7 JUN 2005 -1 PROCESS FOR THE | SOLATI ON AND PURI FI CATI ON OF EPOTHI LONES The
invention relates to a new desorption process for epothilones, especially
epothilone A and/or epothilone B, fromresins and new production, wqrKnups;
or purification processes or manufacturing nmethods for epothil ones
conprising said desorption process, as well as the wuse of certain solvents
for the desorption of epothilones fromiresins. Background of the invention:
Epothil ones A and B represent a new class of mcrotubuli-stabilising
cytotoxicc active ingre- dients (see Gerth, K et al., J. Antibiot. 49, 560-3
(1966)) of the fornulae: Roy," OS HOIl /> io NOO OH wherein R
si gni f i PRODESSORER THDH SOIATION ANDARURIEICATIONQBEHOTHIEORES Si nce t he
description of these epothilones (see WD 93/10121), several nethods have
- been disclosed for the synthesis and manufacture both of the epothilones
and mai T\‘heymﬁéntitbblrféléws&o a neespdééurmwmqordearss\fatepoaﬂloﬁ@st)Iebﬁemallyeépwtrmaﬂmé Ad
epothllod? grelngf W&ﬁ forg Iethosedscowdln WD 99/ 03848, WO
~ 00/ 490 2RNI/<KEPEB)I299 B4 TORGEBINF 278 EFW RRgSHSHPBONE 'S UP\RDPUIRAIAN BIPCeRR8SH/ 03848,
WD 00/ %Qﬁ@actm§9{eﬂ%>@930r éf@tﬁﬁ/nagé&in ridhhy 994 6eSkBtion/¥Pocésy, @S WaR as W
00/ 50423, WO 00/22139, WD 99/ 58534, 97/ 19086, WO 98/25929, WO 99/67252,
VO 99/ 67884 celipnsolvantsdor thaseserpiio e PWO@Q? 8AYESNGD 00/ 50423, WO
00/ 39276, WD 99/27890, WD 99/54319, VO 99/ 54318, WD 99/02514, WO 99/ 59985,
WO 00/37473, WD 98/08849, US 6,043,372, US 5,969, 145, WD 99/40047, WO

99/ 011 2Backgrund : In addition to epothilone A and epot hi I one B,
especi aEpothilone s%?éﬁ?@ﬁar@aeﬂﬁ cIEe,s &Qﬁl@l‘fo‘tﬁlﬁﬂ stdbulWR g
98/ 22461, and the epothilones E F, describ 22461 as wel | as

the epddients fspesGerdids.ishabs J. ﬁnﬂbogﬁ@@@lﬁ (£9R5N @frﬂt'%foé@tllaﬁg properties. 7 JUN
2005 -2 As an exanple for the therapeutic use, International Application WO
99/ 43320 describes a nunber of ways of adm nistration of epothil ones as
agents against proliferat Bye dioseases, especially tunor diseases, that, due
to their simlar rrechanlsm':, in a way conparable to that of Taxol(r), a
wel | - known and mar ket cer agent. WD 99/39694 di scl oses sone
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W

wherein R signifies hydrogen (epothilone A) or methyl (epothilone B).

Since the description of these epothilones (see WO 93/10121), several methods have been
disclosed for the synthesis and manufacture both of the epothilones and mainly of numerous
epothilone derivatives (collectively called ,epothilones* hereinafter), for example those dis-
closed in WO 99/03848, WO 00/49020, WO 00/49021, WO 00/47584, WO 00/00485, WO
00/23452, WO 99/03848, WO 00/49019, WO 99/07692, WO 98/22461, WO 99/65913, WO
98/38192, WO 00/50423, WO 00/22139, WO 99/58534, WO 97/19086, WO 98/25929, WO
99/67252, WO 99/67253, WO 00/31247, WO 99/42602, WO 99/28324, WO 00/50423, WO
00/39276, WO 99/27890, WO 99/54319, WO 99/54318, WO 99/02514, WO 99/59985, WO
00/37473, WO 98/08849, US 6,043,372, US 5,969,145, WO 99/40047, WO 99/01124, and
WO 99/43653. In addition to epothilone A and epothilone B, especially the epothilones D and
E, described in WO 97/19086 and WO 98/22461, and the epothilones E and F, described in
WO 98/22461, as well as the epothilones described in WO 99/02514 show interesting

. properties.



specific formul ations of the epothilones, especially A and B. The
epot hi | ones, especially epothilone A and nost preferably epothilone B jygffier
a nunber of advantages in conparison to established treatnents, especially
also in cases where tunors have become refractory to the treatment wth
Taxol . Therefore, nethods for their sgpthe5|s in |arger anmounts are
urgently required in order to neet antitipated demands. The nost efficient
production processes so far at |east conprise sonme biosynthetic steps and

i solation of epothilones fromculture media or the like. Originally, the
extraction of natural substances by neans of nyxobacteria, especially the
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However, the disadvantage of this process is that, on a large scale, it leads to an abundance
of problems. Valves are impaired by the globules of resin, pipes can block, and apparatus
may be subject to greater wear due to mechanical friction. The globules of resin are porous
and therefore have a large inner surface area (about 825 m?gram resin). Sterilisation
becomes a problem, as air enclosed in the resin is not autoclaved. Thus, the process cannot
be practicably carried out on a large scale using resin addition during cultivation of the
microorganisms that produce epothilones.

Therefore an advanced process for the production of epothilones, especially of epothilones
A and B, was found and described in WO 99/42602. That method comprises complexing of
epothilones from culture media of epothilone-producing microorganisms, said media com-



m xture of nitrile/water, e.g. acetonitrile/water), and optionally further
purification by phase separation in the presence of a water/ether npéMNQ@B
pref erably subsequent adsorption chro- matography on silica gel in o 0
achieve further renoval of inpurities, and crystallisa-
tion/recrystallisation. Though a useful_ progress and appropriate for

i ndustrial scale production, this met ol still suffers fromcertain

di sadvant ages. For exanple, in order to obtain sufficient purity, it is

advi sabl e to nmake use of either the nolecular filtration step or the silica
gel adsprigihg oycledextines @g otheh gomplep-fomibg agentdimizingdif thié call-freeesuliucamedir om t he
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in large industrial scale) is very time-consuming, as well as the subsequent evaporation,

which in addition is difficult to handle in view of foaming and sputtering.
It is thus a problem to be solved by the present invention to avoid as many of the above dif-
ficulties as possible and find new and advantageous ways for the isolation of epothilones,

especially epothilones A and B, after their adsorption to a resin.

General Description of the Invention

Very surprisingly, it has now been found that by simple replacement of the alcohols used as
desorption solvent with certain other solvents (named weakly polar or apolar solvents as
specified below) provides a real breakthrough that can be achieved in order to obtain a
solution to the problems mentioned above, leading to additional advantages such as



thilone A and/or B, in particular epothilone B, froma resin, especially a
synthetic resin, with a weakly polar or apolar solvent. A further a m 005
relates to a process for working up (or purifying) epothilones, espec ;
after their production in a standard medium for chem cal synthesis or
preferably a culture nmedium which con'glrr ses m croorgani sns, especially
nmyxobacteria, in particular of the ge- nhus Sorangium which are suitable for
produci ng epot hil ones, especially epothilone A and/or B, and a

conpl ex-form ng conponent, said process conprising the use of a weakly pol ar
or apoinmfo‘éaﬁi desatptipo andhights §oalpield rAradngtiedadditionaliaddvarteges ang (i higher n. A
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especially with regard to the epothilone derl vatives and the preferred
epot hi | gne derr vatives nenti oned therein, are herewith enclosed by
r ef er enlegtailed besgription,gf the In lar sol vent preferably has the foll ow ng

char act @hé akpect of iﬂéﬁrﬂ\@ntléﬁi réléte@ 168 |pY<§UéTss tdtafesorbihgt éb%ttﬁleé’é re@ﬁé&algcég
determ ned accordi ng Snyder et al Chr omat ogr . 1978),

shows t Hiloneh PB%OFIE E‘ afepethilere BV\H%'P@ KeEiBy P§chsa"v ﬁéVBFhSE'%F?S'"aM Bt or
par anet\geally pélacartapol®isohBat. t endency to form hydrogen bonds as hydrogen
accep- tor), Xd is the proton donor paraneter (indicator of the tendency to
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or a mxture of such solvents: x(err) 15-0 ; and x"
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medium which comprises microorganisms, especially myxobacteria, in particular of the ge-
nus Sorangium, which are suitable for producing epothilones, especially epothilone A and/or
B, and a complex-forming component, said process comprising the use of a weakly polar or
apolar solvent for the desorption of said epothilones from a resin.

A third aspect of the invention relates to the use of a weakly polar or apolar solvent for the
desorption of epothilones, especially epothilone A and/or B, in particular epothilone B, from a
resin, especially a synthetic resin.

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

hereinbelow:

The term “epothilones” preferably relates to any epothilone or epothilone derivative mentio-
ned in the patent applications WO 99/03848, WO 00/49020, WO 00/49021, WO 00/47584,



x(err) =0,22-0,32; xd = 0,17-0,34; and xn = 0,39-0,54. Very preferred anong
the weakly polar or apolar solvents are |ower alkyl-lower alkyl ketonggyy s
cyclic ketones, such as acetone, methyl ethyl ketone, 2-pentanone,

met hyl -i sobutyl - ketone or cycl ohexanone, nore preferably ethers, especially
cyclic ethers, nore especially tetrahylrofuran or dioxan; still nore
preferably aliphatic hal ogen conpounds, especially |ower alkyl hal ogenides,
especially methyl ene dichloride (= nmethyl enechl oride) or ethyl ene
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and hereinafter, e.g. of 2 to 4 such seolvents. The prefix "lower" always
i ndi cates that the correspondi ngly naned radi cal contains prefer- ably up to
a maxi nivmeakly polea opapolat saivent preterablyi hagithe fallpwing chareglasisticsat ons, and is
bran- ched or unbranched. Lower al kyl may be for exanple unbranched or
branched once or no- re, and is e.g. nethyl, ethyl ropyl such as isopropyl
or n- prlapfﬁrredbaa;ﬂolvgnt:ﬂhahm theotluatiapic @wcdetermlmd aqceroﬁ Robiet §nyder erplbdt yl , or

I

2 50, POhYrUES A1 (947, BRAhe (EMIRRNS ALY e IR,
to 32, ameptOppeﬂameaeﬂ(y\dmaar ot the tepdendy tmrm W@nahﬂnﬂs@smdm@enacmm atoms
and maytoﬁ ai's'tﬁé‘ﬁdt@ d&ogpa?abrhét dcé%&a&%‘ffénil%n%ﬁ%%h?hf gé%&%s?aﬁska”e’
e.g. cyc xane I hear , ran or cC organi €
conpourhydvagen d@ner)candrmﬁsstheaimlepaname@er (indicating therdipnle character)s wittthiec

hydr ocgg?ag?hrgg +kﬁ%fxe_r_ 1b§h€9niﬁﬂfé’&5§dcf1§5§9ntgr substituted by one or nore,
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aIkyI especially nethyl, ethyl or isopropyl, |ower alk- oxy, especially

met hoxy or et h%¥o,5&'o9ﬂ)?%=%?9ﬁ6,hé! A )tn|=u6’,§9-0,6‘a?bperf9rab9r ono or iodo, nitro
- Xe = 0,22-0,32; X4 = 0,17-0,34; and x, = 0,39-0,54.

Very preferred among the weakly polar or apolar solvents are lower alkyl-lower alkyl ketones
or cyclic ketones, such as acetone, methyl ethyl ketone, 2-pentanone, methyl-isobutyl-
ketone or cyclohexanone, more preferably ethers, especially cyclic ethers, more especially
tetrahydrofuran or dioxan; still more preferably aliphatic halogen' compounds, especially
lower alkyl halogenides, especially methylene dichloride (= methylenechloride) or ethylene
dichloride; or most especially aromatic solvents, especially naphthalene or (preferably)
benzene or naphthaline or (preferably) benzene substituted by one or more, preferably one
to three moieties selected from the group consisting of lower alkyl, especially methyl, ethyl or
isopropyl, lower alkoxy, especially methoxy or ethoxy, halogen, especially fluoro, chloro,
bromo or iodo, nitro and lower alkoxy-lower alkyl, especially ethoxymethyl; especially tolu-



and | ower al koxy-lower al kyl, especially ethoxynethyl; preferably by one to
three lower alkyl noieties. An alcohol is preferably a hydroxy-I1owef JUN 2005
al kane, especially nethanol, ethanol or n- or iso- propanol. 7 JUN 2005 -7
Aresin is especially a synthetic resin, preferably a resin based on styrene
and divinyl ben- zene copol yners, nore_greferably Anberlite XAD-4 or
preferably Anberlite XAD-16 [ Rohm & Haas Germany GrbH, Frankfurt] or D aion
HP-20 [Resindion S.R L., Mtsubishi Chemcal Co., Mlan]. It goes vvi t hout
saying that a resin from whi ch an epothilone or epothilones are to
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especi alhley oaushmntiedd. towesalkyl nessplmcionkbkample uabianched edbranciedyores er and
di vi nyl benzgne co S, as tr el ed,.to .al,so sinply as
pol yt yPe ok gt Bb. Aelich asisamichy Sct-Blorkf it Sk Su8iRuredianl y
a rati doubfl, tepsbiutyl bugdusd, aratsorpentyd sucheasodmylar nigkentylt o 100: 1, preferably
about 50:1). After a period of contact of preferably 0.25 to 50 hours,
especially 0.8 to 22 hours, the resin is separated, for exanple by
filtratHaogen is peifamblydddm bramo,cehidroiof figarbi on. | f required, after adsorption
the resin is washed with a strongly polar solvent, preferably with water. 7
JUN 2005 ‘

A hydrocarbon preferably is an organic compound having 4 to 32, more preferably 4 to 20,

still more preferably 6 to 16 carbon atoms and may be aliphatic, e.g. a linear, branched or
cyclic saturated alkane, e.g. cyclohexane, a linear, branched or cyclic (non-aromatic) organic
compound with one or more double and/or triple bonds, or an aromatic hydrocarbon, the |
latter being unsubstituted or substituted by one or more, e.g. up to three, substituents selec-
ted from the group consisting of lower alkyl, especially methyl, ethyl or isopropyl, lower alk-
oxy, especially methoxy or ethoxy, halogen, especially fluoro, chloro, bromo or iodo, nitro
and lower alkoxy-lower alkyl, especially ethoxymethyl; preferably by one to three lower alkyl
moieties.

An alcohol is preferably a hydroxy-lower alkane, especially methanol, ethanol or n- or iso-
propanol.



-8 Then the preferred process of working up according to the present
invention starts: Desor- ption of the epothilones (as such form ng a7vemyl(o;
preferred aspect of the invention) is effected with a weakly polar or
apol ar solvent, in particular with | ower alkyl hal ogeni des, especially

met hyl ene di chloride or ethylene dichlgrjde, or nore preferably aronmatic

sol vents, especially naphthal ene or (preferably) benzene, or naphthaline or
(preferably) benzene substituted by one or nore, preferably one to three
noi eties selected fromthe gr consisting of |lower alkyl, especially

met hyl , Adesipis esPeciayp sypiheti PEAfRIBRY 2 r§§'5é>@1sa<|i Py S%?%%’iﬂ @Y'”)é'Pﬁ'Efxy,

hal ogenzeﬁé&ﬁﬂyﬁ#érgf rf\br'éfﬁr@fer Ambern&rm-@ér pr@réeabnymﬁfb@rn?m;\
al koxy- I ower "al’kyl ,” especi al i/ et hoxymet hyl'; nmost” preferably to uene The

step of &éiana{%@mﬁ\yr%mb'ﬂeFfﬂ@Héa ‘éfdj’éﬁé'frzo sindiemBR. prbtselwawqwem% 3
times, %P%lagyny g %thou&@i@ahawréémmﬁwmhearpémk.rahs ofl @pothidritsip@ tgvher e

necessary or The wor K ng u of in case of reBeat ed extraction
conbi nel¥® desproed mcerdaaé@ wtbélap @rj@nﬂonmawﬁe lengssnarLeQyalealy & w@%wam y

continu ﬁg g'olltek}? M8t FfadsSBed P MEM ot o §|et‘3rr‘r(1§’ rwies ﬂ{e te i"t‘é@l fQ8ekihe

resultin y evaporation (distillation preferably by neans  of
con- celttg intandad tcnmaan gasindravingPne 5 sraje erethijones "acemtaatrwlﬂwmgeqauyr under

vacuum M?ngrﬁd pYA d‘sUFbtela% ierocessing takes place using the follow ng

st eps, e pur| Ica- tion step by neans of reversed-phase
chromat ography with elution with a nitrile is conpul- sory, while the other

steps ape.sop dﬂ cts of thé Ykedlidd: zati on of the epothilone(s) after desorption;
especi a tion of epo- thilone B, a mixture of an

al cohol Iraa]pr@errwamawdhe inyeptian, el lyverftloa r¢laigeto alpkeaess camgrising @yieh c
2l 1 Pnat bt R AR Wik £ydak pdfdr bf BB ADLecRBERGRAL o o’ ane!

and cyc exane tio o espedlally of
1: 3 t o Borhprisimg ademdhenﬂmtmﬂcam gléps daﬁurebleloeaemlred td asine ph treerespgrdivat i on, and

the alc E(?lh % S@s\ye&aﬁ%}&?@h%ﬁ% Iar?cg ok ﬂ%}%ma@{ gpv%hl%ec drrp?u'%ffm%t' rlfeé ary

evapor atg e resultrng e I ses

epot hi | terablBthose aesaibedragprefieyabieinlthe presentdnvemtionppr opri at e sol vent m xture,
especially from an al cohol/cyclic aliphatic hydrocarbon m xture, nost

pref erably isopropanol/cycl ohexane, preferably ina v/v ratio of 1:10 to
10: 1, nideekipg epef tisl gpothilbnesistqreceded by the edastiatbornpraceésstleadingHo a reaction
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especnally by means of filtration or centrifugation (tubular centrifuge or separator).

This pretreatment is then preferably continued by directly mixing the solution ((i)) or liquid
phase ((ii)) with a resin, especially a synthetic resin, especially a resin based on styrene and
divinylbenzene. copolymers as matrix (hereinafter referred to also simply as polystyrene
resin), such as Amberlite XAD-16 or Diaion HP-20 (preférably in a ratio of centrifugate: resin
volume of ca. 10:1 to 100:1, preferably about 50:1). After a period of contact of preferably
0.25 to 50 hours, especially 0.8 to 22 hours, the resin is separated, for example by filtration,
sedimentation or centrifugation. If required, after adsorption the resin is washed with a
strongly polar solvent, preferably with water.



eluant conprising a nitrile, especially a lower alkylnitrile, in particular
acetonitrile, is used, in particular a mixture of nitrile/water is (st 2005
especially a m xture of acetonitrile/water, prefer- ably in a ratio of
nitrile to water of about 1:99 to 99:1, primarily between 1:9 and 9:1, e.g.
between 2:8 and 7:3, e.g. 3:7 or 4:6; _gnd renoval of the nitrile fromthe
col l ected epothilone (especially epothilone A or nost especially epothilone
B) conprising fractions by evaporation (distillation); if desired, the
remaining water with the epothilone is then extracted with an ester,

especi alN8p the pPerfgiredpiogpss ‘i’rk'églé‘&r?&&?@'ngdPé'?%P%P@/‘ inePR SAtSReI%t e, with

subsequgidh of @¥RgpBtAlones (dsPsrhasmilhy afveRSdrefered aspacioPthe ihlidHlioh)lis 2ffe&tedr ¥
evapor at or under vacuum) of the  epothilone contajning ester phase to

dr ynos Wit & oAy PIREAr Apoley %od\éﬁnfu%aa@ﬁ'd@hmtmwesalkulth enjde. spesiBIY t and

separ atrﬁ@th&l@n@‘afcﬁlohaé'ar efiglch \dRhi?idB NGSRo R ey ér‘éﬁ%ﬁhl: solv@rﬁl&}’es!pteméﬁ‘)ﬂu' red
(e.g. as ah alternative to the cry stal | ization after desorpti on) adsorption

chr orat RAPHEIRIBNE QriPisiarablyLienzens, %d‘éphﬂjal"t? c (@tﬂf%rﬁhlybbe@ene sHbgdutedi Ry
el uti ngo §rhn&a, @%&r@m y Bhe & thréOhbiRts eaeé@hv.%m th@q\;éw@ons%aﬁgsf Blvey 2

m xture of ester drocarbon, for exanple |[ower al kanoat e
C4- C10- aikyt,aememéwpr@@thal eihykemisoprepyl; lowpr alspty, aereaciall metw@t&h‘@m n which

the raty ?ﬁ‘féa%b @ﬂu&%t @t’ilo;%nngﬁYdj&%&é R 4 ?ﬁd ek smaag lﬁw%F'alkflleeép%@ﬁF 99:1

to 1: 99 for exanp

recr ystlnpthogmetbw msgprefef@blv&lyﬁwﬁ hatst@pszilexﬁmt@nonaxsl@ﬂ xﬁ@ﬁateﬁmpmres for
exanpl t i I

ospeo ir?*y‘eq@?%ss#%%aﬁ@o@?ol% SR DAL IRAT oM Sor o PIER 1
2: 3 (emorplianovierapeeassamaraesiredr et hyl acetate (epothilone B) in which
process, if necessary and/or desired, between each step being enployed, the

resulting solutions or suspensions are concentrated, and/or liquid and solid
conponeHteswerking upeyi dhen(ie dase ofreperied adirantion combinad) salutions ob glesrbiédrepn-i ng,
filteri L

det i mi {1 L Bt R B BRSPS PSR, ove

i ndi vi duieh fronethe. resultng\satph's by egaporplicst @'srtléatloaésmeferabﬂy byhmeans, efreonen

rel ates, eﬂhsf?ontﬂaarea&epsﬁﬁ?f,u&reghgﬁl yift QrBhPLvaBbr SRt RtG2m, adsor bed 1o a

synt hetic resin, Ione especl a y “epot hi |l one B,
which process conprises (i) the desorptlon of the epothilones fromsaid

h . ith
over o Btk e A R, Hlack poily BeTougiithd Habs, difbri e pifaT " ¢
di chl ortlonestemlvy meaRsS pfrrefresa@-lppasﬁ chramatogsaphyevithsslutienpethi ahitile Ismqnmuhal ene or
(pref ers%w WhnIQW&ﬂgr Stgéﬁ Qu%pcﬂpttgﬁéll ne or (preferably) benzene sub- stituted

by one nor e three noieties selected fromthe group
consistlng of Iomer al kyl, especially nmethyl, ethyl or isopropyl, |ower
al koxy,_ c?fs?ﬁﬁzation of the epothilone(s) after desorption; especially, for the crystallization of epo-
thilone B, a mixture of an alcohol and a hydrocarbon, especially of a lower alkanol and a
cyclic aliphatic hydrocarbon with 3 to 10 ring atoms, most especially of methanol and cyclho-
hexane (preferably in a v/v ratio of 1:10 to 10:1, especially of 1:3 to 3:1, is added. Addition of
water leads to fast phase separation, and the alcohol phase is evaporated to dryness, e.g.
by means of a rotary evaporator under vacuum. The resulting extract which comprises the
epothilone B is afterwards crystallized from an appropriate solvent mixture, especially from
an alcohol/cyclic aliphatic hydrocarbon mixture, most preferably isopropanol/cyclohexane,

preferably in a v/v ratio of 1:10 to 10:1, more preferably 1:6 to 6:1, most preferably 1:6 to 1:4;

- (obligatory) separation of the epothilones by reversed-phase chromatography after being
taken up in a suitable solvent, especially a mixture of a nitrile and water, preferably acetoni-
trile/water, in a preferred v/v ratio of 1:10 to 10:1, especially 1:3 to 1:1, and elution with a




cially methoxy or ethoxy, halogen, especially fluoro, chloro, brono or iodo,
nitro and |ower al koxy-lower alkyl, especially ethoxynethyl; most 7 jun 2005
preferably toluene; or in a br oader aspect of the invention a m xture of
two or nore such solvents; and (ii) separation of the epothilones by

rever sed- phase chronatography after beiqig ta- ken up in a suitable solvent,
especially a mxture of a nitrile and water, preferably acetonitrile/water,
in a preferred v/iv ratio of 1:10 to 10:1, especially 1:3 to 1:1, and
elution with a mxture of nitrile and meter'bgreferabl y characterised in

that t hEgwess nidle agd ayatsr. Peeferablyicharastarised Inclhpitha chromatpgraphkis$apieds e
mat eri abyt FSRMAFhRbLE ¥ rmrsdac’prﬂa%e RdtERAI A hichMY &rargle% WilkehyRREtabdeHAHA! Ss bon

chai ns, such as hydraocarbon _chains cont ai ni n 8 carbon atons, and an
el uant a®hy¥rrearhen shaing eontainingsiSecaraen gtogs, Pﬁﬂﬁéra"hﬁkﬁﬁ'riﬁ matesial,iapd gar t i cul ar

acet oni Eﬁ;hr'wteoorﬁp?lslﬁﬁeéjmtrllé‘ JRpELihfA %K/ve?‘aﬁ&lﬁftﬁlé €n ?farﬂ&bfaF bcetbﬁfrﬁ@tlseusédfs inused,

espeC|aIIy m xture acetoni tril V\B.tel’ pre erab ratio
nitril ep@racvlartemmreaﬁ@ut"emvager ste@ eﬁpe@rallyrmmtbyet@éﬁﬂ@t@wtrie/yamncprgem e.g.

‘bet ween 0 1r5?1gé1i@ of nitrile®0 gratrﬁ ‘of aBBut41 89 td db: ?ﬁri‘rﬂér%etﬂ@@ﬁ §iof ﬁﬁil &P Fée§t of the

i nvention; rocess in paragraph starting with step (V) and
conpr i sbe@legn e qnd ¥:3f ot aérormrﬁr|andsemnyalroﬁthermlrnlqofmm theealiesied spetpione

d b |l
cpot h SRSl peioh€ 3 orinod Beoé aly Upohins By fip @il aqiBRE by sraRicidh Y
those déskdillatine; ibdesiredf beagineining water it erapothiloaeis then em@mawm amn f or
wor ki ng estBr e§pé’c§£&earl8+3|99/ algﬁrl&hgrdal%afes Ipf'é?e a[gyﬁsor%ﬁ%@ffJ Egétbf%nwﬁl]; sﬁtps%qu

epot hi | ones om chem cal ’'react er ably
fromt hevampmlona(pl&fﬂraldy flratrm am@*soroﬂ'lemm;awag'amrapa@,torwdebacaum ef\/teel as

descr | bembihbiBeRHAZ002:00A0 ANALAGK (f REIFLP InPLLERE LoohieneRAEN Ones

are founa 1 n the cent

synt het myrbe:spht,areiwperaadzd i reostthare neé tiverseyiHaee separateapos$;yner resin, such
as Anber 7 JUN 2005 -11 lite XAD-16 or Diaion HP-20 (preferably in a ratio
of centrifugate: resin volune of ca. 10:1 to 100:1, preferably about 50:1)
and st i fomyifirequineddgigt as an altérmative to tbé efystallizetiarpaftdnidesorptiorgragisorptiamsf er r ed

Lo e BT LI S S o PR 0w B30 85 o

fi :c :c 2 r: ?; priate sréldemtrqmtsobanbﬁrx:}dne, aspeciblily mnmﬂurem_iteete:'mydr:)em?mn irfﬁy?xdnmhe gFunn nd
Funni ngrRERUNRRE E e, Shechy BRI Moniay BERAR / ThedRedfn s
washed which thenatie betwiea the eSter ard hydrocarbsreis pefecabdy inghe cariged9% hioein®9,on t hen
start anggeg%@§3§$et§t§éﬁfkér%\gggpﬁqor ption of the epothilones fromthe resin

is pr ef B kly polar or apolar solvent according to
the invention, especially one described as preferred above or bel ow,

?Zﬁg\%gl l and trTeatlly ¥ecrys é:lpsa(%h dee gofrrorrrrr%%tprop§gtee o) ven S or so vente mrx{Jres grl e\&earr%mtple' s then

consisting of esters, ester/hydrocarbon mixtures or alcohols, especially ethyl or isopropyl
acetate : toluene 1:10 to 10:1, preferably 2:3 (epothilone A) or methanol or ethyl acetate
(epothilone B);

in which process, if necessary and/or desired, between each step being employed, the
resulting solutions or suspensions are concentrated, and/or liquid and solid components are
separated from one another, in particular by sedimenting, filtering or centrifuging of
solutions/suspensions. The more precise definitions mentioned above and below can be
preferably used in the above individual steps.



as far as necessary, preferably until a dry residue is obtained. \Were
appropriate, the residue is taken up in an al cohol/hydrocarbon m xtarg@y 7005
especially in nethanol/cycl ohexane, preferably in the ratios describe
above, in a relatively |ow volunme. The al cohol phase is evaporated,
preferably to dryness, and the al coholygxtract is then crystallized froma
m xture of an alcohol, especially iso-propanol, and a hydrocarbon,
especi al |y cycl ohexane, preferably in the ratios described above. The

resulting solid crystallized nmaterial is then dissolved in a nitrile/water
mi xt ur A Pisfestast-aapegt efdhe inveptioneiplaien9lso 13 percess fof the isolatier, pf gpothilones

acet On'éd&bﬂb%\e@h%ynthm.&éyre esﬁ&gallyhéboﬂﬂléh'é Il d¥nd st 8Speclily lebBthilbise BOMHiES, 1 f
required, after spl |tt|ng in nore'than one run, onto a preparatlve reversed

phase d¥PEAHE COMPLESHN wWith nitril e/ water, especially as just nentioned,
fol I ows. The (ﬁféedé%o};fiiohrdf ke %otﬁn%eé %H“ $did Syrithétfetrb QR ith @ WedK Par or

epot hi | o e, especially epothilone A and nost” especially epothilone B, is

removed by evapsbaraoivent, in ﬂﬁ'é'ﬁi'?[ with lomer aﬂfMUﬁ"Pﬂ?"%uﬁneﬁ@"WﬁM%ﬁé&e is
extracted wi téhé&fbee&te‘?ﬁ | r%&’i@ﬁlbﬁxljé %r hﬁﬁ@g%gé( aa?&héﬁ@?olm% @Sp&ialXtract 1s

then evaporate prefera ryness, sequen y the Tresulting
material is reaphjaiend ¢l2(§thelf85W) bﬁrwpeeoranap@mlm pbepeefﬁrablvabenmmelsyb-

crystal |1 sed disiga by pne sk SrpIrERIAY NEABRIRGeddided o bR
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been di scover‘ggly\?d}%%ﬁw E"hf"ﬁ"\/v%);J %Q%gg Péés\(égbélrf ﬂo‘??od)l(w]’o‘?o rﬁlﬂe 68%}’) lergl

~hal f of the dewer gikomlowenalkweestwlauyBthoxymeﬂnybpmbpretmddy taluan®; 99111412602.
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where a first | on risin ter |sdsor
first period I8‘f6'l'eE %E)@m?{l%i PSPH&%I gc‘%g@&'eoﬁ U%&#TF arh%ijaé ap ”’8. EP'?'T but| on
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' al ready in ti'eanandgm,reeg.la)HODﬂ.stl me. Under conparable conditions, the
evaporation residue in ' -
In a further preferred aspect of the invention, the process in the last paragraph starting with
step (i) and comprising step (ii) further implies any further purification steps desirable or re-
quired to come to the respective epothilones, especially epothilone A and most especially
epothilone B, in pure form, preferably those described as preferable in the present invention.

Preparation for working up is preferably carried out as follows: Adsorption of the epothilones,
especially from chemical reaction mixtures or more preferably from the supernatant of
cultures of microorganisms, can be achieved as described in WO 99/42602 or in' analogy
thereto; briefly, the epothilones are found in the centrifugate, which is then directly mixed
with a synthetic resin, especially a styrene/divinylbenzene copolymer resin, such as Amber-



the case of isopropanol for epothilones A and B in one exanpl e has been
found to be 40 g, wth nethylene chloride 3.3 g, in the case of tol ugog 1005
only 0,9 g, with e.g. 17-18 g-% of epo- thilone B after desorption from
styrene/ di vi nyl benzene copol yner resins obtained from cycl o-
dextrine-conprising culture supernatanf. as described in WO 99/42602,

i ndi cating much higher purity. While toluene has the nost significant
advant ages, dichi oronmethane has as one advantage the ease of renoval, due

tothe_lowboilin,oi ._The separation, of |IonAa an obe
ot ovdte ¥oBola oo B Abizs Derelrad i & Pilore camGiudalee dedte baime i opy -1
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procedures for the method devel opnent of SMB- chronat ographi es are known to

the per§WalRi.|led in the art. Such procedures are described, e.g., by
R-M Ncoud, M Bailly, J. Kinkel, R M Devant, T.R E. Hanpe and E.
Kusters in Proceedi ngs of the 1’ European Meeting on Simulated Moving Bed
Chr omatidrRipieyred pracessys a¢oopiing tothe-inveption then starbangproceed ggifallews: G Ger ber
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Kust ers, . {]199 ters, T.
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measur ¢gn,ane a lpeepasdtive revéreed phase column. Elution with nitrile/water, especially as just
mentioned, follows. The (aceto-)nitrile of the resulting fractions containing epothilone,
especially epothilone A and most especially epothilone B, is removed by evaporation
(distillation), and the resulting water phase is extracted with an ester, especially isopropyl'
acetate. The ester extract is then evaporated, preferably to dryness, and subsequently the
resulting material is recrystallized, for example an epothilone A fraction is crystallised directly
from an ester/hydrocarbon mixture, e.g. ethyl acetate:toluene = 2:3, and the epothilone B
fraction from an ester, especially ethyl acetate or preferably from an alcohol, especially

methanol.

Especially with toluene a highly selective eluent (desorbant) has been discovered which
allows to achieve an approximately 100 % yield in half of the desorption time needed with
isopropanol used in WO 99/42602. Surprisingly, the amount of desorbed epothilones is in-
creased, e.g. to 130 % after desorption with toluene when compared with isopropanol de-



necessary, in view of their high toxicity. Exanple 1. Wrk-up procedure for

epot hil one B Desorption of 591.7 kg of charged resin (styrene/divinyl7ogmzemne

copolymer resin XAD-16 charged with epothilones A and B froma culture

medium is effected by stirring the resinin two portions each with 720

litres of toluene in four portions forq{appr. 8 hours. Separation of the

tol uene phase fromthe resin takes place using a suction filter. The

conbi ned tol uene phases are mashed in two portions with each 250 | of

water. After phase separation, t.ol uene xtra iS C nqentrated i.n a
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epot hi | oreadyanEye thHEaNMDi regmveledue tCIJVS@M oilihpeintal di spl acement 6 in ppm
relatively to TM5. S = singlet, d = doublet, m= nultiplet): 6

(Multiplicity) Integral (nunber of H 7.34 (s) 1
The separation of epothilon A and B can also be achieved by performing the chromato-

graphy disclosed herein in its simulated moving bed (SMB) approach. SMB-chromato-
graphies are widely used for the separation of binary' mixtures, e.g., the separation of
racemates on chiral stationary phases, e.g., the SORBEX processes in the petrochemicél
industries, like Parex or Molex, or the SAREX process in the sugar industry. Compared to
batch chromatography SMB-chromatography provides the advantage of a continous

_ countercurrent unit operation, which leads to increased productivity and reduced mobile
phase consumption. Several systematic procedures for the method development of SMB-
chromatographies are known to the person skilled in the art. Such procedures are described,
e.g., by R.-M. Nicoud, M. Bailly, J. Kinkel, R. M. Devant, T.R.E. Hampe and E. Kisters in
Proceedings of the 1 European Meeting on Simulated Moving Bed Chromatography,
(1993), ISBN 2-905-267-21-6, p.65-88; E. Kusters, G. Gerber and F.D. Antia, Chromato-
graphia, 40 (1995) 387; T. Proll and E. Kusters, J. Chromatogr. A, 800 (1998) 135; or C.
Heuer, E. Kiisters, T. Plattner and A. Seidel-Morgenstern, J. Chromatogr. A, 827 (1998) 175.



6.50 (s) 1528 (d) 1 _ 5.08. (d) 14.46 (d) 1 4.08 (m) 1 3.47 (m 1
3.11 (M) 1 2.83 (dd) 1 2.64 (s) 3 6 (M 2 2.09 (s) 3 2.04 (m JUN 2005
1.83 (m 1 7 JUN 2005 -15 1.61 (m 1 147124(r’r) 4 1.18(s) 6 1.13 (m

2 1.06 (d) 3 0.89 (d + s, overlapping) 6 E= 41 Exanple 2: Conparison of

di fferent desorption processes for epojdilone B preparation: 360 ml each of

an aqueous suspension of the styrene/divinyl benzene copol yner resin XAD- 16

charged with epothilone A and B froma culture of nyxobacteria by the nethod

described in WO 99/42602 (corres ding .to 194 erli XAD-1 6)
oy o bt iR bask irametafs for ot Sehiraton ol SPREUPS AP MRS B ToBI O GRARY S ¢ 1o,
subseq uwfakbﬁalr@cﬂyﬂrom el ddhesht(o@anm @epérﬁﬁbrﬁ%é@fab‘ﬁ} réVepdad Hade snieagelor Wt h
a sintered frit t he bottop:%g E sol {d phase batch reactor, inner

i amot ofFF $9)p1akED S SrAORAY cpionitile TiuEss 2] MePie phases. The

"""" final set of flowrates {for the- mdrvrdual-SMBzones and the-switeRing titie, téupRativiePBa®f
Desorption nethods for the nmanufacture of Epothilone Starti ng resin

(resin b takken glhpriwm 8 stmle flewspheme asdigvelobrabbyEi Kusterso 8l Chipmate- 360 mi
resi.n syspRASIOEN QQSMSMM%aF&uI'esﬁHaMh eddsbiHiodl isdtheMils a8kl Hewvnin #1003

t heoretTcal | oad resin suspension (corresponds to 114 ny
per 194C@romatqgst A )@Qg_(j ) 135 and J Chromatogr. A, 827 (1998) 175. The work up of
extract and raffinate streams can again be performed as described for the conventional LC

separation.

The invention most preferably relates to the processes and methods described in the subse-
quent examples. '

Examples:
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.

Example 1: Work-up procedure for epothilone B

Desorption of 591.7 kg of charged resin (styrene/divinylbenzene copolymer resin XAD-16
charged with epothilones A and B from a culture medium) is effected by stirring the resin in
two portions each with 720 litres of toluene in four portions for appr. 8 hours. Separation of
the toluene phase from the resin takes place using a suction filter. The combined toluene
phases are washed in two portions with each 250 | of water. After phase separation, the
toluene extract is concentrated in a 1000 litres reactor to approximately 20-40 litres and
afterwards concentrated to dryness in a rotary evaporator under vacuum. The result is a
toluene extract of 4.095 kg containing 209 g of epothilone B. The toluene extract is dissolved
in 16.5 litres of methanol and 24.5 litres of cyclohexane. After addition of 0.8 litres of water
phase separation occurs immediately. The methanol fraction is evaporated to dryness in a
rotary evaporator under vacuum yielding 1.025 kg evaporation residue containing 194 g of
epothilone B. The methanol extract is afterwards being crystallized in a solvent mixture con-
sisting of 2.05 litres isopropanol and 10.25 litres cyclohexane, yielding 0.4 kg crystallized
material containing 184 g of epothilone B. The crystals are dissolved in 3.2 litres acetonitri-
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le/water = 2/3 (v/v) and the resulting feed solution is transferred in three separate runs onto
a preparative reversed phase column (25 kg RP-18 spherical silica gel, YMC-Gel ODS-A
120; 5-15 um; Waters Corp., Milford, Massachusetts, USA). Elution is effected with aceto-
nitrile/water = 2/3 (v/v) as mobile phase with a flow rate of 2.3 litres/min; retention time of
epothilone A = 77-96 min, retention time of epothilone B 96-119 min. Fractionation is monito-
red with a UV detector at 250 nm. The acetonitrile of the combined epothilone B fractions (of
the three runs) is distilled off and the remaining water phase is extracted with 504 litres. of
isopropyl acetate. The isopropyl acetate extract is concentrated in a 630 litres reactor to
approximately 20-40 litres and afterwards concentrated to dryness in a rotary evaporator
under vacuum. The weight of the evaporation residue of the epothilone B fractions is 170 g
and it has a content of 98.4 % according to HPLC (external standard). The resulting material
is finally crystallized in 2.89 litres of methanol ét 0-5 °C yielding 150 g of epothilone B pure
crystallisate.

Melting point: 124-125 °C;

'H-NMR data for epothilone B (500 MHz-NMR, solvent: DMSO-d6. Chemical displacement &
in ppm relatively to TMS. S = singlet, d = doublet, m = multiplet):

o (Multiplicity) Integral (number of H)
7.34 (s) ' 1
6.50 (s)
5.28 (d)
5.08 (d)
4.46 (d)
4.08 (m)
3.47 (m)
3.11 (m)
2.83 (dd)
2.64 (s)
2.36 (m)
2.09 (s)
2.04 (m)
1.83 (m)

S N ¢ T & T & T A . T S



O00OLOTr-- NILOcoCNcoNOcor WNOLOOaA O LC cr-r_ "5
CozzzzVQ( mLLcall v COU rL~0(OOONcom’\TNNI?\IJg}“ﬁﬁ%v
QNNOr NtoCr Cowccl®"C>0~ 0 caa) ENE- OYcom.~c
Ocaco'v3roao00oC N-0mO NmroO.. E ¢c ca a olLTfj CC
LLLai caoO0OANCM OWOi NtegN -5 WcawE=0=0 0>#44Y2 E >0
od >CCwQcoC N>0OWWOd:_ . WWCCO0O>7JUNZ20055 1. T Uv O (DN
NCOOCOCOd) mOCf OMN(OL[) OOr. CA
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
I=41

Example 2: Comparison of different desorption processes for epothilone B preparation:

360 mi each of an aqueous suspension of the styrene/divinylbenzene copolymer resin XAD-
16 charged with epothilone A and B from a culture of myxobacteria by the method described

- in WO 99/42602 (corresponding to 194 g wet Amberlite® XAD-1 6) are extracted with the
solvents and under the conditions mentioned in the subsequent tab’l_e in a stirred (common
lab anchor stirrer) glas reactor with a sintered frit at the bottom (home made solid phase
batch reactor, inner diameter 10 cm x 20 cm lengths, “Stirrer /Frit” hereinafter).

Table 1: Comparison of Desorption methods for the manufacture of Epothilone B

Starting resin (resin with adsorbed epothilone):
- #1001 theoretical load 70 mg per 360 ml resin suspension (corresponds to - -
70 mg per 194 g of wet XAD-16)
- #1003 theoretical load 114 mg per 360 ml resin suspension (corresponds to
114 mg per 194 g of wet XAD-16)
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V'z Q7 JUN 2005 -19 Fromthese experjgents and further data, it can be
deduced that in conparison with iso- propanol the nethylenechloride
extraction offers better selectivity, a shorter time of extrac- tion

appr oxi nat el actor of 2 faster solvent distillatjon Qilin oi nt
Py B R Se P EATEEE heLiEne? .ol Car b Sesopd St Bheamrarsen skhaso- 1 o’

tine-i fﬁ@iﬁmelﬁe&ﬁlé’th@ﬁé’cHl&r@i@' xtrabionl otepd Bytteraericlify, Y@hemteMRS6f @RS at i on
is no longer required, the second solvent disti- |lation is no nore

requi r 4@n (aRpreximately Py adactor ofa faster polvent sistilatignd(boiting; aeipt ofgnethYleeter con-

t am natchRadé issé‘bouli’%t"ér th@mef @@;S@Famwlasr@) tﬁamnmntéﬁsﬁe an@vkyiprotlehal f of
the vol une . g reactors instead 001 reactors) is possible,;

t he pr deafiste M@éw%wesph%@ ePBEtioa is n@lﬂngweﬁpm ltiee s9coRd solypotdiBHuct s
Wi th cogfcH @%%m'r@auﬁée 38 u%%nbwépmﬁn@mf ?m&ew@te ¥%§l§lﬁhg{ ihilGWer'cel due

does not sputter and foamas In the case w the ethal acetate extractlon

For ddapingtioroskabetier ad zafer haaldhnq;wen bejuspd; werkupinchateef the\velemp4degsion t o
i sopr oRRREN rédkidr st of(zébQWeaJs ) i88b&sle:Ahe PRAYIEL dtifone atsf‘é better

selectivity can %e observed E9| soprop anofl about the tenfold anpbunt of
by- pr omuab'sprofde tlewer bw;odumemﬁmqmarawﬁ pplaﬂﬁ/ assepsthjlone M.cansiihe evapsaabl y

(by a fti%ﬁtr dLHaf dc?e@%qtt ?Q:ttedr zlg‘mt% iGArh s Gite stk%ntﬂtthé’etré é@état@"e%ﬂ?@fohofoﬁ“ th

.|sopropano he 1. SOpropano extraction was lcult to
i npl err@iesonpnon wﬂ@@iuma@ghqﬂy@l@l@@btﬁhec@o|comwan@nnstto| isdpaepanel exragtion onger

requir géi%qu‘é“??éf ﬂéPea‘dsof%gggi @ %), tébtl%?@é|*a&I‘V|tgggr8%8%Bsér@9@5vﬂth %%rop&%iﬁ”p' e It

IS possi 0 use a reactor possible to
abandombouttbe tgrifpld arrgmnt chibyoproducts isptigsofhde, the gptractiondimer ie shotenesifacer

desor pts'io%Pab‘ﬁP&)S/ad f@éto? of S&Sbf 3), the difficult filtration after desorption with isopropanol is

simplified (the isopropanol extraction was difficult to implement in larger scale), the second
solvent distillation is no longer required, work-up is possible in smaller reactors (again, for
example, it is possible to use a 1000 | instead of a 2000 | reactor), it is possible to abandon
the silica gel chromatography (the evaporation residue after desorption contains already
about 40 % of an epothilone A/B-mixture), and the evaporation residue after desorption does
not show the foaming and sputtering observed for the residue from ethyl acetate extraction.



about 40 % of an epothilone A/ 13-m xture), and the evaporation residue after
desorption does not show the foam ng and sputtering observed for the

residue fromethyl acetate extraction. 7 JUN 100 -20 What is clai magi JUY 2005
A process for desorbing epothilones A, B, D, E and/or F froma resin, said
process making use of a weakly polar or apolar solvent selected fromthe
group consisting of |ower alkyl hal egéni des and aromatic solvents or a

m xture of two or nore such solvents; wherein the prefix "lower" neans that
the radical contains up to 7 carbon atons. 2. The process according to claim
1 wher gyRativ eyt | ones to be desorbed are epothilone A or epothilone B.
3. Themdl ng to any one of clains 1 or 2 wherein the resinis a

synthetic resin. 4. The process accordin oclaim3 vvherelnthe resinis a
LR
synt het1.cApsegess Fslegorsing @PW'@??@/%E\/Pm?I EOm 8 FetY RIdPTOESS The process

accor di ”QFJaRmarebée%Ps wWRhKIG o8laFBr dpdid? sBveiti@leRied frhn MeQjidip @n%@’(wg?diﬂ is used
sel ected tromthe a?r oup consisting of naphthal ene, benzene, E'é ht hal ene

or benzentowes glsylth tﬂ’e’éy’m@) ABMAIC seivVentssr afmbgyres I“’é%?"e‘a"?ersé’ﬁh SRA¥EHFoup
consi stingy Q;elri @wefvﬁa;‘mer" méﬁ%ﬁat%é‘%)bal kA 10V EdrBorPatdmsover

al koxy-| ower -a ereint prefix "l ower means that the radical
contains up to 7 carbon atons. 6. A process for the isolation of epothilones
A, B, D2 Hhamejosss Beesiding inewaing! wherphithe epathilangs fabewiesorbashase eBAhEBWpr i ses
(iii) the d&s& %Ibﬁ’é‘ of the epothilones fromsaid synthetic resin with a
weakly pol ar apo ar solvent selected fromthe group consisting of |ower
al kyl hal ogenides and aromatic solvents or a m xture of two or nore such
sol vent 8; Theeredess abeorgingtd any orleoyistaimsdansg whiesin thagesimisi xayntedpresims up to
7 carbon atons; and (iv) separation of the epothilones by reversed-phase

chr omat gg @@fwo@efsg%c&ega%dw WhHlQlﬂ e feshiiis Aol iR Bas@BEne! ution with

a mxture nrtril wat er A process according to any one of claims 1
to 6, furtsﬁ\éﬁnelﬁﬁmﬂﬂelﬂ?@naﬁypﬁlm’@fﬁer purification steps desirable or
required to cone to the respective epothilones in pure form 8. A process of
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6. A process for the isolation of epothilones A, B, D, E and/or F adsorbed to a synthetic
resin which process comprises

(iiy the desorption of the epothilones from Said synthetic resin with a weakly polar or
apolar solvent selected from the group consisting of lower alkyl halogenides and
aromatic solvents or a mixtu're' of two or more such solvents; wherein the prefix
“lower” means that the radical contains up to 7 carbon atoms; and '

(iv) separation of the epothilones by reversed-phase chromatography after being
taken up in a suitable solvent and elution with a mixture of nitrile and water.

7. A process according to any one of claims 1 to 6, further including any further purification
steps desirable or required to come to the respective epothilones in pure form.

8. A process of working up epothilones A, B, D, E and/or F from a reaction mixture, said
process comprising

- desorbing the epothilones with a weakly polar or apolar solvent selected from the group
consisting of lower alkyl halogenides and aromatic solvents or a mixture of two or more
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descri bed dsterghasetoSdrymsspeci al |y a 2: 3 (v/v) acetonitrile/water m xture, and
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resulting solutions or suspensions are concentrated, and/or liquid and solid components are

separated from one another; wherein the prefix “lower” means that the radical contains up to

7 carbon atoms,

9. A process according to claim 8, where desorption of the epothilones from the resin is
effected with a weakly polar or apolar solvent selected from the group consisting of lower
alkyl halogenides and aromatic solvents or a mixture" of two or more such solvents, the
solvent is then removed as far as necessary, preferably until a dry residue is obtained,
where appropriate, the residue is taken up in an alcohol/hydrocarbon mixture in a
relatively low volume; the alcohol phase is evaporated, preferably to dryness, and the
alcohol extract is then crystallized from a mixture of an alcohol and a hydrocarbon the
resulting salid crystalilzéd material Is then dissolved in a nitrile/water mixture as ‘
described in claim 8, especially a 2:3 (v/v) acetonitrile/water mixture, and the resulting




that the radical contains up to 7 carbon atonms. 10. A process according to
any one of clains 6, 8 or 9 wherein the separation of epothilon A andjyR n®
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11. A process according to any one of claims 1, 6, 8 or 9 wherein the weakly polar or apolar
solvent selected from the group consisting of lower alkyl halogenides and aromatic
solvents or a mixture of two or more such solvents; wherein the prefix “lower” means
that the radical contains up to 7 carbon atoms; or a mixture of such solvents shows the
following characteristics in the eluotropic row determined according to Snyder et al.:

Xo = 0,22-0,32; X4 = 0,17-0,34; and X, = 0,39-0,54

where! X, is the proton acceptor pérameter; X is the proton donor parameter and x, is
the dipole parameter, with the proviso that X, + X + X, = 1.

12. The use of a weakly polar or apolar solvent selected from the group consisting of lower
alkyl halogenides and aromatic solvents or a mixiure of two or more such solvents for
the desorption of epothilones A, B, D, E and/or F from a resin; wherein the. prefix “lower”
means that the radical contains up to 7 carbon atoms.

13. The use according to claim 12, wherein the weakly polar or apolar solvent is selected
from the group consisting of naphthalene, benzene or naphthalene or benzene
substituted by one or more moieties selected from the group consisting of lower alkyl,
lower alkoxy, halogen, nitro and lower alkoxy-lower alkyl; or a mixture of two or more
such solvents; the resin is a synthetic resin; wherein the prefix “lower” means that the
radical contains up to 7 carbon atoms..





