unres. conp. 1H); 6.20 (s, 1H); 7.25-7.55 (nt, 5H). 1.26§9|offBMAR 197

pot assi um hydroxi de are added to a solution of 7.07 g of §fhp ester obtained
above in 88 cnferr] of nethanol and 22 cqjerr] of water. jfThe~mxture-is 15 ;
stirred overnight at a tenperature in the region of 25 erit]C__The nethanol :
i s removed by plesfoihed i i thel presshioe bHraas Itorgablie acidure i1s acidified
by addi ng 1N hydrochloric acid until the pH equals 2. The precipitate

obt ai ned i s sefhydxechlyric|aciii sulpmutial s2id) copiorgsnicwacidnater to
neutrality and then dried under

10

15

20

25

(acetic acid, methanesulphonic acid, trifluoromethane-
sulphonic or p-toluenesulphonié acid) used alone or
mixed, working in an organic solvent chosen from
alcohols (methanol, ethanol, propanol, isopropanol),
ethers (tetrahydrofuran, diisopropyl ether, methyl
t-butyl éther), esters (ethyl acetate, isopropyl
acetate, n-butyl acetate), aliphatic hydrocarbons
(pentane, hexane, heptane), halogenated aliphatic
hydrocarbons (dichloromethane, 1,2-dichloroethane),
aromatic hydrocarbons (benzene, toluene, xylenes) and
nitriles (acetonitrile), at a temperature of between
-10 and 60°C, and preferably between 15 and 30°C. The

inorganic or organic acid may be used in a catalytic or

-stoichiometric amount or in excess.

The deprotection may also be carried out
under oxidizing conditions using, for examplé, ammonium
cerium IV nitrate in an acetonitrile/water mixture or
2,3-dichloro-5,G;dicyano-l,4-benzoquinon¢ in water.

The deprotection may also be carried out
under reducing-conditions, for example by
hydrogenolysis in the preseﬁce of a catalyst.

The protective groups G, and G, are preferably
2,2,2-trichloroethoxycarbonyl or 2-(2-trichloromethyl-
propoxy) carbonyl radicals or trialkylsilyl,
dialkylarylsilyl, alkyldiaryisilyl_or triarylsilyl
radicals in which the alkyl portions contain 1 to 4



reduced pressure. 7.0 g of (2R 4S,5R)-3-t-butoxy-

obt.ained in a quantitative yield in the formof a single dia
the characteristics 25 of which are as follows: - infrareq

car bonyl - 2, 4- di phenyl - 1, 3- oxazol i di ne-5-carboxylic acid are F
S
9
mai n characteristic absorption bandg 4t $Q34AR 369D, S

(disk, mxed with KBr):

BREAEHL 5 |

pectrum

3030, 3005, 2975, 1760, 1695, 1600, 1585, 1490, 1460, 1435, 31 1175,

and 700 cnferr]

760

- proton nucl ear magnetic fgsonance spectrurp (2007 VFZ;

DMSO-d[err]; chem cal shifts [err] in ppm coupling constantis J

10

15

20

carbon atoms and the aryl portions are preferably
phenyl radicals.

Replacement of the protective groups G; and,
where appropriate, G, representing a silyl radicai by
hydrogen atoms may be performed simultaneously with
deprotection of the side chain.

Replacement' of the protective groups G, and,
where appropriate, G, répresent:lng a 2,2,2-trichloro-
ethoxycarbonyl or 2-(2- trichloromethylpropoxy) carbonyl
radical is performed with zinc,' opticnally in

combination with copper, in the presence of acetic acid

at a temperature of between 20 and 60°C, or by means of
an inorganic or organic acid such as hydrochloric acid .
or acetic acid dissolved in an aliphatic alcohol
containing 1 to 3 carbon atoms or in an aliphatic ester
such as ethyl acetate, isopropyl acetate or n-butyl
acetate, in the presence of z:l.ﬁc- optionally in
combination with copper.

This replacement may also be performed by
electrolytic reduction. _

The acid of general formula (VII) may be
obtained by saponification in a basic medium of an
ester of general formula:

Ar
_ WCOORy

RI'N X

R3 H

0 (xan




in Hz): 0.98 (a, 9H); 3.38 (s, 3H); 4.71 (d, J =4, 5 1H); 5. 38—
=4, 1H); 6.38 (s, 1H); 7.25 to 7.55 (nt, 5H). EXAI\/PLE 8 0.70 %QRWLACEMEMT Q«{r,-]"
di cycl ohexyl car bodii m de and 0.030 g of 4-(dinethyl am no)pyri 4
to a 10 stirred suspension of 1.25 g of (2R 4S,5R)-3-t- f

but oxycar bonyl -

of. 4-acet oxy-2[err]-benzoyl oxy-

20..L hr oad

d

J

2, 4- di phenyl -1, 3-oxazol i di ne-5- carboxylic aci

[ ?re—a-r-e—ﬁdﬂeeu
nd1qw &97 '

S5[err], 20-epoxy-1, 13[ err] -di hydr oxy- 9- oxo- 7£Zerr] 10[ err] - bi s(g 2, 2-
trichl or oet hoxy) - car bonyl oxy- 11-t axene in%> cnB of 15  anhy -Hene.

The m xture is
20[err] C. The
with tol uene.

10

15

20

atoms optionally substituted with a phenyl radical.

In general, the saponification is performed

by means of an 1nbrganic base such as an alkali metal

hydi':oxide (lithium, potassium, sodium hydroxide) or an
alkali metal carbonate or bicarbonate (sodium
bicarbonate, potassium carbonate or bicarbpﬁate) . :I.ﬁ an
aqueous-alcohol-ic medium such as ah methanol /water
mixture at a temperature of between 10 and 40°C, and
preferably in the region of 20°C. B
The ester of gemeral formula (XII) may be

obtained by the action of an aldehyde of general '
formula:

R, ~CHO © (XIIT)
in which R, ies defined as above, éptionally in the form
of a dialkyl acetal or an enol alkyl ether or an
orthoformate of general formula_.: |

HC(OR,) s (XIV)
in which R; is defined as above, on a phenylisoserine

derivative of general formula:

Ar,  COOR,

Ry-NH OH

 in which Ar, R, and R, are defined as above, prefrably

25

in the 2R,38 form, working in an inert organic solvent
in the presence of a strong inorganic acid such as

sulphuric acid or strong organic acid such as

[ f h%!d& at (F1)2e] h egi on of
d?%y%gﬁgxy urgi‘a rsw%ﬁai% sepa?;eﬁag ?v%t ?gtalg and washed
Thepeabhesdad S8RV PRASES] aé@ntaining 1 to 4 carbon



washed with saturated aqueous sodium bi carbonate 20  sol ut i|oREPRAGESFENT SHEET
drying and concentration to dryness under reduced pressure, 12.fZ7 ¢ of a
crude product are obtained, which product is purified by |iduild 10 MAR 1997
chromat ography on silica gel, eluting with a hexane/ethyl adetijate mXture
(1:1 by volume). 1.05 g of 25

4- acet oxy-2[ err]-benzoyl oxy-5[err], 20- epoxy- 1- hydr oxy- 9- oxo-

7[err],10[err]-bis(2,2,2-trichloroet hoxyp4car bonyl oxy-11-t axem=1I3[err -yl

(2R 4s,5R) - 3-t- butoxycarbonyl 2, 4-di phenyl -1, 3- oxazol i di ne- 5- carboxylate

are thereby olpateluenesulponic @cMylaﬂdem&e iy theo ff oxrms iofg lae

di astereoi soner, the

pyridinium-salt, at a temperature between 0°C and the
boiling point of the reaction mixture. Solvents which
are especially suitable are aromatic hydrocarbons.

5 : The phenylisoserine derivative of general
formula (XV) may be obtained by acylation of a

phenylisoserine derivative of general formula:

~COOR,

NH; OH

in which Ar and R, are defined as above.
The acylation is performed by the action of
10 benzoyl chloride or a reactive derivative of generai
formula: |
R,-0-CO-Y (XVII)
in which R, is as defined above and Y represents a
halogen (fluorine, chloriné) atom or a residue -O-R, or
1s -0-C0-0-R, working in an organic solvent, for instance
an aliphatic ester such as ethyl acetate or a
halogenated aliphatic hydrocarbon such as
dichloromethane, in the presence of an inorganic or
organic base such as sodium bicarbonate. In geperal,
20 the reaction is performed at a temperature of between 0
and 50°C, and preferably in the region of 20°C.
The product of general formula (XVI) may be
prepared under the conditions described in
International Application PCT WO 92/09,589.

25 . The anhydride of general formula (X) may be



characteristics of which are as follows: - infrared spectrum
KBr): main characteristic absorption bands at 3250, 3095, §O£&8 e
2975, 1710, 1500, 1460, 1165, 760 and 700 cnierr] - proton{ny
resonance spectrum (400 MHz; CDCl[err]; chem cal shifts [er
coupling constants J in Hz): 1.05 (s, 9H); 1.15 (s, 3H); 1.
(s; 3H); 1.73 (s, 1H); 1.80 (s, 3H); 1.87 (unres. conp. 10
1H); 2.08 (dd, J = 15 and 9, 1H); 2. 23 (ddg J = 15 and 9, 1H); 2.

1H); 3.81 (d, J =7, 1H; 4.10 (d, J = 8§, 1FD 4.26 (d, J :Lﬁyﬁéh& 3 Lv
(d, J =12, 1FﬂébﬂafﬂedﬁbyJreaéhiﬂéﬁa dbﬁ?ﬁiﬁﬂlng]ageﬁh sdidh a#. 87 (broad d,

J =10, 1H); 4.90 (d, J = 12, 1H; 5.46 (nt, 1H); 5.50 (dd, J = 11 and
7, 1H); 5.63 (cﬁidyd&heﬂicaﬁ:dﬂiﬂde Mith Ghies3 acsid bif) geetal( unres.

formula (VII), working in an organic solvent chosen

from ethers such as tetrahydrofuran, diisopropyl ether,
5 methyl t-butyl ether or dioxane, ketones such as methyl _
isobutyl ketone, esters such ase ethyl acetate,
.isopropyl acetate or n-butyl acetate, nitriles such as
acetonitrile, aliphatic hydrocarbons such as pentane,
hexane or heptane, halogenated aliphatic hydrocarbons
10 such as dichloromethane or 1,2-dichloroethane or
- arcomatic hydrocarbons such as benzene, toluene,
xylenes, ethylbenzene, isopropylbenzene or
N chloiobenzene, at a temperature of between 0 and 30°C.
The activated acid of general formula (XI)

15 may be obtained by the actign of a sulphuryl halide,
preferably the chloridg, or a product of general
formula: ' |

R5-CO-Z (XVIII)
in which Ry represents an alkyl radical containing 1 to

20 4 carbon atoms or a phenyl radical optionally
substituted with 1 to 5 identical or different atoms or
radicals chosen from halogen atoms and nitro, methyl
and methoxy radicals and z'represents a halogen atom,
preferably a chlorine atom, on an acid of general

25 formnla.(VII); working in a suitable organic solvent
such as tetrahydrofuran in the presence of an organic
base, for instance a tertiafy amine such as

triethylamine, at a temperature of between 0 and 30°C.



conp., ikb; 7. f
7.5, 1H); 8.03 (d, J =7.5 2H. 2.6 [err]l of methanesul ppo

added to 20

met hanol . The
regi on of 20C.
4. acet oxy- 2a-
7[err],10[err]

(2R, 3S) - 3-t - but oxycar bonyl am no- 3- phenyl - 2-

in a 50 %yiel

10

15

35 to 7.50 (nt, 10H); 7.48 (t, J = 7.5, 2H)

m xture is stirred for 48 hours at a tenper

refgn _
Assay by high performance |iquid chromatography shﬁ&ge$ﬁ%t.
benzoyl oxy-5[err], 20- epoxy- 1- hydr oxy- 9- oxo- §25““““*MMM-
-bis(2,2,2-trichloroethoxyhgprbonyloxy 11- t axen- 13[err]- yI

d. 33 The process according to the present
invention is especially useful . for preparing the
products of general formula (I) 1n'which_R represents a
hYdrogen atom or an acetyl ra&ical, ﬁa represents a
benzoyl or t-butoxycarbonyl radical ahd Ar represgents
an optionally subsgtituted phenyl radical.

The examples which follow illustrate the
present invention.
EXAMPLE 1 |

A éolution of 10.0 g of methyl (2R,38)-3-t-
butoxycarbonylamino-2-hydroxy-3-phenylpropionate and
0.25 g of pyridinium p-toluenesulphonate in 200 cm® of
toluene is dehydrated by distilling off 20 cm® of
solvent. 6.34 om® of p-mgthoxybenzaldehyde dimethyl
acetal are added in the course sf 5 minutes to the
reaction mixture heated to boiling. During the
addition, 50 cm® of solvent are distilled off, and then
a further 100 cm® of solvent are distilled off. After

‘cooling to a temperature in the region of 20°C, 80 cm®

20

25

of cyclohexane are added in the course of 10 minutes.
The mixture is cooled to 0-5°C. The slurry obtained is
filtered on sintered glass and the filter cake is
washed with 40 cm® of cyclohéxane and then dried under
reduced pressure at a temperature in the region of
20°C. 10.39 g of (2R, 48,5R)-3-t-butoxycarbonyl-2-(4-
methoxyphenyl) 4-phenyl -5-methoxycarbonyl-1,3-
oxazolidine, the characteristics of which are as

follows, are thereby obtained in a 74% yield:

hydr oxy- propi onate 1§ OUtafed.



EXAMPLE 9 A solution of 10.0 g of nethyl (2R, 3S)-3-1-
but oxycar bonyl am no- 2- hydr oxy- 3- phenyl pr opi onat e, $§pL§cmMENﬁy8Hﬁﬂh|
p-1ol uenesul phonate and 3.75 cnferr] 5 of trinmet yI

cnferr] of toluene is heated to reflux. 4 cnierr] lfbﬂéRa@E dijst
off. After cooling to a tenperature in the region & f Zr ti
the filtrate is concentrated to dryness under reduc d pressure

is taken up with 10 50 cnferr] of hexang7 The slufry obtained is
filtered, rinsed and drained. 4.6 g of (45,5R)-3-1-

but oxycar bonyl - 2- {ietFered deprédtthur - (B EREKC Wike Xer) 3. %haﬁé%ﬂbﬂic

thereby obtained in a 40 %yield in the formof a nlxture of
di ast er eoi sonerabsoiptidn baide att 3100-300001 2880Gh 2368 ,22980,,| 2930,

2840, 1740, 1700, 1614, 1514, 1460, 1435, 1390, 1370,
1245, 1175, 1165, 816, 760 and 700 cm™?!
s - proton nuclear magnetic resonance spectrum (400 MHz;
. CDCly; temperature: 323°K; chemical shifts & in ppm;
coupling constants J in Hz): 1.11 (s, SH); 3.60 (s,
3H); 3.82 (s, 3H); 4.58 (4, T = 5, 1H); 5.42 (broad d,
J =5, 1H); 6.38 (s large, 1H); 6.92 (d, J = 7.5, 2H);
10 7.30 to 7.45 (mt, 7H). '
14 om® of an aqueous solution containing
0.31 g of lithium hydroxide monohydrate are added to a
solution of 3.0 g of the product obtained above in
27 cm® of methanol. The mixture is stirred for 2 hours

15 at a temperature in the region of 20°C. The methanol is
removed by distillation under reduced pressure and
40 cm® of dichloramethane are then added. With vigorous
stirring, the reaction mixturq is acidified by adding
1N hydrochloric acid until the pH equals 1. After

20 settling has taken place, the agqueous phase is
separated and extracted twice with 40 cm® of
dichloromethane. The combined organic phases are drigd
err sodium sulphate. After filtration and evaporation
of the solvent, 2.88 g ofl(zR,4s,5R)-3-t-

25 butoxycarbaﬁyl-z-(4-methoxypheny1)-4-pheny1-1,3-
oxazolidine-5-carboxylic acid, the characteristics of
which are as follows, are obtained in a 94.5% yield:

- infrared spectrum (in disk with KBr): characteristic

um
70
illed
on, _
esi due

are



- infrared spectrum (CH err]dJ[err]): chracteristic absgrption bands at
2980, 2955, 2935, 2840, 1760, 1745, 1710, 1495, s
1065 cnferr] - proton nuclear magnetic resonance| spect +tm-{-300=4 e 20

DMSO-d[err]; tenperature: 393[err]K; chem cal shjfts %% l p nu coupling
constants J.in Hz) on the 65:35 m xture of diastgr] oit sﬁ@l 22 (s 3H) ;

1.32 (s, 3H); 3.34 (s, 3H; 3.43 (s, 3H; 3.75 (s, 4,55 (d,, J = 3,
1H; 4.68 (d, J =8, 1H; 4.98 (d, J = 8 qpH); .17 (d, J C1H);
6.10 (s, 1H); 6.13 (s, 1H: 7.20 to 7.50 (mt, 5 ilum

hydroxi de monohysssipties Walskes d© 382528750 2980, 1 2385) Qb3she 2@asJuCt
obtained 1755, 1700, 1615, 1590, 1515, 1460, 1250, 1175, 1030,

835, 765 and 705 cm!

- proton nuclear magnetic resonance spectrum (250 MHz;

5 CDCl,; chemical shifts 6 in ppm; coupling constants J

in Hz): 1.08 (s, 9H); 3.82 (s, 3H); 4.61 (d, J = 5,

1H); 5.42 (broad d, J = 5, 1H); 6.38 (broad s, 1H);

6.92 (d, T = 7.5 2H); 7.30 to 7.45 (mt, 7H).

EXAMPLE 2 |

10 0.52 g of dicyclohexylcarbodiimide is added
at 0°C to a stirred solution of 1.0 g of (2R,4S(5R)-3-
t-bﬁtoxycarbon&l-z-(4-methoxy§heny1)-4-pheny1-1,34
oxazolidine-5-carboxylic acid, 1.34 g of 4,acetoxy-2a-
benoyloxy-SB,2b-epoxy-1,13a-dihydroxy-9-oxo-7ﬁ,103-

15 Dbis(2,2,2-trichloroethoxy)carbonyloxy-ll-taxene and
0.061 g of 4-(dimethylamino)pyridine in 7.6 cm® of
anhydrous toluene. The mixture is stiﬁred for 2 hours
at a temperature of 20°C. The dicyclohexylurea is
separated by £iitration and washed with toluene. The

20 combined organic phases.are washed with 0.1N
hydrochloric acid solution and saﬁuratea sodium |
hydrogen carbonate solution and dried over sodium .
sulphate. After filtration and concentration to dryness
under reduced preséure. 2.09 g of cfude 4-acetoxy-2a-

25 Dbenzoyloxy-58,20-epoxy-1-hydroxy-9-oxo-78,108-

| bis(2,2,2-trichloroethoty)carbonyloxy-11-taxen-13a-yl
(2R, 48,5R) -3-t-butoxycarbonyl-2- (4-methoxyphenyl) -4 -
phenyl-1l,3-oxazolidine-5-carboxylate are obtained, the_



34 - above in 85 cnferr] of net
The mixture is stirred for 30 mnutes at a tenper
20[err]C. The nmethanol is renoved by distillation
and 145 cnjerr] of 5 water and 245 cnferr] of ethy
added. The two-phase m xture is cooled to O[err]Q
acidified with 1IN hydrochloric acid until the pHije
phase is separated after settling has takq@[ﬂeuﬁ and extrac ed“ﬁnhh tw ce
75 cnjerr] of 10 ethyl acetate. The organi c phases—a+~e-conhj.ned. §nd dried
over sodi um sul phatgctéfistibil 6f akheh amrfe Ccos CEsLYI®s on under reduced
pressure at 25[err]Cto a volume of 50 cnferr], 9.80 g of

4- acet oxy- 2[ err}- bufirayedxgpectrum (CHCl,): characteristic absorption

nd 28 cnB of water.
' 4 egron of
ﬂzeﬁ‘ﬁressure
cetate are th n
t H G MAR: 1993 a,nd, t hen

5. The aqu ous

bands at 3575, 1765, 1740, 1725, 1710, 1615, 1515,
1455, 1250, 1175, 980, 710 and 700 cm-

5 - proton ﬁnclear magnetic resonance spectrum (400 MHzZ;
CDCI3; temperature: 323°K; chemical shifts 6 in ppm;
coupling constants J in Hz): 1.09 (s, 9H); 1.18 (s,
3H); 1.27 (s, 3H); 1.67 (s, 3H); 1.72 (s, 1H); 1.82 (s,
3H); 1.90 (s, 3H); 2.02 (m, 1H); 2.13 (dd, J = 15 and

10 9, 1H); 2.25 (dd, J = 15 and 9, lﬁ): 2.60 (mt, 1H);
3.83 (4, d =17, in); 3.83 (s, 3H); 4.12 (4, J = 8, 1H);
4.26 (d, 7 =8, 1H); 4.60 (4, 3 = 5, 1H); 4.61 (d, J =
12, 1H); 4.78 (limiting ab, J = 11, 2H); 4.90 (broad d,
J = 10, 1H); 4.90 (d, J = 12, 1H); 5.45 (broad d, J =

15 5, 1H); 5.50 (dd, J = 11 and 7, 1H); 5.66 (d, J = 7,
1H); 6.12 (¢, J = 9, 1ﬁ); 6.18 (s, 1H); 6.39 (broad 8);
6.94 (d, J = 7.5, 2H); 7.42 (d, J = 7.5, 2H); 7.35 to
7.50 (mt, 5B); 7.49 (t, I = 5, 2B); 7.63 (t, 7 = 7.5,
1H); 8.03 (d, 0 = 7.5, 2H). |

20 ' 9 pl of 37 % (w/w) aqueous hydrochloric acid
solution are added to a solution of 0.161 g of the

" product obtained above in 2.1 cm? of ethyl acetate. The
mixture is stirred for 3 hours at a temperature in the
region of 20°C. Aésay by high performance liquid '

25 chromatography shows that the yield of 4-acetoxy-2a-
benzoyloxy-sp,zo-epoxy-l-hydroxy-s-oxo-?ﬁ,195-
bis(2,2,2-trichloroethoxy)carbonyloxy-1l-taxen-13a-yl
(2R, 38) -3-t-butoxycarbonylamino-3-phenyl-2-



5[err], 20- epoxy-1, 13[ err]-di hydr oxy- 9- oxo- 7[err] 10[err] - brs(2 2,2- 15

trichl oroet hoxy) - car bonyl oxy-11-taxene, 4.29 g of [ I -car bodi i m de
and 0.25 g of 4- (dinethylam no)pyridine are added tﬂJEﬂLKCSME

solution at O[err]C. The mi xture is stirred for 15 ve ThC and
then for 3 hours at a tenperature in the 20 regip err e

i cycl ohexylurea forned is separated by filtration tl\é%@d‘%it h et hyl
acetate. The conbi ned organi c phases are shed wijt ted aqueous

sodi um bi car bonate sol uti on. After dryi ng1 nd condentration o dryn?ss
under redUced rof q{ S

4- acet oxy- 2a- b zoy err 21) epoxy- 1 -hydroxy-9- oxo-7[err], 10[err] bi s

(2,2, 2-trichl oroet hoxy) CQLM&%yz&Jb?&Wb%p’,zo-epoxy-l-

(4S, SR) 3-t-but oxycar bonyl oxy-4

phenyl - 1, 3- ox aipdrodicpes boxas+ PO Y0 Bil51 £(Z, D)2 A rishlcroethoxy) -
carbonyloxy-11-taxen-13a-yl (2R,38)-3-t-

5 butoxycarbonylamino-3-phenyl-2-hydroxypropionate is
converted to 4-acetoxy-2a-benzoyloxy-58,20-epoxy-9-oxo-
1,78,106-trihydroxy-11-taxen-13a-yl (2R,38)-3-t-
butoxycarbonylamino-3-phenyl-2-hydroxypropionate (or
Taxotere) under the conditions described in Patent

10 EP 0,253,738.
EXAMPLE 3

A solﬁtio;n of 2.43 g of methyl (2R,38)-3-t-

butoxycarbonylamino-2-hydroxy-3-phenylpropionate and
0.059 g of pyridinium p-toluenesulphonate in 60 cm® of

15 toluene is dehydrated by distilling off 5 cm® of
solveni:. A solution of 1.7 g of 3,4-dimethoxybenz-
aldehyde dimethyl acetal in 14 cm® of toluene is added
in the course of 15 minutes to the reaction mixture
heated to boiling. During the addition, 15 cm® of

20 toluene are distilled off, and then a further 25 cm’
are distilled off. After .cooling to a temperature in
the region of 20°C, 4-0 cm® of water are added with
stirring. After settling has taken place, the organic
phase is separated and dried over magnesium sulphate.

25 After filtration and .concentrati_on to dryness, the
residue is taken up with 8 cm® of diisopropyl ether.
The product which crystallizes is separated by
filtration, rinsed with diisopropyl ether and then



35 the formof a diastereoisomeric mxture, the chaJéct_ig;gi.,rgMEQ? copmy ch

are as follows: - infrared spectrum (CHerr]C[err]): -ehr—ae-t-eu_s%‘t
absorption bands at 1760, 1725-1710, 1600, 1450, 1245;f 1175, 1060,‘;5z 85
and 815 cnferr] - proton nucl ear nmagnetic resonance S)eclﬁmm :
CDCl [err]; tenperature: 323K; chemical displacenents £ _in_ppm coupliing

constants J in Hz): 1.23 (s, 3H);- 1.32 (s, 3H); 1.3pb (unres. conp., ;
1.88 (s, 3H); 1.91 10 (s, 3H; 2.08(3,2?:); 2. 081K 2 26 (gpli
ab, J =15 and 9, 1H); 2.65 (nt, H; 3.65%s, 3H); 3.92 (d, J

dried under reduced pressure. 1.7 g of (2R,4S,5R)-3-t-

butoxycarbonylamino-2-(3,4-dimethoxyphenyl) -4-phenyl-5-
mel:hoxycarbohyl-l,3-oxazol:ld:l.ne, the cha.:;'acteristics of
which are as follows, are thereby obtained in a 50 %

5 yield: _
- infrared spectrum (disks, mixed with KBr) :
characteristic absorption bands at 3085, 3065, 3030,
2975, 2935, 2840, 1740, 1700, 1606, 1520, 1495, 1455,
1425, 1265, 1175, 1025, 800, 755 and 700 cm™?

10 - proton nucle#r magnetic resonance spectrum (300 MHz;
'DMSO-dg; chemical shifts & in ppm; coupling constants J
in Hz): 1.00 (s, 9H); 3.58 (s, 3H); 3.80 (s, 3H); 3.83
(s, 3H); 4.68 (d, J = 4, 1H); 5.31 (unres. comp., 1H);
6.34 (unres. comp., 1H); 6.95 to 7.10 (mt., 3H); 7.35

15 to 7.50 (mt., S5H).

0.24 g of 86 % potassium hydroxide is added
to a solution of 1.63 g of the ester thereby obtained
in 25 cm® of methanol and 7 cm® of distilled water. The
mixture is stirred for 40 minutes at a temperature in

20 the region of 20°C. After removal of the methanol by
distillation under reduced pressure a.nd acidification
of the medium to pH 3-4 by adding 1IN hydrochloric acid,
the precipitate obtained is sepﬁrated by filtration.
The filter cake is washed with water and then dried.

25 1.45 g of (2R, 48,5R)-3-t-butoxycarbonyl-2-(3,4-
dimethoxyphenyl) -4-phenyl-1,3 -oxazo;idine -5-carboxylic
acid, the purity of which is 95 % and the

characteristics of which are as follows, are thereby



=7, 13); 4.18 (d, J
4,80 (d, J =7, 1H):
4

= 1FD; 4.31 (d, J =8, 1H);
_ 4. (litmting ab, 2H); 4.95 (
95 (d, 15 J = 12, 1H); 5.04 (broad d, J = 7, 1H);
1H; 5.72 (d, J =7, 1H; 6.25 (s, 1H); 6.31 (s, 1
7. 30 to 7.55-(m, 5H); 7.54 (t, J =7.5 2H); 7.68 j kS . B.

(d, J =7.5 2H. 20 47 [err]l of 37 9% ( -_9ric aci d
are added to a stirred solution of 0.617 of esteri_ [
cnjerr] of ethyl acetate. The mixture is stirred for 2
tenperature inghRained @8 af 980kegibta; Anal ysis by high performance |iquid
25 chromat ogr aphy shows that 4-acetoxy-2[err]-benzoyl oxy-

5[err], 20- epoxy- inifydredy speeteun| ¢diska )| nixed birktR, RBY) :
| 'characteristic absorption bands at 3225, 3030, 3005,

8,
83

. 2975, 2930, 2840, 1740, 1710, 1610, 1600, 1515, 1465,
.5 1455, 1260, 1175, 1020, 760 and 700 cm"!
- proton nﬁclear magnetic resonance spectrum (250 MHz;
DMSO-d;; chemical shifts 6 in ppm; coupling canstants_a
in Hz): 1.00 (s, SH); 3.78 (s, 3H); 3.81 (s, 3H); 4.55
(d, T = 4, 1H); 5.23 (unres. comp. 1H)} 6.29 (unres.
10 comp., 1H); 6.90 to 7.10 (ﬁt. 3H); 7.30 to 7.50 (mt,
5H) . |
EXAMPLE 4
0.076 g of dicyclohexylcarbodiimide and
0.0075 g of 4-(dimeﬁhylamino)pyridine are added all at
15 once at 0°C fo a stirred suspension of 0.155 g of
| (2R, 48, 5R) -3-t-butoxycarbonyl-2-(3,4-dimethoxyphenyl) -
4-phenyl-1l,3-oxazolidine-S~-carboxylic acid and 0.24 g
of 4-écetoxy-Za-henzoyioxy-5#,20-epoxy-1.13a-dihydroxy-
9-0ox0-78,108-bis(2,2,2-trichloroethoxy)carbonyloxy-11-
20 taxeme in 2.5 cm® of anhydrous tolueme. tﬁe mixture is
stirred for ; hour at 0°C. The dicyclohexylurea formed
is separated by filtration. The cake is washed with.
toluene. The combined toluene phases are washed
successively with saturated aqueous sodium bicarbonate
25 solution and then with water. After drying and
' concentration to dryness under reduced pressure,
0.435 g of 4-acetoxy-2a-benzoyloxy-53.zo-epoxy-l-
hydroxy-s-oxo;7p,103-bis(2,2,2-trichloroethoxy)-



trichl oroet hoxy) car bonyl oxy-11-taxen-13a-yl (2R, 3S)- 3-
t - but oxycar bonyl am no- 3- phenyl - 2- hydr oxypr opi onate is
53% yield. EXAMPLE 10 A solution of 4.01 g of nethyl (2R
benzoyl am no- 2- hydr oxy- 3- phenyl propi onate and 0.01 g of i -

p-t ol uenesul phonate in 70 cnferr] of toluene is dehydratfed istilling
of f. 30 cnB of solvent. 30 cnferr] of toluene are added ¢ d@ﬁEn%b,of
solvent are distilled off. After cooling,aa ol ution off 2. of

p- met hoxybenzal dehyde di methyl acetal in 6 cnferr] of

carbonyloxy-11l-taxen-13a-yl (2R,45,5R)-3-t-

butoxycarbonyl-2-(3,4-dimethoxyphenyl) -4-phenyl-1,3-
oxazolidine-5-carboxylate, the characteristics of which
are as follows, is obtained in a quantitative yield:

s - infrared spectrum (CCl,): characteristic ﬁbsorption
bands at 3580, 3550-3375, 3090, 3070, 3030, 1765, 1740,
1730, 1715, 1605, 1520, 1500, 1465, 1455, 1265, 1250,
1180, 1035, 985, 710 and 695 cm™!

- proton nuclear mﬁgﬁetic resonance spectrum (406 Mﬁz;‘

10 CDCl,; tempefature: 323°K; chemical shifts 6 in ppm;
coupling constants J in Hz): 1.10 (q, SH); 1.17 (s,
3H); 1.25 (s, 3H); 1.66 (s, 3H); 1.70 (s, 1H); 1.82 (s,
3H); 1.90 (s, 3B); 2.02 (mt, 1H); 2.13 (dd, J = 15 and
5, 1H); 2.24 (dd, J = 15 and 9, 1H); 2.60 (mt, 1H);

15 3.83 (d, J = 7, 1H); 3.89 (s, 3H); 3.93 (s, 3H); 4.12
(d, J = 8, 18);.4;26 (d, 3 = 8, 1H); 4.60 (4, J = 4.5,
1H); 4.60 (d, J = 12, 1H); 4.78 (limiting ab, 2H); 4.89
(broad 4, J = 10, 1H); 4.90 (4, J = 12, 1H); 5.46
(broad d, J = 4.5, 1H); 5.50 (dd, J = 11 and 7, 1H);

20 5.66 (d, 3 =7, 1H); 6.13 (t, J = 9, 1H); 6.15 (s, 1H);

 6.39 (e, 1H); 6.90 (4, J = 7.5, 1H); 7.03 (4, J = 1,
iH); 7.07 '(dd, J = 7.5 and 1, 1H); 7.35 to 7.50 (mt,
SH); 7.48 (£, J = 7.5, 2H); 7.62 (t, J = 7.5, 1H); 8.03
(d, g = 7.5, 2H). -

25 2 pl of methanesulphonic acid are added to a
solution of 0.223 g of the ester cbtained above in
2.5 cm® of methanol. The mixture is stirred for 2 hours

30 minutes at a temperature in the region of 20°C.



10 toluene is added. 20 cnferr] of toluene are added, and the m xture is
then heated for 40 mnutes to a tenperature in the region of 100[err]C

while distilling off 60 cnferr] of solvent. After cooling, the cloudy

solution is filtered through cotton wool and then c
15 6.13 g of a yellowi sh oil are thereby obtained
ffor 12 hours with 30 cnferr] of cycl ohexane. After

ETACPUERT SRECTYRRSS

tration on si t§ered

glass and washing of the precipitate withgtwice 10 Enfert) MAR 85 o exane,

5.09 g of (2R 4S,5R)-3-benzoyl - 2- (4- net hoxyphenyl ) -

‘et hoxycar bonygghy3 19X hagh PetEotmnelt !igﬂﬂd' &h :
an aqueous solution containing 834 ng of 86 % potas

bhenyl - 5- 20

§
gYaphy skows i err] of
e _are added

to a sol utionthiati tie yield of g-adetbxgbRai-befzepbory: 58 120- epdcys

10

15

20

25

1-hydroxy-9-oxo-;lﬁ +108-bis(2,2,2-trichloroethoxy) -
carbonyloxy-11-tax§ﬁ-13a-71 (éR,3S)-3-t-butoxy-
carbonylamino-3-phenyl-2-hydroxypropionate is 88 %.

A solution of 0.497 g of methyl (2R,38) -3-£-
butoxycarbonylaminoQZ-hydroxy-s-phenylpropionate, |
0.012 g of pyridinum b-toluenesulphonate and 0.295 g of
2,4-dimethoxybenzaldehyde in 20 cm’® of anhydrous
toluene is heated to reflux-for 24 hours. The water
fomad during the reacf:ion is removed by means of a
Dean and Stark apparatus. After cooling to a |
temperature in the region of 20°C, the solution is
washed with 37 % (w/w) aq:u-eou sodium hydrogen sulphite
solution and then with saturated aquecus sodium
bicarbonate solution. After concentration of the
organic phase under reduced pressure, 0.700 g of
(48, 5R) -3-t-butoxycarbonyl-2-(2,4-dimethoxyphenyl) -4-
phenyl-S-methoxycarbonyl-l,3-qxazolidine.is obtained in
an 80 % yield in ﬁhe form of a virtually equimolecuiér
mixture of the diastereo-isomeric forms A and B, the
characteristics of which are as follows:

- inffared spectrum (CCl,): characteristic absorption
bands at 3095, 3070, 3035, 2980, 2955, 2935, 2840,
1760,.1745, 1710, 1615, 1590, 1510, 1465, 1455, 1435,
1210, 1160, 1040, 835 and 700 em™®

- proton nuclear magnetic resonance spectrum (250 MHz:;



25 nethanol. The mixture is stirred for 1 hour at a tenﬁ?&A@MMTnﬁh?@T
regi on of -20C. The nethanol is renoved by distillation d
pressure, and 25 cnierr] of water and 50 cnierr] of isop
t hen 37 added. The aqueous phase is separated after skt
pl ace and then washed with twice 25 cnferr] of isopropyl
phase is acidified by adding concentrated hydrochloric agid until the pH 5
equals 1, and 50 cnferr] of dichloronethan@sare then add ~settling
has taken pl ace, the aqueous phase is separated and vvashed with 25 cnB of
di chl or omet haneDMSO-dg; chemical shifts & in ppm; coupling comstants J

rﬁﬁ%ﬁzken |

- aqueous

in Hz): 1.00 (s, -C(CH,); of B); 1.22 (s, -C(CH,), of
A); 3.55 (unres. comp. -COOCH, or -OCH; of B); 3.87 to
3.85 (mt, -COOCH, or -OCH, of A and B); 4.64 (d, J =
5 4.5, -H5 of B); 5.01 (d, J = 2.5, -H5 of A); 5.21 (4, J

= 2.5, -H4 of A); 5.26 (d, 0 = 4.5, -H4 of B); 6.46
[dd, J = 7.5 and 1.5, -CgH; at position 2 (-H5) of Al;
6.52 (s, -H2 of A); 6.50-6.65 [mt, -H2 and -C¢H; at
position 2 (-H5 and -H3) of B + -C¢Hs at position 2

10  (-E3) of Al; 7.00 [d, T = 7.5, -CgH; at position 2 (-H6)
of Bl; 7.30 to 7.55 (mt, 5H, -CgH; at position 4 (-H2 to
-H6) of A and B]. | |

' 0.073 g of lithium hydroxide monchydrate is
~added to a solution of 0.700 g of the ester obta:l.ﬁed

15 above in a mixture of 9 cm® of methanol and 3 cm® of
distilled water. The resulting mixture is stirred for
3 hours 30 minutes at a temperature in the region of
20°é. ‘The methainol is removed by distillation under
reduced pressure. The aqueous phase is washed with

20 toluene and is then acidified until the pH equals 3-4
by adding 1N aqﬁeous hydrochloric acid sélution. The
precipitate obtained is separated by £iltrationl, and
the filter cake is washed copiously with water to
neutrality and then dried under reduced pressure.

25 0.450 g of (48,5R)-3-t-butoxycarbonyl-2-(2,4-
dimethylphenyl) ~4-phenyl-1,3 -oxaz'olidine- 5-carboxylic
acid is thereby obtained in a 74 % yield in the form of
a virtually equimolecular mixture of the



The conbi ned organi c phases are washed with 25 cnB of water and then dried
over sodium sul phate. After 10 filtration and co _

4.49 g of (2R 4S, 5R)-3-benzoyl - 2- (4- et hoxyphenyl ) - "}Eﬂ_ﬁ@ﬂ;ﬁﬁpﬁt i
oxazol i di ne-5-carboxylic acid are obtained in a 97 Phi |eId EXAVPLE 1
A sol ution of 0.1023 g of (2R 4S,5R)-3- 0 MAR W97
kenzoyl - 2- (4- met hoxyphenyl ) - 4- phenyl - 1, 3oxazol i di ne:- 5- car boxyl |c ijld and
5.2 ng of 4-(dinethylam no)pyridine in 3agnferr] of’ toI uene 1s to a
solution of 0.137 g of 85 % :
4, 10[ err] - di acdimsyeréeisdmdnsiy afdame -25 [aid ]B,Z&Bp@bpra%eristics of
1,13[err]-di hydroxy-9-oxo-7[err]-triethylsilyloxy-11-taxene and 0.0521 g of
di cycl ohexyl cawlsbel i arelcas nEalloway r] of tol uene. The mixture is stirred

“for 2 hours 15 m nutes
- infrared spectrum (in disk with KBr) s+ characteristic

absorption bands at 3300-2700, 2700-2250, 3070, 3030,
5 3005, 2975, 2940, 2840, 1710, 1615, 1590, 1510, 1460,
1210, 1160, 1035, 835 and 700 cm™!
- proton nuglear magnetic resonance spectrum (200 MHz;
DMSO-d,; temperature: 393°K; chemical hift:s 6 in ppm;
coupiing constants J in Hz; mixture of the 2
‘10 diastereocisomers in the proportion 55:45): 1.00 (s,
-C(CH;), of B); 1.25 (s, -C(CH,), of A); 3.75 to 3.85
(mt, 6H, -OCH; of A and B); 4,43 (4, J = 5, -HS of B);
4.77 (4, T = 2, -H5 of A); 5.21 (d, J = 2, -H4 of A);
5.21 (d, T = 2, -H4 of B); 6.42 [dd, T = 7.5 and 1.5,
15 -C4Hg at position 2 (-H5) of Al; 6.49 (s, -H2 of A);
6.45-6.60 [mt, H2 and -C.H; at position 2 (-ES and -H3)
of B + -C¢Hy at position 2 (-H3) of Al; 7.02 [d, J =
7.5, -C¢H; at position 2 (-H6) of Al; 7.15 [d, J = 7.5,

-C¢H; at positien 2 (-H6) of Bl; 7.25 to 7.50 [mt, 5H,
20 CeHg at position 4 (-H2 to -H6) of A and B].
EXAMPLE 6
| 0.656 g of dicyclohexylcarbodiimide and
0.0287 g of 4- (dimethylamino)pyridi.ne are added all at
once at 0°C to a stirred suspension of 1.671 g of
25 (48, 5R) -3-t~-butoxycarbonyl-2- (2, 4-dimethoxyphenyl) -4-
phenyi-l.3-oxazolidine-5-ca‘rboxylic acid and 1.003 g of
4-acetoxy-2a-benzoyloxy-56,20-epoxy-1,13a-dihydroxy-9-
oxo-78,108-bis(2,2,2-trichloroethoxy) carbohyloxy-ll-



at a tenperature in the region of 20eC. The d|Cyc|ohexy UREﬁﬁE§M§@PQ§§$?
by filtration.

to,the filtrate.
separated and extracted with 3 tinmes 30 cniferr] of dich]of
conbi ned organi c phases are dried 38 over sodium sul phate. After {
filtration and concentration, 0.2108 g of a product is bbtained, which

product is purified by chronatography on 7'2 of silica conta-ned-i-A-dm.l
colum 30 cmin height and 1.5 cmin 5
cyclohexane/ethXI

10

15

20

25

20 cnB of 25 saturated sodi um bi car bonat dpd
After settling has taken place, the aqpep ﬁéfhase |s

meter, eluting with a
aCEtin 8 cm® of anhydrous toluene. The mixture is

stirred for 10 minutes at 0°C and then for 5 hours at a
temperature in the region of 20°C. The dicyclohexylurea
formed is separated by filtration and washed with
toluene. The combined toluene phases are washed with
saturated aqueocus sodium bicarbonate solution and then
with water. After drying, filtration and concentration
to dryness under reduced pressure, 1.623 g of crude
4éacetoxy-2a-benzoy10xy-5#,20Fepoxy-1-hydroxy-9-oxo-
78.108-bis(2,2,2-trichloroethoxy) carbonyloxy-11l-taxen-
13a-yl (4S,SR)-3-t-bu£oxycarbony1-2-(2,4-
dimethoxyphenyl) -4-1,3-oxazolidine-5-carboxylate are
obtained in the form of a diasterocisomeric mixture, the
constituents of which are separated by liquid
chromatography on silica gel, eluting with an ethyl
acetate/cyclohexane mixtuie (75:25 by.volume).

One of the two diastereoisomers possesses the
follaﬁing characteristics:
- proton nuclear magnetic resonance spectrum (400 MHz;
CDCl,; chemical shifts 6 in ppm; coupling constants J
in Hz): 1.20 (s, 3H); 1.25 (s, 9H); 1.30 (s, 3H); 1.76
(s, 1H); 1.85 (s, 3H); 2.00 (8, 3H); 2.05 (mt, 1H);
2.17 (s. 3H); 2.26 (dd, J = 15 and 9, 1H); 2.34 (dd, J
= 15 and 9, 1H); 2.60 (mt, 1H); 3.82 (s, 3H); 3.92 (s,
3H); 3.95 (4, I = 7, 1H); 4.14 (4, J = 8, 1H); 4.30 (4,
J =8, 1H); 4.62 (d, J = 12, 1H); 4.80 (limiting ab,
2H); 4.90 (mt, 13); 4.92 (mt, 1H); 4.92 (d, J = 12,
13); $.36 (4, J = 2, 1H); 5.63 (dd, J = 11 and 7, 1H);



m xture (70:30 by vol urré). 127.4 ng of 4,10[err]-di acet oxy- ,
2[ err]-benzoyl oxy-5[err], 20-epoxy-I|-hydroxy-9-oxo-7[¢§ 6 BLACEMENT SHEET .
y OVT- =

triethylsilyloxy-11-taxen-13[err]-yl (2R 4S, 5R)- 3-ben
2- (4- met hoxyphenyl ) - 4- phenyl - 1, 3- oxazol i di ne-5- 10 ¢af boxyl at e, the!
structure of which.is confirmed by the proton nucl ear grrbt}iMARé%’Q?nahcé
spectrum and the purity of which is in the region of 95|% are thereby !
obtained in a 70.54 %yield. 400 [err]l Or{‘I a 0.9N et hgnottT solution of 115
hydrochloric acid are added to a solutio &t 40 my of |the product ohtained

above in 2 cnBgofsethangl . The. o Xt Urgai g, Stq4y ed. f hayirs gt .
. tenperature i n5t'fﬁg r(ggi ?n’o?'zéﬁrrfcs"@%ayi%{/ ﬂ?g# péf’f ﬁlnan%e ]laﬂl)q'ui d
chromat ogr aphy gsd8vWgahaly LN9.¥i ghd 2154 18] £rélsti peclow1 ), 1m);
2[ err]-benzoyl oxy-5[err], 20- epoxy-1, 7[ err]-di hydroxy-9-oxo-11-
6.69 (s, 1H); 7.16 (4, T = 7.5, 1H); 7.35 to 7.50 (mt,

3H); 7.48 (¢, J = 7.5, 2H); 7.67 (4, J = 7.5, 2H); 7.63
5 (t, J=17.5 1H); 8.04 (d, J = 7.5, 2H).
The other diasterocisomer possesses the
following characteristics: _
- infrared spectrum (CCl,): characteristic absorption
bands at 3580, 3550-3300, 3076. 3030, 1760, 1740, 1710,
10 1610, 1580, 1510; 1455, 1435, 1260, 1250, 1210, 1180,
1035, 985, 710 and 700 cm™> |
- proton nuclear magnetic resonance spectrum (400 MHz;
CDC13-; chemical shifts 6 in ppm; coupling cons'ﬁants J
in Hz): 1.10 [s, 9H: -C(CH;),]; 11.16 (s, 3H: -CH; 16 or
15 17); 1.24 (s, 3H: -CH, 16 or 17); 1.53 (s, 3H: -CH3; 19);
1.66 (s, 1H: -OH 1); 1.82 (s, 3H: -CH, 18); 2.00 (s,
3H: ~-COCH,): '2.00- (mt, 1H: -(CH)-H6); 2.12 (dd, J = 15
and 9, 1H: -(CH)-H14); 2.24 (a4, J = 15 and 9, 1H: -
(CH) -E14); 2.60 (mt, 1H: -(CH)-E6); 3.82 (d, J = 7, 1H:
20 ° -H3); 3.82 (s, 3H: -OCH;); 3.90 (s, 3H: f-ocz_i,;): 4.12 (4,
J =8, 1H: '-(cn)-gzoi; 4,26 (4, 7 = 8, 1H: -(CH)-H20):;
4.55 (d, J = 4, 1H: H5'); 4.62 (4, J = 12, 1H: -O(CH)-H
of CC1,CH,0CO0 at position 7); 4.78 (ab, J = 11, 2H:
0-CH, of Cl;CH,0CO0 at pésition ~-10); 4.89 (broad 4, J =
25 10, 1H: -H5); 4.89 (d; J = 12, 1H: -O(CH)-H of
C1,CCH,0C00 at position -7); 5.46 (broad 4, J = 4, 1H:
H4'’); 5.50 (dd, J = 11 and 7, s -H7); 5.65 (4, 0 = 7,
1H: -H2); 6.05 (t, J = 9, 1H: -H13); 6.16 (s, 1H:



taxen-13[err]-yl (2R, 3S)-3-benzoyl - 3- phenyl propi onat e ( Ofi-axed}—-5—54—4—30
39 CLAIMS 1. Process for preparing taxane derivat MLA@H@BW&SHEET
forma: [err] in which 5 R represents a hydrogen atom pramacetvyl

radical, and Rl err] represents a benzoyl radical or a rafiktal
in which Rerr] represents: - an unbranched or branched gl kyl‘l(fai{ﬁﬂiglg9
containing 1

29

-H10); 6.50 [mt, 2H: -CgHg at position 2’ (-H3 andu HS)]:;
6.72 (unres. comp., 1H: H2’); 7.22 [d, J = 7.5, 1H:
-CgHg at position 2’ (-H6)]; 7.30 to 7.50 [mt, 5H: -CgHj
at position 4/ (-H2 to -H6)1; 7.48 [t, J = 7.5, 2H:

5 -0COC¢H; (-H3 and -H5)]; 7.63 [t, J = 7.5, 1H: -OCOCH;
(-H4)1; 8.03 [d, J = 7.5, 2H: -OCOCgH; (-E2 and -H6)].

80 pl of methanes.ulphonic acid are added to a

solution of 1.623 g of the crude ester obtained above
in 20 cm® of methanol. The mixture is stirred for 4

10 hours at a temperature in the region of 20°C. Assay by
high performance liquid chromatography shows that the
yield of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-9-oxo-
78.108-bis(2,2,2~trichloroethoxy) carbonyloxy-11l-taxen-
13-yl (2R, 38) -3-t-bu£oxycarbony1émino-3-phenyl-z-‘

15 hydroxypropionate is 88 %.
EXAMPLE 7

A solution of 10.0 g of methyl (2R,38)-3-t-

butoxjrcarbonylamino-z-hydroxy-3-§heny1propionate, 1.0 g
of pyridinium p-toluenesulphonate and 5.7 cm’ of

20 benzaldehyde dimethyl acetal in 250 cm® of anhydrous
toluene is heated to reflux. 200 cm® of. solvent are
digtilled off in the course of 2 hours. The solution is
cooled to a temperature in the region of 20°C and
washed with 50 cm® of water. After settling has taken

25 place, and separation, drying and concentration to
dryness of the organic phase, the residue obtained is
taken up in 14 om® of diisopropyl ether. The slurry
obtained is filtered, rinsed and drained. 8.4 g of



to 8 carbon atons, an al kenyl radical containing 2 to 10
an al kynyl radical containing 3 to 8 carbon atons, a cycl oal
containing 3 to 6 carbon atons, a cycloal kenyl radical co
carbon atons or a bicycloal kyl radical containing 7 to 10 Jcdrbon atons,
t hese radical s being optionally 15 substituted with onejfor
substituents chosen from hal ogen atons and- hydroxyl radic
radicals containing 1 to 4 carbon atons, djg@lkylamno radicals in
each al kyl portion contains 1 to 4 carbon atons, piperidino or norpholino
radical's, 1-pi pepRzi48yYbRY03L80bGEORyERPORPPAhInSID M | difehyAl-snosition 4
with an al kyl radical containing 1 to 4 carbon atons or wth a phenyl al kyl
radi cal in whi cihethoxgbliybonpltlps-oxatelidine are thereby obtained in

a 65 % yield in the form of a single diastereoiscmer,
the characteristics of which are as follows:

] - infrared spectrum (disk, mixed with KBr):
characteristic absorption bands at 3250, 3095, 3070,
3030, 2975, 1710, 1500, 1460, 1165. 760 and 700 cm™?t
- proton nuclear magnetic resonance spectrum (300 MHz;
DMSO-dg; chemical shifts & in ppm; c_oﬁpling constants J

10 4in Hz): 0.95 (s, 9H); 4.26 (unres. comp., 1H); 5.10
(unres. comp. 1H); 6.20 (s, 1H); 7.25-7.55 (mt, 5H).
1.26 g of 86 % potassium hydroxide are added

to a solution of 7.07 g of the ester cbtained above in

3

88 cm® of methanol and 22 cm® of water. The mixture is

15 stirred overnight at a temberature in the region of
25°C. The methanol is removed by distillation under
reduced pressure. The mixture is acidified by adding 1IN
hydrochloric acid until the pH equals 2. The
precipitate cbtained is separated by filtration, washed

20 copiously with water to neutrality and then dried under
reduced pressure. 7.0 g of (2R,48,5R)-3-t-butoxy-
carbonyl-2,4-diphenyl-1,3-oxazolidine-5-carboxylic acid
are thereby obtained iﬁ a quantitative yield in the
form of a single diastereoiscmer; the characteristics

25 of which are as follows: |
- infrared spectrum (disk, mixed with KBr): main
characteristic absorption bands at 3080, 3050, 3030,
3005, 2975, 1760, 1695, 1600, 1585, 1490, 1460, 1435,



40 1 to 4 carbon atoms), cycloalkyl radicals containing 3 to 6 carbon

“atons, cycloal kenyl radicals containing 4 to 6 carbon ator gycu . Sy-2RA_
or. carboxyl radicals or al kyl oxycarbonyl radicals in whic Bﬁ ANT SKEET
portion 5 contains 1 to 4 carbon atons, - or a phenyl r |caI opt romat+

substituted wwth one or nore atons or radicals chosen fro thﬁgx%ﬁ
containing 1 to 4 carbon atons or al kyl oxy radicals contajn ng

carbon atoms, 10 - or a saturated or ungaturated 5- or p- menbered

ni trogenous heterocyclic radical optionally substituted th one or nore
al kyl radicals ¥bh%ai T6é0gaddtT00 cm™!

- proton nuclear magnetic resonance spectrum (200 MHzZ;
DMSO-d,; cﬁamical shifts & in ppm; coupling constants J
in Hz): 0.98 (s, 9H); 3.38 (s, 3M); 4.71 (d, J = 4,
5 1H); 5.30 (broad d, J = 4, 1H) ; 6.38 (s, 1H); 7.25 to
7.55 (mt, SH).
XAMPLE 8

0.70 g of dicyclohexylcarbodiimide and

9.030 g of 4-(dimethylamino)pyriding are ad&ed to a

10 stirred suspension of 1.25 g of (2R,48,5R)-3-t-
'ﬁutoxycarbonyl-z,4-dipheny1ri,3-oxazolidine-5-
carboxylic acid and 1.08 g of 4-acetoxy-2a-benzoyloxy-
SB,20-epoxy-1,13a-dihydroxy-9-oio-7ﬁ.1OB-bis(2,2,2-
trichloroethoxy) -carbonyloxy-1l-taxene in 12 cm® of

15 anhydrous toluene. The mixture is stirred for 24 hours
at a temperature in the region of 20°C. The
dicyclohexylurea formed is separated by filtration and
washed with toluene. The combined organic phases are
washed with saturated aqueous sodiuhhbicarbonhte

20 solution. After drying and concentr#tion to dryness
under reduced pressure, 2.27 g of a crude éroduct are
obtained, which product is purified by liquid
chromatography on silica gel, eluting with a
hexane/ethyl acetate mixture (1:1 by volume). 1.05 g of

25 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-9-oxo-
78,108-bis(2,2,2-trichloroethoxy) -carbonyloxy-11-taxen-
13a-yl (2R,48,5R)-3-t-butoxycarbonyl-2,4-diphenyl-1,3-
oxazolidine-5-carboxylate are thereby obtained in a 75




4 carbon atons, on the understanding’ that the cycl oal kyf
or bicycloal kyl radicals can be optionally substituted iR ) 2
al kyl radicals containing 1 to 4 carbon atoms, and Ar rkepfesents a phenyl
or [err]- or [err]-naphthyl radical optlonally substituted 9Wg MARNHPr NO
atonms or 20 radi cal s chosen from hal ogen (fluorine, chlprine, brom ne,

I odi ne) atonms and al kyl, al kenyl, al kynyl, aryl, aryl al kyt—atkoxy;

al kyl t hi o, aryl oxy, arylthio, hydroxyl, hg@roxyalkyl rcapto, fornyl,
acyl, acyl am no, aroyl am no, al koxycarbonyl am no, am no, 25 al kyl'am no,
di al kyl ami no, clrybedd , ikl €0 YEH B |a sitidlanddas téraldisomarharpel , cyano
and trifluoronethyl radicals, on the understanding that the aIkyI radi cal s

characteristics of which are as follows:

-

- infrared spectrum (in disk with KBr): main
characteristic absorption bands at 3250, 3095, 3070,
5 3030, 2975, 1710, 1500, 1460, 1165, 760 and 700 cm™
- proton nuclear magnetic resonance spectrum (400 MHz;
_CDciss chemical shifts 6 in ppm; cqupling constants J
in ni): 1.05 (s, 9B); 1.15 (s, 3H); 1.25 (s, 3H); 1.63
(s, 3H); 1.73 (s, 1H); 1.80 (s, 3H); 1.87 (unres. comp.
10 3H); 2.01 (mt, 1H); 2.08 (dd, J = 15 and 9, 1H); 2.23
(d4d, J = 15 and 9, 1H); 2.58 (mt, 1H); 3.81 (d, J = 7,
1H); 4.10 (4, 9 = 8, 1H); 4.26 (4, J = 8, 1H); 4.60 (4,
J =12, 1H); 4.61 (d, J = 4, 1H); 4.78 (ab, J = 11,
2H); 4.87 (broad 4, J = 10, 1H); 4.90 (d, J = 12, 1H):;
15 5.46 (mt, 1H); 5.50 (dd, J = 11 and 7, 1H); 5.63 (4, J
=7, 1H); 6.13 (mt, 1H); 6.13 (s, 1H); 6.43 (unres.
comp., 1H); 7.35 to 7.50 (mt, 10H); 7.48 (t, J = 7.5,
2H); 7.62 (t, J = 7.5, 1H); 8.03 (d, J = 7.5, 2H).
2.6 pl of methanesulphonic acid are added to
20 a solution of 41 mg df the ester obtaine§ above in
0.4 cm® of methanol. The mixture is stirred for
48 hours at a temperature in the region of 20°C. Assay
by high performance liquid ch:amﬁtog:éphy shows that 4-
acetoxy-Za-benzoylcxy-Sﬁ,20-epoxyfl-hydroxy-S-oxo-
25 768,108-bis(2,2,2-trichloroethoxy) carbonyloxy-11-taxen-
13aFy1 (2R,38)-3-t-hutoxycarbonylamino-3;phenyl-2-
hydroxy-propionate is cobtained in a 50 % yield.



and al kyl portions of the other radicals contain 1 to
and that the al kenyl and al kynyl radicals contain 3 to 8RE§M@£MEﬁTdﬁEE§n
the aryl radicals are phenyl or [err]- or [err]-naphthyl
characterized in that a protected 10- deacetyl baccatin t¢é@@%qgﬁpatlg
11 derivative of general formula: [err] in which Jerj] a gr
protecting the hydroxyl function and Jerr] representsja | or

a group protecting the hydroxyl function, Ls esterified by nmeans of an a¢id
of general formula: 3 : . i

EXAMPLE 9

A solution of 10.0 g of methyl (2R,38)-3-t-
butoxycarbonylamino-2-hydroxy-3-phenylpropionate,
0.334 g of pyridinium p-toluenesulphonate and 3.75 cm®

5 of'trimsthyl orthoformate in 70 cm® of toluene is’
heated to reflux. 4 cm® of solvent aré distilled off.
After cooling to a temperature in the region of 20°C
and filtration, the filtrate is concentrated to dryness
under reduced pressure. The residue is taken up with

10 50 cm® of hexane. The slurry obtained is filtered,
rinsed and drained. 4.6 g of (4S,5R)-3-t-
butoxycarbonyl-2-methoxy-4-phenyl-5-methoxycarbonyl -
1l,3-oxazolidine are thereby obtained in a 40 % yield in
the form of a mi#ture of diastereocisomers, the

15 characteristics of which are as follows:
- infrared spectrum (CH,Cl,): chracte:istie absorption
bands at 2980, 2955, 2935, 2840, 1760, 1745, 1710,
1495, 1460, 1440, 1175, 1080 and 1065 cm™?
- proton nuclear magnetic resonance spectrum (300 MHz;

20 .DMSO-d‘; température: 393°K; chemical shifts & in ppm;
coupling constants J in Hz) on the 65:35 mixture of
diastereoisomers: 1.22 (s, 33); 1.32 (s, 3H): 3.34 (s,
3H); 3.43 (s, 3H); 3.75 (s, 3H); 4.55 (4, J = 3, 1H);
4.68 (d, 0 = 8, 1H); 4.98 (d, J = 8, 1H); 5.17 (4, J =

25 3, 1H); 6.10 (s, 1H); 6.13 (s, 1H); 7.20 to 7.50 (mt,
5H) . |

16.1 g of lithium hydréxide monochydrate are
added to a solution of 11.27 g of the product obtained



Terr] 10 in which Ar and Rlerr] are defined as above ape-Rlerr]
represents a hydrogen atom or an optionally substituted arﬂElpM
a derivative of this acid, to obtain a product of generdl ffe
[err] in which Ar, Rlerr], Rerr], Jerr] and err] aré
t he side chain of which and, V\/nere appropriate, the hydf g
whi ch, protected by Gerr] and Jerr], is/are deprotectjed
product of general 5 formul a: 34

above in 85 cm® of methanol and 28 cm® of water .'.l‘“ixe:“
mixture is stirred for 36 minutes at a temperature in
the region of 20°C. The methanol is removed by
distillation under reduced pressure, and 145 cm® of

5 watef and 245 om® of ethyl acetate are then added. The
two-phase mixture is cooled to 0°C with stirring and
then acidified with 1N hydrochloric acid until the pH
equals 5. The aqueous phase is separat_ed after settlihg
has taken place and extracted with twice 75 cm® of

10 ethyl acetate. The organic phases are combined and
dried over sodium sulphate. After- filtration and
conc_:entration under reduced pressure at 25°C to a
volume of 50 cm®, 9.80 g of 4-acetoxy-2a-benzoyloxy-
58,20-epoxy-1,13a-dihydroxy-9-oxo-78,108-bis(2,2,2-

15 trichloroethoxy) -carbonyloxy-ll-taxene, 4,29 g of
dicyclohexyl-carbodiimide and 0.25 g of 4- .
(dimethylamino)pyridine are added to this residual
solﬁtion at 0°C. The mixture is stirred for 15 minutes
at 0°C and then for 3 hours at a temperature in the

20 region of 20°C. The dicyclohexylurea formed is
separated by filtration and washed with ethyl acetate.
The combined organic phases are washed with saturated
aqﬁeous sodium bicarbonate solution. After drying and
concentration to dryness under reduced pressur'é. 14.75

-25 .g of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1l-hydroxy-9-
6xo-7B +108-bis(2,2,2-trichloroethoxy) carbonyloxy-11-
taxen-13a-yl (48,5R)-3-t-butoxycarbonyl-2-methoxy-4-
phenyl-1,3-oxazolidine-5-carboxylate are obtained in



[err] in which Ar and Rl err] are defined as above, G [err] reppgsgents a

hydr ogen at om

represents a hydrogen atomor an acetyl radical or a group prpts h

-hydroxyl 10

appropriate, G[err] of which are replaced, where appropri atfe;
atons according to known nethods. 2. Process accor difng

characterized
acid or one of

10

15

20

25

or a group protecting the hydroxyl function and

function, the protective groups G [err] and, wHeife

N

15 in that the esterificatgson i s perfornmed{by
its derivatives for which, Ar and R err]
the form of a diastereocisomeric mixture, the T

characteristics of which are as follows:

- infrared spectrum (CH,Cl,) : chracteristic absorption

bands at 1760, 1725-1710, 1600, 1450, 1245, 1175, 1060,

985 and 815 em™!

- proton nuclear magnetic resonance spectrum (400 MHz;
CDCl;; temperature: 323°K; chemical displacements & in
ppm;_coupling constants J in Hz): 1.23 (s, 3553 1.32
(s, 3H): 1.35_(unres. comp., 9H); 1.88 (s,lBH): 1.91.
(s, 3H); 2.08 (s, 3H); 2.08 (mt, 1H); 2.26 (split ab, J
= 15 and 9, 1H); 2.65 (mt, H); 3.65 (s, 3H); 3.92 (d, J
=7, 1H); 4.18 (d, T = 8, 1H); 4.31 (d, J = 8, 1H);
4.64 (d, J = 12, 1H); 4.80 (d, J = 7, 1H); 4.83
(1imiting ab, 2H); 4.95 (broad d, J = 10, 1H); 4.95 (d,
J =12, 1H); 5.04 (broad d, J = 7, 1H); 5.58 (dd, J =
11 and 7, 1H); 5.72 (4, JF = 7, 1H); 6.25 (s, 1H); 6.31
(s, 1H); 6.34 (t, T = 9, 1H); 7.30 to 7.55 (mt, 5H);
7.54 (¢, J = 7.5, 28); 7.68 (¢, d = 7.5, 1H); 8.08 (4,
J = 7.5, 2H).

_ 47 pl of 37 % (w/w) hydrochloric acid are
added to a stirred solution of 0.617 g of ester
obtained above in 7.6 cm® of ethyl acetate. The mixture
is stirred for 20 hqurs at a temperature in the region
of 20°C. Analysis by high performance liquid
chrqmatography_shows that 4-acetoxy-2a-benzoyloxy-
58,20-epoxy-1-hydroxy-9-oxo-78,108-bis (2,2, 2-
trichloroethoxy)carboﬁyloxy-ll-taxen?13a-y1 (2R, 38)-3-
't-butoxycarbonylaminc-3Qphenyl-z-hydrozypropionate ié



43 being defined as in claim1, Rlerr] represents a hydrogen atom or an
.al koxy radical containing 1 to 4 carbon atons or a phenyl radical

optionally substituted with one or nore el ectron-donating radijc . M NPT
Process according to claim2, characterized in that the el ect Oﬁt%@Mfﬁz SHEE!
radi cal s are chosen from al koxy radicals containing 1 to 4 carfbdn atons. 4.
Process according to claim 1, characterized in that the groupg prol 8déARG97
baccatin Il or 10- 10 deacetyl baccatin Bl represented by rr] and
Jerr] are chosen from(2,2,2-trichloroethoxy)carbonyl and 2-§2- o
trichl or onet hyl pphpained dbmnya3 fadiiedlid and trial kylsilyl, L

di al kylarylsilyl, al kﬁ/l diarylsilyl or triarylsilyl radicals in which the
al kyl portions EXAMPLE 10 :

A solution of 4.01 g of methyl (2R,3S)-3-
benzoylamino-z-hydroxy-s;phenylpropionate and 0.01 .g of
-3 p}ridinium p-toluenesulphonaté in 70 cm® of .toluene is
dehydrated by distilling off 30 cm® of solvent. 30 cm’
of toluene are added and 20 cm® of solvent are
distilled off. After cooling, a solution of 2.57 g of
. p-methoxybenzaldehyde dimethyl acetal in 6 cm® of
10 toluene is added. 20 cm® of toluene are added, and the
mixture is then heated for 40 minutes to a temperature
_in the region of 100°C while distilling off 60 cu’ of
solvent. After cooling, the cloudy solution is filtered
through cotton wool and then concentraﬁed to dryness.
15 6.13 g of a yellowish oil are thereby obtained, which
oil is stirred for 12 hours with 30 cm® of cyclohe:;ane.
‘After filtration on sintered glass and washing of the
precipitate with twice 10 cm® of cyclohexane, 5.09 g of
(2R, 48, 5R) -3-benzoyl-2- (4-methoxyphenyl) -4-phenyl-5-
20 methoxycarbonyl-1l,3-oxazolidine are cbtained in a 91 %
- yleld. |
25 cm® of an aqueous solution containing 834
mg of 86 % potassium hydroxide are added to a solution
of 4.80 g of the product obtained above in 120 ecm® of
25 methanol. The mixture is stirred for 1 hour at a
temperature in the region of 20°C. '.t'llxe. methanol is
removed by distillation under reduced pressure, and 25

cm® of water and 50 cm® of isopropyl ether are then



15 contain 1 to 4 carbon atons and the aryl portions are pr fmﬁﬁRQMWENTE%mET

phenyl radicals.

5. Process. according to one of clainsf 1

characterized in that the esterification by means of an acid fof} general

formula: [err] 2

O in which Ar and Rlerr] are defined as in jcljai MOLMARN997

Rlerr] is defined as in one of clains 1 to 3, ‘is perforned in tlhhe presence
of a condensi ng agent and an activating agent, working in anf{organic

solvent at a tenperature of 44 betmeen -49 and 90[err]C

1
r
t

added. The aquéous phase is separated after settling
has taken place and then washed with twice 25 cm® of
isopropyl ether. The aqueous phase is acidified by
addipg concentrated hydrochloric acid until the pH
equals 1, and 50 cu’® of dichloromethane are then added.

After settling has taken place, the aqueocus phase is

10

15

20

25

separated and washed with 25 cm® of dichloromethane.

The combined organic phases are washed with 25 om® of

water and then dried over sodiup éulphate. After

filtration and concentratién to dryness, 4.49 g of
(2R, 48, 5R) ~3-benzoyl-2- (4¢-methoxyphenyl) -4-phenyl-1,3-
oxazolidine-5-carboxylic acid are obtained in a 97 %
yield.
LE 1
A solution of 0.1023 g of (2R,4S,5R)-3-
benzoyl-z-(4-meth°xyphenyl)-4-pheny1-1.3oxazol§dine-5-

carboxylic acid and 5.2 mg of 4-(dimeﬁhylamino)pyridine

in 3 em® of toluene is added to a solution of 0.137 g
of 85 & 4.ioﬁ-diacetoxy-2a-benzoyloxy-SB.20-epoxy-
1,13a-dihydroxyf9-oxo-?ﬁrtriethylsilylcgy-il-taxene and
0.0521 g of dicyclohexylcarbodiimide in 1 cm® of
toluene. The mixture is stirred for 2 hour§ 15 minutes
at a temperature in the region of 20°C. The
dicyclohexylurea is separated by filtration. 20lcm? of
saturated sodium bicarbonate solution are added to the
filtrate. After settling has taken place, the aqueous
phase is separated and extracted with 3 times 30 cm® of

dichloromethane. The combined organic phases are dried




6. Process according to claim5, characterized in tha

condensi ng agent is chosen from carbodiimdes and reactive cprREmak :
the 5 activating agent is chosen from amn nopyridines. 7. 4 “§§Tgﬁiﬁ
according to claim®6, characterized in that the condensing dggnt is choSen-
" fromdicycl ohexyl carbodi i m de and di-2-pyridyl carbonate an he1aduka,§§]ng

agent is chosen from:4-(dinethylamno)- 10 pyri di ne and

4-pyrrolidinopyridine. 8. Process agcording to cla
characterized in that the solvent is chosen fromethers, k Uﬁe§?~§§LE%E;~. j
nitriles, aliphotées Sydivusasklylstdal X ifilwation iandhydr ocabons an —

aromati ¢ hydrocarbons. 15 9. Process according to claimS8,

characteri zed | contentration V@R108 g o en Hrosiuct deaobtained, which

product is purified by chromatography on 7 g of silica

i
i

~ contained in a column 30 cm in height and 1.5 em in
§ diameter, eluting with a cyclohexane/ethyl acetate
mixture (70:30 by volume). 127.4 mg of 4,108-diacetoxy-
2a-benzoyloxy-55,2o-epoxy-l-hydrdxy-s-oxo-?ﬂ-
triethylsilyloxy-ll-taxen-l13a-yl (2R, 48,5R) -3-benzoyl-
2- (4-methoxyphenyl) -4-phenyl-1,3-oxazolidine-5-

10 carboxylate, the structure of which is confirmed by the -
proton nuclear magnetic resonanée épectrum and the
purity of which is in the region of 95 %, are thereby

_ obtained in a 70.54 % yield. ‘
400 pl of a 0.9N ethanolic.salutibn of

15 hydrochloric acid are added to a solution of 40 mg of
the product obtained above in 2 cn’® of ethanol. The
mixture is stirred for 6 hours at a temperature in the
region of 20°C. Assay by high performance liquid
chromatography shows that the yield of 4,108-diacetoxy-

20 2a-benzoyloxy-56.20-epqu-1,7ﬁ-dihydroxy-9-oxo-11-. '
taxen-13a-yl (2R,38) -3-benzoyl-3-phenylpropionate (or
taxol) is 51.4 %.



hydr ocar bons. 10. Process according to one of clains 1 to

charact.erized in that the esterification is perfornmed 20 mmlulu '"alll""lll""
anhydri de of generfa : in which Ar and R err] are

in claiml and R gr ﬁAﬁEWENTn&HEEﬁsl n one of claims 1 to 3, morklng |n the

presence of an actfi atlng‘ﬁgEnt~rﬂ n organi ¢ sol vent 45 at a
t enperature of be M%R:é§¥ riC 11. Process according to claim
10, characteri zeédfi that 8 ctjvpting ag@nt is chosen from
CLAIMS
1. Process for preparing taxane derivatives of

general formula:

Ar

Qiun

1"
g

HO

OCOCH3
OCOCH;

in which

5 R represents a hydrogen atém or an acetyl radical, and
R, represents a benzoyl radical or a radical R,~0-CO- in
which R, represents: |
- an unbranched or branched alkyl radical containing 1
to 8 carbon atoms, an alkenylfradical containing 2 to

10 8 carbon atoms, an alkynyl radical containing 3 to
é'carbon atoms, a cycloalkyl radical containing 3 to
6 carbon.atams, a cycloalkenyl radical containing 4 to
6 carbon atoms or a bicycloalkyl radical containing 7
to 10 carbon atams; these radicals being optionally

15 substituted with one or more substituenﬁs chosen from
halogen atoms and hydroxyl radicals, alkyloxy radicals
containing 1 to 4 carbon atams,'dialkylamino radicals
in which each alkyl portion contains 1 to 4 carben
atoms, piperidino or morpholino radicals, l-piperazinyl

20 radicals (optionally substituted at position 4 with an
alkyl radical containing 1 to 4 carbon atoms or with a

phenylalkyl radical in which the alkyl portion contains



am nopyri di nes.

5 REPLA according to claim |
in that the activati ng-—agegEMEl\ﬁr g ‘e from 4- (di net hyl arﬂmm mil H' ﬁil
[

=

4-pyrrolidinopyridi ne. Prdcgss according to cla
characterized in that théosMAReﬁWl 4 ghosen from et hers, ketones
esters, nitriles, alfighatic hydrocagjbgns, hal ogenated aliphatic
hydrocar bons and arwtic hydrocarpons. 14. Process according to one
of clains 1 to 4, charasterized in that the esterification is perforned by
means of an activated acid of fornula: [err] 15 in which Ar and Rl err]
defined as in d aion4l caEbons atoms)¢dcgelodlRfk paditalsscdntai®imyd3 X
represents a hal ogen atom or an acyl oxy or aryl oxy radical,

10

15

20

25

to 6 carbon atoms, cycloalkenyl radicals containing 4
to 6 carbon atoms, phényl, cyano or carboxyl radicals
or alkyloxycarbonyl radicals in which the alkyl portion
contains 1 to 4 carbon atoms,

- or a phenyl :adical optionally substituted with one
or more atoms or radicals chosen from alkyl radicals
containing 1 ﬁo 4 carbon atoms or alkyloxy radicals
containing 1 to 4 carbon atoms,

- or a saturated or unsaturated 5- or 6-membered
nitrogenous heterocyclic rad;cal optionally substituted
with one or more alky; radicals containing 1 teo

4 carbon atoms,

on the understanding that the cycloalkyl, cycloalkenyl
or bicycloalkyl radicals can be optionally substituted
with one or more alkyl radicals containing 1 to

4 carbon atoms, and |

Ar represents a phenyl or a- or S-naphthyl radical
optionally substituted with one or more atoms or
radicals chosen from halogen.(fluorine, chlorine,
bromine, iodine) atoms and alkyl, alkenyl, alkynyl,
aryl, arylalkyl, alkoxy, alkylthio, aryloxy; arylthio,
hydroxyl, hydroxyalkyl, mercapto, formyl, acyl,
acylamino, aroylamino, alkoxycarbonylamino, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
carbamoyl,.dialkylcarbamoyl, cyano and trifluoromethyl
radicals, on the understanding that the alkyl radicals

and alkyl portions of the other radicals contain 1 to

are



optionally prepared in si
solvent at a tenperature
according to claim14, ¢

ni trogenous organi c basesj

characterized in that th
terstiary am nes, pyridin

WREPILAC LS TP RRBENC
f A—30-20 3

tih

Q

trogenous or dan

and ami nopyri di ng

e of a base in an
nd 80[err]C 15.

e

dt the base is chosen

Process according to claiml15,
I c base is chosen fromaliphatic
s. 17. Process accordi ng

to claim 14,
ket ones,

10

characteriz

-iolvent is chosen from et hers,

4 carbon atoms, and that the alkenyl and alkynyl
radicals contain 3 to 8 carbon atoms and the aryl
radicals are phenyl or a- or S-naphthyl radicals
characterized in that a protected 1l0-deacetylbaccatin

III or baccatin III derivative of general formula:

G,-0, 0 0-G

H

H
- OCOCH;

OCOCgH5

HO

in-which Gl'representa a group protecting the hydroxyl
function and G, represents an acetyl radical or a group
protecting the hydroxyl function, is esterified by

means of an acid of general formula:

Ar ACOOH
RI-N><0
R H

in which Ar and R, are defined as above and R,
represents a hydrogen atom or an optionally substituted
aryl radical, or of a derivative of this acid, to

obtain a product of general formula:



esters, nitriles, aliphatic hydrocarbons, halogenated ali ' '
hydr ocar bons an rbons. 18. i Process EBM‘HMU”HIII
claim 17, characﬁEPLk@‘&MEN’T SHEET yhe solvent is chosen fro mL0s

hydrocarbons 139. . oeesg dccording to one of clains 1 to 4,
characterized ijn i\hﬁﬁ,@ r%t ction of the side chain and, wher e
appropriate, of ngtions protected by silyl protective groups
Jerr] and g enr tdsd5 . perf

) d in thggpresence of an inorganic or
organic acid off m xtures thereof] working 1 n an organic solvent at a
tenperature of

[err] C. o Iarqggis according to
claim19, characterized in that the inorgaffi s ghbsen from
hydrochl oric 20 and sul %k}uric a@) ds and\t he id is chosen from

~—

7_\ e JTLLL
< 0
R1°N><0 R
HO : OCOCH
s Soocgts

in which Ar, R,, Ry, G; and G, are defin_ed.as above, the
side chain of which and, where appropriate, the
hydroxyl functions of which, protected by G; and G,,
is/are deprotected to .obta.:l.n a product of general

5 formula:

in which Ar and R, are defined as above, G’; represents
a hydrogen atom or a group protecting the hydroxyl-
function and G/, :Eepresents a hydrogen atom or an
acetyl radical or a group protecting the hydroxyl
10 function, the protective groups G’; and, where
appropriate, G’, of which are replaced, where
appropriate, by hydrogen atoms according to known
methods. | .
2. Px;ocess acéording to claim 1, characterized
15 in that the esterification is performed by means of an

acid or one of its derivatives for which, Ar and R,



acetic, nethanesfil, nonrcupﬁ ?g ofllomet hanesul phoni ¢ and
aci ds. 21. Focess dGCc ot Jlto claim19, characte n “
+

solvent is choseh

hydr ocar bons,

22. Procesg
depr ot ecti on of
oxi di zi ng agent

ronralcoholsr

ha] opert0 MARRWOPhat i

hers, 25 esters, n|tr Inp atle
hydrocarbons and aronatrc hydrocarbons
I m1, characterized in that the

s Jper f-or med 47 in the presence of an

according to claim 22, characterized

10

15

being defined as in claim 1, R; represents a hydrogen
atom or an alkoxy radical containing 1_to 4 carbon
atoms or a phenyl radical optionally substituted with
one or more electron-donating radicals.

3. Process according to claim 2, characterized
in that the electron-donating radicals are chosen from
alkoxy radicals containing 1 to 4 carbon atoms.

4. Pfocess according to claim 1, characterized
in that the groups protecting baccatin IIi or 10-
deacetylbaccatin IIX represénted by G, and G, are chosen
from (2,2,2-trichloroethoxy)carbonyl and 2-(2-
trichloromethylpropoxy) carbonyl radicals and
trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl or
triarylsilyl radicals in which the alkyl portions

contain 1 to 4 carboh atoms and the aryl portions are

" preferably phenyl radicals.

20

5. ~ Process according to one of claims 1 to 4,

characterized in that the esterification by means of an

acid of general formula:

Ar COOH

&
)

RI-N><

R{ H

o

in which Ar and R; are defined as in claim 1 and R; is
defined as in one of claims 1 io 3, is performed in the
presence of a condensing agent and an activating agent,

working in an organic solvent at a temperature of

aqueous30or gani ¢ nmedi um 23. Process



in that the oxdi zi ng ypRi-dym cerium IV 5 nitrate
agueous-organi c ned dmﬁPLZQE‘M[_.N'Fr q*#&'rrcess according to one cmlmlemmlllﬂﬂllmml
23, characterized i - ; -organic mediumis a * ¢ L M s =
wat er/ acetonitrile fr: Process according claim 22,
characterized in 10 | Zi ng agent is 2,3-dichloro-5, 6-di cyano-
1, 4- benzoqui none in I or di '
characterized in that the deprotectidn of 44e side chain is perfornmed by
hydrogenol ysis. 15 = Rrgcess according to claim 26, characterized
in that the hydbeganehysus mandp®0PCLned with hydrogen in the presence of a
catal yst. 28. Process according to claiml, characterized

6. Process according to claim 5, characterized

in that the condensing agent is chosen from -
carbodiimides and reactive carbonates and the

5 activating agent is chosen from aminopyridines.
7. Process according to claim 6, characterized
in that the condensing agent is chosen from
dicyclohexylcarbodiimide and di-2-pyridyl carbonate and
the activating agent is chosen from 4-(dimethylamino)-

10 pyridine and 4-pyrrolidinopyridine.
8. Process according to claim 5, characterized
in that the solvent is chosen from ethers, ketones,
esters, nitriles, aliphatic hydrocarbons, halogenated
aliphatic hydrocabons and aramatié hydrocanbons.

i5 9. Process according to élaim.s, characterized
in that the solvent is chosen from aromatic
hydrocarbons.
10. Process according to one of claims 1 to 4,
characterized in that the esterification is performed

20 by means of an anhydride of general formula:

QUL N
. 5 o N
SIS ST
- rR{ H Ry H

in which Ar and R, are defined as in claim 1 and R; is
defined as in one of claims 1 to 3, working in the

presence of an activating agent in an organic solvent



In that replacenment of_the

appropriate, Jerr] rnpggqg@g'

'@gﬁauﬁgﬁ 2-

roups Jerr] and, 2
trlchloroethoxyc

I

2-(2-trichl oronet hyl - ~ea%beﬁyl radi cal by hydrogen

perfornmed with zinc, Jp‘lonall i n_camji nati on with copper, in the presence
of acetic acid at a tgnper 1 bet ween 25 20 and 60[err]C, or by
means of an inorganicjof organic acid dissolved in an aliphatic al cohol

bon atons or

tian w.t.h

containing 1 to 3 car
zinc optionally in co
gener al

11.
in that the activating
aminopyridines.

12.

in that the activating

N al E

in the presence of
The aci ds of

hati c ester,

Pper . 48 29.

formil aat a temperature of between 0 and 90°C.

Process according to claim 10, characterized

agent is chosen fram.

Process according to claim 11, characterized

agent is chosen from 4-

(dimethylamino)pyridine and 4-pyrrolid;nopyridine.

13.
in that the solvent is
10
aiiphatic hydrocarbons
14,

Process according to claim 10, characterized

chosen from ethers, ketones,

esters, nitriles, aliphatic hydrocarbons, halogenated

and aromatic hyd:océrbons;

Process according to one of claims 1 to 4,

characterized in that the esterification is performed

by means of an activated acid of formula:

TISG

15 din which Ar and R, are

R{ H

defined as in claim 1, R, is

defined as in one of claims 1 to 3 and X represents a

halogen atom or an acyloxy or aryloxy radical,

optionally prepared in

gitu, in the presence of a base

in an organic solvent at a temperature of between 10

20 and 80°C.

15.

Process according to claim 14, characterized

in that the base is chosen from nitrogenous organic

bases.



et hed"as | n'one of [l aims 116 "3”2—'2!??02‘; |y inthe form mmummu Il i ]
ester, anhydride, m ed qﬂ@%&@hgﬁﬁor hal i de. 30. A pro Gct tof s
general fornula: [erf] Rlerr] are defined as in claiml,

Rlerr] is defined asfi 1to3 and Jerr] and Jerr] are
defined as in one off clains 1 and 4.
o 46
16. Process according to claim 15, characterized

in that the nitrogenous organic base is chosen from
aliphatic tertiary amines, pyridine and aminopyridines.
17, Process according to claim 14, characterized

5 in that the solvent is chosen from ethers, ketones,
esters, nitriles, aliphatic hydrocarbons, halogenated
aliphatic hydrocarbons and aramatié hydrocarbons.'
18. _ Process aécording to claim 17, characterized
in that the solvent is chosen from aromatic

10 hydrocarbons.
19. Process according to one of claims 1 to 4,
characterized in that the deprotection of the side
chain and, where appropfiate, of the hydroxyl functions
protected by silyl protéctiﬁe groups G, and G, is

15 performed in the presence of an inorganic or organic
acid or mixtures thereof, working in an organic solvent
at a temperature of between -10 and 60°C.
20. Process according to claim 19, characterized
in‘that the inorganic acid is chosen from hydrochloric

20 and sulphuric acids and the organic acid is chosen from
acetic, methanesulphonic, trifluoromethanesulphonic ané

| p-toluenesulphonic acids.

21. Process according to claim 19, characterized
in that the solvent is chosen from alcohols, ethers,

25 esters, nitriles, aliphatic hydrocarbone, halogenated
aliphatic hydrocarbong and aromatic hydrocarbons.
22. Process according to claim 1, characterized

in that the deprotection of the side chain is performed



10

15

20

25
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in the presence of” an oxidizing agent in water or in an
aqueous-organic medium.

23. Process eceording to claim 22, characterized
in that the oxdizing agent is ammonium cerium IV
nitrate in an agqueous-organic medium.

24. Process according to one of claims 22 and 23,
characterized in that the aqueous-organic medium is a
water/acetonitrile mixture.

25. Process according claim 22, characterized in .
that the oxidizing agent is 2,3-dichlorof5.S-dicyano-
1,4-benzoquinone in weter.

26. Process according to claim 1, characterized
in that the deprotection of the side chain is performed
by hydrogenolysis. -

27. Process according to claim 26, characterized
in that the hydrogenolysis is performed with hydregen
in the presenee.ef a catalyst. _
28, - Process according to claim 1, characterized
in that replacement of the protective groups G, and, |
where appropriate, G, repreeenting a2,2,2-
trichloroethoxycarbonyl or 2-(2-triehlo:emethy1-
propexy)carbonyl radical by hydrogen atoms is performed
with zinc, optionally in combination with copper, in
the presence of acetic acid at a temperature of between
20 and 60°C, or by means of an inorganic or organie.
acid dissolved in an aliphatic alcochol containing 1 to
3 cerben atoms or in an aliphatic estexr, in the

presence of zinc optionally in combination with copper.
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29. The aeidhs.o::E general formula:
At cooH
RN O

in which Ar and R, are defined as in claim 1 and R; is
defined as in one of claims 1 to 3, optional_ly in the
form of a salt, ester, anhydride, mixed anhydride or
halide. | |

30. A product of general formula:

in which Ar and R, are defined as in claim 1, R; is
defined as in one of claims 1 to 3 and G; and G, are

defined as in one of claims 1 and 4.
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ABSTRACT
METHOD FOR PREPARING TAXANE DERIVATIVES

Method of preparing taxane derivatives of general
formula (I) by esterification of protected baccatine III or
10-deacetyl-baccatine III by means of an acid of general
formula (VII), deprotection of the side chain and
elimination of the -hydroxy function protection groupings.
In general formulae (I) and (VII): Ar stands for aryl, R is
hydrogen or acetyl, R, is benzoyl or R,-0-CO- in which R, is
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
bicycloalkyl, phenyl or heterocyclyl, and R, is hydrogen,
alkoxy, optionally substituted aryl. .
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tion protection groupings. In general formulae (T) and (VII): Ar stands for aryl, R is hydrogen or acetyl, R, is benzoyl or Ry-O-
CO- in which R, is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, bicycloalkyl, phenyl or heterocyclyl, and R; is hydrogen,
alkoxy, optionally substituted aryl.
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Procédé de préparation de dérivés du taxane de formule générale (l)puenéﬂﬁmondehbmnemwdehdsaeé-
e en!sp&!:eu d::l“l ‘lllly“:mx :l::lufo:mleuhaﬂuﬂ) (VIL): dem o Cuboy
groupem 1S onctions y. et Ar aryle, R Whydro-
géne ou acétyle, R, représente benzoyle ou R;-0-CO- dans lequel R, représente alcoyle, alcényle, alcynyle, oalwxg - s,
closlcényie, bicycloalkyle, phényleonhﬁemzcycble. Rj représente hydrogéne, ﬂw:y,mtmmdcylzunw "cy




