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(a) providing a solution of N-benzoyl-staurosporine in either a
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[0015] FIG. 2 shows a characteristic infrared spectrum of crystalline form |l of N-benzoyt-
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28 (deg) d-spacing (A) Relative intensity 3.4 26.1 nedium6.0 14.8
medi um 7.y§okbecossBdi um 8.7 10.1 strong 9.2 9.6 nedi um 9. p&EEP2005/011789

composition made by admixing the active ingredient, additional active ingredient(s) and
pharmaceutically acceptable excipients.

[0025] The term "excipient” means a component of a pharmaceutical product that is not the
active ingredient, such as filler, diluent and carrier. The excipients that are useful in preparing a
pharmaceutical composition are preferably generally safe, non-toxic and neither biologically nor
otherwise undesirable, and are acceptable for veterinary use, as well as human pharmaceutical
use. "A pharmaceutlcally acceptable excipient”, as used in the specification and claims,
includes both one and more than one such excipient.

[0026] "Therapeutically effective amount” means the amount of a compound that, when
administered for treating or preventing a disease, is sufficient to effect such treatment or
prevention for the disease. The "therapeutically effective amount” will vary depending on the
compound, the disease and its severity and the age, weight, etc., of the patient to be treated.

[0027] When referring to a chemical reaction, the terms "treating”, "contacting” and “reacting”
are used interchangeably herein and refer to adding or mixing two or more reagents under
appropriate conditions to produce the indicated and/or desired product. It should be
appreciated that the reaction which produces the indicated and/or desired product may not
necessarily result directly from the combination of two reagents which were initially added, i.e.,

there may be one or more intermediates which are produced in the mixture which ultimately
leads to the formation of the indicated and/or desired product.

[0028] The term "substantially free of" in reference to a composition, as used herein, means
that the substance form which the composition is free of cannot be detected by methods known
to those skilled in the art.

[0029] The term "amorphous” means a material that may be substantially free of crystallineg
impurities, or contain substantial amounts of crystalline impurities. Amorphous material
containing substantial amounts of crystalline materials as impurities is hereby referred to as
"N-benzoyl-staurosporine essentially amorphous”. As illustrated in FiG. 4, the presence of
crystalline impurities does not allow for a good halo shape pattern typicai of amorphous form
that is substantially free of crystalline material. The amorphous material that is substantially
free of crystalline forms is hereby referred to as "N-benzoyl-staurosporine purely amorphous".
FIG. 3 illustrates an X-ray diffractogram pattern for this form, where the halo shape of the
pattern illustrates the substantial absence of crystalline structure. Peaks are particularly
missing in the regions characteristics of crystalline form.

[0030] The examples further illustrate processes for obtaining both "N-benzoyl-staurosporine
essentially amorphous” and "N-benzoyl-staurosporine purely amorphous”.
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9.1 nedium 10. 1 8.8 nedi um 10. 4 8.5 low -5 WD 2006/ 048296
PCT/ EP200§00bdef382051. 2 7.9 nmedium 12. 6 PCT/EP2005/011789

[0031] N-benzoyl-staurosporine is known as (92,10B,11B,13a)-N-(2,3,10,11,12,13-hexahydro-
10-methoxy-9-methyl-1-0x0-9,13,-epoxy-1h,9H-diindolo[1,2,3-gh:3',2',1'-1m]pyrrolo
[3,4+][1,7]benzodiazonin-11-yl)-N-methyl-benzamide) and has the following chemical structure:

U]

[0032] U.S. Patent No. 5,093,330 {the '330 patent), incorporated herein by reference in its
entirety, claims N-benzoyl-staurosporine. The invention relates especially to a particular form
preferably that which is referred to hereinafter as crystalline form Il of a N-benzoyl-
staurosporine derivative of the compound of formula (1), described above, and to the

amorphous forms of N-benzoyl-staurosporine.

[0033] Different solid forms of the same drug may exhibit different properties, including
characteristics that have functional implications with respect to their use as drug may have
substantial differences in such pharmaceutically important properties as dissolution rates and
bioavailability. Likewise, different polymorphs may have different processing properties, such
as hydroscopisity, flowability and the like, which could affect their suitability as active
pharmaceuticals for commercial production.

[0034] X-ray powder diffraction patterns was measured on a Scintag INC X 1 using the Bragg-
Brentano parafocusing geometry. The X-ray diffraction pattern depicted in FIG. 1 is
summarized in Table 1.

Table 1. Powder X-Ray Diffraction Peaks for the Form Il Crystal Modification of
N-benzoyl-staurosporine

2 9 (deg) d-spacing (A) Relative intensity

3.4 26.4 medium

6.0 14.8 medium

7.8 11.3 medium

8.7 10.1 strong

8.2 9.6 . medium

9.7 9.1 medium

10.1 8.8 medium

10.4 8.5 low
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7.0 medium 14.1 6.3 nedium 15.7 5.7 nedium 16.8 5.3 nedium 18.2 4.9

medi um 18w® 2006/048®di um 19.3 4.6 PCT/EP2005/011789
11.2 7.9 medium
12.6 7.0 medium
14.1 6.3 medium
15.7 57 . medium
16.8 53 medium
18.2 4.9 medium
18.9 4.7 medium
19.3 4.6 medium
19.6 4.5 strong
20.2 4.4 strong
24.5 3.6 medium

[001] it should be kept in mind that slight variations in cbserved 2 8 angles or spacing values
are expected based on the specific diffractometer employed, the analyst and the sample
preparation technique. More variation is expected for the relative peak intensities.
Identification of the exact crystalline form of a compound should be based primarily on
observed 2 8 angles with lesser importance attributed to relative peak intensities.

[002] Some margin of error is present in each of the 2 8 angle assignments reported herein.
The assigned margin of error, in a preferred variant, the crystalline form Il of N-benzoyl-

staurosporine is approximately & 0.2 for each of the peak assignments,

[003] The crystalline form Il of N-benzoyl-staurosporine may be also characterized by infrared
spectroscopy. The crystalline form || exhibits a characteristic absorption pattern in infrared (IR)
spectroscopic analysis as depicted in FIG 2. IR spectroscopic analysis was measured on a
Bruker IFS-55. The crystalline form I of N-benzoyl-staurosporine has characteristic
absorptions, which can be distinguished from that of other polymorphs, at about 789, 773, 743,
704, 1066, 1026, 1458, 1398, 1383, 1602, 1577, 1497, 1627, 1680, 2934 and 3055 cm™ in

IR spectroscopic analysis. Some margin of error is present in each of the characteristic
absorptions reported herein. The assigned margin of error in the characteristic absorptions is
approximately 2 cm™ in the range of 1900-800 cm™. '

[004] One or more of physical properties and/or spectroscopic properties can be the basis for
characterizing the crystal or polymorphic forms of N-benzoyl-staurosporine.

[005] The invention also provides a composition containing solid N-benzoyl-staurosporine,
which is at least 80%, by total weight of the solid N-benzoyl-staurosporine in the composition,
its crystalline form Il. The preferred form of this composition is solid N-benzoyi-staurosporine
powder suitable for use as active ingredient in formulating pharmaceutical products. The '
remainder of the solid N-benzoyl-staurosporine in the composition, i.e., 20% or less of the total
weight of N-benzoyl-staurosporine may be, e.g., other crystalline forms of N-benzoyl-
staurosporine. In one specific embodiment, the composition contains at least 90% of the
crystalline form li of N-benzoyl-staurosporine with respect to the total weight of the solid
N-benzoyl-staurosporine in the composition. In another specific embodiment, the composition
-6 -
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of the soli ghNsORIHOKE T84 9SIRRSH With érdsthilfe LPFAPSH N—b@ﬁhagi—ﬁa%@éd?ﬁv\% to
speci fi c enbodl nent, the conposition 2006/ 048296PCT/ EP2005/011789

contai ns_at Prasise tesmpgsctt he crystalline formIl with respect to
total wei ghie)oldthg t6EbiclubRARAPK crRLAEISRON P R-tehzbl IR ASERBRIE. i ON.

The material may be converted to amorphous N-benzoyl-staurosporine by:
(a) reacting staurosporine in a solvent, such as ethanol or THF, with benzoic anhydride;
and
(b) seeding the reaction with amorphous N-benzoyl-staurosporine to produce the
product.
(c) isolating the product which is amorphous N-benzoyl-staurosporine.

[008] The product may be further washed with the solvent multiple times to produce N-benzoyl-

staurosporine essentially amorphous.

[0010] The technique of Spray drying may also be used to prepare N-benzoyl-staurosporine

purely amorphous.
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[006] In another aspect,.the invention also provides processes for
puri fyi ngwstaegmsmpaer i ne. Wiile the invention is not |i mpecatkr2eesany sy
specific theory, the inventors found that a process involves: (a)
provi di ng a suspension of staurosporine in an al cohol solvent; (b)
contacting the suspen#lon wi th net hanesul fonic acid to et a
solution; (c) furthe t-a@ting the solution with tr4 v ne; and
(d) isolating the prioduct. [007] The process further i
washi ng t he product 3 protlc or aprotic solvent
exanpl e of & aethanol and 3

an aprotic ran (THF).
( di ng a sol » Qf
staurosporln- in eNt her aNprotl' or aprotic so ventN(b se®di ng~t he

solution with Q%gf, f: r osporlp? h.sb% COnt td,n
2 ERRdT

m xture with an®al cohol Vent to ,ogremp?tate (‘d)
isolating the yro chlsthespumlfled stadfo . [008]
After the starti®g mafférial is purified, the mate?i al y be
converted to either t crystalline form Il or anmorphops
N-benzoyl - st aur ospgyine: C;lfhe material may be conver tid t\ocmye
crystalline formll of N-benzoyl st aurosporine, the process

conprising: (a) reacBilng staurosporine in an al cohol B@lvent, such
as ethanol, with benzoic anhydride; and (b) seeding the reaction
solution with crystalline formll of N—benzoyl-staﬁEosporlne to
produce the product (c) isolating the product f @rystalline
form Il of N-benzoyl-staurosporine. The material \ray /be converted to
anor phous N benzoyl - st aurosporine by: (a) ; ‘tauros-orlne in
a solvent, such as ethanol or THF, wth /b ,
seedi ng the reaction mﬁth anor phous N- bg
produce the product. |solat|ng t he™ : 3
N- benzoyl - staurosporlne 009] The product nmay e urtMer washed with

the solvent multiplé-t3 ® produce N—benﬂqyl. urespoygi ne
essential ly anorphous.

O
&) N

CH

B4
[0011] The invention also provides a composition containing N-benzoyl-staurosporine

essentially amorphous . The invention also provides a composition containing N-benzoyl-

staurosporine purely amorphous.

[0012] A process for the preparation of crystalline form Il of N-benzoyl-staurosporine is also
provided. The process involves:

(a) providing a solution of N-benzoyl-staurosporine in either a protic or aprotic solvent;

(b) seeding the solution with crystalline form Il of N-benzoyl-staurosporine;

(¢) contacting the suspension with an alcohol solvent to form a precipitate; and

{d) isolating the precipitate, which is the crystalline form Il of N-benzoyl-staurosporine.
[0013] Non-limiting examples of the protic or aprotic solvents are listed in the Table below:

-8-



[ 0010] The techni que of spray drying may al so be used to prepare

N benzoyl wetzauymsper i ne purely anorphous. WO PCT/EP2005/011789
2006/ 048296PCT/ EP2005/ 011789 H3A n" -11H 1. CH3SO3H H3C .... H
2. EKNS/ Hyf | ow
Examples
'Benzyi Alcohol
Ethanol

Dimethyl Sulfoxide (DMSO)
Dimethyl formamide (DMF)
THF
Acetic acid
Polyethylene glycol (PEG 200)
[001] The peaks of the X-ray powder diffractogram of crystalline form Il that are of medium to

low strength obtained from the above identified solvents can show some variations due to the

presence of different solvent molecules within the crystal lattice structure.

[002] In one embodiment, N-benzoyl-staurosporine is dissolved in benzyl alcohol, precipitated
by addition of seeding crystals of the crystalline form Il of N-benzoyl-staurosporine and addition
of ethanol as the anti-solvent, and crystalline form 1l of N-benzoyl-staurosporine is obtained.
This process is highly-reproducible and the resulting crystalline product has good filtration. The
residual solvent content in B6 is around 4.3% wt/wt of benzyl alcohol and 0.5-1% wtiwt of

ethanol. The process is shown schematically as:

H H
N N

IP- Process
——
Crystallisation
in Benzyl alcohol
and Ethanol

B4 B6
[003] The above conditions on the selective preparation of the individual crystal forms are not
conclusive. In general, e.g., it is possible to vary parameters such as the weight ratio of the
compound of formula (1) to the solvent and anti-solvent.



Csey 3. Etil H-hL-CH3 CH3 B1B2 H (Der B4 [0011] The
I nvent i orwel28es/@8m®éi des a conposition contai ning PCT/EP2005/011789
N- benzoyl - st aur ospori ne essenti ally anorphous. The invention al so

provi des a conposition cont ai ni_ng? N- benzoyl st aur ospori ne pureIP{ .
anor phi®04] Ajsorreyided Ferbegsageyiical kampesifiniisontaning a ervgtalliap forAell Pbr m

L1 of NnBRReay h-tn2b RERPE4pIRNE Sndith PRaMSRELEESY adlBIIPCHRS:. INYRENSS T
the active compound, the pharmaceutical composition include one or more pharmaceutically
acceptable carriers, also known as excipients, which ordinarily lack pharmaceutical activity, but
have various useful properties which may, e.g., enhance the stability, sterility, bioavailability and
ease of formulation of a pharmaceutical composition. These carriers are pharmaceutically
acceptable, meaning that they are not harmful to humans or animals when taken appropriately
and are compatible with other ingredients in a given formulation. The carriers may be solid,
semi-solid or liquid, and may be formulated with the compound in bulk, but ultimately in the
form of a unit-dose formulation, i.e., a physically discrete until containing a specific amount of
active ingredient, such as a tablet or capsule. The pharmaceutical compositions may include,
in addition to a compound of this invention, one or more active pharmaceutical compounds.

[005] The pharmaceutical compositions may be in the form of suspensions, solutions, elixirs,
aerosols or solid dosage forms.

[006] The pharmaceutical compositions are contemplated in various formulations suitable for
various modes of administration including, but not limited to, inhalation, oral, rectal, parenteral
{including subcutaneous, intradermal, intramuscular and intravenous), implantable and
transdermal administration. The most suitable route of administration in an given case depends
on the duration of the subject's condition, the length of treatment desired, the nature and
severity of the condition being treated, and the particular formulation that is being used. The
formulations may be in bulk or in unit dosage form, and may be prepared by methods well-
known in the art for a given formulation.

{007] The amount of active ingredient included in a unit dosage form depends on the type of
formulation in which the aclive ingredient is presented. A pharmaceutical composition will
generally contain about 0.1% by weight to about 99% by weight of the active ingredient,
preferably about 1% by weight to 50% by weight for oral administration and about 0.2% by
weight to about 20% by weight for parenteral administration.

[008] Formulations suitable for oral administration include capsules (hard and soft), cachets,
lozenges, syrups, suppositories and tablets, each containing a predetermined amount of the
active compound; as a powder or granules, as a solution or a suspension in an aqueous or non-
aqueous liquid; or as an oil-in-water or water-in-oil emulsion. Such formulations may be
prepared by any suitable method of pharmacy that includes the step of bringing into association
the active compound and a suitable carrier or carriers. The amount of active ingredient per unit
dosage of solid formulations may be as described in prior art for preparations of N-benzoyl-
staurosporine.
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(a) providing a solution of N-benzoyl-staurosporine in either a
protic orwemoati4s29ol vent; (b) seeding the sol ution wtRCEmpsdosioli7ae
form Il of N-benzoyl-staurosporine; (c) contacting the suspension

wi th an al cohol solvent to forma precipitate; and (d)
i sol at [09§] dmangihecdspeetathe, mwmtl@malﬁg PEqyisles myatheds of d@atrrniusing die

N-benzgyhp éjrﬁawaaan@é pﬁﬁ%ma[-,mkéﬂ coN%sh.bﬁ@. éi‘ {AQ .%m Wéorﬁﬁbﬂuneé ghé €

or aprotlc solvents are listed In Tabl e be

2006/ OQWBW@W@ME‘N%WS@B%W'E@%W Slmj%qs foan @nhantsffecivede byl

Sul f
Pch)I ygi(h ene gI coI PE%V% (RS fd&%ﬁ%%gggﬁ%%%qﬁt&ec S%Egtent By subject is

diffr ameggf@hur@ﬁn eF 9@ aginal, rpeefe Mhumanha&nlraalé cgnten’@tatemw Hsus lowntnon
st rengfnefueggﬂy Bffhd e&mﬁ&%@%&a@@aé bﬁfﬂ|§19+éﬂﬁﬂﬁ SMd {a@vsv o

varil ations presence 0O erent sol vent ITD
the crgsiglling é@rm l¢én@ﬁmmmkl%N-be[nz?yHStﬁUmﬁ@Oénml@nWr’elgh antl-proliferatlve and anti-

N- benz r ”m

by add?ﬁoéfldtco b see réé?ﬂ d;?gcgg &de cdrﬁ@tﬁ%} ?TX IPJ[ % e?ﬁél;%&ﬂul
N- benzty lcasqeamne@m@'m g@r%qvar é!aﬁir m@fdy]sejectwe mdcﬂotm inhibion rof PK@ohmeieasi to
and cr f ?1%5 S
pr ocesgﬁqéﬁo} bll?ﬁal Bﬂl%rlngsdﬁaéllg# %ﬁgy%hgé@esu t'l éé%edlée?ts g f‘ﬁr&%pr b‘cIYEIJ(]:t
has go&au4lly rtqlel'@b edﬁglmﬁﬁié P@mnaai@ppgqﬂtlo@mmcicdﬁaerﬁﬂew @f Sgiditemarsanddnore

4. 3% V‘%ﬁé’t‘ﬁflc ly Q‘?B ri'n?lélb?éygpl:ar‘%@p cBron cankat biriaR bafide? @R leukdiia. RF Q6&T5N,

IS shown schenatica
various other indi |cat|ons that may be affected by PKC activity may be effectively treated by

. these compositions, including multidrug resistance (MDR), one of the major problems in
currently employed cancer chemotherapy and inflammatory diseases in general.

[0010] The present invention relates especially to crystalline form Il and amorphous N-benzoyl-
staurosporine disclosed herein for the treatment of one of the said diseases or in the
preparation of a pharmacological agent for the treatment thereof.

[0011] The invention relates also to a process for the treatment of warm-blooded animals
suffering from said diseases, especially a tumor disease, wherein a quantity of the crystalline
form 1l or émorphous N-benzoyl-staurosporine, which is effective against the disease
concerned, especially a quantity with anti-proliferative and especially tumor-inhibiting efficacy, is
administered to warm-blooded animals in need of such treatment. The invention relates
moreover to the use of the crystalline form |l or amorphous N—benzoyl-staurosporine for the
inhibition of the above-mentioned PKC, or for the preparation of pharmaceutical compositions
for use in treating the human or animal body, especially for the treatment of a variety of solid
tumors and more specifically, e.g., breast cancer, colon cancer, ovarian cancer and leukemia.
Depending on species, age, individual condition, mode of administration and the clinical picture
in question, effective doses, e.g., daily doses of about 1-2500 mg, preferably 1-1000 mg,
especially 5-500 mg, are administered to warm-blooded animals of about 70 kg body weight.

[0012] The invention relates also to pharmaceutical preparations which contain an effective
amount, especially an effective amount for prevention or treatment of one of the said diseases,
of the crystalline form Il or érnorphous N-benzoyl-staurosporine of formula (1), together with
pharmaceutically acceptable carriers which are suitable for topical; enteral, e.g., oral or rectal;

or parenteral administration and may be inorganic or organic and solid or liquid. Especially
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B4B6 [003] The above conditions on t.he selective preparation of the
i ndi vi duaocwgesi4aiosf or ns are not concl usive. |n general PCE&/EP2005/01178%
possible to vary paraneters such as the wei ght ratl o of the conpound
of formula (1) to the solvent and anti-sol vent.

2006/ 0lgbieisergeiatinpsulies egeiningde Astve Sﬁp%}@n%tegather Witadifnestsy £ido dgctose,
CONPOSLiRJas, GRAJs! MaARitd s%'it}it%‘ %Fldl&% efr@?dﬂg:lﬂceﬁﬁ RS RiHPSnts, e.g., silica,
N-benzoyl - st aur ospori ne and phar maceut i ca acceptable carrrer. I'n
addi t i tic, stpafipacid or salés tb@wpbdmcaliv ﬁ@%ﬁ%'ﬁ%é@'ﬂuﬁhﬁe@@@@gﬁ@r BRG. are

i ncl ud | I Id er

s excy 5y Sfal HRNRSRIRET AU Gl KoRRE CONAR theht . Mop s S
have véi w@@tm@aaﬁypwadm@rm ‘eﬁeamr Eee ﬁtﬁysh gelgtin, rre&immlgloméodlum

st abi | d 0

phar mceepEfcsliibse dhaBY Bl ARIp oIy AR Moo B BRbaRF )b o°
accept algrehesnagni akginic Iaatd qrraeqaltah@'eﬁfotypwaﬂmmum 8lginatei roder eﬁem/megt

when t r 5%';% i edients in
a given L(rj)'rr"aﬁu aa‘alggr'rt])@ﬁ go'@i}gr?déaﬁtsscﬂ g‘i“%éé’m g%%l? or |iquid,
and rrapharmatcolpmalmmve\mmp@msm mduﬁ%ﬁrit inveitide, may furthie beruses! i iy thenform of
the f OEI‘QI[‘) fatiBnd i al%ﬂ?é?alfa%ﬁ{mg@étloﬂrbr ]!dfu§on s&ut%)és'sgall \L,é’luﬁidrﬁczilggﬁeferably
unti | ta|n|n SeCIfIC anount act|ve|nre|ent

t abl et lsgtonmsmp@s Sfm@np msmgpn@;athemé@lwhmrmed heforiese. ierg., in
addi ti

001 118 oty GOORAUD Afarb s RN 90 2cBRRREIRES SRTLIAHE or togetner
in theMtbﬁmanef-sﬁjgpmﬁQh@isT g@haltrnas:ﬁgtlcaéwbﬁtar@es g@w@gcﬂt@hmd gras:lfq)rdnay
dosage 0 at ed

" var paflafexpleft, £ RORVRGEY dilsel2OHBRRL O oRifer ERNLARR, 2\ o

i ncl udpelgbilizans: satss for ‘fhﬁ fegtlation of efmatisPressurey aad/or bl@‘iﬁr%u Thsparreémter al
(inclu

ol anp AR e ot 4] epaifons IHERISIWsirel e PRGN @he? Bllard o BYEAY e
of adnFuhsiancgs. vehia aahbleﬁl%eﬁredag@ara@ma@nw knewnd@gr 8. %, bY Mepes of
subj eCho e f.f?&ﬂél Huﬂrﬂg g?é?ﬁlaltﬁagééénﬁé &lgs%mmgydaﬁﬁkﬁ&%octegésnQﬁdJE(ﬁ'\tQH‘?rom‘

severit condi'ti on béin F eat ed art

f or mul agwm -109%. qsge%@llyﬁtymué Wh@ &Qwh@@"ét @fdh%aﬁﬁ’? spbstapceRN ubslanees.
uni t dosage form and ma Pre pared by net hods wel | -known in the
art f of0043hiThe invenianip & Wﬁde r[eﬂ]bwrﬁ@r%dﬁﬁheofp"%w §¥amples eercahing in

i ncl Ud@@tai[ ﬂw@prﬁﬁérbt:&@%ﬁ@ chApTURCARNAS c@rﬂpbaﬁ’oﬁs)ﬁ?%e%regéﬂt eAfidr?Bs Wal

which the active ingredient Is presented. A pharnaceutical
conpos P8 I Wity ltg@ﬁe? éPP%’eﬁfotﬁtﬂé\QSt‘? skiedin e ot Hiat many Aodifisatigns ot s,
by wei gfieriis, bhe n’%@rﬁdd%embﬁgé%%cﬁiﬂéd with 6thfe%QHM? %%e%%ﬁ&ée‘éﬁh Hibrebof

50% by vvelgt for_ oral adm nistration and

about ~ HueiNgntingi dhe exempigathalfdion araant intesdesdia ltsrmt fhe FS?Pq:%frt%ﬁ!”é{?i‘t&ﬁTsas

sui t ablefifrhePéifdbodd o Bt Slafidd BélowNcl ude capsul es (hard and soft),
cachets, | ozenges, syrups, suppositories and tablets, each containing
a predeterm ned anount of the active conpound; as a powder or

granul es, as a solution or a suspMan aqueous or non-aqueous
liquid; or as an oil-in-water or il emul sion. Such

formul ati ons may be prepared by any suitable nethod of pharmacy that

i ncludes th t rin i nto oci ati on the tlve co
and o Exeingl £ Hrficafion pPaiiresbiotind a0 shuRreerine.as b mePaseuionc
per unit dosage &idmtrﬁtﬁpamﬂeatl ons may be as descrl bed in prior

art foiﬁgr epar ations of N-benzo Q}{\gl st aur gspor.i ne.
2006/ 0¥34b BeerepRs GhEed 18 SiBHesPorine §ﬂ(?{”ﬁéﬁha§§be'ﬂ"te SUSReNSIoN 8 hepisd to

al so pygYitdesc."Riehefes@onic R BRIAHed B thE stidRnSBARAH MiSoRBifed BSution is
pharmaceuti cal compositions of this invention. The conpgounds and

conpos BgeHnActyptedigharcoal it ile ara pdded arthihaindxtreda 2g8d-a T8%iBIPERSIPRIsan
amount figdrb@ahd ¥R flier BSpdisRd ahatitér @RE BRNasHad HiIEYE Bine8WitRTetHdBl. The

clear filtered solution is transferred to another reactor and cooled to about 60°C. Triethylamine

diluted in ethanol is added slowly to the reaction mixture. Afterwards, the suspension is cooled
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[0013] The invention is further defined by reference to the foll ow ng
exanpl es weood/a8yg i n detail the preparati on of the cowgarerdosnd she
conpositions of the present invention, as well as their utility. It

will be appar t thoseskllledjnthea ,, that many o

modi fi &8 %gsmb%fefﬂaw mEtSHAYPEPONNR B2 iR b*ﬁvatw prhgdtrpusd isginspd

out depwiitlpldimés Rith kthanmiUr pose and i nt er est of this invention. The

exanples that follow are not intended to limt the scope of the

i nvention as defined herei nabove or as cl ai med bel ow. EXAMPLES

Exanpl gxamBy 2 f imaificatioR of sfilé'Ra0spdrind 81 tsUAIEPRF si ng
met hanesul ao_ni'c acid and triethylam ’lale [0014] A reggfgrgrngﬁgﬁggrh;ed

wi th st aur ospor iH¥stBlizaien et hanol . The suspension is heated to about

70C. Nﬁidaspmh&eﬁ%nergeq i s@éiﬂs%ohﬁe ‘Bh\%na %ﬁfwelceﬁo ; Qge%hgy&.ﬁfoﬁ'.éed

solution i's aged. Activated charcoal and Hyfl o are a

nmi xt ur Beatgd é@e@putﬁﬁ& 3 BeeeuMwa@dfchartce@!éwdmomawqq torthexpeluiicatang the
and fi hﬁﬁureqebge@é@awa?n@gugaé!ng.bﬁkseru{eréaeai asblitbeEnanglfiter %agalé@%nd filter

filtered solution 1s transferred to anot her reactor an

about GRS argrwashag maiPie:tiraes itk Benayl dleahoholhe deaidifetedssabutiop ie wansfrired to
react i QRotbredE®r af ElidPidhout P CS UHRRBRIOA id s%eee@h@ﬂ stabfosporind B2
2006/ 048296PCT/ EP2005/ 011789 to about 20C and e stauros orine
B2 is PF4weRdedingthanal.t Atenwsrds. ghanplipadded tpéh&wweaslmeud meesuepemesm is
W th ebgedahen (Eiﬁfr’émb%bguf@’@ FrHeaduspdhsiin |§%g§ﬁ a?é@ﬂfr%‘f RRE P RolBd at Qboué
staurosporine B2 through crystallization A reactor 1s charge
wi th sPdar dapeianmsperineBeisygnieted by fitgtien. . hmeroeu@p%ﬁeﬁe@!nnulgplﬁé@e§MIltho
about 8ffanand aged. Activated charcoal and Hyflo are added to the
solution and the m xture is aged again. The suspension is filtered at
about 90C. The filter apparatus and filter cake are washed nmultiple
times wxhmpReszHeryRObalof stlfrosp&die BE ké BF eeéwmmn latndrpRoas KL 1 ed
to anot her react oer gn C(;)olsed '?oba oeut 70geqj'lé'lre sol uti gn |srbseeded

wi th st aur ospor ihePzed-stadiosRaERei n et hanol . Afterwards, ethanol is
added Bmej;a reaeeee%h%eamthts%reéb%eﬁ@mah'b%néaegnhmee SRMoPehn fater.

about suspension 1S ai n_aged 'east 2 hours at abou

0C. Théhg{eastien fwﬁwﬁés heated tq ULY @ wi qudt rTzhel sehutioiecliligrestanst the @Iter
ri nsedappdrkiuglafd tfllté%% k@‘a?é‘wﬁémr}ﬁbltiplg’ﬁﬁﬂ@@ hfith %tl%‘ﬁ%? Yt filRPecPdolution is

st aur osporine B2 prepare essenti al anor phous

Nbenzo¥f Pﬂ%f?fzi%ﬁ @sﬁft?r“ieﬁ eI BSP cacledde ?'@ﬁ“t £8°e h\ﬁ‘f%%’ds lavly agdagrie dhsosalytion.
B2 wit Wh@%@!&%rﬁm%@@d’éﬂ \Ivi@eamSFdhéDQN %Qoﬂ@?a@:hsp@hﬁ:‘e rﬁ?&éds‘ﬂ@n%ﬁ(fsl&g@d' S

heated to about 70C and ed. The solution is ltered and
appar all78 @Rlgdite Pt @a@@%@eﬂﬁeﬁ@d Mﬂwwwawmwmﬁm ﬁoletqﬁiawcﬂltratmne

filterghe et BikeWT N- §eﬁz|’o'§3{0§£lﬂ6§;ﬁﬁmb% ARl mﬂnnm@%bg WitRREs AR RAthnbP The
about 60C. Water is slow to the solution. The soluticiniIs

seeded g ?%edﬁﬁ}eﬁﬂeeeswﬁeﬁpr filer-anngsaiet nrehanph @osd ahabaiit 85°G then

aged, t&®ed ersoReolsec %h@‘ébe@@&alh he{ﬁlsab@&fés@g%bﬁnay be repeated multlple times. N-
N-benzo?-stauros porine is isolated tration. The cake of

N- benz ByPZoytearspRsine deisplated ysdigation) ﬁ-hﬁl“@t cakeeis dripd in emum @ven atan

et hanobxtefzteferftatetofiabolit MONC d SUERANARH o] ﬁoilhﬁteﬂ)!r hé QO P fr 3ot 240
et hanol ged at about 25C then cool ed to about 0-5C and aged agai n.

This phewEdeokipinpradirtio-4Q.0 dred srken 1 gneory Axgls Yield: approximately 82% of

Nbenz oyens) MEsQREN idkted fo BSabagked by filtration. The wet cake is
dried in a vacuum oven at an external tenperature of about 40C and a

vacuunoph 7RITRE Q¥é BRétRANC! IDthdGibBRRFeakfin MlPBE re?p‘iadé@%ﬁx tip-obtain
product: 35-40 g dried cake: 27 g theory quel Yi el d: approximtely
82% of theory theory quell related to Bl 100% [ 0017] The use of

et hanoExafmpld e EivieflationSfisedurtBporie: B2 pEparatiyatalithe 1dryAINBF R-Henzoyl-
Benzyl ation of staurosporine 82 to prepare crystalline formlIl of

N- benzoyl st aur oS3 PRROM2E BA018] A reactor is charged with

[0018} A reactor is charged with staurosporine B2 with benzoic anhydride, absolute ethanol

and water. The reaction mixture is heated to about 70°C and aged. At the end of the reaction
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Exanple 5 Preparation of crystalline formsll of

N benzoyl Wet2adi/@89sr i ne usi ng benzyl al cohol and et hanolPCrEPR&)s/0A1789
reactor is charged with crude N benzoyl -staurosporine and benzyl

al cohol. The m xture is heated to 85C and the solution is

subsediireat thg reaplian mpreress segdegrvithscrigallinaiiorm by diberaog-starasrasiaged

W th i r 0

suspendi o S FrASERld gl Ty doifk ebsofe iAo AP Bl Mupadded to the
i s ageslspengian.c 6be 8usPEpsiah (R ATATEISET, H1es C@Pkﬁgttalab@lﬁé) €defare prygtallme form Il
N benz t G

ri nsed%’bp %het hgﬁgﬁfshﬂﬁ% 'gag eﬁ bgtht;r:\%mgr FE%%EX%G ??W%&%ngar a? %"pc?))r?ne 'S
of cr y&nssd muléple @meslwnhcabsmutﬁeeﬂz@w apd fignckigdin azacsimevencd@pExtarnal

and et Qﬂpﬂ; 0% Yo° 6358%%8{‘%@2’{ ?Eﬁggﬁ%t&‘ﬁrﬁ Iﬁo(f‘ﬁﬁé??or about 16 hours to obtain the

N- benzo T aur osporine an ure 1s eat ed t
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Suspengé&@d 't§a %0 ad@fhe Bn%oﬁlb%g?-}éhtlﬁg%ﬁb IEHB% iS YRGB HO with
is aged again ore crystalline form enzo - st aurospori ne
i s i soparfead cwstallmet foemilion N-ereopesiaresparige rEGrﬁyeuemesihn ethaaploAfterwards,
mul tip f

h&g@%%%lj&ébdtoqﬁé E&(?reﬁéﬁﬁah& e %ﬁ@fs’ i i g%ﬁ 8Ttn&X ¥sdiéd 1o it 26 S‘J

Il of st aur ospori ne using reactor I's charge

wi t h Nbglere oybtaline fargdper Vhenzaytisenospaing igdseialedby Wirpam elhetvwet £ble)is
70C, a %emﬂ)e ied crystalline formlIl of

N- benzgg%og\?gju%lﬁgg%rl n % |%QB?HQ%\%I Afterwards, ethanol is added
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N- benz bgated taabad 961G aed mcmﬂpn lwsmb@nﬂv @ged heas@dtiangs gbjed teegout
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by filtiration. The wet cake is rinsed with ethanol multiple tlmes and dried.
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Exanple 14 O spray drying experinent to get -anor phous PKC412 [0028]
The feed WOIw04/@R2%s prepared by dissolving 7 g of PKCAPZT/EP2005/011789
(crystalline formll) in approximately 350 g of ethanol/acetic acid

70:30 ww. The feed is ready to be atom zed into droplets fromvvhlch
the or G5ampled \?éﬁ[’a'ia&‘%\%ﬁ&fséﬁ%ae form Hof Arbenzgylsiantrsposipe isiiegMSO

ni t r ogRp2PEAULAEBGS 'cﬂar%;@@ WitR'NIBEAZBDI- Qéuragwrm%a oSS 1 Fhe TipRuiens Rkated to

tenperature IS set to whereas the outl et tenmperature Is set to

120C. Fprut /8¢ andthesiilutionds esearrntiipoed thepsgedert yithpurifisdierstilling foup I
Fur t heps QRMEA- b@ﬂﬁispgﬁﬁlé B@ sb&eﬂ@éd fneéiﬁﬁrfo?dAftéiﬂélml Qﬁhéﬁoi-@éﬁo%ﬁsto g h

crystalline forml benzoyl - st aur osporine [0 02
cont ai RISP§NSI0N ang tf@r Sttsnen%m is\aged @b &9 An denmenisd to ﬁb@tﬁéof@t [FBe gygpension is

usual | t
ot gL S5 Sk 10 e OTESTbo PASIS) HRRURL o

20 Aer brsiductds fagaskwith ethane mylipietimes and dried.

Example 9 Preparation of crystalline form Il of N-henzoyl-staurosporine using DMF
[0023] A reactor is charged with N-henzoyl-staurosporine and DMF. The mixture is heated to
about 70°C, aged and then seeded with purified crystalline form 1l of N-benzoyl-staurosporine

- B8 in ethanol. Afterwards, ethanol is added to the suspension and the suspension is aged at
about 70°C then cooled to about 20°C. The suspension is again aged before the crystalline
form Il of N-benzoyl-staurosporine is isolated by filtration. The product is rinsed with ethanol
multiple times and dried.

Example 10 Preparation of crystalline form Il of N-benzoyl-staurosporine using THF
[0024] A reacior is charged with amorphous N-benzoyl-staurosporine and THF. The mixture is
heated to about 65°C, aged and then seeded with crystalline form 1l of A-benzoyl-staurosporine
B6 in THF. The suspension is aged, then cooled to about 20°C and again aged before
crystalline form |l of N-benzoyl-staurosporine is isolated by filtration. The product is rinsed
multiple times with THF and dried, '

Example 11 Preparation of crystalline form il of N-benzoyl-staurosporine using ethanol
[0025] A reactor is charged with amorphous N-benzoyl-staurosporine and ethanol. The
mixture is heated to about 70°C, aged and then seeded with crystalline form [l of N-benzoyl-
staurosporine B6 in ethanol. The suspension is aged, the cooled to about 20°C and again aged
before crystalline form Il of N-benzoyl-staurosporine is isolated by filtration. The product is
rinsed multiple times with ethanol and dried.

Example 12 Spray drying experiment to get amorphous PKC412

[0026] The feed solution is prepared by dissolving 10 g of PKC412 (crystalline form 11) in
approximately 160 g of dichloromethane. The feed is ready to be atomized into droplets from
which the organic solvent is evaporated in the drying chamber by heated nitrogen resulting in
the formation of amorphous PKC412. The inlet temperature is set to 60°C whereas the outlet
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Total 447 [1] Preparation: The active substance« s mxed with carrier
mat er i al sSWOrRdod@RiMessed on a tabl eti ng machi ne (Kor sch PERGP2(N59¢1789
di aneter 10 mr) [2] Avicel is mcrocrystalline cellulose (FM,

et oAb rbe e st Epbat ey By binowa approximately
( Degussq, wiwe PRERY2 is fuﬂtﬁer drid® REEE/RAGAI6 BETTA BHIVER e hlsfEPy Exampl e 16

Capsules with crystalline formll of N-benzoyl-staurosporine [005]
Capsul es containing 100 ng of the conpound nanmed in the title as

acti VeEﬁé&hﬁkﬁlﬁ@f@ ExpUrR@ntee det ahftepheld PKECAY2 conposi ti on:
Conpos] 1 onAnount T'H veﬁ%er'\'gredl ent 100 Avi cel 200 PVPPXL15

Aer osi [0@2Khah%@earﬁ0 igp was ereparahpuflisaelving ¥ @ PREHd 2 derystalling fogmd]} in

pr epar gshrBYimatety 46b § Bfamp nﬁrﬁ@ ?éEdSs Ay Tth bb laREniEEINtE arbMIER fhdh AhlRAMISL

gel atin capsul es, size 1. Is dained Is:
organic solvent is evaporated in the drymg chamber by heated nitrogen resulting in the
formation of amorphous PKC412. The 1niet temperature is set to 110-120°C whereas the outlet
temperature is set to 70-80°C. The residual solvent content after spray drying is approximately

3% wiw. PKC412 is further dried under vacuum to get a solvent free material.

Example 14 Of spray drying experiment to get amorphous PKC412

[0028] The feed solution is prepared by dissolving 7 g of PKC412 (crystalline form Il) in
approximately 350 g of ethanol/acetic acid 70:30 w/w. The feed is ready to be atomized into
droplets from which the organic solvent is evaporated in the drying chamber by heated nitrogen
resulting in the formation of amorphous PKC412. The inlet temperature is set to 215°C
whereas the outlet temperature is set to 120°C. The residual solvent content after spray drying

is below 0.5%. Further conventional drying is not required.

Example 15 Tablets with crystalline form Il of N-benzoyl-staurosporine
[0029] Tablets containing 100 mg of the active substance named in the title are usually
prepared in the following composition:

Composition ' Amount (mg)

Active ingredient 100
Crystalline lactose 240
Avicel 80
PVPPXL 20
Aerosil 2
Magnesium stearate 5

Total 447

[001] Preparation: The active substance is mixed with carrier materials and compressed on a
tableting machine (Korsch EKO, punch diameter 10 mm).

[002] Avicel is microcrystalline cellulose (FMC, Philadelphia, USA).
[003] PVPPXL is polyvinyipolypyrrolidone, cross-linked (BASF, Germany).

[004] Aerosil is silicon dioxide {Degussa, Germany).
-16 -



1. A compound which is a crystalline form 11 of
N- benzoy| Wo2a0/&86r i ne, having an x-ray diffracti on patPiCarEP2005/011789
expressed in terns of 20 angl es, that incI udes five or nore peaks
selected fromthe group consisting ut 3.4, 6.0, 7.8, 8.7, 9.2,
9.7, 1Bxampleits £apsyles WIilzcefsthmafwrzs" ‘?f Nll%?"ﬁoyllﬁaQ"OSP@ﬂQe 19. 3,
19 6

b R G e i e g RS Re S
accor d'#S#@"Y orepREgdin {he olewing cempesiianar ed absor ption spectrumwith
absorption bands _at about 789, 773, 743 704 _ 1066 1026, 1458, 1398
1383, 1602, 1577, Cbﬁﬂ)hsitlxﬁﬁ7 1680, 2934 and 3055 @mbuuﬁ(mgf 4. A

conposli [%C@ng\gpé}#ﬁ%ll \3 Denzoyl staurosporine as a SO,fd d, wnereln at

| east 80 sai d solid N-benzoyl -staurosporife its
crystall |A1’é3ef ormll. 5 The conposition according to C1?0m 4, wherein
at | east B@pXly weight of said solid N- benzoyl -staurosporine is the
crystall u%_g/gorm I'l. 6. The conposition according to d aé m 4, wherein
at | east %%'b wei g of said solid N benzoyl-staurosporine is the
crystall |Mﬁ9"19§1#1m ﬁtﬁafatﬁ A phar maceuti cal conposition co?rgri sing: (a)

the conpound of Claim1l; and (b) arTptahr maceutically agegptable
carri mm—mmmﬂmgﬂ‘o—

Claim 7, further conprising one or nore pharnaceutically acceptable

exci IOI (04 B The cdPSuIRHE TRERIEY S@huﬁ%@%bﬁa‘p@ﬁ’erﬁ& SR NPt Mnitdudd Mo’hard

which Is a dosage formsuitable for oral adm nistration.
gelatin capsules, size 1.
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10. The pharnmaceutical canposition according to daim9, wherein said
dosage formis selected froma tablet, capsule or solution. 11.Use of
crystalline formlIl of N benzoyl-staurosporine according to anyone of
the Cains 1-5, for the preparation of a pharnacol ogi cal agent for
the treatment of a turner disease. 12. A process for the preparation
of crystalllne formll of N-benzoyl-staurosporine conprising: (a)
prOV|dﬁE§Lé§§¥¥QﬂiEh of N-benzoyl -staurosporine in a solvent; (b)
contacting the solution with a second solvent to forma precipitate;
and (c) isolating the precipitate; wherein the solvent is selected
fron1bénzy|FQMHmMmhd“mwﬁisEmﬁmmﬂamébﬂmﬂkmﬁhﬂbaun?Eﬁmnanmﬁmherein t he

d.sal t ] | t h t hanol
" vat 50 S e e E PR NP R AT i il Aneftsy B B S R
dryi ng pedle skizokatioth tﬂé gﬁiuplcbﬁiﬁngbﬂa%uﬁ@ﬁp@UHﬂSVﬁﬂ o, by, 1he, 104, 11.2,
crystalllne formll of staurosporlneéfroduced by t he

pr ocesd2&s 1t alnd:16.8, l%zﬁlgp? d@éskg 60403 ped ft-é gk ademersof crystalline

formll of N-benzoyl-staurosporine conprising: (a) reacting
staurosporine with benzoic anhydride to forma solution; (b) seeding
t he soRuti oTheitthpamydsitedriingéo €irml| whish résediendyyt 95% aelatvsgomiidie; andc)
adding g econd solvent; and (d) isolating the product; wherein the
second”%of'vent is selected fromethanol or a solution of ethanol in
wat er .

3. The compound according to Claim 1, having an infrared absorption spectrum with
absorption bands at about 789, 773, 743, 704, 1066, 1026, 1458, 1398, 1383, 1602, 1577,
1497, 1627, 1680, 2934 and 3055 cm™ + 2 cm’™.

4, A composition comprising N-benzoyl-staurosporine as a solid, wherein at least 80% by

weight of said solid N-benzoyl-staurosporine its crystalline form II.

5. The composition according to Claim 4, wherein at least 90% by weight of said solid M-

benzoyl-staurosporine is the crystalline form I1.

6. The composition according to Claim 4, wherein at least 95% by weight of said solid M-

benzoyl-staurosporine is the crystalline form II.

7. A pharmaceutical composition comprising:
(a) the compound of Claim 1; and

(b) a pharmaceutically acceptable carrier or diluent.

8. The pharmaceutical composition according to Claim 7, further comprising one or more

pharmaceutically acceptable excipients.

9. The pharmaceutical composition according to Claim 7, which is a dosage form suitable

for oral administration.
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16. A conpound which is the«crystalline formll of
N- benzoyl - st aur ospori ne produced by the process of O aim 15.

10.  The pharmaceutical composition according to Claim 9, wherein said dosage form is

selected from a tablet, capsule or solution.

11.  Use of crystalline form Il of N-benzoyl-staurosporine according to anyone of the

Claims 1-5, for the preparation of a pharmacological agent for the treatment of a turner disease.

12. A process for the preparation of crystalline form IT of N-benzoyl-staurosporine
comprising:
(a) providing a solution of N-benzoyl-staurosporine in a solvent;
(b) contacting the solution with a second solvent to form a precipitate; and
(c) isolating the precipitate; wherein the solvent is selected from benzyl alcohol, DMF,
DMSO, acetic acid or PEG; and wherein the second solvent is selected from ethanol,

THF or a solution of ethanol in water.

13.  The process according to Claim 12, further comprising drying the isolated precipitate.

14. A compound which is the crystalline form II of N-benzoyl-staurosporine produced by the

process of Claim 12.

15. A process for the preparation of crystalline form II of N-benzoyl-staurosporine
comprising:

(a) reacting staurosporine with benzoic anhydride to form a solution;

(b) seeding the solution with crystalline form II of N-benzoyl-staurosporine;

(c) adding a second solvent; and

(d) isolating the product; wherein the second solvent is selected from ethanol or a

solution of ethanol in water.

16. A compound which is the crystalline form II of N-benzoyl-staurosporine produced by the

process of Claim 15.
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