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1, - | SOLATI ON AND PURI FI CATI ON OF PACLI TAX

TAXANES : BY | NDUSTRI AL PREPARATI VE LON%R@@QOEWCBQAPHY
ON A PCLYMERI C RESI N COLUWN

‘FI ELD OF THE | NVENTI ON The present invention remzejé*m@
separation technique and nore particularly, the pr esent

rel ates to ISOLATIONAND PURIFICATION DFPACIITAKER AND OTHERRELATED: TAXANES)

chemot ner apcuBYINGVERUY PRERARATIVE Low eresslRR tiriiiarpRideify of R 117,

It has been approved by FDA anPOUYMERIC RESINCOLUMNNt of ovarian and breast
cancers.

FIELD OF THE INVENTION

The present invention relates to a separation technique and more particularly, the
present invention relates to techniques fo separate paciitaxe! and related taxanes.

10 BACKGROUND OF THE INVENTION

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 avarian and breast

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.

20 The concentration of paciitaxel in various raw materials Is typically low, for example,
on the order of between 0.0004 and 0.0 v '\ww) 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 reversephasedwomabgraphyaswell
as low and high pressure column chromatography techniques have been developed to
purlfy paciitaxel from a crude extract of raw material,

The success of low pressure chromatography greatly depends on the nature of the
column. Various problems are assoclated with the use of sllica gel and alumina trioxide, alf
30  of which are classical supports of the stationary phase In partition systems: They form a
stable stationary phase with most solvent systems, butitis a strong absorbent and may
parﬂdpatelhmesepamﬁonproeessbmmmatwmmbgmpMcbethrand
recovery of samples are affected.

Chromatographic methods have been developed ta detect and isolate paciitaxel from
various Taxus specles on analyfical and preparative basis. These isoiation processes are
mainly conducted on a smalil laboratory scale and suffer from low selectivity, recavery and
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The-a.pound I's a natural product, primarily extracted fromthe bark of the

Paci fi ¢ yew tree, Taxus brevifolia, and is also found in T.
baccata, T. walichiana, T. yunnanensis and T. canadensi s. 20

The concentration of paclitaxel in various raw materials is typically |ow,
for exanpl e, on the order of between 0.0004 and 0.01% (W w) in the
bark of Pacific yew. Such | ow concentration render the extraction
and purification of the conmpound to phar2mceuti cal grade fromraw

materials very challenging, and heretofore inpractical on a commerci al

scal e. VaﬁmmemmmgWMumepm exdonomwsdtiaihg r aphy

as wel | ' ﬁ‘(?m hni ques
have beenlgevei o%e ' %ur%c%% ﬁﬁ%}/ﬁ{’ﬁ ct of
raw mat er iclﬂsemﬂphﬂmmﬂemlm hdpiwamre chr omat ogr aphy

greatly depends on the nature of the colum. Various problens are
associated with the use of silica gel and alumna trioxide, all 30 of

which are cl asrieeart mefhods discigse thedise of various ypes Bf.chromatographicitechniques te ns .
They f or megparate paclitikel Bhé@ rélitad takanés) inthaRg ndirhd phasé aﬁd)h\os&bp&mems but

it is a styong.absqrbent .and art|C| a in th aratlon
rocess t Pﬂg t%ﬁ@“&#ﬁm § bﬁPpﬂﬂba'? ds ap-eRt y of
ganpl es aupdihaddd.dughpmducﬂonoostor%fvogbd Wﬂﬂbbﬁﬁdﬁmm beeny
gg\ég! ggeg%‘g%ﬁaﬁﬁgﬁﬁgi%ﬁ%g These I sol \é?lr ggu;rggégges are
mai & conducted on a snall |aboratory scal e and suffer froml ow
sel ectivity, T efapsglelistitf the prior artis United States Patent No. 5,620,875, issued April
15,1997, to Hofiman et al. The document teaches the separation of padiitaxel and other
taxanes by multiple step hexane extractions and high performance liquid chromatography
(HPLC). The process is involved, labor iniensive and only provides 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 defineated. The process includes the
use of reverse phase Kquid chromatoegraphy on a C18 adsorbent with elution of the

20 adsorbed analogues. Although a meritorious procedure, limitations exist with this technique
in terms of productivity and purity of compounds obtained.

The present Inventlonpmidesa_sinplesemﬂonmﬂlodbsedonapotymeﬁc
resin column which is devoid the limitations of the existing methodology.

SUMMARY OF THE INVENTION

it is therefore an object of this invention to provide a simple and more cost effective
method for economical isolation and purification of the important taxanes, such as 13-acetyl-
ao 8-dihydrobaccatin lll, 10-deacetyibaccatin I, baccatin i, cephalomanine and pacitaxel.

Conventional methods for the isolation of taxanes, including paciitaxel, 13-acetyl-9-
dihydrobaccatin lil and baccatin lii generally comprise the steps of extracting taxanes from
raw materials with an alcoholic solvent, defatting the extract, and separating and purifying
the individual taxane by chromatography.
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2 rasd hi gh production cost, thereby presenting a serious and
unful filled need for an economically practicabl e nmethod for
separating the valuable anti-tunor conpound paclitaxel fromits

cl ose anal og cephal omani ne as well as other closely rel ated taxanes.
Prior art methods disclose the use of various types of chromatographic

techni ques to separate paclitaxel and rel ated taxanes, including
normal phase and reverse phase T hromat ography on a silica gel or
bonded silica gel colum. The prior art nethods are end up at | ow

yi el d, high pr &mﬂmn&emtlnmm3MMImbpdnﬁmwmh

wer e ,‘obﬁy %nmw@ doﬂ?ﬁﬁ scal e production.
10 : mmgh& ar ac?erl stic o he prior ﬁ‘P’s United States Patent

No. 5, 620, 875, extracing asource of taxanes in anmmglanbffrran et al. The

docunent  t eachgatingta ek HbbILBAL AR 81d¥8éding the mediumd¥ gnes by
mul tiple st eB“r;exane extractjons and h| g Eerfor mance I qU| d chromat ogr aphy

(HPLQ) . TREk eqnixining an absarbent sive and only provides noderate
yi el ds of the eluting, in a firit Step; With @l BRIANESolvent mixture at a pressure of between 10

and 20 psi to generate fractions ocontalning taxane compounds;
crystaliizing the fractions to provide a solid taxane compound and a mother liquor;
concentrating the mother liquor; and
10 eluting, In a second step, with a polar solvent mbxure the mother Ilquor through a

polymerlcmshlopmvtdeatleastaseeondwcaneoompound

Aﬁ:rﬂnerobjee’tofthepremnthvenﬁonlstopravideamemod of isolating and
purifying taxanes from a source containinn taxanas. comprising:
providing a source of taxanes;
exiracting the taxanes from the source Into an organic extraction medium to provide
an organic layer containing taxane compounds; '
' treating a support material with the organic layer;
providing a low pressure column containing an absorbent agent;
20 eluting, In a first step, an organic solvent through the column to elute purified taxane
fractions;
aysﬂltlngheh:meﬁaeﬁambpmﬂeaﬁmaxamanalogueandam
liquor;
elutlng.maseoondshp.memoﬂlarﬁquorthmwhapolymedemdnha ,
dmmabgmphnceohnmbpuﬁfyandehbamastasecondlaxanemabgueandawm _
taxane analogue; and
collecting separated taxane analogues.

A still frther objact of the preeans i=:ransian te {g provide a method of isolating and
30 purifying taxanes from a source containing faxanes, comprising:
providing a source of taxanes;
extracting the taxanes from the source into an organic extraction medium to provide
an organic layer containing taxane compounds;
treating a support material with the organic isysr;
providing a low pressure column containing an absorbent agent;
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In Uni#ted States Patent No. 5,670,673, issued Septenber 23,1997, to Rao,

the . ° I sol ation and purification of Taxol and its anal ogues is

del i neated. The process includes the use of reverse phase liquid
chr omat ogr aphy on a C18 adsorbent with elution of the 20 adsor bed
anal ogues. Although a neritorious procedure, lim-tations exist with this
t echni que in terns of productivity and purity of conpounds

obt ai ned. The present i nvention provides a sinple

separation method based on pol ymeric 4 resin colum which is devoid

the |imtati ongelting mmw atja prassure il beiween 10 and 20 psiSanorgRINic¥oVEnE

| NVENTI ON'through the elute rlﬁﬂ Q?{e &‘M%"%&’Pm tion to
provide a si re éﬁﬁ"ﬁ%?% cogh eftective met hod for ecgﬁ%ﬁﬁcal

i sol ation 'H\RH rlflcatlon of the inportant taxanes, such as 13-acetyl- 30

9- di hdeObaccataMIHngﬁQmﬁéﬂﬁdﬁd?@i&M lal first tHARE Bhbibghe hnd & HRAEOTRNI NE

and pacli tlﬁxel Convent | onal nethods for the isolation of
t axanes, HOR g ng paclitaxel, 13-acetyl - di hydrobaccatin Il and

baccatin 111 gmhﬂulhpmmmp.éthmoﬁo H’imﬁ iduoi BitGusghi 4 OM
Goparat i nd OBy DT oyt ik wmmw R R SR 5000 oy
This is tHaxanegnalogte and aithicd taxane analogue;
eluting, in a third step, the second taxane analogue and the third taxane analogue
10 through a normal phase silica gel column to purify the second taxane analogue and the third
taxane analogue; and
collecting separated taxane analogues.

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.

20 The raw material was ground and extracted with methanol at 60°C for five hours and
filtered. The methanol exfract was mixed with charcoal and left to stand at room
temperature for one hour. This was then filtered. The flitrate was concentrated to about
15% of original volume by evaporation. A 1:1 water-dichioromethane mixture (v/v) was
added fo the concentrate to obtain a paciitaxe! enriched portion (organic layer).

The organic layer was concentrated to a reduced volume and coated on a support
material, in this case, the supporting material is Celite 545.

The coated material was loaded on to the top of an industrial preparative column, for
30  example, a 150 mm x 1500 mm column and packed with the absorbent agent ALO,, The
column was eluted with a mixture of hexane:acetone (start 100:0 end at 46:65) under a
pressume of botween 10 psi and 20 psi. The fractions containing taxanes were collected

and analyzed by thin layer chromatography (TLC) and subsequently combined according
TLC resuits.
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3 - One object of the present invention is to provide a

met hod of isolating and purifying t axane anal ogues from a source
cont ai ni ng taxanes, conpri sing: extracting a source of
taxanes in an organi c extractant; coating a work absorbent
mediumwi th the extractant and | oadi ng tge mediumin a col umm, the
col um cont ai ni ng an absorbent agent; eluting, in a first

ana 20 psi to oapachonfealpleq Werd el cBlceRrbled i aiuet e IIGAG materia

crystalli zmdmmmmmmmmmmnmmmmmm her

gﬁgﬁmqnp %:}E‘!ﬁﬂwa'ﬁmﬁ{%a#}\a eI uting,
in a secono‘bstep, vmty a polar soﬁdént mxture the nother Ilquopdthrough a
1§ \wagobfained-aswhite

l'i quor;

pol yneric

10

aystdnd t axane conpound.

The mather liquor was concentrated to dryness and the residue was dissolved in
acetone. The acetone solution was mixed with a polymeric resin (Dowex™ resin,
polystyrene-DVB). The mixhire was evaporated under vacuum o remove acetone. The
resulting powder was subjected to low pressure chromatography. The Industrial scale (150
mm x 1500 mm) chromatographic column was pacied with Dowex™ resin and eluted with
acetone:water (45:55, v/v) at a flow rate 150 mUmin under a operating pressure of 30 psi.
Fractions of approximately 2L/each were collacted and these were monitored by TLC and
HPLC. The fracﬁons which contained baccatin Ill and 10-deacetylbaccatin il were
combined and evaporated under vacuum to remave substantially all of the organic solvent,
then diluted with water and exiracted with CH,Cl,. The extract was then concentrated to

- dryness and the resulting residue was then dissolved in EtOA, and purified by nermal phase

sliica gel column with hexane:EtOA, as the solvent system (start 5:5 end at 35:65). The
baccatin Iit and 10-deacetylbaccatin- lif was finally obtained as white powder with a purity of
greater than 98%.

The fractions which contained paciitaxel and cephalomanine were combined and
evaporated under vacuum to remove substantially all of the acetone, then partitioned
between water and CH,Cl, The organic layer was separated and evaporated to dryness
under vacuum. The residue was dissolved in methanol. To the methanol solution
approximataly 30% (w/v) of water was added and the mixture was warmed to 60°C for five
minutes, then kept in room temperature ovemight. The crude crystalline solid from the
methanol solution was filtered out and dried under vacuum between 70°C and 75°C. The
solid was analyzed by HPLC. It consisted approximately 70% of paciitaxet and 25% of
eephalomanhe.'andsomeomertmmes.

The crude paciitaxel can be processed according to one of three altemative
procedures. in a first possibility, it was dissolved in acefone and purified by reverse phase
column chromatography. The column was packed with polymeric resin (Dision resin,
HP2MG) and eluted with acetonitrile:water (45,55). Paclitaxe! was obtained as white crystal

-
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A further object of the present invention is to provide a nmethod of

| sol ati ng and purifying taxanes from a source containi ng taxanes,
conpri si ng: provi di ng a source of taxanes;

extracting the taxanes fromthe source into an organic extraction nmediumto
provi de an organi c |ayer containing taxane conpounds;

treating a support naterial with the organic |ayer,
providing a | ow pressure coI unn cont ai nithg an absor bent agent

eluting, i fi, st sol vent through the to eIute
purified E’&& 9"“%& omanine was obtain %g ‘Y@Q‘IQ@

t axane fr poiityohgreater tHan\98%& 2 f| rst t axane anal ogue and a not her
| i quor; eluting, in a second step, the nother |iquor

through a polyneric resinin a chromat ographic colum to purify and

el ute at Ieastwwaammhgapmadammﬂﬂaﬂmdpamm

A at i1 GRmlmapine.wes eaied il chtaRtBadioR bricliq it PR piiREY, 4 o1

i sol at i ngMMQJMMMWOMMMQ t axanes,

conpri si nﬂeprﬁlomamn ml:mwe .
extracti ng t he taxanes romt Eg&g%iur %CF Oﬁaﬁﬂ’coﬁlgahl ext I’rg%‘?.idon.mﬁ%%l umto
provi de ?‘@mmmﬁﬂ&h@@e@mwcm
treating rmwﬁomwdmﬁh The rédufiing nfixtlR)dt paclitaxel and 2*,3"-

_rl)_r“oy‘l di ng Igr!esere col umliycont au&'byga an absbﬁa“egt agent
(c,.orphenyl).eiuﬁngsolventc}{,d\ll-l,O(dlﬁ'SS). Paclhxelwasobtalnedaswmeaystal
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 flash column chromatography to obtain pure cephalomanine having a
purity of greater than 95%.

in a third altemative, the paciitaxel and bromocephalomanine were purified through
normal phase silica gel column. The elufing solvent systems may comprise hexane:EtOA,
(start 6:4 end at 4:6), or CH,Cl.-Me.CO (start 8:2 end at 65:35) or CHCI,-EtOA, (start 75:25,
20 end 6:4). From this method, paciitaxel was obtained as white crystal with a purity exceeding
99%, with cephalomanine present in an amount of less than 0.2%.

Having discussed the Invention, more precise reference will now be made to the
invention by way of the examples.

EXAMPLE 1

Approximately 200 kilograms of dried needies and twigs of Taxus canadensis were
extracted with 1,000 liters of methanol at 60°C in an industrial multi-functional extractor for
30 five hours and then filtered. The raw materials were extracted with 700 kiters of methanol at
@ 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 (5% w/w) and kept at room
temperature for one hour, then filtered to remove the activated carbon. The fillrate 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
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4 - eluting, in a first step, at a pressure of between 10

and 20 psi, an organic sol vent t hrough the colum to elute

purified taxane fractions and renove flavonoid and |ignan
Il mpurities; crystallizing the taxane fractions to provide a

first taxane anal ogue and a not her - l'iquor;
eluting, in a second step, at a pressure?of 30 psi, the nother |iquor

t hrough a | ystyrene DVB resin in a chromat ographic columm to

purify ands%¥%ﬂkyaﬁ£§kﬁﬁipQ!°§EE%FRF‘“Mh2°°"“ﬁ%iﬂﬂﬁ@bﬂﬁﬁﬁﬁﬁﬂ%'Eﬁﬁ athird

taxane anadicjoromethane soiution was combined andievaporated iided vadudiin to'batoh@

t axane an qﬁﬁﬁgﬂgggﬁmﬁ&?%&w%qﬁane anal ogue 10 through a nornal phase

silica gel CO! OlACYAG ¢ axane anal ogue and the third

t axane anal ogue; and col | ecting separated taxane anal ogues.

meacgtonesoluﬁonwaseoatedbntozomogr;amsofcwhm. 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 (ALD,) shs>b-+* * w3l b3 apprediated that the exact dimension
ofﬂpedumnsisnotquddasbmasmemarqsufﬁdenﬂyhmebholdmemmm
10 oL ALO, required for the separation. Use of alumina oxide is effective to absorb flavonoids

and lignans which are co-exdracted from the source material. These are also difficult to
lvpnweamdbeuwmaapnumanﬂmﬂhaﬁmmpumU1fﬂmummﬁx!padum«a

The columns were eluted with the solvent system hexane:acetone (start 100:0 end
at 45:55) under a pressure between 10 and 15 psi with a flow rate at approximately 150
mi/min.

The fractions containing taxanes were collected and combined according to thin
layer chromatography (TLC) results, and were then concentrated under vacuum to remove
20 all solvents. The resulting matarial was dissolved in methanol and kept at room temperature
ovemight to yield needie-like crystals. The crystals weré filtered and recrystallized from
acetonse to further yield white needle-iike crystals identified as 13-acetyl-8dihydrobaccatin lil,
having a purity of greater than 96% yicls | i yswitis) {0,074% based on the raw material).

The mother liquid from the 13-acetyl-9dihydrobadcatin Il crystaliization was
concentrated to dryness under vacuum. The residue was dissolved in three liters of
acetone. The acstone solution was mixed with 1.5 kilogtams of a polystyrene-
divinylbenzene, copolymer resin. The mixture was evaporated to remove the solvent and
memuﬁngpowdwwasbadedmmemdahwpmummmmmphlc

30 column packed with polystyrene-divinylbenzene copolynier resin, and eluted with 45%
acetone in water at a flow rate of 150 mVmin. under an cperating pressure below than 30
pﬂ.FhkﬂonsofzlhﬁwhunmsodhohdandﬂnnountnKmWMadbyTLCamdlﬂﬂil

The fractions which contained paciitaxel and cephalomanine were combined and
evaporated under vacuum to remove most of the acetonls, then diluted with delonized water
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
imitial source of taxanes was the plant material, Taxus canadensis, which

i's abundant in Eastern Canada. The tw gs and needl es or m xture

t hereof from Taxus canadensi s were used. The nmaterial may be fresh
or dri ed. 20 The raw material was ground and extracted with

nmet hanol at 60[err]C for five hours and filtered. The net hanol

extract was mixed with charcoal and left & o stand at room

terrperaturefor one, hour,.. Thi th flltered e filtrate was
concent r at 209 PEiragie three times wﬁ&%@j{g ﬁ‘ ¥ason. A 11
wat er di chmmmammmtvdwhmmmmewasmmohbmmmae to

obtain a paclitaxel enriched portion (organic |ayer). The
organic layer was concentrated to a reduced volume and coated on a support

materi al, in thie themethanbisokitionapproxinately 30%(w/v) of water was 2dded and the

col um.§ ooy Wb el o 86% 50 6 i 116 foon B ool Wetbine AL 112

absor bent heaudsicactalinetsolid from the ielhusiudion mﬂmdmhru dnedumaerauium

hexane: acepgdifat W :@Wé?ﬁ &Yk sBlid consisted &f t?l&
bet ween 10_psi an DSl ractions contalnlng risistod S appriitatily . o

and anal yz&0%ppciiaxel and 26% cephalamanins Inmyieldof 81 98- subsequent | y conbi ned
accordi ng TLC resul ts.
10 The crude paciitaxel (30 g) was dissolved in 200 ml of acetonitrile and diluted with

250 mi of deionized water and pumped into the fop of a low pressure chromatography
column (size: 10 x 150 cm) and packed with a polymer resin (Diaion, macroporous
polymethacrylate resin). Afier the sample was pumped, the column was eluted with 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 m/min. The column fractions which contained paciitaxel or
cephalomanine were combined individually. The two combined solutions were allowed to

20 stand at a temperature of approximately 5°C until crystallization of the Individual compound
was completed.

mm&mﬁltemdsapamblyandboﬂlmmmﬁzedmes‘c
methanol in water.

Paciitaxsl was obtained as white needle-ike crystals with a purity of greater than
99% and a yleld of 18.5 g (0.009%).

Cephalomanine was obtained as white needles with a purily of greater than 98% and
30 ayiek of 6.59 (0.003%).

The fractions contained baccatin Il and 10-deacetyibaccatin lil from the previous
step were combined and evaporated under vacuum to remove substantially acetone, then
pariitioned between three fiters of water and dichioromethane (1:1 viv). Tlluolganlclayer

was concentrated to dryness and the residue was subjected for normal phase
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5 The fractions collected were then concentrated under
vacuum the resulting materi al was di ssol ved in nethanol and kept
at room tenperature overnight. The crystal fornmed was filtered out
and washed wi th net hanol, then recrystalllzed fromacetone. 13-Acetyl-9-

di hydrobaccatin Il was obt ai ned as whit& crystal . The

not her liq C rated . to ness_ and the r i du | ssol ved in
acet one. Wp iﬁéﬂﬁ'ﬁ"ms"‘ﬂ?ﬁm x[err]

resin, (200-300pmsm;t Theelktiid) RivenTivas wmwmexw acuum

oreccurs UM Sln. Fpre e e i e

chr omat ogr\!@ﬂ packed with Dowex[err] resin and eluted with
acetone:water (45:55, v/v) at a flowrate 150 m/m n under a operating
pressure of 30 'Plfel . . . )
. fractions contained baccatin Il or 10-deacetylbaccatin Il were separately
collected and combined according TLC results, then concentrated to dryness.

Hnbactaﬁn Il part was dissoived in 200 ml of methanol and kept in a refrigerator
10 ovemight. The white crystals formed were filtered out and recrystallized from methanol to
yield baccatin il as white crystals in a yleld of 7.6 g (0.003%).

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

EXAMPLE 2

20 Using similar apparatus and methodology as used in Example 1, crude paciitaxel
was obtained. The crude padiitaxel was dissolved in 300 mi 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 stimer. When the temperature reached
approximately 5°C, a solution of bromine (10 equivalents) in dichloromethane (1:1 v/v) was
added siowly with stiring. The cephalomanine to bromine ratio was 1 fo 10 moles.

The brominating was monitored by TLC analysis between five and 10 minutes. The
reaction mixture was then diluted with 300 m! of dichioromethane and fransferred to a
separatory funnel after the reaction was completed (completion time required between 40
30 and 50 minutes). To the reaction mixture, 350 mi of 10% aqueous sodium thiosulfate
(Na,S,0,) was added to absorb any excess bromine. The dichioromethane layer was
separated and washed with water and brine, and then concentrated o dryness under
vacuum. A light brown powder was abtained.
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Fractions of approxinmately 2L/each were collected and these were nonitored

by: TLC and HPLC. The fractions which contained baccatin Ill and
10- deacetyl baccatin Il were conbi ned and evapor ated under vacuum
to renmove substantially all of the organic solvent, then dil uted

with water and extracted wth CH2O 2. The extract was then concentrated to
dryness and the resulting residue was then dissolved in EtOAlerr] and
purified by normal phase silicalQel colum with hexane: Et OAlerr]
as the solvent system (start 5:5 end at 35:65). The baccatin 111
and 10-deacetyl baccatin- 11l was finally obtained as white powder with a
purity of greater than 98% EXAMPLE 3 The fractions which
cont ai ned paclitaxel and cephal omani ne were conbi ned and evapor at ed
under vacuumto renove substantially all of the acetone, then partitioned
bet ween wat er afhie Gui€niaborial (ngef'cr'g"arrircr'd 2yres diesolved-in 420 il &f automﬂmor at ed
to dryness

o dr yne Wm.wwwsswmam B Pifiphd i Rl T

In room terrperature over ni ght The crude crystal line solid fromthe
met hanol sol uti n vvas filtered out and dri ed under vacuum between 70C and

75[err]C. The column wes glutedwith acelonitdienaten(4%:55) underan pperating pressure of
altoEr oxut rratbétwamweﬁdmpbt trmnbwﬁtdw%'i%ogﬁmn Im?ﬁaafmbdeeébrameaed zsddsoms
ot he ax cyude paclitaxel can be processe
accorgl ng%ﬂi'm%qmﬁw procedures. In a first -

possibility, it was dissolved in acetone and purified by reverse phase

Fasin o CPygition Sty iR reRight e chebdfgfdiml! = O

Pacl i taxelmﬁdﬂmf@“ﬂ%mmm 'Pacitaxel was obtained as white
This is t hieedR i@ PySRAS héhiPa purity of greater than 99% in a yield of 6:1 g.

S

|
I AL

The fractions containing 2",3"-bromocephalomanine were combined, which
partitioned between water and dichioromethane. The organic layer was coflected and
evaporated to dryness under vacuum. The residue was dissolved in 150 mi of methanol,
which was diiuted with 50 mi of watz- 4z -2 1-* mz22ic ke crystals. The off-white crystal

20 was recrystallized from methanol:water to yield 2,3 -bromocephalomanine as white
crystals.

Two grams of 2",3"-bromocephalomanine were dissolved in 30 mi of AcOH and
freshly activated zinc (2 g) was added. The mixture was stirved 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 dichioromethane and 10%
NaHCO, (300 ml, 2:1). The organic layer was washed with water and concentrated to
dryness. The crude product was purified by flash chromatography to give cephalomanine
as white powder.

30 EXAMPLE 4

The crude material (10 g) from Example 2 was dissolved in 120 mi of
dichloromethane. The organic layer was concentrated to dryness and the residue was
subjected for normal phase chromiaiy ay-. +me diliension of the column used was 4° x 4'
packed with sillca ge! (between 200 and 300 mesh). The eluting soivent was a step gradient

I —
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with a purity of greater than 99% Cephal omani ne was obtained as a white
powder in a purity of greater than 98%

Alternatively, as a second processing approach, the purification of
paclitaxel and cephal omani ne Vaq carried out through a chem cal
reaction process and then purified by bonded silica gel reverse

h | P il BidrRathatie: %@%5) |
Iron' ifﬁr gowa di ssol ved i%ﬁgﬁz or 36@1#168@'6%’%, aI ngu?%gwqg
equi val ent® ‘8romgmacephalomaning the solvents:system ofhexanesethyl agelate (starkli4iend abat h
(bet ween @B)and dichloromethahé:atétbrie (st 8:2 BRd AX65BS)RIS0 iR bEIuSed.C FractioRs of

resultin ] I taxel apd.,2',3"- 10 br ono omani ne were
raadi |y o pbutieieg g RileplY P aPb e ROBRR P ARCT
(dJerr] or phenyl), eluting solvent CH3CN H20O (45:55). Paclitaxel was
bt ai ned whi o i %
O e o o ThE A8 ol actale afd 254l i 28t

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

The paclitaxel part was dicenhsad &> 440 mi ~f methanol and diluted with 35 mi of
10 water, then kept refrigerated. The white crystals formed were filtered and recrystallized
from methanol:water to yield paciitaxs! (5.5 g) as white crystals .

;  Thecrude 2*,3"-bromocephalomanine was dissolved in 50 mi acetone and then
diluted with 50 mi of hexane. The mixture was kept at room temperature overnight. The
white crystals formed Were filtered and recrystafiized from same solvent to yield 2*,3"-
bromocephalomanine as white crystais.

The following exampies fiustrate the compounds in structural form.

This Sheet Has Been Replaced
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di astereoners, which were reacted with activated zinc in acetic acid at
room t enper at ur e, and then purified by flash col um chronmat ography
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
t hr ough normal phase silica gel colum. The eluting solvent systens
may conpri se hexane: Et OAl err] (st¥#2t 6:4 end at 4:6), or

CH2CQ 2: Me2CO (start 8:2 end at 65:35) or CHO 2: EtOAlerr] (start 75:25, 20
end 6:4). Fromthis method, paclitaxel was obtakped as white crystal with a
purity exceeding 990/6 wi t h cephal onmani present in an amount of

| ess than 0.2% Fbvingcﬁﬁ§33g€:d the invention, nore

preci se reference wil-l now made to the i n@ention by way of the
exanpl es. "V OHEXAMPLE 1
Approxi mately 200 kil ogra eedl es @nd axus canadensi s
wer e extracted w th 1,00 itgrs of in an

and t hen
of net hanol at

industrial mnulti-functiona

filtered. The raw nateri al e ex!ractéﬁ Wi

a tenperature of between 5 ]C #hd 60[-err] , & Mr  hours and
filtered. The filtrate was OFbnbi ned anﬁopixdh 10 ki |l ograns of
.activated carbon (5% w w) and kept at room bpey at ure for one
hour, then filtered to renove the activated carbon.fThe )] te was then
concentrated to approximately 100 liters under % en liters of
wat er :

Cephalomanine

0
meaﬂnn1=ll=/JL\cn§
10-deacetylbaccatin IV =R=H
This Sheet Has Been
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di chl oronet hane (1:1) was added. The organic |ayer was collected and the
aqueous

This is the replacenent sheet

Dat e: 2 9 FEB 2000

7 solution was extracted two nore tines with 200 liters of

di chl or onet hane. The di chl or omet¥ne sol ution was combi ned and
evapor at ed under vacuumto beconme a slurry form then diluted with
20 liters of acetone. The acetone sol ution was coated on
to 20 kilogranms of Celite 545. The coated material was air dried
and was then | oaded on to the top of three | ow pressure industrial
chromat ogr aphi ¢ col ums (di nension: 150Qx 15 cm). Each col um was packed
with 15 kil ograns of alum na offi de (Al [err]03) absorbent. It wll
be appreciated that the exact dinensio of the colums is not
crucial as long as the col ums areéus i ntlggarge to hold the anount

7 o
Onu-
i
10 o
3
HO g
0
13-acetyl-9-dinydrobaccatin IIT
20

Although embodiments of the invention have been describad above, it is not limited
thereto and it will be apparent to those sidilled in the art that numerous modifications form
part of the present invention insofar as they do not depart from the sphit, nature and scope
of the claimed and described invention.

—_—
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10 .. of AI238 required for the separation. Use of alumi na oxide is
ef fective to absorb flavonoi ds and | i gnans whi ch are cto-extract ed

fromthe source nmaterial. These are alsqg difficult e and
becone a problemfor the final purity of 14 he pr oducmmmmm#"'}[,TEﬂ
The colums were eluted with the solvent system hexahe: @acet ome t 100:0
end 45 55) under a pressure between 10 and 15 psi with a flow
rate at ar’ ter 150 m / mn. The fractions

contai ni ng taxanes were coll ected and conbi ned according to thin

Lo Temove 20 Taf foruesis i ddiailsh olfiint Ryink AfofATEEh b ShaRe SRR

met hanol daxaneepcomprisingom t enper at ur e overnight to yield

needl e- i ke Crﬁﬁr@lﬁﬁlg %!ﬁﬁ %ghg EE‘EPIF\ d recrystallized from
acetone to further Vi S %fe n quorﬁe crysta g identified as

13- acet yl - 9di hycoating:a wark absprbent medium withisaidi exdractant and:igading sgid medium inan 96%

yield (14%oRmnsHIShid( &ﬁm,fl Eﬁ%ﬁ terial). The
nmother liquid fromt 13 acet ro%accatl n Il crystallization was
concentrated t&hfing auemamm brtve ala Presswe of betwean 10 cc

liters of mzopgmwmmmmmmm: mxed with 1.5
kil ograms of a pol en I, Vi n enzene cO resi.n. The
m xture was ev%ﬂ%ﬂfm%m%‘g% ﬁéﬁt "'98 W"P&%ﬂ"
powder wasohcanirating said motheyliqudr; and ow pressure industrial chromat ograph| C

ol ut od it a5 g in SoBoRP s ¥ fudh SR ERAT il R My BPUT

under an MPM@MW@MWWWGOOWWQ)SL Fractions of 2

L/ each were coll ected and these were nonitored by TLC and HPLC.

| 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, whereln sald 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 Yaxus brevifolia, Taxus baccata. Yaxus walichlana,

5. The method as set forth in claim 3, whereln sald taxanes include at least 13-
aeetyl{-dlhyﬂrobaccaﬁn iil, 10 deacetyibaccatin lil, baccatin ill, cephalomanine, paclitaxel.

6. Themethod as setforth in claim 1, wherein said organic extractant comprises
dichloromethane.

?. The method as set forth in claim 1, wherein said weak absorbent medium
comprises Celite 545,

8. The method as set forth in claim 1, wherein said absorbent agent comprises
aluminum oxide.

This Sheet Has Been Replac
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The & actions which contained paclitaxel and cephal omanine were conbi ned

and ° evapor at ed under vacuumto renove nost of n
diluted with deionized water ”“l“lmﬁml]ﬂml Inm
This is the replacement sheet 29 FEB 2b00 * ¢ L M s x

8 and extracted three tines wwth 2.5 liter of dichloronethane.

The organic | ayer was concentrated to dryness under vacw% t he

resi due was di 3sol vdhemethpd-ag set forthin claim f wharein said first step organic so t he

met hanol  Wiktiie héxenetindlacetdhgo (W v) of water was added and the
m xture was warned to 60C for a few m nutes then kept at room tenperature

over ni ght The crude crystalline solid fromthe nethanol solution
was filtered 0d0. and methad of lsolatingand pirifying taxanes from a source containing

taxanes, comprising:
' providing a source of sald taxanes;
. extracting said taxanes from said source into an organic extraction medium to

provide an organic layer containing lara e Lonprosunds;

treating a support material with said organic layer;

providing a low piressuras column containing an absorbent agent;

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

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

eluting, in a second step, sald 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 flavonold impurities in said first step.

12.  The method as set foriy m wéun 1v, Turther indluding 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 mbing
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. '

. 15. The method as set forth in claim 1, whereln sald organic solvent comprises a
mixture of acetone and haxane,

16.  The method as set forth in claim 15, whereln said organic solvent is passed
through oaid 2alumn at & praseurs af Batwaan 10 and 20 psi.

This Sheet Has Been Replaced
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ovegd at a tenperature of betweern 76ferr]C and 75[err]C. The solid consisted
of “@pbproxi mately (“","”"l I"mm | taxel and 25% cephal omanine in a yield
o6f 31 grans. 1 ﬂm ,ude paclitaxel (30 g) was dissolved in
200 M of acetonitril& ahd™ilsuted with1é 250 m of deionized water
and punped into the top of a | ow pressure chromat ography col um

(size: 10 x 150 cm and packed with a polyner resin (D aion, nacroporous
pol ynet hacr yl att&. r e Themethiik asrset forthdm claine 1, fugheningheting thia stepof coltectiag and ut ed

with a stepy % acetonitrile in water.
The change o?zm%ﬂwg%l cgﬁ'ziayépd"é‘ﬁa@ggpﬁgeoresul ts of the TLC and

HPLC of the fractions. Fractions of approximately 1

L/ each were colgect g d;ii(n tahelffofm a source AgYysis. The
flowrate was 75 m/mn. The col Um actrons which contal ne pacl i taxel or
cephal oma yi ned individually. The two conbi ned sol utions were

all owed to 20 aﬁﬂdmdﬁmmﬁw.e of approximately 5[err]C until
crystallization ,of

The crys.tal s &EIGVI dé?'g ﬁ?oun%ﬂmm%r@?ﬁ@éﬁ from

65[err] C pmvwaanmhahvéromwwmnemounds. Paclitaxel was
gggﬁ)agzgdaaii ?WM%%WQA'&%%MU“ ty of greater than
ding a low pressure column contalning an absorbent agent; :
eluhng,haﬂtst._step.ataptassuraofbemeen 10 and 20 psi, an organic soivent
through said column to elute purified taxane fractions and remove flavonold 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 sald thirdtaxane analogue
through a normal phase silica ge! column to purify said second taxane analogue and sald
collecting separated taxane analogues.

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

20,  The method as setforth in claim 18, wherein said analogues have a purily of
at least 98%.

_—
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omani ne was obtained as white needles with a purity of greater than

98% and 30 a yield of 6.5 g (0.003% . The fractions
cont ai ned baccatin Il and 10-deacetyl backatin Il fromthe previous

step were conbi ned and evaporated under vacuumto renove substantially
acetone, then partitioned be% &Evee liters of water and

di chl oronethane (1:1 v/v). The organic layer was concentrated to

dryness and the resi due was subjected for nornal phase
This is the0kAPLANCANRt PYRAEAICATION OF PACLITAXEL AND OTHER RELATED

2 9 FEB 2000 S :
Dat e TAXANES BY INDUSTRIAL PREPARATIVE LOW PRESSURE CHROMATOGRAPHY

chronatogéﬁphy. The dinengion of the colum used was 4" x 4', packed with
silica gefN A POLYMERIBORESINLOWIMNTHe | uting sol vent was a step gradi ent
of hexane:ethyl acetate (start

A high yleld and high purity method for obtaining taxane analogues from a source
containing taxanes. The method employs a polymeric resin membrane for separating the
analogues under low pressure without the use of complex and expensive separation/
purification steps currently provided in the art.

-
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5Q:50 end at 35:65). Fragi¢0ms0d6 aphroxi matel y 1, GFET LASEGR R e |

col l ected and each was nonitored by TLC REP e
fractions contained baccatin Il or 10-deacetyl bacdatin 1112 r%lggp ately
cel'l ected and conbi ned according TLC re8ults, then @ﬁ@entra g6 dr yiness.
The baccatin L1l part was dissolved in 200 m of methanol and kept in a

refriger d§9PATl@N ANB PURIFIGATION, OF RFACLITAXEL: AND OTHERREIATED; A’@M!Esout
and recryst B*{'lNB% RIAD ﬁfgé#ﬂﬁﬁ*rb\g%)w PREssukébﬁdmﬁ?bﬁRAbhvgéNW te

crystals in ayield o é
10- deacet yl baccatin 111 was dPOLYMERICIRESINICOLUMN:t one and then diluted
with 150 mMl of hexane. The m xture was kept at room tenperature overnight.

The white crystals forned were filtered and recrystallized from
sane solRIEKD QBTﬂEdNNEMﬂON deacetyl baccatin |1l as white crystals.
The yield was 15 g (0.007% . :
EXAVPLE 2 20 Using sim |l ar apparatus and net hodol ogy as used

i n Exanpl e 1,Therpreeentdnvention e¢lates to a separation kechnique antdmorerpamticutaly, tieax el

it . . : d i
17000 mP e eivantiPreliteglo Gcfiloded GRebant Baishel B retaten toudiB " ° °
| ce-bath and the solution stirred with a magnetic stirrer. \Wen the

t qgrer AigKEKERYUNE OF THE INVENTION

Paciitaxel 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.

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.

20 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 purifiwtibn 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 chmmatography_as well
as low and I_\ih pressure column chromatography techniques have been déveloped 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
30 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 strong absorbent and may
participate in the separation process to the extent that chromatographic behaviour and |
recovery of samples are affected.

Chromatographic methods have been developed to detect and isolate paciitaxel from.
various Taxus species on analytical and preparative basis. These isolation processes are
mainly conducted on a small laboratory scale and suffer from low selectivity, recovery and



approximately 5[err]C, a solution of bromine (10 equivalents) in

di chl oronet hane (1:1 v/v) was added slowy with stirring. The
cephal omanine to bromne ratio was 1 to 10 nol es. The

brom nating was nonitored by TLC anal ysis between five and 10 m nutes. The
reaction mxture was then diluted wth 300 ml of dichloronmethane and
transferred to a separatory fundel after the reacti on was conpl et ed

(conpletion tine required between 40 30 and 50 mnutes). To the reaction
ni xt ur e highgwoduyction @MW@S@MWQW@&MWN lled need foq%m@w ) was

added ! BrebReagib nfitiod16r SeSardfing’t I.E?:Ii‘en&hﬁ"‘mn%r%d%ﬁﬁ& phaitelel 1o its

separ at and then concentrated to dryness
under close analsaa@eghalomamngms wlbamotbemdeselmaféﬂttma
This is the replacenent sheet

Dat e: 29 FEB 2000 ] _
Prior art methods disclose the use of various types of chromatographic techniques to

separate paclitaxel and related taxanes, including normal phase and reverse phase
chromatography on a silica gel or bonded silica gel column. The prior art methods are end
up at low yield, high production cost or involved multiple separation steps which were
difficult to scale up to large industrial scale production.

10

Characteristic of the prior art is United States Patent No. 5,620,875, issued April

15,1997, to Hoffman et al. The document teaches the separation of paclitaxel and other
taxanes by multiple step hexane extractions and high performance liquid chromatography
(HPLC). The process is involved, labor intensive and only provides 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 é C18 adsorbeht with elution of the

20 adsorbed analogues. Although a meritorious procedure, limitations exist with this technique
in térms 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.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a simple and rﬁore cost effective
method for economical isolation and purification of the important taxanes, such as 13-acetyl-
30 9-dihydrobaccatin i1, 10-deacetylbaccatin ill, baccatin ill, cephalomanine and paclitaxel.

Conventional methods for the isolation of taxanes, including paclitaxel, 13-acetyl-9-
dihydrobaccatin (Il and baccatin 11l generally comprise the steps of extracting taxanes from
raw materials with an alcoholic solvent, defatting the extract, and separating and purifying

the individual taxane by chromatography. .
| This is the replacerpent sheet
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1Q- EXAMPLE 3

The crude material (10 g) from Exanple 2 was dissolved in 120 m of
acetonitrile which was diluted with 150 m of deionized water. The
solution was punped into the top of a reverse phase chromat ogr aphy
colum (5 x 100 cm packed with C[err] bonded silica gel.

The colum was eluted with acetonitril e3water (45:55) under an operating
pressure of bet ween 30 and 40 psi. The flowrate was 30 m/mn. The
fracti ons weQneehiecof the presentinventionds toxrayide agnethod ebiselating and purifying
conbi ne clitaxel was

refri ge%atagaagegpuesﬁ?m e crysta{"‘ﬁ}am&awﬂnaﬁsa& re filtered and
recrystal | i zeutracting rsauroe ofitaxanes iran organiclextragianibt ai ned as white

needl e- 11 ke Ghuigh ofigab et eyt 66 S3irGeiat i 133860 Ihomiihnncd 1

ons co alnin alonanlne wer e
conbi nedplumml.mecolumn containing an ahsntbmttageen wat er and d| chI oronet hane. The

|
o esi oo’ SRS, R EELEH, i an oraanic sdijétf il ar LordbaifiE of pfice MR UT
wi t h 50and 20psite ganerate diactions m&imeglta)tmecmymouhds. The of f-white crystal
20 was e ﬁﬂnry &%‘H&.SH& {Beé\rﬂgipg |y Rl $ixan@ cbhiploind and a mother liquor;

2", 3[err]- bro omani ne as
conoentratmg the mother liquor; and

10 - . 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 extractlon medium to provide
an organic layer containing taxane compounds;

treating a support material with the organic layer;

providing a low pressure column containing an absorbent agent;

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

fractions;

crystallizing the taxane fractions tn provide a first taxane analogue and a mother
liquor; o

eluting, in a second step, the mother liquor through a polymerié 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.

A still further object of the present invention is to provide a method of isolating and
30  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 provide
an organic layer containing taxane compounds;
treating a support material with the organic layer;
providing a low pressure column containing an absorbent agent;

Tnis is the replacement sheet
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cr.ystal s. Two grans of 2[err], 3[err]-bronocephal omani ne
were dissolved in 30 Ml of AcOH and freshly activated zinc (2 Q)
was added. The m xture was stirred for three hours at room ..
tenmperature and the reaction was nonitored by TLC. After TLC anal ysis
showed t he reaction was conpleted, the m xture was partitioned

bet ween di chl oronet hane and 10% 4 NaHCO3 (300 i, 2 1) The organic
| ayer was washed with water and concentrated to yness. The crude

product was @HNG; B W5t steacht apresyHie ofbalweent1 QJM/%O Eﬂpﬂ&f’fﬂ?&!ﬁ Spivent

as whi t ghyreGyHite colthnn to elute purified taxane fractlons and remove flavonoid and LE 4
The crude material (10 g) from Exanple 2 was dissolved in 120 of

di chl or BARYTHiIgSe. The organic layer was concentrated to dryness and the

residue was talhzﬁé’@ie%kéﬁé ﬁéﬁ"tmﬁ@fdﬁ'bviﬂ@%%k&i@&ﬁ&b@t@ﬁnd 4 fotderensi on

of the col urm used was packed with silica gel (between 200
and 300"%}1) The el ut| ng soI vent was a step gradient

This is the eRRMACAESEcondSRp, atd presSure$t30 psi, the 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, the second taxane analogue and the third taxane analogue
10 - through a normal phase silica gel column tb purify the second taxane analogue and the third
taxane analogue; and
collecting s_epérated taxane analogues.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The initial source of taxanés was the plant material, Yaxus 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.

20 The raw material was ground and extracted with methanol at 60°C for five hours and
filtered. The methanol extract was mixed with charcoal and left to stand at room
temperature for one hour. This was then filtered. The filtrate was concentrated to about
15% of original volume by evaporation. A 1:1 water:dichloromethane mixture (v/v) was
added to the concentrate to obtain a paclitaxel enriched portion (organic layer).

The orgénlc layer was concentrated to a reduced vblume and coated on a support
material, in this case, the supporting n_\aterial is Celite 545.

The coated material waé loaded on to the top of an industrial preparative column, for.
30 example, a 150 mm x 1500 mm column and packed with the absorbent agent AlLO;. The
column was eluted with a mixture of hexane:acetone (start 100:0 end at 45:55) under a
pressure of between 10 psi and 20 psi. The fractions containing taxanes were collected
and analyzed by thin layer chromatography (TLC) and subsequently combined according
TLC results. |

szcement sheet
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ot -di chl or onet hane: et hyl acetate (start 75:25 end at 6:4), for the

separation of paditaxel and 2", 3"-bronocephal omani ne the sol vents
system of hexane: ethyl acetate (start 6:4 end at 4:6) and

di chl or onet hane: acetone (start 8:2 end at 65:35) al so can be used.
Fractions of - approximately 500 m /each were coll ected, and each
was nonitored by TLC TPe fractions contai ned pacl it axel
and 2", 3[err bronuc hal onani ne were separately col | ected and

conbi ned accdPgi fﬁgfm litedveere s congapisaer ander Yasuymy Hesigsulting material
The paciva$ dissbiveadiin rrléﬁarﬂ;! anPkepstét i'dbrﬂ%?nﬁéraﬁfre a%rh@w' Tﬁ’é‘@rygld %rﬁﬁg‘%éé‘ 35

m of 1 wat er, then kept refrl(%erate crystal orrre Wer e

filter eg'te&?n‘aol‘%%qc!/!‘?ﬁl‘?q !’E‘EI methanol *?%ﬁ%ﬂ@ﬁ@élff%@@mﬁ% 9’3‘@406%3cl i t axel

(5.5 g) diﬂ?dl‘bbbé&tﬁrmﬁa%'&tamed as white crystal. _ The crude
2[err], 3"-bronocephal omani ne was di ssol ved in 50 ml acetone and then

di | ut ed vmth 50 m of hexane. The m xture was kept at roomtenperature

over ni ght. TiRe mother liqWak %s coNGdntrated ' éé@n]@ tlgé rdsiduewad dissolved in-

recrystal lized_from sane solvent to yield
br omoc emflﬁmmméwgnmw&%wygm [ with a polymeric resin (Dowex™ resin,

poly.styrene-DVB). The mixture was evaporated under vacuum to remove acetone. The
resulting powder was subjected to low pressure chromatography. The industrial scale (150

10 .  mm x 1500 mm) chromatographic column was packed with Dowex™ resin and eluted with
acetone:water (45:55, viv) ata flow rate 150 mi/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 Il and 10-deacetylba¢catin 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 énd the resuiting residue was then dissolved in EtOA. and purified by normal phase
silica gel column with hexane:EtOA, as the solvent system (start 5:5 end at 35:65). The
baccatin Il and 10-deacetyibaccatin- Il was finally obtained as white powder with a purity of
greater than 98%.

20

The fractions which contained paclitaxel and cephalomanine were combined and

evaporated under vacuum to remove substantially all of the acetone, then partitioned
between water and CH,Cl, The ofga,nic layer was separated and evaporated to dryness
under vacuum. The residue was dissolyed in methanol. To the methanol solution
approximately 30% (w/v) of water was added and the mixture was warmed to 60°C for five
minutes, then kept in room temperature overnight. The crude crystalline solid from the
methanol solution was filtered out and dried under vacuum between 70°C and 75°C. The
solid was analyzed by HPLC. It consisted approximately 70% of paclitaxel and 25% of
cephalomanine.' and some other taxanes.

30

The crude paclitaxel can be processed according to one of three alternative

procedures. In a first possibility, it was dissolved in acetone and purified by reverse phase
column chromatography. The column was packed with polymeric resin (Diaion resin,
HP2MG) and eluted with acetonitrile:water (45,55). Paclitaxel was obtained as white crystal
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with a purity of greater than 99%. Cephalomanine was obtained as a white powder in a
purity of greater than 98%.

Alternatively, as a second processing approach, the purification of paclitaxel and
cephalomanine was carried out through a chemical reaction process and then purified by
bonded silica gel reverse phase column chromatography. The crude paclitaxel,
cephalomanine mixture was dissolved in CH,Cl, or CHCI, (1:10, w/v), and reacted with 10
equivalent of bromine in a round bottom flask that placed in an ice bath (between 0°C and
5°C) for approximately 40 minutes. The resulting mixture of paclitaxel and 2",3"-

10 - bromocephalomanine were readily separated by a reverse phase chromatographic column
(C,s or phenyl), eluting solvent CH;CN:H,O (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 flash column chromatography to obtain pure cephalomanine having a
purity of greater than 95%. |

In a third alternative, the paclitaxel and bromocephalomanine were purified through
normal phase silica gel column. The eluting solvent systems may comprise hexane:EtOA,
(start 6:4 end at 4:6), or CH,Cl,:Me,CO (start 8:2 end at 65:35) or CHCI,:EtOA,, (start 75:25,
20 end 6:4). From this method, paclitaxel was obtained as white crystal with a purity exceeding
99%, with cephalomanine present in an amount of less than 0.2%.

Having discussed the invention, more precise reference will now be made to the
invention by way of the examples. "

EXAMPLE 1

Approximately 200 kilograms of dried needles and twigs of Taxus canadensis were
extracted with 1,000 liters of methanol at 60°C in an industrial multi-functional extractor for
30 ' five hours and then filtered. The raw materials were extracted with 700 liters of methanol at
a temperature of between $5°C and 60°C for another four hours and filtered. The filtrate
was combined and mixed with 10 kilograms of activated carbon (5% 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
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solution was extracted two more times with 200 liters of dichloromethane. The
dichloromethane solution was combined and evaporated under vacuum to become a slurry
form, then diluted with 20 liters of acetone.

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,0,) 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

10 - . ofAlLQ, required for the separation. Use of alumina oxide is effective to absorb flavonoids
and lignans which are co-extracted from the source material. These are also difficuit to
remove and become a problem for the final purity of the product paclitaxel.

The columns were eluted with the solvent system hexane:acetone (start 100:0 end
~ at 45:55) under a pressure between 10 and 15 psi with a flow rate at approximately 150
mli/min. '

The fractions containing taxanes were collected and combined according to thin
layer chromatography (TLC) resuits, and were then concentrated under vacuum to remove
20 all solvents. The resulting material was dissolved in methanol and kept at room temperature’
overnight to yield needle-like crystals. The crystals were filtered and recrystallized from
acetone to further yield white needle-like crystals identified as 13-acetyl-9dihydrobaccatin Il
having a purity of greater than 96% yield (148 grams) (0.074% based on the raw material).

The mother liquid from the 13-acetyl-9dihydrobaccatin Ill crystallization was
concentrated to dryness under vacuum. The residue was dissolved in three liters of
acetone. The acetone solution was mixed with 1.5 kilograms of a polystyrene-
divinylbenzene, copolymer resin. The mixture was evaporated to remove the solvent and
the resuiting powder was loaded on the top of a low pressure industrial chromatographic

30 column packed with polystyrene-divinylbenzene copolymer resin, and eluted with 45%
- acetone in water at a flow rate of 150 ml/min. under an operating pressure below than 30
psi. Fractions of 2 L/each were collected and these were monitored by TLC and HPLC.

The fractions which contained paclitaxel and cephalomanine were combined and
evaporated under vacuum to remove most of the acetone, then diluted with deionized water
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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 overnight.
The crude crystalline solid from the methanol solution was filtered out and dried in a vacuum
oven at a temperature of between 70°C and 75°C. The solid consisted of approximately
70% paclitaxel and 25% cephalomanine in a yield of 31 grams.

10 : The crude paclitaxel (30 g) was dissolved in 200 ml of acetonitrile and diluted with
. 250 ml of deionized water and pumped into the top of a low pressure chromatography
-column (size: 10 x 150 cm) and packed with a polymer resin (Diaion, macroporous
polymethacrylate resin). After the sample was pumped, the column was eluted with 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 mli/min. The column fractions which contained paclitaxel or
cephalomanine were combined individually. The two combined -solutiqns were allowed to

20 stand at a temperature of approximateiy 5°C 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
30 a vield of 6.5 g (0.003%).

. The fractions contained baccatin Il and 10-deacetylbaccatin Iil 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 subjei:ted for normal phase
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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 hexane:ethyl acetate (start
50:50 end at 35:65). Fractions of approximately 1,000 ml/each were collected and each
was monitored by TLC.

The fractions contained baccatin 1Il or 10-deacetylbaccatin Il were separately
collected and combined according TLC results, then concentrated to dryness.

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

The crude 10-deacetylbaccatin Il was dissolved in 150 mi acetone and then diluted
with 150 mi 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 Ill as white crystals. The yield was 15 g (0.007%).

EXAMPLE 2

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 ml of dichloromethane and transferred to a
separatory funnel after the reaction was completed (completion time required between 40
and 50 minutes). To the reaction mixture, 350 mi of 10% aqueous sodium thiosulfate
(Na,S,0,) 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.
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EXAMPLE 3

The crudé material (10 g) from Example 2 was dissolved in 120 ml of acetonitrile
which was diluted with 150 mi of deionized water. The solution was pumped into the top of
a reverse phase chromatography column (5 x 100 cm) packed with C,; bonded silica gel.

The column was eluted with acetonitrile:water (45:55) under an operating pressure of
between 30 and 40 psi. The flow rate was 30 mi/min. The fractions were collected (250
10 - ml/each), monitored by TLC and combined.

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 arid
' evaporated to dryness under vacuum. The residue was dissolved in 150 ml of methanol,
which was diluted with 50 ml of water to obtain needle-like crystals. The off-white crystal
20 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 with water and concentrated to
dryness. The crude product was purified by flash chromatography to give cephalomanine
as white powder. |

30 EXAMPLE 4

The 6rude material (10 g) from Example 2 was dissolved in 120 ml of
dichloromethane. 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 (between 200 and 300 mesh). The eluting solvent was a step gradient
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of dichloromethane:ethyl acetate (start 75:25 end at 6:4), for the separation of paclitaxel and

2", 3"-bromocephalomanine the solvents system of hexane:ethyl acetate (start 6:4 end at
4:6) and dichloromethane:acetone (start 8:2 end at 65:35) also can be used. Fractions of-
approximately 500 mlifeach were collected, and each was monitored by TLC.

The fractions contained paclitaxel and 2",3"-bromocephalomanine were separately
collected and combined according TLC results, then concentrated to dryness.

The paclitaxel part was dissolved in 100 m! of methanol and diluted with 35 ml of
10 \n(ater. 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 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 illustréte the oonipounds in struétural form.

20

o

Paclitaxel
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1. ‘A method of isolating and purifying taxane anal ogues from a source
cont ai ni ng taxanes, conpri sing: extracting a source of taxanes in
an organi c extractant; coating a weak absorbent nediumw th said
extractant and | oading said nmediumin a colum, said colum containing an
absor bent agent; eluting, in a fitdt step, with an organic sol vent
m xture at a pressure of between 10 and 20 psi to generate fractions
cont ai ni ng taxane compounds; crystalli zi said fractions to
provide a solid taxane conpqund and a nother |iggior; concentrating said
not her |iquor, and uting, in aG¥cond\step, with a polar solvent
m xture said nother |iquor tjhrough a polyneric rgsin Qo provide at |east a
second t axane conpoun N 2. The net ho et foigg in claiml,
further Including the ste | i gnanyand ¥ iinpurities in
said first step.

Y 0 {111
H ! i 0
OH 1o i H
o CH,
O
Cephalomanine *
RO o

Ho [[TUTTE

T E o
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0 H,
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Baccatin Il =R =)kCH3

10-deacetylbaccatin IV = R=H
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3. The nmethod as set forth in claim1, wherein said source of said

t axanes conprises a plant source. 4, The nmethod as set forth in
claim 3, wherein said plant source |Is selected froma nenber of the group
conprising Taxus brevifolia, Taxus baccata, _ Taxus walichiana. Taxus

vunnanensi s, and Taxus canadensi s. 135, The nethod as set forth
in claim3, wherein said taxanes include at |east 13-

acetyl -9-di hydrobaccatin 111, 10 deacetyl baccatin II1l, baccatin III,

cephal omani ne, paclitaxel. 6. The nethod as set forth in claim
1, wherein said organic extractant conprises dichl oronethane. 7.

The nmethod as set forth in claim1l1l, wherg n said weak absorbent mnmedi um
conprises Celite 545. 8. The]jnet hod as set forth in claim1l,
wherein said absorbent agent conprises aljum num oxi de.

o CHj

CH3 0 LLLIITTITSY

" 10 £

EH:E °
HO 0
0

o7 CH;

- 13-acetyl-9-dihydrobaccatin I

20

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 !he present invention insofar as they do not depart from the spirit, nature and scope '
. of the claimed and described invention.
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claim1l1, wherein said first step organic sol vent | ses hexane
and’ acet one. 10. A met hod ofg4i sol ating an "mﬂmmu

froma s L%IM:OM ai ning taxanes, corrprl si ng: rce
of said taxanes; extracti ng said taxanes fromsaid source i nto an
organi c extraction nediumto prow de an organic | ayer cont ai ni ng taxane

conpounds; 1. A bRl oty %gr&u,@,r%{a&gﬁe B%e & frorf ggﬁ'ﬂ‘u'rﬁe tétSining

providing a | ow pressure col unm¥cont an a
el uti ng, thxanesf comprisingsp, an organi ¢ sol vent through said colum to elute

Yo e’ e Ykl S of trangs A Silld i ¢ {oxane fractions Lo
coating a work absorbent medium with said extractant and loading said medium in a
column, said column containing an absorbent agent;
eluting, in a first step, with an organic solvent mixture at a pressure of between 10
and 20 psi to generate fractions containing taxane compounds;
crystallizing said fractions to provide a solid taxane compound and a mother liquor;
concentrating said mother liquor; and
' 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 [li, 10 deacetyibaccatin li, baccatin ill, cephalomanine, paciitaxel.

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.

8. The method as set forth in claim 1, wherein said absorbent agent comprises
aluminum oxide.

-
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| i quor; eluting, in a second step, said nother IlquaF t hrough a
pol ymeric resin in a chromatographic colum to purify t I
second taxane anal ogue and a third taxane anal ogue; 'mlmmnnlﬂul, Eﬂ'lt
separ at ed taxane anal ogues. ﬂ15 The net hod as %Ie]EIdehs |dr1
claim10, furt cl uding, t he st removin n an avonaoi
inpurities in al d ﬁ" methgd.as set for%?m claimy b, wher Héaﬁ’eﬁl beten organic sojvent j n

cl ai m 10, mixtré lBmprisés hehame gdaea@bﬁé of grinding said source of taxanes and
extracting wth nethanol . : The nethod as set forth in claim

12, further including the step of mX| ng extract with charcoal, filtering

and evapor ati ngp.t o AQrdthéd 6PRERNARG ahﬁpunfymtg taxane§4rom aEBﬁrdé%R%’mﬁg set
forth in claim13, wherein said support maferi conprises Celite 545

15. ThdaXRNeseOMRIISIR@: forth in claim 1, wher e| n said organic sol vent
conprises a m prbviimgd sGreS B Gaid BkaRgxane.

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
fréctions;

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

eluting, in a second step, said mother liquor thrbugh 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.

16.  The method as set forth in claim 1, wherein said orgahic solvent comprises a
mixture of acetone and hexane.

16.  The method as set forth in claim 15, wherein said organic solvent is passed
through said column at a pressure of between 10 and 20 psi.
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16.- The nethod as set forth in claim15, wherein sai cm' ' vent 1s
passed through said colum at a pressure of between 10 | ” ’ "””m
This is the replacement sheet 16 * oLy g 'l
Dat e: 2 9 FEB 2000 17. The nmethod as set forth in

claim11, furt [ ' f I | Lyzi aj.d
taxane fracti gﬁé bnﬁ%&h%%%%ﬁ%n@t%%&a%ﬁ@/&“é}%&mvg ﬁ'%i%gﬁp%"f?&t'%a"%f
i sol at i ngar@lyairpmaigl iaxane frastionsdyfthinrlayerchromatographypi ni ng  t axanes,

conpri si ng: providing a source of said taxanes; . _ _
extracting said taxanes fromsaid source into an organic extraction nmedium
to provide arf8r gahimethad efisclatingiamd pyrifying dmanes fromuim gsurce containing r eat i ng

a supportta)[q% &ﬁ'}lp érl‘dg said organic |ayer; providing a | ow

pressure CO u§; con i ng an absorbent agent;
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 D\_/B resin in a chromatographic column to purify and elute at least a second
taxane analogue and a third iaxane 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 Ill and said third taxane analogue comprises 1 0-deacetylbaccatin lll.

20. The method as set forth in claim 18, wherein said analogues have a pUrity of
at least 98%. '
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gluting, in a first step, at a pressure of between 10 and 20 psi, an
organi ¢ solvent through said colum to elute purified taxane fractions and
renove flavonoid and lignan inpurities; 17 crystallizing said taxane
fractions to provide a first taxane anal ogue and a nother |iquor;

PheeLod 1SBLATIOROAND BIRRIFIEATION'GE PACLIRAXES Alfh oV AR TAXARES,

elute at | cBYINBUSTRIAL PRERARATIVEA.OW PRESSURE CHROMATOGRAPHY OGN A

eluting, in a third step, sai lQgue and said third taxane
anal ogue t hrough a nor nal phagmgwwm&o purify said second

t axane anal ogue and said third taxane anal ogue; and collecting
separ at ed t axane anal ogues. ' he method as set forth in claim
18, wherein said second taxane anal 6&#3% rises baccatin Ill and said
third taxane anal ogue conprises 10-deacetyl baccatin I11. 20. The

nmet hod as set forth in claim 18, wherein said anal ogues have a purity of at
| east 98% A high yield and high purity method for obtaining taxane analogues from a source

containing taxanes. The method employs a polymeric resin membrane for separating the
analogues under low pressure without the use of complex and expensive separation/
purification steps currently provided in the art.
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| CLAIM:

1. Amethod of isolating and purifying taxane analogues from a source containing
taxanes, comprising:
extracting a source of taxanes in an organic extractant;
coating a weak: absorbent medium with said extractant and Ioadlng said medium in a
column, said column containing an absorbent agent;
eluting, in a first step, with an organic solvent mixture at a pressure of between 10
and 20 psi to generate fractions containing taxane compounds;
crystallizing said fractions to provide a solid taxane compound and a mother liquor;
' ooncentratmg said mother liquor; and
eluting, in a second step, with a polar solvent mixture said mother liquor through a

N~ polymeric resin to provide at least a second taxane compound.

_ 2. - The method as set forth in claim 1, further Includlng the step of removing
llgnan 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 _thé group comprising Taxus brevifolia, Taxus baccata, Taxus walichiana,

JTaxus yunnanensis, and Taxus canadensis. .
N - The method as set forth in claim 3, wherein said taxanes include at least 13-

acetyl-9-dihydrobaccatin Iil, 10 deacetylbaccatin lli, baccatin {ll, cephalomanine, paciitaxel.

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

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

8. The method as set forth in claim 1, wherein said absorbent agent comprises
aluminum oxide. '
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