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WO 20061108561 PCT/EP2006/003162 1 A PROCESS FOR THE
PURIFICATION OF 10-DEACETYLBACCATINE Il FROM
10-DEACETYL-2- DEBENZOYL-2-PENTENOYLBACCATINE Ill The
woeseniigasgntion relates to the preparation of 10-deacetylpacgabisie/obtic2
free from 10-deacetyl-2-debenzoyl-2-pentenoylbaccatine Ill. The removal
of this impurity is carried out by transforming 10-deacetylbaccatine Il into

Ahe corrpgaspging 7,10-bigyiichloroaggtate, 5 fQlowefYATION (033}

chromatographiC purification and de-blocking of the hydroxy groups. The

1REBACEHHRERAN I DiNFied acEbiding BRIV ethod(cRFRCETY1.-2-

conveniently used for the semi-synthesis of antitumor medicaments with
RN 2 BN O LR CATINE I O T e

corresponding 2-debenzoyl-2-pentehoyl analogues. 10 Introduction
10-Deacetylbaccatine Il ( is the starting product for the semi-synthesis of
medicEmegnisswithpotentantiuerotoadtiityesaeiias cdodetoalcdyidaccatine

litaxel. 10- tyl tine 1l is isolated b traction . f plants of
B R B o B e P BRI S Kot
amountef related.compounds (ggr.tableliswhichidepend opfhe,Qrein:Ring

the plant material. In general, the impurities contained in commercially
ldrditabtéylDadeattety|bdcdatinetit heve e ponterdydidapigrouphdothectinte,

o AR SR e o Pt
dRbepylisgserinesesiciie vhase amipe furatianisdniket ta PFeRioRitan be
butyric, tiglic or benzoic residue. Moreover, 10-deaeetylbaceatine Ill
ceonvenpently used for the semi-synthesis of antitumor medicaments with
taxane skeleton, avoiding troublesome purifications from the corresponding
2-debenzoyl-2-pentenoyl analogues.

Introduction :

10-Deacetylbaccatine IIT (I) 1is the starting product for the
semi-synthesis of medicaments with potent antitumor activity, such as
docetaxel and paclitaxel. 10-Deacetylbaccatine III is isolated by extraction
from plants of the Taxus genus. The extraction product also contains a
variable amount of related compounds (see table), which depend on the origin
of the plant material. In general, the impurities contained in commercially
available 10-deacetylbaccatine III have a further hydroxy group at the 14- or
19-position or have an opposite configuration at the 7- and 13-position.

Other impurities are substituted at the 13-position with a
phenylisoserine residue, whose amine function is linked to a propionic,
butyric, tiglic or benzoic residue. Moreover, 10-deacetylbaccatine III contains
a further metabolite (II) which, instead of a benzoyl function at the 2-position,
carries a pentenoyl residue, identified in particular as a tiglic acid residue

(B. Gabetta et al., J. Nat. Prod. 58, 1508, 1995). Usually this impurity, which
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a further metabolite which, instead of a benzoyl function at the 2-position,
carries a pentenoyl residue, identified in particular as a tiglic acid residue
(B. Gabetta et al., J. Nat. Prod. 58, 1508, 1995). Usually this impurity,
w2 M¥€362006/108561 PC'r/EP2006/003162 2 cannot becrermone 03162
through crystallization due to its tendency to co-crystallize with
10-deacetylbaccatine lll, is contained in amounts of 0.3-1% in commercial

d6ndeacetylbaseaiee IIm@gr%qu%ygpgwaﬁe&pm&&egrﬁphiﬁaouwﬁféﬁ%s to
allow onlﬁpartia! and unsatisfactory reduction 5 of its content. When an
aptrtmetizr uy g pidbdraddivibat Oatisacdibac catinteitibd tHis impouitys of

Jeggoes the same selni-synthesis pracess as 10-deacetylbaccatine lIl,
e e S SR &5 e

giving rise 1o the corresponding

vthoseregayeld pextRamalnralblesamep 4 FoLINIS Fe R oR R H-EXaMBIS

the American pharmacopoeia allows the presence of relevant amounts
Al tRocOm98Y - of 2-debenzoyl-2- pentenoylpaclitaxel in semi-synthetic

paclita%%lérlf% gnl Dan %urgoﬂogyggziswp%pggf PI%%OI (')A-\deggalge%legaocaﬁne 111,
this  impurity —undergoes the same ‘semi;synthesis process  as
10-deacetylbaccatine IIl, giving rise to the corresponding 2-debenzoyl-2-
pentenoyl derivative, whose removal is extremely troublesome.

For this reason, for example, the American pharmacopoeia allows the
presence of relevgmt amounts (up to 0.7%) of 2-debenzoyl-2-

pentenoylpaclitaxel in semi-synthetic paclitaxel.
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(f1) R=CCI3CO0 15 20 WO 2006/108561 PCT/GP2006/003162 3 Table -
Main impurities contained in commercial 10-deacethbaccatine HO HO R
NH /00 OH R4 Fh"Y OINn... OH R; OH >H 0HO O RlaAte’, BzO AZ
v IdodidsRa R5 R6 1. BE p-OH OH a-OH H la HICO b BE@e@bhédbbi62
a-OH H Ib PrCO Ic BE fl-OH H fl--OH H It Tid Id BE I1d BE (;-OH H a-OH
OH le BE a-OH H a-OH H 1l Tigl fl-OH H a-OH H Bz Tigi= Me Me :
Disclage of i, IBAHRLJ BoHRIARRNWENRRAEIAE SO, BopFERIAoN

the purmcation ot

Ry R Ry R4 Rs R
1= Bz BOH COH o-OH H Ia.  ECO
Ib Bz oOH OH o-OH H b PrCO
Ie Bz pOH H $-OH H Ie Tigl
Id Bz

Id Bz B-0H H o~OH OH
Ie Bz oOH H o~-OH H

I Tig pOH H o-OH H

Bz = Tigl=
Me' X

Disclosure of the invention

The present invention relates to a process for the purification of
10-deacetylbaccatine III from 10-deacetyl-2-debenzoyl-2-pentenoylbaccatine
I (IT), wherein the pentenoyl residue is a tiglic acid residue. Therefore,
10-deacetylbaccatine III purified according to the invention allows to obtain
antitumor medicaments with taxane sketeton free from the corresponding
impurities having a pentenoyl residue instead of a benzoyl residue at the
2-position.

10-Deacetylbaccatine III can be easily transformed into the 7,10-bis-
trichloroacetyl derivative (III). The conversion can be carried out by treatment
with trichloroacetic acid activated derivatives, according to known
esterification methods. Preferably, III is obtained by reaction with

trichloroacetyl chloride at a temperature of about 0°C, preferably of -5 to
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5 10-deacetylbaccatine Il from
I0-deacetyl-2-debenzoyl-2-pentenoylbaceatine Ill Q, wherein the
pentenoyl residue is a tiglic acid residue. Therefore, 10-deacetylbaccatine

wWbpwigegsaccording to the invention allows to obtain antigg®@i2006/003162
medicaments with. taxane sketeton fjee from the corresponding

impurities having a pentenoyl residue instead of a benzoyl residue at the

29 nosition, Kbeacchibacainc,ligen. b aasly Kansl e i ey,

bis- roacetyi derivative Il . The conversion can be carried out
hyleasmeantisvihdvislildraacHiy acid-Aatiyateddertividiose splamco i gotd the
known esterification methods. Preferably, 1] is obtained by reaction with

cos T RRoRREE ek cARSHASRPRORFHBE IO B HB0 G OF S BréferiBRPEY5 ()
200 PCI/ERP2006/0031 +5C, 4sing pyridine in th
%\é/ﬁd% rllsé %(%ﬁ%?ogr%ﬁtgt%én?m%%ﬁg%sg% %%?\%r#. HPLC analyzd;[‘gsﬁgwé °
thaddikdaphiatnstias iMpuktes, hbaw2Bgahtieriabrresponding 10- and
7-monoacylated products, as well as impurity (Il 7,10-bis-tirichloroacetate,

I
in amBURFHRYBBFRAEN G ERRORT ThathEh s Pia-HadarppeRieatite i tEe 8t
@% tﬁ%g{a‘iﬁggﬁ@?@?lh% h@%‘fﬂ%ﬂﬁmgﬁgﬁ?ﬂ @HB%Q?@&Q&E behaviour

is-trichloroacetyl derivative of the latter impurity (113 has a markedly
flidtardnt offomatodiaphicdighdfiduacétyibdbetidbidit(idhloroacetyl |
O-deacetylbaccatine Il (1]1 . In fact, when the trichloroacetylation products

are sUBjdfLd S Bbiln 19 HARREIAG I RS S AficaAH dgifigimn
&@oxﬂ%‘?&%&%\%&f%%ﬁﬁ%ﬁ%&ﬁ%g@@ qee %@fe;{)?@ﬁ{r%@l?aﬁ?—@d weighty

and eluted dichloromethane or a dichloromethane-ethylacetate
waightembOpbiteratijorofoetyh biOndégite ytlshebsatinedith Hishdlutedgthane
c\;\;her(gas tdqgh(igltg?ggt%ggierl%thylacetate mixture, 7,10-bis-trichloroacetyl
10-deacetylbaccatine III (III) 1is eluted, whereas the corresponding
2-debenzoyl-2-pentenoyl analogue is retained on the stationary phase together
with monoacylated products. These impurities can be recovered using a
solvent with higher polarity than dichloromethane, for example acetone or
methanol.

The resulting 7,10-bis-trichloroacetylbaccatine III (III) can be used as
such for the semi-synthesis of antitumor medicaments by esterification of the
13-position with a suitably activated side chain. Therefore, the use of
derivative III, obtained with a chromatographic purity higher than 99%, is a
further embodiment of the invention. Indeed, its advantage consists in the
presence of trichloroacetyl protective groups at both the 7- and 10-position,
further to the absence of the 2-debenzoyl-2-pentenoyl analogue. This avoids

further and undesired esterifications at the 7- and/or 10-positions with the

selected side chain, and the formation of impurities which could not otherwise

" be easily removed. Therefore, esterification of the 13-position with a suitable

side chain followed by removal of the protective groups from the 7- and



10

15

20

25

2-debenzoyl-2-pentcnoyl analogue is retained on the stationary phase
together 15 with monoacylated products. These impurities can be
recovered using a solvent with higher polarity than dichloromethane, for
W aagetone or methanol. The resulting PCT/EP2006/003162
7,10-bis-trichloroacetylbaccatine IlI (II& can be used as such for the
semi-synthesis of antitumor medicaments by esterification of the 20

-RQsiti ith, asuitahly activated side chain. Therefore, the use o .
ﬁrg/%%\{}g %X\ch;%ta%%% v%%{ﬁ a %ép?ro?ng%ongragg %Spﬁ?itﬁ%%ﬁ%rg SH G0, 98 4
fitbersersbodimenpof the isuentien. ndgeseits agwantage.gonsistedn the m
presence of trichloroacetyl protective groups at both the 7- and .
ﬁﬁlﬂﬁé’rﬁgﬁ?sﬁﬂﬂﬁ’é}’?@waﬁﬁ“&en‘ce of the 2-debenzoyl-2-pentenoyl
analogye. L hi | 5 further and undesire erifications at the 7-
o e T B e Romeatn oo
Brpuritiesyivhickl couddandt etherwiseofiticasiy MepedTNeiefss: product
fﬁﬁerificaﬂon of the 13-position with a. suitable side chain followed by

HoVBIEFIRE Bt dlettrbegrshpeat dhr onely alrdiveCreamesnogseterably by
ition_and from. the side chain allows to
%bgt%i{r?% g‘gg%?g%%%%%%ggg %%gsg ?ﬁa%lsﬁl gl%%sai é)ng Igfost%%rfile%lg Sl éﬁéﬁgﬂn)or
fresctiomoli( phiehlylisaseeiimg )rabal ag ue sc il athenhand crystallization
0-deacetylbaccatine lll free from the 2-debenzoyl- 5 2-pentenoyl
Rtodhe W bther tisiitictchn Be rageiistie. réeeprodust (Iethanol,
usif i .alkaline treatment, preferably b
e e T B QB ER er wn
Phéthemblrer feomethamolundi¢ilipaemafhaiig. mixture or tetrahydrofuran. By

crystalljzation from a suitable solvent, such as acetonitrile, acetone or
methz]ﬁ%‘?,refom’ the resulting 10-deacetylbaccatine III obtained can be

conveniently used for the preparation of semi-synthetic paclitaxel free from
2-debenzoyl-2-pentenoyl-paclitaxel. Paclitaxel can be obtained by means of
any method which allows to transform 10-deacetylbaccatine III into
N-debenzoylpaclitaxel, followed by benzoylation. A convenient method for
the preparation of N-debenzoylpaclitaxel is disclosed for example in
US 20050049297 |

A further object of the invention is therefore semi-synthetic paclitaxel
free  from  2-debenzoyl-2-pentenoyl-paclitaxel  and pharmaceutical
compositions containing thereof.

The invention is illustrated in greater detail in the examples reported

below.

Example 1 - 10-Deacetvl—7.1‘O-bistrichloroacetvlbaccatine 1T (IID)

10-Deacetylbaccatine III (15 g), containing 0.4% of 2-debenzoyl-2-
pentenoyl analogue as impurity, is treated with 6.6 ml of trichloroacetyl
chloride in 60 ml of pyridine at 0-5°C for one hour under stirring. The mixture

is diluted with 100 ml of methylene chloride and 100 ml of 4 N hydrochloric
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10 10-deacetylbaccatine 1l is obtained with chromatographic purity higher
than 99% and free from compound (Il as impurity. Therefore, the resulting
10-deacetylbaccatine Il obtained. can be conveniently used for the
weepataigeof semi-synthetic paclitaxel free from PCT/EP2006/003162
2-debenzoyl-2-pentenoyl-paclitaxe]. Raclitaxel can be obtained by means
of 15 any method which allows to transform |0-deacetylbaccatine Il into
Akfiehane giiRacax S dRRUe o e TRAMRION, £ C ANSRAN IR ot
the preparation of N-debenzoylpaclitaxelis disc osed Yo example in
2095004028I0r A fartermobjeen of ttie soventiasfisvtherafore semivayRthsticim

paclitaxel 20 free from 2-debenzoyl-2-pentenoyl-paclitaxel and '
Bﬁﬁ N AERBIn phSRfoHoBRERRIgdhedon R and tnitisidue is taken

ﬂig%&fﬁi?qm grgater dgtaihin hee 8%'??4(6%?‘%‘1 5%%!9&’&@'%‘%@ P idation,

10-Deacetyl-7 10-bistrichloroacetylbaccatine Il II?

o dimsatetybacetihenll lof1 sgyhgtsiainhip el &6 Hi2-pelenRsow2-column
entenoyl analogue as impurity, is treated with 6.6 ml of trichloroacetyl

I BFGEOET B3I Bt pyidide dt bisseles! Gife Msurkingbitggrindthr rethylene

[ isclil ' : loride and 100.ml.af 4 )
iR S A R e T RO
Grersepdingeprerigitae osdfiic aheffSandshad witdt0R.00kef 4 50°C, giving

' id hen with 500 m| of wat turated with sodium
Lt Tt R e es sl b chO oS P s ot
§ﬁ5%ﬂé{%¥\é§@r9&00 Bq&&mll;[%eaggﬁg?(m.g g) is recovered by

filtration, 5 re-dissolved in 125 ml of methylene chloride and purified by
columibxample 2 - 10-Deacetylbaccatine III free from 2-debenzoyl-2-

pentenovl analogue

10-Deacetyl-7,10-bis-trichloroacetylbaccatine III (17.8 g), obtained as
described in example 1, is dissolved under inert atmosphere in 36 ml of
tetrahydrofuran and treated under stirring for thirty minutes with 3.9 ml of
concentrated ammonium hydroxide. The solution is diluted with acetonitrile
and then concentrated until incipient crystallization, thereafter the product is
filtered and recrystallized from acetone, to give 10 g of 10-deacetylbaccatine
I with HPLC purity higher than 99% and free from 2-debenzoyl-2-
pentenoylbaccatine III.

Example 3 - Paclitaxel free from 2-debenzoyl-2-pentenoyl analogue

N-Debenzoylpaclitaxel (700 g) is prepared as described in examples
V - VII of US 2005/0049297 A1, starting from 10-DAB III purified according
to Example 2 above (therefore free from the 2-debenzoyl-2-pentenoyl
analogue), thereafter is dissolved in 14 1 of acetonitrile, added with 120 ml of
triethylamine and treated with 107 ml of benzoyl chloride.

The reaction mixture is stirred at room temperature for half an hour and

diluted with 21 1 of water containing 0.1% of acetic acid.
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chromatography on 375 g of Kieselgel 60 Merck, eluting with methylene
chloride. The fractions that contain Il are collected and added with
‘toluene; the resulting precipitate is filtered off and dried under vacuum at
WwOGoeghog: 17.8 g of Il with HPLC purity higher than 99%HRkfesMes162
analysis does not 10 show the presence of Il bis-trichloroacetate,

Example 2 - 10-Deacetyjbaccatine IIl free from 2-debenzovl-2- pentenoyt
analoghls QIRPAATIMA AURISHICRRBFAMBACEBIS]Y (il Qbctonitrile
obtained as described in example 1, Is dissolved under inert atmosphere
Hii:3arlaat 45 terahyelrafacanmant feuteboder7sirrgngffar thididninatesal
with 3.9.ml of concentrated ammonium hydroxide. The solution is diluted

TwrieRiainenitIemanife L GRrEAt HEdHPRcip leAY IR X ARARGRIOne and
hereafter the is filtere iz (0] etgn INE|_»_
T e T Loty oy Bosk a2
feeectionipd dabecizoyd-@btathpéntenoylbaccatine Ill. Example 3 - Paclitaxel
free from 2-debenzovl-2-pentenoyl analogue N-Debenzoylpaclitaxel (700
g) is prepared as described in examples V - VII of US 2005/0049297 Al,
starting from 10-DAB 11l purified according to Example 2 above (therefore
free from the 2-debenzoyl-2-pentenoyl 25 analogue), thereafter is
dissolved in 14 1 of acetonitrile, added with 120 ml of t'riethylamine and
treated with 107 ml of benzoyl chloride. The reaction mixture is stirred at
room temperature for half an hour and diluted with 211 of water
containing 0.1% of acetic acid. WO 2006/108561 PCT/EP2006/003162 7
The solid material is filtered, washed with 3 1 of a 3:2 water-aeetonitrile
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mixture and dried under vacuum at 50G About 700 g of dry solid material

are obtained, from which, by crystallization from 2:1 cyclohexane-acetone

and drying under vacuum, 600 g of paclitaxel free from 2-debenzoyl-2- 5M(‘
pentenoylpaclitaxel are obtained. MCSLLP 8 CLAIMS 1. A process for -SLLP
the preparation of 10-deacetylbaccatine 11l with a purity higher than 99%
and free from 2-debenzoyl-2-pentenoylbac@atine Il by submitting
10-deacetyl-7,10-bis-trichloroacetylbaceatine 1l to alkaline 5 treatment
o By crystallization, wherein the 10-deacetyl-7,10-bis-

trichloroacetylbaccating lll: is free from 1Q-deacet debenzo

éentenéyp?oq%ﬁ%.%ﬂﬁ.@?ﬁ%%%@fb%@ﬂ% ﬁ%aa“r% i yL@ yith a purity

RigREss ySOmBYng, epumeaf el aidoge g%%gas B2 11 by
EhiBroatdtic aC| vat erivativ ca rom togra

[dfluiag offhIfhisst quga&%tYhéﬂﬂ%%%%}p@&é@ét@ﬁe“'mﬁh to alkaline

dlchloromethane or a dichloromethane- -ethylacetate mixture; and -
@t@l@@ﬂﬁirfecm/le@w\@fdthBﬁcu@&p@hrﬁag@adei&érmem%hentb(mgdadﬁtyl -7,10-bis-
impurity and of the monoacylation products using a solvent with higher

pokhlgrareeidracrstinthadtl:sush afreeetdiemr niétdgmsicty| R pigbeagoyl-2-

laimed in claim | h the alkaline treatment d out
LGB 4R ERAACR RoE COIEBIA oV, WOERP e By a process

methanol a.methanol - dichloromcthane mixture or tetrahydrofuran. 20 3.
,51 é)cess $5 claimed in claim 1 or 2 wherein the crystallization of

- treatment of crude 10-deacetylbaccatine III with a trichloroacetic
acid activated derivative;

- silica gel chromatography and elution of 7,10-bis-trichloroacetyl-
10-deacetylbaccatine  III ~ with  dichloromethane or a
dichloromethane-ethylacetate mixture; and

- optional recovery of the corresponding 2-debenzoyl-2-pentenoyl
impurity and of the monoacylation products using a solvent with
higher polarity than dichloromethane, such as acetone or methanol.

2. A process as claimed in claim 1 in which the alkaline treatment is
carried out by reaction with ammonium hydroxide in a suitable solvent, such
as methanol, a methanol - dichloromethane mixture or tetrahydrofuran.

3. A process as claimed in claim 1 or 2 wherein the crystallization of
10-deacetylbaccatine III is carried out with a solvent selected from
acetonitrile, acetone or methanol.

4. A process as claimed in any one of the preceding claims wherein the
treatment of crude 10-deacetylbaccatine III with a trichloroacetic acid
activated derivative is carried out by reaction with trichloroacetyl chloride at

a temperature of -5 to +5°C in pyridine or in a pyridine - dichloromethane
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10-deacetylbaccatine 11l is carried out with a solvent selected from

acetonitrile, acetone or methanol. 4. A process as claimed in any one of

the preceding claims wherein the treatment of crude MCSLLP
10-deacetylbaccatine Il with a trichloroacetic acid 25 activated derivative’

is carried out by reaction with trichloroagetyl chloride at a temperature of

-5 to +5C in pyridine or in a pyridine - dichloromethane MC;SLLp 9

mixture. 5. A process as claimed in any one of the preceding claims
wheteirethe chromatography of the trichloroacetylation product is carried

out using from 10 to 20 parts by weight of silica gel with respect to the

Weight &f PIRCEI03S LMol Aty 18-k dhepradinte 4l rEBtiNbgrein the
as in any one qof the. greceding claims. 6. A process for. the preparation of
R RHIE LS h P o e et B A RSE by TR e from
GREQIO ARG PROOLHIG PLASELID AN NP PRYETWEILITR raw 7, 10-
N-debenzoylpaclitaxel, Tollowed by 10 benzoylation.
bis-trichloroacetyl-10-deacetylbaccatine III obtained as in any one of the
preceding claims.

6. A process for the preparation of paclitaxel which comprises the
preparation of 10-deacetylbaccatine III according to any one of the

preceding claims and its conversion into N-debenzoylpaclitaxel, followed by

benzoylation.



