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SEM SYNTHESI S PROCESS FOR THE PREPARATI ON OF
10- DEACETYL- N- DEBENZOYL- PACLI TAXEL Fi el d of the
wonwwsien Obj ect of the present invention i s RCTAER2005/010822
sem synt hesi s process for the preparation of
10- deacet yl - N-debenzoyl - pacl i taxel (I), a useful
synthon for the preparation of taxanes with
anti-tunour activity. The invention also relates to_a ~
SEMASYNTHESIS he PROGESS | o FOR 1 (THE - cPREPARATION _OF
7,10-trichl oroacetyl baccatin 111 with a content of the
§i-NaDEBBNZQ YdonPA € di I Addacet y|
derivatives |lower than 0.1% as determ ned by HPLC. The
i nvention also concerns a process for the preparation
of Docetaxel having a purity degree higher than 99%
by Fiel ef the:gnveémtiont er nedi ate (1) obtai ned by the
process of the invention to reaction wth .
di Qbject blithe presentboNantonds\kenEWasepisanthaséuPreeass for the
conposi tions conprising said hiqh-purity Docet axel. .
pregaationodf {Praleaeetyk enzoxlopaglitaxab(l)ha usetul synthon for the
esterification with oxazolidines of fornula (1) (H)of
prepacagisucef {Axsaes stith aptidvBtQWRHtVithe 7- and
10-positions of fornmula (l111) to_gi

e esters, of
f orkh Hvenypn o pelaiesdp fcpisisess for e wEparRbion qf,}0-deacetyl-
synt hesi s of sypthon , teported in literature
bis{ Tl 0heclareapentbackarn’ B viE e, dagut of Mhetcoxfespondif 7- or

10 r'\r/xl?)%'o-trichloroacetyl derivatives lower than 0.1% as determined by HPLC.

The invention also concerns a process for the preparation of Docetaxel
having a purity degree higher than 99%, by subjecting the intermediate (I)
obtained by the process of the invention to reaction with di-fer#-butyl dicarbonate

as well as pharmaceutical compositions comprising said high-purity Docetaxel.

O
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State of the art

A process comprising the esterification with oxazolidines of formula (IT)

an
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Chem 34, 992, 1991). Liberation of the am no function

at the 3'-position and hydroxy groups at the 2'-,7-
wanwehd7¢3ssi ti ons fromthe esters of formula (P¥)/EP2005/010822

affords synthon (l1). In particular, according to the

above-cited patent application, groups R can be

hydr ogen, al kyl, al koxy or vari ously-substituted

phen and R is al wi t h, one, or

gl %HS%%%‘?‘%&%B%BT%CSF@ abifiey -, 1b-8pSigone Bgprmula qun)
groups wherein R is as defined above. Starting from

the internedi ates of fornul a t he hydroxy and the

am no functions are |ibgratedlby Pedyction with zinc

and aci ds and, when grouf < silyl, the

hydr oxy functions auct ated hQy—acid treatnent, or
exanpl e with hydrof | uoric- 7 gry of the

invention The present inyeht om,: qa first enbodi nent

t hereof, concerns a process or ﬁh@)ﬁ%;Jaration of
10-deacety| N- debenzoyl - pacl Pt axelg (T) conprising the

foll owi ng steps: a) reacbie

of
2-(2,4-dinethoxyphenyl)-3-(A-nitro%ﬁﬁ%bnesulfenyl) 4(
S) - phenyl -5(i?) - oxazolidjhedgrboxylic acid (V) with
10-deacety|-bis-7,10-tri%hlwroa!etylbaccatln [ (V)
2- (2, 4- di met hoxyr henyl ) - 3- (2-ni t robenzensul f enyl) - 4(

(VI)to give
) - pH@rgllVeﬁ(StgrS O(figfml%lﬂ]\é) carboxylic acid,
10- deacetyl -7, 10-bi s-tri chl oroacet yl ggccatl n il

1v)
has been disclosed in WO 94/07877 for the synthesis of synthon (I),

reported in the literature in the early 90s (F. Guéritte-Voegelein et al., J. Med.
Chem. 34, 992, 1991).

Liberation of the amino function at the 3’-position and hydroxy groups at
the 2°-,7- and 10-positions from the esters of formula (IV) affords synthon (I).

In particular, according to the above-cited patent application, groups R
can be hydrogen, alkyl, alkoxy or variously-substituted pheny! and R, is alkyl
substituted with one or more chlorine atoms. Groups G are alkylsilyl or
R;-0-CO- groups wherein R, is as defined above.

Starting from the intermediates of formula (IV), the hydroxy and the
amino functions are liberated by reduction with zinc and acids and, when

groups G are alkylsilyl, the hydroxy functions are liberated by acid treatment,



13-yl -ester (VI1) b) hydrolysis of the trichloroacetyl
groups at the 7- and 10- positions of the conpound of

woanwmwBzs§VI 1) to give 2-(2,4-di net hoxyphenyl ) PBTER2005/010822
ni trobenzensul fenyl)-4( S)-phenyl-5(i?) -oxazolidine
carboxylic acid, 10-deacetylbaccatin Ill 13-yl-ester
(VMII'l) ¢) acid treatnent of the conpound formnul a

fO%/%Af#ﬁlﬁéﬁéﬁ%ﬁf%ﬁ%i@Eﬁﬁg?ﬁ be s bﬁgigf i nt :?L%Ej?;? :es( M
2-(2u4- Di : ~3-(2-ni -4
)~ putymasy oA ORI S (2 Doyl ic acid

%g ﬁ%ﬁteél?nt(?r\t}%%lﬁgﬁ,dfnré HLCLABG I LRPRERALE cbhberns a process
foggie pikmRy oS B BT S de i S hRe A ()

10- deacetyl baccatin Il 13-yl-esteed(VIII). The

i nvention al so concefts pr ocess ‘or°th84preparation

of 10-deacetyl bi 7:10- paccatin |1

with a content €

nono-trichl oroa | desivativeg~lowe

det erm ned by HPLC, conprisingwthgzﬁ

chr omat ogr aphy of the reaction mA&Xtur A

object if the invention is prosged by \Docet axe

having a purity degree higher th

phar maceuti cal conpositions conp g it. Description
5 of the invention ®

comprising the following steps:
a) reaction of 2-(2,4-dimethoxyphenyl)-3-(2-nitrobenzenesulfenyl)-4(S)-
phenyl-5(R) - oxazolidinecarboxylic acid (V)

\%‘OH
ON
—N Q
|
(o]
V) °<
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The present invention relates to a process for the

synthesis of synthon (1) in high yield and/or quality.
wOoheoepBTsess noreover does not require the pol PATIERZN06/010822

difficult to handl e reagents, such as zinc and

hydrof | uoric acid. The proced4s consists in the

reaction of 2-(2,4-di met hoxyphenyl)-3-(2-

Kyt arr ot Rt i et Grisgpruzenspifepy)-4(Sy pheny-SR)
e , tr
ox%%iljjcﬁﬁg Hﬁlb 1ce Sat11:gir, (lvcc%ae V\ﬁgf@ ) g??g/igiﬁ ?oe{d lbaccatln III
130}@ ter i beration of the am no and hydroxy
f The compound of formula (VII) is novel and
s a further obj ect of the present ddugntion. The
A) either
thereof, is equ sebul i n\ihe

chiral center at e 2- &155,1;,1’, e/okazoline ring
ber ation of

is removed fropinte nedi ate
wor ds, the

does not

rel ative ratd
i mpair the pg
oxazol i di ne ac¥d (V) e3si | yo= epar ed\by acid
treatnent of the cor ondi ng al ka S 8, whose
preparati on has been Fscl osed | 03/ 087077 Al .
Conpared to ot her oxazplidine acidsc/acid (V) is
5 characterised byremarkabl e @tpility; which allows to

easily carry out the esterification with

b)  hydrolysis of the trichloroacetyl groups at the 7- and 10- positions of

e[ di 48 er£0|~so
t

the compound of formula (VII) to give 2-(2,4-dimethoxyphenyl)-3-(2-
nitrobenzensulfenyl)-4(S)-phenyl-5(R) -oxazolidine carboxylic acid,
10-deacetylbaccatin III 13-yl-ester (VIII)

O,N

10 S (v
c) acid treatment of the compound formula (VIII) to give 10-deacetyl-N-
debenzoyl-paclitaxel (I).
The invention also provides as novel intermediates 2-(2,4-
Dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5(R)-oxazolidine
15 carboxylic acid, 10-deacetyl-7,10-bis-trichloroacetylbaccatin III 13-yl-ester
(VII) and 2-(2,4-Dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-
5(R)-oxazolidine carboxylic acid, 10-deacetylbaccatin III 13-yl-ester (VIII).
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synthon (VI). Moreover, after the esterification, the
i beration of the am no and hydroxy functions

woamicasTEsl i n the acid residue can be easily CRCTIEE2005/010822
out by treatnent with acids, without the need to adopt
drastic conditions. The taxamge synthon (VI) can be
obtained fromthe natural netabolite
10- deacet yl bacc ification of.t

tin Il through este
7- ahhe !P(Y-eBE@F’tEﬁ%%QOBEﬁrPF SRS rttﬁetmpewaapaétfétdlgeacetyl-
.acjd actjvated derivativyes,.accordin known )
bigdh L0-irehlorp e iberban B i Aot thestreippnding 7- or 10
obt ai n by reaction with trichlor tic id .,
moRpIFEBIOTaiooy | drkBRsies doytes Tl toyas diigmingdnly HPLC,
as the solvent. Preferably, ] .
cotRptiuRedhy iAeSl SO eRiABhE 96 b FeRation MRS (V1)
is ri.fied fromi.t.s,correspondi ng 7-..a .
| & PR birttiar; Ghieh b rhe mseBRonny Brevidddqay Docetaxel having a
chr onpt ogr aphy or . equi ent nethods., The residual .l
PURLCERe JuEeT nibar 9% SholFd Ad: PhartRaspiical, sempositions
neasuy ed, by HPLC % peaks. According to the present
CQIAREANESH: “the esterification of (M) with the

[ i di, [ AR [ Vi | b I ed t
o b BoRc el (o1 L)oo be eerried o
ot TS b R AR TR e B affon 0
or 4-pyrrolidino-pyridine in a solvent selected from

an ether, such as ethyl ether, diis et her,
t et rahydr of urane or Yo

propyl

Il,,
Ty
?
Q

M
in high yield and/or quality. The process moreover does not require the
polluting or difficult to handle reagents, such as zinc and hydrofluoric acid.
The process consists in the reaction of 2-(2,4-dimethoxyphenyl)-3-(2-
nitrobenzenesulfenyl)-4(S)-phenyl-5(R)-oxazolidinecarboxylic acid (V)

O,

A

~
N

ON

(V) oL

with 10-deacetyl-bis-7,10-trichloroacetylbaccatin II1 (VI)
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or butyl acetate; an aromatic hydrocarbon, such as

benzene, toluene or o-, m, -xylene; or a hal ogenated
wabkghatdiss hydr ocar bon, for exanpl e nethyl ene ebrmre@e/ 10822

chl orof orm or di chl oroet hane. Carryi ng out the

esterification in nethylene 6hloride at the

tenperature of about 200C is particularly

advant ageous. The preparation _of synthon (1) from

ester (VIl) requires renoval 9% ('jthe trichl oroacetyl

groups fromthe 7- ano oo./ ons,cahd |iberation of

the am no and hydroxy f & frpm tHe oxazol i di ne

resi due. As nenti ondd'" €7 {no and hydroxy

functions can be easil ber g r om t he oxazol i di ne

resi due by acid treat mapy. ihe-€gntrary, the

hydrol ysis of the trichlor ‘ce?tig\:\e,s@ers can be

conveniently carried out by ml dal kaline treatnent,

preferably by reaction ®wth ammon hydroxi de. It has

been observed that, if the)t+rberation of the am no and

(2

hydr oxy functions fromthé 3zol i dine residue is
carried out first, masgype\s:gration of a

trichl oroacetyl group fromthe baccatin residue to the
freqo i aend Bftet (VIIPccurs, with consequent formation
of a trichloroacetam do function, which could be
transformed in an amno function only.pnder conditions
that woul d be detriyrental to.the stjrucgure of the
baccatin skel et S

of synthon (1) r
trichl oroacetiog gro

(M1) to give?est%r_N .

wherefrom synthon (I) is obtained after liberation of the amino and

hydroxy functions.

The compound of formula (VII) is novel and is a further object of the
present invention.

The oxazolidine acid (V) either 2R, 2S or a mixture thereof, is equally
useful in the synthesis, since the chiral center at the 2-position of the
oxazoline ring is removed from intermediate (VII) upon liberation of the
hydroxy and amino functions. In other words, the relative ratio between the
diastereoisomers does not impair the performance of the synthesis.

The oxazolidine acid (V) is easily prepared by acid treatment of the
corresponding alkali salts, whose preparation has been disclosed in
WO 03/087077 Al.

Compared to other oxazolidine acids, acid (V) is characterised by
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Al so the conpound of formula (VIIl) is novel and is a
further object of the present invention. Preferably,
woOhersroamasgal of the trichloroacetic groups is ear EPems/ 010822
out at roomtenperature by treatnent w th ammoni um
hydroxi de in tetrahydrofuranyas the solvent. The
i beration of the am no and hydroxy functions is
carried out, by treatnment with acids, preferably with, .
remgtieails S’&?‘éﬂﬂﬁﬁh%\l&é aloves tq sasilE sRbNT BUb dhe eriAilioagion with
exanpl e in nethanol at a tenperature of about 200C.
sypthosy (WX ution with water and removal of reaction

by- products with qgrganic, solvents, ch as al | phatic,
hydg\@%ﬁoéf@ﬁ:s aked SEAHI €10, Tl‘fﬂwjti?eéatwlélr%’!&égﬁo%}m and
f orexanpl e n-hexane and pethylene chloride, synthon

hydrgxy Juhedons éanwneéf‘ @ theiasid Fevdye qaneb%&ag&soarrled out by
phase, extraction.in an organic solyent, for  exanple

tr s éWdéfWé@OHF%&HW‘? e afapkdrasHrconditaenon and

pregipitation in an [ phatj c dr ocagbon,, such a .
n-h %@xaﬁﬁesyglﬂ%%éghifcaphéei anedofropt thg gatural metabolite

RN T A LT —
B S SN LSl S A S
eSIRGHATA IR PTG -orral PO TEROR A Bris QHFGRRISN Geas i with
cigbigngh sl T Lanpl g cLanaly, | 380 opangh 048 °L8H88 rdine

the solvent. Preferably, 10-deacetyl-bis-7,10-trichloroacetylbaccatin III (VI),

is purified from its corresponding 7- and 10-mono-.trichloacetyl esters by
silica gel chromatography or equivalent methods. The residual amount of said
impurities should not exceed 0.1% as measured by HPLC % peaks.

According to the present invention, the esterification of (VI) with the
oxazolidine acid (V) to give (VII) can be carried out in the presence of a
condensing agent, such as a diimide, for example dicyclohexylcarbodiimide,
and an activating agent, for example 4-dimethylamino-pyridine or
4-pyrrolidino-pyridine in a solvent selected from an ether, such as ethyl ether,
diisopropyl ether, tetrahydrofurane or dioxane; an ester, such as ethyl, propyl
or butyl acetate; an aromatic hydrocarbon, such as benzene, toluene or o-, m-,
p-xylene; or a halogenated aliphatic hydrocarbon, for example methylene
chloride, chloroform or dichloroethane. Carrying out the esterification in
methylene chloride at the temperature of about 20°C is particularly
advantageous.

The preparation of synthon (I) from ester (VII) requires removal of the
trichloroacetyl groups from the 7- and 10-positions and liberation of the amino

and hydroxy functions from the oxazolidine residue.
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(met hyl ene chloride, chloroform preferably nethyl ene

chloride) or mxtures thereof, in the absence of
woaswad3765Be process i s advant ageous since DocePaxaiP20v8410822

be obtained in high purity w thout cunbersone

chromat ographi c purificationsd, by crystallizations

fromsuitable solvents, preferably from et hanol /water

and/é,gé é—@&?ﬁé’&% ; g(zg,r 215@ Wi * 444 ?Brd]rg?gﬁ %ﬁ?tg&%% can be easily

obt essS subject

ARG B Lﬁiégé%@@@ﬁ{ Ao g L) I‘e*ftf@%?“ (g0 rary, the
s SERHEHMER el (R oo e Pl PR st gp by mild

L ety Ay EF%%@&M%@M?@W%@%
of t[i? ! P‘é&?%%?é Jédhﬁﬂat(gfgtl%) liggrefrﬂo%%)?qh@" e[aglng) grtl@hydroxy

I of oac or’l pyri

fugL ﬁ Bg (ﬁ' Iﬁlt%l 1@%&#{‘&1& réélﬁlﬁf: elﬁg:agfhgp )ﬁféﬁignﬁsdve migration
ofO% tr‘%cﬁio%&'éé%gf‘ g%df %dc g@ﬁja?%%%?ﬁl?é ﬁﬁﬁﬁnﬁéé‘tﬁﬁn@rﬂnctlon

ani c

0 sog|§ S%Ht}ﬁ rc'oﬁs%@b&?%nﬁ% o?f%méﬂoréﬁéﬁuﬂ@& f‘(ﬂl&ﬁon which

he organi c ase I's concentrate

cd(‘){pﬁ ) ahY i B ({ﬂq@odﬂﬁldt L 81 @ﬁug ?ﬁ‘dlﬁgﬂs That would

ol uene.  Product is co tration
b Qe AhEAGIYHYRE structure of the baccatin skeleton. As a consequence, the

preparation of synthon (I) requires first the removal of the trichloroacetic

groups at the 7- and 10-positions of (VII) to give ester (VIII).

oN
[:Ej/ﬁ—w o HO
N~ (Vi)

Also the compound of formula (VIII) is novel and is a further object of
the present invention. Preferably, the removal of the trichloroacetic groups is
carried out at room temperature by treatment with ammonium hydroxide in
tetrahydrofuran as the solvent.

The liberation of the amino and hydroxy functions is carried out by
treatment with acids, preferably with aqueous hydrochloric acid, in alcoholic
solution, for example in methanol at a temperature of about 20°C. After
dilution with water and removal of reaction by-products with organic solvents,

such as aliphatic hydrocarbons and halogenated haliphatic hydrocarbons, for
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vacuum at 500C. The latter is dissolved at 350C in

CH2A 2 (80 M) and purified by colum chromat ography
wawey3dBe g of Kiesegel 60 Merck (el uent: CH2ECREP2005/010822

The fractions are conmbined (TLC. CH2C 2) and checked

by HPLC. The total content of nono 7 and

| O -trichloroacetyl baccatin IIl nust be | ess than

exRblend- Rkl G TRceno) cioglsy “SBBPBEAB) sseisolated by
alblinizhiionngt ey PRESAHS, PROYS AR RCIbuh8nat Figapiy sabegnt, for
cxpoh S BEIORS FHIHAT (oF i) BeRtaNy I0RCEhTRtiop and precipitation
i 41 HEDRHE POGHH O SSh 125 7 BEgR THF Bigicars o the thvention

cooled to, 0-5 0C and adj usted t -3 wth a2 M .
prog e ban ) o EB it ighee. Beb 8 %n Wik aiolatographic

stirred at 00C for 15 m nutes and then CH2A 2 (70 m)
PYLLIGHHRE- The two phases are separated and the aqueous

contPnerabeces bé iabligtonbhafiuiads fioth said iftgragdiate with
aiﬁ:rai‘r%} SR G é‘“%%%?ﬁ?f%ﬁ%@b%ﬁ%‘?ﬁ'}?ﬁh%i G943 by gaction
W?tfglnfﬁté%fgﬁhilﬁvlﬁﬁgf?ﬁj%tf;a ltlﬁL uioei he-yelow sol uti on 12 ¢
| . y 0.1
ai ot RAEE 5, BrefBtA T obf ApdsOtudnfi sIEE' ds Bleohols

(rrqiet%%?lloﬂteit}?e{hoqf istotﬁ?opanol, preferably ethanol), chlorinated hydrocarbons

(methylene chloride, chloroform, preferably methylene chloride) or mixtures
thereof, in the absence of bases.

The process is advantageous since Docetaxel may be obtained in high
purity without cumbersome chromatographic purifications, by crystallizations
from  suitable solvents, preferably from ethanol/water and/or
acetone/hydrocarbon mixtures. Docetaxel obtained using the process subject
of the present invention is characterized by a purity degree higher than 99%
(HPLC area%) and content of 7-epi docetaxel and 10-dehydrodocetaxel lower
than 0.1% each (HPLC area%).

The invention will be now illustrated in more detail in the following
examples.

EXAMPLES

Example 1 - 10-Deacetyl-7,10-bistrichloroacetylbaccatin III (VI)

10-Deacetylbaccatin III (15 g) is treated with 6.6 ml of trichloroacetyl
chloride in 60 ml of pyridine at 0-5°C for 1 hour under stirring. The mixture is
diluted with 100 ml of methylene chloride and 100 ml of 4 N hydrochloric

acid. The phases are separated and the organic one is washed with 100 ml of
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reagent, 5.88 g of dicycl ohexyl carbodiimde (DCC). The

reaction mxture is stirred at roomtenperature for an
waawe/o3ns3starting (VI) is detected by TLC (et RgI/EP2005/010822

acet at e/ hexane: 1 /2, detection by spraying with a

sol ution containing H2SO4 (31 nL), amoni um nol ybdat e

(19 g) and (NH4)4Ce(SA)4-2 HRO ( 1.9 g) in water (500

4 Byl epi fad SPaalpt Piatie phited o ééﬁiﬁ%tﬁhﬁridc The
orgRif Phia & AOrated toeh pgrite PEIH Tyt B ken up with
109”2 S5TARS B V1. ieocollastoh i ialipBgag dried under
vl Aot baddist e 1¢ HSAVEL TR ST iy CREAh oD and
puiedBkrichihinet ratitodranlin g AOD; ol RkGwesh 60 Merck
(efnk Gt st PRt e Lofbined G- ClAoHECTRs dheeked by
H?ﬁg{n"ﬁéﬁ‘nﬁ%@ﬁ R prompof f and Ty PR bloraBe bR anFtin L most
bet ﬁeesgtﬁl Egg/u ﬁf P ﬁ‘i cn‘ﬁfprpo dFY f\)l {s) Igr\(%gmq%feg in toﬁ:lene to yield
Sh AR e R S e

m) "EX 'Dx%p%’ %pe'istf 4. lbﬁnégtth'o&ySﬁenﬁ') % (ilgutrgbenzensulfenyl) -4(,S)-
phenyl-5(R)-oxazolidine carboxylic acid, 10-deacetyl-7,10-bis-
trichloroacetylbaccatin III 13-yl-ester (VII)

A solution containing 10.3 g of (V) in the form of sodium salt in 100 ml
of water is cooled to 0-5°C and adjusted to pH 2-3 with a 2 M sodium
bisulfate solution. The reaction mixture is stirred at 0°C for 15 minutes and
then CH,Cl, (70 ml) is added. The two phases are separated and the aqueous
layer extracted once with CH,Cl, (1x50 ml). The combined organic phases are
washed with a saturated solution of NaCl (1x25 ml) (360 g/l) and dried over
anhydrous MgSO4 (3 g, KF 0.12%). After filtration, the solution is
concentrated under vacuum at room temperature until 100 mL. To the yellow
solution 12 g of (VI) are added, followed by 0.175 g (1.42 mmol) of
dimethylaminopyridine (DMAP) and, after complete dissolution of the
reagent, 5.88 g of dicyclohexylcarbodiimide (DCC). The reaction mixture is
stirred at room temperature for an hour. No starting (VI) is detected by TLC
(ethyl acetate/hexane:1/2, detection by spraying with a solution containing
H,SO4 (31 mL), ammonium molybdate (19 g) and (NH;)4Ce(S04)4-2 H,0
(1.9 g) in water (500 mL) and heating at 130°C for 5 min). The precipitate of
dicyclohexylurea (DCU) formed is filtered off and washed with CH,Cl,
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The precipitate is filtered through a sintered gl ass

filter and washed with (10 mM) of MeOH to get conpound
wOYbdeloB7¢533 g, 12 mmol, HPLC A% 93% vyiel d 849§ T/EPR®5/010822

not her |iquor contains 9.3 g of residue to be

di scarded. Example 4 - 11

10- Deacet yl - N-debenzoyl - paclitaxel (1) A suspension of

ERHED. P e AT e 3 Pt

0 trated aqueous hydrochl or| c acid diluted wth
24 %8?31%2& hanol. The reaction m xture is stirred at

e T L
4<$ﬂ-z»ﬁ§ea%3-f@ﬂp9§f&cw«%f%ﬁ@wﬁm@ YaRfihdtpgn
ST S L 20 S e

for SQ.ma b'ﬁec%nt%’%% 24 ﬁoﬁf '(V)II} ?naﬂﬁ?%l BP‘? Wlydrofuran is

phades ar e separ and queous T ayer ext rac
& h C %10
CO?’]%%?%%@{“ed E‘?‘% Tt af)%‘?h%ﬁe.sh e Wb AP 36 il of
tellaRy @ rafhe d'('Tlﬁnfg affat ﬂ%ecg% tfrd 1&‘6'1%&%}66]( Fiier, vacuum till

vi gorous stirr cone, anmoni a
101 OH) is added dropvvl se (a 1 degree increase of t he
tenperature is obtained) up to pH=7-8. The biphasic

r ea@dr&”ax‘n o?rhhf?; 5{1&4193%5‘ éé'ﬁ’ef Ui & f ﬁﬁn(?lz is added at

m nut es, en t ases are rat’ed and t he

robﬁi’%mggragirﬁé Pty b he &%69199 mﬂturéf h§ stirred at room
gani c layers are concentrated under vacuum
tefdpekath®® fok two hours. TLC of the mixture shows no compound (VIL)
(ethyl acetate/hexane: 4/3). The solution is concentrated under vacuum and the
residue taken up with MeOH (125 ml). The suspension is stirred for 2 hours.
The precipitate is filtered through a sintered glass filter and washed with
(10 ml) of MeOH to get compound (VIII) (13 g, 12 mmol, HPLC A%= 93%,
yield 84%). The mother liquor contains 9.3 g of residue to be discarded.

Example 4 - 10-Deacetyl-N-debenzoyl-paclitaxel (I)

A suspension of 13 g of (VIII) in 260 ml of methanol is treated for
30 minutes at room temperature under stirring with 4.2 ml of concentrated
aqueous hydrochloric acid diluted with 130 ml methanol. The reaction mixture
is stirred at room temperature for four hours and the suspension becomes a
clear yellow solution. TLC of the mixture shows no compound (VIII) (ethyl
acetate/hexane: 4/3). The solution is slowly diluted with water (350 ml) (to
avoid the formation of precipitate) and the homogeneous solution is stirred at
room temperature for 30 minutes. CH,Cl, (200 ml) is added, the two phases
are separated and the aqueous layer extracted again with CH,Cl, (2x100 ml).

The organic phases are eliminated. The hydro-alcoholic pﬁase is cooled down
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and at room tenperature under stirring the product

crystallizes. The precipitate is filtered through a
wqahew®3zsat ered filter and after drying under PaTER2008010822

400C overnight, 7.5 of the title conpound are

obt ai ned. Exanple 5 - Prepartion of Docetaxel

Conmpound (1) (16 g, HPLC purity assay: 90.57% 20.49

mmol ) is dissolved in a njxture 1:1 of absolute EtOH |

to dhé%mmdz@s@@ wijh £ld2¢ éH@QéA il &{ncsea Yigaraps stirring at
solution di-tert-buty\_dicarbonate (BOC) 20 in_ CH2O 2,

0-§4 coacppmmongaf3. ymd; NEGOY1S aﬁ@ ropwisgbal Aegree increase
added. At the _end of the addition the reactjon mxtuyre .

of ithe demperaturdis obtained)supto PEERT ‘tgen'lg'@ré sic rpactign distirred
no conmpound (1) (CH2C 2/ MeOH: 9/ 1, detection by

at she agmEdemneranire d”pn@pdﬁnwﬁs,aﬂhﬁnﬁge s arpiSepayated and the
amoni um nol ybdate, (19 d (NH4) 4Ce(SO4) 4- 2 H20

aqpeows layer is \%tr@pte(de,whn@gizéﬂm(ﬁéfé%rﬁ -at 1300C for 5

m'nb_. The CH2C 2 is.distilled off and acetic acid i,s[

adddde(@mbinad) oxganic kaysss aks epncentiated pader vagiaws till 100 ml

T L e T N e

peietafacs el WoSTBR S, ipleigh e 30w $nf o uncer

vagan 84 AL GHEER EPhoL oA AbE SR SRBPNG RS PBLyNEd-q
ll?d%agmggq §e§5§ urri@{tiq%dﬂgﬁégfe%xegl and 1 g of nother

Compound (I) (16 g, HPLC purity assay: 90.57%, 20.49 mmol) is
dissolved in a mixture 1:1 of absolute EtOH and CH,Cl, (320 ml) and to the
slightly yellowish solution di-fert-butyl dicarbonate (BOC),0 in CH,Cl,
(24.18 mmol, 5.27 g dissolved in 5 ml of CH,Cl,) is added. At the end of the
addition the reaction mixture is stirred for 16 hours at room temperature. TLC
shows no compound (I) (CH,Cl,/MeOH:9/1, detection by spraying with a
solution containing H,SO; (31 ml), ammonium molybdate (19 g) and
(NH,)4Ce(S04)4-2 H,O (1.9 g) in water (500 ml) and heating at 130°C for
5 min). The CH,Cl, is distilled off and acetic acid is added (0.39 ml) to the
solution. The acidic ethanol solution is heated at 50°C and pure water
(320 ml) is added dropwise. The mixture is left at 50°C for an hour and at
room temperature for additional 2 hours. The precipitate is filtered through a
glass sintered filter and transferred within a vacuum oven and maintained
under vacuum at 40°C overnight to yield 16.75 g of semi-purified Docetaxel
and 1 g of mother liquor that can be eliminated.

The crude product is crystallized twice: semi-purified Docetaxel is
dissolved at 50°C in 95% ethanol (160 ml) and acetic acid (0.39 ml) is added.

The mixture, after the addition of pure water (320 ml), is left at 50°C for an
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The crude product is crystallized twice: sem -purified

Docetaxel is dissolved at 500C in 95% et hanol (160 m)
wanwesetssc acid (0.39 nl) is added. The m xt uPeT/Eabd06/010822

the addition of pure water (320 m), is left at 5Q0C

for anhour and at roomtenpetature for additional 2

hours. The precipitate is filtered through a gl ass

U oA EmBRBERLS B A BRalch HouP TR GRC R e filtered
teGHER o Pt AdEed FHEPTs SR noRsLsEeg) Midip, §r¥Acgurt oven and
RSB SE Sad 4RO PGBl 2 % RGeSt e
oo A REPILRRRRIS) a5 PR s B, sptivation i
PARPHRES HEISRIBING B ER e A0 Sy dh ARG o Homl) an adding
ndyBhe OF50 ooty oot 1B0L ISP B aliis o} asee Hours. The
PSSR Altasaf TRyt o B Nifler o0 gier BEE fHiRFeped within o
v B B 88 et et (D AR g0 13 9 g or
OBlse BT (PRI ehltf Bt U0 480 Y5006 7- & phlayet and
LSRN GoBeBEReD Cler ol uti on 1 s obtai ned at
the Eﬁgmoﬂle 6 - Alternative preparation of Docetaxel

De-BOC Docetaxel (30.0 g, 42 mmol, 98% HPLC purity, 0.2% 7-epi
isomer) is loaded in 1 1 reactor and then 60 ml dichloromethane, 150 ml
absolute ethanol and 73 pl glacial acetic acid (3% mol) are added at 25°C to
obtain a suspension.

BOC anhydride (11.0 g, 51 mmol) dissolved in 30.0 ml DCM is added
dropwise to the suspension at 25°C; a clear solution is obtained at the end of
the addition.

After 3 hours the reaction is stopped by quenching with glacial acetic
acid (0.7 ml, 30% mol) and dichloromethane is distilled off at 30°C under
vacuum. Absolute ethanol (90 ml) is then added and distilled off under the
same conditions.

The clear solution is heated to 50°C and water (570 ml) is added
dropwise in about 3 h. The suspension is stirred at 50°C for 1 h and then it is
cooled in 1 h to 25°C and stirred at this temperature for 16 hours.

The white solid is filtered and washed twice with a solution of water
(40 ml) and absolute ethanol (18 ml).

The crude material is put in a reactor with 250 ml ethanol and 630 pl
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the addition. After 3 hours the reaction is stopped by
guenching with glacial acetic acid (0.7 m, 30% nol)
wanwet3odsb or onet hane is distilled off at 300C mra@aP2005/010822
vacuum Absolute ethanol (90 m) is then added and
distilled off under the saneld4conditions. The clear
solution is heated to 500C and water (570 m) is added
dr.o vvis,(e in about 3 h. The suspension is stirred at 5
gl‘&@f%‘?“’l a¢idand then it is cooled in 1 h to 250C and

Sol 1wtk heaRE A0 Plmple diSaraddf Hiifeg. Water

(ﬁ@ £hyiy BB RSiSe T8 bl Al s (B s MhikewdnS, Bl $Poted in
o635 {}ac'@taﬁ F9oCnif g‘he g@%&?ﬂ%‘%ﬂ G 98 feh B3 and
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16(&??‘5& Hinab R BB a T gl Yol e SPinal wei gt

o roirug PRcklixeP s &, ﬁ?@%&@ﬁ o8 el Pofyml actor and
dis1Ged Bt 368E30%eeShd 0 ml).

n-Heptane (50 ml) are then slowly added at 50°C in about 1 h. The
suspension thus obtained is stirred for 1 h at 50°C and then cooled to 25°C
and stirred at the same temperature for 16 h.

The suspension is filtered on gooch P3, washed once with n-heptane
(15 ml) and dried at 55°C under vacuum for 16 h, obtaining 4.40 g of
docetaxel as a white solid (89% yield, >99.5% purity HPLC, <0.10% of 7-epi
docetaxel and <0.10% 10-dehydrodocetaxel).

Brief description of the drawings

Figure 1. XRD diffractogram of sample prepared by procedure of
example 5.

Figure 2. DSC thermogram of sample prepared by procedure of example
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n- Heptane (50 m ) are then slowy added at 5 QC in
about 1 h. The suspension thus obtained is stirred for
wa 206a876380C and t hen cool ed to 250C and sti rr edTaP2108010822
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on gooch P3, washed once wi tI5 r@- heptane (15 m) and
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L P EBRTEC Y R aceucs o SR B sl

5.CLAIM5 1. A process for the preparation of
10- deacetyl - N- debenzoyl paclitaxel 1) 0corrpri sing the

follow ng steps: a) 4 i on Qf o

2- (2, 4-di met hox -(2- ul fenyl) - (
)- phenyl -5(i? xazol i di‘te id (V) Wi t
10- deacet yl - bi 0-tgy chl or in Il (W )

(VI)to give HO'  §
2- (2, 4-di net hoxyphenyl )-3-(2-nitr er*ﬁzegn\u—td enyl ) - 4(

) - phenyl -5(i ?) - oxazolidine carbgxylic Jcid,
10-deacetyl-7,10-bis-trichloro%c yl bacc 'd1|||

@
comprising the following steps:
a) reaction of 2-(2,4-dimethoxyphenyl)-3-(2-nitrobenzenesulfenyl)-4(S)-
phenyl-5(R) - oxazolidinecarboxylic acid (V)

[e)

ON

V) °\<
with 10-deacetyl-bis-7,10-trichloroacetylbaccatin III (VI)

ococcl,

HO”“"

(VD



13-yl -ester (VI1) b) hydrolysis of the trichloroacetyl
groups at the 7- and 10- positions of the conpound of

woanwmwBzs§VI 1) to give 2-(2,4-di net hoxyphenyl ) PBTER2005/010822
ni trobenzensul fenyl)-4( )-phenyl-5(i?) -oxazolidine
carboxylic acid, 10-deacetylpgccatin I11 13-yl -ester
(VMII'l) ¢) acid treatnent of the conpound formnul a

Vi 0.0} e 10-deagetyl - Ndebenzoyl - l'ita ).
to) " Eeh Qdaok rmeliRd RGSRT)-ar e R tatgr s ey b )-Bhshy -5 R)-
cary.ied out,in a solyent selected froman. ether, an )
ox@pliffic, Fash R cagifar kAR o 19 BT ERbiRseety Bhccatin I
| | phat i ol vent. 3. A process according to claim?2
lﬁ‘k{ie'feéﬁeﬁ (ﬁﬂ al i phati ¢ hal ogenat ed hydrocarbon is

met hyl ene chloride.4. A process according to any one
of claims 1 - 3 wherein step a) is %ﬂcﬁied out in the

presence of a condensi ng ageny and an gct io\é éci' ng
agent. 5. ProcesS or%’ ng t I m& pherein the
condensi ng agent . he i de and the
activating ageft' is 4=dinet hyl / 6. A
process accorg ¢-enanyo one ofio’cl @ nd 5 wherein
step b) is cé d out] witjh amoni JimHyzx de in

tetrahydrofu s thelsaolwent. 7/ A pr%cess according
to any one of clains 1 to%F N erei?>:sﬁoep c) iIs
carried out with a 2nol sol ut of /aqueous

hydr ochl ori c aci d.

5 (v

b) hydrolysis of the trichloroacetyl groups at the 7- and 10- positions of

the compound of formula (VII) to give 2-(2,4-dimethoxyphenyl)-3-(2-

nitrobenzensulfenyl)-4(S)-phenyl-5(R) -oxazolidine carboxylic acid,
10-deacetylbaccatin IIT 13-yl-ester (VIII)

O,N

10 > (Vi)
c) acid treatment of the compound formula (VIII) to give 10-deacetyl-N-
debenzoyl-paclitaxel (I).
2. A process according to claim 1 wherein step a) is carried out in a
solvent selected from an ether, an ester, an aromatic hydrocarbon or a
15  halogenated aliphatic solvent.
3. A process according to claim 2 wherein the aliphatic halogenated

hydrocarbon is methylene chloride.
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8.

2-(2,4-D et hoxyrhenyl )-3-(2-nitrobenzensul fenyl)-4(S)
wophesrptess( ) - oxazolidi ne carboxylic acid, PCT/EP2005/010822

10- deacetyl -7, 10-bi s-trichl oroacetyl baccatin 111

13-yl -ester (VII1) 9. 17

2- (2, 4- D et hoxyphenyl ) -3-(2-nitrobenzensul fenyl) - 4(

-phenyl -5( R) - azol i di ne carpoxyli c,acid, . . .

4.0 e RbaeScontng oAy, FEEBIEE | U3 Rhdtsin step a) is carried

u&r.ogﬁss for the re]g?rati on of 10-deac?t ﬁ{'_bi s-7.10-
out if dE Sresaiice AT ceadensing peght #1 A SGPAtingAeRk

corrgespondi ng 7-.0r 10 pono-trichl oroagetyl . .
5. or (17 BERTesHONIAE il GRIDY, 4o WREGHT i fndepsia agent is

.CO I Si the.silica _gel, chromat.ography .of. the,. .
digelohrgK Ay hodiignide: andl” e aCUValt "Ry ds o fedimsthglamino-

Doget axel by- subjecting the internediate (1) obtained
pyﬁyﬁf‘ﬁe process of claims 1-7 to reaction with

6.0 UETARSNE oBLFRRES: o i O BARGFS 1, B E R Bep 1 5
caﬁﬁ'&ﬁ%@é‘? 3 oSSR PuReTRE tadpr s Aol du tessofyent.
13, A i i . .

e e e B R EE
. ' . 14,

oot il bfth 3 mfidy 3%@&%%%%%&@%?@@’%@@%&%%3- -

8. Bhr cidagr o SR B SR ELRE AR RR S phgpyt-s(R)-

0){#(3!}83&2&%@@%@&1& Pdci®' lbgdéjaeé%m[’?,16-@6i's¥ﬁtchyo‘?8aéeqy‘ﬁ>raccatin II1

13-yl-ester (VII)

QCOCCl,

9. 2-(2,4-Dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5(R)-
oxazolidine carboxylic acid, 10-deacetylbaccatin III 13-yl-ester (VIII)
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15. Docetaxel having a purity degree higher than 99%
and with a content of corresponding 7-epi or
waQew@dyds o derivatives | ower than 0.1% each. B6T/EP2005/010822
Phar maceuti cal conpositions conprising Docetaxel of
claim 15. 18

10. A process for the preparation of 10-deacetyl-bis-7,10-
trichloroacetylbaccatin III with a content of the corresponding 7- or 10
mono-trichloroacetyl derivatives lower than 0.1% as determined by HPLC,
comprising the silica gel chromatography of the reaction mixture.

11. A process for the preparation of Docetaxel by subjecting the
intermediate (I) obtained by the process of claims 1-7 to reaction with di-tert-
butyl dicarbonate.

12. A process according to claim 11 wherein the reaction is carried out in
solvents selected from alcohols, chlorinated hydrocarbons or mixtures thereof,
in the absence of bases.

13. A process according to claim 11 or 12 wherein Docetaxel is purified by
crystallizations from ethanol/water and/or acetone/hydrocarbon mixtures.

14. A process for the preparation of docetaxel having a purity degree higher
than 99% obtained without chromatographic puriﬁcatioﬁ and with a content of
corresponding 7-epi or 10-dehydro derivatives lower than 0.1% each.

15. Docetaxel having a purity degree higher than 99% and with a content of
corresponding 7-epi or 10-dehydro derivatives lower than 0.1% each.

16. Pharmaceutical compositions comprising Docetaxel of claim 15.



