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Conpounds The invention relates to new crystal forns
wobkoospwiske | ones, especially epothilone B, thei PCT/BBRg®007173

in the production of pharmaceutical preparations, new

pharmaceuti cal preparations conprising these new

crystal forns and/or the use of these conpounds in the

treatnent of proliferative fliseases such as tunours,

or in the production of pharnaceutical fornulations

whi ch are suitable for this treatnent. Background to

Orgapﬁecbtﬂ}ﬁﬂﬁﬂ@n O the existing cytotoxic active
lents for treating tunmours, Taxol (r)
(Paclitaxel; Bristol- Myers Squi bb) a
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The u%a&'hﬁr‘i Ppatby toslliéa‘g:cé)sﬁdl ﬂﬂm@gﬁ@b?thﬁ’ér@é e?ﬂ%cla‘%b&tﬂmné B tﬁelr

| as renar commercl al success ver
usagésthe praguigtion @frprmr@a@mmﬁalay@@aratlcimSpaewmmraaceumaﬁ p@ayatlons

comp@gﬂgtl%%leqwé b dtal Brif@LAd/of fhedsBd ?Me@?coh{pohh@é’ RtRE featment of

Me necessary to adm ni ster Taxol
prolif¢retivadisedsen surch Bs Girerspasrin ELe(nrpdtqq@@n%np@wﬁaﬂ@dfmmulatlons

whictt %9& @k kor tREREatnkefdW gshaf en, Germany). Crenmpphor
%as severe side effects; for exanple it causes

allergies which in at |east one case have |led even to
Bk ool | S anti -cancer agents hag beon
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only to a small extent (see Rownsky E. K, inter

alia). In addition, the efficacy of Taxol can be
Althougﬁambntastaa@&sebemnamhlett@bwsin@ leﬁ-lbahéé‘s%@ebbs haeauebn edmmended

..resi stance nechani sns, cially those based on.th
a5 DRy aP LB S BRO BT RN S St LPHERc O R aAANS Fepeer in the
last dp&dERS (e ROWIhEMEE KN gA e ir@N ad. 88/C363-374 (1997)), and despite the

commercial success of Taxol®, these compounds still do not appear to represent a really

great breakthrough in the chemotherapy of cancer. Treatment with Taxoi® is linked with a
series of significant side effects, and a few primary classes of compact tumours, namely
colon and prostate tumours, respond to this compound only to a small extent (see Rowinsky
E.K., inter alia). in addition, the efficacy of Taxol can be impaired and even completely
neutralised by acquired resistance mechanisms, especially those based on the
overexpression of phosphoproteins, which act as efflux pumps for active ingredients, such
as “Multidrug Resistance” due to overexpression of the multidrug transport glycoprotein

"P-glycoprotein".

Epothilones A and B represent a new class of microtubuli-stabilising cytotoxic active
ingredients (see Gerth, K. et al., J. Antibiot. 49, 560-3 (1966)) of the formulae:
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Rte," OS HO/ N OOHOwerein Rsignifies
hydr ogen (epothilone A) or nethyl (epothilone B).
These conpounds have the foll ow ng advant ages over
Taxol (r): a) Tfﬁey ave better water-solubility and are
thus nore ea eSS|bIefor formulations. b) It
has been report&d that, ijn ce cul ture experinments,
t hey dt® al s0 active_agggyst ‘t proliferation of
cells, wWhYCh™ owi ng torthe actNity of the
P- gl ycopr.ate QL ux_gounp maki ng them "nul tidrug
resi stant", shoWw reffi stance to treatnent with other
chenot herap@ ag&qt sO including Taxol (r) (see Bolag, D
M, et al., "Epothilones, a new class of
[ | -1ike
wher S A RIGHSH chahe RSN bl ke
(1995)). And <c¢) it could be shown that they are still
t o.(r)-resistant
T“GS%@%?‘F““?%?%&%@&%@P%d?%‘% B T3 et (S-tubulin
(see Kowal ski, R J., et al. . Biol. Chem 272(4),
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e I 4
b) It hTa@’b%len %%;?leﬁglgaott i ﬁggdﬁ%sp%%e 3{}% egre%lscgggg@ﬁagah@t the
prolifgratiqraefeetls, appeh, @mng)tp tgacts/ity ofi the, P-pigcoprotein efflux pump making

them "multidrug resistant", show resistance to treatment with other chemotherapy agents

including Taxol® (see Bolag, D. M., et al., “Epothilones, a new class of microtubuli-stabilizing

agents with a Taxol-like mechanism of action”, Cancer Research 55, 2325-33 (1995)). And

c) it could be shown that they are still very effective in vitro against a Taxol®-resistant ovarian
carcinoma cell line with modified B-tubulin (see Kowalski, R. J., et al., J. Biol. Chem. 272(4),
2534-2541 (1997)).

Pharmaceutical application of the epothilones, for example for tumour treatment, is possible
in an analogous manner to that described for Taxol, see for example US 5.641.803;
US 5.496.804; US 5.565.478).

Epothilones may be produced as described in patent application WO 93/10121, US
6,194,181, WO 98/25929, WO 98/08849, WO 99/43653, WO 98/22461 and WO 00/31247 in
each case in particular in the compound claims and the final products of the working
examples, the subject-matter of the final products, the pharmaceutical preparations and the
claims is hereby incorporated into the present application by reference to this publications.
Epothilone derivatives of formula |, especially epothilone B, can be administered as part of
pharmaceutical compositions which are disclosed in WO 99/39694.
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Det ai | ed description of the invention In one aspect
the invention relates to new crystal forns of
In onepepdtit thenevdhtion helapene hal drgstardorasast dpetrdom@Bove and
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contains preferably up to a maxi mum of 7 carbon
at o In particular up to,4 carbon atons, ang is
wherd s Fings %, PRl LA THRalE D8 RETET R oo hess 2 o
incorpurbted rsoéad asris heessegd once or nore, and is e.g.
met hyl , ethyl, propyl such as isopropyl or n-propyl,
butyl such as isobutyl, sec.-butyl, tert.-butyl or
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t hil ones .are ' ily, epothilane A and/or, B ut .
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the invention The invention relates to new crystal

forms of epothilone B, especially a crystal form of
Epothdpudshark pnieraBlydsrsthilohe d arsl/ordglidut aBbiother @pothilones, for example

epothilones C and D named in International Application WO 97/19086 and WO 98/22461,
epothilones E and F named in WO 98/22461, and further epothilones obtainable from

corresponding microorganisms.

Preferred embodiment of the invention

The invention relates to new crystal forms of epothilone B, especially a crystal form of
epothilone B described as modification C.

The crystal forms can be distinguished in particular by their X-ray diagrams. X-ray diagrams
taken with a diffractometer and using Cu-Ka-radiation are preferably used to characterize
solids of organic compounds. X-ray diffraction diagrams are used particularly successfully to
determine the crystal modification of a substance. To characterize the existing crystal
modification C of epothilone B, the measurements are made at an angle range (26) of 2°and

35° with samples of substance that are kept at room temperature.
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stal structure of Mydification

Mod'ﬁqﬁ?&g@ daelerolerized bap sEpeiORBlS wcgﬁr%%% nieclattice
pararﬁ@t@@(agn@@m) Bl2121. The lattice paraneters (at 100
re: Structural data of Mdification C
S"““d‘%tdéﬁ pEMadificgtiPn Sopropyl acetate A (A) 10.3302(2)
Crystafifed fkem Gdoprid ceteﬁe(A) 27.070(4) Beta () Cell
vol une (A3) 9.4(7) Z 4 Density (g/cnB) 1.206
Sol vent EPO906 1: 1 The X-ray di ffraction diagram
thus defgrmyned (TefTec |1@r3 b3@Fs and intensities of
t he nos irmortant Line ? crystal nodification C
(nodi fi ¢atAon C) of epo h?IOéB\ZiHB) is pharacterized by

the fol BVCM'Q table—26 QV.b?Uﬂsty 61 5 medi um

Beta (°) -

Cell volume (A3) 3359.4(7)
z 4

Density (g/cm3) 1.206
Solvent EPO906: 1:1

The X-ray diffraction diagram thus determined (reflection lines and intensities of the most
important lines) from crystal modification C (modification C) of epothilone B is characterized
by the following table.

20 Intensity
6.5 ﬁwedium
11.8 medium
13.1 medium
17.5 strong
18.3 strong
19.6 medium
216 medium
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especially stable, and they are therefore suitable as
active ingredients for solid fornms of adm nistration,
for storing in solid formor as internediates (wth
particularly good storability) in the preparation of
solid or liquid forns of admi nistration. The invention
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form forexaoiple gyaube theyexBt i ¢diutong or rmre carriers. The
invention also relates to a nethod of treating

war m bl ooded ani mals suffering froma proliferative
The inliestiersalso cdlateaespedialydo the axtnofra reiveciysigl formad epothilone B, in the

produ%t%?wt &‘iplh%ﬂﬁa&u\ﬁgéIcgpeéa?aﬁénfs?gﬁair?!&erised by mixing a new crystal form of

epothilone B with one or more carriers.

The invention also relates to a method of treating warm-blooded animals suffering from a
proliferative disease, characterised by administering a dose of epothilone B which is effective
for treating said disease in one or the new crystal forms to a warm-blooded animal requiring
such treatment, also including in particular the treatment with those preparations that are

produced using one of the new crystal forms.

To produce the pharmaceutical preparations, the active ingredient may be used for example
in such a way that the pharmaceutical preparations contain an effective amount of the active
ingredient together or in a mixture with a significant amount of one or more organic or

inorganic, liquid or solid, pharmaceutically acceptable carriers.

The invention also relates to a pharmaceutical composition which is suitable for
administration to a warm-blooded animal, especially humans, in the treatment of a
proliferative disease, such as a tumour, the composition containing an amount of active
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The paa:inﬁadelueceﬂ obmpadmimﬂ éﬁcbﬁﬁfng)ﬂ& th@memwmrbltmcadteaaédr&ir,enteral,
treatne

espec&sﬂg nia]s% ;ﬁ/ 8r 8rai é)égéefelgglyrpaégntgrar l?ﬁB%qlghytlﬂtéamuscular or
mtravemrqsce&lntnnuematmrtbavawmn@o@dedmans é@‘pe&@tl):j HEmMHES, r‘]emd they contain
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an eFRCINE SRS of DI 13 K5 ok 2 o8 T v doatbeioviion slghiasy amount of a
pharnﬁwufwya atteprdbly cadier dpkaloke oC&feradCGVe m@lféiil%nt is dependent on the
utical co ition cording to the i tion
type & B PR ey Sy afe 2o apd ey ualianaivon
individuat pladraicokinetic, sman@fsefr@di&éassep@bemteefealand&a@weadfl y
d i ntr.amuscul ar or intravenous adm nistration to
adminisliaiP8| ooded ani mal's, especial |y humans, and they
contain an effectlve dose of the active ingredient on
wWn,.or to unt .of

The phidr et chPrgtats idptain o A % S & B steGeninoot % o
10 % ac20 %atoldmgeet% ehéctilvé nf!;ﬁ@zﬁgrﬁteﬂhamfacﬁhmal Etyrﬁﬁoﬂif ons accordmg to the
. war m bl ooded i ma t he ight, the. age .and
nverlf oy b Breseablar BRaiple 1 1A Goen Bt bisue AR SN IoTE of Spoules,
vials, sugpesitoriEss draghes, dalsleBse chpsles.t reat ed and the type of

adm ni stration. The pharmaceutical conpositions

contain ca. 0.0001 %to ca. 95 % preferably 0.001 %
The pharmab@ufibad corBPoditidns axaordiiy teotid prsentMeventigh @t produced by known

orocet AL EEHhE P s TP acion| RIS Heph o ok growating o
manufaotunieg psaceksess in the form of anpoules, vials,
suppositories, dragees, tablets or capsules.
Solutions of the active ingredient, also suspensions, and in particular aqueous solutions or
suspensions, are preferably employed, whereby it is also possible, for example in the case of
lyophilised compositions which contain the active ingredient on its own or together with a
pharmaceutically acceptable carrier, for example mannitol, for the solutions or suspensions
to be prepared prior to administration. The pharmaceutical compositions may be sterilised
and/or may contain excipients, for example preservatives, stabilisers, moisture-retaining
agents and/or emulsion-forming agents, dissolving aids, salts for regulating osmotic
pressure and/or buffers, and they are produced by known processes, for example by
conventional dissolving or lyophilising processes. The solutions or suspensions mentioned
may comprise viscosity-increasing substances, such as sodium carboxymethyicellulose,

carboxymethylcellulose, dextran, polyvinylpyrrolidone or gelatin.



The pharmaceutical conpositions according to the
present invention are produced by known processes,
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pur poses exanples are in
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“MighP BPPNElyceril® BOshratdtemity atity hadhg a\@hbl’fh 18ngth ©f 846 12 carbon
cially 12 to 22, carbon atons, for exanple lauric
atoms, His AG, gEBHM) cPuldn Rartipylay ‘éﬁgeéab'eaE'i'soGUCBéﬁfé’éFQB%qd&" almond

oil, olR6 iofl, caRedr il $eBartel 6ll, sOPedndil@nat Partishigdpddnudsi.d,
arachidic acid, behenic acid or corresponding

unsaturated acids, for exanple oleic acid, elaidic
The |r$}§¢tm5n o lirfadien Qﬁelpdratlohé afssprdtiGeercaddoftiing ﬂor&lkfﬁnﬁ?arﬁl%éﬂhods under

f
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The pharmaceutically acceptable organic solvents which may be used in a formulation
according to the invention can be selected from all such solvents which are familiar to a
person skilled in the art. The solvent is preferably selected from an alcohol, e.g. absolute
ethanol, ethanol/water mixtures, preferably 70 % ethanol, polyethylene glycol 300,
polyethylene glycol 400, polypropylene glycol and N-methylipyrrolidone, especially
polypropylene glycol or 70 % ethanol.

Particular preference is given to a formulation in pure polyethylene glycol, which is diluted

prior to infusion in an appropriate solution, such as physiological saline.



propanol, butanol or pentanol, or an isomer thereof,
but especially glycol and glycerol. The follow ng
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particul ar: propyl nyristate, isopropyl palnmtate,
"Labrafil M 2375" (pol yoxyethylene glycerol trioleate,
Gattefosse, Paris), "Mglyol 812" (triglyceride of
saturated fatty acids havingga chain length of 8 to 12
carbon atonms, Huls AG GCernany), but in particular
et abl e S Su s cottonseed oi il,
The 25firk bagiefert ety e 1SRRG P ooy BRAR G PBde g0 marm,
prefefEbit frarilcar 0.p8 & 8mgiinl, .or Tlagh 5 & Einigew. or i nf usi on
preparations are produced according to custonary
nmet hods under sterile conditions; the same applies
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m xtures, preferably 70 % et hanol, polyethyl ene glycol

300, polyethylene gl ycol 400, polypropylene gl ycol and
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% € Partjcul ar preference is
eressiis, PO A rOBER Wt AHROHE MAHTE CoN s 1o agent
wh:crdldsuhedffecr:trdf ﬁéndeﬂndj ﬂfdﬁdn;idllcldﬂes’sﬂrézl@ﬂgg?él)flf%%grg s&igliéH thersame or
ogi cal salin
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in the fornmulation in a concentration of 0.001 to 100
The l{"go%tbég'edﬁ y ef rg%? e%l{f?c{gnhgﬁ‘ageqtﬁggaa @gppf@ﬂjglfaé t%aﬁeﬁpn skllled in the
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on the composition of the infusion solution and the type of isotonic agent.

The concentration of isotonizing agent in the aqueous medium depends on the type of each
agent used. If glucose is used, it is preferably used in a concentration of 1 to 5% w/v,
preferably 5% wi/v. If the isotonizing agent is sodium chloride, it is preferably used in

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

The infusion solution can be diluted with the aqueous medium. The amount of aqueous
medium used is chosen according to the desired concentration of active ingredient in the
infusion solution. The infusion solution is preferably produced by mixing a vial or an ampoule
containing the infusion concentrate (see above) with an aqueous medium, so that a volume
of between 200 ml and 1000 ml is attained with the aqueous medium. Infusion solutions may



accept 0.5to 5 nm of the fornmulation. Prior to

adm nistration, the fornul ations have to be diluted in
wapooaguseus nedi um suitable for intravenous PCT/EP2007/007173

adm ni stration before the active ingredient can be

adm nistered to patients. It is preferable for the

i nfusion solution to have the sane or basically the

same osnotic pressure as bogly fluids. Consequently,
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customary additives.

Suitable plastics for the present invention should be resistant to elevated temperatures used
for sterilisation. Preferred plastic infusion bags are the PVC materials which are known to the

person skilled in the art.

A large range of container sizes may be considered. When selecting the size of the
container, the factors to be taken into consideration are especially the solubility of
epothilones in an aqueous medium, easy handling, and if appropriate, storage of the
container. It is preferable to use containers which hold between ca. 200 and 1000 ml of

infusion solution.



Anti oxi dants may be used to protect the active
i ngredi ent from degradati on by oxidation.
wa\ndaosoxisdant s may be sel ected fromthose whi chPer/gpP2007/007173
famliar to the person skilled in the art and which
are suitable for intravenous fornul ati ons. The anount
of antioxidant can be determ ned by routine
experiments. As an alternatijge to addi ng an
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customary additives. Suitable plastics for the present
i nvention should be resistant to el evated tenperatures
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erson skill efgb?lﬁn the art. Al ar range of .cont ai ner
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AdJqu@/aE@Wlﬁﬂngﬁ/-lmpl&/mg agents and lubricants, e.g. silicates, talcum,

stearic acid or salts thereof, such as magnesium or calcium stearate and/or polyethylene
glycol. Dragée cores are provided, if desired, with appropriate gastric-juice-resistant
coatings, using inter alia concentrated sugar solutions, gum arabic, talcum, polyvinyl
pyrrolidone, polyethylene glycol and/or titanium dioxide, or coating solutions in suitable
organic solvents, or in order to produce gastric-juice-resistant coatings, solutions of
appropriate cellulose preparations, such as ethyl cellulose phthalate or hydroxypropyl methyl
cellulose phthalate. Capsules are dry capsules consisting of gelatin or pectin, and if required,
a softener such as glycerol or sorbitol. The dry capsules may contain the active ingredient in
the form of granules, for example with fillers, such as lactose, binders, such as starches,
and/or lubricants, such as talc or magnesium stearate, and where appropriate stabilizers. In
soft capsules, the active ingredient may be present in dissolved or preferably suspended
form, whereby 6ily adjuvants such as fat oils, paraffin oil or liquid propylene glycols are
added; stabilizers and/or antibacterial additives may also be added. Dyes or pigments can



OmM ng to their good fornul ating properties, the new
crystal forns of epothilone B according to the
WO 008019800 are especially suitable for the sinpCEER20G7/007173
reproduci bl e production of the said infusion
sol utions. However, the new crystal forns are
especially suitable for the production of
pharmaceuti cal fornul ati onsqghi ch contain the active
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coating solutions in suitable organic solvents, or in

order to produce gastric-juice-resistant coatings,
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Example 1: Crystal modification C of Epothilone B

20 mg of epothilone B are dissloved in an excess, 5 ml, of isopropy! acetate. By slow
evaporation at room conditions (25°C) needle like single crystals are obtained after 2 days.
The product is filtered and dried. The crystal modification C of epothilone B is obtained.

Example 2: Infusion concentrate




the formof granules, for exanple with fillers, such
as | actose, binders, such as starches, and/or

WO admsiots2d s, such as talc or magnesi um st ear at BCT/BP2H07/007173
where appropriate stabilizers. In soft capsules, the
active ingredient may be present in dissolved or
preferably suspended form whereby oily adjuvants
such as fat oils, paraffin-adepl- or |iquid propylene
glycols are added; stabilizers and/or antibacteri al

: Ft. | s . es or..pi.gnents can WO _ .
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identification or to distinguish different dosages of
active ingredient. The usage in the treatnent of a
proliferative disease with one of the crystal forns B
and in particular A preferably takes place whereby
the crystal form (preferably as for the usage in the
preparation of an infusion solution, as described
above) is admnistered to a warm bl ooded ani nal
especially a human, in a dose which can be determ ned
at between 20 and 133% preferably between 25 and
100% of the Maxi mum Tol erated Dose (MID) by standard
nmet hods, for exanple using a nodified Fibronacc
series, in which the increases in dosages for
successive amounts are 100% 67% 50% and 40% f ol | owed
by 33% for all subsequent doses; and, if necessary,
one or nore further doses adm nistered in the dosage
range gi ven above for the first dose, each dose after
a period of time which allows sufficient recovery of
the individual being treated after the preceding
admnistration, in particular one week or nore after
the first admnistration, preferably 2 to 10 weeks,
especially 3 to 6 weeks after each preceding

adm nistration. In general, this treatnent schene, in
which a high dosage is adm nistered once, tw ce or
several tines with sufficiently long intervals between
the individual adm nistrations for recovery to take
place, is preferred over a nore frequent treatnent
with | ower doses, since hospitalisation is |ess
frequent and for a shorter period and an inproved
anti-tunour effect can be expected. The dosage of
epothilone B for humans is preferably between 0.1 and
50 ng/ n2, preferably between 0.2 and 10 ny/n2.



The foll ow ng Exanples serve to illustrate the
invention without limting its scope. Caution: Wen
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nmust be taken, where necessary, in view of their high
toxicity. Exanple 1: Crystal nodification C of
Epot hil one B 20 ng of epothilone B are dissloved in an
excess, 5 m, of isopropyl .agetate. By slow
evaporation at room conditions (25C) needle |ike
WhatSi n ledciryst als are obtained after 2 days. The
—ﬁf—é%%‘i—ﬁs filtered and dried. The crystal
nodi fication C of epothilone B is obtained. Exanple

2: Infusipon concentrate 2008/ 019820 o .
1. A Gt gh TR png B Db spesics musication Gy whispis pearacterised
by the Xyrapkiffiitiod ihgram yeprabiudaedh ftthe i@t aGaigk. epot hi | one

B, is produced in a preconcentrate to produce

i nfusion solutions, and stored in vials. WO

2008/ 019820 PCT/EPZ2Q077 007173 - I3mtdfea} s clai nmed

is: 1. Acrystal formof epothilone B having the

reference fodificatzen C, which isropfaracteri sed by

the X-ray diffraction diagramreproduced in the form

of a table{ 20 Integsity 17.5 stgppg 18.3 sfrong 2.

A crystal form of epothilone B having the ref¢rence

nodi fication C, which is characterised by the X-ray
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by the X-ray diffraction diagram reproduced in the form of a table.

20 Intensity
6.5 medium
11.8 medium
131 medium
17.5 strong
18.3 strong
19.6 medium
216 medium

3. A crystal form of epothilone B having the reference modification C, which is characterised
by the Structural data when crystallized from isopropylacetate

A (A) 10.3302(2)
b(A) 12.0132(14)
c (A) 27.070(4)
Beta (°) -

Cell volume (A3) 3359.4(7)
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Structural data when crystallized fromisopropyl
acetate A (A) 10.3302(2) b(A) 12.0132(14) c (A
27.070(4) Beta () Cell volunme (A3) 3359.4(7) WO
2008/ 019820 PCT/ EP2007/007143 . -14- Z 4 Density
(g/cnB) 1.206 Solvent : EP0906 1: 1 4. A
phar mac eyti-cal—conpoesitionwhich s suitable for
admi ni s{fation to a waffh bl ooded anjnal for the
treat meNDeRtityAghindd)I T €l qlpgge di sease; which contains a
quantity of an-active lingredient actording to one of
cl ai ms 1Sobepy: BPOME ch1i % suitable for the treatment
of sai d —drsease tougether wtira phar naceutical |y
acceptable carrier. 5 Mthod of treating a
war m bl ooded ani mal suffering froma proliferative
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5. Method of treating a warm-blooded animal suffering from a proliferative disease, by
administering a dosage of epothilone B which is effective for treating said disease according

to one of claims 1, 2 or 3 to a warm-blooded animal requiring such treatment.

6. Use of a new crystal form of epothilone B according to one of claims 1, 2 or 3 in the

production of pharmaceutical preparations.



