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Field of the Invention

The invention is directed to novel crystalline
solvates of paclitaxel with organic solvents. which are
15 useful as sources of paclitaxel for therapeutic
treatments. The inventive concept further imcludes
methods of forming such solvates from paclitaxel-
containing materials, and methods of obtaining paclitaxel
from these solvates.
20
Description of Related Art

Paclitaxel, a diterpene taxane compound with
significant antineoplastic properties having the

25 structure:
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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 twarostoaesosr eat ment of refractory advanced ovari an rcamgsere/379on east
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The results of paclitaxel clinical studies are
reported in scientific periodicals and have been reviewed

15 by numerous authors, such as Rowinsky et al., Pharmac.
Ther., 52, 35-84 (1991); Spencer et al., Drugs, 48 (5),
794-847 (1994); K.C. Nicolau et al., Angew. Chem., Int.
Ed. Eng., 33, 15-44 (1994); F. A. Holmes et al., “Taxane
Anticancer Agents - Basic Science and Current Status”

20 edited by Gunda I. Georg et al., 31-57 American Chemical
Society, Washington, D.C. (1995); S. G. Arbuck et al.,
wTaxol® Science and Bpplications”, 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
Publication No. WO 92/07842), for example, use a series
of solvent extractions employing ethanol, chloroform,

35 ligroin, benzene and methanol followed by reverse phase
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WO 03/ 047508 PCT/ US02/ 37901 chromat ography using a HPLC colum wth an
acetonitrile eluent. The procedures described in U S. Pat. Nos. 5,279, 949
5 and 5, 4W® 0383871908 Nair (al so PCT Publication No. WO 97/ 0@A3)Soas®01

acti vat ed ghaskoadgFpneeol agi i PEL@Ncoluinhi afi tA0emethahohinatée extract
and early filtration through Celite(c) (diatomaceous earth). The

decol ori ze’llu®h& ract is subsequently extracted with ethyl acetate, and 10
evaporated to precipitate taxanes. The taxanes are re- dissolved in ethyl

acetate and | oaded onto a first silica_ ¢olum that is elute i a
hexane/ et hyl acBraterogedurent deapiiPait hBr Uptri Pﬁéd g[ﬁst’aﬁdg%\%itg?‘igca

col umg g tesgatbyely, yhyrr exeEsepphasarchcamabagephyo 15 U.S. Patent
No. 6,%36,%@%1%@?62%3 a met hgd%f maki ng _an acet gne ,m xture containi ng

pacl i t axel SWhO2443) nukadestéxaradt FhgracpacPraderocortdriiPng mat erial with
TeLhanol ¢ Bapbial N8y TELAGNG /GXLEACKCPAEL! bhoncagIhhe 1128487 0RANO

extract byllilleqw d- ,extraction w yl ene chlorjide,and water to
form a twotiphasehsgsléte’ hbdiagoraceewanettehphasEReoAtaPhPhyZe

met hanol /wat er _and. a h hLori Rass LgoRkakNi R FRkRY| erey
chloride &HE“Pa I%?a%‘gﬁ%eﬁg%gllﬁgg%kﬁgﬁgl and wat Z‘l:yqf rom the 25 met hyl ene
chl oriide peeapotratelit abnpaecdptenteatedanesracther Hi@Ficng FadlSt axel ;

Sl oo meRtPROTEoabua BEA ehuaraconr Aacted PR o el 1t ael
and addi ngcatehnnehte tlbeedutiatiewtthobt herame /3¢ hydetti®d afext ure. Accor di ng
to the patgggaigﬁgtog%é“%h%%her purified by tandem silica columns
or, alternatively, by reverse phase chromatography.
15
U.S. Patent No. 6,136,989 discloses a method of
making an acetone mixture containing paclitaxel which
includes extracting a paclitaxel-containing material with
methanol to obtain a methanol extract; partitioning the
20 methanol extract by liquid-liquid extraction with
\methylene chloride and water to form a two phase system
having a methanolic phase containing methanol/water and a
methylene chloride phase containing methylene chloride
and paclitaxel; removing methanol and water from the
25 methylene chloride phase to obtain a concentrated extract
containing paclitaxel; contacting the concentrated
extract with a silica matrix then eluting the silica
matrix to obtain an eluate containing at least 5% (w/w)
paclitaxel and adding acetone to the eluate to obtain an
30 acetone mixture. According to the patent, acetone/water
precipitation of an acetone mixture containing at least
5% paclitaxel will provide a precipitate containing at
least 20% paclitaxel, and an acetone/water precipitation

of an acetone mixture containing at least 10% paclitaxel



precipitation of an acetone mxture containing at |eas 9 [ i
provide a precipitate containing at |east 2009/0 pacl i ta;el ?@aggclalnt axel witl
acet one/ watoeu3/)p7588i pi tati on of an acetone m xture cont ai raTUsIR/3twast 10%
paclitaxel;118 $860847508ewiibli tprevicdataipieg piodftate G ai ning 40%to 50%
paclitaxel . PCT/US02/37901 While the above patents are directed to the 5

i sol ati onpé}Fleé?C?iLaxel , hone of them describes the crystallization of a
novel , previously unknown paclitaxel solvate froma solution of paclitaxel

and one or nore organic solvents. 10 Paclitaxel b ' i
solvents in tHeipei sheapbove pﬁgeggﬁepaﬁhé#Hr%ﬂte 3%h§§%ﬁf?§g|m‘th or gani c

formulati ; i i : ; ;
Lim tsét hg@g&glﬁ?gb: B‘E?%Ec’l&t‘&&%\ﬁﬂ ke qFoeHam shlsdridbes rthaat er, whi ch

_ e rimul ations for administeri '
gatl ent. Ehesteliikatiion ©F @s@avel 'uﬁ”&"g‘&ﬂ 'Yﬁréi o"?r%clbé/%cajgjt Lao’%egl aand an
8-fold exaess ofb.Bal YoXyalMlcal o gastiarcid) (@emphess &de Vari ous

efforts h&ve 'B&€nfiede t o di scover other media for adm nistration of

pacl it axelorigandcpatilemntskor 20 exanple, U S. Patent No. 5,877,205
describes paclitaxel dissolved in a first organic solvent ’ (e. g N, N -

di met hyl acet am de or di net hyl sul foxide), followed by a seconda-ry sol vent
such B8 pol yet pplcanegixedohas0dbedmused el thii 9EaawHH | P EFERRietus sol vent .

25 U.s Paf:ﬁ:ﬁantprqg'r %r%1§h9$%edidseQ}é?L§ﬁ§né}?§ ldf_t aﬁ?@irmaceutical
formulations. Paclitaxel is known to be poorly soluble
in water, which limits the available formulations for
administering paclitaxel to a patient. The formulation

15 usually used contains 50% (v/v) alcohol and an 88-fold

excess of polyoxyethylated castor oil (Cremophor® 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 agqueous solvent.

25
U.S. Patent No. 6,017,948 discloses paclitaxel

‘formulations asserted to be suitable for administration
to a patient comprising a solution of paclitaxel in
water-miscible, non-aqueous solvents, such as N-methyl
30 pyrrolidone, propylene glycol, ethyl acetate, dimethyl
sulfoxide, N,N-dimethylacetamide, benzyl alcohol, 2-

pyrrolidone, or benzyl benzoate.



"formul ations asserted to be suitable for admnistration to a patient
conprising a solution of paclitaxel in water-m scible, non-aqueous

sol vent s, wsush4z®s N- met hyl 30 pyrrolidone, propyl ene gl ycaCr/esopgtooacet at e,
di met hyl  sul f adide, i Nbararstdyt hoeednpaecnbenzye ALEBAbREI RO

pyrrolidone, or._benzyl. henzoatge. -4.\W0O 4 37901 th the

above-nenf#%ﬁﬂ&ﬁqﬁ%%ﬁﬁ%? QP?ﬂﬁéﬁi%%m%%ggégﬁ?ggﬁoggiég??ﬁégﬁforNOEQ

admi ni st r at§ amdyabafalgrentondisolothe aheverpatabliszdtiohoos t he

crystallization of _paclitaxel_solvates fromtheir_r I rmul ati ons.

5 SUMVARY R FHERF \VEIH 3¢5 sﬁ‘?f&t%‘?%t EFFP%Cé'E g?ngggﬁﬁ%g\éﬁfbgm are

known 510 to exist. The present invention is directed, in one aspect, to

novel biologically active organic solvates of paclitaxel which exist in

crystalline formand fromwhich high purity paclitaxel can be isolated. 15

The novel sol vates of pacldiiviety describedniereioNn are previously unknown,

three-dinensionally crystattine arrangenents of paclitaxel nolecules,

whi ch include sites for suitable organic solvent nol ecul es. Suitable

organi ¢ sol vents; ar &,1hose, bayi DgnavkeerkestWBhehicarebeaze knoamporated in

the solvent sites w thout ‘changi ng the unique arranggnent of the

pacl i 18xel tootetst es Bee peesenbednHERELRD BHcAIREFEF o PalEE of

pacl i t axel be i efuk ii/8t srgBdiat eslivatiele of

purificati%%g%ﬁtbagﬁi%axe .ﬁgﬁégééggé?gsggkeqselvgg havg een found to
paclitaxel which exist in crystalline form an rom whic

high purity paclitaxel can be isolated.

15 The novel solvates of paclitaxel described herein
are previously unknown, three-dimensionally crystalline
arrangements of paclifaxel 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.

guch novel solvates of paclitaxel have been found to
25 Dbe 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



have biol ogical activity. In certain enbodi nents, the novel solvates
described 30 herein may be obtained froma paclitaxel-containing materi al
such as awarosga7ioaxane m xture wherein the taxanes are dexdivess/3for
exanpl e, fFrom RetlutdlSgutes padl iotsherl el ineed sin tore W eMOKB| vat es
may be obtained fraomsenm -synthetic paclitaxel, or from m xtures prepared
-5 WD 03/ 0xP5838 CPERIYSIYIS7901 fromrel atively pure paclitaxel dissol ved
in one or nore organic solvents. In another aspect, the invention

conprises a nethod 5 for the preparatjion of. crystallin i I
sol vates from énﬁ%&%l'@li:tﬂﬁﬂchﬁ"nd%he p’afb‘f‘?lf‘éjx%l?-%%Wra}%?%gg%n%%@?al , and

an or gani ¢ 50lyent, having S8l ntorplecl pte sooPhtabil sbivasesvent sites
in the unique crystalline arrangenent of facli axel nol ecul es as

her ei nbef dmem @ dusEritREOMHE T £ RETLERFheC PRt EE%21 sol vate
cont ai ni ”%#%liiélaxein@% SO M e N Bedth €Shati 1 fidy Nsblreentriyslatudesuct ur e
3

is isolate omthe m xture.” The i nventjon further corrfri ser_la nmet hod of
15 recoverdanpgiadie axeth fsokvate ShiSatE3 BB cHRbEYS net¥Fh2 1 ¢8%pri si ng

removi ng sgl vent v amthe nSTystabsi A BebyahBesbract ure. This
process i s‘?”“rrreafneq?er“cgzg(;)]‘113tC%lojlf aFéejlfln as a Indesol vation” step

‘ | _ ang ngé be
acconpbi sk rsilmeyl anyTse| s@hitd i epewala hbang RAGWAERRSEhBOLYBCE ¢ . Vet

anot her aspect of, the i | nyeat L on,encREDScuBEhpdeniar thahi bi ting
human and/ anctoat%%:rnmgﬂ%e% La/rrrgr séwhi ch conprises administering to a

t unor - beardmgstal structure is isolated from the mixture.

The invention further compriées a method of
15 recovering paclitaxel from the solvates described herein,
comprising removing solvent molecules from the
crystalline solvate structure. This process is referred
to herein as a “desolvation” step, and may be

accomplished using any solvent removal means known in the

20 art.

Yet another aspect of the instant invention concerns
methods for inhibiting human and/or other mammalian
tumors which comprises administering to a tumor-bearing

25 host an anti-tumor effective amount of these novel

paclitaxel forms.

BRIEF DESCRIPTION OF THE FIGURES

30
FIG. 1 is an observed powder X-ray diffraction (PXRD)

pattern of bulk Form D, a previously unknown crystalline
paclitaxel solvate in which NMPO, acetonitrile and water
are incorporated in the crystal structure. The observed

35 upper pattern (measured from a slurry in the original
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25 host an anti-tunor effective amount of these novel paclitaxel forns.

BRI EF DESCRI PTION OF THE FIGJURES 30 FIG 1 is an observed powder X-ray
diffracti wa(@XRBps pattern of bulk Form D, a previously urBatovse2sryst al | i ne
pacl i t axel s sph¥at emi ptwhicchtNNRPD, aaeebsniveilill eidid it drowear @aitvesipor at ed

in the crystal_structure. The observed 5 upper._ .pat roma
slurry in sReubriginiroms afemasy 6@?5%%“5%?FU§%%%%WW1%QX% ure at
RT) agreesywel! whbhykhe bewer spabtier erysicenl afced-43°am at oni ¢ coor di nat es
obt ai ned from tonpl e%,e. X-ray analysis of a single gr talt.at -43C. FIG 2
is a sinulated BéRder XSr @y sdmupset BRWISY( IXXﬁ%)y éﬁtﬁ/%anc of°"FormE, a
previously Hﬂﬁﬁ?""ﬁat‘éé t Al iRe-mpac it krigRlsMat errikhomii ch DME and wat er
are incorporated in the crystal structure. This sinul ate(g attern was
cal cul at edctyehraionec pecsdidicrsile sodmaaendd HYiGH BHpIdt "E"ﬁ:rﬁ E5€ ray
anal ysi s atnéé%ﬁ%r%@e S 1Bl Ghe3 di3re? s0e RIS . t MighisD! d Hsllaaieal
arrangement1 of“a paclitaxel nol écule and sol vent npl ecules in on part of
t he For m Dpaoteahewabased cor atliesl dlyoar @é@“&ﬁbrﬁ@rwfiﬁ%ﬁ@émﬁi

acetonitrile nolecule.is _not (shgw G141 &depid. on of the solid
state arraﬁﬁg%ﬁpmpgfetgyr%%’lgrl%-i hde| er?ggnt%/ paclitaxel and sol vent mol ecul es
in anotdher part of the Form D sol vate, based on the observed atomc

coordinates. Th%I%C.etsor:]List rai ldeepqoétel%lﬁl %fi %he 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 in one part of the

Form E solvate, based on the observed atomic coordinates.

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

FIG. 7 is a tabular representation of cytotoxicity

(ICs, values) obtained for paclitaxel.



20 not shown. 25 30 FIG 5 is a depiction of the solid

: state arrangene
of paclitaxel and solvent molecules in one part of the FormeE solgatent
bals_eg on wWoeospbswsved atomic coordinates. FIG 6 is a depirdm/sv2efot he
solid state arrgngenent, -Of ;symB! Iyepreapandenin pae| dyeoedxhntcgol vent

mol ecul es in another "part of the FormE sol vate, based on th
. { C ) e obse
atoni c codﬂﬁhmaﬁ&kue$w(@bﬁal@e@.f@ﬁuﬁaPaFébFé§%%t§M§§n383V8§Fotoxic{rsd

(1C50 val ues) obtaine r [ 047508 PCT/ USO
S a_tabu$§F£Fgﬁ¥gégﬁg5%ﬁ6ﬁP§%Jé@?%?%&Y%%%fﬁ%]CBO val ues) oﬁigrggé fglcg °
paclitaxel NMPO sol vate prepared according to the invention. 5 DETAILED
DESCR“?TICN OF THE PREFERRED ENMBODI MENTS Paclitaxel for use in conmercia
Taxol Ts manufactured as a solvent-free crystalline powder 10 (referred to
herein as ForprfILED DRECRIPTESN OF THﬁaPaEFERREDnEﬂﬁﬁpiﬁﬁﬁﬁﬁht i nvention
it has been "determ ned through single crystal X&ra§ diffraction studies ’
that Form A is orthorhonbic, and its unit cell contajns two

cryst al | ogr aphigadil yt d-ade pesitl ante mbh ecoesrdsabf Tasel | tixel i i
hydr ogen bondsfto forma hydrqgen-b nded "?é il?a Qae§oﬁizgflated e
mol ecul es.maRE: %Eﬁ%F?@H%ﬁrﬁ F e Pht a5 ES* paE |€%xefn§Pﬁ%r"eand the term

di meg refeLrdOrd0Pacdidnxeds npbeauhps t hattheeprocess of

characterizing the present invention, it has been

determined through single crystal X-ray diffraction
studies that Form A is orthorhombic, and its unit cell
contains two crystallographically independent molecules

15 of paclitaxel associated with hydrogen bonds to form a
hydrogen-bonded "dimer," and no solvent molecules. As
used herein, the phrase “paclitaxel dimer” and the term
wdimer” refer to two paclitaxel molecules that are
hydrogen-bonded to each other. A network of eleven

20 hydrogen bonds joins the two paclitaxel molecules to
symmetry-related neighbors. Another feature of this
arrangement is the presence of a large solvent site
buried in a cleft between the two independent paclitaxel
molecules; however, the crystal structure, and therefore

25 the arrangement of paclitaxel molecules in form A is

entirely different from any of the novel forms disclosed

herein.

Paclitaxel Form A (elongated thin plates) exists
30 primarily as a highly water insoluble crystalline, |
granular, solvent-free form. It ig 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

-8-



hydr ogen- bonded to each other. A network of el even 20 hydr | Oi
the two paclitaxel nolecules to symetry-related nei gh%org.geg\ng'?ﬂg? Horns
feature oWwadsi7soarrangenent is the presence of a |arge sdcrUsn287e
buried in @ fle@fdi di8i WeBsddes itoms icndamritmmn&'pacﬂ‘@lma)@blcm\r@&tiﬁ es;

however, the crystal stru Q;trure d ther ore of

pacl i t axel (afplPe LR 1Ur thill§ s eé?ﬁ?ﬁae AR Egr i\fuﬁom any of t he novel
forms disg] Q;flf’eq:m&ﬁfr%rﬁhca{:iél(a} it st Te A $eh ofgef edredhi to phexesh exi sts

30 primarily as hi ghl y water, insol upl e cry stallin
sol vent - f@@ef‘fQﬁ“mBI{ %Dl”é‘h%t%tar a‘i‘lf %%]ﬁa %ygto Oe%cl)rgfg%nd%?fnorrml

| abor ag or td aps.dral alines };mmmcsylﬁ B0 XpaKal £t gxED- 60%
20- 30 >Ii'lt) q-gjr when contlacte th anlafén%i herexp = rel at?ve 35
huni di ty grrcsilai*cexlétﬂnairp%cmﬂc@d%xﬂ i &imetiebus ]@eWD ]6%‘; ‘g %8

PCT/ US02/ 37,901 » pUISpeDsions, e iopeislonpive. appbstanse &ndnmrtecenser
ts (a
a function %s]tta tenperature, 'pagl tation, g?% ) to a thernodynam cal I(yS

nmor e stabl]eesf.mrwai(qﬂefmhe}@ﬂ@ oEhan FPrm a& - For m B). FormBis a trihyd

rate
orthorhonmbic form5 having six water sites per two independent pacl>/i t axel
nol ecul es (one paclitaxel "diner"). These hydrat ed crystals are of a fine,
hai r-ibke appearlamceommdB areilvdreteess farepdsdPupPe®PhEn Form A 10 The

Form B tr'n%%%%£$+onsf8£nﬁgr$ﬁgﬁqg US51 $YsSREDNShORSoAr abieeugh

crystal |l i Z4 o aqueous ts in the presence_of a |arge
e
wat er. ThislVetnsiindikel pseseneet @ @ohﬁﬁﬁﬁyeé%?ﬁn@ﬁ patent ge excess of

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
ndimer". The crystal structure, and therefore the
arrangement of paclitaxel molecules in form B is entirely
different from form A and any of the novel forms
disclosed herein. ‘

25
Mastropaolo, et al. disclosed a novel crystalline

solvate of paclitaxel obtained by evaporation of solvent
from a solution of Taxol® in dioxane, water and xylene.
Proc. Natl. Acad. Sci. USA 92,)6920—24 (July, 1995). This
30 solvate is referred to herein as Form C, however it is
indicated as being unstable, and, in any event, has not
been shown to effect purification of crude paclitaxel,
unlike the novel solvates of the present invention. The
thin plate-like crystals are reported to contain five

35 water molecules and three dioxane molecules per two



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 detwonismaetsos hr ough single crystal X-ray diffracti on pcarusdee®mot hat
Form B i 5,91 £8Q1 B8NBE Cpaald thkelunTheceklystednsdimistivge, and

crystal |l ographicall ghi ndeRend nt nol ecul esn%o

f li gl associated with
hydr ogen BbBasfesef bitfh BO-Cqitér" .arJfﬁgganffstaP%s r%gtllftraggé and therefore the

arr angene‘ﬁglggup@gl i haxehnel eeukas iirelfodmfBerengntince anydioff &nt from
form A and any of the novel fornms disclosed herein. 25 Mastropaolo, et al.
di scl osednavabvEprupydigailiosed &6FFafe of paclitaxel obtained by

evaporat i on of solvent froma solution of Taxol (r) in dioxane, water and

xylene. Proc. Natl. Acad. Sci. USA 92, 6920-24 (Jul 1995) . . Thi.s 30
solvate is refaccetdinohaceion SSPPGHREEL K eqent ilﬁ‘g)eélttqea 'as bei ng

unstabl e, and, i - =88 0t haenehiowbIvatadd ente purification of
crude paCPPE’S%m ?’eﬁ%ﬁs’\g@’: ﬁqe novel tpsoI vat es of the\FEreslelg\%j[i nvention. The
thin pl at erkckeldipstalis & eodpeliled CosdvmhiiFIT ve %5 W@t ol ecul es

and three di oxane_ nol ecul. r_ 519 1WE Q{4708 RCTHRE IvA
nol ecul eSCSFpﬁégllinﬁaf%ﬁl%é&?ryés%é%alstl\rp@ctur_e, and. 1;T‘%hereé re the

mol ecub ar cavranige meitvesft paclThenatys g daa e nt§ t T irely

different fraom any of the . f | SiG| Qs esbieF &1 Ted Smaitoar di ng to an
enbodi nentadgfmtghé‘y Esén a}rg\?a\e{rﬁéﬁ o%l%r{%

in conjunction with temperature oscillation. In this
respect, the water is added in aligquots such that the
crystallization of the novel solvate is favored over the
15 precipitation of the trihydrate. This control optimizes
yield and quality of the crystalline paclitaxel solvate

and substantially avoids formation of the trihydrate.

Preferably, the organic solvents are gelected from
20 the group consisting of dimethylsulfoxide (DMSO), N, N -

dimethylformamide (DMF) , N, N -dimethylacetamide (DMAC) ,
N-methyl-2-pyrrolidone (NMPO), 1,3-dimethyl-2-
imidazolidinone (DMEU), 1,3—dimethyl—3,4,5,6—tetrahydro—
2- (1H) -pyrimidinone (DMPU), and acetonitrile and mixtures
25 thereof. However, other solvents compatible with the
solvent sites in the crystalline structures of the
presently disclosed solvates may also be used. Various
examples of solvates that are formed with one or more of
these solvents are described below.
30
For example, in one embodiment of form E,
crystallization from a solution comprising paclitaxel and
aqueous DMF yields a solvate having the apparent

molecular ratio of DMF:paclitaxel of about 0.5:1. In a
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novel, relatively stable, paclitaxel solvates are crystallized in a
controlled fashion froma solution conprising paclitaxel-containing
mat eri al wWo @ma708 nore 10 organi ¢ solvents. The crystal | ipxarison/3r®1
ef fected gxeféggéagem@b@ﬁméata@fa&khnsvaeﬁwduakiﬂﬂﬂﬂﬁqﬂI%ﬁmmﬁhner, in

conjunction with tenperature oscillation. | LS e water is
added i n sbilytors ficRachatapee Wfﬁ%qqszg{y&gﬁ’loefl(figa rcl%?/rerﬁﬂs%fjl vate is
favored O\éef'é/sttgg 19 REeCiR t aHim Qorithe dy idnedmMee. sdlwentcont rol  optim zes
yield and quality 012: the crystalline pacll ta>§}e? sol vate nd_substantially

|
avoi ds f omedieicon eofnghebotith Faca et a3 SIeBES (9 Faht 5ot vent s are

selected fr 1nm1er2,0 the group consisting of dinethylsulfoxide (DVBO), N N

di met hyl f ormamde (DMF) , N, N -di net hyl acet am de (DVAC) ,
N- et hyl - 2- pyrrol i done (NWO), 1, 3-dinethyl-2- imdazolidinone (DVEU),

1, 3-dinethyl -3, 4,5, 6-t trac%pér - & (Addm pyr i qo-ginore; £A0E6h, faod a
acetonitrile ari[&l r%nft l?r esO tr}gcer%%f ) I—r|r(l)vvever ,ﬂot her sol vent Slég atible
e

with the saluErin sidresisinchearystafel mnd 3 2NBFO Ke® ently
di scl osed sal vates nmay al.so b ' xphpl 8sopf sol vates that are
FEoraipn ot HRREFGy B IOl

formed wi t3P ol vents are described below. 30 For
exanpig, iNvEWRITHadixEntobfafarm E1. chyst aTe &R PRBAAMSBFuti on

conprising paclitaxel an ueous [ elds, &, sqhyatg1h8ybAg the apparent
mol ecul ar C?étﬁ‘?}”%fD'Dl\ﬁf}ﬁ%%arlialt e 1%¥ a]f)é({)ljfljt rgaS@i In a -10 WD 03/ 047508
PCT/ US02/ 37541 rief asd il wavhelllj nece t ofi toibe E(CEsGYtal3¢etF i ¥ om a

and NMPO yields a Form D solvate characterized by about

three molecules of water, about two molecules of NMPO,

15 and about one molecule of acetonitrile per two molecules

of paclitaxel ("dimer").

In another embodiment, precipitation from a solution
comprising paclitaxel and aqueous DMPU yields a solid of
20 unknown structure containing DMPU and paclitaxel in the

approximate molecular ratio of 1:1.

In another embodiment, precipitation from a solution
comprising paclitaxel and aqueous DMSO yields a solid of
25 unknown structure containing DMSO and paclitaxel in the

approximate molecular ratio of 1-2:1.

The solvates of this invention should be interpreted
as including equivalents having similar crystal
30 structures, properties and approximately the same ratio

of solvents to paclitaxel.
The process of preparing the solvates includes

combining a paclitaxel-containing material, which may be

35 derived from various sources, with an aqueous solution of
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solution of paclitaxel in aqueous DM yi

_ _ yields a ternary crystal structure
whi ch contai ns one DIVF sol vent nol ecul e and about two wat e%/ nol ecul es per1
pacl i t axewo @/o4tioser . I n one enbodi nent of form D, crystadiuzaeismoifrom a

sol ution goapLLSiRgGePFahaxelscarndngleadis NRO el : ;
t he apparent ol ecul a?ﬁ?gtiq of 10 NVPQ el PDISEVRLEY havi ng

. _ ra pacl itaxel .of abou, Jd51.0fn a

pr ef er r ed iowBodiememt acéﬁlff@'ﬂﬁﬁgD,a.%ttaﬂ Iﬁuzpé?]?eosnseftrh(;.em an aqtultja%%sOfsol ution
conpri si ngrﬁpgglowe@gelm_e@g%%ﬂﬂﬂd@](.ﬂﬁ@l\b ,swicetble st id]i e NMPO yi el ds
a Form D sol vate characterized by about, three Iecurl og wat er, about
two nol ecalgesitofmaivize u?@dandwlr@ﬁél%leémﬁ Oacg@%erllefri le per two

nol ecul es . _of clj.t " dis " Jor s - . C ! _
1 RACd el deddiseroy cid pnaddinds enbrt nesit {dprécipedat

from a soldtion .co?rrprl S|an_g _ﬁac_l [ taxlel and aqueous U yi eT)dﬁ ;’Eg?i hogf

20 unknowmystaandtiurieg driteainadig: s a{’l’ﬂatl'ba"cl?%%czje‘fer? e HPFoxr mat e

mol ecul ar rati qﬁeg% r%y E)faic]{%aq{i her.gihodident , noi ectpitalibmefrom a

sol ution axel 'and aqueous DMBO yi '
Cli ' yields a solid of 25
unknown stgglstatite wambeadiig DMSMeRRE PEePYR okl the 3 apPTroxi mat e

nol ecul ar ratio of 1-2:1. T e LSyl ' h

| of 1:2:1, |

i nter pret é@s‘gst%%lﬁlnagtee%%%%%% s?%%?%lgé ST mﬁ%ﬁé&%?gg?a?ﬂ?)g gter uct ur es
propef bi esGREe@ppi et imt ety dies sabkinat $olvate sEP¥Bnt sTES pacl it axel . The

Pacl 1 axeI VAT i VR Er T ot B oy BecaE aEere B |
sources, V“déb@mv@ﬂ@@pﬂsiSQJuéipmsed tg@1solvent removal mggggv o
in the art to remove the solvent molecules from the
crystalline structure and effect the conversion of the
15 solvate, for example, to paclitaxel form A. The form E
solvate of the present invention may also optionally be

converted to form B by desolvation.

The solvates described herein, and particularly the
20 Form D NMPO solvate of paclitaxel, unexpectedly improves
the purity of paclitaxel derived from crude product
streams. When dissolved, the solvates also have
biological activity gimilar to Form A. Furthermore, they
may be converted to Form A by heating under vacuum. Form

25 D transforms to form A, even under conditions of

relatively high humidity.

In one embodiment, the invention comprises a method
for isolating paclitaxel solvates comprising contacting a
30 paclitaxel—containing material, such as a crude mixture
of taxanes obtained from plant sources, with an organic
solvent, optionally with heating to promote dissolution
of the paclitaxel. The crude mixture of taxanes is
generally a mixture of taxanes in an organic solvent

35 obtained by extracting the plant sources with solvent. An
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WO 03/ 047508 PCT/ US02/ 37901 one or nore organic solvents. The m xture may
optionally include an acidifying agent to suppress the formation of an

i soner, 7weEpi/paokitaxel. Any suitable acidifying agent rror/ise20%md.

Non- | i mi tidwh exeppiesagént hesepbefachitle diflade bet Feoluptei WAYVc acids. The
solids formed by conbjining the_pacljtaxel_ _w.th e I may then be

i sol at ed Hthm|@¢aﬁ¥%ﬁﬁpéhgt%5c£§2? h%ﬁ-@%§§%%?|%ged%§8 32%? renoved by any
means know.jdhid heagedr ghecipesationg thel aledrpr ddudtilecemedi ko a
proportion of 10 solvent_within the crystalline solvate form The isolated
sol vate malsolata GidseqlEAtestep, be "desolvated,” i.e. exposed to

sol vent; renoval neans known in the art to renopve the solvent nolecul es

fromthe crystalline structure_and effect the conve%%?ogb%f the 15
sol vate, for exBhel@ualbtpaefi BAREEYT BRATACAR—NDSt HFMCECSSoMV A e Pof t he

¢ T EPLs O £ ab$0.0RlkoRakbeDR xEaREe e dreafmiionsB lvent

desol vati on. e solvates described herein, and particularly the 20 FormD
NVPO sol vate bhcpestédaxél thegnsgpperadryei dpr dvest e iy of pacl it axel
derived from SLude,pLoduChnsLheaRe. sWiehydinsakyedndha el emeiliso have
bi ol ogi cal G am y Simlar to Form A Furthernore, they may be converted
to Forro A byeheaticng thdekenscuand EFbem ZSPRALARTS fHTs RHPEGHHEA, even
under condiptions Qaraagkgtggeb Akgh hgildided Rirene fagodi ment, the

i nvention t3hpfi 868 & et ho of iIsolating paclitaxel solvates conprising
cont act i ngremB@rpacket arel podmtai wengbeassivsted deW APUEWARH T %ture of

taxanes obtajned, f1.om BLaNt SQULCES offe! BEABRIGANE 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 also be effective using
completely synthetic paclitaxel.
20

Tn 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 guch numerical examples are understood to be modified by
the term "about," whether or not this is explicitly
stated, and the scope of the term "about" is a range of
values as could be determined by one of ordinary skill in
the art without undue experimentation.

30

Suitable paclitaxel-containing material for
paclitaxel isolation may be selected from any tissue that
contains a high paclitaxel content, preferably at least
about 0.005 percent by weight on a dry bagis. Examples

35 of suitable paclitaxel-containing material include

-13-



solvent, optionally with heating to pronote dissoluti [
_ _ ution of the I
The crude m xture of taxanes is generally a mxture of taxanes iga;nl taxel.
nganl c swlovsru7®® obtai ned by extracting the plant sourcexT™so/3zolvent .
n -12 WOrQ3/RAE G RCHAISERIB T i e af fYgn PRt FMPFefErAbty©added.

The solvate may then be precipitat f | Xthir e As '
. 3 b
herei n. AR5 + 9N Ph e]%?%rﬁfy{}l?gk%l }tgﬁd@i gb igglgg%gaf ﬁg

solvate. 5.,The Qualddnertfis) Wiy tihatroans Endroee@bdsfeém a gi ven anmount

of crude taxane m xture and organi ¢, sol vent i i i
. eased..i
t enper at urarnangn sk Yo SRR SURpRr tu?%séjfa?/\ﬁbﬁ?f he Fls“leg?rgy t hi ns

then | guer yptdds 10 the slaFy gheéekeasreahelrted Hepéati Bg this

procedure Tor a plurality of cycles. The upper and Lo
poi nts carclvemensist 8- el bbthapsed Forc? g‘g‘?’@%ﬁgéO#Vﬁﬁogggﬁaﬁg;ugﬁesg;

ordi nary ski ' h r ' : . ;
Csol ation %%r%%%%él}né, end’t. Wibpulanadueoenper suenableonatesiadsThe

. re is also effective for purjifyin teri I ni
ﬁr_ude and serdudy ntwkiices pakl Piane téﬁﬁ“ﬁ?e@ﬂﬁﬁ%iﬂ?g& %?ma 2Igag(glgte?:‘ glc'?igve
using ConpLelely syhlligbac pag!bbsxehinhnohheudatatisdudescel ption that

ows, a specified quantities and process cogdi i Qns including tinme
t enpelat urgenanal thedé¢skejbade EREnPKATHL6nI y2aHd ‘aF@ Unalg)r'stood to ,

include a range of ,edw)¥ale0hSpafbht No. 553,780 Bl to Cociancich

and Pace and U.S. Pat. No. 5,451,392 to Strobel et al.

The paclitaxel-containing material may also be

15 obtained from semi-synthetic or otherwise natural
sources. U.S. Patent No. 5,451,392, for example,
describes media for culturing cells which is also
suitable for the practice of this invention. Also,
microorganisms expressing extractable paclitaxel are

20 suitable, e.g., in cell paste or fermentation broth.
Examples of suitable microorganisms are species of
Erwinia associated with some Taxus species as described
in U.S. Pat. No. 5,451,392 to Page et al. Another
example includes microorganisms of the genus Taxomyces,

25 and more specifically, Taxomyces andreanae, which are
capable of producing paclitaxel. Still other examples
include microorganisms engineered to produce paclitaxel

using recombinant DNA techniques.

30 In other embodiments, the solvates are obtained by
precipitation from an agueous solution comprising
relatively pure paclitaxel and an organic solvent or
mixture of organic solvents. While not limiting the
invention, relatively pure paclitaxel used in this manner

35 generally has a purity greater than about 90%.
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25 such nunerical exanples are understood to be nodified by the term
"about," whether or not this is explicitly stated, and the scope of the
term "abowd'o3ig7msr ange of val ues as coul d be detern ned Hoyr/wsve/3TH01
ordinary skill in the art without undue experinentation. 30 Suitable

paclitaxel -containing material faor | i el .l i R, may be sel ected
fromany tissuer® RIECCRMHEHHY atq?ﬁ g’%’ p‘é%#?%(ax%%&g%n en%i,[ preferably at
least abyyr Q000 pes& aedareigit i e actlyyt dhbizat EranplestB5sof

sui tabl e paclitaxel-containing material include -1 0] 08

PCT/ US02/ IFHREeC i s3RR3 q?¥ﬁﬁ%@ﬁi%ﬁst%%e ?%%r%$ §%§Y%¥%n§égg%§prising zne
genus Jaxus,i fMst-d4 ef o @kt Ysdher ha ke of iddubeevdivhta, formdtignnnanensi s,

and the roots and needl es of ornanental Yew plants such pi dat a,
T. x media 5 sPpe HbERseRt IMVSnELeR EPEEREEpgﬁaﬁéﬁe%nﬁ ????g? $5§

chi nensi s,tl,'lé wal L i ehi aofTth@_q@@@@njsbﬁ?/sialghﬁé&p‘acli'taxsilmatrana, and T.
fl ori dana. héer suitable materials include. cultures of El ant tissues

obt ai ned fsahvatdaximto sPethed . PaBE hbaset or "BHER AFnGSEH tlred tissue are

10 general ly de I be MPLBe bBnilePsiBat coMbrisbs744y388, European
Pat ent No.c%r%%?gé%'mgf%é f%]?i;%bi che anIoll Pace and U 451, 392

. S. Pag. No. §
to Strobeltiet sblvihe padetteEREMUBOAEarRi RYSHAEEHR BPYREYCHIES "be 1715

obt ai ned from sem - synihetl ot hep.yi, s N2t Ueabasoitagsl HoSvakatent No.
5,451, 392, BF° ?5%%¥e%gﬁégg%l§{lgés rreﬂctiluiya for cul ?uri ng cells which is also

suitabl e fof the prasentein¥enhieni hvefeFehvaapdoand conver
Form A paclitaxel during drying in vacuo, at a suitable
combination of vacuum and temperature.

15

The compounds of the invention exhibit anti-tumor
activity both in vitro and in vivo. For treating a
variety of tumors, the compounds of the invention may be
used in a manner similar to that of paclitaxel Form A;

20 e.g., see Physician's Desk Reference, 49th Edition,
Medical Economics, p. 682, 1995. The dosage, mode, and
schedule of administration for the compounds of the
invention are not particularly restricted. An oncologist
skilled in the art of cancer treatment will be able to

25 ascertain, without undue experimentation, an appropriate
treatment protocol for administering the compound of the
present in&ention. Thus, the active compounds may be
administered via any suitable route of administration,
parenterally or orally. Parenteral administration

30 includes intravenous, intraperitoneal, intramuscular, and

gsubcutaneous administration.

The doses utilized to implement the treatment
methods of the invention are the ones that make it

35 possible to administer prophylactic treatment or to evoke

-15-



m cr oor gani sns expressing extractabl e paclitaxel are 20 suitable, e [
cell paste or fermentation broth. Exanples of suitable nicroorgéniégﬁ1aL2
speci es oWO Brmfjosa associ ated with sone Taxus speci es as mMEICSIROZE1 | n
%_- (?r Og’at- &Qnaﬁ.ir?&ilh@ﬁérépeﬁage eespbnsdnot iee degaRpVérymcl udes

rgani sms of the gepus, Taxonyces, .25 mr.e ClLl Taxo
andreanaezd%ﬁ?%ﬁl%?eoncﬁgﬁbFXPSfgﬁrggmépﬁaggggﬁpééxgpg E%FF?Eg¥ﬁgr éxg%gFZs
i ncl ude m grgenganksIBcead neagedhtopproeduad phelracarsiistdsengtr &&6nbi nant
DNA techni‘ques. 30 In other en‘godi nents, th sghvatd%ss ar e.abtai.ned by
preci pi t at ¥eR] ebnFanPaqEEEESSSol ui[Poﬂe@Sﬁﬁii'si Rg OF&IS&t tvel y pure
pacl i t axel .and af.er gani ¢heehyedt i6a11§ xEfeetdiveofganithes sreatmentifi | e

not limting the invention, relatively pure_pacli | i -
. 35 geneoll fiyshaderspariepdgP¥abBPorRah 564 p@"@;al f‘fa&%%g?}g 0?3 manner

PCT/ US02/ 3 reci pitati S apes | tema
used to in%ggé?{élﬂgrgygt%a{e }azéth?%ﬁttli%ﬁ t@ﬁlsbér gggg_glgjgi?nmiy;sog% S l):‘ yt Eg
b ERAEs

desired sokwahecrepaby 30 prosdutedobsatfe &g H&SoT e SolVat e

formation. he, pregent. iaveRLi-an by the | j
( . PIIOH=gE%118, iRt hed aftdrv
conver si onegge_?ﬁe novgll rystalli ﬁe%acl :ptoaxel a@jshol \a}fat,e i nto F:r]lrynhi
pacl i tiaxel gighl olr Lewuslegesn aodnilese repuefd Al e %i%n
conprises dryin 0 _the saql vate.u r vag -a’ellej(a;t d tiesmp t
a prefer reBoeWﬁgafl“ﬁgﬁP,cea%(?;é%s%gI Ir&lqﬁé pg/ngléiljtmg%ell'go’I vat e < erature. in
dosage may be, for example, in the range of about 20 to

about 500 mg/m2 over 1 to 100 hours. Via the oral route,
the dosage may be in the range of 5-1000mg/kg body

15 weight/day. The actual dose used will vary according to
the particular composition formulated, the route of
administration, and the particular site, host, and type
of tumor being treated. Many factors that modify the
action of the drug will be taken into account in

20 determining the dosage including age, weight, sex, diet

and the physical condition of the patient.

The present invention also provides pharmaceutical
compositions containing an anti-tumor effective amount of
25 active compound in combination with one or more
pharmaceutically acceptable carriers, excipients,
diluents, or adjuvants. The compositions can be prepared
in accordance with conventional methods. The examples in
U.S. Patents 4,960,790 and 4,814,470 may be followed to
30 formulate the compositions of this invention. For
example, active compounds may be formulated as tablets,
pills, powder mixtures, capsules, injectables, solutions,
suppositories, emulsions, dispersions, food premix, and
in other suitable forms. They may also be manufactured

35 in the form of sterile solid compositions, for example,
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of the present invention is desolvated and converted into FormA

paclitaxel during drying in vacuo, at a suitable conbination of vacuum and
t enper at unw@ 0308750Be conpounds of the invention exhibit antRcTrusws790acti vity
both in vigroandidiedixned, Fof deebdtédg eombanédtyioh ethers, the conpounds

of the invention may, be _used in nner.simjar t a . gpacl it axel
Form A; ZW@WQC%MC?%%eEt% k BEfFere %%3.49.?}%&%(1%??%% Medi cal

Economi ¢s, ¢ fnp§82: i F95card Nse dpsagast Modeedantithsshedille whtedni nistration
for the conpounds of the invention are not paf;“tai cg(la%rI% restricted. An
oncol ogi stphykiolegieal t el 52 oPY cAnBertEF Bab et Wi P Be*Hole to 25

ascertain, . ts SNGE: eXPeEh BBt BLbpPicnd 8RPLoRyi athanbieatment
pr ot oc%l f%%%%fr)#n? stering the conp%ung of . the ggisent i.nvention. Thus,

the activetbenbbmdsorasone ORBAYNPEEELeE VIASSRePLE PEEEE™ oute of

adm ni straf | Ol o P EHEEEZLEYuRE 068! bureRBESALCRANI AdBIREgLALI ON 30
i ncl udes i nrflravenous, Intraperitoneal, intranuscular, and subcutaneous

adm nistration. The doses utilized to inplenent the treatnment nethods of

the invention are theo g1hl 35cBEsSbhLe ke radmaniagiesr
orophyl actic trEEpHEat BiarhABLulREaLLY, AacBeRaLD et R T e 1 &
maxi nalo t heoapexiaiple espansétoTheudeses AeHEFansde pBRERTE oRAREX ype of

adm nistratign, the parti ar 5@%%1{.“ sebected, apdd heppirsyia
char act eri§P§c@ab?et§§argﬁ§%éc{nago e treated. I n general, the doses are
t he oils, 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 emulsifying,
preserving or wetting agents, and the like, such as

20 sorbitan monolaurate, triethanolamine oleate,
polyoxyethylene monostearate, glyceryl tripalmitate, and

dioctyl sodium sulfosuccinate, and the like.
The following examples describe the manner and

25 process of making and using the invention}and are

intended to be illustrative rather than limiting.

-17-



5 ones that are therapeutically effective for the treatnent of disorders
caused by abnormal cell proliferation. The conpounds of the invention can
be adm ni stoers@d7@8 often as necessary in order to obtai n RdeUesTIed

therapeutic effect. Some patientsgramMpLEspond rapidly to relatively 10
hi gh or | ow doses, and then require m mai nt enance or no mai ntenance
dose at all. Viathe i.v. route, the dosage may be, for exanple, in the

range of about 20 to oy eform 9 @@Pedours. Via the oral
route, the dosage mm s B - mg/ kg body 15 wei ght/day.
The actual dose used will vary according to the particular conposition

formul ated, the route of admnis Longiapdii,6g parbecyl aL sifte, host,
and type of tup®? %%i%é3Q?éiﬁEQfé%gﬁégfgétors t hat nodié% the . action of

the drug Wglbobe +aKeni & h&s asddedt 18n320Ldef erAERPRGTER do?&&e i ncl udi ng

age, weight, sex, diet and the physical adi £1.9g . of Thhe spatitdmtn The
present i nveati bA-al 8k %ﬁo@i%ésa§H§9%§c88§?2g|5 conposi tions containing an

anti-tunor effectiyve @?DE@%:Oﬂmaﬁ AChive squpcusndatattonbhdti on with one
or nore pH&F céttica | y acceptabl e carriers, engpientsThfglﬁggns, or
adj uvant s. sZhatcenapesst 5oms) caasbadgedpdred Vo ROLECS Fance Wit h

conventional nethods. The_exanples | U aL g/t Sofi 2680490 and 4, 814, 470
may ba o ol tbeedceelsd £6r ABllGt V?ﬂebgoﬁﬁggF?go%s of Cthis invention. For

exanpl e, active conpound for mgbat gdgashkabtebied piol 29, Cpowder
m Xt ures, §%B§6Vé¥?si F§§t§%¥§§? solutions, suppositories, enulsions,

di spersi ong e%O@% RESMse . andhel Bleider was ttdisine Hegtad tthedP fay al so be
=

manuf act ur € inthe formof sterile solid gonpositions, f ex e,
stirred for 1 hour and cooled to 20°C over 1085 noulls. R

slurry was then sonicated, reheated to 58°C over 30
15 minutes and stirred at 5g8°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
form D (potency = 855 ug/mg; area % was 99.7). (Form D
crystals ideally contain H,0, NMPO, CHiCN, and paclitaxel

25 in the molar ratio 3:2:1:2).

The Form D NMPO solvate crystals consisted of thin
elongated plates having the following unit cell
parameters at _43°C. (A detailed account of unit cells
30 can be found in Chapter 3 of Stout & Jensen, X-Ray

gtructure Determination: A practical Guide, MacMillan

Co.. New York (1968), herein incorporated by reference.)
<7

Cell dimensions:

-18-



-16 WO 03/047508 PCT/ US02/ 37901 freeze dried and, if desired, conbined
with other pharmaceutically acceptable excipients. Such solid
conposi t i woso3garsoke reconstituted with sterile water, phy<iTorsegiscal
saline, or, a m We ofy water and an 5 organic solvent such as propyl ene
gl ycol , efhanol and the i ke, or sonme other sterile |njectable medi um

i mredi at elpy =befzﬁ.e45£s(34)f ok parenteral adm nistration. Typical

pharmaceutically acce tabLe carriers are, 10 for exanple, mannitol, urea,
dextrans, Ciatt %rz%ﬁ) o*and nai ze starches, magnesi um stearate, talc,
vegetable | polyalkyiﬁnflngnols et hyl cell ul ose,

pon(V|nyI |done) ti'umcarbonate, ethyl oleate, isopropyl
nyristgte sﬂ}g&mﬂrc&e@zoatE 2s0di @m @vatlb@n]avp@bl% gel atin, potassium

car bonat e, %hSI|ICIC id. The pharmaceutical preparation may also
contain

CERRF T é?? subst ances such as enul sifyin reserving or
wetting agentishe angitheellke, SUp@chsta@eéorﬁlNMﬁomDﬁopﬁ éP

tri et hanol am ne ol eate, pol yoxyet hyl ene nonost ear at e, glyceryl

tripal mtRLSER di octyl sodium sul fosuccinate, and the like. The

fol | owing exanehescdaseri bestbegpamher and 25 process of making and using
the invention and are intended to be illustrative rather than limting. WO

03/ 047808 PCT/ US02/ 37901 EXAMPLE 1 PACLI TAXEL SOLVATE FORM D (NMPO) 5 533
rrg of pacli taxe'k'hé’aﬁngigﬁéobv@dngéméﬁté of ohclNVR®elTenthise®l¥gditadded 13. 3
- of aceﬂggiééhﬁgs h form D are illustrated in Figures 3 and 4,
and are based on the fractional atomic coordinates listed
in Tables 1-2 below.

15
The approximate fractional coordinates reported for

each form in Tables 1-3 encompass additional isomorphic
crystalline solvate forms composed of paclitaxel and
solvents other than the solvents exemplified. In the

20 Tables, atom numbers less than 40 represent atoms in
molecule “b” of the paclitaxel “dimer”. The
corresponding atoms in molecule “a” have numbers forty
greater than corresponding atoms in molecule “b”. Thus,
for example, “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
0113 are the three water molecules. Atoms N101, C102,
and C103 are the acetonitrile molecules. Atoms N91, 092,

30 and C93 — C96 are one of the two NMPO solvent molecules.
Except for some slight natural lattice expansion, the
crystal structure remains the same under ambient
conditions. The approximate coordinates in Table 1

therefore will vary according to the temperature at

-19-



then 13.3 nL of 0.1% aqueous acetic acid. The solution was heated to 40C,
and a 0. 1% aqueous acetic acid solution (26.6 nL) was added in two
portions. wohisg4v@s 10 t hen cool ed to 20C over 90 m nut es awd/swwnidrated. The
slurry waspdhen-chieated dionGRE amall tveen avodrey 1o PoEse ovePrIONFF PRt es. The
slurry was then heated to stirr f d 0C over
4.5 hours maﬁhé‘ls?%rqciF%sC?rI‘ﬂ%ﬂSE%%c Et% &%%h%gﬁ&%%t%% %ggg%)\?g?ig%gl

m nutes and stirred at 58C for 1 hour. The slurry was then cooled to 20C
over 4.5 hours, and stirred slowy for 16 hours. The slurry was then
decanted and filtered. The filter cake was washed with 25% acetonitrile in
0.1% aqueous acetic acid (2 nm). Therki hter cake was then 20 dried under

hi gh vacuum at_40C to yvield a col giTess solid {(450—mg—TFhe—+ati o of NMPO
to paclitaxel {by 1H NVR{was 1.0:1, COQSI stent with the sipgle drystal
structure of |f,erm D (potency = 835 g/ ny; arlea % was 99.7). (Forjm D
crystal s ideally contaign H2O NVPO—CHIEN—gre—pactitaxet—25 Tt he nol ar
ratio 3:2:1:2). The Form D Nl\/Pgr;)3 ql vat peerygtal s . censi sted okt Hin
el ongat ed pl af €8* havi ng |t he °t0 104 ng unit dell paramgters at—-{43C. (A
detail ed accodgint of unit cells 30 {can be foynd in C7h(a ter 3 91: Stout &
Jensen, X-Ray| Structuré Deteifidhdti of:°A*Prlact i°cAl EMlTan co.,
New Yor k (1968)—trererm{incor por atjed by ref grence.) Cel I d| nmensji ons: -18
WO 03/047508 @ ca@t = 9. 541(1 Jo.As(3) 0.072(1) 0.2427(7) 1.9(7)

CB5 0.653(4) 0.108(1) 0.1774(8) 2.3(8)

C51 0.681(4) 0.063(1) 0.2022(9) 3.4(9)

ce62 0.098(4) 0.099(1) 0.1032(8) 3.6(9)

cs2! 0.573(3) -0.076(1) 0.0594(7) 1.7(7)

c49 0.526(4) 0.098(1) 0.2529(8) 2.1(8)

cel 0.198(4) 0.115(1) 0.1297(8) 2.4(8)

can 0.758 (4) -0.058 (1) 0.1229(8) 2.7(8)

C45" 0.768(5) -0.172(1) 0.038(1) 7.9(14)

cs2 0.701(3) 0.0231(9) 0.1857(7) 1.1(7)

Cce68 0.295(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(9) 0.2045(7) 0.5(6)

Cc50 A 0.665(3) 0.071(1) 0.2403(8) 2.1(8)

C42 0.368(3) 0.0920(9) 0.1747(7) 0.4(6)

ca3! 0.689 (3) -0.1076 (9) 0.0705(7) 0.9(7)
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Ab

28.456(4) O
21 21 orthorhonbic
pacl i t axewo @/oMde©, 4 CH3CN, 12 H20O Densit

| de

al

15 The uni que
are illustrat
coordi nates |

c = 37.238(5) A Volunme: 10,110 A3 5 Space G oup :
conposi tion PCT/US02/ 37901 of the unit cell:

coordi nates r
I sonor phi ¢

ct

P 21
8

y (cal cul at ed) :PClIy@&D2/3700enB8 10

other than th
than 40 repre
correspondi ng

correspondi ng
S

in nol ecul ¢

and nol ecul e
in the Figures

At oms N101, CI

rangenmepts of paclitaxel ang solvent |rolecules|in formD
ed in Figures 3xand #, and are¢ baséd on [ hePffactiional atomic
$t€d in [Tables 1-2|bel ow. The approxinmafe fractignal
eported fof each fofmin Tabl ¢s 1-34quonpass %dd|tiona|
yst al | i ne| sol %&4%63f or ns 2 CHposed BF*HAEI |t axel*'and sol vent s
p—sot-ventstexenpt T m the| 20 Tabl es| atom nurfbers | ess
bend atons|in onrplecyl e thbsof [t heopaelit axel 2dithgr”. The
atons in mlecule "a" have piHBers fUItY' greater t han
atoms in fmlecyle, "b". Ihﬂ&n) foroexaml g, "NA4a) |in Table 1
4", and|25 &otTésponds 1o of mleciile "b" Nblecule "a
b™ are the two nol gcul es of the Q%cliga<el " bVEr"’ | abel ed
.caAt oms 0111, °G14D, |and° 143 |ar e’ A€ ‘Phiee vt er |nol ecul es.
faXal
nyan
C63 0.087(4) 0.049(1) 0.0956(9) 4.9(10)
ce7 0.033(3) 0.136(1) 0.0854(7) 1.6(7)
c57¢t 0.441(4) -0.090 (1) 0.0602(9) 4.8(10)
Ccs3! 0.613(4) -0.031(1) 0.046(1) 5.8(11)
Ce64 -0.020(4) 0.036(1) 0.0694(9) 4.9(11)
ce6 -0.074(4) 0.122(1) 0.0603(8) 3.4(9)
C54'! 0.498(4) 0.001(1) 0.0377(8) 2.6(8)
Ch6'! 0.334(4) -0.061(1) 0.051(1) 5.1(11)
C65 -0.088(4) 0.074(1) 0.052(1) 5.0(10)
CE5! 0.362(4) -0.014(1) 0.0372(8) 2.7(8)
044 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)
053 0.646(2) -0.0335(6) 0.1366(5) 1.8(5)
045 0.036(2) 0.0369(7) 0.2317(5) 3.4(6)
049 0.544(2) 0.1271(8) 0.2745(5) 3.5(86)
061 0.211(2) 0.1540(6) 0.1434(5) 1.0(4)
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and Cl103 are the acetonitrile nol ecul es.

are one of the two NWPO sol vent nol ecul es.
| atti ce ewoansauTiog t he

crystal

Atons N91, 092 30 and C93 -

Co96

Except for sone slight natura

structure remai ns the sanedmcsee/3zaebi ent

condi tions. Thg approxi nite coordi hates in Table 1 thdrefore will vary
according to the Jenperature at -19 WD 03/ 047508 PCT/ U302/ B3%#901
measurement. Statlstical [variationk in theselcoordinatés may al$o0 occur
consistent with the repofted error|values. 5|/ TABLE 1 AtonXYZB %AR)
C440. 219(3) 0. 0REH( 9) 0. 2022( 79-1723577) CAPEET7(3) 0°0&5¢*1)lo. 1537(7) 1. 6(7)
C480. 384(3) 0. OF2(1)y0242y(7) L. 9( 7) [ Cob0. 653(4) 0. 108(1) 0. 1774(8) 2}3(8)
C510. 681(4) 0. 0634s1) 0. 2022( 9) s(9) | C620.:0Q08( 4) 0. 09( 1) 0. 1032(8B¥3)6(9)
C52' 0. 573( 3) - 0}0Z26( 1)y 00594 A1 —CA90-526(4) 60981 0-2529(8) 2. 1(8)
C610.198(4)0.115%%)0.1297(8) ég CA%(Q4N5§ 4) - 0.,058( 1) 0. 122968) 2. 7(8)
c45' 0. 768(5) - Ol £72(1) 0. 088( 1779 14) ©520. 701(3)0 0231(/9)0_1857(7) 1. 1(7)
0680. 295(4) - 0. P50( 1) 0. 1792(8) 2. 1(8} C700. 840( 4) 0. 088%1)0 287(%%5 6(11)
C430. 368( 3) 0. 062% 9) 0. 2045( 73-6°2576) C8ERI°E85(3) 0°GPL(1) . 24G3(8) 2. 1(8)
C420. 368(3) 0. 0p26( 9y 0 1747(7)0.4(6) CA3"0.689(3)-0.1076(9)0. 0705(7)0.9(7)

N44' 0.669(3) -0.1571(9) 0.0608(7) 3.5(7)

C54 0.553(3) 0.0428(9) 0.1321(7) 0.7(7)

Cc46 0.229(4) 0.010(1) 0.2720(8) 2.5(8)

ce0 0.084(4) 0.053(1) 0.1934(8) 3.0(9)

041 0.494(2) 0.1261(6) 0.1247(5) 1.2(4)

042" 0.824(2) -0.1385(7) 0.1229(5) 2.5(5)

047 0.415(2) 0.0416(7) 0.3046(5) 2.6(5)

Cc59 0.275(4) 0.113(1) 0.2549(8) 3.1(9)

C56 0.615(3) 0.1548(9) 0.1965(7) 0.8(7)

c57 0.788(3) 0.117(1) 0.1527(7) 1.5(7)

Cs58 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) 0.120(1) 0.2981(8) 3.0(8)

C4 0.946(3) 0.161(1) -0.2152(8) 2.0(8)

c1 0.631(3) 0.2169(9) -0.1612(7) 1.1(7)

cs 0.780(4) 0.212(1) -0.2543(8) 2.7(8)

c15 0.508(3) 0.238(1) -0.1862(8) 1.7(7)
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-20 WD 03/ 047508 PCT/ US02/ 37901 At onXyzB ( A2)
C530. 687(3) 0. 019( 1) 0. 1454(8) 2. 4(8) C450. 157(3) 0. 005( 1) 0. 2369( 8) 2. 4( 8)
C42' 0. 71204)0304108( 1) 0. 1154(8) 2. 5(8) CA70. 376(3) 0. 031( 1) 0.FRAYGBD0L( 7)

C630. 087(4) 0. (

C57' 0. 441(4) -

C64- 0. 020( 4) 0.
C54' 0. 498( 4) 0.
065- 0. 088( 4) 0.
0440: 235(2) - 0.
0420. 277(2) 0.
0450. 036( 2) 0. (

0610. 211( 2) 0. 1540( 6) 0. 14

At onXYZB ( A2)

497 1)0.0986(9)4.9(10) ©C670.033(3)0.136(1)0.0854(7)1.6(7)
0.090(1)0.0602(%) 4. 8({10) €53' 0.]1613(47-0. 04 1( 15)(@.) 046(1)5.8(11)
038( 1) 0. 0694(9) 4. 9( 1) C66-0.074(4)0 12201) 0 _0603(8) 3. 4(9)
001(1)0.0377(8)2.6(8) C56' 0. 334( 4) 0. 061( 1) 0. 05117.9%1 5.1(11) -
07#(1) 0. 092( 115¢78(:1d) C35'0*3@2(4)- B tf4(1) 0. 5372(PB) 2. 7(8)
0077y 0—1735(5) 2 3([5) U500. 7/9(2) 0. 0972(]7) 0. 2539(p) 3. 3(5)
788(6) 0. 1461(4) ds22(4) 0532s5646( 2) -00:1108385( 6) 0. 1.366(p) 1. 8(5)
369(7)0 2 17(1-'\\’-2 /1/ \ naon caadionn an—z4a¢ gy N7 A,
A\ 4 34( 4 T TOTOT \37}\.} J.LIJ.\(_}U LI‘-I-\.)\S 35(6)
. 0%7@@5 T/ USP2/:37P01

61 0. 872(|3) d)%ﬁ?g 7)0. f?gg &) 3. 9( &) of o

c12! 0.573(3) -0.032 (1) -0.0938(8) 2.5(8)

c9 0.642(4) 0.235(1) -0.2626(8) 2.7(8)

c21 0.953 (4) 0.240 (1) -0.1397(8) 3.2(9)

c1t 0.386(3) 0.0635(9) -0.1493(7) 0.6(6)

cs5t 0.545 (4) 0.075 (1) -0.0630(9) 4.7(10)

cl2 0.466(3) 0.1535(9) -0.2038(7) 1.0

c28 0.850 (4) 0.080 (1) -0.1952(8) 3.2(9)

c30 0.325(4) 0.236 (1) -0.301(1) 4.8(10)

c3 0.788(3) 0.1857(9) -0.2161(7) 0.6(6)

c1o 0.491(3) 0.207(1) -0.2537(8) 1.7(7)

c2 0.770(4) 0.222(1) -0.1823 (8) 2.5(8)

c3! 0.535(4) 0.019(1) -0.1081(8) 2.3(8)

c13 0.466(3) 0.1421(9) -0.1625(7) 1.0

cs 1.011(3) 0.139(1) -0.2506(8) 2.4(8)

cat 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) 0.175(1) ~0.1095(7) 1.3(7)

ca7 1.134(3) 0.258(1) -0.0928(8) 2.0(7)
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045' 0. 855( 3) - 0. 156( 1) 0. 0227(7) 8. 6(9) 0680. 359( 2) - 0. 0540( 7) 0. 2077( 5) 3. 3( 6)
0700. 802( 3) 0. 0504( 8) 0. 2991(6) 5. 1(7) N44' 0. 669(3) - 0. 1571(9) 0. 0608( 7) 3. 5( 7)
C540. 553( 8)0003042869) 0. 1321(7) 0. 7(7) C460. 229( 4) 0. 010( 1) 0. FRANIBRA7H( 8)

C600. 084(4) 0.B5

042' 0. 824(2) -
C590. 275(4) 0.

C570. 788( 3) 0.

C690. 298(3) - 0
C40. 946(3) 0. 1
C80. 780(4) 0. 211
WD 03/ 047508

C110. 474(4) 0.
C6' 0. 473(3) 0.
C90. 642( 4) 0. 2

3O TY34T 83 U( 9] 0410. 494[2) 0. 1261(§) 0. 1247(5) 1. 2(4)
0. 1385(7) 0. 1229(5) 2. 5(5) 0470. #15( 2F0. 0416( 7¥B2'3046( 5) 2. 6(5)
139301) 0. 2549(8) 3. 1(9) C560. 615(3) 0. 1548( ) 0 1965(7)0. 8( 7)
7CI) 0. T527(7) 1. 5(7) C580. 734{3)- 0. 023( 1) 0. 2075( 8) 2. 5( 8)
083( 1) 0. 1483(8¥2.2(B) CT-1E.O5D( 470 Y26 1) 0. 298T¢'8) 3. 0( 8)
A} —0-24524 8y 2-B( 8] CrO-631( B)U. 2169( 9) [ 0. 1612( 7)| 1. 1(7)
(1)-0. 2543(893u258 C15Q:508( 3) 00.288(e1) [ 0. 186268)[1. 7(7) - 22
PCT/ US02/ 37901 At oniXYZB ( A2)

193(1) -0 2140( 3 (D) 2(3) 002256 1) - 0- 1324( 1) 1. 1(7)
TR AR e s i Be et EEED
(I)y-0. 26P6(8) 2. 7(8 c210.953 4)0.240(1) 1 0. 1397(,8)(3. 2(9)

c13'! 0.657(5) -0.059(1) -0.114

c26 1.238(4) 0.245(1) -0.0687(8) 3.0(8)
ca24 1.192(4) 0.162(1) -0.0871(9) 3.9(10)
cs! 0.286(4) 0.110(1) 0.0165(9) 4.3(10)
c10! 0.530(5) 0.142(1) 0.027(1) 7.1(12)
cle’ 0.564(4) -0.091(1) -0.0481(9) 5.1(11)
Ccia? 0.697(4) -0.104(1) -0.1009(9) 5.2(11)
C25 1.264(4) 0.195(1) -0.0635(9) 3.8(9)
co! 0.393(4) 0.137(1) 0.0367(9) 3.9(9)
c15?t 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)
ol0 0.380(2) 0.2383(7) -0.2634(5) ) 3.0(5)
02 0.880(2) 0.2052(6) -0.1559(5) 1.5(4)
013 0.503(2) 0.0934(7) -0.1594 (5) 2.7(5)
05 1.122(2) 0.1722(7) -0.2426(5) 2.7(5)
09 0.629(2) 0.2698(6) -0.2812(5) 1.4(4)
021 0.930(2) 0.2810(7) -0.1445(5) 2.2(5)
ol 0.272(2) 0.0783(7) -0.1498(5) 3.2(5)
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a' 0.386(3)0.0635(9)-0.1493(7)0.6(6) C5' 0.545(4)0.075(1)-
C120. 466( 3) 0. 1535(9) - 0. 2038(7) 1. 0 c)zso. 850( 4) ((). 2)80( 1) ( é) 18'52?3%9)2?9)7( +0)
C300. 325( Wjo03RB&04) - 0. 301( 1) 4. 8(10) C30. 788( 3) 0. 1857( 9) - 0.FIBULIZBDOG( 6)

C30. 535(4)0.[010( 1) - 0. 1081 5 2. 3(B) CI80. 4H( 3) 07 1421{0) -T*4625] 7)1 0
gé:gé%gggg.iw@%):g. 3506(8)2.4(8 C2' 0.444(3)0.014(1)l-0_1411(8] 2. 1(8)
1.134(3) 0. '258@1)30.69%?%?32@2@?33? L Croinal v baratrios pertieha) avent
o1 %7508 PET/Usp2/ 37901

>é\7(|83 gg%@A}) gd :10:372 A 0127t -o.uuluw 5. 0( 10) ‘
C13' 0. 657(5) - ) - 81??51"?39)3#391_2)6”&722? Zgé?ifﬁaffg( i @’2060!3E gg i (2)( g)lo)
C241.192(4)0.162(1)- 0. 0871(9) 3. §([10) (G510:,2B6(4) 0,319 ((1) 0. Q18B($) 4. 3 (10)

N4! 0.460(3) 0.0444(8) -0.0782(6) 1.5(6)

Ccl4 0.599(3) 0.165(1) -0.1470(7) 1.5(7)

c6 0.947(4) 0.151(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)

02! 0.324(2) -0.0158(7)} -0.1374(5) 2.5(5)

.07 0.742(2) 0.1856(6) ~-0.3173(5) 1.9(5)

c1e 0.891(3) 0.253 (1) -0.2590(7) 1.6(7)

Cle 0.543(3) 0.287(1) -0.2021(7) 1.3(7)

c17 0.369(3) 0.243(1) -0.1634(7) 1.4(7)

o3 R :] 0.433(3) 0.113(1) -0.2291(7) 1.3(7)

Cc29 0.868(4) 0.047(1) -0.1660(8) 2.9(8)

Cc31 0.216(4) £ 0.271(1) -0.3066(9) 3.6(9)

0112 0.185(4) -0.202(1) 0.1087(8) 10.1(10)

0113 0.068(4) -0.130(1) 0.0768(9) 13.4(12)

o111 0.465(3) -0.1962(9) 0.1084(7) 6.9(8)

c92 0.104 (4) -0.013(1) -0.057(1) 6.5(12)

Cco4 | -0.058(6) -0.051(2) -0.021(1) 10.1(16)
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C10' 0. 530(5) 0. 142(1) 0. 027(1) 7. 1(12) Cl16' 0.564 (4)-0.091(1)-
234 0.697(4)-0.104(1)-0.1009(9) 5. 2(11) C251. 262 %4)0 1gé(i)°o°3§§é?é?slé§$§
0. 393 WA)@/0¥0¢1) 0. 0367(9) 3. 9(9) C15' 0. 650 (4)-0. 120( 1)pcmm7/3m)5 1(11)

040. 923(2) 0. 12337 =0-1B68(5) 1. 9(p) 0100.38p (2)0. 238
3(7)-0.2634(5)3.0
820 880(2) 0. 2052(6)-0. 1p59(53 1. 5(#) 0180. 503(2)0z0934(7))®@@594 g)é 7(25)
021.122(2)0.172?@7)-0.2426(5)2.7(3) 090. 629(2) 0. 2698( 6) - 0. 2812(5) 1. 4( 4)
10. 930( 2) 0. P8TIO(7y-0. [445(5) 2. 2(5). 01' 0. 272(2) 0. 0783 7) 0. 1498(5) 3. 2(5)
6340\/\?6(5)% )047598)1PCT/ USD2/ 3790&A1 omX¥ZB((A2 -0.010(1) 10.1(33) '
‘0. 0. P9OO{8)Y 072 H-BY 4602807912y 0. UBU7{ 7)- 0. 223
: - 0. 5)3.2
0300. 371(3) 0. 8 0(9) - 0. 31536@g§4p 7) 5%1ﬂ14§0(3>mga4ﬂ4 8%-090382E6%1 5&23
%ggggggggg 165(1)-0.1470(7)1.5(Y) C60.-94744) 0—15H){O02854f -2 9(9)
. I88(1)-0.2072(7) 1. 9(8) 010, 648(2) 0. -0 (81
gigg.gSi(z)-o 01%38( 7) - 0] 1378(%8)2. §(5) ° 6?”25L2(2)%%13§6 6)?%§g€§3%55§$g%5)
.891(3) 0. P53(I)- 0. 2%90(7) 1. 6(]) C160. 543(3)0.287(1)]-0.2021(7)1.3(7)
092 0.195 (3) 0.012(1) -0.0740(8) 9.2(10)
c95 -0.138(6) -0.008(2) -0.029(1) 12.5(19)
co3 0.083 (5) -0.062(2) -0.040(1) 9.7(16)
c103 0.702(6) 0.239(2) -0.048 (1) 10.7(16)
96 -0.037(7) 0.067(2) -0.055(2) 15.5(23)

The following coordinates represent one of the NMPO

solvent molecules and a side chain phenyl group of

molecule A.

TABLE 2

Atom

B(A2)

c84

.649

.376

.129

10.

N8l |

.756

.306

.131

082

.630

.254

.152

csa3

.557

.340

.139

C8s

.802

.350

.118

c82

.630

.295

.138

15.

c86

.878

.279

117

10.

C46*

.735

.223

.029

10.

csl

.843

. 247

.008

10.
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C170. 369(3)0.243(1)-0.1634(7)1.4(7) C180.433(3)0.113(1)

: : : -0.2291(7)1. 3(7
C290. 868(4)0.047(1)-0.1660(8)2.9(8) C310.216(4)0.271(1)-0. 3066E 9% 3. GE 9%
01120. 185 6304202( 1) 0. 1087(8) 10. 1(10) PCT/US02/37901

01130. 068( 4) - P36t H 6 P78 I3 I2)

01110. 465(3) - . 1962( 9) 0| 1084( 7) & 9(8) C920x 104( 4) - 0. @18 7
. : - 0. 1) - 83@57( 1) 6. 5( 12
C94- 0. 058( 6) - P2BB1( 2) - 0| 021( 1) 10. 1(16) -25 WO 03/047508(PéT/USO’§3;901( :

At onKXYZB( A2) NYOTOT9TI(#) 0. 2I3(1){0. 010( 1) 10. 1( 13)

glg%oolgg?g)d%o 1%7,32\1) ;\Oh 331{7\122\92‘6359’10) C1Le20 | 804( 7)0%22y( 2) - 0%028(2) 17. 0( 25)
. . 408 -0) 50— 138(6)-0. 008(2)-0.029(1) 12. 5(19)
C930. 083(5)-0 062 (2) 0. )40?159 3416) Eiéaé;'éz 6) Go.239( 2

-0. 048
C96-0.037(7)0 d67(2) - 0. 055(2) 15.5 23) The foll r(m.) Ag MWL; Aot M(rl)eé?'ez(eﬁ?)

one of the NMPO solven{ nol ecul e and a sj de chaip enyl
mol ecul e A. 5| TFABLE 2 AfonXYZBCA2) C840°64940.3760. T% Yo SEgwR of

PT Ol 1At Co

910. 0 N81

| 0. 756- 0. 306013179 08%70.630-0. 2340. 1524. 8 |C830. 557- 04 3400. 1395. 1

10

15

20

25

c49? 0.705 -0.321 0.016 10.5

EXAMPLE 2

CONVERSION 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.

EXAMPLE 3

PACLITAXEL PURIFICATION

A crude taxane mixture containing 10.66 g of
paclitaxel (paclitaxel area 2 at 227 nm = 56) existed as
a solution in 1.055 L of a solvent mixture consisting of
a 2:1:1 (v:v:v) ratio of NMPO/acetonitrile/b.l% acetic
acid. The solution was warmed to 40°C with stirring and

then, over a period of 80 minutes, a 0.1% agueous acetic

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

stirred for 30 minutes and allowed to cool to 20°C over 90
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C850. 802- 0. 3500. 1187. 7 C820. 630-0. 2950. 13815. 3 C860. 878-0. 2790. 11710. 5
C46' 0. 735- 0. 2230. 02910. 5 C51' 0. 843- 0. 2470. 00810. 5 - 26 WO 03/ 047508
PCT/ USO2/ 90034708 mXYZB( A2) CA47' 0. 625- 0. 2480. 04610. 5 PCT/US02/37901

C48' 0. 609-0. 2970. 04 .5 0. - 0031 ' '
%0, 5210 OTRHBEEXANIE 5 CORVERST CRF O FARNI D 7O FORM A 5 10. & 2arpl e of
the NWPO sglvptpds Pag! hiaxghg ababiappl s8°d. warst e tieachiin@dditder hi gh

vacuum at 82C for 16 hours 1o give a materi al ¢ontaining 0.05 nolar
equi val entanofhe MRS aRHOR MO0 t 5% bRIEBPHEAZEFT XSy 39150\‘76%&‘“8 fraction.

EXAMPLE 3 | PURL F 15 ) -
F’s“ﬂr ﬁf‘i(%nel paéﬁgﬁricgw\.'. A%@%&é@a&ﬁ%én@smxluwoﬁo@ty&llm ng

10. 66 g of "“pac axel area at 227 nm = 56) existed as a
so![ ut i 5][1 :\Iﬁ%ﬂﬁéaneffartswv@ﬁt falkewpe consisting of a 2:1:1 (v:v:v)
ratio o PQ acetonitrile/0. 1% acetic. acid. [The Lon was warned to
40C with stirriPgtaRei®d then°8d érp%rjp%cii jod= of ébf%yn% es, a 0.1% aqueous

acetic acid soLulion,(p2Q mMypa4 ROFILONS)-VEE Aeddedeyd th
Set point 3 = 20°C; period 3 = 30 minutes.

20°C.

Set point 4
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% aqueous acetic

15 acid and dried.

The dried cake yielded 13.47 g of material
containing 10.52 g of crystalline paclitaxel solvate.
The ratio of NMPO to paclitaxel was 1.0 to 1 by 1H NMR.
20 The paclitaxel area % at 227 nm for the product was 92.

The paclitaxel area % at 227 nm for the mother ligquor was

9.5.

EXAMPLE 4

25
PACLITAXEL SOLVATE FORM E (DMF)

252 mg of paclitaxel was dissolved in 12.5 mL of DMF
and 6.25 mlL 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 mh 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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seeding. After holding at 40C for 30 mnutes, th

( , e slurr was al | owed
cool to 20C over 90 mnutes, then held at 20C for 30 m'ynut es. The sl uﬁ?y
was t hen Wweais@wd7i0® 58C, 25 stirred for 30 m nutes and al | cgadusoe/3tool to

20C over 8087 QO DATSNG ACTAIISAR/SHR0ed nultes. nifkious urasy vas
stirred at or 30 mnutes followed by heating back to 58C. After
reachi ng 5861 ca@noiiter addindlors ofr 0.yt RSGs o¥edt 90 FErYtREs Ride (520

m.) in one portion. A tenperature oscill.at}i t

P _ ( erfo
as’ ol | owaiset oot 2 RS i DS A, I PO LOEe
poi In ? . _j%)gg E‘%gu?efxpurset MR B eT 206 mistet Jan Heateduttes.  Set
pI = ' folTowed by holding at the final tenperature of 20C. The
sl urryswasghheRysti Boeehib@ited houthiandHe Islensy andhadsHedzuctessi vel y
with 80 nmL each of 25% acetonitrile in 0.1% aqueous acetic acid.and then
0. 1% aquequss dceat iS8°CLEcatixd aidwdisised Withe il ok & Iélcd’eogLel% g of

material containing 10.52 g of crystalline pacljt S [
(2)1‘2 7Nl\/PC)f t @Q?@cplvleé?xglo WeS P oAié/tt?f ﬁ-erllﬁﬁ?%e;di ﬁaee(eipoacﬁ ;fg%:iwa-rrgg (r%)a;![ 0
nm fon, the, p(&ﬂgﬁggv\migg-tir{@etw@%i@@wltmeneﬁ/sat #BZ nmfor the

mot her |1 quor™ was EXAVPLE 4 25 PACLI TAXEL SOLVATE FCRM E ( DVF)
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 cooled 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
c = 34.788(5) A
30 Volume: 9,195 A3
Space Group: P 2, 2; 2; orthorhombic

Ideal composition
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252 ng of paclitaxel was dissolved in 12.5 nL of DWW and 6.25 nL of CH3CN
and stirred at 20C. 6.25 nL of 0.1% 30 acetic acid was added in 1 portion.
The sol ut wanowassostirred with heating to. 40C and anot her Pray&sooi37oof 0. 1%
aqueous aggt i-gcacihdtWae1added g padiriemxeadr,t ioMRMbved Bife nminute. The
solution was held at 40C for 1 hour, at -28 WO 03/047508 PCT/ US02/ 37901

whi ch ti mPeagitdystals were observed. The mixture was cooled with ninimal
stirring t (124841920 Al Rutesy/@&E  which point a slurry was observed to
form and (%gl%g: at 280 for 1 hf)gur. Thereafter the m xture was heated to 5
58C over 30 minutes to thin the slurry. The m xture was held at 58C for 30
mnutes, With shirej d |ﬁ(}cé}5§&n¢éhﬂ§ o2 EVEraBdl nindt eslvéfiter bei ng
hel d at 20 Cfo%&{elé{nﬁ%ﬁs (durimng which tinme_the slurr tgick ng), t he

m xture wasleeatled tio FBCWIE Ret | F¥IeRE(EERA (1R ST9YT§S10 HBS dbserved to
thin). The slurr 2 58C fi¥nic hewrdidhess 12ibtetl dh 0. 1% acetic
aci d was cfdseecff ic>r%1 \%@lepor a|{:!30tr3‘1£so over 1 Tn nute, at which Eo%nt the slurry
became drmnstd Galdeldvhi dkereptTheos| sehg whsIREi FrEY at S8ECLGF 30
mnutes, then cool ed o 2&3{ QU Sranfeist s athd5s3R€ whbrstirring.
Alittle SERITHSY The S %%Iw%% %l%srerved (about . 20% .~ Aboyt i nL of
the shorryamssent exondt s f i | Tlee cabpvexingbat CBORIHIREES FhHe PPEBer cake
was washed, in 25% CH3CN 0. 1% ace{ i g, aci d-£2 gthgand thBeRefipbedtupder high
vacuum at AREFG™ %‘B%%g%r? o%?%l‘ga% %ciold rrggsgl id, The nole ratio of
DVF t0 pacdi trgestumsmeneassicadi byidal NvMR 5peéPREseBpyRES about 0.5:1.0

coordinates may also occur consistent with the reported

error values.

15
TABLE 3
X b4 Z

Atom

C15 0.5181( 7) 0.4318(2) -0.1705(2)
C17 0.3753( 8) 0.4392(2) -0.1463(2)

|

cz2 1.0541( 8) 0.4133(3) -0.0894(2)
c24 1.1654 (15) 0.3472(5) ~-0.0555 (4)
Cc26 1.2480(12) 0.4297(5) -0.0452(3)
cz27 1.1484( 9) 0.4461(3) -0.0704(2)
c31 0.2362(10) 0.4605(4) -0.3026(3)
[ex R 0.3882(12) 0.2588(3) -0.1313(2)
ol 0.2716( 8) 0.2748(2) -0.1316(2)
05! 0.7170( 6) 0.2745(2) -0.0631(2)
N4‘* 0.5110( 7) 0.2340(2) -0.0591(2)
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consistent with the single crystal

Form E DMF sol vate (needles) had 25 the following unit cel
-53C.  Cel Wodisrmar®s ons:

structure of formE. Single crystals of

paranmeters at

a=09512(1) A 0 b = 27.787(4) APCI/EsS3479088(5) A

30 Vol ume: 9,195 A3—SpacefGoup : P 41 21 21 orthorhonbic |idea
conposition -29 W) 03/047p08 ofxthe ynit cell: 8 paclitaxel|, 4 DV, 8 H20
Density (cal cul atjeff™: 1|312 g/ cnB RCT/ US02/ 37901 5 The i que
arrangenents of pdclTitaxel and solvent noleculg¢s in FormHB are illustrated
in Figures 5 and 6, cs:basefl ono:spee (for gct i GregFe &t omi c"c OB & nates listed in
Tabl e 3 bel ow. Except—fersome—stightymatural attice expgnsion, the
crystal structure [rgmains|the,sae syinder olH.ambii ent -comndizt ijons. The
approximate coordijpates ip Table 3 ' : ary according to
t he tenperature a qgasu enen% @ tﬁ |st|c%L ani atipns,i.n [t hese
coordinates may als670occul cohsP¥fEht| wit’h the neported erfror values. 15
TABLE 3 At onXYZ

cio’ 0.6185(12) 0.3619(3) 0.0302(3)

c7! 0.4687(11) 0.2814(3) 0.0139(3)

c3t 0.5409(10) 0.2035(3) -0.0918(2)

c12! 0.5667(10) 0.1506(3) ~-0.0801(3)

Q10 0.3932( 5) 0.4342(2) -0.2556(2)

Ccl19 0.9021( 8) 0.4486(3) -0.2460(2)

c7 0.8025( 8) 0.3678(3) -0.2726(2)

o7 0.7601( 6) 0.3836(2) -0.3087(2)

028 0.8041( 7) 0.2715(2) -0.2104(2)

cz23 1.0637(10) 0.3650(4) -0.0819(3)

25 1.2601(12) 0.3811(5) -0.0379(3)

c11? 0.6469(11) 0.3348(3) -0.0048(3)

cl1s? 0.6177(20) 0.0558(4) -0.0623(6)

cor 0.5143(13) 0.3473(4) 0.0541(3)

Cl4' 0.5250(18) 0.0826(5) ~-0.0367(4)

cst 0.4355(11) 0.3099(4) 0.0462(3)

cle6'’ 0.6829(16) 0.0731(5) -0.0929{(4)

Clé 0.5505( 7) 0.4826(2) -0.1869(2)
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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. 24800IR)3M4ADS7( 5) - 0. 0452(3) C271.1484( 9)0. 4461( 3) - 0.FETIOE2)B7901

C310. 2362( 10) 0. 4605(4)-0. 3026(3) CL d. 3882(12) 0.]2588(3) - 0. 1j313( 2)
01' 0. 2716( 8)0.2748%%%-0.1316(2& 05' 4. 717, 9( 6)Q. 2745% 2) - 0.0631( 2
N4' 0.5110( 7)0.2340(2)-0.9591(2) -30 WO 03/ 047508 PCT/ 1iS02/[37901 At onxyz
C5' 0. 6083( 10) 0. 2668( 3) - 0. 0462(2) C6' @.5694( 8)0.12947(3) - 0. 0108( 2)
C17' 0. 6503( 14) 0. 1256¢ 4) - 0.|1028¢35 (@Lq' 0. #1881 42)|0. 36%9 éfé.osoz(s)
C7' 0. 4687(11) 0. 281430 0139( 3 C3 0. [5409( 10) 0. 4035( 3) - 0. 09[18( 2)
C12' 0. 5667(10) 0. 1506( 3) - 0./0803 (37 (G100. 393261 6) (. 4342(2p40. P556( 2)
C190. 9021( 8) 0. 448B(3)- 0. 2460( 2} C70-18025(—8}6- 9078(3) 6—27D6(2) 070. 7601(
6) 0. 3836(2) - 0. 3087 25 028a0. 804%Qu_6 2715( 2), e 104¢g}n6m)
C231. 0637( 10) 0. 365p(2) - 0. 4819( 3)>"¢F31l 2601(12 0.13811(5)" -0_D379(3)
Cl1' 0. 6469(11) 0. 338(3) - o 0048(3) Cl15} 0. 6177&20)0 0558( 4) - 0f 0623(6)

(03°] 0.6469( 8) 0.4316(3) -0.2514 (2)

02 0.8821( 4) 0.4002(1) -0.1358(1)

c21 0.9594( 7) 0.4337(3) -0.1179(2)

c2 0.7825( 6) 0.4155(2) -0.1648(2)

c28 0.8611( 9) 0.2745(3) -0.1803(3)

c29 0.8698(11) 0.2383(3) -0.1500(3)

013 0.5052( 5) 0.2848 (1) -0.1402(1)

car 0.4244(10) 0.2070(3) ~0.1223(2)

o2 0.3007( 7) 0.1845(2) -0.1076(2)

[eu R} 0.4370( 8) 0.3070(2) -0.2168(2)

030 0.4016(10) 0.3983(3) -0.3114(2)

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

ci10 0.5059( 8) 0.4050(2) -0.2426(2)

Cl1 0.4893( 7) 0.3932(2) -0.2004(2)

cL2 0.4714( 8) 0.3461(3) -0.1898(3)

Cc1i3 0.4820( 8) 0.3357(2) -0.1475(2)

Cl4 0.6040( 7} 0.3628(2) -0.1278(2)

c8 0.7913( 7) 0.4089(2) -0.2405(2)
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C9' 0.5143(13) 0. 3473(4) 0. 0541(3) Cl4' 0. 5250( 18) 0. 0826(5) - 0. 0367( 4)
C80. 4355( 11) 0. 3099( 4) 0. 0462(3) C16' 0. 6829( 16) 0. 0731(5) - 0. 0929( 4)  C160. 5505(

7) 0. 4826( ®)0 @04 8B ( 2)
4) 0. 4443(1)-0. 1114(

6) 0. 4677(2) - 0. 2716
4) 0. 4002( 1) - 0. 1358
6) 0. 4155(2) - 0. 1648

C290.
C2' 0.
C180.
C300.

C110.
C130.

8698(11) 0.
4244( 10) 0.
4370( 8)0.
3435(10) 0.
4893( 7)0.

4820( 8)0.

7) 0. 4089( 2) - 0. 2405

-31 WO 03/047508 PCT/ US02/ 37901 Ato UDH2079%9465(

H—ero6357¢ 7) 0. 43I 2)- 0. 1438(2) 090. 6431(

2) (90.|6469( x8) 0. 4316(3¥-0, . 4514( 2F 020. B821(

tjomc210. 9594( 7)0.14337(3)-0. 1179(2) C20.[7825(

(2) C2Z8U.8611( 9)0.R745(3)-0. 1803(3)

238B€3) - 0. 1500(033000130| 5052¢5152D. [28480 BP2°R 1402( 1)
207p{3)—0—H2 232020 30077 O [1845( 2) -0 1P76( 2)
3073@;)-0.2168@2%0Q390 40Lﬁ@¢9¢o.398363>m@u3114(2)
4274(4) -0, 2923(3) C100[ 5059( 8) 0. 14050{2) 21126( 2)
393P(2) - 0. 2004(2) C120 4714%14 g8.3461%§%m 2)1398(3)
3357 %) - 0. 1175(°25°C140| 6040{**7)0. 3628 1P78(2) C80.7913(

Z) -32

CL 0.9464( 8) 0.3465(3) -0.2752(2)

05 1.1373( 5) 0.3678(2) -0.2279(2)

c4 0.9412( 8) 0.3531(2) -0.1991(2)

Cc20 1.0812( 8) 0.3794(3) -0.1906(2)

cs 1.0144( 9) 0.3344(3) -0.2356(2)

ci3! 0.5006(13) 0.1304 (4) -0.0474 (3)

c4a3 0.8809( 6) 0.6438(2) -0.2016 (2)

cas 0.6695( 8) 0.6906 (3) -0.2388(2)

c46 0.7522( 9) 0.6828(3) -0.2765(2)

c49 1.0427( 8) 0.5963(3) -0.2512(2)

C55 1.1585( 7) 0.5926(2) -0.1670(2)

cs57 ’1.2951( 7) 0.5844 (2) -0.1420(2)

cs58 1.2564( 7) 0.7179(2) -0.2092(2)

c60 0.5978( 7) 0.6441(3) -0.1949(3)

ce6 0.4412( 9) 0.5914 (3) -0.0428(2)

Cc65 0.4404( 9) 0.6411 (4) -0.0324(2)

Ce4 0.5279(11) 0.6739(3) -0.0507(3)

C69 0.7927(10) 0.7875(3) -0.1509(3)
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WD 03/ 047508 PCT/ US02/ 37901 At onXYz 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) CB0. 9464(
8) 0. 3465( 8)0-B/37H2( 2) 051. 1373( 5) 0. 3678(2) - 0. 2279(2) CA0.FHALR02/37901

8) 0. 3531(2) - 0. 1992y C20108TZ( 8) 0] 3794(3) - 0.[1906(2) C51]0144(
9) 0. 3344(3) - 0. 235p(2) C130. 5006( 13) 0| 13044) - 0.[0474(3) CA430. 8809(
6) 0. 6438(2) - 0. 20168 C450. 6695( 8) 0] 6906( 3) - 0.12388(2) CA6(. 7522(
9) 0. 6828(3) - 0. 276 T0427( 8)0]/5963(3)-0.pR512(2) C55].1585(
7)0.5926(2)-0. 167 . 20544 770 | 584869940, 142002)°CE81. 2564(
7)0.7179(2) - 0. 209 —5978(— 7y 0164413y~ 0  [[949(3) C660. 4412(
9) 0. 5914(3) - 0. 042 . 440442 QLO 641&(745)019 0324—(021)241(2)
03/ 047508 PCT/ USO%/ 37901 |t onkyz C71} g ?; 5682(3)s Q,\OOB(B)
CA1' 1. 2782(11) 0. 7¢5823) - 0| 1241¢f &4} 1 §§ ("9} 0. 8180(2) 0. 0692( 2)

049 1.0493( 5) 0.5605(2) -0.2704(2)

Cs6! 1.0693(13) 0.7061(3) -0.0234(3)

cs2! 1.1217(10) 0.7833(2) -0.0531(2)

N44' 1.1992( 8) 0.8670(2) -0.0558(2)

C45° 1.2893(13) 0.8950(4) -0.0356(3)

c57! 1.1634(10) 0.7394(3) -0.0371(2)

Cc54! 0.8780(10) 0.7566(3) -0.0457(3)

c42 0.8925( 7) 0.6088(2) -0.1656(2)

045! 0.5524( 5) 0.6576(2) -0.2341(2)

047 0.9403( 6) 0.6458(2) -0.3093(2)

c47 0.8936( 9} 0.6621(3) -0.2714(2)

050 1.2954( 5) 0.5937(2) -0.2519(2)

C70 1.3318(10) 0.5990(3) -0.2876(3)

Ccé63 0.6178( 8) 0.6576(3) -0.0799(2)

C59 0.7854( 8) 0.5800(3) ~0.2514 (2}

Cc44 0.7370( 8) 0.6727(2) -0.1996(2)

068 0.8736( 7) 0.7538(2) -0.2102(2)

041" 1.3962( 8) 0.7494(2) -0.1225(2)
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0491. 0493( 5)0.5605(2)-0.2704(2) C56' 1. 0693(13) 0. 7061(3)- 0. 0234(3)

C52' 1.1217(10) 0. 7833(2)- 0. 0531(2) N44' 1.1992( 8)0.8670(2) - 0. 0558( 2)

CA5' 1. 2898(0LB)0a7®850( 4) - 0. 0356(3) C57' 1. 1634( 10) 0. 7394( 3) -FCTOGNLE2P1

C54' 0. 8780(10) 0. 7566( 3) - 0.]J0457(3) C42p.8925( 7)0. 6088(2)-0. L656(2)
045' 0. 5524( 5)0. 65(7 ?%%) 0.|2341(2) 047p. 9403( 6)d. 6458€2)-0. B093(2)
C470.8936( 9)0.662L 0.4714(2) 0501]2954( R\n 5937(2)-0_2519( 2)
C701. 3318(10) 0. 5990( 3) - 0. 4876(3) 630| 6178 [6576( 3) - 0, 0799( 2)
C590. 7854( 8) 0. 580p€D) - 0. 4514271 C4%0| 7370 ”840 672702)2%0:"1096( 2)
0680. 8736( 7)0. 753B(2)y=0-24102(2) 04T . 3962( 8) 0. 7494(2)-0. 1225(2)
03/ 047508 PCT/ USO2f 34901 At omay@sC49' 1. 174.8(:20) 1| 0252(0454940158( 4)
C48' 1. 0938(17) 1. 00BL{(A) -0 10154{ 4} CE3+6-9795( 10— 792H(3)=0] 0585( 3)
CA7' 1.1375(15) 0. 968 %3) 0. 033%(§g5( 11. 2853( 47) 0. 999365)9. 0295(4)
C55' 0. 9280( 14) 0. 7160(3) - 0.{0286( 3) 3239(17)0 9565(4)0_0]07( 3)
C610. 7121( 7)0.588p(2)-0. 1203( 2) 0610 7200(_5)0. 547ogg) 1292(1)

c4a7? 1.1375(15) 6321(3) 334 (3)

Cs50'! 1.2853(17) 0.9993(5) 0.0295(4)

C55'¢? 0.9280(14) 0.7160(3) -0.0286(3)

Ccs1! 1.3239(12) 0.9565(4) 0.0107(3)

cel 0.7121( 7) 0.5880(2) -0.1203(2)

061 0.7200( 5) 0.5470(2) -0.1292(1)

ce2 0.6189( 7) 0.6081(3) -0.0889(2)

ce7 0.5324( 8) 0.5741(3) -0.0706(2)

042 0.7871( 5) 0.6235(1) -0.1381(1)

044 0.7456( 5) 0.7085(2) -0.1714(1)

c68 0.8102( 9) 0.7497(3) -0.1803(3)

c42! 1.2378( 9) 0.8158(2) -0.1127(2)

042" 1.3458( 7) 0.8475(2) -0.1253(2)

c52 1.2129( 7) 0.6778(2) -0.1834(2)

C53 1.1895( 7) 0.6875(2) -0.1418(2)

063 1.1648( 5) 0.7385(1) -0.1348(1)

C54 1.0635( 7) 0.6614(2) -0.1257(2)

C41 1.0334( 6) 0.6107(2) -0.1430(2)
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C480. 8968( 7)0. 6188
C1260. 7315(13) 0. 56
C1280. 6543( 13) 0. 48
01320. 6429( 16) 0. 90265

DMAC SOLVATE OF PACLITAXEL

C620. 6189( 7)0.6081(3)-0.0889(2) C670.5324( 8)0.5741(3)-0.0706(2)
0420.7871( 5)0.6235(1)-0.1381(1) 0440.7456( 5)0.7085(2)-0.1714(1)

0680. 8102(R)3m47087( 3) - 0. 1803(3) C42' 1.2378( 9)0.8158(2) -
042' 1. 3458( 7)0. 84

C531. 1895( 7)0. 687
C541. 0635( 7)0. 661
03/ 047508 PCT/ US02
0411.0162( 4)0.578
C501. 1793( 8)0. 621B(2)-
0451.4073(13)0.8794%2)

PCII2s0e/3)901
75202532 €524 212970 6778( 2) - 0. |1834( 2)
5(2)-0.1418(2) 0531| 1648¢ 5)0./7385(4)-0. 1348( 1)
Ap@h- 0. 1257(2) C411] 0334( 6)0./6107(2)-0. 1430(2)
rOMKyZC5TI{ T903( 7) 0.]6320( 2) - 0. 1965( 2)
B(d) - 0. 11056 hposG561] 1286€327(p0.|5428¢- 2365 1855( 2)
2389( 2} 0704 263742} 6-16258(3)=0-3D85( 3)
: (307§ SO b 25 2kds) (. 9388620, P202(2)
% - 0. 2423(2) °N125D. 7714(10) 0 5174(3)-0_B682( 3)
31(5)-0.13764(4) C12f0. 8863( 16)|0. 5059 5}”0 3584( 4)
D4¢e4) - 0.|3756(*415013[10. 9B6F¢ 20)|0. 9017(%3)* 0] 0990( 3)
r=6710976(4)
C50 1.1793( 8) 0.6218(2) -0.2389(2)
Q70 1.2637(12) 0.6258(3) -0.3085(3)
045 1.4073(13) 0.8794(2) -0.0307(2)
Cc46! 1.2515(13) 0.9385(3) -0.0202(2)
48 0.8968( 7) 0.6188(2) -0.2423(2)
N125 0.7714(10) 0.5174(3) -0.3682(3)
Cl26 0.7315(13) 0.5631(5) -0.3764(4)
c127 0.8863 (16) 0.5059(5) -0.3584 (4)
c128 0.6543(13) 0.4804(4) -0.3756(4)
0131 0.9302( 9) 0.9017(3) -0.0990(3)
o132 0.6429(16) 0.9026(5) -0.0976(4)
0129 0.§125( 9) 0.4519(3) -0.3483(3)
0130 0.7787(23) 0.6069(8) —6.3632(7)
EXAMPLE 5

250 mg of paclitaxel was dissolved in 12.5 mL of

DMAC and 6.25 ml of acetonitrile and stirred at 20°C.
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01290. 9125( 9)0.4519(3)-0.3483(3) 01300. 7787(23)0.6069(8)-0.3632(7) 5
EXAMPLE 5 DMAC SOLVATE OF PACLI TAXEL 250 ng of paclitaie? was digsélved in
12.5 mL oWwo @MAGosaNnd 6.25 nl of acetonitrile and stirred aCT20802/3796 WO

03/ 047508 PCI¢ U02487901s Hc25ialaocldOwa s adéedcandi thaaseaddednand t he
resulting mxture was heated to 40C. An additional 12,5 lfb acetic
aci d sol utnixtwes wadcdeated hteedPdrti i & tipRAL mhut nLIan%lft%

resul ting nlxture was he 40¢C f e
preci pi t atTON" Was®ob erv% ?%nbggé gad$ﬁe1§1§?3§3 %ggﬁ%gggegqﬁﬁtﬁn; ni ma

agi tation ﬁfh@@é:aﬁaefhgor@bﬂyt@ﬁgamdxbakd ahstheidtehpé@é@uferfgneone

hour, at the end of which tinme the m xture was g J e slurry

gﬁgthhénBSQQMEd ab BBEC?VE@lBO EGeﬁﬂH&Fé§lﬁﬁdWﬁ§I8 ﬁFrVﬁ%s Pé%fﬁ%qﬁure f or
er mnutes with stirr , r ° hi

The thlnnedTEFuW?§EH5§ €88|88°?8 Zggggvégﬁéggﬂnééaﬁgg1%%3%%%%? g? ZBCIPor

16 hours. Jherr 86Ukt higesmhxtiuheldastheated teops8Erumet Host iomei ng. Some

settling 15 was observed. Th urry was h | d_at e 12.
of 0. 1@6ac%@ﬂ€raéthﬁﬁseﬁéd8§ Wthhr oﬁ%thggrm%'n%hggg The sFu?}y

was held al,38 ¢ fornangtfety 39 mtmhea {@@ foX5gPe WRsrCo
oled to 20C
over 3 hours gh Pg at tﬁgt tgnperatufg'mﬁth stirrin .rAfter about 20 10

days, 18096minuhesnanﬁuhelﬁadtsehnse@emPeﬁEt@ﬁesﬁ@#r?n 4 Sffoved, fi
, filtered
qui ckly a”%l%%%h%dw%%hhsgl”klﬂg, and the slurry was observed to

thin. The thinned slurry was cooled to 20°C over 90
minutes and held at 20°C for 16 hours. The resulting
mixture was heated to 58°C, with stirring. Some settling

15 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
20 10 days, 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 ratio of DMAC to paclitaxel
25 of 1.0:1.0. The appearance of this amount of solvent in
the solid after washing suggested that a crystalline
solvate was formed.
EXAMPLE 6

30 DMSO SOLVATE OF PACLITAXEL

253 mg of paclitaxel was dissolved in 12.5 mL of
DMSO and 6.25 mL of CHiCN and 6.25 mL of 0.1% agueous
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sol ution of 25% acetonitrile and 0.1%acetic acid. A solid of unknown
structure was obtained. However, 1H NVMR spectroscopy showed a molar ratio
of DVAC twopmsokidoaxel 25 of 1.0:1.0. The appearance of thirCTams»antroof

solvent in _the soli washi S t ha r ahkbhed I
vas T or meR e B e BRSO i L B T Ak 565 e of pacl | Laxel

was di ssolygdsh9t 12ad 4 afdi ERanb 6 260 nbf of . TH3GMN whd 8¢S Wasof 0. 1%
aqueous -37 WO 03/ 047508 PCT/ US02/ 37901 acetic _acid so|ution. The
resul ting addédr e Was héatede W@S4b€idn§taﬁ0§%df@¥o%%1m%@95eﬁta%$ 0. 1%

acetic acid, was_,added, The m }
significan?l%?%EFﬁ?PgtPEﬁcﬁgﬁ %%ségvggg $§%g§?EF?Sng§r§§ggb e§%?§ ggg over

90 mi nuyt es 30§t Lbr 8@t 0O dPminuteslr andhet stued
yatnas0therotheht ed to
58C ovér 30 m nuteés —and held at 58C for 30 mnutes, stirred rapidly for 5

m nutes andotiben cael edutey20€sovben3hhetiesl &od SRECdower 20CN{BRESH
mnutes. The solution was gg;én heated to 10 58C for 30.m nutes_and hel d at
that tenpeanduhelBort368°G ke k0 BHauERen SELFFed F%B?ﬂﬂ% %8? 8 minutes.

The solution was heated brief to 67C.and 12. % [
aci d added™impREesorBE & eﬁagoPhéﬂ gPIé&EQ OygrcgoﬂgFggZgEéo%g?ggsEgargcg;hc

t hen held 8 0C for,18. ur f . .
° : £ DOUT Sy & presi Rhkahainwasaebgetwved to b
conpl et e, éd%égéﬁt%?lnﬁﬁﬁa%%ut 20@6%%1%0%6 ma?gobgereed.aThe slurrs mgs

filtengd ougscfibiesopapgitéfdandenbed atthhat temperature for 30
minutes, and then stirred rapidly for 5 minutes. The
solution was heated briefly to 67°C and 12.5 mL of 0.1%
aqueous acetic acid added. The solution 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 observed. The
slurry was filtered over filter paper and, washed with 2
ml, of 25% CH,CN/0.1% acetic acid. The filter cake was
dried under high vacuum at 40°C for 18 hours, yielding 230

20 mg of a solid of unknown structure. However, upon
analysis by 1H NMR, the molar ratio of DMSO to paclitaxel
was determined to be about 1.3:1. The appearance of this
amount of solvent in the solid after washing suggested

that a crystalline solvate was formed.

25
EXAMPLE 7
30 DMPU SOLVATE OF PACLITAXEL

258 mg of paclitaxel was dissolved in 12.5 mL of

DMPU, 6.25 mL of CH;CN and 6.25 mL of 0.1% acetic acid.
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mL of 25% CH3CN/ 0. 1% acetic acid. The filter cake was dried under high
vacuum at 40C for 18 hours, yielding 230 20 ng of a solid of unknown
struct ur ewoHBwav®s, upon analysis by 1H NMR, the nol ar ra&adTmousee/3BNEBO to
pacl it axely, wag detsidi negl. t ombeoboLt s ladetic Theidppaaradéedof TAPS

amount of solvent in the solid, after washing s e crystalline
sol vat e wadETRTAEHT @530 B E Qrﬁw%cﬁ%‘urgg%g—épgﬁﬁg%‘@%ezg my of
pacl i t axel yas dssobyeeoifed?. Saftedfa BYPE, thmd5ofil betwerBCAOan#ds. 25 i

of 0.1% acetic acid.” -38 WD 03/ 047508 PCT/ US02/ 37901 ..FAn gggi tional 12.5 nL
of 0.1% ac#t ikowies d wae aHABHY YWRF 2SPRUBEr aPtr BE6SEPIFEFISR prot ocol

descri hed jn Exanp oME coer feenede tAfher washobdetired.of between
10 andlg Zdi%ours, %ﬁe&glﬁgri t&/ﬁg\géassayed and precipitati OP‘F@ det grm' ned to
t

be conpl etEhe Nolsety| vag fastessdroear 1FnBlBPGFPy *REs "PPPEEr &8 Sver 15

m nut es and washed,i n, 3 af Ja; 8,386 aegld¢ 8616 25 CHBEA sblueron. The
filter ca{%é Esad(?l‘ga ﬁﬁg’g%eh?gh (/acuum %3.'[ 40C for 18 hours to vyield 235
ng of solighief WAKN@WNedt iHakYr Righowevenm &H 20°RMROBpEBt RE3EBPYOshowed a

nolar ratio of DVPU:. paclitaxel . of about 1.0:1.0. The a ce this
anount of vieldend5indtAE setid Qﬁgt}ﬁg?@ﬁnt ﬁgrflgﬁzrl%ﬁ:%'on%%%gggér;}g{ alline

sol vatig. WRiP3L0440P8sCOMPABAGLYE EXAMRLE katio 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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PCT/ US02/ 37901 A 1.062 g sanple of crude paclitaxel material was dissolved
in 4 mM acetone and precipitation was performed 5 with the addition of 0.1%
aqueous av@t03p4z808d to the cloud point substantially in aoorssant®iw th

the above- described nethod I3 U geWar med and cool ed
periodically and nore acet up ARATLVE ERAME re added. Precipitation
was observed to proceed slowy. 10 The m xture was stirred overnight (16

hours) and the terial d ted. HPL |.ysi t ] t th
Ui £ of t he. B dei(d & A ot | eI TRaRa Lo ee s HeEE AL 2 1 nen

crystal | i zaldQn wias Rer{ arITeskyt die aind amrek:tpdtganen webvearformefS0. By
m croscopi ¢ 15 exam nation, acicular crystals were obsgr}%dthgut were not

furtheb chadtdctdre A iexaAf nRdlt RILPYRNECCEbht 8RtY However, it is

not ed that L3 el yubovan S04 VEpt i Dagttbadghceati ohothé: dbowas observed
by 1H NI\/RClgDr\f{aOIefgclgls whe% ure acFi?t axel and acetone wer.e used.20 accordi ng

to the prceeduridet 2s 17h¢ BLFLUESANRE E"8TMEITEROK P 25

gt ﬁ/ﬁ_gnglé%]gdd%é‘n% |%§§§%?%S?gétgﬁémt%ﬂ) waad wasessedren cell |ines
yl ) - 5- ( 3- catdsaky neRhexipheatlpnowed- eREpREAG| FO2RFOLEEFaZdPFUH i nner salt)

assay . gs rgported (i Tuks X 0 nt" CoBPABLgen ehdVERe XTT, and a
Novel 1$etr ol TRt ‘?’r%%u%§?ﬁ§§f%§érﬁig' & i

Fazol _ invitro Prol,ifera}%i n gnd
ChenDsemﬂMan&ﬁyaﬁséagantédmbHPLg|@nalzgpp geteg@ﬁﬁﬁd); aF $992 cCells
nere plat%gxfgt§"ggothe 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 gsolvate of Example 1 was

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

yl)-5—(3-carboxymethoxyphenyl)—2—(4—su1phenyl)—2H—

tetrazolium, inner salt) assay as reported in T.L. Riss,
30 et al., "Comparison of MIT, XTT, and a Novel Tetrazolium

Compound MTS for in vitro Proliferation and

Chemosensitivity Assays.," Mol. Biol. Cell 3
(Suppl.):184a, 1992. Cells were plated at 4,000

cell/well in 96 well microtiter plates and 24 hours later

35 drugs were added and gerial diluted. The cells were
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cell/well in 96 well mcrotiter plates and 24 hours |ater 35 drugs were
added and serial diluted. The cells were -40 WO 03/047508 PCT/ US02/ 37901

i ncubat edwat 0334Go8or 72 hours at which tinme the tetrazol iRaVERee/3790S at
333 g/ nL ([final .concent ' j [ ' Widhnd henel ectron coupling
agent pheH&ﬁ“ﬁ’@tﬁétaﬁcos%ﬁa@ratﬁzglogl%g?fainﬁgkﬁ(r:boncentrati on) was added. A 5
dehydr 0genass. £N7yiten i dyé | ieTseht s31edueasLt heindE toneentoabiohat absor bs
light at 492 nm which can be quantitated spectrophoto tr%ggg%%neThe
greater the crheoimanten vhehgrbatelethECRUABEP- 4P| PIE tePI'STThe ™ results

are expressed as an | C50. whi ch i 5 0-50068N! waki gadEaqui Red to
i nhi bi t cxﬂ$¥hﬁ§ﬁf¥%ﬁ%l?%nyg(ﬁﬁegfléﬁgdgﬁgﬁﬁé at 450pnn) to 50% of that of
unt r eatsed gaBpdFSyesLbé senFheedatal iepr esthsedefncerGEhe ¥A8 FPGE 8  show

t he conparable biological activity in,yitrg o aclLi.t axel sol vate of NMPO
and paclit%@%@.tWEFO%¢%ﬁ?§58£9ﬁ%% ?é %¥%iﬁ§d %??Cgc%%ﬁs%§/37901 1. A

crystal i ng,£90l ve4€eeg08petsirdghpachet akeblampd afhe5gagaseys thsl vent

sel ected fromthe group, consisting, of dinethylsulf._axide;
N, N - di met3s9ep#aRE dethR| ﬂlr?agle’r"rer'ﬁﬁl HeRPsh; 8%, Ilﬁ-V%et(:%gll?Z- ovreol i done,

1, 3- di metfylyPe ki dazekpedinena, ad, 3andIoebhywh3ch, Ss6the drug

tetrahydro-2-(1H)-pyrim di none, .and acetonitri and - . inations

t her edfo. 2@0%@%6@%&9@ sPIBLAPMH £° TRErB Sﬁhg 6|°\}elrjft%§%§?§’

net hyl - 2- pyrrol i dgpgoapdnaeek@niubbi h@) 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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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 wio BmatoRitrile per two nol ecul es of paclitaxel. PCT/@®24790The
solvate of claim1, wherein said solvent is N,N - dinethylformam de. 5. The
solvate of claim4, which conprises about one nvolecul e of

N, N - di netyndd Grdregn Liame@riswo nol ecul es 25 of paclitaxel. 6. The solvate
of claim1, wherein said solvent is N,N - dinmethylacetam de. 30 7. The
solvate of claim6, which conprises about one nvolecul e of

N, N - di methyl acgt api,de,pets neneorehesubempef spagl iphaxdltaxel? awd @3/ 047508
PCT/ US02/ 37901 8. The sol vate of cIai&L%, mhe%ein saidcgglggggngs 1, 3-

di met hyl - 3, 4, 5, BuePEahger et (38f ePLFR nt HPHohBS §TCYRe °86PvAte™df clai m 1,
whi ch conpri ses about ane._5 I ’_ 34 amide, N,N'-
1,3-dinethy|-3f%€5$ﬁm?% ¥%ﬁ§%?§¥§§%1ﬁwﬂgyﬂﬁﬁiﬁﬁﬁﬁiggtr one nol ecul e of
pacl i taxel . 10.qiMhetspl vateantdel aNrmathyheReprryalddssrvent 3is

di met hyl sul foxide. 10 1

1, The_solyate of claim i,6hC rses about
1-2 nol ecul es %?m%ﬂﬂ?é]fh%r%E}Fflﬁ%f)x&éb%?nﬁbl gcg} éqf)nte\eﬁﬂkp/gcﬁi'?ggéﬁ 15 12. A
form D crystal | { serRRgai-bagel(185pHpat tmbdtoodengand ackgiomitrile and

10 combinations thereof.

2. The solvate of claim 1, wherein said solvents are N-

methyl-2-pyrrolidone and acetonitrile.

15 3. The solvate of claim 1, which comprises about three
molecules of water, about two molecules of N-methyl-
2-pyrrolidone, and about one molecule of

acetonitrile per two molecules of paclitaxel.

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

dimethylformamide.

5. The solvate of claim 4, which comprises about one

molecule of N,N-dimethylformamide per two molecules

25 of paclitaxel.
6. The solvate of claim 1, wherein said solvent is N,N-
dimethylacetamide.
30 7. The solvate of claim 6, which comprises about one

molecule of N,N'-dimethylacetamide per one molecule

of paclitaxel.
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20 13. AformD crystalline paclitaxel solvate according to claim3. 14. A
formE crystalline paclitaxel solvate according to claiml1l. 15. AformE
crystal | i w® @3aatios axel sol vate according to 25 claimb5. IT/UsoeBtdood for
the prepargtionrgt Raghiziaxet Wi 1c,ormfe::msn caambrswl@mmel%rysial li ne

solvate of claiml into FormApaclliW\é Q%Ié Tk}\_%rre glof cl aim 16,
wherei n the con¢tnstBEl- é@ﬁpﬁlf§e§e&§§‘ O Ag e SVEHSINES vacuum at
an elevated tenperature to obtain FormA pacl itaxel. -43 WD 03/047508

PCT/ US02/ 37901 18. A nethod for the preparation of cr% a}IEI i ne_ gaclltaxel
sol vat es c8mpri Shegscdyater mhg iR ourdih QQIPE 281 #3%el ©RBnt ai ni ng

eterigl; and SmSFEEuﬁgeo?rlng %hﬂk&%@UCBSQ|%B@L&eﬁﬁaﬂydﬁbit &l )Hvent
havi ng 3ol vent ecu atible with 'solvent sites in the crystalline

arrangenment of pheisdbviaves p@ﬁdop@ B lesidd ®F SSHta¥Som the mixture to
recover a solid, crystalline paclitaxel solvate having paclitaxel and
sol vent nolecules within the crystal structure. )

10. The solvate of claim 1, wherein gsaid solvent is

dimethylsulfoxide.
10 ‘
11. The solvate of claim 10, which comprises about 1-2
molecules of dimethylsulfoxide per molecule of

paclitaxel.

15 12. A form D crystalline paclitaxel solvate according to

c¢laim 1.

13. A form D crystalline paclitaxel solvate according to

claim 3.

20
14. A form E crystalline paclitaxel solvate according to

claim 1.

15. A form E crystalline paclitaxel solvate according to

25 claim 5.

16. A method for the preparation of paclitaxel which
comprises converting the crystalline solvate of
claim 1 into Form A paclitaxel.

30

17. The method of claim 16, wherein the conversion

comprises desolvating the solvate under vacuum at an

elevated temperature to obtain Form A paclitaxel.
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15 19. The nethod of claim 18 wherein each said solvent is an aqueous
sol ution of an organic solvent. 20. The nethod of claim 19 wherein the
organi ¢ swlo/smu7so8s sel ected from the group consisting of Ma/domstdoyl sul f
oxi de, N, N -dinethylformam de, N, N - dingethyl acetam de, .

N- et hyl - 2-8yr olnetdmed f0B-thye nRFERRL2E 1R o o‘FF&g]ﬁS‘ﬁ%,me

1, 3-di methyl - 3,4, o & rabygs ez 3- & pyihagt di none., and acetonitril
conbi nations t ere&ﬁa%§?30 21. %he %ﬁ%ﬁod o] clain1lé wherein the rile and

crystalline pax)itaketnsodvat®izbwpeiets a di mer conposed of about two

nol ecul es of paclitaxe t : b 16l
organi ¢ sol vent. 22.¥%Leaﬁe %%ggggggy eOn el b Rt e i et

. claim 18 further co ri&in .Subj ect i
the m sture of step (B)) tona DenperatgrgabééiﬁP&VPBﬁS'gp S%ﬁ%?ig??nbng
step . (b) . -44 WO 03/04759§?ﬁgﬂéé§g§é3%$9%egé.mélgﬁﬁyéﬂ |l i ne paclitaxe

sol vate formed according t6 claim18. 24. A crystalline
pacl it axel solvate fornmedcampatdbhg woth5sohwenst Bédest 18 & 20. 25. A

crystalline paclitaxel soIvatg?&gﬁﬁgdgg%%gég%%gttgf_E@% ei1ke@deof claim 20,

whi ch is conposed of abouf*¥8 ol paclitaxel, about 3

nol ecul es of water, abouand nol ecul es of N nethyl-2-pyrrolidone and about

one nol ecul e of acetonitrile. \
10 b) removing solvent from the mixture to recover a

solid, crystalline paclitaxel solvate having
paclitaxel and solvent molecules within the

crystal structure.

15 19. The method of claim 18 wherein each said solvent is

an aqueous solution of an organic solvent.

20. The method of claim 19 wherein the organic solvent
is selected from the group consisting of
20 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.

25
21. The method of claim 18 wherein the crystalline
paclitaxel solvate comprises a dimer composed of
about two molecules of paclitaxel and from about 0.5
to about 2 molecules of the organic solvent.
30

52. The method of claim 18 further comprising subjecting
the mixture of step (a) to a temperature oscillation

before initiating step (b).
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26. A crystalline paclitaxel solvate formed according to 15 the nethod of
claim 20, which is conposed of about two nol ecul es of paclitaxel, about two
nol ecul eswaf 03/m@atoer and about one nol ecul e of N, N - di nmet pd1fesoandode. 20

27. A crystalline solvate of paclitax [ gl ecul es
of paclité%%l,Aaﬁ&ﬂ?“§ﬁﬁﬁﬁgid$%%il%ﬁ %%I%??&%%%U?QEH%%Igggﬁggigg
N- et hyl - 2- pyriel inganed@nsie abbatmone. nol ecul e of acetonitrile. 25 28. A

crystalline solvate of paclitaxel conprising about two nolecul es of
paclitaxel, about two nol ecul es of water and about one nol ecule of N N
di met hyl f oy manixde. 30 2091 i e B4 EDIL 4061 psoTesse nfoampdchitaxéingohpai ni ng
material to obtain paclitaxel conprising: a) formng a mxture of: (i) a
pacl i t Bxel - cont@tanimfird & afl128Rd2% 45 WD 03/ 047508 PCT/ US02/ 37901 (i i)
an aqueous sol ution conprising one or nore organic solvents; and b)
renovi ng solvent fromthe mxture to isolate a crystalline paclitaxe
solvate; and 5 c) desolvating the crystalline solid. 30. The nethod of

claim29 wherein | SPL {52 phe1ieryet akbibgrsokuehed acheatiedg £6 31. The
met hod of ‘claim 2 erein 1n step éb) the mxture is,su%jgﬁge to

t enper at ure osdili¢ anétgmod 32F ¢%éiﬁp,ﬁoawﬁicbléﬁnF?QpﬁﬁéﬁeP ep (a), an
acidifying agent, is aideth Lo LRepgbXidhRel, about 3 molecules of

water, about 2 molecules of N-methyl-2-pyrrolidone

and about one molecule of acetonitrile.

26. A crystalline paclitaxel solvate formed according to
15 the method of claim 20, which is composed of about
two molecules of paclitaxel, about two molecules of
water and about one molecule of N,N’-

dimethylformamide.

20 27. A crystalline solvate of paclitaxel comprising of
about two molecules of paclitaxel, about 3 molecules
of water, about 2 molecules of N-methyl-2-

pyrrolidone and about one molecule of acetonitrile.

25 28. A crystalline solvate of paclitaxel comprising about
two molecules of paclitaxel, about two molecules of
water and about one molecule of N,N'-

dimethylformamide.

30 29. A method for processing a paclitaxel-containing
material to obtain paclitaxel comprising:
a) forming a mixture of:

(i) a paclitaxel-containing material, and
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15 20 33. A pharmaceutical conposition for the treatnment of tunors
conprising: a) an anti-tunor effective anount of paclitaxel derived
aclcordl ngwiooostoagsosret hod of claim 16; and b) one or nore UTPESIRBT®1

sel ected fromthe grou ngiSti Lrier SXC-RIEYNS S kgt s and
adj uvants. 25 34. Thglgérr%gls%ﬂﬁtgr?ﬁg’f %%Ilgi%r%o&c?gr?prigsﬁmngg for r%QIA

pgc! itaxel . 35. A nethod ofrgansat isod ventrsr; s andl hunans conpri si ng

adm nistering ap,anti-tunor effective amunt of . clit axel ived
according to thg?)rret hGESF-78 §°m" 6. §§9mF6C&1r% %‘%&c |t§xc;el o) a\cll-'ge{ea havi ng a
%ygg%lél;ggs g&?nge&)&%t@Qﬁ@%@a@ﬂita&éla)sqdmaltid;a)eeid nol ecul es; and -46
D O us02/ 37901 .b) | vent nol.ecul es l.acated in solvent sites
within%he crys€alli ﬁ@sgtlyﬁ(’?tl@rge.%%.Cr?f&tf?llglﬁ’fclsiotlalxdg'l sol vate having a
crystalline 5 arrangenent conposed of: a) paclitaxel nolecules; and b)
sol vent nol ecules |located in sqalvent sites wthin the fé)ystal i ne

structure. 380 38heameshoRoAfoditd A | 17 diy &R St &S cont ai ning a
sol vent, which (s, chanagherizade Ul heated.

10 31. The method of claim 29 wherein in step (b), the

mixture is subjected to temperature oscillation.

32. The method of claim 29 wherein in step (a), an

acidifying agent is added to the mixture.

15
33. A pharmaceutical composition for the treatment of
tumors comprising:
a) an anti-tumor effective amount of paclitaxel
derived according to the method of claim 16;
20 and

b) one or more components selected from the group
consisting of carrieys, excipients, diluents

and adjuvants.

25 34. The composition of claim 33 comprising form A

paclitaxel.

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

16.
36. Form D paclitaxel solvate having a crystalline
arrangement composed of:

35 a) paclitaxel molecules; and
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cell parameters a of about 9.54A, b of about 28.46 A, and c of about 37.24
A, and a space group symetry p 21 21 21i the crystal consisting of eight
15 pacli teoed3/medogcul es in an arrangenent and confor mati eeI/esnesrwing to

;?reaf racti f”a} ;’ﬂﬁom %olwtgwbd:maﬁtele&l%i@orlez;&m@d nnlalerdnt wWietes n t he
rrangenment o e paclitaxel nolecules forns solvent sites, the specific
di mensi ons of said 201$8Hve e TR WYY HSHTHY to the sol venlto
contained therein. 39. An orthorhonbic paclitaxel solvate crystal
containing a solvent, which is characterized by unit 25 cel| paraneters, a
of about 9351A Forof Ealegtl iXpxpdl solvaie daflihcuic3E 7 WRend a space

group symet Yy ;22 c2hent: %é?nﬁ:c%é’cftc?ﬂ: consi sting of eight paclitaxel

nol ecul®s in an-arrangement ~confornmations according to the fractional
atoni ¢ 30 coor dialat epasptessdd nalerablas /1;antherein the arrangement of the

paclitaxel molecules fqrns vent; sdt e spedfiLndi gppsions of said
sol vent sites vaﬁyi ngogccortdi%%glﬁeo lt%!e 1ggﬁav%nt J'SIE:)ont al ned therein. -47
within the crystalline structure.

i
10 38. An orthorhombic paclitaxel solvate crystal

containing a solvent, which is characterized by unit
cell parameters a of about 9.54;&, b of about 28.46

A, and ¢ of about 37.2454 and a space dJgroup
symmetry p 21 21 21; the crystal consisting of eight

15 paclitaxel molecules in an arrangement and
conformations according to the fractional atomic
coordinates expressed in Table 1; wherein the
arrangement of the paclitaxel molecules forms
solvent sites, the specific dimensions of said

20 solvent sites varying according to the solvent

contained therein.

39. An orthorhombic paclitaxel solvate crystal

containing a solvent, which is characterized by unit

25 cell parameters. a of about 9.51A, b of about 27.79

o

A, and ¢ of about 34.79A¢ and a space group
symmetryvp 2; 21 2:1; the crystal consisting of eight
paclitaxel molecules in an arrangement and
conformations according to the fractional atomic

30 coordinates expressed in Table 1; wherein the
arrangement of the paclitaxel molecules forms
solvent sites, the specific dimensions of said
solvent sites varying according to the solvent

contained therein.
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