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WO 2006/037653 PCT/EP2005/010822 SEMISYNTHESIS PROCESS
FOR THE PREPARATION OF 1

0-DEACETYL-N-DEBENZOYL-PACLITAXEL Field of the invention Object
hihanresent invention is a new semisynthesis process for the. . vesnos/s10822
preparation of 10-deacetyl-N-debenzoyl-paclitaxel (1), a useful synthon for
the preparation of taxanes with anti-tumour activity. 5 The invention also
relates to a process for the preparation of 10-deacetyl-
‘ 71 r ‘: "g. ety liljl!u_ I W a,con RS ft -., f ,,.' rpﬂ?- OF
g%ﬁﬁgww%ﬁﬁﬁﬁm@ﬂ%@mqsﬁmm preparation of

Ity degree higher than 0, by subjecting the
intermediate (I) 10 obtained by the process of the invention to reaction

with di-tert-butyl dicarbonate as well as pharmaceutical compositions
compHépg shithpivgtfi®Docetaxel. OH NH, O OH \ Ouu. OH He H

oxas N B IAETECE CEIBRIOR 1 Rty R ) G0 0BETosTaLar e

ﬂ;@&%ﬁ%&%@é?g%a S deaselyibacortin BT eIgclegsabibeyatiang for the

preparation of taxanes with anti-tumour activity.

The invention also relates to a process for the preparation ef 10-deacetyi-
bis-7,10-trichloroacetylbaccatin IIT with a content of the comresponding 7- or
10 mono-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 (1)
obtained by the process of the invention to reaction with di-fers-butyl dicarbonate

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

Oireas

State of the art

A process comprising the esterification with oxazolidines of formula (11}
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O DIG HO",... HO H O O to give esters of formula (IV) 5 0G AOGI~\/0
iI0\f' O O >=0 0V) has been disclosed in WO 94/07877 for the synthesis

of synthon (1), reported in the literature in the early '90s (F.
Guenitraagelein et al., J. Med. Chem. 34, 992, 1991). 10 kibesatiosnafos2z
the amino function at the 3'-position and hydroxy groups at the 2'-,7- and
10-positions from the esters of formula @V) affords synthon (I). In

particular, according to the above-cited patent application, groups R can

be hydrege. Rlkxdratkessn YaossirsubalitutesddriepvsanshRbiselerhia (11m)

substituted with one or more chlorine atoms. Groups G are alkylsilyl or 15

id treatment, WO
with hydrofluoric acid.

)

to give esters of formula (IV})

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 27-,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 varicusly-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 freatment,



The present invention, in a first embodiment thereof, concerns a process
for the preparation of 10-deacetyl-N-debenzoyl-paclitaxel () OH NHi 00
OH OHHO 0 O O 5(l) - comprising the following steps: a) reaction of

2@ frsbimesipxyphenyl)-3-(2-nitrobenzenesulfenyl)-4(S)- phesvbéRibso1es22
oxazolidinecarboxylic acid (V) \/o OH O,NN (1:55110 (V) with

|0-deacetyl-bis-7,10-trichloroacetylbacéatin Ill (V1) ococci, Ococcy HO™
HOO O0>=0 (VD WO 2006/037653 PCT/EP2005/010822 4

for example with hydrofivoric acid.
Summary of the invention
The present invention, in a first embodiment thereof, concerns a process

for the preparation of 10-deacetyl-N-debenzoyl-paclitaxel (I)

OH

5N

5 "%O
5 (B
comprising the following steps:
a) reaction of 2-(2,4-dimethoxypheny!)-3-(2-nitrobenzenesulfenyl)-4(S)-
phenyl-5(R) - oxazolidinecérboxylic acid (V)

-
N 3
ohd
/E 0
0
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to give
2-(2,4-dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5(R)-
oxazolidine carboxylic acid, 10-deacetyl-7,10-bis-trichloroacetylbaccatin Ill
13y hReie-EYdl) ococci, 0 Ococci, ONNOHON 4-0 O 0 Qzy/Bhinkio10822
(VII) 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-degagetybaoontiisibih3:yipbsien CBH{L QrObeh Ltd eARIR NI Py O5(R)-
110 1001 (VIM c) acid treatment of the compound formula (VIII) to give
vagelicing-Natpeiioyrpdclitddragentielidfehtiohisorsabdbagsatin 111
% ve |nter tes 2-(2,4-

t'ﬁﬁ )-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5 (R)-oxazolidine
15 carboxyllc aC|d 10- deacetyl -7,10-bis- trlchlor@agﬁylbaecatln i

13-yl-ester (VII) and ‘
2-(2,4- Dlmethoxyphen 2-niffobenzelist DSy PHETyI-

qcid, J0-e: @‘a TN 13-yl-ester (VIII).
WO 2006/037653 PGH'/EP20057010822 :

5(R)-oxazolidine carbox
—N._ 0 Ho'
!
QO
[a]

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

i
x

the compound of formula (VII) to give 2-(2,4-dimethoxyphenyl)-3-(2-
nitrobenzensulfenyl)-4(S)-phenyl-5(R) -oxazolidine carboxylic acid,
10-deacetylbaccatin I1I 13-yl-ester (VIIE)

Q — OH
&“0!“!#
O,8 3
—N b o' § AN
| SR N
3 | % O:
0
O
8]
o (vap

¢) acid treatment of the compound formula (VILI} to give 10-deacetyl-N-

debenzoyl-paclitaxel (I).

The invention also provides as novel intermediates 2-(2,4-
Dimethoxyphenyl)-3-(2Z-nitrobenzensulfenyl)-4(S)-phenyl-5(R)-oxazolidine
carboxylic acid, 10-deacetyl-7,10-bis-trichlorocacetylbaccatin Il 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).



5 The invention also concerns a process for the preparation of
10-deacetyl- bis-7,10-trichloroacetylbaccatin Ill with a content of the
corresponding 7- or 10 mono-trichloroacetyl derivatives lower than 0.1%

as¢leiarmmes by HPLC, comprising the silica gel chromatogsaphyaithges22
reaction mixture. 5 A further object if the invention is provided by

Docetaxel having a purity degree higher than 99% as well as
pharmaceutical compositions comprising it. Description of the invention

The pregentinuaRianIsiies i aPianesederthany phesin abawithotid)cetyi-
10 OH &H21HO00 O HO 0 O (I) in high yield and/or quality. The process

rbiréQ Vet dohiones veiglivec tadinpdll it arcdiffiendtdd thandieresaystitg 7- or 10
such as zinc and hydrofluoric acid. The process consists in the reaction of
ﬂ?@ﬂi?ﬁ%%ﬂﬁ%%&ﬂ{%ﬂﬁ%yﬁlﬁs lower than 0.1% as determined by HPLC,

B S e e A R o
:_lll éVl) Wr2QR6/08G1R8 BCTHE HARRIHA 0823 Svidedctly Ffdobtfedd HiQing a
purity degree higher than 99% as well as pharmaceutical compositions
comprising it.

Description of the invention

The present invention relates to a process for the synthesis of synthon (I)

Oll!n-

ity
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)-phenyi-5(R)-oxazolidinecarboxylic acid (V)

V) o

with 10-deacetyl-bis-7,10-trichloroacetylbaccatin 11 (VI)
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HO O0p~O (VI)to give the ester (VII) ococcl, 0 O OCOCO 13 0111

OzN N O Hp 0O O 5 O~ (VIl) wherefrom synthon (1) is obtained after

liberation of the amino and hydroxy functions. The compound of formula

(Wi dsueyeEand is a further object of the present invention. i@ﬁfﬁuﬂammszz

oxazolidine acid (V) either 2R, 2S or a mixture thereof, is equally useful in

the synthesis, since the chiral center atéhe 2-position of the oxazoline

ring is removed from intermediate (V1) upon liberation of the hydroxy and

amino functions. In other words, the relgdie,ratio between the

diastereoisomers does not im Qi : pnance of the synthesis. 15
yFprepared @?G‘fi%atment of the

stability; which allows to easily carry sut tt the£ e ication with
o >:
(VD)
to give the ester (VII)

ococa,

oL (VID

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, 28 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 03/687077 Al.

Compared to other oxazolidine acids, acid (V) is characterised by
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synthon (VI). Moreover, after the esterification, the liberation of the amino
and hydroxy functions contained in the acid residue can be easily carried
out by 5 treatment with acids, without the need to adopt drastic

GRBAiIRAScERe taxane synthon (VI) can be obtained from the,pafEdloz/n1082>
metabolite 10-deacetylbaccatin Il through esterification of the 7- and

10-positions by treatment with trichloregacetic acid activated derivatives,
according to known esterification methods. Preferably, synthon (V1) is

WID: cetic 0 rature .
SoEA ot A0 el AL AURRRRANE wio
Y9draaqyirpis-7,10-trichloroacetylbaccatin 11l (VI), is purified from its
corresponding 7- and 10-mono-.trichloacetyl esters by silica gel
chromatbyemtiy.oetguivhie mstsetficat oThdresidberasinpunf dhsaigmino and

impurities shoyld not d Q.1% d by HPLC %, peaks. 1
R B O S B oS Bl BH T AT BATOURN S0 out by

WazAdng 269,000, ai 6 Il LaRha calisd avip e RigseRge of a

condensing agent, such as a diimide, for example
dicyclofiteytearmedimitien af\i practhabbgagedt fometemplairal metabolite
4-dimethylamino-pyridine or 4-pyrrolidino-pyridine in a solvent selected

fidhiiapeatrtraceriinal bty esoHisaprspyicther T retthyidiatopifiens by

g dioxanesanesier such.as e ropl, o Byl asstate an aramati o,
hy rocarbon, such as benzene, toluene or o-, m-, p-xylehe; or a

halegmatadpinbabayprecadny, snexamplamethyRnee£Heid8etion with

chloroform or dichloroethane. Carrying out the esterification in methylene
dlohitiy caagiéctawigechiloredst albe Qe iRtpertivwany Fadvamgageddse as

TRy L Horm e oL D hOLTEHY AR LRF AR (V.
%@‘igﬁri%‘é hydrxyd UM@E?JH&!' 9-OXAEOHANA JESIARNYY Dety] esters by

2006/037653 PCT/EP2005/010822 8 As mentioned above, the amino
anitl day dedxyhfunctiopsaphy be easihyitihemtghddoniine rexaalidiaeunt of said

rierfligggt?e)g %ﬁ&&?ﬁﬂ{?g}?&e&‘ 5%5 3?&%%’&5?& 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 aromaiic hydrocarbon, such as benzene, toluene or o-, m-,
p-xylene; or a halogenated aliphatic hydrocarbon, for example methylene
chioride, 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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hydrolysis of the trichloroacetic esters can be conveniently carried out by
mild alkaline treatment, preferably by reaction with ammonium hydroxide.

5 It has been observed that, if the liberation of the amino and hydroxy
fenstinrmiremm the oxazolidine residue is carried out first, masgiMe:pa00s/016822
migration of a trichloroacetyl group from the baccatin residue to the free
amino function occurs, with consequerit formation of a trichloroacetamido
function, which could be transformed in an amino function only under

conditiong thahwerdd Hbbelatitmaniabtaile Bidiciyefahthbhaceatine easily

skeleton. As a consequence, the preparation of synthon (1) requires first

thidseatl &t onthecnistionbdieticedipbaedie Teahbery-fositionsstiun) the

to gi ter (VIIND.OHO \/0OH -0l 2NNOHOO./1\QOQO0\ .
T S EaIEt B BARGITR LU I DG SRR RO AP BB Pmild

TheRresentiese it RisieRbi e re ey al bRt Homasatic

groups is carried out at room temperature by treatment with ammonium
hydroxittetins tetrahysreduvad aisatheSdicetiberbidiberbitiba afithe amihdydroxy
and hydroxy functions is carried out by treatment with acids, preferably
mﬁ@ﬁ&mb Ry dhechrae lidineircaidBRdiiccanisd e gy BXxvpR migration

Methanol A lemppratiis pfabont 806 Afterdiuion il WeleLand enction

removal of reactio b%/-pr ucts with organic solvents,” such as aliphatic

hygégearkeme apd Rajeaenates ialinhatic NyCrREANRRSaMIIW Rinction, which

2006/037653 PCT/EP2005/010822 9 example n-hexane and methylene

chiorid &y ssyrahsioxt el isolatedmincakuiniizationlpfuhdagueulitiprratieyt would
tractign i [ | t, fQr, )

eger%%tqulnmg]n?ﬁ ?orgt%g“s:@gc\égpe o?rt.;he 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 (Vi) to give ester (VIII).
: OH

O,N

- = b
o = -
-~

HO
H I%-0
0
o >:
O
°~  (vODp
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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example methylene chloride or ethyl acetate, concentration and
precipitation in an aliphatic hydrocarbon, such as n-hexane. The process
of the invention 5 provides synthon (I) with purity higher than 98%, without

Ghepmelegiaphic purifications. Docetaxel can be advantagegusiyipzo0s/010822
obtained from said intermediate with a purity degree higher than 99%,

preferably higher than 99.4%, by reactigpn with di-tert-butyl diearbonate.
10 The reaction is preferably carried out in solvents such as alcohols

(Q%%mﬁf@l’rﬁma is&l@dioﬁﬁ@ﬁlywﬁéer@@éfr?d@?n@hm&ri'@ﬂte@sl isolated by

hydrocarbons (methylene chloride, chloroform, preferably methylene
ciltoslde)-arionixtirabctimpesduin iashsexcedidases sthengemiessolbrent, for
advantageous since Docetaxel ml??% be obtained in high 15 purity without
cerABEtsometRrleRA ABIEIRI P HIREhASHL By CPSEARAIRIN G opkecipitation
suitable solvent eferably from ethanol/water or , . .
e R AR S A RE o st dnvention

%M@fde@fs RSANHIRSIOALS Rliaiacigrized 4o awiibateaiembigbeiphic
than 99% (HPLC area%) and content of 7-epi docetaxel and
Iadéhadiostocetaxel lower 20 than 0.1% each (HPLC area%). The

invention will be pow illustrated in more detail in the following, examples. .
X AL EL Re0F S BERGT (0 B Ba Tty B e e Wit
(VI 0 ce in.ll ' ith.6. % :
t%c%ﬁo?%%ge@t I %hfl% ide |?1‘i£6£})l r%%’%ﬁ%ﬁ%gaﬁ?%}}%grgf%og?fnéé}) y reaction
stinihglitaemixitirditarbibuted with 100 ml of methylene chloride and 100

ml of 4 N hydrochloric acid. The phases are separated and the organic
one is WAsh&aaRiALLA0 PIEWE 20087537638 P FEPIHSsHEhs2D algohols

?.ﬁl\ée %}%ﬁhle ignaocﬁi,(.jls%nc%osoan?)lio(j;:)d\"%%?rb%%t%{gg%%%j]tg\}igg}ya ed&rllllgcri%%arbons

rganic phase’is concen rafed under vacuum e resiaue’is

taken i o108 M) QliikemenP okt i coligeird dMJiliRY s antktures
dglee(ieuor%?ienr 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-ept 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 - 16-Deacetyl-7,10-bistrichleroacetylbaceatin II (VI)

10-Deacetyibaccatin 111 (15 g) is treated with 6.6 ml of trichloroacetyl
chloride in 60 ml of pyridine at 0-5°C for | 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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vacuum at 50C. The latter is dissolved at 35C in CH2C12 (80 ml) and 5
purified by column chromatography using 800 g of Kiesegel 60 Merck
(eluent: CH2CI2). The fractions are combined (TLC: CH2CI2) and

GRecKBEYs3IPLC. The total content of mono 7 and 10.'triChW%j018822
baccatin Il must be less than 0.1%. Purified compound (V1) is

precipitated in toluene to yield (17.8 g,181.4 mmol, 660/26/B, A% purity:
99%, yields: 78%) 10 Example 2 -

2 (Re4rRiroginexhsnyind-64r nily QReRzeRSMEAYDANRY sodium chloride. The
phenyl-5(R)-oxazolidine carboxylic acid, 10-deacetyl-7,10-bis-

tochioreapkapibaccatic ditiBed-estbr(VihrAusolutibtheartdihing d aBep afp with
(a]\Qf in the form of sodium salt in_ 100 ml of water is cooled to 0-5C and

fjisied ©f pialpeasuitradith S8dilntt esllistathieyséilinetionanfedeirsh under
ORLHIELS HTEREC! RO iDL BRRNaR SERCIR (LOANLS RIS ana

he two phases ate ‘separated and the aqueous” layer extractedf once w

GZEI(IbOcatinih e Eerabined astanicspiiasesiare yaRdawih 80 Merck
saturated solution of NaCl (1x25 ml) (360 g/1) and dried over anhydrous
Nigisent(Igi KR.0. [ ragiée fistasongahsmaiufitinGs 0bleChoemudidt:cked by

r um at room temperature until mL. To the yellow solution
T b e B GEa N AL el o T ol b EBRrGg ! bccatin 11 must
dypegiaminepyvidie (MAR)ANduASR A IPsIe: dissoltian -
reagent, 5.88 g of dicyclolhexylcanc}}jiimlde (DCC). The rggctiogﬁ%%ﬁr%) yield
i 15tigred 2t Aoonm ténfeevaiiiie, farvaphatr, Nstattngs (79 46)detected by
TLC 25 (ethyl acetate/hexane:1/2, detection by spraying with a solution

containfg2MPE0OA (-t Dissiborrphssybokid-nidrgpangensulfenyl)-4(S)-

(NH4)4 4)4.2 H20 (1.9 g) in,water (500 mL).and heating at 13 r,.
R AR oy RS, (DO Gormed ISTRANER b 0D
andoNASRR L EHAGIZINQ 2906/037 683 FCT/EP2005/010822 11

(1x20 mL), The chloromethylene solution is evaporated to dryness
yieldingA2® lrgppvapneiaimp|e033- g of (V) in the form of sodium salt in 100 ml

2 someoqpren s ookl 4SS,
bisuifate 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 agueous
layer extracted once with CH,Cl, (1x50 ml). The combined organic phases are
washed with a saturated solution of NaCl (1x25 ml) (360 g/1) and dried over
anhydrous MgS80O, (3 g, KF (.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,SO,4 (31 mL), ammonium molybdate (19 g) and (NH4)4Ce(S0,)s2 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,ClL,
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5 13-yl-ester (VIII) A solution containing 24 g of (VII) in 100 ml of
tetrahydrofuran is concentrated under vacuum, . the residue taken up
with 150 ml of tetrahydrofurane (THF) and the mixture concentrated

upaehyaeEes till 100 ml. 10 Cone ammonium hydroxide 33%(MN46a5 10822
1.8 ml, 30 mmol) is added at room temperature in 5 minutes and the

reaction mixture is stirred at room templerature for two hours. TLC of the
mixture shows no compound (VII) (ethyl acetate/hexane: 4/3). The

FokDOMIS Fomtentisies wadeyivacwutusiod the cregidugdakendigih vielding
MeOHélZS ml). The suspension is stirred for 2 hours. 15 The precipitate
id4iltepéd Hough a sintered glass filter and washed with (10 ml) of MeOH

t t dyin (139,12, |, HPLC A%=.93%, ,vield 84%). T

R R R e e RN o B
D BeanebddsaePerispaaiaxehth A surensien PEARSLHMIN Bein 11
260'ml of methanol is treated for 20 30 niinutes at room temperature

Urdet-ststang W 4.2 ml of concentrated aqueous hydrochloric acid
diluted with 130 ml methanol. The reaction mixture is stirred at room

temperAuABLISHIBUF HERIRIBA Fth& sBs I -ibithd dinfal af detaplednaiuran is

' i VIl (ethy] .
e S G o L TR i Bediasd 5y @ of
ZetaejdibaitapaliDAPf precinikaterans ae holpegeneaussaitiondsum tili

stirred at room temperature for 30 minutes. CH2C12 (200 ml) is added,
th8Gvml phases are separated and the aqueous layer extracted again with

CH2C12 (2x100 ml), Th i imjnated. T )

b TR SR UG W ma s aos
REJHERGABeARLRBER 5l 2 QrCond Wiluied ith GH2lle (X109-101- 4t room
Under vigorous stirring at 0-5C conc. ammonia (3.1 ml, NH4OH) is added

drappésetiacl begree increasdidf thé thmpeiature Ehobtainedjamppound (VII)
pH=7-8. The biﬁhasic reaction is stirred at the same temperature for 20

AT LoFaPtREX3RESES 4rd RepalatinR 4R FoREeBIER{EA St Fhyiciaum and the
eXLaRe Wit %E'%vq{ﬁ faxd? @BS 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 (VIIT) (13 g, 12 mmel, HPLC A%~ 93%,
yield 84%). The mother liquor contains 9.3 lg of residue to be discarded.

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

A suspension of 13 g of (VIEI) in 260 ml of methanol is treated for
30 minutes at room femperature under stirring with 4.2 ml of concentrated
aqueous hydrochloric acid diluted with 130 mi 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 i1s slowly diluted with water (350 ml) (io
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 phase is cooled down
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The combined organic layers are concentrated under vacuum till 2100 ml
and at room temperature under stirring the product crystallizes. The
precipitate is filtered through a glass sintered filter and after drying under

MREWAR MAOC overnight, 7.5 of the title compound are Obtai@%%ﬂfggosﬂnoszz
Example 5 - Preparation of Docetaxel Compound (1) (16 g, HPLC purity

assay: 90.57%, 20.49 mmol) is dissolyed in a mixture 1:1 of absolute
EtOH and CH2CIZ (320 ml) and to the slightly yellowish solution

SRS TR 1 SIMEALR, o o

(R3cioRJRXtHeIHAIATES foh L AIDO RIS BHORRRIN s TLie c8bOWRrease

no compound (l) (CH2CI2/MeOH:9/1, detection by spraying with a

sl tioneconeapiing HSOdigsd ), aniomtin Thelyiiphasi¢l e gytaond is stirred

(NH4)4Ce(S04)4-2 H20 (1.9 9) in Wateré'%oo [) and heating at 130C for
trby) SHRE CPRRSPA ISt etd IR AREP St %@%@ée%ﬁ(cﬁ@@mrf Fhe the

§
é%%@%g%y%gs %gﬂjgc%ﬁfwﬁ itief) issheated At 50C and pure water

is added dropwise. The mixture'is left at 50C for an hour and at

room terppesadutsental adgitionaly@fioars chhegpiedipd ateds: filiviaedidupio mi
a glass sintered filter and transferred within a vacuum ovenand .
@Rt & etP URJSF PRI aT AL Aodesy S o YaeIdpTedpsty eFystallizes. The

semi:pyrified Dacetaxel . 25 and 1 g of mother li that n#)e .
BTHARAE Thel IEH i Eh 4 A i dtiler and oGy drying under

RasaiAxelis (Heseheedighb0Csin LAk ihapahidathmh-anh@acells. acid
(0.39 ml) is added. The mixture, after the addition of pure water (320 ml),
is left ak5@@ friedn-\VPE: 20061087 66D PETAZPR005/010822 13 hour and

at room temperature _for additional 2 hours. The precipitate is filtered

througH-2 QBRE LN Eed it ahtd trim SR WA & Yalilim VR dRepol) is
@ﬂ%ﬂ%@iﬂ”ﬁ?ﬁ%ﬁ%@@ RLEQGRYRIBRSIS PRt 1o g (A RPGAXEY (o the

and 0.4 gofmo guor that can be eliminated. The second
alistedlizationdsvishedolinied relidisachungl thi qitduatat TN acatoneH,Cl,
(150 ml) and adding heptane (150 ml). The mixture is left at room

6 pbaBiOlor RS ospalveddn 5 ml of CH,Cly) is added. At the end of the

addition the reaction mixinre 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,SC; (31 ml), ammonium molybdate (19 g) and
(NH,)4Ce(804)42 HyO (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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precipitate is filtered through a glass sintered filter and transferred within a
vacuum oven and maintained under vacuum at 40C overnight to get 13.9
g of Docetaxel (HPLC purity higher than 99.4%, <0.1% of 7-epi docetaxel

aRg 2b6s58:d%% 10-dehydrodocetaxel). Example 6 - Alternativeprapaiatioms:»
of Docetaxel De-BOC Docetaxel (30.0 g, 42 mmol, 98% HPLC purity,

0.2% 7-epi isomer) is loaded in 1 1 red&or and then 60 ml
dichloromethane, 150 ml absolute ethanol and 73 | glacial acetic acid (3%

mehhase@ddesoat 280 dertorobtrina BUSRANS RFuBOThaveida{d LGiltered
g, 51 mmol) dissolved in 30.0 ml DCM is added dropwise to the

stispagsion gl 26Csmiskat $dletiomis tiamsdeded thethind of vdmadditiven and
After 3 hours thagreaction IS sto%g d by quenching Wii?i lacial acetic 20
AP REE B9 G ANE A AlDoREETRHEYS st iletPofPaf S0 Rsakixe! and

vgey kgno-fg?t,%%? @%}%&%@ ia%t@ﬁwa%g.a@ﬂed @Htﬁ%ggfé;%ﬁ%?@m is

same-conditions. T ear solution is heated to 50C and wat

agdefdretapwdseinalbayt 3. givewtispeoraD is stiteshatGGC fanlda@ndding
thenitis 25 cooled in 1 h to 25C and stirred at this temperature for 16
hbepsamrhelwhiralsolidesmitd g BrdivalsrreennifcaRonsrers dutidwest haates. The

(40 ml) and absplute ethanol (18 m|). The crud terial is put ip a reactor
IR G e o P Ee S e PSS obbiteed iphin o
gL@@&@h@?@%@%@dTﬁ@mﬁ@@dﬁm@t@&w%mwm%%ﬁ%@w%’eﬂ13.9 g of
occurred. Water (570 ml) is added dropwise in about two hours. The
midteetaiscihéHRbolepuirityl high@Stamd Saftls, 90Mhiith the Suspedsimtase] and
filtered on ggoch P3 and 5 washed once with a solution of water (40 ml)

arﬁ A dittdtrdrRA 98 #BY Docetaxel, obtained as a white solid, is
g”ed UNEICE YARYUWN ARl v G QIR {03 Welgft qhgppd solid: 32.6

De-BOC Docetaxel (30.0 g, 42 mmol, 98% HPLC purity, 0.2% 7-epi
isomer) is loaded in 1 I 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 addad
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 (6.7 ml, 30% mol} and dichloromethane is distilled off at 30°C under
vacuum. Absolute ethanol (90 mli) is then added and distilied 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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Crude Docetaxel (5.0 g, 6.2 mmol) is loaded in 500 ml reactor and
dissolved at 50C in acetone (50 ml). 10 n-Heptane (50 ml) are then slowly
added at 50C in about 1 h. The suspension thus obtained is stirred for 1 h

aka0aandsthen cooled to 25C and stirred at the same tempggatis foiokBs22
h. The suspension is filtered on gooch P3, washed once with n-heptane

(15 ml) and dried at 55C under vacuuridfor 16 h, obtaining 4.40 g of 15

docetaxel as a white solid (89% yield, >99.5% purity HPLC, <0.10% of
16Biafocsiaxgtand <0.10% 10-dehydrodocetaxel). Brief description of

the drawings Figure 1. XRD diffractogram of sample prepared by

procediihe afiskairnple Beaedigutd X DSEnpieimchsanhsisamptarred. Water

prepared by procedure of example 5. MCSLLP WO 2006/037653 )
IEB2E0SASRSBILOPEV B MO RYS SO ot & B dtibiFBreocled in

LrfissieN-gavanrayopralin Bl UL hER 0 Affelell SRS and

comprising owing’steps: aj reaction o

AvidedimpibaxtphesyidoR oTitiehenzemeasylfany Bkt o bemAE (R)B-m1).
oxazolidinecarboxylic acid (V)

Docetaxel, obtained as a white solid, is dried under vacuum at 55°C for
16 hours, final weight of dried solid: 32.6 g.

Crude Docetaxel (5.0 g, 6.2 mmol} is loaded in 500 ml reactor and
dissolved at 50°C in acetone (50 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 golid (89% vyield, >99.5% purity HPL.C, <0.10% of 7-epi
docetaxel and <0.10% 10-dehvdrodocetaxel).

Brief description of the drawings

Figure 1. XRD diffractogram of sample prepared by procedure of

example 3.

Figure 2. DSC thermogram of sample prepared by procedure of example

h



\roOH 02N N O I/\1 10 (V) with
10-deacetyl-bis-7,10-trichloroacetylbaccatin 11l (VI) 0c00012 OCOCCI,
HO"... HO 0/\0 >= (VI) MCSLLP WO 2006/037653

RoT16u68492/010822 16 to give PCT/EP2005/010822
2-(2,4-dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(3)-phenyl-5(R)-
oxazolidine carboxylic acid, 10-deacetyk7,10-bis-trichloroacetylbaceatin 11|
13-yl-ester (VII) Ococci; CO OCOCC1, ONNOHOO 00=0>0 51
&1h)Gmakhydrolysis of the trichloroacetyl groups at the 7- and 10-
positions of the compound of formula (VII) to give
2-(2,4-dimethoxyphenyl)-3-(2- .

MCSLLP

1. A process for the preparation of 10-deacetyl-N-debenzoyl-paclitaxel (I}

Qi

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

(VY o~
with 10-deacetyl-bis-7,10-trichloroacetylbaccatin Il (VI)

oCace,

Ho'klnn

(V1)
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nitrobenzensulfenyl)-4(S)-phenyl-5(R) -oxazolidine carboxylic acid,
10-deacetylbaccatin Il 13-yl-ester (VII) OHO \ IO OH O,NNOHO/I\
Oo\H _ 00 10 c) acid treatment of the compound formula (VIII) to give
IWereRbkd- debenzoyl-pachitaxel (1). 2. A process accordipgeLlaiin theas
wherein step a) is carried out in a solvent selected from an ether, an
ester, an aromatic hydrocarbon or a 15 falogenated aliphatic solvent. 3.
A process according to claim 2 wherein the aliphatic halogenated

boryis-me
PCT/ 200%/ 108%%{]1 %gﬁmér%%%'\sésqgcﬁr %%ﬁ%%ﬁiﬁo%ﬁ Phenyl-5(R)-
SowierBitite parpiscodiciegbidut i beapeegbNcdiis-aocidensingaierRtatin 111
and an activating agent. 5. Process according to claim 4 wherein the
cbﬁd’é@’ﬁ’@ QE is dicyclohexylcarbodiiimide and the activating agent is
4-dimethylamino- 5 pyridine. 6. A process according to any one of claims
1 to 5 wherein step b) is ¢ rrled out with ammo Eﬁ?F@ydromde in
tetrahydrofuran as the o
claims from 1 to 6 wher J
of aqueous hydrochlogic acid®
2-(2,4-Dimethoxyphenyl)-3=(

b) hydrolysis of the trichloroacetyl groups at the 7- and 10- positions of
the compound of formula (VII) to give 2-(2,4-dimethoxypheny!)-3-(2-
nitrobenzensulfenyl)-4(S)-phenyl-5(R) -oxazolidine carboxylic acid,
10-deacetylbaccatin ITI [3-yl-ester (VIII)

) acid treatment of the compound formula (VIII) to give 10-deacetyl-N-
debenzoyl-paclitaxei (1),

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

halogenated aliphatic solvent.

3. A process according to claim 2 wherein the aliphatic halogenated

hydrocarbon is methylene chloride,



oxazolidine carboxylic acid, 10-deacetyl-7,10-bis-trichloroacetylbaccatin Il
13-yl-ester (VII) ococca, 0 \/C OCOVC1, OINNOHOH' O rAo(Vll) 15
9. 2-(2,4-Dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5 (R)- MCSLLP

QazRliginesgarboxylic acid, 10-deacetylbaccatin Il 13-yl-esteg LV HP. (b, Qs22
OH ~pnr 02N N HO H \120 ~=0O 00~ (VIII)

17

4. A process according to any one of claims 1 - 3 wherein step a) is carried
out in the presence of a condensing agent and an activating agent.

5. Process according to claim 4 wherein the condensing agent is
dicyclohexylcarbodiiimide and the activating agent is 4-dimethylamino-

5 pyridine.

6. A process according to any one of claims 1 to 5 wherein step b) is
carried out with ammonium hydroxide in tetrahydrofuran as the soivent.

7. A process according to any one of claims from 1 to 6 wherein step ¢) is
carried out with a methanol selution of agueous hydrochloric acid.

10 8. 2-(2,4-Dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5(R)-

oxazolidine carboxylic acid, 10-deacetyl-7,10-bis-trichloroacetyibaccatin' I

13-yl-ester (ViI)

A\

S Oty
O ¥
[:f::I,ammng ;o

GCOCC,

!
O o >:
L (VD

15 9. 2-(2,4-Dimethoxyphenyl)-3-(2-nitrobenzensulfenyl)-4(S)-phenyl-5(R)-
oxazolidine carboxylic acid, 1¢-deacetylbaccatin III 13-yl-ester (VIII)

QOH




