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PREPARAT10N PROCESS FOR CYTOSTATL1CS AND CRYSTAL F e invention
_relates to a new biotechnol ogi cal preparation proces,m.mmﬂm"”ﬂe used on
an industrial scale for the production gf epothilones, |a l'y a process
for concentrating these compounds in the cul ture nedi um as weII as a new

a1 so vRaeatr e BRERAGhAR WSt FOB Srrosfiies ey shliral diomt WhiseRr

obt ai nabl e by the new processes, their usage in the production of
pham~aceutical preparations, new pharmaceutical preparations conprising
t hese new crystal forns and/or the use of these corrpounds I n the treatnent

of proliferative diseases such_as tu i.n the uction of
o har o e aYenion FRAES IR BeVi HotRcoIbolee] PraBpitip procAESInEY S37 he Heed onan

Back4r oungddstial Séald fbv&m m@,auctfah dflepoiidrsds] aq:éaaung?wcs‘esa%ﬂbdbﬁcem&ruﬁgl ents

for treating tunours, Taxol (Paclitaxel; Bristol Mers S

b)
m cr ot ubihesesgompounds inghe Gultire madiyr, agWwelkasA pew slraip fer tﬁﬂ(ﬁe’mﬁ‘tﬁt@ﬁar kabl e
comer ci sat&tichcol f %Fl)éi’d? In
parti cul re Its ver”;/éé%\cl)&ca?r SO &rﬁ*ﬂ{e qu?mén Qlég*rPéllétg@éo g?@ 'em tt theref ore
becane n@pewgmqs e@pegﬁﬂvnpgﬂwonerax@tambla by therdew prasessas, H’le@rltﬁﬁﬂplifbﬂ\e EL

has. Sovertobt b fEthate teat prcfiatort e BRATIRAL T pIBRIRIne SFRRIN | c .

one case thesecnavecrystadampandior mealsa obtheae pampeunds mnehtwa;menhef pralﬂamtwa ass
of mcro I

" per haps %ﬁgésq&@s d"% g%f 8Ph&ﬂ€? o%giﬁ@hﬁ ar ngﬁcgaﬁgb I ca aﬁgmqﬂ'rcg agai nst
cancer |rsuttatﬂelalstnlstfeamm (see Row nsky E. K Ann. rev. Med. 48, 353-374
(1997)), and despite the conmmercial success of Taxol ) these conpounds still
do not appear to represent a really great breakthrough in the chenotherapy
of canceiBacKkgreanditerthe imvehtidmxol is |inked with a series of significant side

effects, a.few primary classes. of .C t unour |y _colon, and

or st at & Gt Frisind SlauRe deternsaied s SIRRGH R ORe Tl Poele il SR

Rowi nsky Myefs Squibb)ea nﬁbmbuhistabaembtaigem plaps anfirhpartary radé anaxas reradrkalse

i npai red and even co utr |sed Bﬁ %Oq ed resi sta ce mechani sns)
copenal | FOTAHEIRYEERR,Fowatern Tick Bt & BBl SrchadERBRs F bRRESIalF SRV ac
as ef f | wpoptsGIcbiktpin water ke probleat! mmérabor@ bédantsnedddbdry 4o uamﬁl@aersraacen due
to overexpressmn of the muttidrug transport glycoprotein "P- coprotein'.

cooo002~ @ fogmulatian with CWhOQELdWW%Bﬂ?tﬁF’ICGﬁtQém BAwE bupw E &At a new
cl ass of b r h,
class G‘Erﬁu%ﬁ& I»lJ,brﬁoC?%bﬁé% ha g&e%fgggfagfﬁg ﬁ)éé?n%l?%u &gg&?&ﬂ% dﬁné@ﬁhi@ﬁiﬁ
N,. O V\/riléleéﬁhorﬂ @Sgrlilaflﬁ&dWrm@md@éfp@ apaliad A) or met hyl (epothil one
B). These conpounds have the foll ow ng advantages over Taxol: a) They have

better water-solubility and are thus nore easily accessible for
f or mul at iAltheugh 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 mutltidrug transport
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glycoprotein "P-glycoprotein®.
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"b) It has been reported that, in cell culture experinents, they are ‘a/fsgojﬂ

active against the proliferation of cells) which) owng to the activity of
- the P-glycoprotein efflux punp making them "nultidrug resistant”, show
resistance to treatnent with other chempt-herapy agents includi ng Taxol (see
Bolag) D M, et al., "Epothilones, a new class of m crotubul estabilizing
agents with a Taxol -1i ke nechani sm of action", Cancer Research 55, 2325-33
(1995)). And c) it could be shown that they are still very effective in
vitro agai nst a Taxol -resistant ovarian carcinoma cell line with nodified

~-tubuli EBGﬂﬁGnéﬁoﬁ(‘@h@Bi repfRserdt a nél cRks of Micrddili-stdBIRMg AfAbAe acke34- 2541

(1997)). Pharmaceutical application of the epothilones, for exanple for
tunour t NGaediems ,(sqesG%sé{)m @-:iJnAaW'@néﬁycﬁ?@ti(Wﬁﬁ}i@f thedotmdae:descri bed for
Taxol , see for exanple US 5.641.803; US 5.496.804; US 5.565.478). In order
to be able to use the epot rﬁ/J/o € on a |arger scale for pharnmaceuti cal

pur poses) however, it is recésfdry to obtain appropriate anounts of these
conmpounds. | ~ Al ~j i 1| now~She extraction of natural

subst ances by neampp of speti a}‘t’y t he epothilones fromthe
cell strain Sorangiu osited under no. 6773 at the
German Col | ection of , see WD 93110121 ) was described in
literature. In ordeg Qt | sfactory concentrati on of the natural
subst ances, especially ilones, in the culture nmediumfor the
subsequent extraction, prevo®usly an adsorbate resin based on pol ystyrene
was al ways added, for exanple Anberlite XAD 1180 (Rohm 8 Haas) Frankfurt)
Ger many) whei@iveReasignifick éydiogad (eputisipee &) ot hiethyb(epottdisné B).t hat, on a | arge
scale, it leads to an abundance of problens. Valves are inpaired by the

gl obul es of resin, pipes can block, and apparatus may be subject to greater
wear dueThése@smiingahaVld thetfbiwing Aevaptaesloosér Tdxol®esi n are porous and
therefore have a | arge inner surface area (about 825 nR/gramresin).
Sterilisation becones a problem as air enclosed in the resin is not

aut ocl avgyithelmiive tehter WatRFE-ESIELIFG ARG ard tus nisté ie8SilY dccEsyitie &St fOviulAbng. | ar ge
scale using resin addition. On the other hand, w thout adding resin

gl obul es, a satisfactory concentration of epothilones cannot be achieved in

the cul t pyleha®BésiMepSHEPTHaS, M Bély dulfufLexpRAmenRTBIRY ard Bo bbivdl diirkt Wy out of
this dilenma have now been found, enabling a satisfactory concentration of

I

nat ur al RieHEralionsd cels. Waichnewing de ther antivig €t Paiyfiopratein eIy AUmpcnpkipg
nmyxobact glelrmuMiirGd redistshiC 8Bhew pédisthRite® tiod e Wit dtichemethBrady dgenisn
particular a concentration of epothilones A and B, in the culture medi um
wi t hout ¥RdRgdiaxplorisass Belagi hdM., ghdl- { RRathilongsil 8 ReW slasel atmicsriulilet hese
conpound } ; Ll i né _asnd
mdust i S B e b o HcBaleR S b g
descri pt {19850fAnthe i nventi on One aspect of the invention relates to a
process for concentrating epothilones) especially epithilone A and/or B, in
particul ar epothilone B, in a culture nedium in order to produce these
conpounde) ibepuld bé shawhthet thgy @ze stillveneeffadtive fir Gtre againe r@pFaxol®rgsistant
O 0O SR ARl Hh B Rn! TeaerfBTRRNR e 1ESRAS ALY, STU P BBk (7

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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" -4 substances), whereby a conpl ex-form ng conponent which is soluble in the
culture nediumis added to the nedium A further aspect relates to the
_correspondi ng culture medi um which conprises a correspondi ng

conpl ex-form ng conponent and m croorgangsns, especially nmyxobacteria, in
particul ar of the genus Sorangium which are suitable for producing
epot hil ones, especially epothilone A and/or B. A further aspect of the
invention relates to a process for the production of epothilones,
especially epothilone A and/or B, especially the two pure conpounds, in
parti cul an hj,.| ; i J j J i es are
0bt ai ned By gy s fabton¥hrEtlra uBHAEE; B g plirhdRackeie, Sagkly AR

pr epar at i epotiobnédbem the cplostreds Sovdrigitm Cefigosise Soesddepasitedsinder mattdav 3kt

subst ance ] croorgani . sns, .especi al | X ia. tha r.oduce, t hese
conpounaahe ARIMER PN MRS RN R Fa M IRLAN Wt e PSSR fisSRnin ne
cul ture nadéBlobsaiedatlsfagtbf) doneeMtHDAGH &Y nadural Subeeinces svpdciallyfthdesired,
separation of the epothilones, for exanple epothilgne A and B. A fourth

aspect ofePoHEloNes, dhtegivite mediumfgr e fuPRRRYest XESHERAr RGO EPoEmATrRAle
especi al | ¥siaRakéd bR P8R shiredRdvdd IWaye Sifdan? eREhple st XA 86 [FRHns&d by
chromat ography on a révérsed-phase colum with an eluant conprising a | ower
al kyl cydtaaserrankfufs Gegnam¥pect of the invention relates to a strain of

Sor angi um cel | ul osum obt ai ned by nut agenesi s, which under otherw se

i dentical conditions, produces nore epothilones than Sorangi um cell ul osum
Soce90. Aldwavehdhe dispavantadesef thislpseasss isothate@n @rlgrge scalgoit leadsto epot hi | one B.
The gener Nel i ref.er t

roant g BpREGERe RGeS, PR S B B BRBLRY o 0 sl ety O

her ei nbelappatatusimay bre isubject thaeatar wearrdiiertp oreghanical fidelioar The giobulas obresiar v .

~ 1~ Al G Q=2 - [ . indj % ;

corres pofl3 ?ﬁaﬁ’ys%g%ﬁ rrgg)g(if’ ha © %ga‘r??%{nrqg} %@ga?grag% (/éﬁégts%éoé}g /Pr'taagrlSa rem?r[r?'of 7

car bon at3jemlisation pegomesid problep, s air eraldsed irsthemegin bt iagtoslaxad.HBdisothe

NI anC N tloqdsg YEhndl oM BRUpR Sl S BTR! 1 UBEBRERE o0 SBEABRNCd once or
nore) and 1§ e.g. nethyl, ethyl, propyl su as i sopropyl “or “n-propyl,
butyl such as isobutyl, sec.-butyl, tert.-butyl or n-butyl) or also pentyl
such as 0 - t . ' . [ j cal

pr epar at %{hgforﬂé%oﬁlgl %b\%%ﬁﬁ/ﬁ?'bh véﬁ%ggﬂ lrjlfsé@rﬁI gértgéa:}goargfgltﬁ%%p%géﬁgfr oduce these
conpoundsspotiipres edringt bgy adiiersdeinitizg culkirgmediwoer s of natural substances, is
primarily a medi um which conprises a corresponding (naturally occurring or
al so obtainable by cultivation or in particular by genetic nodification)

m cr oor g&hinsnainghs tex reglirgmantsfordiradingea way ost ofdhia didmba Haye inowebgeodoundon t o
produce t C ' ! j nys

Sor ang! urianin £ AR coflodhalibf Ul Arufh SE0RREE b4 L Bineltorg S

m cr oor gamgasTsnos, i particyipemambantgrianwilieh prdduse epSbitea28 stsk as\ePohBori0A DL ) ,

recombi nat" GRS SR RIERBlTErcor FRUIoDSS ¢ SN rring Y STERER! it ne
especi al lagdiion of resiyspack thuls\endblingymddsdtioaiohthesa cpmpburxd, aspddialy Spothilones

having the, reference BCE33/10 or nutants thereof ,and in addition, together
it e & 8 SpEREREE g 2 geetrica Bt B AR E R B R B R SR RbES et o of
cul ture ndwhdeantagedy as bi opol yners, sugar, am no acids, salts, nucleic
acids, vitam ns) antibiotics, sem ochenmcals, growh nmedia, extracts from
bi omaterials such as yeast or other cell extracts, soy neal, starch such as
pot at 0 stGrtsiledaledériptiohlof @ iatveniteAt S) for exanple iron ions in conpl ex-bound
form or suitable conbinations of all or some of these constituents and/or
al so anal ogous additions. The corresponding culture nmedia are known to the
person skild fshetioiitREirdBhticH reffids 1% ProBektBHcdhteKitAING dPoRGBAES TshEGRIVE: O
the culture nmedia in the exanples of the present disclosure) or In V\é

93/ 10121 )epithijone gy andier Bdn ppstiskias eeethilpne B, in asultye mediym dip &idesyto prpduce

nmut agenesy b Qi A TeX] f i i d/or B
over - Sor eeERMERENSS bh AbiqBenioheR S5, B8 BRI e Rl ey o,
6773, espéitheprpgugentbeseicempouBUE3espEGialiyiysdbastesiadep peiducersioi deturalhe nunber

DSM 11999 on 9th February 1998 at the German Col | ection of M croorgani sns
and Cell Cultures (DSMz, Braunschwei g, Cernany).
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"Strain culture and norphol ogi cal description of strain BCE 33/10: Tr;le? LS
strain can grow on cellul ose as the sole source of carbon and energy with
_potassiumnitrate as the sole source of nitrogen, e.g. on filter paper over
ST21 mineral salt agar (0.1 %KNO3; 0.1_% MSO x 7 ~ ~ ~tE~ a 200l -6
H20; 0.1 % Cad 2 x 2 H20; 0.1 % K2HPO4; 0.01 % WnhS04 x 7 H20; 0.02 % Fed 3;
0. 002% yeast extract; standard trace elenent solution; 1 %agar). On this
medi um dark reddi shbrown to bl acki sh-brown fruiti ng bodi es are forned.

They consPétstaicesuhereby e eampler-smingLompnent Wiichinsglubifeindhg culie eedim i n

dense heagsaqq,gg cp@%lg.ﬁe@ mvarying size. The vegetative bacilli have the
shape typica TI or angi um (rel atively conpact, under the phase contrast
m croscope dark, cylindrical bacilli with broad rounded ends, on average 3

106 ~m {R10yARdcho BRI Ive ERRLRIANER, REE nEIFE N ich RRERE gre A and/ or

B, but also epo ohes, Tor exa epot named in
internati oasreéspéqnthg canplren-fMdrﬁh@d’drﬁm%tammimwrﬁbrgsmﬁrﬂéﬁﬁpeelpm mykabaeterig, and
F nanmed in .CI%FIZ 1 an further epothil anes obt ai nabl e f pm
correspon'cfi‘i‘?%2 rangig, WP aie abIE SRR ?”qQﬂ?ﬁ%'é)'oé’SPrponent i's

primri l Yespabhill ép@aﬂdﬂél,eaﬁdybg.- or pol ypeptide derivative or in particular
an oligo- or polysaccharide derivative of cyclic or helical structure,

which forms an intranol ecular cavity, which because of its sufficiently
hydr ophobj gyHe? B§;‘Sédt %ﬁth‘eSn\bé?xtlan Pél§tb§ 0] pt&er m HEPHBLERRES lepBfnssdsal | Y
epot hilone A and/or epothilone B. A water-sol uble conpl ex-formng conponent
that is eSRecially pRothianech ?@@OT B, especialnthejtyo pureeqreppundsnn OpRic®EXt ri ns or
(in parti E;%tﬁ‘af&we%’W%ﬁékﬁé@c@ﬁéédfﬁ%é’t%e epBthilrids & Sola iR working up a
Cycl odextrins are cyclic (a-1,4)-linked ol gosacchari des of
a- D- gl ucop¥iummedium fonthe m@p@mqmgal RKERREALRBI9T these somRPURIS, Mhichaaempases
hydrophi | 4¢ n%&&@éré‘%# nattifal %tﬂc@@mu@?agrgfaﬂishﬁ""h ngnﬁkéﬁdcﬂf&w R Brddice
particul ar ? gures 1 n parenthesis give the nunber of ucose units per
nol ecul e)thege Q%P@Mt anchto(v)ich 95@?‘9!3&@6@'% goppgnent that is&0 Qhﬂ%)ﬂtthe suitBg |
S-cycl odexphiumh i %%Bgledzan ﬁé Q&%’égﬂéﬂ (nllﬁéatlo ahUCH QgﬁPéHré a@iﬂon)of the

~-cycl odextrin , 9cycl o ext 9 Especial ly preferred are
S- cycl odesrathilpnagdor example P@@h@ﬂﬂea‘! éW:Bodext rin, ~cyclodextrin or
~cyclodextrin, or mxtures thereof. Cyclodextrin derivatives are primarily
derivatives of the above-nentioned cycl odextrins, especially of
a- cycl odeitfourth aspeelaf thrixention relatesdg @ roelegd of ﬁ@pmtingeﬁnowlonh@seépecna%i ch
one or r t fziclﬂé? er
gl ucose r acf;fh'for'eé gﬁa’ehdgét)ﬁ er ﬂﬂ%@%&%@t‘@ !sf(‘fp% 'SE garbg&%(r? ﬁ/gal kyl
et hers, e@ﬁ@@ﬁ@rph?sq eAlmN ity elyant Bomprisipg ﬁwwejra"@i eyanidst her aI so propyl
or butyl et her; the aryl-hydroxyal kyl ethers, such as
phenyl - hydr oxy- | ower - al kyl, especially phenyl hydr oxyet hyl ether; the
hydr oxyal Afurther aepest of thewwemn@mreéﬁteﬁm siegin lobReranigiuym cellufesum)obiaipedt byl | y
2- hydr oxy, l..such
a5 2oy dr@&ﬁébnes{y meﬁﬁé hggv!r:i Qld@ﬁ‘ {a Pé!r‘?c{t}ga%égﬁaﬂéiées% C%{ogrﬁ%%é than
car boxy- ISmnglatm;dllulesdlmr&Jpe@@pem aI | y carboxymet hyl or carboxyet hyl ether;
derivati sed carboxyal kyl ethers) in particular derivatised
car boxy-1 ower-al kyl ether in which the derivatised carboxy is etherified or
am dat ed A#urthexgspget alsarelates aomew ceystad forins offepothilare B.
di - | ower - al kyl -am nocar bonyl, norpholino-, piperidino-, pyrrolidino- or
pi per azi no-car bonyl, or al kyl oxycarbonyl), in particular |ower
al koxycar'bmgfénel'aﬂ\tafrxsalsleyIheﬁirliwo,vefaﬁd herexititicay prifériblg hrea tHeomghmingPyiveret her
or et hyl ox ‘;aonyl propyl ether; the sulfoal kyl ethers, in particular
sulfo-1o0 rena OV- et hers, especially sul fobutyl ether; cyclodextrins in
whi ch one or nore OH groups are etherified with a radical of fornula

Where reference is made hereinabove and hereinbelow to documents, these are

incorporated insofar as is necessary.



-OJalk-O]~Hwherein alk is alkyl, especially |ower alkyl, and n ’EMH“UM
whol e nunber from2 to 12, especially 2 to 5, in particular 2 or 3;
.cyclodextrins in which one or nore OH groups are etherified with a radi cal
of formula R O (Al k-O m Al kY wherein R%rs hydr ogen, hydroxy, -O(alk-0OZ
H -O(alk(-R-O)P Hor -O(alk(-R)-0-)q alk-COY; alk in all cases is

al kyl, especially lower alkyl; m n, p, g and z are a whole nunber from1l

to 12) prﬁ%@mh& Mo@erl'@nv@yshﬁmméih@mh@rcoaremnamgajmﬁéd fadBilcahtaiMR2R3 |
wherein R, and R3 independently of one another, are hydrogen or | ower

al kyl , orprﬂf@r@mﬂum B G OF 6 GtteEratgms, H”P%CLI”?WQWQ“% PRGNS BRI y
nor phol i n&)ana{efaear u\ﬂm}@ﬁhéﬁ’r%%lt Qrkg & bR 8k ARpIBUnbRAne tﬁé &%ﬂched once or

cycl odextrins, et her S or acetals w
rml ecul esmaleeapd essaag;tmetb;dpehhylapropygwspb@sysop)onyl ol nipopyl, butyl such as |sobutyl

cycl- o;jgitére?:ggégf ‘Eﬁi '8%'&' g%qlsﬁy?% Qﬁu&%saar%' S?n pgﬁtyﬁo( i _8_

N acet yl gal act osam nyI or gal act osam nyI cycl odext r| n. Esters are
primarily, a oyl,.esters, .in parti.c sters such as
eetyl - och BpPEMeayBFIsaiik wb beRRgod i ifres i ol BapBgpsn A EG P B BRI ns
i n whi ch drgénisrs that erodiuéé B'feeétcom@bdnﬁ, leepsecﬁam;zl mbteactgfa)up$arcamee¢:srcﬂ$ﬁntralat
the sanme tinme. M xtures, of t

the said c | ns and/ or
yol odextHERBHERS SRR PSS D omPrit e a3 Eiseen 50 Sty ASEg S ar
to a-, ~-a|§&obtymamelb9d:axwtsdmororﬁ phhiculat @w\@éneab Wddifeh i) mitlerg@fsm, such as
nmet hyI ~-cycl odextrin or arg%é?w cul ar - O net hgt-~3 cycl odextrin, or

in parti cRAPEFANHR MIYRATIEN IRy '”&Pﬁ"?nt‘ﬂaf@w hgserpogypounds, in
2- hy dr oXx yirdeydr admyxoBattéflirR 6y HeOgeHus Sordtgiutn, fbf@k@fabxgp(ﬁropyﬂnculaﬂw@ bpstRIdnel N.

The cycl odextrins or clodextrin derjvatives are added to the culture
medi um prREP@4CHN\2 W‘F’%&E@M%’Eﬁf e vee, S@fa”@“’@cf*’&”‘_’:%’m pPeaf(g®8y 0. 05 to 5)

especi al w3k 61214 or aWiorR¥BAR! e rifed tHePefonP Efof BREMMY bYPhERGeredls\or-
recombinant gene technology) or from parts of this myxobacterium, especially a
correspondingly derived strain, in particular the strain having the reference BCE33/10 or
mutants thereof, and in addition, together with water, preferably other conventional and
appropriate constituents of culture media, such as biopolymers, sugar, amino acids, salts,
nucleic acids, vitamins, antibiotics, semiochemicals, growth media, extracts from
biomaterials such as yeast or other cell extracts, soy meal, starch such as potato starch
and/or trace elements, for example iron ions in complex-bound form, or suitable
combinations of all or some of these constituents and/or also analogous additions. The
corresponding culture media are known to the person skilied in the art or may be produced
by known processes (see e.g. the culture media in the examples of the present disclosure,
orin WO 93/10121).
One preferred myxobacterium is a strain selected by UV mutagenesis and selection for
increased formation of epothilone A and/or B over Sorangium cellulosum Soce90, which is
deposited in the DSM under no. 6773, especially the mutant BCE33/10, which was
deposited under the number DSM 11999 on 9th February 1998 at the German Collection of
Microorganisms 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 % KNO3; 0.1 % MgSO, x 7



"Cycl odextrins or cyclodextrin derivatives are known or may be produ&édu@ﬁﬂm
known processes (see for exanple US 3,459, 731; US 4, 383,992; US 4,535, 152;
_US 4,659,696; EP 0 094 157; EP O 149 197; EP 0 197 571; EP 0 300 526; EP O
320 032; EP 0 499 322; EP 0 503 710; ERPgQ 818 469; WO 90/12035; WO 91
/11200; WO 93l 19061; WO 95/08993; W O 961 14090; GB 2, 189, 245; DE

3,118, 218; DE 3,317,064 and the references nentioned therein, which also
refer to the synthesis of cyclodextrins or cyclodextrin derivatives, or

al so: T. HzB% Pdseivatrax fiHeO: Bl hdteldP O 19k Yo MPRQY Krdddeltt 028 7oAty Qd0P¥ns of
Cycl odext phdextrit gtanParddiakt 2RI sG0onst19PA4drE Tl B me@UMNBArkGEddish-

Phar maceuti cal Science 85 (10):1017-1025; R A. " Raj ewski and V.J

St Ie| | a( 1By tomx?ghmgwn dwitingboties are tamveds They copsietafrsmell: spprangioles (Cr.ug
Del i : . i i - .1142-1169). 1 ~
P Son 351090 A ifrelePRAPET Y, EBlea iR 6Re Brokeich vanydd 8% 1100)

purification, epothilone is understood to be an epothilone which is
obt ai nable fromthe correspondin i Croorganis. referably epothilone C
D, E F dhedegdaiih b3eiAhgye he share Neitele! Simediv Sirletiuslh comibact ol se
stated, Whgsecoriaet Midreeepe darkecyliRfidaP Badlli withibsoddSroundedneedk, bR herage Baper al
term whi ch includes individual epothilones or m xtures. Wrking up of the
epot hi | ofedn losganddciwadhiel). conventi onal nethods; first of all, by
separating a culture into the liquid phase (centrifugate or filtrate) and
solid phase (cells) by means of filtration or centrifugation (tubul ar
cent ri f udipothrlonaspare arimayily epothiloneArgndia B, byt alshethepepathilanessior xaraplen t he
cent 111 ugBbides & ahd® ddrhdd RifchubhAciLA6h Wo Br1eRekahl Bougl ©
resin, fof exanple a resin ased on pol yStyrene as matrix (herelinafter
r ef er r ed epothil¢rss Esang Fynagedio WER 19822461 rangi fuitherapothilagesptitainabledrorAD- 16
ankfurt] or Diaion HP-20 [Resindion S.R L.)

[ Rohm & J . ?gRH'
M tsubisE?ﬁ%ﬂéﬁ?@QF% O, sF%h] (preferably in a ratio of centrifugate:

resin volunme of ca. 10:1 to 100:1, preferably about 50:1 ). After a period
of cont agt r . espec 0 2 rs, the
resinis %s“é%érr'%{hg%;g c%b%éggﬁﬁwig%@&%ﬂg {sj:znpga?]ﬂlgwg{g lﬁ%‘r)lﬁP %gcg' P'o%. &I&!

r equi r ed peptidesderizativar qutin paiticulaeam eligon or polyseshisatidei defivativet ofayglicyorhelical

sol vent, _prefer j ' . Ll Is then

ot oot ea ST L AReH s bl BhnotobBRPER Wi pocaBaFBERSLARERY " ')

parti cul aydroplghiopepetties Thie asprsitientto pindspothispes espdgallyeppthipasadlandiase, s
then re : t ' ' neous
or - SubseqtEaioreds A WEs 3B contil firAieomBoRBR YR E lidchlly PRI BTPCLS,
t her eby bee that issedented biomdycloderdisserdinpartinuiary ¢yslodextih tderivatives.cor mikiares i s
extracte é%&ﬁla sol vent suitable for form ng a second phase, such as an
ester, for exanple a | ower al kanol |ower al kanoate, typically ethyl acetate
or isopropyl acetate. The epothilones are thereby transferred into the

organic se. . Then the. organi,c,phase is . cancentrated to the extent
necoss ar SRR eR e els G AEKEs BiosadariRe et ReoeapraniSe S Bor at or
Subsequengiativelyf Hydtdphibbierceaaltanity ke Bydropisiic edemg! sutick @réWi Ng st eps,
whereby the purification step by neans of reversed-phase chronmat ography
with elution with a nitrite is an inventive step and is thus conpul sory,
whi | e t hghetdilewirg4rpalisinguistiéd inpatticutarthe tiglires irf pdreniaksie @iveaRe number of
chromat ography), e.g. on a colum of material such as Sephadex LH 20

( Phar nac EB’FW%H)H@&FP&? meiRce)) o-griodextindbh Sriyclodedtin &9, reRRABX I B)e| uant ;

~ 4 a:Jr 5 b QKL i . e

chr omat og—r%g% ?/e a t@’e%g?ﬂ%d%ﬁgoﬁg%yﬁggéém ?I gzm Sc(l) o%\éﬁ{n,s@gyﬁ%ngl%ati on with
a m xt ur eyciddextrinr(il B Bspédally(prefepead o §ryclgdextrinraml iy pahimuac ayclodektim pt hat

t he chronatqg&%g&ﬁ IS cgrrLed oyt onHﬁ cojumm of material, especially a

RP- 18 maC¥edat PYeayCloge iRy Q5 S MaSHNRFak ocar bon chai ns, such as

hydr ocar bon chai ns contai ning 18 carbon atons, and an eluant conprising a
nitrite, especially a lower alkylnitrile, in particular acetonitrile) is
used, i nGyalpdextin derivativesargmamarilriarivatives whiheraboyerantioned gycledexirips g

bout 1 S LML BT B, B oyoBlEh P tylucdnEbliafl ekl MR, ©

7:3, e.g. 3.7 or 4:6. -single or nmultiple extraction of the residue
(especially after evaporation) in a two-phase system consisting of water
and a solvent immscible with water, preferably an ester) in particular a
| oner al kyl | ower al kanoate, such as ethyl acetate or isopropyl acetate;
-adsorption chronmat ography, in particular by adding to a colum of silica
gel and eluting with an appropriate solvent or solvent mxture) especially
a m xture of ester/hydrocarbon, for exanple |ower alkyl alkanoate /

~ A ~ o o . o o o I L T
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concentrated if necessary, andlor liquid and solid conponents are sgpgég&ed
fromone another, in particular by filtering or centrifuging
_sol utions/suspensions. The nore precise definitions nmentioned bel ow can be
preferably used in the above individual 7steps. Wrking 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

'ho. epot HIBHE0 27 Bl PBMEIIH St SERET 9viiaratcalng BIP T SEHoR SaeRBet 1§ m xed
with a pCEtM@r%lé’i@ﬁﬁnér?blRyl TS, @e@eérambrvbrak%&acﬁ@sh@hwﬁmﬂvﬂaﬁeﬁ%rs@ny
GrbH, Frankfurt ai on HP-20 [ Resindion S ~~~7
M tsubis mromémwreﬂw the gryligroxyalief ethgm. yurmasapfr%nyl byctr@%l@wrer-awgat e:

I d
resin vo éégsmérr¥ n)érlrgdﬂox&&hg;u(&hér the'Hyh égériqx ofRPUtn ?er@%% @bgmtrh%e in

an agitato epot hi I'on are trans
cycl odextaiHYhetharst pepeciadly ﬂ -hydfoxgethyl, musiroxyaraply! sushtag@-hystroxyaropy! trchudroxyhe

cpot i | o0 Sot & 2 Mer SR USRS Loy SRk Br ps MR Rl Ry il o,

by pl aci ra(metrs;eespeeally qarbdxlgmemyl omearemgethyirethergdervatismhtarbéxygiidybetbersy int he

cpot hi | ortelier BERPHRIRLerh P bER i B Rhr i uaifes FRIM R P8I
phase is drbmiﬁafterde&dbm{y (pﬁmpmpp&rircdcamm?lembbyorw Idmaaddamimnambnyl/at er in
particular in . a circul and t hase is

at te
Bt r act ednatpiaiier RpEriBey BeoidRRe oEhBbimr g ol Sty 5T HIHeRER I h 8 & he
wat er ph@%ﬁghpr tog@r akbycanpyidbrerdlias etheTherle)tdﬂﬁJléthWyloB(?e&erﬁyI@&bﬂaCt i's
concentrated to dryne srn rotar rator
concent 1 TS vk aasviersheler s wlicSkEreGhah g rula st lomsr- sl ar
filtrati @mes. egpe&phsad@bru Rt fyclvaermas v, whiktperd or m&iwedEgrowdstdre Met hanol
as el uant I‘& p rﬂ. bpns fromthe nmolecular filtration contain
epot hi | orftheAllieghy %aaﬂﬂc A mulayt ) epot hil one content of > 10% Separation
of these peak fractions, which contain epothrlone A and Bin a mxture,
into the individual conponents, hﬂ§@<§ ows by neans of chromat ography on
a "reversed-phase", e.g. RP-18 pha& gh Hse which is nodified by al kyl
radi cal s containing 18 carbon atonms per chain), with an appropriate el uant,
preferably one ontarn anitrite such as acetoni ri (this gives better
separat i d%ef%ﬁ ki pikdyespseialiniowshalky: an 'H'Sa%WH%lPWHH%?Ieﬁ o fotont 4, gﬁ%ec,@"éél ut es
before epablsi Inmuoarar“érw 3p Flol&AGAS i WhioN driz &p@érbldwgmu?s AP ethblifidd Wit ai n
smal | portr& ?frgﬁothrlone A, which can be renpved urther separation
on RP- 182 "edigalqyforf2 epot hilone A fraction is crystallrsed directly from
et hyl acetateaoluene = 2:3, and the epothilone B fraction from net hanol or
et hyl acetate. Preferred enbodlnent of the invention The invention
preferably relates to a procd¥s for the concentratron of epothil ones,
especially epothilone A andlor B, i park cular epothilone B, in a culture
medi um for the b|otechnolgﬁﬂbﬁﬁmpré@aratlon of this (these) conpound(s)
whi ch contains a mcroorg smwhich is sfitable for this preparation)
especially a Sorangium strain, especially of the type Sorangi um Cel | ul osum
Soce90, wheesinrht iahydragers, hygradeiCetalle®).-H nOp(atk(-Hr)—ﬁ]-Bﬂ-l ohe strain havi ng

Cul ture. ramKCRERar Rl Y SRIR R e ¢ 310, cPREIRER) ERSOBE N, by FHT 28t

m xt ur e afwhalnumberdrom bto 8§ Bgwefecabiypd tonblsn partiaddet td 8; dndeY ise@Ryon NR2R;,

especi al | y one_or r ref era one or, two o re cyclod

ol ect od "hEBHIT B GraRg Teiep a0t 838 aRbunk Ard hydfohsh Syow Rk and, )

& cycl o Rs"coﬂabrﬁbd‘ibg%ﬁ}fb? withRe Mkiid hittoddh sigeifyarierpnoling piperidind,) pyrrofidino or
cyclodextrin (11 ), rl-cyclodextrin (12), and A -cycl odextrin (13),

especi al IRPeE elodextrrn) ~-cyclodextrin or'y-cyclodextrin; or primarily a

cycl odextgr braingdd MlodéRriRs, :ﬁrwrsrchre%m.cmls@daesétarsmv.mezrthé@uguemoreehresh@
fromderivatives of a cyclodextrln in which one or nore (£ to all of the

hydr oxy @resep eapesially ghicosyledigusosyl- (@1;eyciodestrin), exaiiesyl=on matmﬂ- al kyl ,
such as nethyl or ethyl ether, also propyl or butyl ether;

aryl hydr oxyal kyl ether, such as phenyl - hydroxy-1| ower - aIkyI especrally
phenyl - hydr oxyet hyl ether; a hydroxyal kyl ether, in particular

hydr oxy- | ower - al kyl ether) especially 2hydroxyethyl) hydroxypropyl such as
2- hydr oxypropyl or hydroxybutyl such as 2hydroxybutyl ether; a carboxyal kyl
ether) in particular carboxy-|ower-al kyl ether, especially carboxynethyl or
car boxyet hyl ether; a derivatised carboxyal kyl ether, in particular a
derivatised carboxy-lower-al kyl ether in which the derivatised carboxy is
aninocarbonyl ‘mono- or d|-|0mer aIkyI aninocarbonyl, nor phol i no-,
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i ~ ~!~~ zoos -13 or a branched cycl odextrin, in which etherifications or

acetals with other sugar nol ecules are present, and which are selected from
~glueosyl -) diglucosyl- (&-~i-cyclodextrin)) maltosylor

di mal t osyl -cycl odextrin, or N-acetylglucgsam nyl-, glucosam nyl -

N acet yl gal act osam nyl and gal act osam nyl -cycl odextrin; or a |ower al kanoyl,
such as acetyl ester of a cyclodextrin. Particular preference is given to a
process in which the cyclodextrin and/or the cyclodextrin derivative is
added to ecywogaxtinipeNrasaivigidoraminybraesnspainyonNeceyigeactasamimyl-@ref er abl y

0.005 to ﬁg% éﬁwgﬁakﬁhggtx 0.05 to 5, nost preferably 0.1 to 4, for
., per

exanple 0O ent by weight (wWv). Especially preferred is a
process according to one of the two previous paragraphs, |n whi ch t he

cycl odextcipn derivati cted fro dextrin

Y yel ode ke Prare A kSN el Parieoler T BBESEN ERpr. STRERSATM ester
2- hydroxyafq@ykmxﬁms -~3- or -7- cyclodextrln or m xtures of one or nore
t hereof ; whereby 2-hydroxypropyl-~-cyclodextrin on its own is preferred in

partlcular The invention also relates in particular to a culture nedi um
whi ch comrid 8166 p@séib‘l@ t@ﬁ@oétdybndeanﬁyml WHIEWOl ot nke idvRlréM@aRl etRerEngldsied Of
two or nore conpl ex-formng onents selected fromcycl odextrins and
cycl odext BiaYPEEFS HEEFRIE S nBHFIy a cyclodextrin or cyclodextrin
derivative as defined in the third-I1ast paragraph, in particular as in the
second-| ast paragraph, or a m xture of one or nore of these conpounds, and
a m croor YEyre Q9F meresl theagsiid cYQRdextring apriop cygirsteiringiesiyatives mayi alsq y
epot hi | ong,;& and/or B, preferably a strain fromthe genus Sorangi um
especially a strain of Sorangium Cellul osum e.g. the strain Soce90 or a
mutant arising therefrom in particular the strain BCE 33/10. A further
aspect of 5 f

epot hi | ongwlgrehgé(%%ﬁ% ggh%lgf tﬁe&{%g%éﬁéﬁéso%ganw %{5{' %ﬁ?gltr(}%

epot hi | oneudb, asMnethlyl ;B-sychdfdyxamtoerim padicular 2,6a&i-Othethgigbtyulddenti, arie peetp:alaat ed

for exanple tr|f nto the solid and t [ hase

(centr 1 obaBpry orsralibeugRaheiot sPeh AR rURRRGoP e oy droRHI POy a1
preparatlQmwg&mgﬂegﬁﬁggmgggams as descri bed above, to which has been added
a conpl ex-form ng conmponent which is soluble in the culture nediun) in
particular a cyclodextrin, a cyclodextrin derivative or a m xture of two or

more cycl gRe¥jdiddetrMeh eycwdé&{rmot@rrmmsct% bfdéd 16986 cliife BRALA bieEALSy i
m xed with a resi n, fnﬁeCIa %rene -14 resi n, or

is run t hASABEENalion oifh02 tqt%@retieta(blss%e tca5-reéeﬁﬁa"wq1t@eef§§a¥ampl9 Re o n
i s washedp¥ycbh Byab&ght (Wg. epot hilone(s) is or are desorbed fromthe resin
using a polar solvent eSpecially an al cohol, primarily a | ower al kanol
such as i sopropanol ; i f necessary, concent r at ed by neans of prior,

si mul t anequs or subsequent addition of water; an organjc solvent which is

i i sci bl EYAPYetRE U CyclpdpxtiLegiypbvespre knewn okmay bg Produsgd bykaew e, i s

added, anﬁrob@@se%ﬂ@éé"fot exESe USS3,259, 57‘813 s a@Sﬁ‘QQEQdSMQSéShﬁ:z@ USa41650, 850 TP,
for exanple by a or _s re necessar rgani ¢ _phase is

concont r a0 984 1ERER 908 193HER . e 50025 £ 0550 A5OSR P o8 320ER 0
concent r aggsly{ HIrepis 18 488 RIS 2352 WD 109/1 1860 B i1 Sfe 1} A BBJ0BESS. AN O

wei ght: and then the fractions containing the ep~thilones, espeC|aIIy

epot hi | on@6/A4‘a?Qi/Qﬁ ZBaﬁﬂd@r% 3gld g1 Dgn'3 :?)1)7 @64 anvithe sefersmgse mestionad
pref er abl e?é ?’twm&t 46 b ?ﬂo‘?}l\é’f\ﬂﬁhwe@dtyebagdﬁn%rtcglr’lroﬂﬁxtﬁﬂHQ \?ﬁ‘ﬁives or also:

acetonltrl |nstea an eluant contalrnin

met hanol ) T. wtasermynd;-woﬁ tﬁrlewates(wQé)ththaa@uaml Applicatiors plaeyaledextringnidrugf
desi red, t

e oo S Bl GBI B oL T R IOR S 68
epot hi | OnBa],eWBEI[B'DdI\B.U 1Stelg{ta96)1 RPrermadedticd! Appiications oé Cycotédrins: whVieb Onsg

character| by, chr are olum wi th an el uant
cont ai ni nB E |%v@umgfi}35ha%yaﬁq%gglr§%er§ﬁé%ézﬁaBﬁi}aﬁ?ﬁg carried out on a
colum material, especially an RP-18 material, which is charged with

hydr ocar bon chains) such as those containing 18 carbon atons) and enpl oyi ng
an eluant containing a nitrite, especially a lower alkylnitrile , in
particul ar acetonitrile) especially a mxture of nitrilelwater, in
particular a mxture of acetonitrile/water, 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
residue after adsorption of the epothilones fromthe culture nmedium
contalnlng a conplex fornlng conponent onto a re5|n Cne advant age of

. .
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wherein alk is alkyl, especially lower alkyl, and n is a whole nunber from

2 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
(Alk-(?)") Alk-Y wherein R is hydrogen,.dwydroxy, -O(alk-G=H,
-O-(alk(-R)-O)P Hor -0-(alk(-R}-0-)q alk-COY; alk in all cases is alkyl,
especially | ower al kyI m n) p, g and z are a whole nunber from1l to 12,
preferably 1 to 5) particular 1 to 3; and Y is ORL or NR2R3 , w/f ~u~
zooz -16 \AmeeprpVRng dRQCVHPHG" rthervrsidae 4B RNH pudiicaien epatiipes is undersigagiegen
or | ower v i mr gen
signify meyr E%Jo |O(r?:;)"°ﬁ%| peri géb&m‘ rro H@ﬁ%ﬂ% %'%%T&E&ngém%tn%e rr%t%g hed
cycl odext reipathilome GhDch, Etohemermaunmam paiticdarerathilong Bhif ophethesigeastated,

oLl e il e phbs e el e RS e oM A b= -
N- acet yl glindhvigariepgihiloneg aregistarasnyl -, N-acet yl gal act osam nyl and

gal act osam nyl -cycl odextrin; or a | ower al kanoyl, such as acetyl ester of a
cycl odextrin; and b) conprises a step for separating the epothil ones,

especi al | W&Rﬁ’n@mp'&ﬂﬁ& epotBiltheBis éfcuiePPEcavehiittal mehioas: first ot ARMACt eri sed by
chromat ography on a reversed-phase colum w th an eluant containing a | ower

al kyl cyamS&Earai"Pﬁaa CHGRHRB reiie Phaskdoemrfupelg optitrate) and soidphasrdeadies) By |
especi al | yne%rn\sBPnﬂr%n&%eéérmhugamhqtmbum ﬁéﬁtﬁﬁhgd oweédéréwqrma(nmﬁy pethedt e
such as those_containing 18 carbon atons oyi ng an el uant

cont ai ni ngpafh!'@'\‘/ﬁrfoawy‘lfhPF?“tP@ga@s‘b’é&F% fF'S/afadfe‘f‘B'hF’F?Q“Né"'x‘?chwﬁaﬁtsvfébﬁ%ﬁ a

m xture ofyediDUEH exalmplé Birédin bsééaeérﬁ;solysqgr%ﬁ@ aémaynxa(h@ﬂemﬂeﬁre@érred to also
acetonitrile/water, preferably in io of lower alkylnitrile to water of

ca. 1:99 ﬁwnmxgaqpolwwwmrwnns'@chQs Amberlite XAD 6{Refun soHaasAermang Grabl,  3: 7
or 4:6) ki) ok APho [Hbsuhéloﬁ(ssﬁ'Lb'mfshansh'i%efrﬁéél'@%r hﬁﬂa‘%P{br&f@F m}}ﬂﬁk' ng
up and puri |cat|on The invention also relates in particular

derived fdalia pkcentifugategesiaglume ef«dal aﬂdéeﬁp@éc@gwraléx peeytH0ry. Afteftar ai n of
Sorangi umgegdd Hﬂ&%%t%b&%rb&g@%ﬂb%%%rs%sﬁ@&aﬁ\ 9! '2%)ho‘2:rr§ éﬁ‘é llnis by one
or nore UV-| nduced nutagenesi S steps (I articu W radiation in the
range 200 separated) fos epemplgl hyylltzaslontoocgmofugﬁvonmlftrﬁqLﬁrﬁss@féﬁx@dsommdm regin n
each ste t tp@ﬁ@ Anelpl} ul ar
i ncreas eg 'é(e\w'%str{?d @ﬁégoncéﬂﬁlgﬁgﬁﬁf ?qefg%%w{ tur ee'Io Hﬁ;'b'p%&b %geﬁ’géﬁne%
under ot hég B@ffe@eﬁwfbaan apprapriateciplvept.asnesially witran fémhqhnm pagisulal n

particul a 0 P9 o] 3 6&!51% p %p,ﬁ]

Sor angi um'sggﬁ PglsumgI g@(fﬁaggpes éc'?’y' ?FE kg%aé’?uirgnq@éed VE%’I"E??& n BCE
331 10. ThéolVWeme{Qsﬂblv@Name@@s|0ﬁpp@rr smwamoqswrtsmsenhaﬁt\addu@n ohwetesss st eps
naned in LORiGXARR GRuRiting B¥asREBE MEEB ARG ESiRfenirhiB8 ifGHch ey, iyge Narred

t herei n, ?ry‘gt afi orm&j alﬂg %ﬁe‘oqstral nr g@sc‘rfg engere' ¢ a"r‘y r5I‘i'I—I';CPBBZOO

-17 The i mﬁelhmmt% ph@se dg @ztt@stesiowwea/\ﬁ@v%tsal!abﬂ%ﬁon@r@fngeqa@&qwnﬂ@hesa such
especi al | t flovedIod % Q@ﬂ: nd
in parti cé gr %ﬁﬁcfral %;Egﬁﬂbgr'r%dl flﬁc?g'lto ﬂgﬁreﬁalﬂ eliéér stag? epig’rjér"f;étéggtr?'r Egp %p?l

di sti ngui ebetdte. ihe gpothilenesrarg theretay translarreg inodog angsnicmhaaga Thieagheonganigken
with a di C: Lef o]
character Pééesaes'%ﬂ%gﬁéeq{trfa%c?ﬁogﬁél gﬂg%pégg%f r@ﬂg\ﬁa‘ﬁ@dgfd r ac |f§{18§rﬁépl¢j§1§r§g ér e
used partiqianlyaavayorsmrcessful ly to determ ne the crystal nodification of a
substance. To characterise the existing crystal nodification A and crystal
nodi fication B of epothilone B, the nmeasurenments are nade at an angl e range
(2B) of 2Sabse®ntly, tflrttesppdoessiog takeb ptaza asing iz following efepsavherebyrthe

tenperat Ublirification step by means of reversed-phase chromatography with elution with a nitrile is an

inventive step and is thus compulsory, while the other steps are optional:

-molecular filtration (gel chromatography), e.g. on a column of material such as Sephadex

LH-20 (Pharmacia, Uppsala, Sweden) with an alcohol such as methanol as eluant;



The X-ray diffraction diagramthus determned (reflection Iines and 14 AUG 2001
intensities of the nost inportant Lines) fromcrystal nodification A

_(nodi fication A) of epothilone B is characterised by the follow ng table.

2Al ntensity7. 7very 10 -

strongl0. 6weak13. 6aver ageld. 4aver agels. 5average16 Aweak16. 8weakl7. 1weakl7. 3
weakl1l7. 7weak18. Sweak20. 7strong21. 2strong2l. 9weak22. 4weak23. 3str ong25. 9aver a
ge | 4 ~i~G 7~0~ -18 31.2 weak 32.0 average The invention also relates in

part i cul arseparaion@hthergpsthilones byreyeraegotiaise ehegatodraphycaiter Seradakentudrin @ed
by a nelt Y nd 128C,
in parti chpg?wiﬂ&efg?’?é@ﬁng& ?hs ?&ft&e ?E{R@g}ﬁtﬁecﬁﬁcon ét?aér? g% y hi gher

t han the vhdaraetsnmcbmtmmhgfcmemamgan ia chiriee oat e & colims qumalmpeeawes

Ty ai t st Pafdr Whlon? b Bra SRR YU RaR st oloh B UORGHE ERERe

above 120c6htam81@em :&Irlbcyn btetnseenvd aa@luanamln;ir%&ga nifrite, eepesigllyea lb@bmm 124 C

and 125 rac ion dia ra t hus dete reflection |ines

and i ntengl“ﬂl?'ég paft'cg/"ﬁéa?r‘ﬁg?'t"i SrhorIeshit B %’%W‘éﬁ’%%@{'ﬂq’&ﬂﬁaﬁ%%&. on B

(2 glod It fi catbs%atéaﬁﬁf aChixRip® bhddetstfitril/wate; pedtabiiin aeatidf ditfie tb aldievdf agodbtabde.
ntensity ve

st rong8. OW2% &, @W%@%&'@e@étgﬁﬁbﬁi &9vR5WERN 38 AT £ 91 f Oh§P5. Sweak16. 2w
eakl6. 7av esr@@éﬁm&mwe&%é&nﬁmﬁé AGBRIYE. (éym}éﬁp aQ&tervaa@rai.m%maW«é phUES Y

weak22. 5average y ~ ~t;u 2002 -19 24.2 weak 1 ave rage The new crystal
forms ar eS!é%?IE@Pa$'$ty'ngfé{‘[ﬂt%' and $Rjyent mm&p'b@r\y@t water, greferabivsan estdfeinr egar ded
as the ong,Mbiigha | lo%ve'Fka?l bRer &P&W&?&“sﬁé‘ﬂ\ laé! eﬁﬁ&?@eﬁ‘ate anaoéﬂaﬁw Roftd; herefore

suitable as active ingredients for solid forirs of adm nistration,
storing i redserplign coromategraghy, it RarHeurrdiyeaddngito g qelumn efgilicalgel g%aiutmg
storabi | I {pp ah '&FE%nQ{e%Weﬂi gt i, ekfaﬁ%&%;tgfe@f e‘%ferﬁi BloBarBbh b ON-
The invention also relates to the use of the ne st al , especially
crystal fexamme lawer alieyl alkanaaje ey Siozalkanss asprc(adly pthy r@%@mﬂ acetatedi naf t er
as_act | venliagkadl i fhikn e foR6 LBIAEhG RBIePEn@ RAIBBASUH lsGRbIcRIRPARRAS ARS, new
phar rraceutl cal preparations contaln these new crystal forns, and/or
t heir use99n o AEY P@é@rﬁb|ﬁt1odft0p1r lﬂ’,lfﬁ"eﬁ?’@m%“dl seases, such as tumours. In
the follo r ich
compr | se. oy SRS Fel, FRRPUHFED bl Aot FEeMaEATRO Sl o
| i qui d coa@eaitiskeings an alsohploeigt metan@hi ch no | onger contain the crystal
form as sqﬁlpm tith S chi té‘é%ﬁn‘éﬂﬁ%rﬁ&%‘?%éf frean al so the pharmaceuti cal
preparations bt ai na e using the crystal ornms (for exanple infusion
sol ut i ons-regystalisationse.ggfrem\apprdpriptersaiventsoer sBivent mixtures. lforrxap)ple eansisting
t hey no | C e because

y O Sérs %? 3}8 &éass%dnerﬁmég &%I&ﬂ?b&é @%%e{ ielyPér €37 P;N/

they exist in so e Invention a ates s ecl a to the use
of a new é‘?%ﬁ%ttealtOlﬂ@?Qﬁ 69 tep@ hpredaiebl2:epetbilend 4) an@et ana oapthybgaelate or in
parti cul ag ng,t,@b) formA, in the production of pharnaceutical

preparati r? chardcterised by mixing a new crystal form of epothilone B
with one or nore carriers. The invention also relates to a nethod of

char act or FoggPY pORAEH BBk ERobehtl SRbloREy MEMANPE EUTET S RAEER: e
for treat ccwg:eeaatdd dfi rmawry.randm liguid ahd snilcampaneals dreseparateddramvmome bl ooded
o R oMb B SR bR or BnfRubg S Ao dRidnso the ot dGikipg ™ ot

wi th those preépara ons using one’ o he hew t
f or ns; andéfonitionk enarsdiened belowean cblewefarah‘l)omsadorh thespaiiolve liradivdgal istepsuch a
treatnent. To produce the pharmaceutical preparations, the active
i ngredi ent may be used for exanple in such a way that the pharnaceuti cal
pr epar at i Wskiogop ahd parficatibe ate prefeatsly oarriedl olhas 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 part 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.,
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~ Alf6 2UU~ -20 active ingredient together or in a mxture wth a
significant anount of one or nore organic or inorganic, liquid or solid,
_pharmaceutically acceptable carriers. The invention also relates to a
phar maceuti cal conposition which is suitable for admnistration to a
war m bl ooded ani mal, especially humans, in the treatnment of a proliferative
di sease, such as a tunour, the conposition containing an anount of active
ingredient that is suitabl e for treating said disease, together with a

phar rraceLMli%lélshyC'a‘tmlé@lt%l Milard (prieterablyrjyea rﬂﬂam&ﬁe@u&u-éw respelgneiobas
accor di ng, otP I’}a‘(?f@idbﬂﬂatﬂ)r fséhg?ﬁd siH&NAsH fﬂéto?rﬁi %é‘% eﬁm@%ﬁooﬁiub%s
nasal ) recta or d or preferably parentera espeC|a anuscul ar
or i ntr aweetassiaded frostthacydedextindarting Esio dédr apemd of, comamw cd. I1yhduurmms

20 RSP bR Bl A0
carrier. nidgealgdobe eﬁéctbbﬁh @ehrbmmgmmohoanhn iby gumn@(ﬂgmés@m mh@olmréﬁ t
condi ti on,

war mt bl ooded ani nmal and t he individual

i ndi vi dua{P“rﬂ‘Pn%VWa%eBkl '1‘9?(‘? 8"%%{‘%&% 'br?éte’t"‘ﬁ%"'&f"é‘eﬁ’&e’eﬁ'a ig)washehviywalst t he
type of ash¥oRitiohloftHedpothlidRePHemTRE Patir i 2t eSte BB IiddpRdFanen Mhaiisbpsshangt 0001
%to ca. 95 %9 preferably 0.001 %to 10 %or 20 %to ca. 90 % of active

i ngredi eﬁpasﬁﬁég%&'@%ﬁ P'c'&‘PP’EB?ﬁﬁBQW?VGHEY bydbe reditRy elovatBEIN RASAT ha nay  be
present fcﬂeuusmfywa@ordﬂorua.hd wéqa&nﬁﬁgw&ter Bhisa n@éxtkdl:téd‘ﬁ:trfu erhm adetRBPAN es,

vials, suppositories, drag~es, tablets or capsul es. har maceut i cal

conposi t iEpRtIigReSA'aitRGSiered frenpheater Rase it herethy éciiﬁtf’cﬂh?éé Hendhe iyl
ProcesseScefald oMRITR!cBnbiht RN B HrmiRe! u&ugé %tyﬂyrwapérxmm\rk infiag, M Xxi ng,
granul ating or manufacturing processes ol utions the active ingredient,
al so suspenesntiayon ahiveienofhienesdathan ahirved Hy smaans |06ﬁ§>lesaula§ tilpdaRimes, are
preferab'%él SH@éPM?@o Q"ﬁbﬁ-ﬁ%@% WHF%%]Q %v?éheﬂ?ﬁﬁe RlefhanbPis &W8HR! the fbakhe case

of | yophi ed conpositions contal n active ingredient on its own
or toget tiectiotstirora thshaaleadatiliration epnigin epathilsine Aand Band aye aetym#pl e
manni tol B%or‘ié‘%{ﬁéﬂt% L9165, Hepa Bﬁ ’6? kYRS pbaK REctRhEPRhiES cBﬁtia ‘fhuon
adm ni stration har maceuti ca OSIPIOHS be sterl
may cont & ancR# m@ﬁu@) intethedndivighal opm@s?eematth%ﬁolloys apimaansof
ol st ure ]

cal ts of“f‘*fd*f@fgﬁhf&‘éﬁn%r?%g" Phalif o O EGEsg friasinion Siialel “‘%
and t hey r@m@a @ﬁ@da@@a 11§yca|zbmmoms<p@esls%e), wrtb an @nawprl@tewuammefﬂratdmme
di ssol vi gen@rnu{gv&n#ﬂﬂé 558 SERERARA s JEs BONSHSEORANAN i TBraR

nmenti one may conprise viscosity-1ncreasing sub S ances, sucﬁ as sodlum
car boxyn@iqubéuclnm@g@mamhbﬁp\qlhmnleyﬁ elutesibietnre epatsilonel, The peak fractions

POl yvi ny La4rdn@tHi ﬁ’é‘@ rl?efy Qﬂlcﬂﬂfaﬁle?r?%iﬁ%)cﬁ?&\s%% bihiGhd ACHRER AN ﬁﬁ rér@ﬁve@hﬂ Yo e

conponent veget a synt enlsyn thetic o

cust onar yurther semremn @hRBu1r8pb‘s@ﬁy. the eppthitone éafrpition lacwsiaﬂlsp@\quﬂwﬂ@m | i quid
fatty acigg ) b d fatty
acid wt h g? §$e‘?ér§ to'%ééceg%a tégﬁ e?}ifrr éﬁﬂgﬂta grprr@ It grOII %)r}gnygﬁ%t?‘%url C
acid, tridecylic acid) nyristic aC|d pent adecyl ic aC|d pal mtic acid,
nargarlcpgg ﬂédﬁﬁﬁouu n?Sfﬂenﬁéﬁ&nld'c aci d) behenic aC|d or correspondlng
unsat urated acrds, ror exanpte orerc acid, elaidic acid, erucic acid)

br assi di (Thaanv@ntnn preferbiay celates th a ipfocdes io'rehh mrtchnurat.nacddzpbtmiun@‘ especially

i id f | )
o o L 3pbieroh FORTH, Bl Rebrikns B & e et ierbeor tnese fatty
ac: dhezt eroseqmlnefogrcab;brypéraﬁoraofrthbsl(mesa)crfonﬁaomnadmmmmufmtan@lalrm?ormﬁn?m ]Qr
ro al Cco I ox al . cono or
Py o Siblonde SORle o s PRt eP S DAl SPrag LT Sop oSN e SR

thereof) daingash Celi@bsum So¥s3D, 0P8 BNt &RIEIRY thetBforh Gh |p@WIcOle hestRliPRaviig
fatty acid esters may be nenti oned in artlcular E&ﬁpé%ﬁnyrlstate
e

i sopr opy Irefgeange B&ESS W.-vmieraﬁndoﬂwzws r(p@mrm‘ms gulperemagdia,

[t Ly ach e oA b alodaf] dghvalile or o BIo/dI b oF it SPAES! o
Ger many) compounds ip addédtol the megdiym, @bpecl@llyi aneaidmPraspreterakiy ope dr twd gr méreond

oil, olive, oil..cas il. ses n 0| and | artl.cul ar
peanut ofYoSTRAEisttadios SR BHE G 6) BRTERRR ATV b daiBe b kelion ng
to customary nethods under sterile conditions; the sanme applies also to the
filling of the conpositions into anpoul es or vial's and seal ed contai ners.
Preference is given to an infusion solution which contains the active

i ngredi ent and a

ers,
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“pharmaceutical |y acceptabl e organic solvent. The pharmaceutically
accept abl e organic solvents which nay be used in a formul ation according to
_the invention can be selected fromall such solvents which are famliar to
a person skilled in the art. The solventids preferably selected froman
al cohol, e.g. absolute ethanol) et hanovaat er mxtures) preferably 70 %
et hanol , pol yet hyl ene gl ycol 300) 1 4 AUlu 2002 -22 pol yethyl ene glycol
400, pol ypropyl ene glycol and N nethyipyrrolidone, especially polypropyl ene
gl ycol or degtrid @) brayaiddexting1@k Ci oyeladeyiriodi Bnt-cygogexdire(it2).i andt thecyblodexitimt i on
in a conc ration. of 00 ng/m , preferaply fr . 0.05t0 5
o< or oRns SR sVt B roRBr o e FRRIEE gLATEREY 2 HPgeR T, ed
as vi al s QErVHINE BF ABxturd He eyl ety deXivRRIEs &8 ledled fiPHEM dtivedTate ctiodek @S .
e.g. boron sjilicate. The vials or anpoules nmay be appropriate for an

vol ume whintwhick ope gnmore gmioralerf she Bydrgxy grom@feﬁ@rﬁwéff%ﬁaﬂﬂv' ehe uf ?. ci ent
size to b%sﬁé&ﬁlyﬁ&n’é(‘aﬂ@p%u& as Hétr"éll Bt ethfl ettm 5!&5 Fﬂé»bﬁdr%fyl BfHe?rar Syl

adninistration, the fornul ati ons have to be i n an aqueous medi um
suitabl e hwromlkyae@nbagcfammm hncﬂrp&woro@f-élkél emczﬁﬂv|phenyl1ﬁ\g¢@dveéhy! can be

adm ni ste t ution to
have t he %g%e agrpﬂﬁ&sygﬂglsﬁthé SrgH#g r L(? res@ﬁ?tggggég%gﬁ ui ds.
Consequenhy@fpxydhteyl,dwdmxusromdchuuhﬁs@Fh)@rmpl@pylmtbwmwlag@mhwhi2eh has the

effect of H@rggﬂbyng%thepea &3l m{tﬁ&sWr?art?éulatr@Po&ﬁﬁveﬁ%l@ﬁ&%&r LGy Same

or basica aneas q r'essure o he |sovon|c
agent cancabosghetbyled canboxyedihyl ethgpere Serivlamecma@d)aaﬂ(yh ahert in marfiedas@n skill ed

The' 1 ot 0B G AR P LRk Rines i bicR 15 o iR caRpSonE A cERABY, o ¢
agent s nmaynone- arsdidower-aliybaminocabonylj morphiofires- xplpéreilrwnwrﬂhglltxggomﬂ;]éryzengd;}gt

sane osnot | ress to the i.nfusio ol utian.as .bod

quant 1 &1 ogapelll Pt Carbou 8 PR BYer biPoBRetill slihe <P BuBand on
t he conpofoiwer arkomfcamyl-lomlsalm estedrfior exarmiei nieltteyidxyparbohylpepi/ogther axgent .

The concen tion |so oni zin n the aqueou diu ends on the
type of e§ &WF o ?é?.?y ?‘ebﬁ%g'ﬁ?‘ e'B,PaHCﬂF"é sﬁlf%@reé'ﬁ%Pﬁg%rd ina
concentr abspmnauil sﬂufdumtﬁ%hak\a cyerogiertrialin whishoné vr mote Ohegrospd arel etherfliedgent

i's sodlum Eu %f Fpreferably used in quantities of up to 1 %

pr ef er abl ' gra@c R PU8he i nfusion solution can be diluted with the
aqueous nedium The anount of aqueous nedium used is chosen according to

the desired concentration of acti?s r@mgl ent in the infusion solution.
The infusion solution is preferab 3 P)(’ eiced by mixing a vial or an

wherein alk is alkyl, especially lower alkyl, and n is a whole number from 2 to 12, especially
2 to 5, in particular 2 or 3; a cyclodextrin in which one or more OH groups are etherified

with a radical of formula

Hl

| 0
(Alk-O)m—'—'Alk—«
yd Y

wherein R’ is hydrogen, hydroxy, -O-(alk-O),-H, -O-(alk(-R)-O-),-H or
-O-(alk(-R)-0O-)q-alk-CO-Y; alk in all cases is alkyl, especially lower alkyl; m, n, p, g and z are
a whole number from 1 to 12, preferably 1 to 5, in particular 1 to 3; and Y is OR; or NR:R;,
wherein R,, Rz and R; independently of one another, are hydrogen or lower alkyl, or R; and
Rs combined together with the linking nitrogen signity morpholino, piperidino, pyrrolidino or

piperazino;



"1 ~ ~;Jf~ 2002 -23 anpoul e containing the infusion concentrate (see Eal'bng\pez)Um
w th an aqueous nedium so that a volune of between 200 m and 1000 m is
.attained with the aqueous nedium Infusion solutions may contain ot her
additives that are normally used in for_nﬁ_ations for intravenous

adm ni stration. These additives al so include antioxidants. Antioxidants may
be used to protect the active ingredient from degradation by oxidation.

Ant i oxi dants may be selected fromthose which are famliar to the person

ski |l ed i nrabeanghed ayatbdebirohinawkicts athealidagiofier doetalawimotisr uganmaedutess. The

amount of antioxidanf can be determ ned by routine experinments,. n

B Lornati 96 ESSt AT 2k SOS raom ooty AEsRENT S her s phandtosyt

ant i oxi dagt diffaftesi-cfasudx&ind 6NN E/IgNYCos&Sink - Chliidt8ainiiy-ONME@e ) Idafictosafiiil-act
with the infusion solution. This can be achieved in a smPIe way, by
treating PReIgaserMiBYRYSIoRERE N ¢ IPWRTRkaNeYk SHER fbACEytestes 9t A fusled .

e.g. nitrogen or argon. Infusion solutions can be produced by m xi ng an
anpoul e or a vial with the aqueous nmedium e.g. a 5% glucose solution in W
FI in an Eppicuipr prefesencens diveB o adrepesain wWhich Biegyclodextan angdor Hieuyrlodexiin t | e.
Cont ai ner §, £ Qf: ' | ' i ; '
cont ai nor 2o ay® BrdoBS STt OlenEAR TR LB RENSTLES L IO T AR 0P8
sui t abl e o 80, ghcas praferablyioesy o, 5, auqst predérably 91 ook, dor exdalmipiead.@ to Buperpéradyi c
cont ai nerg,e%Hp@/%s pl astic infusion bags, are preferred. Plastic containers
may al so be“nade ‘0f thernoplastic polyners. The plastic materials nmay al so
contain additives) e.g. softeners) fillers, antioxidants, antistatic agents

or ot her r | Liv | | ast | r | nvenpt i on
houl d beCPRafll RlerBr biatfiRees 4B BREs RS sk G DieToiabus df Fhih
Pr ef er r edthel gyslotextrimerdiative Bagtectedirérha d?MGdemmmrebaédaWﬂ-cytlc&remrihmwga to
the person skilled in the art. A large range of container sizes ng e
consi der eBYdVVWe'HWE'é?'g_ﬂ'FV?{Qd?W@v§§E‘_’e°' b zt"PVéﬁ%H'EOQV'h eér, “Bripg 'T%X?fclﬂ%mgborb_e
taken int ﬂ\i)&&’f@§bﬂ@ﬁ@ér‘rﬁ@reﬁh@re@ﬁWs%\'éH]y'#h}dﬂ@xyﬁfﬂp?%-'c!&%d&ftrir?emt@blvﬂri'éas in an
a4ueous nedi um easy handling, and if appropriate, Storage of the

~~u~ zoo2preprregddnpartiaerr. 1t is preferable to use containers which hold

bet ween ca. 200 and 1000 m of infusion solution.

~ o~

The invention also relates in particular to a culture medium, which comprises a cyclodextrin,
a cyclodextrin derivative or a mixture of two or more complex-forming components selected
from cyclodextrins and cyclodextrin derivatives, especially a cyclodextrin 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
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~Oning to their good formulating properties, the new crystal fornms of
epot hil one B according to the invention are especially suitable for the
_sinple and reproduci bl e production of the said infusion solutions. However)
the new crystal forns are especially sujjable for the production of
pharmaceuti cal fornulations which contain the active ingredient in solid
form for exanple oral fornulations. Pharnaceutical formnulations for oral
application nay be obtained by conmbining the active ingredient with solid
carri er s,re$if, atésiungbirobgh greptummatiliedgvithresich @gasinaifinegeisganyr e reginl isf washiedr
processi ng,.the i xt o Si.rI J Ly, L,hg.,sui table
adj uvant svgthi %Efq%ﬂ%b%c&s"f%éﬁsggedé a?%crj&é’%or%%d chrﬁgﬁfgess% lfstﬂsfgb?ilsggéhﬁ%st’si ble to
enbed t hesspediallyl axsdlcahof wbistariyt e pwehalkhna sadh as isbpropetholyienécegsag ent to be

di ffused or rel eased in neasured antities. Suitable ph ceutical l

erpl oy bl GNEEI &Y MPAnS G IY APt ePL pCSUbsRRYerd duith GLNAles n g
manni t ol BveROWHIER Rlithrisdibiélvib vatdrefoRerdr g an satell/ UchGeletiyiBtdthrsghat es)
for exanple trical ci um phosphate or caJ ci um hydr ogen Ehos hat e, and

bi nders, asides ang e gPtHENe($)dt CbariINElerrar 2R NaHeRN'S Phate 'SP BBPRIYY st arch,
gel atin, JohRGRCAH WiRing Whéve!neeidan, dsorghiid pREYPIsRRNEerTRdY kheL & dikilones,

sodi um carboxynet hyl cel | ul ose, and/or polyvinyl pyrrolidone, and/or, if

desi red) fomsihatosganig snlutionsehizingd aterronaeitAtehtieyabrrearolecHrtHEYe T r oss| i nked
vinyl pyr V&Hgﬂe&ﬁém 16W ol Wei dht Ariddnes thid 1Rikibnd &ft&Rihg i /EihtRifonegdi um

al ginate. Adjuvants are In particular flowInproving agéents and |ubricants,
e.g. siliespedsly epathilong AsindéariBcundergp eapatationdyteniereised-pharhcaldmiragnesi um or
cal ci um %&M@f?f]a%h/gelﬁtﬂgvﬂfh APEMEM BB Ph WAk, sUh LR GRItAS (G iRstBA®Ynded, i f

desi red, propriate gastric-juice-resistant coatings) using Inter
al i a conciuant serdaininggaralenbioliisbemes mgthanghawhereby epatbilgnepdl and Bare
pyrrolid e | MG j i i OXi . ing
o1 Ut oncoractB8 SR B HiokEfhg, CAR b8 furkleh BB Ste ey TEen bl EARh
gastric-juice-resistant coatings) solutions of appropriate cellul ose
preparati, I | . yr A ; hyl
cel | ul oséA‘ @ﬁp ﬁr;#rg{?eg% aéggg%loé@%dbgé@raﬁ r@é@ggﬁ gtsr&é@(?]ds?s%p%g%gé %Béé'{hg I tr?' or
pecti n, asdecidllyrepgthilomes A and & framene ancthersvhighyis eharacterisesybi t ol . The dry
capsul es gﬁﬁ i VS A [ ek | . , for
exanple w %q?ﬁs}%@bgm]i gﬁ%\ﬁe%aég aégtg %é@ﬁrﬁp'%hdéeﬁggdggtu{:oﬁiﬂ'ﬂé? géygﬂgs'&and/ or

| ubr i canteyanidesshrematogiaphy being gawied gt en 8 gokimn, matedaivpspesiadly pn bift-1 &t e

stabilis : |8, iye:in ' # in

G asol ved S i haRR iy et cfGirs DB eRbed BohinB 1838 R "1 1
adj uvant sitaros andsnipiaying ars elupatreoifdining a Initde, ¢spggiatly pilayyseylaligbitgleydol s ar e
added; stahili I ] addi ti 3 . ded. Dyes
o pi aromALicblk SbSoRRfH, Sho S FLES B i blek R oBREL 8 i IS T
i nprove iagetonitile/vateropreterahlyindd stiorofj nitrie taiwatee pbea. 1RSSR POsT, primaclyi v@to

: dient. T ¥ " ’ . : . . Cth
of “the orybicat SPHIAR%S And 7R, B 37 B e Pmfedfalolibdl fohu ShiF AN allbh " 0
t he crystwith o mpleclpr sié\a, abisypreferdhiy effdnted dicegtly Lsing te residpartier adsoqitionof

ani ral - digetfiPs Ron R ELAGE AN SR L Bh AR C R REICHIRECC 2o

and 133%resim.cDrer adhlaptagetoisepardiorawith 40@Manbdontdininyaxowemalkyidyanide @seDbse
MID) b t d t hod i ifi i i i es,
i whi o (Bl H kP B b B S W et 3 e Pl BEiR IR E REMIE ) 5706 “Bous

and 40% foll owed by 33% for all subsequent doses; and) if necessary) one or
nore further doses mnistered in the dosage range given above far the
FTret dodde REBRoREIosPressatlY A Potrest o b HRAEHOR A SN LAsH Wight
recovery #ykomplsdstibhrétebsdbr IheicoacértRBbE 6f afdtsilonks espeaiamépishilone A and/or

adm ni stration) in particular one week or nore after the first

adni ni st rEain Bafticyiareansthiigng Bpinggcultyreymedivm @53@&'@??@“0@&"@' Brapaeation gf this
each preqpds)kortPOuRdE], Whidhddntdifs & BiGb&ganibii whisd RBUMESI fovaMe gFepal'd”tioH(“' ch
a high dosage is adm nistered once, twice or several tinmes wt

suf f i ci ergspgcialyrfySpmpaimeatrain, espraially ohthe tiee vomrgiumGaliesinm Secaddsordr
recovery o] | S: : wth

| over codh8anHEing i Ehom el e e nAUEDleferkhOHOR ol i ah
period and an inproved anti-tunmour effect can be expected. The dosage of
epothilone B for humans is preferably between 0.1 and 50 ng/n2, preferably
between 0.2 and 10 ng/nR. The foll ow ng Exanples serve to illustrate the
invention without limting its scope. Caution: Wen handling epothil ones)
appropriate protective neasures nust be taken, where necessary, in view of
their high toxicity. The 750 litre fernenter used in the followng is a

o, - M. o o A\ A" 1 _ b
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" Preparation of the mutant BCE33/10 conprises three nutation steps with PJV

| i ght and sel ections of individual colonies. The procedure in detail is
_carried out in accordance with the foll ow ng operating steps Cultivation
fromthe anmpoul e: The cells of the DSM57£3 anpoule are transferred to 10 ni
of G2 mediumin a 50 m Erlennmeyer flask and incubated for 6 days in an
agitator at 30C and at 180 rpm 5 m of this culture are transferred to 50
m of G52 mediunm(in a 200 m Erl enneyer flask) and incubated at 180 rpm for
3 days i nothar wegjal ammopmate Bmstinléinlswf culitreunedia, ovhesehypa eyaibdestrinairiaon:

Portions of t he aboy ure ar at d Qut onto s Petri
di shes cof® éﬂdﬁ?dﬁ'a d&a\&'?“"ﬁe%n%'m ﬁ%?eorﬂﬁ%{geozh}f CPRRRUISER aggﬁ(ggataeto w
l'i ght (mepeaum, bé;ﬁbo?élly(bﬁeroaﬁ@@e (ﬁrefa%lyorﬁ(}ﬁ twopr fnore &&Icmrexthz?iﬂ ssleceddmnat

500 pwatt per cne . | at es, are then incubated da s at 30C,

until i nd%?VQJ@FéﬁthHbﬁ%rﬁ‘@SC'QS’Fx‘ﬂnf WW@W&?%@&VC'?ﬁ@“%(Q cloflgytrins o

col oni es t bfhﬁ"c _of

pl astic |§g§ gﬁ‘éfg&ggggﬂﬂﬂ E§l‘:l£‘et r |rfn(}| shggd co tr:ff:dﬁ#ﬁg %ﬁ?é)?ég#ra}{( g%t ors
per pl at ejexuirg ieyclodaktenl of pryclodiairin; art pridtadly & byplomlxtrm ddmaatMeaaremguummf on an
area of ca ar. are transferred by a,plastic 0

o 1 st R ES SebCiE To defetee Gt 8 ciibadih Hubh &P B gRra i
an agit atgrajaf #sydréydro@is drBieshetitlbd t &n arqa eternedpetiamdiover Emymir,ucnfasGSZ
medi un(l n a 200 M Erlenneyer flask) and incubated at 180 rpmfor 3 days in

an agi t at®ethytorsdiayl efigrflscpropyiog by Htﬂ?'ea%?@" -hyrRXyady gtpet éug@aﬂphﬁ?y"ZSBS
medi um an@dr@@uméﬁakin Oéspzcﬂfﬁb/&eﬁyl FyRiPory BiRyI éthafnaasgu.to&wkyl @ih&QEpaI@unar

det er m ne 't he "anount i | one ‘A and epot hi | one formed in th

cul ture, ffwéowdpwewlhsg m%ﬁae@e"x %-hvdspwm hymévryepmsuemﬁf arwdgwmpﬂn is
filtered &lHyarado rbolcﬁras@usy\a%xwégl éhérha e%axﬁna,mheamdPM@ulapéavséwt ene

resin Anberlite” XAD16 ret ai ned he sieve is rinsed alittle water
and subsdgwenalkyl eé?lﬁ!e%ﬁpﬁé'@@f sasboxymethw aecarbexyethyt ethar: sleryvatised cartoyalky ube

(Fal con Lakuay r‘?parﬁ@ﬁér%%ﬁ&é&%&%c&?ld WETRIGPERE! iR wHIG P e BRAV Sised t8ridky is ~ ~
~l Vi~ 2D0? I Sopr opanoi are added to the tube with the

Filter. ANTIBPORIPORY), moRO-6 AT loweaal&d amwa@nyhm@&hcﬂlae- RiPRBYUNOaPYIETINoDM i n
order di Sogr%ﬁ’aﬁainﬁ'&c%%)*ﬂ'ér‘m@lo&yéé}gorﬁnl |H"Bbﬁi9ulhvsloﬁ@ﬂ£iﬁﬂo%a%‘ﬁylr 8fdnas i N the

i sopropanol’.” Subsequent urd is centrif and ca. 0.8
m of the°r§[ﬂ5%b'&‘lat'%f aﬂ'@xmthﬁgal&ylpﬁﬂpﬁétfpéewnae mhylwserbormgronmc
anal ysi s &Ee#&%ﬁﬁyléﬁﬁ%&ﬁylbé ﬁfeftl?éit§§|ulﬁr§lk‘}?€tﬁér' P\e&ar@&h&‘@uﬂ&ﬂﬁerﬁ%ﬁether

analysis in the ct anal §S|s section. PLC anal ysi s det erm nes

whi ch cul qa@@@atbbmlf&bhyl ether; n.cgﬁegext@blﬁtwh Qﬁe @'p'BQrﬁlQ'd QECUBS are pthgritierh
above- desgitd pedicf et Rmpkat e of the corresponding colony (the plates have
been stored at 4Cin the neantine), cells fromca. 1 cnR of agar area are
transferred by a plastic loop to 10 m of G52 nediumin a 50 m Erl ennmeyer
flask and are incubated for 7 dayg.(ff-olf$y rpmin an agitator at 30C. 5 mi
of this culture are transferred to 50 n of G52 medi um (in a 200 m

Erl enneyer flask) and incubated at 180 rpmfor 3 days in an agitator at
30C. Sec [ d i

oxact |y (e At A, oM MRs AA0F Sais SRR hier Wiy PAC S5 UPEAI ety
t he sel ed &b, wmpem'dabz ot Biea bw@d%imnyvhiqhmetqiénqrp@i giguperareethenfisds used
for the sg ? ﬂgﬁﬂﬁabs For the third nutagenesis, the culture of the
best colony ron1t second nut agenesis is used accordingly. The best
colony after this third cycle of UV nutation steps, foll owed by sel ection
of the resulting strains for inproved epothilone B production, corresponds
to nmutant BCE33/i 0. Preservatﬁon of the strain 10 Ml of a 3 day old culture
in G52 nedium (50 m nedlun? a_200Q, | enmeyer flask, 30C and 180 rpm
are transferred to 50 m of 3 me |un1( n a 200 m Erlenneyer fl ask) and
i ncubated for 3 days at 180 rpmin an agltator at 30C. 1 ml portions of
this culture are renoved in a formwhich is as honbgeneous as possible

(prior tovkesen /¥ éskydiogans bydoxy, WPdalkD)sHalfalkR)HamdHion t he Erl enneyer

flask) to e V4 § 1 { ea%b,p (b r

adsor pti o%ﬁah(g Rr%% E?o%ﬁb@ ‘P%WE éil{l&%ﬁ?(% e@?&élb{ %‘ﬁe ﬁ? I'P% é )rétz?} 8
m Nunc ca wbolemembeAfr@mNutact 2, prefr@bly 1Ro S, indemartiddéan rieto 13) aadld'lsﬂfhe)dNﬂzﬂher at
-70C or in liquid nitrogen. Cultivation of the strains fromthese anpoul es
is effected by heating themin the air to roomtenperature) and

subsequently transferring the entire content of the cryo tube to 10 m G52
" G ~U~-, 2002 -28



] 4 AU 700
mediumin an 50 ml Erlenneyer flask and incubating for 5-7 days at 1t86 o ZUZ

In an agitator at 30C. Media Gb2 Medium yeast extract, lowin salt

. (Springer, Miison Alfort, France)2 g/1MS04 (7 H20)1 gI | CaCl 2 (2 H20)1

gl I soya neal defatted (Micedola S.r.l. ySettino Mlan, Italy)2 g/lpotato
starch Noredux (Blattmann, Wadenswi |, Sw tzerland)8 gllglucose anhydrous2
g/ | Fe- EDTA 8g/| (Product No. 03625, Fluka Cheme AG CH)1 mJ pH 7,4,
corrected with KOH Sterilisation: 20 mns. 120 C S42 Agar-Medi um as

descri bedvrsrei:i 8oud aetd R indéhenslenity ®ne BHBthe6 Hre mwagemeﬁewmdlkylmr mlamdose 2

/1l d
reat "ot ScRRrRH OB Wt e TAEEORoad X SENT hompaliy) BREHENP niBidho0”
(Product pm;aymﬁﬁ% FI uka Buchs, Switzerland) 8 g/I HEPES Fl uka, Buchs,

Switzerland 5 | polystyrene resin D1 Haas) 2% v/v H20
Suttzor] and o dLbaRalyslaLene Lol R XADIE, (Fofim and, Las) e vIa tBY

120C ( HERRSpresént] andWHRaYEsd¥did ﬁbrﬂ%ﬂ&%ﬁﬂﬁdk{l&bbﬁﬂ U-Eid dex@m), dailsamp! e

2: Cultivation in order to produce the epothilones ral n: Sorangi um

cel | ul os@nfigwdtesYoyEaiexys1, pON(eaemlgM@samWyl- glucosaminys NGestylgatpciseminyrat i on
of the stpg gQrac{oEaJnlnng%é%!%mﬁsoH al“loﬁéﬁ&?ér?oyéﬂéﬁcgéz%r@ Qo Hr

i nternedi a tur h culture: ium yea t ex réct)
l ow in sahd (Bi oSpringer) Miison Alfort, France) 2 g/l

b) comprises a step for separating the 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 alkylcyanide, the 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 lower
alkylnitrile, especially acetonitrile, in particular a mixture of lower alkylnitrile/water, preferably
a mixture of acetonitrile/water, preferably in a ratio of lower alkylnitrile 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, whereby if desired, it is
possible to use further steps for working up and purification.

The invention also relates in particular to a mutant derived from the strain Sorangium
cellulosum Soce90, especially a strain of Sorangium cellulosum which is obtainable by
mutagenesis, preferably by one or more UV-induced mutagenesis steps (in particular by UV
radiation in the range 200 to 400, especially 250 to 300 nm) with subsequent searching in
each step for mutants having increased epothilone production (in particular increased
epothilone concentration in the culture medium), this strain under otherwise identical
conditions producing more epothilones, in particular more epothilone A and/or B, especially
epothilone B, than Sorangium cellulosum Soce90, especially the Sorangium cellulosum
strain BCE 33/10.

The invention relates in particular to the individual process steps named in the examples or
any combination thereof, the culture media named therein, crystal forms and the strain

described therein.



MySO,, (7 H20)1 g/l1Cad 2 (2 H20)1 gl lsoya neal defatted Soyam ne 50';’1’(4}{@@3@
Meyer, Hanburg, Germany)2 g/l potato starch Noredux A-150 (Bl attnmann)
. Waedenswi | , Swit zer| and) 8 g/ | gl ucose anhydrous2 gl | EDTA-Fe(l11)-Na salt (8
g/1)1L ml pH 7,4, corrected with KOH Stgkilisation: 20 mins. 120 C 1 B12
Medi um potato starch Noredux A-150 (Bl attmann, \Waedenswil) Swi tzerland) 20
g/l soya neal defatted Soyam ne 50T (Lucas Meyer, Hanburg, Germany) 11 gl
EDTA-Fe(111)-Na salt 8 ng/l pH 7.8, corrected with KOH Sterilisation: 20
mns. 1207k mdemttoncaisoaela@q;scuom@rwnlsiomofmmlae&Br pspegially azrysia dorm of
Cydodextr LK I Ger many)
in di ffer%@h'fggnceﬁ% rg#l%%%mgwgké er??ﬁasén asﬁ%@??t’eg %B‘a m%m&%{;%)l\t he 1
B12 nedi um prior to seeding. ~ 4 ~tJ6 2002 -30 Cultlvatlon 1 nm of the

suspensi on_of Sor.angi um cell ul osym Soce-9 33/ Q0 froma lJ qui

ammoul e | I Prsiel RPEPR 6 st et BB Biatle oK PGl AP s
and i nCUbf&'k@ﬁlwftlQé difré@ymettr ah8UsingCu-RopRdRdbh atdireftrabiPGsedfo diBtacterise

di spl acenent . m of this culture is added to 45 m of G52 nedium (in a

200 m Er $<é'ﬁﬁé§/@fﬂaﬁ'F§§'K'P°% Kriay itracliop saggemg pe used PadicuisHY isHeeRastElY eat or
at 30C, 2q.ia% ?é&@'@gs%%dmcégo%f QEuEéié&eC%EHér%ctbﬁséi?\%rbx%%‘&g &) 450 m
of Gb2 rredl um(ln a l'itre Erl enneyer k) I ncubat ed for 3 days at
180 rpmi mo@ﬁcﬁgntmwcmtamwlflwlomﬁ ofi G:P@Ffd@éﬁ?rﬁnthe megshreameme areongdadlte: The
culturel b j f re to 450 m
of b2 rre %faﬁm%g?ge) chéagoeﬁﬁyeéae'?a%{? asE&bggﬂF ?tﬁa%rlfe%g%{ éognd

f er ment atiemp@raamre carri ed out by starting with this maintenance culture.
Tests in a flask: (I) Preculture in an agitating flask: Starting with the
500 mM of maintenance culture) 1 x 450 m of G52 nedium are seeded with 50
m of t heTmaXméeditiractoredibgramethas dietenminedt(edettan liheslapd irdgnsits of ha rhostan

Pasic. _aonorgrines B EeRl FRTENons (hdaliBiBnay o 8inlsa B shifrsiefteds) o
(= MOPS) Ipoivddsilowing tabl200 m Erl ennmeyer flask) are mxed with 5 nl of a 10x

concentrated cycl odextrin solution, seeded with 10 ml of preculture and
i ncubated for 5 days at 180 rpmin an agitator at 30C) 50 nm di spl acenent.

Fernmentation: Fernentations aregcarried out onnwnsigal e of| 10 litres, 100
titres and 500 litres. {20 litre and 100 litre fernmentati gns serve as an
internediate culture sf{ep. Weré€as the precul Y& 8Mnd int er nedi at e
cultures are seeded as|{the maiqg.genance culture wW&% (v/v),| the main cultures
are seeded with 20% (vfv) of the internediate culture. Inportant: In
contrast to the agitati{ng cul tI#8s, the ingred®R9 of the nedia for the
fermentation are cal culated omagsg 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

23.3 strong

25.9 average




the final culture volume including the inocuium If, for exanple, 1é‘1$W%@@
of medium+ 2 litres ~i f i~nr 2007 -31 of |noculun1are conbi ned, then
. substances for 20 litres are weighed in, but are only mxed with 18 litres!
Preculture in an agitatingflask: Starti_ g_mjth the 500 ml mai nt enance
culture) 4 x 450 ml of G52 nedium(in a 2 litre Erlenneyer flask) are each
seeded with 50 ml thereof, and incubated for 4 days at 180 rpmin an
agitator at 30C, 50 mmdisplacenent Internediate culture 20 litres or 100
litres: 20 litres: 18 litres o#1.852 nmedi umin awéads nenter| having a total
volume of 30 litres are seededgyyth 2 litres %¥§%§bpreculture. Cul tivation
| asts for 3-4 days, and the CO%dItIOﬂS ar e: rom| 0.5 litres of air
per litre liquid per mn, 0.5 bars excess pressure) no pH control. 100

litres: 90I|tres\%§ GSZnewmlglfaferrrenter hawr:ag?ﬁél ot vaol ume of 150
litres ar SBYRBENRISCHERERS P pRBICURY 1q faewsrysa! fam; of eprihlanes B whieh §r e.
Cul tivati &iaréc@érts%dfbwa rﬁeuﬂngigmm ofaﬁ@lretth@n ¢2m‘d3 dspB&ialf sutwedHCt 201&Qaﬁd3m 0 5
litres of air per |itre gﬁgg 5 bars excess pressure,

tre

control . W86 Bpeiticpir 131}1 urpl_fm@gly,, ‘P'Pé@'“&r‘s S?Hf'qqri‘t?'é@gh%mﬁ'i‘ f"fees The

medi a subgfaiRGRevib®ly déiclibéd Ritéthtute. B .mhymeaétes égﬁéddung cwataT fdrintdtes
of water, then 1 Litre of a sterile 10% 2 dr oxy yl) "-p-cycl odextrin
éig%r

sol uti on enchilgne & whighds ehasactarisgd by heX-ray 6<ft'°a rqamtqféhq sry&eaifedn At e

cul ture. ° Y b on

are: 30C)';‘I;gjgabFwﬂﬁ‘%I p8fﬁé8{al%d“v§s1r§?:c ealgéfﬁetc‘éﬂﬂ’ét&f EZJ)? ¢ éa ggs @%F W% bar s
excess prMa&mlMﬁGM‘t&ﬁfﬂ with HZSO~/ KOH to pH 7. 6 +/- 0 5 (| .

control between pH 7.1 and 8.1 ). 100 litres: The nedia substances for 100
litres of 1 B12 nmediumare sterilised in 70 litres of water, then 10 litres
of a st erTheeX-1@tiittractigradiegrapy thugdptermineddiedidetionrlinas sod inténsitiesraé theddest, and

ded Y . . s ¢
tho mai n BhPiEhES Hordbr@afilobitkifr BIASIRENGHB) SHudolhfne B Alfelleriy©
litres aibytpefollowinggablequi d per mnin., j ~~ hu ~ zo0o2 -32 0.5 bars excess

pressure, pH control with H2SO~/KOH to pH 7.6 +/- 0.5. The chain of seeding
for a 100 titre fernmentation is shown schematically as foll ows: nai nt enance

cul ture (500nt) 20 Intensity
6.9 very strong
8.0 weak
8.3 average
10.8 strong
11.5 average
12.4 weak
13.1 strong
15.5 weak
16.2 weak
16.7 average
18.1 average
18.6 average
20.4 weak
20.9 strong
21.3 weak
215 very weak
225 average




" &2 medium 1~ precultures 10 (4 x 500 ml) G52 medi um nai nt enance cul't s 2001
(500 M) G2 nediuminternediate culture (e.g. 20 1) G52 medium 20 main
.culture (e.g. 100 1) nmedium+ HP-(i-CD 500 litres: The nedi a substances for
500 litres of 1 B12 nediumare sterilisgd.in 350 litres of water, then 50
litres of a sterile 10% 2- (hydroxypropyl) -p-cyclodextrin solution are
added, and seeded with t00 litres of a 100 litre internediate culture. The
duration of the main cylture is 6-7 days_ _and the conditipns are: 30C, 120
rpm 0.5 litres air perf litre R4guid per mn., 963K bars excess pressure) pH
control with H2SO~/ KOH|to pH 72§1+/- . 5. Prodé%trpﬁal Ksis: Preparation of
the sanple: 50 m sanplles are m xed vmth 2 m_ of ystyrene resin
Anberlite XADL6 (Rohm + Haas) Frankfurt Gerrrany) and shaken at 180 rpm for

one hour at 30C. The, resin is su ntI fi ere sr nyl on
vy e DR OR LIS B SRRt SIaHer AP RA RN Sjorts TeHuoRy PR ar
to a 15 nheNABGHIAHIE mdeb Wdrﬂ@dﬂfarﬁré@ly@ﬁéﬂl@%ﬁdﬁﬁé&trﬁréIﬂ%réfiﬁé Buitabf 48 addile

i sopropanol (>89% are added to the fube with t filter and the resin.
Af t er war deyrediestssionselid fermeol adnipigiation i 5@0”%%%&“@40@? oF BdiMarespialest ure on

a Rot a- M xah pakrBiaRg §oBY stohdiltg)ih ﬁ%kparﬂ@*ﬂof blidor Rduid Pmisi Al dbMirit@tion.

centri fuged of f and” the supernatant is added using a pipette to HPLC tubes.

s ~~1J ~ 2002 -33 HPLC anal ysis: Colum: Waters-Synetry C18) 100 x 4 nmm
3.5 Nm’\ATﬂﬁeG oehtibnRi) e PHoNn& 054!81tha ngwt |W6FWAI%?I SRIsYR Rir Bbup - 02
% phosphor i c%a%rl lgn: Acet onrtrrf ( HPL C—nG"PNua Y G adi ent : 21%{% rrom ) to 7

m n. 100% Bimariyerystal foom A @l mfnrrad_tm/e%emtbenae atcbvemgrﬁdfertt;\ne rhe production of

i mo: Epo ThEiaky el fors, R PhEhaE bbb RrhpRy whieh cohrbinEEh g 01
c~r cl odexdrystal famas, @apdioo thesittusierin thertraatmentad ptaﬁfaraﬁfe/eeiimases.c&wh@@nwemrsdm ons
attai ned. the following, where pharmaceutical preparations or compositions which comprise or
contain the active ingredient are mentioned, in the case of liquid compositions or
compositions which no longer contain the crystal form as such, this is always understood to
mean also the pharmaceutical preparations obtainable using the crystal forms (for example
infusion solutions obtained using crystal forms A or B of epothilone B), even if they no

longer contain the respective crystal form (for example because they exist in solution).

The invention also relates especially to the use of a new crystal form of epothilone B,
especially 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
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Al'l the cyclodextrin derivatives tested here conme fromthe conpany Fl'u é@,h

Buchs, CH The tests are carried out in 200 ml agitating flasks with 50 ni
.culture volune. As controls, flasks with adsorber resin Anberlite XAD 16
(Rohm 8 Haas, Frankfurt, Germany) and wishhout any adsorber addition are
used. After incubation for 5 days, the f%llomﬁng epot hilone titres can be
determ ned by HPLC. Table 1: Additionorder No.Conc [%VW Vv]'Epo A [ngll]Epo B
[mol | ] Anberlite XAD-16 (v/v)2.0 o

(%/ v) 9. 28ctye-ingredientyipgeshel or-in adyigutrdwih & FiaBESIR@MERNY ! R Pryderexyypardpe - ~i
-cycl odextrin:f. pd. - h r - (3= I rin"1.04.73.42- hydr oxypr
opyl-~-cykpggg%t?ﬁﬁzgr%§Q7%ﬂ%géE§agg f%%gggpgfgggﬁ%odextrin"5.01.70.52-hydr
oxypropyl - a-cycl odextrin563300.51.21.2 VvV ~~ cur zoos -34 Additionorder

QOC% Pg dg%\é Yr&élﬁ%ff‘?&r_e ’é{@gé’ B%;bgg%@fc_gfc%%ro%%ﬁ) WRRAlis suitable for

a- cycl odexdministratidito=?warm-bivoted aiitmal, 2PN .hLiinabd, iBpheyedtodaxdbira n" 0. 53. 62.
5~-cycl odext, in?1.04.83.7~-c¥clodextrin"2.04h82.9~-p cl odextrin"5.01. 10. 4ne
t hyl - ~- cyBlo {Té%é'b’ﬁ Ai5689% SHC S 8 8MeteihgyAonResition cortaking; ap-amey ot agtvenet hy| -

p-cycl odey Fédib"n?tf@ﬁ@-sﬁﬁ@bl@?eﬁreatin% said disease, together with a pharmaceutically _
di - o- net hyl - p-cycl odext ri n399151. 0<0. 3<0. 32- hydr oxypr opyl -' y-cycl odextri n56

3340. 10. 3gcepib ypropyl - 7-cycl odextri n" 0. 50. 90. 82- hydr oxypr opyl - ~cycl o
dextrin"1.01. 10. 72- hydr oxypropyl -' y-cycl odextrin"2.02. 60. 72- hydr oxypr opyl -y
-cyclodextrin"5.05.01. 1no addition0.50.5 '} Apart from Anberlite (%/ v? ,

all per cefnapaymaceutisal eampasitiops@rcording-tashgfinvention gie| thersdintendgd feraniaral,

(2, 6-di - Op I niRsafWELAASPUrhll Br prafehdbiy parefiérdl AEBXLEN Itratha iy Jjo ef fect

or a negafl ve e¥?ect'_(8_)ér:1 e_potﬁl'P'b%e pr o%ﬂac_rfi on at gh‘e ){:‘or:centratri ons used.

1- 2% 2- hyiiraxsnops egiinistratipn ko wasm-plondechaniMmalse penasiady himans, rnddhgecontain

epot hi | ong, pfogie tb&of e I&ﬁv@iﬁﬁ%le&io:‘?){? Swh %r ﬁ)f%ih@?ﬁ'itﬁg ifRAnthhBunt of
production using no cyclodextrins. anple 2B: IO litre fermentation wth 1
% 2- i ( h~xg phaipjaceuticalic henepiable earriere Fhe dosa ofdhe pgtivedngredignivadepandenisnlitre

gl ass fer 'I@ﬁ Wt -HIEHSBAARE tHebod) Wefhh, t d the individ iti
(hydroxypirmgp ofw c@c o%iext rrﬁ'ﬁgf ?igmrb%b&ac?%er’ %gﬁ? S'? f\']?n'f‘c'ﬁ', “%e"r°r’r'8'rﬁ'§'." The
progr ess ioflividual pharmacokinetic situations, the disease to be treated and the type of

administration.

The pharmaceutical 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 manutfacturing 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 sterilised
and/or may contain excipients, for example preservatives, stabilisers, moisture-retaining

agents and/or emulsion-forming agents, dissolving aids, salts for regulating osmotic



i ~ ~v~l 2~~2 -35 fernentation is illustrated in Table 2. Fernent ati%hAls200]
ended after 6 days and working up takes place. Table 2: Progress of a 10
.litre fernmentation duration of culture [d] Epothilone A [ng/lJpothilone B

[ Mg/ 1] 00010020. 50. 331. 82. 543. 05. 153. 75..963. 65. 7 Exanple 2C. 100 litre
fermentation with 1 % 2-(hydroxypropyl]-[3.-cyclodextrin~; Fernmentation is
carried out in a 150 litre fernenter. The nmediumcontains 10 g/l of 2

(Hydr oxypropyl)-~-cycl odextrin. The progress of fernentation is illustrated
i N Tabl e @esSteapd/phbyffess.iang they argrrredycsd byfknewn prefrgssesa il axerRiedbyup. Tabl e

ot 1 i PR LR B LGITBRISHSERSHH THE Bughe SRR FRRGIACTS A

51. 63. 361m8Bcatidrised/idcokikainpleasiBP subgiondast swchf asr soeliuratarbnxyméthyldelRdose,
2- (hydroxyprop~rlL~3-cycl odextrin):. Fermentation is carried out in a 750
PR S R e T s e

Suspensions in oil contain as the oil component vegetable oils, synthetic oils or semi-

synthetic oils, which are customary for injection purposes. Notable examples are in
particular liquid fatty acid esters, which contain as the acid component a long-chained fatty
acid with 8 to 22, especially 12 to 22, carbon atoms, for example lauric acid, tridecylic acid,
myristic acid, pentadecylic acid, palmitic acid, margaric acid, stearic acid, arachidic acid,
behenic acid or corresponding unsaturated acids, for example oleic acid, elaidic acid, erucic
acid, brassidic acid or linoleic acid, if desired with the addition of antioxidants, for example
vitamin E, B-carotene or 3,5-di-tert-butyl-4-hydroxytoluene. The alcoholic component of
these fatty acid esters preferably has a maximum of 6 carbon atoms and is a mono- or
polyhydroxy alcohol, for example a mono-, di- or tri-hydroxy alcohol, for example methanol,
ethanol, propanol, butanol or pentanol, or an isomer thereof, but especially glycol and
glycerol. The following examples of fatty acid esters may be mentioned in particular: propy!
myristate, isopropy! palmitate, "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, Hiils 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 1o 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 arnt. The solvent is preferably selected from an alcohol, e.g. absolute

ethanol, ethanol/water mixtures, preferably 70 % ethanol, polyethylene glycol 300,
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(Hydr oxypropyl )-~-cyci odextrin. The progress of fernentation is illustrated
in Table 4. The fernentation is harvested after 7 days and worked up. Table
4: Progress of a 500 litre fernentation duration of culture [d] Epothilone A
[ mgt ] Epot hil one B [ng/1]00010020030. 60. 6441. 72. 253. 14. 563. 15. 1 Exanpl e 2E:
Conpari son exanple 10 litre fernentati on w thout addi ng an adsor ber:
Fernmentation is carried out in a 15 litre glass fernenter. The nedi um does
not contain any cyclodextrin or other adsorber. The progress of

f er ment at ipotyethylenklglysol 400s dolypropaibhe glycolend N-methwipyaolidane; esprsiallhar vest ed

and wor ked o\’yﬁroﬁ%ﬁ'g%g%g@%%%%?;ﬁarng[- a l0 litre fermentati on w t hout

adsor ber. P ion of culture [d)Epothilone A

[mg/ 1] Epot hilone 8 [ng/1]00010020030040. 70. 750. 71. 060. 81. 3 Exama~l e 3:

Wor ki ngs of the elaothilones: Jsolation froma 500.1itr I n_cul ture:
The vor s PeRCHiEBEERP BRresra: Bos formiitRaim s corepretas faffioa Snell.aso
litres angisrabRRAINELD.05 10 BWma/mMest frérh i5a0 Gbafid/nki Ng 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
epot hi | ongg AnigidrRWithis Bpkhiee 684y rstcicﬁ lai& Gihls B @nfpR0et] fﬁ&@ﬂls%'ahfp@l!l'e@ are

contains < 15% of the determ ned’ e[ one portion and is not further
pr ocessed typritadly BBge|of glegs, e.g. boron silicate. The vials or ampoules may be appropriate for

any volume which is known from the prior arnt. 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 chioride. 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% w/v,
preferably 5% w/v. If the isotonizing agent is sodium chloride, it is preferably used in

quantities of up to 1%, preferably ca. 0.9% wi/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



centrifugate is then placed in a 4000 litre stirring vessel, m xed wAthUE'lgm
litres of Anberlite XAD- 16 (centrifugate:resin volune = 65:1 ) and stirred.
- After a period of contact of ca. 2 hours, the resin is centrifuged away in
a Heine overflow centrifuge (basket contgnt 40 litres; rpm= 2800). The
resin is discharged fromthe centrifuge @nd washed W|th 10-15 litres of

dei oni sed water. Desorption is effected by stirring the resin twi ce, each
time in portions with 30 litres of isopropanol in 30 litre glass stirring
vessel s f amp80lertontziresy thEdpiasiat iconcevtratenise¢ spreppineh agheses Mmedinm; bethatsi n
t akes pl ace n th I rom
the. conbi ASSU DR 5| 2afmLand Foo A8 <hS0RE GBRAR aduBoby b B REGh
vacuum opeolatiad may cartaih loktgerada:pmsarhar aré Sofnnllnged tefophealiorarfdr intravenous
resul ting ter of . 10 litres is.exjracted 3x each tine with 10
litres of @ ga traﬁg%flg\egg aé&f'Y?&IF%Wcﬁuaeéfﬂl‘c@‘ BF-in 30 litre glass stirring
vessel s. The ethyl acetate extract is concentrated to 3-5 litres in a
vacuum operated circul ati n evapor at or ( Schm d- Ver danp feré and afterwards

concent r aPBHOHGRN PAK ES Uﬁﬂ P ?S}"eé\Fé{Yﬁ)'F‘ﬁEegle”( isormiiegradston By @¥ratinfe uum
The resul I‘\nhéxud"d%t@hay be @%t:t%bero%wo@@wh% a59fa%'\|ﬂar tJ e 8;%% sKifeRlRIR At ract
is dissolved in 50 nmet hanol he i nsol ubl e
portions &ng Wélcé@f@ﬁl#'tatbéﬁ fﬁgméraquwédormulatt@r\s Té'ﬁ@"ﬂ%’é‘t ghhniioxiganbeaidte t o a 10

kg Sephad ﬁ%“?”‘ oNGS rameter 20
cm filli ﬁétew ?bg%dﬁ%f& &?utl on | ?‘%‘?‘éét ed ﬁ]%?\gﬁrﬂ anoCH as el uant.
Epot hi | oneddmmadly B\elr@oghe@@h@xncr!ﬂré@ﬁmtrcantbwchlnvw by testieting meza(ygam (adr)
fraction e ss in a
vaouum on Sreeiing bbb sl RRP ThERah baRENY AAVIRRENRY By VRO RS,
fracti onswseoccgw)almn@thehneftswhtwwtldh wblame@brt ges9e.grhitrofen or argon.
acetonitrile:-water:-nethylene chloride = 50:40:2, the solution filtered
through a folded filter and added to a RP col um (equi prrent Prepbar 200)
Mer ck; 2. Infusien :Ldlt@&mnesptnbe PRIIuCEd kg miXing gn amposle op alvighwith dhe aguecdsanet er 10
cm f| 1 v t. |_ut
it acet BRPIFY Fla-a s Blodr S iar R oh eotyBb AR Rl o G o B
epot hi | oner a0 infusion tK)IU&SQ mns.; retention time of epothilone B = ca. 60-69
mns.). Fractionation is monitored with a UV detector at 250 nm The
fractions are concentrated to dryness under vacuum on a Buchi - Rot avapor
rotary evapotaaxed for tednfusiogisblutiéng inay bp selected fromicaneeartidnabcantainersshat@pe ng,
and accor j 1 % That
of 't ho. epirysasihs i eERRLAbR 0  nbds B8 FEUBERbatbing, o o g o
HPLC ( ext espeslally vbiatan dijicats, 186 pBdic Eonaihéns sutihes plestidinfusion bagsraret i on (700
IS cr%( ‘?H | sed from5 m of ethyl acetateaoluene = 2:3, and yields 170
rrg of epo one A pure crystallisate [content according to HLPC (% of
ar ea) 94.3% . Crystallisation of the epothilone B fraction (1980 ng) is

ffect d | .
o o0t i, PR hudber®InlfRP0 adlh Hefniiedd S8y BRI ARG Al
( Epot hi | oslso Byntaie. ag!dltlstéZsﬂ,engBottbndfs MmasdammxwantsEmntstatlb(mgenB orofier MHz - NVR,
sol vents 03%?95%@89@%“ cal displacenent 8 in ppmrelative to TM5. s =

si ngl et; “m=mlti plet 8 (Multiplicity) Integral (nunber of H)
7.34 (s)

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



"6.50 (s) 15.28 (d) 1508 (d) 1 ~~ ~J(: 2 ~~2 -39 1 4.46 (d) 4.'dgMH{N
11347 (m 1311 (m 2.83 (dd) 1 2.64 (s) 32.36 (n) 22.09 (S) 32.04 (m
11.83 (m) 11.61 (m 11.47 -1.24 (m41.18 (s) 61.13 (m 21.06 (d) 3 0.89 (d
+ s) overlapping) 6 .24 -

container. It is preferable to use containers which hold between ca. 200 and 1000 m| of

infusion solution.

Owing to their good formulating properties, the new crystal forms of epothilone B according
to the invention are especially suitable for the simple and reproducible production of the
said infusion solutions. However, the new crystal forms are especially suitable for the
production of pharmaceutical formulations which contain the active ingredient in solid form,

for example oral formulations.

Pharmaceutical formulations for oral application may be obtained by combining the active
ingredient with solid carriers, if desired by granulating the resultant mixture, and further
processing the mixture, if desired or if necessary, after adding suitable adjuvants, into
tablets, dragée 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 carboxymethylcellulose, and/or polyviny!
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 calcium 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, polyvinyl
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
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E=41 In this exanple (1l=xanpte 3)) epothilone B is obtained in the cryst:'atll

nodi fication A which is characterised by the X-ray diffraction di agram of
. nodi fication A (see general part of the present disclosure). ~ 4 ~1~f
7_007_ - 40 Example 4: Crystal nodificaigon B of Epothilone B 50 ng of
epot hil one B (obtained for exanple as above) are suspended in 1 m of

| sopropanol and shaken for 24 hours at 25 C. The product is filtered and

dried. After drying under a high vacuun) epothjlones B are obtained in the
f or m of wﬁ%%”é??éﬁ'@l’ wherphy olly ditsantesiethy ?scfé‘f Pits PRl ?fr'k‘iHi&’cR'OFPVée”e
charact er g@&ls BYe M&?edxsfamrs&sfafnaﬁa?hhwhcwr@%@m\@% nﬁﬂ%ﬁéléd S@EH@JE Bye§sre

gener al the present disclosure). ~ ~~a~

cl ai ned i Qrgﬂmntsdca@rbfte@iﬁdﬁ@ﬁh@mblﬁéﬁ@fr%rﬁgmc@(blﬁgwbeW@@H'WQw"@mV@ur e rredl um
far the b‘cﬁkﬁﬁ;&ﬂ% 89!0‘3&}&.;1%\,\%%{{% ogcfagé et R:lﬂi%? the process
conpri sing m croorgan ese conpounds, whereby a

conpl ex-form ng corrponent which is soI ubI e in the culture nedium and whi ch

added Lo {he st 0 BE5Rn) oa EBHRRNP MR B PP of b Pradiori it W e 10

conpri si NgariyXeApteteiadlyaskdyy @@bﬁ:\ehaew theadrystallfortn lpséfarubisas Br the YBage #5S
according to claim 1), the nedi um cont ai ni nlg (ﬂ Sorg um, st@n sui table for
the prepalStRBRRBICLFAHNUSIBSCIUNRP RS dGrgnReHRROVE) ISiadRRIsterR B Ry ™
conponent gjogéed dhifral, %sFaaa? ,a MARAR M a @dCe MhichREA beYdthértdd dtbetwden 2adgRd to
t he nmedi um as th

h | ode i
Sel oot ed o HPlesSy e BtReR(AE 410 0T R, Talespincohesa M) oy

b- cycl odextahdard rﬁetﬁwd estexkiple ugngcaﬁ{dad@atﬁuranadci sénes| mdm&rf uhe onéhses in
A-cycl odextrin; or b) a cyclodextrin derivative oy a mxtu

cycl odext P?wwéﬁqr@a@?wye@%ﬁ%efmﬁ &8 %1 é% LAY f%l'o&g‘?élbdc?é)(t foralin

whi ch oneg@isc@Dér déeeé canal.l neéesfsB@ bbréibpﬁwmgnauwdo%@e a@ﬁwhﬂétéﬁeﬂ%th"e%o@é‘ge
roxyal kyt “et her; a hydroxyal et her

al kyl ether) an ar)é }/
car boxyal pgedigaraboye i@rtm itst dese. eachadse @ftﬁf\érpeé'PﬂW iRBe eyich ﬂ'OWﬁlséﬁlC’Phte
~derivati %@v@@@?@?@ﬁnb@d@@ﬂ&%??@d’ lafterrfﬁé‘ﬁrec@{hn admlnlstratlon in particular one

di -1 ower - al kyl am nocar ong:r hol i no-, &erl i no-, pyrrolidino- or
pi per azi nUéa‘F pomgre aftar thy ot @ﬁ@'@&F’P“%PTGfe@b A g & ‘k‘;’ﬁkse?w*a"h:* to 6 weeks

c%/c:c odext gt} dadh e ceRingHRiInGhisiRIR. e RfisafcatrRéMathéhedn Whidh higrdi cal
0] ormul a
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



-O[alk-O]~-H wherein alk is alkyl and n is a whole nunber from and""’AUG 200
including 2 up to and including 12; a cyclodextrin in which one or nore OH
.groups are etherified with a radical of formula R O ~k-OmA k-Y [/~ A~(~
2002 -42 wherein R |Is hydrogen, hydroxyg-O(alk-Ol H -O(alk(-R-O0)P H
or -O(alk(-R-0)o alk-COY; alk in all cases is alkyl; m n, p, q and z
are a whose nunber from1 to 12; and Y is ORS or NR2R3, wherein R-, R2 and
R3 , independently of one _another, are hydrogen or |ower alkyl, or Rz and
R3, conbi Hedvegiftam theestisimapiagont cayaugi 2nse by dyBryaioniand sefsichen a8l no,
pyrrolidi [ RisTay ; 0 il | ;
et herifi ngslcglég@g?l%g%ﬁ l&% 'sd @E?gt ﬁ&mﬂﬁgﬁﬁﬁﬁé%@%ﬁg?g@w es I%gr\?grav%llabh are
sel ect ed Witbmwidad esys and b dgéngtio si/3-6 @2n,asovalll ascewidth of)ga. rraln.c&yyanagiand
di maft osyl -cycl odextrin, or N-acgetyl gl ucosam.nyl -. cosam nyl -,

N noet v e RAHEL SRR Was e ar o ol SRR AT b ehesiion Bt MEFodFRIEMS boss

al kanoyl - yusysiDSXR 6778l Yl ester of a cyclodextrin; or ¢) mxtures of two or

nore of the said cyclodextrin and/or cyclodextrin derivatives, and wherein

the prefix "lower  indicates that the radical contains up to a ma~anum of 7

carbon at PFéE)aral’{ion Rf fefmStaREBEEISAE cbﬁupﬁéaé;lg ‘ﬁ}e};_.,m‘if”ﬁ“é“‘g‘FPS Wit UWidnPdfat ri n

andl or the cCyclodextrin derivative is adde the culture medi'umin a
concent r as§lestions ohwdividaial crlses de progedutedndetal isvearged optin\accorgangerwithes s
accor di ngyq ' A ich the cyclodextrin and/or the cycl odextrin
derivati vé‘tei gmg\gﬁadggé?rﬁbﬁ;b%vg %ent ration of between 0.1 and 2. percent by
wei ght. 6. A process according to claim3, in which the cyclodextrin

derivativg, i Pr=Te [ r..al
cycl odext CPATARRER B8 LGS IREERE e LA s it e iRireB Y
cont ai ns oG5 mediumaivia Suml Bflermmexer lask andinsybated far Btdaye in af agitedorat 30%C e
t her eof . S di | | i D m ng
component 14 S GHEHE S ARE Sp et Rredhcrka (B0 f ez e GRh Sgki
conpr i sesEderaneyer Hask) andinugbstedmd n80 rproddrchddys iman epitajor at@0°@ol ysacchari de
derivative of cyclic or helical structure and a m croorgani smsuitable for
t he producti on of epothilones. ~ ' f '~~a~ 2QZ

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 80 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 ml 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 ml 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 mi

centrifuge tube (Falcon Labware, Becton Dickinson AG Immengasse 7, 4056 Basle). 10 ml



"-43 9. A culture nmedium according to claime) in which the conpl ex- f érAliing)!
conponent used is a cyclodextrin) a cyclodextrln derivative or a m xture of
.two or nore conpl ex-form ng conponents sel ected from cycl odextrins and
cyclodextrin derivatives. 10. A culturepediumaccording to claim9, in

whi ch the m croorganismis a nyxobacterium 11. A process for the
production of epothilones, in which the epothilones are obtained by working
up a culture mediumfor tha biotechnol ogi cal preparation of these
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desor bed tfrér%'f@rFé&QJyr a?ﬁllaé‘tnd’?bb;'? t&ﬂPFHI 8f G52 méRiitim in'd s@ﬁﬁﬁﬁéﬁﬁé(yérhllﬁk hRd are
concentrated with 9r| or, simultaneous or subsequent addition of water; an
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conpounds of | ow nol ecul ar wei ght; and subsequently the fractions

cont ai ni ng the epothllones undergo separatlon on a reversed-phase col um;
peaond|and dkirdy t clions hhe proseguransigxactly thessamesrias can be
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and ot her suftabl e customary constituénts o ture reby a
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i 9. Use of a new crystal formof epothilone B according to claim 16'iL'rlA“tGhzgﬂz
producti on of pharmaceutical preparations, whereby a crystal formof this
-type is mxed with one or nore carriers. 20. Crystalline epothilone B
characterized by a nelting point greater,4han 120 C and by peaks in an
x-ray diffraction pattern obtained with Ka~ radi ati on 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 obtai ned

W t h CuKamedigh mtdrosD at Eddroneyey fldask dryd ibeutiding for B57 Bay2t. TB0 rpth. i@ an 2Bit&or 25. 9
and 32.0 egy-ges 2 theta. 22. Crystalline epothilone B according to claim
20 having a nefting point between '120 C and 128 C. 23. Crystalline

epot hilone 8 characterized by a nelting point greater than 120 C and by
peaks in E‘n x-ray diffraction pattern obtained with CuKa, radiation at
about 6. 9,—‘34@. 8) '"13.i and 2b.9 degrees 2 theta. 24. Crystalline epothilone
B accordi gg2tMedidm m 23 characteri zed by peaks in an x-ray diffraction
pattern obtained wi sh CuKa, radiation at about 6.9, 8.3, 10.8, 11.5, 13.1,
16.7, 1S.1) 18.6, 20.9) 33abt eMdchhul iriSU(SEmgdr MALch Allor, Frincd | ~ 2897 - 46
25. Crystalline epothilone B according to claim20 or 23 having a nelting
paint in the range from MaS@ ideQ25 C. 26. A nethod of preparing b

phar maceuti cal preparati qihg 'mb)conpri ses mxing crystalline epotfjjone B
accoding to claim20 or 23 wth a tphar maceutically acceptable carriefr. 27.

Use of a crystal form accovamegl defatipdiMucegiolacy.r.bFetiime Milaps kadtinent2 ol a
proliferative disease. 2%otét'§§ta?{:hh§o%‘rﬂ\(()¥é?él¥%éﬁn,¥Wé r@tvil?@@ﬁ{yrllaﬁ&e Fag/

according to clainms 20 or 23 in uct1on of pharnmaceutica
preparations, whereby a ciyeosaRnhydreidf this type is mxed with one gf

Fe-EDTA 8g/1 (Product No. 03625, Fluka Chemie AG, CH) 1 mi/

pH 7,4, corrected with KOH
Sterilisation: 20 mins. 120 °C

842 Agar-Medium:  as described S. Jaoua et al. Plasmid 28, 157-165 (1992)

23B3 Medium: glucose 2 g/l
potato starch Noredux (Blattmann, Wadenswil, Switzerland) 20 o7/
soya meal defatted (Mucedola S.r.l., Settimo Milan, Italy) 16 gl
Fe-EDTA (Product No. 03625, Fluka, Buchs, Switzerland) 8 o/l
HEPES Fluka, Buchs, Switzerland 5 g/
polystyrene resin XAD16 (Rohm and Haas) 2% v/v
H20 deionised

correction of pH to 7.8 with NaOH

sterilisation for 20 mins. at 120°C

(HEPES = 4-(2-hydroxyethyl)-piperazine-1-ethanesulfonic acid)

Example 2: Cultivation in order to produce the epothilones
Strain: Sorangium cellulosum Soce-90 BCE 33/10

(Example 1)
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nore carriers. 29. A pharmaceutical conposition which contains an act'i'Vv
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Oy
EDTA-Fe(lll)-Na salt 8 mg/l

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

Addition of cyclodextrins and cyclodextrin derivatives:
Cyclodextrins (Fluka, Buchs, Switzerand, or Wacker Chemie,

Munich, Germany) in different concentrations are sterilised

separately and added to the 1B12 medium prior to seeding.



. ’14 AUG 200
10%& () - GSF10% & ()-' Z10% & () - Y10b10b10b" =10%& () -t s(- #10%& () - W | 2
~ a?iH yl 10%:& ()- 'yl 100& ()- ! yl 10% (& ()- MLO% & ()-

109% & ()-sL10% & ()-~ Z%IEiH 9@"10% & ()-9*g 10% & ()-9
"10% & ()-fL! 109 & ()-L10% & ()-LT10% &'49(9 #nopgdYNC! 10" 10"

10" 98- 10% & ()- 97! 10% & ()- 933 10% & () - 90" 10% &' ()-f& m 10% & () - gDdEYNC!

Cultivation: 1 ml of the suspension of Sorangium cellulosum Soce-90 BCE 33/10 from a
liquid N, ampoule is transferred to 10 mi of G52 medium (in a 50 ml Erlenmeyer tlask) and
incubated for 3 days at 180 rpm in an agitator at 30°C, 25 mm displacement. 5 ml of this
culture is added to 45 ml of G52 medium (in a 200 mi Erlenmeyer flask) and incubated for
3 days at 180 rpm in an agitator at 30°C, 25 mm displacement. 50 mi of this culture is then
added to 450 ml of G52 medium (in a 2 litre Eflenmeyer flask) and incubated for 3 days at
180 rpm in an agitator at 30°C, 50 mm displacement.

Maintenance culture: The culture is overseeded every 3-4 days, by adding 50 ml of

culture to 450 ml of G52 medium (in a 2 fitre Edenmeyer flask). All experiments and

fermentations are carried out by starting with this maintenance culture.

Tests in a flask:

() Preculture in an agitating flask:

Starting with the 500 mi of maintenance culture, 1 x 450 ml of G52 medium are seeded with
50 ml of the maintenance culture and incubated for 4 days at 180 rpm in an agitator at

30°C, 50 mm displacement.

(i) Main culture in the agitating flask:
40 ml of 1B12 medium plus 5 g/l 4-morpholine-propane-sulfonic acid (= MOPS) powder (in a

200 ml Erlenmeyer flask) are mixed with 5 ml of a 10x concentrated cyclodextrin solution,
seeded with 10 ml of preculture and incubated for & 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
precultures 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 calculated on

the final culture volume including the inoculum. If, for example, 18 litres of medium + 2 litres
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Preculture in an agitating flask:

Starting with the 500 ml maintenance culture, 4 x 450 ml of G52 medium (in a 2 litre
Erlenmeyer flask) are each seeded with 50 ml thereof, and incubated for 4 days at 180 rpm

in an agitator at 30°C, 50 mm displacement.

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 culture, 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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[10 % (4 x 500 ml) G52 mediumn
Y G52 medium '
20 %
maintenance culture
(500 ml) 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 mi of polystyrene resin Amberiite XAD16 (Rohm + Haas,
Frankfurt, Germany) and shaken at 180 rpm for one hour at 30°C. The resin is
subsequently filtered using a 150 ym 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 ml 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 ml of the liquid are centrifuged off and the supernatant is added
using a pipette to HPLC tubes.
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Column: Waters-Symetry C18, 100 x 4 mm, 3.5 pm
WAT066220 + preliminary column 3.9 x 20 mm
WAT054225

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
Injectionvol.: 10 pl
Retention time: Epo A: 4.30 min Epo B: 5.38 min

Example 2A: Eftect of the addition of cyclodextrin and cyclodextrin_derivatives to the

epothilone concentrations attained.

All the cyclodextrin derivatives tested here come from the company Fiuka, 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/l}| Epo B [mg]
No. [Yow/v]'

Amberlite XAD-16 (v/v) 2.0 (%viv) 9.2 3.8
2-hydroxypropyl-B-cyclodextrin 56332 0.1 27 1.7
2-hydroxypropyl-B-cyclodextrin “ 0.5 47 3.3
2-hydroxypropyl-p-cyclodextrin “ 1.0 47 3.4
2-hydroxypropyl-B-cyclodextrin “ 2.0 47 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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B-cyclodextrin “ 1.0 4.8 3.7
B-cyclodextrin “ 2.0 4.8 29
B-cyclodextrin “ 5.0 1.1 0.4
methyl-f-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-B-cyclodextrin 39915 1.0 <0.3 <0.3
2-hydroxypropyl-y-cyclodextrin 56334 0.1 0.3 <0.3
2-hydroxypropyl-y-cyciodextrin “ 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 (%v/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-8-cyclodextrin and B-cyclodextrin increase epothilone production in

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

Example 2B: 10 litre fermentation with 1% 2-(hydroxypropyl)-B-cyclodextrin):

Fermentation is carried out in a 15 litre glass fermenter. The medium contains 10 g/l of 2-

(hydroxypropyl)-B-cyclodextrin from Wacker Chemie, Munich, Germany. The progress of
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r-gydroxypropyl) -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/] [mgfl}

0 0 0

1 0 0

2 0.3 0

3 0.9 1.1

4 1.5 23
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1098&' () - S109& () - +10%B& () - 1098& () - ~gngv~_"~.
¥ 10v+H( #1099 () - v+(#1098& () - v+(#10%/& () v+(#10%/& () v+(#1099&' () - v+(#10
0/8/& (O)-3}1= *" 1Lv+(#1098& () - v+$#10°/8/& ()-v+(#109%9& ()-'v+(#1099& ()-)?
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" &HV+H(#109%9& ()-"YyY9.
V+H(#1099&' () - v+(#10%9&' (] -duretith@y@aiture {d)+( Epotiighé A- )| Epothilone B [mg/l]
[mg/]
0 0 0
1 0 0
2 0 0
3 0.6 0.6
4 1.7 2.2
5 3.1 4.5
6 3.1 5.1

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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E#10900& 6épanitsd Qsh@® Westidia lo8didy ¢opandiod DIBREA-LP-08)(Fom = 6500) into the liquid

Eﬁg%ﬁ%%g%%mg{ %ﬁlﬂ%ﬁ&sﬂ litres) andsolid ?IjnaSﬁ)(gells ca. 15 kg). The

HCH#E#1 09084 parhdfj thy ¥BstRilones are found in the centrifugate, The centrifuged cell pulp contains

E#10%064& Q15t} gf]tge/%%/f%n"u}veg Eﬁ%@u{@{?’ «Rbcgr}xonhﬁdlg%&/%%ngzr MCessed 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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" HI0%B& ( épotﬂnﬁ%u@‘% fractioh (} 980 mg) is ket @98& 19 mi di¥Efadland Wépc?@&do)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 dlsplacement 8 in ppm relative to TMS. s =

singlet; d = doublet; m = multiplet

& (Multiplicity) Integral (number of H)
7.34 (s) 1
6.50 (s) 1
5.28 (d) 1

5.08 (d) 1
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6" 10900& ()- f5"10906& ()- 310988& ()- f2! 10986& ()- 0 1090G& ()-
S/ 10988& ()-j' "' , VU4 "109B%& ()- Y"1098% ()-G S| 109B%& () -
' YLO%#& () - 10994.0904.09%/a Q5 1Q480% () - .. al////|[:vU4 SAMOYBYR ()-
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3.47 (m) 1
3.11 (m) 1
2.83 (dd) 1
2.64 (s) 3
2.36 (m) 2
2.09 (s) 3
2.04 (m) 1
1.83 (m) 1
1.61 (m) 1
1.47-1.24 (m) 4
1.18 (s) 6
1.13 (m) 2
1.06 (d) 3
0.89 (d + s, overlapping) 6
=41

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).



- |
1099& ()- 1099& ()- SL0%& ()- VP S1098& ()-.0/ 01020: 0<0>020t T<4 1044 AUG 200]
1090& ()- 1090& ()- 1099& ()-1 10%& ()- 10%& ()- 20HO0I OKOLOUOVOXOt X84 1

- 1090& ()- 109%@& ()- 1090& ()- 109& ()- 109%& ()-

10%& () - XOYObOcOeOf OuOwOx\ <4 1 10984 (340 1098&' ()- 109%& ()- 109%8& ()-

Example 4: Crystal modification B of Epothilone B

50 mg of epothilone B (obtained for example as above) are suspended in 1 ml 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 the form of white crystals. The crystal
modification of the product is characterised by the X-ray diffraction diagram of

modification B (see general part of the present disclosure).
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1. A process for concentrating epothilones in a culture medium for the biotechnological

preparation of these compounds, the process comprising microorganisms which produce
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 myxobacteria as producers ot

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 custornary 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, 3-cyclodextrin, e-cyclodextrin, {-cyclodextrin,
n-cyclodextrin and 6-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
alkyl ether, an aryl-hydroxyalkyl ether; a hydroxyalkyl ether; a carboxyalkyl ether; a
derivatised carboxy lower alky! ether in which the :derivatised carboxy is aminocarbonyl,
mono- or di-lower-alkylaminocarbonyi, morpholiﬁb-, piperidino-, pyrralidino- or piperazino-
carbonyl, or alkyloxycarbony!; a sulfoalkyl ether; a cyclodextrin in which one or more OH
groups are etherified with a radical of formula

-O-[alk-O-],-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

RI

| 0
(Alk-0) ——Alk —
v Y



10% % & ()- (F10% %' ()-10A $A 10A $A 10A $A MGEMLOYA $A i 4 AUG 2007
& ()-n==>)>>?2@[:vU4d %"10% % & ()- !3"10% % & ()- "10% % & ()- yl0%
© % & ()- "10%#

-42.

wherein R' is hydrogen, hydroxy, -O-(alk-0).-H, -O-(alk(-R})-O-),-H or
-O-(alk(-R)-0-)q-alk-CO-Y; alk in all cases is alkyl; m, n, p, q and z are a whole number from
110 12; and Y is OR4 or NA;R3, wherein R,, B; and Ry , independently of one another, are
hydrogen or lower alkyl, or B; and Rs, combined with the binding nitrogen signify morpholino,
piperidino, pyrrolidino or piperazino; or a branched cyclodextrin in which etherifications or
acetals exist with other sugar molecules, and which are selected from glucosyt, diglucosyl-
(G.-B-cyclodextrin), maltosyl- and dimaltosyl-cyclodextrin, or N-acetylglucosaminyl-,
glucosaminyl-, N-acetylgalactosaminyl- and galactosaminyl-cyclodextrin; and a lower
alkanoytl-, such as acetylester of a cyclodextrin; or

¢) mixtures of two or more of the said cyclodextrin and/or cyclodextrin derivatives,

and wherein the prefix “lower” indicates that the radical contains up to a maximum of 7

carbon atoms.

4. Process according to claim 3, in which the cyclodextrin and/or the cyclodextrin derivative
is added to the culture medium in a concentration of between 0,05 and 10 percent by weight
(W/V),

5. Process according to claim 4, in which the cyclodextrin and/or the cyclodextrin derivative
is added in a concentration of between 0.1 and 2 percent by weight.

6. A process according to claim 3, in which the cyclodextrin derivative is selected from a
cyclodextrin and a hydroxy lower alkyl cyclodextrin and wherein the prefix “lower” indicates
that the radical contains up to a maximum of 7 carbon atoms; or mixtures of one or more
thereof.

7. A process according to claim 1, in which the complex-forming component is 2-hydroxy-
propyl-B-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 8, 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 medium 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 cyclic 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 myxobacterium
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, simultaneous 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 solution
obtained are concentrated through a molecular sieve for compounds of low 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, if

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 culture 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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b) comprises a step for separating epothilones from one another, which is characterised by
chromatography on a reversed-phase column with an eluant containing a lower alkylcyanide,
whereby chromatography is carried out on column material charged with hydrocarbon
chains, and an eluant containing a lower alkylnitrile is used; whereby it desired further

working up steps and purification steps are possible.

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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31.2 weak
32.0 average

17. A pharmaceutical 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 claim 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 CuKey, radiation at about 7.7, 13.6, 14.4, 15.5, 20.7, 21.2,
23.3, 25.9 and 32.0 degrees 2 theta.

22, Crystalline epothilone B according to claim 20 having a melting point between 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 pesks in an x-ray
diffraction pattern obtained with CuKa, 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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epothilone B accoding to claim 20 or 43 with @ pharmmaceutically acceptable carer.

27. Use of a crystal farm 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 pharmaceutically acceptable catrier.



