04 April 2006 PACLI TAXEL SOLVATES TECHNI CAL BACKGROUND AND FI ELD OF

| NDUSTRI AL  APPLICABILITY 5 10 Field of the Invention The invention is

directed to novel crystalline solvates of paclitaxel with organic

sol vents, which are 15 useful as sources of paclitaxel for therapeutic

treatnments. The inventive concept further includes nethods fa such
4 pe5L20%: g

sol vates from paclitaxel - containing materials, and nethods

paclitaxel fromthese solvates. 20 Description of Related Art - -
Paclitaxel , aditerpene taxane_conpound wth significant antineoplastic
properties having the 25 structur EACHETEXELPQLATES, clains priority of U.'S
Provi sional Application No. 60/334,896, filed Novenber 30, 2001, the

entire disclosure of which is |ncoroorated herel b frtepge. -1 04
April 2006 is a natur allEEERHAL BACKSROUND GERY ot f the
Pacific yew tree, Taxus breV|foI|a mmHLECQBnnEPC|aIIy avail abl e as
Taxol (r), Bristol-Mers Squibb Co. Taxol (r) has been shown to have

excellent antitunor activity in in 5 vivo animal nodels, and recent ftudies
have el uci dat ed This application claims priority of U.s. Provisiona

Application No. 60/334,896, filed November 30, 2001, the
entire disclosure of which is incorporated herein by

reference.

Field of the Invention

The imvention 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 imcludes
methods of forming such solvates from paclitaxel-
containing materials, and methods of obtainimg paclitaxel
from these sclvates.
20
Description of Related Art

_ _ paclitaxel, a .diterpene taxane compound with
significant antineoplastic properties having the

25 structure:
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its unique node of action, which involves abnormal polynerization of
tubulin and disruption of mtosis during the cell cycle. Taxol (r) has been
approved for the treatnent of refractory advanced ovari an cancer, breast
10 cancer, non-small cell lung cancer and AIDS-rel ated Kaposi's Sarcona.

The results of paclitaxel clinical studies are reported in i,ent Lfi
periodi cal s and have been reviewed 15 by nunerous aut hors, S{Z‘gﬁ‘ngb%tg\n nsky

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

Sci ence and Current $tat usityr@D redited HBysORIGaarteGEsY Bprk of 1ty
Arerican Chemcal  Sggi ety vWASHHeRIt BusDpEevArb395) ; 16. iGeotnbucieley al .,

"Taxol (r) Science and plications”". . edited.b h ffnesss® -416
CRC Press, Boca Rat ofV2HEER® ((£68ky, r%’;tﬁ'ralt lt'ﬁgévrrh%%g?%r}fcgg‘ci tedi_t %é?ei n.

25 30 The patent |itbrat uhewdest hhbessarehyete tRodsr 2¢SoREYi HYy Facl i t axel

Tscr)f)\r/neﬁlt agg/sfglrjrgce?bl :ﬂg%dé?%m%i]meléﬂvﬂidvﬁgﬁéﬁtr actdier Mitd elaciduredor gani c
_ : . ) chronmat ogr.aphi c ,separ.ati d
described in U.S. PatlFSNﬁ‘sl.q)ée5?39@0?%l%tlg?ﬂf'gflfgo?ﬁf%ggi,%’?%,ngégcteourl?gg
(al so PCT Publ i cat i ppliNmriver 92 078adulincrnk SARPIRE loUsE F458F %8s  of

sol vent extractions ggpl.QyitRg @iihaspbie.chirarsi ongg babn ldpgroved fioengene and

net hanol fol |l owe i
d bytggggﬂé%% BP%%Exéﬁkéﬁy’ahvéﬁ¥%9 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); 5. G. Arbuck et al.,
wTaxol® Science and Applications”, edited by Matthew
suffness, 379-416, CRC Press, Boca Raton, Florida (1995),

and the references cited therein.

25
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.
30

The procedures described in U.S. Pat. Nos.
5,380,916, 5,475,120, and 5,670,673 to Rao {also PCT
pPublication No. WO 92/07842), for example, use a series
of solvent extractions employing ethanol, chloroform,

35 ligroin, benzene and methanol followed by reverse phase
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chromat ography using a HPLC colum with an acetonitrile eluent. The
procedures described in U S. Pat. Nos. 5,279,949 5 and 5,478,736 to Nair
(al so PCT Publication No. WD 97/09443) use activated charcoal for
decolorizing an initial 70% ethanol/water extract and early filtration

t hrough Celite(r) (diatomaceous earth) . The decol orized egMact. @
subsequently extracted with ethyl acetate, and 10 evaporate pﬁ}% (i)?)l tate
t axanes. The taxanes are re- dissolved in ethyl acetate and | oaded onto a

first silica colymm that is eluted w [athyl, acetatieigeadi ent,
and further purifg ﬁmﬁyo?ﬁﬁ‘%‘é’mussilpﬁc% IJ(i:o Cﬁﬁggéﬁgﬁﬂ ahrt ernatively, by

reverse phase chraametnography. 15 U. S. Patent No. 6, 136,989 di scl oses a
met hod of naking an acetone m xture containing paclitaxel which includes
extracting a paclitaxel-containi ng materjial. with thanlg

| .t ajp, a
met hanol extract; par LPEi BRPFRAYIE S° TREtRAnor Bt r &8¢ by Fi %u??gr%’%%u d
extraction witsh 4t Bykhere7shitar Nderandlswafer Peblioranignt ¥e- MPase system

having a et hanol g ji1ase SONtalag. Febhanall \BLeTaandon: s i) byl ene

chloride phase contarnin ene C and paclitaxel; renoving
met hanol and wat e¥niftigh ¥As SHarelhyreste SRFBFT dRPPIBASEYt b oHEE R a
concentrated extragtouggoftal ti ngapacdrslcasak ; eaaiilact Thy ddwwloohgedt r at ed

extract with a silica matrix then eluting the siliga rl obtakn an
el uat e cont ai ni nddtr3°&ast %%?W?Ly%aec’%rtaggg h gégg%gé%c%?gﬁe to the
el uate to obti n arrmBGabedt oneTHOiPUrELe Agcends ng The theaped afe, re-

acetone/water pregifhtahi R OfnAn8ceiNanfl Xbidica CRlRbak NENGrakil east
column that is eluted with a hexane/ethyl acetate
gradient, and further purified by tandem silica columns
or, altermatively, by reverse phase chromatography.
i5
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-liguid extraction with
\methylene chloride and water to form a two phase system
having a methanolic phase containing methancl /water and a
_methylene chloride phase containing methylene chloride
and paclitaxel , remov:.ng met;hanol 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



5% paclitaxel will provide a precipitate containing at |east 20%
paclitaxel, and an acetone/water precipitation of an acetone m xture
containing at |east 10% paclitaxel 04 April 2006 will provide a precipitate
containing 40%to 50% paclitaxel. Wiile the above patents are directed to
the 5 isolation of paclitaxel, none of them describes the g(%?\baﬁ@@atl on
of a novel, previously unknown paclitaxel solvate froma s 8
paclitaxel and one or nore organic solvents. 10 Paclitaxel has been used
wi th organic solvents in the prlor art in the devel opnent of

pharmaceutical fornulations. Paclitaxel is known to be poorly soluble in
wat er, which |initswthe paveidall préoimithbe ismsaiving 48%i T sC&ri ng

pacl i taxel to a pat lpggiltalgg formul ation 15 usually used contains 50% (v/vV)
al cohol and an 88-fold excess of polyoxyethylated castor oil (Crenophor
EL). Various efforts have been made to discover ofher d| for
adni ni stration of paclitWpiét the abper |@ﬁ?nt¢@r‘-’82‘é}1%ﬁf}| % ®S. Patent No.
5,877,205 descri hkes jpacddibaxet padi s6olaiednome a1f it d@sgpalme@ st vent (e.g.

N, N ' - dimethyl acetani de .or _dimeth Yriod Ll qm@oﬁy ac1ise&endary
sol vent, such as polcﬁgfrﬁ‘}l &RRGIC f\'lafl(t)%m?o%e i nal. d 7 Lution n_an aqueous

sol vent. 25 U.S. Patsehvaﬁﬁofr@“@l‘ﬁobﬂ%l% oF | RASILTPERY |af1§x%’?e “For il ati ons
asserted to be suitahbenfcokodedticRi.stration to a patient conprising a

solution of paclitaxel in water-mscible, non-aqueous solvents, such as
N- et hyl

ic paclitaxel has been used with organic solvents in
the prior art in the development of pharmaceutical
formulations. Paclitaxel is known to be poorly scluble
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 (Cremoph.or0 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 agueous solvent.

25
I7.S. Patent No. &,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.



30 pyrrolidone, propylene glycol, ethyl acetate, dinmethyl sulfoxide,

N, N - di net hyl acet am de, benzyl al cohol, 2- pyrrolidone, or benzyl benzoate.
04 April 2006 Both the above-nentioned patents are directed to Iliquid
formul ations for adm nistration by infusion. None of the above patents

di scl oses the crystallization of paclitaxel solvates fromtheir respective
formul ati ons. 5 SUMMARY OF THE | NVENTI ON Di stinct crystalli rﬂf"‘f\BF‘h%O(@?
paclitaxel are known 10 to exist. The present invention is directed, in
one aspect, to novel biologically active organic solvates of paclitaxel

whi ch exi st in cryst aPPFaeTeopRP SR GRPRA BR-STHiSgR PuP TS Y54cFPt axel can
be isolated. 15 Theuravebrtnkvabes Hir paglini sxedt idesbyi befhshenei nNome e
previ ously unkno hr ee- di nensi onal.l ryst i Agenen of

pacl i t axel nnlec&g%§%e %ﬁaPﬁg?ﬁﬁ%c%ingsggogﬁédﬁﬁgﬁﬁgiorga%?@ggolvent

nol ecul es. Sui t aleelitegahisolyetgenfmmtdel hosesHraiiHg FRIBE @S Hhi ch can
be 20 incorporated in the solvent sites w thout changing the unique

ar r angenent of t he paclitaxel nolecules as described herein. Such novel

sol vates of paclitaxel have been found to 25 be useful internediates in
the purification of paclitaxel.sinMr¥olorares IMamgebNes have been found to
have bi ol ogical activity. In certain enbodi nents, the novel solvates
described 30 herein may be obtained froma paclitaxel-containing materi al
such as a crude taxan®igtiadsr erviperldiine ferms of paclitaxel are kndwn

10 to exist. The present invention is directed, in one

aspect, to novel biolegically active oxganic 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 pacliﬁaxel 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



taxanes are derived, for exanple, fromnatural sources. In other

enbodi nents, the novel solvates may be obtained fromsem -synthetic
paclitaxel, or fromm xtures prepared 04 April 2006 fromrelatively pure
paclitaxel dissolved in one or nore organic solvents. In another aspect,

the invention conprises a nethod 5 for the preparation of c(i%?t ainé'
paclitaxel solvates froma m xture conprising a paclitaxel-c gl ¢1(8’E

material, and an organic solvent having solvent noleculest conpatible with
solvent sites in the unique crystalline arrangenent of paclitaxel

nmol ecul es as herei nbefore . 10 descri bed. _The solj.d rystal line_p | t axel
sol vate contai ni ng 58I ’F‘?]zfiél""e%(f%ﬁ)lwtﬁﬁ?]ec‘%rg%%’fmd[sﬁflnoﬁ gr lﬁo(rijfst al

structure is isol at edghnimsadieenixture. The invention further conprises a
met hod of 15 recovering paclitaxel fromthe sol vates descri bed herein,

conprising renmoving sol vent ecules fromthe crystallinge salyale
structure. This process 1% E\'Dggg??eacfpe?%' %greeiuhveéns lén"%f)én %F%’éti on"  step,

and may be accorpl ishetdhesimgaantiosobh errystehbvig PAeEte*RhAMVER®T he 20
art. Yet another aspgch 9fmi:R@rk NSt siddyanperteRETaicasaimeishods for

i nhibiting human and/or other mral i an,  tunor ' LS @S 1ecul
admini stering to a t“l???ﬁﬁ% ’aréﬁnﬁg]galé§rﬂ%% ° a?r?rﬂg%rft ﬁgg%?_%g@?ecti Ve. arpunt of
these novel pacl it sesbatdries viBR CRVOESEREPT| ONtEE FHEVE DRSS FI G 1

is an observed powdeyrrXngéyerti bErgetit oadXmMD)ecules as hereinbefore
10 described. The solid, crystalline paclitaxel solvate
containing paclitaxel and solvent molecules within the

erystal structure is isolated from the mixture.

The inventicn further compriées a method of
15 recovering paclitaxel from the solvates described herein,
comprising removing solvent molecules from the
erystalline solvate structure. This process is referred
to herein as a “desolvation” step, and may be
accomplisghed using any solvent removal means known in the

20 art.

Yet ancther aspect of the instant invention concerns
methods for inhibiting human and/ox other mammalian
tumore 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 obgerved

35 upper pattern{measured from a slurry in the original

-6-



pattern of bulk Form D, a previously unknown crystalline paclitaxel

sol vate in which NMPO, acetonitrile and water are incorporated in the
crystal structure. The observed 35 upper pattern(neasured froma slurry in
the original 04 April 2006 solvent mxture at RT) agrees well with the

| ower pattern sinmulated fromatom c coordinates obtained fr cQ @%e
X-ray analysis of a single crystal at -43C. FIG 2 is a si F%

X-ray diffraction 5 (PXRD) pattern of FormE, a previously unknown
crystalline paclitaxel solvate in which DVF and water are. incorporated in
the crystal structdvent ThixusienakaRBY a954E6 el WS tlalREI T Pf"gﬁ?ﬁ? onic
coor di nat es obt alﬁ%ﬂlaéé@mmkaﬁec%d&gbena@ésawm:aahymsr@au cobBTetd0 FI G
3 is a depiction _of the s li.d state ar rangenent RQf _g;paclitaxel nolecule
and sol vent nol ecli8¥ PH2 ﬁa’e1S S&r Bt FRe EST M D Soivat e, based on the
observed atonmic coor@E@atesis aThémabetednboviée Frakecdl Biraction shown. 15
FIG 4 1s a depi clap ofodles Ol dosh 8l b SROSIEY! unkhoun

symet ry-i ndependent paclitaxel sol vent nple S ot her part of
the Form D sol vat®&ysbastiPdpatidtarekspdaahe ot &6 B}iaﬁa?‘é T’ﬁ@

acetonitrile nol egibepbsatatD uaptthah@wnta%seﬁufmﬁe 5 hia Edlefplletﬁ@n of the
solid state arrangerent . of PaGliLexeleand.e vceo;oonreaggyé@%utaﬁ@g part of

Wl
the FormE solv ChAsEH S the“observed atom ¢ coordi nat es
from complete single X-ray analysis at -53°C

10
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.
15

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.

FIG. 5 is a depiction of the solid state arrangement

_of paclitaxel and solvent molecules 1n one part of the

Form E solvate, based on the observed atomlc coordlnates

25
FIG. 6 is a depiction of the solid state arrangement
of symmetry-independent paclitaxel and solvent molecules
1in another part of the Form E solvate, based on the
observed atomic coordinates.
30

FIG. 7 is a tabular representation of cytotoxicity

(ICso values) obtained for paclitaxel.



FIG 6 is a depiction of the solid state arrangenment of

symmet ry-i ndependent paclitaxel and solvent nolecules ,in another part of
the Form E sol vate, based on the observed atom c coordinates. FIG 7 is a
tabul ar representation of cytotoxicity (ICso values) obtained for
paclitaxel. 04 April 2006 FIG 8 is a tabular representatio ,
cytotoxicity (1C50 values) obtained for a paclitaxel NMPO g%ﬂloé‘af"ezow
prepared according to the invention. 5 DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Paclitaxel for use in comercial Taxol (r) is

manuf actured as a solvent-free crystalline powder 10 (referred to herein as
FormA). In the process pfe. ehas actebidmgebhesqutasin ofntamEoshcit has
been determ ned through sind e 6fyskal f3<r rAYadi fiafactinmm ssiwdiees that
Form A is orthorhonmbic, and its unlt cell .contains two

crystal | ogr aphi cal | PHeREEPRATERTIME B UThss lﬂe “Paclitaxel associated with
hydr ogen bonds to forma hydrogen-bonded "diner," and no sol vent

mol ecul es. As usged herein, the phrase "paclitaxel dimer" and the term
"dimer" refer to two paclltaxel S r giaded to each
other. A network of el SFEEAIDE Eg&@gﬁ%&%@%ﬁ@ %égtﬁmgggg% l?axel

nol ecul es to symetry-rel ated nei ghbors. Another feature of this
arrangenment is the presepg @bxau |06s6 Qlv ebhmeictiel Tuoiledsin a cl eft

bet ween the two i ndepen en%“{)ﬁcl | taxgiveﬁgjlfggy%tgl%\éeb@wgg}e crystal

structure, and ther etBFé* earr angenent o clltaxel e%ul es in form
Ais 10 (referred to herein as Form A) In the process

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
vdimer* 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 & is

entirely different from any of the novel forms disclosed

herein.

Paclitaxel Form A {elongated thin plates) existg
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%; 20-30°C}. However,
when contacted with an atmosphere having a relative

35 humidity greater than about 90%, or in agueous

-~B-



entirely different fromany of the novel fornms disclosed herein.

Pacl itaxel Form A (elongated thin plates) exists 30 primarily as a highly
wat er insoluble crystalline, granular, solvent-free form It is
substantially non- hygroscopi c under normal |aboratory conditions (relative
hum dity (RH) approxi mately 50-60% 20-30C). However, V\/nenc;&ont a(ié W th
an at nosphere having a relative 35 humdity greater than ab Aggl I n
aqueous -8 04 April 2006 suspensions, dispersions or enul sions, FormA
converts (as a function of tine, tenperature, aagitation, etc ) .to a

t her modynani cal | gusrareionsh| S1RAERHIPPET OF rerSdOHEt i H™ AsCFOIH®B). Form B
is a trihydrate gt horihemiienfer mihehavemgesivurwat egitsities  pelc twgo

i ndependent paclitaxel nol eculjl't;:%r (ngrrlg paglid %gtﬂ (Al ek cJheseshydrat ed

crystals are of & FRFRCHAFPIFIKe dppearance and are even |ess water
sol ubl e than For gisAFort0 BThe FormEBisr phvuikidrats PBFRRFPOMRIGIRDUS

suspensi ons of tQLoHGN £EYSEALLI 2ALE0ReE T OB AGiepuderRDlpvent sasel. { he
presence of a | arge cess of water. “This for isaﬁi sclho%f]ef cip the
conmonl y assi gnedopeekits (gppl PRALTEHCEP FIED4L, WhTTh F's herei n

i ncorporated by 15ys@efRf @Reeok na itieenhatetliked prphergrascess @fe even

characterizing the present inventi bLeh been determ ned through
single crystal X Fﬁg WY 58??@8 tgl[g&dlbeg that Form B is orthorhonbic, and

its unit cell contains two crystallographically independent nolecul es 20
of paclitaxeljassoci afigd parthe hyditRaea L bong st drneldo i m sgueous

suspengions 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
vdimer". The crystal structure, and therefore the
arrangement of paclitaxel molecules in form B is entirely
__different from form A and any of the movel forms

disclosed herein.

25
Mastropaolo, et al. disclosed a novel crystalline

solvate of paclitaxel obtained by evaporation of solvent
from a solution of Taxol® in dioxane, water and Xylene.
Proc. Natl. Acad. Sci. USA 92,)6920—24 (July, 1995). This
30 s=olvate 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 sclvates of the present invention. The
thin plate-like crystals are reported to contain five

25 water molecules and three dioxane molecules per two



"dimer". The crystal structure, and therefore the arrangenent of
paclitaxel nolecules in formBis entirely different fromformA and any
of the novel forns disclosed herein. 25 Mastropaol o, et al. disclosed a
novel crystalline solvate of paclitaxel obtained by evaporation of solvent
froma solution of Taxol (r) in dioxane, water and xyl ene. Qgpg..G$hgh
Acad. Sci. USA 92, ) 6920-24 (July, 1995). This 30 solvate i efl 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,

unli ke the novel solvates of the Eresent i nvention. The thin plate-like
crystals are report edlacplenmefaintcfitaxeds Wi SFYAdeSGFeSHAd Thr ee di oxane
mol ecul es per two - 9n0A4 rApei the?@R6esmlacutesigehepaciii paxiitaxFhe cryst al

structure, and therefore the mnl ﬁcglla__‘_r AL 1, ANgeAB e Qb PAGK haxelf the
nmol ecules in formCTs entlrerf%/ dif ¥ erent fromany of the novel forns

di scl osed herein. 5navlofainy HEcansehbh§dffent of the present invention,

novel, relatively stable, paclitaxel solvates are crystallized in a

control led fashion froma sohild @8 »f UMEESIAE PRGHH px&dertonhgintiing,
material in one or more 10 organic solvents. ,the crystall 'sz%gaon S
effected by addi ng™f8ter ratatvedyt FE¥V Py MR cont roﬁ ed manner, in
conjunction with terpesatinniecdsici kl atitorlled feghion Faepett5C PhEhat er i s

added in ali(JUOts 55%ggpgﬂyihgtggélitaxel-containing material in cone 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 aliguots such that the
crystallization of the novel solvate is favored over the

15 precipitation of the trihydrate. This control optimizes
yield and guality of the crystalline paclitaxel solvate

and substantially avoids formation of the trihydrate.

Preferably, the organiec solvents are selected from
20 the group consisting of dimethylsulfoxide {DMSO], N,N-

dimethylformamide (DMF), N, -dimethylacetamide (DMAC),
N-methyl-2-pyrrolidone (NMPO), 1,3-dimethyl-2-
imidazolidineone (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 discloged 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
agueous DMF yields a solvate having the apparent

molecular ratio of DMF:paclitaxel of about 0.5:1. In a
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crystallization of the novel solvate is favored over the 15 precipitation
of the trihydrate. This control optimzes 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 dinethylsulf oxide (DVBO), N, N dinet hyIr¥L4o W
(DMF), N, N -dinethylacetam de (DMAC), N-nethyl-2-pyrrolido {\ ' )

1, 3-di met hyl -2- im dazolidi none (DMEU), 1, 3-dinethyl-3,4,5,6-tetrahydro-
2-(1H) - pyrimdi none (DWU), and acetonitrile and rriﬁurecs 25t her eof .
However, ot her spketemnzedembadiming Wt BOTRE SHPFEATI ¥R EE™ AT Re

crystal line strughihessobrt Pecl ipsanthyagisaloond gotldt @s trayael so be
used. Various exanples of solvates.that e fornmedwt or nore of
these sol vents aFéYﬁ'é%]crsitﬁ-&at‘f)’é?'ov‘\“fi“lgg E%I?{%&Jasrrﬁﬁg,lj%ﬁn %nlg%%ﬁbodi ment of
formE, crystal hbzatilen shfoabauts dlwet wehet oFPrEcslAg PUCIHACHEER*3hd  aqueous
DMF yields a sol vgte . paving the apparent nolecular ratio of DV paclitaxel
of about 0.5:71. Ina-10 04 April 2006 preferred enbodi ment of formeE,
crystallization froma solution of paclitaxel in aqueous DVF yields a
ternary crystal strugi W, eibBbEineenbdi istorie DvFssal MertioppFeeul® and
about two water nolecul es per.paclit " di Y WD onbogd nent of
form D, crystall{#2atFow* {0k a 1%|p&%)ii§‘ﬁa:é%l %%%e?)%ﬂl i taxgl and aqueous
NVPO yi el ds a seblutee Haviing the mﬁéﬁtm%cé’&&%?a?%ﬁ iY of

0 NMPO:paclitaxel of about 1:1. In a preferred embodiment

=

of form D, crystallization from an agueous solution
compriging paclitaxel, acetonitrile (CH,CN), 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 agqueous 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 agueous DMSO vields a solid cof
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 gimilar 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 sourcesg, with an aqueous solution of
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10 NMPQO paclitaxel of about 1:1. In a preferred enbodi nent of form D,
crystallization froman aqueous solution conprising paclitaxel,
acetonitrile (CH3CN), acetic acid, and NWMPO yields a Form D sol vate
characterized by about three nol ecules of water, about two nol ecul es of
NMPO, 15 and about one nol ecul e of acetonitrile per two nol e(i: Jr_}gs %@
paclitaxel ("dinmer"). In another enbodinent, precipitation f dg gl Qtion
conprising paclitaxel and aqueous, DVPU yields a solid of 20 unknown
structure containing DMPU and paclitaxel in the approximte nol ecul ar

ratio of 1:1. In another embodi ment, precipitation froma solution,
conpri si ng pacl it axeheamd mgecoumnbVEOYEEFHs TResBHF 85 “BhkHown ¥

structure contai ni ng,PMeR andapatlitaxelgehn tdheupappmorherdicenablet @far

ratio of 1-2:1. The solvates of this Jinu i on shoydrbe ddileeprefed as
i ncl udi ng equi val ent® haATg STH B?c%:l?myagctggl 30§'stru tures, properties and

approxi matel y the samentatdvobeotsesol VS0 {Fe FFEEXEP. ©*The process of
preparing the solyvatigsiiaclaidase seabi nimgiar packidaxelhe crmldlai frpmed

material, which may, be 35 derived, LLOM MALh OfirS QUE CRveltd aghcimglieeus
solution of -11 04 ri°f Jone Or nore qQrgani ¢ sol vents. The. m xture may

optional Iy include imelaesdivhyfhyrage: 8% Ess"TRE Y oration of  an
i somer, 7-epi-paclitg@iebnt ARyhosed thgbbey awiads f ynawg iaddst 2Hay Bke used.
NOI’]_—l imting exanpl SR s%f.l.ti %%o?aée@cijm&i l:_b'ﬁ@ai@&eii;ﬁ:o@brﬁidﬂ b€ acids. The
solids formed le) COSO]_IVQLQ witth(ian pt%%l L:Jt:‘?s)(teallll\imné hsotlbr téscflo%pt SrHIRY t hen be
isolated solvate may, in a subsequent step, be
wdegolvated,” 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 optiocnally be

converted to form B by desolvation.

The sclvates 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
biclogical 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 dissclution
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
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I solated by filtration, and excess, non-crystalline solvent renoved 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

sol vent renoval nmeans known in the art to renove the sol verH gol.eééﬂ es
fromthe crystalline structure and effect the conversion ofo4 fBrilh&l6
solvate, for exanple, to paclitaxel formA The formE solvate of the
present invention nay also optionally be converted ﬁ10 foim B bé

desol vati on. The a6I0¢YER0 Rsieeti BEIPFRTEERLY andfshr (PEuPRITY S 8Y 20 Form D
NMPO sol vate of paehi baxgtacipiexpeat ey thapnixasce lae pasetipbedf paclitaxel
derived from crude pr.odu streans. \Wen dissolngd., the eg-al so have
bi ol ogi cal acti vﬂ’ﬁ}%ﬁ“m ﬁg%’frert @rﬁg%ﬁlllﬁa.‘tlﬁr%‘r’t E%%rr;i)lr e, t%gyf§%é;%ge§€onverted
to Form A by heatisvjavadere \vaadyare.-Form 25 D transforns to form A, even
under conditigns of relatively high humdity. Iln one enbodi nent, the

i nvention conprises a nethod for isolatin aclitaxel_ ao(lzé/é‘xtfe‘smcgnpri si ng
contacting a 30 pacli EBRetuaiditvachi A et &PRhI S&% fith PA8“R"TT ud€ ™ nf xt ure of
t axanes obt ai ned divem phamt SHUceese viddneanivrgamiand suvbwyein scdpeirbnal |y
with heating to promple.dlsoquthan. gle i agl 4! ralhea Ghlide m xture
of taxanes is ge’hserlaf:fry A hiXtUure of taxanes I n an organjc sol vent.fS

obt ai ned by ext r dtipegatiee pamhisbuee S WEr SottentheAnl oS g4 Abt 11 2006

aci difying agant dix RAGLEF ablikxaeddedand henok¥pd dmRY 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
The isolation procedure is also effective for
purifying material containing crude and semi-synthetic
paclitaxel and presumably, may alsoc be effective using
completely synthetic paclitaxel.
20

Tin 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 tigsue 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-



then be precipitated fromthe m xture as described herein. After
precipitation, the slurry is filtered to isolate the solvate. 5 The
quality of slurry that can be produced froma given anount of crude taxane
m xture and organic solvent is increased if the tenperature is first

raised to a tenperature at which the slurry thins, then Iove%r d.lu&q' 10
the slurry thickens, and then repeating this procedure for gpﬂr y of
cycles. The upper and | ower tenperature set points can be adjusted and
optim zed for a given solvent systemby one of ordinary skill in the art
wi t hout undue experinentation. 15 20 The isol ation procedure |

effective for puri fyisfgeTrdrer Wiyt ARG r JG8 ‘glna %geér:?m?psriﬁ% et%?lg
paclitaxel and presjsmabl yaxusnymadts prigeeffigctlieybatksiafgT- dOMPIERELY
synthetic paclitaxel,. 0 the dehaid edngdaser pbioant hadedioslais, all

specified quantities and process conditi onsﬁ%i{l_cl ug%ﬂ%taE i fe,. L.egperature,

and the like) are examgrariploffy RRETS 7 ¥ uRder sCood to incl ude a range of

equi val ents. Al | 225 sichicksisri Calx drakpresnaseregdaeratoBilto Be nodifi ed
by the term "about, y;Wagther wor it chiiss,i &. exdilabehsisy TStgtaddsaart the

scope of the term"about" is a range._of..values.a |.¢ybedet-erid ned by
one of ordinary ski If’fu“iaﬁra‘f"’}"lea&?tTw%tlﬁﬁh‘ilan&hdu%thé% é;élgri)#'rnent ation, 30

Sui tabl e pacl it axel -conude nivigunes e plaftoiissues obtained from a Taxus
species. Methods for obtaining cultured tissue are

10 generally described, for example, in U.5. Pat. No.
5,744,333, European Patent No. 553,780 Bl to Coclancich
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
gsuitable for the practice of this imvention. 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. bnother
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

ol
35 generally has a purity greater than about 90%.
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paclitaxel isolation my be selected fromany tissue that contains a high
paclitaxel content, preferably at |east about 0.005 percent by weight on a
dry basis. Exanples 35 of suitable paclitaxel-containing material include
-13 04 April 2006 tissues fromvarious species of Yew pl ants conprising the

genus Taxus, nost preferably the bark of T. brevifolia, en5| S,

and the roots and needl es of ornanental Yew plants such as OﬁAé I
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. Qther suitable materials include cultures of plant tissues

obt ai ned from a Taxusinspegiipstatihates &olvaid=ai seadimulvenr ed tissue are

10 generally descrl bed or_.exa l.e Pater NP3 zathofA4ra338nidur opean
Patent No. 553, 78BEPR Sl SATR D lgtath Sleraleaichtird 5, 451, 392

to Strobel et al reBpecpactdedaxeystori SnFhy %Jéﬁidaﬁowealm?éf B
obt ai ned fromsseq‘nh??ﬁﬁﬁgg& I %eoéé'!ﬁft%ﬁetaaiﬁ@e SOUFLES fohdetlcE!at ent No.

5,451,392, for exanple descri bes nedi a culturin C s al so
suitable for the pracFhePxFerhi SFYTRFAM ﬁ tl}ﬁr rovh§%§;%okn§§ﬁ?§n€of

expr essi ng extr aghabbenpaedicnaxse| tier ew@6lsarystizld ine. paclitgexed| | paste or

fermentation broth npl.es SplifaRl e JL LT QRLGANE § NBs @nsSpeci es of
Erw ni a associ at égt?]\‘/\rnagﬁssonn% g%rlnjs SI{)aem eg as deslcrl bed No.

5,451,392 to Pagecemente. ARyeherablkafhre CPRYIRISS ﬁ?‘&%’osre&a#rgmgof t he
genus Taxonyges, {45 antyhis Qnapecridaal by, adaxomated eatreatase-whith are

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.

a5

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
ased 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 partlcularly restrlcted An oncologlst
gkilled in the art of cancer treatment will be able to

25 ascertain, without undue experlmentatlon, an appropriate
treatment protocol for administering the compound of the
present inéention. 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 adminisgtration.

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
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capabl e of producing paclitaxel. Still other exanples include

m cr oor gani sns engi neered to produce paclitaxel using reconbi nant DNA
techni ques. 30 In other enbodi nents, the solvates are obtai ned by
precipitation froman aqueous solution conprising relatively pure
paclitaxel and an organic solvent or mxture of organic solyvenpts,. Me
not liniting the invention, relatively pure paclitaxel used4fPthg nner
35 generally has a purity greater:than about 90% -14 04 ‘April 2006 In
precipitating the solvates, seeding may optionally be used to initiate
crystallization. In this respect, seed crystals gf hse Sd‘(f_;asri red sol vate may
be 5 introduced to th&esdrd (SR RFYHAUTETSBFVat é°F orhati on. ' The present

i nvention further prangedesng amethodyberof EheiciovrarsPon the RFFELIFHEE]

crystalline paclitaxgl,,80! ¥Ale8ed NRdFOIMpA-RaRNI ERXEIctevtddhsi of used i n

commerce. Preferably, the conversion comyrises dryi olLyat e under
vacuum at an el evat etF&RpeTRGr ’é’:’eﬁtﬁg‘a 2FaFred g%b?)dgls%r%ﬁatr:% a

crystal | i ne pacl i3 axelessohwateee thetdpeupiadent eifggbirs dRri SredE5BRV4EIEd and
converted into For mA 336}dd.aX 8hushl bPGatHoyndg del VHedla fesdt iansuithabl e

conmbi nati on of vacuum and tenperature. 15 The cQ s..f .4 he Lapvention
exhi bit anti-tunor %‘ETHOW‘%?/ of A% i WV TT e gﬁﬁcﬁenm%g/&gl. “Eor treating a

variety of tunors, tée reorpermydsnotrdehiete PPEALR dRen@SS e YEEFPFRTS manner
similar to that of pagddctaxeaionEopat Ant20ns: gespaeerRbydiyctantedabisily
Reference, 49th f@itﬁfﬁh 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 Lactors 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,
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Medi cal Economics, p. 682, 1995. The dosage, node, and schedul e of

adm ni stration for the conpounds of the invention are not particularly
restricted. An oncologist skilled in the art of cancer treatnent will be
able to 25 ascertain, w thout undue experinmentation, an appropriate
treatnment protocol for adm nistering the conpound of the resent

i nventi on. IOThus, the active corrpoungs may bgp adm ni st eredp\ﬂ‘@g‘aﬂkﬁ% tabl e
route of adm nistration, parenterally or orally. Parenteral adm nistration
30 includes intravenous, intraperitoneal, .intranuscular, and  subcutaneous
adnini stration. Trecdpsdsian pPfz el 15 R enEAP NS FHEAtTERT et hods of
the invention argH:kRa00@5idshaly sbkeptdbld5epossidiite -t oSadmisviidter

prophylactic treatnent,or to evoke - - Ld AQP6:8- PPrd RRlket-her apeutic
response. The doscé’?pf?ﬁ?'%l,onsdézﬁgng? nrggbgor{%t%ﬁgg'tgype of admnistration, the
particul ar produsttysselegiard, sahine heoper FdRaRT IR YEERF i T &2 of the

subj ect to be re%tﬁ 1ol Do BRRRS abuch hes daspslahe diReod, ongsartdlat ande
t herapeutical Iy effeciive for the treatnent. of dgc%ggggr - SAlsed by

abnor mal cel | prditef dikei GiF SPRE BRI G  R4FE TRVENT TGN can be

admi ni stered as ofinRAiaBSlyaREsRar ysé NE@r gerenioeidt ailninhet wedicred
therapeutic effect. Sone patients nay respond rapidly to relatively 10
hi gh or | ow doses, and then require m|d maintenance or_ _no naintenance
dose at all. Via the FypicalbumbarmppentifFedyeafesPIee ot P B3 A& in the
range of abouty 20p4,0 oxaReid, SREnABLTR Oxe, dekord3) heatsseVipptehe oral

route, the dosagecyay'be U %stagggaégid%-ggggggékgtgggy‘Vegetable

and maize starc

pils, polyalkylene glycols, ethyl cellulose,

poly (vinylpyrrolidone), calcium carbonate, ethyl oleate,
isopropyl myristate, benzyl benzoate, sodium carbonate,

15 gelatin, potassium carbonate, and silicic acid.

.Tﬁe pharmaceutical preparation may also contain
nontoxic auxiliary substances such as emilsifying,
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.

T he following examples describe the mapnmer and

25 process of making and using the invention.and are

intended to be illustrative rather than limiting.
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15 wei ght/day. The actual dose used will vary according to the particular
conposition fornulated, the route of admnistration, and the particular
site, host, and type of tunor being treated. Many factors that nodify the
action of the drug will be taken into account in 20 determ ning the dosage
i ncludi ng age, weight, sex, diet and the physical conditioq)oé LC@
patient. The present invention also provides pharnaceuti cal % RP 446 ons
containing an anti-tunor effective anount of 25 active conpound in
conbination with one or nore pharnaceutically acceptable carriers,

excipients, diluents, or adjuvants. The conpositions can be prepared in
accordance with conventional nethods. Thégér’gEEbﬁes in U S Patents

4,960, 790 and 4,814,470 may be followed to 30 formul ate the conpositions of

this invention. For exanple, active conpounds pRY Pemaymul ated as
tablets, pills, powder m xt ur%%é‘u@s,—mmm utions,
suppositories, enulsions, dispersions, food premx, and in other suitable
forms. They may al so be g@ptgfagﬁ Waed: @bdinwhhiatibeplvesf i8t24-i6 BLs? i d

conposi tions, for exanpl e, 04 Apri 6, flreeze dibodeand, adddesired,
conbi ned with ot her mfrj%ar nEe &Gt T S5 ?/a%ecdgggf%bﬁe .excini ent,s. Such; sol i d

conposi tions can be tiesonst3 it efl WLk rEEOPF| 2kt 35 physi ol ogi cal
saline, or a mxture of \é@%@i «B8Nghean Siokganisk agakasntcesischedd propyl ene
i

o} : v .
gl ycol, ethanol, and”’™t he e, Or sone o r.steri diRhect aklig wadi um
i medi ately before u%@lqtépnp‘a?rﬁeﬁt"ﬁf)af”a%aar#‘;r%lgsﬁ éctwf)oé\sr Typi cal

phar maceuti cal | yl@“@ﬂérﬁ%sl&ﬁrt&im’s @fe®, 90 minutes and gonicated. The
slurry was then heated to 58°C and then cooled to 20°C
over 90 minutes. The slurry was then heated to 58°C,
stirred for 1 hour and cooled to 20°C over 4.5 hours. The
glurry was then sonicated, reheated to 58°C over 30

15 minutes and stirred at 58°C for 1 hour. The slurry was

then cooled to 20°C 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%

agueous acetic acid (2 mL). The filter cake was then

20 dried under high vacuum at 40°C 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

% D
form D {(potency = B55 ng/mg; area % was g9.7). (Form

crystals ideally contain HO, MMPO, CH,CN, 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

i it cells
parameters at _43°C. (A detailed account of uni

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:
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10 for exanple, mannitol, urea, dextrans, |actose, potato and nai ze
starches, nmagnesium stearate, talc, vegetable oils, polyal kylene glycols,
et hyl cellul ose, poly(vinylpyrrolidone), calciumcarbonate, ethyl oleate,

i sopropyl nyristate, benzyl benzoate, sodium carbonate, 15 gelatin,

pot assi um carbonate, and silicic acid. The pharnmaceuti cal pr4zreq£66%nny
al so contain nontoxic auxiliary substances such as enulsifﬁf §P“
preserving or wetting agents, and the |i ke, such as 20 sorbitan

nonol aurate, triethanol am ne o] eate, pol yoxyethyl ene nonostearate,

gl yceryl tripal natate,s-&4d (1Hi&ctyl sodi um sul fosuccinate, and the Iike.
The foll ow ng exgqpl%% Q%%Qaibﬁ the manner and 25 process of neking and
using the inventton and are intended to be illustrative rather than
limting. 04 April=20062EXANPLE 1 PACLI TAXEL SOLVATE FORM D (NVPO) 5 533 nm
of paclitaxel wag dissolved in 82¥% FL of NMPO To this was added 13.3 niL
of acetonitrile, "ahd"then 13. 54 of 0. 1% aqueous acetic acid. The

sol ution wassheapece tGrodC, aadhaZDﬁlwﬁédmégwﬁbaEetic acid solution (26.6
nm) was added in w0 RLJQ88i0dNi s was 10 then cooled to 20C over 90

m nutes and soni cated. The slurry was ihen qﬁageg%£§ Qgg thep ool ed
to 20C over 90 pfneredmitheetiurry? RAS THEF Hedt€d to BN YR for 1
hour and cool ed bpendP& over 4.5 hours. The slurry was then sonicat ed,

reheated to 58C qver 30,15, m nut stirred at 58C for 1 hour. The
slurry was then 86%&@%?3%%’20c?0€%?2gg% hours, and stirred slowy for

i0
The unigue arrangements of paclitaxel and solvent
molecules in form P are illustrated in Figures 3 and 4,
and are based on the fractiomal atomic coordinates listed
in Tables 1-2 below.
15

The approximate fractional coordinates reported fox
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- thanfeex:reSpondingfatoms,minﬂO1301l1,,eff“,bls _ Thws,

for example, “N44'” 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
vdimer”, labeled in the Figures. Atoms 0111, 0112, and
0112 are the three water moleculesz. Atoms N101l, Cl02,
and €103 are the acetonitrile molecules. Atoms N91, 092,

30 and €93 — ©96 are one of the two NMPO solvent molecules.
Except for some slight natural lattice expansion, the
crystal structure remains the same under amblent
conditions. The approximate coordinates in Tabie 1

therefore will vary according to the temperature at
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16 hours. The slurry was then decanted and filtered. The filter cake was
washed with 25% acetonitrile in 0.1% aqueous acetic acid (2 nL) The filter
cake was then 20 dried under high vacuumat 40C to yield a colorless solid

(450 ng). The ratio of NMPO to paclitaxel' by 1H NVR was 1.0:1, consistent
with the single crystal structure of formD (potency = 855 Mghnu; a %
was 99.7). (FormD crystals ideally contain H2O NWPQ CI—B(EKPAgﬂPdZ(%E’e
paclitaxel 25 in the nmolar ratio:3:2:1:2). The Form D NMPO sol vate

crystals consisted of thin elongated plates having the follow ng unit cell

paranmeters at -43C. (A detai I ed a count of uni| I ds@u8d in
Chapter 3 of Stout &=IEWSETCEX-F Al Tire Ee;ﬁgrlnl}\ ﬁg%%%gop&m acti cal
Guide, MacM |lan Coay New ¥Yorke (CPO683tetlierHith thACEEESFET 63 8y FEf&Fence. )
Cell dinensions: -18 04 April 2006 a =9.541 (1) A b =28.456(4)A c
=37.238(5) A Vol une: 10,110 A3 S Space Goup: P 21 23 2, orthorhonmbic |deal
conposition of the unit cell: 8 paclitaxel, 8 NWO 4 CH3CN, 12 H2O

Density (cal cul ateed): 1.315 g/cmi 10 15 gue arrangenents of

paclitaxel and sol vent
X Y Z L{Az2)
Atom
1
a4 0.219(3) 0.02821{9) 0.2022(7) 1.21{7)
c41 0.517(3) 0.0%2(2) 0.1537(7) 1.6 {7}
Cc48 0.384(3) 0.072(1) 0.2427{N 1.9(7)
C55 0.653{4) 0.1081{1) 0.1774(8) 2.3 (8)
©51 0.681 (4) 0.063 (1) 0.2022 (3} 3.41(9)
cé2 0.098 (4) 0.099(1) 0.1032(8} 3.61{9)
Ccs2! 0.573(3) -0.076 (1) 0.0524(7 1.7(T
C49 0.526 {4} 0.098 (1) §.25291{B) 2.1(8)
o6l 0.1598 (4) 0.115{1) 0.1297(8) 2.4{8)
can’ 0.758(4) -0.058{1) 0.1229(8) 2.71{8)
45" 0._768 (5]} -p.172 (1) n.038(1} 7.9(14})
-

cs2 0.701(3) 0.0231(9) 0.1857 (7} 1.1(7)
C68 D.255 {4} ~0.050 (1) 0.1792{8) 2.1(8)
c70 0.840{4} 0,088 {1} 0.287(1) 5.6 (11}
c43 0.368(3) 0.0519(%) 0.2045(7) 0.5(8}
Cc50 0.6585(3) 0.071(1) 0.2403 (8} 2.1(8)
c42 0.368(3) 0.6920(9) 0.1747(7} a.4(6)
cazt 0.689(3) -0.1076(9) 0.0705 (7} 0.9(7)
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nolecules in formD are illustrated in Figures 3 and 4, and are based on
the fractional. atom c coordinates listed in Tables 1-2 below The
approxi mate fractional coordinates reported for each formin Tables 1-3
enconpass additional isonorphic crystalline solvate forns conposed of
paclitaxel and solvents other than the solvents exenplified n.IE@ éo
Tabl es, atom nunbers | ess than 40 represent atons in nDIecJWEApH' %t he
paclitaxel "dinmer". The corresponding atons in nolecule "a" have nunbers

of

forty ---- greater-than correspondingatons--in-pol ecul e "b". Thus, for
exanple, "N44'" in Table 1 is in golecule “a", pnd 25 corjrespands{to N4’
nol ecul e "b". Mol ecul es'a"” and nolecule "b" arp the two |nol ecul es of the
paclitaxel "dimer",t+abetedymthe Figires. Atpns 0111, {0112, an¢gd 0113
are the three water |mebecul es AvomgaNLOl.0.c0102] and*€1l(3 are*the
acetonitrile nol ecul es—Atersr NG, —092;—30 and 937 - CO6 [are one ¢f the two
NMPO sol vent nol ecul Except fhatmopre sldght | natwrale | jat t i Léfexpansi on
the crystal structu rei-Ris—-he—sanp—under—apbient——candi TTons| The
appr oxi mat e coor di na er efoooea | | ovassysr deccordptag |t o t he
tenperature at -19 04 _Ag astf-erert-——Statt+sticat variations in
these coordi nates npy.al so occur, ,6Qus| st and: i | h teh®ssieepor t edaer i or
val ues. 5 TABLE 1 At| Xyz8(A2)] C440. 219! 3}0-0264H-90-—2022(F 27
C410. 517(3) 0. 092( 1) 0} 1537(7) 1} 6( ), 48D 384L3A0] 072(cbel 2427 (Bhbr 9( 7)

Ce7 0.033{3} 0.136(1) 0.0854(7) 1.8(7)

cs7! 0.441{4) -0.090(1} 0.0802(9) 4.8{10)

cg3! 0.613(4) -0.031(1) 0.046{1}) 5.8(11)

C6e4 -0.020(4) n.036(1) D.0694(9) 4.9(11)

66 -0.074(4) 0.122{1) 0.0603(8) 3.4(9)

54" 0.498 {4} 0.001{1} 0.9377(8) 2.61{8)

Ccsg! 0.334 {4} ~D.061(1} 0,051(1} 5.1(11)

Ce5 -0.088 (4) o.074(1} 0.052{1) 5.0(10)

55! 0.362(4) -0.0141(1) 0.0372{8) 2.71(8})

o44 0.235(2) ~0.0071(7} 0.1735{(5) 2.3(5)

050 : 0.779(2} 0.0972{7) 0.2539(5) 3.3(5)}

042 0.277{2) 0.0788{6) 0.1461(4) 1.0(4)

Ch3 0.646(2) D, 0335 (6] 0.1366(5) 1.8(5)

045 ©.036(2) 0.0365(7) 0.2317(5) 3.41(6)

029 0.544(2) 0.1271(8) 0.2745(5) 3.5(6)

061 0.211(2) D.15401(8) 0.1434(5) 1.0(4)
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C550. 653(4) 0. 108( 1) 0. 1774(8) 2. 3(8) C510. 681(4) 0. 063( 1) 0. 2022(9) 3. 4( 9)
0620. 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) ©610. 198(4) 0. 115(1) 0. 1297( 8) 2. 4( 8)
C41' 0. 756( 4) - 0. 058( 1) 0. 1229(8) 2. 7(8) CA5' 0. 768(5)-0172(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. 17
C700. 840( 4) 0. 088( 1) 0. 287(1) 5. 6(11) C430. 368(3) 0. 0519(9) 0. 20

Bhrd)

0500. 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)
CS30. 687(3) 0. 019( 1) 0. 1454(8) 2. 4(8)
C42' 0.712(4)-0.108(1)0. 1

0630. 087( 4) 0. 04911) 0. 0956£S) 4. 9(

C57' 0. 441(4)-0.090( 1) 0.

C64- 0. 020( 4) 0. 036( 1) 0. 06
054' 0. 498( 4) 0. 001( 1) 0. 03

-20 04 April 2006 At omXyZ9(A2)
CA50+-157(3)0. 005(1) 0. 236‘9(8)2 4(;6)
154(8) 2. 5(8) ,C47d. 376 3) 0]031(4) 0. 269668) 2.|1( 7)
10) ©670.}033(3) 0. 136(1) 0. 0854( 7)1 _4(7)
602(9) 4. 8(10) 053 0. 613(4)-0. 031( 1)[0. 046(1)[5. 8(11)
oA 9) 4. 9{ 117-°C68-lo. 97 H 0. 1227 %) 1060308 3. 4(9)
77(8)2.6(8) 056’ 0 334(4) 0. 061(1)0.[051(1)5.]1(11)
068 0.352(2) -0.0540(7} 0.2077 (5} 3.248)
070 0.B02 (3) 0.05041{8) 0.2991(6) S.1{7}
H44* 0.669(3) -0.1571(9) 0.0608 (7) 3.5(7
cs4 0.553 (3} ©.0428(9) 0.1321(7) 0.7(7)
ca6 0.225(4) 0.010{1) 0.272048) 2.5(8)
c60 0.084¢ (4} ¢.053 (1) 0.15934(8) 3.0(9)
041 0.494 (2) 0.1261(6) 0.1247(5) 1.204)
Q42" 0.824 (2) -0.1385(7) 0.1229(5) 2.5(5)
047 0.415(2) 0.0416 (7) D.3046 {5} 2.6(5}
cs9 0.275(2) 0.113{1) 0.2549 (8} 3.1(9)
56 0.615(3) 0.1528(9) 0.1965 (7} 0.8(7)
cs57 0.788(3} 0.117(1) 0.1527(7) 1.5(7)
csB 0.734(3) -0.023{1) 0.2075 (8} 2.5(8)
c69 0.298 (3} -0.083(1) 0.1483 (8} 2.2(8)
c71 0.950 (4} ¢.12041) 0.2581(8} 3.0{8)
o4 0.946 (3} 0.161{1) -0.2152(8) 2.0(8}
c 0.631{(3) 0.2169{9) -0.1612(7) 1.1(7}
ce 0.780 {4} 9.212(1) -0.2543(8) 2.7(8
c1s 0.508 (3) 0.238(1} -0.1862(8) 1.7(7
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C65- 0. 088(4) 0. 074( 1) 0. 052( 1) 5. 0(10) 055' 0. 362(4) - 0. 014( 1) 0. 0372(8) 2. 7( 6)
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)
041' 0. 872(3)-0.0418(7) 0. 1206(6) 3. 9(6) 045' 0. 855(3) - 0. 156( 1)

-21 04 Apri

2006 Ato

n1?y

504 A5 2998 6 o)

0680. 359( 2) - 0. 0540( 7) 0. 2077(5) 3. 3(6) 0700. B02(3) 0. 0504(8) 0.2991(6)S. 1(7)
N44' 0. 669(3) - 0. 1571(

C460.
0410.
0470.
C560.
C580.
Cr10.

229(4) 0. 010(1) 0
494(2) 0. 1261(6)
415(2) 0. 0416(7)
615(3) 0. 1548( 9)

734(3)-0.023(1)
950(4) 0. 120( 1) 0

9).0._0608(7)3 5(7) (540, 553(3)0.0428(9
AY 7 AY 7 =2 7 .

L 2720( 8) 2| 5(8), C60D. 084(4) 0§ 053(4) 0. 1P34¢8) 3. (

DxdR47(5) [L. 2(4) 04p' 0. B24(R)-0.1385({7)0.1229
; TR 6(5) CopU. 275(4) 0. 113(1)0.p549(8) 3.
Dc11965( 7) D. 8(c74r+ @5 0. 788 ®) 0. 147419 0. 1527¢-7¥°1.

n wi il 4 o) L O\ L

—2—DB75(8)2-5(8) : 3]-0.083(I)P. 1483( 8
2981( 8) 3| 0( &)os240| 946(3)@. 161(c1nz0n2[152( 8} (
[l 0.473(3) 0.095 (1) -0,0287(8} 2.1(8)
Lz 0.5731{3) -0.032{1} -0.0938(8) 2.5(\8)
co 0.642{4) 0.235{1} ~0.2626(8) 2.7(8)
c21 0.9553{4) 0.240{1} ~0.1397(8) 3.2(9)
cL* 0.386(3) 0.0635(%} -0.145%3(7) 0.61(6)
c5* 0.545{4) 0.075{1) -0,0630(2) 4.7(10)
ciz 0.466(3) ©.1535 (9} ~0.2038(7) 1.0
cz28 D.850(4) 0.080 (1) -0.1952(8) 3.2(9)
c20 0.325(4) 0.236 (1} -0.301(1) 4.8{10)
fax1 0.788(3) 0.1857(9) -0.2161(7) 0.6(6)
c10 0.491(3) 0.207(1} -0.2537(8) 1.7(7)
ez o.770{2) |  0.222(1) -8.1823{8) 2.5(8}
c3: 0.535{4) D.019 (1} -0.1081(8) 2.3(B)
c13 0.466 (3) 0.1421{2} -0.1625(7) 1.0
(o1 1.311(3) 0.139(1) -0.2506 (8) 2.4(8)
[ 0.444(3) 0.014 (1} -0.1411(8) 2.1(8}
c7 0.787{3) 0.171{1) -0.2825(8) 2.0(8}
c23 1.082(3) D.175{1} -0,1095(7) 1.3(7}
c27 1.134{3) 0.258{1} -6.0928(8) 2.0{7
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0.1321(7)0.7(7)

(9)

5) 2. 5(5)
1(9)
5(7)
2.2(8)
(8)



d 0.631(3)0.2169(9)-0. 1612(7) 1. 1(7) C80. 780(4)0.212(1)-
C150. 508(3) 0. 238(1)- 0. 1862 (B)1.7(7) -22 04(ALriI 280% gigﬁiigg%ié;(6)
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) Cl2'0.573(3)-D. 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. 13 3
C1' 0. 386(3) 0. 0635(9) - 0. 1493(7) 0. 6(6) CS'0.545(4)0.075(1)-0.3%%8%55%6é310)
E%20.466(3)0.1535(9)-0.2038(7)1.0((280.850(4)0.080(1)-0.1952(8)3.2(9)

00. 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)

g§i06i§?g4%0ig39(1)-0.3081(8)2.3(8) C130] 466(3) 0./1421{ 9) - 4. 1625( 7)[1. O
C70:787(3g0:171(%):8.§;9§@§gg.4 8) £2' 0.1444(3) 0. 914(1)-0. 1411(8) 2.11(8)
(1)-0. 2§25¢8) 268y C23T. 08Z(3)0. 175( 1) - 0. 1095(7) 1.13(7)

C271. 134(3) 0. 256( 1) - 0. 4928( 8) 2. P( 7)p-728 P4 APFIY |2006° K . [xyz 8 AD

c7! 0.342(4) 0.081{1} -0.0169(8) 3.3(3)

£17* 0.525(4) -0.049(1) -0.0606 15} 4.2(10)

13 0.657(5) -0.05941) -0.114(1) 6.8(12)

c26 1.238{4) 0.245(1} -0.0687{8) 3.0(8)

caz 1.19214) 0.162 (1) ~0.0871(8) 3.9(10}

cs' 0.286(4) 0.120(1} 0.0165(3) 4.3(10)

c1o! 0.530(5} 0.142{1) . 0.0271{1} 7.1{12}

cis! 0.564 (4} -0.091(1) -0.0481(9) 5.11(11)

c1a* 0.6%7(4) -0.104 {1} -0.1008(9) 5.2(11)

c25 1.264 {4} 0.195 (1) -0.0635{9) 3.8(9)

co* 0.393(4) 0.3137(2) G.0367(9) 3.9(39)

cis: 0.650(4) ~0,120(1) -0.0677(9) 5.1(11)

04 0.923{2) 0.1233(7) -0.1868 (5} 1.9(5}

010 0.380 (2} 0.2383(7) -0.2634(5) _3.0(8)

o2 0.880(2) 0.2052(6} -D.1559(5) 1.5(4}

013 0.503 (2) 0.0934 (7} -0.1594 {5} 2.7(5}

os 1.122(2) 0.1722(T) -0.2426(5) 2.7(5)

[s3:2 0.629(2) 0.2698(6) -0.2812(3) 1.41{4}

021 0.930{2) 0.2810{7) ~0.1445 {5} 2.2(5)

o1 0.272(2) 6.0783{7) -0.1498 (5} 3.2(3)
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C11' 0.572(4)0.127(1)-0. 0072(9)5. 0 ! -

g%g:8'2§§Eg§_8'04ggi)_0'060&(&)4.gggg)cy 0.342(4)0.091(1)-0. 0169(8) 3. 3(9)
. -0.059(1)-0.114(1) 6. 8(12) C261.238(4)0. 245(1) - 0.

C241.192(4)0. 162(1)-0.0871(9) 3. 9(10) C8' 0. 286(2)% 110(&)% 8lgg?g§i)gtgg$)

C10' 0. 530(5) 0. 142(1) 0. 027(1) 7. 1(12) C16' 0. 564(4)- 0. 091( 1
0.
C14' 0.697(4)-0. 104(1)-0.1009(9) 5. 2(11) C251. 264( 4) 0. 19%(%

"96Rab;

(11)
' 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. )
030 Siate sooea OB DS A G810 IS 43
0310. 630( 2) 0. 2610( 7 3-1445{%327g§l\050 625(2) 0. 269 (6)-0. 2812(5)[1. 4(4)
5404 Aor 112008 AloaRy219015) D5 650800900 800121 84 &)
0280. 791( 2) 0. 0807( 7}-0. 2236(4) 3. 26} 4300~ 371{ 36 2026( 8 228 1%?%_9(7)
EA 00K T R A (P o It Al L
| o030 0.371(3) 0.2020(9) -0.3153(6) 5.8(7)

4! 0.460(3) 0.0444 (B} -0.0782{6) 1.5{6)

Ccla 0.598 (2} 0.165(1} -0.1470(7) 1.5(N

c6 0.947(4) 0.1511{1) -0.2854(8) 2.9(9)

c20 1.078(3) 0.188{1) -0.2072{7} 1.9{8)

o1 0.648 (2} 0.2464 (6} -0.1304{5) 1.3(4)

oz 0.324{2) -0.0158(7) -0.1374(5} 2.5(5)

07 0.742(2) 0.18561{8) -0.3173 (5} 1.9(5)

c19 0.891(3} 0.253{1} -0.2590(7} 1.6{7)

Cl6 0.543 (3} 0.287(1) -0,2021(7) 1.3(7}

CL7 0.369(3) 0.243(1) -0.15634(7) 1.447}

- e - c1e - o.a33(y) | _e.aa3q@) | -0.z29u(h | 1-3(7)

cag 0.868 (4} 0.047 (1} -0.1660(8) 2.9(8)

c31 0.216 {4} 1 0.271(1}) -0,3066(9) 3.6(9)

o132 0.185 (4) -0.202(1) D.1487 (8) 10.1 (10}

0113 0.068(4) -0.130(1) 0.07681(9) 13.442)

o111 0.465 (3} ~0.1962(9) ¢.1084 (7} 6.9(8)

ca2 0.104 {4} -0.013 {1} -0.057{1) 6.5{12}

goa | -0.058{8) -0.051{2) -0.021(1) 10.1{16)
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C201. 078(3) 0. 168(1)-0. 2072(7) 1. 9(6) 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)-
C170. 369(3) 0. 243(1)- 0. 1634(7) 1. 4(7) C18--..

_0.433(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
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)

-202(1)0.

0.2021(7)1.3(7)

ResApE) 496, (10

C94 --0.058(6)-0.051(2)-0.021(1)10.1(16) -25 04 April 2006 AtonxyzB(A2)
N1010.911(4)0.213(1)-0.{010(1)10.j1(13) N9L-0.0Q06(4)0.013(1)}0.0472(P)6.9(10)
C1020. 804(7)0.227(2)-0.{028( 2) 17.)0( 25) 09p0. 1§5( 3){0. 012(1)-pP. 0740(8) 9. 2(10)
C95- 0. 138(6)-0.008(2)-0029¢1)1t3-—5(19)—Cp30-083(9)- 0. 062(2Z)-0.040({1) 9. 7(16)
C1030. 702(6) 0. 239(2)-0.[048( 1) 10.17( 1621 @96- 0.6 7)) 0. O67{?) t 0. B35¢2) 15. 5(23)
The foll ow ng coordi nat represent—one of —the NYPO sol'vepht nol ecul es and
a side chain phenyl group:of ngl ecubwenA| 5 oFABLE 2 -2-0472(5 8.9 (10

cioz2 0.804(7) 0,227 (2} -0.028{2) 17.0{25)

092 0.195(3) ¢.0124{1} -0.0740(8) 2.2{10)

¢as -0.138(6) -0.008 (2} ~0.029{1) 12.5(13)

c93 ©.0B83 (5} -0.062 (2) -0. 040 (1) 9.7(18)

cl103 0.702 (8) 0.239(2) -D.048(1} 10.7{16)

coa -0.037{7} 0.067(2) -0.055(2} 15.5{23)

The following coordinates represent one of the NMEPO
solvent molecules and a side chain phenyl group of

molecule A.

S TABLE 2

X ¥ z B (A2}
Atom
[o]-¥:1 0.649 -0.376 0.129 10.9
NB1 0.756 -0.306 0.131 7.9
u]: ] 0.630 -0.254 0.152 4.8
c83 0.557 ~0.340 0.139 5.1
[ad:11 0.802 -0.350 2.3118 7.7
caz C.630 -0.2%5 0.138 15.3
CBE 0.873 -0.279 0.117 10.5
C46' 0.738 -0.223 ©¢.029 10.5
cs1! 0.843 -G.247 0.008 10.5
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At . xyZ8( A2) (C840.649-0.3760.12910. 0 N810. 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 04 April 2006 AtonxYzE(A2)

C47' 0. 625-0. 2480. 04610. 5 C48' 0. 609-0. 2970. 04010.5 C50' 0. 826-0 gi %%810 5
C49' 0. 705-0. 3210. 01610. 5 EXAVMPLE 2 CONVERSI ON OF FORM D TO

sanpl e of the NMPO sol vated paclitaxel of Exanple 1 was further dried
under high vacuumat 82C for 16 hours to give a material caontainjng 0.05
mol ar equi val ents off NWPO ar[d shown tp be Form A by X-rgy po
di ffraction. EXAVPLE 3 PACLI TAXEL PURIFI CATI ON {15 Acr udé [t axane n{ xt ure
containing 10.66 g aof paclitaxel {(paclitaxel—area—%at—227 T ="56) existed
as a solution in 1.055 L of & sol vgp; | Xt ug@.scpnsi std.ag [of  aeX }: 1
(viv:iv) ratio of NVRO acet oniltril e/ 0 1bs acetic

cas’ 0.609 -0.297 0.040 10.5
cso* 0.826 -0.295 0.003 10.5
cao! 0.705 -0.321 ©.016 10.5
EXAMPLE 2
ot

CONVERSTION OF FORM D TO FORM A

A sample of the NMPO-solvated paclitaxel of Example

1 was further dried under high vacuum at g82°C 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.

10
EXAMPLE 3

PACLITAXEL PURIFICATION

15 - A “érude taxane mixture containing 10.66 g of
paclitaxel (paclitaxel area % gt 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/b.l% acetic
acid. The solution was warmed to 40°C with stirring and

20 then, over a period of 80 minutes, a 0.1% aqueocus acetlc

acid solution (520 ml in 4 portions) was added with
seeding. After holding at 40°C for 30 minutes, the slurry
was aliowed to cool to 20°C over 90 minutes, then held at
20°C for 30 minutes. The slurry was then heated to 58°C,

25 stirred for 30 minutes and allowed to cool to 20°C over 90
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acid. The solution was warnmed to 40C with stirring and 20 then, over a
period of 80 mnutes, a 0.1% aqueous acetic acid solution (520 nL in 4
portions) was added with seeding. After holding at 40C for 30 m nutes, the
slurry was allowed to cool to 20C over 90 m nutes, then held at 20C for
30 mnutes. The slurry was then heated to 58C, 25 stirred fgﬂlgo.ﬂ%ﬂﬁges
and allowed to cool to 20C over 90 -27 04 April 2006 m nutes: RE ry
was stirred at 20C for 30 mnutes: followed by heating back to 58C. After
reachi ng 58C another addition of 0.1% aqueous acetic acid was nade (520
m.) in one portion. A tenperature oscillation cycle 5 was then perforned as
follows: Set point Limub8&, paeiadrity-wabshinddest 266t fpoidAt nuEe§3C;
period 2 =180 m nutes. . Set point 3 = 2QC. perd.od =3 } o~ Set
point 4 = 20C. 10 f&qlaﬁié%dﬁg H%‘"’rt&inﬁgbaa‘% FRest nal t&ﬁp%?%hgyé%??czoc. The
slurry was then sti ramedhénraddihber sfahd ¥ phneret 2aneic Rashetrssiedessi vel y
with 80 nL each of 2a%,agef ani bad IRrcidh 0. A% afpieausracetiTlatbd andet hen
0. 1% aqueous acetic 15 acid and dr.ied. Eﬁe dried cake yielded 13.47 g of
material contai i ng"3F0t89" Fe5fostaI 19 M8 Bacl i t axel solvate. The ratio
of NMPO to paclitaxel waged.fdiho 1l =bys%hl NMRoR0 Thes pacitesaxel area s at

I 0,
227, nmfor Lhe product veg. 92, The B9Rl L8l 8" SR duBiuR] nm for the

Set point 3 = 20°C; period 3 = 30 minutes.
Set point 4 = 20°C.
10
followed by holding at the final temperature of 20°C. 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% agueous 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 liguor was

9.5.

EXAMPLE 4

25
PACLITAXEL SOLVATE FORM E (DMF)

252 mg of paclitaxel was dissolved in 12.5 nl. of DMF
and 6.25 mL, of CHsCN and stirred at 20°C. 6.25 mL of 0.1%
30 acetic acid was added in 1 portion. The solution was
stirred with heating to 40°C and another 12.5 mL of 0.1%

aqueous acetic acid was added in three portions over one

minute. The solution was held at 40°C for 1 hour, at
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EXAMPLE 4 25 PACLI TAXEL SOLVATE FORM E (DWF) 252 ng of paclitaxel was
dissolved in 12.5 nL of DMF and 6.25 nL of CH3CN and stirred at 20C. 6.25
m. of 0.1% 30 acetic acid was added in 1 portion. The solution was stirred
with heating to. 40C and another 12.5 nL of 0.1% aqueous acetic acid was
added in three portions over one mnute. The solution was nglg 3t OAP%C for
1 hour, at -28 04 April 2006 which tinme no crystals were ob Ry

m xture was cooled with mnimal stirring to 20C over 90 minutes, at which
point a slurry was observed to form and held at_ 20C for 1 hour-.

Thereafter the mindd einasnheatetals &=B3CPseETeR0 MHUFEEEES #RCn t he

slurry. The m xture s..held at .58C Q mz @SerWd Muistut ekl Ngk, t hen
cooled to 20C oS egg R PR T eAs fger; J"erllg?, at 20 C for%]ag&thours

(during which t|mdm@oshuraysmm«ms)obwednwtfxﬁr@ WA to 58C
with stirring (and the s r teNkad Ngsatledr £y was hel d
at 58C for 1 ho%ﬁ(ljo illifué L o?r %%% K e a

1% acetic acid was added in 3
portions overgl %%Ub%eraio M?dn@xlﬁeaouﬂttmlmethé Lwlrtyfrb’ecaﬁbe HREREE YT |y
thicker. The slurry was stirred at 58C for m{,tles fhen ng%gdtgo 20C
over 3 hours andh&ld dtat8iG FC3Ri ‘E‘%P‘éfﬁsrrl‘“’ﬁ'@h tfPe sett | ng of the

slurry was obse 0 @C %%te% Bkind ﬁdles skupoy onésr ¥enoved and
filtered over e{%d (,gp y{% i he filter caﬁe was WE}%@E,-? [ 5% CH3CN
/0.1% acetic amuo‘(lﬁ nﬂ_d)lrltlﬁe‘ﬁh%ﬁl‘i &dmantled HUGRY vERL “40C for 16 hours

to mixture was heated to 58°C with stirring (and the slurry
10 was observed to thin). The slurry was held at 58°C 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 58°C for

30 minutes, then coocled to 20°C over 3 hours and held at

15 20°C 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% CH.,CN/0.1% acetic acid {2 mL) and
then dried under high vacuum at 40°C 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 -53°C:
Cell dimensions:
a= 9.512(1) A

b 27.787(4) A

34.788(5) A

c
30  Volume: 9,195 A3
Space Group: p 2, 2, 2; orthorhombic

Ideal composition
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and vyield 20 210.0 ng solid. The nole ratio of DMF to paclitaxel as
nmeasured by 1H NVR spectroscopy was about 0.5:1.0 <consistent wth the
single crystal structure of formE. Single crystals of FormE DVF sol vate
(needles) had 25 the following unit cell parameters at -530: Cel |

di mensions: a =9.512(1) A b =27.787(4) A c =34.788(5) A 30 | (ﬁ)ﬁ}% A3
Space Group: P 21 21 21 orthorhonbic |I|deal conposition -29 4 E\ﬁr% 006
of the unit cell: 8 paclitaxel, 4 :.DM, 8 H20 Density (calculated): 1.312
g/cnB 5 The unique arrangenents’ of paclitaxel and solvent nolecules in
FormE are illustrated in Figures 5 and 6, based 8‘?%‘} fractional atomc
coordinates |isted iaf tHabirdt3cekl:ow. BE@cFébFa’f g %t natural
lattice expansion, gdheigfystal structure renains the same under 10 ambi ent
conditions. The appr or e Table 3 herein therefore wll
vary according to thg:a;l agfeg?urceil gg% ?r/eéggurerrent Statistical variations
In these coordinates may al so occur consistent with the reported error
val ues. 15 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 remaine 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
X ¥ Z

Atom

c1s D.5181( 7) 0.4318(2) -0.1705 (2}
c17 0.3753( 8) 0.43593(2) -0.1463(2)
czz 1.0541( 8) 0.4133 ({3} -o.n§é4(z)
cz2a 1.1654 (15] 0.3472(5) -0.0555 (4}
czs 1.2480{12} 0.4297{5) -0.0452(3)
cz27 1.1484{ 9) 0.4461(3) -0.0704(2}
oIl 0.2262 (10} 0.4605(4) -0.3026 (3}
c1 0.3882(12} 0.2588(3) -0.1'.313 (2}
or! 0.2716{ 8} 0.2748(2) -0.1316(2)
05! 0.7170( &} 0.2745(2) -{.0831(2)
HeT 6.5110( 7} 0.2340(2) -0.0591(2)
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TABLE 3 At.XYZ 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) C27~
1.1484( 9)0.4461(3)-0.0704(2) C310.2362(10) 0. 4605(4) - 0. 3026( 3)

d ' 0.3882(12)0.2588(3)-0.1313(2) 01' 0.2716( 8)0.2748(2)-0.1
05' 0. 7170( 6)0.2745(2)-0.0631(2) N4' 0.5110( 7)0.2340(2)-0.0

A 2006 o,

April 2006 AtomX12 CS' 0.6083(10)0. 2668(3)-0.0462(2) 06' 0. 5694(
8) 0. 2947(3)-0.0108(2) C ?' 0.6503(14) 0. 1250( 4) -

0.1024(3)

(3)

0(2) C70.8025(
1(

010' 0. 6185(12) 0. 3619(3) 4. 0302(3) C7' 0. 4637(11)0 2814(3) Q. 013

C3' 0. 5409( 10) 0. 2035(3) - 4. QA18(2) C12' 0.5667(10) 0. 1 06(3)- 0. 0801(3)

0100. 3932( 5) 0. 4342( 2) - 0-2556{2—C190-902H—8y 644

8) 0. 3678(3) - 0. 2726(2) 00, 7601( |6) 0, 38362 - 0,3087( 1) 0280¢:804

7)0.2715(2)-0.2104(2) C2A31_0637(10)0-365 0—0834{3)

0251. 2601(12) 0. 3811(5) - Q. Q379( :) o scoal ) o.2047(3) 0.010842)
c17e 0.6503 {14} 0.1250(4) -0.1024 {3}
cLo 0.6185{12)} 0.3619(3}) 0.0302(3)
cie ¢.4687 (11) 0.2814(3} 0.0139(3}
! 0.5402 {10} 0.2035(3) -0.0918(2)
oLz 0.5667(10) 0.1506(3} -0.0801(3)
010 0.3232( 5) 0.4342(2}) -0.2556({2})
cls v.90211{ B) 0.4486(3) -0.2460(2}
c7 0.8025( 8} 6.3678(3) -0.2726(2)
o1 0.7601( &) 0.38361{2) -0.3087(2)
0z8 0.8021( 7) 0.2715(2) -0.2104(2}
23 1.0637 (10} . 0.3650(4) ~0.081%(3)
cz5 | 1.2601(12) 0.3811{5F ~0.D3?9(i)
ciir 0.6469(11) 0.3348(3) -0.0048{3}
15! 0.6177 (20} 0.0558(4) -0.0623 (&}
cg! 0.5143 (13} 0.3473(4) 0.0541(3)
cla' 0.5250(18) 0.0826 (5} -0.0367(4)
cs! 0.4355{11} 0.3099(4) 0.0462(3)
CcLg!' 0.6929 (16} ©0.07314{5) -0.0329(4)
16 0.5505( 7) 0.48261{2) -0.1869(2)
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Cl1' 0. 6469( 11) 0. 3346( 3) - 0. 0048(3) C15' 0. 6177(20) 0. 0558( 4) - 0. 0623( 6)
CO' 0. 5143(13) 0. 3473(4) 0. 0541(3) Cl4' 0. 5250( 18) 0. 0826(5) - 0. 0367( 4)

C8' 0. 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 04 April 2006 At onXlZ

010. 646514) 0. 4443(1)-0. 1114 (1) C10.6357(7)0. 4131(2)-0. 1438 .

090. 6431(6) 0. 4677(2) - 0. 2716( 2) cgo.6469(8)0.4316(3)-0.2514(%3%'?'”*9”‘2006
020. 8821(4) 0. 4002( 1) - 0. 1358(1) C210. 9594(7) 0. 4337( 3) - 0. 1179( 2)

C20. 782516) 0. 4155( 2) - 0. 1648(2) C280. 8611(9) 0. 2745( 3) - 0. 1803( 3)

0290. 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. 12R3(2) 92' 0. 3007(f) 0. 1845( ) - 0. 1076(p)
CSBO. 4370( 8) 0. 3070( 2) - 0. 216842y 0300. 4D16( 1P) 0. 3983( 3) - 0. 3114( )
C300. 3435( 10) 0. 4274( 4) - 0. 29P3¢-3— 1006505918 0. 4050( 7) = U. 2426( R)
C110. 489317) 0. 3932(2) - 0. 200046:2) C100.047:418) 0. 3463 (:8) - 0.-1898¢3
C130. 4820( 8) 0. 3357( 2) - 0. 1475¢2—€446-6040¢ 70362812 - 01278 2

¢l 6.6387¢( T) 0.4131(2) -g.1438({2)

o b.64310 ) o6z | -0.2me@

c9 p.s5469( 8) 0.43161{3) -0.2514 {2])

oz 0.8821( 4) 0.4002(1) -0.1358{1}

c21 0.9594( 7) 0.4337(3}) -0.1175(2)

c2 0.7825( €) 0.4155(2) -0.1648({2)

cas 0'.8611( 2) 0.2745 (3} -0.18031{3)

29 0.8698{11)} 0.23B3(3) -0.1500(3)

013 #.5052{ 5} 0.2848(1) -0.1402 (1)

ca 0.4244 {10} 0.2070¢{3) -0.1223 (2}

o21 0.3007{ 7} 0.1845(2) -0.1076 (2}

cis 0.4370( 8) 0.3070{(2}) -0.2168(2)

030 0.4016 (10} 0.39483{3) ~b.3114(2)

c30 0.3435(10) 0.4274(4) -0.2923(3)

CLO 0.5059( 8) 0.4050{2}) -0,2426(2)

Cil 0.4893( 7) 0.3932(2) -0.2004(2)

c12 0.4714( 8) 0.3461(3} -0.,18%B8{3)

13 0.4820( 8) 0.3357(2} -0,1475 (2]

Cci4 c.6040( 7} 0.3628(2} -0.1278(2)

[ad:] €.7813( 7) 0.4089(2} -0.2405(2)
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080. 7913( 7) 0. 4089( 2) - 0. 2405( 2)
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) ©60. 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) L

1. 0812(8)0.3794(3)-0.1906(2) C20 CS1.0144(9)0.3344 (3)-0.23
C13' 0. 5006( 13) 0. 1304( 4) - 0. 0474(3) CA430. 8809( 6) 0. 6438(2) - 0. 2
C450.
C491.
C571.
C600.
0650.
0690.

6695( 8) 0. 6906( 3) - 0. 2388( 2)
0427(8) 0. 5963(3) - 0. 2512( 2)

2951(7) 0. 5844( 2) - 0.
5978(7) 0. 6441(3) - 0.
4404(9) 0. 6411( 4) - 0.
7927(10) 0. 7875(3) - 0

-32 04 Apri

2006 At

onXY3

kb1 2006

C460. 7522(9) 0. 6828( 3) - 0. 2765( 2)

C551. 1585(7)0.5926(2)-0.1670(2)

470( 2)[Co81. 2564(7) 0. 7179(R) - 0. 2092( b)

1949( 3) | C660%4412(9) 0.5914(B) - 0. H428( )

D324(2) | 0640.5279411)-0-6739(-3)—6-0567{ 3)

jc§09( 3) -33.04:APril, 2008 At onkyezo )
021 0.9508( 5} 0.4761(2) -0.1253 (1)
a4 0.9252{ 5 0.3149 (2} -0.1704 {2}
CE 0.9464( 8) 0.3465 {3} -0.2752{2}
o5 1.1373( 8) 0.3578 (2} -0.2279{2})
4 0.5412{ 8) 0.3531 (2) ~0.1991 (2}
€20 1.0812( 8) 0.3754(3) -0.1906 {2)
cs 1.0144( S} 0.23344 (3) -0.2356(2)
ciae 0.5D006 {13} ©.1304 {4) -0,0474(3)
ca3 0.8809( 6} 6,6438 {2) -0.2016 (2}
C48 0.6695( B} 0.6906 (3} -0.2388{2}
46 0.7522( 9) 0.6828 (3) -0.2765{2}
cas 1.0427( 8) 0.5963 (3) -0,2512 (2}
CES . 1.1s585( 7} 0.5926(2) 7m1mom)
57 ‘1.2951( K 0.5844 (2) -9.1420(2)
csB 1.2564( 7) 0.7179(2) -0.2092(2)
Cs0 0.5978{ 7} 0.56441(3) -0.1949(3)
[o[34 o.4412{ 9} £.5924(3) ~0.0428(2)
CES 0.4408( 9} 0.6411 {4} -0.0324(2)
c64 0.5273{11) " 0.6739{3} -0.0507(3)
CEY D.7927(10} 0.7875(3} ~D.1505(3}
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C711. 4484( 9)0.5682(3)-0.3008(3) CA1' 1-2782(11)0. 7650(3)-0. 1241(2)
043' 1. 2300( 9)0.0180(2)-0.0692(2) 0491.0493( 5)0.5605(2)-0.2704(2)
056' 1. 0693(13) 0. 7061( 3) - 0. 0234(3) 052' 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)
057' 1. 1634(10) 0. 7394( 3) - 0. 0371( 2) 054'0.8780(10)0.7566(3)-05gﬁ%7®%kmﬁ
C420. 8925( 7)0.6088(2)-0. 1656(2) 045' 0.5524( 5)0.6576(2) - 0. 2541¢%)
FO470. 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)
0630. 6178( 8) 0. 6576(3)-0. 0799(2) C590. 7854(_8) 0_580Q(3) - 0. 2514( 2)

C440. 7370( B) 0. 6727(2) - 0. 1B96(2) [0680.8736( 7)Q, 7538(2) - Q. 2102( 2)
041' 1.3962( 8)0.7494(2)-0.1225(2)| -34°04 April 2006 |At onXYZ
049' 1. 1713(20) 1. 0251(4) 0. Or58( 4716481 093§( 7Y L. 0081(4) - 0. 0154( 4)
053' 0. 9795(11) 0. 7921(3) - 0. PEB5( 3)| CAt1s BBT5( PFFBL0432( 3 H0334( 3)
050" 1. 2853(17) 0. 9993(5) 0. 0p85(#)C55~ 0" 928U TAT L. 7I40[ 3) - 0, 026(3)

430 1.2300( 9) 0.8180(2} ~0.0692{2}

045 1.04%3( B) 0.5605(2) -0.2704 {2)

56" 1.0693 (13} 0.7081(3) -0.0234(3)

cs2! 1.1217(10} ©.7833(2) -0.0531(2)

R4 1.1982{ 8) 0.BE7G (2} -0.0558 (2}

c4s! 1.2893 {13} 0.8350(4) -0.0356 {3}

C57! 1.1634(20) 0.7394(3) -0.0371(2)

C54! 0.8780(20} 0.7566{3) -0.0457(3)

c42 p.8925{ 7) 0.6088(2) ~0.165€ (2}

0451 0.5524{ 5} 0.657642) -0.2341(2)

047 4.9403{ 6} 0.6458{2) -0.3093{2)

caz 0.8936{ 9) 0.6621(3) -0.2714 (2}

osc 1.2954( 5) 0.5937(2) -0.25:9(2}

c70 1.3318(10) 0.5290(3} -0.2876(3)

o83 ¢.6178( 8) 0.6576 (3} -0.0799 (2}

Cc59 0.78544 8) 0.5800(3) ~0.2514 (2}

Cc44 0.7270{ B) 0.6727{2) -0.1996 (2}

ose 0.8736( 7) 0.7538{2) -0.2102(2)

Q41! 1.3962( 4) 0.74%54(2) -0.1225{2)
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051' 1. 3239(12) 0. 9565( 4) 0. 0107( 3)
0610. 7200( 5) 0. 5470(2) - 0. 1292( 1)
0670. 5324( 8)0.5741(3)-0.0706( 2)

0440. 7456( 5)0. 7085(2) -0

C411.0334( 6)0.6107(2)-0
7)0.6320(2) - 0. 1965(2) 04
7)0.5428(2)- 0. 1855(2) 65
0701. 2637(12) 0. 6258(3) - 0
0461. 2515( 13) 0. 938513) - 0
NL1250. 7714(10) 0. 5174( 3) -
C1270. 8863( 16) 0. 5059( 5) -

. 1714(1)

0610. 7121( 7)0.5880(2) - 0. 1203( 2)
0620. 6189( 7)0. 6081(3)- 0. 0889( 2)
0420. 7871( 5)0.6235(1)-0.1381(1)
0680. 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.
0521.2129( 7)0.6778(2)-0. 1834(2)
0531. 1648( 5)0.7385(1)-0. 1348(1)

253(
C531.1895( 7)0.6875(2)-0.1 E’%'%Oﬁ
C541. 0635( 7)0.6614(2)-0.1257(2)
430(2) -35 04 April 2006 AtonXYZ 0511.1903(
11.0162( 4)0,5785(1)-0,1105(1) Cp61. 1285(
D1:od793[ 8) 0:6218(2) - 0. 2389( 2)
3685(3)— 04514073 13708790 2y~ D. 0307 ( 2)
0202(2) CAB01:8968( 79@s648B( 2) 052423 ( 2)
D—3682( B—€1260F3E5( 13y 0535 —0-3764( 4)
D3584( 1) Gl28G:-6343(113)004B04(4p:s0BT56( 4)
C53! 0.9795 (11} 0.7921(3} -0.0585(3)
ca 1.1375 (15} 0.9632{3) -0.0334(3)
cs0°’ 1.2853 (17} 0.9993(5) 0.0295 (4)
55 0.9280{14} 0.7160 ({3} -0.0286(3)
C51! 1.3239(12}) D.9565{4} 0.0107(3)
cel 0.7121( 7) 0.5880 {2} -0.1203(2)
08l 0.7200( 5) 0.5470 (2} -0.1292 (1)
CG62 0.6189{ 7) 0.65081 (3} -0.0BB3(2)
cE7 0.5324( B) 0.5741 (3} -0.0706 (2}
042 0.7871{ 5) 0.5235(1} ~0.1381 (1}
D44 0.7456( 5) 0.7085{2) -0.1714 {1}
cesa 0.8102( 9} 0.7497(3) -0.1803 (3}
o4z 1.2378( 9) 0.8158(2) -0.1127{2)
Q421 1.3458( 7} 0.8475(2) -0.1253(2)
52 1.2129( 7) 0.6778(2) ~0.1834 (2}
Cs3 1.2895( 7) 0.6875 (2} ~0.1418(2)
053 1.1648( 5) 0.7385{1}) -0,1348({1)
Cs4 1.0635{ 7) - 9.6614{2) ~0,1257(2)
¢4l 1.0334{ &) 0.6107{2) ~0.1430(2)
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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 DVMAC SOLVATE OF PACLI TAXEL 250 ng of paclitaxel was dissolved in
12.5 mL of DMAC and 6.25 m of acetonitrile and stirred at 20C. -36 04
April 2006 6.25 nmL of 0.1% acetic acid was added and the re Ié rﬁk qﬁ xture
was heated to 40C. An additional 12.5 nL of 0.1% acetic aci B! q n
added in three portions over one ;mnute and the resulting m xture was heId
at 40C for one 5 hour, at which point precipitation was observed to begin.
The m xture was cooled with mninmal agitation to 20C over 90 m nutes and

held at this tenperature fdr one [ hour, at fhe end of mhigh tijme the
m xture was a thick slurry., Jhe glurr¥ was|thed heafed to 58Q over 30 10
m nutes and held at this tenperatbrefoe+r—anpther—30—mnutes—wth stirring,
and the slurry was observed Lp thin, Ihext hi naedo®l prrys.wascpol ed to 20C
over 90 mnutes and held at—20C-for-16-houfs—Fhe+g 1 i Xt ure was
heated to 58C, with stirring,, Somg settdi Bg 150wa&uoasepuedunThe slurry was
held at 58C for 1 hour. 125 pf 0 1% acpte—acidrwasaddediin three
portions over 1 mnute. Tﬂaﬂ§lur y wagﬁhalj ab.sb8=C| f oro.amather 30
m nutes. The m xture was c d1+-p20Gover-3—hotrs—and—hetd—at t hat
tenperature with stirring. |Afer fbouytises s 0.621812) -0.2389(2)

o070 1.2637{12) 0.6258(3) -0.3085(3)

045 1.4073(13) 0.687921{2} -0.0307 (2}

461 1.2515(13) 0.9385{3}) -0.0202(2)

cas p.8968{ 7) 0.6188{2) -0.2423 {2}

N125 0.7714{16) 0.5174 (3} ~0.3482 (3}

ciz2s 0.7315{13) 0.5631(5} -0.3764 (4}

c127 08863 (16) 0.5053(5} -0.3584(4)

Cl28 0.6543 (13} 0.48044{4) -0.3756 {4}

0131 D.9302({ 9} 0.3%017(3) -0.0950(3)

Q132 0.6429{16} 0.9026(5) -0.0876(4}

0129 0.9125{ 9) 0.4519(3} -0.3423 (3}

0130 0. 7787 (23) 0.60683(8) -0.3632(7)

EXAMPLE 5
5 DMAC SOLVATE OF PACLITAXEL

250 mg of paclitaxel was dissolved in 12.5 mlL of

DMAC and 6.25 ml of acetonitrile and stirred at 20°C.
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20 10 days, 80% of the m xture had settled. 2 nL of slurry was renoved,
filtered quickly and washed with 2 nL of a
and 0.1% acetic acid. A solid of unknown structure was obtai ned. However,

1H NVR spectroscopy showed a nolar ratio of DMAC to paclitaxel 25 of

1.0:1.0. The appearance of this anount of solvent in the sql, f
washi ng suggested that a crystalline solvate was forned. 3?%@3_@66 DVBO
SOLVATE OF PACLI TAXEL 253 ng of pacli taxel

was di ssolved in 12.5 nlL of

DMSO and 6.25 nL of CH3CN and 6.25 niL of 1% aqueous -37 04 April.-200
acetic acid sol ut§ % tFhefr @il BrAELfi 3&%53( #agedddrsheagd the W@lﬁﬁﬂgan

additional 12.5 nj;.of Q. %{g% e gglpoo\@as Al@dgﬁg[tlgml NMXisuRe waso hel d at
d f1 cant recaé%ltatlon was observed. The slurry

ey &8 HIeSOROF IO WEar 2% he

40C for 30 m nutes an
was 5 cooled to Z%Weﬁcé)é ﬁ*ﬁlr\’tﬁtléé W

slurry was then %%g gﬂg Q¥en1 3P dimutese Yl HaghdaatsHECréproso

m nutes, stirred rapi

for 30 m nutes andﬂ'ﬂslque{lré h@ats Egngcﬁ 6‘:&:l_q:rhemf_tf’lf.mesl() agmzaﬂiéﬁ tARGe¢ hen

stirred rapidly for

preci pitation was observed to be conplete

i0

15

20

25

30

slurry. The slurry was then heated to 58°C over 30
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 20°C over 350
minutes and held at 20°C for 16 hours. The resulting
mixture was heated to 58°C, with stirring. Some settling

was observed. The slurry was held at 58°C 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 20°C over 3 hours
and held at that temperature with stirring. After about
10 daye, 80% of the mixtufe 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 ratic of DMAC to paclitaxel
of 1.0:1.0. The appearance of this amount of solvent in
the solid after washing suggested that a crystalline

solvate was formed.
EXAMPLE 6

DMSO SOLVATE OF PACLITAXEL

253 mg of paclitaxel was dissolved in 12.5 mL of
DMSO and 6.25 mL of CH;CN and 6.25 mbL of 0.1% agueous

~-37-

solution of 25% acetonitrile

m nutes and then cooled to 20C over 3 hours
and held at 20C licmr.3@tm~rhmres>omhepé%ﬂmﬂ1téﬁ1%swa§gaPﬁeﬁ‘é%ﬂé&? £691B- 58C

m nut es. solution was heated briefly to 67C and
12.5 nmL of 0.1% predlsmaeetdsc aaél ek géd EhiR et SWIeFRF BRS WeE
to cool to 20C ovigsur3 BeUtSe aid bednhel diak 2OE dictut8 dds howhdckAf t er

tHEn al | oned



sone settling (about 20%to 30% was observed- The slurry was filtered
over. filter paper and, washed with 2 nlL of 25% CH3CN 0. 1% acetic acid.
The filter cake was dried under high vacuum at 40C for 18 hours, Yyielding
230 20 ng of a solid of unknown structure. However, upon analysis by 1H
NVR, the nolar ratio of DVMBO to paclitaxel was det erm ned too ge 'I%ﬁa
1.3:1. The appearance of this anmount of solvent in the soli é‘ Py shi ng
suggested that a crystalline solvate was forned. 25 30 EXAMPLE 7 DWVPU
SOLVATE OF PACLI TAXEL 258 ng of paclitaxel was dissolved in 12.5 M of
DWPU, 6.25 nL of CH3CN and 6.25 nL of 0.1%acetic acid. -38 04 Agril 2006
An additional 12.5 I"E.ceﬁiﬁcOadi% ackttiionacithenassHddead. “IFETS ("Eifp Byt
oscillation protocol gﬁ | bgd i @dgﬁrggll E 1, ahever wass pelheenmdd Ahter a
hold tine of between hours e slurry was assayed and
precipitation 5 det ea:dueﬂed T}:ce blextomepwz&t delfloas doff ey IEIBHERT B3,  The

slurry was filtered 0\(/?@1 #‘2 BF&%lgggl%@%QQdoﬁgéﬁed nLraé Eauﬁrgk%a@cetl c
aci d/ 25% CH3CN sol ut1 filter cake was dried under g yacuum at
re.

40C for 18 hours % 0 coblefdt@ I Apver ToFHLaALEFS @HQnWrg‘flraL?ctz “However ,

1H 10 MM spect roscopy, shoved. a,[PLAkL i kaPYopasti daxebo winvabeut
1.0:1.0. The appear%c% o:‘,\@g"ﬁmé arryta)luﬁt of so?vent in_the sollgos%ggested

the formation of a mcygtaé_ﬂmtnésgjbp‘fvat?é) minutes, stirred rapidly

minutes and then cooled to 20°C over 3 hours and held at
20°C for 30 minutes. The solution was again heated to

10 58°C for 20 minutes and held at that temperature for 30

minutes, and then stirred rapidly for 5 minutes. The

solution was heated briefly to 67°C and 12.5 mbL of 0.1%
aqueous acetic agid added. The golution was then allowed
to cool to 20°C over 3 hours and then held at 20°C for 18

15 hours. After precipitation was observed to be complete,
some settling (about 20% to 30%) was cbeserved. The
slurry was filtered over filter paper and, washed with 2
mlL of 25% CH,CN/0.1% acetic acid. The filter cake was
dried under high vacuum at 40°C for 18 hours, yvielding 230

20 mg of a solid of umnknown structure. However, upon
analysis by 1H NMR, the wmolar 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

EXAMPLE 7

30 DMPU SOLVATE OF PACLITAXEL

258 mg of paclitaxel was dissolved in 12.5 ub of
DMPU, 6.25 mlL of CH;CN and 6.25 mL of 0.1% acetic acid.

-3B-



04 April 2006 COVPARATI VE EXAMPLE 1 A 1.062 g sanple of crude paclitaxel
material was dissolved in 4 nml acetone and precipitation was perfornmed 5
with the addition of 0.1% aqueous acetic acid to the cloud point
substantially in accordance with the above- described nethods. The m xture
was warnmed and cooled periodically and nore acetone (2 nlL) O?Tlin’g wa}e wer e
added. Precipitation was observed to proceed slowy. 10 The Ry S
stirred overnight (16 hours) and the mnaterial decanted. HPLC anal ysis
determ ned that the purity of the precipitate was npt incr gggd—ti%et he
sane degree as dhemddirtyismall| 126 iWnofal - PerdGHEd* Mt 1'% *“ani di ¢ or gani c
sgl vent dor bDIVISO. thpgligglg%cggbglﬂaﬁ;i@&aﬁwmdﬂn,deacktbﬁcarimﬂysmmlp? Mer e
observed, but were "not further char eriz r ] SOd et
content. However 2PPYe|"@H&EEIOTHAT a%‘é?’ét?\% 13% Itgﬁvgr%g]oﬁ%g&%gmacl i taxel
ratio of 1:10 wasoohsersedheysleriWRasanasyrsd ape ATPEH R 1342 PRt axel and
acetone were use 0._according._t I 0CRS W R t0f nExwd cesetved. 4-7.
EXAVPLE 8 CYT ogF%?Wrg%‘{%}’t g?pg?%it%;lzgof e RO S0l vt e of sExanpl e 1 vas
assessed in cel | Thenebupyy MRS EBlterest gviet by "PATVAZEI 228 257

yl ) - 5- (3- car boxypgt Bexy pheny blei é 4G d)/phengici2eblutioraz ofharf i i5¥er sal t)
assay as reported in T.L. R ss, 30 et al., "Conparis and a
Novel Tetrazol i ufrkeovipdHd ST EoT qlﬁ%vy??’bur??;% i eé)afth:}L%M;%%lﬁgEo
Chenpsensi tivity As$ays3s mdVbk. sBi Dl ofCahkn@wn 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.
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(Suppl.): 184a, 1992. Cells were plated at 4,000 cell/well in 96 well
mcrotiter plates and 24 hours |ater 35 drugs were added and seri al

diluted. The cells were -40 04 April 2006 incubated at 37C for 72 hours at
which time the tetrazolium dye, MIS at 333 Etg/nL (final concentration),
in conbination with the el ectron coupling agent phenazine Eﬁ@%#{ e at
25 M (final concentration) was added. A 5 dehydrogenase enz&ﬁb

cells reduces the MISto a formthat absorbs light at 492 nm which can be
guantitated spectrophotonetrically. The greater the absorbance, the
greater the nunber of live cells. The results are expressed as an |C50,

Wnich is the drug 10 concentrati on QO¥BaRARIYE BXAMPRELLt cel | proliferation
(i.e., absorbance at 450 nm to 50% of that of untreated control cells.

The data represented in FIG 7 and Fl ow _t ;61 hiQl ogi cal
activity in vitro of a ppé‘cloistza%e?amﬁ’éfi\fhft&g@r‘é#] qug taxel

pac taxel g Apri |
2006 What is cl ai nediksol~ded Ancs ysit akbtore sud \E&Félﬁkﬁ?ﬁflf?%l‘?ﬁ B SEI9 TS and

an 5 aqueous solveng tﬁeé Taaaléicg{fb%h@ 1Gf QYR@Nstetidgedd to the

d|nethylsquOX|de neth or mami celam LR
N- et hyl - 2- pyrrolld&ﬁ€MiFP§ntd n@ ?E?ﬁfﬁazoorgéﬁ%%BMLﬁ

1, 3-di nmet hyl - 3, 4, 5, Gestetbghypdrioeods.( 11El}e pygpmﬁ@pﬂﬁgn‘éarngﬁda%q:gpgﬁd[ rile and
10 conbi nations ther%9§od£éaiibea§9hM&Eenﬁkoﬁéaumh&) aweweter sare sol vents
are I met hyl 2-pyr I‘OI IgonePraeggpl ectlgquxga Eserved 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 scolvate of Example 1 was

assessed in cell lines by MTS (3-{4,5-dimethylthiazol-2-

yl)—S—(3—carboxymethoxypheny1)—2—(4—su1pheny1)—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 vitre Proliferation and
Chemosensitivity Assays.," Mol. Biol. Cell 3
{Suppl.):ia4a, 1992. C(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-



15 3. The solvate of claim1, which conprises about three nvolecul es of

wat er, about two nol ecul es of N-nethyl- 2-pyrrolidone, and about one

nol ecul e of acetonitrile per two nolecul es of paclitaxel. 20 4. The solvate

of claim1l, wherein said solvent is N,N - dinethylfor marri de 5 The sol vat e

of claim4, which conprises about one nolecule of N N - m de

per two nol ecules 25 of paclitaxel. 6. The sol vate of cI al

said solvent is N,N - dinmethylacetam de. 30 7. The solvate of cI aim 6,

whi ch conpri ses about one nolecule of N, N -dinethylacetan de per one

nol ecul e of paclihtageted -A2 304c Apsd l722006-8 atThei sl iateetbe cl aim 1,

wherein said solvent is 1, 3- (£inal.conc tion),

di net hyl - 3, 4, 5, 6-teEFRaRYHD S 1HFS B PP dbHSHe. EdP P SSIVAT e of ‘claim 1,

whi ch conpri ses ql@loggmpﬂgatl@nmlleﬁut& @flectron coupling agent phenazine

1, 3-dinethyl -3, 4,5, 6-tetrahydro-2 i m di r e culxe of

paclitaxel . 10 TREDLSBLLEREE Gf Efsaﬁ%l_?lfm\%%e %rfcr?nggggl%gl v‘%%t a?%& £

di met hyl sul f 03§ desen: @r&éenaﬂ’te eSn@WatBl dfivel eeld sl @edwhee o MBFi §@s? about

1-2 nol ecul es of d| rrﬁlh%( ulofr xi d trrgggcmew@lflchpgﬂlgeaxel 15 12. A
a ax

formD crystal | i A€ solvaeaccor ing to_claiml. 20
guantitated spectrophotometrlcally The greater ]

absorbance, the greater the number of live cells. The
results are expressed as an IC50, which is the drug

10 concentration regquired 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.
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13. AformD crystalline paclitaxel solvate according to claim3. 14. A
formE crystalline paclitaxel solvate according to claiml1l. 15. AformE
crystalline paclitaxel solvate according to 25 claim5. 16. A nethod for
the preparation of paclitaxel which conprises converting the crystalline
solvate of claiml into FormA paclitaxel. 30 17. The nethg%_ f im 16,
wherein the conversion conprises desolvating the solvate u e&PW m at
an elevated tenperature to obtain Form A paclitaxel. -43 04 April 2006 18.
A method for the preparation of crystalline paclitaxel solvates
conprising: a) formng a mxture of: (i) a paclitaxel-containing materi al
and 5 (ii) one or nore organic solvents, each said solvent having sol vent

nol ecul es conpati bl mjggczghxggtisites in the crystalline arrangenent of

the solvate; and 10"D) Fenmoving sol'vent fromthe mixture to recover a
solid, crystalline paclitaxel solvate having paclitaxel and sol vent
nol ecul es Wi thin they, crystaystshinied Wetvatld chlpr Hieg nptdiddanél ehdisn 18

wherein each sai dSSO| Vengqﬁgousagoﬂge%%ogéle%gle&tf.% Phe %oﬁﬁ%ﬂs@sﬁﬁg\/ent .

of dimethylsulfoxide, N,N’-dimethylformamide, N, 8-
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 ome molecule of

acetonitrile pexr two molecules of paclitaxel.

20 4. The solvate of claim 1, wherein said solwvent is N, N -

dimethylformamide.

5. The solvate of claim 4, which comprises about one
molecule of N,N’-dimethylformamide per two molacules

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.

-472-



20. The nethod of claim 19 wherein the organic solvent is selected from
the group consisting of 20 di nethyl sul foxide, N, N -dinethylformam de, N N -
di met hyl acet am de, N nethyl-2-pyrrolidone, 1,3- dinethyl-2-imdazolidinone,
1, 3-dimethyl -3, 4,5,6- tetrahydro-2-(1H)-pyrimdinone., and acetonitrile and
conmbi nations thereof. 25 30 21. The nethod of claim18 wher 'nA hlg%ﬁo
crystalline paclitaxel solvate conprises a dinmer conposed B 6tvvo
nol ecul es of paclitaxel and fromabout 0.5 to about 2 nol ecules of the
organi c solvent. 22. The nethod of claim 18 further Q%ngr' si-q:g .subj ecting
the mxture of step (Fhet sohvatenpdr &La+8 os¢PPFatt &it'% ?{L)V‘:énl "t i &4T1 ng
step (b). -44 04 AprilhiR006,123., 4AsCE yisdtalahiytieo paclili aget isiblivare - f or med
according to the nmethod of claim18. 24. A crystalline paclitaxel solvate
formed according to 5 the nethod of claim20. 25. A crystalline paclitaxel
sol vate formed aczordithg tolvatme aferhatm of. #harkh CUPTHFEENAPRcfFosed of

about 10 two %l ecul e§ 9L .PACldst aX8lai Aot -3, Ml acukesanfdroat ¢Ly) about 2
nol ecul es of met hyl - 2-pyrrol i done and atiout or}% Fr%)l(r;ﬁ%% eelof
t ]

acetonitril'e. 26. A cPystaidinpmepgeri P& E6Ma Hecording to 15
the nethod of claim 20, which is conposed of about two nol ecul es of

paclltaxel, abOUtI&yw)fﬂglgg #é%%cgf claim 1, wherein said solvent is
dimethylsulfoxide.

10 7
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.

13. A form D crystalline paclitaxel solvate according to

claim 3.

20
14. A form E cxrystalline 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-



wat er and about one nol ecule of N, N - dinethylformamde. 20 27. A
crystalline solvate of paclitaxel conprising of about two nol ecul es of
paclitaxel, about 3 nolecules of water, about 2 nol ecul es of N nethyl
pyrrol i done and about one nol ecul e of acetonitrile. 25 28. A crystall

sol vate of paclitaxe
two nol ecul es of water

30 29. A nmethod for processing a paclitaxel-containing naterial to ob

paclitaxel conmprising: a) formng a m xture of:

material, and -45 04 April 2006 (ii) an aqueous solution conprising on

nore organi c solven

a crystalline pacl

%93.? gnﬂe@odr EUDMIHA0, SQlavePtod LM ihe ani kidire to is
axe SO % C

vate; and desol vating the crystallin

solid. 30. The method of PRFLiGH*d SHEPEFR T9HPEIES(c) the crystalline
solvate is heated. 10 31la) TheEomethock ofixtiw pf 29 wherein in step (b),
m xture is subjected to t enpey;at yg%&iqkﬁ@th@@tﬁainghmmﬁhbd apfl claim 29

wherein in step (a),

33. A pharnaceutieal conposit

10

15

20

25

3C

an

19.

20.

21.

22.

aci djfyi g agent 13, added Lo, Lhe Mhxiuikgia 15
reatnment o
solvent having solvent molecules
compatible with solvent sites in the
crystalline arrangement of the solvate;
and
b) removing solvent from the mixture to recover a
solid, crystalline paclitaxel solvate having
paclitaxel and solvent molecules within the

arystal structure.

The method of claim 18 wherein each said solvent is

an aqueous solution of an organic sclvent.

The method of claim 19 wherein the organic solvent
is selected from the group consisting of
dimethylsulfoxide, 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.

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.
The method of claim 18 further comprising subjecting

the mixture of step {a) to a temperature ogcillation

before initiating step (b}.
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conprising about two nol ecul es of pac|,}ax bout
and about one nolecule of N, N dineﬁ%&é?@ﬁ#gﬁ?de.

tain

(i) a paclitaxel-containing

e or

ol ate

e
t he
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tunors conprising: a) an anti-tunor effective anmount of paclitaxel derived
according to the nethod of claim16; and b) one or nobre conponents
selected fromthe group consisting of carriers, excipients, diluents and
adjuvants. 25 34. The conposition of claim 33 conprising formA

paclitaxel. 35. A nethod of treating tunors in humans conprii 1200

adm ni stering an anti-tunor effective anount of 30 paclitax gg?i%&ﬂ?
according to the nmethod of claim 16. 36. Form D paclitaxel solvate having a
crystalline arrangenment conposed of,: 35 a) paclitaxel nolecules; and -46

04 April 2006 b) g0l Vﬁ@rﬁh?@ﬂﬁ@%d&@%b@&iéblﬁﬂlt\éeﬂtbrxﬁéd es:coniiihy rect he
crystalline structure. 37. Form $fcliﬁ§xel sol vate having a crystalline
5 arrangement conposedMetiPept] F13H¥el "ol ecul es; and b) sol vent

nol ecul es | ocated in solvent sites wthin the crystalline structure. 10

38. An orthorhomyic pacli . 591 yat8 (Ghyst &y vaanEst b d Gcdos@l velo Whi ch
S characterizeggﬁy E%f%gkgéﬁhl%aﬂgneters a ofﬂgbout 9. 54A, b of about

28.46 A, andSc of abtha "grhed af @™ 28pace group symmetry p 21 21 21;
the crystal consisting of eight

25. A crystalline paclitaxel solvate formed according to
the method of claim 20, which is composéd 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 cowprising 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
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15 paclitaxel nolecules in an arrangenent and conformations according to
the fractional atom c coordinates expressed in Table 1; wherein the
arrangenent of the paclitaxel nolecules forns solvent sites, the specific
di rensi ons of said 20 solvent sites varying according to the sol vent
contained therein. 39. An orthorhonbic paclitaxel solvate A it ain%
containing a solvent, which is characterized by unit 25 cell %aPQ QQaq's.a
of about 9.51A, b of about 27.79 (A, and c of about 34.79 A, and a space
group symetry p 21 21 21; the crystal consisting of eight paclitaxel
nol ecul es in an arrangenent and conformations according to the fractional
atomi ¢ 30 coordi nates expressedi)i anTableeus; saiheied rrorhelsiagr argOFeRtTdf t he
paclitaxel molecules forms solveptosiiLsoitRsspaa fic dinensions of said
solvent sites varying aC%SrdlEgmggnéQSﬂgghgqﬂkm gﬁ@%&k‘&&a%QeLghgte_éj
crystalline paclitaxel soclvate; and

5 a) 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 2% 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
33. A pharmaceutical composition for the treatment of
tumors comprising:
ajl an anti-tumor effective amount of paclitaxel
derived according to the method of claim 16;
20 and

b) one or more components selected from the group
consisting of carrie;s, excipients, diluents

and adjuvants.

25 34. The compositibn of claim 33 comprising form A

paclitaxel.

35. A method of treating tumors in humang comprising
administering an anti-tumor effective amount of
30 paclitaxel derived according to the method of claim

15.
36. Form D paclitaxel solvate having a crystalline
arrangement composed of:

35 a) paclitaxel molecules; and
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b} solvent molecules located in solvent sites

within the crystalline structure.

Form E paclitaxel solvate having a crystalline
arrangement composed of:
a) paclitaxel molecules; and
b) solvent molecules located in solvent sgites
within the crystalline structure.
|
An orthorhombic paclitaxel solvate crystal

containing a sclvent, which is characterized by unit

cell parameters a of about 9.54 A, b of about 28.46

A, and ¢ of about 37.24A4 and a space group
symmetry p 21 21 2i1; the crystal consisting of eight
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
solvent sites varying according to the solvent

contained therein.

An orthorhombic paclitaxel solvate crystal

containing a solvent, which is characterized by unit
cell parameters. a of about 9.51A, b of about 27.79

A, and ¢ of about 34.79A; and a space group
symmetry.p 2, 21 2;; the crystal consisting of eight
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
gsolvent sites, the specific dimensions of said
solvent sites varying according to the solvent

contained therein.
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