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cellulosum). These compounds were initially investigated as plant protective
agents due to their anti-fungal properties. Epothilones then became of
interest due to their cytotoxic activity on animal cells, and were subsequently
characterized as tubulin polymerization agents. It is now known that
epothilones exert microtubule-stabilizing effects similar to paclitaxel (TAXOL®)
and cytotoxic activity against rapidly proliferating cells such as tumor cells or
other hyperproliferative cellular disease. The use of epothilones as
chemotherapeutic agents is described in Bollag et al., Cancer Research 55,
2325, 1995.
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epothilone B, and also that the ratio of epothilone B to epothilone A in the

fermentation was low. This low ratio of epothilone B relative to epothilone A
makes recovery of pure epothilone B difficult. Thus, there is a need in the art
for improved methods of fermentation to produce epothilone B in preference
to epothilone A, and improved methods of isolation and purification of
epothilone B.

Summary of Invention

The present invention is directed to an improved fermentation process
for the production of epothilone B. |

Further included in the present invention are new strains of Sorangium
cellulosum obtained by mutagenesis for the production of epothilones.

Also included in the present invention are methods to improve the ratio
of epothilone B to A produced by the new strain of Sorangium cellulosum by
providing an additive to the fermentation. In one preferred embodiment, the
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derivative 1 (“D1"), (as described in US Patent 6,262,094, herein incorporated
by reference), where the 2-methyl on the thiazole ring is substituted with an
amine:

20

Derivative 1

Epothilone B is also useful in the preparation of derivative 2 (“D2")
(such conversion of the lactone of epothilone B to the lactam of derivative 2 is
25  described by Borzilleri et al., J. Amer. Chem. Soc. 122, 8890, 2000, and in
WO 99/02514, herein incorporated by reference):
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Furthernore, epothilone B ("epo B") is useful for the
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Derivative 3

Further included in the invention are crystal forms of epothilone B
produced using the methods and materials described herein.

It is to be understood that both the foregoing general description and
the following detailed description are exemplary, but not restrictive, of the
invention.

Brief Description of the Drawings

The advantages, nature and various features of the invention may
appear more fully upon consideration of the accompanying drawings. In the
drawings:

Figure 1 shows the molecular structure in the monoclinic unit cell of
form epoB-EAB, with two molecules of epothilone B and two molecules of
ethyl acetate in the guest channel of the monoclinic unit cell.

Figure 2 shows the molecular structure in the monoclinic unit cell of
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7, the simulated pattern was calculated from the refined atomic parameters in
the monoclinic crystal structure at -40°C, and the observed pattern was
measured at +23°C.

Figure 8 shows observed (top) and simulated (bottom) PXRD patterns
for the isopropyl alcohol solvate (crystal form epoB-1PB) of epothilone B. In
Figure 8, the simulated pattern was calculated from the refined atomic
parameters in the monoclinic crystal structure at -3°C, and the observed
pattern was measured at +23°C.

Figure 9 shows an observed PXRD pattern for a toluene-containing
primary grade solvate of epothilone B produced following the method
described in Example 7, Step A.
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$ke pres i nventi'on describes specific process
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It is to be understood that these drawings are for purposes of

illustrating the concepts of the invention and are not limiting in nature. In each
of Figures 1 through 4, all methyl and methylene hydrogen atoms of the
epothilone have been omitted for clarity. In Figs. 1-4, intermolecular hydrogen
bonds are shown at the bottom right and top left portions of the diagrams as
dashed rods, and H-bond distances (Angstroms) designate the intermolecular

oxygen — oxygen distances.

Detailed Description of the Invention

The present invention describes specific process methods and novel
mutant strains of Sorangium cellulosum, which together or separately produce

fermentations with improved concentrations of epothilone B, primarily by
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Sorangium cellulosum was first isolated from a soil sample collected
from the banks of the Zambesi River in South Africa in 1985. The organism
was first described for production of the epothilones by Hofle et al. (cited
above). The strain used by Héfle, et al. was designated So ce90, and is
deposited at the Deutsche Sammlung von Mikroorganismen (German
Collection of Microorganisms, DSM) under Deposit No. 6773. Strain So ce90
was subjected to UV mutagenesis followed by random selection to generate

strain So ce90B2. Strain So ce90B2 (also designated SC16224) yielded
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25  preferably at approximately 24-48 hours. In some preferred embodiments,
the cells were grown for approximately 34 hours before propionate was
added. Early studies by GBF investigated, among other factors influencing
fermentation, the effect of a one-time propionate addition to the medium at a
level of 0.1% for incremental improvement in the epothilone B/epothilone A

30 (B/A) ratio. Inventors herein have found, surprisingly, and it is one of the
features of the present invention, that the titers of the epothilones, epothilone
B in particular, and the B/A ratio produced in shake flasks, 14 L fermentors
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plidpseribed w,hlcb@u@@esstmltmuttllzes r@sin @dddioé\ct'ﬂle tnelusion of resin

BBl BB R 08 38 ghSniones, anc i
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! %ﬁFH%!S% RA rr‘é§fnn ré‘t@?aﬁl X'A?) 48 o??héfjéﬁw%le'n't‘ &é\;éfﬁable as
al so

i solation an pur Preatto epot hi
t é\mlbaiﬂet XABH &/ frompSigviea- Ndrtodap@t thumer)l dreRshmlandodaas Co.,

f.err di qent ,of the nt . invention, the
P ERIREPEh, EAr SHERHARRE ReaAS BRSO ArPHEb sditaces, such as
S@meﬁébaaemn-asmo 186 o XAD- 180 (RokmP4and PRas Co.) can
equi val ent favalla e as
25  also be useful in the invention, as well as resins such as styrene-based XD-
207, HP20, HP21, SP825, SP850, SP700 or SP207 (which is more
hydrophobic due to added bromine groups) (these resins are from Mitsubishi,
Tokyo, Japan or Mitsubishi Chemical America, Inc., White Plains, NY). The
resin can be incorporated into the medium within a broad range, such as 0.2

30  W/V% to 5.0 w/v%, and preferably 1.5 w/v% to 4.0 w/v%.

20

The resin containing epothilones from the fermentation is optionally
washed with water and either 20-30 % aqueous acetonitrile or aqueous



Anberlite XAD-16 from Sigma-Aldrich, St. Louis, MO or
Rohm and Haas Co., Philadel phia, PA). O her Anberlite

WO e®ins6294 t h hydr ophobi ¢ surfaces, such as PCT/US2003/029628
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st yr ene based XAD-4, XAD-1 180 or XAD-1 600 (Rohm and

) can 25 alsq be useful in the inventiopn,
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romne groups) (these r
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Chem Ane | Pl
cSRRSEEY bR raha Aatits O s seaifidhe ettt obipad e from
r m ?esﬁ UOhedsrefbriePAqUé 4 \l'vésﬁ3 uQeé!\() Bn/v36 dodiueh ﬁbé@c':ys!

wv%to 0 wWv% The resin containing epothilones
f ﬁulfateram @5rwivbaammmonie. dpthis fast eynbagimeret plior ko selvent

wBxBbTo e 8 e AR BB e o hfr B B Bter

pol ar MHauekin cshtaifingépdthiorssy frdraRe tamiatitaioris preferably
detergent, preferably an ioni c deter%ent such as_an

aleRYRCIeM w*éh & sohead it raEvRcibla NEthAphasersaRaraes fam) a
g:\%ﬁ& é H atshﬁh Oa{dé'iétﬁ%r'nﬁ'ethﬁlspoljt?f%}her QM?PE? Sto remove

Iecfe to inp ove t 1'one
exdpothilonebtdsoxed art ﬂ're tfesmnﬁﬁjdltlmal eslvvents(that maqﬂm tu:miul for
a ueous wash ses 0.5 v% sodi m dod uI fate

P SRotBlioae Bl RSluPYT PaGnob AR Acetalf: Bprory] cetate,

S ?1' H@?F acidie/ & - Sﬁt\xaﬁgetbfés e &Wé&@&t@(‘hﬁd"@%’l@%r@ﬁ@

or nofe tines wth The resin contalnln
eponbénteated, andepoinione Brisrarystalined ﬁom ﬂ,sfemmeyutrate In one

(SBREIREpt e oBn 3BT s Viged Hith TRAEE ok e paghed reh
a@@tv@tne isogoritehtrited an@dﬂb]ﬁhoﬁlWohéMﬁﬁEbed tWhe@tAg &olvent is
epot hi | ones adsorbed on the resin. Addjtional solvents

t Isatitabigy asés eibwt acetate; epeihiloae® isenesiallired bypeasforming a
ac e%th\?ﬁvé‘ s&U%Map irﬁ OERW- gﬁtatlﬁ otﬁbr%&%é!_ a elatively high-

ace e an -but'yl” "ace
r lwlr@qua’ntewndrm\tentsn wlmcfreemnhyome)Bas essenteadly idgaduble is

epoth| l.o Bis cr st al ] ized fr €Q ntra
Reldgd G ek eabenh RICHETCONER 1§ SIS BNaRNE f Suictent
free ﬂﬁ&’lk%‘@wﬁﬁlﬁia‘t%s r\?éjcdu'n? Ban ® 'dé%ﬂtto'ofhve or facilitate the

concent r at optionally polish [tered. Wen the
sdlistiliation.sIn eng eathoel;maet e eolgnt |a@enaelmtrateg@mi 4 suitable

Rt el i sof it Badiiq. LS Raf-splyhls loPhidkiaueng,

I $lexbh¥€ bid hbﬁfanes. The resulting slurry can be heated, and cooled to a
set temperature selected to enhance the quality of the resulting crystals.
Temperature oscillations can be used to improve crystal purity, minimize
fines, and produce a faster-filtering slurry. For some other solvents, such as
MTBE, distillative concentration of the rich solvent produces an effective
crystallization environment on cooling (without the use of an anti-solvent).
The resulting crystals are preferably filtered to yield a primary grade
epothilone B.
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boi | i ng- poi nt second solvent in which epothilone Bis
essentially insoluble is 20 added to the rich sol vent,

wanw4vdessi ch solvent is distilled anay to a seET/U810851029628
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i ncl ude toluene, '~ hexanes and hept anes. The resulti ng
sIRfimary giade eppthiloss B tpiradip spatainsepothiore A as a major

- SRS, 4080 Sl Mebdn O IR LRl sl purives

usiedivéd® fronpthevienmieygitioh, pamel)therfolldwingexakzblesnaleguk and the
produce a faster- fllterlng slurry. For some ot her

s&tm&mlgzogmwe MIBE, distillative concentration of
the rich sol ventyjaroduces an effective
cryst a&)I i zati o@u nviyonment on cool |$g (Wt k@u

p?\Z? Mi ; oatd o r/e_fryaﬁw\g:;éq \OH

epothl one B.

During the e ndMeaitial crystalli

epothilone B i rated fromnost inpuriti
especi al 'y epothilon

in the initial , A
Primary grade one B typically contaj
epot hil one A agégéérl#a%or impurity. Also tygﬁ}%%ﬂ’le
present are two other structurally simlar inpurities
5 derived fromthe fernentation, nanely the foll ow ng

ox&ihseauently appliechperification setheds ﬁn@wam reeaistiratiop and

Ly e [ T v

Sldusaqhmlghfl $heayzph oved optl'reisbnmtcwmpwmtdmdsa [evebWheienthey are
recrysta i zation and. io chronatography steps)
PF%@'&W‘%@R&W”'MN | one B involve, anong

F;C:{ m@‘%@t geéa rpgfﬁil‘bﬁb (i & NBRANEO AR EStal forf epo B,
primary grade), preferably obtained as described above, can then be
recrystallized by heating in ethyl acetate followed by the addition of toluene
with continued heating. The mixture is then cooled, the resulting crystalline
slurry is filtered and the cake washed with toluene to give once recrystallized
epothilone B (i.e., toluene-containing crystal fbrm epo B, recrystallized)
Alternatively, primary grade epothilone B can be processed through a
preparative high performance reverse-phase chromatography step (e.g., on
RP/C-18 in the form of a column) as set forth in the examples. Optionally,
prior to loading the epothilone sample onto the column, a preceding volume of
a suitable organic solvent, or a mixture of organic solvents, is added to reduce
precipitation of the epothilone. In one embodiment, the organic solvent is one
such as dimethylsulfoxide (DMSO). Optionally, a trailing volume of a suitable
organic solvent or a mixture of organic solvents is added to reduce

precipitation of the epothilone. Epothilones are then eluted with a suitable
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w@®2004f02626ry grade), preferably obtai ned as dercr/Ukmd3/029628

10

15

20

25

30

above, can then be 15 recrystallized by heatlng in
.ace Ltion of tol

i gAniE SBIVRDE A REATES i sohidite of Bn BquBus &figon of an

t Wgamé lébt\ﬁeﬁﬂ ﬁf ¥i8é ahibodinertt] tHe ¥pdihildndd Srecsluriadviting
cake washed with toluene to give once recrystallized

e;ﬁUKNre oheaceionitdle andbwataie Theralulion pepfite ysingithess selvpnis can,

ool AR bR Y R TN M eyl
h iRyactiversf comainigy émhncﬁe beﬁﬁesﬁbd puatmeapﬂubcﬁtmcentrated

@n% on RP/C1 8 in.the formof a c
f rextm%wgkamlwt l@ﬁw!aaawv\ot lmlte& toy sthyiaafﬁtﬁ@e The
tv gﬁnﬁsgﬁ\{;;m Ty tﬁeﬁ’ %Rcérﬁt%t&]‘}’ 'atHH%ry&aﬂl&@& G6} Bample, by

stitabl'e organi c solvent,” or a nixt
ortlgaaddltlsolofemlbw- pioiarmyddeldemtosuoémgm hqmt&me ori heptanes,cnd

It 20%@58 Ii;gl lﬂ@ﬁ 'gge 8 q@taggﬁé)%dfm&%sgg&he os 9gnt?an?igslo\f\?§:%t (ina
er {l@ﬁﬁala‘{noﬂwttée?édté@ﬁ) M&Y IS8k s@nﬁwahﬂah@unfg &eébcﬁhuone B),
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r @muab as gihyxqstatein-beptanetime 2 sativ. dhe wagb@dmrysialssare dried

are t table -11 WD 2004/ 026254
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winaimgl phases suchhas siiea.ori silica l@asas’mwmaérp aspeand e biﬁe For
pre?JaHpEfe Lﬁigﬂ g)g?‘ljéﬁfiﬁn h)ﬁﬁﬂél osen Bﬁ’nr @Qﬁﬁy 8an B8 used.

i near  or
| rGampley daavsd badédl&namthmdumanna mlatg/egplotnhpdﬂanw $dlvent

o PR dsumoane: g A the aretipras AU gl Rghggpolarity
t SohritYduchcsd 8nfixtuld of enyPQcéta{éfsﬂa h@ﬁpa{r@@tngq@éutaﬂgﬁ Bofile

concentrated and crystallrzed, for exa , by _
acduing thesefsoa/em;carp,dbaaxampbo bedineas at pragient, aegisaehosen to

F1qatER Jan iy ABeyPR: 18R UrsleP fatPos rUE poléidh Egheprated and
I &ryNtafiped &Wéﬂém?!ﬁ ﬁ@meéihylcao@tateddﬁﬁelacwnwrg@ﬂ 4 lovapblarity
anount s of epothil one , such as et

ace@dm/sncln@ﬁtrah@pﬁaneah@tgne%tqrdoluen@ %Iag shUyCipdieeads
arn e Hddith 58l }aﬂtlm%%ﬁﬁld F%IO% %Hoﬁﬂ?séiectgdqs not

puritication ne ods can used, suc
c lissoNeogigaficgnbamounts of epothilone B), such as ethyl acetate/n-heptane

in a 2:1 ratio or ethyl acetate/toluene. The washed crystals are dried to yield
high quality epothilone B.

In certain cases where extensive removal of the ethyl thiazole or
oxazole analogs is not required, such as in the synthesis of D1, epothilone B
can be purified by crystallization alone. Solid epothilone B material is

dissolved, for example, in warm ethyl acetate and crystallized (or
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Production medium for growing the epothilone-producing

microorganism and for production of epothilones, especially in shake flasks,

can be for example formulated as above with the following difference with

respect to glycerol, and the following addition of resin:

Other skim milk, soy flours, yeast extracts and Maltrin starches have also been used
interchangeably with comparable results.
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Fl our' Tastone - 0.5-12 1-6 1-4 154" Maltrin-M401
4-18 6-14 8-12 CaCl2.21-120 0.2-2.4 0.4-1.6 0.8-1.2

wWORBeAZRs420 0.2-2.4 0.4-1.6 0.8-1.2 EDTA, FebCT/pSiNe3/029628
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15

salt 0.002- 0.004-0.016 0.006- 0.02 0.014 HEPES 6-20

8-16 134G vecergl0-5-12 1.8 2 6  Production nedi um

=

for gr Jwgfﬁd!?% ep%fﬁ?TrSHepmﬂuci ng n$té|rM§?r§am sm and
for propduction of hi | onPpefePRECI qb,léfeltrgdshake

fl asks can be flor exanpl g tornul atgd as abovg with
the follow ng di fference W (giL)to resp(gélt-) to gI ycerol,

and t he g Hoh €St oher | m

m kK, ;@yqq%brs €3§ﬁt %ra@ts and IJ\%\?'H n st ar ches

have almesheen Usefo- 40nter Chamgeabl y |wg_Boconpdr abl e

results, -13 WO 20004/ 026254 PCT/ US2003/ 029628

I ngredient Preferred More Still More (g/L) Preferred

Preferred

10-a0 4 Gyt BaithighflestsofitbhRpedalif i ye8 5 shitks fasks
yritleky for use in shake flasks, conprises:

I ngredi ent Preferred (% Sodium 2-5 Propionate

Mal trin-MD40 8-12

Ingredient Preferred
(%)

Sodium 2-5

Propionate

Maltrin-M040 8-12

Tastone-154 2-5

Such nutrient feed can further contain a mixture of dibasic sodium
phosphate and monosodium phosphate, as follows:

Ingredient Preferred
(%)

Disodium phosphate 1.0-2.0

Monosodium phosphate 0.3-0.7

The ratio of disodium phosphate to monosodium phosphate is selected to
minimize pH drift of the culture away from the desired pH upon addition of
feed.

For use in fermentors, the nutrient components described above, with
the exception of HEPES, which is preferably deleted, can preferably be used
with antifoam (e.g., from Dow Corning, AF Emulsion, Food Grade) added as
follows:

-14-



Tastone-1 54 2-5 5 Such nutrient feed can further
contain a m xture of dibasic sodium phosphate and

woremwesaatsum phosphate, as foll ows: |ngredi ent ReBUSI008029628
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(%9 D sodium phosphate 1.0-2.0 Mnosodi um phosphate
0.3-0.7 The ratio of disodi um phosphate to nonosodi um
phosphate is selected to io mnimze pHdrift of the
culture away fromthe desired pH upon addition of
feed. For use in fernentor the nutrient conponents
descri pingrediand, \Preferretie| Morept i on |BtilHERES, |whi ch

is preferably delijg can eraply be_.use W th

anti foam (e.g., f ‘tgﬁTC&Do oPFﬁeffﬁ E'prﬁﬂfg'erﬂ Food

G ade) | added as |15 fol | ows(g IL%4 V\D 2(@4”026254

PCT/ USPQ03/ 02962 | ngr edi referrled NMore Stjill

Mor e (gAD}Ifqaln@ferr(ba -Pr eferi-aﬂdS (g/L) ‘(§f4_) Anti f oam

O. 5'5 J. ‘-|- 5 J. d ‘-|- WUDLI |9 DUUI 6+ |JU|. a S SsStHdm

hydr oxi de sol ution) can be added to the 5

f er menGusEd (Sedlimrarasotassaiachydeoxias %bﬁjti&»n?ca'ﬁ %dedé’d to the

range. Resin can be ‘added as foll ows: redi ent

pilimgiaiionaresiwnias nagsied to (r@alnyaiiwae:safwl Rirefee rMesin can be

(%/dﬁéd%%/fuloﬁ@s' n 10-50 12-45 15-40 In the production
ernentation, propionate and nutrients are preferably

|o added separately as needed. Propionate feed can,

for exapple—conprise—80 o150 g/l sodium
pr opi ohHigredignty | ireferradnt Maset pr ef|StibMorgdded t o
(g/L) Preferred Preferred
(9/L) (g/L)
Resin 10-50 12-45 15-40

In the production fermentation, propionate and nutrients are preferably
added separately as needed. Propionate feed can, for example, comprise 80
to 150 g/L sodium propionate, with the amount most preferably added to
maintain (e.g., as determined by HPLC) propionate levels of 0.05 to 0.20
mg/mL. Propionate addition can be initiated 20-40 hours after adding the
seed culture into the fermentor. The nutrients are supplemented, for example,
with a sterile feeder stock as follows:

Ingredient Preferred
(9/L)
Tastone-154 15 —-25
Maltrin-M040 556 -75
Antifoam 05-15

For longer term fermentations, additional nutrients are preferably
added, for example, from the following sterile feeder stock, which is added in
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maintain (e.g., as determ ned by HPLC) propionate
levels of 0.05 to 0.20 ng/nL. Propionate addition can

wheookned2sat ed 20-40 hours after adding the serdr/Us2003/029628
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culture into the fernentor. The nutrients are
suppl enented, for exa 5 wth a sterile feeder
shighrr ¥elums q:wsareplﬁgrntga .pémeomgefemeéé 0CKy/ L)
Tastone-154 15 - 25 Maltrin-M)40 55 - 75 Antifoam
0.5 -1.5 For longer termfernentati ons, additional
nutri \t/a\Lrihgredienpreferab Prefercell, fg¢r exanple, fromthe
followng sterile feed {gﬂ‘s—f)ock V\,hl ch is added in -15

0

£

WO 2004/ 026254 PCT/ US2 29628 hi gher vol une
conpar eced _Taeder sfock: I ngredient

Pr ef erelso‘}va? 5 ;mn ejrﬂgd i m40 60 Mk

Mal t ri[nMNRO40 140 - 180 dycerol 6Q - 90 Antifoam
0.5- 1. b—Theseput+ents—of—the abc‘ e two feeds can be
sel ect gMatn-MUAY 5 i h1 40 x 16K growt h phase. The
presenrg Tion incl uggagmocess s for the

pr oducf | 3'%'01] epot hilpne B wherein the epothilone B
("epo PAntifioamconverted| 0% Debi vative 1 ("D ") as
descr i bed—4+nUSPatentl-6-262-094—HRerei n incorporat ed
by reference), having the following formula: 10 Me
Q1 H2hhass Nitrients of the above two feeds can be selected to avoid

initiating a growth phase.

The present invention includes processes for the production of
epothilone B wherein the epothilone B (“epo B”) is converted to Derivative 1
(“D1”) as described in US Patent 6,262,094, herein incorporated by
reference), having the following formula:

HN s
|
N

Derivative 1

The present invention also includes processes for the production of
epothilone B wherein the epothilone B is converted to Derivative 2 (“D2")
(described by Borzilleri et al., J. Amer. Chem. Soc. 122, 8890, 2000, and in
WO 99/02514, herein incorporated by reference), having the formula:
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NM.,,O0H OM Me Mo OH Derivative 1 The present
i nvention also includes processes for the production
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converted to Derivative 2 ("D2") (described by

Borzilleri et al. . Amer. Chem,,Soc. 122, 8890,
2000, and in WO 99/ 02514, her@ Fncorporat ed by
reference), having th or - 2004/ 026254

PCT/ US2003/ 029628Me

'0/&)—! N Me Me
Me O—IDerlvatlveZTth ther
i ncl udes processes for the

B wherein the epothilone B( epy BT i conMﬁted_to
Derivative 3 (epothilone D
Pat ent 6, 320, 045, herein incor d~oy reference),
havi ng the follow ng fornulDerivifve2S M2 Me 1,,0H Me Me
OM OH 10 Derivative 3 15 Crystal forns of
epot hil one B

The present invention further includes processes for the production of

epothilone B wherein the epothilone B (“epo B”) is converted io Derivative 3
(epothilone D, “D3”) (as described in US Patent 6,320,045, herein
incorporated by reference), having the following formula:

Derivative 3

Crystal forms of epothilone B

Applicants also have made various crystal forms of epothilone B using
the inventive methods and materials described herein. Epothilone B crystals
have been obtained using different solvents and solvent systems. For
example, applicants have discovered a toluene-containing epothilone B
solvated crystal form, designated herein as epoB-ToB, having the unit cell
data reported below in Table 1. The toluene-containing solvated crystal form
of epothilone B is further illustrated with Figures 9 through 12 and Figures 15
and 16 herein. Applicants also have obtained epothilone B crystals using
acetonitrile (i.e., epoB-ANB), ethyl acetate (i.e., epoB-EaB), and isopropyl
alcohol (i.e., epoB-IpB), as well as the solvent systems described below in the
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sol vent systens. For exanple, applicants have
dexamplase dThesatnistadographigally iepstivstusal fomashaye a monoclinic

£
n SAER sl ich P BB RRIG, IRRRRRE SolRn?
Tlmbanpdalsena eterdhalongghe di-ands dui'ougheuiahefomystalsc(ﬂ channel/unit
BB S0Roreeh BEe bR SR ES Biae tene,
alageidMYif, %E{yz"a%ﬁtc? ﬁ%&bb&%c@w&ré@w& g&é:ﬂ@' resultlng in1:1

acetonitril . ethyl "acetate
eﬁowarﬁ & epathitbriesB) rGryyﬂalllzatlam émhotolmendethybmmq@lyent

I bhed b I
“Tiers e S B0a v SN B s bS8 SR TasbnRrelén o idgne in
C&wéb&ltﬁraﬂé etiinred (6., GiRain fofh WpB- T@B‘Tﬁohéy@BfEAB) Both
monoclinic clathrate structure wth a P21 space group

c biyeleagsinnieond gepdisiaf the epoibitione fairriexys) aigtinesived i

oAt ieant LA She ot LB s

t wonswainetie gué&eulveatasuch as toI uene,

acetonitrile, eth acet ate cohol or

MIBE (i @éWISI%PonBeEéﬁs PREBrANS, % ﬁﬁfﬁ/@@ Palsift 3 Aisplay the
B)unthe‘l’I?a?é bPe?s%hiéH“me e 1.2 O?H%ﬂﬁffa‘t%)‘n'coﬂﬁﬁ E?oﬁ%t‘éﬁmg

m xture resu erenti a
[ mlcesqohurm'smjmys‘talts@bntalmngnoluehe ad:e:tohltrde,eethybaneiam and

bt f t
hRRRSRAT B PERAOISY BPloPhs bR GRAMAe PRI BaUTIEF far e
i %Yy%itéllg%réﬁaréa US'Hg?ih%n%’fHddé%sﬁYBéQWEx§m?®7 anel séf Brth in
not™ avai l abl e to bi nd , and constrain he gues
stiigwes 9, 1toand 18paBorsfgrthepdasaies beé@ws- EAl 3, and

epoB- | t

Tobl e 1 aRpeERheclisxsbn R poREL RSB BERE! At Yorms are
t egelidws,rendods shiowh & Tablent:ai ni ng t ol uene,

acetonitrile, et hyl acetate and 15 isopropanol are
presented below in the exan‘pl es. PXRD patterns for the
Cpa, s prepar o—usi ng the methods described i n

ELa ple 7 are set forth in Figures 9, 11, and 13,
alepoBasTélir t her (Cwstallizeetirdraltoluendatzsudexiceibed e Exhimple 8A.

BPOB ARG as [oWslalIZaq felpiaoetoninie as asscrbed in Example BB,
epoB —EAB Crystallized from ethyl acetate (EtOAc) as described in
Example 8C.
epoB-IPB3 Crystallized from isopropyl alcohol (IPA) as described in
Example 8D.

Fractional atomic coordinates for epoB-ANSB, epoB-EAB, epoB-IP3 and
epoB-ToB are shown in Tables 2, 3, 4 and 5, respectively. The PXRD
patterns set forth in Figures 9, 11 and 13 are characterized by the data listed
in Tables 6, 7 and 8, below.
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20 Form epoB -Tol 3 Crystallized fromtoluene as
described in Exanple 8A. epoB -ANI3 Crystallized from
waec@uoni2s4 i | e as described in Exanple 8B. epoBCFES1083/029628

Crystallized fromethyl acetate (EtQAc) as descri bed
in Exanple 8C. epoB-1PI3 Crystallized fromi sopropyl
al cohol (1 PA) as described in Exanple 8D. Fractional
atom c coordi nates for epoB-AN 3, epoB-EAl 3, epoB-1PI3

and epoB-T;s show bles 23, 4 and 5,
respectivel y. The| PXRD |ap tgernsms t ﬂorth in Figures
9, 11 and 1 har act@rli%ed By tthejdata |isted 25
in Tabl es 6| 8, b -18 3 c>()04/026254
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O TLf) LOCO co0Ot TLO O NTNTTTTTrte--

dT NNO) TWNr TTr mQIl 00 CC) LOO) (0 1C) CD

WENMO225T T T C i-. cOTTTTQ d ON N BCDUSIONB/029628

O u o Gi TTTO,y2 TTTT.~, _TTTTCNN

r Nco TN- O NOCOT~r~ CO d C© CCrT

TTTNTTch)corOEA T C 0 LOLOCOCO

0600co OTTTT _ B
Fractional Atomic Coordinates for Epothilone B Acetonitrile Solvate,

Form EpoB-ANB (most hydrogen atoms have been omitted)
Atom X Y Y4

C1 0.4422 0.2380 0.3076
C2 0.5619 0.2882 0.3165
10 C3 0.6422 0.1833 0.3013
C4 0.7565 0.2263 0.2807
C5 0.8531 0.2847 0.3800
C6 0.8409 0.4180 0.4193
C7 0.8968 0.4218 0.5419
15 C8 0.8360 0.3345 0.5975
C9 0.7205 0.3935 0.6018
C10 0.6345 0.2947 0.6184
C11 0.5287 0.3609 0.6355
C12 0.4328 0.2722 0.6397
20 C13 0.3118 0.2674 0.5573
C14 0.2626 0.3435 0.4562
C15 0.2748 0.2789 0.3613
016 0.3977 0.3084 0.3684
C16 0.7197 0.3194 0.1878
25 C17 0.8080 0.1051 0.2508
C18 0.9083 0.5112 0.3717
C19 0.9258 0.3048 0.7095
C20 0.4763 0.1572 0.7109
C21 0.1833 0.3270 0.2580
30 C22 0.1927 0.4656 0.2359
C23 0.1008 0.2458 0.1993
C24 -0.0043 0.2676 0.1034
C25 -0.0708 0.1728 0.0409
C26 -0.1519 0.3799 -0.0163
35 C27 -0.2252 0.4942 -0.0664
S -0.1936 0.2297 -0.0595
N -0.0507 0.3873 0.0719
O1 0.3897 0.1501 0.2552
02 0.6748 0.1045 0.3926
40 O5 0.9464 0.2278 0.4266
O7 0.8893 0.5485 0.5778
012 0.3313 0.3359 0.6550
H3 0.5936 0.1283 0.2313
H6 0.7466 0.4426 0.3937
45 H7 0.9913 0.3942 0.5683
H8 0.8117 0.2471 0.5514
H13 0.2618 0.1794 0.5410
H15 0.2633 0.1778 0.3662
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TTTNCOTO coRS LOco C) Gl r1 COO C CU
TTTTczTTTT() d) 4UCOdO co COv -a an
waeodgs2ab O QWQ- C) Emmmeco O O O O EDULS00£029628

Q@ CL WWWWIr 19 WO 2004/ 026254 PCT/ US2003/ 029628
TABLE 2 Fractional ' or di es for Epothilone B
Acetonitrile Sol vat QS]FEH% %BS%« é)-gf%t hydr ogen
atons have been oni tH&d) G9636,0-5094 £.5895 0. 4422
0.2380 0.3076 C2 0.M87190a160950.5049160188 cJacetonitdle)

0.1833 0.3013 C4 0.G2%508986360.490808000385 {asstdnitrile)
5 0.2847 0.3800 C29 0.3379 0.2975-0.0775 (acetonitrile)
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C6 0.8409 0.4180 0.4193 C7 0.8968 0.4218 0.5419 15 C8
0.8360 0.3345 0.5975 C9 0.7205 0.3935 0.6018 C10
WO2®34%6284 2947 0.6184 C11 0.5287 0.3609 0. 635BCT/03D03/029628
.4328 0.2722 0.6397 20 C13 0.3118 0.2674 0.5573 Cl4
. 2626 0.3435 0.4562 Cl5 8I§§3358'2789 0.3613 016
. 3977 0.3084 o 3684 C16 3194 0.1878 25 C17
.8080 0. %bg 08 (C18 0.9083 0.5112 0.3717 C19
Fyagtion @mm@gerdmbemfmmlmmﬂmg\cm Solvate,
. 1833 BonnEpaBEAR (10sChydioga? aiamsdif/etb&as omittad)
.1008 0.2458 0.1993 C24 -0.0043 0.2676 0.1034 C25
-0.0708 0.1728 0.0438omC26 X0. 1530 0.3789 -0.0163 35
C27 -0.2252 0.4942 -0.0664 S -0. 1936 0.2297 -0.0595

N -0.0507 0.3873 0.0F19 094083893 0.2552 02
0. 6748 0.1045 0. 3926540 g g gio 4266 07
0.8893 0.5485 0.5778550 ﬁ% gq} @ 6550 H3

0.5936 0.1283 0.2315;, (7559 0.2327 02857

C5 0.8532 0.2913 0.3822

C6 0.8410 0.4228 0.4212

C7 0.8957 0.4275 05404

15 C8 0.8319 0.3405 0.5928

C9 07164 0.4000 0.5966

C10 0.6298 0.3042 0.6134

Ci1 05231 0.3717 0.6266

C1i2 04266 0.2844 0.6321

2 C13 0.3066 0.2780 0.5503

Ci4 0.2581 0.3526 0.4526

C15 0.2706 0.2867 0.3589

016 0.3940 0.3148 0.3668

C16 0.7203 0.3272 0.1940

25 C17 0.8079 0.1121 0.2559

C18 0.9092 0.5160 0.3757

C19 0.9227 0.3099 0.7056

C20 0.4667 0.1703 0.7040

C21 0.1800 0.3335 0.2576

30 C22 0.1887 0.4688 0.2331

C23 0.0962 0.2506 0.2011

C24 -0.0076 0.2687 0.1042

C25 -0.0762 0.1706 0.0472

C26 -0.1515 0.3743 -0.0242

35 C27 -0.2158 0.4821 -0.0821

S -0.1923 0.2232 -0.0566

N -0.0487 0.3847 0.0652

O1 0.3878 0.1559 0.2575

03 0.6749 0.1137 0.3972

40 06 0.9464 0.2337 0.4280

07 0.8889 0.5526 05755

012 0.3257 0.3484 0.6457

H3 0.5927 0.1346 0.2372

H6 0.7463 0.4478 0.3947

45 H7 0.9884 0.3992 0.5620

H8 0.8080 0.2533 0.5499

H13 0.2573 0.1911 0.5357

H15 02575 0.1863 0.3624

10
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H6 0. 7466 0.4426 0.3937 45 H7 0.9913 0.3942 0.5683 H8
0.8117 0.2471 0.5514 H13 0.2618 0.1794 0.5410 H15

wW@20883%264 1778 0.3662 -20 WO 2004/ 026254 PCT/US2003/029628

10

PCT/ US2003/ 029628 H30 0.6691 0.0154 0.3705 H70 0. 9636
0. 5994 0.5825 N27 0.4609 0.5049 0.0188 t()acetonltrl | e)

C28 0.3963 0. 4080 d"@@sspg%%t%ﬂﬁ%q\% 5 C29 0.3379

0.2975 -0.0775 (acetlé@i tG-9745 0.5994 \RH9¥d4/ 026254

PCT/ US2003/ 029628 O28LB.3242 8G7%n &.00470ni (ethyl acetate)
Coor di nates for EpoDBill Guki 73 0388 008Xt o(eBull agetate)

For m EpoB- EA(3 ( nDsC28Y @t4¥1In 080985 010266 be(ethwaceuam))

5 Atom X Y Z Cl 0. 6290001%@6 4705100892 (Qefiff acetate)
8- gggg 8- gégg 261@1@ oAb 1003048 ﬁ E%é&te
0.4228 0.4212 C7 chg §%4?9§?%/%%0é4| gstte)
0.3405 0.5928 C9 0.7164 0.4000 0.5966 cno 0. 6298
0.3042 0.6134 C11 0.5231 0.3717 0.6266 Cl2 0. 4266
0.2844 0.6321
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W@1®40262203 0. 3272 0.1940 25 C17 0.8079 0. 1121rOr/BS%993/029628

10

15

20

25

30

35

40

45

20 C13 0.3066 0.2780 0.5503 Cl14 0.2581 0.3526 0.4526
C15 0. 2706 0.2867 0.3589 016 0.3940 0.3148 0. 3668

C18 0.9092 0.5160 0.3757 C19 0.9227 0.3099 0. 7056
C20 0.4667 0.1703 0.7040 (21 0.1800 0.3335 0.2576 30

C22 0.1887 0.4688 0.2331

C24 -0.0076 0.2687

Cc26 Fractisonal Atemisg Coprdinates foxcEpothiilons B, somapyl Alcohol

62 0. 25

06 0.2011

0.1042 C25 -0.0762 0.1706 0.0472

- 0. SflvateS Foiml EPaBol

0. 0652
0.3972
0. 5755
0.2372
0. 5620

0.5357 H15 0. 2575

C4
C5
C6
C7
C8
Co
C10
Ci1
C12
C13
C14
C15
016
C16
C17
C18
C19
C20
C21
c22
Cc23
C24
C25
C26
Cc27
S
N
O1
03
05
o7
012
H3
H6
H7
H8
H13
H15

stOh en\aton$

0.7565
0.8541
0.8410
0.8977
0.8345
0.7184
0.6325
0.5261
0.4292
0.3087
0.2607
0.2736
0.3950
0.7179
0.8084
0.9098
0.9269
0.4742
0.1807
0.1879
0.1028
-0.0041
-0.0678
-0.15617
-0.2289

0.2462
0.3018
0.4357
0.4390
0.3493
0.4107
0.3111
0.3793
0.2892
0.2842
0.3630
0.2932
0.3241
0.3380
0.1250
0.5290
0.3222
0.1736
0.3387
0.4780
0.2530
0.2724 0.1029
0.1712 0.0456
0.3781 -0.0198
0.4888 -0.0775

0.2851

0.3837
0.4229
0.5415
0.5940
0.5972
0.6156
0.6303
0.6329
0.5528
0.4551
0.3613
0.3669
0.1935
0.2541
0.3774
0.7069
0.7031

0.2590
0.2352
0.2009

-0.1896 0.2262 -0.0575

-0.0526 0.3893 0.0653
0.3903 0.1657 0.2594
0.6763 0.1239 0.3954
0.9485 0.2459 0.4293
0.8898 0.5642 0.5781
0.3283 0.3539 0.6476
0.5946 0.1457 0.2365
0.7464 0.4597 0.3977
0.9915 0.4115 0.5668
0.8111 0.2625 0.5504
0.2582 0.1971 0.5380
0.2640 0.1927 0.3679

-24-

Have betdvigmitted)
01 0.3878 0.1559 0.2575 03 0.6749 0.1137
40 06 0.9464aA8ym337 Y. 428¢¢ 07 @Gz 8889 0. 5526
012 0.3257 0.3484 0.6457 H3 0.5927 0.1346
H6 0.7463 0O

AAT 7
H8 0.8080 ogsgﬁg%%q:g@g?%
8 >
PCT/ US2003/ 029628 6 2009 0.

884 0. 3992
73 0.1911
2004/ 026254



H30 0.6713 0.0150 0.3759 H70 0.9745 0.5994 0.5930 028
0.5242 0.5794 0.0077 (ethyl acetate) 031 0.4179

w@20038%284 0063 (ethyl acetate) 5 C28 0.4731 OrPGDB82003/029628
0. 0256 (ethyl acetate) C29 0. 4265 0. 4705 O 0892 (et hyl

acetate) C31 0.361 %42%?) b acet ate)
C30 0.2548 0.3272 - g 10 -23 WO
2004/ 026254 PCT/ US2 act i onal

At omi ¢ Coor di nat es 1Qﬁ8 o @Ré?% 09&8 prepyd @shol)
Sol vate, Form EpoB- G383 @.3601 2863 g@04820ntsapioRy!wdeahol)
5 omitted) 5 Atom X ¥30 @4351 4&3898 Q.BZBZO (‘ﬂiptopﬁﬁlcohol)

0. 5609 0. 3055 0.318&280 2460 63.3279 -2.04870. (#bifopy@4icohol)
0. 7565 0.2462 0.2851 C5 0.8541 0.3018 0.3837 Cb

0. 8410 0.4357 0.4229 C7 0.8977 0.4390 0.5415 15 C8
0.8345 0.3493 0.5940 C9 0.7184 0.4107 0.5972 C10
0.6325 0.3111 0.6156 C11 0.5261 0.3793 0.6303 C12
0.4292 0.2892 0.6329 20 C13 0.3087 0.2842 0.5528 Cl4

0. 2607 0.3630 0.4551 C15 0.2736 0.2932 0.3613

-25-



016 0.3950 0.3241 0.3669 Cl6 0.7179 0.3380 0.1935 25

Cl7 0.8084 0.1250 0.2541 C18 0.9098 0.5290 0.3774
wWE&i®4022269 0. 3222 0.7069 C20 0.4742 0.1736 0PFDBY2003/029628

C21 0.1807 0.3387 0.2590 30 C22 0.1879 0.4780 0.2352

C23 0.1028 0.2530 0.2009 C(C24 -0.0041 0.2724 0.1029

C25 -0.0678 0.1712 0.0456 C26 -0.1517 0.3781 -0.0198

35 C27 -0.2289 0.4888 -0.0r7. 5—0 1896 0. 2262

-0.0575 N -0.0526 o 3893 o—géég— 01 0.3903 o 1657
.2594 03 0.6763 0.1239 0.3954 40 05 0.9485 0.2459

_ 42&¥actional etmngen@m@t@M EpathilpneBzToluenesSolvate,
. 6476 FermEpsRd" QB imb3t bydﬂwen atoros i lercomitted)
.3977 45 H7 0.9915 0.4115 0.5668 H8 0.8111 0.2625
.5504 H13 0.2582 QAtd@71 0X5380 YHL5 072640 0.1927

. 3679 -24 WD 2004/ 026254 PCT/ US2003/ 029628 H30
.6731 0.0260 0.3733 H7/0 0.9599 0.6223 0.5696 028

- 4344 0.2122 0.049%:{ 1 s9R5PRY0.234 £ '3} 58

C2 0.5581 0.2739 0.3228

C3 0.6395 0.1704 0.3110

C4 0.7506 0.2081 0.2888
15 C5 0.8509 0.2746 0.3880

C6 0.8414 0.4043 0.4212

C7 0.8976 0.4053 0.5382

C8 0.8372 0.3234 0.5911

C9 0.7204 0.3812 0.5930
20 C10 0.6312 0.2790 0.6075
C11 0.5255 0.3494 0.6227
C12 0.4302 0.2588 0.6250
C13 0.3014 0.2537 0.5473
C14 0.2538 0.3361 0.4501
25 C15 0.2643 0.2640 0.3626
016 0.3877 0.2964 0.3648
C16 0.7158 0.3123 0.2026
C17 0.8082 0.0907 0.2610
C18 0.9061 0.4961 0.3806
30 C19 0.9323 0.2951 0.6989
C20 0.4703 0.1447 0.6945
C21 0.1702 0.3170 0.2598
C22 0.1709 0.4486 0.2391
C23 0.0898 0.2230 0.2030
35 C24 -0.0145 0.2462 0.1060
C25 -0.0811 0.1430 0.0546
C26 -0.1432 0.3561 -0.0251
C27 -0.2089 0.4563 -0.0926
S -0.1987 0.1985 -0.0555
40 N -0.0507 0.3632 0.0580
O1 0.3838 0.1303 0.2676
O3 0.6742 0.0956 0.3983
O5 0.9468 0.2169 0.4313
O7 0.8912 0.5329 0.5727
45 012 0.3254 0.3255 0.6408
H3 0.5816 0.1062 0.2496
H6 0.7457 0.4264 0.3944
H7 0.9919 0.3719 0.5628
H8 0.8141 0.2297 0.5521

10

eleolojolololoeNe]
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C28 0.3601 0.2863 -0.0462 (isopropyl alcohol) 5 C30
0.4351 0.3798 -0.0762 (isopropyl alcohol) C29 0.2460
wW@2820%250. 0487 (i sopropyl alcohol) -25 WO 202d1/0288%5829628
PCT/ US2003/ 029628 TABLE 5 5 Fractional Atomc
Coor di nates for Epot 0 vate, Form
EpoB- TOP ( nost hydrggg 9263%5] ﬁ\#é% ge":\i mtted) Atom
X Y Z 10 Cl 0. 4314 %5631%158@2 #8581 0. 2739
. 3228 C3 0.6395 0.H39406568619.0002 9.3 0. 2081
.2888 15 C5 0.8509 WQ?W%%WSGCGSYMM 0. 4043
.4212 C7 0.8976 0.0RH:30.42588043C3 M0B302 (RIRERY
.5911 (9 0.7204 0.CZ20352830.320601.04096 fb?uéh 790
.6075 Cl1 0.5255 Q::ﬁﬂ%z@s@ZQ‘G%ngoqgas
.6250 C13 0.3014 @%352@4546@33@16061@,5 f%l

4501 25 C15 0.264%4h 2@@@8 A 2964

3648 C16 0.7158 4

.2610 C18 0. 9061 3 6 . 5 2951
44 ouene

.6989 C20 0.4703

10
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C21 0.1702 0.3170 0.2598 (C22 0.1709 0.4486 0.2391

C23 0.0898 0.2230 0.2030 35 C24 -0.0145 0. 2462 0. 1060
wae2w4402:28811 0. 1430 0. 0546 C26 -0. 1432 0. 3561PcDUSABI/029628

C27 -0.2089 0.4563 -0.0926 S -0.1987 0.1985 -0.0555

40 N -0.0507 0.3632 0.0580 01 0.3838 0.1303 0.2676

03 0.6742 0.0956 0.3983 05 0.9468 0.2169 0.4313 07

0.8912 0.5329 0.5727 45 01FABIRR®* 0.3255 0.6408 H3

0 5816 0. 1062 0.2496 H6 077457 0.4264 0.3944 H7

e

0.3785 H70 0.9663 0.5756 O. 5776 5 C28 0. 4258 0. 4317

0.0030 (tol uene) €29 0 % 0. . 0429 (tol u

C30 0. '23!(7}%@ it 3239 0 012§§ gl Ca Stn 1doS 4 %%%ﬁ

-0.07 181 uen&yPe cirg; s S{Bt U@ ey

10 : 556 o >3

0.4979 . . 21.320 4.1641 14
10.610 8.3312 2.2 21.890 4.0570 6.3
12.590 7.0251 4.3 24.200 3.6747 3.2
13.370 6.6169 25.8 24.500 3.6304 4.7
14.840 5.9646 1.9 24.800 3.5871 14.4
15.680 5.6469 0.9 26.150 3.4049 4.4
16.160 5.4802 2.3 26.870 3.3153 4.5
16.550 5.3520 2.9 28.370 3.1433 4.3
18.170 4.8783 5.0 29.930 2.9829 2.2
18.410 4,8152 10.6 30.890 2.8924 2.0
20.090 44162 100.0 31.400 2.8466 2.2
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Data for Epothilone B, Tol uene
Shown in Figure 9
Rel ati ve angl e d-spacing |
Intensity (deg. 2-theta)
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iy
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(deg. 2- theta) (A
2833 4.2 8.
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21. 8ddsingdbedetied aPERample T2 5tep B3 apg Shown. iaigure 21
13.370 6.6169 25.8 24.500 3.6304 4.7 14.840 5.9646

1.9 24. Bodetnb871 14.4 ReaB80
3. 4049 4.angle16. 1$6paging 8ointepsity
16. 55Q(deg.$xthetap 9o Ag 370 1%)43

53084BHI0. 9 26. 150 Relative
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{dep. &-theta) 1 7dAU 8733 &0
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2.0 20.®R104 4148978%0. 0 $14 40D
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Usi ng t hd3#EX hod ®F! 6Exarrplz@g
Fi gure 114 OScatt%rq g Relaas
ngl

angl e d- ng I g‘é"'ﬁskgy
e
g@l 8% 283%‘3 0

(deg. 2-f (A)5
21.320 4 48075 28.2
20090

13. 2212 §
4.4162 100.0

52 2028 30. 49633, 89249.0
21§28 2. 2-164hg o 44
TAAI8R07 PxABSTRt a fo?r1 8
i pg BA%at e, 3r§7ﬂiﬁuced 10.8
?é‘p‘”% and8bwn i nd7

ve S% erlngsﬁ at|ve189
A CI ng I4 nsi ty128
8 3 4 78

5.9

30 950 28869 5.3
31.400 2.8466 4.1




10.610 8.3312 6.9 21.890 4.0570 21.8 12.590 7.0251

8.1 24.200 3.6747 10.8 13.370 6.6169 26.9 24.500
WR2®30%62%4 7 14.870 5.9526 5.9 24.800 3.5871 1BCPUS2003/029628

15. 680 5.6469 3.7 26.150 3.4049 12.8 16.160 5.4802

4.5 26.900 3.3117 4.9 16. & 52424 9.1 28.340 3. 1466

7.6 18.170 4.8783 20.3 29 800 5.9 18.440

4.8075 28.2 30.950 2.8869 5. 20.090 4.4162 100.0

31. X¢RD Dala o Epothijone\B, ﬁ;bul/ Aoetate Containing Solvate, Pro-

Pciuced dlxing the Methnabp EEgampie? D8tep Coandidhowndndigure 13
5 Ethyl Acetate Containing Solvate, Pro- duced Using the

Met hod ofcalibgP! € 7, St epréativanid sehifaigi N Fi gure 1Relafve
Scat teri ngndel at i ggasihgt tlﬁ{ehsﬂtgalRe' éﬂgleVe AnBhding  Intensity
d- spaci @gg. LRARASI a_y_wngle (hop PAGhddd2AHREFNST [y (deg. (%)
2-thet 3 6B (d2Gs81Z- INeda () 26780 000 §2858BB8T 28000
20.720 4. 3388 100197082 950332. 708223305 2236264 3. 92%4.5
25.5 8.480500. 455848630 244470 3. @34708. 9 3584850 89
8. 1474 9. {p.g5%. 860 83145486 13.45 [11.8%607.56387858 135
25.190 3. 6036 7.8 78638070 ©.8768/1 5.16026. 13333 4088 7.8
5.7 13. 850070. 388%.746812 261660 [3. 268305. 9 31dsH90 57
5.9053 4. 73.85D. 050 6383936 3162 16. (4B06. 5218.38831 27. 530
3.2373 5. 2.9906. 85(6.952574 17 0 8.239603. 093R9% 7 35
18.200 4. 8Y®® 13. 5290090 3.067[l @753018. 73@37% 7237 52

16. 9 30. 0B, 9745.2570 11.0 28.850 3.0921 6.7
18.200 4.8703 13.5 29.090 3.0671 6.7
18.770 4.7237 16.9 30.020 2.9742 4.0
19.130 4.6356 14.3 30.320 2.9454 4.6
20.480 4.3330 72.2 30.740 2.9062 5.6
20.600 4.3080 71.6 31.220 2.8626 6.5
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Definitions The followi ng ternms shall have, for the

pur poses .of.this application, the respective meani ngs
set fo&‘—%ﬂﬂggﬂéw "Epot hi | one B conparati ve producti on

condi t irpRYoliovifg rf@ﬁ’ﬁﬁ‘sﬁaﬁ RhGd 'f&?thels?lﬂ’gﬁgé s Qbplication, the

epot hil one B t o epot one A,/ or pot one
prresnﬁﬂtlvemneamng\‘eeatfgﬂhdnedw st andar d condltl ons are
needed, Th

%l one..B rative,. rod,utlon

Cond t [ ERONIRE B EimBaiatFe pEraHoRCE ARS8 daghsre relative

cw&dudn@n&»f r@@btml%newwepomn@hé/ AS @aheﬁe;scﬁhw@ne quréaécuon
production flasks according fo Exa

dé@@ﬂ@%lﬂﬁlﬁst mnga@lmrwlormm)neeﬂegc wrlmefﬁl om

LA B BT AAIBRE S o A 6 ik

( @oAHitiBhS Nty ldeapprd;ﬁiétély lsealed (Bhg, toFfl25 misrodaction flasks
i ncubated faor 3-4 days at 30C and 160 rpm 2) F2

s@@gerdrragswrﬁéa@ﬁia 2)ea%éﬂwme§ ip n%ﬁﬁﬁaﬂmﬁs flask (ca.

?g transferred (10% to a 250 niL flask
con)1tai nifng 90 mL Medium E. This F2 flask is simlarly
i ncubatQre ndr frén4a flezen vinl 30@aanendrid® flask is3jansferred to a 125

CoR HsH AniBiag cRels i edtiss EXGomARRlIAN Grssiibay peiaw). The
bﬁ*g%pé%ddb%% ﬁ}r%dmfa‘;;éa't 8¥et afli TH Aond0 i) from

st age ternati mal nt enance fl asks" may
be)us2&tagerd t hese are derl ved fromroutine flask
transf of culture eyer S Ievlsra n o
£ om soMETYBcoRRS FaTite hfigHeicd. MhaB) S faidted (10%)
| 882 258PmY/ flaskicon®sihing Qm%éﬂi%ﬁVEat'ﬁﬂs FRREKGS | bfﬁ'ﬂlarly
flasks are 1 ncubated at 30C and 160 rpmfor 14
daysubated forB-4# slaya @b BAYC andd! Glorpimpr ove t he epot h| | one

AR EEL, 101 oo o 72 o

Production flasks (250 mL flasks containing 90 mL Medium E, see
medium formulations below) are inoculated at a level of 10% (10 mL) from the
F2 stage. Alternatively, “maintenance flasks” may be used, and these are
derived from routine flask transfer of culture every 3-4 days at levels ranging
from 5% to 10%. The production phase incorporates at least 15 g/l of resin.
Once inoculated, production flasks are incubated at 30°C and 160 rpm for 14
days. A feed is incorporated to improve the epothilone B to A ratio. Feed
additions begin at 72 hours post-inoculation as follows:

One mL of feed is added per production flask (100 mL culture volume)
per day from days 3-11 with additions also continuing through day 14 where
indicated.

The propionate-containing feed contains 10% Maltrin-M040, 4%
sodium propionate, and 3% Tastone-154, such that when added as described
at a 100-fold dilution, the final concentration in the culture broth, per day,
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The propionate-containing feed contains 10%
iekoi 0 il S BB SioBlls e o gevTasone
10||Q>21f (‘éké'lu@lrigﬁ‘e‘sibﬂual !ﬂv%!sf fr&l p\}'\%? ;éggmdg%'zg%ské‘ wWel€ generally

cul ture broth, per -31
PoBrsted SIremsayd 4 daysopest-itoculgtidvkl t ri n- MD40, 0. 04%

sodi um, Lonate, and 0.03% Tastone- 154 cl udi

resi duaPF?%gé@'P?qu Bﬁcﬁﬁoﬁr‘%{%@ﬁpia&WﬁQm?—?ﬁﬁg%f‘% bd added
ges ehalgpropiate \RRupsin 44 afobaY effdctl@® generate an amount of
post -inocul ation. "Propionic acid precursor” refers to

apyoRieRisAnid effrelivectaringiease diael epsthilonam topgpathilons A ratio.

O 31Dl L AL e e

efestdrs lilmoaigh the aefioh bf tengarenAimes. T%@bﬂéﬂdﬁj@g sRill in the art
can ﬁgeé;enerat ed spont aneously, for exanple, wt

| HHAl EeCoivzs SandifaieyIPhiPRUNES Widih RNde raadily tesied fes .

T LRk Y Sk A de i . S J L ecegni :
TR ERAY a5 ol Rl o B ipge A
geatio.aExagpiesoipchideanettiytand efhyl estees eépropjoridecid.

epot hilpne B.to,epothilqne A, ratio. Exanples .include, .
met hy| Bgfngef%‘i"ﬂgi '@§f‘é‘?@?6l?atrﬂtéﬁ%f9”@ Jdngre mytrients or additives,
" fsgeRiaR%ropiohates JERIRM prdRbnatk, b%&fun‘?@%;ﬂbné@r ntaining
nutrients or addit I ves, 'such as propionate, sodium
pmaipiuse &F oludion pdivitamin, cpininerak acarbahydrate sotirge or an@mino

sQl Ut | L V] ' pneral . a carbghydrate sourc
o el Sffon s Al dh wBug YR e oferibu AN e piep R the
odemseraatichyrduct dd)forcexahgslie Operidtiicallye iz balstd8ed SHE A
as, for exanple, periodically, via a pulse feed, via a
s Sybsiantially contiyausfaedisandibg likgndt sieuldibecunderstopd dinat a
b ' . .
r SORTRGAT RR hRforBut SR PRtaTOh 3E T R AR g Beaning o
t énerteradtieidledrormmoee tHaamommeceasias! on. " 20
" Tol uer‘]félcont ai ning' peans a sql vate predom nant |
n

cont ai nl AYeRRCoRiRIRG” BIeasiaseeAa P TREaEIRAISpNtdining an

P EHILER B HEES0 by BEACEHHUBS uskcyToss oo

ndn the &b, wdwerainrthe ieluene-coniainiag dotviaba alayser maynst also contain
one or more additional solvents.

“Ethyl acetate-containing” means a solvate predominantly containing
an amount of ethyl acetate as measured by analytical techniques used by
those skilled in the art, wherein the ethyl acetate-containing solvate may or
may not also contain one or more additional solvents.

EXAMPLES

The examples below are carried out using standard techniques that are
well known and routine to those of skill in the art, except where otherwise
described in detail. The examples are illustrative, but do not limit the present

invention.
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techni ques that are 30 well known and routine to

t hBeeparation of thenstrain S€16408 bygneans of mutation and selection,
described in detail_  [The exa{rgl e arf%i Ill(ustrat i ve,

but do not Iimt tANGPEPALAtOp Rfqelihanks 35\

2004/ 026254 PCT/ US2003/ 029628 Exanple 1 Preparation

of the strain SC16408 by neans of nutation and

sel ect SHigin SEH@49Bae derived feomdae nitaaguapiding dNTE)
CPeafiEn Syl P Ro2 ORBLERy o EiPion.

r Thde8Seb224 e suspended $C10 6AAT isabIC bafienaedi silsiedted to 1
mM Tris-HCl buffer and su!_k')joect eg?to 1 [ rnL NTG f or
F)

60U 66 for SEnBULEs giitie f.4. r SHSTERRIMGHVIKITET Ge 6P19RY oo
Cfihés ];é bBfEind@ by 8 'éé?é%tig}ﬁ 4rfdl Bl gﬁgm{inéﬁd

teste or epothitone productivity, an rati o.

| podditotivity, lrohB&Ss ratiex dsolatetsé¢alonied werefttaskeyrechtd flasks and
SBubitREdor B hodi SR U RSP b S S R o

MatBdinEmictiumEjce flasks: Ingredient g/L  Powdered
SkimMIk 4 Toasted Nutrisoy Flour 4 Tastone-154 2
Mal t ri Grewdo MegiuradCior shpkeflasksysos. 7H?0 1

Ingredient g/L
Powdered Skim Milk
Toasted Nutrisoy Flour
Tastone-154

Maltrin-M180 10
CaClz-2H,0 1
MgS047H,0 1
EDTA, Felll, Na salt 0.008
HEPES 12
Glycerol 4.3

The above ingredients are added to distilled water and the pH is adjusted to
pH 7.2 with 10% NaOH (or KOH) before sterilization for 30 minutes at 121°C.

Preparation of research cell bank: a volume of 10 mL from a 3-day old
culture of strain SC16408 was transferred into a 250 mL flask containing 90
mL of medium E. The flask was then incubated at 30°C, 160 rpm for 2 days.
At the end of 2 days, 1.8 mL aliquots were withdrawn from the flask and

transferred into cryogenic vials, which were then frozen at -70°C.
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before sterilization for 30 m nutes at 121 C.

Pr epar %tl on of research cell bank: a volunme of 10
froma ?Eelé?d’ﬁt'eﬂél’ mastencelidranks 2yjials Hom teosgarch cell bank

I
o208 i ahtanBetted flo 55025 FRHARIEIoBing 80 ik of
r predium B, atad/then IMUhdted eh80us, Walgns forl4-8 duysalNext® x 10
were wthdrawn fromthe fl ask Egl transferred into

F]}oﬂ@Fﬁ Hapsigred inje 2K 2pemal flas pﬁala,tgg]mg\?OmIgmedJlg'g E and

mast grge%og%ﬁ(%@ﬁﬁgyib'% ? ﬁqgts hﬁa"l?él earc ﬁf s yers pooled

wend 18 aviedliquuls e shasfeerdd intocioyedid yidts ahH@&%d ina
cont ai ni nsglo nL of nmediumE, and then incubated at

3beezawat /PR¢f or 4-5 days. Next, 2 x 10 nlL were

st g By R Bl babl B TR s8] e
Fiveaé ityawédiand trnkfersdtbintes & 1Mt dlasks ¢ohtdninl 10 mL of
aliquots_were transferred into cryogenic vials and

smadigm; b, thenfncubaied at 30°th 3 60mpeptara-6 dayss Next1& xd0 mL

e RSt 8 i B i oL el an

csrrdu@afémgt 401160 gﬂrpfdf@dr# dayE. Cellsih theselBfigsksabere used to
30C, 160 r mfor days. Next, 5 x 10 nL were

t inaesiale r1é’cP( 290 m%fl&sl@wnﬁmnmﬂmkmﬁdmnm Frighigh ware again

?;Eﬁ@gh? e, Jebbiler Bt 88l KR k8 sl v Booted

2pdyethef A$ kB BEHliubis WelrarsiEREH lﬂﬂb%rw(}jeq‘ffb Vialseand stored
agaln incubated at 30C, 160 rpm for

F malflrepzet abg®°Cl Ahaut ﬁ@f)eﬁqmwalsafva@ Qef@éaﬂedrfoaﬁuls wogking
ﬁlb ﬁklOtS were transferred into cryogenic vials and
sPBI 8™ n a freezer at -70C. About 500-600 vials were

generated for this working cell bank. Exanple 2

Example 2

Cultivation to produce the epothilones by shake flask fermentation

Cells from a frozen vial (1.5 mL) are inoculated into 45 mL of medium E
in a 125 mL flask and grown for 4-8 days at 30°C and 160 rpm (F1 stage).
Then, 5 mL of the F1 stage are transferred to a new 125 mL flask containing
45 mL medium E and grown for 3-4 days (F2 stage). F2 stage cells are then
used as inoculum for epothilone B fermentations. Ten percent of inoculum
(5.0 mL) is transferred into a 125 mL flask containing 45 mL production
medium. The flasks are then incubated in a shaker (160 rpm) at 30°C for 2
weeks. The production medium is modified medium E, which contains 1.6%
(0.8g) XAD-16 resin. The composition of the production medium for shake

flasks is shown:
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" CAGkARGn medi um f of

54—-PCH US2003/-0
r1shake flasks

9628

Wm v
M5 Mal trin-M

T oast CU |\|u

DllO 10 Gd 2.2

ri soy
H20 1

EBFROFHEINS safla sal
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XRE-$6dedin' | ask epot
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154. The feed (100 nL in a 250 nlL fl ask)

D/
i s

aqjhlésébeo%etiﬂg%'aig‘itg h?e gis\%ﬁlgd in distilled water and the pH is adjusted
to 7.2 with 10% NaOH (or KOH) before sterilization for 30 minutes at 121°C.

The composition of feed solution for the shake flask epothilone B
fermentation is: 4% sodium propionate, 10% Maltrin-M040 and 3% Tastone-
154. The feed (100 mL in a 250 mL flask) is adjusted to pH 6.8-7.0 with
NaOH and sterilized for 30 minutes at 121°C. From day 3 to day 14 post in-

oculation, 0.5 mL of feed solution is added daily to each fermentation flask.

Alternatively, it has been found that comparable results may be achieved by

doubling the feed levels and performing the additions at days 3, 5, 7 and 10.

Improved results can also be achieved by further supplementing the above

feed solution with phosphate, in the form of 1.5% dibasic sodium phosphate
and 0.5% monobasic sodium phosphate, such that when diluted 100-fold into

the culture medium, final levels are 0.015% and 0.005%, respectively,

excluding residual levels from prior additions. An added advantage of

phosphate addition is that no pH adjustment needs to be performed.

Additional yield improvements (in epothilone B) as high as 10-20 % can be

achieved through phosphate supplementation.

For assay of epothilones, resin samples (0.8 g) are harvested and

assayed by HPLC. Epothilone production in shake flasks should yield the
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NaOH and sterilized for 30 mnutes at 121 C. From day
3 to day 14 post in- oculation, 0.5 nL of feed
wG@ oM i s added daily to each fermentati on PCEBER2003/629628
Alternatively, it has been found that conparable
results may be achieved by doubling the feed Ievels
aﬁ@“%ﬂﬂé‘ﬁfﬁ@éh‘lk@)@ddltl ons at days 3, 5, 7 and 10.
| mproved re al d by further
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in the formEp‘otlﬂJkﬁ%Bll bBe+12. em@/grreslhosphate and 0.5%
nonobasi ¢ Sﬁl um hosph such that when dil uted
100-fold in 1rgt| he cu t1u?rQ medium final levels are
s 0. 015%ceipBre e BreViBES SHRINKS %sggéabygun&d@@éa@ko
| evel s from prior additions. added advant age of
p posice moseldpothilone 8 infaltakadlasks.adj ust ment needs to
be perforned. Additional yield inprovenments (in
epot hil one B) as high as 10-20 % can be achieved
t hrough phosphat e suppl enent gxffiple?® For assay of
epot hi l ones, resin sanpl es (G‘S‘@'S)Te harvest ed and
assayed by HPLC. Epothilone production in shake fl asks

Fort ow ofifelES grepalBRIRS anahEfehin 4t bighate™

nmg/ g resin Epothilone B : 0-12.0 ng/g resin B/ A
atio - 1.1-2 05 Comp ins. _the

10

a,Led_t_o__r;Lem_oJ,Ls_si_La
&1l sia0s: cul t @ 3.04pp @liayok fromiwedirzenndals is ackiates intg 90 mL

ne” opot hi 1 oA TSEHNE 1) 4250 1 S Bhuitahf tBf £3%5ds et soc

al i quot fromtamfe;o)m vials is inoculated into 90 nL
af _mediumE iin a 250 m flask and grown for 4-8 days

- —(n =

tF23stegeand 169 mbril 0% Fsk sigge celis are fransiered terl@gemL of
[ d 5
10 i ack ana|IHedbarEd AFotiny gkl erkFHeARE G £ 438e ot

rfpm  F3 st agg:30Repant 168 mphage to i ncrease i nocul um

dquantit y Transfer

Q)

F3 stage: Repeat F2 stage to increase inoculum quantity. Transfer

20 mL of inoculum from F2 stage into 6-8 x 500 mL flasks
each containing 180 mL of medium E, and incubate flasks for
2-4 days at 30 °C and 160 rpm.

F4 stage: Transfer 120 mL (10%) from F3 stage to 1080 mL of medium
E in a 4 L aspirator bottle, then incubate for 2-4 days at 30°C
and 160 rpm.

Medium E is used to build up the inoculum for a 14 L fermentor. The
autoclave times for shake-flask and aspirator-bottle stages are 30 and 60
15 minutes, respectively. For the fermentor, the production medium is sterilized
for 60 minutes at 121° C. The 14 L fermentor production medium is a
modified shake flask production medium (as described above) where HEPES
has been deleted and 2.5 g/L of an antifoam agent (Antifoam AF, from Dow
Corning) has been added. Six liters of production medium (pH adjusted to
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f er ment or arfgﬁ@"érl lized. Thg table blqug(/ Qhrmarl zes
t he process rameters at thg I4 T Terpentgr scal g:

Bench top flernentor process .aramsters" El to F4 14L
Tenperaturg BO C 32 C Pressyre 10 psfi20-ADP4 | ow 0./25

wm  pH 7. 2-H—4—B0-26-—40%—JApeH-erf -
3.3-4.2 Ti Jmaslierdiameler tn); 1> o Fe%ig-gt%gi li zatilon
time 60 mn Tif;/%ﬁbgds(ﬁ'%)' [T zat[ron 30 Ng¥omn  Tijme

Resin 15-30 g/ L
Feed sterilization time 60 min
Media sterilization 30 min | 60 min
time
Resin 15-30 g/L
5
Nutrient feed composition: A solution composed of 4.1% Maltrin-

M040 and 1.3% Tastone-154 is
prepared in a 5 L bottle. The feed is

sterilized for 60 minutes at 121°C.

Nutrient feed rate: The feed rate is 6 mL/hour.

Sodium propionate feed: 5.0% sodium propionate (1.5Lin2 L
bottle) is sterilized for 60 minutes at
121°C.

Sodium propionate feed rate: From 24-48 hours to finish, 2 mL/hour.

The feed rate is adjusted to maintain
sodium propionate concentration
between 0.05-0.2 mg/mL based on HPLC

assay.

-37-



Nutrient feed conposition: A solution conposed of 4.1
% Maltrin- MD40 and 1.3% Tastone-154 is prepared in a

WG 2004000264 €. The feed is sterilized for 60 m POL/ES2088/029628
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25

121 C. Nutrient feed rate: The feed rate is 6 nlL/hour.

Sodi um propi onate feed: 5.0% sodium propionate (1.5 L
i i he gpothiing Bitergasgain [ Ak darmentorsos sumimatdzed belew c,

Sodi um ' e - From 24 sto

fini sh,éﬂf%ﬁm%ﬁéﬁtefr’rﬁ@/égée rate is ?flﬁ?@g to

mai ntain s&d 12n propi onat e concent r dt0 ©8.0 bet ween
0.05-0.2 ng/nL based on HPLC assay. -37 WD

2004/ 026254 PCT/ US2003/ 029628 The epothilone B titer
range in 14L fermentors i sggdfpléigzed bel ow.
Epothilone B titer, ng/g resin Ratio 5- 12
1.0-3.0 5 Exanple 4 Manufacturing process for

epot hilones 5 ntor_seed stage; For the F1
Stage,  med um aaolfAcTRBNg pEEEss Tofdfouilondk, o0 i
each into 17 separate 250 nL flasks. The flasks are

then sterilized by autoclaving at 121 C for 30
i im =4 aie frozen vial are inocul ated

and 16001 i PLEIETH AU £32 LSRR and Higenddd o0 mi
medehuptoal RisepizrptrBaaimLligsks. THe Herek dretiverl gtesiiped by e

4 L flasks, then sterilized as above. Each 4 L flask
i autogiadng af d41 for IGweinties. ells foaneae Hozanvial ske inoculated

SRS a lbAReyh R G oot ERR o Rl

i s madeoith@Fd sthge, 7. oPhfedivl E 2fe madbaipam$dispbAsdd, 1.5 L
seed fernentors and each 50 L fermentor is inoculated
each into 17 separate 4 L flasks, then sterilized as above. Each 4 L flask is

inoculated with the entire contents of a flask from the F1 stage, then grown for
2-4 days at about 30°C and 160 rpm.

For the F3 stage, 80 L of medium E* is made up and divided into two
50 L stainless steel seed fermentors and each 50 L fermentor is inoculated
with the contents of three 4 L flasks from the F2 stage. The 50 L fermentors
are grown for 2-4 days at 30-33°C, then combined and used to inoculate an
800 L fermentor.

Medium E* is:
Ingredient g/L
Powdered Skim Milk 5
(or soy protein concentrate)
Toasted Nutrisoy Flour 5
Tastone-154 2.5
Maltrin-M040 12.3
CaCly-2H:0 1.2
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20 with the contents of three 4 L flasks fromthe F2
stage. The 50 L fernmentors are grown for 2-4 days at

WG 03825254 hen conbi ned and used to i nocul at e aPCT/B81903/029628
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fermentor. MediumE* is: 25 Ingredient g/L Powdered

Skim M I k {or—sovy nm@u—n—cgacﬁm—r-at-e)__taasl_ed

Nut ri soy FI MBSO A:E one-1 54 2. 51-Akl trin- M40 12.3
Cad 2. 2H20 0041 026254 RCESUS206631-629628
MyS04. 7H20 1E.§Tﬁo%\',\m)|'§§ ﬁ” Na sal PU2012 d ycerd
5.4 Antifqadlyeefwl 800 L fernentofszeed stage: The

i nocul um i gFown in an 800 | stajnless steel
f er ment or n‘f‘?tlf%'ﬁ‘e 5 cell mass (85ufficient to
i nocul at e ttre TEXt SEEd-Stage (a5, 000—+t—Ffernenter) .

Medi um E* for the batch is made up into deionized
water (400 L) and the m xture, pH 8.7-8.9, is
sterlllzed at 1 si g, 124C for 60 m nutes. The

e I 1a8gef rom t he sterilizer to the 800 L

fer ”E”t'ﬂ{ mBBQ PrHs gbvﬁsiﬁteag dé(fb ?E'taélaléﬁg ]sfegﬁ%}ﬁ'éeqt%r unjil the

fermentor IS en i ocula

stce@emaé'mls swfimdmu te inegulatietthe et $add awgeg(a@mm blfefRéntor).
poi nt s: Air FEl ow

Pressy Si
Tenper gdiym % 1[o§3t@ Bﬁtcr‘g' ngd%“PK&Ptd@ﬂ@?'z%Wers(ﬂQ@d-) and
d
PnF iR, o1 S B W er A F7 SR I TorSY ARTHEE, e
nﬁnadlannlsriransferrdrubfram]ihé.s’Bemlmegeo thEng0htfeinérstos airel 514
atadjusted to pH 7.1-7.3. The fermentor is then inoculated with 80 L from the
F3 stage. The batch is run with the following control set points:

Pressure: 8-12 psig Air Flow: 0.5-0.7 vvm

Temperature: 30-33°C pH: 71-7.3

Agitator shaft speed: 50-60 rpm

As needed, caustic (sodium or potassium hydroxide solution) is added from a
sterile supply to maintain pH in the 7.1-7.3 range. The batch is sampled at
intervals and analyzed for sterility, pH, sediment and glucose concentration.
Vent off-gas COz and O; are also monitored. At approximately 48-60 hours,
when the glucose concentration is starting to fall, the contents of the 800 L
fermentor (approximately 440-480 L) are transferred to a 5,000 L fermentor.
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intervals and anal yzed for sterility, pH sedinment and

gl ucose concentration. Vent off-gas CO2 and 02 are
w@ab®e/omam t ored. At approximately 48-60 hour s, PCTHIS2903/029628

t he gl ucose concentration is starting to fall, the

conten of the 80 L 20 fernmentor (approximtely

85 1§ igr seq 'edtoaSOOOLfermentor

-39 WO 2 0.
for mntﬁﬁ%@&%ﬁﬁaﬁﬂ SEregpnibrdt Geed i (Rnbgpium process at
f dhisstage. The ircetilum is gmwmmcbhbdmrpemtoesuatllahe dellinsass is

¢ et 15 b tiede {8 P ol BradhciR cofaTE0k ne 40, 000 L
5 ProductiVi@diufreE gt ?éred%d\/&?dw‘gnﬁo deiSrfped ﬁ%tész?mvﬁ is

(into dei oni zed 'wa is transferre
t HeansfeyEs fo ther:000 brfesmentohend ithert inostitadedvnith approximately

£ BAIGRRIR Pl LR bR e B0 LISHeAE" Bkl Edfin with the
P@ontrsl sat dmaldr@rmagutmaeézﬁ%eatabo@e %uuﬁl pl-FP"l'; r‘n%mtalned in
mai ntained in the range. At about 48-

houe €;1 whaaige. @t@@gé%ﬁ&mrmwh@rm th%gb@gsﬁgon@entmon
o | Baine3ef et o B 50808, e BhF Ui red o e

f On@0T bfemartoct i on stage: A 40,000 L stainless steel

fermentor is used in the production of the 15
epot hil ones. Once the fernentor has been sterilized

am;_@ dod 1 eskydritbr %Fo%(u'chﬁr_g @%L um it is inoculated with

t he seed prepare OL fernentor. Once

speci f |Pc4@,066¢cstamle$m$taabfeenen’@n‘és asdd #vibe, protection of the
R R L

| Pnddiemp s ﬁwocﬁhﬁed Hkhripsiseet praguied in 'fﬁé’ 520 férg‘ﬁafntor

water and the mxture is sterilized at psi g,
f §ncesspacifia @r@duph@a @arwtemmmchlmélae Epmentssof the

Rgm&.wgmqém 4 BEREYAO0 L of medium the

are added into deionized water
( 15 OOG' hle)medldnm ftﬂ’ thﬁpr@dmﬁpu:‘pém@brttcr i6. sterliz2d ihhwo parts. The

steri d at 150C in, a caontinuous
20 str%%ln i§ %@#e‘f mSP QQrL Ofwt%read%% mixflreds sterilized at 17 psig,
124°C for 75 minutes:

Ingredient Amount

Washed XAD-16 Resin 15-40 g/L

To make 18,000 L of medium, the following ingredients are added into
deionized water (15,000 L) and the pH is adjusted to 7.1-7.3. The medium is
25  sterilized at 150°C in a continuous sterilizer (hold time 100 seconds, outlet

temperature 60°C):

Ingredient Weight (kg)
Powdered Skim Milk 130
Toasted Nutrisoy Flour | 130
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tenperature 60C): |ngredient Weight (kg) Powdered
SkimMIk 130 Toasted Nutrisoy Flour 130 -40 WO

WQOM0D26254 PCT/ US2003/ 029628 Tast one- 154 65PCT/US2003/029628
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Mal trin-MD40 238 CaCl2.2H20 21.6 MSO4. 7H20 21.6
EDTA, Felll, Nasa4—0-22—d-yeerol—216—Antifoam 54
The medi um and 1 d&SHN& 554 1 ansferr k65t o t he pifoduct i Ion
fermentor which - nocul at egs@kt T approxi nat el y
3,100 L of inoc IINE%" rlg@ﬁ?he 5, 0032 fermentor. The
batch is run wi tiCaCie2EeDt rol set pRim s desclibed 5
above’ except ailk—flow is 0.2-0.4 wm As need 3d, t he

pH (bet ween 0 amaﬂﬁpé-ﬁﬂe@s) is ra/8&® with caustic.

After 80 hours, W—H—HC aci d.
As needed, foani ! c%l t P aISPEed W nti foam The

fermentor is sagly&fopt Teast oncpopgday for
sterility, pH s$edinent glicose ropi opate |and
epot hi |l one B condetifaami on. CO2 in| béhe off-gas is
nmoni tored and i 6—tecortetd—Feeds—are—startedat
approxi mately 30-60 hours, as long as the CQ2 is at

| east OFkd¥medifn faﬂﬂﬁ@@ﬂ&re'tﬁhnfs%}regﬁg tg'l%‘ o;{?b?ﬁéﬁ%igfeﬁnentor

(102 g/L2 with a shot size of 1. ran

1.vigh i thenjaoewatedwith Bpproximatelod.d 08tLaot inoatlugofrom the

. taotisoul
T e BRenE " THE METF N P Kool sBLPONs R o
o o il is 0.090.8 it | Agnbeded.anb b fbtdked 0 and 80
Phollee)if GAise Sinsasiate. Alien S0NcaaRa Tt o lewatarbwitb aulfuric

I R j N er [ .
F et PooBil Hoalfifg & CRIRABAY aiffar® (T tdfnshiogis
14appled @hieashopee aldaydoneteniliyhpHs setliatdrst, gluc6$e, propionate

marﬁl(’iteepsotﬁ’lpodnec D ggnt"?étiolnc.mcog in the off-gas is monitored and

recorded. Feeds are started at approximately 30-60 hours, as long as the
CO, is at least 0.3%.

The fermentor is fed sodium propionate (102 g/L) with a shot size of
1.9 L/shot (range 1.5-3.0). The interval between shots starts at 60 minutes
and decreases every 12 hours to a minimum of 12 minutes. The propionate is
added into 2,800 L of deionized water and the solution is sterilized at 17 psig,
124°C for 75 minutes. In a preferred embodiment, the sodium propionate
feed is separate from the feed containing other media components.

The fermentor is fed Maltrin-M040 and Tastone-154 with a shot size of
14.5 L. The interval between shots starts at 60 minutes and changes at 104
hours to 40 minutes. The ingredients are added to deionized water (3,000 L)
and sterilized at 17 psig, 124 °C for 75 minutes. The feed comprises:
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20 hours to 40 mnutes. The ingredients are added to
dei oni zed water (3,000 L) and sterilized at 17 psig,

wa2mid2e¢ 75 mnutes. The feed conprises: -41PGNDUS2003/029628
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2004/ 026254 PCT/ US2003/ 029628 I ngredient g/L
Tastone-1 54 20 Maltrin-M)40 66 Antifoam 1.0 During
the run, sone of the nedi um conponents such as

powder ed skwmwmm-—wmrmmm—are
exhausted. Starting at 5 appr oxi ely 115 hours|, the

previ ous feefdTastodlesidant i nued and] 2tne fol | owi ng

mxture withl-a—shot size of 14. 51 |s added to the
production feMMARIMOR i nterval BBf 40 ninutes| The

i ngredi ents E-ggped—Tto deromi water— (3,000 L)
and the m xt u}r\gt,'ﬁ%&lia& 7-8.9, is stg'r%i |ized at 13] psi g,
124C for 75 mnutes: 10 Ingredient g/L Powdered Skim
MIlk 49 Mltrin-M40 154 Tastone-154 20 G ycerol 78
Ant i f o&HNOgheyEA, sPrae &f fhaymegiim .cpmp@nsnt%ﬁ&ims pewdared

Wﬁ%lﬁ("%lﬁ(’lﬂ% 'a}‘ldgbg rolgaéa )ﬁbﬁ?%ﬁ@g Bé &tents

the VEéss are harv s range
f rapprmmmate(y b dloyrsg-ikd preyious wdns dmdontlﬁwd anAtiitios foilowing

RS I L8R it b4 | saden BahpBRIgn fermentor at

Clitahalld brad hﬂﬁut‘é@ Wh‘é%@‘édléh@ Red EUH@G 5’ delorhzed water

purification by reverse phase 20 chronmatogra
f i(BA00iLy@nak thermixturbj piH-8qTr8L9,tiy stepitizad labhé pBlg, 424°C for 75

minutes:

Ingredient g/L
Powdered Skim Milk 49
Maltrin-M040 154
Tastone-154 20
Glycerol 78
Antifoam 1.6

When a desired epothilone B concentration is achieved (normally after 9-21
days), the contents of the vessel are harvested. Epothilone B titers range
from approximately 5-24 mg/g resin, with B/A ratios from approximately 1.5-4.

Example 5

Extraction of epothilone B from XAD-16 resin with MTBE and
crystallization to give solid epothilone B; purification by reverse phase
chromatography; and final isolation of high-quality epothilone B

-42.



WO 2004/ 026254 PCT/ US2003/ 029628 Harvested and
wat er -washed XAD-1 6 resin (approxi mately 550 kgQ)

w@oviarasyg epot hil ones (approxi mately 5.03 kgPCT/US2003/029628
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epot hilone B) is mxed with aqueous nethanol and

| oaded into an extraction colum as a slurry. The
packedHasested andaetenwasihed X4drd6esint(appreixinatelesdbo ko)

BB g SO R it
Watile dliSmetivaitt antapadainte balexirachiat culohimnas . slaiﬂe The

rich eluate is collected and polish filtered. Afte o
gPacked resin is waghadbwil ﬁﬁV@O%WGtB@L@du§eﬁ|ﬁé§%@“etﬂ@€h 'of 30 %

U S0 NORELEBHION iy PSSR i Eptones

MaRErdraovediwith MTBE )washesddppraximatety datadrvollIrhes)b aftodhrich
|s re- concent a.con

e ISP EARG Pl ITAgB i MO BV pelingridemaver Ay
' %gﬁéé!ﬁ%rghéf,é qﬁ%%t} WBEW@boﬁféﬂggﬁgo B crbhé?ﬁﬁ Ss g?awty

I OXI he crystal
wastiled, thedagrécas. plikise neswvedi agd pdotili@ual vk i(8 bed volumes)

ol h fil d
“hB38 Y the Patth! TneBalin SirtSiceatindl 4 380kentdioR
Caaﬁﬁfmrhafénwa t9f1 5apepSkilonms Bl perdQ The Hatdh is mdwalhzvéuabf&

After heating to 70C, the batch is then cool ed

S Igmd@al tcoomg)omm 5r6trmws atﬁpproxgnat@lsaow y¥haicrystelline solid is

Gl S B Rl % AR ity e BiecR b
I @B\ Batdtd aRd pRRsh Ritd e 1Ehe( tich Bifrate i eridchirated dider

resi'n). This product is then purified bg reverse phase
c Naowndg raa@mcenizretlsm oh aenmxuga@bhze ted mpqtmlior@ﬁ perlL.

ﬁ@e bty £ 20 iR P ldhen BOGEC by ik Rodhaply oc to

enataline slufriyl ehick & HIRSked/ Wash&e it Sord Et@AE, and dried at

product Is dissolved in di rreth | sul f oxi de ( DVBQ,
14assshin rﬁé)"Cldg)glvet iselmdrwtalllzed e@ethll@ne i 84 % yield from

otk i et e s BRaTRyRiRAe Pk ifRpgrgony.

an equa chiehmtisgrabhld\&umA (1¢@we dianfsteek wotcaﬁ Ib@ﬂ laﬁgth)
the sanpl e upon introduction of the ueous

pipasked withgeyeiisgIphase statinnady SHBRP ﬁ@(}@d %lﬁﬁ%ﬁlb{@ted with

"S55 SPELAIR ChSANT Sp iAot

B dirhethyt sulfmdde (BMSQ, I1e¢15€|d penka), mmtmxtum‘ filferad t® cermove

escite sustana et aadad Hefo 1l o hesad g an liuot of
100% DMSO, and chased by an equal volume of DMSO to reduce
precipitation of the sample upon introduction of the aqueous mobile phase.
The sample is eluted from the column using aqueous acetonitrile (30-50%
v/v), and the effluent is monitored at 290nm by a UV detector. The epothilone
B product peak is collected in a number of fractions. The fractions are
assayed by HPLC for both epothilone A and B and other related impurities.

Desired pooled column fractions are charged to a distillation package,

and the batch vacuum-concentrated to remove the acetonitrile at a
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Desi red pool ed colum fractions are charged to a
distillation package, and the batch
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-43 WD 2004/ 026254 PCT/ US2003/ 029628 tenperature
bel ow 40C. The resul ting aqueous phase is extracted up

t demperalrg Palow 49%h thayesulling agecoumphasrisendiastied up to

. o q _
; Shis ik ARG SRELaNIIE oL By B gongeritod uncer
t va@udm @i artemperapatitidiond0BC 16 gileph aBAcéffatitpndiaess 0.2

is added to the batch at 40C, 5 then the batch is

c @mbofarathiionedd 2 ntideptane (ehepienesy isrddaiedltealae batch aht 40°C,
il t
e op BaBLTREBb R b 2 Sarbr i heldioratics dhotts

e HQ@&@QM sk ngﬂg @FiItb%odéﬁc?ﬂ/agﬁé’@yitéi@#ggﬁzﬁéce’)’éfe‘m-ﬁe fane

yield 3.367 kg with a potency o qgui valent to

3.s0dutlo, tereihet firidl epethilona & ¢aka ig.driBldeundezivacliomnait3%e40°C to
resi 1.4 9% LC i ndi ed 99.6 area % 1o .
c 30 R iy 5 palency o 81 ok eS8 K Obenaihilone B
| TG Y TRE G trodt theledin WaS81% ‘VE.’(HE‘E*S‘?HQFQQJ G¢6'8a %
of epothilone B from XAD-16 resin with ethyl acetate
arepothibner.sQ.4larea & epothitone A, evitheme otier implusityl presenttat >0.1

i splid epothilone B; purification by
ge%/fg?sﬁé) phase chromat ography; final isolation of high-

qual ity epothilone B XAD- 1ERahfisle® cont ai ni ng _
epot hilone B is washed with vva%er on a 20 vibrating

screen (SWECO TM to clean the resin. A portion of

hi : ) >0
epori AR BB, B fom(RADILE ridin iR syt acptate and
of cegss:ta]liz’asl;idnwithftfetuafé as antiﬁ_al\lem;mtgi}lg gib:]idvsgqtﬁhilone B;
. ly 5 L er to rinse e resin . .
o irrigRon bydeistee-Phasp chiomatestarhys ina dselation of high-
(BV) of input resin) iﬁu"ah?\ﬁeﬁggﬁ d&opt he 25
e

container. The slurry i's stir or about one hour,
and centrifuged at 3,500 rpmfor 5 m nutes using 600

firar oy 18 EoN i Siajulhe B WeReu i frenon s
anibrativey screehUSHPESCET MY eReleaAdhe Nexih, A PErtibAdM this
?Eueous resin-containing bottomlayers are pooled in

RPRIGKIRALRBY 6.64n ¢oBIAHYINg 4668 arepothive B.assay@ie og ok
CRBbHiBREB pBFgram of resin) is transferred to a 20 L container using

approximately 5 L of water to rinse the resin with water. Ethyl acetate
(approximately 2 bed volumes (BV) of input resin) is then added to the
container. The slurry is stirred for about one hour, and centrifuged at 3,500
rpm for 5 minutes using 600 mL screw cap centrifuge jars to separate layers.
The first rich ethyl acetate supernatants are decanted, and their volumes are
measured. Next, the lean aqueous resin-containing bottom layers are pooled
in the container, and ethyl acetate(2 BV) is added to the container. The
slurry is stirred for about 1 hour and then centrifuged to separate layers. The
second rich ethyl acetate supernatants are decanted, and their volumes are
measured.
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30 slurry is stirred for about 1 hour and then
centrifuged to separate |ayers. The second rich ethyl

waeataressuper nat ants are decanted, and their ROI/US®E3/029628
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are neasured. -44 WD 2004/ 026254 PCT/ US2003/ 029628
of in resin) is then added to 't

WAt -

com‘if QAo 3 Pt ST RBLIBE I G them,adtaskiodhs corrhiaaririch first
L oA Bl S QUL ok ER Siues.
Ndayers are pevwitted dujseitiadolt agproxinsately 30 atimdesr doxt, ke lower

th I The, rich 5 shed .
o okt vt is et Bt st B6h st aBeiie Faeer The rich
| Q@eﬁsﬁefalaé’thﬂ%etat"e%y?erq@ &éﬁéérﬁt?étée '&t ‘éﬁeﬁ%@?&&ké‘@s@'tﬁar]r%%
g of epothilone B activity per
cé‘h eegancentrigtion ohappreximaiebt 0 g céapothn@ne@;acmmy per liter. The

e eTRBriHet Rl acefHBRRINR §ind pofitiatet e

arwnbbmr@t@tjqb 20525 g/ cogsathilgiieed. 10 using vacuum at
| ess than 50C, to the volune of the batch before

t oI uendigidgneeaiiation iolane i rdded rodite batchders-cencentrated
i
oS PR 8 BB S0, Yoltng vollht of [RERiER LSfGE tne
p ramidiiticin. CTlys baicb is hibowed tdn eoclrty)sabmlut HB%G lover approRinmastely 1
fllterﬁd and shed Wit h &{ﬁene( BV) and the
Houkt QPét'HP ar eRProxigely, Bwrﬁaﬁtéh‘y“' tempgrajues tojproduce

SQIrbdu& ﬁh@' rNb)& Sthe @QEII@Q@&ﬁ bhfehSs R é%r%d‘ afld WasHE® with

activity fromstarting resinis

Pdeluehe eﬁt»O@rB%yam@m salidsiars alricklrtoryia!ld gpapiymately 30.4 g of
rf.ornmed.an t selid othilone B_extracted. fr

P Solif HBfaidRea a3 ePBIriBEL E adlve dis et phisd fintarting

L y¢8€in |§,§7%318(2) 5.0 cmx 25 cm colum BV 400 nmL) is

pre 20 eqU| librated with 3 BV of 40% (v/v)

acet oniftuification by revessenphrsereheematpgraphyis pariesmed|anithe

SR SR sl 56 |4 ABBFE IR s e coturn
t [fPhegbdmenkx unpapsrC18(2),e310 ¢ pastom,ud:%umatBV t4{(30 mL) is pre-
B BT USSR SRAS, e oy 6 g o
' ri‘hé QSIld g bt’Pﬁlon%1 ms@%@o“}édﬁﬂeapfﬁr%ﬁ ‘télz%afthﬁ éﬂf?)l\ﬁﬁ@y‘at%;bout

injected Tnto the sanple 1 oop
i 40eCt them themixpetsfitered thidughdilter papet i rearoviesparticulates.

%I‘Olea&qu § rLdofODIEISIB' is lnjec’tecPln’[nOI‘neI Qémp}eelgog ltc? p?event

precipitation of epothilones in the tubing. The epothilone-rich filtrate is then

injected into the sample loop. Following the injection, the epothilone filtrate
container is washed with around 0.5 mL of DMSO and injected along with
about 1 mL of DMSOQ into the sample loop. Injection of DMSO after injection
of the epothilone sample prevents precipitation in the tubing. The contents of
the sample loop are loaded onto the column at a flow rate of approximately 5
mL/min.

After loading the epothilone onto the column, the 40% acetonitrile-
water solution is then pumped through the column. After 3-4 minutes, the flow
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t ed th t
A0S 2r pultadig M SthuAGasaten TR PRIea RIS Agotpia Bxiracts
ly
SBEE gt B I Ol Sp BRI
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s @it laasd 2. hours. na'heyproduqtmﬁttalseare fdter@t:lammw/ashedwmhra a2 (viv)
n-heptane:ethyl acetate solution. Finally, crystals are dried under vacuum at
approximately 40°C for approximately 12 hours. HPLC indicated, for various

batches. 99.5-99.7 area % epothilone B, and 0.3-0.5 area % epothilone A.
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2004/ 026254 PCT/ US2003/ 029628 Exanple 7 Extraction of
epothilone B from XAD-16 rgsin wth ethyl acetate and
crystallization with tol uegéﬂﬂﬁﬁ.&isol vent, followed

by recrystallization 5 to give primary grade

epot hilone B; purification by nornmal -phase

chr dEwitacticmpbfepathildnenBl frd)moXADi-'tﬁ] resiniwigh etgloyll acetate and

gggw#tpﬂ tlgnl}g&tﬁg @{ A a f\{ ffd?l[ﬂv{%ci]éy%ecldfstallization
crystgl Wégirlrﬁé\r é&déééﬁétmwmes ﬁnﬂhaaheﬁq:y&qénﬁal Bhase

resin (1135 iI's” | oaded onto a "~ colum. Wat'er

n) i ehmatqgsapbwaladdmal iselatiny ofhighrauatity epothllone B
epot hilone activity is eluted by passing 9450 nL (7

bed vol unmes) of ethyl acetate through the colum. The

etdigp A2 G&é%l@tl@h @apﬁrﬁ@é aradv\egothilorse Blusing BEFOA8textraction-
| east one hour. A dark brown aqueous |ayer and an
el alne 15 renpved. The rich ethyl acetate
591 U1 eleh ERRBAUEGHEAIETEN rBFIVR0 §) 8 1ohdEdBho o
pe:gldmn Thgatec @mmt)ﬁtsalsen: mldlbawaddtrmsettbe «tommmu The

20C. T
F aPodn Bine bty ReeIviBif Passing 18D FRL Ut st valshen o1 et
[ ostatd okl e Bglghr. TRE SRl ApSats ghiok RAMIAIE] &) fetle for
t @t b6t one rmqmalt\ dayk Ltmrewnfaquebue teyer sinddaeemulgiernlayer are
stirrin r.J10- tes kee
- ahiov B e S ighaa e, 6 R EPh et ey yppuym to 2
atta@é@cbﬁéerﬁfhtlﬂshfbﬂa@‘pré)@hi WI‘EQOtyoﬂ @mhilldm Biges L. The

tenperature to 40C over ours and then | owerin

t IRONCeRisaieds alewed to §taodo€:/ apurs anslipecled 2Py |Th|ercg>oled
CSTbR AR s SRS e e A Ry ek e Bobial® oo .

vvl'ItHe ¢arhbiaed fit2eant wish asd wrro,enhatedm)app(rbnimateiycafsg
et

FReUlng Bot e heRisg B O5iKe. ARRLeLRRIIY Btfelugne is added
a%t%ﬂrvh% of8P1085' AL WANE Réopin te YEHHEFRNIE Sbve 60°C.

oven at r at | east natively,
t e @mroeiatuae is meindained ah 668G dons0 misuies Jellowad by lowering
t e ?ér%})gr ?ure%o%ea 06\‘/%? l‘itS ﬁiours and then lowering the temperature to

1°C over 2 hours. The resulting crystalline slurry is stirred at 1°C for at least

60 minutes. The solids are filtered off and washed with toluene (20% of the
slurry volume). (In various repetitions of this method, the mother liquor
typically contains 2-6% of the input epothilone B activity). The solids are dried
in a vacuum in an oven at 40-45°C for at least 4 hours. Alternatively, the
solids are dried in a vacuum in an oven at a temperature between about 40°C
and room temperature for at least 4 hours.

The dry primary epothilone B cake weight ranged from 8.4 to 20 g, the
epothilone B potency ranging from 650 to 713 pg/mg. The cake also
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30 and roomtenperature for at |least 4 hours. The dry
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gg/ ng. The cake al so -47 WD 2004/ 026254

PCT/ USZOOS/ 029628 contai ned 12%to 26% epot hi | one -
( aﬁ°§' a@# dévr 10 26%enathilangA (arepprateent). evgegewéu@l gplvent

/ I | ot s that
vvere eval uatﬁnge?@ Eﬁd%g’éggqyﬁﬂﬁ/ Jﬁ%ﬁﬁeﬁ%\é? EgoSB |ﬁ %
rdF'mv\fweyotsnh@iLWel(egevedlpateBi Kg) (g) Primary cake (g)

1327 12Q1 /1 1’7’7RH1REEE1QRQ7 OQEThnfnfal

I ossggeTééT theaf‘%@{ N oqeﬂ?&&@‘t EBP%% 9. [forecoyery

per cBiRUt (8) ¢ HePRRIHE) o A peak PEMAVve tlo the
epothilone B geak fromrlesin to péakefd) cake dr opped
f r onil 327-4@et agé.4e12.29% t6.034B86 The>.BXREGpat t|@798 and
thermal analysis for crystal solvate obtained

fol |l ow ng the method described in this step are set
forth ihedplallesses fantheligolaiar pregassavpragatde-pXhe percent

%tfttﬁé Eg&fh lghéi%\ eacik ﬁ?ae; Jéftbgﬁovggﬁ@tﬁgg%?éﬁgfr% i to

data ré
Reprinyaty adake zhebppmsd fromego tive tage eof B9/t %, OTHe PXRD pattern

0 A ACps ?&v%e@sqﬁx%%°oi$%u'n?$ﬁ@%v§ adhd mejand

Cakenbiahi o abp SRR Pty SN agehbY, e

V\AﬂXEDrmﬂenaoﬁFlgyra Otie fipthertahacacieizaed bphe data reported |n
r L?lr.ll)llt#n%l_)sl urry is held at 65C for 0.25 hours to 1
€ 8% ch is then cooled to 40C over 3 hours.
Cool ing of the batch is continued to 0-2C over 2
hours The batch is 20 then heI d at 0-2C for 12 hours.
&5 | QGIYH g8y is then filtered and

e ORI B S PierdhE o

Qﬁg) bﬁdtﬂé%té‘cpt@ﬁfﬂ-%@wm&éurhhg u Wh@fiﬂ é\l@écfhceniiﬁﬁoﬁ 65‘ e

is dried in a vacuum oven at and
h@pothilonal B wiasat5-8@ igyactiviig penliter). sTquereej (0 VEY \madded over 20

OVSiRufts \ﬁhﬂee%?r{tgwggea l?&%‘n‘ﬁ@?a?ure above 60°C. The resulting slurry is
held at 65°C for 0.25 hours to 1 hour. The batch is then cooled to 40°C over 3
hours. Cooling of the baich is continued to 0-2°C over 2 hours. The batch is

then held at 0-2°C for 12 hours. The resulting crystalline slurry is then filtered
and the cake washed with toluene (2 x 0.028 L). Typically, less than 3% of
the input epothilone B activity is lost to the combined mother liquor and wash.
The cake is dried in a vacuum oven at 42°C and 29 in. Hg for 2 hours.
Alternatively, the cake is dried in a vacuum oven at a temperature between
about 40°C and room temperature and 29 in. Hg for 2 hours. The dry cake
weight is 13.6 g with a potency of 764 ug /mg. Residual solvents include
EtOAc (0.9 ,wt%) and toluene (13.2%). Typically, EtOAc and toluene are
present at combined levels of 13-14 wi%. The percent of the area of the
epothilone A peak relative to the epothilone B peak for recrystallized cake
dropped to an average of 6.9%.
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hours. The dry cake weight is 13.6 g wwth a potency

sol vents include Et QACT/182083/029628
wt % and toluene (13.2% . Typically, EtOAc and tol uene

are rese conmbi ned | evel s of 13-14 wt% The .
percegtﬁ}?f ﬁ%ﬁ@ a?tg%rn&n thermalanalysis Wﬁéb?idy@‘lea‘?bt@@ed

{ GoAdWingRé iR dBsBRNT s 46p ¥P8 Bt 1ofRdn G Gos 9 and 12,

dropped to an average of
Pagspssiively. IhedRDaitarxRDFjgatre i ris furthartabamadterized by the

anal.ysi . ol vate obtained foll ow ng the
m%%gééoéieglpgt%ﬁé?’ ?ﬁ%e'step are set forth in Figures
11 and 12, respectively. The PXRD pattern of Figure

11 is further characterized by the data reported in
roma :phase chr omat ography: The

TN h

f Talap ' red: 20% (v/v) ethyl

e RRIE 00T BRASES AUTeBRBRI 1 200 ct nyi

a@d%(el) ethipbatetate/ (rHépthhe saltioh¢~100yp et hyl acetate
I's set up: Waters

- L).  The follow i t
E)équg/ae};?yéﬁcgf@é)f;n‘%mf’%%?gg%p@&e‘gﬁ at 290 nm Col um:
P icron, silica (2), 5.0 cm X 25
cg c/glsm aS%ﬁéE@ngﬁphg]o m) . The e

The colum is
eduid foblowingdequiipment isesbtwpt urres of 20% (v/v) ethyl 15

BRI Dol SRl A0} DELERE VIRt o Sob M eoimne PRpnomenex
diLspal vs@mbmﬁéw&g (s%f, B ERYX g%e:cgqgvikﬂumevolim% bay6 'ﬁwli))?’

filtered through -mcron. er to renove an
par t i cdihgtesiumpds eqtiijibrated withehbed Moluinyeseok2@%! (uhv) ethy!

SRy hErEEE 0 308 ] b ARpb i oaton
col umm Thie epotRibbrieB icake (5.'5%)’ i§ distoRedIn BN didhethPRne
fl@h tr' 30 _seconds, foll owed i ncr easi ngﬁt he flowto

i¥en Thia batch e filkerieg) teraughraul ingicrasld €HE filles to remove any
CPRLRREES A bEDroLbit TASHIL e (24 e o rnse
i $hafiker. | THeddeh ovetlylehe chioridendilirate is injected onto the column at an
initial flow rate of 5 mL/min for the first 30 seconds, followed by increasing the
flow to 20 mL/min until the sample is fully loaded. The container containing
the epothilone filtrate is rinsed with methylene chloride (2-5 mL), and the rinse
is also loaded onto the column.

The elution is begun with 20% EtOAc/heptane while increasing the flow
rate to 118 mL/min. After the flow rate reaches 118 mL/min, the pump
program controller is used to run the desired pump program. The following
pump program is used:

% ethyl acetate /heptane volume bed
— volumes
Time tszlmin) A B C mL BV
0 118 20
7.5 118 20 897 1.83
7.6 118 40
45.6 118 40 4496  9.18
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9/18 {BAWD 2084002625 R0PCT/ US2003/ 029628 |[5.7 15D
100 69/85.450 10053555 7206 694 150 [20 85. o4é0 2[B.02
2460 5858 85.800 20 Frgpgiions|are colTectet and
assayed for purity using HPLC. Th fTive batcties, th
area percent of epothitome BT the cottectedt
fractions was 99.59-99.93% wth yield averaging 91 %

5 Opti dirattions areecatibciadedrbasyzyedifor ﬁ@ﬂ‘tf,/QIsﬂ?ﬂIt—lPLC
acet at e/

40% et
o hopt ARHVE Palihss. e AieakarmeniRl eotlone B goine eallepled
?g@tgggﬁ? ?%F:nglq %?1\@%*2?&4‘?3[)? gt%]@%a{lga?e{gg%% The sane
chr orratQmmpHy, tquhmatograpm,slscbeﬁdrmﬁod ﬁg?llaﬂya Usmg an
ro
|§({Tcgétf A}&‘%p ¥ %tegn%ﬁfp?qr@ewg?n, R, mgtl*h qnmjgr 100%
f lefity beBiatev@sIuRRYABHING e B ISIRWRRY BP - e& |BFé‘P|bH v{nﬂ’f‘&O% ethyl
93 455 he s

Bin the collected fracti ons was
i scetade. .U]ebs@a@smmmgtcwrephy pauiporant is usechwnhlh smaller

a’&l%het%gggl{u gﬁ cﬁﬁm{llgé ngwg{gﬁ @Pylgﬁ o egg&ﬂone B

Tiﬁ'éGlthEg:;) in frey h@mcmffra@ﬁ@h@ WaerBs98 andl th8 &ré8 bR 8f epothilone
EUtS was 9 6-99.9% The 15 col unm can be re-used

the collecigd racgg@% was 99.4%: 'B}g,glpg\yq ispardtierprocess was also

performed on an 11 cm axial compressed column with 31-35 gm of epo B
eluted in the heartcut with chromatographic yields of 90-94%. The area
percent of epothilone B in the collected heartcuts was 99.6-99.9%. The
column can be re-used multiple times.

Step C, Final crystallization:

The desired heart-cut fractions are pooled together to give a batch
volume of 1.62-1.73 L. The solvent is removed under vacuum at 40-45°C.
The target distillation volume is 25-28 mL (epothilone B concentration of
approximately 200-210 g/L). To the concentrate is added warm
(approximately 40°C) heptane (50 mL). Alternatively, warm (approximately
40°C) EtOAc (50 mL) could be added to the concentrate at this step. The
resulting slurry is stirred at approximately 40°C for about 2 hours, then is
cooled to approximately 0°C over about 5 hours and is further stirred at
approximately 0°C for a minimum of 5 hours. Mechanical stirring at moderate
rate is used throughout the crystallization. The crystalline slurry is filtered and
the cake is washed with cold 1:1 EtOAc/heptane (25 mL). The solids are
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Residual solvents in the cake were 10.6% ethyl acetate and 1.4% heptane.

Example 7A
Extraction of epothilone B from resin, followed by repeated

recrystallization
Water washed epothilone rich resin (549.8 kg) containing an estimated
4.10 Kg of epothilone B activity (Area % for epothilone B = 58.0%; epothilone
A =29.2%) was slurried with water and charged to a column (700 L). The

column was drained and blown with nitrogen. Ethyl acetate (2969 Kg) was



21 Og/L and then n-heptane (60Kg) was added. This
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20C over three hours, then collected and washed W|th
30 Kg of heptane. The solids were dried at 20-36C
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Ka5%@SAn eeial e ldrieAfAdaabioliéae W§8 Qﬁ&ﬁ 8d86a@ Qithtdigfing and the

el uted through the %ol um at a rate of - 1 bed vol une
paratpdalrwasheld alot@lC fof ~30 enipeiesy dhakaich wae thesmbiondy
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B AT R LB Bt Bl B o
{ngb%f& Eﬁl rfy_l_\ﬁﬁs thﬁmwélglmiet)g@éowais hbheﬂ'lgsxme{thgam"ﬁiallme

0 e concentrate
t BBRNAVRSHeeD tikered and the cakeoashod Wi | tplyan warot o) fhe
oA A SSied e BB 8 o i o
fgzyeE'aIW@MrMhywmtatbe(n%@kg)antrat ed to a vol une of

e

¢ of uend Nt} Serystaficanion was peMpTiRg sty SindBiling the
W%hhﬁhﬂ a?&fetatéﬁgle@i_ After Whﬂﬁir@&o 65%e éiﬁéq@al\%ﬁjrhégﬂtoluene

owy 10 cool ed over -4 hours, followed

cmaa ar@decbwums@vm arzd mermates"lal WﬁséWQi@Iaﬂ 8516 for aminutes.

ﬁ(?‘?t%ﬁFﬁH‘Zas %‘?‘{ﬁ‘? §fr(kgily{§%“%bqv y er i Y e‘sldﬁlgﬁ crystalline slurry

V\@ﬁiﬂﬂte@eﬂ landobaghest uding thd-$améprocediselandrguiprvenias above.
dried briefly under yacuum then redi ss I veg’gf [@&rg t he

filter Twe gdditigaakdimiar racersty! liZatigns a%0 §S0y ve pere
Teroigl b ﬁwgﬁﬁféddﬁm@ chREaIRGS EQKERith Sk HE4RNBPY %
w/w) (3.573 kg epothilone B) (HPLC Area %'s for: epothilone B = 97.18:
epothilone A = 1.40; epothilone F = 0.30; oxazole analog = 0.30 and ethyl
thiazole analog = 0.56). No other impurities were detectable by HPLC over 0.1
area percent. The product contained 13.8 % w/w toluene and 0.8 % w/w ethyl
acetate. The overall activity yield from resin to isolated purified epothilone B

was 87 %.

Example 7B
Recovery of Epo B from Mother Liquor Streams

Mother liquors from the crystallization of Epo B from MTBE or EtOAc
extracts were combined and contained 2.2 g of Epo B and 4.8 g of Epo A per
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o s e Sale et SRlRPtes Py Sl alieBE weeh et avith tolme g then

\gfar%p?g% riERuaffaCoRb T B ds Tl GRS 0B 0 B dbtiviy.

I i Ther salidssadsayed d2.9%8w/Wi Epo 8 with | Bswheltaluene. VEveemother

RGP e YA T Bhorge b B LT Rl
oAsite@ Bnd solids began forming; distillation was

continued until a concentration of 11-15g Epo B/L was
agai n achi eved. One volunme of toluene 5 was added

again and the distillatio ep ated once nore to
reach 11-15g Epo B/ L. Th%ﬂ%—é&as cool ed to room

t enper Ravled eart clitd(ROOMmLL)hirormsheridital bﬁés@@hmnﬁmbgﬁaphy
The m xture was then re-heated to -50C stirred for

hAiPCediig sebMmEin 2xaraple: £ coptaining 646gwerof Eneddwere slowly
Aféd%fedstf)'iﬁn‘\l[‘gf Lo;i/’tﬁc?rﬁﬁ \?bi;lét, %ﬁ%é?ftra%wg{}ﬂﬂef r’\]/a{: StH Qiad:ket

were collecte uene a
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R RaA s pef e 248 3 v

f‘ﬁ?“?ﬁ'gﬁ?te@'gﬁf’ﬁ"?%ﬁg“ Q@étthéﬁ QNBWEANS ORI LYo hours
The crystals were collected, washed with 2x5mL toluene and dried under
vacuum (29” Hg) at ~40°C for 30 minutes to give 729 mg of isolated
crystalline cake (85.3% w/w Epo B). The HPLC purity was 99.77 area %
(excluding toluene area %). Residual solvents in the cake were 15.3% w/w
toluene and 0.3% w/w EtOAc. The mother liquor and wash contained only
0.5% of the epothilone B input activity.

An observed PXRD pattern for crystal solvate obtained following the
methods described in this step is set forth in Figure 15 (top pattern), along
with a simulated PXRD pattern for a toluene solvate at room temperature
(bottom pattern). The thermal analysis for this crystal solvate is set forth in

Figure 16.
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added to 43nL of toluene while concentrating under
vacuumw th a jacket tenperature of -65C to -43niL.

Tol uene (43nlL) was added under vacuum 20 V\,hllte f
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epot hil one B tol uene sol vate I SSO
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e, SEREIEH ARty FaeElagt on oL e bt
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A solution of essentially pure epothilone B in aqueous acetonitrile (from

pooled column fractions resulting from the reverse phase chromatography in
example 5) was allowed to evaporate slowly at room temperature to yield a
crystal slurry from acetonitrile-water. The crystal slurry was examined directly
by x-ray diffraction.

The molecular structure of the monoclinic unit cell form of epoB-ANB
and the PXRD patterns of epoB-ANB, obtained following the above-described
method, are shown in Figures 2 and 7, respectively.

Example 8C: Preparation of epoB-EAB

Preparation of epothilone B EtOAc solvate
A solution of epothilone B in 1:1 EtOAc/heptane is concentrated to a
target concentration of ~190-195 g/L. To this thick slurry of epothilone B is
added with stirring 10 volumes of EtOAc at ~40°C. The resulting slurry is
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and PXRD patterns of epoB-Tof3, obtained follow ng the
above-descri bed 15 nethod, are shown in Figures 4 and
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Preparation of epothilone B acetonitrile solvate A
solution of essentially pure epothilone B in aqueous

ao’éttrEﬁq 2r49°€ for 2diaursgs seelasto S CLaner la@lﬂrrsm is further stirred

o Re DRI N EHOLE” D SRay i HELMGET Bhalsip cake i
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acetonitrile-water. The crystal slurry was exam ned
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epoB- AN Cé&?cfnq lﬁ?F&f) REMAN9G n@f”@;ﬁﬁﬁﬁ@:?f epoB-EAB
obdd fh%CPf(RU sattaras b @péBCE/RB d&ﬁﬁfn'e@ﬂ‘@lloﬁﬁb Wﬁé’ abB{'/@-descnbed
shown in Figures 2 and 7, respectively. anpl e 8C.
Priagthogt | e shpwags bigues 1 ﬂﬁ‘égafeﬂPE@hVQiY epot hi | one B

Et OAc solvate 30 A solution of epothilone Bin 1:1

Et OAc/ heptane is concentrated to a target

concentration ofExdififiel8D: arBtidnmetepdB4ARBs! urry of
epot hil one B |s added with stirring 10 vol unes of

Et CAc at - - 40C. Praparatiop afiepptbilgpe\B |RA solvatg

2004/ 026254 PCT/ US2003/ 029628 stirred at 40C for 2
hours, is cooled to OC over 5 hours and is further

st irr eoEinhllcme Bd70 ang)i wasrdissofved ihdunk .of TR& byl heatingithe

d d th K ed th Id 1:
Er oyt S8 ot S rofred” TR solltiphoienFadied t
f OdmbBrefit waahﬁe afAfr@lr £blibh ‘?orfnhétﬂmrﬁ%bli’él Wekte E?ﬁlt%ﬁgd by

Wwth -5- Et OAc The ‘ol ecul ar structure
noftaliomi the alear 6énate M@smla¢edsmsm|3/|alamd advergtkRith

I h
CeAb A G AR AARE T MRt Bonegnosporate
r @;trwﬁbneneﬂempéal@m@ venBslowly erstreapéist 6f seepd-dhe urt
reparatjon of epothilone | PA sol vate Epothilone B
ﬁ?&?&) lﬂggryataégm%dfv%msweéf Grpstals wakeasyhigitieddor X-ray

o% ANV G a8 Bt Wt l,ear solution was forned. This
o) on was coo to anbient tenperature. Any
sol i ds The mtbaularesdinwtwb)of\tm manectivie dinitycell form of epoB-IPB

and the PXRD patterns of epoB-IPB, obtained following the above-described
method, are shown in'Figures 3 and 8, respectively.

Example 9

Forming Derivative 2 (a lactam) From Epothilone B (a lactone)

A tetrabutylammonium azide (TBA azide) solution is prepared by
mixing tetrabutylammonium chloride and sodium azide in THF/DMF. The
resulting TBA azide solution is recovered by removal of NaCl crystals by
filtration. Catalytic amount of an agent such as tris(dibenzyledeneacetone)-
dipalladium or the chlorofom adduct of this catalyst selected to stabilize an
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15 filtration. The clear filtrate was placed in a
smal | vial and covered with alumnumfoil with a
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Trimet hyl p hosg?! ne is added at 0-5C. The reaction

m withy ethwl gcelain thaee to fruripessanddhe cambired ethyl acetate layers

CoBE JEL % oo o B R R0 B Sl apack

f Ut ctedivith watdh eThe aegarie [dyex isfuethes dikgtetiad 2 etk acetate-
24C and filtered to renove solids. The solids are
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oL i o bt el cahige Sl o SR Mo FBISE or sase

hyldrratiece the( @mbunt of residual Pd Tnethylamlne (1%) is added to the

di net hyl ami I t hyl diinmde .. _ .
nyTBBBIr AN cng Ssuiledus fied Bl aar siicagelfitation it 2:1
r e&HWéd&a’c@d&bl&?@xhﬁe %ﬁ{eﬁﬁhngq %0 triedfylafiisdC Rech eltfehblis

wat er whil e Keeping the tenpérature <10C. The m xture
i scallecteslcarsticonsentratadchat <358 tu & finalreomceotrtion of i i, mL/g.

and t.he conbj ned et hyl  aceta | ayers . are dil A

RGeS elehetare Baddi e S8 & b YRean Y- aG foy 45-60

aiRAEK The slurry is cooled slowly to about 21°C, filtered and the crystalline
solid is washed with 1:1 ethyl acetate-cyclohexane. The wet cake is dried in

vacuo at <45°C to yield crystalline lactam analogue of epothilone B in about
56M% yield.
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activated charcoal inpregnated cartridge such as Zeta
Pad R51 SP or R53SP to reduce éhi amount of residual

Pd. Triethylamne (1 % i the organic
filtrate and the solution is purified by a short
silica-gel filtration with 2:1 20 et hyl

acet kosniyg anrﬁxﬁtm-s:uhstﬁuta'dﬁpmtlmqne Behiyiative (Berikative 1)

eluent is collected an 2.:(: Elatne at <37Cto a
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RS byt ofod SN nd RIS iy Rt BRSHRRG &) $uf Ehnysrgion s
I 8@6!’&6506@!1@} teusctin ¢gt Sctirontydie Straibit epSibiBne Bel d.
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2ot on SPotons Bincriheat db %l s Seeohe Fiiobs, grown in a
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di sc sed In atent ‘i o app |cat|on
1%m&lthﬁ‘$o%lw13$oﬁaﬂnﬂiydro>dﬂe o280°%, whmblfvlﬁc doi. 39276,

both of whjch are.inc orated herein renc
LR BRRIIOR 5 GoBHNISRUNTI6s FapCat AR FRPthigne Bs reduced
m t%rSJbS% S iRitial valueS W Pé@fi’rll §u6ﬁ9§$ 9@1[9-11 6]& %7 able of

pH 1's mai ntal ned between 6.9 and 7. eit
soadsmmg@cmomﬂolmpoﬁ isxaddedio tﬁe%mmta’uom tank:(ﬁ% VW) arB:I stirred

coBE Br a8t SoEEHL TR seientaofEproy & Hdatied Bnd the resin
vaab%sr@drvﬂm Wa?éﬂb ﬁ@a%é‘h%éﬁ rafio)SPRY wadRad tépetlted two more

adsor bi ng epot hi | one I's added t'o the fernmentation
t alirees.5hMost of tr@n@sﬁual wader is semoved Ry filitationaen aducgaer funnel.

The f er QKBS Pesm b\k‘ﬁ% Bré 3d9§r%%8 %%tiﬂf?)gletr-h%s Sﬁﬁ'hgd with water

and loaded onto a column. The resin columns are extracted with ethyl
acetate and the rich eluate is collected. The aqueous layer is drawn off and
the rich ethyl acetate fraction is then washed with a 5% sodium bicarbonate
solution and water to remove color. The rich organic fraction is concentrated
under reduced pressure, then passed through a filter precoated with silica,
followed by a 10 uM polish filtration. The product is then distilled under
vacuum and primary epothilone F is crystallized by adding toluene with stirring
as an anti-solvent. The rich toluene mixture is further concentrated to reduce
the ethyl acetate content and more toluene is added. The crystalline slurry is

filtered and washed with toluene.

-57-



Is washed with water (2:1 water-resin ratio). The wash
is repeated two nore 20 tinmes. Most of the residual

WwWoRi0e/024284 r eroved by filtration on a Buchner fRe®e52003/029628

10

15

20

25

30
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epot hilone F product” peak is  fractionated to mnimze
clcakelis deedundgr vaguum ei 88-40RGh pool ed fractions are

appr oxHEEITSALIOR oL OHTbg eS80, TGRS By to 2
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The batch is vacuumrre ::S illed

c dpiEimdraturam (Rreviavsoxiad ?‘@rﬁ&&&)aag{fﬁ%%ﬁ%iorai?eﬁﬁﬁe@ at 15-
n2ec 106 12230418, Tdidyblp TR Rah e, Sputot 1.om
| das egpishsiowly addddit theaapetiont mixéurbs Watee apd tamhrhoniem

; ﬁ'{?p&{ 9 ”g}mgéaéngtﬁg tkské)lmu)t(tb%is ;Iri?l%d;fgﬁ%ta%%ﬁoﬂaﬁj%%ilnates.

aGffAaLfion AkaRe iSRiuitd Uth Witer Bhdfle 880684 PREsd s extracted

with three portions of dichloromethane. The organic phase is then washed

with diluted ammonium hydroxide and half-saturated sodium chloride
solutions, and evaporated to dryness to afford the crude amino derivative
(Derivative 1) functionalized on the thiazole methyl group.

The crude product is purified by column chromatography using silica
gel pre-treated with 2.5% methano!-0.2% triethylamine-dichloromethane. The
fractions of suitable quality are combined, microfiltered and evaporated to

dryness to afford chromatographed Derivative 1. This material is added to
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cake is dried under vacuum at 35-40 C
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Derivative 1. This material is ded to -58 WO

2004/ 026254 PCT/ US2003/ 029628 %yl acetate and the
resul ting suspension heq,q@d 7/5C to obtain a
sol ution. Antisol M T< is agdedogl owy and
the m xture is allowe to coI LMwMelnthe presence
of seeds with stirring at 15 seling and
hol ding at .-5C, the resulting SO|Id s isolated by
filtration followed by 5 vacu to afford the

d .
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To anhydrous THF (5 ml) at -78°C under argon was added WCl, (198

mg, 0.5 mmol) followed by nBuLi (0.625 ml of 1.6 M solution in hexanes, 1.0
mmol). The reaction was allowed to warm to room temperature over a 20
minute period. An aliquot (0.50 ml, 0.05 mmol) of the tungsten reagent was
removed and added to epothilone B (9.0 mg, 0.018 mmol) under argon and
the reaction mixture was stirred for 15 minutes, and then quenched by the
addition of saturated NaHCO, (1 ml). The reaction mixture was extracted with

EtOAc (3 x 1 ml), the combined extracts dried (Na,SO,), filtered, and the
volatiles were removed under vacuum. The residue was chromatographed

with 35% EtOAc/hexanes to give the title compound (7.0 mg, 0.014 mmol).
MS m/z 492.3 (M*+H).
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c g, onatT pilerss beBlaim 1 Whéreil Bressiris extizictadlwith argilar
the crystallized epothilone B fromstep (d) is

tially pure. 3. The process of claim1l wherein
the resin is extracted with a polar 15 solvent.

4, The process of claim 1 wherein said fermentation step further
comprises feeding an additive capable of improving the amount of epothilone
B produced as compared with the amount of epothilone A produced.

5. The process of claim 4 wherein the additive is TASTONE™, maltrin or
glycerol.
6. The process of claim 1 wherein said fermentation step comprises

continuously feeding an additive capable of improving the ratio of epothilone B

to epothilone A.

7. The process.of claim 4 wherein said additive is a propionic acid salt or

ester.
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4. The process of claim1 wherein said fernmentation
step further conprises feeding an additive capable of

WO pro2i26g t he anount of epothilone B produceRCEHES2003/029628

10

15

20

conpared with the anmount of epothilone A produced. 5.
The process of claim4 %relnthe additive |s
T§8TON Prﬁﬁ?§$P clgim 7¥neyeinceaid jad dé'Vev%OB'rUHa:Bg%P'%Tate

ﬂchgt%i gjl Ao G PTEAbAIC &0d %E@g e%fHFpr i ses

tlnuous y ng an additive ca I mprovi ng
the rati o of epothllone B to epothllone A 7. The

ppoces f Kej

bt ons RispgeSbf ol 1 fbrd Motifiigliggiorishonsusie to

PEIdU4LD@3HArA 8960 epbthiTBme Atwabeut 55%drdess df thkaemeount of

said, additjve is sodiu ropi onate, propionic acid
~aPRyioe ressry A5 SRAEERISPRIRy 1 borar 9. The

process of claiml1l wherein the crystallization is

conducted to redyce t he amount of epothilone Ato

ad@ut RyPCPeS Of elpim RduBReiSRMBASING epot hi | one A
pr e.senge)?étt IBLsEX 5EE6Hd %s%ﬁl?@;l&gzste?%gfg?&% tBrreﬁﬁééth%famount

claim urt er conprising a seco
c of spathilonatA tmalsow5584 e tesis\of the amexlunt ef epethdmm At present

of epot hi | A to out 55%or | ess of the anpunt of
EPW&F@P@%&?P@gH?&aﬂer crystallization step (d).
IO 11. The process of claim1 wherein the
th|| ne- pr oducij croor nls Soran i um
B 01 gRnPeass ot Bl JuaiSr i tha cihi eWGs ai d

mn‘ﬁEFHUr amgmlsoéﬁbm%évm;omhl ul osum st rain ATCC No.
PTA 388 13. The process of claim 1l wherein said

m croor gam smis Sorangium 15 cellul osum strain ATCC

NGo, PTARSSbcedd of ; gﬁ"n RH §|n°§a|8 'ﬁb@&g%?@ﬁ% :B&%@gium

resinis a st rene/ di vi ny nzene- based
Tiv@llplpeuessiram AEIT@EMQLPT\Ah%&B n the resin is XAD- 16.
16. The process of claim1l wherein said step (d)
conpri ses:
13.  The process of claim 11 wherein said microorganism is Sorangium

cellulosum strain ATCC No. PTA 3881.

14.  The process of claim 1 wherein the resin is a styrene/divinylbenzene-
based polymer. |

15.  The process of claim 14 wherein the resin is XAD-16.

16.  The process of claim 1 wherein said step (d) comprises:

(i) the addition of a second solvent in which epothilone B is either not
soluble or sparingly soluble;

(i) removing at least a portion of the extraction solvent; and

(iii) transitioning the resultant solvent or solvent mixture to a
temperature at which epothilone B crystallizes.
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20 (i) the addition of a second solvent in which

epothilone Bis either not soluble or sparingly
waeloaotes4 (ii) renmoving at | east a portion of PEEUS2003/029628

extraction solvent; and (iii) transitioning the

re157ult t solvent or, solvent mxture to a ten‘gerature

t*‘whi c

SRACRPS Shelain dByaherein thesexttastiopgoisn jsoetbylacetate

PGNP0 y i of claim 16 wherein
t he ext ?égéggﬁé§§?c\)/®n?o&§ﬂétgE@Pgﬁé'et ate or MIBE, and
t he second solvent is toluene. 18. The process of
clygd m LS ar. to step (c),
etk ng R 'oREEs EPHRIM 3 MRhet LamBhRRG: | i Ter o * 5
aqueougf)rpridrdostep @), eashing e siredith raquenusiacetupitéle, or
det er enfg@éﬂd af am ne rea%;a@(n&. addeg i n base form

5t RGUSHHE SueihARek ARPR GdlepUd MRSy caniaipiag 2 Aetergensand an
B.ardifle réB§emt fcReFinYase 8 t]?ﬁe UR0BS MediGm s‘ﬁé?%cted tg not elute
further conprises polish filterlng the epothilone
cepodhilenegBsol vent. io 20. The process of claim1
further conprising converting the epothilone B, or a
solvate thereof, to Derivative 2, or a solvate
t Héx eofThehpivicags phelaimripuiherein letes(dyurtivir- comlidds polish
Hl}l Ve I\/(ﬁ?l\/b 8}—“ Derj vative 2 15 2ttl. The process of
cIiPANg the,PPR oggﬁpgqrg RPNV i ng epot hil one B, or
a solvate thereof, to Derivative 1, or a salt or a

10 S%'o‘.’ at erﬁehgﬁo%géé oP gl\ém fbptﬁer I:g%gH\l;iﬁg c'c\)/%verlﬂ%gl tﬁg elpo%\(ﬁlone B,

or a solvate thereof, to Derivative 2, or a solvate thereof, having the formula:

Derivative 2

15 21. The process of claim 1 further comprising converting epothilone B, or a
solvate thereof, to Derivative 1, or a salt or a solvate thereof, having the
formula:

HN S

20 Derivative 1
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N,,,OH OMM M M OH 20 Derivative 1 -62 WO
2004/ 026254 PCT/ US2003/ 029628 22. The process of

w@b@ieesf urt her conpri sing converting epot hi | PEIEUR008029628

10

15

20

25

a solvate thereof, to Derivative 3, or asolvate

t het eomeh%\scgg%F glg]&{? ,r1\r}§l’tgeggomprlﬁ|§éﬁ>gavﬁ'8mg epothllone B, ora

c f g
S s S e e
cul ture of the m croorgani smbeing cultivated under
condi tions selected to pronote pMoductl on of

epot hil ones wi th propi on| c acid,[7io a precursor

thereof, or a salt ofS et oi ng, wherein
thetirring of feM¢ d) ppz_f)lomc
acid, a precursor t eo ér V) of the

foregoing, are selected to Jo
increase in a ratio of epoth| epdai | one A
relative to the ratio of epothil o ﬁB o epothilone A
produced by a culture of the ganhismcul tivated

in the 15 absence of feedi mgriedtiversopi onic acid, a

precursor thereof, or a salt of one of the foregoing;

and isolating epothilone B fromthe culture. 24. The

mdod AMmeathad forZailtivatior ioh atrhiereorganignothat praducesregpothilone A

and the .. a nt of. propionic acid, a precursor

t Wgreggfhlloggnlgcgg\p(ls@\p one of the foregoing, 20 are

sel ect gdedifgh @mu#@ oﬂfhé PRFboRyahiyng Belry slilivitedangef N

a ratio of epoth one
conditions selected to promote production of epothilones with propionic acid,
a precursor thereof, or a salt of one of the foregoing, wherein the timing of
feeding and the amount of propionic acid, a precursor thereof, or a salt of one
of the foregoing, are selected to provide at least a two-fold increase in a ratio
of epothilone B to epothilone A relative to the ratio of epothilone B to
epothilone A produced by a culture of the microorganism cultivated in the
absence of feeding of propionic acid, a precursor thereof, or a salt of one of
the foregoing; and

isolating epothilone B from the culture.

24.  The method of claim 23 wherein the timing of contacting and the
amount of propionic acid, a precursor thereof, or a salt of one of the foregoing,
are selected to provide at least a three-fold increase in a ratio of epothilone B
to epothilone A.

25.  The method of claim 23 wherein the timing of contacting and the
amount of propionic acid, a precursor thereof, or a salt of one of the foregoing,
are selected to provide an increase of the ratio of epothilone B to epothilone A
to at least 1.5.
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to epothilone A 25. The nmethod of claim 23 wherein

the timng of contacting and the anount of propionic
wa@ceood/02@5pr ecur sor thereof, or a salt of one oOPCT/H82003/029628

foregoing, are selected to provide an increase of the

rati o of epothi,lone B to epothilone A 25 to at |east

126. °. Shelustbog el Shimes whbTIB QOGRS IS a-pgh of

MRPshinh SIRldsusp Wherein the mcroorganismis a

stra???lg@ Soranérl?’um cel lulosum 27. The method of

cl ai m 23 wherein the propionic acid, a precursor

t Ber eo : (s I

4afi ng e Tefod ot el Ve BRI, Alid, brBeaser

2thergbk omatdadtcf aheadfdhenf@égbingt Feaddaxhguiireg agafterttiergyowth

cul ith a vitamn, a mneral, a carbohydrate

th tﬁ_'re vl\‘gél
5 sBORERObICTH MR no acid source in an anount that

i ncreases the anmobunt of epothilone B produced relative
to the__ amount of othi ] one B produced in the absence
ok8f eedi hﬁgnetﬁed@é.cﬁ«%neﬂ 6ce p@ﬁmﬁegdmgdﬂer%'ﬁure with a
c i, di ‘ . - _
o IR ARA AR ate ool dnmiflo Bl Soritee in an

c haiaun? thdtunerheses thepame umnigofeapoiieitarient pepdudeid refadive, to the

or a solvatg.thereof, to,Derivative 1,..0or,,a salt or a
S Bmeslr O FBhBIeNS BiPHyceH B hertinence of s6difa s \ 2 e
Mtf’/0-| NOMM M O—| _Derivative 1 31. The_ met hod of

10 8'28' m ﬁefrﬁcretﬁ'\ggrof%i)a%réﬂu%e? %gk%rritsin%gfega%tgthe%ﬁ?tu|Be’ with a

mixture of monobasic and dibasic phosphate.

30. The method of claim 23 further comprising converting epothilone B, or
a solvate thereof, to Derivative 1, or a salt or a solvate thereof, having the
formula:

15

Derivative 1

31.  The method of claim 23 further comprising converting epothilone B, or
a solvate thereof, to Derivative 2, or a solvate thereof, having the formula:
20
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a solvate thereof, to Derivative 2, or a solvate

thereof, having the formula: 20 -64 WO 2004/ 026254
weEonAes2803/ 029628 Me S Me-~ Me Me ,, OH HN RET/NB20ME029628

OH Derivative 2 32. The nmethod of claim23 further

conpri sing converting epothilone, B or a solvate

thereof, to Derivative 3, or 6%/ate thereo{vE ga\l\//lbng

the formila: 5 Me Me T84 Me

mDerlvatlveBB/B:—ﬁ«sraMe | | ul osum

t hat produces, under Npo 2 ve

production conditions, at |eas leg eoth|lone B/ g

of resin. 10 34. A strain 0 It oduces
epot hil ones with an epot hil one ... o of at |east
1.0. 35. A strain of Sorangium eI osum deposited as

ATCC No. PTA-3880. 36. A sherivativedd Sor angi um

cel l ul osum deposited as ATCC No. PTA-3881. 37. A

met hod of purifying an epothilone isolated fromthe

me82od bhe oledhod of aJairbﬁSrfantbeseompaisiaghioglvenhlgfépdmim B, or

H quoﬂ'a h%rrrgéfo%r B8 \yatfvgpé',%r'a solvate thereof, having the formula:

Derivative 3

33. A strain of Sorangium cellulosum that produces, under epothilone B

comparative production conditions, at least 5 mg of epothilone B/g of resin.

10 34. A strain of claim 33 that produces epothilones with an epothilone B/A
ratio of at least 1.0.

35. A strain of Sorangium cellulosum deposited as ATCC No. PTA-3880.
36. A strain of Sorangium cellulosum deposited as ATCC No. PTA-3881.

37. A method of purifying an epothilone isolated from the method of claim 1
15 by reverse phase high performance liquid chromatography (HPLC),
comprising:
(a) equilibrating a reverse phase HPLC column comprising a
separation resin with an aqueous organic solvent or an aqueous mixture of
organic solvents;
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conprising: (a) equilibrating a reverse phase HPLC
columm conprising a separation resin with an aqueous

wWo@re@anessol vent or an aqueous m xture of  or geeii/US2003/029628

10

15

20

25

sol vents; -65 V\D 2004/ 026254 PCT/ US2003/ 029628 (b)
provi di

or gani éggBlo\\/ 8?0%&) %ﬂ%é&ég’gé Ir’@ Q?ﬁ abtﬁ Q/"Qﬁ{@ sqiysnt or a

|r,1h~§ﬁﬁ-é@,go} |@§bwgﬁtSWIth the | oad sanple, and a
trail sui tabl e organic solvent or a

m xt ur égdﬂlaﬁlgg#\% celonvewith the faast sampleo and duitailisg volume of a

( SphgbleeaaRERENRS B Hipdtel et oaerd sB R fcB G apgiuce
Orep@lhIMQQﬂEGIpltmlcﬁ i thedbadihgdolumseanent s, t hat
starts with a |lower organic content and . increases

t her eaf(ékelutiag H%Q goluAhWwith &N auUeos argRRIGISeIMENt @r AR aqueous

[ e [
IR RRIE S ey b bl ERGTL bRt v
péndreasestherdaftpritd mmferthemttb@lr@fuhg nfikfdr€Lsed i thd equitiiskating
usin a ﬁ rat us rrgrl sing a |oading vol une
i ﬁﬁ%‘?gv\f%ﬂ F‘é ﬁB%W gh°i nj ecti on port and a separation
colum. 39. The nethod of claim 37 wherein the organic

solvent of step (b) is _15 dipethyl sul foxide. 40. The
d Tde meHiod @ﬁlm%.whqrﬂ@ the high pedemyanse liuid ep

<%6aatog4§wg4%fe 8 ghE aTeBar 6 Sl

erein anic’ s ven ous
adeading volunee mﬂequmbetwe'ehaamlhjecﬁﬁn 4rt atrcka rsephcatioof
Ckﬁéﬁb37 wherein the injecting step conprises using an
Btely preceding vol ume of di met hyl sul f oxi de
effective to reduce epothilone precipitation in the

I di I 43. Th hod f I 3 h
L | Snemeten ot cjaimnaT hetan e gstinsobest PhogR®) if

Pimkt mgb@ lone B. 25 44. A nethod of purifying an
ep(')t hll-ﬁﬂiine I solated fromthe nethod of claim1l

40. The method of claim 37 wherein the organic solvent of step (c) is

dimethylsulfoxide.

41. The method of claim 37 wherein the organic solvent of step (d) is
aqueous acetonitrile or aqueous methanol.

42. The method of claim 37 wherein the injecting step comprises using an
immediately preceding volume of dimethylsulfoxide effective to reduce

epothilone precipitation in the loading volume.

43. The method of claim 37 further comprising:

(e) crystallizing the epothilone to obtain purified epothilone B.

44. A method of purifying an epothilone isolated from the method of claim 1
by normal phase high performance liquid chromatography (HPLC) comprising:
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by normal phase hi gh performance |iquid chromatography
(HPLC) conprising: -66 WO 2004/026254

wEOAEE2803/ 029628 (a) equilibrating a nornmal PEITESI03/029628

10

15

HPLC col um conprising a separation gel or resin vvith

70 o B A aFoefal bt BESl SHERR) oGl beparaton
ﬁéb’&rﬂbsﬁfw% ﬁh@rﬁéﬁic s%ivé?ft % BirAixa A\ Brganié sbﬁl)ants
jecting the colum wth the |oad sanple; and (d

eI ut i ngo)tnf@v@mmioad sample disgplved insan @&ﬁm@solxenz or a mixture
nic solvents that starts with a | ess

pBFQwang%%%&gbntent and i ncreases thereafter to a

nor e ped)anjestihy tHy collifinuith thwloadszimplegand n t he

equilibrating step, to obtain the eFothllone i 0

The nef{®luibig meawhim Wit ABIOFIRING SONVGRE PEamWéﬁp?gfganic
%8 Rekfdnbe ﬁgﬁs%ﬂ%%@ Bfsolf8 tJJ}ﬁeﬁieg\BG%&Ea ﬁaiH@reaﬁer
43°0R ‘i step (d) is ethy

erein or gani ¢ sol ven

ag¢ehaheregpolar Mﬂeratmalxtw'é thah ¢hatatdeddn difie ebjailibratihg step, to
further co l,sing: 15 (e) crystallizing the

e oM s ep %‘%‘B?al n purified epothilone B. -67

45. The method of claim 44 wherein the organic solvent of step (b) is

dichloromethane.

46. The method of claim 44 wherein the organic solvent of step (d) is ethyl

acetate or n-heptane.

47. The method of claim 44 further comprising:
(e) crystallizing the epothilone to obtain purified epothilone B.
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