~our ref erence: 8824- GBF New I nternational Patent Application PCT/EP
Vbased on DE (1)96 47 580.5 and DE (1)97 07 506.1 5 Gesellschaft fur

;_Blotechnologlsche For schung nmbH ( GBF) Epothilones C, D, E and F,
“‘Preparation and Conpositions The present invention relates to
epot hi l ones C, D, Eand F, their preparation and their use for the
production of therapeutic conpositions and conpositions 10 for plant
protection. Epot hil ones C and D According to one
enbodi ment, the invention rel ates to epot hiipegsnotenibe 99thiteh are
obtai nable in that 15 (a) Sorangium cellul osum DSM 6773 is cul tured
I n a manner known per se in the presence of an adsorber resin,

(b) the adsorder feﬁéﬂehaeﬁennnedGépon1the culture and washed with a

wat er / met hangl.. m xture b nis eluted with
met hanol and 3%V FﬁEeEPﬁﬁfgnﬁé %8%83% gg ?gigﬁv%ETﬁgﬁtde extract,
(d) the concehasadeonbbalN¢d9634éx58305ednﬁ DE danP7 07 50%cdt at e, t he

extract ig coggen!saLedAN¢uBARitEaRGS10qisdhE! gl qedrhexane,
(e) the raifinate and the
concentrate Is fractionated on a Sephadex col um, (f) a

fraction cont g 1{&& Aot T prtifd e led ratiofl SAQ0CEAPSSTE RHH Oyed
i s obtained, €%£ e fraction obtalnedgﬁz chr omat ogr aphed on a C18 30
reverse phase to nme [sic] a nmethanol/water m xture and, sequentially

- after a first fracthm@(gxugﬂﬂﬂrmhﬁﬁﬁﬂiﬁﬁOﬁelétesdto epothilesesnd,

fraction contalnlng othio sicl B . - fraction taiping a
first further®P ep hla'lr’%n Q:%ek l.l,oreparat:.on ghe:.r Rxs% £8P0t gh8' N9

production of therapeutic compositions and compositions
10 for plant protection.

Epothilones C and D

According to one embodiment, the invention

relates to epothilones [C and D] which are obtainable in -

that
i5 (a) Sorangium cellulosum DSM 6773 is cultured in a manner

known per se in the presence of an adsorber resin,

(b) the adsorber resin is removed from the culture and

washed with a water/methanol mixture,

(c) the washed adsorber resin is eluted with methanol and
20 the eluate is concentrated to give a crude extract,

(d) the concentrate obtained is extracted with ethyl

acetate, the extract is concentrated and partitioned

between methanol and hexane,

(e) the methanolic phase 1is concentrated to give a
25 raffinate and the concentrate is fractionated on a

Sephadex column,

(f) a fraction containing metabolic products of the

microorganism employed is obtained,

(g) the fraction obtained is chromatographed on a cis8
30 reverse phase to me [sic] a methanol/water mixture and,

sequentially

- after a first fraction containing epothilone A and

- a second fraction containing epothione [sic] B

- a third fraction containing a first further epothilone



- 2- and - afourth fraction containing a second further epothi-
~ I ene are obtained and (h1) and [sic] the epothilone of the first

- further 5 fraction and/ or (h2) theé épothilone of the second further
fraction are I sol at ed. The invention further relates to
an epot hi | one?nd [C] of the enpirical fornula CJerr]Herr]NJerr]S,
characteri zed-bg FourtbheEdaertrildd ctdRiindC-d\MbERETt fuFtinsr i épdie 1.

The invention t rel at es .t o epot hil one C of the formula:
léﬂé QE‘ ngkggftﬁleﬁ B‘d : .

[err] R=H The invention
furthernore réhddesand epwidi | dhe 18pothDloné tde dhe r fdabtl cfurtlser

Cerr]Hegr] I\E_I_.ggg%i_gn gharagt erized by the [err]H and [err] G NWR
spectrumas in The invention furthernore relates to
epot hi | one (h2) ghe r@q@?mz@ of the second further fraction are

[err] isolated.
The invention further relates to an epothilone
[C] of the empirical formula C,[H,,NO.S, characterized by
10 the 'H- and C-NMR spectrum as in Table 1.
The invention furthermore relates to epothilone
C of the formula:

Epothilone C R = H
The invention furthermore relates to epothilone
15 [D] of the empirical formula C,,H,,NO,S, characterized by
the 'H- and **C-NMR spectrum as in Table 1.
The invention furthermore relates to epothilone
D of the formula:

Epothilone D R = CH,
20 Epothilones C and D can be used for the prepara-
tion of the compounds of the following formula 1, where



Epothilone D R = CHerr] 20 Epot hil ones C and D can be used
for the preparar tion of the conpounds of the followng fornula 1,
‘ghere _ _ f 3 - .3 for their

e at t '
ezt g LT 880 RE TR 60" e lhence 6Lk VB ZALNeITLARIS
I n the abovedbeiwatizhtion mefhods dﬁ;arﬂbeﬂl@ﬂ;WG&A-Q{&&&]OS&{err]
Rlerr], Rlerr], Rerr] =H derr]-alkyl,

bC[err}-acylbenzoyl, 2R Jerr]-trialkylsilyl,
enzyl, :
ﬁgfgggh?lkoxy-, s; S | -, hydroxy- and

or enyl ; wher
e@é’*‘y °

two of the radicals Rerr] t

_ formthe
group -(CHerr])[err]- with n Qr acyl groups
contained in the radicals are strai ghtggchaj ranched radi cal s;

Y and Z are either identical or differen ‘ s2Ch™a hydr ogen,

hal ogen, such as F, d, Br or |, pseudohgl oge R! such as -NCO, -NCS or
-Nerrf, OH O (derr])-acyl, O(derr])~ 20 aIé}I, O benzoyl. Y. and Z

can al so be the 0 atom of an epoxi de, epothilone A and B not being
clained, or fmrmhe above formula 1:

R = H, C, ,~alkyl;
5 R, R?), R} RY) R®=H, C,.-alkyl,
C, s~acylbenzoyl,
C,,~trialkylsilyl,
benzyl,
phenyl,
io C, ¢~alkoxy-,
Ce~alkyl-, hydroxy- and halogen-
substituted benzyl or phenyl;
_where two of the radicals R' to R® can also combine to
form the group -(CH,),- with n = 1 to 6 and the alkyl or
15 acyl groups contained in the radicals are straight-chain
or branched radicals;
Y and Z are either identical or different and are each
hydrogen, halogen, such as F, Cl, Br or I, pseudohalogen,
such as -NCO, -NCS or -N,, OH, O-{C, )-acyl, O-(C,,)-
20 alkyl, O-benzoyl. ¥ and Z can also be the 0 atom of an
epoxide, epothilone A and B not being claimed, or form
one of the C-C bonds of a C=C double bond.
Thus the 12,13-double bond can be selectively
- hydrogenated, for example catalytically or with di-
25 imine, a compound of the formula 1 being obtained with ¥
= 2Z = H; or
- epoxidized, for example with dimethyldioxirane or a
peracid, a compound of the formula 1 being obtained with
Y with [sic] Z = -0~; or
30 - converted into the dihalides, dipseudohalides or

diazides, a compound of the formula 1 being obtained with



one of the C C bonds of a C=C doubl e bond. Thus the

- 12, 13-doubl e bond can be sel ectively - hydrogenated, for exanple
<catalytically or with di- 25 i m ne, aéonpound of the fornula 1 being

obt ai ned wi t epoxi di zed, for exanple with

di met hyl di oxr}rane d & agal' %%?‘h‘%‘?&‘aja b¥ound of the fornula 1 being

obt ai ned wi t Fpothilones E[anad]|FZ = -0-; or 30 - converted into the

di hal i des, di pseudo r L des ound qQf the.formula 1

bei ng obt ai ned with %égf?&ln& to a fug'ltﬁér embodifene’ the :.Even%n.onY and Z

= Hal, pseud&si@tes tpepr piotrangforhidninest Fepothilone A, which Ascordi ng

to a furt5her BRI fhechfwvention relates to a biotransformant of
epot hilone A which is 5 obt ai nabl e i n that (a) Sorangi um

cel | ul osum O8N 6792r3Rgiyn; Galdulosim DSM 677 hmriver chbbwhe@eritseai n t he
presence of an adsgbesr known perr§§| Bn t8P W shed tolfeaﬁdia Q?%g&'es' n

and, if a#groprlate e tot al anount or a part

separated culture 1%+ e AR hE5ORet FRAoI3dSOTber reSl§o|qu.onléf

epot hi | one A, apgﬂm)opr.hetcul ttunree tbealeOb.xMﬁ:{t epet hi | gaetA oS itml@ubat ed
and theqq4reated be t he, adsor ber e5|

separ at e(?tfrom t h\égécé}?fg‘?%& e 8 uf E%a&n aﬂar'f’ol mz?ﬁ' a0 1é'fl uat e
i's concentrated SOlutlontofgsmlal];oudeAext ract, (d) the crude
extract is ¥ i tdpned . Pehpge etat e and .wat t-he

et hyl acet atgﬁfohase | S erggg%gr}f t& 0 Ptg‘%g Encentr é‘tné%‘ ai%‘e(j‘i ve an

oil, 20 (e) t he®Rfl | then chreavedgripheadsnrberevesin, phase under

the fol | ow ngtONdtRhé Oa&sorber res:.rpoiémgeﬁﬁi‘gﬁéél Erom RHe! %Qﬁ%.'tluzjeoo C 18
7 [err] uent

ol u | )rensi ons: 50 X
net hanor?';%/vat er (ﬁiutﬁ'gn‘%th metha’i‘?%v\??%t%he eluate is) pomcemtyated and
fractions havi ng Eaopieataotrbiet exesiocant and whi ch can be

detected by ext ti t 254 nm.and have err] value_of 20 mn
are separat eé{\/ %ﬂn%i t‘%ch N ofFanee T 1S fB?ﬁﬁﬁF§°ﬁFg %"O‘T“}ﬂ%. vl

The invention furti_h@l!hpte randt sttty ,a bhet r etdyl acetarenngheafe efdat hil one
A of this type, Wy&hatse88!3EPADhE concentrated to give an oil,

20 (e) the oil is chromatographed on a reverse phase under
the following conditions:

column material: Nucleosil 100 C-18 7 um

column dimensions: 250 x 16 mm

eluent: methanol/water = 60 : 40
25 flow rate: 10 ml/min

and fractions having a content of biotransformant and
which can be detected by UV extinction at 254 nm and have
an R, value of 20 min are separated off and the biotrans-
formants are isolated.

30 The invention furthermore relates to a biotrans-
formant of epothilone A of this type, which is obtainable
in that in stage (a) a culture is separated off which is
three or four or more days old.

The invention furthermore relates to a biotrans-

35 formant of epothilone A of this type, which is obtainable
in that in stage (b) incubation is carried out for one or
two or more days.

The invention furthermore relates to a compound
of the empirical formula C,H,,NO,S, characterized by the



in that in stage (@) a culture is separated off which is three or four
or nore days ol.d. The invention furthernore relates to a
_biotrans- 35 formant of epothilone A & =this type, vvhi ch is obtainable

in that in sé%_evsb%%mcubatlon is carried out for one of twg or nore
days. ol lowing o H-108h(SR{F 50t h@%r@‘?elﬁ?@%ﬁm deltdnsofrd of
the enpiricatzfmpnula K e(rZ-]H;JDer al. N q3-ES,, csmaraacwm)z,eob.bm t{w-H),

(o rpor D LeLiadt POR 9BERCHY) 63 (%Hcgqlﬁﬁ’] 2 8 iy 100 4 5o

1.70 (8-H, 9(}1&1{)} 1.88 H[H—r}!a):la-ﬂ{ye(l‘})‘ﬁb)z &0 401 Z1E)H) 3. 0057 (17-13-H),

(1188 (145 H ‘éﬂé) ,_g 0(7 %% rsrsi )( 5#9 (152‘5") 52? §7) (3173]2) (2'5')-!13)1 gg
(24-H err]) 101'97 Q‘SHi—)[:er(H%7 @5)'4’1 272H[°ér r{|27 -H, The invention
furthernore rel ates &‘Hea:.fﬁ@ﬁehlaﬂ furtfh%‘i%di'é %@L@e@fté he &QnpBi

[err] E | one R = Epothllone E R=H
[ sic] (epothileppqEhgofo Hef GPFHEIIaenbodl rrent t he invention
relates to a biotransformant of epothil one B, ichis obtainable in
that - (a) Sorangiumcellulosum DSM 6773 ¥s cultured in a 15

manner known per se in the pr sence of an resin,
separated fromthe adsorber and, ropriate, the total
amount or a part ofp —é sep rated culture isjtreated with a

met hanol i c sol ﬁ b, on ~OH

Epothilone E R=H

10 Epothilone E R = H [sic]

According to a further embodiment, the invention
relates to a biotransformant of epothilone B, which is
obtainable in that
(a) Sorangium cellulosum DSM 6773 is cultured in a

15 manner known per se in the presence of an adsorber
regin, separated from the adsorber resin and, if
appropriate, the total amount or a part of the
separated culture is treated with a methanolic
solution of epothilone B,

20 (b) the culture treated with epothilone B is incubated
and then treated with adsorber resin,

(c) the adsorber resin is separated from the culture,
eluted with methanol and the eluate is concentrated
to give a crude extract,

25 (d) the crude extract is partitioned between ethyl
acetate and water, the ethyl acetate phase is
separated off and concentrated to give an oil,

(e) the oil is chromatographed on a reverse phase under
the following conditions:

30 column material: Nucleosil 100 C-18 7 um



" 20 (b) the culture treated with epothilone B is incubated and

then treated with adsorber resin, (c) the adsorber resin is separated
_fromthe culture, el uted wi th et hanol and the eluate is

" concentr at ed ive. a crude %xtract 25 (d) the crude
extract is partlf’P&H\’:"H‘ FoBERy| 2 mMMhcetate and water, the

et hyl acetate phaa&ulesn:- sepamathdnefil/watércendent:r abed to gi ve an
oil, (e) 1%l“\rl % chrorrat ograg_lrae on;g reverse phase under

the foll ow ng con Crons: ﬁafnerl al : Nucl eosil 100 C- 18 7

[err]m and fra.ct::.ons ha.v:l.ng a content of- Galotransformanfcolm

di mensi ogs: wgrr.l%fkf(c%g BY detected bfl%\?:jﬁ tinction at 35‘&%9@ & = 60

40 fracti ons aving a
content of bP® rP&nﬁﬂaéMﬁamf atdl- B minhpzk @&Pab’étGé‘t é?;ﬁfedﬂk@ the ekiencti on

at 254 rm ang RAQFormantd ML lildo1vdldde Of 24.5 min are separated off and
t he bi o- transformants are isaql ated. The jnvention

furthernore rel ates {RRS iWventden furthergone,redatasothi RoRAORTBRSThI s
type, which ifpxedany rﬁbb@ol-ﬁlloha thaf tmmt@gee,( Jhitie Wlst 5bEai.ﬁaBEéar at ed

ff whi t.h f
ionvent : g‘H fut’fhé:ﬂﬁﬁ (ré'_e;_’re(ﬁq:r Y 03‘ o7 c-)"t%l“& is’ sepafr&;ﬁélnf’fgf w&bSth‘Fone B

of this type,thzdaeckor sEaixt @maidme days iold.hat in stage (b) incubation is
cartied out o on° Ynd Invddd ARihdHLe relatos o s BIBE-kAYEN ! ON

furthernore rel ates toaco i r1cal
d err] H err] gmmants, Ofclmoé:éltﬂépingeb of this type.f orhiosh ngs pblta]mahwﬂ

spectrum (30 Q M2 tCl3G [s%ra (b@eiﬁéubagn.gz :.s caf@;éﬁe&{ﬂ )ﬁozzoig or
(2- H[err]s) 4.20 (3-H) 1.30 - 1.7 -H,
oO-Herrf 10%%@!{%4%%?#1) 278(13 H), 191 (14- H), 206
(14- H[err]) 5.42 (15prHd , iRvESc{dd - FirtKedflotd Irelates bth, a4 cBfpound

CRLAIPT SO CriEs e T CH Rt (e
i'nvention furfidictoming r'#-a0ss spectonp@i M, CBREhHhi dedsaFr &f.37he
formul a: (2-1,), Y92 (2-m,), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H),
20 1.30 - 1.70 (8~-H€, 9-H,, 10-H,, 11-H,), 2.78 (13-H), 1.91
(14-H), 2.06 (14-H,), 5.42 (15-H), 6.58 (17-H), 7.10 (19~
H), 4.89 (21-H,), 1.05 (22-H;), 1.26 (23-H,;), 1.14 (24-H;),
0.98 (25-H,), 1.35 (26-H,), 2.06 (27-H,).
The invention furthermore relates to a compound
25 {epothilone F) of the formula:

HOCH2—<\ j\J

Epothilone ¥ R = CH,

Preparation and compositions
The compounds or epothilones according to the

invention are obtainable by the abovementioned measures.



Epot hil one F R =CHerr] Preparati on and conpositions

. The conpounds or epothilones according tg the I nvention are
obtai nabl e by the abovenentioned neasures. = f
-7- The aven L on, fur rmre rela es to,co Sitjons or
pl'ant protection in agr| ctit %ur?t c# %‘?ﬁﬁ i a%esnBPt %?iﬁ%mns

consi sting offene m'kanmr@roltetGHmoabom agrum.ﬂ.rttum}edfeﬁetshryora&l/@r D, E
and F or COﬂShé{-{-_ﬂqu{-_uQQe %OD.S(.)I. rge 81? BHS ?}]}))V;EQP Iogn %eep%ol’%l ones in
addition to one or mbre cust oma carrier a7 o "diT gen

The inventi ormeRE&PRed; epatkilopeshes aBeuE| gnd F oronposistimes of oms sting

of one orsnorerohokBeofbEME- abovenSRE 6AB88Ue FOEROYGHS s Ohn NG AL 1 S Of the
abovenenti oned 10 conpounds in additigon to one _or nore customary

carrier(s) ©ReafiH BPTR FUSHPMEFY FRTFAPEI(E) and/preddlusrpésiti ons can

show cytotoxic aCh‘.‘hél tiﬁﬁentﬂéhd/ Finally NFelatdWt to therapeutic
| mmunosuppr esgion /or be ec{)_rP .oyed for_the control of mal_i gnant

tumours, it b8&PM °5é PREraf bP§ P8 SR SMBre P& threARY e used
as cytostati cment:.oned compouhdst be énél owi ngret b€ thEeibovsmerscidda®t r at ed

333kldg;cgggedfampgﬁﬁagegndga&mgy BT bRy 2t onary SOFELSEL S 0.

Epot hi | ones caaﬁdosa diluentAs) Pr dduparbhcslazgi nthasdecabnposicbons taams
accor di Ng t0 ghow cytotoxic activities and/or bring about

immunosuppression and/or be employed for the control of
malignant tumours, it being particularly preferably
15 rossible for them to be used as cytostatics.

In the following, the invention is illustrated
and described in greater detail by the description of

some selected working examples.

Examples
20 Example 1:

Epothilones C and D

A. Production strain and culture conditions according to
the epothilone basic patent DE-B-41 38 042.
B. Production with DSM 6773

25 75 1 of culture are grown as described in the
basic patent and used for the inoculation of a production
fermenter with 700 1 of production medium consisting of
0.8% starch, 0.2% glucose, 0.2% soya flour, 0.2% yeast
extract, 0.1% CaCl, x 2H,0, 0.1% MgSO, x 7H,0, 8 mg/l of

30 Fe-EDTA, pH = 7.4 and optionally 15 1 of Amberlite XaAD-16
adsorber resin. The fermentation lasts 7 - 10 days at 30C
[sic], aeration with 0.1 NL/m’. By controlling the speed
of rotation, the pO, is kept at 30%.
C. Isolation

35 The adsorber resin is separated from the culture
using a 0.7 m?, 100 mesh process filter and freed from

polar concomitants by washing with 3 bed volumes of



Ethe epot hi | one basi.c patént DE-B-41 38 042. B. Production with DSM
- 6773 25 .75 1 of culture are grown as described in the basi c
_patent and used for the inoculation of" 4 pr oduct i on fermenter with 700

1 of productio di cogsi,stj ng. of . 0.8% s} ar,c . 2%,ql ucos 0. 2%
Soyn Tl our . =0eF7RakRRE8R°'2(1 "Bl epuriat riEhIL Mot TPMRES0
MySq err] x méefbandD, 8 oxpde odxt3fact Hes EbEAIned which hAsdevapcxmtady 15 1

of Anberlites . ... The ferjen iop_I -+ 10 days
ot s0e i el wnpd § S0 \ledd Sikad dBpeSRE i s Pln SRt Sadesa 10
of rotation, thieep(bimes iwitdeptthet some volwe |obl| ethwh 3Jgcetate. The
adsor bergr est??FSri%H%hab%d %Hf@fd&%i@'ﬁﬂgé‘e afforifd L@ . Jk d/idd . 100

mesh process ter and_freed from  “polar concomtants by washing with
3 bed vol une§xsFact, which is partitioned between_ gmethanol and

wat er/ net hangepahe By 8tdbiOFo WdghrhtheGeohupRehifiic cofl®bhithtsa Crude

extract is obtained whigh ig evaporat 3d i_n v?%uo until the water phase
appears. Thi BYj §VaREratios in Verpge {80y RF: Rafhdnabfe2ts Hreet hyl
acetate. 5 frompahat nstinindhepliganid phws efpdéoidnatdd tned €hvsle

extract, .which_is partitioned_._betwee t hanol d hept,ane, i,.n, order to
separ at a.foof f pPirﬁ‘&Sﬁ’ﬁ o8 égﬁg%ﬁ'le a)f{‘i\ﬁ‘é.gon?c‘)ﬁﬁflne@é;p’blja% Shi %e\fg%{f&ln 180 ¢
of raffinat eodr emebhanodd. Thef repothilomesarsate plastadimedar énfrelaei onat ed
into three 1 (o PN 0_ x O_c /mn
of et hanol )Er%hdgqqpot%lagn%es ar %?ﬂ%al_# ﬁ%d‘gtlg%&t E.e %0a 2%€act?%%2!8%ﬂ1a t ot al
of 72 g el ut #@tEMHHoR Lime. Fgosaparate thetepptlilanem. the SEpakseR the
epot hi | ones, jlghenrcidtidiraphed iih &hre@ipataRhed on1iBhess8eht RPOEEON

Li chrosqorb RP-18 15 15 [err]m colum 10 x 40.cm eluent 180 m@n n

met hanoft?  (15diy galumy 107 xo A0 f3ni e HIRR] 130 B1/BHot AeEBAROY

with Rlerr] wa@:95685t385) angfeeet psutel 1anel 0A- k@ m8,n, epdthilone etyt ed and

after evaporatiqn 4 n_vacuqQ obt.ained jn a vield 0 each_as

col ourl ess oM. 2‘%} = %?"%ﬁyg\l@dl aﬁ’f‘%pee??%@‘me D, £boifo mfd"a28

[err] eluted and after evaporation in vacuo obtained in a yield -
of 0.3 g each as colourless oils.

20 D. Physical properties

Epothilone C R =

Epothilone D R

Epothilone C

C,¢H;,NO;S [477] _
25 ESI-MS: (positive ions): 478.5 for [M+H]*

1H and 13C see NMR table

TLC: R, = 0.82

TLC aluminium foil 60 F 254 Merck, eluent:

o
N
4]

w

dichloromethane/
30 methanol = 9:1



‘EpothiloneC R =.H Epot hil one D R—CH[err]. Epot hil one C
Cerr]Herr]Nd.err]S [477] 25 ESI - M5: q(positive ions): 478.5 for

[MtH [err] 1H and 13C see NMR tabl 8 TLC. Rerr] = 0.82 TLC
a'U”‘“'Um1*%étéihfbé54u6@fthlﬁEEEBL at 254 #n. Spraying with

di chl or onet hane/ ] ) met hanol = 9:1

- 9- Det ect i on v vaRilhinrgplehurigsjacid, repgentng bljetgrey

vani | Ii n-sul phuric aci de6egg&PionbbHen8aeing to 120°C. col oration on

heating to 12 lI["er rlL HPLC. Rerr] = 11.5 mn 5 Col um: Nucl eosi |
100 C 18 7 [&F%§ a5 3 -p M El uent: nethanol /water = 65:35 Fl ow
rate: 1 51/ n¢élumn: Rettebsdh: 1000de18r vaum, 125EROhmmone D 10

derr] H[err]%ﬂer{q] %é%%og-gga ESI - I;I/Elsé g05| tive ions): 492.5 for

[ MEH] [ err] TLC. Rerr] = 0.82 TLC
al um ni um f oFlowOr&te541Melékinel uent: 15

di chl or onet . met hanol = 9:1
Det ecti on: eéfF%lg?l odlofleZgﬁrnX\ Spraying with

vani | | i n- sul BhathélapedDr eagent, bl ue-grey col oration on
heati ngg o 180E{enfd & 4917 HPLC. Rlerr] = 15.3 mn Col um: Nucl eosi |
100 C-18 7 [efr ' T84 El uent:_ net hanol /water = 65: 35 Fl ow

rate: 1 m/nERI-MS: Iﬂ)EPééFF-Hﬁ igrsde 4°Rap for [M+HI®
1H and 13C see NMR table

TLC: R, = 0.82
TLC aluminium foil 60 F 254 Merck, eluent:
15 dichloromethane/
" methanol = 9:1
Detection: UV extinction at 254 nm. Spraying with
vanillin-sulphuric acid reagent, blue-grey
coloration on heating to 1l20°cC.
20 HPLC: R, = 15.3 min
Column: Nucleosil 100 C-18 7 pum, 125 x 4 mm
Eluent: methanol/water = 65:35
Flow rate: 1 ml/min

Detection: diode array



- 10 - Table 1: [err]H and [err] C-NWR data of epot'hilone C and

epot hi - lone Din [Derr]] DMSO at 300 MHz Epot hil one C
_Epothilone D5 H atom [err] 'C1Qt0m [err] [err] C atom

err . P 10

& ] 170. 3 Table 1: (émngﬁd nq_@m& data g%kspggggigge C andzeégggg38_4
2.35 21lone D39n0 [DYI Dﬁ8¢{at 300 M=z 3 71.2 2.38 3
70. 8 3-H 3. 97 53.1 4.10 4 53. 2 3-OH
5.12 5 217. 1 5.08 5 217. 4 6- H 3.07 6
45. 4 3.11 6 Epothdilohe C 7-H 3.49 Epothilone /5.9 3.48

7 5 ASatok CH 5 4.46 a¢ 8 35. 36. 3

8- H % ato 5756 3EOP 59 B 964 %%m‘ &m 1.15
10 30. 0 1.14 (ppm)lo 25. 9 (ppm) 9- Hppm) 1. 40 (ppm) 27.6

1. 38 11 31 8% 10-Ha 1. 15* 12 124 6 1 . 14%* 12
138.3 20 10-Ho 1. 35* 13 133.1 1. 35* 13 120. 3 11- Ha
1.90 14 31.1 1.75 1 #470.3 31 6* Y1-Ho 170} g 15
76.3 2.10 2-ga 152.38 76.6 2 12~:§ﬁ 4 5.3Hs 15 1363

16 137. 2 13- 5. 44%* 19. 5.08 7 119.2 25
14- Ha ié 352-Hb 1?-50 152.13 2. 3071 2 %1738 152.3 7}"4'-% 2.70
19 117.7 3-BE 65 3.97 19  4117.7 53.115-4110 5.27 20,2 164,72

To’o U0l Sl AR - S A T o

21-Herr] 285 €2.5 44.82-Herr]

0.94 249.y 16.37.490.90 + 2475.9 16.§.4 23;H errlys. d. 21
25 18.4_ 1.19 25 18. 4 24-H[err] 1. 06 27
14.2 3507 7-CH 26 4.4%) 9 8 o5 Fr4] 40490 8 36.3  p.a1
27 14.1 3By 26-H 4] 9 27.6 1.29 1.68 2979 H err]
2. 10 9-Ha 148t 10 30.0 1.14 10 25.9
9-Hb 1.40 11 27.6 1.38 11 31.8%
10-Ha  1.15% 12 124.6  1.14%* 12 138.3
20 10-Hb  1.35% 13 133.1  1.35% 13 120.3
1i-Ha  1.90 14  31.1 1.75 14  31.6%
11-HEb  2.18 15 76.3  2.10 15 76.6
12-H 5.38%%* 16 137.3 16 137.2
13-H 5.44%% 17 119.1 5.08 17 119.2
25 14-Ha  2.35 18 152.1  2.30 18 152.1
14-Hb 2.70 19  117.7  2.65 19 117.7
15-H 5.27 20 164.2 5.29 20 164.3
17-H 6.50 21 18.8 6.51 21 18.9
19-H 7.35 22 20.8 7.35 22 19.7
30 21-H, 2.65 23 22.6 2.65 23 22.5
22-H, 0.94 24 16.7 0.90 24 16.4
23-H, 1.21 25 18.4 1.19 25 18.4
24-H, 1.06 27 14.2  1.07 26 22.9
25-H, 0.90 0.91 27 14.1
35 26-H, ' 1.63
27-H, 2.10 2.11

*, ** aggignment interchangeable



*, ** assignnment interchangeable - Exanple 2: Epot hil one A

~and 12, 13- bi sepi -epothilone A from epothi - | one C 50 ng of
-epothilone A are dissol ved in 1.5 n 6f13 - acetone and treated with 1.5 m
of a 0.07 nolar sg_l uti o of di nmethyl dioxirane in acetone. After

st andi ng at errperature for 6 hours, the mxture is evaporated in
vacuo and thnpbe-.hmme amrmmmMpbaeprthblﬁmerfrom epidthda gel
(el uent: net ékl tert- butyl ether/petroleum 10 et her/ met hanol 33:66:1).

Yi el d: mg of epothilone A, Rerr] = 3.5 mn (analyt. HPLC, 7
[err]m 50 mg of epothiloms drmaze AizsoIned clnudnts sde of

above, koW pigtohe’ sy Hablatkd with!1.5 mPReh o 07 micrd¥ SRR Ni | one
fﬁ Rerr] = (lp |ons])

e
[

494 [Mpiﬁ] [(%;rn;qthyldloxn.rane in acetone. After [sé:,a,n]q:mmﬁt ropm
De
4.

r32]] Mhgtatd® for 6 hours, the m:thu?rge %Q' vk @(:j'%l:gamﬁx delta
H, 3.16 (13 %cucsagxg H?g H?sz.due 1s seéarﬂ:ed by prep!;?ratlve Ib%"(nl? H,

1.

[e

20 (22-H), ghi¥ra gel (eluent: methyl tert-butgl3- éaher/petroleum
rrl 10 etherlsmethano]f gl_g 56660|1 pot hil one A R =
Yield:

25 mg of epothilone A, R, = 3.5 min (analyt. HPLC, 7 um,
column 4 x 250 mm, eluent see

above, flow rate 1.5 ml/min)
15 and

20 mg of 12,13-bisepi-epothilone A, R, = 3.7 min, ESI-MS
(pos. iomns)

m/e = 494 [M+H]"*

IH-NMR in [D,] methanol,
20 selected signals: delta = 4.32

(3-H), 3.79 (7-H), 3.06 (12-

H), 3.16 (13-H), 5.54 (15-H),

6.69 (17-H), 1.20 (22-H), 1.45

(23-H) .

25 12,13-bisepi~epothilone A R = H

Example 3:

Epothilone E and ¥, novel biotransformation products of
epothilones A and B.

Production strain:

30 The production strain Sorangium cellulosum So



'Exarrpl e 3: Epot hil one E and F, novel biotransformation products of
~ epothilones A and B. Production st rai n: 30 The production
.strain Sorangium cellul osum So 12 - 12

the banks of CPRE FRMbaRCLatedRoLRiYa 88 5o5m 55 258 r SBRE Rampan
Cﬁl I ec% ie(r)PzgﬁrgM cb:chaorl:gaﬂtsm Urkke r Zditoe 5NN dépdsitéd on 28.10.%he
Geacr i bed | ni el gyl QONERE RS d mpcrodiddi fos WKids RS PER. i

| ones, proce$®ddS«for their preparation and conpositions cont ai ni ng

them DEs4l 38 042 Algnd ahﬁaQE@EeQﬂngEBan 1@ne 189§ducer and:OEH@t ion of
epot hil ones E and F during fernmentation: typi cal

f er ment at i on SHCUER §‘?’Hi’t N5 asnideFeribedrdiier . A 100 1 bioreactor is

filled with @G@£henf G’CB,'dINLmBedorf(,O I@W@ﬁ&pm . %&@h@@&%@h 0E§%t&@¥a
flour; 0.2% yeast 15 extract; %CaCI g}? 2H err] O Serr] x
7H err] O 8 M§AS%r brofesadirfor Thet ? B 18858P9eF°F‘8§PPrt(‘ B 16,
Rohm & ldeasta iariengn dchénm O sl | 41 a3igleold 2 TAR, nkdidnopensbar Ri7thedalyy

aut ocl a\il ng (%gtgours 120[err] ). Inoculation is carried out with 10 1
of a precul ture grown in the sane nedi um 20 (additionally 50 mM HEPES
buffer pH 7.4) in a shaker flask (160 rpm 30[err]C) Fermentation is

carried out %mt;é’@[éf rii&:t‘.’ﬁiibr?eétﬂ ra[x’i‘:i 1? B2k AN

i ntroduction err our a| r H_I's kept at
7.4 by additi on lbftm#alrrfémqﬁﬁmn (;?;qc@oq%s Ain tho Wing  The

epot hi | ones hQir¥esk A2 TEOL mmae&&um; tﬁ]tmfa w:Lth asar ey nfe@siiuﬁh during

the fernmentatjon.. After se

par fhe cultyre braoth, (
screening i n P ppcakarehi ¢ Sf’t 8?}‘°°?ﬂe Pe§ nSP¥ANEIRBF inilt-#73 Yl?%tftvol unes
of wat erns e:anda@tl:utedlw caci, bed2ma;urestwo Mg handy,0fheé elgydt ®f s 30

concentr at ed es ta en f metha

HPLC anal ysi sI't ofﬂ% >§B iﬁ o’ adg‘mz}ggr n%%g%%l é%ﬁ%b _?‘%émst&art i ng
vol ume of théiaasktare addltz(dxtﬂl)z addeds| Gheemedivuntemtenicbizea@d by The
analysis is autoclaving (2 hours, 120°C). Inoculation is carried out

with 10 1 of a preculture grown in the same medium

20 (additionally 50 mM HEPES buffer pH 7.4) in a shaker

flask (160 xrpm, 30°C). Fermentation ig carried out at

32°C with a stirrer speed of 500 rpm and an introduction

of 0.2 N1 per m®* per hour of air, the pH is kept at 7.4

by addition of KOH. The fermentation lasts 7 to 10 days.

25 The epothilones formed are continuously bound to the

adsorber resin during the fermentation. After separating

off the culture broth (e.g. by screening in a process

filter), the resin is washed with 3 bed volumes of water

and eluted with 4 bed volumes of methanol. The eluate is

30 concentrated to dryness and taken up in 700 ml of

methanol. |
HPLC analysis of the XAD eluate:

In relation to the starting volume of the reactor

(70 1), the eluate is concentrated 100:1. The analysis is

35 carried out using a 1090 HPLC unit from Hewlett Packard.

To separate the constituents, a microbore column (125/2

Nucleosil 120-5 C,;,) from Machery-Nagel (Diiren) is used.

Elution is carried out using a gradient of water/aceto-



35 carried out using a 1090 HPLC unit from Hew ett Packard. To
. separate the constituents, a mcrobore gjce),gdunn (125/2 Nucl eosi| 120-5
Clerr]) from Machery-Nagel (Duren) isu Elution is carried out
usi ng a gradi

nitrile fromzlgr#’fl a?\ll\?)é%‘ agﬁ‘tﬁ‘%lgo To*4?t P st8 S50:30, A%keT TR/ g-rat i o

i s maintai nedn%mltgst h'§h¥§hrﬁ1=ngt &s maintpipedenpt tot ltdve 7tdr edsmtie, up to
the 10th m nuip teger tlaooc%é}peiﬂ&éégéeu% to t %’Sﬁﬁl’?\?gg‘ﬁ L:ﬁ?
th o nm The

carried out at_a wavel ength nm and a bandw
di ode array sjp%%’f'r%cet°né1=§1?@asured |n the wavel ength range from 200 to

400 nm 5 In the Xﬁ@e&‘sui\éﬁenﬁvﬁsnc&ﬁifrﬁwsbﬂﬁcﬁi v t aPeeEhtR- &F and

Rlerr] 5.91 d out, _whose ectra are identical 10 wth
t hose of epot#&o’ﬁ@sa‘ﬁ aftd®B™ P’—’thﬁ %@n@gode anray) spectra

cor responds tama)meibesedsiﬂastmmﬂm@myrange f:06ex 0 ed 14®e mminder
the given ferpen cQ di |on oty ansformatio t hilone A
and B to epot I%ﬁnle %ED e?'u éwﬁSnm’e? Subg a%ﬁﬁsrﬁ"lf:ﬁ ’tguPeI%%f a8d ce90,
4 days old anRL 5 . 9 Inwitiamai nedt V\whbsadaésbeptlenlsped:sralsmcbf:@‘rerttlie:aspem fic
bi ot r ahs{ @r mag,i OR. +Ra ' t r

Erl enneyer fl ask | eav?ﬁ}ge% gj@%@ﬁ%&éﬁ%ﬁ% ﬁlgl#]ano'l I'C soy ut on of a

m xture of a ¥®t & oFf 9SO*F§serndg tapBlhi TheseA subgtamces Bres ardan added

and the flaskfbfmed initiadad /thadd anshakiag f@ﬁ&feﬁeétiaw abidlondll err] C
and 200 rgm The _fornmation of the_e gothl | ones and Fis anal ysed

directly fronBiBtyapsferpating e nFPPFH@‘ greyf grd B to gpathidone K Fg.

2). The conveandorR:t akes place onl y in 25 t he presence of the cells and

I s depe nt on the cegl den ties e d the tinme, |net cs of
t he con\r}{éig- S| onﬁarse(mshﬁ‘wn"“‘fu i ot‘ﬁgpgor?\e ¢ Fitg. d3ys 018 ation

of epot hi | onem&inbdifed with adsorbdp reeiat eigposdd | Hone tﬂzars:bdi;zﬂ:lu ee

hak fl ask ; ' r [ bQye are
shaker {1 el 30 babCosrmabatn. b o G s0nL9 BBl SEplsceatbiicly v
by screeni ng 8hexélat dd i Brlemeeyar oflask laaviagobehind @h&at’@ﬂ-sh :

evafp[ ated i Bmtuaﬁaﬁo%%cg'emul:a.éngof 2 ln@.fxte&*é?efeﬂ r%al BY ]fsd Q%g of
partitio et ween acef at e of _water..
evapor at£§n |ﬁp°t 1gne, %g hhic] 8% é 18i FheR R and e FIRSE 5% m t he

et hyl acet at elphaba;:etﬂhlcnh ar ehakingatgplapies itwof ideys at BORE Ghd 250 X
20 mm RP-18 CQbH”Q‘p{n?l Uﬁf&fﬁ?&&@f_]gﬁ/ of the epothilones E and F is
analysed directly from 10 Ul of the centrifuged culture
supernatant (Fig. 2). The conversion takes place only in
25 the presence of the cells and is dependent on the cell
densities employed and the time. Kinetics of the conver-
sion are shown for epothilone A in Fig. 3.
Isolation of epothilone E and F
To isolate epothilone E and F, three shaker flask
30 batches £rom the biotransformation (see above) are
combined and shaken with 20 ml of XAD-16 for 1 h. The XaD
is obtained by screening and eluted with 200 ml of
methanol. The eluate is evaporated in vacuo to give 1.7 g
of crude extract. This is partitioned between 30 ml of
35 ethyl acetate and 100 ml of water. On evaporation in
vacuo, 330 mg of an oily residue are obtained from the
ethyl acetate phase, which are chromatographed in £five
runs on a 250 x 20 mm RP-18 column (eluent: methanol/
water 58:42, detection 254 nm).



_-water 58:42, detection 254 nm. - 14
-- Yi el d: .epothilone E 50 ny 14 - F 10 ng

" .Biological action of epothilone E: - . In cell cultures, the
concentrati d ch reduces the growt h by 50%
(1Cferr]) a(rjrg %%érpa?%ﬁ‘:hﬁonenh tgﬁ\gﬁ\éal ues for epothilone A Cel |
l'i ne F 10 mglerr] (ng nl)

Epot hi | one '%Ea%ahlaameaéuon oEebpokBilohel ﬁu man) 5

1 10 Mouse fi brobl asts 929

Epot hi | one E [ &Pr ]qﬁ[lér rFHEF eSS F589F°n°entE5F1HB Wﬁﬁosqﬁtr% i ons):

510. 3 fos [ Mithkdarthich redhbesREhe §r&WtASby Fb0% efdy]) ndndnddigardd F 254
Mer ck, el uent. h th di chl or onet hane/
met hanol = oWith thepyplues,for epetbilepeoft-at 254 nm Spraying with

vani | |i n-sul ghmm Gimei d reagent, bl ue- grey 20 IC,, (ng/ml)col ouration on

heating to 120[err] C HPLC. R[err] | eosi |
100 C-18 7 [err]m 250 x 4 mm [ 2pdeliions & CBRUMRIIBHE'LOS L

rate: 1.2 nl Heia.KB-3.Detbomaz): di ode array 5 [err]H NWVR 2300 MHz,

CDCl [ergp) : ﬁehts% n%r%%l&%t'é[ews]z)s 2.51 (2-Hpgrr]), 4.47 (3-H, 3.19
(6-H, 3.74 - 9- Herr], 10-Herr|, 11-Herr]),
2.89 (12-H), 1(15?3!fl‘al—|)‘g 1 88 (14 H[err]) 2.07 (14-Herr]), 5.40

(15-H) 657cg‘hgm|) T5e1(19-H), 4.85 30 (21-Herr]), 1.05
22-H 23 Hl e 4- . 0.97
§25 H{grr}g E§IGMS(27( [‘r"]")é)c’nsj) 'Eé’(}tun'?al d‘%&e&ﬂ ki C[err]H[err]NCIerr]S

[ 523] ESlc:MBR, &£p0osbBive ions): 524.5 for [MrH [err] 35 TLC =
0.58 I niumfql:-6 %lﬁrr el di chl oro-
met hane}rret hg'ﬁc"o 2 r‘%‘lfﬁun{ (£°1&e%é’gt‘iz?ﬁ54 ot i %t% ct):ri at 254 nm

Spraying wth vani | | i n- sul phédichlggictetbanedt , bl ue- grey
methanol = 9:1
Detection: UV extinction at 254 =nm. Spraying with
vanillin-sulphuric acid reagent, blue-grey
20 colouration on heating to 120°C.
HPLC: R, = 5.0 min
Column: Nucleosil 100 C-18 7 pum, 250 x 4 mm
Eluent: methanol/water = 60:40
Flow rate: 1.2 ml/min
25 Detection: diode array
*H-NMR (300 MHz, CDCl,): delta = 2.38 (2-H,), 2.51 (2-H),
4.17 (3-H), 3.19 (6-H), 3.74 (7-H), 1.30 - 1.70 (8-H, S-
H,, 10-H,, 11-H,), 2.89 (12-H), 3.00 (13-H), 1.88 (14-H,),
2.07 (14-H,), 5.40 (15-H), 6.57 (17-H), 7.08 (19-H), 4.85
30 (21-H,;), 1.05 (22-H;), 1.32 (23-H;), 1.17 (24-H,),
0.97 (25-H,), 2.04 (27-H,)
Epothilone F
C,,H,,NO,S [523]
ESI-MS: (positive ions): 524.5 for [M+H}*
35 TLC: R = 0.58
TLC aluminium £foil 60 ¥ 254 Merck, eluent: dichloro-
methane/methanol = 9:1
Detection: UV extinction at 254 nm. Spraying with

vanillin-sulphuric acid reagent, blue-grey



__—col ouration on heating to 120[err]C. HPLC. R err] =54 mn Col um:
Nucl eosil 100 G18 7 [err]m 250 x 4 mm El uent: nethanol /water = 60: 40
.5 Flow rate: 1.2 m/mn Det ect ior&3 di ode array [err] H NMR (300

VHz c], CDCl[err]): delta 2. 37 r 2-Hb), 4.20
(‘3-H§,SI3].27 (6-I[-|), ]3?74%071%” Gop) o poring eg t?81%° Q. H[farr],)lo-H[err],
11-Herr]), apm:s(r& H) 5.4 fin(14-H), 2.06 10 (14-Herr]), 5.42 (15-H),

6.58 (17- 5 (22-H 1.26

(23- HEerr]) "23"“2[)%??“]’2)319 ’g‘?“éac'(’z% 7%‘?”%% ]‘? .35 EggrL% err]),

2.06 (27- H[erﬂl]@ent. metthangl Arvakter = 60r4Parati on of epothi | one E and F by

bi ot r ansfp &? :fla':te Vlti‘ rﬁ)irmgl um cel | ul osum So ce90: 1) Carrying
ns

out the b| otra or nat For the biotransformation, a
cul ture of Sd?%mﬁ‘mﬁn' dl%@l%ﬁ@ﬂm So ce90 is used which has been shaken

for four il R (raddﬁqus,%qe QfD@f/?XA@el.L“%aa_?_S%bﬁ (B, (80%@ 20

and Haas, Frankfurt/M) at 30[err] C and r culture nmedi um

has the fol | ol THp)eofrdd t§3Him 3727t F6-8) - m74d|(§t'iﬂl)lre& wét er 1-g& at o
starch (Mi zepgwn, 8- uqcosexz, 11-1&4\;9; zenpg , (18 -xef ot fed &w)flwus 2,

t extract t 111
5e7! ol s6H-Bd 088 AASSBLE 7] x5S RAr Pty 1 LPaEPel] B D “1?](0 ),
HEPES 11. 5. me,pmas acqmsm,ed tin 26 4(2BEBy)e AdLr| evdE), 0.98 tdstC]—I The

XAD i s separ t |eV| ng through a stainless steel
si eve (200 [21%35 %r%] (- eiJaWi’d h?e +42- 1E')Iétcterl a are sedi nented by
centrifugati m1€04° 10 mn at 10,000 rpmand the pellet is resuspended
in 1/5 r g €S t p [ r_eﬁg

i n et hanol i gﬁg%ﬁb%fggiﬁ&#s%f eléﬁwtmelﬁeo %hgﬁgohggﬁt fba% e bact erl al
suspensi®h i WatRofieEapgatpofediudosuy Spi epao The culture is cul tured
further as de;g;:rcggglygﬁgveutTah35bloaaahgsarhaelahqtransformatlon almnm
sanple is taken at %@Tg? é }bf]( ? added and the
sanpl e i s shaken™SF fcrarrzﬁ FPHF 0 TR SRABES B SR

met hanol . Theceltalesum sormam risd adsdd whtighe hmsabeenakkaken foripEawgai-n in

0.2 m of ”Et&QQS'inT@ﬁEEB¥E§é5Aé g@a&%s§ﬂn 16 adsorber resin (Rohm
20 and Haas, Frankfurt/M.) at 30°C and 160 rpm. The culture
medium has the following composition in g/litre of

distilled water: potato starch (Maizena), 8; glucose
(Maizena), 8; defatted soya £flour, 2; vyeast extract
(Marcor), 2; ethylenediaminetetraacetic acid, iron(IIXII)
25 sodium salt, 0.008; MgSO, x 7HO, 1; CaCl, x 2 H,0, 1;
HEPES 11.5. The pH is adjusted to 7.4 before autoclaving
with XOH. The XAD is separated from the culture by
sieving through a stainless steel sieve (200 um mesh
width). The bacteria are sedimented by centrifugation for
30 10 min at 10,000 rpm and the pellet is resuspended in 1/5
of the culture supernatant. Epothilone 2 or epothilone B
in methanolic solution is then added to the concentrated
bacterial suspension in a concentration of 0.5 g/ litre.
The culture is cultured further as described above. To
35 analyse the biotransformation, a 1 ml sample is taken at
the desired times, 0.1 ml of XAD is added and the sample
is shaken at 30°C for 30 min. The XAD is eluted with
methanol. The eluate is concentrated to dryness and taken

up again in 0.2 ml of methancol. This sample is analysed



- 16 - by neans of HPLC. Fig. 4) Kinetics of the biotransformation

- of epothilone . A to epothilone E Fig. 5) Kinetics of the
.biotransformation of epothilone 5 B~t 86epot hi | one F. 2) Preparation
of epothilone E by biotransformation of 1 g of epothilone A
The strain SP¥aRgRm® €& BRLSsum So ce90 is grown for four days in 8.5

1 of the aboyggledijumidddicl dPUhd biotPbhafleihaeidni BfaepBthilble

bi oreactor at 30[err]C,..a speed of rotation of 150 rpm and an

i ntroduct i on®of°0 &P lgne E - i The culture is then
concentr at edrFtig.3 5) Hineticcrafthevbiottansfommationt bEsepothdienel. 6

nerr] of a 15 # ving a pore size of 0.3 [err]mare used.

The concéntrét é:&n%%%ttg}'lgqu% trlrlansferred to a4 “litre bioreactor and a
met hanol i ¢ s@)utBxgpafatiion opf epothpdohel dheéb bhotdankfofmakidnnok is
added. The cyl turg tiSiden cultured further for a period of tine of
21.5 h. 20 H'Ttﬁg ter?&?rature Js 32[err]C, the stirrer speed is 455 rpm and
the introduction of &he (ke |Sazangiuyn |gehitlogun ifo ces0 dispgrewn

harvesting, X3 Mo s | on agl0eh a9€ £hE aboveThil4be i(BukNeibabae
further for 1 _h. The I S, s\(/a%)ara- ted fromthe cells by screg_nl ng

, XA .
and exhdfst i ¥R addittPnk in\g 110 i FER PIOTABRCERR 8kt PATEd B §REEY s
anal ysed by of romaficorfofHAlS@ rpm anBalaandintrodfuddiohic mals vemTeE on:

Epot hi | one A _gnpl oyed: 1000 ng = 100% Epot hi | one A
recovered af f&F 21.5 h: 53.7 mg = 5.4% 30 Epot hilone E forned after

21.5 h: 661. 4 rfthe @Rlture isEpchén| crencentorgtiet ety d@cdhipbyed:

= 28.5% ord3PdWeHittracion, For tHile GAGLNSLONCF.acGprdifigyl o the
i nvention were tested wth cell cultures aple 2) and for pronotion

of 35 1ol ymembrane hivieg @ Pore size of 0.3 um are used.
The concentrated culture is transferred to a 4

litre bioreactor and a methanolic solution of 1 g of
epothilone A in 10 ml of methanocl is added. The culture -
is then cultured further for a period of time of 21.5 h.

20 The temperature is 32°C, the stirrer speed is 455 rpm and
the introduction of air takes place at 6 l/min. At the
time of harvesting, 100 ml of XaAD is added and the
mixture is incubated further for 1 h. The XAD is separa-
ted from the cells by screening and exhaustively eluted

25 with methanol. The concentrated eluate is analysed by'
means of HPLC.

Balancing of the biotransformation:

Epothilone A employed: 1000 mg = 100%
Epothilone A recovered after 21.5 h: 53.7 mg = 5.4%
30 Epothilone E formed after 21.5 h: 661L.4 mg = 66.1%

Epothilone A completely decomposed: 28.5%

Experiment 5:
The epothilones according to the invention were
tested with cell cultures (Table 2) and for promotion of
35 polymerization (Table 3).



.17 - Tabl e 2: Epothilone tests with cell cultures

.~ Bpot hi |l one A B C D K F

493 507 477 491 509 523 - 17 - | C-50
[ng/ m ] Mbuse fibroblasts L 5 929 4 1
100 20 2Beblesz: human tunor cel | li nes: HL- 60
(1 eukaenm a) 0.2 E:ﬁ:tﬁu.lonelﬁ:ests Frith kel .cultures K- 562 (| eukaem a)
0.3 0.3 20 .2 0 5 10 1L.937 (| vinhong) Q2 0.2
10 3 1 0.2 mggalgml (carcinong of cl ».6 g 20 12
5 0.5 t he cervi x) KB-493 (camsovnona 4aoff 048 500. 3523 15
3. 5 0.6 the cervix miltires 15C-50 A BGEslbarcinonn of -
1.5 150 mRQe ﬂ&roblasts .  the kidney) A-549 (carcinoma of 0.7
0.1 530 92910 3 21 t e | ung} 100 Tablze 3:2@0 1.5
Po Iynerlzatlon test mnthl§pothllones Paranmeter: Tinme up to the
hal f - HHXIHH| Piflc¥l n of t he control N@asurenent' w
X HL-60 figeRiemiafgent o 2 10 3 0.3
[ s] g#j g:gg?’ F?ﬁma) 17(9 3 180 %210 130 1902 0.5 100 25
Epot hil One A gp_3.1 arm of70 °7 50 39 1, 1'snz‘pot hgl one B
23 25 3the cervix?6 Epot h| I one C 125 76 95 80
94 - 49 th;\'tl:gpvimzﬁg? 0 1253 730. 3130 15 . 3 1506 o. 6| 56
Epot hi e E 5 45 5 1 ,fpot kil one F
80 430 30§h§9§£§§?‘ 26 152 T e i P800 8 g of
tubulin/ M ana-sk9[ eqalrrmoyram e 0.doncerft.Rat i on30 10 3 ‘Ibhe
pol yn’erizatinhhq‘AP?g)ic anin.vitro.test using purified tubulin . from
pigs' brain. Evaluation is carried 35 out photonetrlcally
Pol yneri zat | mablieorBat i Ng subst ances such as the epothilones reduce the

Lime Up o which hal f- poy o fIRYLIRIPYSUIE LA I ian daen Place, i.e.

t he shofter
Parameter: Time up to the half-maximal polymerization of

the control

Measurement: w X Yy z Agent Agent
[s] [%]
Control 200 170 180 210 190 100
25 Epothilone A 95 60 70 70 74 39
Epothilone B 23 25 30 26 14
Epothilone C 125 76 95 80 94 49
Epothilone D 125 73 120 106 56
Epothilone E 80 60 50 45 59 31
30 Epothilone F 80 40 30 50 50 26

Standard test with 0.9 mg of tubulin/ml and 1 UM sample
concentration

The polymerization test is an in wvitro test using

purified tubulin from pigs’ brain. Evaluation is carried

35 out photometrically. Polymerization-promoting substances

such as the epothilones reduce the time up to which half-

maximal polymerization has taken place, i.e. the shorter

the time, the more active the compound. w, x, y and z are

four independent experiments, the relative activity is

40 expressed in the last column in % of the control; again

the lowest values indicate the best activity. The ranking

list corresponds reasonably accurately to that found in
cell cultures.
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experinents, the relative activity is 4 ' =SS e R—He
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[err]
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Patent Claims

1. Epothilones, obtainable in that

{a) Sorangium cellulosum DSM 6773 is cultured in a manner
known per se in the presence of an adsorber resin,

(b) the adsorber resin is removed from the culture and
washed with a water/methanol mixture,

{(c) the washed adsorber resin is eluted with methanol and

' the eluate is concentrated to give a crude extract,

15

20

25

30

35

(d) the concentrate obtained is extracted with ethyl

acetate, the extract is concentrated and partitioned -

between methanol and hexane,

(e) the methanolic phase is concentrated to give a
raffinate and the concentrate 1is £fractionated on a
Sephadex column,

(f£) a £fraction containing metabolic products of the
microorganism employed is obtained,

(g) the fraction obtained is chromatographed on a C18
reverse phase to me [sic] a methanol/water mixture and,
sequentially

- after a first fraction containing epothilone A and

- a second fraction containing epothione [sic] B

- a third fraction containing a first further epothilone
and

~ a fourth fraction containing a second further epothi-
lone are obtained and

(hl) and I[sic] the epothilone of the first further
fraction and/or

(h2) the epothilone of the second further fraction are

isolated.

2. Epothilone of the empirical formula C,H,,NO;S,

characterized by the 1H- and 13C-NMR spectrum as in Table

L



2. Epothilone of the enpirical fornula C[err]H[err*f" et 1o characterized
“by the 1H and.13C-NWR spectrumas in Table 1. 3. ﬁ BHEBh&AS BREN fre
formul a: - 19 - [ r r REPLACED ]

2 Epothilone D R CHerr] 4. Epothil one o The: enplfical—¢0rnula
C[err]H[err]RE{err]S characterized by the [err]H an r1 G

spectrum as 8n Tabl e EbothilonCa@nudinthd efminiilone E) of een Replacec
[err] Epothilone ER=H 6. Conpound of the

formula Clerr]H err]NJerr]S, characterizedRby the follo

spectrum (300 MHz, CDCI[err ): delta = 2.38 (#8-Herr]), 2.51
(2-Herr]), 4.17 (3 : ) 1.70 (8-H,
9-Herr], 10-Herr], Hi‘ﬁ A . - . “H,  1.88
(14-Herr]), 207(14 : 6.57 (17k8), 08 (19-H),
4.85 (21-Herr]), 1.05 (22- 717 (24-

Herr]), 0.97 (25- H[err])

24 .

o ‘OH 0
Epothilone C R = H
4. Epothilone of the empirical formula C,H,,NO;S,
5 characterized by the H-~ and *C-NMR spectrum as in Table
1.
5. Epothilone D of the formula:
R

e

Epothilone D R = CH,
6. Biotransformant of epothilone A, obtainable in
10 that
(a) Sorangium cellulosum DSM 6773 4is cultured in a
manner known per se in the presence of an adsorber
resin, removed from the adsorber resin and, if
appropriate, the total amount or a part of the
i5 separated culture is treated with a methanolic
solution of epothilone A,
(b) the culture treated with epothilone A is incubated
and then treated with adsorber resin,
(c¢) the adsorber resin is separated from the culture,
20 eluted with methanol and the eluate is concentrated

to give a crude extract,

KR 0 R U



'7. Bi ot ransf ormant .of epothilone A obtainable in thtTHlS SHES) HAO BREQI

im
“cellulosum DSM. 6773 is cultured in a nmanner knomagpr_,\ggpl n th
-presence of an adsorber resin, = 2Penpved from cks 2 -

and, if appr

i at t he total anount, qr at the rated
SHETRANES VR - FPS s R T U X g SR P h?'?%ﬁ@
(b) the culture taeatatew ahdepeater pnecke i ethylubaicetared phase :.sthen

treated with adso 3
(c) the adsorber %gégrgfq%hsgfgr 3PEyCoPPSeRERRted £ 818 ar8tY with

met hanol and{ehe theatdli QSCghcemataggdphedgpneaareverse rhage wndenct,

(d) the %rude ext gget fbilg%.h'gt bggaqtlg_%tn\geen ethyl acetate and

wat er, the ethyl acetate phasé is separated off and concentrated to
give an oil, celupre mgtexialshr ondiusdienstidd 109 £118vdr & phase under

t he “foll O¥bigmeOdiden@iSns: 250 x Q@ WD mat erial: Nucl eosi |
100 G- 18 7 pm col um di nensi ons: 250 x 4 el uent:

met hanol / wat er = B3VeT%G fl omﬂ%n"llwater 9% *n40ni n and

fractions having &§lemnk@tie:0f bi ot rangfomimiirand whi ch can be detected
by UV exiincti nm and,have err] value of /5.0 min_are
ouparat s of PodndAeEetent | BRSABE d, Sontehk, gt flptfatiegmmant i
Bi ot r ansf or mahticdf cepobhi fehechedcop iV negxtin@ bom at, 254 nghandchavezed in
that in Sta‘élgn(it @a:@k‘étélfez %ﬁ?@é}s"e&: aLmTa of¥iaGlh t:i&t Bi6ELQhglour or

nore days ol otrans ormant o oné A"according to Claim6 or
7, obt ai fgprants @xe iselatefe (b) | ncubat ion is carried out for

one or two Ok nDre d34otransformant of epothilone A according to

15 Claim 6, characterized in that in stage (a) a culture is
separated off which is three or four or more days old.
8. Biotransformant of epothilone A according to
Claim 6 or 7, obtainable in that in stage (b) incubation -
is carried out for one or two or more days.

20 9. Compound of the empirical £formula C,.H,,NO,S,
characterized by the following *H-NMR spectrum (300 MHz,
CDCl,): delta = 2.38 (2-H,), 2.51 (2-H,), 4.17 (3-H), 3.19
(6-y), 3.74 (7-H), 1.30 - 1.70 (8-H, 9-H,, 10-H,, 1l1-H)),
2.89 (12-H), 3.00 (13-H), 1.88 (14-~H,), 2.07 (14-H,), 5.40

25 (15-H), 6.57 (17-H), 7.08 (19-H), 4.85 {21-H,), 1.05 (22~
H,), 1.32 (23-H,), 1.17 (24-H;), 0.97 (25-H,), 2.04 (27-H,)
10. Compound (epothilone E) of the formula:

| HOCH2—<\ l)
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11. Biotransformant of epothilone B, obtainable in
30 that

* c L M S *



.IThis Sheet Has Been Replacec

1 hilone F) of the fornul a: )

i[grrl] ﬂmﬁ I\lﬂlﬂ ) 4 r‘EESHkSn%HLF s DB:EN
CH err . Conpound of the enpirical 2lornmula CJerr]H e r__]__NQ
characterized by the foll ow [err] H NVR spectrum (300 Mz,

CDC [err]): 48Pt aSoxrangium ceélvgeﬁw) D§M5267(’83 Hisr r Ppltured (i Hp, 3.27

(6-H), 3.74 (7-H mabhn¥t knowm pexr’/&d 8:1:1':?' tle Eé%knc&oolf[ @n' L.dsl:l'b L:'err])
2.78 (13-H), 1.91 err] (15-H), 7-H),

7.10 (19-H), 4. 89r§as’~”('215?¥[’%’r‘?§3‘? %rSS* (BBe HE@FPF}Derl W!«Qsﬂ?{ler #]E) 1. 14
(24-Herr]), 0.98agdropriate; etnqa) tdtab @Rourter bk) a 2pa6t( 2 H&aer])
12. Biotgansform obtajnable.in t rangl um

' hi | t )
cel | ul osim DSM 67%§p%§:ac uregguﬁea AEnngFeated Wl@ﬁno@mmﬁ% F"ﬁ t he

presence of an adsedbydrioresifh epothlloneseép,ar ated fromthe adsorber resi nd
and, if appr I a atofthes rate
culture Igp W) ek célaltél S é{F‘a anol #ggggﬁlgn% B f"se S’%g

(b) the culture t raé’éﬁ ddrer tmre@mdm:&ie Riserber ubesa, and t hen
treated with @JSOrRY d&Sdrber resif) ithGHISY b ttﬁ@rﬁ f.féinn the YERYLRed from

the curture, elute . t h_met hanol uate Is concentrated to
give a L cé’d’é‘e&t"f% methanolqpnd&he wlaabe ris caneepgraitedoned
bet ween et hyl acettai ggive a crudearditsicy, the ethyl acetate phase is

i
separat ed of f(‘ﬁnd Cgﬂgggggat Je.g tﬁagéi’&gﬂec? between ethyl

acetate and water, the ethyl acetate phase is

separated off and concentrated to give an oil,

the crude

15 (e) the oil is chromatographed on a reverse phase under
the following conditions:

column material: Nucleosil 100 C-18 7 um

column dimensions: 250 x 16 mm

eluent: methanol/water = 60 : 40
20 flow rate: 10 ml/min

and fractions having a content of biotransformant and
which can be detected by UV extinction at 254 nm and have
an R, value of 24.5 min are separated off and the
biotransformants are isolated.

25 12. Biotransformant according to Claim 11, obtainable

in that in stage (a) a culture is separated off which is

three or four or more days ocld.

13. Biotransformant according to Claim 11 or 12,

obtainable in that in stage (b) incubation is carried out
30 for one or two or more days.

14. Compound of the empirical formula C,,H,,NO,S,

characterized by the following *H-NMR spectrum (300 MH,

[sie], €DCl,): delta = 2.37 (2-H,), 2.52 (2-H), 4.20

(3-H), 3.27 (6-H), 3.74 (7-H), 1.30 - 1.70 (8-H, 9S-H,,
35 10-H,, 11-H,), 2.78 (13-H), 1.91 (14-H), 2.06 (14-H)),

5.42 (15-H), 6.58 (17-H), 7.10 (19-H), 4.89 (21-H,), 1.05

(22-1,;), 1.26 (23-H,), 1.14 (24-H,), 0.98 (25-H,), 1.35

(26-H,), 2.06 (27-H,)

15. Compound (epothilone ¥) of the formula°

|10 IIIIH IIIII IIIII ll IIII



Ze) the oil is chromatographed on a reverse phase under the .

foll ow ng conditions: colum material : N | U C
ferrm col um di nensi ons: - 20 % 4 mm IT%%E%’E’W?FPHAS BEEN
nmet hanol /water = 60 : 40 flow rate: 3 2...,*+AGED J
and fractions having a content of biotransforngnt and which can be
detected by UV extinction at 254 nmand havg ag Rt

REPLACEMENT SHEET S 3 value of 5.4 mn
are separated off aqﬂa bibt r afjsf or npnt s f t ed. 13.

Bi ot ransf ormant accordi t ONCl afjm 12,} obtaifnable in that in stage (a) a
culture is separated of f whi cg 'S €, 01 dayaﬂ)l d. 14.

Bi ot ransfornmant according to aim1l or [ N that in
stage (b) incubation is carried out for re days. 15.
Conmposition for plant protection in agri and/or in

horticul ture, consisting of one or nore of ounds according to

one of the preceding clains or ‘one or or e conmpounds in
addition to one or nore customary carrier(s) and/or diluents(s). 16.
Ther apeutic Cﬁg"ﬁé’ﬁiii on,_in 1garticul ar for use as a cytostatic,

consi sting of H1ORBrE of t’ﬁec%orrpounds according to one or nore of

the precedi ngl&l ai "5 Compoeition fofDpRafit PREeckReWdS LA RIthAL One
or nore of th%}d f%lprggx%?l n féra'irﬂshbgt?.gdﬂ-_' on to one o[ nore custonmary
carrier(s) andior |?ue (gsx% ulture, consisting of one or |
more of the compounds according to one of the preceding
5 claims or one or more of these compounds in addition to
one or more customary carrier(s) and/or diluent(s).
17. Therapeu'g:ic composition, in particular for use as
a cytostatic, consisting of one or more of the compounds
according to one or more of the preceding claims or one °
10 or more of the compounds according to one or more of the
preceding claims in addition to one or more customary
carrier(s) and/or diluent(s).
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