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ISOLATION AND PURIFICATION OF PACLITAXEL AND OTHER RELATED TAXANES
BY INDUSTRIAL PREPARATIVE LOW PRESSURE CHROMATOGRAPHY ON A
""" POLYMERIC RESIN COLUMN '

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.

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.

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 reversephasedwomabgraphyasmll
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
of which are classical supporis 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 lhmesepamﬁonproeessbﬂeemnmatwmmbgmpmbehavlourand
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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high producﬂon cost, thereby presentlng a serious and unfulfilled need for an econommlly

practicable method for separating the valuable anti-tumor oompouml paciitaxel from its
close analog cephalomanine as well as other closely related taxanes.

Prior art methods disclose the use of various types of chromatographic techniques to
separate paciitaxel 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.

Characterisfic of the prior art is 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 mieiiswe 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
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-
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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One object of the presentlnvenﬁomstopromeamﬁmd of isolating and purifying
lananeanaloguesfromasouroeconblnlngm comprising:

extracting a source of taxanes in an organic extractant;

coating a work absorbent medium with the extractant and loading the mediumin a
column, the column containing an absorbent agent;

elitting, in a first step, with an organic solvent 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

Amrmerobjeetofthepremmmmonlstopravideamemod 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 st further objact of the preesns i=twmsian le o provide & method of isolating and
30 purlfying 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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eluting, in a first step, at a pressure of between 10 and 20 psi, an organic solvent

~ through the column to elute purified taxane fractions and remove flavonoid and lignan

impurities;
crystaliizing the taxane fractions to provide a first taxane analogue iand a mother
liquor; :

eluting, in a second step, at a pressure of 30 psl, 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 analogus;

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.

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.

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 o the top of an industrial preparative column, for
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
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 resuits.
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The fractions collected were then concentrated under vacuum, the resulting material
was dissolved In methanol and kept at room temperature ovemight. The crystal formed was
filtered out and washed with methanol, then recrystallized from acetone. 13-Aoetyl-9-
dihydrobaccatin 1l was obtained as white crystal.

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. ﬂlefraeﬁonswhlcheontamed baccatin It} and 10-deacetylbaccatin Ill 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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wiﬂiapuntyofgreabrﬂ\anss% Cephalomnmwasobhmedaawmtepowderlna
purity of greater than 98%.

Alternatively, as a second processing approach, the purification of paciitaxel and
cephalomanine was cairied out through a chemical reaction process and then purified by
bonded sifica gel reverse phase column chromatography. The crude paciitaxel,
cephalomanine mixture was dissolved in CH,Cl, or CHCY, (1:10, wiv), 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"-
bromocephalomanine were readily separated by a reverse phase chromatographic column
{Cys or phenyl), eluting solvent CH,CN:H,O (45:55). Paciitaxel 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 acefic 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,
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 needles and twigs of Taxus canadensis were
extracted with 1,000 liters of methanol at 60°C in an industrial multi-functional 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 (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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solution was extracted two more times with 200 liters of dichioromethane. The

~ dichioromethane 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 (ALD,) shs>b-+* * w3l b3 apprediated that the exact dimension
of the columns is not crudial as long as the columns are; sufficiently large to hold the amount
oLALD, 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
remove and become a problem for the final purity of the product paciitaxel.

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
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
acetons to further yiekd white needle-iike crystals identified as 13-acetyl-9dihydrobaccatin Iil,
having a purity of greater than 86% yicii | i ysainis) {(3,074% based on the raw material).

The mother liquid from the 13-acety-9dihydrobadcatin il crystallization 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
memdﬁngpowderwashadedmﬂ\etopofabwwe&ummmmmmogmphlc
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
psi. Fracﬂmof2Uead1wereedbdedandmesewerémomomdwTLcmuPLc.

The fractions which contained paciitaxel and cephalomanine were combined and
evaporated under vacuum to remove most of the acetonls, then diluted with delonized water

This Sheet Has Been Rep|

HII!IH iuir



10

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
mbdure was warmed to 60°C for a few minutes then kept at room temperature ovemight.
The crude crystalline solid from thie inciw i sviviovi 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% paciitaxel and 25% cephalomanine In a yield of 31 grams.

The crude padiitaxel (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
stand at a temperature of approximately 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. '

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

Oeplﬁ_lomanMewasobmlned as white needies with a purity of greater than 98% and
ayielgofﬁ.Sg (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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chromatography. The dimension of the column used was 4" x 4', packed with sliica gel
(200-300 mesh). The eluting solvent was a stsp 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 i or 10-deacetylbaccatin Ill were separately
collected and combined according TLC resuits, then concentrated to dryness,

The baccatin il part was dissolved in 200 mi of methanol and kept in a refrigerator
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

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
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.

This Sheet Has Been Replaced

TR




10

10

EXAMPLE 3

The crude material (10 g} fror— T-~='~ 2 umag dissolved in 120 mi 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 sllica gel.

The column was eluted with acetonitrile:water (45:55) under an operating pressure of
between 30 and 40-psl. The flow rate was 30 mVmin. The fractions were collected (250
mVeach), monitored by TL.C and combined.

The portion containing paclitaxel was refrigerated ovemight; the crystals formed
were fittered and recrystalilzed from 70% methanol. Paclitaxel was obtained as white
needie-like crystals having a purity of greater than 98% in a yield of 6:1 g.

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
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.

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 chiofiasy ox-. =ase dimiension of the column used was 4° x 4'
packed with sillca ge! (between 200 and 300 mesh). The eluting soivent was a step gradient

-
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of dichloromethane:ethyi acetats (start 75:25 end at 6:4), for the separation of patiitaxel and
2",3"-bromocephalomanine the solvents system of hexane:ethyl acetate (start 6:4 end at
4:5) and dichloromethane:acetons {start 8:2 end at 65:35) also can be used. Fractions of
approximately S00 mi/each wera collected, and each was monitored by TLC.

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

| The paciitaxel part was dicenhemd n 1081 mi nf mathanol and diluted with 35 mi of
waterthmhaptraﬁigerated 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
dituted with 50 mi of hexane. The mbdure was kept at room temperature overnight. The
Weuystabfcmdmﬂtemdandreaystaﬂlmdfmmsamesolventbylddr.a'
bromocephalomanine as white crystals.

The following examples Hiustrate the compounds in structural form.
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13-acetyl-9-dinydrobaceatin Il

Although embodiments of the invention have been describad above, it is not limited
l form
umbandnwmbeappmmmosesﬂhdmmeanmatnumusmf)dlﬂaﬁ::
part of the present invention insofar as they do not depart from the sphit, nature scope
of the claimed and described invention.
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| CLAIM:

1. 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 said extractant and loading said mediumina
column, sald column containing an absorbent agent;

eluting, in a first step, with an organic solvent mixture at a pressure of between 10
and 20 ps! to generate fractions containina favana 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 sald mother liquor through a
polymeric resin to provide at least & second taxane corapound.

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

15

10. A method of isolating and purifying 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.
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17.  The method as set forth in claim 1, further including the step of collecting and
analyzing sald taxane fractions by thin layer chromatography.

' 18.  Amethod 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 sald organic layer;
providing a low pressure column co;rtalnlng an absorbent agent; .
eluting, in a first step, at a pressure of between 10 and 20 psi, an organic soivent
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 ge! column to purify said second taxane analogue and sald
collecting separated taxane analoguss.

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, Themethod as setforth in claim 18, wherein said analogues have a purity of
at least 98%.

_—

This Sheet Has Been R

Hllllll ] llll



