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This invention is dir separation of paclitaxel fromits

anal ogue cephal omanni n st andsiesrg from extracts of plants of the genus Taxus
or their vomédsamal tures. In particular, paclitaxel is sapami/edsirom

cephal omanni n through chronmat ography on direct-phase silica gel colums.
BACKGROUND ART 10 Paclitaxel, fornerly called <<Taxol >> is an exceptionally
pronising anticancer aent It was i solated fromthe bark of Taxus
brevi f ol i LHRONMATOGRAPHI; FARATION EHOBoOF AXED71) and
Its structure was defi ned usi ng chem cal net hods and X-ray crystal | ogr aphi c
anal ysi s. AND CFRHABROMAMNIN “oR- paclitaxel has been approved by the Food
and Drug Adminstration for 15 the treatnent of breast and ovarian cancer
and is currently in clinical trials for the treatnent of [ung and col on
cancers (f T9f EWI‘? Quire and E.K Row nsky, Paclitaxel in
Cancer Tr York 1995, pages 1 to 337). A prinmary

nat urals sour CeTflﬁ’i 1H@5Aticﬁ@’f§|d1fe§tetdh$o Bk KseHardtith %’i‘cg d1Rax@WrorD ifs" €€,
Taxus brevifolia. It has also been found that paclitaxel 1s present in the

analogue cephalomannin starting from extracts of plants of the genus Taxus or

their cell cultures. In particular, paclitaxel is separated from cephalomannin
through chromatography on direct-phase silica gel columns.
BACKGROUND ART

10 Paclitaxel, formerly called «Taxol» is an exceptionally promising
anticancer agent. It was isolated from the bark of Taxus brevifolia by Wani et
al. in 1971 (J. Am. Chem. Soc. 93, 2325, 1971) and its structure was defined

using chemical methods and X-ray crystallographic analysis.

1 R= PhCO-

2R= /__:<C o
Paclitaxel has been approved by the Food and Drug Adminstration for
15 . the treatment of breast and ovarian cancer and is currently in clinical trials for
the treatment of lung and colon cancers (for example, see W.P. McGuire and
E.K. Rowinsky, Paclitaxel in Cancer Treatment, M. Dekker, New York 1995,
pages 1 to 337).
A primary natural source for paclitaxel is the bark of the Pacific Yew

20 tree, Taxus brevifolia. It has also been found that paclitaxel is present in the
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2 7 MAY 2005 WD 02/44162 PCT/ EP01/12982 2 epigeal parts gzw oots of
‘ot her yew species, including the European yew (Taxus bactatd}, I an yews
(Taxus wal I'i chiana and Taxus chinensis), and yew trees cultivated for
ornanent al purposes (for exanple, Taxus mnmedia). The nethod of isolation of
pacl i t axeWde2em16any natural resource is 5 conplex and mcuErosies; partly
because of the relatively |Iow concentrations i'n vegetable materials but

al so because of the presence of one off its congeners, cephal omannin. The
contents of and ratios 'between paclitaxel and cephal omannin vary in

veget abl e e??ée%ﬂ ipatts sd@pRadboty ofothidreyespepscies, amcluding thp duropdant ¥ew pl ant i n
question. In general, it has been found that the content of 10Q paclitaxel
and cephal(@uemnibacean)ehsitn grems. (Toxes vnllickigns and- Texusodypensis)o 2090,
respectively (KM Wtherup et al., J. Nat., Prod., 53. 1249, ,1990; R G

Kel sey et .yewtrepmeultippigd for gmampnial pyoppses (fopexetnple, dpXes me¢ia)- 3 Nat
Prod., 55,432, .1992). ln_.partj.cul t.he Taxus i | -whi.ch, bei ng
renewabl e veggthébpﬁ’%}fﬂglt QFilé‘PlF{lP% ﬁlgaﬂbgi‘e cﬁ%[@? ﬁ%@%?&ggv&ﬁﬁ e?si al for
the 15 preparation ,of | t i : r AthRidhsghest
concent§ro at $3PRI6E angee&ﬁgﬁsgk%rp%?%’ Pﬁgﬁfgﬁgﬁﬁggﬂa{&mﬁxqgﬁe&%ﬁ her 1spé‘}ci es. Even

the pacl | tﬁ@{abb% QUHEHAIO byt GEAMREESE HRRROpREeHRVOICENd of ith cufigeners,whi ch

have recen een glven a substantial boost to obviate the conventi onal
eX”aCtiO”cr@fha}‘diﬂ@tﬁﬁhyemégebﬁbht@ ret edrdal ratigh €ltdtweere| padditaxejuamti ty of

20 cephal omdnnin in addition to paclitaxel. The only structural_ difference
bet ween pagdphaboteanmin orace prh abgetaliei materialsofapesdingeors ihre spasiasnansothei on of
the Conpougarzc otfr;}lxj: p?ai.n\t/ iix? %ureétisoen. tIr? g%ingriall,aitc has been found that the content of
10 paclitaxel and cephalomannin ranges from 0.001% to 0.08% and 0.001% to
0.22% respectively (K.M. Witherup et al., J. Nat. Prod., 53,1249, 1990; R.G.
Kelsey et., J. Nat. Prod., 55, 912, 1992; N.C. Wheeler et al., J. Nat. Prod.,
55,432, 1992). In particular, the Taxus media species -which, being renewable
vegetable material, is the most commonly used raw material for the
15 preparation of paclitaxel, contains on the average the highest concentration of
cephalomannin in comparison with the other species.
| Even the paclitaxel production techniques based on yew cell cultures,
which have recently been gi\.ren a substantial boost to obviate the conventional
extraction of expensive vegetable material, yield a relevant quantity of
20 cephalomannin in addition to paclitaxel.

The only structural difference between paclitaxel and cephalomannin
involves the side chain portion of the compound, thus giving rise to similar
chemical properties. The two compounds, therefore, possess very similar
chromatographic properties and clean separation of these related compounds is

25  difficult. A number of chromatographic methods, mainly based on the use of
inverted-phase chromatography or expensive bonded-phase columns, have
been proposed (J.H. Cardellina, J. Liq. Chromatogr., 14, 659, 1991; S.L.

Richhcimef et al., Anal. Chem. 64, 2323, 1992; E.R.M. Wickremesinhe et al.,



chemical properties. The two conpounds, therefore, posseis very simlar
*chr omat ogr aphi ¢ properties and cl ean separation of these r7eMéYe?m5corrpounds
is 25 difficult. A nunmber of chromatographic nethods, nmainly based on the
use of inverted-phase chronmatography or expensive bonded-phase col ums,
have beewognapesed (J.H Cardellina, J. Lig. Chronat oggcryerbfii20609, 1991;
S.L. R chheinner et al., Anal. Chem 64, 2323, 1992; E.R M W ckrenesi nhe
et al., 2 7 MAY 2005 WO 02/ 44162 PCT/£P01/12982 3 J. Liqg: Chromatogr., 16,
3263, 1993; KM Wtherup et al., J. Liq. Chromatogr., 12, 2117, 1989),

but theseJPaIL‘i’E;ﬁt Clii’?oﬁ@t%gf?’ plapbed t1mo3; | RIUE Widherap Clenl alscdl eLigper at i on.
For this reason, the availability of methods allow ng the separation ‘of

pacl i t axelClaeghatR)al2oTann] 198BMbunshasetcapnot bé casilyrdaptefriact iarge

| nportance. In the past, paclitaxel and cephal omannin separation nethods,
based on cbheneticial esoalet operationviKor tiis tieesanyotheonpilahikitn of oxethdss, were
proposed. It was found that the double olefin bond existing in the tiglic
resi due ofallowéng dhe sepairtion 6fipachiexek pad £6ahHOmMABREY FYRARS 12 IPLH % m

t et roxi de (rD'G [ .,1%K'&gston et al. , J. Nat. Prod., 55, 259, 1992) or
ozone QJ. BreRHEAHTPYTAGL: J Org. Chem, 61, 9038, 1996), while
paclitaxel did,ngt under ] . i i Ldation
reactions. Anophg}e %aﬁgr %@ﬁ&gﬁﬁ‘g@g@%@?ﬁ{éﬁﬁﬁ% ég{a@%txﬂgtp gﬁ%’x@%?‘géhof

pacl i taxelth?@?t:ﬁ%ggg%agﬁ??giﬁ %tt@obéﬁﬂfg&ﬁldsjto%xighﬁ@,' dler€préfosed J1t Nat .

Prod., 59, atnment wt romne, 15 perfornmed under
cont r ol | edydseFp@i@ttHAe tiad Houblee oléfar thond egRfhfi anshe aigliesedithee fafr mat i on

of di bronocephal omannin, while paclitaxel is not affected b this chem cal
reagent . Tdephslomminhtrsoulddweuxidjzedavie reactioawsil los'miumhwitnoxué_e(Dﬁ-I-s uch
toxie ereagIEingto?lsetﬁ.r? Jlf rlr\};te 1t3rrocc)1).(,_I SdS? 2%3? ,199|er c?rnglzo%gst? T, rBeesé xlfémlu‘p e’} a(.a,
J. Org. Chem., 61, 9038, 1996), while paclitaxel did not Iundergo any chemical
transformation during oxidation reactions. Another approach considered the
treatment of mixtures o'f paclitaxel and cephalomannin with bromine (J.M.
Rimoldi et al, J. Nat. Prod., 59, 167, 1996). Treatment with bromine,
15 performed under controlled temperature and time reaction conditions, causes
the formation of dibromocephalomannin, while paclitaxpl is not affected by
this chemical reagent. These methods, however, have a drawback in their use
of such toxic reagents as osmium tetroxide and, in any case, result in the
destruction or transformation of cephalomannin into its derivatives, from
20 which cephalomannin can be regenerated only through difficult ‘synthetic
processes. There is still a need, therefore, for in inexpensive, simple, safe and
effective separation of cephalomannin from paclitaxel. Accordingly, the
primary objective of this invention is to provide a simple method to separate
paclitaxel and cephalomannin from their mixtures or yew extracts.
25 SUMMA F THE INVENTION
The present invention provides a method for separating paclitaxel from

cephalomannin and other related compounds. In particular, this method .

comprises ‘obtaining a starting material that contains paclitaxel and



destruction or transformation of cephal omannin into its derivatives, from
20 which cephal omannin can be regenerated only through difji CMYI @gnt hetic
processes. There is still a need, therefore, for in. |nexpen5|ve I npl e,
safe and effective separation of cephaltﬁrrannl n from paclitaxel.
Accordingly, the prinmary objective of this invention IS to provide a

i mpl th t | nnlnfr mtheir mxXxtures
zlr rrEe\(/av ren;t rﬁgﬁﬂo@g@m&%a@%wwpﬁg g%ecme Pﬁ\?eﬁ‘flinbﬁr Sfovi des
a met hod f ompastededyi definedcbolvaxs! td Form ap?mahem@ eenggdchggﬁg,gtgge'tﬁg ed

'corrpounds In particular, this nmethod, conprises obtai

o oool o th@blmbﬁ*dﬂﬁa@g%ﬂﬁ%“? %Hg O%gone 0%8% n%%EBgal oot o

di ssolving the starting mat e partlcul arly

defined sol y, cﬁBBf%un LA eﬁtﬂ%@ff’ac’f‘éﬁ# %blg%l#e %{gté@gdt he m xture .to col um

chronatogra phy usi ng any one above to obtain an el uted

fraction of fmnbnt@@bhal@mgﬂnm efdfar %;dugn aff <& BP&I}%WB%%@&%C@B arg( efl du'ej_

and separately 'drying the paclitaxel and -ce fra

obt ai n sepaend &ephaistmhhimfratidomstoobb@acbdatxe! crpRsmerdahe '@'{iﬁlcﬂtaxe%
respectively. The.solvent is preferably butyl, formate or enzyl

acet at e. DE?‘JMi L ephaipgERniaT, | e8Pt vEHE The/ENVeLN sSpreferablyn Bl fokmas of ound
al i taxel and cephal omanni.n’ coul d be ‘obtai ned with great

that highly r.e

yi el ds by chgg’r]ré’t’%ﬁﬁ ayrAcstalepar ati on- on one direct phase silica gel colum
usi ng one Sm&iﬁﬂg r Er &fgrab,l}a)&\J this solvent has the
following g Al 10 :

Surprisingly, it was found that highly pure palitaxel and cephalomannin',_

could be obtained w1th great yields by chromatographm separation on one

direct phase s111ca gel column using one solvent as the elutant. Prcfﬁrably, this

~ solvent has the following general formula:

e,
R—<

where R, is hydrogen or methyl and R, preferably contains four carbon atoms
that is, 1t may be n-butyl 1sobuty1 sec-butyl or t-butyl These solvents are not
. frequently used in routine chromatographlc. purification- on column, 'but. -

provide surprisingly good practical results in the specific lcase' of the

paclitaxel-cephalomannin separation.

. The starting material of this invention may be a .mixture' of |
cephalomannin and paclitaxel alone in any ratio or extract of fresh or dry
Taxus roots, leaves, branches, seeds or their mixtures. The method of this
invention may also in-volye an extract obtained from a cell culture. These
starting materials are génerally known to one of o;dinéry skill in the art so that
they do not need to be further mentioned herein. |

The extract in question may be a raw or a puﬁﬁed extract --the latter

having been treated with conventional solvents and subjected to preliminary -



where R is hydrogen or nethyl and R 2 preferably contains four c on
~atonms, that.is, it may be n-butyl, isobutyl, sec-butyl or ZtIWyﬁﬁ These
solvents are not frequently used - in routine chromatographic purification
on colum, but provide surprisingly good practical results in the specific
case of tiweoopaodit axel -cephal omanni n separation. The sp@fipongreppt eri al of
this invention may be a m xture- of cephal omannin and paclitaxel alone in
any ratio or extract of fresh or dry Tgxes roots, |eaves, branches, seeds
or their mxtures. The nethod of- this invention may al so involve an
extract obtRaidiRskobFHMA paakicaton.t AESin, THREQecliligids A WRIISkAW %0 ahe
generally known to one of ordinary skill in the art so that they do ndt
need to be skillddhetisae st ithaiedo Harthenmmention extd det made dueesiti The miytibge a raw
or a purified extract --the latter having been treated with conventional'
sol vent s anmuatexib] ey dd in thepfarini of maolyd, 2 syrupnyr 2 Gomisatidogymmy gpaterial,

PCT/ EPO1/ 12982 5 chr omat ogr aphi c guri fication. %gai_n, t hese  t ec%gi ques are
vel | know tdSPER@Ng SRR | fheq experimantak sopAgtons ousad dfk rittepasptioedibe made

h in. .-The st ' . | al in.the f f | d

e sol 1 QU REY: PR BeopuRArd Bneu e pameResrealy defor e Deca °
f It EQn. Lal ' b bj ected to. I

chr omat ogy ey W B graco P ERb b gt BBt 0 P ol ven s desor bed

herein. The chr qyBt QFbARRGapME hirffddten 6f d1enveRvRRt iflzdst bl didRfe,2a
sinple, direct-phase silica gel in a quantity of about 50 to 100 parts in

wei ght of tdifect-phadd siliga Fel &1 hajuantBpenabaig 5Ontd 160 partpds wtdight. ofliffie Col umMm
chromat ography with the solvents of the invention is fast, does not
require hi gharpingssatedsl, daperiding enfitsromexpositionor mal gravity conditi ons.
10 Column chromatography with the solvents of the invention is fast, does
not require high pressures and is performed in normal gravity conditions.
Table 1 shows the behavior of cephalomannin and paclitaxel in the thin-
layer chromatographic analysis using silica gel plates and a series of the
solvents of the invention which allow a satisfactory separation of the two

15 compounds.

TABLE 1 - Rf values of paclitaxel and cephalomannin on silica gel plates

Solvent Ry R, Paclitaxel Cephalomannin
n-Butyl formate H n-C4Hyg 0.17 0.12
i-Butyl formate H i-C4Hy 0.20 0.15
t-Butyl formate H t-C4Hy 0.20 0.13
n-Butyl formate CH;, n-Cy4Hy 0.36 0.28
s-Butyl formate CH;3 5-C4Hy 0.35 0.24
i-Butyl acetate CH; i-C4Hy 0.31 0.19
t-Butyl acetate CHj t-C4Hyg 0.19 0.09
Benzyl acetate CH; PhCH, 0.28 0.16

The use of the solvents described in this invention to isolate paclitaxel

and cephalomannin through chromatography on a direct-phase silica gel



Table 1 shows the behavi or of cephal omannin and paclitaxel in the thin

‘| ayer .chromatographic analysis using silica gel plates and & N¥r?28% of the
solvents of the invention which allow a satisfactory separation of the two
15 conpounds. TABLE 1 - Rf values of paclitaxel and cephal omannin on silica
gel platesvew/isenat n-Butyl formate i-Butyl formate tp®tpoh/1dogs mat e
n-Butyl formate s-Butyl formate 1-Butyl acetate t-Butyl acetate Benzyl
acet ate Rl R2Paclitaxel Cephal omanni n Hg- CAH90. 170. 12 Hi - CAH90. 200. 15

Ht - C4AH90. 200. 13 CH3n- C4H90. 360. 28 CH3s- C4H90. 350. 24 CH3i - C4H90. 310. 19

Gﬂt-mm%ol&gn@f&@amgg%gogggva;@a%@g use of the solvents described in
e .

this invention to isolate paclitaxe and cephal omanni n t hr ough ’

g ng;) EEE) (i;;rl gggg Foit,a calurest clifbaseogihphyc dyidkls 2irfudllyy &phaloMdnned 44462
paclitaxel and, conversely, almost paclitaxel-free cephalomannin. Second, the
use of direct-phase silica gel offers considerable economic advantages over

5 the use of the inverted-phase silica gels described in the above literature, and
thirdly, the use of one solvent for the elution of the column allows its rapid
recycling without resort to fractional distillation in operations connected to
industrial, continuous-process preparations. Any other constituents present in
the starting material together with paclitaxel and cephalomannin are

10 eliminated through chromatographic purification. _

The eluted fractions are vacuum-evaporated to dryness, and the residues
are crystallized by a suitable solvent to obtain paclitaxel and cephalomannin in
the desired crystalline form.

The method described in this invention, therefore, provides a simple

15 solution for the preparation of considerable quantities of cephalomannin-free
paclitaxel, by increasing the yield of the amounts obtained and promoting a
cheaper production process of this antitumoral drug.

EXAMPLES

The following examples illustrate, but do not limit, this invention.

20 EXAMPLE 1 Isolation of paclitaxel from Taxus media exiract containing
cephalomannin.

290 g extract, prepared from 620 kg Taxus media (whole plant)
according to the process described by V. Senith et al. (J. Nat. Prod. 47, 131,
1984), is found to contain 183 g paclitaxel and 81 g cephalomannin by means

25 of HPLC analysis. The extract is dissolved in 3.5 1 t-butyl acetate and loaded
onto a column containing 60 kg silica gel. A total 1,200 1 t-butyl is eluted. A
400 1 fraction containing paclitaxel and less than 3% cephalomannin and

another 200 1 fraction containing cephalomannin and less than 3% paclitaxel



6 colum offers a nunber of advantages. First, columm chr ogat?"c;‘g{ aﬁ)hg yi el ds
‘virtually cephal omanni n-free paclitaxel and, conversely, Y 200
paclitaxel -free cephal omannin. Second, the use of direct-phase silica gel
of fers consi derabl e econonmi ¢ advant ages over 5 the use of the

i nverted- pha6m4s62l i ca gel s described in the above literpgéphfn gy thirdly,
the use of one solvent for the elution of the colum allows its rapid
recycling without resort to fractional distillation in operations connected
to industrial, continuous-process preparations..Any other constituents
present ifye tfigaiitar 'llngil?T?té?ﬁﬁ@ﬂ 4096 hekoMeh!) PRRBE | twaX Sracidds are
cephal omannin are 10 elinTnated through chromatographic purification.” The
el uted fraghigRScontentyRed torigmepoipatelyand thaessiduanadetchystaligedibps are
crystallized by a suitable solvent to obtain paclitaxel and cephal omannin
in the déskaedacstyss.aThé hB4 fgopanlitdted amdt Hog apbelomsaain thushetiaingdent i on,
therefore, provides a sinple 15 solution for the prepayation of .

consi der alhawe JIBhEi punty overc 89%al andathsitnphyseochsaregl; a8 SPERIPSFARIfeasi ng

the yield of th ts obtained and, j dugt i

br ockss onvalussaann Mitibe hioanaton prowpreny maos CON Fiiungt gy °"

illustrate, put_d t ]jni i S | ] ' f

bact |t meen: NAorR s 4 i993; Eri Faldbh o afy Aot en gl kel 3301 540,00 ©
tract, i l e plant ding to th

or otoss doRRrNESRURT: BEY, K FASHA BN IRMN01 D B A 1ee Cona et

found to @gkﬂ%ﬁ% 0 R86latibA 6 parlithxBL afid %ghﬂbmnfﬂ froky anmirtsre25 of

HPLC anal ySTS. e extract is dissolved in 3.5 1 t-butyl acetate and | oaded
onto a coldvmaiaigothi ng 60 kg silica gel. Atotal 1,200 1 t-butyl is
eluted. A 400 1 fraction containing paclitaxel and |ess than 3%,
cephal Whanni n _andmixture containing 70 g paclitaxel and 30 g cephalomannin 1is

dissolved in 1.5 1 t-butyl formate and loaded onto a column containing 10 kg

silica gel suspended in the éame solvent. The column is eluted with t-butyl

formate, and the fractions are joined after HPLC/TLC analysis. The fractions

containing paclitaxel and cephalomannin are concentrated to dryness

15 separately and the residues crystallized by acetone and heptane in suitable

rations to yield paclitaxel and cephalomannin having a HPLC purity over

99%.



another 200 1 fraction containing cephal omannin and | ess than 3% paclitaxel
'2 7 MAY 2005 WO 02/ 44162 PCT/ EP01/ 12982 7 are.obtained f29I QR%NIZ el ution
of, 350 1 solvent. The two fractions are vacuum concentrate 0 dryness
separately and the residues are crystallized by hexane-acetone. The 154 g
paclitaxel and 70 g cephal omannin thus obtained have HPLC purity over 99%
and their physicochem cal and spectroscogi c 5 values agree with the
information provided by literature (G N ¢Chmurny et al., J. Nat. Prod. 55,
414, 1992; CCi; fﬂgzon et al., Tetrahedron Letters, 33, 1169, 1992; V.-
Senilh et al L t. Prod. 47, 131, 1984). EXAMPLE 2 |sol ation of

paclitaxel apd ceph nigy, f . 10 ot ai ni ng,_hoth. 10 A m xture
cont ai ni ng 78 g p‘gcﬁ%@g{ggl fgrnd&%g}agl@eﬁ%plo%ﬁﬁni PR s 08}%% OGRYT Whlch 1

t-butyl forngdapassk:| oaded onto a colum containing 10 kg silica gel
suspended in the sane solvent. The columm is eluted with t-butyl formate,

and the f¥actionsolas@ingi ned sdrtiap HRlaETdIC anal Yebstainkhe faElg@kielonSand

cont ai ni ng paclitaxel and cephal omannin are concentrated lpo ryness .15
separat el y and t hephekrmhmdn;crystal | i zed by acetone and heptane in suitable
rations to yield paclitaxel and cephal omannin having a HPLC purity over

99% 27 MAY 2005 dssalyimgmthe Starfingenhatatial oin sepatednt rigaviag | theafel oviingm
cephal omanni n V\h@?maﬁ?gnpri ses: 5 obtaining a starting material that

contains paclita
R1 f

0—R,.

where R; is hydrogen or methyl é.nd_ R; is an alkyl or arylalkyl group
10  containing four to seven carbon _atbms,- to form a mixture;
subjecting the mixture to column chromatography using the
solvent of the formula given above to obtain an eluted
' fraction of paclitaxel, an eluted fraction of cephalomanhin and d residue; and |
separately drying the paclitaxel and cephalomannin fractions to obtain
separate crystalline forms of paclitaxel and cephalomannin, respectively.
15 2. The method of claim 1, wherein said starting material contains any
ratio.of cephalomannin and paclitaxel.
3. The method of claim 1, wherein said starting material is an extract of
- fresh or dry Taxus- roots, leaves, branches, seeds, or their mixtures. |
4, The method of claim 1, wherein said startiﬂg material is an extract
20-  obtained from a cell culture of Taxus material, |
5. The method of claim 1, wherpin said starting material is in the form of a
solid, & syrup, or a semis olid gummy material.
6. The method .of claim 1, wherein the solvent structure includes R, as.
hydrogen or mcth\yl and R; as n-butyl, isobutyl, sec-butyl or t-butyl.

25 7. A method for separating paclitaxel from: cephalomannin which



cephal omanni n; - di ssolving the starting material in a solvent having the -
‘fol l owi ng forrrula where Rl is hydrogen or nethyl and. R2Z2i7sMAn 2805ky| or
aryl al kyl. group 10 containing four to seven carbon.atons, to forma

m xture; subjecting the m xture to colum chronmat ography using the solvent
of the fowabadsgizven above to obtain an eluted fracti onpof/elaatost axel , an
eluted fraction of cephal omannin and a residue; and separately drying the
pacl i taxel and cephal omannin fractionsg to obtain separate crystalline
forns of paclitaxel and cephal omannin, respectively. 15 2. The nethod of
claim1, weemprisesaid starting material contains any ratio of

cephal omanni n and paclitaxel.. 3. The nethod of claim1, wherein said’
starting nat eri@htainéngn fextstazing omaterisd h that drgontaines. paorhdnml | &sd/es,
branches, seeds, %;‘ theirr mxtures. 4. The nmethod of claim 1, wherein said
starting materi%P lomauniti r act  20- obt ai ned froma cel culture of Taxus

material. 5. Th t hod ,of relns arfin rial 1s in
the formof a igﬁ&mgat}geyrsfﬁ;ﬁn%rmateg@ i Yofi &0 aﬁﬁl%?heg%IOﬁBWI%e met hod
of claigm 1, whef ?1[“ d.he solvent structure |ncI udes R as hydrogen or nethyl
and R2 as .n-buty I sobutyl, sec-butyl or t-butyl. 25 7. A method for
separating paclitaxel from cephal o] nin which 27 MAY 2005 WO 02/ 44162

PCT/ EPO1/ 12982 9 conpri ses: opﬁ%g a starting material that contains

di ss

paclitaxel and cephal omanni n; lhgg the starting material in a

sol vent having the follow ng
where R; is hydrogen or methyl and R, is an alkyl or arylalkyl group

containing four to seven carbon atoms, to form a mixture;
subjecting the mixture to column chromatogfaphy utilizing a direct-
phase silica gel column with using a single solvent of the formula given above
10  as an elutent to obtain an eluted fraction of paclitaxel, an eluted fraction of
cephalomannin and a residue; and
separately drying the paclitaxel and cephalomannin fractions to obtain
separate crystalline forms of paclitaxel and cephalomannin, respectively.
8. The method of claim 7, wherein the solvent formula includes R, as
15 hydrogen or methyl and R, as n-buty], isobutyl, sec-butyl or t-butyl.
9. The method of claim 7 wherein the silica gel is used in a quantity of
about 50 to 100 parts in weight of the starting material. .
10. The method of claim 7, wherein said starting material contains any
ratio of cephalomannin and paclitaxel.
20 11. The method of claim 7, wherein said starting material is an extract of
fresh or dry Taxus roots, leaves, branches, seeds, or their mixtures.
12.  The method of claim 7, wherein said starting material is an extract'
obtained from a cell culture of Taxus material.
13.  The method of claim 7, wherein said starting material is in the form of a

25  solid, a syrup, or a semisolid gummy material.



5 formula: OR2 where Rl is hydrogen or nethyl and R2 is an al kyl or

aryl al-kyl group containing four to seven carbon atoms, to fovriAY pdpgt ur e;

subj ecting the m xture to colum chromatography utilizing a direct- phase

silica gel_colum with using a single solvent of the formnmula given above

10 as an evf"li?zéﬁlmto obtain an eluted fraction of paclit BKEEP0142982]| ut ed

fraction of cephalomannin and a residue; and separately drying the

pacl i taxel and cephal omannin fractiond0to obtain separate crystalline
respectively. 8. The nethod of claim

fornms of i t.axel d,c aJ onmannj n, .

7, wher ei ﬁ?{‘he W?eeﬁ{%‘? &?ﬁﬁqf‘%ﬂ irg:c‘f’ﬁﬂegl e salvent forpila jopludes Rat byl and R2
- but vyl ! : - I -butyl..9. Th t hod of clai 7

aﬁep ei E %/hlely%lﬁj%gigtg}léfeﬁt ganu;%%a S O'%gb&ulgﬂ%tﬂf SSP:Lug’ﬂcnﬁﬁttt@Bon iogl ;Tarts in

wei ght of the starting material. 10. The nmethod of claim?7, wherein said
starting material contains any ratio of cephal omannin and paclitaxel. 20
11. The nmethod of claim7, wherein said starting material is an extract of
fresh or dry Taxus roots, |eaves, branches, seeds, or their mxtures. 12.
The nethod of claim 7, wherein said starting material is an extract
obtained froma cell culture of Taxus material. 13. The nmethod of claim?7,
wherein said starting material is in the formof a 25 solid, a syrup, or a
sem solid gunmmy material. 27 MAY 2005 WD 02/ 44162 PCT/ EPO1/ 12982 10 14.
The met hod of claim7, wherein the solvent formula includes R as hydrogen
or nethyl and R2 as n-butyl, isobutyl, sec-butyl or t-butyl.



