-1 - TRIHYDROCHLORIDE FORMS OF A DIHYDROPTERIDINONE DERIVATIVE AND
PROCESSES FOR PREPARATION 5 The present invention relates to a specific salt of a
dihydropteridione derivative, namely the trlhydrochldr1de salt of the compound
Ngtrans-444-(cyclopropylmethyl)-1-
piperazinylicyclohexyl)-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
100x0-2-pteridinyflamino]-3-methoxy-benzamide, to its anhydrous form, to its crystallisation in the form
of an hydrate with water, to a process for the manufacture thereof, and to the use thereof in a
pharmaceutical Bért¥ids f6h LI BNDOFCATRHEYIRRERIMESND INON B EBLY AT tRyAiNdpteridione
derivatives are already known in the pm@@gé’@gsﬁ@i BxBRk aRieRNational Patent Applications WO
03/020722 and WO 2004/076454 disclose dihydropteridione derivatives, a process for their
manufacttre and their use in a pharmaceutical composition to treat diseases connected with the
activity of specific 20cell cycle kinases and characterised by excessive or abnormal cell proliferation.

The compounﬂ%ﬁ%@oﬁ%ﬂﬁéﬁgﬁg %Pe%y&?gﬁ&gr ps?Q;‘? pte @F%Y 4 Z\Ba?tve nam

ethyl-5,6,7,8-tet methylethy 6- oxo- amlno -3- me hoxy r¥zam|de

and a proces%ﬂf&"ﬁﬁ%‘?ﬁh‘?ﬁéﬁjﬁﬁ@%r‘@%ﬁ@@ﬂ@ﬂﬂ? i rysed-if- @W@W@W%d However, the
above- mentlo;mgar@at@m:w@ah@ﬁgupaq glnrer)mrt@hﬁﬁlese ﬂBM&F&@&%%Rw@Hﬂ-@E@EM@ﬂM@fWIPéﬂny of the
compouqu exen’ﬂjllflegd'tt %ﬁ‘ ) Ith tgenoharmac%ol g asa valu ble p[ lE;[ertles of the
dlhydropterldlnone erlva T8 Iose the At and ment dﬁ% & 86'?13? ® the basic
prerequisite f@ﬂ@iﬁi@ﬁi@ﬂﬁetbﬁtﬂ@é%@ﬁﬁjbhuﬂl‘etay\/pihaﬁfﬁﬁe@éﬂat@dwmﬁﬁof@sﬁ@maanfa@we substance
must in any caagsatishy adeilonal firguBemerirdmRIdRiiiR RS AeeRRS for use as a drug. These
parameters are largely connected with the physicochemical 35nature of the active substance. Hence,
there continues to be a need for novel salt and crystalline forms of active substances, which can be
conveniently BAGKEARLUOID -TD-TatrMigifatitdNo patients and which are pure and highly crystalline in
order to fulfil exacting pharmaceutical requirements and specifications. Preferably, such compounds
will be readily formed and have favourable bulk Scharacteristics. Examples of favourable bulk
characteristicé gmﬁéqimggoptendlone derivatives are aiready known in the prior art. Thus, for

example, international Patent Applications WO 03/020722 and WO 2004/076454

disclose dihydropteridione derivatives, a process for their manufacture and their use in

a pharmaceutical composition to treat diseases connected with the activity of specific

20 cell cycle kinases and characterised by excessive or abnormal cell proliferation.

The compound N-[trans-4-[4-{cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[[(7R)-7-

ethyl-5,6,7,8-tetrahydro-5-methyl-8-( 1-methylethyl)-6-oxo-2-pteridinyljJamino]-3-

methoxy-benzamide and a process for its manufacturing are specifically disclosed in
25 WO 2004/076454.

However, the above-mentioned patent appiications do not disclose any specific salt

form or crystal form of any of the compounds exemplified thersin.

30  Although the pharmacologically vaiuable properties of the dihydropteridinone
derivatives disclosed in the art and mentioned above constitute the basic prerequisite
for effective use of the compounds as pharmaceutical compositions, an active
substance must in any case satisfy additionat requirements in order to be accepted for
use as a drug. These parameters are largely connected with the physicochemical

35 nature of the active substance. Hence, there continues to be a need for novel salt and

crystalline forms of active substances, which can be conveniently formulated for



filterability, solubility, intrinsic dissolution rate, stability in general and especially thermal stability, and
hygroscopicity. An absence of breakdown products in the pharmaceutical composition being used is
toalso favourable, since if breakdown products are pr@sent in the pharmaceutical composition the
content of active substance present in the pharmaceutical formulation might be lower than specified.
Another critical parameter to be controlled is the hygroscopicity, since the absorption of 15moisture

reduces the coiiapkhRbRITgeRAISAN adiive siDsiRpGR ARiGHPSHERIITRE ineraaserygight caused

by the uptake of water. Pharmaceutical compositions with a tendency to absorb moisture have to be
protected frorfiHSISH PSR IHTE LoP e U Bl o 4§85 EICEFLtable drying agents or by storing the

drug in an environment where it is protected from moisture. In addition, the uptake of moisture may

reduce the copfent200f aharmasssllicalyAS R-sURSIARSE ARINGMapiARLBR iihie pharmaceutical

substance is exposed to the environment without being protected from moisture in any way.

o g 2d. Sture
Preferabl§, thehaféreRiCRyGrEEIBRRAY B AR RHKEEaRP SR YRRAERISE I E S uld be well
characterisediiianddiagsialyislisn stabilizatisBitm thererystalimodiieation af@ascitig gihstasce is

important to tgggﬁgrogggipl r%gggﬁi Cghl.l)])ostance content of a preparation, there is a need to clarify as far
as possible any eX|§ting po¥§morp Ism of an active substance present in crystalline form. If there are

different polymorphic modifications of an active substance care must be taken to ensure that the

crystalline mQQi_f i§§§@:ﬁb@feﬂlﬁé¢l@ﬁiﬂﬁ%@@@% m@tr@am'ﬁbméé@@b%a%agt@h@w@ion later
produced fromilt. Ptherw&e, this ciggld h%ve a harmful effect on t}{'ae rg}}g{ro}gumble Eltotgpcy of the drug.

. 30 IS0 {avoul, e SHice eargdow, roducis ar rese . mmaceyitl
Against this bACRIFOGHT active SUDSEACES ChRIALIETSET BY SRy dlight PETSTPAISH are preferred.

Decreased levelsoisiigatiie solventsfindtiee arybsid tattipeeapotalshdavminadde 85 lerimydieto potential
solvent toxicity,{a,the IgiRiens a8 firgtion of the solvent. - 3 - Another criterion which may be of
exceptional importance under certain circumstances depending on the choice of formulation or the
choice of manufacturing process is the solubility of the active substance. If for example pharmaceutical
solutions are prepissedriitelhdemietasiorns) doistedisenis dhéhaidiveactiviey ssibstatheeabhorlitbbef

sufficiently SOMBIILRBYSIIOHEAbLRSR P ARFROLENLen f SEAIGBAIARLALE Jada falapotell. Ttisin

general very important that the active substance shou iciently loavailable.

10FurthermorBCiRRSEroM e F6P T ER MG SsHRIFE Brpitindnaspasestikat e BarRasRIT dilycarried out
on commerciasgatey teasss witheuiube ingeestbetivetaxeapies mbihiarparaingtats aybichgiegds to be
controlied arethe, StabIIy Qf G RIAUNG SB3RNCS {ader ¥arous SMIONMEntal ot where it
is protected from moisture. In addition, the uptake of moisture may reduce the content
20 of pharmaceutically active substance during manufacture if the pharmaceutical
substance is exposed fo the environment without being protected from moisture in any
way. Preferably, therefore, the hygroscopicity of a pharmaceutically active substance

should be well characterised, and possibly also stabilized.

25 As the crystal modification of an active substance is imporiant fo the reproducibie
active substance content of a preparation, there is a need to clarify as far as possible
any existing polymorphism of an active substance present in crystalline form. If there
are different polymorphic modifications of an active substance care must be taken to
ensure that the crystalline modification of the substance does not change in the

30 pharmaceuticai preparation later produced from it. Otherwise, this could have a harmful
effect on the reproducible potency of the drug. Against this background, active

substances characterised by only slight polymorphism are preferred.

Decreased levels of arganic solvenis in the crystal lattice are also favourable,
35 due in part to potential solvent toxicity to the recipient as a function of the

solvent.



15conditions, the stability during production of the pharmaceutical formulation and the stability in the
final compositions of the drug. The pharmaceutically active substance used to prepare the
pharmaceutical compositions should therefore have great stability which is ensured even under all
20kinds of environmental conditions. The problem of the present invention is thus to provide a
pharmaceutically active substance which is not only characterised by high pharmacological potency
but also satisfies the above-mentioned physicochemical requirements as far as possible. 25

SUMMARY OF THE INVENTION Surprisingly, it has been found that the problem outlined above is
solved by the ARFHERIGHRIR A AR b)TRE SIGRRAMTA RS FEERGHOE RGOS

30compound Nepteadsid H4-{icy clopnepyf methya'a)tédmmpmaZJWId:eyﬂohwxyﬂeeﬂu[[@Fb)Mhyé -the
5,67 Breuahdios SN Clneey P pleTnMiamneL P meibRs ASame the

structure of which is depicted below Iin the orm of the free base as orm
trihydrocHiorid&-8afPai m@@?y&%ﬁﬁ?@%tfﬁy%dhﬁ)ﬁ%’ﬁ%%ﬁé%ﬁﬁWﬁé’%éﬁb@@ﬁﬂv soluble

Nitrans-4-[4- (my@wemdmtwlacbmmasawﬁ@q#@he%]s%ﬁ(mr& tetbyltaken orally, it is in

55,6,7,8-tetrah %c};a Vré]reth o8t ?Qn et éea'gc S L?Dx an tekdlrﬂylﬁaml glengﬁestgp{g/ benzamlde offer
numerous ad\9 antages o er?h ree ase an ean rous form o |s compoun ﬁence over the

anhydrous foreipareiebetalline trlhydrochlorlde hydrate form presents for example an advantage of
stability under ambient conditions. 10Furthermore, when compared to the base salt, the

trinydrochlori resen s an advantage of solubility in water, where the trihydrochloride is much
more soluable(ﬁgﬁ ?FS %géocei_:ién %ﬁ?@ﬂn@oﬁfﬁ %H%%QHE\Q/@%%ﬁ%%%ﬁ%&m builders, the
trihnydrochloridesett E5thrce pred entoalsonateenagesas far as the yield, purity and reproducibility of
the synthesis of the salt form are concerned.

Hence, without being restrictive, exampies of the parameters which needs to be
controlled are the stability of the starting substance under various environmental
15 conditions, the stability during production of the pharmaceutical formulation and the

stability in the final compositions of the drug.

The pharmaceutically active substance used te prepare the pharmaceutical
compositions should therefore have great stability which is ensured even under all

20  kinds of environmental conditions.

The problem of the present invention is thus to provide a pharmaceutically active
substance which is not only characterised by high pharmacological potency but also
satisfies the above-mentioned physicochemical requirements as far as possibie.

25
SUMMARY OF THE INVENTION

Surprisingly, it has been found that the problem outlined above is solved by the
trihydrochloride salt and by the crystalline trinydrochloride hydrate form of the

30 compound N-[trans-4-[4-(cyclopropylmethyl)-1-piperazinyljcyclohexyi]-4-[[(7TR)-7-ethyl-
5,6.7 8-tetrahydro-5-methyl-8-(1-methylethyl}-6-oxo-2-pteridinyllamino]-3-methoxy-
benzamide, the structure of which is depicted below in the form of the free base as

formuia (I).



Thus, a first object of the present invention is the trihnydrochloride salt form of the compound N-[trans 4
[4 (cyclopropylmethyl)-1-piperazinyljcyclohexyl)-4-[[(7R)-7-ethyl-
205,6,7,8-tetrahydro-5-methy1-8-(1-methylethyl)-6-6>(l’)-“2-pteridinyliamino]-3-methoxy- benzamide. A
further object of the present invention is the trihydrochloride anhydrous form of the compound
N-Brans-444-(cyclopropylmethyl)-1-piperazinylicyclohexyl)-4-[[(7R)-7-ethyl-
255,6,7,84etrahydro-5-methy1-8- L lethyl)-6-ox0-2-pteridinyllJamino]-3-methoxy- benzamide. -5
- [R7R)-7-ethyl-5,6,7,8-tetrahydv0-5-methy1-8-(1-methylethyl)-6-oxo-2-pteridinyllamino]-3-
methoxy-benzamide. 5A further objectf tf eserft invention is theftkystalline trihydrochloride
trihydrate form of the compound N-[trans-4[4<(cy€l etm zinyljcyclohexyl]-4-
E7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methyl 6-0X0-2<ptexdimr]amino]-3-
methoxy-benzamide. 10A further object of the present i vention 15 aﬁ\improved process for the
manufacturing of the compound N-[trans-4-[4-(cyclopi@pylmethyk&-pipserazinyljcyclohexylj-4-[[(7TR)-7-
ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinyljamino]-3- methoxy-benzamide.
15A further object of the present invention is a proagss for the manufacturing of the trinydrochloride
salt of the compound Ngtrans-444-(cyclopropylmethyl)-1-
piperazinylicyclohexyl]-41(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
oxo-2-pteridinyi]artinsi-Schietiiexsaibend dhei deys2adintutrihpd wibfdetids thelptederm iphimstion is a
pharmaceuticg), mqgaqgmqusg&g;mgggm@%m[ﬁlseﬁ»ggm?[@g%ﬂ@mlﬁ@(ﬁmgﬂgﬂgp hydrate

form or the crystalline trihydrochloride trinydrate form of the compoun _

N-[trans- Af[ 4- (%y%l%éf%&ﬂméi{ﬁyﬁﬁ-emyt"& 1-methylethyl)-6-oxo-2-pteridinyllamino]-3-methoxy-
piperazi ny! I an@zeré-@ﬁ{a[(?ﬁbq@reﬂs;é&ﬁr;&_‘rﬁa@@stemahyd _rbeﬁ-mﬁmyh&ﬁb mmymieﬂayfbf& of
e RS A, ORI ORI Rl W0 LU REB AR 2l

acceptable carriers, diluents or excipients. A fuither object of the present invention Is the use of the
trinydrochlorid¥ &3 FPEF BISRRTESIPIRIFBERIS RIE2RYarRe F5thi B P tHe Rt AMREH ARG ERTSride
trinydrate form of the compound N4trans-4-14-(cyclopropylmethyl)-1-piperazinyl)cyclohexyll-4-
30[[(7R)-7-ethyl-5.6,7,8-tetrahydro-5-methyl:8-(1-methylethy|)-6-0x0-2-pteridinyllamino]-3-
methoxyj enrgi}r@ﬁgerﬁ%r% r%ﬁe?ﬁo%)%?eﬁgé%ig iégsa%gg}/%?‘,h?ﬂﬁ{’gﬁg%%r?l?@ de%(ggg |V%S%?%ﬁr?ormal cell

proliferation, GRS &FiRYIPpbarmazientitae o s8N rratiidesis nitabl efor reltiie) tiigeases
characterisedihy gxeegsive or abnormal cell proliferation. - 6 -

Lastly, when compared to other comman salt form builders, the {rihydrochioride salt
15 form presents also advantages as far as the yield, purity and reproducibility of the

synthesis of the salt form are concerned.

Thus, a first object of the present invention is the trihydrochioride salt form of the
compound N-[trans-4-14-(cyclopropylmethyl)-1-piperazinyljcyclohexylj-4-[[( 7R }-7-ethyi-
26 5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyt)-6-oxo-2-pteridinyllamino}-3-methoxy-

benzamide.

A further object of the present invention is the frihydrochloride anhydrous form of the
compound N-[trans-4-[4-(cyclopropyimethyi)-1-piperazinyljcyclohexy!l-4-{[(7R)-7-ethyi-
25 5,6,7 8-tetrahydro-5-methyl-8-(1-methylethyl}-6-oxo-2-pteridinylilamino}-3-methoxy-

benzamide.

A further object of the present invention are the crystailine trinydrochioride hydrate

3¢ forms of the compound N-firans-4-[4-(cyciopropylmethyl)-1-piperazinyl]cyclohexyl}-4-



Figure 1 shows the X-ray powder diffractogram of the crystalline trihydrochloride salt of the compound
N-[trans-4-[4-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[[(7TR)-7-
ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-§xo-2-pteridinyliamino]-3- methoxy-benzamide,
recorded using a Bruker D8 Advanced-diffractometer fitted with a 5location-sensitive detector (OED)
and a Cu anode as the x-ray source (CuKa radiation, 7" = 1.54056 A, 40 kV, 40 mA). Figure 2 shows a

light mlcroscogwamt@mﬂm@ff @ystalpefdhe fdivdraghlarice sakyaf- 16c0mpeHadyamino)-3-
N-[trans-4[4- (c§¥ Imegvﬁ/(g[ 1-piperazinylicyclohexyl]-4-[[(7TR)-7-

10ethyl-5,6,7 tet %8 g hyl-8-(1-methylethyl)-6-oxo-2-pteridinyljJamino]-3-
methoxy-benzamlde Figure 3 shows the thermoanalysis and determination of the melting point
(DSC/TG) of the trihydrochloride salt of the compound N-ffrans-444-(cyclopropylmethyl)-1 -

15piperazinyl]cyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
oxo-2-ptefidinifAAROLASHR 338/%%?’?2’3%\%‘ %&H@&Gﬁ?ﬁjﬂﬁﬁgwgﬁﬁr@fﬂﬁéfm%?%e peak

onset (heatingaatesf1OE fim)oilitng Naimmgwmasmmﬂpmdtuymg@Mlﬁﬁ]}@m@eﬂqywettler
Toledo. 20 DETALERRESCHBTION AR KRN ENTIN SR AlR e enrierengelere: e

compound N rans-444 ropylm
piperazinylicy EXSHENPRIEER - ethyl-5,6,7 8 -tetrahydro-5-methyl-8-(1-methylethyl)-6-
o0xo-2-pteridinyllamino]-3-methoxy-benzamide is specifically disclosed in WO 2520041076454, as well

as a process Br %ﬁ re{;%ara,[tlo]nt F0|rr ge&:[nn% \9e rocess to ma ufacture é r{hef) \é‘md reference is
thus made to thls pate app icalion CEor an alternate 6?6’08%% & HATGF g S%ﬁ&%\d

reference is nﬁd@t@@hﬂ@%ﬂéﬁﬂ@m&éﬁ@d%@%&t@ﬁ% Usebraziniiogcibthienyigell( 7R )-7-
Chromatograpi P56 DifferemijalSansing-S oMl 3R T-6 REAGHAWME s 4- The starting

materials trans- 4 amlnoc clohexanol 10, 3-methoxy-4-nitrobenzoic acid 1
N- (cyclopropm ﬂiﬂ’) {1& 12c and 4-acetamido- -cyclohexanone 18 are known compounds
which are commercially available. 5This process is a convergent process, which includes the steps of:

(i) synthesis of & cQRINMEG Of fX BB PFvention is a process for the manufacturing of the
trinydrochioride salt of the compound N-[trans-4-[4~(cyclopropyimethyl)-1-
piperazinyllcyclohexyl]-4-[[(7R)-7-ethyl-5,8,7,8-tetrahydro-5-methyl-8-( 1-methylethy! )-6-
oxo-2-pteridinyljamino}-3-methoxy-benzamide.

20 A further object of the present invention is a pharmaceutical composition comprising
the trihydrochloride salt, a crystalline trihydrochloride hydrate form or the crystalline
trinydrochloride irihydrate form of the compound N-[trans-4-[4-{cyclopropylmethyl)-1-
piperazinyllcyclohexyl]-4-[[(7R)-7-ethyi-5,6,7 8-tetrahydro-5-methyi-8-( 1-methylethyl}-6-
oxo-2-pteridinylJamino]-3-methoxy-benzamide, together with one or more

25  pharmaceutically acceptable carriers, diluents or excipients.

A further object of the present invention is the use of the trinydrochloride salt, a
crystalline trinydrochloride hydrate form or the crystalline trinydrochioride trihydrate
form of the compound N-ftrans-4-[4-(cyclopropyimethyl)-1-piperazinyljcyclohexyi]-4-

30 [[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-( 1-methylethyl)-6-oxo-2-pteridinyljamino]-3-
methoxy-benzamide, in a method for freating diseases characterised by excessive or
abnormal cell proliferation, or for preparing a pharmaceutical composition which is

suitable for treating diseases characterised by excessive or abnormal celt proliferation.

35  BRIEF DESCRIPTION OF THE FIGURES



(H) synthesis of a compound of formula 16 16 and (Hi) reacting the compound of formula 15c¢ with the
compound of formula 16. In the foregoing, the synthesis of a compound of formula 15c¢ and the
synthesis of a compound of formula 16 are describe"d.e(‘) Synthesis of a compound of formula 15c

HO -8-
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Figure 1 shows the X-ray powder diffractogram of the crystalline trinydrochloride salt of
the compound N-[trans-4-[4-(cyclopropylmethyl)-1-piperazinyllcyclohexyl]-4-[[(7R)-7-
ethyi-5,6,7,8-tetrahydro-5-methyl-8-( 1-methylethyi)-6-oxo-2-pteridinyllamino]-3-
methoxy-benzamide, recorded using a Bruker D8 Advanced-diffractometer fitted with a
location-sensitive detector (OED) and a Cu anode as the x-ray source (CuKa
radiation, L = 1.54056 A, 40 kV, 40 mA).

Figure 2 shows a light microscopy photograph of crystals of the trinydrochioride salt of
the compound N-[trans-4-[4-(cyclopropyimethyl}-1-piperazinylicyclohexyl]-4-[[(7TR)-7-
ethyl-5,6,7 8-tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinyllaminol-3-

methoxy-benzamide.

Figure 3 shows the thermoanalysis and determination of the melting point (DSC/TG) of
the trinydrochloride salt of the compound N-[trans-4-[4-{cyclopropylmethyl)-1-
piperazinytjcyciohexyl]-4-[[(7R)-7-ethyl-5,6,7 8-tetrahydro-5-msthyl-8-( 1-methylethyi)-6-
oxo-2-pteridinyllamino]-3-methoxy-benzamide, recorded using a DSC and evaluated by
the peak onset (heating rate: 10°C/min). The value given is determined using a DSC
821e made by Mettler Toledo.

DETAILED DESCRIPTION OF THE INVENTION

As already mentioned hereinbefore, the compound N-[trans-4-[4-(cyclopropylmethyl}-1-
piperazinyllcyclohexyli-4-[[{7TR)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-( 1-methylethy!)-6-
oxo-2-pteridinytlamino}-3-methoxy-benzamide is specifically disclosed in WO
2004/076454, as well as a process for its preparation. For details on a process to

manufacture this compound, reference is thus made to this patent application.

For an alternative process to manufacture this compound, reference is made to the

foillowing process.
Abbreviations used.
TLC  Thin-Layer Chromatography

DSC Differential Scanning Calorimeter
TG ThermoGravimetry



2609 (1.32 mol) 3-methoxy-4-nitrobenzoic acid 2 are placed in 1.5 L toluene. 300 mL toluene are
distilled off. 5 mL dimethylformamide are added to the residue and 123 mL 5(1.7 mol) thionyl chloride
are added dropwise thereto. The reaction solution is refluxed for 2 hours. The solvent is concentrated
by evaporation using the rotary evaporator under reduced pressure. The residue is dissolved in 500
mL tetrahydrofuran and added dropwise to a suspension of 202g (1.33 mol)

trans-4-aminopyé lglaexanekidifslifars ietanyecobisasxand 1B relirorP% nethssiinr eaipgnate
solution, so t }tthEgotrem}J?n%r tU{e iis rrn%!rrlltajlt%ed Q}(&C}\a{_(e%génq_r&d_l?{[:. The m!iqxtuir&e IS ﬁgirred for 1 hour
at 20C and 5 &Cé’mlr{)e% sed V\ya)t% are agaetE fhe praéup?ta eciscgﬁg{l’gﬁaﬁ?ereed’a%rg Waehid with
demineralisedwaperMisevdatitae divetheszely iaviieldirculating air dryer. 380g (98% of theory) product
11 are obtained. TLC (methylene chloride/ethanol = 9:1) Rf =0.47 15 0013 1 g of finely powdered
ruthenium(lll)-chloride hydrate are added to 1858‘%%.63, mol) 11 and 234g N-methylmorpholine-N-oxide
in 1.8 L atetohtIERAESHE MEATYE REMLMIREP 208 HStem IS Y888 & pressure 1.6 L acetonitrile

are evaporated off. 1,5 L demineralised water are added to the residue and the suspension is cooled
to 5C. The prﬁgi@'pﬁp%g%%f%tigg)mg%ﬁg and washeg with plenty of demineralised water. The solid is
dried at 70C in'the circulating air dryer. 168g (91% 0f theory) product la are obtained. 25TLC
(methylene chloride/ethanol = 9:1) Rf = 0.64 112g (383 mmol) of product 13, 108g (770 mmol)
N-(cyclopropylmethyl)piperazine J. and-4.5 methanesulphonic acid in toluene are refluxed for 3
hours using the water 5separator prox.N76 L water are separated off). Under reduced pressure
900 mL toluene are evaporated off and theLlnes'i’&M ( spepded in 1.2 L ethanol. 15g sodium
borohydride are added batchwise to this suspensi teriperature of 15 to 25C within one hour.
The mixture is stirred for 3 hours at 20C and anothér4g S¢diu
stirred for 16 hours at 20C. Under reduced iopressure 656'mL
demineralised water and 300 mL

hydride are added. The mixture is
| are evaporated off. 2 L

15¢ <

10

(it) synthesis of a compound of formuia 16

and (iii) reacting the compound of formula 15¢ with the compound of formula 18.
15
In the foregoing, the synthesis of a compound of formula 15¢ and the synthesis

of a compound of formula 1€ are described.

(i) Synthesis of a compound of formula 15¢

20



cyclohexane are added. The mixture is cooled to 5C and the suspension is suction filtered. The
residue is dissolved in 1 normal hydrochloric acid. 5g activated charcoal are added and the mixture is
suction filtered. 400 mL tert-butylmethylether are addé&d to the filtrate and it is made alkaline with
ammonia solution. It is cooled to 4C, the 15precipitate is suction filtered and washed with
demineralised water. The residue is refluxed in 400 mL tert-butylmethylether. It is cooled, the solid is
suction filtered and washed with tert.-butylmethylether. After drying.in the circulating air dryer at 60C

739 (46% of theory)qmpduct 14c¢ is qpy TLC (methylene chlon(':I‘ an =9:1) Rf =0.2 20 The
@ N \7e-NNTh cL

compound lajl_g may alterniatively also b aggd by thiefotlowing metiteag:
Nr0 NH k 19 25229 (142"miibi) 4-acetamitlo-dYclohexanone 18, 39.7g (283
cyclopropylmethylpiperazine 12c¢ and 0.7¢ ML methanesulphonic acid in 175 mL tolugne are refluxed
using the water separator yntil no more wafer is precipitated. The mixture i leftto cool and at 50C 175
mL ethanol are added an&'the resulting mixture is cooled to 20C. 5.37g (142 mmol) sodium
borohydride are added batchwise with - 10 - thorough stirring and the mixture is stirred for 16 hours at

20C. 200 mL obdgnarmahhyrsaablape acigirsssrgdrcheiopuisaiacthieirepstiopmixiirgodinder reduced
pressure 200 mL solvent dare e%%%ogxted é)ff. 00, mL sa{éjﬁrated potassium carbonate solution and 200
a3 e

mL methylisoBUTREBI & CPRR TR Fhadde iR e TR A% %o's¢ With
thorough stirritig? Te) prochyt tidosidetie filldeelddammgvitissbbreth at nefler déonperatiore isnr&firetl

methylisobutyEtons Ak ok om AL BRIEs asEeRl i Mesop ey s et to coo

and the precipitate is removed by suction filtration. After drallln , 16.29 (41% of theory) of trans
compound 19%EEbHAHFET. BT rhBERIAE IS diRFeltAdn o AMithérira v drafyray) midagdss A
solution of 44grckiwisamal)so peodiset FP 025 00.38LrALrmedtanhiatcyaribdgaborefiuxedser 6 hours.

The salvent is gorsaniialed by eyapqyaar et redyced piesoure. gl e feaigug s crystallised

from 700 mL isoprdpan precipitate is suction filtered, washed w t%r%.(-)bu?ylmethylether and

dried at 6DC itPtRBEFARIIBIR B/itgicepBehraes s 7o grbditct Eharaishisifetigsdertimpdrathloride

(contains 5% P@EHERNG 5 L demineralised water are added. The precipitate is suction filtered and
washed with demineralised water. The solid is dried at 70°C in the circulating air dryer.
3809 {88% of theory} preduct 11 are obtained.
TLC {methylene chloride/ethanol = 9:1) R, = 0.47

15

O
N
H

RS
?}!-50
0 o©

o-2

H
1 13
1 g of finely powdered ruthenium(lil}-chloride hydrate are added to 185g (0.63 mol) 11
and 234g N-methylmorpholine-N-oxide in 1.8 L acetonitrile and the mixture is refluxed
20 for 1 hour. Under reduced pressure 1.6 L acetonitrile are evaporated off. 1.5 L
demineralised water are added to the residue and the suspension is cooled to 5°C. The
precipitate is suction filtered and washed with plenty of demineralised water. The solid
is dried at 70°C in the circulating air dryer. 168g (91% of theory) product 13 are
obtained.
25 TLC (methytene chloride/ethanol = 8:1) R, = (.64



20 339 (90.4 mmol) 3-methoxy-4-nitrobenzoic acid 2 are suspended in 80 mL toluene. 0.5 mL
dimethylformamide and 16g (134 mmol) thionyl chloride are added. The mixture is 25refluxed for 1
hour. The solution is concentrated by evaporation undker reduced pressure and the crude acid chloride
is dissolved in 50 mL tetrahydrofurane. The solution is added dropwise to a suspension of 18.7g (94.9
mmol, 95%) of 20 trihydrochloride and 49g (397 mmol) of diisopropylethylamine in 150 mL
tetrahydrofurane while being cooled in the ice bath. TLC is u Nchg@ck that the reaction is

nsi

complete. After the reaction ha d water is added to the usp{e/ n and the pH is adjusted to 10
by the addition o(ﬁodﬂm\j;ydrgn. The organic phase is S&pafated offfand washed with
saturated saline solutib\n, he combinedjaq 5 phases are extracted onee ydrofurane.
The combined organic 5ph:fses are concentrafgd Ig?oevaporation under reducet p ol he residue
is refluxed in 300 mL tgyt.-butylmethylether. Tioe mixture is left to cool to 20C and the, pregipitate is

suction filtered. After drying in the vacuum drying cupboard at 45C, 31.3¢483% of theory) of product
14c is obtained. 10 A solution of 72.5g (174 mmol) of product 14c in 700 mL methanol and 145 mL

Smethlomapue s ARASINRRAIE NP 08 ROORLRIS P amagat el 200

vaporatet under

reduced pres&iife4500nTledeanRferalsels atendpiugae esrtrfiveee Siddehants thenguifisaraien is cooled
to 5C. The preeipitateriappesorvblisrat-andnasqiefadthaignynesalisedosdine Alier shying in the
chioridelethal Ol SR S R B R g e o BEC R o B AT 6 e
synthesis of ther2roldiite Freawder alifydse-B-thisthybge(iomethyléemip@R)e 26675kK)35t&ridinone 16
is described ig,geResad W OrsOMHR 8494 R WRIFE FRlRERACRIMAG nother 4g sodium
borohydride are added. The mixture is stirred for 16 hours at 20°C. Under reduced
1t pressure 650 mL ethanol are evaporated off. 2 | demineralised water and 300 mL
cyclohexane are added. The mixture is cooled to 5°C and the suspension is suction
filtered. The residue is dissolved in 1 normal hydrochloric acid. 5g activated charcoal
are added and the mixiure is suction filtered. 400 mL tert.-butyimethylether are added
to the filtrate and it is made alkaline with ammonia solution. It is cooled to 4°C, the
15 precipitate is suction filtered and washed with demineralised water. The residue is
refluxed in 400 ml tert.-butylmethylether. !t is cooled, the solid is suction filtered and
washed with tert.-butylmethylether. After drying in the circulating air dryer at 60°C 73g
(46% of theory) product 14¢ is obtained.
TLC (methylene chloride/ethanol = 1) R, = 0.2
20

The compound 14¢ may alternatively aiso be prepared by the following method.

N ° o Vo
D/\‘\/)\IH * mﬁk R QO\Nj\

H
12¢ 18 19

25 229 (142 mmol} 4-acetamido-cyclohexanone 48, 39.7g (283 mmol) N-
cyciopropylmethylpiperazine 12¢ and .71 mL methanesulphonic acid in 175 mL
toluene are refluxed using the water separator untii no more water is precipitated. The
mixture is ieft to cool and at 50°C 175 mL ethanol are added and the resuliing mixture

is cooled o 20°C. 5.37g (142 mmol) sodium borohydride are added batchwise with



The present invention provides an alternative route of synthesis of the
2-chloro-7-ethyl7,8-dihydro-5-methyl-8-(1-methylethyl)-(7R)-6(5H)-pteridinone 16, which is described
in 30the following. - 12 - The following starting matendls are known and commercially available:
(R)-2-am no-butyric acid 21 and 2,4-dichloro-5-nitropyrimidine 5. 2122 5 A suspension of 25 g (242
mmol) (R)-2-amino-butyric acid 21 and 32 mL (290 mmol) trimethylorthoformate in 150 mL methanol is

heated to soqao%ml@is éam@@@w?{ﬁ@ﬁxiﬁtﬁﬂé iS&Hraamel nefibigpwchioddemrsmaddecisid@ minutes.
Under evolutl sthet crease 60 C.. The re ctio ixture i fluxed for 3 hours.
o BT SR o e ol DRErae
0] 0

125 mL 10metHan are de u%ﬁeeagtrignaﬁ&(eg% P E8REneSE Fnoved by

distillation. A 208gehsiomeastt wmge(@enrﬁiﬁwméammuﬁab@mmtmdmrho_tmaﬁglw@méne is added
to the reaction, maixsteat A8t idsomiRaeHRNS @LRigsllRs AL 48k fdud hehEeRRIIBRJBXIIE Is Hirred for 16

hours at room tempe‘giaggt yre. Under cooling 73 mlL. ammonia (25%) is added. After addition of 50 mL of

deminerafise 82488 e 5trve Wk PSERSHEH o BT ?ﬂ%%\@ﬁ‘ﬁ?@?fh@g%‘?g aBp &gty 8hd washed with
demineralisedafliatcier@denstiof & 20 mblenefollitmnvofdeyoitegafiehtbe dediiethsraaitissgettded. 125 mL of

solvent are refpawesky distiiaion. TR Wtelaidolce dngiad andihe gyshrnaipn s cooled to

2 C. The suspension is suction filtered and washed with cold tetrahydrofurane. After drying in a
vacuum dryingU6Ven Htrgbien- A9 Spin@ s e thdGry) Bigsrsaatt QW&?W&%@H@I@ is obtained. 9.3

mL of a 50% aptzets sodium hydroxide solution is added to a stirred mixture of 2533.3 g (170 mmol)

22 hydroghlor @ﬂ@&ﬂ%@/gﬁ&@&g (ﬁagﬂ]f’q/g’% %no%%engqeé fﬁd _water. The aqueous phase is

separate he org anic phase Is a dropwise to a refluked suspension of 30 g (155 mmol) Sand
52 g (619 mmol) sodium - 13 - hydrogencarbonate in 230 mL cyclohexane. The suspension is

refluxed for 5 hours usig&a\w r separator to remove the forni?,w L&%\Z5 m 3_‘ flvent is destilled
off. At 75 C the suspension iis; ion filtered to remove the salts. T%ent IS lled of. The

residue is dissolved in 240 m -ﬁajrild\QO mLCofSovent is des U
~ N NH

H 2
19 20

A solution of 44g (157 mmol) of product 19 in 500 mL 24% hydrochloric acid is

15 refluxed for 6 hours. The solvent is concenirated by evaporation under reduced
pressure and the residue is crystallised from 700 mL isopropanol. The precipitate is
suction filtered, washed with tert.-butylmethylether and dried at 60°C in the vacuum
drying cupboard. 54.7g product 20 are obtained as the trihydrochloride (contains 5%
water).

20

P

O
x 3 HCI N,
V\N N HOJ@\ k/ O\N o
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Q Y :
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20 2

33g (90.4 mmol) 3-methoxy-4-nitrobenzoic acid 2 are suspended in 80 mi toluene. 0.5
mL dimethylformamide and 16g (134 mmol) thionyl chioride are added. The mixture is
25 refluxed for 1 hour. The solution is concentrated by evaporation under reduced
pressure and the crude acid chloride is dissoived in 50 mL tetrahydrofurane. The
solution is added dropwise to a suspension of 18.7g (94.9 mmol, 95%) of 20
trihydrochloride and 49g (397 mmoi) of diisopropylethylamine in 150 mL

tetrahydrofurane while being cocled in the ice bath. TLC is used to check that the



5 again. The solution is cooled slowly to 2 C. The suspension is suction filtered and washed with cold
2-propanol. After drying in a vacuum drying oven at 50C, 38.9 g (79% of theory) of product 23 is
obtained Lipophilic solvents such as e.g. cycloheXaWe: methylcyclohexane, toluene and the
tomixtures thereof are particularly suitable for achieving high regioselectivity in the nucleophilic
substitution reaction with compound 5. H N,..-:-.",..., "NO COOCH 3 1i,..... CINNCr -""NN 2N. 2324

1550 g 23 in 3d5chvh @f tetrmtdrofisanairbytsageralndda hadresries of he Riatiknyron Carbon

(5%) at a hydrogene pressure of 3 bay and at 35 C until no further hydrogene consumed. 2.5 g vanadyl
acetylacetona?g%a‘%eagcfgésoazéﬁﬁ%getﬂ (9?86&%1%?1%‘?@%85% e %@%éﬁéﬁ%?{‘ijﬁﬁe?@f%cremove

the catalysts. Afres&\sapEis emolvaciunadredk dilbed pre ssliralid® B ahticrpfopanoitdre@dded to the
residue and ZQQE%E%%F%&%Q%%Q%EM&i%‘d@iﬂﬁﬁ%%%ﬂgﬁ%&%_raﬁ% et ThE Y SRERzIoN is cooled

slowly to 2 C. The suspension is suction filtered and was with a cold mixture of Z- propanol and

deminerafise PORRER FAFEP A FHIRLLY SGRRT MG GG FPAH SRR S8y @ JEdER &S of product 24
is obtained 25efi@albin-30d mA suspensiosiofistig(2THz mmedt psiducbaband s aigH (ke mmol)

potassium ca in.  di Ic s t %é’t ] toc d%o 5 rs. The
mixture is Ieft%gggé% g%%;é@#?ﬁ ﬂ%%égﬁ%%m#é@%ﬁ Q}nujﬁgt ?Hba%:li}e?ag%eg g!r%\{a% dgd :J\’ﬂvh gstirring.
The organic pi¥a3e ¢& Hreme @otresiseridsisceRianessure. A mixture 50f 25 mL ethanol and 45 mL
demineralised water is added to the residue and heated to 60C. The solution is left to cool to room
temperature. The precipitate is suction filtered and washed with a mixture of demineralised water and

ethanol (1£:1). The product is dried at 50C in the vacuum drying cupboard. 6 g (82% of theory) of

product 16 are opa‘mﬂd’\lp VAN/\

k/N"h O k/N”‘- 0
A, . Mo
N@ "
0 o

NH

H
L 15¢

A solution of 72.5g (174 mmol) of product 4¢ in 700 mbL methanol and 145 mbL
dimethylformamide is hydrogenated in the presence of 10g Raney nickel at a

15 temperature of 20°C and a hydrogen pressure of 50psi. The catalyst is filtered off and
the methanol is evaporated under reduced pressure. 500 mL demineralised water are
added to the residue and the suspension is cooled to 5°C. The precipitate is suction
filtered and washed with demineralised water. After drying in the circulating air dryer at
60°C, 60.59 (90% of theory) of product 15¢ is obtained.

20 TLC (methylene chloride/ethanolfammonia = 9:1:0.1) R = 0.58

(i} Synthesis of a compound of formula 16

The synthesis of the 2-chloro-7-ethyl-7,8-dihydro-5-methyi-8-(1-methylethy)-(7R)-
25  6(5H)-pteridinone 16 is described in general in WO 2004/076454, tc which reference is

made.

The present invention provides an alternative route of synthesis of the 2-chloro-7-ethyl-
7,8-dihydro-5-methyi-8-(1-methylethyl)-(7R)-6(5H)-pteridinone 186, which is described in

30 the following.



(i) Reaction of a compound of formula 15c with a compound of formula 16 15c16(]l) 15A solution of
239 (59.5 mrnol) of compound 15s 16.8g (62.5 mmol) 2-chloro-7-ethy1-
7,8-dihydro-5-methy1-8-(1-methylethyl)-(7R)-6(5H)-pletidinone 16 and 28.3g (149 mmol)
para-toluenesulphonic acid hydrate in 350 mL 2-methyl-4-pentanol is refluxed for 22 hours using the
water separator. After the addition of 1g of compound 16 the mixture is refluxed for a further 2 hours.

300 mL_ solventare e e ARG e HEoaI R0 bR AUSHER 909 oh SIS RISty methylene

chloride and 300 mL demineralised water are added and the pH is raised by adding approx. 20 mL of
10 normal sodiH AHE84& B aticH PR Y reRg BIgRS Ephase is washed twice with demineralised

water and dried over sodium sulphate. The solvent is evaporated off under reduced pressure and the
residue is dissolved at 65C in 200 gL ethyl acetate. The mixtur? is 25 left to cool slowly to 20C, the
precipitate is suction filtered and wgsheg with cold ethyl acetatgy After drying at 60C in the vacuum
drying cupboard 24.4g (66% of theory) of product (l).is obtained (M.p. = 182C, DSC: 10 K/min,
additional endothermic effects inft diagram before méftigg)rs~15xHc
ethyl-5,6,7,8-tetrahydro-5-methyl-8'4(1-methylethyl)-6-oxo-2-pt9ﬁQinyl)amino]-3- methoxy-benzamide of
formula () CH."..--..,*"..NON N N N HH,C)N'CH, (0O 5 characterised in that a compound of formula
15c 21 22

A suspension of 25 g (242 mmol) (R)-2-amino-butyric acid 24 and 32 ml. {290 mmol)
trimethylorthoformate in 150 mL methanol is heated to 50 °C. At this temperature 26.5
mL (364 mmol) of thionylchloride are added in 30 minutes. Under evolution of gas the
temperature increases io 60 °C. The reaction mixture is refluxed for 3 hours. 125 mL
t10  methanol are destilled off and 100 mL foluene are added. 75 mL of soivent are
removed by distillation. A suspension of 77 g (364 mmol) sodium triacetoxyborohydride
in 175 mL toluene is added to the reaction mixture at 60 °C. 22 mL acetone are added
at 40 °C. The reaction mixture is stirred for 16 hours at room temperature. Under
cooling 73 mbL ammeonia (25%) is added. After addition of 50 mL of demineraiised water
15 the mixture is heated to 50°C. The organic phase is separated and washed with
demineraiised water. 24 mi of a 10 molar solution of hydrogenchloride in ethanol is
added. 125 mL of solvent are removed by distillation. 175 mL tetrahydrofurane is
added and the suspension is cooled to 2 °C. The suspension is suction filtered and
washed with cold tetrahydrofurane. After drying in a vacuum drying oven at 50°C, 42.9
20 ¢ (90% of theory) of product 22 as hydrochloride is obtained.

A 00 :\E/\ji COOCH,
)ﬁ::[ ° . H\NZ/ XHCL e CS/LN/ N)\/
¢ N e Y PY

(41
N
B
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9.3 mL of a 50% aqueous sodium hydroxide solution is added to a stirred mixture of
25 33.3 g {170 mmol) 22 hydrochloride in 60 mL cyclohexane and 60 mL demineralised
water. The aqueous phase is separated and the organic phase is added dropwise to a

refluxed suspension of 30 g (155 mmol) 5 and 52 g (619 mmol) sodium



10is reacted with a compound of formula 16, N CINN 16 wherein the compound of formula 16 is
prepared by methylation of a compound of formula 8 - 16- 8 in the presence of dimethylcarbonate.
5The present invention further provides a process foft the manufacture of the trinydrochloride salt of
the compound Ngtrans-4-{4-(cyclopropylmethyl)-1-
piperazinylicyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-

oxo-2-pteridi iRAk-AT0RHONY RRNanide rEtarE UAd 3 uSBith RERCRSSRABP B Higssteps of
contacting, under elevated ten%)erature or at r%orp temperature

N-[t - X .
A (o Al S B By IG A PR ST ZEL b Aged o
methyl-8-(1-matigleghyy-SusperBipteidingliamfitels-tnethow- tengainididissubredsidasistable

solvent or in a,miture gf solentsowish ysigsosic acichar hydtroen chiorids gagalisaalvgd in an

organic solvent, optionally in the presence of paratoluenesulfonic acid, and pollectlng the precipitate
formed. SuitaBRECeIVER ROl RReted siowly to 2 °C. The suspension s suction filtered and

15N-[trans-4[4s4eyelopropytactinsenipesaziniieys o head]:d-i FR)Y ety dt587,88.9 g
tetrahydro-5- &’i}#{ oﬁ]}?#@%ﬁ&%@t 30éo?-gt£{.‘%gdinyliamino)-3-methoxy-benzamide for performing
ols i nol, et

the salt formation are alco e me anol, 1- or 2-propanol, isomeric alcohols of butanol,
isomeric alcohols of pentanol, isomeric alcohols of hexanol, like 2-methyl-4-pentanol, ketones like

acetone, ziaIW%;Bgr% E@&Qﬂi&fﬁ’r’&lﬁﬁ%@%cﬂ@ﬁ '@@ﬁi{bﬁ?@g@gwﬁ@,@ﬁw m?@amgﬁ@ic acids like
acetic acid, amides like N-met rrolidinone itriles like acetonitrile. An alternative
ranufackiring BHORER & T BRIy (0 TOHSRG SRBTABR o WPAST TE Gy loeRoride satt s
obtained by addifierpbificsnbetitrticad ¢taddioridhicanidtodie 25reaction medium after completion of
the acid mediated nucleophilic aromatic substitution reaction of the compound 15c¢ with the compound
16. The following example is illustrative of the present invention and therﬁfore is not to be regarded as
a limitation to its scope. NO

|
2 N. O
N™ COOCH N
1/\( C e I/\/E L
C[/LN/ N/L\/ C!)\N/ N
/J\ A

23 2

15 50 g 23 in 375 mL of tetrahydrofurane is hydrogenated in the presence of 5 g Platinum
on Carbon (5%) at a hydrogene pressure of 3 bar and at 35 °C until no further
hydrogene consumed. 2.5 g vanadyl acetylacetonate are added and the hydrogenation
is continued. The suspension is fillered to remove the catalysts. The solvent is
removed under reduced pressure. 150 mbL 2-propanol are added to the residue and

20 heated to reflux. 300 ml of demineralised water are added. The suspension is cooled
stowly to 2 °C. The suspension is suction filtered and washed with a cold mixture of 2-
propanol and demineralised water. After drying in a vacuum drying oven at 50°C, 36 g
(90% of theory) of product 24 is obtained

! o
CIJ\E\/N?[NL r— Cljl\/hijINL
X X

25 16



- 17 - monohydrate are added and the mixture is heated to reflux for 24 hours using a water separator.
The solution is cooled to 100 C. 183 g concentrated hydrochloric acid are added. At 60 C 1.5 L
acetone are added. The suspension is stirred for 16 Aburs at room temperature. The precipitate is
suction filtered 5and washed with acetone. The product is dried at 60C in the vacuum drying cupboard.
267 g (92% of theory) of compound (l) as trinydrochloride are obtained. A further object of the

present inveniog, iy daeibpllowving step e licatienobdsdetitvirechiorisle Ralidarsrystallization,
wherein: the com oundé}é mﬁn%}jﬁr"é i&? ride is sus nded in a suitable organlc solvent, such as

ethanol; 15thé’? Oﬂﬁ‘ﬁxs Eetdlé abitfd: inan au Sﬁjél"%é?fhﬂ&%@preupate
is collected, wEsheudxivith ia lsfiitaltlecsalve 3f; sucteasZatbenolandatiéd mlhetfyllevdtayeex@mple of

purification via grustalizatiam, 5%%&5?&%@549&95%@{1@@%%&%@%Ua%%%@gg gom&t%rreegarded

as a limitation to its scope. 25Examplé of purification of the trihydrochloride salt e compound of
formula (1§ via®s/stahi2 %??.iﬂ%ﬁf%wqﬁ@‘ﬁj&%6%%66?\@@?5@%%@?@(%8#@@@]?60 mL dry
ethanol is heagettoTredlsaluGicn mletifideminer atisedevateratesatdedrddigidbsplstionis irdiéa cool

slowly to 20C taaé&%gﬁ g &th§%§( { ggf% e;b areS(:e aatF Isgf‘/lia n f|I y% ﬂalnhde Wascmc?( §/v;t£1 ethanol.

After drying a n t e vacuum ryln cupboar Reor compoun
trihydrochlorid&ifs ghteinedn QEAVWHQT %J@@t%ﬁﬁwﬁr&@rﬁﬁﬁ%éﬁﬁb?p@bpbm@é@@ ftf #re
manufacture efhandaydrated crystal form of the trihydrochloride salt of the compound N-ftrans-414- -
18 - (cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-83 1-methylethyl)-6-oxo-2-pteridinyliamino]-3-methoxy-benzamide of formula (1), said process
comprising the stepdibf:FedistoMig thencompboiidriués aseith a suitablemdefdoinisildént, such as
ethanol, at room temperature or elevated temperature; adding hydrochloric acid to the reaction
medium;

N

'\,NMO\NH l@ 4« /CI f_, — O\NJ@ ):j: LCH

2

15c 18 U

15 A solution of 23g (59.5 mmol} of compound 15¢, 16.8g (62.5 mmoal} 2-chloro-7-ethyl-
7,8-dihydro-5-methyi-8-(1-methylethyl)-(7R)-6(5H)-pteridinone 16 and 28.3g (149
mmol} para-toluenesulphonic acid hydrate in 350 mL 2-methyl-4-pentanol is refluxed
for 22 hours using the water separator. After the addition of 1g of compound 18 the
mixture is refluxed for a further 2 hours. 300 mL solvent are distilled off and the viscous

20 oilis allowed fo cool to 80°C. 300 ml. methylene chioride and 300 mL demineralised
water are added and the pH is raised by adding approx. 20 mL of 10 normal sodium
hydroxide sofution to pH = 9. The organic phase is washed twice with demineralised
water and dried over sodium sulphaie. The soivent is evaporated off under reduced
pressure and the residue is dissolved at 65°C in 200 mL ethyl acetate. The mixiure is

25 left to cool slowly to 20°C, the precipitate is suction filtered and washed with cold ethyl
acetate. After drying at 60°C in the vacuum drying cupboard 24.4g (66% of theory) of
product {I} is obtained (m.p. = 182°C, DSC: 10 K/imin, additional endothermic effects in
the DSC diagram before melting).

30 Thus, it is an object of the present invention to provide a process for the manufacture of

the compound N-[trans-4-{4-(cyclopropylmethyl)-1-piperazinyijcyclohexyl]-4-[[(7R)-7-



iocooling the reaction medium; collecting the precipitate, washing the precipitate with e.g. ethanol, and
drying. The following example of manufacture of an hydrated crystal form of the 15trihydrochloride salt
of the compound N1trans-4-[4-(cyc|opropy|methyl)-‘13 2 -
piperazinylicyclohexyl]-41(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
oxo-2-pteridinyllamino]-3-methoxy-benzamide of formula (1) is illustrative of the present invention and
therefore is netig BesregaEsieth as @ MBIl iarpR P sRRIse daNaaekire-of an hydrated
crystal form of thtﬁjtrirl drochlo ide]c alt oLth compound

N-[trans-4[4-(a?c Oﬁ%)éf’/ﬂﬁ%?ﬂ B-‘i- |BBP gllicyclohexyl]-4-
[[(7TR)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-0x0-2-
pteridinyliamino)-3-methoxy-benzamide of formula (1). 251.1 g of concentrated hydrochloric acid are
added to a solution of 2 g of th reeNod% of (I) in 30 mL ethanol. After stirring for 2 hours at 20 C the
suspension is cooled to 2 C. The pre%irﬂ dtg'is suctidn filtered and waiBhed with ethanol. After drying in
the vacuum drying cupboard 2.15 g (91% ofthearyy sl praducy, Rrip§drochloride are obtained. 30
The trinydrochloride salt of the compound N-Rrans-444-(cyclofiropylmeth Bl -
piperazinyucyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5#nethyl-§-(1-methylethyl)-6-
o0x0-2-pteridinyliamino}-3-methoxy-benzamide of fonﬁgmng M), is regti\mged by the following Formula.
-19- C34HS01\1803 x 3 HC1IMW = 728.21 5 The present invention also provides a process for the
manufacture of an anhydrous form of the trihydrochipride salt of the compound
N1ltrans-414-(cyclopropylmethyl)-1-
piperazinyl]cyclohexyl]-4-[[(7R)-7-ethy1-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
10oxo0-2-pteridinyflamino]eBarsetietxydienzanaideropdarm vif¢Hnuwddixn a preparation of the
trinydrochloride salt of the compound N-i[trans-4-[4-(cyclopropylmethyl)-1-
piperazinyl]cyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
oxo-2-pteridinynaminop3-methoxy-k@zémiqie’bﬁformula (1) is dried at a temperature above 130C and

maintained under dry atmosphere. k/N
- O\N o

M

0

NH

3¢ -

10 is reacted with a compound of formula 18,

16

wherein the compound of formula 16 is prepared by methylation of a

compound of formula 8



15 The following solubility and solid state characteristics of an hydrated form of the trihydrochloride
salt of the compound N-[trans-4[4-(cyclopropylmethyl)-1-
piperazinyl]cyclohexyl]-44[(7R)-7-ethyl-5,6,7,8-tetrahJ8ro-5-methyl-8-(1-methylethyl)-6-
o0xo-2-pteridinyliamino]-3-methoxy-benzamide of formula (), are relevant to the present 20invention.
Solubility properties of an hydrated form of the trinydrochloride salt of
N-[trans444-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[l7R)-7-ethyl-5,6,7,8-
tetrahydro-5-methy1-8-(1-methylethyl)-6-ox0-2- pter|d| /@ ] 3- ethoxy 25benzamide. Solubility
ity

in aqueous media - 20 - Table | shows the values o n hydrated form of the
trinydrochloride salt of the compound
Ngtrans-4-[4-(cyclopropylmethyl)-1- plpera2|nyl]cyglbhe>3§yl] (7TR)-7-

ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-0x0-2- |d|nyl]am|no] -3- methoxy-benzamide of
formula (1) in different agueous media. 5 Table | Medium Solubility [mg/m1] pH of the saturated
solution water >10 3.7 0.1 N HCI >10 1.3 0.01 N HCI > 10 Q.d. 0.1 mol/Icitric acid

in the presence of dimethylcarbonate.

5 The present invention further provides a process for the manufacture of the
trihydrochloride salt of the compound N-[trans-4-[4~(cyclopropylmethy!)-1-
piperazinyflcyclohexyli-4-[[{(7R)-7-ethyl-5,6,7 8-tetrahydro-5-methyl-8-( 1-methylethyl)-6-
oxo-2-pteridinyljamino]-3-methoxy-benzamide of formula (1), said process comprising
the steps of contacting, under elevated temperature or at room temperature, N-[trans-

10 4-[4-(cyclopropylmethyl)-1-piperazinyllcyclohexyl]-4-[[(7R)-7-ethyl-5,68,7,8-tetrahydro-5-
methyi-8-(1-methylethyl)-6-oxo-2-pteridinyllaminol-3-methoxy-benzamide dissolved in
a suitable solvent or in a mixture of solvents, with hydrochloric acid or hydrogen
chloride gas dissolved in an organic solvent, optionally in the presence of para-
toluenesulfonic acid, and collecting the precipitate formed. Suitable solvents fo dissalve

15 N-[trans-4-[4-(cyclopropylmethyl)-1-piperazinyf]cyclohexyl]-4-[[{ 7R)-7-ethyl-5,6,7.8-
tetrahydro-5-methyl-8-(1-methylethyl}-6-oxo-2-pteridinyljamino}-3-methoxy-benzamide
for performing the salt formation are alcohols like methanol, ethanol, 1- or 2-propanol,
isomeric alcohols of butanol, isomeric alcohols of pentano!, isomeric alcohols of
hexanot, like 2-methyi-4-pentanol, ketones like acetone, dialkylethers like

20 tetrahydrofurane, acetic acid esters like ethyl acetate, organic acids like acetic acid,

amides like N-methylipyrrolidinone and nifriles like acetonitrile.

An alternative manufacturing process is illustrated by the foliowing experiment, in which
the trihydrochloride salt is obtained by addition of concentrated hydrochloric acid to the
25 reaction medium after completion of the acid mediated nucleophilic aromatic
substitution reaction of the compound 15¢ with the compound 16. The foliowing
example is illustrative of the present invention and therefore is not to be regarded as a

limitation to its scope.

30 A suspension of 143 g (0.37 mol) 15¢ and 110 g (0.41 mol) 16 in 2 L 2-methyl-
4-pentanol is heated up fo 60 °C. 176 g (0.83 mol) para-toluenesuifonic acid



> 10 n.d. 0.1 mol/ltartaric acid > 10 n.d. 0.01 mo1/1 methanesulfonic acid > 10 n.d. Mcllvaine buffer
pH 2.2 >10 2.3 Mcllvaine buffer pH 3.0 6.2 3,0 Mcllvaine buffer pH 4.0 7.2 3.9 Mclivaine buffer pH 5.0
7.2 4.7 Mcllvaine buffer pH 6.0 7.1 5.7 Mclivaine bufféf pH 7.4

monohydrate are added and the mixiure is heated to reflux for 24 hours using a
water separator. The solution is cooled to 100 °C. 183 g concentrated
hydrochloric acid are added. At 60 °C 1.5 L. acetone are added. The suspension
is stirred for 16 hours at room temperature. The precipitate is suction filtered

5 and washed with acetone. The product is dried at 60°C in the vacuum drying
cupboard. 267 g {92% of theory) of compound (1} as trihydrochloride are

obtained.

A further object of the present invention is the following step of purification of the

10 trihydrochloride salt via crystallization, wherein:

the compound (1) as trihydrochloride is suspended in a suitable organic soivent,

such as ethanol;
15 the reaction medium is heaied to reflux;
water is added;

after cooling the precipate is collected, washed with a suitable solvent, such as

20 ethanol, and dried.

The following example of purification via crystallization is illustrative of the present

invention and therefore is not to be regarded as a limitation 1o its scope.

25 Example of purification of the trihydrochioride salt of the compound of formula

(1) via crystalilization.

A suspension of 15.5 g of compound (1) as trihydrochioride in 160 mL dry
ethanol is heated to reflux. 5.5 mL of demineralised water are added. The

ap solution is left to cool slowly to 20°C and stirred 16 hours at 20 °C. The
precipitate is suction filtered and washed with ethanol. After drying at 50°C in
the vacuum drying cupboard 13.3 g (86% of theory) of compound (1) as

trihydrochloride is obtained.

35 A further object of the present invention is a process for the manufacture of an

hydrated crystal form of the trihydrochloride salt of the compound N-[trans-4-{4-



7.8 7.1 0.1 mol1/1 meglumine 0.017 pH 8.9 0.01 N NaOH > 10 pH 7.4 n.d. = not determined 10 From
the above results, it can be concluded that this hydrated form of the trihnydrochloride salt of the
compound N-[trans-4[4-(cyclopropylmethyl)-1- - 18-
piperazinyl]cyclohexyl]-4-E7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
oxo0-2-pteridinyliamino]-3-methoxy-benzamide of formula (I) has a pH dependent 15solubility profile in

aqueous mede‘w&brb@mw%iae@gﬂw;@eimwmﬁdi@)mﬁyr@(@m@gygﬁ?d%ybi"ty in basic
a

media due to the lowe soluw of the free_base. - 21 - Solubility in organic media, This hydrated form
of the trihydrdBRIBY S Ja O e e ipBtnd RigHdny amnol-s-methoxy-benzamide of formula (1),
(cyclopropylnssikydy<b4sip ersumdiay thehazyd ©i4-[[(7TR)-7-ethyl-5,6,7,8-tetrahydro-5-
5methyl-8-(1-methylethyl)-6-oxo-2-pteridinyliamino]-3-methoxy-benzamide of formula (1) is highly
soluble (> 10 mg/m1) in propylenglycol, glycofurol, Cremophor RH40 (30 % aqueous solution),
Poloxamér 188 (20 $453QlEBLESSRMBRYNSSILRS RRSELE 2Rkl REBRRIGBRIRIH) Scheh as
HP-a-cyclodextrin (2&194ns! L8%oorbempsdenusselelinng)ickbSealidrstate properties of an hydrated
form of the trihydrochloride salt of N-[trans4-[4-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]
4-[[(7TR)-7-ethy1-5,6,7,8-

tetrahydro-5-methy 1384t eipritioviy-acisiis- thpteratiofaeian3-methoxybenzamide.

10 cooling the reaction medium;
coliecting the precipitate, washing the precipitate with e.g. ethanol, and drying.

The foilowing example of manufacture of an hydrated crystal form of the

15 trihydrochioride salt of the compound N-[trans-4-[4-{cyclopropylmethyl)-1-
piperazinyljcyclohexyl}-4-[[(7R)-7-ethyl-5,6,7, 8-tetrahydro-5-methyl-8-( 1-methylethyl)-6-
oxo-2-pteridinyllaminoi-3-methoxy-benzamide of formuia (1) is illustrative of the present

invention and therefore is not to be regarded as a limitation to its scope,

20 Example of manufacture of an hydrated crystal form of the trihydrochloride salt
of the compound N-ftrans-4-[4-(cyclopropylmethyl)-1-piperazinyljcyclohexyli-4-
[(7R)-7-ethyl-5,6,7 8-tetrahydro-5-methyl-8-(1-methylethyl)-6-ox0-2-

pteridinyljamino}-3-methoxy-benzamide of formula {I).

25 1.1 g of concentrated hydrochloric acid are added to a solution of 2 g of the free base
of {1} in 30 mL ethanol. After stirring for 2 hours at 20 °C the suspension is cooled to 2
°C. The precipitate is suction filiered and washed with ethanol. After drying in the
vacuum drying cupboard 2.15 g (91% of theory) of product {!} as trihydrochioride are
obtained.

30
The trihydrochloride salt of the compound N-[trans-4-[4-(cyclopropyimethyl)-1-
piperazinyijcyctohexyl}-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyi-8-( 1-methylethyl }-6-
oxo-2Z-pteridinyllamino]-3-methoxy-benzamide of formula (1), is represented by the
following Formula.

35



15 Appearance In the solid state, this hydrated form of the trihydrochloride salt of the compound
N[trans-444-(cyclopropylmethyl)-1-piperazinylicyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-
20tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-ptefiflinyliaminol-3-methoxy-benzamide of formula (1)
appears as a white to off-white microcrystalline powder. Crystallinity and polymorphism 25This
hydrated form of the trihydrochloride salt of the compound N4trans-444-
(cyclopropylmethyl)-1-piperazinyucyclohexyl]-4-[[(7R)-7-ethy1-5,6,7,8-tetrahydro-5-
methyl-8-(1-mWE—®pteridinyl]amino]-3-methoxy-benzamide of formula (1) is highly
crystalline. The X-ray powder diff\jgction diagram is shown in Figure 1. 30The X-ray powder reflection

and intensities (standardiset-are she he follgwing Table II. Table Il 2dhk£ﬁ\"tbnsity - 22 - ri[A]l/10
[/0] 4.13 21.38 24 7.88 11.21 89 8.25 34 8.6 N O
|
_ ) s CH,
3 H—CI [Tl N N
o h N
H,C H,C~ ~CH,
CrgkisoNgO3z x 3 HCI MW =728.21

The present invention also provides a process for the manufacture of an anhydrous
form of the trihydrochloride salt of the compound N-[trans-4-[4-(cyclopropylmethyl)-1-
piperazinyi]cyclohexyi]-4-[[(7R)-7-ethyi-5,8,7, 8-tetrahydro-5-methyl-8-( 1-methyiethy!)-6-

10 oxo-2-pteridinyllamino]-3-methoxy-benzamide of formula (1), wherein a preparation of
the trinydrochloride salt of the compound N-[irans-4-[4-(cyclopropylmethyi)-1-
piperazinyt]cyclohexyl]-4-[[(7R)-7-ethyl-5,6,7, 8-tetrahydro-5-methyl-8-( t-methylethyl)-6-
oxo-Z-pteridinytlaminol-3-methoxy-benzamide of formula (I} is dried at a temperature
above 130°C and maintained under dry atmosphere.

15
The following solubility and solid state characteristics of an hydrated form of the
trihydrochioride sait of the compound N-{trans-4-{4-(cyclopropylmethyi)-1-
piperazinyljcyclohexyl]-4-fl{ 7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyi-8-( 1-methylethy)-6-
oxo-2-pieridinyljaminol-3-methoxy-benzamide of formula (1), are relevant to the present

20 invention.

Solubility properties of an hydrated form of the trinydrochloride salt of N-ftrans-
4-14-{cyclopropylmethyl)-t-piperazinylicyclohexyll-4-{[{7R)-7-ethyl-5,8,7 8-
tetrahydro-5-methyl-8-( 1-methylethyl}-6-oxo-2-pteridinyllamino}-3-methoxy-

25 benzamide.

Solubility in aguecus media



10.21 28 9.81 9.01 100 11.45 7.73 54 12.38 7.14 59 13.12 6.74 37 13.50 6.55 52 14.53 6.09 39 15.26
5.80 32 15.40 5.75

10

15

- 20 -

Tabie | shows the values of solubility of an hydrated form of the trihydrochlotide salt of
the compound N-[trans-4-[4-(cyclopropylmethyl)-1-piperazinyljcyciohexyll-4-[[(7TR)-7-
ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl}-6-oxo-2-pteridinyllamino]-3-

methoxy-benzamide of formula () in different aqueous media.

Table |
Medium Solubility [mg/ml] pi of the saturated solution
water >10 3.7
0.1 N HCI > 10 1.3
0.01 N HCI >10 n.d.
0.1 molff citric acid > 10 n.d.
0.1 mol/! tartaric acid =10 n.d.
0.01 mol
methanesulfonic acid > 10 nd
Mcllvaine buffer pH 2.2 >10 2.3
Mclivaine buffer pH 3.0 6.2 3,0
Mcilvaine buffer pH 4.0 7.2 3.9
Mclivaine buffer pH 5.0 7.2 47
Mclivaine buffer pH 6.0 74 5.7
Mchlivaine buffer pH 7.4 7.8 7.1
0.1 mol/ meglumine 0.017 pH 8.9
0.01 N NaGH > 10 pH 7.4

n.d. = not determined

From the above results, it can be concluded that this hydrated form of the
trinydrochloride sait of the compound N-[trans-4-[4-(cyclopropylmethyl}-1-
piperazinyljoyciohexyli-4-[[(7R)-7-ethyi-5,6,7,8-tetrahydro-5-methyl-8-( 1-methylethyl)-6~
oxo-2-pteridinyllamino]-3-methoxy-benzamide of formuia (1) has a pH dependent
solubility profile in agueous media with high solubility in acidic and neutral media and

strongly reduced solubility in basic media due to the lower solubility of the free base.



32 15.515.71 37 16.52 5.36 43 16.71 5.30 28 17.35 5.11 10 18.04 4.91 43 18.19 4.87 42 18.65 4.75

32 19.104.64 19
-21 .

Solubility in organic media

This hydrated form of the frihydrochloride salt of the compound N-{trans-4-[4-
(cyciopropylmethyl)-1-piperazinyljcyclohexyl]-4-[[(7TR)-7-ethyl-5,6,7,8-tetrahydro-5-

5  methyl-8-(1-methylethyl}-6-oxo-2-pteridinyllamino]-3-methoxy-benzamide of formula (1)
is highly soluble (> 10 mg/ml) in propylenglycol, glycofurol, Cremophor RH40 (30 %
aqueous soiution), Poloxamer 188 (20 % aqueous solution), Soiutol HS 15 (20 %
agueous solution) as well as MP-i-cyclodextrin (20 % -, 10 % -, § % - agueous
soiutions).

10
Solid state properties of an hydrated form of the trihydrochloride salt of N-[trans-
4-[4-{cyciopropyimethy!)-1-piperazinyl]cyclohexyl]-4-[[(7R}-7-ethyl-5,6,7,8-
tetrahydro-5-methyl-8-(1-methylethyl)-6-oxc-2-pteridinyllamino]-3-methoxy-
benzamide.

15

Appearance

In the solid state, this hydrated form of the trihydrochioride salt of the compound N-
[trans-4-[4-{cyclopropylmethyl)-1-piperazinyljcyciohexyl]-4-{[(7R)-7-ethyl-5,6,7 8-
20 tetrahydro-5-methyi-8-{1-methylethyi}-6-oxo-2-pieridinyllaminol-3-methoxy-benzamide

of formula (1) appears as a white to off-white microcrystalline powder.
Crystallinity and polymorphism
25 This hydrated form of the trihydrochloride salt of the compound N-[trans-4-[4-
(cyclopropylmethyl}-1-piperazinyljcyclohexyll-4-[[(7R)-7-ethyl-5,6,7 8-tetrahydro-5-
methyl-8-(1-methylethyi)-6-oxo-2-pteridinyllamino]-3-methoxy-benzamide of formula (1)

is highly crystalline. The X-ray powder diffraction diagram is shown in Figure 1.

30 The X-ray powder reflection and intensities (standardised) are shown in the following
Table Il.

Table i

260 i Intensity



19.56 4.53 79 19.64 4.52 82 20.40 4.35 24 20.69 4.29 14 21.15 4.20 28 21.49 4.13 52 22.07 4.02 7 -
23 - 22.42 3.96

=29 .
[°] [A] i, (%]

4.13 21.38 24
7.88 11.21 89

8.25 10.71 34
8.66 10,21 28
9.81 9.01 100
11.45 7.73 54
12.38 7.14 59
13.12 6.74 37
13.50 6.55 52
14.53 6.09 39
15.26 5.80 32
15.40 5.75 32
15.51 5.71 37
16.52 5.36 43
16.71 5.30 28
17.35 5.11 10
18.04 4.91 43
18.19 4.87 42
18.65 475 32
19.10 4.64 19
19.56 4.53 79
19.64 4,52 82
20.40 4.35 24
20.69 4.29 14
21.15 4.20 28
21.49 4.13 52
22.07 4.02 7




16 22.86 3.89 40 23.33 3.81 16 23.81 3.73 51 24.08 3.69 16 24.25 3.67 22 24.57 3.62 38 25.24 3.53
22 25.40 3.50 24

-23.
22.42 3.96 16
22.88 3.89 40
23.33 3.81 16
23.81 3.73 51
24.08 3.69 16
24.25 3.67 22
2457 3.62 38
25.24 3.53 22
25.40 3.50 24
2578 3.45 13
26.08 3.41 48
26.45 3.37 32
26.70 3.34 22
27.12 3.29 31
27.45 3.25 28
27.68 3.22 13
28.13 3.7 6
28.24 3.06 28
29.56 3.02 22
29.94 2.98 14
30.12 2.96 22
30.39 2.94 9
31.04 2.88 32
31.29 2.86 15
31.64 2.83 6
32.16 278 8
32.69 2.74 8
32.82 272 21




25.78 3.45 13 26.08 3.41 48 26.45 3.37 32 26.70 3.34 22 27.12 3.29 31 27.45 3.25 28 27.68 3.22 13
28.13 3.17 6 29.24
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In Table il above the value "2 ® [°]" denotes the angle of diffraction in degrees and the

value "dnq JA]" denotes the specified distances in A between the lattice planes.

According to the findings shown in Table Il the present invention further relates to the
crystaliine trinydrochloride trihydrate salt form of N-[trans-4-[4-{cyclopropylmethyi)-1-
piperazinylicyclohexyl]-4-[[(7R)-7-ethyl-5,8,7 8-tetrahydro-5-methyl-8-( 1-methylethyl)-6-
oxo-2-pteridinyllamino]-3-methoxy-benzamide, characterised in that in the x-ray
powder diagram it has, inter alia, the characteristic values d = 3.73 A, 4.13 A, 4.52 A,
453A,655A 714A,7.73 A, 9.01 Aand 11.21 A (most prominent peaks in the

diagram).
The material crystallizes in rod iike crystals, as shown in enclosed Figure 2.

Under standard conditions the crystalline trihydrochloride salt form of N-[trans-4-{4-
(cyclopropylmethyl}-1-piperazinyllcyclohexyl-4-[[(7R)-7-ethyi-5,6,7,8-tetrahydro-5-
methyl-8-(1-methylethyl)}-6-oxo-2-pteridinyllamino}-3-methoxy-benzamide according fo
the invention is present in the form of an hydrate and is obtainable after drying with a
changing stoichiometry {1-3 water equivalents). The hydrate with a stoichiometry close
to a trihydrate seems 1o be the stabie hydrated form under ambient conditions and can
be obtained after conditioning of the dried material. The crystal water is tightly bound.

Lowering the humidity down to 10 % r.h. does not result in a significant weight loss.

Thus, the present invention further relates to the crystalline trihydrochioride salt of N-
ftrans-4-[4-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[[(7TR)-7-ethyl-5,6,7,8~
tetrahydro-5-methyl-8-{1-methyiethyl}-6-oxo-2-pteridinyllamino}-3-methoxy-benzamide,
characterised in that it is in a trihydrate form.

The thermoanalysis of the crystalline form of the crystaliine trihydrochloride salt of N-
[trans-4-[4-{cyciopropyimethyl)-1-piperazinyllcyclohexylj-4-[[(7R)-7-ethy!-5,6,7,8-
tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinyllamino]-3-methoxy-benzamide
according to the invention shows a Ty g = 245+ 5 °C (DSC: 10 K:min™' heating rate),

under decomposition, and a broad endothermic effect between 60 — 140 °C,
corresponding with the release of water. The DSC/TG diagram is shown in Figure 3. A
closer lock to the TG-trace shows a weight loss of approx. 7.5 + 0.5 wt. - % between 60

and 140°C. This weight loss can be attributed to the release of occluded crystal water.
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Correlating the observed weight loss with the molecular weight of the trihydrochloride
salt of N-[{trans-4-[4-{cyclopropyimethyl}-1-piperazinyljcyclohexyl]-4-[[{ 7R )-7-ethyl-
5,6,7,8-tetrahydro-5-methyl-8-{ 1-methylethyl)-6-oxo-2-pteridinyljamino}-3-methoxy-
benzamide reveals a stoichiomeiry of the respeciive hydrated form ciose {0 a

trihydrate.

CaqHsoNg03 x 3 HCI x 3 H,O M =782.26
-3H0 U AM =-6.9%
CasHsoNgO3 x 3 HCI M=72821

At about 260 °C another sirong endothermic peak can be observed in the DSC-
diagram, indicating melting of the dehydrated form. The onset of this meiting event is at
about 245 °C. Melting occurs, however, under decomposition, indicated by the
accompanied weight loss upon melting. When performing a TG-IR coupling
experiment, it can be shown that hydrochioric acid is reieased upon decomposition.
The respective anhydrous form, obtained by heating a sample up to 140 °C is not

stable.

Thus, the present invention further relaies fo the crystalline trihydrochloride salt of N-
[trans-4-[4-(cyciopropylmethyl)-1-piperazinyllcyclohexyll-4-[[{ 7R)-7-ethyl-5,6,7,8-
tetrahydro-5-methy!-8-( 1-methyiethyl)-6-oxo-2-pteridinyljamincl-3-methoxy-benzamide,
characterised by a melting point of T, = 245 + 5°C (determined by DSC; evaluation

using peak-maximum; heating rate: 10°C/min).

Solid state stability

When testing the stability of the crystalline frihydrochioride hydrated salt form of N-
[trans-4-14-{cyclopropylmethyl)-1-piperazinyllcyclohexyl]-4-[[{ TR)-7-ethyi-5,6,7,.8-
tetrahydro-5-methyl-8-( 1-methylethyl)-6-oxo-2-pteridinyljamino}-3-methoxy-benzamide
under harsh stress conditions (24 hours at 106 °C, 72 hours at 70 °C and > 80% rel.
humid., or 24 hours in a Xenotester ( = 300 - 800 nm, 250 W-m™)), the resuits show
that the trinydrochloride hydrated salt of N-[trans-4-[4-{cyclopropyimethyl}-1-
piperazinyljcyclohexylj-4-[[(7TR)-7-ethyl-5,6,7 ,8-tetrahydro-5-methyl-8-( 1-methyiethyt)-6-

oxo-2-pteridinyilamino]-3-methoxy-benzamide is very stable in the solid state. No



832,692.74832.922.72 21 - 24 -In Table Il above the value "2 []" denotes the angle of diffraction in
degrees and the value "dhk, [A]" denotes the specified distances in A between the lattice planes.
5According to the findings shown in Table Il the presétinvention further relates to the crystalline
trinydrochloride trihydrate salt form of N-[trans-4[4-(cyclopropylmethyl)-1-
piperazinyl]cyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-

-2-pteridin t it
s, o aln. 1 SRyt e e s S R Tl R e R R 7 72

9.01 A and 1EPasa ¢anedighieminent peaks in the dlagram). The material crystallizes in rod like
crystals, as shown in enclosed Figure 2. 15Under standard conditions the crystalline trihydrochloride
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tetrahydro-5- rﬁ@ﬂﬂﬁe@(Iﬂm@tﬁwéﬂiyw:er@X@-@ipg@ﬁéﬁﬁgﬂlaﬁmﬂﬁm-methoxy-benzamide

15 The present invention also relates to the metabolites of the compound N-[trans-4-[4-
{cyclopropyimethyl}-1-piperazinyilcyclohexyl]-4-[[{ 7R}-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-( 1-methylethyt)-6-oxo-2-pteridinyllaminol-3-methoxy-benzamide of formula (1),
to prodrugs of this compound or of these metabolites obtained via, for example,
chemical or non-chemical derivatization of the entire molecule or of one or more

20 chemical groups on the molecuie, to conjugates of this compound or of these
metabolites with a natural or ariificial polymer (for example an oligopeptide, a protein or

a chemical polymer), and to the use thereof in a pharmaceutical composition.

"Metabolites” are intended fo include compounds which are generated from the active
25  parent drug according to formula (1) or other formulas or compounds of the present

invention in vivo when such parent drug is administered to a mammalian subject.

Metabolites provide the same pharmacological effect and include compounds of the

present invention wherein for example an alkyl-amino group is replaced by an un-

substituted amino group or the corresponding N-oxide, an ester group is replaced by
30 the corresponding carbaxylate, or a methyl group has been transformed info a

hydroxymethyl or a carboxyl group.

"Prodrugs” are intended to include any covalently bonded carriers which reiease the
active parent drug according to formuia (1) or other formulas or compounds of the
35 present invention in vive when such prodrug is administered to a mammalian subject.

Prodrugs of a compound of the present invention, for example the compound of



according to the invention shows a Tfus = 245 5 C (DSC: 10 Icmirl' heating rate), under
decomposition, and a broad endothermic effect between 60- 140 C, corresponding with the release of
water. The DSC/TG diagram is shown in Figure 3. A3beloser look to the TG-trace shows a weight loss
of approx. 7.5 0.5 wt. - % between 60 and 140C. This weight loss can be attributed to the release of
occluded crystal water. - 25 - Correlating the observed weight loss with the molecular weight of the

trihydrochloridg sall.of NgtEansss As%a(sy%aﬁeg%gbg&&rera%@gzrrrgggxﬂmﬁmrﬂ%%@ jf-ethyl-

5,6,7,8-tetrahydro-5-methy1-8-(1-methylethyl)-6-0x teridinyliamino)-3-methoxybenzamide reveals
a st0|ch|ometr§}"6'ﬁﬁré"?é%@c‘f\?ﬂﬁiﬂ?&?éﬂ%ﬁﬁe&@@é@é) FHey s tiesmasonEes RrIHMK 3 H20M
= 782.26 - 3 H2@Raparerh SHApdARB4HSONS03 x 3 HCIM = 728.21 At about 260 C another strong
endothermic peak can be observed in the DSCdiagram, indicating melting of the dehydrated form. The
onset of this melting event is at about 245 C. Melting occurs, however, under decomposition, indicated
by the 15accormpaiHiiaferjhtiMeydagdn nrdige e isefoiraidra O R eoapiiiseegemarent, it
can be shownythiebyasRchinsirasishiricclearadivbra SesamRasHiane T hnrgsRasive reRydyaus form,
obtained by heatlnl%g sample é‘%ﬁ? 40 CiIS ot st%blef ZOTPus therﬁrese t |nv ntion further relates to
the Crystalllneptrll‘er 68%|0” é 8f Rf‘mu a ( Or omner Iormmuias 02’ compounas of the presen
Rrans-444-(cye¥eptopyméthyénpiperazinitiusiel chasylihb (2R Joraettayhd BiahGubject.
tetrahydro-5-ragifybSdd s BMHE:B@P%?% SRiRVaRBINALANEHIRYsREDZAMIdR, characterised

by a melting point of Tm.p i}? etermined by DSC; evaluation using peak-maximum; heating
rate: 10Cminf"2BPEK avs@g?@% H@kﬁf@gﬁﬁ@rﬂ%@gﬁa. 5 GPTHROLATSCMAC HPRRRESRIGride

hydrated salt footeiofdNa polymer in such a way that the modifications are cleaved in vivo by a bio-

[trans-4-[4- <Cyrﬁr98£ Wrg&ﬂyug—- sf Zinyticy gé NEX pny FnéF%;O%%% YR §ar 8 com

30tetrahydro-5-met yI -8-(1-met -6-0Xx0-2-pteri lamin -metho enzamide under harsh
stress conditions (24 hours at 105 C 72 hours at 70 C and >90% rel. humid., or 24 hours in a

Xenoteste{ —(sm@ tf&%%oﬁ@r%cﬁﬁé@ériﬂ%@ﬁﬁl&ﬁ&%ﬁha&r@%@rbhwmori@cbma&% salt of
N-Brans-4[4 lopr

prperazrnyl]cycl er?(yl - T fg%gaf é’lﬁW%W}%&Q@ﬁ%ﬂﬁrﬂ%ﬁ%eefﬁrjli &Trﬁét% eltgt?ﬂﬁ)sg &
350x0-2-pterithtihaimé)rsetidlyarthy@thid G overy-statitinii] andrediitt sritoxioenzamide

aiso has, in particular, an inhibiting effect on specific cell cycle kinases (Serin/Threonin-
kinases). Thus, this compound may be used for example to treat diseases connected
with the activity of specific cell cycle kinases and characterised by excessive or

20 abnormai cell proliferation, and especially for treating diseases connecied with the
activity of the pole-like kinase PLK-1. Such diseases include, for exampie: viral
infections (e.g. HIV and Kaposi's sarcoma); inflammatory and autoimmune diseases
(e.g. colitis, arthritis, Alzheimer’s disease, glomerulonephritis and wound healing);
bacterial, fungal and/or parasitic infections; leukaemias, iymphoma and solid tumours;

25 skin diseases {e.g. psoriasis); bone diseases; cardiovascular diseases (e.g. restenosis
and hypertrophy)}. This compound is also suitable for protecting proliferating cells (e.g.
hair, intestinal, blood and progenitor cells) from damage to their DNA caused by
radiation, UV treatment and/or cytostatic treatment (Davis et al., 2001). it may be used
for the prevention, short-term or long-term treatment of the abovementioned diseases,

30 also in combination with other active substances used for the same indications, e.g.

cytostatics.

Furthermore, the compounds in accordance with the present invention may be used on
their own or in conjunction with other pharmacologically active substances.

35



- 26 - significant decomposition or impurities (E< 2.4%) can be observed under the applied stress
conditions. From the above data, it can be concluded that the hydrated form of the trihnydrochloride
5salt of the compound Nprans-444-(cyclopropylmeth¥§-1-piperazinylicyclohexyl)-4-
(R7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinyllamino]-3-
methoxy-benzamide of formula (1) is characterized by its high solubility in acidic and neutral media and
its high crystallinity. The crystalline polymorph form is characterized as a trihydrate. The crystalline

form is very sBBIBR BB AR St HE e RIB RS A AR SCRINPSSNP BB IACSA RS ONIGi&a8ly acceptable
solvents. Physiaiegitaiheattoe ptabliedohvents gretkblewndapthéspessppekitasirctheiansand comprise,

without limitatjony {fSyamplR iRANIGSALATSHIA COMFIDING, SALHONSAYED B ad.fgeNacl solution,

a 5% glucose or ma%1 itol solution, or a Ringer/lactate solution. 15The present invention also relates to

the metabolite SKEIR 809%88% "Rli]_efztlp‘mgg U of the pharmaceutically active compound(s)
(cyclopropyInrityii- bepip érazimgicirolo bRy JoAol(RRY47 eeiersh b, 1,8 -te Gawidee-&- the
methyl-8-(1-mgiiyethd-Gsaxarortaridinyhiaminel-rns theydhrzamydent fermuiagle prodrugs of
this compoung or gget‘he%ea%etabolittﬁs obtai{nedf?/iaf ﬁ r exam Iet chemical or nfon-che ical
derivatization 0f (e entire ofecule of of one of more J0ehami at?% 00355 8?16%%6\%%"@}%, to

conjugates of YRCHMHPG I HEIBT BPfHese metabolites with a natural or artificial polymer (for example an
oligopeptide, a protein or a chemical polymer), and to the use thereof in a pharmaceutical composition.
"Metabolites" are intended to include com nds which are generated from the active 25parent drug
according to ngr%?ﬁ[f;? (ﬁﬁ?%tﬂ’@?’ f%?rﬁmﬁg‘%&%%%m Y B L HiVE SHBRIATSAR WHEN such
parent drug iS<agnirmsaivet it wheaxammdidresubijentisietibetiesiguovidetresaecgarmacological
effect and incwdﬁ;ﬂm@zwaaﬁagé,thgiﬁf@@%&érﬁ&ﬂtwrﬁmd%iﬂam &X@iﬁi%%?ﬂ%@f@mﬂfﬂup i(Sj )
replaced by ap_unsubstituted.ami roup or the corresponding N-oxide, an ester group is replaced by
30the correspgosné%l?lg tar (%%(?/tfg?é ,ﬂ(%%:%}g ﬁ’f/jlcg rou pm ﬁ%g%ﬁgé?l r%anrsaf%rﬁ{e@?n%ézoﬁ%g%%/i%thyl ora

carboxy! groufe'epitRiralgesareuicfed omEeiy salluierm enly dssrrraietarisneaiRich release the

active patent pbygiagicarding 0Horamitas hey afhetdaipridiassveeamgetds of the 35present invention
in vivo when such prodrug is administered to a mammalian subject. Prodrugs of a compound of the
present invention, for example the compound of - 27 - formula (1), are prepared by modifying

functional groﬁB@fﬁﬁjeté’Qiﬁt?ﬂﬂ\é R RTEBANRY FeSANgWAY TRat IS RiBRIMONtIGAS ardleaaasddioeither in
routine maniphkatririets witirivob stetie paremaipmEaliod tablet coatings, for example collidone or

shellac, gum arabic, talc, titanium dioxide or sugar. To achieve delayed release or
20  prevent incompatibilities the core may also consist of a number of layers. Similarly the
tablet coating may consist of a number or layers to achieve delayed release, possibly

using the excipients mentioned above for the tablets.

Syrups or elixirs containing the active substances or combinations thereof according to
25 the invention may additionally contain a sweetener such as saccharine, cyclamate,
giycerol or sugar and a flavour enhancer, e.g. a flavouring such as vanitlin or orange
extract. They may also contain suspension adjuvants or thickeners such as sodium
carboxymethyl cellulose, wetting agents such as, for exampie, condensation products
of fatty aicohols with ethylene oxide, or preservatives such as p-hydroxybenzoates.
30
Solutions for injection and infusion are prepared in the usual way, e.g. with the addition
of isotonic agents, preservatives such as p-hydroxybenzoates, or stabilisers such as
alkali metal salts of ethylenediamine tetraacstic acid, optionally using emulsifiers and/or
dispersants, whilst if water is used as the diluent, for example, organic solvents may
35 optionally be used as solvating agents or dissolving aids, and transferred into injection
vials or ampouies or infusion bottles.



5"Conjugates" are intended to include any covalently bonded natural or artificial polymer (for example
an oligopeptide, a protein or a chemical polymer) which release the active parent drug according to
formula (1) or other formulas or compounds of the pré¥ent invention in vivo when such conjugate is
administered to a mammalian subject. Conjugates of a compound of the present invention, for
example formula (I), are 10 prepared by attaching functional groups present in the compound to an
oligopeptide, a protein or a polymer in such a way that the modifications are cleaved in vivo by a
biomolecule, WRRH(FSLRARETHRIABSOHRPTRATIY O F tRERARGS Ot S ARPRAtRERiARHENd. Like the
dihydropteridingmsatersatiae Someaiopie b epvéEs 2A0dy0TiaitHadihth ectiompahidnces with inert

LN [trans-4-l4s{eudopraptmedaul - ainsiezimdlouclahedind iy Bl M et & |
tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinyllamino]-3-methoxy-benzamide also has, in
particular, an inhibiting effect on specific cell cycle kinases (Serin/Threoninkinases). Thus, this
compouné ma&ulieblsedpforséiaaspiestobranadisitaseeroplenactettingtvitheantéritypoivsecific cell cycle
kinases and cippy aeipidsedDyrexsessivel 42 0aRRRENAIGRILRIQlITBratioR-Anstiespardally for treating
diseases connected with the activity of the polo-like kinase PLK-1. Such diseases include, for
example: viral infections (e.g. HIV and Kaposi's sarcoma); inflammatory and autoimmune diseases
(e.g. colitis, afeFitpe e NBIPACTS HRscuERd RIS ISEERRIS. avRisuoimiieeaiiigpbacterial, fungal
and/or parasitieiefeatiensigentsasiniags Yopaerparafidsselig. wrowsndbsitiordiseages i aipsoriasis);
bone diseases, cardj lar di es (e S [ r hj pound is also
suitable %a; pr%%[g)ét% proli e%t%ggc?é Is& {ég%églrg?r%%m%%?§§§1é%ﬂ§ %egéh%%?&@n% from damage
to their DNA c%!&%&%ﬁé(b‘?é’iiﬁﬂ? fshiABAPLRNIBRLRESIR BehtiReitI RS 84t CPBIbL). It may
be used for theypifestentidmgrshooivtrs @ dohigrigrsiresadeditadd thedabovelinetid wdsis¢ases, 30also

in combinatiopwih, ieraGkive SHIZIRBESS) $RAdsIAE R SRMGHIRAICRIIPLSRith RyBRIatics. ,
Furthermore, thetg%ag?%)unds in accmglance with theigresent I gg}ntlon may be used on their own or in

conjunction Witly 57 A FOAES RPAIERYTRUEIES &N BTGNS (e pPiIERILs for the
pharmaceéuticalegoatpdsitiosisanaacidraatheediith khenpredemtimvention include for example tablets,
capsules, suppositories, solutions, - particularly solutions for injection (s.c., i.v., i.m.) and infusion -

elixirs, emUISI?ﬁé L(rj)r dISP r5|ble§% ders, Th ol ortion,of t e%harm{;ice thﬁl”X%Fth c%mpound(s)

5should be in éer%ae%r'(())rﬂns(?.r 1 tomtgi‘js\;[\/etr(-3 0, ?Sre?eyggﬁ!/ Wﬁt {850 Wt.9% olfyt & corﬁro)%éal’ti as a

whole, i.e. in HRSTUARSAVKRIF apEwlkficTon e achnivistipiondea debifie asrnp) to\deniev@iainherapeutic
effect. If necesparyftoe tlesesspeifitdrnaaydegivendevesal dbmas sodayn lobuitakbledaklets may be

obtained,for exapplee A MIALLN? ATNH SERRNRE(SIMI AL GE RIS, Ir gxample inert

diluents such as calcium carbonate, calcium phoSphate or lactose, disintegrants such as maize starch

or alginic acid®BIRERRY SqiiasiRih AR g AR b AfREeQ R g’sbﬁﬁ’ﬁﬁﬁe%*i’ﬁﬁwaﬁearate or talc
and/or agentstiegaetaymsteetetiseodich asmbsbimbarathyl tedd|vlegéeoaikdegdtacatate phehalate, or

15polyviny! a¢etaigidilRd ARS8y AlSe-ceBPLS SRV AR dansishGRatediiRlst mav bepyepared
accordlnglyb coating ¢ re§EProduce analo %uslg to the tablets WJthS bstanqg‘zenorma% used for
tablet coatingS 17 BXE B ORIBHS 5 SHE AR BRI araBe SO AR QORI 6T SR> To
achieve delayggnideasappve.

For parenteral use, solutions of the active substances with suitable liquid carriers may
be used.

30 The dosage for intravenous use is from 1 - 1000 mg per hour, preferably between 5
and 500 mg per hour.

However, it may sometimes be necessary to depart from the amounts specified,

depending on the body weight, the route of administration, the individual response to
35 the drug, the nature of its formulation and the time or interval over which the drug is

administered. Thus, in some cases it may be sufficient to use iess than the minimum

dose given above, whereas in other cases the upper limit may have to be exceeded.



20 prevent incompatibilities the core may also consist of a number of layers. Similarly the tablet
coating may consist of a number or layers to achieve delayed release, possibly using the excipients
mentioned above for the tablets. Syrups or elixirs coﬁ%ming the active substances or combinations
thereof according to 25the invention may additionally contain a sweetener such as saccharine,
cyclamate, glycerol or sugar and a flavour enhancer, e.g. a flavouring such as vanillin or orange
extract. They may also contain suspension adjuvants or thickeners such as sodium carboxymethyl
cellulose, Wetmbgaj‘gmg"ﬂﬁfﬂq%?r ARAHER %%Eﬁ@&ﬁ@?%?ot&ﬂi’édgf% %?dﬂf?o?s%ﬁ%eérthylene
oxide, or presgreathlies ot aprpatyavexiitsed@pates. 30 Solutions for injection and infusion are
prepared in the usual way, e.g. with the addition of isotonic agents, preservatives such as
p-hydroxybenzraiefoRlnsfakilisglsichrat aiaismetaalisof RUpdenediamingileiiaacetic acid,
optionally usin ?mulsifjers and/or dispersants, whilst if water Is used as the diluent, for example,
organic sé)lveﬁ% H?&Q%%%ﬁﬁ%%%ny be used as solvating agents or dissolving aids, and transferred into
injection vials or ampoules or infusion bottles. - 29 - Capsules containing one or more active
substances opgombinations of-agtiye substances may for e#r@gl@tbe prepared by mixing the active
substances with inert carriers such as lactose or sorbitol and packing them into gelatine capsules.
5Suitable suppositories may be made for example by mixing with carriers provided for this purpose,
such as neutral fats or polyethydeineglysahoatdhe derivatives théesk Excipients which may be used
include, for example, water, pipaa&rcf]saeceutically acceptable org&rais;n olvents such as paraffins (e.g.
petroleum fractions), vegetable oils 10(e.g. groundnut or sesame 0il), mono- or polyfunctional alcohols
(e.g. ethanol or glycerol), carri®&Z8U¥A"88 e.g. natural minerafBdeers (e.g. kaolins, clays, talc, chalk),
synthetic mineral powders (e.@oRighlyisprisad silicic acid and gilicates), sugars (e.g. cane sugar,
lactose and glucose) emulsifienrqsaé[%. 'ill,!il%nsi?é sfg?ent sulphite quugrs methylcellulose, starch and
polyvinylpyrrolidone) and lubrica s%e.g. magnesium 15steara eﬂ%lc, stearic acid and sodium lauryl
sulphate). The preparations are administered by the usual.methods, preferably by oral route, by
injection gr transdermally. For oral administration the tabletsapgy.gf course contain, apart from the
abovementioned carriers, additives such as sodium citrate, calcium 20carbonate and dicalcium
phosphate together with various additives such as starch, preferably potato starch, gelatine and the

ihe. MoreoveqBERRsheMLena adashin MeRalensqtig Syt Aulphals and i may be used

at the same time for the tabletting process. In the case of aqueous suspensions the active substances

may be combiRgeith s iR BRRSHAERY SPBIBRRMY L a94HER B the excipients
25mentioned rdipvie oy pdidente raagdes, sokads okthpactiresabstdnedswitysuntadsethiquid carriers

may be ysed.cemaining corn starch and the magnesium stearate are screened and mixed together.

The mixture is compressed to produce tablets of suitable shape and size.

B) Tablets per tablet

25 active substance 80 mg
lactose 55 mg

maize starch 190 mg

microcrysialline celiulose 35mg

polyvinylpyrrolidone 15 mg

30 sodium-carboxymethyl starch 23 mg
magnesium stearaie 2 mg

400 mg

35 The finely ground active substance, some of the maize starch, lactose, microcrystalliine

celiulose and polyvinylpyrrolidone are mixed together, the mixture is screened and



30The dosage for intravenous use is from 1 - 1000 mg per hour, preferably between 5 and 500 mg per
hour. However, it may sometimes be necessary to depart from the amounts specified, depending on
the body weight, the route of administration, the individual response to 35 the drug, the nature of its
formulation and the time or interval over which the drug is administered. Thus, in some cases it may
be sufficient to use less than the minimum dose given above, whereas in other cases the upper limit
may have to be exceeded. - 30 - When administering large amounts it may be advisable to divide
them up into &ATKEHEBAATE? BESLBARTS5R mapﬂwg%'yto o & RROWIRIG &R STt 5E
formulations iudtsatedhedprdsestdnye raOrowWitheilny bsestiticting) ite stapesA)T sleigtsigsrtablet active
substance10Q, s d AFiRsgd 49 4nd MAFKEIY Ee4A R R IRHRMEILELOBEd 3 g BagResium
stearate5 mg 15500 mg The finely ground active substance, lactose and some of the maize starch are
mixed tog%eth% The mixture is screeined,| tpen moistened with a solution of polyvinylpyrrolidone in
water, kn aded, Wet-granulate%ﬁgﬁ&&%%ﬁe granules, the 20remaining corn starch and the
magnesium stearate are screened and mixed together. The mixture is compressed to produce tablets
of suitable shape and size. B) Jtabletspertaklet 25active substangegdg mg lactose55 mg maize
starch190 mg microcrystalline cellulose35 mg polyvinylpyrrolidonel5 mg 30sodium-carboxymethyl

starch23 mg sodium chioride 900 mg
sodium hydroxide up to pH 4.0
10 water for inj. g.s.p. 160 ml

The active substance is dissolved in water at its own pH and sodium chloride is added

to make the solution isotonic. The pH is then adjusted to 4.0 by addition of sodium

hydroxide 1N. The resulting solution is filtered to remove pyrogens and the filirate is
15 transferred under aseptic conditions into ampoules which are then sterilised and heat-

sealed. The ampoules may contain 5 mg, 25 mg or 50 mg of active substance.



magnesium stearate2 mg 400 mg - 31 - worked with the remaining maize starch and water to form a
granulate which is dried and screened. The sodium carboxymethyl starch and the magnesium stearate
are added and mixed in and the mixture is compresse# to form tablets of a suitable size. 5C)Ampoule
solution active substance50 mg sodium chloride900 mg sodium hydroxideup to pH 4.0 10water for
inj.q.s.p. 100 ml The active substance is dissolved in water at its own pH and sodium chloride is added
to make the solution isotonic. The pH is then adjusted to 4.0 by addition of sodium hydroxide 1N. The
resulting solution is filtered to remove pyrogens and the filtrate is 15transferred under aseptic
conditions into ampoules which arethen sterilised @h@#Eat- sealed. The ampoules may contain 5 mg,
25 mg or 50 mg of active substance. - 32 - CLAIMS 51.Process for the manufacture of the compound
N-[trans-444- (cyclopropylmethyl)-1-piperazinylicyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-( 1-methylethyl)-6-oxo-2-pteridinyliamino]-3-methoxy-benzamide of formula (I) VNN (1) 10
characterised’in thatfiasssfotsdeeonhfowrasdresy Nhe compound N-[trans-4-[4-
(cyclopropylmethyl)-1-piperazinyllcyclohexyl}-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-

methyl-8-(1-methylethyl)-8-oxo-2-pteridinyljaminol-3-methoxy-benzamide of formula (1)

V/\O“‘QN i ' o
N

{1
10

characterised in that a compound of formula 15¢

NH

15 Is reacted with a compound of formula 1§,
o
NT =
)i\ =
Cl N i

16

wherein the compound of formuia 16 is prepared by methylation of a compound of

formuia 8



H2 15is reacted with a compound of formula 16, 16 wherein the compound of formula 16 is prepared
by methylation of a compound of formula 8 - 33 - 8 in the presence of dimethylcarbonate.
52.Trihydrochloride salt of the compound N-Rrans-44&-(cyclopropylmethyl)-1-
piperazinylicyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-
oxo-2-pteridinyllamino]-3-methoxy-benzamide of formula (I) in accordance with claim 1. 3. Crystalline
trihydrochloride hydrated forms of the, compound N-Itrans-444-

10(cyclopropylmethyl)-1- plperazmyl]chcIohexyl) -4-[[(7TR)-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-(1-methylethyl)-6-oxg= amino]-3-methoxy-benzamide of formula (I) in accordance
with claim 1. 4. Crystalline trihydraghloride trihydrate form of the compound N-[trans-4-[4-
15(cyclopropylmethyl)-1-piperazthyl]clcloi®xyl] 4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-(1-methylethyl)-6-oxo-2-ptepdinyljamino]-3-methoxy-benzamide of formula (I) in accordance
with claim 1. 5. Process for the manufacture of the trihnydrochloride salt of the compound N-
20[trans-4[4-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-1[(7R)-7-ethyl-5,6,7,8-
tetrahydro-5-methyl-8-( 1-methylethyl)-6-o0xo-2-pteridinylJaminol-3-methoxy-benzamide of formula (I) in
accordance with claim 1, said process comprising the steps of contacting

N-[trans-4-14;(cyel éQQP{HE%WR&PQIBSFWQCVCIOMXVD 4-[[(7TR)-7-ethyl-
5,6,7,8-tetrahydro-5-methyl-8-(1-met thyl)-6-oxo-2-pteridinyllJamino)-3-methoxy- 25benzamide
dissolved in a suitable solvent or solvent mixtures, with hydrochloric acid or hydrogen chloride gas

dissolvedsin ap orgamichgalsenlodad enllethiagthenpee pitpredermad cyclopropyimethyl)-1-
piperazinyljcycliohexyl]-4-[[(7R)-7-ethyl-5,6,7 8-tetrahydro-5-methyl-8-( 1-methylethyl -6~

oxo-2-pteridinyljamino]-3-methoxy-benzamide of formula {I) in accordance with claim 1.

3. Crystalline trihydrochloride hydrated forms of the compound N-[trang-4-[4-
10 (cyclopropylmethyl)-1-piperazinyl]cyclohexyl}-4-[[(7R)-7-ethyl-5,8,7 ,8-tetrahydro-5-
methyl-8-(1-methylethyl)-6-oxo-2-pteridinyllamino]-3-methoxy-benzamide of formula (1)

in accordance with claim 1.

4. Crystalline trihydrochloride irihydrate form of the compound N-[trans-4-[4-
15 (cyclopropyimethyl)-1-piperazinyljcyclohexyl]-4-[[(7R)-7-ethyi-5,6,7,8-tetrahydro-5-
methyl-8-(1-methylethyl)-6-oxo-2-pteridinyljamino}-3-methoxy-benzamide of formula (1)

in accordance with claim 1.

5. Process for the manufacture of the trihydrochloride salt of the compound N-

20 [trans-4-[4-(cyclopropylmethyi)-1-piperazinylicyclohexyl]-4-[[(7TR)-7-ethyl-5,6,7,8-
tetrahydro-5-methyl-8-(1-methylethyl}-6-oxo-2-pteridinyljJamino]-3-methoxy-benzamide
of formula (I} in accordance with claim 1, said process comprising the steps of
contacting N-{trans-4-[4-(cyclopropyimethyl)-1-piperazinylicyclohexyl]-4-[[(7R)-7-ethyl-
5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyt)-6-oxo-2-pteridinyllamino}-3-methoxy-

25  benzamide dissolved in a suitable solvent or solvent mixtures, with hydrochloric acid or
hydrogen chioride gas dissolved in an organic solvent, and collecting the precipitate

formed.

6. Process for the manufacture of the trihydrochioride salt of the compound N-
30 [trans-4-[4-(cyclopropylmethyl)-1-piperazinyllcyclohexyll-4-([(7R)-7-ethyl-5,6,7 8-
tetrahydro-5-methyl-8-(1-methyiethyl)-6-oxo-2-pteridinyljamino]-3-methoxy-benzamide



6. Process for the manufacture of the trinydrochloride salt of the compound N-
30[trans-4-[4-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[[(7R)-7-ethyl-5,6,7,8-
tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridi®gliamino]-3-methoxy-benzamide - 34 - of
formula (1) in accordance with claim 1, said process comprising the step of addition of hydrochloric
acid to the reaction medium used for the reaction of the compound 15¢ with the compound 16 516
7.Process in ce\with clai r 6, comprising an itional st urification, i
crystallization%g? ?y{%ﬁﬁ%}%éﬁ%ﬁﬁ%@%k’" %Ttﬁ%’@oﬁé%&a r{)drgrg%ra%%z{%g% ﬂrpe S{eg o didifon
(cyclopropylnéthyfrachipés agidyiRcie sprsiAT A FER)-sethiprdhe, resaiiaraphiifocsmpound 15¢
10methyl-8-(1-methylethy<6-0xQq-2-pteridinyllamino]-3-methoxy-benzamide of formula (1) in
accordance with claimy_¥, confprising the steps of: suspending the compound of formula (1) as
trinydrochloride in a suitable

the reaction medium; 20collecting th

7. Process in accordance with claim 5 or 8, comprising an additional step of
purification via crystallization of the trihydrochloride salt of the compound N-[trans-4-[4-
{(cyclopropyimethyl}-1-piperazinyijcyclohexyl]-4-[[(7R}-7-ethyl-5,8,7,8-tetrahydro-5-

10 methyl-8-(1-methylethyl)-6-oxo-2-pteridinyljamino]-3-methoxy-benzamide of formula (1)

in accordance with claim 1, comprising the steps of;

suspending the compound of formula (1} as trihydrochloride in a suitable organic
solvent;
15

heating the reaction medium to reflux;
adding water to the reaction medium;
20 collecting the precipitate, washing it and drying it.
8. Process for the manufacture of an hydrated crystal form of the {rihydrochloride

of the compound N-[trans-4-[4-{cyclopropylmethyl)-1-piperazinyllcyclohexyl]-4-[[{TR)-7-
ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinytlamino]-3-



of the compound N-[trans-4-[4-(cyclopropylmethyl)-1-piperazinyl]cyclohexyl]-4-[[(7R)-7-
ethyl-5,6,7,8-tetrahydro-5-methyl-8-(1-methylethyl)-6-oxo-2-pteridinylJamino]-3- - 35 -
methoxy-benzamide of formula () in accordance witl&laim 1, said process comprising the steps of:
dissolving the compound (1) as base in a suitable organic solvent at room temperature or elevated
temperature adding hydrochloric acid to the reaction medium; cooling the reaction medium; 10

collecting the INite | recipi i Jol] j cordance
it clai B, G T e S e e sonbostion
containing thé"l?iﬁﬁﬂ%@ﬁloride salt, a crystalline trihydrochloride hydrated form or the crystalline
trinydrochloride trihydrate form of the compound
N-Rrans-4-[4-(cyclopropylmethyl)-1-piperazinyllcyclohexyl)-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-methyl
oL methyiet)-o SSS ra R STAHRT G ) RSy ACARE G e O AL R ccordance with
claim 1, tégether wittemmergtuitore gipiadtentestiigcceptable carriers, diluents or excipients. 11.
Process for preparing a pharmaceutical composition according to claim 6, characterised in that the

trinydrochloride salt, a crystalline trihydroc Ior'pe hydrated 25form or the crystalline trihydrochloride
trinydrate form of théa%g'%b YﬁJ{H(m 576i949 (e reaction medium;
(cyclopropylmethyl)-1-piperazinyllcyclohexy11-41[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-(1-methyle%h@-w@&%@%&]g@no)-3-methoxy-benzamide of formula (l) in accordance
with claim 1 is incorporated in one or more inert carriers and/or diluents by a non-chemical method 30
12. Use 8f the trihydrochloride salt, a crystalline trinydrochloride hydrated form or the crystalline
trihydrochloride trihyelstgetfiogmebieei soampouthiNgtrans<dditate, and drying the precipitate.
(cyclopropylmethyl)-1-piperazinyljcyclohexyll-4-[[(7R)-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-(1-methylethyl)-6-oxo0-2-pteridinyl]amino]-3-methoxy-benzamide of formula (I) 35in
accordance with claifior$ep resaisgrephdimdebuficahespipstivniwiae sisirlitamesdbereating
excessive or aiyeial cell proliferation. - 36 - 13. A compound of formula 22

15
10. Pharmaceutical composition containing the trinydrochloride salf, a crystalline
trihydrochloride hydrated form or the crystalline trihydrochloride trinydrate form of the
compound N-ftrans-4-{4-{cyclopropyimethyl)-1-piperazinyljcycichexyl}-4-[[(7R)-7-ethyl-
5,8,7,8-tetrahydro-5-methyl-8-{ 1-methylethyl!}-6-oxo-2-pteridinylJamino]-3-methoxy-

20  benzamide of formula (1) in accordance with claim 1, together with one or more

pharmaceutically acceptable carriers, diluents or excipients.

11. Process for preparing a pharmaceutical composition according to claim 6,
characterised in that the trihydrochloride salt, a crystalline trinydrochioride hydrated

25 form or the crystalline trihydrochloride frihydrate form of the compound N-[trans-4-[4-
{cyclopropyimethyl)-1-piperazinyllcyclohexyl]-4-[[(7R)-7-ethyl-5,6,7 ,8-tetrahydro-5-
methyl-8-(1-methylethyl}-6-oxo-2-pteridinyl]aminol-3-methoxy-benzamide of formula (1)
in accordance with claim 1 is incorporated in one or more inert carriers and/or diluents
by a non-chemical method.

30
12. Use of the trihydrochioride salt, a crystalline trinydrochloride hydrated form or
the crystaliine trinydrochloride trinydrate form of the compound N-{trans-4-[4-
{cyclopropylmethyl)-1-piperazinyllcyclohexyl]-4-[[(7R}-7-ethyl-5,6,7,8-tetrahydro-5-
methyl-8-(1-methylethyl)-6-oxo-2-pteridinyllamino}-3-methoxy-benzamide of formuia (1)

35 in accordance with claim 1 for preparing a pharmaceutical composition which is

suitable for treating excessive or abnormal cell proliferation.



or a salt thereof. 5 14. A compound of formula 23 NO2 COOCH3 CIN---NN 23 foor a salt thereof.
- 36 -

13. A compound of formula 22

22
or a sait thereof.
5
14. A compound of formula 23
NO,
NS COOCH,
)l\ =
Cl N /’N\
23

10 or a salt thereof.



