VD 97/ 24345 1 PCT/ FR96/ 02097 PROCESS FOR THE
SELECTI VE PROTECTI ON OF BACCATI N DERI VATI VES AND | TS USE I N THE SYNTHESI S
@& TAXANES The present invention relates to new internedi ates for the

Toxanes, nat oM SRR CC uhosc i terpohi ¢ backoone | ECRIRBIRDYERY

Nar oyl phony! 1 EBEEERRCE R oAk, SafEEofAT ghEL R 100 pEC bR, 2

For exanpl o, PACTTELT VR Av e 0 P Sy U Rl

their derivatlves whi ch g, épxﬂﬁgﬁﬂ?ylgﬁﬁgaeybﬂ: iQ%égﬁg&lﬂg% or baccatins
e chain

(derivatives without a si represented by the 15 formulae 1 and 2

bel ow. 2 | fderheBatRld Fdr e RnlidRntNe D IS itaahed i@id@alo source,

T. brevifolia, French researchers have
5 the processes for preparing them.

Taxanes, natural substances whose diterpenic
backbone is generally esterified with a B-amino acid
side chain derived from N-alkyl- or N-aroyl-phenyl-
isoserine, are known as anticancer agents. There are

10 several tens of taxanes isolated from Taxaceae of the
genus Taxus, such as for example, PACLITAXEL (Rl = Ac,
R2 = Ph, R3 = R4 = H), cephalomanin, their derivatives
which are deacetylated at the 10-position, or baccatins
(derivatives without a side chain) represented by the

15 formulae 1 and 2 below.



sought to isolate PACLI TAXEL fromrenewabl e parts (the | eaves) of the

Eur opean yew tree. They have thus 5 I dentified the probabl e biogenetic
Precursor of taxanes, 10-deacetylbaccatin Ill, an ideal springboard for
sem synt hesi s, because of its relative abyndance in the | eaf extracts. The
sem synt hesi s of taxanes, such as 10 PACtI TAXEL or DOCETAXEL (R1 = Ac, R2
= t.butyloxy, R3 = R4 = H), therefore consists in esterifying the hydroxyl
3 at the 13-position of a protected derivatiyg of baccgtim or of

10- deacet yl baccatin |11 mntheaqgﬁﬂﬂﬂan1'o aas § derivalive. ovarious
processes for the sem synthesis of PAQL| TAXEL)=A 'aoaanXEL are

described in the state of the 3 L OR,
EP- 0, 336, 841, EP-0, 495, 718, N[)Q /095@9 94y '8, WO
94/ 07879, WO 94/10169, WO 9412482, EBRQ 400, 9 ; WO
94/ 14787. Two recent manual s 10 [I. GEorgl T.T. S -3 i me§) and D. M
Vyas, "Taxane HO 4
RigRy Ry R2 .
PACUTAXEL fo.g.TAXOL) 12 Ac Pn H M AcO o
$0.DEACETYL-TAXOL 1h omoBoN
Ac Bu H H
CEPHALOMANNIN IC N Be H M
10-DEACETYL-CEPHALOMANNIN id H TBOM W
DOGETAXEL fe.g. TAXOVERE] 18 AL - N M
BACCATIN (TETRAGL) 23 H - H H
10.DEACETYL-BACCATIN 2k 6 - 6 -

Baceatin part protected 2

...Q - o X

In an effort not to rapidly exhaust its
original source, T. brevifolia, French researchers have
sought to isolate PACLITAXEL from renewable parts (the
leaves) of the European yew tree. They have thus

5 identified the probable biogenetic precursor of
taxanes, 10-deacetylbaccatin III, an ideal springboard
for semisynthesis, because of its relative abundance in
the leaf extracts.

The semisynthesis of taxanes, such as

10 PACLITAXEL or DOCETAXEL (Rl = Ac, R2 = t.butyloxy, R3 =

R4 = H), therefore consists in esterifying the hydroxyl



Ant i cancer Agents, Basic Science and Current Status", ACS Synposium Series

583, Washington (1995)] and in particular [Matthew Suff
Science and Applications" CRC press (1995) and 1500 cit
conpri se exhaustive conpilations of the sgem syntheses o
sel ective nonoprotection of taxanes di hydroxyl ated at t

ness, "TAXCOL[err]
ed 15 ref er ences]
f taxanes. The

he 7- and

O-postiions 1As s Lpd- Heft. ol Aeed nlvedtdd ddnplhd defalkyl si ane

ether 20 groups

. This protection is of great interest

because, on thg Qg iRk OF ihiddddiyibdateiaPle with kagadmind | |,

di rect precursor of PACLI TAXEL and, on the other hand,

of manuf act urigwid tdewrideit rof i table conditions from 25
easi |y avail abl e honol ogue, 10-deacetyl baccatin 11, w

of the inpossibility
its nmuch nore
thout an effective

sel ective protection at Vdreidis msidesmes | fulecthe tdemimettiesioomah gr oups

such as 4 acetate groups, or even of slightly hinder

ed

5 PACLITAXEL or of DOCETAXEL are described in the state

of the art (EP-0,253,738, EP-0,336,840, EP-0,336,841,

EP-0,495,718, WO 92/09589, WO 94/07877, WO 84/07878,

WO 94/07879, WO 94/10169, WO 94/12482, EP-0,400,971,

EP-0,428,376, WO 94/14787. Two recent manuals

10 [I. Georg, T.T. Chen, I Ojima, and D.M. Vyas, "Taxane

Anticancer Agents, Basic Science and Current Status”,

ACS Symposium Series 583, Washington (1995)] and in

particular [Matthew Suffness, "TAXOL® Science and

Applications" CRC press (1995) and 1500 cited

15 references] comprise exhaustive compilations of the

semisyntheses of taxanes.
The selective monoprotection of

dihydroxylated at the 7- and 10-positions

taxanes

has so far

been obtained only with the aid of trialkylsilane ether

20 groups (EP-A-0,336,840)}. This protection is of great

interest because, on the one hand, of the

rarity, for

example, of baccatin III, direct precursor of

PACLITAXEL and, on the other hand, of the

impossibility

of manufacturing it under profitable conditions from

25 its much more easily available homologue,

10-deacetylbaccatin III, without an effective selective

protection at the l0-position.

Indeed, the use of common groups such as



hal oal koxycar bonyl s such as the conventional trichloroethoxycarbonyl to
prot ect dihydroxytaxanes such as 10-deacetyl baccatin |11, has the

di sadvant age 5 of not at all being selective. On the other hand, they
have up until now been wi dely used in the nonsel ective deprotection of
7, 10- di hydr oxyt axanes such as 10-deacetyr%accatin 11, to give

7,10-di-(2,2,%beE5E%hI95 %hog&pg&%&n%%0E¥§§égigggﬁgb%% ccatin Ill1, a 10

key internedi ate 1Tn tRe synthesi ,841). The use of

trialkylsilangglggﬁkb c?%ﬁhg&ggoguggrggetgﬁdr epﬁghgghed at the

7-position of taxanes e di hydroxyl ated at - and 10-positions
15 has, bec %'i%%h(ibr%%hba%y@a%%nb%g'g'ro' (E))])go%fe_ctth%%%y&rr%&%‘itabd&%e@f oups

towards slightly acidic nedia, a nu maj or di Sadvant ages whi ch

count er bal anceuchelals goodeseletgiibaicturil/ T3uhS tae thea@ilsaldvantaget he
10-position, 20 which justifies prior selective protection at the

. 7-posi ti ol wafclhoits agoiald beiheg kkdecad®e.nOnheher extrlyr hawnent ithey gi ves
rise to 50 to 60% average yi el ds because of the ease of trialkylsilylated
ethers to be 3alyst upuadily noke beeyl stidedygusen fneséet nonseflective
deprotection of 7,10-dihydroxytaxanes such as
10-deacetylbaccatin III, to give 7,10-di-(2,2,2-
trichloroethoxycarbonyloxy)-lo—deacetylbaccatin III, a
10 key intermediate in the synthesis of DOCETAXEL
(EP-A-0,336,841).

The use of trialkylsilanes for the protection
of the hydroxyl situated at the 7-position of taxanes
which are dihydroxylated at the 7- and 10-positions

15 has, because of the relative lability of these
protecting groups towards slightly acidic media, a
number of major disadvantages which counterbalance
their good selectivity.

1/ Subsequent acylation at the 10-position,

20 which justifies prior selective protection at the
7-position, which is going to be the case in the
present invention, gives rise to 50 to 60% average
yvields because of the ease of trialkylsilylated ethers
to be substituted by the acylating group present in the

25 reaction medium, this situation being worsened by the
greater difficulty of esterifying the 10-position when
the 7-position is already occupied by a bulky group.

This side reaction could be avoided provided it is



25 reaction nedium this situation being worsened by the greater
difficulty of esterifying the 10-position when the 7-position is already
occupi ed by a bul ky group. This side reaction could be avoi ded provided it
is 5 carried out at a very |low tenperature using an al kali netal

al cohol ate as internediate, but would i nt?oduce a new doubl e di sadvant age

for an industrial synthesis as indicated in applicatiaon WO A-94/ 14787. 5
2/ The sensit iSATSS e af B/ VETY) | %&%‘i&?&%&“ﬁ& Elaliies "’Ebr?%ﬁ s linmts

e L B R 0 S o
N oher oo cdt? it MGRARR, T A Pt e L1
more resistant; 4o JNese GPidl ¥ i i wd Ieide nd7erduct i on i s made
| npossi bl e because of their "éexcessively |large steric hindrance. 15
3/ The weld - known sensi tj Vifne Pensitivity of the alkylsilylated
ethers to acidic conditions limits the possibilities of
using acidic reagents in treatments of the subsequent
synthetic sequence and therefore makes the field of
application of these protecting groups a lot narrower.

10 Furthermore, it should be noted that higher homologues
such as tert-butyldimethylsilyl ether are thought to be
more resistant to these conditionms, buf their
introduction is made impossible because of their
excessively large steric hindrance.

15 3/ The well-known sensitivity of
alkylsilylated ethers to hydroxylated solvents such as
water and alcohols makes the use of these solvents
impossible in recrystallizations, systems which are
nevertheless valuable because they are highly purifying

20 in this series of compounds, which is another major
disadvantage.

4/ The partial decomposition, during
industrial chromatographic purifications of
intermediates carrying silylated ethers, practically

25 does not allow this purification technigue which is
nevertheless valuable for the purpose of producing high
value-added pharmaceutical raw materials of high

purity.



al kyl silylated ethers to hydroxyl ated sol vents such as water and al cohol s
makes the use of these solvents inpossible in recrystallizations, systens
whi ch are neverthel ess val uabl e because they are highly purifying 20 in
this series of conpounds, which is anotheé maj or di sadvantage. 4/ The

h

partial deconposition, during industrial

romat ogr aphi ¢ purifications of

I ntermedi ates carrying Sllﬂéll & WS r rﬁé}tﬂégga‘i Ié/j]gue?‘tﬁhé@ag?.g%qu;héal | ow

this purification techni'que ICh 1S neve

of producing

S va r the purpose
MAHE-sdad phgy.maceutical raw materials of high purity.

6 The taxoids not carrying a si ‘chain of the following fornula 3a: [err]

in which Rerr], Rerr], Rerr], Rerr], R[%ﬂ#]’ Rl err] represent,
Q t h:

i ndependently 5 of each other, a radical

10

15

20

in which

R,, R,, R,, Rs, Rs, Ry, represent, independently
of each other, a radical Q, with:

Q = R, H, OH, OR, SH, SR, OCOR, OCOOR, HCO,
X, and

X halogen, and

R represents, independently of each other, a
saturated or unsaturated, linear or branched alkyl
radical, a perhaloalkyl radical, a saturated or
unsaturated, linear or branched heterocalkyl radical, a
saturated or unsaturated cycloalkyl radical, a
saturated or unsaturated heterocycloalkyl radical, an
aryl radical, an aralkyl radical, it being possible for
the radicals to be substituted, in particular with one
or more halogens or otherwise, their single multiple
combined assemblies, and more generally any combination
containing them in the form of single or repeated

units,



Q=R H OH OR SH SR OCOR OCOOR HCO X, and X = hal ogen, and R
represents, independently of each other, a 10 saturated or unsaturated,

I-i near or branched al kyl radical, a perhal oal kyl radical, a saturated or
unsaturated, |inear or branched heteroal kyl radical, a saturated or

unsat urated cycl oal kyl radical, a saturated or unsaturated heterocycl oal kyl

radicalan 15 aryl T adigsl ;20 kAot W Herivadidld HOTHLG O the
a

radicals to be substitutéd, in“particular wth one or nore ogens or

otherwi Se. tNaidrnlin0l2 S oY G0 WA AILHUA RSy LI general |y

any combi nation containing themin the rmof singlée or repeated 20 units,
7 and in partigia] He ¢/ inaldty e MRREMIdIRHIE 2 ches WHI A ifr
exanpl e 10-deacetyl baccatin Il often have at |east four free hydroxyls,
one which is tRitdiding, dt the -pevidion, Highly Mintkeed and ey

5 esterifiable under drastic conditions, the other three,
which are secondary, at the 7-, 10- and 13-positions,
easier to esterify, which can, on the basis of their
steric hindrance, be divided into two reactivity
groups:

10 ~ the first, at the 13-position, is relatively hardly
reactive to esterification under standard reaction
conditions (including, according to the literature,
for the introduction of the side chain);

- the second group, at the 7- and 10-positions, which

15 is of interest to the subject of the present
invention, can, in turn, be divided into two levels,
which are different in a subtle way, of reactivities
towards esterification or carbonation, slightly in
favour of the hydroxyl at the 7-position.

20 It also emerges from our personal work that
the two hydroxylation sites present a case of
allosteric interaction: the introduction of a hindered
ester into one of the 7- or 10-positions modifies the
steric availability of the other position.

25 The present invention therefore relates to a
new process for the selective protection at the
7-position of 7,10-dihydroxytaxanes of general formula

3a above, using particular reaction conditions,



% esterifiable under drastic conditions, the other three, which are
secondary, at the 7-, 10- and 13-positions, easier to esterify, which can,
on the basis of their steric hindrance, be divided into two reactivity
groups: 10 - the first, at the 13-position, is relatively hardly reactive
to esterification under standard reaction8conditions (i ncl udi ng, according
tothe literature,. for the intraduction of the.side chain), -_the second
group, at the silm‘gntdnﬁf”b%sy 1o l,yﬁel%i%sf‘le 1%£ a%‘kcf’?’%?l‘t}??ﬁg’ eGP t he

subj ect of the | aventi.on,, can,  id RN IRVINITo | evel s,
whi ch are dif f%%%il%\t%&]sﬁt#ggﬁay, P%E ﬁ:e);géﬁ%%%rg %war déspéeg?éeirl?f I cation

or carbonation,. | RV f = bt . 20
R il § e olie ithantamiolye Gpetell o

It al so energes from our persona WO on sites

present a caser&fiafhd A5dBddTed s AAdON: ol d At 1 QdLeE | fa @t idn hi nder ed
ester into one of the 7- or 10-positions nodifies the steric availability

of the other peshdi®ionsp, which are cdibld eSEMBeimy erémeved Ny ef i€
relates to a new process for the selective protection at the 7-position of
7, 10- di hydr oxyébiirest Ddn geectiatidmr (Ptatecting Groups,

P.J. Rocienski, Thieme Verlag Ed., p. 7 (1994) and

cited references), and exhibiting none of the

disadvantages of the trialkylsilylated ethers mentioned

10 above.

Patent Application WO-A-94/07877 describes a
process for the synthesis of taxanes, for which it is
possible to use 2-trichloromethyl-2-propoxycarbonyl as
protecting group for hydroxyls 7 and 10 of

15 10-deacetylbaccatin III. It emerges, however, from the
description that this group is not used for the
selective protection of the hydroxyl at the 7-position,
but for the protection of the two hydroxyls 7 and 10,
which is necessary for the preparation of DOCETAXEL,

20 the only product really prepared in the examples, with
moreover the only exemplified use of 2,2,2-
trichloroethoxycarbonyl as protecting group. The
teaching of this patent application therefore tends to
lead persons skilled in the art away from the use of

25 B-haloalkoxycarbonyl groups which are even more
hindered than 2,2,2-trichloroethoxycarbonyl for the
preparation of baccatin IIT protected at the

7-position, from 1l0-deacetylbaccatin III.



3a above, using particular reaction conditions, 8 sinmultaneously with
the use of al koxycarbonyl groups substituted at the 2- (or [err]-) position
whi ch are nore hindered than 2,2, 2-trichl oroethoxycarbonyl (which renains
nonsel ective under our particular reaction 5 conditions), which are
capabl e of being renoved by a elimnati on® nechani sm (Protecting G oups,

1

P.J. Kocienski, Thiene rlag Ed..,. p. 994) and cited references), and
exhi bi ti ng none of the g‘?’fad\%g :3 (?ZLst é“eiﬁtzﬁskﬁosi ?Xﬂ B et hers
mentioned 10 . :Pat en |, i,.Qn - 94/ 0787 describes rocess
for the synt héélli%(}%%qlggf%eéfe ortl\%ﬂ%’lt %ﬁﬁ\é\%fgmpoggﬁeblperotcc?sﬁsg%r the’

2-trichl or ometdayla4-5RK 0%%?&%3:& ?ﬁé’c ﬁ:%eml‘bt-g%tgiirt%o% QU fx%:la@ﬁ. rng)f:)él s 7 and

10 of 15 10- deacet yl baccati n t ener owever, om't

description thife HHIGBHAURIIRNVI BEetHOM 3 NR 381 WE RE i on of the
hydroxyl at the 7-position, but for the protecCtion of the two hydroxyls 7
and 10, 5 protected at the 7-position and the new 7-(B-

substituted-alkoxycarbonyloxy) -10-acyloxytaxanes

resulting therefrom, their use in coupling with side

chains in taxanes and the new protected taxane

intermediates resulting therefrom.

10 Finally, the present invention consists in
deécribing the selective removal of the P-substituted-
alkoxycarbonyl protecting groups leading to the final
taxanes, in particular DOCETAXEL.

The present invention therefore relates,
15 first of all, to a process for the preparation of 7-(B-

substituted-alkoxycarbonyloxy)-10-hydroxytaxane

derivatives corresponding to the following formula 3b:

3b
in which

20 R;, R,, R,, Rs;, R¢, R;; are defined above,



which is necessary for the preparation of DOCETAXEL, 20 the only product
really prepared in the exanples, with noreover the only exenplified use of
Z,2,2- trichloroethoxycarbonyl as protecting group. The teaching of this
patent application therefore tends to Ie%g persons skilled in the art away
fromthe use of 25 [ err] - hal oal koxycar %yl groups which are even nore

hi ndered than 2,2, 2-trichl oxycarhonyl, for the preparation of baccatin
'l protected at the 7-p%éﬁ%%é%%g%%%§;%ﬁ%%%ﬁﬁﬁﬁiﬁ%hﬁéiﬁi4¥qqq. 9 The
nvention al sOsplaiescdd hberhEvalnisrBd) a%smféﬂlah?eht hergbrgm the
process for the selective acylation at the 10-position (Irn relation to the

hydroxyl situageddatedNehds- P03 21 6P) cRiok-8&BRERyCarbOh Pl e8h&0wRLchhe
7-position and the new 7-([err]-

substi t ut ed- al kexyspabEYbEXMeiA§- PENO X! B anep-eesMihhBUohheref rom their
use in coupling with side chains in taxanes and the new protected taxane
I nt er medi abes meshahisg, t herefrom
by the slow addition, at a temperature
greater than room temperature, contrary to the practice
commonly used, preferably between 20 and 80°C, of the
corresponding alkoxycarbonyl chloride substituted at
10 the 2-position, diluted in an appropriate solvent, to a
vigorously stirred solution of the 7-10-dihydroxytaxane
of general formula 3a defined above in the presence of
pyridine and/or of a hindered substituted pyridine,
such as, for example, 4-pyrolidinopyridine or
15 dimethylaminopyridine.

In particular, R7 represents an

alkoxycarbonyl radical of general formula

L nn u

in which
Z1l and Z2 represent, independently of each
20 other, a hydrogen atom, a radical R defined above or a
halogen,
Z3, Z4 and Z5 represent, independently of
each other, a hydrogen atom, a halogen, a radical R,

OR, Si(R),;, R being defined above, or two of 23, Z4 and



10 Finally, the present invention consists in describing the
sel ective renoval of the [err]-substituted- al koxycarbonyl protecting
groups leading to the final taxanes, in particular DOCETAXEL. The present
i nvention therefore relates, 15 first of all, to a process for the
preparation of 7-([err]- substituted-alkéﬁycarbonyloxy)-lO-hydroxytaxane

deri vati ves correspondin o the follow ng formnul 3b: Jerr]. 3b in which 20
e err T Roor 25 REethdd fen Tag of'd hnd WG 3k diipanin of 16
Rlerr] represeqﬁéean.alkoxycarbonyl group substituted at the 2- (or [err]-)

posi tion whi chP¥E I hi ndered than 2, 2, 2-tri chl or oet hoxycar bonyl and

LD o SRR 8" o W S dgl 4o gt om by
to the practiGfpresents a hydrogen atom, at least one of Z3, Z4 or
5 Z5 represents a radical Si(R),, and
provided that when one of Z3, Z4 or Z5
represents a halogen, Z3, Z4 and Z5 each represent a
halogen chosen from bromine or iodine.
Advantageously, the esterification is carried
10 out with 1 to 1.5 equivalents of chloroformate in
relation to the 7-10-dihydroxytaxane of general formula
3a. |
The 7-(B-substituted-alkoxycarbonyloxy)-10-~

acyloxytaxanes corresponding to the following general

15 formula 3¢:

DR10

in which
R,, R,, R, Ry, R¢, R; and R;, are defined
above, and

20 R,, represents an acyl radical of formula



commonly used, preferably between 20 and 80[err]C, of the correspondi ng

al koxycar bonyl chloride substituted at 10 the 2-position, diluted in an
appropriate solvent, to a vigorously stirred solution of the

7-10- di hydr oxyt axane of general fornula 33 defined above in the presence of
pyridi ne and/or of a hindered substi t ut edt yridi ne, such as, for exanple,

4-pyrol i di nopygi di 15, di net byl am nopyridine. In particular, R7
represents an @I§§£€t§$6%%§?g[@%ﬁ?ﬁﬁéiﬁ %%éral formula [err] in which Z1
and Z2 represent, indepe t , y. t a

radi cal R defined above %5?52&%%?%% ! %80%‘2 {’}% %%‘Pe%?gggg?ﬁ 26

TSEPENCEntl Y, fof Clnpthttesg DSOS SeBogalg e anigfln R R
part of a ringeyhy ch sGubhrLIELEE) Odi PEHEA WM SCan appropriate solvent
5 to a vigorously stirred solution of the 7-(p-
substituted-alkoxycarbonyloxy) -10-hydroxytaxane
derivative obtained above, in the presence of pyridine
and/or of a hindered substituted pyridine such as, for
example, 4-pyrolidinopyridine or dimethylaminopyridine.
10 For these two reactions, the appropriate
solvent is a nonhydroxylated solvent, in particular an
alkyl halide such as, for example, methylene chloride,
chloroform or dichloroethane.
The taxanes 3¢ protected at the 7-position
15 which are obtained above, can be used for the
semisynthesis of taxanes, by esterification of the
hydroxyl at the 13-position with an appropriate taxane
side chain precursor, in order to obtain a taxane

derivative of general formula 34



provi ded that when one of Z3, Z4 or Z5 represents a hydrogen atom at |east
one of Z3, Z4 or 5 Z5 represents a radical Si(R)3, and provided that when
one of Z3, Z4 or Z5 represents a hal ogen, Z3, Z4 and Z5 each represent a
hal ogen chosen from brom ne or iodine. A %antageously, the esterification
is carried 10 out with 1 to 1.5 equival ents of chloroformate in relation to
the 7-10-di hydr oxyt axane of general formula 3a. The
7-([err]-substituted-al koxycar bonyl oxy) - 1®Rggyl oxyt axanes corresponding to
the foll ow ng general 15 formgea 3c: [erg] 3c Ln which Rerr], Rerr],

Rlerr], Rerr], Rerr], Rerr] an§y Rerr ) ned above, and 20
Rl err] represents an acyl radical : OR,
R,,O
Ry
Rs
R o
ad

in which

R,, R,, Ry, Rs, Rs, R;, Ry, and Ry, are defined
above, and

R,; represents a radical which is a taxane

5 side chain precursor,
and then by the selective deprotection of the hydroxyl
at the 7-position, optionally accompanied and/or
preceded by the opening and/or the conversion and/or
the deprotection of the side chain precursor in order
10 to obtain the desired taxane.

There will be used in particular the taxane
side chain precursors described in the state of the art
(EP-0,253,738, EP-0,336,840, EP-0,336,841,
EP-0,495,718, WO 92/09589, WO 94/07877, WO %4/07878,

15 WO 94/07879, WO 94/10169, WO 94/12482, EP-0,400,971,
EP-0,428,376, WO 94/14787) or an oxazolidinone
described in Patent Application FR-95 12 735, which is

incorporated herein by way of reference. They may be in



0-CO-R R being defined above, are then prepared by the slow addition at
roomtenperature of the corresponding acyl chloride (1 to 1.2 equival ents)
diluted in an appropriate solvent 5 to a vigorously stirred solution of
the 7-([err]- substituted-alkoxycarbonyl%é%)-lo-hydroxytaxane derivative
obt ai ned above, in the presence of pyridi and/ or of a hindered
substituted pyridi S,e.f mpl.e. . 4-pvrol.idinopyridi ne or

di met hyl am no&%&d#](ﬁleféﬁgtﬁe foﬂov?f(r?g Iff)}%alfrheé)%e 1‘\1/1\kf)s°rrea:(l?ti ons, the
appropriate solvent is a nonhydroxyl ated solvent, in particular an al kyl

hal i de such .as, for exanple, nethylene | oride, chipggyoformor R
di chl oroet hane. TheQMHxanes 3c protected at the 7-position 15 whi ch are
obt ai ned above, can be used for the seprsynthesis of tax by

esterification of Lhe\b%ﬁﬁ3¥9ﬂ at tH@N13-gBsition with ap appropriate
t axane side chainabrecu sor, in order‘to tain a taxan§£dexnnﬁtive of
general fornula 3d Sw b

R COOH o

R’ R“ R'" Rl

~o o o
R COOH .

R COCH

L

for which

il

Q = H, RCO, ROCO,
W = Bz or a group for protecting the hydroxyl
5 functional group PG,
R’ = R, OR, SR, X, Si(R)3,
R" and R"’ = R,
R being defined above,
combined with the derivative of formula 3¢ according to
10 techniques known in the literature (EP-0,253,738,
EP-0,336,840, EP-0,336,841, EP-0,495,718, WO 92/09589,
WO 94/07877, WO 94/07878, WO 94/07879, WO 94/10169,
WO 94/12482, EP-0,400,971, EP-0,428,376, WO 94/14787 or
FR 95 12 735), in order to give the direct precursor of
15 corresponding taxanes.

Advantageously, the following taxane side

chain precursors will be used:



[

[err] 3d in which Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr]
and R err] are defined above, and R err] represents a radical which is a
taxane 5 side chain precursor, and then by the sel ective deprotection of

‘the hydroxyl at the 7-position, optionally acconpani ed and/ or preceded by

t he openi ng and/ or the conversion and/or “the deprotection of the side chain
precursor in order 10 to obtain the desired taxane. There will be used in
particular the taxane side chain®recursors gescghbed in theR'state of the
art (EP-0, 253, 738 P- 0, 336, 840, [EP-0, 336, 841, - 0, 495, 718, } WO 92/ 09589,
WO 94/ 07877, WD 93107878, 15 4/ 07879, @Eﬁ’/ 10169, 12482,

EP- 0, 400, 971, EP-Qx428, 806, WaN94/ 1¥787) orQ¥n o zol i di ndhe dgscribed in
Pat ent Appl i catiFOWS 12 735 ch is incorp¢rated heM way of
reference. They may Wﬁﬂr] co- R co- RrR” coO-

for which Q, R, R’, R", R"’ and W are defined above, in
particular those for which R and R’ represent an aryl,
and Q represents an aroyl radical.
If an oxazolidinone described in Patent

5 Application FR 95 12 735 is used, it will be preferably
N-benzoyl-4-phenyloxazolidin-2-onecarboxylic acid, in
particular the (4S,5R) isomer, advantageously obtained
by controlled saponification of the corresponding (+)-
menthyl ester.

10 The deprotection of the hydroxyl at the
7-position of baccatin is carried out by P-elimination,
according to the customary techniques [P.J. Kocienski,
Protecting Groups, Thieme Verlag Ed., p. 7 (1994) and
cited references].

15 Preferably, the group for protecting the
hydroxyl functional group R, represents a radical of

formula

z«t%Yo ~ Co-

5 2 u

in which Z1 and Z2 represent a hydrogen atom.
When Z3, Z4 and Z5 represent a halogen, it is

20 preferably a bromine.



14 particular the follow ng chain precursors: [err] for which Q = H, RCO
ROCO W= Bz or a group for protecting the hydroxyl 5 functional group
PG R =R OR SR X S (R 3, RRand R"' = R R being defined above,
conbined with the derivative of fornmula 3c according to 10 t echni ques
known in the literature (EP-0,253,738, EP, 336,840, EP-0, 336, 841,

04/ 10165, V0 94/ 12482, EESTRIIGHE TGP FAe 4 LA TR 05 12

735), 1 orderd® Sivdndfith I et e WS Ue 3 194 SOFERANAUhdaxanes.

Advant ageousl y; ow'ng taxane side chain precursors used:
15 an alkyl radical, and at least one of the remaining Z3,

Z4 and Z5 represents a perhaloalkyl radical.

5 According to another preferred embodiment of
the invention, two of Z3, Z4 and Z5 together form part
of a fluorenyl ring.

Advantageously, the radical R, is chosen from
the 2,2,2-tribromoethoxycarbonyl, 2-trichloromethyl-2-

10 propoxycarbonyl, 2-trimethylsilylethoxycarbonyl and
fluorenylmethoxycarbonyl groups.

The process according to the invention is
described in a generai way for 7,10-dihydroxytaxanes of
general formula 3a since it relates to the selective

15 protection of the hydroxyl at the 7-position,
independently of the nature of the substituents R;, R,,
R,, Ry, Rg¢.or Ry,. Of course, it is particularly
appropriate for the protection of the
10-deacetylbaccatin of general formula 2 for which R,

20 and R,, represent a hydrogen atom, a key intermediate in
the semisynthesis of PACLITAXEL.

The present invention therefore alsc relates
to a process for the production of PACLITAXEL, obtained
by esterification of the baccatin III derivative of

25 general formula 2 for which R, represents a protecting
group as defined above, and R;, represents an acetyl
radical, with an appropriate precursor of the side

chain of PACLITAXEL, and then by deprotection of the



[err] for which Q R R, R', R"" and Ware defined above, in particular
those for which R and R represent an aryl, and Q represents an aroyl

r‘adi cal . |f an oxazolidi none described in Patent 5 Application FR 95 12 735
is used, it will be preferably N benzoyl -4-phenyl oxazol i di n-2-onecarboxylic
acid, in particular the (4S,5R) isoner, éﬁbantageously obt ai ned by

The Igi'p'r ot ot | BHEBTRY hethy Bhes T PoT L FHRE AGEer 1 oh B DARCSrrReT € tarr i ed
t _ i . .

Koci onsii . br ReReP BB L B0E MO Eloh LY SaCShORET 4o Bl BRetada

references]. 1y the opening PEIPOADLIe LhRvGEOUR | BRapLRlERLng [he

hydr oxyl functi oup represents a formula [err] in

whi ch Z1 and Zéezlg@@f@éeﬂénaobyéﬁagfﬁcﬁimw%m;%h;ﬂnaﬁﬁeééré@ﬂ esgnt a

hal ogen, it is preferably a brom ne.

5 order to give the said PACLITAXEL side chain.

Linear or branched alkyl is preferably
understood to mean according to the invention a C,-Cg
alkyl, in particular chosen from methyl, ethyl, propyl,
isopropyl and butyl radicals and its various branched

10 isomers such as, for éxample, tert-butyl, pentyl and
hexyl and their various branched isomers. This
definition also applies to the alkyl résidues of the
alkoxy, aralkyl or aralkoxy radicals.

Cycloalkyl is preferably understood to mean

15 according to the invention a C;-C¢ cycloalkyl, in
particular chosen from the cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl radicals.

Aryl is preferably understood to mean
according to the invention an aromatic or

20 heterocaromatic radical, in particular chosen from the
phenyl, naphthyl, anthryl, phenanthryl, pyridyl and
pyrimidyl radicals, and the like.

Finally, halogen is preferably understood to
mean chlorine, bromine or iodine. For the perhaloalkyl

25 radicals, there will preferably be perchlorinated
radicals, in particular the trichloromethyl or
pentachloroethyl radicals. |

Other characteristics of the processes and



16 According to another preferred enbodi nent of the invention, at |east one
of Z3, Z4 or Z5 represents an al kyl radical, and at | east one of the

remai ning Z3, Z4 and Z5 represents a perhal oal kyl radical. 5

‘According to another preferred enbodinen& of the invention, tw of Z3, Z4
and Z5 together formpart of a fluorenyl Ping. Advant ageously, the radical

Rl err] is chos from.t , - 1Ll 0 | 2 ;
2-trichlor onetlgl&le}%le@f@tl%%F%ﬁ%f%‘é%%%%%ﬁ%&i%%&ﬁh% ;“7,’1]3;1 eeflheggfc&rnbonyl
and fluorenqugkhQ§.nergﬁpﬁgvg%%gﬁéﬂf%?gfﬁkﬁﬁess according to the invention

i s described in ag oxyt axanes of general fornula
3a since it relates to the selective 15 protection of the hydroxyl at the
7-position, independently of the nature of the substituents Rerr], Rerr],

Rlerr], R errcoMiamative stobreEs wiiTE QHESAID OF HALOALROXYTARBONYLSOP! i at e
for the protection of the 10-deacetyl baccatin of general formula 2 for

which Rlerr] 20 and R prisprigedntols dudrodgahiat dmvemtden ibetiexgredi at e
! 5 to demonstrate the determining advantage, in terms of
selectivity, of P-substituted alkoxycarbonyl protecting
groups, which are more hindered than 2,2,2-
trichloroethoxycarbonyl (Troc), already used
nonselectively in the nonselective protection of
10 taxanes having at least two free hydroxyls at the 7-
and 10-positions (EP-A-0,336,841), the comparative
kinetic study was carried out in relation to it.
By way of comparison, and without limiting
the scope of the present invention, we selected as
15 example 2,2,2-trichloro-tert-butoxycarbonyl (TCBoc) and
tribromoethoxycarbonyl (Tbroc), protecting groups which
are substantially more hindered than Troc, using as
example of substrate l0-deacetylbaccatin III, the usual
precursor for the semisynthesis of PACLITAXEL and of
20 DOCETAXEL.
The reaction conditions used in this example
of kinetic study are the following:
- Temperature: 38°C

Solvent: dichloromethane

25 Chloroformate: 1.1 to 1.5 molar equivalents

Total duration of the study: 16 hours

Catalysts: pyridine, 5 molar equivalents,



-

t he sem synthesis of PACLI TAXEL. The present invention therefore also
relates to a process for the production of PACLI TAXEL, obtained by
e€sterification of the baccatin Il derivative of 25 general formula 2 for
whi ch R7 represents a protecting group as %efined above, and R err]
represents an acetyl radical, wth an aph} priate precursor of the side

chai n of PACL'TA%%%&r?%??%@S?g%%dﬂS@fOiegtﬁggane hfvale Shydroxyl at the

7-position accord ni'que descripbed above, optionally

acconpani ed and/ gr,pLggeded @i’géP&quﬁﬂPﬂiﬁ&g/Qio&:hgd&%%ﬁséf’” and/or the

deprotection of the PACLITAXEL"side chain precursor, In 5 order to give the
sai d PACLI TAXEL shUlsr&bsimaté! (Baho Par begREvETert Kybri BoRE Pl er ably

understood to nean according to the invention a CJerr]-Cerr] alkyl, in
particul ar chosen from nghétit&tive, aRs DpYical SOPROEYHiAGdwRst Yl radical s
and its various branched 10 I somers such as, for exanple, tert-butyl,

pentyl andshexgarabedt betrbyaliighspét foehance sbigusd dhtresmatography.
The results of this comparative kinetic study
are collated in Table I below.
TABLE I
COMPARATIVE EXAMPLES OF PROTECTION OF

10 10-DEACETYLBACCATIN IIXI: COMPARATIVE TABLE

Cumulative

vield %

Protection by Troc, under the usual conditions

7-TROC-10-DAB III (0-25°C, DMAP, pyridine) 49 - 54

7-TROC-BACCATIN III 47 - 52

Example of protection by Troc, under special conditions

15 7-TROC-10-DAB III (0-25°C, DMAP, pyridine) 56 - 60

7-TROC-BACCATIN III 51 - 57

Example of protection by TCboc, under special conditions

7-TCBOC-10-DAB III (40-60°C, PP, pyridine) 78 - 89

7-TCBOC-BACCATIN IIT 75 - 87




definition also applies to the al kyl residues of the al koxy, aral kyl or
aral koxy radicals. Cycloalkyl is preferably understood to mean 15
according to the invention a C3-C6 cycloal kyl, in particular chosen from
‘t he cycl opropyl, cyclobutyl, cyclopentyl or cyclohexyl radicals. Aryl is
preferably understood to nmean according t80the invention an aromatic or 20
heteroaromatic radical, in particular chosen fromthe phenyl, naphthyl,
anthryl, phenanthryl, pyri BHo%aREIRE By EBS r (RAMRHALLNRY the | ke.
Finally, hal ogen _is preferably understood to nmean chlorine bromine qr
i odi ne. For the perhal oal ky}_28s_1dagigatfr=there will prefembl e
perchlorinateg radicals, in particular the trichloronethy] or

pent achl or oet pyt—radircat-s——StherTharacteTTStT TS Of T1e Pl OCESSes an 18
i nt er medi at es|accordi ng t o 7-FES-BAEEANTIIN WIT energe in the 37 ght®bf |t he
exanpl es bel oy

Abbreviations: TROC = 2,2,2-Trichloroethoxycarbonyl;

5 TCBOC = 2,2,2-Trichleroterbutoxycarbonyl; TES =
Triethylsilyl; DMAP = Dimethylaminopyridine; PP =
4-pyrolidinopyridine; DAB = deacetylbaccatin
* 84-86% according to the literature [J.-N. Denis,

A. Greene, J. Am. Chem. Soc., 5917 (1988)1}.

10 The results of this comparative study show
without ambiguity that the new protecting groups
according to the invention which are used for the
synthesis of baccatin III protected at the 7-position
make it possible to obtain 10-deacetylbaccatin IIT

15 protected at the 7-position with a selectivity close to
that of triethylsilyl, the only group used in the state
of the art.

When the selective acylation of the hydroxyl
at the 10-position is then carried out, yields are then

20 obtained which are greater than those obtained with
7-triethylsilyl-10-deacetylbaccatin III.

An overall yield of synthesis of baccatin III
protected at the 7-position from 10-deacetylbaccatin is
therefore obtained which is greater than that obtained

25 for the state of the art process (75-87% against

57-64%) .



COVPARATI VE STUDI ES W TH THE Al D OF HALOALKOXYCARBONYLS The pri nci pal
object of this invention being 5 to denonstrate the determ ni ng advant age,

in terns of selectivity,

havi ng at | east two free hydroxyl
(EP- A-0, 336, 841),

to it. By way i son,

I nvention, we as 15

(TCBoc) and tri bronoet hoxyga
substantially nore hindered gf
10- deacet yl baccatin 111 ,gédce

_ of [err]-substituted al koxycar bonyl
groups, which are nore hindered than 2,2,2- trichloroethoxycarbonyl
al ready used nonselectively in the nonsel%kct i ve protection of 10

t he conparativeﬁﬁﬁﬁggpgniéﬁgg

and wi t hout

031Y3 o PER LG ro P

t 4
an Troc,

protecting

(Troc),
t axanes
0- positions
s carried out in relation
limting the scope of the present
exanple 2,2,2-trichloro-tert-but oxycarbonyl

| £ lﬁ{ﬁph are

usi ng as exanple of substrate
cedetnr£pF for the sem synthesis of

PACLI TAXEL and of 20

DOCETAXEL. The reaction conditions used in this

exanpl e ofskinetic studyaag&litton obf o 26 g - (Tenpeafmdlly eof 3B[2y24 C -

Sol vent :

di chl or onet hane 25

10

15

20

25

Chl or of or mat e:
trichloro-t-butoxycarbonyl chloride in 2 ml of

dichloromethane is added, over 50 min, to a stirred
solution, at 40°C under an inert atmosphere, of 500 mg
(0.919 mmol) of 10-deacetylbaccatin III and 0.19 g
(1.29 mmol) of 4-pyrolidinopyridine in 5 ml of dry
dichloromethane. After an additional 1 h of reaction,
and returning to room temperature, the organic solution
is washed with a 2% aqueous solution of HCl (5 ml),
washed with osmosed water (2 x 5 ml), dried over MgSO,
and concentrated under reduced pressure. After
chromatography of the crude prpduct on silica gel
(15-40 pm) (eluent: cyclohexane-ethyl acetate, 60/40},
7-0-(2,2,2-trichloro-t-butoxycarbonyl)-10-
deacetylbaccatin IITI is obtained in the form of a white
powder (Y = 89%).

The product obtained has the following
characteristics:

- 'H NMR 400 MHz (CD Cl1,) (& ppm): 8.10 (2H, 4, J =

7.3 Hz); 7.62 (1H, t, J = 7.3 Hz); 7.49 (2H, t, J =
7.6 Hz); 5.64 (1H, 4, J = 6.8 Hz); 5.50 (1H, d); 5.39
(1H, dd, J = 10.6 and 7.3 Hz); 4.97 (1H, 4, J =

8.6 Hz); 4.89%9 (1H, m); 4.34 and 4.20 (2H, 24, J

8.4 Hz); 4.09 (1H, 4); 4.06(1H, d}); 2.60 (1H, m);

1.1 to 1.5 nolar equivalents



- Total duration of the study: 16 hours - Catalysts: pyridine, 5 nolar
equi val ent s, 19 4-pyrolidinopyridine, 1.4 nolar equivalents -
Procedures: vigorous stirring, slow addition of chlorofornmate (1 nol ar
equi val ent per hour). Quantitative analytjcal nonitoring was 5 carried
out by hi gh-performance liquid chronatogﬁﬁbhy The results of this

COVPARATI VE EXAVRLES dfonBtEchrer Girtio 253" (8. DEA ARS SRy 111
conai t1 ons 7. Trce 18- A1 17 - 8738 {6y CFEARBS YRR Ry 10 OB,

7- TROC- BACCATIN khl. 1 06 (3H, s). 47 - 52 Exanple of protection
by Troc, under special condltlons 15 7- TROC-10-DAB |11 (0-25[err]C,
DVAP, pyri di negxamee -2 60

5 7-0-{(2,2,2~-Trichloro~t~butoxycarbonyl) -

baccatin III

50 pl (0.695 mmol) of acetyl chloride are
added to a stirred solution, at room temperature under
an inert atmosphere, of 260 mg (0.347 mmol) of 7-0O-

10 (2,2,2-trichloro-t-butoxycarbonyl)-10-deacetylbaccatin
ITI and 127.5 mg (1.04 mmol) of 4-dimethylaminopyridine
in 2.5 ml of dry dichloromethane. After 1 h of reaction
at room temperature, the organic phase is washed with a
2% aqueous solution of HCl until pH = 6 is obtained,

15 dried over MgSO, and concentrated under reduced
pressure. After chromatography of the residue obtained
on silica gel (15-40 pm) (eluent: cyclohexane-ethyl
acetate, 6/4), 7-0-(2,2,2-trichloro-t-
butoxycarbonyl)baccatin III is obtained in the solid

20 state (Y = 896%).

The compound obtained has the following
characteristics:
- H NMR 400 MHz (CDC13) (8 ppm): 8.10 (2H, 4, J =
7.6 Hz); 7.61 (1H, t, J = 7.4 Hz); 7.48 (2H, t, J =
25 7.7 Hz); 6.52 (1H, s); 5.65 (1H, 4, J = 6.9 Hz}; 5.39
(1H, dd, J = 10.4 and 7.3 Hz); 4.96 (1H, 4, J

8.9 Hz); 4.86 (1H, m); 4.32 and 4.17 (2H, 24, J =

8.4 Hz); 4.01 (1H, 4, J = 6.9 Hz); 2.69 (1H, m)}; 2.30



7- TROC- BACCATI N |11 51 - 57 Exanpl e of
protection by TCboc, under special conditions 7-TCBOC-10-DAB I 1|
(40-60[err] C, PP, pyridine) 78 - 89 7-TCBOC- BACCATI N ||

75 - 87 20 Protection by TES (conparative) 7-TES-10-DAB I1I1*

90 - 94 7-TES-BACCATIN |11 2357 - 64 Abbreviations: TROC =
2,2,2-Trichl oroet hoxycarbonyl; 5 TCBOC =
2,2,2-Trich|oroté?Hut@iycarégnﬁﬁg'TES’zZTF§e6ﬁ§ks?PiI?'Eﬁﬁﬁ3§' )i

Di net hyl am nopyridige;.PP = 4-pyrqlidin i di pe; DAB.=_deacetyl gaccatin *
84-8696accordingbthgtﬁégviﬁerﬁt%rg‘Fg?-%?géegﬁgf ﬁ?’c}egge?ng.xA Chem
Soc., 5917 (1988)

1 : Th f ' i
show wi t hout anb#gﬁrtgsgﬁa}'gﬂe(%gﬁ/Sfé[gg?#hglg(oéggségggpg?%gl%g;fagdy

i nvention which §(§7u§§g f95.the synt hesis of baccatin IIl protected at the
7-position make it possible’fo obtain 10-deacetyl baccatin 111 15

protected mit tHMGAMPIINSA ! {SUmpiddtree! ectivity close to
7-0-trichloroethoxycarbonyl-10-deacetyl-
baccatin III
A solution of 0.152 ml (1.10 mmol) of
trichloroethoxycarbonyl chloride in 2 ml of
10 dichloromethane is added, over 40 min, to a stirred
solution, at 40°C under an inert atmosphere, of 500 mg
(0.919 mmol) of 10-deacetylbaccatin IIi and 0.19 g
{(1.29 mmol) of 4-pyrolidinopryidine in 5 ml of dry
dichloromethane. After an additional 1 h of reaction
15 and returning to room temperature, the organic solution
is washed with a 2% aqueous solution of HC1l (5 ml),
washed with osmosed water (2 x 5 ml), dried over MgSO,
and concentrated under reduced pressure (HPLC yield =
57%) . After chromatography of the crude product on
20 silica gel (15-40 pm) (eluent: cyclohexane-ethyl
acetate, 60/40), 7-O-trichloroethoxycarbonyl-10-
deacetylbaccatin III is obtained in the form of a white
powder.
The product obtained has the following
25 characteristics:
- 'H NMR 400 MHz (CDCl,) (O ppm): 8.10 (2H, 4, J =
7 Hz); 7.62 (1H, t, J = 7.4 Hz); 7.49 (2H, t, J =

7.6 Hz); 5.65 (1H, 4, J 6.9 Hz); 5.44 (1H, dd, J =



that of triethyl

the selective acylation of the hydroxyl
yi el ds are then 20

out,

silyl, the only group used in the state of the art. Wen

obt ai ned which are greater than those obtai ned

at the 10-position is then carried

wWith 7-triethylsilyl
of baccatin |11
t herefore obtained which is

-10-deacetyl baccatin I11.
protected at the 7-positi2$n from 10-deacetyl baccatin is
greater than that obt ai ned 25

An overall yield of synthesis

for the state

of the art proced8-879087% dgHrhst 553264341,

d) ;2% - BRPERAMERTAY PART EXAMPLE

1 7-0-(2,2,2-Tri
A solution of O.
chloride in 2 ni

f .di.chl oro
sol ution, at 40[%ﬁ Chﬁﬁde#

chlor
26°g

%itlgukgnﬁggggggyl) %ﬂtﬁpgaﬁobﬁ tzg%ﬂt ch rﬁoﬁyl
t ha eélgpngggheggvenggéghnHZSO 2.§b|rred

7 Hz){ 4.01 (1E, d, J=1.8 Hz); 2.64

(1H, 4, J

(1H, m}); 2.31 (3H, s); 2.29 (1H, m); 2.11 (3H, 4);

2.05 (2H, m); 1.89 (3H, s); 1.09 (3H, s); 1.07 (3H,

s).

EXAMPLE 4

10

7-0-trichloroethoxycarbonylbaccatin III
(comparative)

0.68 ml (0.695 mmol) of acetyl chloride is

added to a stirred solution, at room temperature under

an inert atmosphere, of 1.70 g (2.36 mmol) of 7-0-

trichloroethoxycarbonyl-10-deacetylbaccatin III and

15

0.96 ml {12 mmol) of pyridine in 17 ml of dry

dichloromethane. After 3 h of reaction at room

temperature, the organic phase 1s washed with water

(2 x 20 ml), dried over MgSO, and concentrated under

reduced pressure. After chromatography of the residue

20

ethyl acetate,

obtained on silica gel {(15-40 um)

{eluent: cyclohexane-

6/4), 1.38 g of 7-O-trichloroethoxy-

carbonylbaccatin III are obtained in the solid state

(v

25

75%) .

The compound obtained has the following

characteristics:

'H NMR 400 MHz (CDCl;) (O ppm): 8.11 (2H, d, J =

7.1 Hz); 7.62 (1H, t, J 7.4 Hz); 7.49 (2H, t, J =

7.6 Hz); 6.39 (1H, 5.64 (1H, 4, J 6.9 Hz); 5.61

s);



(0.919 mmol ) of 10-deacetyl baccatin Ill and 0.19 g 10 (1.29 mmol ) of
4-pyrolidinopyridine in 5 m of dry dichloronethane. After an additi onal
of reaction, and returning to roomtenperature, the organic solution is

1

washed with a 2% aqueous solution of HC_(5 m), washed with osnosed water

(2 x 5m),
After
[err]m (eluent:

pressure.

(2
Hz) ;
Hz)
Hz) ;

10

15
20

25

L 4,97

dried over MgSg err] 15 anfe® concentrat ed under reduced

G SIS P £ UR B B ¥t A0 0

[ the Torm of 3 Whide iH ‘”%%%Le A o C it odudt OBtk Ald has the.
| owi ug ghaga_ 3 %Hz(f% %6 2(9?{1] deNI\/B 40Q ()CD4CIO%er((1%{)H Qi[e[er pprr)

5.64 (4 $z)d 2 %48 ('ﬂr) d@dSOJ( 1-H,14d)4 @ .39 allH7 @dﬁ
(1H d, J =86 Hz); 4.89 (1H, n); 4.34 and 4.20 (2H, 2d, J

2. 09 (2H30d)(3H. @G(Hdd ct)z;a 2::69 @1H7 rIBH s); 2.13 (3H, 4,

J =73

= 0.8 Hz); 2.04 (1H, m); 1.83 (3H, s); 1.63 (1N,
s); 1.14 (3H, s); 1.09 (3H, s}.

EXAMPLE 5

13-0-[[(4S,5R)~-2,4-Diphenyl-4,5-dihydro-

oxazol-5yl]lcarbonyl]-7-0-(2,2,2-trichloro-t-~

butoxycarbonyl)baccatin IIX

2.61 g {(12.7 mmol) of dicylcohexylcarbo-
diimide are added to a stirred solution, at room
temperature and under an inert atmosphere, of 3.38 ¢
{(12.7 mmol) of (4S,5R)-2,4-diphenyl-4,5-dihydrooxazol-
5-carboxylic acid in 60 ml of anhydrous toluene. After
stirring for 5 min, 5 g (6.33 mmol) of 7-0-(2,2,2-
trichloro-t-butoxycarbonyl)baccatin IIT and 0.77 g
(6.33 mmol} of 4-dimethylaminopyridine are added, and
the mixture is stirred at room temperature for 15 min.
After removing the insoluble matter by filtration, the
organic phase is concentrated under reduced pressure
and the residue obtained is purified by chromatography
on silica gel (15-40 um) (eluent: cyclohexane-ethyl
acetate, 9/1).

6.2 g of the compound cited in the title are
thus obtained in the form of a white solid (Y = 94%),

which compound has the following characteristics:

.= 10 6 and



22 2.31 (3H, s) ; 2.29 (1H, m; 2.13 (3H, s) and (1H, m; 2.06 (1H m;
1.90 (6H, s); 1.85 (3H, s); 1.09 (3H, s); 1.06 (3H, s). EXAWPLE 2 5
7-0-(2,2,2-Trichloro-t-butoxycarbonyl)- baccatin Il 50 [err]] (0.695 mmuol)
of acetyl chloride are added to a stirred solution, at roomtenperature
under an inert atnDsphere of 260 ng (0. 2467 nmol) of 7-O0 10

(2,2, 2- trlchloro t - but oxycar bon ]%aﬂo deacet Ibaccatln 11, and 127.5 ngy
'(A\fl 04 rrmﬁl )fof 47K NER %rﬁ“l%pé? e (i m &18 dest dFiehI*Tor'onet hane.

ter 1 of reaction ro nperature p shed with
a 2% aqueous solut?oﬁzgf ﬁcﬁqhﬁgﬁr ﬁH 2dg4 gﬁﬁ re over

MpSH and concen %tggprg Sgl??% gopress ?A te5 gar g5ap9y3 f the

resi due obt ai ned err] dent: bhexéne ef hyl
ey O 15 e e WA Cab s R 23%3&23@3%: LD
fol I owing gharacteyl shi,cy = 7 mz); 5.59 (1H, 4, J = 7.3 Hz); 5.35
(l1H, &8, J = 10.4 and 7.2); 4.93 (2H, 4, J = 7.3 Hz);
4.29 and 4.17 (2H, 24, J = 8.5 Hz); 3.96 (1H, 4, J =
6.9 Hz); 2.71 (1H, m); 2.37 (1H, 44, J = 15.1 and
9.2 Hz); 2.28 (1H, &4, J = 15.1 and 8.8 Hz); 2.13
10 (3H, s); 2.01 (6H, s); 1.95 and 1.93 (6H, 2s); 1.80
(3H, s); 1.72 (1H, s); 1.23 (3H, s); 1.18 (3H, s).
EXAMPLE 6
13-0-[ (2R, 38) -O-Benzoyl-3-phenylisoserin-1-
y1l1-7-0-(2,2,2-trichloro-t-butoxycarbonyl) -

15 baccatin III

0.2 ml (0.2 mmol) of a 1 M agueous solution
of HC1l is added to a stirred solution, at room
temperature and under an inert atmosphere, of 100 mg
(0.0963 mmol) of 13-0-[[(4S,5R)-2,4-diphenyl-4,5-

20 dihydrooxazol-5-yllcarbonyl]-7-0-(2,2,2-trichloro-t-
butoxycarbonyl)baccatin III in a mixture of
tetrahydrofuran (1 ml) and methanol (1 ml), and the
reaction mixture is stirred at room temperature for
14 h 30 min. After addition of 15 mg (0.2 mmol) of

25 solid sodium hydrogen carbonate followed by stirring
for 10 min, the reaction medium is extracted with ethyl

acetate (2 x 2 ml), and the organic phase is washed

with water, dried over MgSO, and concentrated under



- [err]H NVR 400 Mz (CDCl[err]) ([err] ppn) 8.10 (2H, d, J = 7.6 Hz);
7.61 (1H, t, J = 7.4 Hz); 7.48 (2H t, 7.7 Hz): 6.52 (1H, S);
565 (1H, d, J = 6.9 Hz); 5.39 (1H, dd, J =1o4and 7.3 Hz); 4.96 (1H d,
J =8.9 H); 4.86 (1H, n); 4.32 and 4.17 (2H, 2d, J = 8.4 Hz); 4.01 (1H d,
J=6.9 H); 2.69 (1H, m); 2.30 23 (27 ny; 2. 29(3H, s); 2.16 (3H s);
2.

14 (3H, s): = 4.8); 1.97 (1H m: 1.95 and 1.91 (6H, 2s):
1.80 (3H, s): ﬁe‘g‘i %‘%r?rﬁsu‘i 15 (?BH s) (107 ??BH s). gnEXAI\/PLE(S °)

%ﬂﬁ?ﬂf?égt 'ofV:?) 155 m (1 A7 Mg oFhe PR TR B e i 1
300 ar 1] C under A | hey RERn LA TP 7 R G TRl U fense 1 on

rlno gfeagety yl bacggthSuhd | w Pe 19s8a (ds 28 P! I 0fné- ﬂ&eléééﬁopaa{ad' ne in 5

5 which has the following characteristics:

- 'H NMR 400 MHz (DMSO-ds) (O ppm): 8.15 (2H, 4, J

.9 Hz); 7.97 (2H, 4, J 7.7 Hz); 7.75 (2H, t,

.4 Hz); 7.64 (1H, t,

J
7.7 Hz); 7.59 (1H, t, J =
7.3 Hz); 7.42 (2H, t, J

J

10 .5 Hz); 7.42 (2H, t, = 7.5 Hz); 7.19 (1H, t,

7
7 J
7.7 Hz); 7.48 (2H, 4, J
7 Jd
7 Hz); 6.34 (1H, s); 5.89 (1H, t, J = 8.9 Hz); 5.47
(14, 4, J = 7 Hz); 5.28 (1H, d4d, J = 10.5 and 7.3);
5.16 (1H, 4, J = 6.8 Hz); 4.98 (1H, 4, J = 9.5 Hz);
4.80 (1H, s); 4.41 (1H, 4, J = 6.8); 4.06 (2H, broad
15 s); 3.72 (1H, &, J = 7 Hz); 2.26 (3H, s); 2.07 (3H,
s); 2.0 to 1.6 (4H, m); 1.86 (6H, s); 1.83 (3H, s});
1.64 (3H, s); 1.05 (3H, s); 1.01 (3H, s).
EXAMPLE 7
7-0-(2,2,2~-trichloro-t-butoxycarbonyl)taxol
20 0.25 ml of a saturated aqueous solution of
sodium hydrogen carbonate is added to a stirred
solution, at room temperature and under an inert
atmosphere, of 90 mg (0.0852 mmol) of 13-0-[{(2R,3S)}-0-
Benzoyl-3-phenylisoserin-1-yl]-7-0-(2,2,2-trichloro-t-
25 butoxycarbonyl)baccatin III in a mixture of
tetrahydrofuran (4 ml) and methanol (4 ml), and the

reaction mixture is stirred at room temperature for

48 h. After extraction of the reaction medium with



di chl oronet hane. After an additional 1 h of reaction 15 and returning to
roomtenperature, the organic solution is washed with a 2% aqueous sol ution
of HO (5 m), washed with osnosed water (2 x 5 m), dried over MgSO err]
and concentrated under reduced pressure (HPLC yield = 57% . After

chr omat ography of the crude product on 2#8 silica gel (15-40 [err]lm

SELEE?%bﬁﬁﬁéi’?ﬁu?fea%@%mZfﬁt A % ithe T8 SR G D ERRSS TR pr oduct
NVR 40
?CE?:I o]y (CF TR Qoar S HELS Snfea o Iﬁ%%’ D302 74 ),
49 (21 L, Hzgnge@tfzaeaal ot THathed Grfofutt)ind. g %(9& )= 2

108 a7y (iH, ) 498 489&%H "%
4.84 and 4.70 &}gtl:&lﬁegd s %&ﬁlﬁlég)bydcﬁéoﬁé‘l%l_‘éz‘ra?&;% Qﬁllé'a &4 Hz);

4.10 (1H, d, J = 1H, d,” J =
5 (15- 40 um) {eluent: cyclohexane-ethyl acetate, 6/4).
63 mg of the product cited in the title are
thus obtained in the form of a white solid (Y = 70%),
wﬁich compound has the following characteristics:
- 'H NMR 400 MHz (CDCl,) (8 ppm): 8.12 (2H, 4, J =
10 7.4 Hz); 7.75 (2H, 4, J = 7.3 Hz); 7.61 (1H, t, J =
7.4 Hz); 7.50 (5H, m); 7.38 (5H, m); 7.19 (1H, 4, T =
9 Hz); 6.47 (1H, s); 6.18 (1H, t, J = 8.6 Hz); 5.79
(1#, dd4, J = 8.9 and 2.2 Hz); 5.70 (1H, 4, J =
6.8 Hz); 5.33 (1H, 44, J = 10.3 and 7.2); 4.93 (1H,
15 d, J =9 Hz); 4.80 (1H, 4, J = 2.4 Hz); 4.31 and 4.21
(2, 24, J = 8.5 Hz); 3.91 (1H, 4, J = 6.8 Hz); 2.66
(1H, m); 2.38 (3H, s); 2.33 (2H, m); 2.13 (3H, s);
1.99 (1H, m); 1.94 (3H, s); 1.90 (6H, s); 1.81 (3H,
s); 1.19 (3H, s); 1.18 (3H, s).
20 EXAMPLE 8
13-0-[[(4S,5R)~2,4-Diphenyl-4,5-
dihydrooxazol-5yl]carbonyl]baccatin IIX
300 pl (5.26 mmol) of acetic acid and 221 mg
(3.38 mmol) of zinc powder are added to a stirred
25 solution, at room temperature and under an inert
atmosphere, of 390 mg (0.376 mmol) of 13-0-[[(4S,5R)-
2,4-Diphenyl-4,5-dihydrooxazol-5-yl]carbonyl] -7-0-

(2,2,2-trichloro-t-butoxycarbonylbaccatin III in 10 ml



5 (1H, m; 2.31 (3H, s); 2.29 (1H, m; 2.11 (3H, d); 2.05 (2H m;
1.89 (3H, s); 1.09 (3H, s); 1.07 (3H, s). EXAWPLE 4
7-O-trichl oroet hoxycar bonyl baccatin Il 10 (conparative) 0.68
m (0.695 mvol ) of acetyl chloride is added to a stirred solution, at room
t enperature under an inert at nospher e, of?1. 70 g (2.36 mol) of 7-O

t hi th | b t | 11 5, 0..96 I
of pyridine | PA P HALTAL < AP ks 1% T ad 398 T oom
tenperature, t d
Ngg& er riJ and Ac}lgngée}%a”lrﬂlglgqygr re ucegr%g:{ess aesre eer%%%r ?r%ﬁao%;daehyogfer
the residue 20 »fh@r?éd‘%ﬁtﬁ{' o%x§dsﬁ§i QFaltéxl5(54Qn1[)er rm}ﬂ?h (£ldirated

cycl ohexane- et acetate of 7-O-tri chl or oet hoxy-

car bonyl baccatatdhédds At ey édﬁﬂlﬂ@ WRirdhet adaxrdohate’5% . The
conpound obt ai ned has the follow ng 25 characteristics: - [err]H NWVR 400

MHz (CDd [mrr]{2 (f & m1ppEgaih Wit watkr J(F /.5l i1g), drieh (ckdrt, J = 7.4
Hz); 7.49 (2H t, J=
MgSO, and concentrated under reduced pressure.
314 mg of the compound cited in the 'title {(crude
vield = quantitative) are thus isolated, which compound
will be used as it is in the next step and which has

10 the following characteristics:

- *H NMR 400 MHz (CDC1l,} (d ppm): 8.18 (2H, 4, J =

7.3 Hz); 8.07 (2H, 4, J = 7.4 Hz}; 7.64 (1H, t, J =
7.4 BHz); 7.60 (1H, t, J = 7.3 Hz); 7.52 (2H, t, J =
8.1 Hz); 7.50 (2H, t, J = 7.8 Hz); 7.39 (5H, m); 6.27
15 (1H, s); 6.24 (1H, t, 0 = 8.5 Hz); 5.67 (1H, 4, J =
7.1 Hz); 5.59 (1H, 4, J = 6.9 Hz); 4.96 (1H, d); 4.95

(1H, 4, J = 6.9 Hz); 4.29 and 4.15 (2H, 24, J =
8.4 Hz); 3.82 (1H, 4, J = 7 Hz); 2.57 (1H, 4dd, J =
15.9.6 and 6.8 Hz); 2.48 (1H, d, J = 4 Hz); 2.38 (1H,
20 dd, J = 15.3 and 9 Hz); 2.27 (1H, 4d, J = 15.3 and
8.7 Hz); 2.24 (3H, s); 2.04 (3H, s); 1.89 (3H, s);
1.88 (1H, m); 1.75 (1H, s); 1.67 (3H, s); 1.26 (3H,
s); 1.15 (3H, s).
EXAMPLE 3
25 Preparation of paclitaxel
a) from 13-0-[[ (4S8, S8R)-2,4-diphenyl-4,5-dihydro-
oxazol-5-yllcarbonyl] -7-0-(2,2,2~-trichloro-t-

butoxycarbonyl)baccatin III



7.6 Hz); 6. 9(1H, s); 5.64 (1H d, J =6.9 Hz); 5.61 25 (1H dd, J =
10.7 and 7.2 Hz); 5.04 and 4.65 (2H, 2d, J :12 Hz); 4.99 (1H, d, J = 8.2
Hz): 4.87 (1H, m): 4.33 and 4.16 (2H, 2d, J = 8.4 Hz); 4.02 (1H, d, J = 6.9
He); 2.64 (1H ddd, J = 14.4, 9.5 and 7.2 Hz); 5 2.30 (3H s) and (2H,

m: 2.17 (3H, s); 2.13 (3H, d, J = 0.8 HA® 2.04 (1H n): 83(3H s);

130 ([ (45, 5R) -2, 4- S’Ehei@mli L0 9L 1F = T M aqueous solution
oxazol - 5y|]car$)Pr}¥(l_. azae a(%dg%%__(g réc oi:lo%ﬂil r%@{(grgaraap cflc%rg)accatl nill

2.61 g (12.7 nmol exylcar e are 0 a stirred

??ZUJ[?I (r)nr]rol ) of%é% d& %#%gﬁé ﬁ%%x%%%& car oxy [ gsagi éSi n

0517 TrHemisiase Aero(smipa R atngg Lo mo o
5 dihydrooxazol-5-yllcarbonyl]-7-0-(2,2,2-trichloro-t-
butoxycarbonyl)baccatin III in a mixture of
tetrahydrofuran (0.18 ml)}) and methanol {0.18 ml), and
the reaction mixture is stirred at room temperature for
8 h. After addition of 0.6 ml of a saturated agqueous

10 solution of sodium hydrogen carbonate, the solution is
maintained homogeneous by addition of 1 ml of
tetrahydrofuran and 1 ml of water, and the reaction
medium is stirred. for an additional 1 h 30 min. After
addition of 2.5 ml of ethyl acetate and 2.5 ml of

15 osmosed water, the residual aqueous phase is extracted
with ethyl acetate (2.5 ml). The combined organic
phases are dried over MgSO, and concentrated under
reduced pressure.

14 mg of 7-0-(2,2,2-trichloro-t-

20 butoxycarbonyl)taxol are thus obtained in the crude
state (Y = 93%) which are used without further
purification in the next step.

30 pl (0.525 mmol) of acetic acid and 22.5 mg
(0.344 mmol) of zinc powder are added to a stirred

25 solution, at room temperature, of 13 mg (0.0128 mmol)
of 7-0-{2,2,2-trichloro-t-butoxycarbonyl)taxol in 2 ml
of ethyl acetate. After stirring for 2 h 30 min at room

temperature and checking by TLC, and after dilution of



(6.33 Mol ) of 4-dinethylam nopyridine are added, and 20 the mxture is
stirred at roomtenperature for 15 mn. After removing the insoluble matter
by filtration, the organic phase is concentrated under reduced pressure and
t he residue obtalned is purified by chroggiography on silica gel (15-40
[err]m (eluent: cycl ohexane-ethyl 25 tate, 9/1). 6.2 g of the

d ci d h I h bt ai f f whi t l'id
(Y 00050 . whi ENSCERRGLARP HEETEHE PAFROW RY ﬁa?aéyir?é’% Fre. “ulige - [Sgrlr]H

)'Z 76 ) TORAegR Ppas§ b Mhen ul By Ghofen ugude D I P 9107, 1

; 7.39 (5H, J (1H,
g) ; : ﬁt) gjggéuﬂZFéékbgﬁéouQ 281 %tbn %f s??§%§ H%&ro§834 and 7.2)
4.93 (2H, d, JcarBoﬁatB)(l4m29 aQQaﬂnlﬁlﬁﬁF%aQQr,Jdr1§d5obZ} M§S@62£ﬁﬁ d,
J=6.9 H): 2.71 (1H, m° (1H dd, J = 15.1 and o. 2.98 (1H,
dd, J = 1551 audnBeﬁtthtedZuﬁaer reduced pressure.

After chromatography of the crude product on
silica gel (15-40 pm) (eluent: cyclohexane-ethyl
acetate, 6/4), 9.5 mg of PACLITAXEL are thus isolated
in the crystallized state (Y = 89%).

10 b) from 13-0-[[(4S,5R)-2,4-diphenyl-4,5-dihydro-

oxazol-5-yl]carbonyllbaccatin III

0.7 ml (0.7 mmol) of a 1 M aqueous solution
of HCl is added to a stirred solution, at room
temperature and under an inert atmosphere, of 290 mg

15 (0.347 mmol}) of 13-0-[[(4S,5R)-2,4-diphenyl-4,5-
dihydrooxazol-5-yl]carbonyl]baccatin III in a mixture
of tetrahydrofuran (4 ml) and methanol (4 ml), and the
reaction mixture is stirred at room temperature for
4 h. After addition of 6 ml of a saturated aqueous

20 solution of sodium hydrogen carbonate, the solution is
maintained homogeneous by addition of 10 ml of water,
and the reaction medium is stirred for an additional
3 h 30 min. After addition of 20 ml of ethyl acetate
and 10 ml of osmosed water, the residual aqueous phase

25 is extracted with ethyl acetate (20 ml). The combined
organic phases are dried over MgSO, and concentrated
under reduced pressure.

After chromatography of the crude product on



10 (3H, s); 2.01 (6H, s); 1.95 and 1.93 (6H, 2s); 1.80 (3H, s); 1.72
(1H, s); 1.23 (3H, s); 1.18 (3H, s). EXAMPLE 6

13- O- [ (2R, 3S) - O Benzoyl - 3- phenyl i soseri n-1-
yl]-7-0-(2,2,2-trichloro-t-butoxycar bonylaq)f- 15 baccatin Il 0.2
m (0.2 rrrml) of a 1 M aqueous sol ution HC is added to a stirred

sol ution, roomte nd un an_inert., at nospher f 100 ny
éohoges m’roll) %%filjagi(hgfs"r@ M), g‘?a{)‘h il %Y%la%?‘ e-ethy?

i hydr ooxazo bb-'}?é - .

but oxycar bonyl %%cctg%i n }I;% 78 nﬁ# %‘ar?l:ei%#f] rahy]fje 01%111}%%#7(11%3(1 and

met hanol (1 ml) P gﬁ:ﬂé@ fxtyr S#idyred at roomtenperature
for 14 h 30 mn Afterﬂg%dltlon of 15 P{O 2 m’r{)]) of 25 solid sodium
hydr ogen carbonate followed by stirring for 10 min, the reaction nmediumis

extracted with ethyl acetate (2 x 2 n), and the organic phase i s washed
wth water, dried over MgSO4 and concentrated under 27




4

reduced pressure. 102 f ted in the title are thus
| sol ated (crude yield : q ﬁmiiﬁ)mj h compound will be used as it is
i‘n the next step, and which chas t owi ng characteristics: - [err]H

]d\INRJ4OO7M;ZH§)W 79'%26{ , E r]: pton) Hz§3 : gszth(lﬂ ; _fm‘f@%‘%"%} S

(1H, t, J = 7 7 Hz); 7.48 (2 d, J = &iﬁiﬁ%; .42 (2H t,

Hz); 7.42 (2H, t, J =7.5 Ft) 7.19 (1 =7 Hz); 6.34 (1H s) 5.89
(1H, t, J = 8 9 Hz); 5. (1 H%) e fdth oo J7 = and
7.3); 5.16 (1H d, J > &y szi’rgce%%fgﬂ % By 5 1) ; 480(%€H s)
4.41 (1H d, Jogobe Burdabrk B&g(ﬂ&az) 1@)}1 Fytdkhnd, J = 7 Hz);
2.26 (3H, s); 2. 07 (éﬁ, s); 2. t 1 YSGZ%%Fi s); 1.83 (3H, s);
1.64 (3H s); dePbvdBiires)codr ﬁﬁiné)toE%&éF££ifbw1ng formula 3b:
7-0-(2,2,2-trichloro-t-butoxycarbonyl)taxol 20 0.25 m of a
saturated aqueous sol ution of sodi um hydr n carbonate is added to a
stirred solution, at roomtenperature and der an inert atnosphere, of 90
ng (0.0852 mmol) of 13-O[(2R ¥®-O

5 in which
R,, R,, R,, Rs;, R; and R,;, represent,
independently of each other, a radical Q, with:

H, OH, R, OR, SH, SR, OCOR, OCOOR, HCO,

Q
X, and

10 X

halogen,

R represents, independently of each other, a
saturated or unsaturated, linear or branched alkyl
radical, a perhaloalkyl radical, a saturated or
unsaturated, linear or branched heteroalkyl radical, a

15 saturated or unsaturated cycloalkyl radical, a
saturated or unsaturated heterocycloalkyl radical, an
aryl radical, an aralkyl radical, it being possible for

the radicals to be substituted, in particular with one



Benzoyl-3 phenyl i soserin-1- (2,2,2-trichloro-t- 25

but oxycar bonyl )baccﬂmmm"m’év ture of tetrahydrofuran (4 nl) and

nmet hanol (4 m) xture is stirred at roomtenperature
for 48 h. After extractfon of' tfe feaction nediumwith 28 ethyl acetate
(2 x 5nm), the organic phase separated i* washed with water (5 mM), dried
over MySJerr], conce ted under reduced pressure and the residue
obt ai ned is Fnﬁ?fW%ﬁF[kﬁibﬁ?ﬁﬁu dfdphy on silica gel 5 (15-40 [err]m

(el uent: cycl ohexane- et hyl t ct cited in the
title are thus obtai nedhililn t%%% c??lr%soFﬁ) m%%p&%g%{boé@%@&%ﬁ % , which

R, o e ot el ey,

7.3 Hz); 7.61 §yd3 4,2 sztf‘léﬂ])@rgeéﬁ)oﬂ%&rmn V-3 (Wiiciis 7céJ§a1§1]é" d, K
S oty 6 47 (IH H): B.79 (14, dd 9 and
(Zla Hz); 5 70 &ﬂ"beﬁag Jrem&ré’d HZ)} a%%’lirﬂﬂatﬂi?bn &necﬂéhfsmiﬁd 7.2); 4.93

by the slow addition, at a temperature
greater than room temperature, preferably between 20
and 80°C, of the corresponding alkoxycarbonyl chloride
substituted at the 2-position, diluted in an
10 appropriate solvent, to a vigorously stirred solution

of the 7-10-dihydroxytaxane of general formula 3a

in which
R,, R;, R;, R;, R¢ and R,, are defined above,
in the presence of pyridine and/or of a
15 hindered substituted pyridine, such as, for example,
4-pyrolidinopyridine or dimethylaminopyridine.
2. Process according to claim 1,
characterized in that R, represents an alkoxycarbonyl

radical of general formula



15 d, J =9 Hz); 4.80 (lH d, J = 2.4 H); 4.31 and 4.21 (2H, 2d, J =
85 Hz): 3.91 (1H_d. ] = 6.8 Hz): 2.66 (1H m); 2.38 (3H s); 2.33 (2H

m: 2.13 (3H, s): 1.99 (1H m; 1.94 (3H, s); 1.90 (6H, s); 1.81 (3H s);

1.19 (3H, s); EXAMPLE 8 13-0- [(4S,5R)-2, 4-Di phenyl -4, 5-
di hydr ooxazol ﬂmmmﬂ ﬂﬂﬂmgcati nill 300 [err]l (5.26 mmol) of acetic
acid and 221 g (3. 38 Mmot) *of zinc powder are added to a stirred 25

sol ution, at roon1tenperature and und@®r an inert atnosphere, of 390 ng
(0.376 nnDI) of 13-O-[[(4S, 5R)-

2, 4- Di phenyl - 4, 5- di hydr ooxazol % bon Q-?-%O

(2 2, 2- trlchloro t- butoxycarbonyF agtatizRl!1l T m 29 of ethyl
acetate. After stirring for 1 h 1§sm ngat AO[err]C and checking by TLC, the
organi ¢ phase after filtration is mashed wth osnosed water (5 m), with a

saturated aqueous solution of sodium hydrogen carbonate 5 (2 x 5 nm),
again with wati ¥Rieh5 m ), dried over

Z1 and Z2 represent, independently of each
other, a hydrogen atom, a radical R defined above or a
halogen,
5 Z3, Z4 and Z5 represent, independently of
each other, a hydrogen atom, a halogen, a radical R,
OR, Si{R);, R being defined above, or two of Z3, Z4 and
Z5 together form part of a ring which is aromatic or
otherwise,
10 provided that when one of Z3, Z4 or 25
represents a hydrogen atom, at least one of Z3, Z4 or
Z5 represents a radical Si(R),, or two of Z3, Z4 and Z5
together form part of a ring which is aromatic or
otherwise, and
15 provided that when one of Z3, Z4 or Z5
represents a halogen and Zl1 and Z2 each represent a
hydrogen atom then Z3, Z4 and Z5 each represent a
halogen chosen from bromine or iodine.
3. Process according to claim 2,
20 characterized in that Z1 and Z2 represent a hydrogen
atom or an alkyl radical.
4. Process according to either of claims 2
and 3, characterized in that Z3, Z4 and Z5 each

represent a bromine.



MySq err] "and concentrated under reduced pressure. 314 ng of the conpound

“cormound vl IRANCHENKERHN 75" - {he next st ep and wn oh has 10 the |

fol | owi ng cRardctéribtits:* - [err]H NNR 0 Mz (CDCl[err]) ([err] ppn)
8.18 (2H d, J = 7.3 Hz); 8.07 (2H d, FE 7.4 H): 7.64 (1H t, J =7

77 k) 7,99 (5i m b2y Beoes® criptuding ity of iy =
Loty 4 B ﬁ%ﬁ"%é%i%%ﬂ th 38 1)and 08 {ih Mol (1 0 3

(1H ddd, J aﬂ%ﬂcﬂz%ﬁ:& Higng 22448 2(41'?an!11I z5 éach '@@Sgsé)@c (L H, 20

dd, J = 15.3 and 9 (1H,~ dd, = 15.3 and 8 24 (3H, s);
2.04 (3H,:ﬂ;h§1&§éﬁ3ki s); 1.88 (1H, n) 1.75 (1H, s) 1.67 (3H, s); 1.26
(3H, s); 1.15 (3H, s). EXAMPLE 9 25 Preparation of paclltaxe
a) 5from 13- O [[ (8LS, SRroaesdligdwsmdiny Sedlidither of claims 2

oxazol -5-yl]carbonyl]-7-0-(2,2,2-trichloro-t- butoxycarbonyl)baccatin |1
and 3, characterized in that two of z3, Z4 and Z5

together form part of a fluorenyl ring.
7. Process according to either of claims 2
and 3, characterized in that the radical R, is chosen
10 from the 2,2,2-tribromoethoxycarbonyl, 2-~trichloro-
methyl-2-propoxycarbonyl, 2-trimethylsilylethoxy-
carbonyl and fluorenylmethoxycarbonyl groups.
8. Process according to one of claims 1 to
7, characterized in that the 10-hydroxytaxane of
15 formula 3a is the 10-deacetylbaccatin of general

formula 2

for which Ry, represents a hydrogen atom, and
R, is defined above.
9. Process according to one of claims 1 to

20 7. characterized in that the esterification is carried
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30 90 [err]] (0.09 nnt gﬂgf a 1 M aqueous solution of HC are added to a

stirred sol ution, Hﬂ @Eﬂrmuuand under an inert atnosphere, of 15
g (0.0148 mmol ) of & di phenyl -4,5- 5

di hydr ooxazol - 5-yl ] carbonyl ] - 7-0- 2 2, 2- Sgichloro-t-
but oxycar bonyl ) baccatin Il in a m xt ur e >df tetrahydrofuran (0.18 nl) and

h Il (0.1
for 8 aftetdidtld oty %a?ﬁt&u%%?%%ﬁ%%é B e B O B o of ¢
di hyd b
addition rog@%ﬁ,}rfl tetrased'l% uran an %SP 'ﬁ%ﬂ@@g@%& !

addition of 1 water, and the reaction

medi umis stinie@dria fi:'ha%ﬂ@' tzl mrl%m&%éﬁﬁ&xﬁéﬁo@qdlﬂﬂ ¥e1@ftidp M of

ethyl acetate and 2.5 m of osnosed water, "the residual aqueous phase

is extracted wd i Wl@-@&ﬁi&d}&tﬁx@rﬂe B eI Ehanganiza phases are
dried over MJSO4 and concentrated under reduced pressure. 14 ng of
7-0-(2,2,5trichloro-t- 10. Process according to one of claims 1 to
9, characterized in that a 7-(P-substituted-
alkoxycarbonyloxy) -10-acyloxytaxane derivative of the

following general formula 3¢ is then prepared:

OR

10

HO OR,
Rs
Rs
0
3c
in which
10 R, Ry, R,, Ry, R, R, and R, are defined

above, and

R;, represents an acyl radical of formula
O0-CO-R, R being defined above,

by the slow addition at room temperature of

15 the corresponding acyl chloride diluted in an

appropriate solvent to a vigorously stirred solution of
the 7-{(B-substituted-alkoxycarbonyloxy)-10-
hydroxytaxane derivative of formula 3b defined in

claims 1 to 9, in the presence of pyridine and/or of a
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20 but oxycar bonyl )taxol are thus obtained in the crude state (Y = 93%
whi ch are used w ification in the next step. 30 [err]l
{0.525 mmol ) of Jﬂuﬂ’ﬂlmﬂmnﬂnMWL 5 ng (0.344 mol ) of zinc powder are
‘added to a stirred 25 ‘sofutfon’ roomtenperature, of 13 ng (0.0128
mmol ) of 7-0-(2,2,2-trichloro-t- butoxyca@%onyl)taxol in 2 m of ethyl

acetate. After.stirrin O mn_at roo enper.ature and checki ng by
e o AL oSl ubok s Bull A0 2! GO enperatuce ang check i

acetate, the sed wat er. %’1 m), with a

et ad no RRLT RIAREVLI IRRNEY WikABOTRRERCIALTR L ) ML it

ter, dried over S r 0 d edyced pressure.
\X?t:; chr omat ograp% gﬁﬁh]e %rgg Sg Q %ﬁg%&m gﬁé]‘{“ 9?15-40 [err]m

(el uent: CyC'QHS%QBEe?EQEH apetakhe. ?GEébrSgeﬁt%gaﬂngﬁgklE@éﬁ#fg%? thus

I solated in the crystallized state
13- O-[[ (48, SRpazr4cdinReny etnidi hydro-

12. Process according to one of claims 1 to
11, characterized in that the appropriate solvent is a
nonhydroxylated solvent, in particular an alkyl halide,
such as, for example, methylene chloride, chloroform or
10 dichloroethane.
13. Process according to one of claims 1 to
12, characterized in that the taxanes of general
formula 3¢ defined in claim 10, are then used for the
semisynthesis of taxanes, by esterification of the
15 hydroxyl at the 13-position with an appropriate taxane

side chain precursor, in order to obtain a taxane

derivative of general formula 34

OR,,

in which

Rl, Rz, R4, Rs, R,-,, R.,, R;, and R;;, are defined
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oxazol t|n 11 0.7 M (0.7 nmvl) of a 1 M aqueous
solutlon “ o a stirred solution, at roomtenperature and
under an , of 290 ng 15 (0.347 mmol ) of

13-O-[[(4S, 5R) - 2, 4- dlphenyl 4,5- di hydrooxazol -5-yl ] carbonyl ] baccatin 1|1

in a mxture of tetrahydrofuran (4 M) antP methanol (4 m), and the
reaction mxture is stirred at roomtenperature for 4 h. After addition of
6 mM of a satd?ﬂ?% dﬂﬁ ous 20 sol ution of sodi um hydrogen carbonate, the

solution is maintai ned nogen addi ti on, of . 10 of water, and the
reaction mediumis stlrﬁgd ?%?ggﬁg%g%i?iﬁﬁéfc§1hwgbch1ﬁs ar F@¥a88di ti on of
20 nl of ethylgpagetat$s d@u?}%ﬁh%%] f osnosed water, the residual aqueous

phase 25 is extracte "acetate (20 m). The conbi ned organic

phases are dr i £ OMidn WP ANSL LONCANS I S LB o cr?g% . After
chr omat ogr aphy of the ?%ﬁde product on é?BSI I ca SQ? H%gif&%ﬁ?

(el uent: cycl cexgie-Pigydition, optionally accompanied and/or
preceded by the opening and/or the conversion and/or
the deprotection of the side chain precursor in order
to obtain the desired taxane.

14. Process according to claim 13,

10 characterized in that R,; is the PACLITAXEL side chain
precursor.

15. Process according to either of claims 13
and 14, characterized in that the deprotection of the
hydroxyl at the 7-position is carried out by

15 PB-eliminationm.

16. 7-(B-substituted-alkoxycarbonyloxy)-10-

hydroxytaxane derivatives corresponding to the

following formula 3b:

o o THIS SHEET HAS BEEN
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acet at e, PACLI TAXEL are thus isolated in the crystallized
st at e (Yj &HI lw | 24345 33
PCT/ FRO6 * Process for the preparation of 7-([err]-

substi t ut ed- al koxycar bonyl bxy) - 10- hydr oxyi(%ane derivatives correspondi ng
to the followwng fornmula 3b: [err] 5 I n ich Rerr], Rerr], Rerr],

Rerr], R[err]»lq&q}_‘f%ﬁrr] represent, independently of each other, a radical
Q wth: Q:H],' . R OR, SH, SR, OCOR OCOOR, HCO X, and 10

X = hal ogen, R representg, igidegendent Ly o t her aturated or
unsaturated, |inear or bg’afncﬁ‘]iédﬁh'l Kyl %ébli()%bleé,%&;la‘gér%% oci?%ﬂeéa’cﬁ‘cal, a

saturated or upsateFatesimdipegs r branched heteroal kyl radical, a 15
saturated or unsaturated cycloal kyl radical, a saturated or unsaturated

het erocycl oal kyl radical17an perivatives of the following general

5 formula 3¢:

in which
R,, R,, Ry, Rs, Ry, R, and R,, are defined in
one of claims l to 8, and Ry, is defined in claim 10.
18. Derivative of the following general

10 formula 34:
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aryl radical, an aral kyt~radical, it being possible for the radicals to be

sybstitut mnth one 34 or nore hal ogens, and R7
represent @L@I%M’ W group substituted at the 2-position which is
nor e hi ndekede ) &, rlchloroethoxyﬁgibonyl and which is capable 5

of being renoved by a [err]-elimnation hani sm by the slow addition, at
a tenperature %ﬁeﬁlg than roomtenperature, preferably between 20 and
80[err] C, of the correspondi ng al koxycarbonyl chloride substituted at the

2-position, diluted in ag 1G RPPrRpr ?zat eRsoI%/enénd ﬁ%é g}_cégggg?ﬁéa stirred

sol ution of the 7-10-di hytr oXyt akane of “gen&r arfor mi a[err]tn which

Rlerr], Rlerr]inReeaih 1 eand Rl %b]reeeﬁtg[ 8" E:]adﬁ&ﬁld%ﬁgﬁﬁd igbgve, in the
presence of pyridine and/or of a’l1l5 hi ndered substituted pyridine, such

as, for exanpl eaxdneysofiedechapyr pdesersbrdi et hyl am nopyri di ne.

nnuu \i‘li\fﬁfi‘ \|f(l‘i\° ]
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2. | :Pr 6ce‘§$%cé'grpyi nogl; %f%g’§7a‘? rﬁ\ll, characterizgd. nRFtPﬂﬁt?EWew%ggnt §Gan
al koxycarbonyl—r adi-cal--ef—general fornul a [ gr qeﬁﬁm?%hpz&edgzqéomged -----

represent, independently of each other, a hydrd nCIimis  a° paesdéigtopaged i
def i ned jm I II mgmt 5 73, Z40aRdewisg(s)e ppegsdnt. to paged ...
i ndependée iy r, a hydrogen atom 4 DalAbsteast a: pagiidcalto PagéR....

Si (R)3, R being defined above, or two of Z3, Z4 and Z5 together form part
of a ring which is aromatic or otherw s&#é 10 DATE OF RECEIPdE2 shét 1fhen
one of Z3, Z4 or Z5 represents a hydrogen atom ~at T €ast ONE OfZ3Z2" 0T
Z5 represents a radical °Si (RB{998 3GFOrdbndfteeitherand ghaimged her form

part of a rin Lch s aromatic qr otherw se, and 15 provi ded
t hat when one%‘5‘\gn§3, céirﬁ?t%"?eéipr"@séh?g 4l 1Aih dn e3R8 7ePESREIR atach
represent a  ;ikyl radical, and 23, %4 and %5 each represent a

halogen.

6. Process according to either of claims 2
and 3, characterized in that two of Z3, Z4 and 25
together form part of a fluorenyl ring.

7. ° Process according to either of claims 2
and 3, characterized in that the radical R, is chosen
from the 2,2,2-tribromoethoxycarbonyl, 2-trichloromethyl-
2-propoxycarbonyl, 2-trimethylsilylethoxycarbonyl and
fluorenylmethoxycarbonyl groups.

8. A process according to claim 7
characterised in that the radical R, is 2-trichloro-
methyl-2-propoxycarbonyl.

9. Process according to one of claims 1 to 8,

characterized in that the 10-hydroxytaxane of formula 3a

ig the 10-deacetylbaccatin of general formula 2

for which R,, represents a hydrogen atom,!;nd R4

is defined above. REPLACEMENT SHEET

M Are b ﬁl'x’
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hydmgjen atomthen Z3, Z4 and Z5 each represent a hal ogen chosen from

brom'_ﬁTi—crdi nme—3. - Process according to claim2, 20 characterized in
t hat nt a hydrogen atomor an al kyl radical. 4. . Process
accor Hmlﬁ@, ae claims 2 and 3, characterized in that Z3, Z4 and Z5:
each represan 36 5. Process according to either of clains

2 and 3, characterized |n that Z1 and Z2 each represent an al kyl radical,
and Z3, Z4 and Z5 each represent a hal og@n 6. .Process accordi ng to
either of clainms 2 andaf; gjracterlzed i.n_t hat t o oé ¢« Z4 _and

together form part of (}‘I udrFERAES, BRGOTHNG B (R O 8¢ t8 |'ther of

clains 2 and G, d W ¢t &hese m t he

2,2,2-tri brom)et oxycar%é i r’? ttr P‘c I%rggﬁ%?ﬁiﬁ?ﬂbﬁzropoxycar o%y

2-trimethyl siditiethoxy C@.rﬂj@adlvﬁﬂ@nts of alkoxycarbonyl chloride
substituted at the 2-position which is more hindered than
2,2,2~trichloroethoxycarbonyl in relation to the

7,10-dihydroxytaxane of general formula 3a.

11. Process according to one of claims 1 to
10, characterized in that a 7-(f-substituted-
alkoxycarbonyloxy) -10-acyloxytaxane derivative of the

following general formula 3¢ is then prepared:

L d

in which

Ry, R;, Rys Rs, R¢, R; and Ry, are defined above,
and

R, represents an acyl radical of formula
O-CO-R, R being defined above,

by the slow addition at room temperature of the
corresponding acyl chloride diluted in an appropriate

solvent to a vigorously stirred solution of the 7-(8-

substituted-alkoxycarbonyloxy) -10-hydroxytaxane REPLACEMENT SHEE
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fIuoréﬁVTﬁErhvxycarbOﬁyk—groups. 8. A process according to claim?7

charac ' ' he radical Rerr] is 2-trichloro-
nmet hyl 33',"13@&”1#“&&'",' 9. Process according to one of clains 1 to 8,
characterized. «thhe 10- hydr oxyt axane of formula 3a is the

10- deacetyl baccatin of general fornmula 2 [err] for which R err] represents
a hydrogen atom and Rlerr] is defined above. 37 10. Process according
to one of clains 1 to 8, characteriza8 in that the esterification is
carried out with 1 to 1.5 equivalents of al'’koxycar bonyl chl oride

subst i t ut eBeBtvatieye ofodprneha wik defilnedpis hlables ed tchdn in the
2,2,2-trichl oroet hoxycarbonyl in relation to the 7,10-di hydroxytaxane of
gener al fopredenda.ofl pyriline easi/ancafdanyihfebe® afbstlidiugegl to 10,
characterized in that a 7-([err]-substituted-

al koxycar beywdding sughaggl okgr sxewpléer kvpyrvel tlindpyridine or

dimethylaminopyridine. k

12. Process according to claim 11,

characterized in that R represents an alkyl group, in

‘particular a methyl.

13. Process according to one of claims 1 to

12, characterized in that the appropriate solvent is a
nonhydroxylated solvent, in particular an alkyl halide,
such as, for example, methylene chloride, chloroform or
dichloroethane.

14. Process accor@ing to one of claims 1 to
13, characterized in that the taxanes of general formula

3¢ defined in claim 10, are then used for the

gemisynthesis of taxanes, by esterification of the

hydroxyl at the 13-position with an appropriate taxane

side chain precursor, in order to obtain a taxane

derivative of general formula 34

REPLACEMENT SHEET

25 JUN 1999




following general fornmula 3c is then prepared: [err] in which Rerr],
Rlerr], Rerr], Rerr], Rerr], Rerr] and R err] are defined above, and

Rl err] radical of formula O CO R R being defined above,
by. t he lmmﬁm"m"ﬂlumrr oom tenperature of the. correspondi ng acyl chloride
diluted i n®antappropri*ate solvent to a vigorously stirred solution of the
7-([err]- substituted-al koxycarbonyl oxy) -10-hydroxytaxane 38 derivative
of formula 3b defined_.in clains 1 to 9, iBASthe presence of pyridine and/or
of a hindered substltuted pyri di ne such as, for exanple,

4- pyrrol i di nopy+? dY ety dlnethylan1nopyr|d|ne. 12. Process according to

claim1l, characterized int reprssents an ah% group, i n particular
a nethyl. 13. Process acdbrd thfoibme of Rat dhwpand Ry are define

above, and

R;; represents a radical which is a taxane side
chain precursor,
and'then'by the selective deprotection of the hydroxyl at
the 7-position, optionally accompanied and/or preceded by
the opening and/or the conversion and/or the deprotection
of the side chain precursor in order to obtain the
degired taxane.

15. Process according to claim 14,
characterized in that R,, ie the PACLITAXEL side chain
precursor.

16. Process according to either of claims 14
and 15, characterized in that the deprotection of the |
hydroxyi at the 7-position is cariied out by
B-elimination.

17. 7-(f-Substituted-alkoxycarbonyloxy)}-10-
hydroxytaxane derivatives corresponding to the following

formula 23b:

e
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12, chérae%er%zed—Ln_Lhat the appropriate solvent is a nonhydroxyl ated

sol vent artrcular an al kyl halide, such as, for exanple, nethylene
chloride H" |chIoroethane. 14. Process according to one of
cl ai s 1 |zed in that the taxanes of general fornmula 3c

defined in clarn110 are then used for the sem synthesis of taxanes, by
esterification of the hydroxyl at the 13-position with an appropriate

t axane side chain precursor, in order to tain a taxane derivative of
gener al fornul err] 39 in which Rlerr], Rerr], Rerr], Rerr],
Rlerr], Rerr], Ig[err and R[err] are defined above, and R err] represents

a radrcal mhrch is atax gCUrSO and by the selectrve
deprotection of the hydrgkyﬁg E‘he57 ﬁbs Troﬁ kaPFSné?f ‘ﬁi

and/ or precededd¥iaims 1 to 9.

18. Derivatives of the following general

formula 3¢:

in which
. _ Ry, Ry, R, Rs, R¢, R; and Ry, are defined in one
of claims 1 to 9, and Ry, is defined in claim 11.

19. Derivative of the following general

formula 3d:
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‘the openi ng_and/ or the conversion and/or the deprotection of the side chain
precursor in order to obtain the desired taxane. 15. Process according to
claim114, c I hiElhat Rl err] is the PACLI TAXEL side chain
precursor. Wlmm)mmm rding to either of clainms 14 and 15,
characterized i h that" t fe deprotection of the hydroxyl at the 7-position is -
carried out by 5-elimnation. 17.

7-([err]-Substituted-al koxycar bonyl oxy) - 1041 hydr oxyt axane derivatives
corresponding tojthg gl lowing fornula 3b: [err] 40 in which Rerr],
Rlerr], Rerr], R[errJ], Rlerr], Rerr] and R err] are defined in one of

claims 1 to 9. 18. Derivailveg of t q&,f&l,l W rk(;:o gaenrzierR?J afr%r rt]iglf?ngg;in

claim 18, and R;; represents a radical which is a taxane

side chain precursor.

rewes oA
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‘This invention concemns a method for selective protection of 7-hydroxyl baccatin derivatives using substituted alkoxycarbony! groups
more encumbered than trichlerocthoxycarbonyl, the intermediates obtained, and their use in the preparation of taxanes suitable for medicinal
purposes.
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slcoxycarbonyles substitués plus encombres que le Troe, les intermédiaires obtenus et leur utilisation dans lz préparation de taxanes utiles
comme médicament. :
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