Organi ¢ Conpounds The invention relates to new crystal

fornms of epothilones, especially epothilone B, their
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preparations, new pharnaceutical preparations

conprising these new crystal forns and/or the use of

t hese conpounds in the treatnment of proliferative

di seases such as tumours, orqin the production of

pharmaceutical fornul ati ons which are suitable for

this treatnment. Background to the invention: O the
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the efficacy of Taxol can be inpaired and even

conpl etely
Although the Taxan class of microtubuli-stabilising anti-cancer agents has been commended

as "perhaps the most important addition to the pharmaceutical armoury against cancer in the
last decade" (see Rowinsky E.K., Ann. rev. Med. 48, 353-374 (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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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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Epothilones are primarily epothilone A and/or B, but also other epothilones, 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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di agrans are used particularly successfully to

determine the crystal nodification of a substance. To
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2Q Intensity 5 medium 11. 8 nedium 13. 1 nedium 17.5
strong 18.3 strong 19.6 medium 21.6 nedi unifhe new
crystal [AQRRT 1S especi a €, and they are
therefo eo(sm table as a"??\?gb?(?%r edients for solid
forns of b&9ni ni stration| 1263déring|in solid formor
as inte Fates(wthpastbggiarty pood storability)
in the )IE gjarati on_of 53?7'876¢45I iquifd forns of
adm ni st Bata On.

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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WO pgsetisent ) in the production of pharnmaceuti cBECT/EP2007/007173
preparati ons, new pharnaceutical preparations which
contain these new crystal forns, and/or the use of
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solid, pharmaceutically acceptable 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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treatnment of a proliferative disease, such as a

tunmour, the conposition containing an anount of

activeingredient that is suitable for treating said
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manufacturing processes.

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.
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pharmaceutically acceptable organic solvent.

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.
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from5 to 50 ng/m . Formul ations of this type are

easily stored as vials or anpoules. The vials or
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medi um sui table for intravenous adm nistration before
The QS8 2ah B8 SLLE ki Boerds et e s e i e
art, fos ar@mple niasiitoRdeytrddeegitasee arngudiutn chloride. The isotonic agent is
preferably glucose or sodium chloride. The isotonic agents may be used in quantities which
impart the same or basically the same osmotic pressure to the infusion solution as body
fluids. The exact quantities required can be determined by routine experiments and depend
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
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Thes@eddﬁmasczﬂéd iiclube aptgRidamsgOt i ¢ pressure to the infusion

solution as body fluids. The exact quantities required
can be determ ned by routine experinents and depend on
Antiokitients argy @i dsedno pfotédiehd Qétwélnﬁ?g?e@@htlﬂdr@ Begiadatidteny yhdation.

o e T ot s et e st HURd n e an
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used.in concentration of 1 tq efer abl
deterfijigd Bypoglne SEHBANE 45 “AguATane Gidia Ehiicraant of adaionaly
theretlo$th|@rai‘lﬁ|6i|6§ﬂ|t)éffé5ﬁ£bnl b sihadvieltily@gstAttingRthé Oxydén (air) contact with the
The i nfusion sol ut| on can
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infusioresbiuiBnusittlan mefya8e8.9a6iIG0G6H Blargent he desired
concentration of active ingredient in the infusion

solution. The infusion solution is preferably produced
Infusibry sdsmmnsg:aa bel prbd@dedaly rAXPQUEreargsliéebna i@l mretne’ﬁqifébw

concent see Ve th an a e us medi um so
medi R S8 5 RIS SRR b B PRAAR oL SR NAeF £.0. 31 infusion bag
or an &ifmsibmlecﬁhlw th the aqueous nedium | nfusion solutions

maycontain other additives-that are normally used in

formul ations for intravenous adm ni stration. These
ContMé for tesinfusiom sohstions enzgrie suiéatedtrom oBRvérmivhgicddntaimay that are
ronSEaV il Vi Pl oS U hr Ao Fresh SIS Hn Bt arupinerpapspecialy
of borbn siticdthoise prdstic bomtamefasidni A plagtictififasipe bags) as& ptdfeted. n

the art and which are suitable for intravenous

formul ati ons. The anmount of antioxi dant can be
Plastic containers may also be made of thermoplastic polymers. The plastic materials may

also contain additives, e.g. softeners, fillers, antioxidants, antistatic agents or other
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.



determ ned by routine experinents. As an alternative
to adding an antioxidant, or additionally thereto, the
waniosoxisdant ef fect can be achi eved by restri ce¢gP10h®007173

oxygen (air) contact with the infusion solution. This

can be achieved in a sinple way, by treating the

vessel containing the infusion solution with an inert

gas, e.g. nitrogen or argonqgl.nfusion solutions can be
produced by nixing an anpoul e or a vial mﬁth the

. agueous 5% gl ucose so| ut| on
OW'”%ﬂD ‘gﬁbﬂegg ? 'Bﬂgé‘?%é‘feso &‘eg"ewa?f y$takfouns Af %%h'&“e%acwd'”g
to thel .n\iembﬁrar@@é;técw|¥ SoitdbRd foe e dimpletdtRl replodatior rﬁ@didtihbﬁ@ﬁthe said
be selected from conventional contajners that
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of ph§rbHaTc§@t||c%I frRuatissswRien tahtaRIthe a@t%ﬂﬁ%r@ﬂbﬁt iAfsoR@FdRim, for example
ilicate, but plastic containers suc | astic

oral f?rHTL{%EOBFr bags, are preferred. Plastic containers may
al so be made of thernoplastic polymers. The plastic
materials may al so contain additives sof t eners,

Pharpagauial forgHAtioRs defiral apligatien maycbea@}%ﬁmgg By cgiRiing the active

ingredisihARBIoYid 2llietd, VfesireWby aRInBlalh@&e resultpi niitereD bR AlMher
i nvention shoul d be resistant to el evated tenperatures

procegging thegmixiirey if Aesined; s if neppesey. A8ar piding switabler adiyants, into

tabletbad}ﬁgé’é orkSer E’é&u@t Rlid AL p@s\éw@ tPERbEN N inplAdIR substrates
son skilled in the art,. | ar ge range of container
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the container, the factors to be taken into
consi deration are esgem ally the solubility

Suitakls ghafmasisuically SaPAG Boirerarm ala prpesial Mlesh auehgs lasieee.

saccnafos@p RiaARitd F gorb&bloéélmlﬁ)s@fpréﬂb@atﬁ‘dhﬁt ahdx@rrealdlmm iphosphates, for
erabl e to use contai ners which bet ween ca

examBlg G IEA LTI SPHALG T FAIF A 1 cgom PSR 3y Qedarpauieh as
starcﬁlﬁofbr erampleahaing vﬂ"éélﬂ&fcblo@%ota‘té"@tafdhwgélwﬁttﬂgaf:@itmsm@ﬂwyl
celluls, hU PR oRY! TR Eribflseasrea SAURar BN cptRsh erar pgtviny
pyrroliddBe S@idibor, if desired, disintegrators, such as the above-mentioned starches,
crosslinked vinylpyrrolidones, agar, alginic acid or a salt thereof, such as sodium alginate.
Adjuvants are in particular flow-improving 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



i nfusi on solutions. However, the new crystal forns are
especially suitable for the production of
w@baseseut i cal fornul ati ons which contain t hePE@EP2087/007173
ingredient in solid form for exanple ora
formul ati ons. Pharmaceutical formnulations for oral
application may be obtained by conbining the active
ingredient with solid carriLeRgs, if desired by
granul ating the resultant m xture, and further
rocessi the mixture, if _desired or if necessar)
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distinguistedifforent a@sigle® 9f adtiveiisgradiient. possi bl e to enbed t hem
In plastic substrates which enable the active

ingredient to be diffused or rel eased in neasured
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The following Examples serve to illustrate the invention without limiting its scope.

Caution: When handling epothilones, appropriate protective measures must be taken, where

necessary, in view of their high toxicity.

Example 1: 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




cel lul ose phthal ate. Capsules are dry capsul es

consisting of gelatin or pectin, and if required, a
waefmsemseo such as gl ycerol or sorbitol. The drRCI/EP2007/007173

capsul es may contain the active ingredient in the form

of granules, for exanple with fillers, such as

| act ose, binders, such as starches, and/or |ubricants,

such as talc or magnesi um stijearate, and where

appropriate stabilizers. In soft capsules, the active

S e S T A

produced 81 a paacahdantrate {o modldeqoiudioprsopgibe @andlsyared & dale.
added; stabilizers and/or antibacterial additives my
al so be added. Dyes or pignments canbe added to the
tabl ets or dragee coatings, for exanple to inprove
identification or to distinguish different dosages of
active ingredient. The usage in the treatnent of a
proliferative disease wwth 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 adm nistered to a warm bl ooded ani mal ,
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 Fi bronacc
series, in which the increases in dosages for
successi ve anmounts 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 tinme which allows sufficient recovery of
the individual being treated after the preceding
adm nistration, 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
whi ch a high dosage is adm nistered once, tw ce or
several times with sufficiently long intervals between
the individual adm nistrations for recovery to take
pl ace, is preferred over a nore frequent



treatment with [ ower doses, since hospitalisation is
| ess frequent and for a shorter period and an inproved
wandaosoiaseour ef fect can be expected. The dosageCDfP2007/007173

epot hilone B for humans is preferably between 0.1 and

50 ng/ nR2, preferably between 0.2 and 10 ng/nR2. The

foll ow ng Exanples serve to illustrate the invention

without Iimting its scope.. @Gaution: When handling

epot hi | ones, appropriate protective neasures nust be
Wha taken here necessary, in view of their high

Exarrpl e 1. Crystal nodification C of
Epothl | one B 20 ng of epothilone B are dissloved in an

555 P R RN SRS i harctrse

by thslxngyelfxaw@hal|asgrahee@baa¢daad tied foemh of adaple. The product
is filtered and dried. The crystal nodification C of

epothilone B is obtained. Exanple 2 : Infusion
concentrat ¢By dissaglgving 1n polyetpydfig 9T ycol PEG
300, crystal nodification C of epothilone B, is
produced ih a precongsentrate to pstdgce i nfusion
solutions, fand stored in vials.Wat is clained is: 1.
A crystal formof efpgthilone B hagigg the reference
nodi fication C, which is characterised by the|X-ray

di ffraction diagramreproduced in the formof a table.

2. A AT Sohheos S R e Brdok BB Caial GO PR B prapptenses
by theCX-ran didfradtion clremraro reprodextdiy thehfernt-of ayatslef f r act i on

di agram reproduced in the formof a table. 2Q
Intensity 6.5 nmedium 11. 8 nedi um

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)




13.1 medium 17.5 strong 18.3 strong 19.6 nedium 21.6
medium 3 . A crystal form of epothilone B having the
wo edosnesse@ nodi fication C which is characteri sedr/By200ha07173
Structural data when crystallized from
i sopropyl acetate4. A pharmaceutical conposition which
is suitable for adm nistration to a warm bl ooded
animal for the treatnment of.4@.proliferative disease,
whi ch contains a quantity of an active ingredient
accordi which is
suitabl €4for the treat pnt of sai d dj sease together
wth a )D@ﬁg‘p}p@y&ﬁgal 'Y13%ggeptabl e cprrier. 5. Method
of treating a warmbl opded animnl suffering froma
prol i f ef 8oMeat oﬁ%@%%, by admi ni sterf ng a dosage of
epot hi | one BwhithTs effecttvefor—treating said
di sease according to one of clains 1, 2 or 3 to a
war m bl ooded ani mal requiring such treatnment. 6. Use
4. A égxffarrﬁia&ﬂf{cglrc%ﬁgﬁgltlggWcﬂflﬁgﬁ’ﬂatbm 3 89?8m|1°’h§{3?85 % A ahR-t8Ked
anim@jﬁqrthg(tj@atmampf p.pean&pfawecmsease which contains a quantity of an active

ingredient according to one of claims 1, 2 or 3, which is suitable for the treatment of said

disease together with a pharmaceutically acceptable carrier.

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.



