; e3er o$R~-6T@M ?~ fl1 SEP 2Q2 | SOLATI ON AND PURI FI CATI ON OF PAG.%?EQFD 9 %
OTHER RELATED TAXANES BY | NDUSTRI AL PREPARATI VE LOW PRESSURE CH P?W
ON A POLYMERI C RESIN COLUWN FI ELD OF THE I NVENTION to The present invention
relates to a separation technique and nore partic pr esent

I nvention relates to techniques to separate pacI| wmm' ,Mmmm{l ated taxanes.
BACKGROUND OF THE | NVENTI ON Paclitaxeli_is a well known her apeuti c
drug for treatment of various metastatic cancers. |t TH8¥%been approved by
FDA and HPB for the treatnent of ovarian and breast cancers. 20 The
conmpound is a t k of the
Pacific yew tlrs(;gi' fFZQ'dQ‘ @ﬁg\fp IFﬁ{-;'t\rﬁ{s?nwdéFeﬁ‘A % m d#H accata, T.

wal : chi an?RELABEmFraKWEs wanmus:mnaea/}mmﬁmmmnessmﬁ

paclitaxel in varj ' ' ' V. fQr npl e, on the
order of betme%*ﬁé&?&a&ﬁ%ﬁ{f%ﬁ(@\éwgﬁ& %ﬁgiﬁ Gpci-ﬂe!@ﬁ?ic yew. Such

| ow concentration render the extraction and purification of the conpound to
pharmaceutical grade fromraw materials very chall engi ng, and heretofore

i mpractical on a conmercial scale. Various normal phase chromatography and
reverse pRktd GRTHEINVENTIOM as well as | ow and hi gh pressure col um
chromat ography 30 techni ques have been devel oped to purify paclitaxel from
a crude extract of raw material. The success of |ow pressure chromatography

greaply depe”d%é’grekgﬁt lﬁ\ign%ﬁ ré?éte& R‘?a Q%é%mn {HBRAIQUS amy ﬂg}@ﬁﬂi‘tuﬁﬂ&
associated with e use of lica gel and alumna trioxid "whi ch

are cl assﬁh@aﬂre%‘bWPB@W'#%"%?%’!'WWsﬁﬂ’\%@@ FP%?“E&?'tqfldlrSht%&sterm They
forma stghhfesstationary phase with nost solvent systens, but it is a 1
0 SEP 2002 -2 strong absorbent and may participate in the separation
process to the extent that chromatographic behavi our and recovery of

sanpl es apACKIGROURD OFCTHEMRVEATON C net hods have been devel oped to detect
and isolate paclitaxel fromvarious Taxus speci es on anal ytical and

preparative basis. These
Paclitaxel is a well known chemotherapeutic drug for treatment of various

metastatic cancers. It has been approved by FDA and HPB for the treatment of
ovarian and breast cancers.

20 The compound is a natural product, primarily extracted from the bark of the
Pacific yew tree, Taxus brevifolia, and is also found in T. baccata, T. walichiana, T.

yunnanensis and T. canadensis.

The concentration of paclitaxel in various raw materials is typically low, for
example, on the order of between 0.0004 and 0.01% (w/w) in the bark of Pacific yew.
Such low concentration render the extraction and purification of the compound to
pharmaceutical grade from raw materials very challenging, and heretofore impractical
on a commercial scale. Various normal phase chromatography and reverse phase
chromatography as well as low and high pressure column chromatography

30 techniques have been developed to purify paclitaxel from a crude extract of raw

material.

The success of low pressure chromatography greatly depends on the nature
of the column. Various problems are associated with the use of silica gel and
alumina trioxide, all of which are classical supports of the stationary phase in partition
systems. They form a stable stationary phase with most solvent systems, but it is a
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i sol ati on processes are mainly conducted on a small |aboratory scql@ 2002
suffer fromlow selectivity, recovery and high production cost, there
presenting a serious and io unfulfilled need for an econom cally
practicabl e nmethod for separating the val uable anti-tunor conpound
paclitaxel fromits close anal og cephal omanine as well|l as other closely

rel ated taxanes. Prior art nethods digcl ose the use of various types of
chromat ogr aphi ¢ techni ques to separat™ paclitaxel and rel ated taxanes,

i ncl udi ng normal phase and reverse phase chromatography on a silica gel or

bonded silica gel colum. The prior. art nethods are end up . at ] ow yield,
hi gh prooﬁi@f‘ﬂ@%ser@@t ’i’”ﬁY/BW'@'ﬂaWPt%%?%paé%twr%{??ﬁﬁ?%ﬂ?p&?mité} wer e
di fficul tehrémategtaphitbeh@viodF &% teRevety bf 8ampledlare MVttt i on.
Characteristic of the prior art is United States Patent No. 5,620,875,

i ssued April 15,1997, to Hoffrman et al. The docunent teaches the separation
ﬁf Eaclilgaxel @mdlnfatdg@a Hi@?h%tlfb;dslhhvgﬁbélﬁ a%vféaﬁagﬁm@wenmb_raw_ti onls agd

i gh perfornmanc i qui. romat ogr a : e process i s, involved,
anor 7 RS Tt A TGS Sodes G Enalvica mid HePaftrs BatesT P conpounds.
I n Uni t eds§afdregrobisgsestard\mairiy €ofdubtéd .onisssrigsidabeatoryb&ile add e frohp Rao,

the isolation and purification of Taxol and. its anal ogues is, delineated.
The pr ocdew SBieeiinbBopyery aoa e TradaeiSn ARG terehRIRseTNG G AsToNs 2Ry on

C18 1adsor dfarfilled Adedefobian Sorimiédlly praktieable tneihed fog yeparatiig theualuable

meritori ous{_ rocedure, i ml.t ations. 30I exi st Wt hi s .t echni l:que in ternms of
pr oduct i VAT V‘BHWBC?JUP?H RACliaxaam s clgst a?ﬂwer?wlowfg%%ﬂ% welhaeatebn

provi des d@osdlyeited fxanés.i on net hod based on a polyneric resin col um which
is devoid the Iimtations of the existing nethodol ogy. 't 0 SEP 2002 -3

SUMVARY OF THE INVENTION It is therefore an object of this invention to
provi de a si npProrantmethvds dissibsefHeasiel of vari@ishtypes ofrcheamatograpalc | sol ati on

and purifjcation of the. i tant taxan such as.

13- acet yI §haRAIP SRR PerIRE anchyRliRat Bighem ieliding fomal pagse ANty 111
cephal onamba;sea@hds@amb?fawgeé;:hym é:eiﬂuaegt?liablbgh?]edasiﬁw@eb |toluntnh g hbsmigat) i on of
t axanes, inc in aclita . acet yl - 9- di robaccatin ||l an accatin
1] genergpmﬂpgﬁ%fé)g%d PH@@Wéﬁégo'?'g%ﬁqﬂae?%@&g?8&'&?4@%34 F‘Hmpleaw mat eri al s
W th an adeparationteps! witch werbadiffictlt ttosdalecupetot laryetind wstrial seglepsddustiorand
purifying the individual taxane by chromatography. One object of the

present invention is to provide a nethod of isolating and purifying taxane
analogues fronCharacteristic afding priori angis Unitad States Patent Non§62@875,dsduedg a source

the. oxtr 2aviile 380 Ramufed trd” FEBaaT AN 8 e o AR T e lBR A ng an
absor bent aryether, tazanes bygnultiplestdp hestanstexpractioint land highr peaformase Nguid i xt ur e
at a pr es%;ggﬁﬁga‘éra%%y*iﬁﬂﬁﬁﬁ“T&eopr%QstziQ iolve B8 fteAkiSe bhaShlyPisvigedt i ni ng

t axane co
moderate yields of the desired compounds.

In United States Patent No. 5,670,673, issued September 23,1997, to Rao,
the isolation and purification of Taxol and its analogues is delineated. The process
includes the use of reverse phase liquid chromatography on a C18 adsorbent with
elution of the adsorbed analogues. Although a meritorious procedure, limitations

30 exist with this technique in terms of productivity and purity of compounds obtained.

The present invention provides a simple separation method based on a

polymeric resin column which is devoid the limitations of the existing methodology.



crystallizing the fractions to provide a solid taxane conpound and a %?er
| i quor; concentrating the nother |iquor; and eluting, in a second s ég% 2002
with a polar solvent mxture the nother liquor through a polyneric resin to
provi de at | east a second taxane conmpound. A further object of the present

i nvention is to provide a nethod of isolating and purifying taxanes from a
source containing taxanes, conprising; providing a source of taxanes;
extracting the taxanes fromthe sourcd into an organi c extraction nediumto
30 provide an organic |layer containing taxane conpounds; treating a support

material . ' ; providing a | ow pressure colum contai ni ng
an absorﬁgwhnE§5ﬁ9?1gﬁﬂﬁﬁﬁ%®H5H a first step, an organic solvent through
the colum to eIute purified taxane fractions; ,"1 D SEP 2002 -4
crystallizing rovi de flrst t axane anal ogue and a

ane f s.to
ot ner 11 quor ; BberElsgs an obipcbRBizanendny o HevBaRPPIRoR oS UGh. =
pol yneri Ceffe%ﬂvmmetho@l fahéamhﬁw Rphitien and punndaﬁom)uf thbymaadarﬂltabzaeueat | east a

second taxa an nd hird t nd col | ecting

separ at eochﬁﬁéa' g@“ﬁ'@@r&?"gﬁ'q . %‘8 %ﬁ?ﬂa?ﬁcgﬁ'? "bg ‘?‘?g' lesent invention
Is to prooe'pdalomarmmermﬂ pHclitagell at i ng and purifying taxanes from a source
cont ai ni ng taxanes, conprising: providing a source of taxanes; extracting
the taxanes fromthe source into an organic extraction nmediumto provide an

orgaai c | ayer «:amte&tmmanmetmrfer the nguhatiofi of té)faaaisllﬁl@ucﬁn@ pagiitadel,materi al with
e ek e BB R 1 oot B 3B S 0B o e or o
or gani ¢ Stakar@stfrdnh ramw glatdriats wictH amalcbhblelsut\@npuefafttir@dh_é axmae, dicact i ons and
R i R
One object of the present invention is to provide a method of isolating and
purifying taxane analogues from a source containing taxanes, comprising:
extracting a source of taxanes in an organic extractant;
coating a work absorbent medium with the extractant and loading the medium
in a column, the column containing an absorbent agent;
eluting, in a first step, with an organic solvent mixture at a pressure of
20 between 10 and 20 psi to generate fractions containing taxane compounds;
crystallizing the fractions to provide a solid taxane compound and a mother
liquor; concentrating the mother liquor; and
eluting, in a second step, with a polar solvent mixture the mother liquor
through a polymeric resin to provide at least a second taxane compound.

A further object of the present invention is to provide a method of isolating
and purifying taxanes from a source containing taxanes, comprising:

providing a source of taxanes;

extracting the taxanes from the source into an organic extraction medium to

30 provide an organic layer containing taxane compounds;

treating a support material with the organic layer;

providing a low pressure column containing an absorbent agent;

eluting, in a first step, an organic solvent through the column to elute purified
taxane fractions;



eluting, in a second step, at a pressure of 30 psi, the nother liq _
t hrough a polystyrene DVB resin in a chronmatographic colum to purF?Q‘%%% 2002
elute at | east a second taxane anal ogue and a third taxane anal ogue;

eluting, in athird step, the second taxane anal ogue and the third taxane
anal ogue through a normal phase silica gel colum to purify the second

t axane anal ogue and the third taxane anal ogue; and col |l ecti ng separated

t axane anal ogues. 30 DETAI LED DESCRI P11 ON OF THE PREFERRED EMBODI MENTS The
initial source of taxanes was the plant material, Taxus canadensis, which

i s abundant in Eastern Canada._  The tw gs and npeedles or m xture thereof

from Taxus carﬂ%ﬂ@?'@g W@rtéxﬂ?efﬁa.d'?ﬂ%t"n’%ﬂé'a? 2 firstdaxane analagye and@ | eg. 10
SEP 2002 méthéhyuogw material was ground and extracted w th nethanol at 60C
for five hours and filtered. The nethangl extract was mxed w th charcoal

and left to stfif%ain 3 BRAGNT SRR NG MPISF lquas HouR POYMEEICFREIN thHan fil t er ed.
The il t rehrémargrapRRCNIniR{oqslrifParPlfe ot 404 seédri taRdnevataliiuelnd a

evaporatignd A Tl vYater_:dl chl oronmet hane m xture (v/v) was added to the
concent r d06d {2¥aBB ABRIAGYE: #RE i t axel enriched portion (organic layer). to The

organi c | ayer guhectingsepaiated Rlanamalégsbsced vol ume and coated on a support
material, in this case, the supporting naterial is Celite 545. The coated

material was | oaded on to the top of an industrial preparative colum, for

exanpl e, a 15QA sl furtA&Sbjetiot bk Presenbihvertivoas toprobide henethed bhisstatimpent
Al 20s. The col .uijrm gas elfut ed with a m.xture of hexane:acetone (start 100:0
Xgnest 1t

end at 45NERuriipg WD @-0ufe ARG IP@NES COIRYSBE: nsi . The fractions

cont ai ni ng t axAoEdingar ouesd dfeatar@sand anal yzed by thin | ayer chromatography
(TLO) and subse)&ruemtl% gonbi n?d aﬁcor di ng TLC results. 20 The fractions
REINGHAR req

col l ected weré® il ] RGQHICE A A OrgFUC PXLARION MPIHR B i &l was
di ssol vedprovideah loeguiic layer dopfiining taxanecomppendst ure overni ght. The crystal

formed was filtered out and she ith nmethanol, then recrystallized from
acet one. 13- Aéé%%VPQQ-%'PHVam\@%@MﬂP% P1eaNGLaY8ht ai ned as white crystal. The

mot her Ii%or mﬁdmgmawfvtpr@secb éo)urdmcogtam_irmwhh aﬂssblrhsérﬂiagam; was di sbzol v$d in
acet one. e agetone s tlon was m xe th a_ po rrc resin. wexT""
resin, pol ystﬁ%%i%'rsysftﬁg’ %&RFSF%JFMEW%R‘}’&BBr1§ta@§r2r?rﬁfé@weﬁw to renove
acet one. sbhent #sough thg cpluwieto elate patrifigdtakarnk fractionsvapd esrmovesflavonoidat ogr aphy.
The industl{d'lal scal e'ti%1-50 mm x 1500 mm) chromat ographi c col um 30 was
packed wi I B0RR PHPUMPRSi n and el uted with acetone: wat er (45:55, v/v) at a
floworate 150 crystalizing thictaxaneofpeotiahs tegprovide aiUfirst tatanéCanatoguefandat i ons  of
appr oxi mat el EL/ each were collected and these were nonitored by TLC and
HPLC. Them?ﬁhé[: 9U4ks whi ch contai ned baccatin 11 and 10- deacet yl baccatin
11 were conbielatihgainda secondrsédpe @t apdessurcaaiBinpdi,dhe enothesr liguirshmaphal |y al |

The. ext r AVRIeE RYE osnal Apisinatbdaeib st € pyPiart QB Bas? coi due wes
t hen di ssseHcord taxan&aftlogas dngarthifd tadateyanaldgu®; SEP 2002
eluting, in a third step, the second taxane analogue and the third taxane
analogue through a normal phase silica gel column to purify the second taxane
analogue and the third taxane analogue; and
collecting separated taxane analogues.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The initial source of taxanes was the plant material, Taxus canadensis, which

is abundant in Eastern Canada. The twigs and needles or mixture thereof from
Taxus canadensis were used. The material may be fresh or dried.



-s normal phase silica gel colum w th hexane: Et OA~ as the sol vent f)ﬂsﬁa}a
(start 5:5 end at 35:65). The baccatin Il and 10-deacetyl baccati n- 2002
finally obtained as white powder with a purity of greater than 98% The
fractions which contained paclitaxel and cephal omani ne were conbi ned and
evapor at ed under vacuumto renove substantially all of the acetone) then
partitioned between water and CH2CI 2 The organic | ayer was separated and to
evaporated to dryness under vacuum e residue was dissolved in nethanol.

To the nethanol solution approxinmately 30% (W v) of water was added and the
m xture was med to 60C for five mnutes, then kept in roomf{enperature
over ni ght . T\rﬁﬁb‘% R¥emateyial was Qrﬁéngaf‘?’ §xXfacted wﬁ%"}?@aﬁ%aﬁ 6%&“9'{{"(% was

fil Itereg lgc;ms gﬁLuéfinﬁfr;[b@.dTh@ﬁﬁfhdé\@ﬁéﬁﬁbméy\fﬂ{édm{gocﬂlﬁﬁboaﬁﬁrq I:éh% iét@hﬂgt \éngS/ f

anal yze : onsi ste pr oxi ma 0 of paclitaxel an 00
cephal oneiibRUSMAm B 1Sy e, 2RaMas tharhteted dEhe e vason ot ales
procezsfﬁfmpg w%@fgmiﬁaﬁon{jmébym%ﬁrétfzfnna% ilMQva_ﬂ?m&ﬂ%Hoﬁfethdrié a f2 i rSL
possibility, | s dissaolv i n acetone urifie reverse 20 phase

col um ch’f“é‘ﬂﬁ? &‘(;{Y‘g‘%?ﬁﬁdgdsﬁﬁ'& g ERH?GM%‘GB%BE@H" &P?ﬂ't'ﬁﬂ??%‘?\ee PORISNL (i ai on
resin) HRRdManiclagerp! uted with acetonitrile:water (45,55). Paclitaxel was
obtained as white crystal with a purity of greater than 99% Cephal omani ne
was obtained as a white powder in a purity of greater than 98%

Al t qonati vel y, Tisorgahie tayed was @0scshitratedto edated Ydhemeuhd tostatiioprn of

pacl it axel anﬂ c% heil.ortrani ne s _carried out t'hflolﬁg% chem cal reaction
process attfPP é??g'i'ﬁ’i'f’i'é'ﬁcﬁ?ﬁ' SHRpoLing; matefial;is g - phase col umm
chromat ography. The crude paclitaxel, cephal onanine m xture was di ssol ved
in CH2Cl 2 or C13 (1:10, W vV and . reacted wth 10 egujval ent. of brom ne
1 & round bot ITEnseaeR batarsl wht leaGd PSS ot ohah i RTELARRERIVOC and 50
for appr oodlmmm,e‘byewmé,rwimmmThesmflemm tolo®n rﬂnutpgbleed)shitrpml dbisar@t and

2", 3"-bropoc | onpni ne were readi l.y separat a rever phas

chr omat oggggeﬁﬁp‘gaé'oﬁ otxanswqﬁelbtﬁgw%)a, mﬁ‘?’ﬂ i ge’é%\e\'/a&‘? °”€l—é@ﬁ:@d}e (45: 55).
Pacl i t axe¢ndiatst5088) aindeda presuimetof betwesinal 0 pshaad R0 pist. YThe fraptieas er t han 99%
2", 3" broppgephal . onani ne was, obt ai ned as m.xt ure of diastereo , wWhi ch
vere reacty 3"'&'1‘9 htaé%qqs%%rgaoliqcﬁetaa?r}ge%{@&zleg baé%ﬁa']’agter P'H8Paaf%%‘?i}ya(ﬁ{3§, and
t hen puridndeslbsgquently Rofibhed2ordihg TUGEsult®l uim chr omat ogr aphy to obtain
pure cephal omani ne having a purity of greater than 95% In a third

alternative, the paclitaxel and bronocephal omani ne were purified through
nor zal phase sThe ftactigas colidctedweréltreretoridenfyatediundeat veeypamethe eyttt npri se

h . Et (st . 6:.4 d 4:6 2Cl 2: Me2 tart 8: d at
hexane: L heh E bodosel et Bhe Bl 150 b beRet S GBAE ) % e
was obt ai ergstalfornmed wis filkered pot atld washedavihumethpnelxtheedecrgstali2zéd frormh

mvont | orgeonars. BraRtistoRPPERatn A weg BRahal ke el R, crton by way

of the exanples. EXAVPLE 1 Approximately 200 kilograms of dried needles and
60C n an | ndult faf en i WBlroREeiBe S diidhs ard e S felu\olrs "and ¢ hen
filtered. difSovedinanetosei dhe avetone saluticre was mixedwit0d polymeric resin

(Dowex™ resin, polystyrene-DVB). The mixture was evaporated under vacuum to

remove acetone. The resulting powder was subjected to low pressure

chromatography. The industrial scale (150 mm x 1500 mm) chromatographic column

30 was packed with Dowex™ resin and eluted with acetone:water (45:55, v/v) at a flow

rate 150 ml/min under a operating pressure of 30 psi. Fractions of approximately

2L /each were collected and these were monitored by TLC and HPLC. The fractions

which contained baccatin Ill and 10-deacetylbaccatin Il were combined and

evaporated under vacuum to remove substantially all of the organic solvent, then

diluted with water and extracted with CH,Cl,. The extract was then concentrated to

dryness and the resulting residue was then dissolved in EtOA¢ and purified by



liters of methanol at a tenperature of between 55C and 60C for anot.p rsdggty
hours and filtered. The filtrate was conbi ned and m xed with 10 kilogr 002
of activated carbon (5% ww) and kept at roomtenperature for one hour,

then filtered to renove the activated carbon. The filtrate was then
concentrated to approximately 100 liters under vacuum then 300 liters of

wat er: dichloronethane (1:1 ) was addeqg. The organic |ayer was coll ected

and the aqueous solution was extracted”two nore tines with 200 liters of

di chl oronet hane. The di chl or onmet hane sol uti on was conbi ned and evapor at ed

d to b ; I f t di | d with 20 1]j f
acet one. JgmeREARE SURe derel it Sk DA A5 he Solien BB IRELE 0o 1 ¢ o
545. The cmattd5/65).cThebaseatinall andit0-adacsigbactatin-itwasdmdiyloltained ashe top of
three | ow pressure Lo ustrial: chrom'a_lt o%g phi c colums (dinension: 150 x 15
2ty ethar 5%

cm). Each 'EUERMVARLWIR 2 Au0Y ofireate ams of al umi na oxi de (A1203)
absorbent. It will be appreciated that the exact dinension of the columms
is not crucial .as Jong as,the colums are sufficiently |arge to, hold the
bount of -l o3 edtrPadnih SofBnediaeRare i et dpmatine el codbinga  f 10,
oxi de i s eindevapyatdduraies oaduum tvienrivd substdntiadllg alosthetdcetona@l theao- ext r act ed
fromthe squtce terial. .Thes r so difficult to re e_and becone a
or ol em 1 dtRged BrEee At ARl b8 Sisnicavet Has Sra IR End  ms vor e

el ut el w tevaporatesioto\deyriess ystienvacawan Thaaesionewas dissdlvad i AethanolatTo45: 55)
under a pr [.e n 10 and I Wth.a flowrate, at proxi mat el y
150t 1 i HEanaP N b SRl SiPh ghivh B Ratet 18 5846 Al PRI e or) ne
accor di ng was wimmed ta60rC €drrfivemtingtes,then kdht@ raoms tenperataredoweemightt e
concentrat ed, under ..vacuum t o.renpye | solvents,. The . resulting,material
e i s o Gike RS RUNE S PR ute RMAB0R! SouBRn Wk ltesatl i =G0 bt D04 0V &
needl e- | i kacaumbedbeen 7€ andyZi°el Themold vab inalgzedindHPECT Wisdoabkistezied from
acetone to.f j i.fe e AN cr identifi as

13- acetyl Pé’&f‘%{'}ﬁ%l%’?&?&?f &QQI'HX?P%'E&‘% o&%ﬁ”q@'@grﬁéaes,gqngas@hie ?tﬁgrn 96% yi el d
(148 gr angaxgn@s074% based on the raw material). The nother liquid fromthe
13- acetyl -9di hydrobaccatin Ill crystallization was 20 concentrated to

dryness under vacuum The residue was dissolved in three liters of acetone.
The acet one solThe audepaclitaxebchnle proteseeki dcogrdingsto @neaf three alternative

POl Sty o N ATosSBR KR e RGOS A BulRBAG RIS < 1o,
pr lesSﬂtur reeipit_aSQSg)hailn aﬂmma:gmghaph‘he col:uhmim;aqopadked mthtpglyrr_\eric re4$i2/ scetone in
hator ot 2O et BP2FRY S5 e Wik acBhRas WA SRE SAUGERALCT o than
30 psi. Froitaineshas white ciyetat withve parritycifigeeaterthan @9%h esaphataneaninenwasr ed by TLC
and HPLC. %?‘%{ ggglmgtpwg)dgpiag)mrﬂigﬁ%egégma%e%%. and cephal omani ne were

ed un u

combi ned 30 2 evapor a er-va 0 renove nost of the acetone, then
diluted with deionized water and extracted three tinmes with 2.5 liter of

vaouum the rod eriRNElOaa Seo ol IR M8 bu ook WRBHARFT . ool
sol uti on, andmepkalemasing vemeariigdyutdhrorgh erchemicaheastiomprocesscand thear e was
war med 10 Gfed Bl bBnddd sifba bt FsvetdiehdsERbiuAin EHREMhlgrHY 2THE @rude
paclitaxel, cephalomanine mixture was dissolved in CH,Cl. or CHCl; (1:10, w/v), and
reacted with 10 equivalent of bromine in a round bottom flask that placed in an ice
30 bath (between 0°C and 5°C) for approximately 40 minutes. The resulting mixture of
paclitaxel and 2",3"-bromocephalomanine were readily separated by a reverse phase
chromatographic column (C1s or phenyl), eluting solvent CH,CN:H,0 (45:55).
Paclitaxel was obtained as white crystal in a purity of greater than 99%. 2",3"-
bromocephalomanine was obtained as a mixture of diastereomers, which were
reacted with activated zinc in acetic acid at room temperature, and then purified by



~ 0 SEP ~00~ _g_ overnight. The crude crystalline solid fromthe nmetjhGuggp 2002
solution was filtered out and dried in a vacuumoven at a tenperature o

bet ween 70C and 75C. The solid consisted of approxinmately 70% paclitaxel

and 25% cephal omanine in a yield of 31 granms. The crude paclitaxel (30 Q)

was dissolved in 200 ml of acetonitrile and diluted with 250 m of

dei oni zed water and punped into the tcep of a low pressure to chromat ography
colum (size: 10 x 150 cm and packed™w th a pol yner resin (D aion,

macr opor ous pol ynet hacrylate resin). After the sanple was punped, the

col um wa luted wth ste radient of 35 40, 45 and 50% acetonitrile
' wat er . HagtLeqlimn ghromategibinn® QRIA PHER CeRPBIPTERRINGRANEA YR 8 t he TLC and
HPLC of t preatdrakan 95%. Fractions of approximately 1 Leach were collected
and nonitored by TLC and HPLC anal ysis. The flowrate was 75 m/mn. The
colum fractions which contained paclitaxel or cephal omani ne were conbi ned
itndi vi d;JaIIy.fmtﬁimlt@ﬂ?ﬁ}r@,egegablwe@afdWnﬁ%oet/llwgmtdnhe vﬁfr@?ﬁrifﬁ_d A i dual
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needl e- | i r al's wi a puri 0 reat er an. oand a.yield o :
" 0. 00ov R a7 25naBd Bl o F e S Mefope PP LU POAIE IS 1 1y of

gr eatoer t vhite 98%tahwith a purie ekceéding 99%, (Mth @8pR4lomahind ipeesehtintancdrfownt ai ned
baccatin ILI apd g;f-o?eacetyl baccatin Il fromthe previous step were

conbi ned § '83%8‘98 %“ed under vacuumto renove substantially acetone, then
partitioned between three liters of water and di chl oromethane (1:1 v/v).
The organic | ayger. concentrated to dryness apd the residue s, subj ected
for normal - phabEvER SR Ry o Mo ererdronl SUHF e chas. 4+ x
4', packetheinhvéntdnlbycwayosfithd @dm@@s) nesh). The el uting sol vent was a step

gradi ent of 1 fl SEP 2002 -10 hexane:ethyl acetate (start 50:50 end at
35:65). Fractions of approximately 1,000 m/each were collected and each

was nonitored by TLC. The fracti onBEXAMRLEIIned baccatin 11 or
10- deacetyl baccatin IIl were separately coll ected and conbi ned accordi ng
TLC results, then concentrated to dryness. The baccatin Ill part was

di ssol ved i n 28@prdxindtely 200 kilodramsdf kirgd needles and twigs of Taxus canadensis
were extracted with 1,000 liters of methanol at 60°C in an industrial multi-functional

20 extractor for five hours and then filtered. The raw materials were extracted with 700
liters of methanol at a temperature of between 55°C and 60°C for another four hours
and filtered. The filtrate was combined and mixed with 10 kilograms of activated
carbon (6% w/w) and kept at room temperature for one hour, then filtered to remove
the activated carbon. The filtrate was then concentrated to approximately 100 liters
under vacuum, then 300 liters of water: dichloromethane (1:1) was added. The
organic layer was collected and the aqueous solution was extracted two more times
with 200 liters of dichioromethane. The dichloromethane solution was combined and
evaporated under vacuum to become a slurry form, then diluted with 20 liters of
acetone.

30

The acetone solution was coated on to 20 kilograms of Celite 545. The
coated material was air dried and was then loaded on to the top of three low pressure
industrial chromatographic columns (dimension: 150 x 15 cm). Each column was
packed with 15 kilograms of alumina oxide (Al;03) absorbent. It will be appreciated
that the exact dimension of the columns is not crucial as long as the columns are
sufficiently large to hold the amount of Al.0; required for the separation. Use of



to refrigerator overnight. The white crystals formed were filtered?quEpng%z
recrystallized frommnethanol to yield baccatin Il as white crystals in a
yield of 7.5 g (0.003% . The crude 10-deacetyl baccatin |1l was dissolved in
150 m acetone and then diluted with 150 ml of hexane. The m xture was kept
at room tenperature overnight. The white crystals fornmed were filtered and
recrystallized fromsane solvent to yield 10-deacetyl baccatin IIl as white
crystals. The yield was 15 ¢ (0.007%'.8' EXAMPLE 2 20 Using simlar apparatus
and net hodol ogy as used in Exanple 1, crude paclitaxel was obtained. The

crude paclitaxel was dissolved ip 300 nl of. dichloronethane ich was added
Lo e 1P oGSy sHeRR S SBs B BEmIIHS A Grags NRBATAS SHaRS el | n-an

i ce-bath mﬂtﬁé&m&é mfate»ial.stﬂdséleadew'(s:bfdifﬁcmﬁal eible faﬁ% bé&Ime %alérhe

t enperat uy e, reached, appr oxi nat 5C, a solution o rom ne

equi val enfg’éshelfWaEP‘érHY BF{B‘W@ng%@?%%I v) was added slowly with stirring.
The cephal onanine to bromne ratio was 1 to 10 noles. The brom nating was
moni tored by TLC analysis between five and 10 m nutes. The reaction m xture
has ¢ hen i | utERe SRR R Yinche SpERekEieR BsKagacPBRIRRR  cd to &
separ at or400:0/8h¢ bt 45:58) uridef a peessliedivetwasn a0 BRH a5edi witipEwb@trateatt | me

requi red between 40@d 50 mnutes). To the reaction m xture, 350 m of 10%

aqueous sHATPAMAIBNLLI PUPD. (Na2S20s) was added to absorb any excess
bronpne. The di chl oronet hane | ayer was separated and washed with water and

brine, and th concentrated.to dryness under vacuum,..A |ight .brown powder

wns obt ai ned e 8RB caRapINa s xasERWe CaloRiRs A1 iR pRERaIRg ') PFr o
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conbi ned. 13Facetyi@diydrobaccdtin 1] gyingea puritp o€ jreats thaf 8699 gicdd clds8aramnsg) ght ; the
crystals {0%5/1 vveggie filtered tan recrystallized from 70% net hanol .
Pacl it axel™ ° B?)ste nethe faw atetiatheedi e- 1 i ke crystals having a purity of
greater than 99%in a yield of 6:1 g. The fractions containing
2", 3"-bronoce I i wner i I rt.iti oned,. wat er and
di chl or onet hane'© %ﬁ@%ﬁ@ﬂﬁ?@%\ ‘ﬁgﬁ%@‘@%@@?g‘g“a&ﬁﬁ'Lﬁ}ﬁ&gl')g%@ﬁ?%d to
dryness ucuheentvated tordryhéss ureter dacuunasTiok esauearhs dissbh@drim thoée fitetshefnol |
whi ch was_di | ut with 50 m. of water  t in needl e-like crystals. The
of { -whi ¢ ccas fheliretonkcsdlicR s Wi e RlodriRe BT bV ESpRLr o
2", 3" br ondiviaplhehzemencopolymserwesit.c The yittadesvasTevapgraterstooeémove the solvent
2",3"-bro i i \ i freshly
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30 wit h vwepesatingpressine balow:thanl 30 psidriraetions ot Ad./eachieere cokbetad ands puri fi ed
by flash these were monitored by TLC and HPLC.

The fractions which contained paclitaxel and cephalomanine were combined
30 and evaporated under vacuum to remove most of the acetone, then diluted with
deionized water and extracted three times with 2.5 liter of dichloromethane. The
organic layer was concentrated to dryness under vacuum, the residue was dissolved
in one liter of methanol.

To the methanol solution, approximately 30% (w/v) of water was added and
the mixture was warmed to 60°C for a few minutes then kept at room temperature



chromat ography to gi ve cephal omani ne as white powder. EXAMPLE 4 Thzeg:rgﬁeznuz
material (10 g) from Exanple 2 was‘dissolved in 120 m of dichloro t§ h
The organic | ayer was concentrated to dryness and the residue 1 0 SEP

2002 -12 was subjected for normal phase chromat ography. The di nensi on of

the col um used was 4" x 4' packed with silica gel (between 200 and 300
nmesh). The el uting solvent was a step gradi ent of dichloronethane: ethyi
acetate (start 75:25 end at 6:4), for®the separation of paclitaxel and

2", 3"-bronocephal onmani ne the sol vents system of hexane: ethyl acetate (start

6:4 end at 4:6 d di chl oropet hane: acetone, (start 8:2 end at 65:3 al so
oo bel bernight, e siudd ervata i SoREHEr PiBatnans Geluion s Nsidad 800 and
Sacg vvgs GMHih%r\f‘cﬁbubm_o%ﬁ-atéQeﬁHb@rafdr?@lf b@melﬁqot@gﬁ@dgr@cmé em?i and i

", 3"-bronoce nani ne r epar.a ected and conbi cordi ng
Lt eoul (e o Ao Ratel (3% pBolions, atd 25 epbaemaniedn Saisd ofaL

di ssol vedgiafsl00 m of nethanol and diluted with 35 ml of water) then kept

refrigerated. The white crystals formed were filtered and recrystallized
from met hanol : water to yield paclitaxel (5.5 g) as white crystals). The

crude 2", 3" - br phe 6/RiaB paciktaxe! (30 yrwasldisssNedsifl 200 nfidf Btetafigil®BRd dilledO t hen
diluted with g‘S)WT gf. hex‘fne T& mﬁﬁgrrg ;ﬁ?as kept at room tenperature
over ni ght Wt pf deippiged water ppd pUEPRE indo {18 toR,0L 3 low Aresste st al | i zed from
fsalnr}slos_ol vembm‘atolgyémi_ylctlomhnrersiﬁef @g&qﬁpm)@mrﬁabﬁecﬁ\‘ﬂitmipbB;n?Ur?ééim s.o (T:gg oHO
ol I owi ng, exanples illustrate the conpoyn in structural for
o -t LB Engs opeshi BORIBINACHIALE ool After Bersaptiie Wal pugReH B O
Cephal onmacsloen Mas@Ilulediith a step gradient of 35, 40, 45 and 50% acetonitrile in water.

The change of solvent was indicated by the results of the TLC and HPLC of the

fractions.

Fractions of approximately 1 L/each were collected and monitored by TLC
and HPLC analysis. The flow rate was 75 mi/min. The column fractions which
contained paclitaxel or cephalomanine were combined individually. The two
combined solutions were allowed to stand at a temperature of approximately 5°C

20 until crystallization of the individual compound was completed.

The crystals were filtered separately and both were recrystallized from 65°C
methanol in water.

Paclitaxel was obtained as white needle-like crystals with a purity of greater
than 99% and a yield of 18.5 g (0.009%).

Cephalomanine was obtained as white needles with a purity of greater than

98% and a yield of 6.5 g (0.003%).
30

The fractions contained baccatin lll and 10-deacetylbaccatin il from the
previous step were combined and evaporated under vacuum to remove substantially
acetone, then partitioned between three liters of water and dichloromethane (1:1 v/v).
The organic layer was concentrated to dryness and the residue was subjected for
normal phase chromatography. The dimension of the column used was 4" x 4/,
packed with silica gel (200-300 mesh). The eluting solvent was a step gradient of



O Baccatin Il ~ R6 ~CH3 | O daacetyl baccatin IV = R=H ~0 SEl?ﬂZg%%
-14010CH3E ~OOHOHf C3\O0"",.,... HEHOOOOCH3 20 2002
13- acetyl -9-di hydnbaccstin |11 Al though enbodi nents of the invention have
been described above, it is not limted thereto and it will be apparent to
those skilled in the art that nunmerous nodifications formpart of the
present invention insofar as they do not depart fromthe spirit, nature and
scope of the clainmed and descri bed i m¥&nti on. 1 0 SEP 2Q02 -1 s | CLAIM

1. A nethod of isolating and purifying taxane anal ogues from a source

cont ai ni ng taxanes r|5|n racting a source of taxanes in an
organi c eg?’ﬁi‘@teéfh\('ac%t@ (Stagt %Ogmﬁﬂé abi% rﬁaﬁ@(ﬂﬁ@ﬁﬁwrpﬁmﬁ?'ﬂ 1000y act ant
and | oadi AffeaéH Werdtsbilgdted Bnd e66H WED monitbéddy! TLDY cont ai ning an absor bent
agent; eluting, in a first step, with an organic solvent mxture at a

pressure of between 10 and 20 psi to generate fractions containing taxane
conpounds; The fractions contained baccatin Il or 10-deacetylbaccatin Ill were separately

collected and combined according TLC results, then concentrated to dryness.

The baccatin Ill part was dissolved in 200 ml of methanol and kept in a
10 refrigerator overnight. The white crystals formed were filtered out and recrystallized
from methanol to yield baccatin Ill as white crystals in a yield of 7.5 g (0.003%).

The crude 10-deacetylbaccatin lll was dissolved in 150 ml acetone and then
diluted with 150 ml of hexane. The mixture was kept at room temperature overnight.
The white crystals formed were filtered and recrystallized from same solvent to yield
10-deacetylbaccatin lll as white crystals. The yield was 15 g (0.007%).

EXAMPLE 2

20 Using similar apparatus and methodology as used in Example 1, crude
paclitaxel was obtained. The crude paclitaxel was dissolved in 300 ml of
dichloromethane which was added to a 1,000 ml three neck round bottom flask. The
flask was replaced in an ice-bath and the solution stirred with a magnetic stirrer.
When the temperature reached approximately 5°C, a solution of bromine (10
equivalents) in dichloromethane (1:1 v/v) was added slowly with stirring. The
cephalomanine to bromine ratio was 1 to 10 moles.

The brominating was monitored by TLC analysis between five and 10
minutes. The reaction mixture was then diluted with 300 mi of dichloromethane and
30 transferred to a separatory funnel after the reaction was completed (completion time
required between 40 and 50 minutes). To the reaction mixture, 350 ml of 10%
aqueous sodium thiosulfate (Na,S20;) was added to absorb any excess bromine.
The dichloromethane layer was separated and washed with water and brine, and
then concentrated to dryness under vacuum. A light brown powder was obtained.



crystallizing said fractions to provide a solid taxane conpound and & SEP 2002
not her |iquor; concentrating said nother liquor; and eluting, in a second
step, with a polar solvent m xture said nother |iquor through a polyneric
resin to provide at |east a second taxane conpound. 2. The nethod as set
forth in claiml1, further including the step of renoving |ignan and
flavonoid inpurities in said first step. 3. The nethod as set forth in
claim 1, wherein said source of said-tlaxanes conprises a plant source. 4.

The nethod as set forth in claim3, wherein said plant source is selected
froma nenber of the group conprising Taxes brevifolia, Taxes accata, Taxes

wal i chi ana. Taxes ~unnanensis, an® gdanadensis. 5. The nethod as set
forth in claim3, wherein said taxanes include at | east
13- acetyl - 9-di hydrobaccatin 111, 10 deacetyl baccatin Il1, baccatin |11,

cephal onmani ne, Thea@rude material 610 gifeormExamplezswasdissayadini120anieifm 1) wherein
sai d orgagy TR gp-Te: ' i ; d as set
Forth 1 h e AT s OBl o o Oe SR Wafer e SO WA C ' & 5.
170 SEP ZuuBpediploghe irofrueege BEassehrewAGrannY SPAR (6 X T0%arDipscked d

absor bentygpeNthoradPstieLgelal um num oxide. 9. The nethod as set forth in
claim1, wherein saild fifst step organic solvent m xture conprises hexane
and acetone. 10. A nethod of isolating and purifying taxanes froma source

conygi ni ng taxﬁ{éeéolurﬁﬁ’W&f&ie‘ﬁ]té’@&vitﬁ%@é’tbﬁiitﬁ?&y@té%ﬁ:?ﬁ) (Hdef &h @pér%’ﬁ@?"es:

extracting said taxanes from said source into an organic extracti on medi um

to provi d¥essurephbsteen 40 and 48mshi Thedipw mieawas 86 msiimdthe ractiens werer suppor t
mat er i al Wilbied WD AUSEM) GnbiHeREd bPTCE aAl RBmBireaW Pr essure col um

cont ai ni ng an absorbent agent; eluting, in a first step, an organi c sol vent
t hrough said colum to elute purified

The portion containing paclitaxel was refrigerated overnight; the crystals
formed were filtered and recrystallized from 70% methanol. Paclitaxel was obtained
as white needle-like crystals having a purity of greater than 99% in a yield of 6:1 g.

The fractions containing 2",3"-bromocephalomanine were combined, which
partitioned between water and dichloromethane. The organic layer was collected
20 and evaporated to dryness under vacuum. The residue was dissolved in 150 ml of
methanol, which was diluted with 50 mi of water to obtain needle-like crystals. The
off-white crystal was recrystallized from methanol:water to yield 2" 3"-
bromocephalomanine as white crystals.

Two grams of 2",3"-bromocephalomanine were dissolved in 30 ml of AcOH
and freshly activated zinc (2 g) was added. The mixture was stirred for three hours
at room temperature and the reaction was monitored by TLC. After TLC analysis
showed the reaction was completed, the mixture was partitioned between
dichloromethane and 10% NaHCO; (300 ml, 2:1). The organic layer was washed

30 with water and concentrated to dryness. The crude product was purified by flash
chromatography to give cephalomanine as white powder.

EXAMPLE 4

The crude material (10 g) from Example 2 was dissolved in 120 ml of
dichloromethane. The organic layer was concentrated to dryness and the residue



taxane fractions; crystallizing said taxane fractions to provide alfl §§P 2002
t axane anal ogue and a mother liquor; eluting, in a second step, said nother

| i quor through a polyneric resin in a chromatographic colum to purify and
elute at | east a second taxane anal ogue and a third taxane anal ogue; and
col l ecting separated taxane anal ogues. 11. The nethod as set forth in claim
10, further including the step of rempving |lignan and flavonoid inpurities
in said first step. 12. The nethod a$2set forth in claim 10, further
including the step of grinding said source of taxanes and extracting with
met hanol . 13. The nethod as set forth in claim 12, further including the
step of Wassuhieciad fospomalphasmehrematographyt érmerdgnamﬁioreqfatb@palumgdspd form a

et or | | Ve X4 pabkl ith St 881 (BhuegR 200 41 SiohERr) TriyaRtRlgRaEN, S PO
forth invas aistemgramﬁetrcéudmwpmema@&rﬁthyl ggetataw&stafb?@% sad abb) feithe of
acetone s’éfobgréia%ﬁ%?gad&&el §H§ﬁ”§‘6 PEﬂ{nU!hé BolGarts Qtétém erein said

organlc [ 'vent asse roug Sal um at a pressure o bet ween 10
and 20 d!ﬁXENQ'BthYI'ﬁ@etﬁbt(h@d 64 epdat ﬂ&)and mchtgr@mﬁﬁhaneagetpneu(starhalajdl ng the

step of é‘rﬂé%@d}%l%na&f]u%@o;ﬁa&ﬂngo%g giatagfspm/éaxhww layer

chr omat ogr aphy I sol atin yi ng taxanes from a
source cutected; angl eachawrssmonitared bYThE: provi ding a source of said taxanes;
exjgacting said taxanes fromsaid source into an organic extraction nedium
to provide an_organi c |ayer Containing taxane conpounds; treating a support
material wit hTt@aig@pt@ng&ﬂmtelruedwphtaml@m&“@&bspmmppal@gmrr@ We&Bum

cont ai nié%ga?die@%%ct?éﬁ‘ﬁn@%ﬂ&ne& heédrpmg m reslits a{eéé&;een@teewr essure of

bet ween and psi, an organic so hrough sald colum to elute
purifi ed’¥R888ne fractions and renove flavonoid and |ignan inpurities;

The paclitaxel part was dissolved in 100 mi of methanol and diluted with 35 ml
of water, then kept refrigerated. The white crystals formed were filtered and
recrystallized from methanol:water to yield paclitaxel (5.5 g) as white crystals).

The crude 2",3"-bromocephalomanine was dissolved in 50 ml acetone and
20 then diluted with 50 ml of hexane. The mixture was kept at room temperature
overnight. The white crystals formed were filtered and recrystallized from same
solvent to yield 2",3"-bromocephalomanine as white crystals.

The following examples illustrate the compounds in structural form.

Paclitaxel



crystallizing said taxane fractions to provide a first taxane anal ogfeSEmdyg2
a nother liquor; eluting, in a second step) at a pressure of 30 psi, sald
not her |iquor through a polystyrene DVB resin in a chronatographic colum
to purify and elute at | east a second taxane anal ogue and a third taxane
anal ogue; eluting, in a third step, said second taxane anal ogue and said
third taxane anal ogue through a nornmal phase silica gel colum to purify
sai d second taxane anal ogue and sai dl3-hird taxane anal ogue; and col |l ecting
separ ated taxane anal ogues. 19. The nethod as set forth in claim18,
wherein said second taxane anal ogue conprises baccatin Il and said third
t axane anal ogue conprises l1l0deacetyl baccatingdll. 1 p SEP 2Q02 -18 20.
The nethod as set forth in claim18, whereig said anal ogues have a purity
of at least 98% .A3.A ©. A5 Any. AH _C%TA(.AB.AYLALA_. A A
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20 13-acetyl-9-dihydrobaccatin IIT

Although embodiments of the invention have been described above, it is not
limited thereto and it will be apparent to those skilled in the art that numerous
modifications form part of the present invention insofar as they do not depart from the
spirit, nature and scope of the claimed and described invention.
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10-1! eluting, in a second step, with a polar solvent mixture said mother liquor
through a polymeric resin to provide at least a second taxane compound.

2. The method as set forth in claim 1, further including the step of
removing lignan and flavonoid impurities in said first step.

3. The method as set forth in claim 1, wherein said source of said
taxanes comprises a plant source.

4, The method as set forth in claim 3, wherein said plant source is

selected from a member of the group comprising Taxus brevifolia, Taxus baccata,
Taxus walichiana, Taxus yunnanensis, and Taxus canadensis.

5. The method as set forth in claim 3, wherein said taxanes include at
least 13-acetyl-9-dihydrobaccatin Ill, 10 deacetylbaccatin Ill, baccatin Il
cephalomanine, paclitaxel.

6. The method as set forth in claim 1, wherein said organic extractant
comprises dichloromethane.

7. The method as set forth in claim 1, wherein said weak absorbent
medium comprises Celite 545.
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8. The method as set forth in claim 1, wherein said absorbent agent
comprises aluminum oxide.

9. The method as set forth in claim 1, wherein said first step organic
solvent mixture comprises hexane and acetone.

10. A method of isolating and purifying taxanes from a source containing
taxanes, comprising:

providing a source of said taxanes;

extracting said taxanes from said source into an organic extraction medium to
provide an organic layer containing taxane compounds;

treating a support material with said organic layer;

providing a low pressure column containing an absorbent agent;

eluting, in a first step, an organic solvent through said column to elute purified
taxane fractions;

crystallizing said taxane fractions to provide a first taxane analogue and a
mother liquor,

eluting, in a second step, said mother liquor through a polymeric resin in a
chromatographic column to purify and elute at least a second taxane analogue and a
third taxane analogue; and

collecting separated taxane analogues.

11.  The method as set forth in claim 10, further including the step of
removing lignan and flavonoid impurities in said first step.

12.  The method as set forth in claim 10, further including the step of
grinding said source of taxanes and extracting with methanol.

13.  The method as set forth in claim 12, further including the step of
mixing extract with charcoal, filtering and evaporating to form a concentrate.

14. The method as set forth in claim 13, wherein said support material
comprises Celite 545.
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18. A method of isolating and purifying taxanes from a source containing
taxanes, comprising:

providing a source of said taxanes;

extracting said taxanes from said source into an organic extraction medium to
provide an organic layer containing taxane compounds;

treating a support material with said organic layer,;

providing a low pressure column containing an absorbent agent;

eluting, in a first step, at a pressure of between 10 and 20 psi, an organic
solvent through said column to elute purified taxane fractions and remove flavonoid
and lignan impurities;

crystallizing said taxane fractions to provide a first taxane analogue and a
mother liquor;

eluting, in a second step, at a pressure of 30 psi, said mother liquor through a
polystyrene DVB resin in a chromatographic column to purify and elute at least a
second taxane analogue and a third taxane analogue;

eluting, in a third step, said second taxane analogue and said third taxane
analogue through a normal phase silica gel column to purify said second taxane
analogue and said third taxane analogue; and

collecting separated taxane analogues.

19.  The method as set forth in claim 18, wherein said second taxane
analogue comprises baccatin lll and said third taxane analogue comprises 10-
deacetylbaccatin Ill.
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