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a formulation with Cremophor EL’ (polyoxyethylated castor oil; BASF, Ludwigshafen,
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Germany). Cremophor EL® has severe side effects; for example it causes allergies which in

at least one case have led even to the death of a patient.

Although the Taxan class of microtubuli-stabilising anti-cancer agents has been
commended as "perhaps the most important addition to the pharmaceutical armoury against
cancer in the last decade” (see Rowinsky E.K., Ann. rev. Med. 48, 353-374 (1997)), and
despite the commercial success of Taxol®, these compounds still do not appear to
represent a really great breakthrough in the chemotherapy of cancer. Treatment with Taxol®
is linked with a series of significant side effects, and a few primary classes of compact
tumours, namely colon and prostate tumours, respond to this compound only to a small
extent (see Rowinsky E.K., inter alia). In addition, the efficacy of Taxol can be impaired and
even completely neutralised by acquired resistance mechanisms, especially those based on
the overexpression of phosphoproteins, which act as efflux pumps for active ingredients,
such as “Multidrug Resistance” due to overexpression of the multidrug transport
glycoprotein "P-glycoprotein®.
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" Epothilones A and B represent a new class of mcrotubuli-stabilisi ng 4 %lbﬁ %‘902

s Cytotoxic active ingredients (see Gerth, K et at.) J. Antibiot. 49) 560-

. (1966)) of the formulae: ROa SHO~/~ N. Owherein R signifies hydrogen
(epothilone A) or nethyl (epothilone B). These conpounds have the foll ow ng
advant ages over Taxol: a) They have be_tégr wat er-solubility and are thus
nore easily accessible for fornulations? b) It has been reported that, in
cell culture experinents) they are also active against the proliferation of
cells, which, owing to the activity of the P-glycoprotein efflux punp
maki ng them "nmul tidrug resistant”) show resistance to treatment with other
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c) it could be shown that they are still very effective in vitro against a
Taxol -resi stant ovari an caﬁgi noga cell line with nodified ~-tubulin (see
Kowal ski, R J., et al., J. BAf. Chem 272(4), 2534-2541 (1997)).

®es, for exanple for tunour

nn o that described for Taxol,
N US 5.565.478). In order to be
rger scale for pharmaceutical purposes,
appropriate anmounts of these conpounds.

Phar maceuti cal appli catton e epot hil
treatnment, is posghblelin an anal ogolis
see for exanple US 4,803; U

able to use the epothi
however, it is necegss

wherein R signifies hydrogen (epothilone A) or methyl (epothilone B).
These compounds have the following advantages over Taxol®:
a) They have better water-solubility and are thus more easily accessible for formulations.

b) It has been reported that, in cell culture experiments, they are also active against the
proliferation of cells, which, owing to the activity of the P-glycoprotein efflux pump making
them "multidrug resistant”, show resistance to treatment with other chemotherapy agents
including Taxol® (see Bolag, D. M., et al., “Epothilones, a new class of microtubule-
stabilizing agents with a Taxol-like mechanism of action”, Cancer Research 55, 2325-33
(1995)). And

c) it could be shown that they are still very effective in vitro against a Taxol®-resistant
ovarian carcinoma cell line with modified B-tubulin (see Kowalski, R. J., et al., J. Biol. Chem.
272(4), 2534-2541 (1997)).

Pharmaceutical application of the epothilones, for example for tumour treatment, is possible
in an analogous manner to that described for Taxol, see for example US 5.641.803; US
5.496.804; US 5.565.478).

In order to be able to use the epothilones on a larger scale for pharmaceutical purposes,

however, it is necessary to obtain appropriate amounts of these compounds.
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. Cel l ul osum Soce90 (deposited under no. 6773 at the German Col | ection of

M croor gani sns, see WD 93/10121 ) was described in literature. In order to
obtain a satisfact ory concentration of the natural substances, especially
the epothilones, in the culture nediumfor the subsequent extraction)

previ ously an adsorbate resin based on pol ystyrene was al ways added, for
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Detailed description of the invention

One aspect of the invention relates to a process for concentrating epothilones, especially
epithilone A and/or B, in particular epothilone B, in a culture medium, in order to produce
these compounds on a biotechnological scale, the process comprising microorganisms
which produce these compounds, especially myxobacteria (as producers of natural



reversed- phase colum w th an eluant conprising a |ower alkyl cyanide. Ag 2002
further aspect of the invention relates to a strain of Sorangi um cell ul osum
. obtained by nmutagenesis, which under otherw se identical conditions)
produces nore epothilones than Sorangi um cel | ul osum Soce90. A further

aspect also relates to new crystal forr:rgl_of epot hil one B. The general terns
used herei nabove and herei nbel ow preferably have the neani ngs given

herei nbel ow. Where reference i s nade herei nabove and herei nbel ow to
docunents, these are incorporated insofar as is necessary. 14 AUG 2002
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and Cel | | tures (DSMZ, . Bragunschwei g, .Germany). Strain culture an

o1 phot oBIAGeNERE MR e GIaTve dpriesl Conmbe, pradices hore eonhliras o

cel | ul os@opmgluntcaiRliRumBEce®00f carbon and energy with potassiumnitrate as
the sole source of nitrogen, e.g. on filter paper over ST21 m neral salt

agar (0.1 % KNO3; 0.1 % MSO, x 7
A further aspect also relates to new crystal forms of epothilone B.

The general terms used hereinabove and hereinbelow preferably have the meanings given

hereinbelow:

Where reference is made hereinabove and hereinbelow to documents, these are
incorporated insofar as is necessary.
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Mlcroorgamsms and Cell Cultures (DSMZ, Braunschweig, Germany).

Strain culture and morphological description of strain BCE 33/10: The strain can grow on
cellulose as the sole source of carbon and energy with potassium nitrate as the sole source

of nitrogen, e.g. on filter paper over ST21 mineral salt agar (0.1 % KNOj; 0.1 % MgSO,x 7



" (Alk-0)m Al kY wherein R is hydrogen, hydroxy, -O(alk-0Z H,
-O(alk(-R-O)p Hor -O(alk(-R)-0-)q alk-CO-Y; alk in all cases is!4Af2002
. especially lower alkyl; m n, p, g and z are a whole nunber from1l to 12,
preferably 1 to 5, in particular 1 to 3; and Y is ORL or NR2R3 wherein R))
R2 and R3 independently of one another), are hydrogen or |ower alkyl, or R2
and R3 conbi ned together with the linkihg nitrogen signify norpholino)

pi peridi no, pyrrolidino or piperazino; or branched cyclodextrins, in which
etherifications or acetals with other sugar nol ecul es are present,
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are present at the sane tinme. Mxtures of two or nore of the said
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et her s téhen &g, arsluicpamasic®): hydr oxypr opyl - a-, 2- hydroxypropyl -~- or

2- hydr oxypropyl -y-cycl odextrin. The cycl odextrins or cyclodextrin
derivatives are added to the culture nmedium preferably in a concentration
of 0. 02 Epothllonegarefpeinedityyepatitiione & and/erd) dat alsd pther dpodthilehes| for erampiel e 0. 1

to 2 percept, b ight (wy). cl.odextri.ng. or, gy tri er | ves are
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US 4, 382p8fhiondsFE 4nd Bnahisd in WEOHBEIZA66 4rid fuRhé) dpdhilbhes otRinablkAford 97; EP O
197 571; EP 0 300 526: EP.0 320 032; EP 0 499 322;: EP 0 503 710; EP 0 818
469; W GPYE? g MIGOSIaaNISMS; ,00; W O 93/19061; W O 95/08993; W O 96/ 14090;

@B 2,189, 245; DE 3,118,218; DE 3,317,064 and the references nentioned

therein, which also refer, tqg the synthesis of cyclodextrins or cyclodextrin
der i vat iA/water-gpluble cgmplpx-fpgping comp tﬂ@m%'%é’?@"se@gt%)"@m%ﬁ%ceut i cal
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epothilone B. A water-soluble complex-forming component that is especially preferred is

one that is selected from cyclodextrins or (in particular) cyclodextrin derivatives, or mixtures
thereof.

Cyclodextrins are cyclic (o-1,4)-linked oligosaccharides of a-D-glucopyranose with a

relatively hydrophobic central cavity and a hydrophilic external surface area.

The following are distinguished in particular (the figures in parenthesis give the number of
glucose units per molecule): a-cyclodextrin (6), B-cyclodextrin (7), y- cyclodextrin (8),
d-cyclodextrin (9), e- cyclodextrin (10), {-cyclodextrin (11), n-cyclodextrin (12), and 6-
cyclodextrin (13). Especially preferred are d-cyclodextrin and in particular a-cyclodextrin, -
cyclodextrin or y-cyclodextrin, or mixtures thereof.

Cyclodextrin derivatives are primarily derivatives of the above-mentioned cyclodextrins,

especially of a-cyclodextrin, B-cyclodextrin or y-cyclodextrin, primarily those in which one or



_g_In the follow ng description of the working up and purificati on, 4 002
epot hilone is understood to be an epothilone which is obtainable froné NJ:%

. correspondi ng mcroorganisn) preferably epothilone C, D, E, F or especially
A or in particular epothilone B. If not otherw se stated, where

"epothil ones" are nentioned, this is injended to be a general term which
i ncl udes individual epothilones or m xtures. Wrking up of the epothil ones
is effected by conventional nethods; first of all, by separating a culture

into the Iiquid phase (centrifugate or filtrate) and solid phase (cells) by
means of miord up tot aloof tie hydroxy groupsatdi pen g{lthtsm tegiica)ame ethierified or estevifiedat or ) .

Th t h
{11t at eEMERERe PR RR Blndls, Q85 ke ol Ao EEEI B0 Funer'abd®, o
based onpmpylwtbytyemea%emr hydréxyalkgl etlaértsesuchafsmhreayl Hydredydower-atiolly as

| yst I, t D- 16 hm & QGrbH,
B e B0y DR ATREFuhd Bl TPl o
M | an] (arkﬁfe@rrahlesspedﬂaw 2-Rydroxyethyl; dgtiroxypropyieuch &s 2mydaixypiepafordgdrokf 1 to
100: 1, prefera of. contact o prefera Iy

00551 o hiviasen oY 238 Bt BN pthers e samekak sherndn PRRERS! eTbaBHPWBEAIRV or

exanpl e &iefsi bé (fe%tdllﬁﬁarﬁbxﬁﬁélh*ilof' dadbigthyl bthef;afbvrlatRdd cattmyar S, iipn, the
resin i s washe a stron pol ar sol vent) preferably wat er .

Desor pt i eatigandesvalissd i??rb@m:%weg -ajlybethes ip é@i‘@dh ?Hvaé'ﬁe‘éﬁﬁ'PGiSY isataerdighy ent |
especi al yaniiihted %arb%kf rarily éimﬁééérb@rWl dhoncs Q;P BplBﬂBDélkyl:Eﬁi‘ﬂnééﬂrH&m phase,
especi ally i sopropanol ‘phase) is then renoved fromthe sol vent, pref erably
by neansmerphsinq)fplpenq'ﬁﬂ + YO8 §°'d?f piparazRAIeaPoR A Elyiogearhamyl in i n
particul @émédiar%ﬁérréik&l drB&h ﬁ% theit Pt eRkBphplesh y|6 %Hr{g@k%l' f

wat er

necessar and resultin ase 1Is extract

sui t abl eetherorfedhloxygarhonypronyl erisibe sulieatkyd ethers, @t@@rhcularcﬁulf@ﬂwa!kﬂ | ower
al kanol r | AR t ate. The
epot hi | oéigé\gér%eltéﬁgf%%@u&ans ,a éfo [ ntS'?ﬁ‘@@rﬁ‘gﬁtréﬁ% aseaﬂi’ﬁg%ﬁ% he

or gani c gha@@duvsitmra@l&atmdpenulao the extent necessary, preferably to
dryness, for exanple using a rotary evaporator. Subsequently, further
processi ng takes place using the follow ng steps, whereby the purification
step by neans of reversed-phase-@falofakdlr aphy with elution with a nitrite
is an inventive step and is thus conpul sory, while the other steps are
optional: -nolecular filtration (gel chromatography), e.g. on a colum of
mat eri al wlserein allsis 2digyh adpecidliyHer(@iyh ramd o is g vidimies aliraberIvaaci @i 1) es*.peanlly

al cohol ~L0..=

cpot hi 1 chieoif PeBURRER arevdbdiRiths in when ShEoLRBS i e dlef it

sui t abl eamdroaemtfprrmid el uti on with a mxture of nitrile/water (conpul sory))
preferably characterised in that the chromatography is carried out on a
colum of material, especially a RP-18 material, which is charged with

hydr ocar bon chai ns, such as Rydrocarbon chai ns containing 18 carbon atons,
and an eluant conprising a njjtrite, espeoially a lower alkylnitrile, in
particular acetonitrile, i@Kkogt—AkK icular a mxture of nitrile/water
is used, especially a nixpﬂ?e of acetonityile/water, preferably in a ratio
of nitrite to water of about 1:99 to 99:1, primarily between 1:9 and 9:1,

e.g. bet‘)(,\ﬁé-?i, il?e- AR ecsfgl P{/& é (Zlk% (41 %éal&ﬁ&gd)- Alormul tiple extraction

of the resi ‘er ‘evapor at | tvvo phase system
consi st i y(add-Ri? &z.rallaﬁ@-‘é, allinvallnasesisi alll, sspegiatiyHower alkyl; pr efps gasidyz am

ester, i [t t I etate
or 1 soprgfleuiibePirof 1 B1F oty S PIRG4S Y BNFRER " 0
to a col winereipfRisRb a@RgﬂdeaeWeeﬂwoi onp awatheraaredydrageniocsiawerciikyk or Reand

ower ol B SOl GSBHE A et e sichly ldmhthS.ifibdihne, egfofiRTer ©
acet at e piperaieane, in which the ratio between the ester and hydrocar bon is

f bI f b I
At R et R L R R A T A

an appr Oﬁbb@fteesﬁb@b“éy‘lgluwh digludssyR (G @yclo@extrin) i heeyPlar dinfaldspig Wi t h
activated carbon and renoval thereof; -recrystallisation, e.g. from

appropriate solvents or sol vent nlxtures for exanple consisting of esters,
est er/ hydrocarbon m xtures or al cohol s, especially et hyl or isopropyl
acetate : toluene 1:10 to 10:1, preferably 2:3 (epothilone A) or nethanol
or ethyl acetate (epothilone B); whereby between each step bei ng enpl oyed,
the resulting solutions or suspensions are concentrated if necessary,
and/or liquid and solid conponents are separated from one another, in
particular by filtering or centrifuging solutionslsuspensions The nor e



"1 4 AUG 2002 -11 M tsubishi Chenmical Co., Mlan] (preferably in a riaf hpg o)
centrifugate: resin volune of ca. 10:1 to 100:1, preferably about 50:1) and
.stirred in an agitator. In this step, the epothilones are transferred from
the cyclodextrin to the resin. After a period of contact of ca. 1 hour, the
resin is separated by centrifugation or filtration. Adsorption of the

epot hil ones onto the resin may al so be ‘&Tected in a chromat ogr aphy col um,
by placing the resin in the colum and running the centrifugate over the
resin. After adsorption, the resin is washed with water. Desorption of the
epot hi | ongslotiegtrn,tdraN- aw&lglui:dsa&flrﬁ)&cgmdoydnﬁihyli, shadenpgaiadtosabhiayl- sopr opanol
phase is then free ropanol preferably by the addition of water in
parti cul S23GesamMin Em'%ftﬁ*ﬁg' evaporator, and the resulting water phase is
extracted with ethyl acetate. The epothilones are transferred fromthe

wat er phase to the ethyl acetate hase Then tagi acetate extract is
concent r FLers@e E?Tﬁ@%é'kaw RSters: ’b?aJP?)J 36'PV' ’F niuch s acetyl esters
concent r gticOblo@xtirdae epot hilones is then achl eved by neans of nol ecul ar
filtration {e.g. Sephadex t_H 20 [Pharmaci a, Uppsal a, Sweden] w th net hanol
as eluant). The peak fractions fromthe nolecular filtration contain

POt i | 0rite AbeB@E Hi Brcders | ARG @BEmE RNl Plaid e andieligf at | on
of these peak fractions contal n epothilone A an In a mxture,
|nto t he gmmmrg@aﬁseabarﬁbﬁeamgtmehen foll ows by means of chromatography on
a 'reversed-phase", e.g. RP-18 phase (phase which is nodified by alkyl

radi cal s containing 18 carbon atons per chain), with an appropriate el uant,
pr ef er ablMixtores of dwe ar moregofahe saidicyelodendtinsandiar sycpdextiin derjvatives may alsobet t er
separat i i than for exanpl e al cohols such as nethanol). Epothilone A elutes
before epofshi | one B. The peak fractions wth epothilone B may still contain
smal | portions of epothilone A which can be renoved by further separation

on RP-i8._ Fna t he epot hi oneAfractl rec from
othy - acrapeenst e s AR I prag bpErisiEng of Paowerakn Shiereielaels *or
et hyl acejeh as ni2igi-Bldyeidd&iPei rﬁ?@ﬁrc@far bleediigiREH-Bley diBGeXtitY, ¥R il dticular
preferably relates to a process for the concentration of e ot hi | ones)
especi al |t§e Byshexy lpnrﬁéallsylaﬂvrs)rheeofr sHch @st2- grayP©pY ¢, | rexyprapykB-il t ur e
medi um f qu al preparation of this (these) conpound(s),

whi ch con at’d? %’Wﬁé’g% gm which is suitable for this preparation,
especially a Sorangium strain, especially of the type Sorangi um Cel | uI osum
Soce90, A i S : ' '

50e 90, gl Y 3Ll P AENaA 43 KL e R S i

cul t ur e reectinaentvatien®b .02 tg y10) wetecably 0.05rto &, especatiefiirto @, therexamplev®) t@2 a

m xture of f these conpounds is added to the nmedi um

especi al Ipf gﬁ’gb%weﬁﬁfgw\%preferabl y one or two or nore cycl odextrins

sel ected from a-cycl odextrin (6), ~-cyclodextrin (7), ~-cyclodextrin (8),
~cyclo 1 4 AUG 2002 -12 dextrin (9), c-cyclodextrin (10), ~- cyclodextrin
(11 ), ~-Qyeldextens or atyc(oﬂé;)tnn dedvaives gl lowentar nmay(bibProdwecepldry ol

vl odextiosrenen FoRIFBaEPl s plipeYish BS A BI L et |8 ¥ eBaesni 20

from der iovGa4i 1575 EPf0 843 Y97 @ik 1 97 6571;i EP 013001526 EP 01320032; EP 0 40%322; &P 0 he

Such as moRr: 6P DR, WS BolBodt b1 Py GEAEGAE NS gtiteatWe

aryl hydr @syioby] GB2189,2454 DE 381 epmaande tmalr oslyah@Wreﬁér&ydes reedtivpeal | y

henyl - hydr oxyet h et he i artic

D sy OB, Sy PIsGURer to Be HRnask ot SiRdRERnS PF OISR SRS oralidh as
2- hydr oxyip Lefsdon@ind &1 Brewatsry( Qgﬂ)chra’#ﬁuaEMIéé%ﬂnbﬁtldns%? B9Eiodexthire: al kyl
ether, in partrcul ar car box -IOV\er al k et her, especi al II\;acarbox rret yI or

car boxyetsr%Hb"BPP@T and,Stakil P dupnal of ﬁ?%ﬁqut'caétsﬁ'éf‘ce 8% (101 é108P
derivati sRfevski vl QM&UQ@@)Y bhﬁ“ﬁ’euh&l Wﬁbmtlér{leofWCb‘ﬂ@Hnﬁé’Qn Wo@l’&

anmi nocar bonyl, nono- | ower - al kyl - am nocar bon nmor phol i no-,

pi peri di rﬂsahvemwwmalef Hbamacemabsaen%&ﬂabnwz 16\5/9hl kyl oxycarbonyl , in
particul ar | ower al kyl oxycarbonyl, such as preferably a | ower

ai koxycar bonyl -1 ower - al kyl ether, for exanple nethyl oxycarbonyi propyl ether
or et hyl oxycarbonyl propyl ether; a sulfoal kyl ether, in particular

sul fo-1 ower-al kyl ether, especially sulfobutyl ether; a cyclodextrin in

whi ch one or nore OH groups are etherified with a radical of fornula
-0-Talk-O ]~ Hwherein alk is alkyl, especially lower alkyl, and nis a
whol e nunber from2 to 12) especially 2 to 5, in particular 2 or 3; a
cyclodextrin in which one or nore OH groups are etherified with a radical
of formula R O (AlklOm Al k-Y wherein R is hydrogen, hydroxy, -C)(alk o)v4




or a branched cycl odextrin, in which etherifications or acetals w't hl P‘Aﬁﬁunz
sugar nol ecul es are present, and which are selected from gl ucosyl -,
. diglucosyl - (&-~i-cyclodextrin), maltosyl or dimaltosyl-cyclodextrin, or
N-acetyl gl ucosam nyl -, glucosam nyl -, N-acetyl gal actosam nyl and
gal act osam nyl -cycl odextrin; or a |ower al kanoyl, such as acetyl ester of a
cyclodextrin. Particular preference is 'g?i/en to a process in which the
cycl odextrin and/or the cyclodextrin derivative is added to the culture
mediumin a concentration of 0.02 to 10, preferably 0.005 to 10) nore
pr ef er abl iy tite fdBowing Hescnpdibn pf teawarking up.ahdtpurificatibo, epottalope és hderdtoo®io

oF" Cr o $F Wb e ERRGN otk EbhPel dnuiiRTERRar ROufROY | o O
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oyer odoxtiere “Srotibegrats misrRed ¥ i @hOriit € Bpace Qe which indliaes

2- hy dr oXx yipdi@ayal epbthilysdsostanikiurds. on its own is preferred in particular. The
invention also relates in particular to a culture nmedium which conprises a
cycl odextrin, a cyclodextrin derivative or a mxture of two or nore

compl ex- \bACESITRE BEOh oIS sheled bf eshvarfiretiddgsiart i) odextrin

derivatives, especially a cyclodextrin or cyclodextrin derivative as
defined isepargéng agculiunearstp thraliquid Blase (centptygatecfiliiate) andisolichehasedseis) brst
par agr ap X : oty - W n

m cr oor ggﬁﬁés”ﬁq%'méﬁ“i’lg?%ﬁf‘?fggﬁg’q‘ f(g@%?ggﬁtgfdég%zgot I th‘z? (@@g%%”a?ﬁ t{\/e
epot hi | orepothilanely foun®in he spelritugate or ip thefilliateisien direglyrmixedwith agiynthetic
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m xed w tisithan reffected withmcappirdpriate saierst espedially wittdantalcohi)0R paitiéulaesi n, or i s

th h fill ith in, jf t ini
washea vieRraharal TRE sebenGhebp. sheBeall BofiBoufl ohesed BIEES Mrisvetilfort B8 0 ' °
usi Rg a polvent, ptdfeflehly_,b]yemmvsioabhgr, aimmtbuadtruslczr sgbéemehﬂaudaio:cnm&/&{atal iwanol

as isqpropanol. . necess .w.concentrate ns o rior

Sl £ andBEUBF TS HiculrtnR EVERGRIEF nSBPY BAPE BoSGntiegiheStarla R ch i s
i mmi sci blresuMrigiwated shiasefiwexteactadolith & Bolesitatitatsiel I t@mirg] & ¥écohdgihake, such
added, and the ,eppothilo e%slg i_slor [e trﬁnsferred t o tr}ﬁ organi ¢ phase,
for examPENRFISiGior SXATRS &rlower 3ikane] loweh alkancale. eal ethyhaceifia.arisoPRRIL e | s
concent r icedte. tThe eppilbhdsire thdreriitenddini the SRJanic phase.bTHEntAE offadic
concentr%ed f hrough | ecul ar sieve for corgggunds of | ow nol ecu~ar

a
wei ght ; gse ifsrneeniratediothe AXteBLRRSESAMP EIREAMLIGNESAST exapRie using ¢
epot hi | ongafy svagbiorB undergo separation by a reversed-phase col um,
preferably eluting with an eluant containing a nitrite, such as
acetonitrile (or instead, an eluant containing an al cohol, such as
met hanol )Sub%%!eﬁw, fﬁﬂ%r*}ir&é@%@iﬁ?/ﬁal@@ IR ealsthgtié INBWRY shspaavibreby theaind i f
desired, can be further concenfrated by recrystallisSation. A further
pr ef er r edputitigatien step hyHeeansaf fevessed-ehasechraraatagraphnwich eiutieryih atmitrilg is an
epot hi | or : L o her, which is
char act e?ﬁ?ggﬁzﬁeghﬁgﬁp gg?%’g%‘f}%*ﬁ%ﬁ'r@@gf ?gé&%%?ﬁ%@ﬁ% with an el uant
containing a | ower al kyl cyanide, chronatography being carried out on a
col um ' iIGSRsC( - i i i 1
hydr oca?ﬁ%‘ﬁrec %Jfr'\ls, su@ﬁ“ﬁorﬁ ggg‘pg‘g)mg%t'ﬁﬁﬁ?ﬂ‘ﬁ“@gﬁﬁ%‘%ﬁ%{ﬁgﬁggaﬁ éeér]reﬁ(l oyi ng
an el uant.He2h(Phnanhacja,duppsala, Swedes)with an aigolo! suckeas methaholiasréliant;, in
particul ar acetonitrile, especially a mxture of nitrile/water, in
particular a mxture of acetonitrilelwater) preferably in a ratio of
nitrite to water of ca. 1:99 to 99:1, primarily 1:9 to 9:1, e.g. between
2:8 and 7:3, e.g. 3:7 or 4:6. This separation may follow on to a filtration
with a nolecular sieve) or is preferably effected directly using the
resi due after adsorption of the epothilones fromthe culture nmedium
cont ai ning a conpl ex-form ng conponent onto a resin. One advantage of

o o o, o . [ S T



wherein alk is alkyl, especially lower alkyl, and n is a whole nunbgrj Am[ﬁmz
2 to 12, especially 2 to 5) in particular 2 or 3; a cyclodextrin in whic

. one or more OH groups are etherified with a radical of formula R O
(Alk-OmAlk Y wherein R is hydrogen, hydroxy) -O (alk-OZ H)
-O(alk(-R-O)p Hor -0-(alk(-Rr0-)q a_I1I6-_COY; alk in all cases is alkyl,
especially lower alkyl; m n, p, g and z are a whol e nunber from1l to 12,
preferably 1 to 5, in particular 1 to 3; and Y is OR or NR2R3 , 1 4 AUG
2002 -16 wherein R, Rz and R3 independently of one another) are hydrogen
or | ower -akparatioroef tRE epothiletBsdnynieversed-pbase ¢creomaliogtaphi aftei ding taken updgen
signify nor. i o] L.di no I dino or. pi azinaQ; branched
cyal odext AP SRR BrBEHTER R £ iRe bbbl Lerfeenpiesdy

mol ecul escrarsct@risedémthat thecchivnatogeapby setariddoutfohaneamie of shlateriat) iegpetialy\al -

(&Z- (3-cycladextrin) .. .maltqsyl or di tosyl -cycl odextrin, or .
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cycl odextrinpn; . and ,%conprlses_ a saﬁﬁ for segar_ati ng the ngt,hi | ones,

especi al |, #t pRfigiracgtanitflegls uspd. N pARIcUARR mixture gintrlefwateris uged.er i sed by
chr omat oGspREMINGA mixthiR\S? aeEdnidlaMRitérOpréfalati ina Riffio ®F Hidlé t& WAleR bNAbtiit 2:990Wer
al kyl cyani de, the chromat ography being carried out_on a colunm material)

especi al 19 98rl. RPeglybetweeral -9 apfi%ch &4 befaegedd apd K- g @ 8ot chai ns,
such as topse GRS eRFacktn GRHRMsiahe (&Peaauf} SHEP LISk irfh Wilbhase
containing a lower alkylnitrile, especially acetonitrile, in particular a
m xt ure clysteoneansisting p%wamr pad agobent igreiseible Mit) water Riefarablyan ester, in

acetoni try Y i | l; I Gl to water of
ca. 1:99 dtécl;ﬁcgJ : tf%vg?ﬁ%gl ﬁvgebla)k Sh? %@9§‘%h ée%._ég?ﬁyl ggéf‘@v\%eﬁ 'éggé&a)é\ab%t?tf: e.g. 3.7
or 4:6) whdsaphon ¢hroreatogeaiphy, in pagticples by Biding & & selumprof siiea gelans glgingwor ki ng

uo and e . . . _ i . . . nt
dor  ved it Ao fiard Gort e AbAER A Wb el o RS b Ellbhychikadf taH !
Sor angi urexaeiplelbwsUalkyliaikanoate /dhtGiv-alhe, dspeciallyajeyiosisopropyledastatel y by one
or nore | C ' | Nt I ad N the
Fange 200 1SHEoRWIRL BBTREOGuELH B it Y et on W plerki i Tinertindd', |
each ste@%bto 1189 greferabdy 10g to NciOctos @dampletdal;l one production (in particular
under ot napungo YHesERETAREA Ry 23 difesholfaieh cohEuaRan ko cbRicByate ™ -
parti cul aolvent suchEstdn alcot®l,&.qumidtband, especially epot hilone B, than

Sor angi um ¢e| | | al hg Sorangi um cel | ul osum strai n BCE
331 109 THE'?’? nrﬁ/gi%'?;g%{watr%%c%%gdsn i%?\d)%ﬁ"rot%?‘ctﬁf'%?ﬁt o] thegi ndi vi dual process steps
named i n -tdveystalisatibrg ©.@ iroamgppropiiate sbivemts bhsohestft mitthescior exarapleednsistingne d

therein, of rextsetrse}lesIe(?/F)%roggrgo}\ rrlnei\xtlsl esBr glcgﬁglg,rés%ggal‘yhgﬁy 'of 'lsopro]pA)'ll AUG 2002 _17_

acetate : toluene 1:10 to 10:1, preferably 2:3 (epothilone A) or methanol or ethyl acetate

(epothilone B);

whereby between each step being employed, the resulting solutions or suspensions are
concentrated if necessary, and/or liquid and solid components are separated from one
another, in particular by filtering or centrifuging solutions/suspensions. The more precise

definitions mentioned below can be preferably used in the above individual steps.

Working up and purification are preferably carried out as follows: After harvest, a culture is
separated into the liquid phase (centrifugate) and solid phase (cells) by means of
centrifugation (tubular centrifuge or separator). The main parn of the epothilones are found
in the centrifugate, which is then directly mixed with a polystyrene resin, such as Amberlite
XAD-16 [Rohm & Haas Germany GmbH, Frankfurt] or Diaion HP-20 [Resindion S.R.L.,



The invention also relates to new crystal fornms of epothilone B, espeC| al Izﬁ
a crystal formof epothilone B described as nodification B and in 4 AUG 7002
. particular described as nodification A The crystal forms can be

di stinguished in particular by their X-ray diagrams. X-ray diagranms taken
with a diffractometer and using Cu-Kay- r?dl ation are preferably used to
characterise solids of organic corrpound% X-ray diffraction diagrams are
used particularly successfully to determne the crystal nodification of a
substance. To characterise the existing crystal nodification A and crystal
nodi f i catMitsobiBhicPhespicallCd. dvln@rﬂsxpreleeabmmsmraamhbmta‘ﬂugateacbsirat'olamaaxhgda.e range
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. 2str ongmn%@ﬁfznmsvezéfeq Easl Stenadtomyion. the resinigvagiips withgwater.2 weak
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“in such a way that the pharmaceutical preparations contain an effectlvE
anount of the 1 4 AUG 2002 - 20 active ingredient together or in UG 2002
. mxture with a significant anount of one or nore organic or inorganic,
liquid or solid) pharmaceutically acceptable carriers. The invention al so
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treatment of a proliferative disease) such as a tunour, the conposition
cont ai ning an anmount of active ingredient that is suitable for treating

sai d di segsdrin rgog:edyabﬁexm @, phycioasatt (103 1-yyckarepinaRy addBr-icgiodedivth

phar maceut i cal ositions according to the invention are those intended

for enter@df) eée%@ S eyFlasiextin, Bﬂ@%ﬁxtr&ordr%wclodermm%rfmrwa pygledeaxking| )
especi al | yor Bty itk bt cldd@hhﬁﬂ%ﬁ%%ﬁe@gélb&bé%ﬁiaémah\ﬂas y@‘o@@ﬂﬁﬁi
ani mal s, especi a y hunan ey contaln an effective ose 0

active mgrvé‘cnreme an¢rresupdmll@f thedyérmrgrwnsraraemeghecr lccamalkgathert of a

h f t
opendont el IcFEF BRYPAICA Ao GTor oliFolRn Siiproff P BULY EnERPENIZ . Ln
t he i ndi vmysﬂnaryatkmlrﬂjmn such asplienychydroyHawereaion. especiallspharyt-hydrexyethyk

di { o . Ui cal
conpost t i e 2SR Sk I8 g BSial hy KBS bR, gRBBIFE “G0 ' 16 o
or 20 % thydeaxye®yl, Wydroxyrdpy suchas Mymkyprabmron’aymuwmwl smmmmz-r tions

di to t t t t d
e oo Bi S At SR PRttt A e Sisldl o
capsul es. caTHStB(yﬁiEﬂflemibd mcyathyl:anan@aldelnom&ed@amrodym@lltethetl; e panizgarana |
i nvention,are ce rocesse r X e conven |oa
di ssol vi i¥f n may r\%}yerrﬂwnﬁ' %r‘ﬂﬁ%f ‘Z‘P ‘{?ﬁ"%tlese iﬁ’f’ﬁac ses.
Sol uti OnSmOrﬁo-tdﬂﬂl l@%r-wkyll-aiﬁjheéﬁr&bﬁyl rﬁérﬁmrmuswwumaa py&ambmdn d@@r;ielrmﬂoar

aqueous sol uti r sus pns, .are ref o] wher e
256 pos SERYE 05 AUREBTIoNY I M AG ISR dipisuta PORE SmasHTEletatly i ch
cont ai n tlbﬁeﬁ&kéﬂ@arbﬂﬂﬂ%é?fﬂlkw&hbf Somme ine@gloRpsarkbriyibrépyl etherr] or

pharnaceutlcally acceptable carrjer, for exanpl e mannitol

sot ut i onsetoy! °’§G§E5’@H¥'PE99¥' qtBerpa SHF%’&F gthepin B?"'P'H%%OHP‘Q??%H‘Y'&I‘PeﬂThe

phar mac e%ép@éibuy?élm%ﬁt?ri StREYS aENoBSMA RIVHIEPESE SNALRIOMRYouRHraetherified
exeipients, for exanple preservatives, stabilisers, moisture-retaining
agents artitoa rasisal of GHUWSrnlng agents, dissolving aids, salts for
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i ngredient and a



" pharmaceutically acceptabl e organic solvent. The pharnmaceutically

accept abl e organic solvents which may be used in a fornul ation accor‘ldd AL 1082
_the invention can be selected fromall such solvents which are fam|'~ar to
a person skilled in the art. The solvent is preferably selected from an

al cohol, e.g. absolute ethanol, ethanoUwater m xtures, preferably 70 %

et hanol , pol yet hyl ene gl ycol 300) 1 41AUG 2002 -22 poI yethyl ene gl ycol

400, pol ypropyl ene glycol and N net hyI pyrrolidone, especially polypropyl ene
glycol or 70 %ethanol. The active ingredient is present in the fornulation
i n a concgy brahthed ytioBeRRd, ih Whidhthantizhtiord faeétal! withf 6tRER Sidjar oleule@ 5
nmg/m, or from5 to 50 mg/m . Fornulations of this type are easily stored
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type of dq ucose used
concent r greferredin particul& w/ v, preferably 5% w v. [f the | sot on| zing agent
is sodiumchloride) it is preferabl y used in quantities of up to 1%
preferably ca. 0.9% w v. The infusion solution can be diluted with the

agqueous M@ ibventidh alsareldtels :mbamqulem caireimedigfd whichConpeisesia epdlsdexgin, 0
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from cyclodextrins and cyclodextrin derivatives, especially a cyciodexirin or cyclodextrin
derivative as defined in the third-last paragraph, in particular as in the second-last
paragraph, or a mixture of one or more of these compounds, and a microorganism which is
suitable for producing epothilones, especially epothilone A and/or B, preferably a strain from
the genus Sorangium, especially a strain of Sorangium Cellulosum, e.g. the strain Soce90

or a mutant arising therefrom, in particular the strain BCE 33/10.

A further aspect of the invention relates to a process for the production of epothilone A
and/or B, especially the two pure compounds, in particular epothilone B, which is
characterised in that the epothilones are separated for example by centrifugation into the
solid and the liquid phase (centrifugate) by working up a culture medium for the
biotechnological preparation of these compounds, as described above, to which has been
added a complex-forming component which is soluble in the culture medium, in particular a
cyclodextrin, a cyclodextrin derivative or a mixture of two or more cyclodextrins and/or
cyclodextrin derivatives; the centrifugate is mixed with a resin, especially a polystyrene



- 14 AUG 2002 -23 anpoul e containing the infusion concentrate (see abﬁ)\rlﬂel& 6.2002
w th an aqueous nedium so that a volunme of between 200 m and 1000 qsz
_attained with the aqueous medium |nfusion solutions may contain other
additives that are normally used in formulations for intravenous

adm ni stration. These additives al so include antioxidants. Antioxidants may
be used to protect the active ingredi ent4from degradati on by oxi dati on.

Ant i oxi dants may be selected fromthose which are famliar to the person
skilled in the art and which are suitable for intravenous fornulations. The
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solubility of epothilones in an agqueous nedi un) easy handling, and if
appropri %\tfur‘thesrtp?erf% gd ggpécrt] of the mvenPGn re(?ates tozeéz1 method of separating epothilones,

especially epothilones A and B from one another, which is characterised by

chromatography on a reversed-phase column with an eluant containing a lower alkyl

cyanide, chromatography being carried out on a column material, especially an RP-18

material, which is charged with hydrocarbon chains, such as those containing 18 carbon

atoms, and employing an eluant containing a nitrile, especially a lower alkylnitrile , in

particular acetonitrile, especially a mixture of nitrile/water, in particular a mixture of

acetonitrile/water, preferably in a ratio of nitrile to water of ca. 1:99 to 99:1, primarily 1:9 to

9:1, e.g. between 2:8 and 7:3, e.g. 3:7 or 4:6. This separation may follow on to a filtration

with a molecular sieve, or is preferably effected directly using the residue after adsorption of

the epothilones from the culture medium containing a complex-forming component onto a

resin. One advantage of separation with an eluant containing a lower alkylcyanide over that

using alcohols, such as methanol, is the better separation of epothilones A and B.

The invention relates preferably to a process for the preparation of epothilones, which

a) comprises a process for the concentration of epothilones, especially epothilone A and/or
B, in particular epothilone B, in a culture medium for the biotechnological preparation of this
(these) compound(s), which contains a microorganism which is suitable for this preparation,
especially a Sorangium strain, especially of the type Sorangium Cellulosum Soce90, or a

mutant arising therefrom, in particular the strain having reference BCE 33/10, water and
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invention are especially suitable for the sinple and reproducible

production of the said infusion soluti oqg However, the new crystal forns

are especially suitable for the productl n of pharnmaceutical formulations
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period and an inproved anti-tunmour effect can be expected. The dosage of
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" -26 derived fromthe strain Sorangi um cel | ul osum Soce90 by nutation and

sel ection as described below. In liquid nedia, the nutant BCE33/ 10 ﬂqr,mg zggz
_bacilli typical of Sorangia, with rounded ends and a | ength of 3-6 wm

well as a width of ca. 1 p.m Sorangium cellul osum Soce90 was obt ai ned from
the German Col |l ection of M croorgani sms under nunber DSM 6773. Preparation
of the mutant BCE33/10 conprises three Bt at i on steps with W light and

sel ections of individual colonies. The procedure in detail is carried out
in accordance with the foll ow ng operating steps Cultivation fromthe

anpoul e: whbrircR|, |F§ afll th&ie@SWrﬁ@ ABRO dhéther, ard m;aﬂ@dewdra@lwémm d¥iR, @hd G52
mediumin a 50 and i ncybated for days in an_agitator
at 30C affeicemP 'mst)tqgﬁmery'%th%tnkm @tr%qﬂnﬁﬁrwvmptqhaﬁsmew R0, tRYTelisting ofof G52
medi urr(l?; p8razf@; M Erlenmeyer flask) and incubated at 180 rpmfor 3 days in
an agitator at 30C. First UV nutation step and selection: Portions of 0.1
m of ther aab@méhmxclﬂdéxtanemmtmwherdtca@ﬁnscprgéwétswttp@het sugas neecelsat ai ni ng

agar e WV, N

o att oftBrea, sHAGuRPLESsichd (R of B6CY-CHRRREL @ PoylodBhrHHGHE.
The pl artcbmam:al-cydmiekmu@dﬂedet&lghcasaﬁmdyiysltmbsa}ﬁlﬁyl- MacéWbaﬂcmsdnmyl-

col oni es bt ai.ned of 00 onj es ar hen

cach bl P BoTaR TN Sy ERHENOT oy 2 Oes Syl Syrbia oz ERGER! S8yl

sectors amdo Petri dishes containing S42 agar (4 sect ors per plate) and

i ncubated for 7 days at 30C. The cells that have grown on an area of ca. 1

cnR agar are transferred by a plastic loop to 9 0 mM of G52 nmediumin a 50

m  Er | enbieyosiprisesa steprior ém@m@eﬂe émth‘?orﬂa,y&pamanﬁébdtmmb@mmiftom or at

30C. 5 of this culture are tr err in.a 200
m Erl en?Fb‘i/%fmi'?’a‘g'R'?#‘ iseharanterisgp éf ;l %@’PB’?M R '%*’%%R%’Q’Iaﬁeéﬁmg'&\ With or at
30C. 10 s elbntiddntaiming b Yovieralgicyamos,tré &mntatbgéébnvibeﬁﬁ carhed 6NN and
i ncubated for 7 da s at 180%'5%1| n an, agitator 30C. To determ ne the

]

armount s wue'bmatﬁﬂ (FEPRCially R Rimajreal gvhich ﬁé&amdtmthshvémqamoe chains,
fol I owl ngl,cRr4aaRE8E ®ntdinih@h B @uR¥dn aldifis %er&nww.ﬁga@emaﬂawohmm@atdvtérer ed

through a nyl on sieve (150 Eun pore size), and the rene resin
Arber I i t @kyiiies eseqciallyagetonitiladn preisular @ mixtueecas lower Hi"%[ "I“i"' watet,preterabhid

subsequeg ilinurddl aletbRitifté/Rater Vbrbféréﬁl&emfd fali6 bf foWePalR{iniHle (WAl B\U&E 1 tyotts

(Fal con Labware, Becton D ckinson AG | mengasse_7, 4056 Baste). 14

AUG 20029%:bprimaritB e Bdn6i0- belweey 2&& %n%rae%}gt F70na6, M@erqmt'frﬂetsrted,flt iSter.

ATt er v issiridY® sBlibrr alapd 1S upkRRrloh. hour at 180 rpm in or der
di ssol ve the epothilone A and B, ich is bonded to the resin) in the

i sopropanol . Subsequently, 1.5 m of the liquid is centrifuged, and ca. 0.8
m of theheSnp&tionafdlre a&sﬂﬂ?@ﬂncyﬁt% ﬁmuf&n?@éﬁ\}%dtffbgﬁgm'é%t&mt Qﬁﬁn gitl HP'-C
anal ysi s of these sanp es | ected as describ el ow un

anal ysi scealluloswe Sacedd espegiallyyasstrain ek Sengiumeelivipsuan whishys pbtameberbyi nes

whi ch

Above- denutbEnGRS bREbl 1S dHeli iiire P nikedinyRhetidls 86 by pariiidiiLy o
been st onadtatlen in4ltee 'ramget@OrtedﬂOJ m)BP'aWECBtonOOmn@aNithjswsequﬁnt aeprching #a ar e
{ranst or Lol Soh e BB FolifiPBolBed oo BEEREH 1M hhclaP Aol gl LonToY e!

flaska are’'I nc or "a C 5nm
of thi s epdthione camcentratiorsindhe eultttronﬁﬁturn) thfs stiaih ursler othe(wvae enbichl

Erl enmeyer fla and i ncubat at 180 r for s in.a i tatar, at
500 St gnanaReAienifte o apaffies parieh: bife drdifiehe AaRlofEisibns
exact |y éguthibnaaB, tmndSorangimdetiliosten Soteddh espdcially tHeVSomahagumocelislbsyy wher eby
the sel ected §Erﬂt§¥1re of the best colony fromthe first UV mutation is used
for the SEHR enesis. For the third nmutagenesis, the culture of the
best colony fromthe second nutagenesis is used accordingly. The best

colony after this third cycle of UV nutation steps, foll owed by sel ection
of the r'B!ﬂJ'D‘(?'WQ"é@‘?@ﬁﬁspﬁ"&?"‘?fn‘srt%@@v&%t pIPsesIStepsIamastinitim examplesaonds
to mut anip Wa:h@n ttPér@éfefh\éaéuh% rﬁtd.a hsmaa t@r&nl&yéttn t8imsany f@¥trgind cul ture
in G52 nedium mediumin a Erl enmeyer flask, 30C and 180 rpm
are tran@ssnbwhewrso m of 23B3 rredl um (in a 200 ml Erlenneyer flask) and
i ncubated for 3 days at 180 rpmin an agitator at 30C. 1 m portions of
this culture are renoved in a formwhich is as honbgeneous as possible
(prior to each renoval the culture is shaken by hand in the Erl enneyer
flask) together with the polystyrene resin Anbertite XAD1l6 (pol ystyrene
adsorption resin, Rohm 8~ Haas, Frankfurt, Germany), then filled into 1.8
m Nunc cryotubes (A/S Nunc, DK 4000 Roslide, Denmark) and stored either at
-70C or in liquid nitrogen. Cultivation of the strains fromthese anpoul es
|s effected by heatlng themln the alr to roomterrperature) and

. g 4 " - v - ~ 1 P



" 14 AUG 2002 -28 nediumin an 50 ml Erlenmeyer flask and incubating for 5-7
days at 180 rpmin an agitator at 30C. Media G52 Medium yeast extraké AUb Q007
_in salt (Springer) Miison Alfort) France)2 g/IMgS04 (7 H20)1 g/l CaCl 2 (2
H20) 1 g!lsoya neal defatted (Mucedola S.r.l., Settino Mlan, Italy)2

gl I potato starch Noredux (Bl attmann, Wadenswil, Switzerland)8 g/1glucose
anhydrous2 g/ | Fe-EDTA 8g/|l (Product No.” 03625, Fluka Cheme AG CH)1 nmJ pH
7,4, corrected with KOH Sterilisation: 20 mns. 120 C S42 Agar-Medium as
described S. Jaoua et al. Plasmd 28, 157-165 (1992) 23B3 Medium gl ucose 2

g/l pgt ?t Thé grﬁ/bﬁﬂibd\ﬂécieMeé ﬁJl v asnaia_l foViﬁﬁA erémthifonS}B,TeégéGdiaﬁl?lfb) cFr?QaEg_br}An gpya
neat efatted, ol , rol. . Settlno an, t . g Fe- |
(Product - RBSMRTEIE fesraed 5 mcicaies, Papgt BacuIE ShebMbesasmprilifationdioc s

Switzerland 5 g/I polystyrene resin XAD16 (Rohm and Haas) 2% vlv H20
dei oni sed correction of BH to 7.8 with NaOH sterilisation for 20 nmns. at

120C ( HEPERe erystal tormy GanRG SisHDeYishadsa PaRicHir by &eifahEy fiagsame. %eEniagiaenpl e
cel 1 Ul osu B ihg, iglloriche Birptitity GARGRRIAOh AFRrefaBl g PR BtctRee |
t he str ai solidsrof biganicconpounds. i Xaragdiffrpttionidiagrams are used particularly successfully to
determine the crystal modification of a substance. To characterise the existing crystal
modification A and crystal modification B of epothilone B, the measurements are made at
an angle range (26) of 2° and 35° with samples of substance that are kept at room

temperature.

The X-ray diffraction diagram thus determined (reflection lines and intensities of the most
important lines) from crystal modification A (modification A) of epothilone B is characterised
by the following table.

20 Intensity

7.7 very strong
10.6 weak
13.6 average
14.4 average
155 average
16.4 weak
16.8 weak
17.1 weak
17.3 weak
17.7 weak
18.5 weak
20.7 strong
21.2 strong
21.9 weak
224 weak
23.3 strong
25.9 average




Medi a: Precultures and internediate cultures: G52 Main culture: 1B12 G52
Medi um yeast extract, lowin salt (BioSpringer) Mison Afort, Frant&AUk 200
g/l MgS04 (7 H20)1 g/I1Cad 2 (2 H20)1 g/lsoya neal defatted Soyam ne 50T
(Lucas Meyer) Hanburg, Germany)2 g/l potato starch Noredux A-150 (Bl attmnn,
Waedenswi |, Swi tzerl and) 8 g/l gl ucose anbigr ous2 gl | EDTA-Fe(l11)-Na salt (8
g/1)1 mJd pH 7,4) corrected with KOH Stefilisation: 20 mins. 120 C 1 B12
Medi um potato starch Noredux A-150 (Bl attnann) Waedenswi |, Switzerland) 20
gll soya nmeal defatted Soyam ne 50T (Lucas Meyer) Hanburg, Germany) 11 g/l
EDTA-Fe(ll1)-Na salt 8/ ng/|l pH128) corrected wédk KOH Stlerilisation: 20
mns. 120 C Addition of cydogﬁzél ns and cycl odextrin derjivati ves:
Cydodextrins (Fluka, Buchs erl and, or WRYRES®Cheni d, Munich, Gem-any)
in different concentrations are sterilised separately and added to the 1
B12 nedium prior to seeding. 14 AUG 2002 -30 Cultivation: 1 nl of the
suspensi diedivestienalge relrtes M RRGSYAT i -erwarysleHon of epethines B. ivEishds Nz

anpoul e 'cﬁaiae@m@w s%é%gl&.mof%r@%?amﬁzb Wbéb&.ﬂy%gwmenado@@wr flask)

and incubated f s at 80 rpmin an agitator at

di spl acerfgfiC, wspmwtdar - ‘925519twlsmha@uwalp@lmcsmmdetablmghefémmm(| n a
200 M Er, at or
at 30C,  YERRR PRI AR hictRrin [RAR, e hentirl BReSLontERY RT3 bfte Bl
of G52 megbihilend a, whigh lsiqhamcﬁerlsgdrbw@e Xfraydifyactind diagearb af the drystaldordegs at

180 rpmi : &?& ' o VA fé‘%{] re: The
culture Ia@d%\’}gé@@@%ﬁfgg&gp 36/952 9f5<g'ay 8%%%@?%?%% dr\:?rl'dc;ﬁ cu ?ﬁregab‘%%450 m
of G52 mbeiween(i24 °@ apdI126°6. Er | enmeyer flask). Al experinents and
fermentations are carried out by starting with this maintenance culture.
Tests in a flask: (I) Preculture in an aaitatina flask: Starting with the
500 nm ofThew- uayeilf&actmncdﬂgramdhuédett_e#ﬁiﬁedr’(rethéctlﬁ‘ﬁBnemdidjima:smeseEtﬂledpdsitt h 50
;ﬂgl ,? ;t E)P ?rgleor{antt #eas.??rgmcc%stta rn?oé}ﬁéjati'oﬂ (\Bu{r)n% l(cj:atfloonr B)A'ofde%%ﬁ'nlone % 1S ctrma?rg}:'tlettllse(’%xn

by the following table.

20 Intensity
6.9 very strong
8.0 weak
8.3 average
10.8 strong
115 average
124 weak
13.1 strong
156.5 weak
16.2 weak
16.7 average
18.1 average
18.6 average
20.4 weak
20.9 strong
213 weak
215 very weak
22.5 average




~ 30C, 50 mmdisplacenent. (ii) Main culture in the ad4itatin~ fcLlask: 40 m
of 1 B12 medium plus 5 g/1 4-norpholine-propane-sul fonic acid (= MORS) AUG 2002
_ powder (in a 200 m Erlenneyer flask) are mxed with 5 m of a 10x
concentrated cycl odextrin solution, seeded with 10 m of precuiture and

I ncubated for 5 days at 180 rpmin an agitator at 30C) 50 mm di spl acenent.
Fernmentation: Fernentations are carried'dut on a scale of 10 litres, 100
litres and 500 litres. 20 litre and 100 litre fernentations serve as an
internediate culture step. Whereas the precultures and internedi ate
cultures are seeded as|the naigazenance culture widd¥% (v/v), the main cul tures
ace seeded wth 20% (vfv) of the internmediate culture. Inportant: In
contrast to the agitatfng cul 29rks) the ingredVEROE of tHe nedia for the
fernmentation are calculated on the final culture volume 1 ncluding the

i noculum_1f, for exanple, 18 litres of nedium+ 2 |itres 14 AUG 2002 -31
of i noculThmnawerysialiemsiaretasasciallyssabiode parigplapgrystat fora Adsdo heiregasded as  but
are onl y yii . . h ; . D

St arti ng " EREWHER b e thbinRhnEinkall) Sb, o My B bl a3 e (i
a 2 |itrégredientsiarsolid forme of adminisiatior,dedstaring inisolidfamn ariasrirtetmediatds

| nt or mecit i CP el BN 2o dt A ip BT o BigRoRie Sofforlto ton B ARSI o

mediumin a fermenter having a total volunme of 30 litres are seeded with 2

i o PG e 0 0 07 ot SRSl OBl o

0. 5 bar s pamarly crysta Soor A (alivefgnidddo hereiaftel 89 attiveriegredie6tt) in thegqeodifctich Bf

mediumin_a fer r _havin tal volune of 150 |jtre [, eeded with
To 1 it 1 o Bnamath Ut Blepafifons v dlifmedSuiiin Pharane i ET SuEiR BB Tl 5. 4
days, andry/stabfemadarid/antbeianss in3h&iredtnient phproliiefative tiseases sach apimdurd, hre
l'iquid per mn,. 0.5 bars exces ressure, no pHcaontrol. Min culture, 10
1 e, PHissolding vhee BB dce el PEpREPS 8 cRssfioht HhShRIRBEL f or ' 10
litres Fborizggkge aﬁlﬂﬁngﬁgrédiGnBétlerméﬁtbﬂdd,:iﬂléﬁe dds_broeﬂql?tﬁ cmbositiortshgn é tit (r]I e of
a sterile 0.4~ rox ro -~-CVYCI O Xtrin s tiIon are a ed, n
Ceotiod whoTPosars HICLAd BngB? sdniain e frasteiAih o sueh it & ahes dtfienstoodibn;

It he main Fﬂb@htallﬂoethé F)hﬁﬁnai.‘:%?ﬁ(i:al pma;datdliang epﬁiﬁabmgssg@me ca/afal farhid (fdp @xalﬂpféH
Itres o al r r.litre.o I, qul e mn, . ar exgcess ressure, p
cont rol e Bations bines usinEcrysta) forgs &'or B o ePAIGIE Bl GVeR dTOSND b 7 1
and 8. 1) long@Fcdritdin @5s reSPEctive dryditdt it (ForeRkambRIbet8lsd tihte¥ esisih sbiadr). nedi um
are sterilised in 70 litres of water, then 10 litres of a sterile 10%

2- (hydroxypropyl) -~-cyclodextrin solution are added, and seeded with 20

litres offh@in@niidri dISo ielites BESHRIIG t& tHel usef a Hefv chyétaltfoRR oPépdthifon@es,n cul ture

is 6-7 days) . and the conditions are: 30C, 200 rpm 0.5 |itres air per litre
|i qui d p&pPesially the crystal form B or in particular crystal form A, in the production of

pharmaceutical preparations, characterised by mixing a new crystal form of epothilone B
with one or more carriers.

The invention also relates to a method of treating warm-blooded animals suffering from a
proliferative disease, characterised by administering a dose of epothilone B which is
effective for treating said disease in one or the new crystal forms to a warm-blooded animal
requiring such treatment, also including in particular the treatment with those preparations
that are produced using one of the new crystal forms; and/or the use of a new crystal form
of epothilone B in such a treatment.

To produce the pharmaceutical preparations, the active ingredient may be used for example

in such a way that the pharmaceutical preparations contain an effective amount of the



" 14 AUG 2002 -32 0.5 bars excess pressure) pH control with H2S0~/ KOH tml—}
7.6 +/- 0.5. The chain of seeding for a 100 litre fernentation is shé 002
. schematically as follows: maintenance culture (500m) G52 nedium 1~

precul tures 10 (4 x 500 m) G52 nedi um mai ntenance culture (500 m) Gb2
medi umintermediate culture (e.g. 20 I) 6552 medi um 20 main culture (e.qg.

100 I') nmedium+ HP-/i-CD 500 litres: Th% medi a substances for 500 litres of
1 B12 nmediumare sterilised in 350 litres of water, then 50 litres of a
sterile 10% 2- (hydroxypropyl) -~-cyclodextrin solution are added, and
seeded wiactivelidgredient togetifer ar inGOmixture avith &t signifindinbamognt|df one or Tioee drgaatciaoon  of

the main.c ' - Is: . [, re: 30C, 120 rpm 0.5
litres ai"}olg %ﬂé,%ﬂ{xf?@@F%lao‘d%?%a?c@%néﬁm?ag&% bflaér gé}gge(%éss pressure, pH control
with H2SO~/KOH to pH 7.6 +/- 0.5. Product analysis: Preparation of the

~l e: n I e mxe i th m__of polystyrene.resin Anberlite
ii\BlGe(R ﬁf@%ﬁ@f&l@é@%ﬁlﬁq?pﬂeﬁmrﬁ?&}{@ﬁal 8?1'8"%%&%@"% IS 5aﬁﬁk?rfor oneI hour
at 30C. HBaministrition itea wanRdipotiet anirhal] éspecidiybumansl inlthe tpatment@n asi eve,

washed with a little water and then added together v~rith the fjlter to a
LRIt NUROHSTBYE QRSP ohCBras A L TEH S ETMPO SN HFBIAINGY AP RpUal Ol Active

| sopr opamgjredie&%t IS AtaBOREtrEAirgtRId dibease! fogethepwith btpharmdastutibalyr esi n.

Aftervvards, the seated tube is shaken for 30 m nutes at roomtefperature
on a Rot acegptahle caBi-noo BY) Netherlands). Then, 2 ml of the liquid are
centrifuged off and the supernatant is added using a pipette to HPLC tubes.

The pharmaceutical compositions according to the invention are those intended for enteral,
especially nasal, rectal or oral, or preferably parenteral, especially intramuscular or
intravenous administration to warm-blooded animals, especially humans, and they contain
an effective dose of the active ingredient on its own or together with a significant amount of
a pharmaceutically acceptable carrier. The dose of the active ingredient is dependent on
the type of warm-blooded animal, the body weight, the age and the individual condition,
individual pharmacokinetic situations, the disease to be treated and the type of

administration.

The phamtmaceutical compositions contain ca. 0.0001 % to ca. 95 %, preferably 0.001 % to
10 % or 20 % to ca. 90 % of active ingredient. Pharmaceutical compositions according to
the invention may be present for example in unit dose forms, such as in the form of

ampoules, vials, suppositories, dragées, tablets or capsules.

The pharmaceutical compositions according to the present invention are produced by
known processes, for example by conventional dissolving, lyophilising, mixing, granulating

or manufacturing processes.

Solutions of the active ingredient, also suspensions, and in particular aqueous solutions or
suspensions, are preferably employed, whereby it is also possible, for example in the case
of lyophilised compositions which contain the active ingredient on its own or together with a
pharmaceutically acceptable carrier, for example mannitol, for the solutions or suspensions
to be prepared prior to administration. The pharmaceutical compositions may be sterifised
and/or may contain excipients, for example preservatives, stabilisers, moisture-retaining

agents and/or emuision-forming agents, dissolving aids, saits for regulating osmotic



" 14 AUG 2002 -33 HPLC anal ysis: Columm: Waters-Synetry C18, 100 x 4 mm 3.5
PMAAT066220 + preliminary colum 3.9 x 20 mmMAAT054225Sol vents: A: 0. 02 A6 2001
phosphoric acidB: Acetonitrile (HPLC-Quality)Gadient:41 % B fromO to 7

" mn. 100% B from7.2 to 7.8 nmin.41 % B from8 to 12 nmin. Oven

tenp. : 30CDet ecti on: 250 nm) UV-DAD det ec i’_onl nj ection vol.:10 pl Retention
time:Epo A: 4.30 min Epo B: 5.38 mn Exanple 2A: Effect of the addition of
cycl odextrin and cycl odextrin derivatives to the J~othil one concentrations
attained. Al the cyclodextrin derivatives tested here conme fromthe
conpany [praseare dulddrbutierd, afdhtheyese pramiueed by knayh processes2i00 erdmplgibtyat i ng

flasks wth 50 mi, culture vol yme. As tr fl.asks wth adsorber resin
amber | 1 oeRtoR cieSnine S Reli g RiecRReS 2af sl s b vBtR g onbor ber
addi ti on neayeconeide vistosity-indreasireg subistdnoes,sudags sodibm dashdxywiettyylasfioibse,| one

A [oi | ] EBBOBTRORPTMHEecooNEE. Sl Rdpyrlgges g geatin. Cer 1o Cone Livl . Epo
(%v/v) 9. 23. 82- hydr oxypr opyl - ~-cycl odext ri n563320. 12. 71. 72- hydr oxypr opyl - ~- ¢
yctodextrin"0.54. 73. 32- hydr oxypr opyl - ~-cyci odextrin"1. 04 73 42-hydroxypropy
s al SuaRerisine bl contiin SSHYSPLRIPP AT VEGRIgar Bl ST IRIGOISIOr AN honr oy
p(r)/gv;)yl - E%yrﬁﬁéﬁé&/@f(ﬁdgbﬁé?&%% zﬁ-iﬁectioh%u%%egmomslé Hdfipldsaqternigler No. Conc
g_ Cy\(ﬂ 5d§§ﬂpp|%%udta5§ _agig[qr;gq]sp,ljyé}g%/ g{;;;ig grs?r?eyac;id component a long-chained fatty

a- cycl odguiyiuh i, SSoetkdiy A 08 b ABFRTRY barhdle arorathd, HREYId - 53 ©
2. 5~-cyclodextrin“1’04.83. 7~-cycl odextrin"2. 04.82.9~-cyc| odéxtrin"b.01.10.4
met hyl - ~imygiglia anich peptadeerio agids palpiiy amidh mayganc.aojd [strais eidn arachidiys agih. 3net hy

|_(3_Cyc i.n" . lei . -~ . .
i <o et RofiEnié 6 oP fiibpSinding fndatyrated acds, for example oleic acid elaidic acid emucie
40. 10. 3<@cigrbragsidio agidras lipeigic @gid,  desired withothemdditios 2¢ At s, beryexampleycl ode
xtrin"1. o A | e i L. o yl - ~cyc
odet ri AMBE SRR NS MMM FBYE Al Pere, 3o ARoRBITSAPRER S &
per cent atfese datyy dojd estegiprefetatyhas &maxiniun b6 carbbodonms ambistaambeas or
(2,6-cfi-o0- hyl - (i.-cycl odextrin met.yl-rﬁ)_'- cl odextrin) display no
ef f ect 0P°'§%@’§H'é‘g‘°§¥?"&¥"}?ﬁ? @B)ﬁ"ﬁl"l%ﬁ%t b%%é)@f ‘%8% < ‘tf°[ %@arelﬁﬁgbeffﬁa}ng{, ons
used. 1- 2thafelprbpanyl; putanyllor pestanbipdeart isomenthéreof dyut keplecidllyiglycohnardase
epothil OB@cgrgﬁ%gtic';lfc))nwir{gnexamples of fatty acid esters may be mentioned in particular: propyl

myristate, isopropyl paimitate, "Labrafil M 2375" (polyoxyethylene glycerol trioleate,

Gattefossé, Paris), “Miglyol 812" (triglyceride of saturated fatty acids having a chain length

of 8 to 12 carbon atoms, Hils AG, Germany), but in particular vegetable oils such as

cottonseed oil, almond oil, olive oil, castor oil, sesame oil, soybean oil and in particular

peanut oil.

The injection or infusion preparations are produced according to customary methods under
sterile conditions; the same applies also to the filling of the compositions into ampoules or

vials and sealed containers.

Preference is given to an infusion solution which contains the active ingredient and a

pharmaceutically acceptable organic solvent.

The pharmaceutically acceptable organic solvents which may be used in a formulation
according to the invention can be selected from all such solvents which are familiar to a
person skilled in the art. The solvent is preferably selected from an alcohol, e.g. absolute
ethanol, ethanol/water mixtures, preferably 70 % ethanol, polyethylene glycol 300,



" the exanples by 6 to 8 tines conpared w th production using no
cyclodextrins. Exanple 2B: 10 litre fernentation with 1 % 1 4 AUG 2002
. 2-(hydroxy~prop~Ji -~-cycl odextrin): Fernmentation is carried out in a 15
litre glass fermenter. The nmedium contains 10 gll of 2

(hydr oxypropyir~-cycl odextrin from V\ack_%r Chem e, Minich, Germany. The
progress of 1 4 AUG 2002 - 35 fernen gtion Is illustrated in Table 2.
Fermentation is ended after 6 days and working up takes place. Table 2:
Progress of a 10 litre fernentation duration of culture [d] Epothilone A

[ mg/ 1] pot polyethge: §liyen! KPOOBAVIOONYIGE. Prcol 8ad BlYBetb@ipwEdidebe 0BPe6iBllyy Exanpl e
2C. 100 litre f tati | % 2-i (hydroxypropyl L~ -3(~cXcl odextrin):
Fer ment at P@W’Pgﬁ%{g@Y%ogzﬁ)%%ﬂg&TSO litre fermenter. The nedi um contains
10 g/l of 2 (Hydroxypropyl)-~-cyclodextrin. The progress of fermentation is

U 0Tty B S TS R EEERO o g P 0

wor ked up.
cul ture [ grekpasipiromrea. 6.0619 6 idrifloans ta3s4 mg/mi] 00010020. 3030. 91. 141.52. 3

Formulations of this type are easily stored as vials or ampoules. The vials or ampoules are
typically made of glass, e.g. boron silicate. The vials or ampoules may be appropriate for
any volume which is known from the prior art. They are preferably of sufficient size to be
able to accept 0.5 to 5 ml of the formulation.

Prior to administration, the formulations have to be diluted in an aqueous medium suitable

for intravenous administration before the active ingredient can be administered to patients.

It is preferable for the infusion solution to have the same or basically the same osmotic
pressure as body fluids. Consequently, the aqueous medium contains an isotonic agent
which has the effect of rendering the osmotic pressure of the infusion solution the same or
basically the same as the osmotic pressure of body fluids.

The isotonic agent can be selected from all agents that are familiar to a person skilled in the
art, for example mannitol, dextrose, glucose and sodium chloride. The isotonic agent is
preferably glucose or sodium chloride. The isotonic agents may be used in quantities which
impart the same or basically the same osmotic pressure to the infusion solution as body
fluids. The exact quantities required can be determined by routine experiments and depend

on the composition of the infusion solution and the type of isotonic agent.

The concentration of isotonizing agent in the aqueous medium depends on the type of each
agent used. If glucose is used, it is preferably used in a concentration of 1 to 5% wiv,
preferably 5% wiv. If the isotonizing agent is sodium chloride, it is preferably used in
quantities of up to 1%, preferably ca. 0.9% w/v.

The infusion solution can be diluted with the aqueous medium. The amount of aqueous

medium used is chosen according to the desired concentration of active ingredient in the

infusion solution. The infusion solution is preferably produced by mixing a vial or an



14 AUG 2002 - 36 51.63.361.83.771.83.5 Exanple 2D: 500 litre fernmentation
wth 1 % 2-(hydrox)~f~rop~)-~3-cyclodextrin): Fernentation is carrlep4guszwz
.in a 750 litre fernmenter. The nedium contains 10 g/l of 2
(Hydr oxypropyl )-~-cycl odextrin. The progress of fernentation is illustrated
in Table 4. The fernmentation is harvested after 7 days and worked up. Table
4. Progress of a 500 litre fermentati onduration of culture [ d] Epot hi | one A
[ mgt ] Epot hil one B [ng/1]00010020030. 60. 641. 72. 253. 14. 563. 15. 1 Exanpl e 2E:
Conparison exanple 10 litre fernentati on w thout addi ng an adsor ber:

Fen ent at dmpoils comalnirRthe iHfudion aori&ntriatter(geegdama) Wit aﬁat;@éousTrh@dnnmdwﬂwoes

not contain an cl odextrin or other adsaorb e progress, of
ot ront . B BAIGTE o B (YR 00, A0 EH14S SSeTRed i i asbr o MediEt INfusiost ed

and wor kegbnmnsﬁf% @nkin Bhepaddtveditha ald nbintallg ub&d m&aﬁnmlams%rt.h%nous

adsor ber 14 AUG 2002 -37 duration of culture [d]Epothilone
administration. These addmves also include antioxidants.

Antioxidants may be used to protect the active ingredient from degradation by oxidation.
Antioxidants may be selected from those which are familiar to the person skilled in the ant
and which are suitable for intravenous formulations. The amount of antioxidant can be
determined by routine experiments. As an altemative to adding an antioxidant, or
additionally thereto, the antioxidant effect can be achieved by restricting the oxygen (air)
contact with the infusion solution. This can be achieved in a simple way, by treating the

vessel containing the infusion solution with an inert gas, e.g. nitrogen or argon.

Infusion solutions can be produced by mixing an ampoule or a vial with the aqueous
medium, e.g. a 5% glucose solution in WFI in an appropriate container, e.g. an infusion bag

or an infusion bottle.

Containers for the infusion solutions may be selected from conventional containers that are
non-reactive with the infusion solution. Among those suitable are glass containers,
especially of boron silicate, but plastic containers such as plastic infusion bags, are

preferred.

Plastic containers may also be made of thermoplastic polymers. The plastic materials may
also contain additives, e.g. softeners, fillers, antioxidants, antistatic agents or other

customary additives.

Suitable plastics for the present invention should be resistant to elevated temperatures
used for sterilisation. Preferred plastic infusion bags are the PVC materials which are known

to the person skilled in the art.

A large range of container sizes may be considered. When selecting the size of the
container, the factors to be taken into consideration are especially the solubility of
epothilones in an aqueous medium, easy handling, and if appropriate, storage of the



" [ng/ 1] Epothilone B [ng/1]00010020030040. 70. 750. 71. 060. 81. 3 Exanpl e

Worki ng u~~ of the epothilones: Isolation froma 500 litre main cul thééUG 2002
_ The volunme of harvest fromthe 500 litre main culture of exanple 2D is 450
litres and is separated using a Westfalia clarifying separator Type
SA-20-06 (rpm = 6500) into the |IC]UId ptﬁse (centrifugate + rinsing water =
650 litres) and solid phase (cells = ca. 15 kg). The main part of the
epot hilones are found in the centrifugate) The centrifuged cell pulp
contains < 15% of the determ ned epothilone portion and is not further

pr ocessedconldieercB G preferable entsd dangibars iwhidhieid ipdtaeern ca.r20® aHIOMDOIircd
stirring vessel) mxed with 10 litres of Anberlite XAD- 16

(centri deé‘FE’n Qgﬁt'ﬂ"\/ol ume = 65:1 ) and stirred. After a period of contact
of ca. 2 hours, the resin is centrifuged avvay in a Heine overfl ow
centrifug basket content 40 litres; r The, resi | schar ged
O S el SOOI 0 e, Wy 2990 ey Lotblbgb T fhen e
Desorpti qp thémeéﬁmtaed ebBpedidil rsﬁltélﬂe tch@hé Sl 4ndf refrodadBlé grbdE:tib ot | ONS
with 30 litres of isopropanol in litre g}lﬁss stirring vessels for 30

mi nut es. S3ihiRfusianGIPigions. H@W%’Gbr‘fb?)aﬂ‘ﬁlcryﬁf?é FPEﬁﬁﬁpﬁ*Q'al"lé§‘1"F?b!ea'I9é§‘epl ace

usi ng a Y6dictibn bt phétmacditftal RARGIARGHEOWIEIScIrtARA tHLAEIVE thdré Mdmttin SoleidBlk,ned
|sopropanol phases bérmddl ng 15-20 litres of water in a vacuum oper at ed

circul atlﬁ@e’@?%ﬂi%P ulBARS-d- Ver danpfer) and the resulting water phase of
ca. 10 litres is extracted 3x each tinme with 10 litres of ethyl acetate.
Extraction is effected in 30 litre glass stirring vessels. The ethyl

acet at e e?mnaet:eut@aldgmtéanqnatf@rcprakanpheationmae'sba obtained by gembiningdhe dctive

circul ati; %p%n NGt ed to
dryness i ﬂé}agrgg{kglgrsé@'\g’g%or a 'fddezé QYB a‘?uh?a)tlﬁgﬁ\ggrrﬁét@%\é@ﬁﬁn&ur%he result is an
et hyl aceretessipgtthamixtoe, nscegregl.oﬂfmecessm afferadding syitablecadjuvantsi, mdw| ved in
500 m Oftaﬁ@lts,h@rQBEg cores or capsules. It is also possible to embed them in plastic substrates

which enable the active ingredient to be diffused or released in measured quantities.

Suitable pharmaceutically employable carriers are especially fillers, such as lactose,
saccharose, mannitol or sorbitol, cellulose preparations, and/or calcium phosphates, for
example tricalcium phosphate or calcium hydrogen phosphate, and binders, such as
starches, for example maize, wheat, rice or potato starch, gelatin, tragacanth, methyl
cellulose, hydroxypropyl methyl cellulose, sodium carboxymethylicellulose, and/or polyvinyl
pyrrolidone, and/or, if desired, disintegrators, such as the above-mentioned starches,
crosslinked vinylpyrrolidones, agar, alginic acid or a salt thereof, such as sodium alginate.
Adjuvants are in particular flow-improving agents and lubricants, e.g. silicates, talcum,
stearic acid or salts thereof, such as magnesium or caicium stearate and/or polyethylene
glycol. Dragée cores are provided, if desired, with appropriate gastric-juice-resistant
coatings, using inter alia concentrated sugar solutions, gum arabic, talcum, polyvinyt
pyrrolidone, polyethylene glycol and/or titanium dioxide, or coating solutions in suitable
organic solvents, or in order to produce gastric-juice-resistant coatings, solutions of
appropriate cellulose preparations, such as ethyl cellulose phthalate or hydroxypropyl
methyl cellulose phthalate. Capsules are dry capsules consisting of gelatin or pectin, and if
required, a softener such as glycerol or sorbitol. The dry capsules may contain the active
ingredient in the form of granules, for example with fillers, such as lactose, binders, such as
starches, and/or lubricants, such as talc or magnesium stearate, and where appropriate
stabilisers. In soft capsules, the active ingredient may be present in dissolved or preferably



" ~ 4 au~ zoo2 -38 the insoluble portions filtered off using a folded filter,
and the solution added to a 10 kg Sephadex LH 20 col urm (Phar naci a, 14 AUG 2002
_ Uppsal a, Sweden) (colum diameter 20 cm) filling level ca. 1.2 m. Elution
is effected with nethanol as el uant. Epothilone A and B is present

predom nantly in fractions 21-23 (at a %actlon size of 1 litre). These
fractions are concentrated to dryness iﬁ a vacuumon a rotary evaporator
(total weight 9.0 g). These Sephadex peak fractions (9.0 g) are thereafter
di ssolved in 92 m of acetonitrile:-water:-nethylene chloride = 50:40: 2,

t he sol utsuspefhddd fernedvhédrelyigily adjiveintbesiichiastfatroilanphraffid edl or iqeid RPRpyEnemMm
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Ger rrany) pifinants @an ibe aeltide ¢d the tablets ca(deagmel doatihgs, fmteaample&o?m(nfolvew rate =
500 retenti 59 mns.; retention

tinme of e'aﬁ'?tﬁlc?tb% régglsgagm%}g{jiggpe@ Hgsasgeslgfa tlveg'?ﬁi?%Sﬂt S m)nl tored with a

UV detector at 250 nm The fractions are concentrated to dryness under

AT i S BRI Al SR e B

a cont entpiculdr Alpféerdbiptaket pldee waiepdby theegystal ml(pifemably@@ fbsthd 984gee) and

the content according to HPLC (external standar d% 6% Finally, the
epot hi | orf8e Rrgpagatiop avms'ﬁ@folpg%@;&eamheg@&ov )d$r?§mfﬂ'5‘?ﬂedé? Ayyamn-

acet at eaqhisied amrﬁal%sp%&ﬂ\ Cy bflurfanlint G&eaﬁhléﬁ)@&rhbé Qél@rrﬁmEH Bebetwesh 20 |ah8 ate
[ content according Yo of area) = 3% . Crystallisation of the

epot hi | orl&33g, mr%tetabwthggmgﬁgyd i1 Q0% Pfe'BPé@PXfm%Tﬂ?l?’?fﬁd HosadMhBhBY and

yi el ds 1444 duq Hﬂ‘ettfo%@tt’&k b%lﬁpl@ u@HE% rﬁbd‘ﬁé@hbko’iﬁt:& skﬁ&‘ﬁﬁ%ncﬁfm&fn%'ageé iﬂ
HPLC (% of area) = one : dat a

f or Epot Hidsages rsmsmammtsm 0@% Gmﬁé”dég%rﬁoﬁwe@btﬁ3%défn@ht 8 in
m r el at
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-1.24 (m
week or more after the first administration, preferably 2 to 10 weeks, especially 3 to 6 weeks

after each preceding administration. In general, this treatment scheme, in which a high
dosage is administered once, twice or several times with sufficiently long intervals between
the individual administrations for recovery to take place, is preferred over a more frequent
treatment with lower doses, since hospitalisation is less frequent and for a shorter period
and an improved anti-tumour effect can be expected. The dosage of epothilone B for
humans is preferably between 0.1 and 50 mg/m?, preferably between 0.2 and 10 mg/m?.

The following Examples serve to illustrate the invention without limiting its scope.

Caution: When handling epothilones, appropriate protective measures must be taken,

where necessary, in view of their high toxicity.

The 750 litre fermenter used in the following is a refined steel fermenter from the company
Alpha AG, Nidau, Switzerland.

Example 1: Preparation of the strain BCE33/10 by means of mutation and selection

The strain employed is the mutant BCE33/10 (deposited at the German Collection of Micro-
organisms and Cell Cultures under number DSM 11999 on 9th February 1998), which is



6 1.18 (s) 2 1.t3 (m 1.06 (d) 3 0.89 (d + s, overlapping) 6 E=41 In this
exanpl e (Exanple 3), epothilone B is obtained in the crystal nodifi t&tAUsr280]
. A which is characterised by the X-ray diffraction diagram of nodification
A (see general part of the present d'~sclosure). 9 4 AUG 2002
~EP~~~Eit:~w r mVT~~~T -40 Exanple 4. Cyystal nodification B of E-~othilone
B 50 ng of epothilone B (obtained for eXanpl e as above) are suspended in 1
m of isopropanol and shaken for 24 hours at 25 C. The product is filtered
and dried. After drying under a high vacuum epothilones B are obtained in
t he f or mdefivedhirem the steaialSoranpien celulasyim Seciibyanutetioroénd belegtioodhsct i s

characterjse he Xeray diffraction, dj of difjcatiaon.B (see

gener al a?rc'?r%@%&heﬁ?é"'ﬁ? g%lg%{neg'as eo@ﬂ%@j gbggﬁw)&%‘%&ﬂ" b’ﬂfal &h%?ra'ig%a'cl ai med
is: 1. Avwithaeesded éHdsGPEGEBAGR! BB PRACAOWEIPESS Width af 6all T he SBRMpIM for the
bi ot echnol ogi ca reparati on of these conpounds, theyﬁrocess conpri sing

| ) : :
ni cr oor gAelldasumSPesdvariertained fom g Friman Sollagtionad Mieroergzpisms-undeni ng
conponen leFBshFeA@l ubl e in the culture mediumand which is an oligo- or
pol ysacctﬁé‘%e ger?vative of cyclic or helical structure is added to the
medium 2. A process according to claim1l) the process conprising

myxobact @4k o AforPSiRe! ritkaht BCEXRI 1 HmpHiBS 1RO fkitation steps with UV light and

selections of individual colonies. The procedure in detail is carried out in accordance with
the following operating steps

Cultivation from the ampoule: The cells of the DSM6773 ampoule are transferred to 10 ml

of G52 medium in a 50 ml Erflenmeyer flask and incubated for 6 days in an agitator at 30°C
and at 180 rpm. 5 ml of this culture are transferred to 50 ml of G52 medium(in a 200 ml
Erlenmeyer flask) and incubated at 180 rpm for 3 days in an agitator at 30°C.

First UV mutation step and selection: Portions of 0.1 mi of the above culture are plated out
onto several Petri dishes containing agar medium S42. The plates are then each exposed
to UV light (maximum radiation range of 250 - 300 nm) for 90 or 120 seconds at 500 pwatt
per cm? . The plates are then incubated for 7-9 days at 30°C, until individual colonies of 1-2
mm are obtained. The cells of 100-150 colonies are then each plated out from an individual
colony by means of plastic loop in sectors onto Petri dishes containing S42 agar (4 sectors
per plate) and incubated for 7 days at 30°C. The cells that have grown on an area of ca.

1 cm® agar are transferred by a plastic loop to 10 ml of G52 medium in a 50 m! Erlenmeyer
flask and incubated for 7 days at 180 rpm in an agitator at 30°C. 5 ml of this culture are
transferred to 50 ml of G52 medium(in a 200 mi Erlenmeyer flask) and incubated at 180 rpm
for 3 days in an agitator at 30°C. 10 ml of this culture are transferred to 50 ml of 23B3
medium and incubated for 7 days at 180 rpm in an agitator at 30°C.

To determine the amounts of epothilone A and epothilone B formed in this culture, the
following procedure is followed. The 50 ml culture solution is filtered through a nylon sieve
(150 um pore size), and the polystyrene resin Amberlite XAD16 retained on the sieve is
rinsed with a little water and subsequently added together with the filter to a 50 ml
centrifuge tube (Falcon Labware, Becton Dickinson AG Immengasse 7, 4056 Basle). 10 ml



" 3. A process according to daim1) the medium containing a Sor angi um strain
suitable for the preparation of epothflones, water and other suitabl 14 AUG 2007
_ customary conponents of culture nedia, wherein one or nore cycl odextrins
are added to the nedium as the conpl ex-form ng conponent) the cycl odextrins
bei ng selected froma) a-cyclodextrin, é; cycl odextr| n, y-cyclodextrin,
~cycl odextrin, E-cyclodextrin, ~-cyclodéxtrin, cydodext rin and

B-cycl odextrin; or b) a cydodextrin derivative or a mxture of cydodextrin
derivatives selected fromderivatives of a cyclodextiin in which one or
more up taf isdpropainot (r89%y dreoaddegirto tips tube avithtthe fiitdri Afterwvasds, aidoyéll -s¢died tuban
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al k in alRlategbave lP%e"a?“IWﬂ atC R thg me@ me). cells o canbre ﬁﬁﬂ%ra@? B'fﬁ 1to
12; and Yrdn%fe% Mmomefoerhﬂof%sz R%dﬁﬁﬁn%%o mi Eﬁﬁ%ﬁ?ﬂ&él&’aﬂf argne
another are en or | ower alkyl, R3, nbi ned with th
bi ndi ng nﬁ‘qué@érfms?qéﬁﬁy 18orrpdn ﬁn@glt@top@twcnéymmwwulmrmredrarpfemr@ﬂaq. no:
or a branghf r th
ot her sugar prroofiyeé(;é geﬁw( dé mggﬁfg&s rﬂ%%'g%%r'%%a Scagggpq","ﬁ 167 aéys‘%
di gl ucoswf\(@amﬁy%ﬂ@dext rin), maltosyl- and di nal tosyl cycl odextrin, or

N-acetyl gl ucosam nyl -, glucosam nyl-, N acetyl gal actosan nyl- and
gal act osam nyI cycl odext rin; and a | ower al kanoyl-, such as acetyl ester of
a cycl odebd on plegtionpFhe wbcedmee isogxactly thedawteras

and/ or cy t I : r LR cates
that the #%%%%?Hbég%?% i, M?z?mggﬂ%'xg"ﬁﬁ ety fieRpRLlch oY) nd PRUES
accor di ngotony drfoai the JirstiUy mhtatbhn ishusechfol tbd sECondmatagenesis. rer thecthindiext ri n
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a cycl odemmmtrﬁ@&ﬁﬁlw hydr oxy | ower aI kyI cydodextrin and wherein the prefix
"l ower" indicates that the radical contains up to a ma~dnum of 7 carbon
atonms; or mxtures of one or nore thereof. 7. A process according to claim

1, i n whiRresdnration@itHecstrdiror m ng conponent i s 2-hydr oxypropyl - ~-cydodextri n.
10 mi of a 3 day old culture in G52 medium (50 ml medium in a 200 mi Erlenmeyer flask,
30°C and 180 rpm) are transferred to 50 mi of 23B3 medium (in a 200 ml Erlenmeyer flask)
and incubated for 3 days at 180 rpm in an agitator at 30°C. 1 mi portions of this culture are
removed in a form which is as homogeneous as possible (prior to each removal the culture
is shaken by hand in the Edenmeyer flask) together with the polystyrene resin Amberlite
XAD16 (polystyrene adsorption resin, Rohm & Haas, Frankfurt, Germany), then filled into
1.8 mi Nunc cryotubes (A/S Nunc, DK 4000 Roslide, Denmark) and stored either at -70°C or
in liquid nitrogen.

Cultivation of the strains from these ampoules is effected by heating them in the air to room
temperature, and subsequently transferring the entire content of the cryo tube to 10 ml G52



8. A culture nedium which conprises a conpl ex-form ng conmponent which is an
ol i go- or polysaccharide derivative of cyclic or helical structure ?ggﬁgzmn
. mcroorgani smsuitable for the production of epothilones. 1 4 AUG
-43 9. A culture nmediumaccording to claim8) in which the conpl ex-formng
conponent used is a cyciodextrin, a cyclodextrin derivative or a m xture of
two or nore conpl ex-formng conponents‘@@rected from cycl odextrins and
cycl odextrin derivatives. i0. A culture mediumaccording to claim9, in
whi ch the mcroorganismis a nyxobacterium 11. A process for the
product i oned@ilimapah!Bol mirErfenneyeritaskaridiecubamdior 6rregayarat 180 smnedn Ayitaer ki ng
up a culture medium for the biotechnol ogi cal preparation of these
conpound§?q91' medi um conpri sing m croorgani sns which are suitable for
produci ng epot hil ones, especially nyxobacteria, as producers of natural
substances, to which nmediumis added a conpl exform ng conponent which is
sol ubl e iMedidge culture nedium and which is an oligo- or polysaccharide

derivati V%s@fweﬁb(ﬁr{:i c or helical structur, and subsequently purifying and,
if desired, separating the epothilones. 12. A process according to claim

11) wherein the cul ture pRALURAENN iH%aﬁ‘(S’BﬁrFT\gQ@‘Ma‘?sUn%ﬁo‘?ﬁ FldiRepenusg)
Sorangium and to which mediumis added a conpl ex-form ng conponent i ch
is soluble in the cul t ur M3t @H-Dhe culture is separated into the &blid
and the |iquid phase (ce i) f ) by centrifugation; the centrif eis
mxed with a resin or israratrjdrllzg\g%@a colum filled with such a resilrjl'gJ I f
necessary the resin is wsoyemheal défatied Mucedole SerdotSeittimmblan, Haly)or & @
desorbed fromthe resin . F il S S
concentrated with pri Or,ng}a?r%%agé#elg%rgﬁg* @At}hns'ae'{d{ﬁen% g%?flﬁt%#gg?n%tae% an
organi ¢ sol vent which isglutossanindiows t h water is added and the 2

o/l
epot hilone(s) is or are I i ; r I C
phase obtainetf is conceﬁe?éﬁé'g5@1?({%%??'3%%3@%%8@%@[Qﬁéﬁﬁ&émﬁ] ?ﬁ@l
organi c sol ution obtaine tr.at t hrough a nol ecul ar sieve for
conpounds of | ow nol ecul gﬁv{gi %ﬁ?@%gn ﬁ‘s'g '§'equent ly the fractions
cont ai ni ng the epot hi i on&serilisatéong @0 sapsa120i°Gn on a rever sed- phase col um;
wher eby epot hilones A and B are obtai ned separately and) if desired, can be
further concentrated by recrystallisation. 13. A process for the production
of epot hi $42kgar-Médiagrh: a) asslescribed@® actimet aloPlasmidras, 18p-16p¢t9aones in a
culture nedium for the biotechnol ogi cal preparation of these conpounds,
whi ch contains a microorganismsuitable for the preparation thereof, water
and ot her23B3 Médit®: cyhicosary constituents of culture nmedia) wherzby g/

R I e e LT [
a step for separati ngoppmieli defared (Munedolacs.all Gelttinig Mitém, dfaly)s chaisact ey sed
"ouer al Kyl oyan de, FAEYS ERFRRScERR, Pk eihs dyitsafene) ol frm O °
materi al charged w t IHEPES ¢hikabBocld)Switgerladdd an el uant contai nisng agl ower
al kylnitrile is used; whereby if sired further rking up steps and
purification steps aPeYsyenejegn ’%ﬁ?mﬁ(ﬁ?@mas&\g%’at Mg epot hi | ones
from one anot her, espgoideidniseipot hilones A and B, which is characterised by
chromat ography on a reversed-phase colum wth an eluant containing a tower
al kyl cyani de.  15. A seregiongd phtai/BWitR NaCH m 14) wherein a col um materi al

i's used, which is chaiGRshtidhifér Y MAHRCar {3acchai ns cont ai ni ng 18 carbon
atonms and the eluant used is a mxture of water and acetonitrile. 16. A
crystal formof epothilone B having the reference nodification A which is

char acterq_@(i_:' t % {5 j | it@Bigpduced in the formof a
tabl e, obtal n683¥ ﬁs(?ﬁé&g&g?i? }rgété%%yfg?e@mb?%%%'my ?adi ation.

Example 2: Cultivation in order to produce the epothilones

Strain: Sorangium cellulosum Soce-90 BCE 33/10

{Example 1)



" 26l ntensity7. 7very

strongl0. 6weak13. 6aver agel4. 4aver agel5. Saver agel6. 4weak16. 8weakl1l7. 19& 841%720@
_ weakl1l7. 7weakl B. 5weak20. 7strong2l. 2strong2l. 9weak22. 4weak 1 4 AUG 200
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in the range from't24 CG%rr]rgarI\yJ;% C

29/
potato starch Noredux A-150 (Blattmann, Waedenswil,
Switzerland) 8 gft
glucose anhydrous 29/
EDTA-Fe(lll)-Na salt (8 g/l) 1 miA
pH 7,4, corrected with KOH
Sterilisation: 20 mins. 120 °C
1B12 Medium:
potato starch Noredux A-150 (Blattmann, Waedenswil,
Switzerland) 209/
soya meal defatted Soyamine 50T (Lucas Meyer, Hamburg,
Germany) 11g1
EDTA-Fe(lll)-Na salit 8 mg/l

pH 7.8, corrected with KOH
Sterilisation: 20 mins. 120 °C

Addition of cyclodextrins and cyclodextrin derivatives:
Cyclodextrins (Fluka, Buchs, Switzerland, or Wacker Chemie,
Munich, Germanyy) in different concentrations are sterilised

separately and added to the 1B12 medium prior to seeding.
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40 ml of 1B12 medium plus 5 g/l 4-morpholine-propane-sulfonic acid (= MOPS) powder (in a

ﬂ

200 ml Erenmeyer flask) are mixed with 5 ml of a 10x concentrated cyclodextrin solution,
seeded with 10 mi of preculture and incubated for 5 days at 180 rpm in an agitator at 30°C,
50 mm displacement.

Fermentation: Fermentations are carried out on a scale of 10 litres, 100 litres and 500 litres.
20 litre and 100 litre fermentations serve as an intermediate culture step. Whereas the
precuitures and intermediate cultures are seeded as the maintenance culture 10% (v/v), the
main cultures are seeded with 20% (v/v) of the intermediate culture. Important: In contrast to
the agitating cultures, the ingredients of the media for the fermentation are caiculated on

the final culture volume including the inoculum. i, for example, 18 litres of medium + 2 litres
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Intermediate culture, 20 litres or 100 litres:

20 litres: 18 litres of G52 medium in a fermenter having a total volume of 30 litres are

seeded with 2 litres of the preculture. Cultivation lasts for 3-4 days, and the conditions are:
30°C, 250 rpm, 0.5 litres of air per litre liquid per min, 0.5 bars excess pressure, no pH

control.

100 litres: 90 litres of G52 medium in a fermenter having a total volume of 150 litres are
seeded with 10 litres of the 20 litre intermediate culture. Cultivation lasts for 3-4 days, and
the conditions are: 30°C, 150 rpm, 0.5 litres of air per litre liquid per min, 0.5 bars excess

pressure, no pH control.

Main culiture, 10 litres, 100 litres or 500 litres:

10 litres: The media substances for 10 litres of 1B12 medium are sterilised in 7 litres of

water, then 1 litre of a sterile 10% 2-(hydroxypropyl) -B-cyclodextrin solution are added, and
seeded with 2 litres of a 20 litre intermediate culture. The duration of the main culture is 6-
7 days, and the conditions are: 30°C, 250 rpm, 0.5 litres of air per litre of liquid per min,

0.5 bars excess pressure, pH control with H,SO,/KOH to pH 7.6 +/- 0.5 (i.e. no control
between pH 7.1 and 8.1).

100 litres: The media substances for 100 litres of 1B12 medium are sterilised in 70 litres of
water, then 10 litres of a sterile 10% 2-(hydroxypropyl) -B-cyclodextrin solution are added,
and seeded with 20 litres of a 20 litre intermediate culture. The duration of the main culture
is 6-7 days, and the conditions are: 30°C, 200 rpm, 0.5 litres air per litre liquid per min.,
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0.5 bars excess pressure, pH control with H,SO,/KOH to pH 7.6 +/- 0.5. The chain of

seeding for a 100 litre fermentation is shown schematically as follows:

maintenance culture (500ml)

G52 medium
intermediate
10 % . n
| precultures 10 % culture (e.g. 20 )
0% (4 x 500 mi) G52 medium
Y G52 medium '
20 %
maintenance culture
(500 mi) G52 medium main culture
(e.g. 100 1)

medium + HP-B-CD

500 litres: The media substances for 500 litres of 1B12 medium are sterilised in 350 litres of
water, then 50 litres of a sterile 10% 2-(hydroxypropyl) -B-cyclodextrin solution are added,
and seeded with 100 litres of a 100 litre intermediate culture. The duration of the main
culture is 6-7 days, and the conditions are: 30°C, 120 rpm, 0.5 litres air per litre liquid per
min., 0.5 bars excess pressure, pH control with H,SO,/KOH to pH 7.6 +/- 0.5.

Product analysis:
Preparation of the sample:

50 ml samples are mixed with 2 ml of polystyrene resin Amberlite XAD16 (Rohm + Haas,
Frankfurt, Germany) and shaken at 180 rpm for one hour at 30°C. The resin is
subsequently filtered using a 150 pm nylon sieve, washed with a little water and then added
together with the filter to a 15 ml Nunc tube.

Elution of the product from the resin:

10 mi of isopropanol (>99%) are added to the tube with the filter and the resin. Afterwards,
the sealed tube is shaken for 30 minutes at room temperature on a Rota-Mixer (Labinco BV,
Netherlands). Then, 2 mi of the liquid are centrifuged off and the supernatant is added
using a pipette to HPLC tubes.
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Solvents: A: 0.02 % phosphoric acid
B:  Acetonitrile (HPLC-Quality)
Gradient: 41% B from O to 7 min.

100% B from 7.2 to 7.8 min.
41% B from 8 to 12 min.
Oven temp.: 30°C

Detection: 250 nm, UV-DAD detection
Injection vol.: 10 pl
Retention time: Epo A: 4.30 min Epo B: 5.38 min

Example 2A: Effect of the addition of cyclodextrin and cyclodextrin derivatives to the
epothilone concentrations attained.

All the cyclodextrin derivatives tested here come from the company Fluka, Buchs, CH. The
tests are carried out in 200 ml agitating flasks with 50 ml culture volume. As controls, flasks
with adsorber resin Amberlite XAD-16 (Rohm & Haas, Frankfurt, Germany) and without any
adsorber addition are used. After incubation for 5 days, the following epothilone titres can
be determined by HPLC:

Table 1:
Addition order Conc Epo A [mg/]| Epo B [mg/]
No. [Y%wiv]!

Amberlite XAD-16 (V/v) 2.0 (%viv) 9.2 3.8
2-hydroxypropyl-B-cyclodextrin 56332 0.1 27 1.7
2-hydroxypropyl-f-cyclodextrin “ 0.5 4.7 3.3
2-hydroxypropyt-f-cyclodextrin “ 1.0 4.7 34
2-hydroxypropyl-B-cyclodextrin “ 2.0 4.7 4.1
2-hydroxypropyl-B-cyclodextrin “ 5.0 1.7 0.5
2-hydroxypropyl- a-cyclodextrin 56330 0.5 1.2 1.2
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2-hydroxypropyl- a-cyclodextrin “ 1.0 1.2 1.2
2-hydroxypropyl- a-cyclodextrin “ 5.0 25 2.3
p-cyclodextrin 28707 0.1 1.6 1.3
B-cyclodextrin “ 05 3.6 2.5
B-cyclodextrin “ 1.0 4.8 37
B-cyclodextrin “ 20 4.8 2.9
B-cyclodextrin “ 5.0 1.1 0.4
methyl-B-cyclodextrin 66292 0.5 0.8 <0.3
methyl-B-cyclodextrin “ 1.0 <0.3 <0.3
methyl-B-cyclodextrin “ 2.0 <0.3 <0.3
2,6 di-o-methyl-f-cyclodextrin 39915 1.0 <0.3 <0.3
2-hydroxypropyl-y-cyclodextrin 56334 0.1 0.3 <0.3
2-hydroxypropyl-y-cyclodextrin “ 0.5 0.9 0.8
2-hydroxypropyl-y-cyclodextrin “ 1.0 1.1 0.7
2-hydroxypropyl-y-cyclodextrin “ 2.0 2.6 0.7
2-hydroxypropyl-y-cyclodextrin “ 5.0 5.0 1.1
no addition 0.5 0.5

") Apart from Amberlite (%Vv/v), all percentages are by weight (%w/v).

Few of the cyclodextrins tested (2,6-di-o-methyl-B-cyclodextrin, methyl-B-cyclodextrin)
display no effect or a negative effect on epothilone production at the concentrations used.
1-2% 2-hydroxy-propyl-B-cyclodextrin and B-cyclodextrin increase epothilone production in

the examples by 6 to 8 times compared with production using no cyclodextrins.

Fermentation is carried out in a 15 litre glass fermenter. The medium contains 10 g/ of 2-
(hydroxypropyl)-B-cyclodextrin from Wacker Chemie, Munich, Germany. The progress of
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Table 2: Progress of a 10 litre fermentation

duration of culture [d] |Epothilone A [mg/l] Epothilone B [mg/]

0 0 0

1 0 0

2 0.5 0.3
3 1.8 25
4 3.0 5.1
5 3.7 5.9
6 3.6 57

Fermentation is carried out in a 150 litre fermenter. The medium contains 10 g/l of 2-
(Hydroxypropyl)-B-cyclodextrin. The progress of fermentation is illustrated in Table 3. The

fermentation is harvested after 7 days and worked up.

Table 3: Progress of a 100 litre fermentation

duration of Epothilone A Epothilone B
culture [d] [mg/l] [mg/1]

0 0 0

1 0 0

2 0.3 0

3 0.9 1.1

4 1.5 23
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Example 2E: Comparison example 10 litre fermentation without adding an adsorber:

Fermentation is carried out in a 15 litre glass fermenter. The medium does not contain any
cyclodextrin or other adsorber. The progress of fermentation is illustrated in Table 5. The

fermentation is not harvested and worked up.

Table 5: Progress of a 10 litre fermentation without adsorber.
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separated using a Westfalia clarifying separator Type SA-20-06 (rpm = 6500) into the liquid
phase (centrifugate + rinsing water = 650 litres) and solid phase (cells = ca. 15 kg). The
main part of the epothilones are found in the centrifugate, The centrifuged cell pulp contains
< 15% of the determined epothilone portion and is not further processed. The 650 litre
centrifugate is then placed in a 4000 litre stirring vessel, mixed with 10 litres of Amberlite
XAD-16 (centrifugate:resin volume = 65:1) and stirred. After a period of contact of ca. 2
hours, the resin is centrifuged away in a Heine overflow centrifuge (basket content 40 litres;
rpm = 2800). The resin is discharged from the centrifuge and washed with 10-15 litres of
deionised water. Desorption is effected by stirring the resin twice, each time in portions with
30 litres of isopropanol in 30 litre glass stirring vessels for 30 minutes. Separation of the
isopropanol phase from the resin takes place using a suction filter. The isopropanol is then
removed from the combined isopropanol phases by adding 15-20 litres of water in a
vacuum-operated circulating evaporator (Schmid-Verdampfer) and the resulting water
phase of ca. 10 litres is extracted 3x each time with 10 litres of ethyl acetate. Extraction is
effected in 30 litre glass stirring vessels. The ethyl acetate extract is concentrated to

3-5 litres in a vacuum-operated circulating evaporator (Schmid-Verdampfer) and afterwards
concentrated to dryness in a rotary evaporator (Bichi type) under vacuum. The result is an
ethyl acetate extract of 50.2 g. The ethyl acetate extract is dissolved in 500 ml of methanol,
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the insoluble portions filtered off using a folded filter, and the solution added to a 10 kg
Sephadex LH 20 column (Pharmacia, Uppsala, Sweden) (column diameter 20 cm, filling
level ca. 1.2 m). Elution is effected with methanol as eluant. Epothilone A and B is present
predominantly in fractions 21-23 (at a fraction size of 1 litre). These fractions are
concentrated to dryness in a vacuum on a rotary evaporator (total weight 9.0 g). These
Sephadex peak fractions (9.0 g) are thereafter dissolved in 92 ml of aceto-
nitrile:-water:-methylene chioride = 50:40:2, the solution filtered through a folded filter and
added to a RP column (equipment Prepbar 200, Merck; 2. 0 kg LiChrospher RP-18 Merck,
grain size 12um, column diameter 10 cm, filling level 42 cm; Merck, Darmstadt, Germany).
Elution is effected with acetonitrile:water = 3:7 (flow rate = 500 ml/min.; retention time of
epothilone A = ca. 51-59 mins.; retention time of epothilone B = ca. 60-69 mins.).
Fractionation is monitored with a UV detector at 250 nm. The fractions are concentrated to
dryness under vacuum on a Biichi-Rotavapor rotary evaporator. The weight of the
epothilone A peak fraction is 700 mg, and according to HPLC (extemal standard) it has a
content of 75.1%. That of the epothilone B peak fraction is 1980 mg, and the content
according to HPLC (external standard) is 86.6%. Finally, the epothilone A fraction (700 mg)
is crystallised from 5 ml of ethyl acetate:toluene = 2:3, and yields 170 mg of epothilone A
pure crystallisate [content according to HLPC (% of area) = 94.3%). Crystallisation of the
epothilone B fraction (1980 mg) is effected from 18 ml of methanol and yields 1440 mg of
epothilone B pure crystallisate [content according to HPLC (% of area) = 99.2%]). m.p.
(Epothilone B): e.g. 124-125 °C; 'H-NMR data for Epothilone B:

500 MHz-NMR, solvent: DMSO-d6. Chemical displacement & in ppm relative to TMS. s =

singlet; d = doublet; m = multiplet

o (Muitiplicity) Integral (number of H)
7.34 (s) 1
6.50 (s) 1
5.28 (d) 1

5.08 (d) 1
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In this example (Example 3), epothilone B is obtained in the crystal modification A, which is
characterised by the X-ray diffraction diagram of modification A (see general part of the
present disclosure).
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these compounds, whereby a complex-forming component which is soluble in the culture
medium and which is an oligo- or polysaccharide derivative of cyclic or helical structure is

added to the medium.

2. A process according to claim 1, the process comprising myxcbacteria as producers of
natural substances.

3. A process according to claim 1, the medium containing a Sorangium strain suitable for the
preparation of epothilones, water and other suitable customary components of culture
media,

wherein one or more cyclodextrins are added to the medium as the complex-forming
component, the cyclodextrins being selected from

a) a-cyclodextrin, B-cyclodextrin, y-cyclodextrin, ~cyclodextrin, e-cyclodextrin, {-cyclodextrin
n-cyclodextrin and 8-cyclodextrin; or

b) a cyclodextrin derivative or a mixture of cyclodextrin derivatives selected from derivatives
of a cyclodextrin in which one or more up to all of the hydroxy groups are etherified to an
alicyl ether, an aryl-hydroxyalkyl ether; a hydroxyalky! ether; a carboxyalkyl ether; a
derivatised carboxy lower alkyl ether in which the .derivatised carboxy is aminocarbonyl,
mono- or di-lower-alkylaminocarbonyl, morpholinb-, piperidino-, pyrrolidino- or piperazino-

carbonyl, or alkyloxycarbonyl; a sulfoalkyl ether; a cyclodextrin in which one or more OH
groups are etherified with a radical of formula

-O-[alk-0-},-H

wherein alk is alkyl and n is a whole number from and including 2 up to and including 12; a
cyclodextrin in which one or more OH groups are etherified with a radical of formula

Rl

| o)
(Alk-0)—— Ak ——X
d Y
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7. A process according to claim 1, in which the complex-forming component is 2-hydroxy-
propyl-8-cyclodextrin.

8. A culture medium which comprises a complex-forming component which is an oligo- or
polysaccharide derivative of cyclic or helical structure and a microorganism suitable for the
production of epothilones.
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9. A culture medium according to claim 8, in which the complex-forming component used is
a cyclodextrin, a cyclodextrin derivative or a mixture of two or more complex-forming
components selected from cyclodextrins and cyclodextrin derivatives.

10. A culture medium according to claim 9, in which the microorganism is a myxobacterium,

11. A process for the production of epothilones, in which the epothilones are obtained by
working up a culture mediurn for the biotechnological preparation of these compounds, the
medium comprising microorganisms which are suitable for producing epothilones, especially
myxobacteria, as producers of natural substances, to which medium is added a complex-
forming component which is soluble in the culture medium and which is an oligo- or
polysaccharide derivative of cyciic or helical structure, and subsequently purifying and, if
desired, separating the epothilones.

12. A process according to claim 11, wherein the culture medium contains a myxobactsrium
of the genus Sorangium, and to which medium is added a complex-forming component
which is soluble in the culture medium, the culture is separated into the solid and the liquid
phase (centrifugate) by centrifugation; the centrifugate is mixed with a resin or is run over a
column filled with such a resin; if necessary the resin is washed with water: the epothilone(s)
is or are desorbed from the resin with a polar solvent; if necessary this is concentrated with
prior, simuitaneous or subsequent addition of water: an organic solvent which is immiscible
with water is added and the epothilone(s) is or are transferred into the organic phase; the
organic phase obtained is concentrated if required; the epothilones from the organic soiution
abtained are concentrated through a molecular sieve for compounds of Jow molecular
weight; and subsequently the fractions containing the epothilones undergo separation on a
reversed-phase column; whereby epothilones A and B are obtained separately and, i
desired, can be further concentrated by recrystallisation.

13. A process for the production of epothilones, which

a) is a process for concentrating epothilones in a culture medium for the biotechnological
preparation of these compounds, which contains a microorganism suitable for the
preparation thereof, water and other suitable customary constituents of cuiture media,
whereby a cyclodextrin or a cyclodextrin derivative is added to the medium, or a mixture of
two or more of these compounds; and
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14. A method of separating epothilones from one another, especially epothilones A and B,
which is characterised by chromatography on a reversed-phase column with an eluant
containing a lower alkylcyanide.

15. A method according to claim 14, wherein a column material is used, which is charged
with hydrocarbon chains containing 18 carbon atoms and the eluant used is a mixture of

water and acetonitrile.

16. A crystal form of epothilone B having the reference modification A, which is
characterised by the X-ray diffraction diagram reproduced in the form of a table, obtained
using a diffractometer with Cu-Ka, radiation.

20 Intensity
7.7 very strong
10.6 weak
13.6 average
14.4 average
15.5 average
16.4 weak
16.8 weak
17.1 weak
17.3 weak
17.7 weak
18.5 weak
20.7 strong
21.2 strong
21.9 weak
22.4 weak
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23.3 strong
25.9 average
3.2 weak
32.0 average

17. A pharmaceutica! composition which contains an active ingredient according to claim 16,
together with a pharmaceutically acceptable carrier.

18. Use of a crystal form according to claim 16 in the treatment of a proliferative disease.

19. Use of a new crystal form of epothilone B according to ¢laim 16 in the production of
pharmaceutical preparations, whereby a crystal form of this type is mixed with one or more

carriers.

20. Crystalline epothilone B characterized by a melting point greater than 120 °C and by
peaks in an x-ray diffraction pattern obtained with CuKa, radiation at about 7.7, 20.7, 21.2
and 23.3 degrees 2 theta.

21. Crystalline epothilone B according to claim 20 characterized by peaks in an x-ray
diffraction pattern obtained with CuKo, radiation at about 7.7, 13.6, 14.4, 15.5, 20.7, 21.2,
23.3, 25.9 and 32.0 degress 2 theta.

22. Crystalline epothilone B according to claim 20 having a melting point betwesn 120 °C
and 128 °C.

23. Crystalline epothilone B characterized by a meliing point greater than 120 °C and by
peaks in an x-ray diffraction pattern obtained with CuKe, radiation at about 6.9, 10.8, 13.1
and 20.9 degrees 2 theta.

24, Crystalline epothilone B according to claim 23 characterized by peaks in an x-ray
diffraction pattern obtained with Cua, radiation at about 6.9, 8.3, 10.8, 11.5, 13.1, 16.7,
18.1, 18.6, 20.9, 22.5 and 25.1 degrees 2 theta.
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25, Crystalline epothilone B according to claim 20 or 23 having a melting point in the range
from 124 °C and 125 °C.

26. A method of preparing a pharmaceutical preparation, which comprises mixing crystalline
epothilone B accoding to claim 20 or 23 with a pharmaceutically acceptable carrier.

27. Use of a crystal form according to claims 20 or 23 in the treatment of a proliferative

disease.

28. Use of a new crystal form of epothilone B according to claims 20 or 23 in the production
of pharmaceutical preparations, whereby a crystal form of this type is mixed with one or

more carriers.

29. A pharmaceutical composition which contains an active ingredient according to claims 20
or 23, together with a pharmacsutically acceptable carrier.



