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IMPROVED PROCESS FOR ISCLATION AND PURIFICATION OF
PACLITAXEL FROM NATURAL SOURCES

5 FIELD OF THE INVENTION

The present invention relates to an improved process for the

isolation and purification of Paclitaxel from natural sources.

10  BRIEF DESCRIPTION OF THE PRIOR ART

U.S. patent No. 6,452,024 and its foreign counterparts all in the
name of the present Applicant, CHAICHEM PHARMACEUTICALS
INTERNATIONAL, disclose and claim a process of the above mentioned type,

15  which is particularly interesting as compared to all the previous processes
disclosed as “prior art in the preamble of this U.S. patent. More specifically,

the process disclosed in this U.S. patent is interesting inasmuch as it permits:

- to make easier the obtention of a biomass after extraction of the

barks, needles and/or branches of Taxus of different species;

20 - to increase the amount of biomass which is so obtained and has
to be purified by chromatography;
- to reduce the steps of purification;
- to increase the amount of obtained Paclitaxel; and
- to reduce the production cost to a more economical level.
25 The process disclosed in this U.S. patent No. 6,452,024 basically

comprises the following steps:

a) extracting a raw material comprising Paclitaxel from a natural

source of taxanes with an organic solvent;

b) contacting the raw material with a basic medium or an acidic
30 medium to obtain a biomass by precipitation, isolating and drying said

DIOMass:
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c) removing resin and natural pigments from the isolated and dried
biomass by dissolving the biomass in acetone and then adding to it at least
one non-polar solvent such as hexane or heptane, until a Paclitaxel-enriched
oily phase is obtained;

d) contacting the Paclitaxel-enriched oily phase recovered in the
preceding step with an acidic medium when step (b) was carried out with a
basic medium, or with a basic medium when step (b) was carried out with an
acidic medium, in order to obtain a precipitate by precipitation, isolating the
precipitate and drying it; and

e) chromatographically purifying at least once a solution of the
isolated precipitate in a volatile solvent, and crystallizing at least once the

purified solution obtained by chromatography.

In the above U.S. patent, it is also disclosed that step (e) preferably
comprises:

e1) a first chromatographic purification comprising dissolving the
precipitate isolated ion step {(d) in a volatile solvent, preparing a mixture of the
so-obtained solution with silica gel, treating the mixture in a chromatographic
column containing silica gel, and recovering Paclitaxel-enriched fractions;

ez) a second chromatographic purification comprising by
evaporating to dryness the Paclitaxel-enriched fractions recovered in the
preceding step until a residue is obtained, and preparing a mixture by
solubilizing said residue in a volatile solvent, the mixture being repurified by
chromatography under the same conditions as in the preceding sub-step in
order to obtain other Paclitaxel-enriched fractions;

es) a first crystallization comprising evaporating to dryness the
other Paclitaxel-enriched fractions obtained in the preceding sub-step until a
residue is obtained, preparing a mixture of this residue in acetone and
crystallizing the Paclitaxel contained in the mixture with a non-polar solvent;

e4) a second crystallization comprising solubilizing in acetone
Paclitaxel crystals obtained in the preceding sub-step and recrystallizing the

Paclitaxel under the same conditions as in the preceding sub-step;
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es) a third chromatographyﬁ purification comprising solubilizing the
crystals obtained by recrystallization in the preceding sub-step in a volatile
solvent to obtain a solution, preparing a mixture of this solution with silica gel
and treating said mixture in a chromatographic column containing silica gel in
order to obtain, with an elution solvent , further Paclitaxel-enriched fractions;
and

es) a third crystallization comprising evaporating to dryness the
further Paclitaxel-enriched fractions obtained in the preceding sub-step until a
residue is obtained, solubilizing the residue in an alcohol, cetone or an alcohol-
cetone mixture to obtain another mixture, and crystallizing the Paclitaxel
contained in the other mixture with water.

As aforesaid, the process disclosed in the above U.S. patent No.
6,452,024 is very interesting inasmuch as it is much simpler, efficient and
cost-effective than the existing processes. However, this process still calls for
numerous steps of separation by chromatography and purification by
crystallization that are necessary to remove the large quantities of solvent-
soluble impurities that are obtained when the extraction is carried out using
needles and twigs from natural sources of taxanes. This leads to a still high
production cost due in particular to the low amount of Paclitaxel in the
different species of Taxus. Moreover, the amount of biomass which can be
purified, is very limited because of the small sizes of the chromatography

columns and because of the low vield in Paclitaxel obtained after purification.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an improved

process which solves most of the problems mentioned hereinabove.

More particularly, the object of the invention is to provide an

improved process which permits:
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- 1o obtain a solution which contains more Paclitaxel and analogs
after extraction of the barks, needles and/or branches of Taxus of different
specles;

- 1o reduce the impurities and the volume of the Paclitaxel and
analogs extract which are obtained from the biomass by precipitation;

- to further increase the amount of biomass which has to be
purified by chromatography;

- to further reduce the steps of purification;

- to further increase the amount of Paclitaxel that is obtained:; and
finally

- to further reduce the production cost to a more economical level.

The improved process according to the invention for the extraction

and purification of Paclitaxel from a natural source of taxanes containing

Paclitaxel, comprises the following basic steps:

a) washing with deionized or pure water, a raw material comprising
Paclitaxel, said raw material coming from said natural source of taxanes, such
a washing allowing removal of soluble impurities from said raw material;

b) extracting with an organic solvent from said washed raw
material, a wet raw material comprising Paclitaxel;

c) contacting said wet raw material with a salt to obtain a biomass
by precipitation, and isolating and drying said biomass:

d) removing resin and natural pigments from the so isolated and
dried biomass by dissolving said biomass in acetone or an acetone-hexane
mixture and then adding thereto at least one-polar solvent until a Paclitaxel-
enriched oil phase is obtained;

e) purifying by chromatography at least once the Paclitaxel-enriched
oily phase obtained in the preceding step in a volatile solvent to obtain a

purified solution and crystallization at least once the purified solution obtained

by chromatography.
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The crystallized product that is so obtained is actually a mixture of
Paclitaxel crystals, which, after filtration and drying of the crystals, basically
consists of:
- about 60% of crystals having a purity higher than 29%;
5 - about 30% of crystals having a purity higher than 28% (<292%);
and
- about 10% of crystals having a purity higher than 92% (<28%).
The crystals having purities less than 22% can be separated, mixed
together and subjected to subseguent purification by chromatography in order

10  to get more of the final product having a purity higher than 99%.

The present invention, its basic differences with respect to the
closest prior art, its advantages and the way it can be reduced to practice will
be better understood upon reading the following non-restrictive description

made with reference to the accompanying drawings, and the appended

15  examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a and 1b are flow charts in which the basic steps of the
20 process according to the invention and the one disclosed in the closest prior

art, namely U.S. patent No. 6,452,024 are compared.

DETAILED DESCRIPTION OF THE INVENTION

29 As aforesaid, the improved process according to the invention is
intended to be used for the extraction and purification of Paclitaxel from a
raw material coming from a natural source of taxanes containing the Paclitaxel
to be extracted.

The natural source of taxanes used as starting material for carrying

30 out the process according to the invention is of Taxus gender. More

particularly, 1t consists of any one of the species of conifers that contain
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Paclitaxel and its derivatives. Such species of conifer containing Paclitaxel
may consist of Taxus brevifolia, Taxus baccata, Taxus canadensis, Taxus
weallichiana, Taxus vyunnanensis, Taxus densiformis, Taxus hicksii, Taxus
wardil, Taxus cuspidaia, Taxus capitaia or Taxus brownll,

The process according to the invention has the advantage of being
usable with any part of the natural source of taxanes which contains
Paclitaxel. Preferably, use is made of barks of the selected conifer(s).

Alternatively, use can be made of branches and needles of the selected

conifers.

Detailed description of each step of the process according to the invention

Step 1 - Washing

The first step of the improved process according to the invention
consists of washing a raw material containing Paclitaxel and its analogs
coming from a natural source of taxanes, using a delonized or pure water to
do so. The raw material which may consist of barks, branches, needles and
the like is completely covered with the water with or without stirring at a
temperature comprised between 20°C and 100°C (preferably at a
temperature of 20-25°C) for a period of 2 to 24 hours (preferably 3 hours).

After that time, water is drained. Such permits to remove water-soluble

Impurities from the raw material.

Step 2 - Extraction

The second step of the improved process consists of extracting
with an organic solvent, a wet raw rﬁaterial containing Paclitaxel and its
analogs from the washed raw material obtained in the first step.

The organic solvent that is used during this extraction step is

preferably selected from the group consisting of alcohols, cetones and
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mixtures thereof. As examples of such preferred solvents, reference can be

made to methanol, acetone and mixtures of methanol with acetone.

In the case where one uses a mixture of an alcohol and a cetone,
the alcohol and cetone are preferably present in volume ratio comprised

between 2:1 and 1:9. VMore preferably, the volume ratio in the mixture is

equal to about 1:1.

Preferably also, the extract that is so obtained is filtered to remove
deposits, and then transferred in a double wall tank in which hot water

preferably at a temperature of 65-70°C, is fed. The organic solvent is distilled
from this tank. Usually, the collected solvent amounts to about 70% from the
starting volume. The remaining solution containing Paclitaxel is then drained
into another tank. This remaining solution is actually a non-concentrated

extract because of the residual water contained therein.

Step 3 - Biomass isolation

The third step of the improved process according to the invention
consists of isolating a biomass from the solution obtained in the previous step.

For this purpose, the non-concentrated extract obtained from the
previous step is diluted in methanol and water and then salted-out to obtain
precipitation of a biomass. Sodium chloride is preferably used as salt for
saiting-out the extract. However, other salts could be used for the same
reaction, like ammonium chloride, ammonium sulfate, sodium or potassium
acetate, potassium chloride, sodium or potassium phosphate or sodium or
potassium citrate, all of these salts being solubilizable in an agueous solution.

Sodium chloride (or any other selected salt), is preferably quickly
added to the non-concentrated extract under heavy stirring. The requested

biomass is formed rapidly by addition of sodium chloride in a concentration
comprised between 10 and 200 grams per liter of solution. Preferably, sodium

chioride is added at a concentration comprised between 50 and 100, and
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more preferably between 50 and 75 grams per liter of the non-concentrated
extract solution.

The biomass that is formed and has precipitated, is separated from
the solution by filtration or by centrifugation. The so separated biomass which
is wet, can be submitted immediately to the next step or dried at ambient air

or under vacuum, preferably by ventilation or lyophilization.

Siep 4 - Removal of resin and natural pigments

The fourth step of the improved process according to the invention
consists of treating the biomass isolated in the preceding step In order to

remove resin and natural pigments contained therein.

The way this step may be carried out depends on the kind of

biomass obtained in the previous step, namely on whether it is dried or wet.

A- When the biomass obtained from the preceding step of
precipitation is dried, then it is put back in solution by adding thereto a volume
of a mixture of acetone and hexane (preferably in a volume ratio of 1/1) that

is preferably equal to about 1/25 of volume of the non-concentrated extract
obtained in step 2, before precipitation.

More preferably, the dried biomass is put back in solution by first
adding the mixture of acetone and hexane and then adding 1.5 additional
volumes of pure hexane. The final ratio of acetone to hexane is 1 volume of
acetone for 4 volumes of hexane. After such a dissolution the pure water Is
added to the obtained solution to form a Paclitaxel-enriched oily phase. Water
is preferably added at a ratio of 2 to 10 volumes, and more preferably 5 to 7
volumes, per 100 volumes of added acetone.

The mixture that is so obtained is then transferred into a decanting
flask. An oily phase containing Paclitaxel and other taxanes that Is deposited
at the bottom of the flask is recovered. This oily phase is then evaporated and

ready to be purified by chromatography on silica gel.
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B- When the biomass obtained just after centrifugation in the third
step Is wet (viz. it has not been subjected to drying), then such a wet biomass
IS put back In solution in an acetone and hexane mixture (preferably in a
volume ratio of 1:1) without adding any water. The volume of acetone is

preferably equal to about 1/20 of the volume of the non-concentrated extract

obtained in second step before precipitation.

Aftter such a dissolution, at least one non-polar solvent is added to
the obtained solution to form a Paclitaxel-enriched oily phase which is
separated from hexane in the same way.

The non-polar solvent(s) used in this purpose is (are) preferably
selected from the group consisting of hydrocarbons miscible with acetone,
such as pentane, hexane or heptane. When use is made of hexane, the

volume of hexane that is used is usually 3 to 4 times the one of the acetone

solution.

In the case where the wet biomass contains too much water, the
obtained Paclitaxel-enriched oily phase must be treated to remove residual
water before coating it on silica gel and subjecting the so coated silica el to
chromatography in order to recover and purify Paclitaxel and its analogs.
Removal of water permits to dry more quickly the coated silica gel before

loading it onto the chromatography column.

The residual water in the Paclitaxel-enriched oily phase can be
removed by extraction with a water-immiscible solvent. The mixture is then
decanted and the organic'phase Is separated from the water. The water-
immiscible solvent that is used is preferably selected from the group
consisting of halogenated hydrocarbons or ether. As examples of such

solvents, reference can be made to chloromethylene, trichloromethane and to

diethyl ether.

The obtained extract is the recovered, concentrated under vacuum

and, at this point, ready to be purified by chromatography on silica gel.
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Step 5 - Chromatographic purification

The fifth and last step of the process according to the invention
consists in chromatographically purifying at least once a scolution of the
Paclitaxel-enriched oily phase obtained in the preceding step, and crystallizing

at least once the purified solution obtained by chromatography.

To do so, the concentrated Paclitaxel-enriched oily phase obtained
in the fourth step is submitted to at least one chromatographic purification
and to the purified solution obtained by chromatography at least one
crystallization. Preferably however, the concentrated Paclitaxel-enriched oily
phase obtained in the fourth step is submitted to several chromatographic
purifications and several crystallizations, the number of chromatographic

purifications being preferably equal to two and the number of crystallization

being preferably equal to three.

These successive purifications and crystallizations will now be

described as sub-steps A to E.

A - First chromatographic purification

In the first chromatographic purification step, the Paclitaxel-enriched
oily phase obtained in the fourth step of the process Is mixed with silica gel
and dried under ventilation. The silica gel coated with the oily phase is loaded
onto a chromatographic column containing the same type of gel. In this
column, the Paclitaxel is purified with an elution mixture comprising from 30
to 40% of acetone and from 60 to 70% of hexane. Preferably, the elution

mixture comprises about 35% of acetone and about 65% of hexane.

The column that is used preferably has a height of 142 cm and
inside diameter of 7.6 cm or 15.2 cm depending of the amount of Paclitaxel
to be purified. A Paclitaxel-enriched oily phase containing 4 to 6 g of

Paclitaxel is preferably purified in a column having a 7.6 cm diameter. An oily
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phase containing 20 to 24 g of Paclitaxel uses a column having a 15.2 cm
column diameter. The smaller column (7.6 cm diameter) contains 2,2 to 2.3

kg of silica gel while the bigger column (15.2 cm diameter) contains 8 to 9 kg.

The silica gel of the column is washed and balanced with the elution
mixture consisting of acetone and hexane. Elution of the fraction Is carried out
with the same solvent mixture preferably at a flow rate of about 100 ml/min

in the 7.6 cm diameter column, and a flow rate of 400 ml/min in the 15.2 cm
diameter column. In both cases, the volume is preferably kept under a

pressure varying from O to 30 psi.

B - First crystallization

— e ——————l

B.1 - In this step, the fractions containing Paclitaxel obtained by

chromatography in the preceding step, are evaporated to dryness and put

back in solution in acetone. The amount of acetone is adjusted to obtain an

absorbency at 228 nm of 1.0 to 1.5 0.D. for the maximum of the peak
corresponding to Paclitaxel by HPLC analysis. Then, the Paclitaxel 1Is

crystallized by adding from 3 to 4 volumes of hexane In the acetone solution.

B.2 - Alternatively, the fractions containing Paclitaxel obtained by
chromatography in the preceding step, are reduced by evaporating to 1/5 of
initial volume or until obtention of 1.0 to 1.5 0.D. for the maximum of the

peak corresponding to Paclitaxel by HPLC analysis. The Paclitaxel thus

remains in the solvent mixture of acetone-hexane (35-65%). Then, the

Paclitaxel is crystallized by adding from 2 to 3 volumes of hexane In the

solution.

Crystals are formed rapidly. The mixture is left overnight at ambient

temperature or at a temperature between 2 and 8° C to complete

crystallization.
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C - Second crystallization

In this step, the crystals obtained by crystallization in the preceding
step are separated by filtration or centrifugation and put back In solution In
scetone with a volume of acetone adjusted to obtain an absorbency of the

solution varying from 1.0 to 1.5 O.D. for the peak corresponding to Paclitaxel

by HPLC analysis.

The Paclitaxel contained in this solution is then recrystallized by
adding to the acetone solution from 3 to 4 volumes of hexane per volume of

solution.

The crystals obtained in this step have a Paclitaxel purity comprised

between 85 -95% by HPLC analysis.

After crystals separation by filtration from the two previous
crystallisation steps, the hexane phase is mixed with the fractions obtained
from the first chromatography corresponding to the peak which is identified as
9-dihydro 13-acetylbaccatin Ill. This component is eluted In several fractions
before reaching the Paclitaxel peak. The mixture is then evaporated to
dryness. The so obtained residue is converted Into light yellow crystals of
9-dihydro-13-acetylbaccatin Il by addition of methanol. The crystals are
separated by filtration, then put back in solution in acetone and crystallized
rapidly by adding 4 volumes of hexane. The crystals of 9-dihydro-13-
acetylbaccatin Il obtained in this step by filtration can be recrystallized by

the same method as disclosed above and have a purity higher than 98% by

HPLC analysis.

D - Second chromatographic purification

D.1 In this step, the Paclitaxel crystals obtained in the preceding

step are filtered and then put back in solution In acetone. The Paclitaxel
solution is filtered to remove particles undissolved in the acetone. The so

obtained solution is then mixed with silica gel and dried under ventilation.
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The silica gel coated with Paclitaxel is loaded onto =
chromatographic column containing the same type of gel. Paclitaxel is then
repurified for a second time with an organic-solvent based elution mixture.
Preferably, the elution mixture comprises from 30 to 40% acetone and from
70 to 60% hexane.

More preferably, the crystals obtained in step C are dissolved with
acetone, mixed with silica gel and dried. The gel impregnated with Paclitaxel
is loaded onto a chromatographic column (preferably 142 cm long with a 7.6
cm or 19.2 cm inside diameter, depending on the amount of Paclitaxel to be
purified). The 7.6cm diameter column may contain 2,2 to 2.3 kg of silica gel
while the 15.2 cm diameter column may contain 8 kg of silica gel. The gel in
the column is washed and equilibrated with a solvent consisting of acetone
and hexane (preferably 35 : 65% per volume). Elution of the fractions is
carried out with the same mixture of solvents, preferably at a flow rate of
about 100 mil/min within the 7.6 cm diameter column or 400 mil/min within

the 15.2 cm diameter column. Both columns are operated at a pressure

varying from O to 30 psi.

D.2 Alternatively, the Paclitaxel crystals obtained in the preceding
step C are filtered and then put back in solution in methylene chloride. The

Paclitaxel solution is filtered to remove particles undissolved in the chloride

methylene.

The so obtained solution is then mixed with silica gel and dried
under ventilation.
The silica gel coated with Paclitaxel is loaded onto a

chromatographic column containing the same type of gel. Paclitaxel is then
repurified for the second time with an organic-solvent based elution mixture.
Preferably, the elution mixture comprises from 95 to 98% chloromethylene
and from 2 to 5% isopropanol.

More preferably, the crystals obtained in step C are dissolved with

chloromethylene, mixed with silica gel and dried. The gel impregnated with
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Paclitaxel is loaded onto a chromatographic column (preferably 142 cm long
with a 7.6 cm or 15.2 cm inside diameter, depending on the amount of
Paclitaxel to be purified). The 7.6cm diameter column may contain 2.2 to 2.3
kg of silica gel while the 15.2 cm diameter column may contain 8 kg of silica
gel. The gel in the column is washed and equilibrated with a solvent
consisting of chloromethylene and isopropanol (preferably 97.5 : 2.5% per
volume). Elution of the fractions is carried out with the same mixture of
solvents, preferably at a flow rate of about 100 ml/min with the /.6 cm

diameter column or 400 m!/min with the 15.2 cm diameter column.

E - Third crystallization

In this step, the enriched fractions containing Paclitaxel recovered

by chromatography in step D are combined according to their purity,
preferably according to purities of 98 to 99% and 90 to 98%. Then, they are

evaporated to dryness and put back in solution in acetone, alcohol (ethanol)

ethyl acetate or diethyl ether.

The volume of added acetone is adjusted to obtain an absorbsncy
varying from 1.0 to 1.5 O.D. for the peak corresponding to Paclitaxel
according to HPLC analysis. When use is made of the other solvents
mentioned above, namely alcohol (ethanol), ethyl acetate or diethyl ether, the
Paclitaxel concentration is much more important, in general 5 times more than
concentrated than Paclitaxel in acetone solution.

The Paclitaxel is then recrystallized for a third time, preferably as

follows:

1. by adding to the acetone solution 3 to 4 volumes of hexane per

volume of acetone.

2. by adding to the alcohol solution or ethyl acetate solution at least

3 volumes of hexane per volume of alcohol or ethyl acetate.
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3. by adding to the diethyl ether solution at least 2 volumes of hexane per

volume of diethyl ether.

In the last step of purification and recrystallization disclosed
hereinabove, addition of hexane in the Paclitaxel solution can be carried out at
ambient temperature. This will slow down the formation of crystals but
crystallization will be completed overnight at 2-4°C or at ambient temperature.
The crystals are filtered and dried under vacuum, in order to obtain a fine,
detached powder. The crystals are then dissolved in alcohol (methanol or
ethanol) or in acetone and then put back in suspension in water and
lyophilized during 66 to 72 hours at a temperature of about —60°C,

The obtained fractions of taxanes can then be analyzed b.y HPLC
chromatography (Waters system) using an Autosampler (Waters 717 plus), a
Photodiode Array Detector (Waters 996), a Multisolvent Delivery System
(Waters 600F) and a C18 Nova-Pak column, 60 A, 4 Mm (3.9 x 150 mm).

Analysis of the fractions can be carried out by injecting a volume of
5 M. The column is eluted at a flow rate of 1ml/min using a solvent gradient

of acetonitrile-water-methanol (25:50:30 in volume at the beginning and

35:35:30 at the end).

The peaks of the compounds are detected at 228nm and the time
of analysis of a sample is about 36 minutes. The retention time for the
Paclitaxel peak is about 18.9 + 0.2 minutes and 6.5 + 0.2 minutes for the
9-dihydro-13-acetylbaccatin 1l peak.

Preferably, the volatile solvent used in the chromatogre;phic
purification step for the solubilization of the residue is selected from the group

consisting of cetones, C1-C3 light alcohols, ethyl acetate, chioromethylene or

a mixture of these solvents.

At the end of this step E, after crystallization of the Paclitaxel in
hexane and after filtering and drying, a mixture of Paclitaxel crystals is

obtained. This mixture of Paclitaxel crystals consists of:
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- 60% of crystals having a purity higher than 99%,
- 30% of crystals having a purity higher than 98% but lower than

99 %, and

- 10% of crystals having a purity higher than 22% but lower than
3 98%.

Basic differences between the preseni invention and the one disclosed and
clalmed in Applicant’s U.S. patent Mo. 6,432, 024

10

As aforesaid, Figures 1a and 1b are flow charts in which the basic

steps of process disclosed and claimed in US patent No. 6,452,024 are

compared with those of the present invention:

15 1. As is shown in these flow charts, in the process according to the
invention, the raw material containing the Paclitaxel to be extracted,
which preferably consists of dried needles and twigs, is washed In
purified water before extraction by organic solvent such as methanol or
acetone. The water obtained after such a washing contains some

20 hydrosoluble components which are discarded. The wet needles and
twigs are then “covered” with methanol or acetone, or a mixture of
both, and subjected to extraction for a period of, for example, 16 hours
at 20°C. The extract is then passed through a cartridge filter and
pumped into a double wall tank where the solvent Is distilled by

25 circulation of heated water in the jacket. As aforesaid, the extract

containing some residual water is called “non-concentrated extract”.

In contrast, in US patent No. 6,452,024, the extraction of the dried
needles and twigs is done directly, using a solvent mixture of methanol
30 and methylene chloride. The obtained concentrated extract after
distillation is very visguous and contains an important amount of resin

and natural pigments. This extract can be called “concentrated extract”.
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2. In the process according to the invention, sodium chloride is added to
the non-concentrated extract to form a biomass that is precipitated

immediately. This biomass is isolated by centrifugation.

3 In US patent No. 6,452,024, the biomass is obtained by precipitation of
the concentrated extract previously diluted in methanol in a basic or
acidic medium. The precipitate that is formed is very fine and light and

is salted out before isolation by addition of sodium chloride.

10 3. Then, in the process according to the invention as well as in the one
disclosed in US patent No. 6,452,024, the biomass is dissolved In
acetone and a given amount (preferably 4 volumes) of a non-polar

solvent such as hexane, is added to the acetone solution to form a
Paclitaxel-enriched oily phase.

15 However, in the process according to the invention, the so obtained,
Paclitaxel-enriched oily phase is ready to be purified Iin a
chromatographic column with silica-gel at low pressure. In contrast, in
the process disclosed in US patent No. 6,452,024, the obtained
Paclitaxel-enriched oily phase must be submitted to a second

20 precipitation in acidic or basic medium. The precipitate is isolated by
centrifugation after having been salted-out by addition of sodium
chloride. The obtained precipitate is dried and then dissolved in acetone.
It is only at that time that the acetone solution is ready to be purified in

a chromatographic column with silica-gel at low pressure.

25
4. In the first chromatographic purification step of the process according
to the invention, the Paclitaxel-enriched oily phase is mixed with silica
gel and dried under ventilation. Then the silica gel covered with the
biomass is loaded onto a chromatographic column. The Paclitaxel is
30 purified with an elution mixture of acetone and hexane. The fractions

containing Paclitaxel obtained by chromatography are grouped together
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and then crystallized. The crystals obtained by filtration or
centrifugation are dissolved in acetone and then recrystallized for a
second time. The crystals are isolated by filtration or centrifugation and

ready to be repurified by a second and last chromatographic column

S with silica gel at low pressure.

In the first chromatographic purification step of the process disclosed in
US patent No. 6,452,024, the Paclitaxel-enriched oily phase is mixed
with silica gel and dried under ventilation. Then the silica gel covered
10 with the biomass is loaded onto a chromatographic column. The
Paclitaxel is purified with an elution mixture of acetone and hexane. The
fractions containing Paclitaxel obtained by chromatography are grouped
together and then repurified by a second chromatographic column in the
conditions used for the preceding step. The fractions containing the
15 Paclitaxel obtained by the second chromatography are grouped together
and then crystallized. The crystals obtained by filtration or
centrifugation are dissolved in acetone and then recrystallized for a
second time. The crystals are isolated by fil‘cra‘cion° or centrifugation and

ready to be repurified by third and last chromatographic column with

20 silica-gel at low pressure.

Thus, in the process disclosed in US patent No. 6,452,024, the number

of chromatographies to be carried out is higher (3 instead of 2).

b. In both cases of course, the fractions containing Paclitaxel from the
29 second and last chromatographic column in this invention or those from
the third and the last chromatographic column in US patent No.

6,452,024 are grouped together and then crystallized to form a final

product.
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Thus, as it can now be better understood, a main advantage of the
present invention as compared with the one of US patent No. 6,452,024 are
that the process according to the invention comprises less preparation steps
from the one of starting extraction of the needles to ithe obtention of the

biomass, and less purification steps: two chromatographies in place of three

as described in US patent No. 6,452,024,

The process according to the invention also.uses much less solvents
and needs much less raw materials for obtaining the same amount of final
product. Therefore, the production cost with the improved process according
to the present invention is much lower than not only the usual and traditional

processes used for Paclitaxel purification but also the one of US patent No.

6,452,024,

Examples

The following examples are given for the sole purpose of illustration

and should not be considered as to limit the scope of the present invention.

EXAMPLE 1

Washing

100 kg of dried and ground needles and twigs of Taxus canadensis
were placed into a cotton bag. This bag was put into a stainless steel tank in
which 400 L of distilled water were added. The cotton bag was completely
immersed under water for a period of 3 hours at room temperature and the

solution containing water-soluble impurities was drained.

In practice, this washing procedure may be repeated once or twice, -

the wet needles being kept in the tank by the cotton bag.

Exxtraciion

250 L of methanol were added into the tank containing the wet

needles and twigs. Extraction was carried out during 16 hours at ambient
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temperature. The extract was pumped though filters into a second double wall
tank. The methanol was distilled with the aid of hot water at 80° C circulating
in the double wall of the tank. The recovered methanol was transferred into
the tank containing needles for rinsing and the volume of pure methanol was
completed to 400 L. The rinsed methanol was then pumped and distilled until
about 75% of the methanol volume was recuperated. The residual solution of
about 100 to 120 L, hereinafter called “non-concentrated extract”, was

transferred into another tank and was kept until the temperature of the extract

decreased to ambient temperature.

Precipitation of biomass by salting-out

The non-concentrated extract was clarified with 10 L of methanol
(about 10% of methanol as compared to the volume of non-concentrated
extract volume). The biomass was isolated by precipitation by adding rapidly
sodium chloride under stirring. The concentration of sodium chloride was
about 50g per liter of the extract solution. A precipitate was formed
immediately and the mixture was kept without stirring overnight. The
supernatant was then drained and the heavy precipitate was easily recovered
without filtration or centrifugation.

If needs be, the biomass obtained by adding sodium chloride may be
recovered rapidly by filtration or centrifugation at a speed of 4,200 rpm at
20° C during 30 minutes (J6 MC Beckman Centrifugal machine, 4.2 JS rotor).
It is understood that a continuous flow centrifugal machine may preferably be
used to process large amount of precipitate.

A supernatant containing 10-deacetylbaccatin il and Baccatin Il
was extracted by methylene chiloride or diethylether. The organic phase was

concentrated by evaporation and may be treated to extract these analogs of

TaXane.
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Removal of resin and pigments

1. The obtained precipitate was air dried. Alternatively, it could
have been vacuum dried or lyophilized (Freeze dryer - FTS System). The
weight of the precipitate was about 1.3kg-1.95kg. This precipitate was
solubilized in 6L of an acetone-hexane mixture (1:1) and filtered (or
alternatively centrifuged at 4,200 rpm) at 0-2° C during 30 minutes, in order
to remove the insoluble particles contained therein. Then, the acetone-hexane
solution was transferred into a beaker and mixed with 1.5 volumes of pure
hexane (9L) by successive addition of 1/2 volume of hexane each under
agitation for few minutes, the oily phase was formed by addition of between
5% and 20% of pure water, preferably 5% to 10%. The amount of water
was calculated according to the volume of the acetone used. The mixture was
then fed into a separating flask and allowed to partition for about 30 minutes.
The Paclitaxel-enriched phase was recovered at the bottom of the flask and
concentrated by evaporation to 1/10 of the initial volume of the solution

obtained before percolorization. This preparation was ready to be adsorbed on

silica gel for a chromatography purification step.

2. After centrifugation without drying, the so obtained precipitate
was dissolved in 3 L of acetone and filtered (or, alternatively centrifuged at
4,200 rpm) at 0-2°C during 30 minutes, in order to remove the insoluble
particles contained therein. Then, the acetone solution was transferred into a
beaker and mixed with 4 volumes of hexane (12 L) by successive addition of
one volume of hexane each under agitation for a few minutes. The oily phase
was formed quickly. The mixture was then fed into a separating flask and
allowed to partition for about 30 minutes. The Paclitaxel-enriched phase was
recovered at the bottom of the flask. This solution contained some residual
water and thus was extracted by adding 1 volume of chloromethylene.

The water was partitioned from this mixture and the lower

chloromethylene phase containing the Paclitaxel was concentrated to 1/% oi
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the initial volume of the acetone solution obtained before removal of the resin

and pigments or evaporated to dryness. In the latter case, the dried residue

was dissolved in 0.5 L of acetone.

Example 2

rirst purificaiion by chromatography on silica gel at low pressure

The obtained acetone solution containing Paclitaxel and analogs
after removal of the resin and pigments in example 1 was mixed with 500 ¢
of silica gel (230-400 mesh). The gel impregnated with the extract was air
dried under ventilation (or under vacuum). The total weight after drying was
about 900-950 g and half of this material was loaded onto a column (142 x
/.6 cm inside diameter} containing 2.2 kg of silica gel (230-400 mesh). The
gel was washed and balanced with a mixture of acetone and hexane (35 :
65%, volume per volume). Elution was carried out with the same solvent,
using a Dynamax_ solvent delivery system. The flow rate of the elution was
about 100 ml/min under a pressure between O - 30 psi. The volume of
solvent mixture was about 40 L and each fraction was collected in batches of
1 L. HPLC analysis indicated that there were 9 to 10 fractions, from the 26™
or 27" to 35" or 36", which contained about 0.2 mg/ml to 0.7 mg/ml of
Paclitaxel and their purity varied from 10 to 58%. The fractions that contained
more Paclitaxel have higher purity. The quantity of Paclitaxel for each fraction
was determined from its peak area by comparison with the area of a Paclitaxel
standard.

It is worth noting that the fractions containing Paclitaxel can be
offset with respect to the others from one purification to the other.

The fractions with the highest quantities of contaminants were

discarded. In general, the first fractions which contained less than 0.3 mg/ml

of Paclitaxel, were eliminated.
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Example 3

First purification by chromatography on silica gel at low pressure

The obtained acetone solution containing Paclitaxel and analogs
atter removal of resin and pigments in example 1 was mixed with 500 g of
silica gel (230-400 mesh). The gel impregnated with the extract was air dried
under ventilation (or under vacuum). The total weight after drying was about
920 g and half of this material was loaded onto a column (142 x 7.6 cm
inside diameter) containing 2.2 kg of silica gel (230-400 mesh). The gel was
washed and balanced with a mixture of acetone and hexane (40 : 60%,
volume per volume). The elution was carried out with the same solvent, using
a Dynamax_ solvent delivery system. The flow rate of the elution was about
100 ml/min under a pressure between O - 30 psi. The volume of solvent
mixture was about 30 L and each fraction was collected in batches of 1 L.
HPLC analysis indicated that there were 7 to 8 fractions, from the 16" or 17"
to 23" or 24™, which contained about 0.1 mg/ml to 0.7 mg/ml of Paclitaxel
and their purity varied from 8 to 45%. The fractions that contained more

Paclitaxel have higher purity. The guantity of Paclitaxel for each fraction was

determined from its peak area by comparison with the area of a Paclitaxel

standard.

Once again, it Is worth noting that the fractions containing

Paclitaxel can be offset with respect to the others from one purification to the

other.

The fractions with the highest quantities of contaminants were

discarded. In general, the first fractions which contained less than 0.3 mg/ml

of Paclitaxel, were eliminated.

cxample 4
First crystallizaiion
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After the first chromatography purification in examples 2 and 3, the
fractions with a concentration of Paclitaxel higher than 0.3 mg/mi were
combined and evaporated to dryness. The residue was dissolved in acetone
and the volume of acetone was adjusted to obtain a maximum peak of
Paclitaxel in the 1.0 to 1.5 0.D range by HPLC. 4 volumes of hexane were
then added to the acetone solution to start the crystallization during the
following hour. The mixture was kept at 2-8° C or at room temperature

overnight to complete the crystallization.

Second crystallization

Then, the obtained crystals were filtered (or centrifuged) and
dissolved in acetone. The volume of acetone was adjusted to obtain a
Paclitaxel peak by HPLC with a maximum O.D. in the range of 1.0 to 1.5.
Hexane was then added at a ratio of 4 volumes by respect to the acetone
solution. Crystals were formed in the following hour. The mixture was kept at
a temperature comprised between 2-8° C or at ambient temperature overnight
to complete the crystallization. The crystals were filtered or centrifuged and

dried under air or vacuum. HPLC analysis indicated that the Paclitaxel content

was about 85% or higher.

Direct isolation and first crystallization of 9-dihydro-13-acetys_lgaccatirp [l

The fractions containing 9-dihydro-13-acetylbaccatin il (fraction
20" to 25") obtained from the first purification by chromatography in example
2 or fraction 13" to 15" in example 3 were combined together with the
hexane/acetone solutions (mother liquors) obtained from the first and second
crystallization steps, containing 9-Dihydro-13-acetylbaccatin  lll  and
evaporated to dryness. The crystals were formed by adding methanol and

recuperated by filtration or centrifugation. The obtained crystals were

PCT/CA2004/000107
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dissolved in acetone and crystallized by 3 volumes of hexane. The product

was identified as 9-dihydro-13-acetylbaccatin Il with a purity > 95%.

oecond crysiallization of 2-dihydio-13-aceivibaccaiin |l

The so obtained 9-dihydro-13-acetylbaccatin Il crystals were
dissolved in acetone and then 1 volume of hexane was added into the acetone
solution. The mixture was agitated slowly and a 2 volumes of hexane
additional were added. The solution was allowed to crystallize slowly. The
white crystals were recovered by filtration or centrifugation and dried under
ventilation or vaccum. HPLC analysis of these crystals indicated that the 9-

dihydro-13-acetylbaccatin lll content was equal or better than 98 %.

Example 5

Second purification by chromatography on silica gel at low pressure

The Paclitaxel crystals obtained after the second crystallization in
example 4 were dissolved in 75 to 100 ml of acetone, then filtered to remove
insoluble particles and adsorbed on 75 to 100g of silica gel. The gel coated
with Paclitaxel was air dried under ventilation or under vacuum. The dried gel
was loaded on top of a column (142 x 7.6 cm inside diameter) containing 2.2
kg of silica gel (230-400 mesh). The gel was washed and balanced with a
mixture of acetone and hexane (35 : 65 volume per volume). The elution was
carried out with the same solvent, using a Dynamax’ solvent delivery system
at a flow rate of about 100 ml/min under a pressure between O — 30 psi. The
volume of solvent mixture was about 40 L and fractions were collected in
batches of 1T L. HPLC analysis indicated that there were @ to 10 fractions,
from the 26™ or 27" to 34™ or 35", which contained about 0.2 mg/ml to 0.6

mg/ml of Paclitaxel and their purity varied from 85% to 22%. The fractions
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containing Paclitaxel having a purity higher than 98% were combined together

for a third and last crystallization.
Once again, the fractions containing Paclitaxel can be offset with

respect to the others from one purification step to the other.

Example 6

Second puiification by chromatography on silica gel at low pressurs

The Paclitaxel crystals obtained after the second crystallization in
the example 4 were dissolved in 75 to 100 ml of methylene chloride, then
filtered to remove insoluble particles and then put into contact with 75g to
100g of silica gel. The gel coated with Paclitaxel was air dried under
ventilation or under vacuum. The dried gel was loaded on top of a column
(142 x 7.6 cm inside diameter) containing 2.2 kg of silica gel (230-400
mesh). The gel was washed and balanced with a mixture of chloromethylene
and isopropanol (97.5 : 2.5 volume per volume). The elution was carried out
with the same solvent, using a Dynamax” solvent delivery system at a flow
rate of about 100 ml/min under a pressure between O — 30 psi. The volume of
solvent mixture was about 50 L and fractions were collected in batches of 1
L. HPLC analysis indicated that there were 20 fractions, from the 28™ to 48™
which contained about 0.1 mg/ml to 0.3 mg/ml of Paclitaxel and their purity
varied from 98 to >99%. The fractions containing Paclitaxel having a purity

higher than 98% were combined together for a third and last crystallization.

Third crystallization

Aiter the second chromatography purification of example 5 or
example 6, the fractions with a purity of Paclitaxel higher than 28% were
combined and evaporated to dryness. The residue was dissolved in acetone

and the volume of acetone was adjusted to obtain a maximum peak of
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Paclitaxel in the 1.0 to 1.5 0.D range by HPLC. 4 volumes of hexane were
then added to the acetone solution to start the crystallization during the
following hour. The mixture was kept at 2-8° C or at room temperature
overnight to compleie the crystallization.

The white crystals were recovered by filtration or centrifugation and

dried under ventilation or vaccum. The purities of the crystals analysed by

HPLC were as follows:

- 99.20 to 99.50% when obtained by example 5; and
- 99.50 to 99.90% when obtained in example 6.

As disclosed hereinabove, the residues obtained from the fractions
containing Paclitaxel after the second chromatographic ‘purification may be
dissolved in ethanol, ethyl acetate or diethyl ether. The volume of those
solvents is D times less than acetone used previously, its means the Paclitaxel
concentration is b times higher (about 10 mg/ml).

In practice:

. 1 to 2 volumes of hexane was then added to the ether solution: and,

alternatively

- 3 to 4 volumes of hexane was then added to the ethanol or ethyl

acetate solution to start the crystallization during the following hour.

The mixture was kept at 2-8° C or at room temperature overnight to

complete the crystallization. The purities of those crystals were very similar

while using acetone for crystallization.

The crystals which had a purity inferior to 98% were kept and
repurified together by chromatography in the same conditions as in the second
purification described above. This repurification allows to still obtain around
75% of the total quantity of these crystals with a purity superior to 99%.

The crystals were dissolved in a minimum volume of ethanol or
methanol or acetone and then put back in the vial containing the pure water.
The volume of solvent was about 10 to 15% in relation to the volume of pure

water. The Paclitaxel was lyophilized during 72 hours and the temperature
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was ramped from -60°C to +20°C at 0.02°C per minute and under a

pressure at 100 millitorrs.
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WHAT IS CLAIMED IS:

1. Process for extraction and purification of Paclitaxel from a natural
source of taxanes containing Paclitaxel to be extracted, said process comprising
the following steps:

a) washing with deionized or pure water a raw material
comprising Paclitaxel, said raw material coming from said natural source of
taxanes, such a washing allowing removal of soluble impurities from said raw
material;

b) extracting with an organic solvent a wet raw material
comprising Paditaxel from said washed raw matenal;

C) contacting said wet raw material with a salt to obtain a
biomass by precipitation and isolating and drying said biomass;

d) removing resin and natural pigments from the so isolated and
dried biomass by dissolving said biomass in acetone or an acetone-hexane
mixture and then adding thereto at least one-polar solvent until a
Paclitaxelenriched oil phase is obtained;

e) chromatography purifying at least once the Paclitaxel-
enriched oily phase obtained in the preceding step in a volatile solvent to obtain
a purified solution and crystallization at least once the purified solution obtained

by chromatography.

2. The process according to claim 1, wherein the natural source of
taxanes containing Paclitaxel consists of conifers selected from the group
consisting of Taxus brevifolia, Taxus baccata, Taxus canadensis, Taxus
wal(l)ichiana, Taxus yunnanensis, Taxus densiformis, Taxus hicksii, Taxus

wardii, Taxus cuspidata, Taxus capitata and Taxus brownii.

3. The process according to claim 1 or 2, wherein in step (a), the raw
material is selected from the group consisting of barks, branches and needles of

said conifers, and mixtures thereof.
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4. The process according to any one of claims 1 to 3, wherein in step
(b), the organic solvent is selected from the group consisting of alcohols,

ketones and mixtures of alcohol and ketone.

D. The process according to claim 4, wherein in step (b), the organic

solvent is methanol, acetone or a mixture of methanol and acetone present in a

volume ratio ranging from 9:1 to 1:9.

0. The process according to any one of claims 1 to 5, wherein in step
(c), the salt used to obtain the biomass by precipitating is selected from the
group consisting of sodium chloride, ammonium chloride, ammonium sulfate,

sodium acetate, potassium acetate and mixtures thereof.

7. The process according to claim 6, wherein in step (c), the salt is
sodium chloride and is used in a concentration between 10 to 100 g per liter of

the wet raw material extracted in step (b).

8. The process according to claim 6 or 7, wherein in step (c), the
precipitated biomass is isolated by filtration or centnfugation, and then dried at

ambient air or by lyophilization.

9. The process according to any one of claims 1 to 8, wherein in step
(d), the dried biomass obtained in step (c) is dissolved by adding acetone and
then water, the water being added at a ratio of 2 to 10 volumes per 100 volumes
of acetone added, and wherein, in said step (d) said at least one non-polar

solvent is selected from the group consisting of hexane and pentane.

10.  The process according to any one of claims 1 to 9, where step ¢e)
comprises the following sub-steps:
e.1) preparing a mixture of the Paclitaxel-enriched oil phase

obtained in step (d) with silica gel, treating with an elution solvent said mixture in
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a chromatographic column comprising silica gel to obtain first Paclitaxel-
enriched fractions;

e.2) evaporating to dryness the first Paclitaxel-enriched fractions
until a residue is obtained, preparing a mixture by solubilizing said residue in
acetone and crystallizing the Paclitaxel contained in the mixture with a non-polar
solvent, or evaporating the first Paclitaxel enriched fractions until an acceptable
concentration of Paclitaxel is obtained and crystallizing the Paclitaxel contained
In the mixture with a non- polar solvent;

e.3) solubilizing in acetone Paclitaxel crystals obtained in sub-
step (e.2) and recrystallizing the Paclitaxel with a non-polar solvent;

e.4) solubilizing the crystals obtained in sub-step (e.3) in a
volatile solvent to obtain a solution, preparing a mixture of said solution with
silica gel, and treating with an elution solvent said mixture in a chromatographic
column comprising silica gel to obtain second Paclitaxel-enriched fractions with
an elution solvent; and

e.D) evaporating to dryness the second Paclitaxel-enriched
fractions obtained in sub-step (e.4) until a residue is obtained, solubilizing the
residue in acetone, an alcohol, an ether, an ethyl acetate or a mixture thereof,

and crystallizing Paclitaxel with a non-polar solvent.

11.  The process according to claim 10, wherein:

In step (e.1), the Paclitaxel-enriched oil phase obtained in step (d)
IS mixed with silica gel and dried in air; the silica gel is recovered and loaded into
a chromatographic column also containing silica gel; and the Paclitaxel is then
purified with an elution mixture containing from 30% to 40% acetone and from
60% to 70% hexane; and

in step (e.3), the crystals obtained in step (e.2) are isolated by
filtration or centrifugation and dissolved in acetone to form a solution, the volume
of acetone being adjusted so as to obtain an absorbency of said solution having

a value of 1.0 to 1.5 O.D. (optic density) for the peak corresponding to HPLC
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analysis, and the Paclitaxel is then recrystallized by adding from 3 to 4 volumes

of hexane in the solution.

12.  The process according to claim 10 or 11, wherein:
in step (e.2), the enriched fractions containing Paclitaxel obtained
by chromatography in step (e.1) are grouped together, evaporated to dryness
and dissolved in the acetone to form a solution, the amount of acetone being
adjusted so as to obtain an absorbency of said solution having a value of 1.0 to
1.5 O.D. (optic density) for the peak corresponding to HPLC analysis; and the
Paclitaxel is then crystallized by adding from 3 to 4 volumes of hexane in the

solution.

13.  The process according to claim 10 or 11, wherein in step (e.2), the
enriched fractions containing Paclitaxel obtained by chromatography in step
(e.1) are grouped together and evaporated until obtention an absorbency of said
enriched fractions having a value of 1.0 to 1.5 O.D. (optic density) for the peak
corresponding to HPLC analysis; and the Paclitaxel is then crystallized by

adding from 1.5 to 2 volumes of hexane in the enriched solution.

14.  The process according to any one of claims 10 to 13, wherein in
step (e.4), the crystals obtained in step (e.3) are filtered or centrifuged and
dissolved in acetone to form a solution; the solution is then mixed with silica gel
and dried under ventilation; the silica gel covered with Paclitaxel is loaded into a
chromatographic column also containing silica gel; and the Paclitaxel is then
repurified with an organic-solvent based elution mixture comprising from 30% to

40% acetone and from 60% to 70% hexane.

15.  The process according to any one of claims 10 to 13, wherein in
step (e.4), the crystals obtained in step (e.3) are filtered or centrifuged énd
dissolved in acetone to form a solution; the solution is then mixed with silica gel
and dried under ventilation; the silica gel covered with Paclitaxel is loaded into a

chromatographic column also containing silica gel; and the Paclitaxel is then
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repurified with an organic-solvent based elution mixture comprising from 95% to

98% methylene chioride and from 2% to 5% isopropanol.

16. The process according to any one of claims 10 to 15, wherein in
step (e.5), the enriched fractions containing Paclitaxel obtained by
chromatography in step (e.4) are combined according to their purity, evaporated
to dryness and then dissolved in acetone to form a solution, the amount of
acetone being adjusted so as to obtain an absorbency of said solution having a
value of 1.0 to 1.5 O.D. (optic density) for the peak corresponding to HPLC
analysis; and the Paclitaxel is then crystallized by adding from 3 to 4 volumes of

hexane in the solution.

17.  The process according to any one of claims 10 to 15, wherein: in
step (e.5), the enriched fractions containing Paclitaxel obtained by
chromatography in step (e.4) are grouped together and evaporated until
obtention an absorbency of said enriched fractions having a value of 1.0 to 1.5
O.D. (optic density) for the peak corresponding to HPLC analysis; and the
Paclitaxel is then crystallized by adding from 1.5 to 2 volumes of hexane in the

enriched solution.

18. The process according to any one of claims 10 to 15, wherein in
step (e.5), the enriched fractions containing Paclitaxel obtained by
chromatography in step (e.4) are combined according to their purity, evaporated
to dryness and then dissolved in ethanol to form a solution, the amount of
ethanol being adjusted so as to obtain a Paclitaxel concentration about 5 to 10
mg/ml of the solution according to HPLC analysis; and the Paclitaxel is then

crystallized by adding from 3 to 4 volumes of hexane in the solution.

- 19.  The process according to any one of claims 10 to 15, wherein in
step (e.5), the enriched fractions containing Paclitaxel obtained by
chromatography in step (e.4) are combined according to their purity, evaporated
to dryness and then dissolved in ethyl acetate to form a solution, the amount of
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ethyl acetate being adjusted so as to obtain a Paclitaxel concentration about 5 to
10 mg/ml of the solution according to HPLC analysis; and the Paclitaxel is then

crystallized by adding from 3 to 4 volumes of hexane in the solution.

20. The process according to any one of claims 10 to 15, wherein: In
step (e.5), the enriched fractions containing Paclitaxel obtained by
chromatography in step (e.4) are combined according to their purity, evaporated
to dryness and then dissolved in diethyl ether to form a solution, the amount of
diethy! ether being adjusted so as to obtain a Paclitaxel concentration about 5 to
10 mg/ml of the solution according to HPLC analysis; and the Paclitaxel is then

crystallized by adding from 1 to 2 volumes of hexane in the solution.

21.  The process according to any one of claims 10 to 20, wherein In
step (e.3), the volatile solvent is selected from the group consisting of acetone,
C1 - C3 alcohols, ethyl acetate, diethyl ether, methylene chloride and mixtures

thereof.

22. The process according to any one of claims 10 to 21, comprising
the additional steps of:
extracting with methanol, crystals of 9-dihydro-13-acetylbaccatin |l
from the eluted fractions before isolation of Paclitaxel in step (e.1) and from the
mixtures obtained after crystallization in steps (e.2) and (e.3); and
recrystallizing the so extracted crystals with a mixture of

acetonehexane.
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Process according to the invention | U.S. Patent n° 6,452,024

TAXUS CANADENSIS |
| (Dried Needles and twigs) |

1. Extraction with CH30H : CH2CIZ (v/v) - 16 H - 20°C

2. Filtration
3. Evaporation

1. Treatment with purified water: 3 - 24 H/ 20° -100°C
2 Water drained (solubles components discarded)
3. Extraction with CH30H (or acetone) 16H - 20°C

4. Filtration
5. Evaporation

, Concentrated exiract |

1. Salting-out by NaCl 1. Dissolution in CH30H
2. First precipitation by NaOH or HCI solution

2. Eiltration or centrifugation
3. Filtration or centrifugation l

Supernatant extraction Supernatant discarded

10-Deacetylbaccatin |il
Baccatin

Non-concenirated extract

yrecipitation: Biomass

- Precipitation : Biomass

1. Dissolution in acetone
2. Removing of resin and pigments
by hexane (1v acetone / 4v hexane)

1. Dissolution in acetone
2. Removing of resin and pigments
by hexane (1v acetone / 4v hexane)

Hexane phase discarded

1. Evaporation to remove acetone

2. Dissolution in methanol
3. Second precipitation by HCl or NaOH solution

4, Filtration or centrifugation

1. Coating with silicagel and drying
2. First purification by chromatography on silicagel

with acetone/hexane solvent (40:60%)

Second precipitation: Biomass

1. Dissolution in acetone

2. Coating with silicagel and drying

3. First purification by chromatography on silicagel
with acetone/hexane solvent {40:60%)

Fig. 1a
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v

First chromatoagraphy

First chromatograph
Paclitaxel |

| Paclitaxel | | 9-dihydro-13-acetylbaccatin 1li \)
A 1. Evaporation
1. Evaporation 2. Dissolution in acetone
2. Dissolution in acetone 3. Coating with silicagel and drying
3. First cristallization with hexane 4. Second purification by chromatography on silicagel
(1v acetone/4 v hexane) with acetone/hexane solvent (40:60%)

4, Filtration and drying I
| I,

| Second chromatography |
1. Evaporation

2. Dissolution in acetone

3. First cristallization with hexane
(1v acetone/4 v hexane)

4. Filtration and drying
First crystallization First crystallization

1. Dissolution in acetone 1. bissolution in acetone
2. Second cristallization with hexane 2. Second cristallization with hexane
(1v acetone/4 v hexane) (1v acetone/4 v hexane)

Hexane phase after criétallization
9-Dihydro-13-acetylebaccatin [l Hexane phase discarded -

Second crystallization Second crystallization

3. Filtration and drying —— 3. Filtration and drying

1. Dissolution in acetone or CH2CI2 1. Dissolution in CH2CI2

2. Coating with silicagel and drying 2. Coating with silicagel and drying

3. Second purification by chromatography on silicagel 3. Thid purification by chromatography on silicagel
with Acetone-Hexane or CH2CI2 and isopropanol solvent with CHZCI2 and isopropano! solvent (98:2%)

Hexane phase after cristallization
9-Dihydro~13acetylebaccatin Il

Second chromatography , Third chromatograph
1. Evaporation 1. Evaporation
2. Dissolution in methanol 2. Dissolution in methanol
3. Third cristallization with water 3. Third cristallization with water
4, Filtration and drying 4. Filtration and drying

Third crystallization
Finished product

Fig. 1b



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings

