;e3e\$dd’ r #6$T\$ WO 02/-1G196 -1 PCT/EPII1 / 1.t771 PROCESS FOR THE A
| SOLATI ON AND PURI FI CATI ON OF EPOTHI LONES The invention relates to a new
desor pti WO mpesss for epothil ones, especially epothil oneP&r/&nay/ i1

epot hilone B, fromresins and new production, work-up or purification
processes or manufacturing nethods for epothilones conprising said
desorption process, as well as the use of certain solvents for the
desorption of epothilones fromresins. Background of the invention:

Epot hil ones A and B represent a new class of mcrotubuli-stabilising

CyL oL OXI PrafPaterOROHA GO AN ANGHURFICATIEN BF EPQTHIRBINEY ot - 49, 560-3
{1966)) T 1y ' ' gt < ogen (epothil one
«A) or nethyl (epot hi | one B). Since the description of these epothil ones
(see WO vier, esi s
fnd manu] Tl r el e Bt ita R s bdkiends ephably AT A one
+derivat i mor(enﬂthlboeﬁ/@bm r@ainB@dd'newmrmUOMQmsNorhelp@rrwaflﬁ@tlpn pranessesaop| e

WS o ooanEacHy Y g tentl Buicingol bl ARG abhalind o

98/ 22461U39Nf®999m65>9@®t3WtDG‘QE/SBB)llQQ of gpathi@pes froasressO 00/ 22139, WO
99/ 58534, WO 97/19086, WO 98/25929, WO 99/67252, WO 99/67253 ) WO
00/ 31247, W O 99/ 42602 WO 99/ 28324, W O 00/50423, WO 00/39276, WO
99/ 27890Baskucoed Wod: 99/ 54318, W O 99/02514, W O 99/59985, WO

00 7o B e k5 BB R S0 e

especi al dilgzmsr(sseea@etth,ll{cn’lek D AmiitlioE, 4971 86@:-8i(beR6)) of tNEf@miul@086 and WO

981 22461, and the epothilones E and F, described in WD 98/22461, as vveII as
t he epothil ones described in WD 99/ 02514 show interesting pr opert| es.

O V1I'OO02/.111'I(r -2 PCB/EPO@l 771 As an exanpl e for‘umﬂm mmlmm tlc
use, International Appli catl , 99/ 43320 describes a n

adm ni stration of epot agent s agaignst proliferati vecoﬁtio:&eases

especially tunor diseages, that| due [o thei m | ar mechanism act in a
way conparabl e t at Qf Taxol , and mar keted anti cancer
agent. WD 99/ 39694 scl@ses sone i rrmul ati ons of the epothil ones,

especially A and B. , especially epothilone A and nost
preferably epot hil ofe

nunber of advantages in mmmmmmp
est abl i shed treat nment S esp:eC| aldy also in cases where tlumﬁ\“m cone
refractory to the treatmentOmd t W Taxol. Therefore, methods fQskdeir

synthesis in larger anounts are urgently required in order to neet
antici pated demands.
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. |



The nost efficient production processes so far at | east conprise sone

bi osynthetic steps and isolation of epothilones fromculture nedia or the
like. O MNP MA1Ys the extraction of natural substances byPGEERS/HI71
nyxobacteria, especially the epothilones fromthe cell strain Sorangi um
Cel | ul osum Soce90 (deposited under no. _ 6773 at the German Col | ection of

M cr oorgani sns, see WO 93/10121 ) was described in literature. In order to
obtain a satisfactory concentration of the natural substances, especially
t he epothil ones, previously an adsorbate resin based on pol ystyrene was

al ways added to the culture nediumfor absorption to the nedium for

exanpl e p@meékarﬁ;ﬁe M@hé iffardeme ms& |hmf$at.oﬁélaxﬂﬁuwtfon v@@rm@zo deeuidra the

«di sadvantage of th process i s ,.on a large scale, It leads to an
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can bl ocdgpednfly @mu&ba§ematb@u§mhap§.nﬁ:9r BRI, Yo éj\H§y &ang@ﬁbé%cal
‘friction. The gbu es of resin are porous and th erefore have arge inner
sur f ace thated T(aabl ud welknawn @nd imarkeled pnticeneer agesh W Or99539684skisclosps sbinem  as
air encl i s, the process cannot be
practi cabl gﬂ%ggﬁjﬁgloma fhe %O@?a%tggg‘%@’gg}f ?\ryﬂ?em n addition during

cul tivation of the m croorganisnms that produce epothilones. Therefore an

advance r I f
cpot hi | oeecriRanedech3GaR GRHFnE™ Sid DR iR fZordTRGE B Sty Smumber o
conpr i seX agduanthgsd ingontpadgon te ¢a§aml§hed treatmentsuespeciadly alsofin cases where
epot hi | G 3
pCT) ep( 1170 Pl eRtmE £l 00ARE i ReatRRE W ol THELorole, leliscsitl el O &
m Xi ng cﬂyntmeisa'lelargérramomm awrle'gemﬁtyi requiesl ig order ltd mBEaMmlpamutdenﬁargist e of
said culture nedium) with a synthetic resin, for exanple a resin based on
styrene/ di vi nyl benzene copol yners as matri x, such as Anberlite XAD 16 (Rohm
f;] Haa; Gdrermost e!ﬁmet pmmhbmptqcemslmmy; abeasbbaﬁnprisd—ibrﬁé)gi(oﬁzﬁﬁhetw Sbf1p|§ R L.,
t subi C : . r to absorb the epothil ones
and dengngt'lgc])%ﬁHne@pe (@"IPP% &?cug%@arﬁédlﬁgfﬁeﬁgét preferably isopropanol.
This is foll owed by addltl on of water to the al cohol phase, renoval of the
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of i npumedien fornatssomptipptialfthe mtllu(rmfcrreaxawtea{kmberhﬂelm 1T&b(@¢hrm&uftaﬁwl

progresq:gﬂg R%% ] H te for industrial scale production, this nethod still

suffers fromcer i sadvant ages. For exanple, in order to obtain
sufficient purlty it is advisable to nake use of either the nol ecul ar

ore ai b ingbisedrizad G Todls M Ryl 81 A8 TR RBMK E R TR0 el "

ester, snicpmbi@n&t\t‘glvesaarenmpared/w bk glaksiesaif sddiny pibes caao bidok, Arhapparatas f or
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addi t i orandgheliefdre dnaVe aﬂargbmmblr suifacevarea(atfout mﬁmfvgrmrmcbsnpuSteehsaugn It is

thus a S n

the abo o PR PR s 85 5 S58tsy B R F o ibnee duf B BrtRs TR ey o
tge [ S?Itwtpractiaablyeqmméd oudoasy Iamleahs‘;n}g mpm;dnitdlglon:elsrw@g ?mitivﬂ\;;n@f ther their
adsor pti Liption o e Invention Very

surpri sﬁﬁ% o;o?gﬁluérﬁs;ghgﬁg%ggéegb? oﬁw& that by sinple replacenent of the

al cohol s used as desorption solvent with certain other solvents (naned
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(ii) higher anmpbunt of desorbed epothllones i ndi cating nore complete
desorption; (iii) no re-extraction with ester (e.g. ethyl acetate) with the
hi ghly proble matic water/ester phase separati on and no subsequent et her
evaporation required; (iv) no nolecular filtration and usually no
adsorption chromat ography are required; (v) the time required for
desorptlon i's dlnlnlshed con5|derably, (vi) fewer process steps, (vii)
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PCT/ EPUL/ 1. 1771 W O 00/ 00485, W O 00/23452, WO 99/03848, WO 00/49019, WO
99/ 07692, WO 98/22461, WO 99/65913, WO 98138192, WO 00/50423, WO

00/ 22139WaWrd9y 58534, W O 97/ 19086, W O 98/ 25929, W O 99CHERBLZI47W O

99/ 67253, WO 00/31247, W O 99/42602, WO 99/28324, WO 00/50423, WO

00/ 39276, WO 99/27890, WO 99/54319, W,0 99/54318, WO 99/02514, WO

99/ 59985, WD 00/37473) WD 98/08849, US 6,043,372, US 5,969, 145, WO

99/ 40047, WO 99/01124, and/or WO 99/43653, nore preferably to epothilone A
and especjally epothilone B, but in a broader aspect of the invention also
to the &G CIYSIQQQXIDF%ﬁw@F etherrospieptoaming agentsy mixdusef the geliee gpihra e1edi+ he
epot hi | r I ri bed
TRV 0] BogT NS [or CRATRIERE Sey LROIeath wila b aRE 2o dn O Bt s

epot hi | JREindased ap styeeneidivinylhenaaneicepelsmetsys mmrlesn@cb@swaberbt@sxﬁf&rﬂsu oned
her ei N, (R3hf & PaYicimaRE CARAS FUnKIGH ety & BERAIHP-BO(ReiftioP 8R!

'sol vent preferably has | ow ng c arac erlstlcs ferre

sol vent Mitgubishi ghemisakCooMiapi I@IY)MW@@IBT@&@QEIW&@DOMDM any dvpduionees-al .
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form hydhegt@ﬁh@lmmgeagmwaquigl@w@!mptmg (pre(drab;ty byrﬂa/apomtlon) dba&arsqmraanet er
(i ndi cat 0 nd xn
| s"the. dinal i fesuliEg Sl find BlebiE bRboH Bliochily I 2l 1PRBRIoSILT, <o
t hat xe aceiade,usuplly=melecdlar tltration (gebchypmatagraphy) ofthe drieck ester phaze; Septda- xd =
0, 15-0, f 34;
and xn’ 209 A 8 fing epiniaripinpRig b rErde piesp L bAS eyl gufirinea

sol vent gmiiuee pbnme/waten e. Qmomﬂrlleﬁwathét mﬂeeptmnawmtmr pugificatien bysphlalae as
acetone,g

cycl ohexa Hﬁw‘ r]rrﬁltrh gﬁreéﬁtcg %&%ﬂﬂ@fgﬁgéﬁ éfpfgbw @J%B&il}gﬁ ﬁé?%r %?I'go-
especi al mgrtogzaphnhp@moa gekin ooderdo @agbiave Buthbt remmval @nmbmtmlsl snchdriysthlisa-c

hal ogen peci ally | ower al kyl hal ogeni des, especially nethyl ene
di chl or it@ﬂﬁ?@’;}%&g?iﬁat znechl oride) or ethylene dichloride; or nost especially
aromati c sol vents, especially naphthal ene or (preferably) benzene or

one t o t1igef BBl PR PR AR b bl o BT R BBa Sl

especi alduifersdram lcertain ididadwantagespr opyI , | ower al koxy, especially net hoxy or
et hoxy, hal ogen, especially fluoro, chloro, brono or iodo, nitro and | ower
al koxy-1 ower al kyl, especially ethoxynethyl; especially tolu WO 02/ .1t (19(
- 6 PCT/ ErOEKamaleyin arder, toabitain sbiffinizatmyritk it ie advisademanaltd yseooef either e

xyl en I
L
chl or obefiffieuites fm’fm'rﬁbmrtbe nbasg sepadatioaria theresanserof ah lestey, smeh neRHy)

I I . al | k
benz enoscAiaE, AP RRA S EN B P KT RO pile soP ARl R S terbdle ¢ of
two or riblasge industgaleavaled iDvery tiheedonsimeing, soivelkas the subséquunt bexpoeatioa; e | ower
| kyl - b i al -,
o) endELESEERERSEURILN e RORSE R ACHE o BRERL ¥ © 0 ™
i sopropyl -toluene, and nost especially toluene. The term "weakly pol ar or

apol ar sol vent

descri bgﬁk"ﬁ@%tealﬂ % 8? {edﬁ%én%aﬁezdr@ na]tbr rggen? nvem&%?%)g%i?@ Jhﬁ o‘?é %Wtes "The
prefix 'ficuliies as posaiyle anddind aewarﬁIwINamthgewrwagsﬂartde igglation afrepothituliesal
contain f in particular up to
4 car bo%sg %gf%lt%b“& b%éﬁ %%ﬁg%@r%gggrgﬁ% c1£| rII\/er al kyl may be for
exanpl e unbranched or branched once or nore, and is e.g. nethyl, ethyl,

*propyl r&%Dds I?IFGflthé)I VBRI OPYi butyl such as isobutyl, secbutyl
tert-bu %Oﬁ—g%—m—rﬁwv-pentyl such as anyl or n- pentyl Hal ogen is
pr ef er ableyy Bw90$ln@y0trbas odw been fountlithedby. snrﬂplbyehlmmdmm tbneen‘laehalslqsedasan
rorganic fer Q 20 . st

or of or ay RIS Sqlnt il corteh oifer e ngireleakele? of dpotdqenites

br anc hedspeclfiecybelow) pm@eataedalabrkamm'pugh that cyiebe lhehiaves] in @rdere abtainba anched
or cycli s U i ne, 9L, oI & doubl e and/ or
tri pI/e bsgln 8{?&)@1 wlb@%’m@%@% %e@@)ggegﬁﬂg%éggl ?Qae?d\’)a& ‘?ﬁfﬁf}f&ﬁﬁgti tuted or

substituted by one or nore, up to three, substituents selected from

t he group consisting of Iomer aIkyI, especially nmethyl, ethyl or isopropyl,
| oner al koxy, especially nmethoxy or ethoxy, halogen, especially fluoro,
chloro, bronmo or iodo, nitro and | ower al koxy-lower al kyl, especially

et hoxymet hyl ; preferably by one to three [ower alkyl noieties. An al cohol
|s preferably a hydroxy | ower al kane, espeC|aIIy nethanol ethanol or n- or
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di vi nyl benzene copolynmers as matrix (hereinafter referred to also sinp
pol ystyrene resin}, such as Anberlite XAD 16 or Diaion HP-20 (preferab
a ratio WOexei?6 fugate: resin volunme of ca. 10:1 to 100: RCT/EPeN E7aED| y
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
filtration, sedimentation or centrifugation. If required, after adsorption
the resin is washed with a strongly polar solvent, preferably with water.
WO 112/-1Cr19C _8 PCT/ EPOL/ 1~771 Then the preferred process of working up
accor di firgpioyed Hesgpliweand higherliriabpiekt Antong tidesddiliriabadwintades ae@ () highemes
(as suc fected with
& ekl olsBRy S8 BBl it B dERR S ocBloed BpoMBREL: Ryl pffre B8k

hal ogenlpdaée;dempm z@uil) ryo reeéxtydctiore with ebteoé.gcetbyl acttald) avith the bightyrpraisle- or

-benzene P Rt agS sPBo 8FEh B B 5BesRat A8 EBbEIS BTN B "t .

pr ef er alnhcyecmlmf filtmatiohrand usual@t nesdsogptont abdorhatographe agy @qpiredy rie) thé ting ref

cepeci oDy HF RSB BBl jshen EngnreBh L BRABTYorsesiEPs. &l Bt o o
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f d t t nb d | ut d bed |
Chue obCACAPE A BP apileSe erageall R Roltre Ruusa Gibs Rmoles aler used
for f desge\;m'a;eﬂpﬁasemhtdfmatbgaaphw Tiesscindtfuins a}dyar&ammcrdm b?;ﬂedudba wlohi W@ki on),
refera neans of .concen and subsequently in a
Iroot ary éi?@ﬁ&ﬁ’?ﬂl’n s 9%‘&%&?19?@93&@&5@ %IPYWQP plrJoceggl ng %lakes

pl ace using the foll ow ng steps, where the purlflcatlon step by neans of

rever se&- Eh@a; chr.omat ﬁqé aﬁhé with elution with a nitrite is conpul sory,

while t | : - crystallization of the epothilone(s)

- after dem gpeoiof the reehtdr dlatédro 4 pRcesy/t dbsdrziay lepﬁ\thmﬁn@lp@éﬂyciamgep&I a g
anol an

m xture . a ar especi al | wer al

T byol ; dlanp i By PRticPise Aafdte B ior 8 e hepsaboly & mySbetyBes Wi § o
met hanolweaRly poielop Bpslansol¢grtef erably 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 al cohol phase is evaporated to dryness, e.g. by neans

of a rotﬁafuythewmw:tewteymhepmag@wfrwdmg u@wldutufwwg?ébémnénwegdbcm rises
t he epot ne B te s vent
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nitrile anldwaI Ipeferab rlle/vvater in a preferred v/iv ratio
of 1: 10 %PBa Boetatihg dEpsipdn 8 G epathlioned MG e ¢ h & VIO 021 . ~GL0G
-9 PCT/EPOL/ 1~771 m xture of nitrile and water, preferably characterised in

that th omat is carried qut on colu of a reversed phase

e i i B ASReR 8F RN riionrelhtona Hi usb i uPARNRolakr AP ol SpiyeRIeLPBon
chai ns clesbrption arge;i&hmebcwspabuangsepaﬁunﬁa@wéﬁd/om iR a&i&ulﬁﬁb?@thlﬁine Biigbnpa

el uant conﬁ)r sin especially a |l ower al yI nitri in part| cul ar

acet oni tFH eesPFE'gWs%aynt{‘?f'ch&?'Pr cular a nmixture of nitrile/water is used,

especially a m xture of acetonitrile/water, preferably in a ratlo of

nitrile ovvater of abo 1:99 to 99:1, . mari | et wee and 9: e.g.
bt ween THRSERRG s 138 hetsinphoyd and heigibe AR bieiaraBy Ve the opariass guei « ne
col | ect eﬂreimbﬂldwl one (especially epothilone A or nost especially epothilone
*B) conprising fractions by evaporation (distillation); if desired, the
remai ning water with the epothilone is then extracted with an ester,

especi alThg térm @pothilhée’| préfevaily @ldt@é\ftﬁérﬁy epotiflbRs QbépbthlﬁihﬁrdéﬂVétlv@Qﬁérﬂbe

wth subsa ﬁ'@% evaportlon% %’ablyflrst |n% }: t hen

rotary &% Sb Ratentagelicalignps MYy 981038AR WP HF 9050 Hpéigﬂf?hd’vgsqc@‘?ﬁ%ase to
dryness; (if required, the starting epothilone solution my be split and
separated in nore than one reverse phase separate runs;) - only if required
{e.g. as an alternative to the crystallization after desorption) adsorption
chromat ography, in particular by adding to a colum of silica gel and

eluting with an appropriate solvent or solvent m xture, especially a
mxture of ester/hydr ocar bon) for exarrpl e Iower al kyI aI kanoate /
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| ower al koxy-I|ower al kyl, especially ethoxynmethyl; nost preferably toluene;
or in a broader aspect of the invention a m xture of two or nore such
sol vent sW@mi4q19G ) separati on of the epothilones by rever BEUEBhEEETI
chromat ography after being taken up in a suitable solvent, especially a
m xture of a nitrile and water, preferagly acetonitrile/water, in a
preferred v/v ratio of 1:10 to 10:1, especially 1:3 to 1:1, and elution
with a mxture of nitrile and water, preferably characterised in that the
chro nawﬁ Qgﬁh i,s carried out on colum a reversed phase naterial,
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‘nitrile to water of about 1:9 rimaril bet ween

bet ween V¥OPUHRPEE; WO 007473 7W(9 93{0%849 S6.048.8F3 U 5é3|68r1r4§dW& PYEOOHE, t he
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corrprlsmg step (11) further |n81|es pur| I catl
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fromthe supernatant of cultur m croor gani snms, can be achireve

descri bé@rawithaoclrsed 2goefesenden anal ogy thereto; briefly, the epothil ones
are found in the centrifugate, which is then directly mxed with a
synthetic resin, especially a styrene/divinyl benzene copol yner resin, such
as AnberA weakiypalagr amlargsplvent preterablpdias the fpliawing charse@risticsor Di ai on HP- 20
(preferably in a ratio of centrifugate: resin volume of ca. 10:1 to 100:1,
preferably about 50:1 ) and stirred in an agitator. In this step, the

epot hi | dHieierradds a salmenidhaiein the eluniropieyow.depdrmitedsaqoerdingtostriytierceteht Jf or

adsor pti rqi
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A resin is especially a synthetic resin, preferably a resin based on styrene and divinylben-
zene copolymers, more preferably Amberlite XAD-4 or preferably Amberlite XAD-16 [Rohm
& Haas Germahy GmbH, Frankfurt] or Diaion HP-20 [Resindion S.R.L., Mitsubishi Chemical
Co., Milan). It goes without saying that a resin from which an epothilone or epothilones are to
be desorbed in accordance with the invention has epothilones non-covalently in contact with
it (e.g. reversibly bound to it or adsorbed to it). In other terms, where the term “resin” is used,
it is intended to mean “resin having one or more epothilones in contact with it, especially
reversibly bound or adsorbed to it”.

Preferred Aspects of the invention:

In a preferred aspect of the invention, the invention relates to a process comprising a de-
sorption from a resin with a weakly polar or apolar solvent as described above or below,
comprising any further purification steps desirable or required to come to the respective
epothilones, especially epothilone A and most especially epothilone B, in pure form, pre-
ferably those described as preferable in the present invention.

Working up of the epothilones is preceded by the reaction or process leading to a reaction
product comprising epothilones to be worked up which are isolated (i) either from chemical
reaction mixtures after solution in an appropriate polar aqueous medium, or (ii) more pre-
ferably from the supernatant (for example a cyclodextrine containing one as described in
WO 99/42602) of a culture medium with microorganisms producing the epothilones by se-
parating a culture into the liquid phase (e.g. centrifugate or filtrate) and solid phase (cells),
especially 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 (preferably 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
0.25to 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.
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Then the preferred process of working up according to the present invention starts: Desor-
ption of the epothilones (as such forming a very preferred aspect of the invention) is effected
with a weakly polar or apolar solvent, in particular with lower alkyl halogenides, especially
methylene dichloride or ethylene dichloride, or more preferably 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, especial-
ly ethoxymethyl; most preferably toluene. The step of extraction may be repeated one or
more times, preferably 0 to 3 times, especially once, in order to obtain more complete de-
sorption where necessary or desired.

The working up of the (in case of repeated extraction combined) solutions of desorbed epo-
thilones thus obtainable preferably continues with the removal of the solvent used for desor-
ption from the resulting solutions by evaporation (distillation), preferably by means of con-
centration in a reactor and subsequently in a rotary evaporator under vacuum.

Subsequently, further processing takes place using the following steps, where the purifica-
tion step by means of reversed-phase chromatography with elution with a nitrile is compul-
sory, while the other steps are optional:.

- crystallization 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 cyclo-
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
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mixture of nitrile and water, preferably characterised in that the chromatography is carried
out on column of a reversed phase material, which is charged with hydrocarbon chains, such
as hydrocarbon chains containing 18 carbon atoms, especially an RP-18 material, and an
eluant comprising a nitrile, especially a lower alkylnitrile, in particular acetonitrile, is used, in
particular a mixture of nitrile/water is used, especially a mixture 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, and removal of the nitrile from the collected epothilone
(especially epothilone A or most especially epothilone B) comprising fractions by evaporation
(distillation); if desired, the remaining water with the epothilone is then extracted with an
ester, especially a lower alkyl-lower alkanoate, preferably isopropyl acetate, with subsequent
evaporation (preferably first in a reactor, then in a rotary evaporator under vacuum) of the
epothilone containing ester phase to dryness; (if required, the starting epothilone solution
may be split and separated in more than one reverse phase separate runs;)

- only if required (e.g. as an alternative to the crystallization after desorption) adsorption
chromatography, in particular by adding to a column of silica gel and eluting with an appro-
priate solvent or solvent mixture, especially a mixture of ester/hydrocarbon, for example
lower alkyl alkanoate / C4-Cyo-alkane, especially ethyl or isopropyl acetate / n-hexane, in
which the ratio between the ester and hydrocarbon is preferably in the range 99:1 to 1:99,
preferably 10:1 to 1:10, for example 4:1;

- and finally recrystallisation, e.g. from appropriate solvents or solvent mixtures, for example
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 ancther, 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.
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A preferred aspect of the invention relates also to a process for the isolation of epothilones

adsorbed to a synthetic resin, especially epothilone A or most especially epothilone B, which

process comprises

()] the desorption of the epothilones from said synthetic resin with a weakly polar or
apolar solvent, in particular with lower alkyl halogenides, especially methylene di-
chloride or ethylene dichloride, or more preferably aromatic solvents, especially
naphthalene or (preferably) benzene, or naphthaline or (preferably) benzene sub-
stituted by one or more, preferably one to three moieties selected from the group
consisting of lower alkyl, especially methyl, ethyl or isopropyl, lower alkoxy, espe-
cially methoxy or ethoxy, halogen, especially fluoro, chloro, bromo or iodo, nitro and
lower alkoxy-lower alkyl, especially ethoxymethyl; most preferably toluene; or in a
broader aspect of the invention a mixture of two or more such solvents; and
(ii) separation of the epothilones by reversed-phase chromatography after being ta-

ken up in a suitable solvent, especially a mixture of a nitrile and water, preferably
acetonitrile/water, in a preferred v/v ratio of 1:10 to 10:1, especially 1:3 to 1:1, and
elution with a mixture of nitrile and water, preferably characterised in that the chro-
matography is carried out on column of a reversed phase material, especially an
RP-18 material, which is charged with hydrocarbon chains, such as hydrocarbon
chains containing 18 carbon atoms, and an eluant comprising a nitrile, especially a
lower alkylnitrile, in particular acetonitrile, is used, in particular a mixture of nitri-
le/water is used, especially a mixture of acetonitrile/water, preferably 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.

In a further preferred aspect of the invention, the process in the last paragraph starti'ng 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-
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lite XAD-16 or Diaion HP-20 (preferably in a ratio of centrifugate: resin volume of ca. 10:1
to 100:1, preferably about 50:1) and stirred in an agitator. In this step, the epothilones are
transferred to the resin. After a period sulfficient for adsorption, e.g. period of contact of ca.
0.2 to 10 h, the resin is separated by centrifugation or filtration. Adsorption of the epothilones
onto the resin may also be effected in a chromatography column, by placing the resin in the
column and running the centrifugate over the resin. After adsorption, the resin is washed
with water.

The preferred processes according to the invention then start and proceed as follows:
Desorption of the epothilones from the resin is preferably effected with a weakly polar or
apolar solvent according to the invention, especially one described as preferred above or
below, especially methylenechloride or most especially toluene. 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, especially in methanol/cyclohexane,
preferably in the ratios described above, 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, especially iso-propanol, and a hydrocarbon, especially cyclohexane, preferably
in the ratios described above. The resulting solid crystallized material is then dissolved in a
nitrile/water mixture, preferably as described above, especially a 2:3 (v/v) acetonitrile/water
mixture, and the resulting feed solution is poured, if required, after splitting in more than one
run, onto a preparative reversed 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 crystaliised 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-
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sorption. (Though this appears prima facie impossible from a theoretical point of view, it ni-
cely illustrates a major advantage of the present invention: The result is related to the assay
of the loaded resin. As that assay made use of isopropanol for desorption, an incomplete
desorption procedure had to be taken as basis leading originally to lower assay values which
now turn out to be deceptive). The epothilone mixture can (without or with preceding
crystallization) be applied directly to the reverse phase colurpn. The process becomes highly
robust with regard to the solvent amounts, the stirring rates and temperatures. While for
alcohols (e.g. ethanol or isopropanol) under stirring a two-phase desorption can be shown
where a first amount of epothilone comprising material is desorbed in a first period of time
(explainable possibly by the pore size distribution found in polystyrene XAD-16 which has
two maxima of distribution), a second amount after a further period of time, this undesirable
behaviour is not found with toluene or also dichloromethane where all material is desorbed
already in the first period of time. Under comparable conditions, the evaporation residue in
the case of isopropanol for epothilones A and B in one example has been found to be 40 g,
with methylene chloride 3.3 g, in the case of toluene only 0,9 g, with e.g. 17-18 g-% of epo-
thilone B after desorption from styrene/divinylbenzene copolymer resins obtained from cyclo-
dextrine-comprising culture supernatants as described in WO 99/42602, indicating much
higher purity. While toluene has the most significant advantages, dichloromethane has as
one advantage the ease of removal, due to the low boiling point.

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.q., the separation of
racemates on chiral stationary phases, e.g., the SORBEX processes in the petrochemical
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 procedutes are described,
e.g., by R.-M. Nicoud, M. Bailly, J. Kinkel, R. M. Devant, T.R.E. Hampe and E. Kiisters in
Proceedings of the 1°' European Meeting on Simulated Moving Bed Chromatography,
(1993), ISBN 2-905-267-21-6, p.65-88; E. Kiisters, G. Gerber and F.D. Antia, Chromato-
graphia, 40 (1995) 387; T. Proll and E. Kiisters, J. Chromatogr. A, 800 (1998) 135; or C.
Heuer, E. Kiisters, T. Plattner and A. Seidel-Morgenstern, J. Chromatogr. A, 827 (1998) 175.
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The basic parameters for the separation of epothilon A and B with SMB chromatography can
be taken directly from the conventional LC separation. Preferably, reversed phase silica gel
(RP 18) is taken as stationary phase and water/acetonitrile-mixtures as mobile phases. The
final set of flow rates (for the individual SMB zones and the switching time, respectively) can
be taken either from a simple flow scheme as developed by E. Kiisters, et al in Chromato-
graphia, 40 (1995) 387 or after careful estimation of adsorption isotherms as laid down in J.
Chromatogr. A, 800 (1998) 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 LL.C
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 procedurs 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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epot hilones froma resin, said process making use of a weakly polar or

apol ar solvent. 2. The process according to claim1 wherein the epothilones
t o be dddaititxepoiak ¢24425KCt one A or epothilone B. 3. The process according
to any one of clainms 1 or 2 wherein the resin is a synthetic resin. 4. The
process according to claim3 wherein the resin is a synthetic resin based
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or a mxture of two or nore such solvents. 6. The process according to
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the isolation of epcﬁ*w (Snes adsorbed to a synt Hetic resin which process
conprises (iii) theglzs@)ption of the epothilongs fromsaid synthetic resin
with a weakly polar or ? oI ar solvent; and (iv) separation of the
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sui tabl e solvent andigdf)ion with a mxture of mitrile and water. 8. A
process according to any one of clainms 1 to 7, further including any
further purificatior‘i"?ﬁ desirabl e or requi red to come to the respective
epothilones in puredgr() 9. A process of working up epothilones froma
reaction m xture, Salij Fr ocess conprising - desgrbing the epothilones with
a weakly polar or ap?b himkol vent, in particular With a | ower al Kyl

hal ogeni de or an ar gngs (dd)sol vent where the stqp of desorption may be.
‘repeated in
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order to achieve nore conplete desorption; - renoving the solvent used for
desorption fromthe resulting solutions by evaporation; WO 02/-4(191r -21
PCT/ EPI | W@ 26146 - optionally crystallizing the epothil on&CEEPAL/1E71
desorption; especially, for the crystallization of epothilone B, adding a
m xture of an al cohol and a hydrocarbang especially of a | ower alkanol and
a cyclic aliphatic hydrocarbon with 3 to 10 ring atons, and evaporating the
al cohol phase to dryness, and crystallizing the epothilone B from an
appropriate solvent mxture, especially froman al cohol/cyclic aliphatic
hydr ocar bon nixturefL51%Bbligatory st ep) separaﬂing t he epot hil ones by
reversed- phase chronpdegrapky taking up the resigdue fromthe preceding step
«in a suitable solvent, especially a mxture of a nitrile and water, and
eluting with a M>dtht36$ nitrile and water, pré&erably characterised in

t hat the chronatographygg§ carried out on colump of a reversed phase
‘material which is charged with hydrocarbon chains, especially an RP-18
material conprising T {Bcar bon chai ns contai ni 8g 18 carbon atons, and an
el uant conprising agsd(d+8 orBssHhg |y a lower galkylnitrile, is used, in
particular a mxture of nitrile/water is used, especially a m xture of
acetonitrile/water; and renoving the nitrileZfsdh the coll ected epothil one
conprising fractions by evaporation; if desired, the remaining water with
the epothilone is the extgacted with an ester, especially a |ower

al kyl - | dz8 266 Xreba
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of the epothilones fromthe resin is effected with a weakly polar or apolar
solvent, especially as nentioned as being preferred in claim5 or 6; the
solvent is then renoved as far—asnecessary—preterably until a dry residue
is obtai ned, where appropriate, the residue is taken up in an _

al cohol / hydrocarbon m xture in a relatively |ow volune; the al cohol phase
is evaporated, preferably to dryness, and the al cohol extract is then
crystallized froma m xture of an al cohol and a hydrocarbon the resulting
solid crhgel: BRATSAN d E1QS 3QIING SRNUTACHIIG | £

dhe ureof EpotbilopetBr ni xture as
described in claim8, especially a 2:3 (v/v) acetonitrile/ water m xture,
and the resulting WO 112/~C 91 PCT/EPlI)1/1-4771 -22 feed solution is

pour ed, Sthrting gesin dsinafitheadsebledtepothdoned): nore t han one run, onto the

reparative rever hase. col unn;, follo elution wth nitri] e/ water;
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accordi ng to any 1oaengperci®l gief wet XADNI6L0 wherein the separation of
epothilon A and B is achieved by sinul ated noving bed (SMB) chromat ography.
12. The use of a weakly polar or apolar solvent for the desorption of
epothilones froma resin. 13. The use according to claim 12, wherein the
weakly pol ar or apolar solvent is selected fromthe group consisting of
-l oner al kyl hal ogeni des and aromati c sol vents, especially naphthal ene,
benzene or napht hal ene or benzene substituted by one or nore noieties

sel ected fromthe group consisting of |ower alkyl, |ower alkoxy, hal ogen,
'nitro and | ower al koxy-lower alkyl; or a mxture of two or nore such
solvents; the resin is a synthetic resin.
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