
WO 03/047508 PCT/US02/37901  PACLITAXEL SOLVATES TECHNICAL BACKGROUND AND
FIELD OF INDUSTRIAL  APPLICABILITY 5 10 This application claims priority of
U.S. Provisional  Application No. 60/334,896, filed November 30, 2001, the
entire disclosure of which is incorporated herein by  reference. Field of
the Invention The invention is directed to novel crystalline  solvates of
paclitaxel with organic solvents, which are 15 useful as sources of
paclitaxel for therapeutic  treatments. The inventive concept further
includes  methods of forming such solvates from paclitaxel- containing
materials, and methods of obtaining paclitaxel  from these solvates. 20
Description of Related Art Paclitaxel, a diterpene taxane compound with
significant antineoplastic properties having the  25 structure: -1 WO
03/047508 PCT/US02/37901  is a natural product first extracted from the
bark of the  Pacific yew tree, Taxus brevifolia. It is commercially
available as Taxol(r), Bristol-Myers Squibb Co. Taxol(r) has  been shown to
have excellent antitumor activity in in 5 vivo animal models, and recent
studies have elucidated  



its unique mode of action, which involves abnormal  polymerization of
tubulin and disruption of mitosis  during the cell cycle. Taxol(r) has been
approved for the treatment of refractory advanced ovarian cancer, breast
10 cancer, non-small cell lung cancer and AIDS-related  Kaposi's Sarcoma.
The results of paclitaxel clinical studies are  reported in scientific
periodicals and have been reviewed 15 by numerous authors, such as Rowinsky
et al., Pharmac.  Ther., 52, 35-84 (1991); Spencer et al., Drugs, 48 (5),
794-847 (1994); K.C. Nicolau et al., Angew. Chem., Int.  Ed. Eng., 33,
15-44 (1994); F. A. Holmes et al., "Taxane  Anticancer Agents - Basic
Science and Current Status", 20 edited by Gunda I. Georg et al., 31-57
American Chemical  Society, Washington, D.C. (1995); S. G. Arbuck et al.,
"Taxol(c) Science and Applications", edited by Matthew  Suffness, 379-416,
CRC Press, Boca Raton, Florida (1995),  and the references cited therein.
25 30 The patent literature describes many methods of  isolating paclitaxel
from plant sources, many of which  involve extraction with various organic
solvent systems  followed by chromatographic separation. The procedures
described in U.S. Pat. Nos.  5,380,916, 5,475,120, and 5,670,673 to Rao
(also PCT  Publication No. WO 92/07842), for example, use a series  of
solvent extractions employing ethanol, chloroform, 35 ligroin, benzene and
methanol followed by reverse phase -2 



WO 03/047508 PCT/US02/37901  chromatography using a HPLC column with an
acetonitrile eluent. The procedures described in U.S. Pat. Nos. 5,279,949
5 and 5,478,736 to Nair (also PCT Publication No. WO 97/09443) use
activated charcoal for decolorizing an  initial 70% ethanol/water extract
and early filtration  through Celite(c) (diatomaceous earth). The
decolorized  extract is subsequently extracted with ethyl acetate, and 10
evaporated to precipitate taxanes. The taxanes are re- dissolved in ethyl
acetate and loaded onto a first silica  column that is eluted with a
hexane/ethyl acetate  gradient, and further purified by tandem silica
columns  or, alternatively, by reverse phase chromatography. 15 U.S. Patent
No. 6,136,989 discloses a method of  making an acetone mixture containing
paclitaxel which  includes extracting a paclitaxel-containing material with
methanol to obtain a methanol extract; partitioning the  20 methanol
extract by liquid-liquid extraction with  methylene chloride and water to
form a two phase system  having a methanolic phase containing
methanol/water and a  methylene chloride phase containing methylene
chloride  and paclitaxel; removing methanol and water from the 25 methylene
chloride phase to obtain a concentrated extract  containing paclitaxel;
contacting the concentrated  extract with a silica matrix then eluting the
silica  matrix to obtain an eluate containing at least 5% (w/w)  paclitaxel
and adding acetone to the eluate to obtain an 30 acetone mixture. According
to the patent, acetone/water  



precipitation of an acetone mixture containing at least  5% paclitaxel will
provide a precipitate containing at  least 20% paclitaxel, and an
acetone/water precipitation  of an acetone mixture containing at least 10%
paclitaxel -3 WO 03/047508 will provide a precipitate containing 40% to 50%
paclitaxel. PCT/US02/37901 While the above patents are directed to the 5
isolation of paclitaxel, none of them describes the  crystallization of a
novel, previously unknown paclitaxel  solvate from a solution of paclitaxel
and one or more  organic solvents. 10 Paclitaxel has been used with organic
solvents in  the prior art in the development of pharmaceutical
formulations. Paclitaxel is known to be poorly soluble  in water, which
limits the available formulations for  administering paclitaxel to a
patient. The formulation 15 usually used contains 50% (v/v) alcohol and an
88-fold  excess of polyoxyethylated castor oil (Cremophoro EL). Various
efforts have been made to discover other  media for administration of
paclitaxel to a patient. For 20 example, U.S. Patent No. 5,877,205
describes paclitaxel  dissolved in a first organic solvent (e.g. N,N'-
dimethylacetamide or dimethylsulfoxide), followed by a  secondary solvent,
such as polyethyleneglycol 400, for  final dilution in an aqueous solvent.
25 U.S. Patent No. 6,017,948 discloses paclitaxel  



'formulations asserted to be suitable for administration  to a patient
comprising a solution of paclitaxel in  water-miscible, non-aqueous
solvents, such as N-methyl 30 pyrrolidone, propylene glycol, ethyl acetate,
dimethyl  sulfoxide, N,N'-dimethylacetamide, benzyl alcohol, 2-
pyrrolidone, or benzyl benzoate. -4 WO 03/047508 PCT/US02/37901  Both the
above-mentioned patents are directed to liquid formulations for
administration by infusion. None  of the above patents discloses the
crystallization of  paclitaxel solvates from their respective formulations.
5 SUMMARY OF THE INVENTION Distinct crystalline forms of paclitaxel are
known  10 to exist. The present invention is directed, in one aspect, to
novel biologically active organic solvates of  paclitaxel which exist in
crystalline form and from which  high purity paclitaxel can be isolated. 15
The novel solvates of paclitaxel described herein  are previously unknown,
three-dimensionally crystalline  arrangements of paclitaxel molecules,
which include sites  for suitable organic solvent molecules. Suitable
organic solvents are those having molecules which can be 20 incorporated in
the solvent sites without changing the  unique arrangement of the
paclitaxel molecules as  described herein. Such novel solvates of
paclitaxel have been found to  25 be useful intermediates in the
purification of paclitaxel. The solvates themselves have been found to  



have biological activity. In certain embodiments, the novel solvates
described  30 herein may be obtained from a paclitaxel-containing material
such as a crude taxane mixture wherein the  taxanes are derived, for
example, from natural sources.  In other embodiments, the novel solvates
may be obtained  from semi-synthetic paclitaxel, or from mixtures prepared
-5 WO 03/047508 PCT/US02/37901  from relatively pure paclitaxel dissolved
in one or more  organic solvents. In another aspect, the invention
comprises a method  5 for the preparation of crystalline paclitaxel
solvates from a mixture comprising a paclitaxel-containing  material, and
an organic solvent having solvent molecules  compatible with solvent sites
in the unique crystalline  arrangement of paclitaxel molecules as
hereinbefore 10 described. The solid, crystalline paclitaxel solvate
containing paclitaxel and solvent molecules within the  crystal structure
is isolated from the mixture. The invention further comprises a method of
15 recovering paclitaxel from the solvates described herein,  comprising
removing solvent molecules from the  crystalline solvate structure. This
process is referred  to herein as a "desolvation" step, and may be
accomplished using any solvent removal means known in the  20 art. Yet
another aspect of the instant invention concerns  methods for inhibiting
human and/or other mammalian  tumors which comprises administering to a
tumor-bearing 



25 host an anti-tumor effective amount of these novel  paclitaxel forms.
BRIEF DESCRIPTION OF THE FIGURES 30 FIG. 1 is an observed powder X-ray
diffraction(PXRD)  pattern of bulk Form D, a previously unknown crystalline
paclitaxel solvate in which NMPO, acetonitrile and water  are incorporated
in the crystal structure. The observed  35 upper pattern(measured from a
slurry in the original -6 WO 03/047508 PCT/US02/37901  solvent mixture at
RT) agrees well with the lower pattern  simulated from atomic coordinates
obtained from complete  X-ray analysis of a single crystal at -43C. FIG. 2
is a simulated powder X-ray diffraction  5 (PXRD) pattern of Form E, a
previously unknown  crystalline paclitaxel solvate in which DMF and water
are  incorporated in the crystal structure. This simulated  pattern was
calculated from atomic coordinates obtained  from complete single X-ray
analysis at -53C. 10 15 FIG. 3 is a depiction of the solid state
arrangement  of a paclitaxel molecule and solvent molecules in one  part of
the Form D solvate, based on the observed atomic  coordinates. The
acetonitrile molecule is not shown. FIG. 4 is a depiction of the solid
state arrangement  of symmetry-independent paclitaxel and solvent molecules
in another part of the Form D solvate, based on the observed atomic
coordinates. The acetonitrile molecule is  



20 not shown. 25 30 FIG. 5 is a depiction of the solid state arrangement
of paclitaxel and solvent molecules in one part of the  Form E solvate,
based on the observed atomic coordinates. FIG. 6 is a depiction of the
solid state arrangement  of symmetry-independent paclitaxel and solvent
molecules  in another part of the Form E solvate, based on the observed
atomic coordinates. FIG. 7 is a tabular representation of cytotoxicity
(IC50 values) obtained for paclitaxel. WO 03/047508 PCT/US02/37901  FIG. 8
is a tabular representation of cytotoxicity (IC50 values) obtained for a
paclitaxel NMPO solvate  prepared according to the invention. 5 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS   Paclitaxel for use in commercial
Taxol is manufactured as a solvent-free crystalline powder  10 (referred to
herein as Form A). In the process of  characterizing the present invention,
it has been  determined through single crystal X-ray diffraction  studies
that Form A is orthorhombic, and its unit cell  contains two
crystallographically independent molecules 15 of paclitaxel associated with
hydrogen bonds to form a  hydrogen-bonded "dimer," and no solvent
molecules. As  used herein, the phrase "paclitaxel dimer" and the term
"dimer" refer to two paclitaxel molecules that are  



hydrogen-bonded to each other. A network of eleven 20 hydrogen bonds joins
the two paclitaxel molecules to  symmetry-related neighbors. Another
feature of this  arrangement is the presence of a large solvent site
buried in a cleft between the two independent paclitaxel molecules;
however, the crystal structure, and therefore  25 the arrangement of
paclitaxel molecules in form A is  entirely different from any of the novel
forms disclosed  herein. Paclitaxel Form A (elongated thin plates) exists
30 primarily as a highly water insoluble crystalline, granular,
solvent-free form. It is substantially non- hygroscopic under normal
laboratory conditions (relative  humidity (RH) approximately 50-60%;
20-30C). However,  when contacted with an atmosphere having a relative 35
humidity greater than about 90%, or in aqueous -8 WO 03/047508
PCT/US02/37901  suspensions, dispersions or emulsions, Form A converts (as
a function of time, temperature, agitation, etc.) to  a thermodynamically
more stable form (referred to herein  as Form B). Form B is a trihydrate
orthorhombic form 5 having six water sites per two independent paclitaxel
molecules (one paclitaxel "dimer"). These hydrated  crystals are of a fine,
hair-like appearance and are even  less water soluble than Form A. 10 The
Form B trihydrate is formed in aqueous  suspensions or through
crystallization from aqueous  solvents in the presence of a large excess of
water.  This form is disclosed in the commonly assigned patent  



application EP 717,041, which is herein incorporated by 15 reference in its
entirety. In the process of  characterizing the present invention, it has
been  determined through single crystal X-ray diffraction  studies that
Form B is orthorhombic, and its unit cell  contains two
crystallographically independent molecules 20 of paclitaxel associated with
hydrogen bonds to form a  "dimer". The crystal structure, and therefore the
arrangement of paclitaxel molecules in form B is entirely  different from
form A and any of the novel forms  disclosed herein. 25 Mastropaolo, et al.
disclosed a novel crystalline  solvate of paclitaxel obtained by
evaporation of solvent  from a solution of Taxol(r) in dioxane, water and
xylene.  Proc. Natl. Acad. Sci. USA 92, 6920-24 (July, 1995). This 30
solvate is referred to herein as Form C, however it is  indicated as being
unstable, and, in any event, has not  been shown to effect purification of
crude paclitaxel,  unlike the novel solvates of the present invention. The
thin plate-like crystals are reported to contain five 35 water molecules
and three dioxane molecules per two -9 WO 03/047508 PCT/US02/37901
molecules of paclitaxel. The crystal structure, and.  therefore the
molecular arrangement of paclitaxel  molecules in form C is entirely
different from any of the  novel forms disclosed herein. 5 According to an
embodiment of the present invention,  



novel, relatively stable, paclitaxel solvates are  crystallized in a
controlled fashion from a solution  comprising paclitaxel-containing
material in one or more 10 organic solvents. The crystallization is
effected by  adding water as an anti-solvent in a controlled manner,  in
conjunction with temperature oscillation. In this  respect, the water is
added in aliquots such that the  crystallization of the novel solvate is
favored over the 15 precipitation of the trihydrate. This control optimizes
yield and quality of the crystalline paclitaxel solvate  and substantially
avoids formation of the trihydrate. Preferably, the organic solvents are
selected from  20 the group consisting of dimethylsulfoxide (DMSO), N,N'
dimethylformamide (DMF) , N,N'-dimethylacetamide (DMAC) ,
N-methyl-2-pyrrolidone (NMPO), 1,3-dimethyl-2- imidazolidinone (DMEU),
1,3-dimethyl-3,4,5,6-tetrahydro- 2-(1H)-pyrimidinone (DMPU), and
acetonitrile and mixtures 25 thereof. However, other solvents compatible
with the  solvent sites in the crystalline structures of the  presently
disclosed solvates may also be used. Various  examples of solvates that are
formed with one or more of  these solvents are described below. 30 For
example, in one embodiment of form E,  crystallization from a solution
comprising paclitaxel and  aqueous DMF yields a solvate having the apparent
molecular ratio of DMF:paclitaxel of about 0.5:1. In a -10 WO 03/047508
PCT/US02/37901  preferred embodiment of form E, crystallization from a  



solution of paclitaxel in aqueous DMF yields a ternary  crystal structure,
which contains one DMF solvent molecule and about two water molecules per
paclitaxel  5 "dimer". In one embodiment of form D, crystallization from a
solution comprising paclitaxel and aqueous NMPO yields a  solvate having
the apparent molecular ratio of 10 NMPO:paclitaxel of about 1:1. In a
preferred embodiment  of form D, crystallization from an aqueous solution
comprising paclitaxel, acetonitrile (CH3CN), acetic acid,  and NMPO yields
a Form D solvate characterized by about  three molecules of water, about
two molecules of NMPO, 15 and about one molecule of acetonitrile per two
molecules  of paclitaxel ("dimer"). In another embodiment, precipitation
from a solution  comprising paclitaxel and aqueous DMPU yields a solid of
20 unknown structure containing DMPU and paclitaxel in the  approximate
molecular ratio of 1:1. In another embodiment, precipitation from a
solution  comprising paclitaxel and aqueous DMSO yields a solid of 25
unknown structure containing DMSO and paclitaxel in the  approximate
molecular ratio of 1-2:1. The solvates of this invention should be
interpreted  as including equivalents having similar crystal 30 structures,
properties and approximately the same ratio  of solvents to paclitaxel. The
process of preparing the solvates includes  combining a
paclitaxel-containing material, which may be 35 derived from various
sources, with an aqueous solution of -11 



WO 03/047508 PCT/US02/37901  one or more organic solvents. The mixture may
optionally  include an acidifying agent to suppress the formation of  an
isomer, 7-epi-paclitaxel. Any suitable acidifying  agent may be used.
Non-limiting examples of these 5 include dilute acetic or citric acids. The
solids formed  by combining the paclitaxel with the solvents may then be
isolated by filtration, and excess, non-crystalline  solvent removed by any
means known in the art. The  resulting isolated product contains a
proportion of 10 solvent within the crystalline solvate form. The  isolated
solvate may, in a subsequent step, be  "desolvated," i.e. exposed to
solvent removal means known  in the art to remove the solvent molecules
from the  crystalline structure and effect the conversion of the 15
solvate, for example, to paclitaxel form A. The form E  solvate of the
present invention may also optionally be  converted to form B by
desolvation. The solvates described herein, and particularly the  20 Form D
NMPO solvate of paclitaxel, unexpectedly improves  the purity of paclitaxel
derived from crude product streams. When dissolved, the solvates also have
biological activity similar to Form A. Furthermore, they  may be converted
to Form A by heating under vacuum. Form 25 D transforms to form A, even
under conditions of  relatively high humidity. In one embodiment, the
invention comprises a method  for isolating paclitaxel solvates comprising
contacting a 30 paclitaxel-containing material, such as a crude mixture  of
taxanes obtained from plant sources, with an organic  



solvent, optionally with heating to promote dissolution  of the paclitaxel.
The crude mixture of taxanes is generally a mixture of taxanes in an
organic solvent 35 obtained by extracting the plant sources with solvent.
An -12 WO 03/047508 PCT/US02/37901  acidifying agent is preferably added.
The solvate may  then be precipitated from the mixture as described
herein. After precipitation, the slurry is filtered to  isolate the
solvate. 5 The quality of slurry that can be produced from a  given amount
of crude taxane mixture and organic solvent  is increased if the
temperature is first raised to a  temperature at which the slurry thins,
then lowered until 10 the slurry thickens, and then repeating this
procedure  for a plurality of cycles. The upper and lower  temperature set
points can be adjusted and optimized for  a given solvent system by one of
ordinary skill in the  art without undue experimentation. 15 20 The
isolation procedure is also effective for  purifying material containing
crude and semi-synthetic  paclitaxel and presumably, may also be effective
using  completely synthetic paclitaxel. In the detailed description that
follows, all  specified quantities and process conditions (including  time,
temperature, and the like) are exemplary only and  are understood to
include a range of equivalents. All 



25 such numerical examples are understood to be modified by  the term
"about," whether or not this is explicitly  stated, and the scope of the
term "about" is a range of  values as could be determined by one of
ordinary skill in  the art without undue experimentation. 30 Suitable
paclitaxel-containing material for  paclitaxel isolation may be selected
from any tissue that  contains a high paclitaxel content, preferably at
least  about 0.005 percent by weight on a dry basis. Examples 35 of
suitable paclitaxel-containing material include -13 WO 03/047508
PCT/US02/37901  tissues from various species of Yew plants comprising zne
genus Taxus, most preferably the bark of T. brevifolia, or T. yunnanensis,
and the roots and needles of  ornamental Yew plants such as T. cuspidata,
T. x media  5 spp Hicksii, T. x dark green spreader and Hill., T.
chinensis, T. wallichiana, T. canadensis, T. globosa, T.  sumatrana, and T.
floridana. Other suitable materials  include cultures of plant tissues
obtained from a Taxus  species. Methods for obtaining cultured tissue are
10 generally described, for example, in U.S. Pat. No.  5,744,333, European
Patent No. 553,780 B1 to Cociancich  and Pace and U.S. Pat. No. 5,451,392
to Strobel et al. The paclitaxel-containing material may also be  15
obtained from semi-synthetic or otherwise natural sources. U.S. Patent No.
5,451,392, for example,  describes media for culturing cells which is also
suitable for the practice of this invention. Also,  



microorganisms expressing extractable paclitaxel are 20 suitable, e.g., in
cell paste or fermentation broth.  Examples of suitable microorganisms are
species of  Erwinia associated with some Taxus species as described  in
U.S. Pat. No. 5,451,392 to Page et al. Another  example includes
microorganisms of the genus Taxomyces, 25 and more specifically, Taxomyces
andreanae, which are  capable of producing paclitaxel. Still other examples
include microorganisms engineered to produce paclitaxel  using recombinant
DNA techniques. 30 In other embodiments, the solvates are obtained by
precipitation from an aqueous solution comprising  relatively pure
paclitaxel and an organic solvent or  mixture of organic solvents. While
not limiting the  invention, relatively pure paclitaxel used in this manner
.  35 generally has a purity greater than about 90% -14 WO 03/047508
PCT/US02/37901 In precipitating the solvates, seeding may  optionally be
used to initiate crystallization. In this  respect, seed crystals of the
desired solvate may be 5 introduced to the solution to induce solvate
formation.  The present invention further provides a method for  the
conversion of the novel crystalline paclitaxel  solvates into Form A
paclitaxel, which is used in  commerce. Preferably, the conversion
comprises drying 10 the solvate under vacuum at an elevated temperature. In
a preferred embodiment, a crystalline paclitaxel solvate  



of the present invention is desolvated and converted into  Form A
paclitaxel during drying in vacuo, at a suitable  combination of vacuum and
temperature. 15 The compounds of the invention exhibit anti-tumor  activity
both in vitro and in vivo. For treating a  variety of tumors, the compounds
of the invention may be  used in a manner similar to that of paclitaxel
Form A; 20 e.g., see Physician's Desk Reference, 49th Edition,  Medical
Economics, p. 682, 1995. The dosage, mode, and  schedule of administration
for the compounds of the  invention are not particularly restricted. An
oncologist  skilled in the art of cancer treatment will be able to 25
ascertain, without undue experimentation, an appropriate  treatment
protocol for administering the compound of the  present invention. Thus,
the active compounds may be  administered via any suitable route of
administration,  parenterally or orally. Parenteral administration 30
includes intravenous, intraperitoneal, intramuscular, and  subcutaneous
administration. The doses utilized to implement the treatment  methods of
the invention are the ones that make it 35 possible to administer
prophylactic treatment or to evoke -15 WO 03/047508 PCT/US02/37901 a
maximal therapeutic response. The doses vary,  depending on the type of
administration, the particular  product selected, and the personal
characteristics of the  subject to be treated. In general, the doses are
the 



5 ones that are therapeutically effective for the treatment  of disorders
caused by abnormal cell proliferation. The  compounds of the invention can
be administered as often  as necessary in order to obtain the desired
therapeutic  effect. Some patients may respond rapidly to relatively 10
high or low doses, and then require mild maintenance or  no maintenance
dose at all. Via the i.v. route, the  dosage may be, for example, in the
range of about 20 to  about 500 mg/m2 over 1 to 100 hours. Via the oral
route,  the dosage may be in the range of 5-1000mg/kg body 15 weight/day.
The actual dose used will vary according to  the particular composition
formulated, the route of  administration, and the particular site, host,
and type  of tumor being treated. Many factors that modify the  action of
the drug will be taken into account in 20 determining the dosage including
age, weight, sex, diet  and the physical condition of the patient. The
present invention also provides pharmaceutical  compositions containing an
anti-tumor effective amount of 25 active compound in combination with one
or more  pharmaceutically acceptable carriers, excipients,  diluents, or
adjuvants. The compositions can be prepared  in accordance with
conventional methods. The examples in  U.S. Patents 4,960,790 and 4,814,470
may be followed to 30 formulate the compositions of this invention. For
example, active compounds may be formulated as tablets,  pills, powder
mixtures, capsules, injectables, solutions,  suppositories, emulsions,
dispersions, food premix, and  in other suitable forms. They may also be
manufactured 35 in the form of sterile solid compositions, for example, 



-16 WO 03/047508 PCT/US02/37901  freeze dried and, if desired, combined
with other  pharmaceutically acceptable excipients. Such solid
compositions can be reconstituted with sterile water,  physiological
saline, or a mixture of water and an 5 organic solvent, such as propylene
glycol, ethanol, and  the like, or some other sterile injectable medium
immediately before use for parenteral administration. Typical
pharmaceutically acceptable carriers are,  10 for example, mannitol, urea,
dextrans, lactose, potato and maize starches, magnesium stearate, talc,
vegetable  oils, polyalkylene glycols, ethyl cellulose,
poly(vinylpyrrolidone), calcium carbonate, ethyl oleate,  isopropyl
myristate, benzyl benzoate, sodium carbonate, 15 gelatin, potassium
carbonate, and silicic acid. The pharmaceutical preparation may also
contain  nontoxic auxiliary substances such as emulsifying,  preserving or
wetting agents, and the like, such as 20 sorbitan monolaurate,
triethanolamine oleate,  polyoxyethylene monostearate, glyceryl
tripalmitate, and  dioctyl sodium sulfosuccinate, and the like. The
following examples describe the manner and  25 process of making and using
the invention and are intended to be illustrative rather than limiting. WO
03/047508 PCT/US02/37901  EXAMPLE 1 PACLITAXEL SOLVATE FORM D (NMPO) 5 533
mg of paclitaxel was dissolved in 26.6 mL of  NMPO. To this was added 13.3
mL of acetonitrile, and  



then 13.3 mL of 0.1% aqueous acetic acid. The solution  was heated to 40C,
and a 0.1% aqueous acetic acid  solution (26.6 mL) was added in two
portions. This was 10 then cooled to 20C over 90 minutes and sonicated. The
slurry was then heated to 58C and then cooled to 20C  over 90 minutes. The
slurry was then heated to 58C,  stirred for 1 hour and cooled to 20C over
4.5 hours. The slurry was then sonicated, reheated to 58C over 30 15
minutes and stirred at 58C for 1 hour. The slurry was  then cooled to 20C
over 4.5 hours, and stirred slowly for  16 hours. The slurry was then
decanted and filtered. The filter cake was washed with 25% acetonitrile in
0.1%  aqueous acetic acid (2 mL). The filter cake was then 20 dried under
high vacuum at 40C to yield a colorless solid  (450 mg). The ratio of NMPO
to paclitaxel'by 1H NMR was  1.0:1, consistent with the single crystal
structure of  form D (potency = 855 g/mg; area % was 99.7). (Form D
crystals ideally contain H2O, NMPO, CH3CN, and paclitaxel 25 in the molar
ratio 3:2:1:2). The Form D NMPO solvate crystals consisted of thin
elongated plates having the following unit cell  parameters at -43C. (A
detailed account of unit cells 30 can be found in Chapter 3 of Stout &
Jensen, X-Ray  Structure Determination: A Practical Guide, MacMillan  Co.,
New York (1968), herein incorporated by reference.)  Cell dimensions: -18
WO 03/047508 0  a = 9.541(l) A  



A b = 28.456(4) 0  c = 37.238(5) A  Volume: 10,110 A3 5 Space Group : P 21
21 21 orthorhombic  Ideal composition PCT/US02/37901 of the unit cell: 8
paclitaxel, 8 NMPO, 4 CH3CN, 12 H2O  Density (calculated): 1.315 g/cm3 10
15 The unique arrangements of paclitaxel and solvent  molecules in form D
are illustrated in Figures 3 and 4,  and are based on the fractional atomic
coordinates listed  in Tables 1-2 below. The approximate fractional
coordinates reported for  each form in Tables 1-3 encompass additional
isomorphic  crystalline solvate forms composed of paclitaxel and solvents
other than the solvents exemplified. In the  20 Tables, atom numbers less
than 40 represent atoms in  molecule "b" of the paclitaxel "dimer". The
corresponding atoms in molecule "a" have numbers forty  greater than
corresponding atoms in molecule "b". Thus,  for example, "N441" in Table 1
is in molecule "a", and 25 corresponds to N4' of molecule "b". Molecule "a"
and  molecule "b" are the two molecules of the paclitaxel  "dimer", labeled
in the Figures. Atoms 0111, 0112, and  0113 are the three water molecules.
Atoms N101, C102,  



and C103 are the acetonitrile molecules. Atoms N91, 092 30 and C93 - C96
are one of the two NMPO solvent molecules.  Except for some slight natural
lattice expansion, the  crystal structure remains the same under ambient
conditions. The approximate coordinates in Table 1  therefore will vary
according to the temperature at -19 WO 03/047508 PCT/US02/37901
measurement. Statistical variations in these coordinates  may also occur
consistent with the reported error values. 5 TABLE 1 AtomXYZB (A2)
C440.219(3)0.0264(9)0.2022(7)1.2(7) C410.517(3)0.092(1)0.1537(7)1.6(7)
C480.384(3)0.072(1)0.2427(7)1.9(7) C550.653(4)0.108(1)0.1774(8)2.3(8)
C510.681(4)0.063(1)0.2022(9)3.4(9) C620.098(4)0.099(1)0.1032(8)3.6(9)
C52'0.573(3)-0.076(1)0.0594(7)1.7(7) C490.526(4)0.098(1)0.2529(8)2.1(8)
C610.198(4)0.115(1)0.1297(8)2.4(8) C41'0.758(4)-0.058(1)0.1229(8)2.7(8)
C45'0.768(5)-0.172(1)0.038(1)7.9(14) C520.701(3)0.0231(9)0.1857(7)1.1(7)
C680.295(4)-0.050(1)0.1792(8)2.1(8) C700.840(4)0.088(1)0.287(1)5.6(11)
C430.368(3)0.0519(9)0.2045(7)0.5(6) C500.665(3)0.071(1)0.2403(8)2.1(8)
C420.368(3)0.0920(9)0.1747(7)0.4(6) C43'0.689(3)-0.1076(9)0.0705(7)0.9(7) 



-20 WO 03/047508 PCT/US02/37901 AtomXyzB (A2)
C530.687(3)0.019(1)0.1454(8)2.4(8) C450.157(3)0.005(1)0.2369(8)2.4(8)
C42'0.712(4)-0.108(1)0.1154(8)2.5(8) C470.376(3)0.031(1)0.2696(8)2.1(7)
C630.087(4)0.049(1)0.0956(9)4.9(10) C670.033(3)0.136(1)0.0854(7)1.6(7)
C57'0.441(4)-0.090(1)0.0602(9)4.8(10) C53'0.613(4)-0.031(1)0.046(1)5.8(11)
C64-0.020(4)0.036(1)0.0694(9)4.9(11) C66-0.074(4)0.122(1)0.0603(8)3.4(9)
C54'0.498(4)0.001(1)0.0377(8)2.6(8) C56'0.334(4)-0.061(1)0.051(1)5.1(11)-
C65-0.088(4)0.074(1)0.052(1)5.0(10) C55'0.362(4)-0.014(1)0.0372(8)2.7(8)
0440.235(2)-0.0071(7)0.1735(5)2.3(5) 0500.779(2)0.0972(7)0.2539(5)3.3(5)
0420.277(2)0.0788(6)0.1461(4)1.0(4) 0530.646(2)-0.0335(6)0.1366(5)1.8(5)
0450.036(2)0.0369(7)0.2317(5)3.4(6) 0490.544(2)0.1271(8)0.2745(5)3.5(6)
0610.211(2)0.1540(6)0.1434(5)1.0(4) -21 WO 03/047508 PCT/US02/37901
AtomXYZB (A2) 041'0.872(3)-0.0418(7)0.1206(6)3.9(6) 



045'0.855(3)-0.156(1)0.0227(7)8.6(9) 0680.359(2)-0.0540(7)0.2077(5)3.3(6)
0700.802(3)0.0504(8)0.2991(6)5.1(7) N44'0.669(3)-0.1571(9)0.0608(7)3.5(7)
C540.553(3)0.0428(9)0.1321(7)0.7(7) C460.229(4)0.010(1)0.2720(8)2.5(8)
C600.084(4)0.053(1)0.1934(8)3.0(9) 0410.494(2)0.1261(6)0.1247(5)1.2(4)
042'0.824(2)-0.1385(7)0.1229(5)2.5(5) 0470.415(2)0.0416(7)0.3046(5)2.6(5)
C590.275(4)0.113(1)0.2549(8)3.1(9) C560.615(3)0.1548(9)0.1965(7)0.8(7)
C570.788(3)0.117(1)0.1527(7)1.5(7) C580.734(3)-0.023(1)0.2075(8)2.5(8)
C690.298(3)-0.083(1)0.1483(8)2.2(8) C710.950(4)0.120(1)0.2981(8)3.0(8)
C40.946(3)0.161(1)-0.2152(8)2.0(8) Cl0.631(3)0.2169(9)-0.1612(7)1.1(7)
C80.780(4)0.212(1)-0.2543(8)2.7(8) C150.508(3)0.238(1)-0.1862(8)1.7(7) -22
WO 03/047508 PCT/US02/37901 AtomXYZB (A2)
C110.474(4)0.199(1)-0.2140(9)3.9(9) C221.052(3)0.225(1)-0.1124(7)1.1(7)
C6'0.473(3)0.099(1)-0.0287(8)2.1(8) C12'0.573(3)-0.032(1)-0.0938(8)2.5(8)
C90.642(4)0.235(1)-0.2626(8)2.7(8) C210.953(4)0.240(1)-0.1397(8)3.2(9) 



Cl'0.386(3)0.0635(9)-0.1493(7)0.6(6) C5'0.545(4)0.075(1)-0.0630(9)4.7(10)
C120.466(3)0.1535(9)-0.2038(7)1.0 C280.850(4)0.080(1)-0.1952(8)3.2(9)
C300.325(4)0.236(1)-0.301(1)4.8(10) C30.788(3)0.1857(9)-0.2161(7)0.6(6)
C100.491(3)0.207(1)-0.2537(8)1.7(7) C20.770(4)0.222(1)-0.1823(8)2.5(8)
C3'0.535(4)0.019(1)-0.1081(8)2.3(8) C130.466(3)0.1421(9)-0.1625(7)1.0
C51.011(3)0.139(1)-0.2506(8)2.4(8) C2'0.444(3)0.014(1)-0.1411(8)2.1(8)
C70.787(3)0.171(1)-0.2825(8)2.0(8) C231.082(3)0.175(1)-0.1095(7)1.3(7) C27
1.134(3) 0.258(1)-0.0928(8)2.0(7) 1 _L_ -23 WO 03/047508 PCT/US02/37901
XYSB (A2) Atom Cll0.572(4)0.127(1)-0.0072(9)5.0(10)
C7'0.342(4)0.091(1)-0.0169(8)3.3(9) C17'0.525(4)-0.049(1)-0.0606(9)4.2 (10)
C13'0.657(5)-0.059(1)-0.114(1)6.8(12) C261.238(4)0.245(1)-0.0687(8)3.0(8)
C241.192(4)0.162(1)-0.0871(9)3.9(10) CS'0.286(4)0.110(1)0.0165(9)4.3 (10) 



C10'0.530(5)0.142(1)0.027(1)7.1(12) C16'0.564 (4)-0.091(1)-0.0481(9)5.1(11)
C14'0.697(4)-0.104(1)-0.1009(9)5.2(11) C251.264 (4)0.195(1)-0.0635(9)3.8(9)
C9'0.393 (4)0.137(1)0.0367(9)3.9(9) C15'0.650 (4)-0.120(1)-0.0677(9)5.1(11)
040.923(2)0.1233(7)-0.1868(5)1.9(5) 0100.380 (2)0.2383(7)-0.2634(5)3.0(5)
020.880(2)0.2052(6)-0.1559(5)1.5(4) 0130.503(2)0.0934(7)-0.1594(5)2.7(5)
051.122(2)0.1722(7)-0.2426(5)2.7(5) 090.629(2)0.2698(6)-0.2812(5)1.4(4)
0210.930(2)0.2810(7)-0.1445(5)2.2(5) 01'0.272(2)0.0783(7)0.1498(5)3.2(5)
-24 WO 03/047508 PCT/US02/37901 AtomXYZB(A2)
05'0.665(3)0.0900(8)-0.0721(6)4.1(6) 0280.791(2)0.0807(7)-0.2238(5)3.2(6)
0300.371(3)0.2020(9)-0.3153(6)5.9(7) N4'0.460(3)0.0444(8)-0.0782(6)1.5(6)
C140.599(3)0.165(1)-0.1470(7)1.5(7) C60.947(4)0.151(1)-0.2854(8)2.9(9)
C201.078(3)0.188(1)-0.2072(7)1.9(8) 010.648(2)0.2464(6)-0.1304(5)1.3(4)
02'0.324(2)-0.0158(7)-0.1374(5)2.5(5) 070.742(2)0.1856(6)-0.3173(5)1.9(5)
C190.891(3)0.253(1)-0.2590(7)1.6(7) C160.543(3)0.287(1)-0.2021(7)1.3(7) 



C170.369(3)0.243(1)-0.1634(7)1.4(7) C180.433(3)0.113(1)-0.2291(7)1.3(7)
C290.868(4)0.047(1)-0.1660(8)2.9(8) C310.216(4)0.271(1)-0.3066(9)3.6(9)
01120.185(4)-0.202(1)0.1087(8)10.1(10)
01130.068(4)-0.130(1)0.0768(9)13.4(12)
01110.465(3)-0.1962(9)0.1084(7)6.9(8) C920.104(4)-0.013(1)-0.057(1)6.5(12)
C94-0.058(6)-0.051(2)-0.021(1)10.1(16) -25 WO 03/047508 PCT/US02/37901
AtomXYZB(A2) N1010.911(4)0.213(1)-0.010(1)10.1(13)
N91-0.006(4)0.013(1)-0.0472(9)6.9(10) C1020.804(7)0.227(2)-0.028(2)17.0(25)
0920.195(3)0.012(1)-0.0740(8)9.2(10) C95-0.138(6)-0.008(2)-0.029(1)12.5(19)
C930.083(5)-0.062(2)-0.040(1)9.7(16) C1030.702(6)0.239(2)-0.048(1)10.7(16)
C96-0.037(7)0.067(2)-0.055(2)15.5(23) The following coordinates represent
one of the NMPO  solvent molecules and a side chain phenyl group of
molecule A. 5 TABLE 2 AtomXYZB(A2) C840.649-0.3760.12910.0 N81
I0.756-0.3060.1317.9 0820.630-0.2540.1524.8 C830.557-0.3400.1395.1 



C850.802-0.3500.1187.7 C820.630-0.2950.13815.3 C860.878-0.2790.11710.5
C46'0.735-0.2230.02910.5 C51'0.843-0.2470.00810.5 -26 WO 03/047508
PCT/US02/37901 AtomXYZB(A2) C47'0.625-0.2480.04610.5
C48'0.609-0.2970.04010.5 C50'0.826-0.2950.00310.5 C49'0.705L
-0.3210.01610.5 EXAMPLE 2 CONVERSION OF FORM D TO FORM A 5 10 A sample of
the NMPO-solvated paclitaxel of Example  1 was further dried under high
vacuum at 82C for 16 hours  to give a material containing 0.05 molar
equivalents of  NMPO and shown to be Form A by X-ray powder diffraction.
EXAMPLE 3 PACLITAXEL PURIFICATION 15 A crude taxane mixture containing
10.66 g of  paclitaxel (paclitaxel area % at 227 nm = 56) existed as  a
solution in 1.055 L of a solvent mixture consisting of  a 2:1:1 (v:v:v)
ratio of NMPO/acetonitrile/0.1% acetic  acid. The solution was warmed to
40C with stirring and 20 then, over a period of 80 minutes, a 0.1% aqueous
acetic  acid solution (520 mL in 4 portions) was added with  



seeding. After holding at 40C for 30 minutes, the slurry  was allowed to
cool to 20C over 90 minutes, then held at  20C for 30 minutes. The slurry
was then heated to 58C, 25 stirred for 30 minutes and allowed to cool to
20C over 90 -27 WO 03/047508 PCT/US02/37901  minutes. The slurry was
stirred at 20C for 30 minutes  followed by heating back to 58C. After
reaching 58C  another addition of 0.1% aqueous acetic acid was made (520
mL) in one portion. A temperature oscillation cycle  5 was then performed
as follows: Set point 1 = 58C; period 1 = 45 minutes.  Set point 2 = 58C;
period 2 =180 minutes.  Set point 3 = 20C; period 3 = 30 minutes.  Set
point 4 = 20C. 10 followed by holding at the final temperature of 20C. The
slurry was then stirred for 4 hours and filtered and  washed successively
with 80 mL each of 25% acetonitrile  in 0.1% aqueous acetic acid and then
0.1% aqueous acetic  15 acid and dried. The dried cake yielded 13.47 g of
material  containing 10.52 g of crystalline paclitaxel solvate.  The ratio
of NMPO to paclitaxel was 1.0 to 1 by 1H NMR. 20 The paclitaxel area % at
227 nm for the product was 92.  The paclitaxel area % at 227 nm for the
mother liquor was  9.5. EXAMPLE 4  25 PACLITAXEL SOLVATE FORM E (DMF) 



252 mg of paclitaxel was dissolved in 12.5 mL of DMF  and 6.25 mL of CH3CN
and stirred at 20C. 6.25 mL of 0.1%  30 acetic acid was added in 1 portion.
The solution was stirred with heating to. 40C and another 12.5 mL of 0.1%
aqueous acetic acid was added in three portions over one  minute. The
solution was held at 40C for 1 hour, at -28 WO 03/047508 PCT/US02/37901
which time no crystals were observed. The mixture was  cooled with minimal
stirring to 20C over 90 minutes, at  which point a slurry was observed to
form, and held at  20C for 1 hour. Thereafter the mixture was heated to 5
58C over 30 minutes to thin the slurry. The mixture was  held at 58C for 30
minutes, with stirring, then cooled to  20C over 90 minutes. After being
held at 20 C for 16 hours (during which time the slurry thickens), the
mixture was heated to 58C with stirring (and the slurry 10 was observed to
thin). The slurry was held at 58C for 1  hour. Then 12.5 mL of 0.1% acetic
acid was added in 3  portions over 1 minute, at which point the slurry
became  dramatically thicker. The slurry was stirred at 58C for  30
minutes, then cooled to 20C over 3 hours and held at 15 20C with stirring.
A little settling of the slurry was  observed (about 20%). About 2 mL of
the slurry was  removed and filtered over about 5 minutes. The filter  cake
was washed in 25% CH3CN/0.1% acetic acid (2 mL) and  then dried under high
vacuum at 40C for 16 hours to yield 20 210.0 mg solid. The mole ratio of
DMF to paclitaxel as  measured by 1H NMR spectroscopy was about 0.5:1.0  



consistent with the single crystal structure of form E. Single crystals of
Form E DMF solvate (needles) had  25 the following unit cell parameters at
-53C: Cell dimensions:  a = 9.512(1) A  0 b = 27.787(4) A  c = 34.788(5) A
30 Volume: 9,195 A3 Space Group : P 21 21 21 orthorhombic  ideal
composition -29 WO 03/047508 of the unit cell: 8 paclitaxel, 4 DMF, 8 H2O
Density  (calculated) : 1.312 g/cm3 PCT/US02/37901 5 The unique
arrangements of paclitaxel and solvent  molecules in Form E are illustrated
in Figures 5 and 6,  based on the fractional atomic coordinates listed in
Table 3 below. Except for some slight natural lattice  expansion, the
crystal structure remains the same under 10 ambient conditions. The
approximate coordinates in Table  3 herein therefore will vary according to
the temperature  at measurement. Statistical variations in these
coordinates may also occur consistent with the reported  error values. 15
TABLE 3 AtomXYZ 



C150.5181( 7)0.4318(2)-0.1705(2) C170.3753( 8)0.4393(2)-0.1463(2)
C221.0541( 8)0.4133(3)-0.0894(2) C241.1654(15)0.3472(5)-0.0555(4)
C261.2480(12)0.4297(5)-0.0452(3) C271.1484( 9)0.4461(3)-0.0704(2)
C310.2362(10)0.4605(4)-0.3026(3) C1'0.3882(12)0.2588(3)-0.1313(2)
01'0.2716( 8)0.2748(2)-0.1316(2) 05'0.717,0( 6)0.2745(2)-0.0631(2
N4'0.5110( 7)0.2340(2)-0.0591(2) -30 WO 03/047508 PCT/US02/37901 Atomxyz
C5'0.6083(10)0.2668(3)-0.0462(2) C6'0.5694( 8)0.2947(3)-0.0108(2)
C17'0.6503(14)0.1250(4)-0.1024(3) C10'0.6185(12)0.3619(3)0.0302(3)
C7'0.4687(11)0.2814(3)0.0139(3) C3'0.5409(10)0.2035(3)-0.0918(2)
C12'0.5667(10)0.1506(3)-0.0801(3) 0100.3932( 5)0.4342(2)-0.2556(2)
C190.9021( 8)0.4486(3)-0.2460(2) C70.8025( 8)0.3678(3)-0.2726(2) 070.7601(
6)0.3836(2)-0.3087(2) 0280.8041( 7)0.2715(2)-0.2104(2)
C231.0637(10)0.3650(4)-0.0819(3) C251.2601(12)0.3811(5)'-0.0379(3)
C11'0.6469(11)0.3348(3)-0.0048(3) C15'0.6177(20)0.0558(4)-0.0623(6) 



C9'0.5143(13)0.3473(4)0.0541(3) C14'0.5250(18)0.0826(5)-0.0367(4)
C80.4355(11)0.3099(4)0.0462(3) C16'0.6829(16)0.0731(5)-0.0929(4) C160.5505(
7)0.4826(2)-0.1869(2) -31 WO 03/047508 PCT/US02/37901 Atomxyz 010.6465(
4)0.4443(1)-0.1114(1) Cl0.6357( 7)0.4131(2)-0.1438(2) 090.6431(
6)0.4677(2)-0.2716(2) C90.6469( 8)0.4316(3)-0,.2514(2) 020.8821(
4)0.4002(1)-0.1358(1) C210.9594( 7)0.4337(3)-0.1179(2) C20.7825(
6)0.4155(2)-0.1648(2) C280.8611( 9)0.2745(3)-0.1803(3)
C290.8698(11)0.2383(3)-0.1500(3) 0130.5052( 5)0.2848(1)-0.1402(1)
C2'0.4244(10)0.2070(3)-0.1223(2) 02'0.3007( 7)0.1845(2)-0.1076(2)
C180.4370( 8)0.3070(2)-0.2168(2) 0300.4016(10)0.3983(3)-0.3114(2)
C300.3435(10)0.4274(4)-0.2923(3) C100.5059( 8)0.4050(2)-0.2426(2)
C110.4893( 7)0.3932(2)-0.2004(2) C120.4714( 8)0.3461(3)-0.1898(3)
C130.4820( 8)0.3357(2)-0.1475(2) C140.6040( 7)0.3628(2)-0.1278(2) C80.7913(
7)0.4089(2)-0.2405(2) -32 



WO 03/047508 PCT/US02/37901 AtomXYz C30.8009( 6)0.3818(2)-0.2020(2)
0210.9509( 5)0.4761(2)-0.1253(1) 040.9252( 5)0.3149(2)-0.1704(2) C60.9464(
8)0.3465(3)-0.2752(2) 051.1373( 5)0.3678(2)-0.2279(2) C40.9412(
8)0.3531(2)-0.1991(2) C201.0812( 8)0.3794(3)-0.1906(2) C51.0144(
9)0.3344(3)-0.2356(2) C130.5006(13)0.1304(4)-0.0474(3) C430.8809(
6)0.6438(2)-0.2016(2) C450.6695( 8)0.6906(3)-0.2388(2) C460.7522(
9)0.6828(3)-0.2765(2) C491.0427( 8)0.5963(3)-0.2512(2) C551.1585(
7)0.5926(2)-0.1670(2) C571.2951( 7)0.5844(2)-0.1420(2) C581.2564(
7)0.7179(2)-0.2092(2) C600.5978( 7)0.6441(3)-0.1949(3) C660.4412(
9)0.5914(3)-0.0428(2) C650.4404( 9)0.6411(4)-0.0324(2)
C640.5279(11)0.6739(3)-0.0507(3) C690.7927(1(O)0.7875(3)-0.1509(3) -33 WO
03/047508 PCT/US02/37901 Atomxyz C711.4484( 9)0.5682(3)-0.3008(3)
C41'1.2782(11)0.7650(3)-0.1241(2) C43'1.2300( 9)0.8180(2)-0.0692(2) 



0491.0493( 5)0.5605(2)-0.2704(2) C56'1.0693(13)0.7061(3)-0.0234(3)
C52'1.1217(10)0.7833(2)-0.0531(2) N44'1.1992( 8)0.8670(2)-0.0558(2)
C45'1.2893(13)0.8950(4)-0.0356(3) C57'1.1634(10)0.7394(3)-0.0371(2)
C54'0.8780(10)0.7566(3)-0.0457(3) C420.8925( 7)0.6088(2)-0.1656(2)
045'0.5524( 5)0.6576(2)-0.2341(2) 0470.9403( 6)0.6458(2)-0.3093(2)
C470.8936( 9)0.6621(3)-0.2714(2) 0501.2954( 5)0.5937(2)-0.2519(2)
C701.3318(10)0.5990(3)-0.2876(3) C630.6178( 8)0.6576(3)-0.0799(2)
C590.7854( 8)0.5800(3)-0.2514(2) C440.7370( 8)0.6727(2)-0.1996(2)
0680.8736( 7)0.7538(2)-0.2102(2) 041'1.3962( 8)0.7494(2)-0.1225(2) -34 WO
03/047508 PCT/US02/37901 Atomxyz C49'1.1713(20)1.0251(4)0.0158(4)
C48'1.0938(17)1.0081(4)-0.0154(4) C53'0.9795(11)0.7921(3)-0.0585(3)
C47'1.1375(15)0.9632(3)-0.0334(3) C50'1.2853(17)0.9993(5)0.0295(4)
C55'0.9280(14)0.7160(3)-0.0286(3) C511.3239(12)0.9565(4)0.0107(3)
C610.7121( 7)0.5880(2)-0.1203(2) 0610.7200( 5)0.5470(2)-0.1292(1) 



C620.6189( 7)0.6081(3)-0.0889(2) C670.5324( 8)0.5741(3)-0.0706(2)
0420.7871( 5)0.6235(1)-0.1381(1) 0440.7456( 5)0.7085(2)-0.1714(1)
C680.8102( 9)0.7497(3)-0.1803(3) C42'1.2378( 9)0.8158(2)-0.1127(2)
042'1.3458( 7)0.8475(2)-0.1253(2) C521.2129( 7)0.6778(2)-0.1834(2)
C531.1895( 7)0.6875(2)-0.1418(2) 0531.1648( 5)0.7385(1)-0.1348(1)
C541.0635( 7)0.6614(2)-0.1257(2) C411.0334( 6)0.6107(2)-0.1430(2) -35 WO
03/047508 PCT/US02/37901 Atomxyz C511.1903( 7)0.6320(2)-0.1965(2)
0411.0162( 4)0.5785(1)-0.1105(1) C561.1285( 7)0.5428(2)-0.1855(2)
C501.1793( 8)0.6218(2)-0.2389(2) 0701.2637(12)0.6258(3)-0.3085(3)
0451.4073(13)0.8794(2)-0.0307(2) C46'1.2515(13)0.9385(3)-0.0202(2)
C480.8968( 7)0.6188(2)-0.2423(2) N1250.7714(10)0.5174(3)-0.3682(3)
C1260.7315(13)0.5631(5)-0.3764(4) C1270.8863(16)0.5059(5)-0.3584(4)
C1280.6543(13)0.4804(4)-0.3756(4) 01310.9302( 9)0.9017(3)-0.0990(3)
01320.6429(16)0.9026(5)-0.0976(4) 



01290.9125( 9)0.4519(3)-0.3483(3) 01300.7787(23)0.6069(8)-0.3632(7) 5
EXAMPLE 5 DMAC SOLVATE OF PACLITAXEL 250 mg of paclitaxel was dissolved in
12.5 mL of  DMAC and 6.25 ml of acetonitrile and stirred at 20C. -36 WO
03/047508 PCT/US02/37901  6.25 mL of 0.1% acetic acid was added and the
resulting  mixture was heated to 40C. An additional 12.5 mL of 0.1%  acetic
acid solution was added in three portions over one  minute and the
resulting mixture was held at 40C for one 5 hour, at which point
precipitation was observed to begin.  The mixture was cooled with minimal
agitation to 20C  over 90 minutes and held at this temperature for one
hour, at the end of which time the mixture was a thick  slurry. The slurry
was then heated to 58C over 30 10 minutes and held at this temperature for
another 30  minutes with stirring, and the slurry was observed to  thin.
The thinned slurry was cooled to 20C over 90  minutes and held at 20C for
16 hours. The resulting  mixture was heated to 58C, with stirring. Some
settling 15 was observed. The slurry was held at 58C for 1 hour.  12.5 mL
of 0.1% acetic acid was added in three portions  over 1 minute. The slurry
was held at 58 C for another  30 minutes. The mixture was cooled to 20C
over 3 hours  and held at that temperature with stirring. After about 20 10
days, 80% of the mixture had settled. 2 mL of slurry  was removed, filtered
quickly and washed with 2 mL of a  



solution of 25% acetonitrile and 0.1% acetic acid. A  solid of unknown
structure was obtained. However, 1H NMR  spectroscopy showed a molar ratio
of DMAC to paclitaxel 25 of 1.0:1.0. The appearance of this amount of
solvent in  the solid after washing suggested that a crystalline  solvate
was formed. 30 EXAMPLE 6 DMSO SOLVATE OF PACLITAXEL 253 mg of paclitaxel
was dissolved in 12.5 mL of  DMSO and 6.25 mL of CH3CN and 6.25 mL of 0.1%
aqueous -37 WO 03/047508 PCT/US02/37901  acetic acid solution. The
resulting mixture was heated  to 40C and an additional 12.5 mL of 0.1%
acetic acid was  added. The mixture was held at 40C for 30 minutes and
significant precipitation was observed. The slurry was 5 cooled to 20C over
90 minutes and stirred at 20C for 1  hour. The slurry was then heated to
58C over 30 minutes  and held at 58C for 30 minutes, stirred rapidly for 5
minutes and then cooled to 20C over 3 hours and held at  20C for 30
minutes. The solution was again heated to 10 58C for 30 minutes and held at
that temperature for 30  minutes, and then stirred rapidly for 5 minutes.
The  solution was heated briefly to 67C and 12.5 mL of 0.1%  aqueous acetic
acid added. The solution was then allowed  to cool to 20C over 3 hours and
then held at 20C for 18 15 hours. After precipitation was observed to be
complete,  some settling (about 20% to 30%) was observed. The  slurry was
filtered over filter paper and, washed with 2  



mL of 25% CH3CN/0.1% acetic acid. The filter cake was  dried under high
vacuum at 40C for 18 hours, yielding 230 20 mg of a solid of unknown
structure. However, upon  analysis by 1H NMR, the molar ratio of DMSO to
paclitaxel  was determined to be about 1.3:1. The appearance of this
amount of solvent in the solid after washing suggested  that a crystalline
solvate was formed. 25 30 EXAMPLE 7 DMPU SOLVATE OF PACLITAXEL 258 mg of
paclitaxel was dissolved in 12.5 mL of  DMPU, 6.25 mL of CH3CN and 6.25 mL
of 0.1% acetic acid. -38 WO 03/047508 PCT/US02/37901  An additional 12.5 mL
of 0.1% acetic acid was added. Trie  temperature oscillation protocol
described in Example 1  above was performed. After a hold time of between
10 and  20 hours, the slurry was assayed and precipitation 5 determined to
be complete. No settling was observed.  The slurry was filtered over 15
minutes and washed in 3  mL of a 0.1% acetic acid/25% CH3CN solution. The
filter  cake was dried under high vacuum at 40C for 18 hours to  yield 235
mg of solid of unknown structure. However, 1H 10 NMR spectroscopy showed a
molar ratio of DMPU:paclitaxel  of about 1.0:1.0. The appearance of this
amount of  solvent in the solid suggested the formation of a  crystalline
solvate. WO 03/047508 COMPARATIVE EXAMPLE I 



PCT/US02/37901 A 1.062 g sample of crude paclitaxel material was  dissolved
in 4 ml acetone and precipitation was performed 5 with the addition of 0.1%
aqueous acetic acid to the  cloud point substantially in accordance with
the above- described methods. The mixture was warmed and cooled
periodically and more acetone (2 mL) and water were  added. Precipitation
was observed to proceed slowly. 10 The mixture was stirred overnight (16
hours) and the  material decanted. HPLC analysis determined that the
purity of the precipitate was not increased to the same  degree as when
crystallization was performed with an  amidic organic solvent or DMSO. By
microscopic 15 examination, acicular crystals were observed, but were  not
further characterized or examined for solvent  content. However, it is
noted that a relatively low  solvent:paclitaxel ratio of 1:10 was observed
by 1H NMR  analysis when pure paclitaxel and acetone were used 20 according
to the procedure of Examples 1 or 4-7. EXAMPLE 8  CYTOTOXICITY  25
Cytotoxicity of the NMPO solvate of Example 1 was  assessed in cell lines
by MTS (3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphenyl)-2H- tetrazolium, inner salt)
assay as reported in T.L. Riss, 30 et al., "Comparison of MTT, XTT, and a
Novel Tetrazolium.  Compound MTS for in vitro Proliferation and
Chemosensitivity Assays.," Mol. Biol. Cell 3  (Suppl.):184a, 1992. Cells
were plated at 4,000  



cell/well in 96 well microtiter plates and 24 hours later 35 drugs were
added and serial diluted. The cells were -40 WO 03/047508 PCT/US02/37901
incubated at 37C for 72 hours at which time the  tetrazolium dye, MTS at
333 g/mL (final concentration),  in combination with the electron coupling
agent phenazine  methosulfate at 25 gM (final concentration) was added. A 5
dehydrogenase enzyme in live cells reduces the MTS to a  form that absorbs
light at 492 nm, which can be  quantitated spectrophotometrically. The
greater the  absorbance, the greater the number of live cells. The  results
are expressed as an IC50, which is the drug 10 concentration required to
inhibit cell proliferation  (i.e., absorbance at 450 nm) to 50% of that of
untreated  control cells. The data represented in FIG. 7 and FIG. 8  show
the comparable biological activity in vitro of a paclitaxel solvate of NMPO
and paclitaxel. WO 03/047508 What is claimed is: PCT/US02/37901 1. A
crystalline solvate comprising paclitaxel and an  5 aqueous solvent
selected from the group consisting of dimethylsulf oxide,
N,N'-dimethylformamide, N,N'- dimethylacetamide, N-methyl-2-pyrrolidone,
1,3- dimethyl-2-imidazolidinone, 1,3-dimethyl-3,4,5,6-
tetrahydro-2-(1H)-pyrimidinone, and acetonitrile and  10 combinations
thereof. 2. The solvate of claim 1, wherein said solvents are N-
methyl-2-pyrrolidone and acetonitrile. 



15 3. The solvate of claim 1, which comprises about three  molecules of
water, about two molecules of N-methyl- 2-pyrrolidone, and about one
molecule of acetonitrile per two molecules of paclitaxel. '  20 4. The
solvate of claim 1, wherein said solvent is N,N - dimethylformamide. 5. The
solvate of claim 4, which comprises about one  molecule of
N,N'-dimethylformamide per two molecules  25 of paclitaxel. 6. The solvate
of claim 1, wherein said solvent is N,N'- dimethylacetamide. 30 7. The
solvate of claim 6, which comprises about one  molecule of
N,N'-dimethylacetamide per one molecule  of paclitaxel. -42 WO 03/047508
PCT/US02/37901  8. The solvate of claim 1, wherein said solvent is 1,3-
dimethyl-3,4,5,6-tetrahydro-2-(1H)-pyrimidinone. 9. The solvate of claim 1,
which comprises about one  5 molecule of
1,3-dimethyl-3,4,5,6-tetrahydro-2-(1H) pyrimidinone per one molecule of
paclitaxel. 10. The solvate of claim 1, wherein said solvent is
dimethylsulfoxide. 10 11. The solvate of claim 10, which comprises about
1-2  molecules of dimethylsulfoxide per molecule of  paclitaxel. 15 12. A
form D crystalline paclitaxel solvate according to  claim 1. 



20 13. A form D crystalline paclitaxel solvate according to  claim 3. 14. A
form E crystalline paclitaxel solvate according to  claim 1. 15. A form E
crystalline paclitaxel solvate according to  25 claim 5. 16. A method for
the preparation of paclitaxel which  comprises converting the crystalline
solvate of  claim 1 into Form A paclitaxel. 30 17. The method of claim 16,
wherein the conversion  comprises desolvating the solvate under vacuum at
an  elevated temperature to obtain Form A paclitaxel. -43 WO 03/047508
PCT/US02/37901 18. A method for the preparation of crystalline  paclitaxel
solvates comprising: a) forming a mixture of: (i) a paclitaxel-containing
material; and 5 (ii) one or more organic solvents, each said  solvent
having solvent molecules  compatible with solvent sites in the  crystalline
arrangement of the solvate;  and 10 b) removing solvent from the mixture to
recover a  solid, crystalline paclitaxel solvate having  paclitaxel and
solvent molecules within the  crystal structure. 



15 19. The method of claim 18 wherein each said solvent is  an aqueous
solution of an organic solvent. 20. The method of claim 19 wherein the
organic solvent  is selected from the group consisting of 20 dimethylsulf
oxide, N,N'-dimethylformamide, N,N'- dimethylacetamide,
N-methyl-2-pyrrolidone, 1,3- dimethyl-2-imidazolidinone,
1,3-dimethyl-3,4,5,6- tetrahydro-2-(1H)-pyrimidinone., and acetonitrile and
combinations thereof. 25 30 21. The method of claim 18 wherein the
crystalline  paclitaxel solvate comprises a dimer composed of  about two
molecules of paclitaxel and from about 0.5  to about 2 molecules of the
organic solvent. 22. The method of claim 18 further comprising subjecting
the mixture of step (a) to a temperature oscillation  before initiating
step . (b) . -44 WO 03/047508 PCT/US02/37901 23. A crystalline paclitaxel
solvate formed according to  the method of claim 18. 24. A crystalline
paclitaxel solvate formed according to  5 the method of claim 20. 25. A
crystalline paclitaxel solvate formed according to  the method of claim 20,
which is composed of about 10 two molecules of paclitaxel, about 3
molecules of  water, about 2 molecules of N-methyl-2-pyrrolidone  and about
one molecule of acetonitrile. 



26. A crystalline paclitaxel solvate formed according to  15 the method of
claim 20, which is composed of about two molecules of paclitaxel, about two
molecules of  water and about one molecule of N,N'- dimethylformamide. 20
27. A crystalline solvate of paclitaxel comprising of  about two molecules
of paclitaxel, about 3 molecules  of water, about 2 molecules of
N-methyl-2- pyrrolidone and about one molecule of acetonitrile. 25 28. A
crystalline solvate of paclitaxel comprising about  two molecules of
paclitaxel, about two molecules of  water and about one molecule of N,N'
dimethylformamide. 30 29. A method for processing a paclitaxel-containing
material to obtain paclitaxel comprising: a) forming a mixture of: (i) a
paclitaxel-containing material, and -45 WO 03/047508 PCT/US02/37901  (ii)
an aqueous solution comprising one or more  organic solvents; and b)
removing solvent from the mixture to isolate a  crystalline paclitaxel
solvate; and 5 c) desolvating the crystalline solid. 30. The method of
claim 29 wherein in step (c) the  crystalline solvate is heated. 10 31. The
method of claim 29 wherein in step (b), the  mixture is subjected to
temperature oscillation. 32. The method of claim 29 wherein in step (a), an
acidifying agent is added to the mixture. 



15 20 33. A pharmaceutical composition for the treatment of  tumors
comprising: a) an anti-tumor effective amount of paclitaxel  derived
according to the method of claim 16;  and b) one or more components
selected from the group  consisting of carriers, excipients, diluents  and
adjuvants. 25 34. The composition of claim 33 comprising form A
paclitaxel. 35. A method of treating tumors in humans comprising
administering an anti-tumor effective amount of 30 paclitaxel derived
according to the method of claim 16. 36. Form D paclitaxel solvate having a
crystalline  arrangement composed of,: 35 a) paclitaxel molecules; and -46
WO 03/047508 PCT/US02/37901  b) solvent molecules located in solvent sites
within the crystalline structure. 37. Form E paclitaxel solvate having a
crystalline  5 arrangement composed of: a) paclitaxel molecules; and b)
solvent molecules located in solvent sites  within the crystalline
structure. 10 38. An orthorhombic paclitaxel solvate crystal  containing a
solvent, which is characterized by unit  



cell parameters a of about 9.54A, b of about 28.46  A, and c of about 37.24
A; and a space group  symmetry p 21 21 21i the crystal consisting of eight
15 paclitaxel molecules in an arrangement and  conformations according to
the fractional atomic  coordinates expressed in Table 1; wherein the
arrangement of the paclitaxel molecules forms  solvent sites, the specific
dimensions of said 20 solvent sites varying according to the solvent
contained therein. 39. An orthorhombic paclitaxel solvate crystal
containing a solvent, which is characterized by unit 25 cell parameters, a
of about 9.51A, b of about 27.79  A, and c of about 34.79 A; and a space
group  symmetry p 21 21 21; the crystal consisting of eight  paclitaxel
molecules in an arrangement and  conformations according to the fractional
atomic 30 coordinates expressed in Table 1; wherein the  arrangement of the
paclitaxel molecules forms  solvent sites, the specific dimensions of said
solvent sites varying according to the solvent  contained therein. -47 


