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4-[[ (7R) - 8- | -7-ethyl-5,6,7, 8-tetrahydro-5-

nmet hyl - 4- 6-%0 - p?%zri di nyl] am no] - 3- net hoxy- N- ( 1- et hyl -PET[&P%OS?/PO i"'?hsyl ) 5
benzam de, nethods for the production thereof, and use thereof as

medi canents The present invention relates to new hydrates and new

pol ynor phs gg%sg-‘][:{:[(?R)-S- o .

cycl opentyl - 7- ef yl -5,6,7, 8-tetrahydro-5-net hyl - 6- oxo- 2-pteridinyl]amno]-3
-met hoxy- N (1-nethyl -4-piperidinyl)-benzam de, processes for preparing
them and thejr use as 10 pharnmaceutical conpositions. Background to the

i nvention Thgygwmolymorphs of 4-[[(7R)-8-cyclopentyl-7-ethyl-5,6,7,8-tetrahydro-5-

4-[[ (7R -8-cy N ¥lonB- B b ik R e Qifad; 15
pteridinyl] am%%?%%ﬁe%xéozi{}%lg &%@H@T’f %%ﬁ%%’g{&(gﬁ? hg%%l gprﬁe‘(B g*einég a

pol o-1i Ke KienmasmidePidthpdsfos theprohetivatkicrpal;, and nsd therdofgu niidicaments t he
eukaryotic cell cycle. The conpound

4-1[(7R)-8-cycl opentyl -7-et-hyl -5, 6, 7, 8-t et rahydr o- 5- net hyl - 6- oxo- 2-

pteri di nyl | PRY pedenBmiBide@r¥Ns tlnd®h A BSY helymsth kelg. has the
structure of Igo the follow ng for w%ﬁeﬁ@ﬂ@k&%ﬂ%ﬁhﬁQiﬂﬂmgﬁN Nx NH
(1) Sim | arcyglopgetybpredii-8itibtrédrahydrocercthybédxpr-meridisyljaoingk 3-mekoxy-

N-(1-methyl-4-piperidinyl)-benzamide, processes for preparing them and their use as

10 pharmaceutical compositions.

Backeround to the invention

_ The compound 4-[[(7R)-8-cyclopentyl-7-ethyl-5,6,7,8-tetrahydro-5-methyl-6-0x0-2-
15  pteridinylJamino]-3-methoxy-N-(1-methyl-4-piperidinyl)-benzamide as a polo-like
kinase (PLK) plays an important part in the regulation of the eukaryotic cell cycle.

The compound 4-[[(7R)-8-cyclopentyl-7-ethyl-5,6,7,8-tetrahydro-5-methyl-6-0x0-2-

pteridinyl]amino}-3-methoxy-N-(1-methyl-4-piperidinyl)-benzamide has the structure of
20 the following formula (1).
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Similar dihydropteridinones are described in WO 03/020722.
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WD 2006/ 018222 2 PCT/ EP2005/ 008736 Detailed description of the invention
The resent VR provi des new hydrates and new pol ynorphi f

t he conpouwg) o?éégirkrzml a (1) with an antfprol iferative actiw{%?éogb@ﬁ)
therefore relates to hydrates of the conmpound of formula (1): ~"Na H N~N
Nv Hb ,0(l) 10 The hydrate of the conpound of fornula (1) is
preferred, {68 b . o [ . Also preferred is the hydrate of the
conmpound of gr G ) i q’*@%e trihydrate. The invention further
relates to the anhydrate of the conpound of fornmula (1). 15 Also preferred
is the anhydrate of .the,. conmpound of formula (1), which is present as the
type | an hyﬂt&%le@?eﬂmné’anwre}'lﬁ@%n%hy%@@%ﬁ%?@mpr&hﬁrefoe@ﬁﬁf)@ﬁd of
formul a (1) coniftiugll of BorRESE Witk RV 8etliryanhydrate. Also preferred
is the anhydrlgéue of the corrpohn%n%l?ﬁ?%r nﬁilla ?ﬂly\ihl ch is present as the
type |15 anhydrate. 25 The invention further relates to a pharnaceuti cal

coPee B S oe EBSBg g ksl vo erount of one o

N L
QL@J@L
g

10 The hydrate of the compound of formula (I) is preferred, which is the monohydrate.

(n

Also preferred is the hydrate of the compound of formula (I}, which is the trihydrate.

The invention further relates to the anhydrate of the compound of formula (I).

15
Also preferred is the anhydrate of the compound of formula (I), which is present as the
type I anhydrate.

Also preferred is the anhydrate of the compound of formula (I), which is present as the
20 type I anhydrate.

Also preferred is the anhydrate of the compound of formula (I), which is present as the
type Il anhydrate.

25  The invention further relates to a pharmaceutical composition which contains a

therapeutically effective amount of one of the hydrates and polymorphic forms of the



WO 2006/ 018222 3 PCT/ EP2005/ 008736 conpound of fornmula (1) according to
the inventiQp.gRp¢shpPed above and one or, nore pharnmaceuti ‘i'ﬁyﬁzoﬁﬁé\o%ﬁsab' e

exci pients. The invention further rel at 635 to the hydrates an ynorphi c
forms of the conpound of 5 forrrula (I') according to the invention for use
as pharmaceutical conmpositions with an antiproliferative activity. The

i nvention fdé['rhﬁgﬁ ﬁrnﬁl% (Qoa(: (%}ﬁmgﬁg £ fm%ﬁﬁogﬁ% AbES R 2R Xé@r AéYeC forns

of the conpo or nmul cording to t PAVentT on preparing a
phar naceuh;ﬂlahnab@un@ﬂﬂpcascdptadnﬂaémrplerine treatment and/or pr eventl on of
cancer, infections, inflanmmtory and autoi mmune di seases. The invention
further relates to the use of the hydrates and pol ynorphic forns of the

conpound ofTHeGhvaAkian Glrhe? fGREHioNRe Bﬁir&t@?aﬂd}%ﬁ%b&ﬂmﬁ%n@éﬁﬁ@Eérﬁﬂou’i‘xd of
pharmaceuti cal 15 conposition for T1nhibiting polfo-like kinases. It

preferréd dowwsla(h gﬁcpcrdmgeto itheigmerition forusa se pharmabsuticaltcspasitiopowithran ph| C

fornms of ound forrrul a (1) for preparing a pharmaceuti cal
conposi ti onanfgmﬂ?%ﬁtf‘[?atc? the polo-like kinase PLK-1. 20 It is

particularly preferred to use t he hydrates and pol ynorphic forns of the
conpound of formula (1) according to the invention, the active substance

bei ng adm ﬁm@tl’éYe@HO’@)ﬁbﬁh@yfdaté‘moéh%lﬂve thqhydaai@wdsno;ymcmhlpt omsfthe or by

i nj ection. ring the
conmpound ofcgﬁlg %ﬁ?ﬁl‘a?@ﬁgﬁé Ili:? fshg' |c§ﬁ at %%%ﬁ%%@%%%%@?ﬁul a4

"' ~N VYO Ncohiposition for the treatment and/or prevention of cancer, infections, inflammatory and

autoimmune diseases.

The invention further relates to the use of the hydrates and polymorphic forms of the
compound of formula (I) according to the invention for preparing a pharmaceutical

15  composition for inhibiting polo-like kinases.

1t is preferred according to the invention to use the hydrates and polymorphic forms of
the compound of formula (I) for preparing a pharmaceutical composition for inhibiting
the polo-like kinase PLK-1,

20
It is particularly preferred to use the hydrates and polymorphic forms of the compound
of formula (I) according to the invention, the active substance being administered orally,

enterally, intravenously, peritoneally or by injection.

25  The invention further relates to a process for preparing the compound of formula (I),

characterised in that a compound of formula 4

\NO\
N
H
NH
4 -0



NHZ 4 .\WD 2006/ 018222 4 PCT/ EP2005/00 8 73 6 is reacted wth a conmpound of
formula 91 N' 6 9 The invention further relate

for prepari ngd\igg%é%gn%gund of formula 9l % CILIN vb 5 3{%@@2{)@%@@%@ on
wi th di met hyl carbonate in the presence of a base at el evated tenperature
(between 80C and 180 C), preferably at 130C. The invention further rel ates

to a conpou f HNO ,00 3 15 The invention
further rel {a}?%%ft o‘gfélgycgmﬂ%fm]d"fl}]‘m’\ﬁ?a 4 \WD 2006/ 018222 5 PCT/ EP2005/ 008736

The invention further relates to a process for preparing a compound of formula 9,

9
5 2
by methylation with dimethylcarbonate in the presence of a base at elevated temperature
(between 80°C and 180 °C), preferably at 130°C.
The invention further relates to a compound of formula 3
10

L@

I=Z

15  The invention further relates to compound of formula 4



N H11?1 NHZ ,0 4 The invention further relates to a process for
preparing t rate of the conpound of forrmula (1), i i ses
t he fo||omiﬂ§2§¥2%§%? 5 (a) preparing a%golution of the coﬁ%@ﬁ%@ogﬁﬁ?%rnula
(I'), in a solvent m xture of isopropanol /water or acetone/water. (b)
crystallising the nonohydrate of the conpound of formula (I) fromthe
solvent mxture 10 (c) isolating {he nonohydrate of the conpound of
formula (1). The invention furt | aes to a process for preparing the
tri hydrate of the conpound of f wher eby the nonohydrate of the
conmpound of forrmula (1) is subjectéd 0 § ative humdity of at |east 70
% 15 The invention further relates to a p 8ss for preparing the type Il
anhydrate of the conmpound of forrmula (1), i (a) The nonohydrate of
the conmpound of formula (1) is rinsed with @y nitrogen, or 20 (b) The
nonohydrate of the conpound of fornmula 1) is subjected to a tenperature of
about 70 C, preferably 70 to 120 C, particularly preferably 70 to 90 C. The
invention further relates to a process for preparing the type | anhydrate
of the conmpound of fornula (1), whereby the type Il _ anhydrate of the
conpound oflhedpyaifign frther refatpsstogairecsss Barapgang thisenonshydiale st al | i sed at

a tenperat L&BﬁlpSImc%f tofiRsh &)‘}th%h coH{p?‘ifng tﬁQ If'(}ilovaiH&tgﬁsoz Cto 160 C_'
5

(a) preparing a solution of the compound of formula (I), in a solvent mixture of
isopropanol /water or acetone/water.

(b) crystallising the monohydrate of the compound of formula (I) from the solvent
mixture

10 (c) isolating the monohydrate of the compound of formula (I).

The invention further relates to a process for preparing the trihydrate of the compound
of formula (I), whereby the monohydrate of the compound of formula (J) is subjected
to a relative humidity of at least 70 %.

15
The invention further relates to a process for preparing the type 111 anhydrate of the

compound of formula (1), wherein:

(a) The monohydrate of the compound of formula (I) is rinsed with dry nitrogen, or
20  (b) The monohydrate of the compound of formula (I} is subjected to a temperature of
about 70 °C, preferably 70 to 120 °C, particularly preferably 70 to 90 °C.

The invention further relates to a process for preparing the type I anhydrate of the
compound of formula (I), whereby the type I anhydrate of the compound of formula

25 (1) is melted and then the melt is crystallised at a temperature of at least 140 °C, '
preferably from 140 °C to 160 °C.



WD 2006/ 018222 6 PCT/ EP2005/ 008736 The invention further relates to a
process forsz%?é?(fﬂs%,the type | anhydra&e of the corrpounq:,C(r;y‘,ﬂ,fz(%;ayéﬁ6 (n)
0

conprising the 'owi ng steps: a) preparing a solution of the conpound of
formula (1) in a solvent mxture of ethyl acetate and
met hyl -tert.-butylether, preferably in the ratio ethyl acetate/ nethyl- 5

pert. - but | ehbgelon A Ybies Ol BB OBl oL URAKs bigut ! et one

/ cycl ohexane. crystallising type a conmpound of
formul a (1 )cdmpeount bé faahie i) comprsing thedollowingiseeps.ati ng the type | anhydrate
of the corrpz%und of formula ( The invention further rel ate

), 10 .
process for%pr é’ﬁ%ﬂpﬁ%atsﬂ]@n?%ﬁéthf’ ForgReRRgrof termgtla ((hdn a splypriapigtuss Ofﬁﬁﬁu?a (1)

conprising the j 808 1 0Q; i mpound of
formila (I) inagﬁdﬁfaﬂgéﬁ%tt@??ﬁb) t,g%@gg,}@ fé‘?ﬂbﬁhﬁg‘!‘%‘%ﬁgynla?&%gﬁﬂ@ﬁ@ e of the

conpound of f otertittatylétherfafGm ey a stbesiceixaire of miethylwvesdbitylketvee addi t i on of
di et hyl ether zndoﬁ% isolating the type Il anhydrate of the conpound of
formula (1). T@w} ¥ on further relates to a process for preparing the

type | anhysly ab@s&ﬁliﬁﬁﬁhe@%ﬂ@ﬂﬂ?ﬁrﬂfe of HeBohibo(thd oCRMAhIa S Eoh IBe §oddn@W Ng

steps : 20 a) nelting the type I1 anhydrate of the conpound of formula (1),
b) crystallisi MjXtkeandel t at a tenperature of at |east 185 C, preferably at

c, ot a5 02Ol SOTBRMRRL AR g, 1) ey e prepared
shown i1 Di agram (1) and should be understood as illustrating the :
'nvention WTtEehi?lgént{o?l%rzllle?trélgt%s Itc:[ a lgr(())césts %orcp?'er:]};[a?igtg ?ﬁe type Il anhydrate of the
compound of formula (I) comprising the following steps :
a)  preparing a solution of the compound of formula (1) in ethyl acetate,
b)  crystallising the type Il anhydrate of the compound of formula (I) from ethyl
15 acetate followed by the addition of diethy! ether and

¢) isolating the type Il anhydrate of the compound of formula (I).

The invention further relates to a process for preparing the type I anhydrate of the
compound of formula (I) comprising the following steps :
20 a)  melting the type II anhydrate of the compound of formula (I),
b)  crystallising the melt at a temperature of at least 185 °C, preferably at a
temperature of 185 to 200 °C.

The compound of formula (I) may be prepared by the method of synthesis described
25  hereinafter. The synthesis is shown in Diagram (1) and should be understood as

illustrating the invention without restricting it to its contents.
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1LO Preparation of the aniline fragnent 4 WD 2006/ 018222 8

PCT/ EP2005/ eparation of compound 3 ~N N HO NH N. N
1,0023 Q@ﬁz@g\ﬁlgﬁr?? 1A: A suspension (L;é] 100 g (0.507 nol )P%Tf/é?;:oo?/oés%e,o

3- nethoxy 4-nitrobenzoic acid 2, 163 g (0.508 nol)

O (benzotriazol -1-yl)-N, N, N N'-tetranethyluroniun1tetraf|uoroborate and
192 nL (1. ‘h%hg; ropylamne in 1.2 L dichloronethane is stirred
for one hou%mhtaﬂ0§6 (hﬁ?g 508 nol) 1-nmethyl-4-am nopiperidine 1 are
added to the resulting 10 solution and the mxture is stirred for 16 hours
at 20C. The solution is evgporated down to 600 nL and the organic phase is
washed five times with 80 . of 1 nolar anmmonia sel on. The organic
phase is cong ated byhe af i on and the residue is| chfomatographed on
silica gel us|ng{di chHoronet /et hanel——eone. ' 1:0.1).
Product fractiotfs mHe conbi ned e solvent is evaporated*off
product 15 is crystallised frotm ethyl acetate / methanol. 123
3 are obtained. Variant 1B: 4.00 kg (20.3 nol) 3-nethoxy-4-QLurobén20|c
acid 2 are placel in 54 L tolgene. 16 L toluene are distigleéed off under
normal pressure. The mixture I's cooled to 105C and 40 20 of
dinethylformam de in 2 L toluene are added. At a jacket tenperature of

120C 5 Variant 1A:
A suspension of 100 g (0.507 mol) of 3-methoxy-4-nitrobenzoic acid 2, 163 g (0.508
mol) O-(benzotriazol-1-y1)-N,N,N’,N’-tetramethyluronium tetrafluoroborate and 192

mL (1.1 mol) ethyldiisopropylamine in 1.2 L dichforomethane is stirred for one hour at
25°C. 58 g (0.508 mol) 1-methyl-4-aminopiperidine 1 are added to the resulting

10  solution and the mixture is stirred for 16 hours at 20°C. The solution is evaporated
down to 600 mL and the organic phase is washed five times with 80 mL of 1 molar
ammonia solution. The organic phase is concentrated by evaporation and the residue is
chromatographed on silica gel using dichloromethane / methanol / conc. ammonia
(15:1:0.1). Product fractions are combined, the solvent is evaporated off and the product

15  iscrystallised from ethyl acetate / methanol. 123 g of product 3 are obtained.

Variant 1B:
4.00 kg (20.3 mol) 3-methoxy-4-nitrobenzoic acid 2 are placed in 54 L toluene. 16 L
toluene are distilled off under normal pressure. The mixture is cooled to 105°C and 40
20  ml of dimethylformamide in 2 L toluene are added. At a jacket temperature of 120°C,
2.90 kg (24.3 mol) thionyl chloride are allowed to flow in within 30 min. and the
mixture is rinsed with 4 L toluene. The reaction mixture is stirred for 1 hour at reflux
temperature. Then 12 L toluene are distilled off under normal pressure. The contents of
the reactor are cooled. A solution of 2.55 kg (22.3 mol) 1-methyl-4-aminopiperidine 1
25 in 2 L toluene and 2.46 kg (24.3 mol) triethylamine in 2 L toluene are allowed to flow
in at 55 - 65°C. The mixture is rinsed with 4 L toluene. The suspension is stirred for 1
hour. 20 L of water are allowed to flow in and 3.08 kg (30.4 mol) conc. hydrochloric
-acid (36%) are added at 35-40°C. The mixture is rinsed with 2 L water. At 35 - 40°C

two phases are formed. The organic phase is separated off and the aqueous phase



2.90 kg (24.3 nol) thionyl chloride are allowed to flowin wthin 30 mn.

and the m } insed with 4 L tolugne. The reaction mioddh&s)
( 066/0 13220 !
stirred for 1 hour at reflux tenperature. Then 12 L tol uerr?e ar gﬁ)éiloist'i?q | ed

of f under normal pressure. The contents of the reactor are cooled. A
solution of 2.55 kg (22.3 nol) 1-nethyl-4-am nopiperidine 1 25 in 2 L

t ol d : 3 ' ' A : I dt
ow i at GEasine st Kehuhed GIANALET s Rndeg iPh KRR UG | ovec 10
suspensi on fedluedd pressdref3o2 Livatdrame dis@lled ofbhit S08Ce4.8ake (@1.9 mwBdotlimnt | ow i n and

3.08 kg (30, 4. nol 1C. h] ori id (369 . t . 35-40C. Th
ixture 1 PIASEHL s pRer oD Alaramdons i Femaipls GOALALG. BRETARRY  The
or gani ¢ phaggseliSyidFPBRWAHGITRE prodtd shipRnBoH RANSWED BSG&Y8 2006A s ERERf0?

PCT/ EP2005/ 008736 containing the product Is returned to the reactor. It is
ri nsed vii t h3%min.whthés tempatire. Thedusredsipn éssintien Blteted aiwhbthe filtar eekdiist i | | ed

off at 50C. 4.87 k . 9 sodi um , hydr oxj de sol ution, (50% .are, added
To the s oAl v 4 wh e RS0 dn et SIS By iRl o
The product 5 58&penpicdictiase Sbthipegd to cool to 22C and stirred for 5 30 min.

at this tenperature. The suspension is suction filtered and the filter cake
Is washed with 40 L water. The product is dried at 40C in the vacuum

drying CUpbp’%%Rfi?’ﬁ%ﬁﬁF5‘%3&3“£mdUCt are obtained. Preparation of the

conpound 4: 2 00010 4

~
N — N
o) H
N NH,
(8] (8]
- _0

3
10 = 4

Variant 2A
A solution of 145 g (0.494 mol) 3 in 2 L methanol is hydrogenated at 4 bar in the
presence of 2 g palladium on charcoal (10%). The catalyst is filtered off and the filtrate

15  is concentrated by evaporation. 128 g product 4 are obtained.

Variant 2B
25 L demineralised water are added to 5.00 kg (17.0 mol) 3 and 600 g activated
charcoal (industrial grade). Then 2.05 kg (34.1 mol) acetic acid are added. The

20  suspension is stirred for 15 minutes at 22-25°C. 500 g of palladium on charcoal (10%)
suspended in 3 L demineralised water are added and the mixture is rinsed with 2 L.
demineralised water. The contents of the reactor are heated to 40°C and the mixture is
hydrogenated at this temperature until the uptake of hydrogen ceases. The reaction
mixture is filtered and the filter cake is washed with 10 L demineralised water.

25  For crystallisation the filtrate is transferred into a reactor and the transporting container
is rinsed with 5 L demineralised water. The reactor contents are heated to 50°C. A

* mixture of 5.45 kg (68.2 mol) sodium hydroxide solution (50%, industrial grade) and 7



Variant 2A A sol ution of 145 g (0.494 nol) 3 in 2 L nmethanol is

hydr ogenat egoaboshi in the presence 2 g pall adi um on 09 .
The catalyst is fi ered off and the fi (ﬁrate 15 is concer?te?/g%jgwgﬁ%
evaporation. 128 g product 4 are obtained. Variant 2B 25 L dem ner aI i sed
water are added to 5.00 kg (17.0 nol) 3 and 600 g activated charcoal

(i ndustri aly, gkage)s g & rég ggleﬁ elhe 20
suspensi on ]Ts Iglf[ikl rrlz%lr\? igé%éana‘%génat Eét Eg(&ﬁﬁhﬂ sa}{tg' ﬁgglégl‘nl% on
charcoal ( Jsﬁl@pensmu mtwdo 20°Gand steradrfer Bl iSdedrsatties tmlmraiuhde”dheapsrddudne

mxture is.rin dem i sed ter The. ¢ nts. of the
reactor ardS ﬁ c'JiWP’E?H4U§Lh§ﬂ @ﬁ@%‘r&%@?@h w@g’éwa %5 {‘ﬁ
tenperaturevaumtmhrﬁﬁ%ecup%ahem kgﬁﬁgﬁﬁﬁ&ﬁééﬁ‘ﬁmﬁhe reaction mxture is
filtered and the filter cake is washed wth dem neral i sed water. 25

For cry§taII|sat|on the filtrate is transferred into a reactor and the
transporti tai r s, rinsed with 5 dem neral i sed water. The reactor
contents a;}g {ogf?&e@h@rowenﬁp%#@%@%g 45 kg (68.2 nol) sodium

hydr oxi de sol ut| on (50% i ndustrial grade) and 7 WD 2006/ 018222 10

PCT/ EP2005/ 008736 L dem neralised water is added. The m xture is stirred
for 10 mi ndireparafiongd thxpminggeid esfgesfardi on is cool ed to 20C and stirred for
1-1.5 hours at this tenperature. The product is suction filtered, washed
with 30 L dem neralised water and dried at 45C in the vacuumdrying
cupboard. 4.2 of product 4 jare obtained. 5 Preparation of the

di hydropt eri di fone fragnment 69 Pregarati on Bf t he arg no acid egters 6a-d X
OHNab d"q,f/ = = = =

d CH, CH,
X | o—cH, O™\ o——< o—%cw3
CH, CH, CH,

10 6

The methyl ester 6a, ethyl ester 6b and 2-propyl ester 6¢ are prepared by methods

described in the literature, for example according to WO 03/020722. The tert.-butyl
15  ester 6d is prepared by transesterification with tert.-butyl acetate in the presence of

perchloric acid (J. Med. Chem., Vol 37, No 20, 1994, 3294-3302).

The amino acids may be vsed in the form of the bases or as hydrochlorides in the

following nucleophilic substitution reaction.

20  Preparation of the amino acid amides 6e,f
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[CH3 CH3 X OCH3 O\ O( OCH3 CH3 \CH3 CH3 10 6 The nethyl ester

et hyl esterv%bz propyl ester 6¢c are prepared by netho

the literat ure,oegf%grsgzexanpl e accordi ng t§1V\D 03/ 020722. Thed%%T/thJg(ﬁ%){) 89?
ester 6d is prepared by transesterification with tert.-butyl acetate in the
presence of perchloric acid (J. Med. Chem, Vol 37, No 20, 1994,

3294- 3302) . sed the or.m e ba Qf as

hydr ochl or| feﬁ;%}aﬁl@[a%% &%dgﬁorﬁ%{fc a?le eoplﬁmMSlcS Osuerfletﬁ tﬁséﬁﬁr%&z@ts‘ﬁo h. 20
Prepar at i Onacpfeoﬁdlﬁetamwﬁn@mlﬁhoﬁhrﬁtdﬁbwﬁﬁtefnp&aﬁlr@ ef /HCB X NCH N CH
6 WD 2006/ 018222 11 PCT/ EP2005/008736 The am no acid am de 6e. js, prepared
by ani nol ysi e@Plﬂpweldr?@elﬁsr&@ﬁ@areéémlﬁeﬁwwh@rqa%a@eﬁrémﬁgﬂa&fﬁw dol ution
al anbient hGAREd Bt or TRBIRRIAMAGKE: & geof
formation of1 ?*ee %n% no agllns Wi th e% Q{tef @i@gg"% op%r%]‘laro

di met hylsam Ogbsmwotridzohk1-yh)- Nm,NaNydﬂmfnﬂtlwhmmummﬂmebmeteaﬁ coupling

O (benzotriazol-l1-yl)-N,N, N ,N -tetranethyl uroniumtetrafl uoroborate as
coupling r¥a8&ht. Preparation of the compounds 7 10

—t

Preparation of the compounds 7

10

L} 6 7
z a b c d e f
CH, CH, H CH,
x o / /
o—cH, O™\ ) o CH, N N
CH, CH, CH, CH, CH,

15  Preparation of the methylester 7a

A suspension of 457 g {2.06 mol) of the amino acid methylester 6a and 693 g (8.25
mol) of powdered sodium hydrogen carbonate in 10 L cyclohexane is stirred for 15
minutes at ambient temperature. 440 g (2.27 mol) 2,4-dichloro-5-nitropyrimidine 5 and

20 1.5 L cyclohexane are added and the mixture is stirred for 3 days at ambient
temperature. The reaction is monitored by HPLC. In order to redissolve any product
which has crystallised out, 4 L of dichloromethane are added to the suspension. After
the addition of 335 g magnesium sulphate the suspension is suction filtered and the

inorganic filter cake is washed again with dichloromethane. The filtrate is evaporated



LI XON3 N, O+ HENCIN C NC bxHCI 5v67 ef 7 bcit /CH3 /CH3
H CH3 XO%O@O&&Q OE-CH3 NN CH3 593 CH3 CH3 CH3 15 Rngpafabdsasy of
a As (2

t he net hyl ester uspensi on of 457 .06 nol) of the amno acid

nmet hyl ester 6a and 693 g (8.25 nol) of powdered sodi um hydrogen carbonate
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PCT/ EP2005/ gd®¥3®liddown to 3.1 kg under reduced pressure and the suspension
obtained is refluxed. The solution is allowed to cool slowy and stirred
for one hour at 10-15C. The suspension is suction filtered and the filter

cake i s washgdphit Boloyss aiw&ge.% cydiéheRERIH hylycbhbfe dblueAdénd e t he vacuum
dryi ng cupboard. 582 g of 7a g = OCH3) are obtained as a dark
mixtures thereof are particularly suitable for achieving high regioselectivity in the
nucleophilic substitution in compound 3.
10
Compounds 7b-f are prepared analogously to this method. During the reaction of the
amino acid amide 7e.f a fairly polar solvent such as e.g. ethyl acetate or

dichloromethane is added to improve solubility.

15  Preparation of compound 8

1
N

RS S o0 &
O

8
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20 A freshly prepared suspension of 560 g (1.63 mol) 7a and 185 g Raney nickel in 2.8 L
acetic acid is hydrogenated at 75 °C. After the uptake of hydrogen has ended the
catalyst is filtered off and the hydrogenation solution is evaporated down under reduced
pressure. 4 L of demineralised water and 4 L ethyl acetate are added to the residue. A
precipitate which contains the product is formed between the phases. The aqueous phase

25  isseparated off. 2 L ethyl acetate are added to the organic phase and the precipitate is

suction filtered. The precipitate is suspended in 600 mL demineralised water, stirred for



5 yellow solid. Lipophilic solvents such as e.g. cycl ohexane,

met hyl cycl ohex; 182129I uene and the m xtlgres t hereof are pq,%tr}E?&blo%dgy%
suitabl e for ‘achieving high regioselecti'vity in the nucleophiTic

substitution in conmpound 10 Conpounds 7b-f are prepared anal ogously to this
met hod. During the reaction of the amno acid amde 7e,f a fairly polar
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Raney nickel in 2.8 L acetic acid is hydrogenated at 75 C. After the uptake:
of hydrogen has ended the catalyst is filtered off and the hydrogenati on

sol ution i sTieyv@Rarat GdsifaWel AR wiSHERHh b RR W fion ATHe AbadEPhElA! | Sed
ed to ?‘l ue. ecl

water and 4 L ethyl acetate are a t he resi A p Itate which
cont ai n$ t heonpentchteeitbyi evapannwd 3B gwé e meddivh-phars essidubi® amabedanes!, phabes 25 i s

ted off. .2 t Qhyl t dd to t ' dth
o1 bt pi  at Ebine 1 B ARG AALS BHBERBY FUREPRe et ATERdBac n 600 L
deri ner al | S@skoNRHSH 1 59 khhRS of REYRIAARHLAL IR e I ERAORS QRARSS |

hour at ambient tenperature, suction filtered and washed with dem neralised
wat er . filter is rinsed with 150 mL ethanol. 550 mL demineralised water are added to the

solution at reflux temperature. The mixture is left to cool and stirred for 16 hours at
10 ambient temperature and for 3 hours at 0-5°C. The precipitate is suction filtered and

washed with demineralised water/methanol (1:1) and then with demineralised water.

The product is dried at 50°C in the vacuum drying cupboard. 266 g product 8 are

obtained as a solid.

15  Preparation of compound 9 (Variant 3A)

Olr. 0l
o o

38 g (0.95 mol) sodium hydride (60 % dispersion in mineral oil) are added batchwise to
20  asolution of 264 g (0.94 mol) of 8 and 161 g (1.13 mol) methyl iodide in 2 L
dimethylacetamide at 4-10°C within one hour, The cooling bath is removed and the
mixture is allowed to come up to 20°C within 2 hours. It is cooled to 10°C and a further
0.38 g (9.5 mmol) sodium hydride are added. The mixture is stirred for 4 hours at 10-
15°C. 100 mL ethyl acetate and 1 kg ice are added to the reaction solution. The
25  resulting suspension is diluted with 3 L demineralised water. The suspension is stirred

* for 2 hours, the precipitate is suction filtered and the filter cake is washed with



110 g. of noi st product A are obtained. The filtrate is washed three tines

W th sodi urqvggg%goggg%sol ution. The orgaé‘léc phase is 5 concg g{‘@gé?gg%(}gy%

evapor at i on. a reddi sh-brown residue B are obtaine
conbined with the noist product A The conbi ned crude products A and B are
dissolved in 1.5 L ethanol at refl ux terrperature The solution is filtered

clear and t t g; %11 lised
wat er are a(%gggélj?(l)getﬁ R alt&sf#f{flsg%m% ref glqglntggpa‘% ure. ﬁ?@%?gg s left
to cool ands sfproded 9faey obkbinkbday @la@irleddergstiisent tenperature and for 3 hours

at 0-5C. The precipitate is suction filtered and washed wth dem neralised
wat er/ nmet hanol (1:1) and then with dem neralised water. The product is

dried at 50GehRati M LBRNH i oard. 266 g product 8 are obtained
as a solid. 61% ?Dreparat o{rilﬁ&?'w‘éorrpgund 9 (variant 3A) ttlyyl H/~ - N J.

- N COSNNCO N b89 389 (0.95 nol) sodium hydride (60 % di spersion in
mneral oil) are added batchvm se to 20 a solution of 264 g (0.94 nol) of 8
and 161 g (1.13 nol) methy| iodide in 2 L di rrethylaceta de at 4-10C within

one hour. The coolin @enoved and the | owed to cone
up to 20Cvmth|n2hq‘.|rs Itjis cooled to 10Canﬂ|\r\ Ethr 0.38 g (9.5
mol ) sodi um hydrid he mxtureis ¢ hours at 10-
15C. 100 ni et hyl acet ate gnd 1 kg ice are added to the reaction sol ution.
The 25 resulting suspensi s diluted with 3 L deni n sed water. The
suspension is stirred fo hours, the precipitate is\suction filtered and
the filter cake is washed with

8 9
A suspension of 100 g (356 mmol) 8 and 73.8 g (534 mmol) potassium carbonate in 400
mL dimethylcarbonate is heated to 130°C in an autoclave for 6 hours. The mixture is

10 left to cool and 300 mL demineralised water and 200 mL ethyl acetate are added with
stirring. The aqueous phase is separated off together with undissolved salts. 500 mL of
solvent are distilled off from the organic phase at a pressure 180 mbar and a heating
bath temperature of 70°C. 600 mL demineralised water are added to the residue and 100
mL solvent are distilled off at a pressure of 150 mbar and a heating bath temperature of

15  80°C. 350 mL ethanol arec added to the suspension which is then heated to 65°C. The
solution is left to cool and inoculated. It is cooled to 10°C, the precipitate is suction
filtered and washed with a mixture of demineralised water and ethanol (2.5:1). The

product is dried at 50°C in the vacuum drying cupboard. 95.5 g product 9 are obtained.

20  Preparation of compound of formula (I)
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WO 2006/ 018222 14 PCT/ EP2005/ 008736 dem neralised water. The product is
dried at 504, 6];01 %/acuum dryi ng cupbo?éd. 273 g of prpdu%Ey%ﬁéﬁqu% ai ned
a

as colourless crys Preparation of “Conpound 9 (Vari an
NO CL N C N66 89 A suspension of 100 g (356 nmol) 8 and 73.8 g
(534 mmol ) potassium carbonate in 400 nL di nethyl carbonate is heated to

130C in an &gﬁs%a%sq&?oif g wél mqomeﬁésﬁ@ﬁoﬁﬁ agig-éllggxfa\%ﬁ,?ﬁQ %g?dl*é and 300 m

dem neral i se ace are a rring. The
aqueous phasmol)® sd36 @t(69h mfniollQgesdoanL\Mm&hyInd'ps:ﬁawmreﬂakédsJO(SfML mL of

solvent are distilled off from¢the organic e at_a pressure 180 nbar and
a heating Sﬁgieﬁ ?@ﬁﬁ@*%?ﬁmmwlmguw fg’é?rﬁﬂ‘é’?aaqoé’éyd s added to

the resi dugeafdold0addth aﬁ@'l"ZG’H{Lc?Fs%Iv%h?érbld gﬁeﬁﬁf ‘Qﬁano 11‘?§ﬁéé’£ig%9€ 150 mbar

and a heating bath tenperature of 15 80C. 350 are added to the
suspension mﬂm:chmpsramrea fimtteer 280 trd. @6@nt Fiealistilod uffi Tlme mscthrefis caocbeddool and

washed w t HOU G bRt aurrontiondt B HhfecsrdiiagS el | “mhe ™
Cbt ai ned. r%%"“%‘?'éﬁg?‘i‘? R oy e P e oo phscls EF%‘“’“S o
| washed w1th 0.5 L ethyl acetate. 1 .5 L dichloromethane an: 0 5 L ethyl acetate an
added to the acidic aqueous phase. The pH value of the aqueous phase is adjusted to pH
10 9.2 with 260 mL of 6 normal sodium hydroxide solution. The aqueous phase is
separated off and the organic phase is washed three times with in each case 1 L of 1
normal aqueous sodium hydrogen carbonate solution. The organic phase is dried over
sodium sulphate, filtered and the solvent is evaporated down under reduced pressure.
406 g crude product are obtained.
15
The crude product is dissolved in 1.5 L ethyl acetate. At a temperature of 50-55°C 2.5 L
of methyl-tert.-butylether are added. The mixture is inoculated at 45°C and stirred for
16 hours with cooling to ambient temperature. The suspension is stirred for 3.5 hours at
0-5°C and the precipitate is suction filtered. The filter cake is washed again with
20  methyl-tert.-butylether /ethyl acetate (2:1) and methyl-tert.-butylether. The product is
dried at 50°C in the vacuum drying cupboard. 236 g of crystalline product of the

compound of formula (I) are obtained as the type I anhydrate.

Crystallisation:
25
46.5 g of the crystalline type I anhydrate described above are dissolved in 310 mL 1-
propanol and filtered clear. The mixture is heated to 70°C and 620 mL demineralised
water are added. The solution is left cool to ambient temperature, cooled to 0-10°C and
seed crystals are added. The resulting suspension is stirred for 3 hours at 0-10°C. It is
30  suction filtered and washed with cold I-propanol/ demineralised water (1:2) and
demineralised water. The product is dried at 50°C in the vacuum drying cupboard. 40.5

g crystalline product of the compound of formula (I) are obtained as the monohydrate.
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dried. at 50C in the vacuum drying cupboard. 236 g of crystalline product of

t he corrpmwgzﬁ)]_‘mﬁ@éiml a (1) are obtai negT as the type | an%fif!‘?@tﬁ’%foos”%bed

Crystallisatron: 46.5 g of the crystalline type | anhydra escr

above are dissolved in 310 nL 1- propanol and filtered clear. The m xture
is heated to 70C and 620 nL dem neralised water are added. The solution is
| eft cool to anmbient tenperature, cooled to 0-10C and seed crystals are
added. The resulting suspension is stirred for 3 hours at 0-10C. It is 30
suction filtered and washed with cold 1-propanol/ dem neralised water (1:2)
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product of diffectogris) (Mabdesics Kigaeabotocsaay al so be crystallised directly

as the crystalline nonohydrate from | -propanol /dem neralised water. The
preparation of the hydrates and anhydrates of the conpound of formula (I)

may be 55 cay fﬂe%@%@tﬁgngegﬂgﬁc difs WhR dbRlidddWsig ABhERAS owhhE B8R dEbRods are

shown in Diagra e understood as illustrating the invention
W t hout r egbeans bf agXiray powdéraliffracoometerfBruker B atvagee) (Trdliffragtogrampswere

characteristicgs of th qund of fornul.a (I i nal. crystalli i tep
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from 1-propgnghl water trihyvdrate < 50%r.h. > 70% Monohydratee Anhydrate
[

10  The DSC/TG measurements were carried out using equipment produced by the company
Mettler Toledo (DSC 821 and TGA 851). The samples used were between 2 and 10 mg for
DSC measurements and 10 — 30 mg for TG measurements. The heating rates were 10
K/min, and the measurements were carried out under an inert atmosphere (nitrogen
flushing).

15
Table 1

X-ray powder reflections and their intensities (standardised) under normal

ambient conditions of the monohydrate of the compound of formula (1)

20 dh intensity
°] [A] I, [%]
6.07 14.54 62
8.06 10.96 15
9.11 9.7 100
12.23 7.23 24
12.93 6.84 50
13.81 6.41 13
14.29 6.2 76
14.94 5.92 18




?210% .h. mp ;178 C Anhydrate Il Anhydrate I T>_ 1400C mp. = 130 C
mp.: 203C t iLsation nmelt WO 2006/ 018222 17 PCT/ EP20 he
hydr at es an‘géé?gﬂq@gzgfes according to t hel¥ nvention are cha?%?%r%@@éngy
DSC/ TG (Differential Scanning Calorinetry/ Thernogravinetry) and XRD
(X-ray powder diffractograns) (Tables 1-5, Figures | a to 5a). 5 Al the
XRD powder diffractograns were obtai ned using nmethods known in the art, by
means of an X-ray powder diffractonmeter (Bruker D8 Advance). The

diffractograms were obtained under the foll owing nea als ondi ti ons:
CuKa radiation (7},=1.5488%A), 4(Q kv, 404mA. 10 sjur enent s
were carried out wusi ng pqui poent jor oduced hy t he conpan e ek Tol edo
(DSC 821 and TGA $51). ThA®Isanpl gs usedS5vidre betyeen 2 didd 10 ngf for DSC
measurenments and L0 .- 30 .ng for TG neasurenents |The heating es were 10
K/mn, and the nefsurenetit® were [carri ed.98ut und¢r an in&rt atnosphere
(nitrogen flushipg) 15 Table 1 {X-ray powder refll ections—and-their
intensities (stanglardi sadR9under [nor nal 4.&nbi ent [condi tiédns of the
monohydrate of the caonpound of fdrmula (1) 20 dhw intensity [OY[A I/1.
[ 6.07 14.54 6§ 8. 0618®.96 15 4,77 32

19.71 4.5 18

19.94 4.45 13

20.43 4.34 7

20.76 4,27 17

21.8 4.07 5

22.64 3.92 65

23.21 3.83 29

23.67 3.76 22

2438 3.65 7

254 3.5 14

25.98 3.43 2

27.01 33 3

27.78 3.21 27

28.49 3.13 11

3041 2,94 9

Table 2:

X-ray powder reflections and their intensities (standardised) at ambient temperature

5 and 90 % r.h. of the trihydrate of the compound of formula (I)



9.11 9.7 100 12.23 7.23 24 12.93 6.84 50 13.81 6.41 13 14.29 6.2 76
14.94 5. 92 6/ 018222 18 PCT/ EP2005/ 008736 16.29 5 1
5.21 15 17 zﬁ%@é& 18.29 4.85 69 18.¥ 4,77 32 19.71 4?@6Téﬁﬁfé%3§ 4. 45
13 20.43 4.34 7 20.76 4.27 17 21.8 4.07 5 22.64 3.92 65 23.21 3.83 29
23.67 3.76 22 24.38 3.65 7 25.4 3.5 14 25.98 3.43 2 27.01 3.3 3 27.78
3.21 27

20 duu intensity
°] [A] L, [%]

5.93 14.89 30
6.45 13.68 34
8.69 10.17 100
9.45 9.35 26
11.43 7.74 85
12.5 7.08 8
13.06 6.77 32
13.89 6.37 7
14.57 6.08 19
15.38 5.76 9
16.18 5.47 7
17.04 5.2 25
17.34 5.11 10
18.07 491 37
18.59 4,77 21
18.85 4,71 16
19.81 4.48 5
20.52 4.32 15
21.18 4.19 57
22.06 . ' 4.03 5
22.96 3.87 15
23.46 3.79 51
24.79 3.59 21




28.49.3.13 11 30.41 2.94 9 Table 2: X-ray powder reflections and their
intensitie I sed) at anbient tegperature 5 and 9Q.92 t he
tri hydrat eﬁ%éiéoﬁ@gsg%%pound of formula (17 WO 2006/ 018222 1 C{}tﬁm&mgﬁé

PCT/ EP2005/ 008736 20 dynes intensity 101 [A] I/10 [A4 5.93 14.89 39 6.45
13.68 34 8.69 10.17 100 9.45 9.35 26 11.43 7.74 85 12.5 7.08 8 13.06
6.77 32 13.89 6.37 7 14.57 6.08 19 15.38 5.76 9 16.18 5.47 7 17.04 5.2
25 17.34 5.11 10 18.07 4.91 37 18.59 4.77 21 18.85 4.71 16 19.81 4.48
5

25.74 _ 3.46 7
27.23 3.27 6
28.04 3.18 7
28.8 3.1 15
29.52 3.02 7
29.88 2.99 7
30.58 2,92 5

Table 3
X-ray powder reflections and their intensities (standardised) under normal ambient
5 conditions of the anhydrate I of the compound of formula (I)
20 dpa intensity
(° [A] UL, [%]
5.48 16,11 . 22
6.47 13.65 51
7.88 11.21 31
8.93 9.89 100
9.5 9.31 5
10.74 8.23 | 22
11.06 7.99 5
13.06 6.78 19
13.81 6.41 9
14.95 5.92 4
15.86 5.58 14
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Table 3 X-ray powder reflections and their intensities (standardi sed) under
normal ambient 5 conditions of the anhydrate |I of the conpound of fornula

(1) 20 dhWintensity [0l [A] 1/10 [94 5.48 16.11 22 6.47 13.65 51 7.88
11.21 31 8.93 9.89°100 9.5 9.31 5 10.74 8.23 22

16.71 5.3 10
16.94 5.23 17
18.27 4.85 5
18.65 4.75 20
19.14 4.63 9
20.12 4.41 29
21.32 4.16 5
21.81 4.07 4
22.57 3.94 11
23.44 3.79 4
23.78 3.74 7
24.66 3.61 , 3
25.28 3.52 7
25.55 348 4
27.21 3.27 8
28.03 3.18 2
29.35 3.04 3
30.04 2.97 3
Table 4
5 X-ray powder reflections and their intensities (standardised) under normal ambient

conditions of the anhydrate Il of the compound of formula (I)



11.06.7.99 5 13.06 6.78 19 13.81 6.41 9 14.95 5.92 4 15.86 5.58 14 WO

2006/ 01822
18.65 4.75

63 9 20.12 4.41

2005/ 008736 16.71 3 10 16.94 5.23
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21 32 416 5 SCTERREEE °

22.57 3.94 11 23.44 3.79 4 23.78 3.74 7 24.66 3.61 3 25.28 3.52 7
25.55 3.48 4 27.21 3.27 8 28.03 3.18 2 29.35 3.04 3 30.04 2.97 3 Table

4

2@ dhw intensity
[°] [A] 11, [%]
4.76 18.55 50
6.64 133 100
7.92 11.15 1
9.03 9.79 3
9.51 9.29 39
11.29 7.83 1
12.39 7.14 37
13.41 6.6 2
14.31 6.18 16
17.1 5.18 1
17.58 5.04 1
18.72 4.74 3
19 4.67 7
19.23 4.61 17
20.04 443 5
20.39 4.35 2
21.15 4.2 4
21.57 4.12 2
22.18 4 1
- 23.07 3.85 4
23.54 3.78 1
242 3.67 3
24.65 3.61 1




5 X-ray powder reflections and their intensities (standardi sed) under

nor mal anbi | tions of the anhydrate Il of the conp | a
(1) VO 2006’7‘8%@5@%9 PCT/ EP2005/ 008736 220 dnWi ntensity 9?’8%2?%&%?1%
4.76 18.55 50 6.64 13.3 100 7.92 11.15 1 9.03 9.79 3 9.51 9.29 39

11.29 7.83 1 12.39 7.14 37 13.41 6.6 2 14.31 6.18 16 17.1 5.18 1 17.58

5.04 1 18.72 4.74 3 19 4.67 7 19.23 4.61 17 20.04 4.43 5 20.39 4.35 2
21.15 4.2 4 21.57 4.12 2 22.18 4 1 23.07 3.85 4

25.37 3.51 2
26.28 3.39 i
26.74 3.33 1
27.01 3.3 2
2795 3.19 1
28.13 317 1
Table 5 X-ray powder reflections and their intensities (standardised) at 100 °C of the

type IiI anhydrate of the compound of formula (I)

5
20 dhua intensity
[°] [A] VI, [%]
6.49 13.61 41
9.74 9.07 81
1099 8.04 29
12.56 7.04 21
14.44 6.13 13
14.95 5.92 | 8
15.72 5.63 59
17.5 5.06 14
17.89 4.95 11




23.54.3.78 1 24.2 3.67 3 24.65 3.61 1 WD 2006/018222 23 PCT/ EP2005/ 008736
25.37 3.51 3.391 26.74 3.33 1 ,27.01 3.3 2 27. 8.13
3.17 1 Tabliog}%?@fgg? powder reflections 2hd their intensi tl?(grslﬁngn%fo%sng
(standardi sed) at 100 C of the type IIl anhydrate of the conpound of
formula (1) 5 2 p dhwintensity [] [Al 1/1 [9% 6.49 13.61 41 9.74 9.07 81
10.99 8.04 29 12.56 7.04 21 14.44 6.13 13 14.95 5.92 8 15.72 5.63 59
17.5 5.06 14 17.89 4.95 11 WD 2006/ 018222 24 PCTI EP2005/ 008736

18.8 4.72 29
19.14 4.63 46
19.68 451 100
21.58 4.12 50
22.19 4 43
23.09 3.85 40
25.99 3.43 29
27.66 3.22 | 17
30.74 2.91 12

The anhydrate I, anhydrate IT and monohydrate of the compound of formula (I) according
to the invention may be used on their own or in conjunction with other active substances

5 according to the invention, optionally also in conjunction with other pharmacologically

active substances.

Suitable preparations include for example tablets, capsules, suppositories, solutions, -
particularly solutions for injection (s.c., i.v., i.m.) and infusion - elixirs, emulsions or

10  dispersible powders. The proportion of the pharmaceutically active compound(s) should be
in the range from 0.01 to 90 wt.-%, preferably 0.1 to 50 wt.-% of the composition as a
whole, i.e. in amounts which are sufficient to achieve the dosage range specified below. If

necessary the doses specified may be given several times a day.

15  Suitable tablcts may be obtained, for example, by mixing the active substance(s} with
known excipients, for example inert diluents such as calcium carbonate, calcium phosphate
or lactose, disintegrants such as maize starch or alginic acid, binders such as starch or



18.8 4.72 29 19.14 4.63 46 19.68 4.51 100 21.58 4.12 50 22.19 4 43

23.09 3.85 ‘?8 (%/%ﬁ%% 3.43 29 27.66 3.22_17 30.74 2.91 12 _The anhydrate I,
anhydrate | an %)hydrate of the compdund of formula (Ifc%%P 0?\6’6 to

the invention nmay be used on their own or in conjunction with other active
substances 5 according to the invention, optionally also in conjunction
wtth ot her pharnmacologically active substances. Suitable preparations

i nclude for exanple tablets, capsules, suppositories, solutions, -
particularly solutions for injection (s.c., i.v., i.m) and infusion -

elixirs, emélaingnabfantGuéel SARISIHE PONEE 6B talcTiHR/RHOENE For ABlaOfngrél8ase,

phar naceutlca}g%)%/ ctive cggﬁ nd(si)wshoul d be .in the iﬁ’n‘?ﬁ fromQ.01 to 90
wt. - % prefBFLE P mERE e oscogedplospaceiainpiyhileteqer noby iyl pgpe, The o in
anmount s whitafietamaysilsofdomipeind sdverahiayesyve t he dosage range specified bel ow.
If necessary the doses specified may be given several tines a day. 15
Suitable tablets may be obtained, for exanple, by mxing the active

subst anée( Soaigditabletk manrbeaxeriapidasrerdingly besantipg eotienproduetid anelegsustusibeas

cal ci um carhaatgth seBdtaldinRRRARhetElor Mbld: eﬁétf?%?,’foﬂéx%}r{}fl@&ﬂ%n% of Wdllads
mai ze starch or ic acid i nders such as starch or WD 2006/ 018227 25

al gin . b :
PCT/ Epzoosﬁ@%afglecﬂaa tipning dipyide pranges Topchiensdelasddsletnospeyeal e or tal ¢
and/ or ageni@nipalibificieathc RaretdyefiseconsBtich @it oD Ry yIRESiMilarlgehd tdblese,

cel lulose %ga?tgnagtrga cr:]c;[nglas{ gft aeﬁumqbrer %IQ i \érls %/ lachqgveetd%}a%éd ;I:e?eease, possibly using the

10 excipients mentioned above for the tablets,

Syrups or elixirs containing the active substances or combinations thereof according to the
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

15  may also contain suspension adjuvants or thickeners such as sodium carboxymethyl
cellulose, wetting agents such as, for example, condensation products of fatty alcohols with

ethylene oxide, or preservatives such as p-hydroxybenzoates.

Solutions for injection and infusion are prepared in the usual way, e.g. with the addition of
20 isotonic agents, preservatives such as p-hydroxybenzoates, or stabilisers such as alkali
metal salts of ethylenediamine tetraacetic acid, optionally using emulsifiers and/or
dispersants, whilst if water is used as the diluent, for example, organic solvents may
optionally be used as solvating agents or dissolving aids, and transferred into injection

vials or ampoules or infusion bottles.
25

Capsules containing one or more active substances or combinations of active substances

may for example be prepared by mixing the active substances with inert carriers such as

lactose or sorbitol and packing them into gelatine capsules.

Suitable suppositories may be made for example by mixing with carriers provided for this
30  purpose, such as neutral fats or polyethyleneglycol or the derivatives thereof.

Excipients which may be used include, for example, water, pharmaceutically acceptable

organic solvents such as paraffins (e.g. petroleum fractions), vegetable oils (e.g. groundnut

or sesame oil), mono- or polyfunctional alcohols (e.g. ethanol or glycerol), carriers such as
35 e.g. natural mineral powders (e.g. kaolins, clays, tale, chalk), synthetic mineral powders



tablets may al so conprise several layers. 5 Coated tablets may be prepared
accordingly_ b coatlng cores produced anal ogously to the tablets with
substances‘wgﬁﬂ%w1§zased for tablet coati2hgs, for exanpl e FETIEPHEHEO8FI6
shellac, gumarabic, talc, titaniumdioxide or sugar. To achi eve del ayed
rel ease or prevent inconpatibilities the core may al so consi st of a nunber
of layers. Simlarly the tablet coating may consist of a nunber or |ayers
to achi eve del ayed rel ease, possibly using the 10 excipients nmentioned
above for the tablets. Syrups or elixirs containing the active substances

or conbi nat (le%nﬁlghfjﬁﬁ@%fsea‘éﬁﬁkddcﬁgaﬁd%ﬁé&?es ”%a‘?@#e' egj @arf?s)ﬁg@td ch{dSQ ol 1y

contain a s gperlsy as sacchari ne, ﬁ sugar and a
flavour en ‘Ef’é? emplgytiers (¢. ga%ﬁwﬁal@u’@hﬂ%‘bq%%mqth calluloseciageh and r act .
They 15 rraypoay\swlpﬁrﬂlaioﬁemapamﬁa@n (e8] H¥BHRbismOficardte AklBNRESicHefdhnds sodi um

car boxymnet wetting agents such as, f or exanple condensati on
products o%bmﬁﬁuﬂ ﬁl%’ft vmth et hyl ene oxi de, or preservatives such as

p- hydr oRybenzoat es. Sol utions for injection and infusion are prepared in

the us uaI V‘ﬁ% prépadations hid alifni @ty B/QFe Qual glgthoﬁso gpé?’ér P(lg%?(notrﬁ r?&r §ycrvatives

such as hydr oxybenzoat es, or sta I Sers alts of
et hyl ened| dbjertion ortrapsdesnally. Zor aral agmindsinationy thadabiefs amiod cures eondainl/apart

di sper sant Sﬁ‘oﬂﬂkhdaﬁbvdnﬁeﬁﬁ@h@i cdrﬁerhl Sfﬂdltﬁw%s bR adkbdiSRleitrdto rcaﬁ:ﬁ%?@irﬁona@é ni C
e used_as sol vating nts ar dissol ving aids,

sol vent s
and tr ans ‘E)rpﬁg p:hﬁelé%%qﬂﬁﬁﬁ with varigug g éé‘flcg’saséFar?}hP@Préhlyl?@f Qes. 25
Capsul é8 cotumh gelatynmxdthe 11h®ﬂ\$oxac\tarw&b1$¢ah&tsaacmm @@Mté@ﬁtb%ﬂnﬁf active

Wt fnert ‘c‘“?'ys“e"%e%a FRL e e RO EPR LS (s entaﬁﬁﬁm IP%%@?%%%E%’%S
gel atine c &P 3qHeeys suspensians ﬁl%aﬁpp@mhsmnctﬂsnamc dvenbimdlewitlovareovafaverrby i xi ng
Wi th car i efunérd vi d5durbs ih Ao BE ERGSiEnts Hithlloka dBGYLr al fats or

pol yet hyl enegl ycol or the derivatives the

15 For parenteral use, solutions of the active substances with suitable liquid carriers may be
used.
The dosage for intravenous use is from 1 - 1000 mg per hour, preferably between 5 and
500 mg per hour.

20  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 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. When administering large

25  amounts it may be advisable to divide them up into a number of smaller doses spread over
the day.

The following examples of formulations illustrate the present invention without restricting
its scope:
30



Exci pi ents which may be used include, for exanple, water, pharmaceutically
accept abl e wﬁE&; /'ais(izzsm vents such as pa@fi ns (e.g. pet rol, 212)55?0%43@5),
vegetable oI TS ?e.g. groundnut or sesan®’ oil), nono- or polyfunctt onal

al cohols (e.g. ethanol or glycerol), carriers such as 35 e.g. natural

m neral powders (e.g. kaolins, clays, talc, chalk), synthetic m neral
powders WO 2006/ 018222 26 PCT/ EP2005/ 008736 (e.g. highly dispersed silicic
acid and silicates), sugars (e.g. cane sugar, |lactose and gl ucose)

enul sifiers (e.g. lignin, spent sulphite liquors, nethylcellul ose, starch
and polyvinyl pyrrolidone) and |ubricants (e.g. nagnesium stearate, talc,
stearic aciE}]‘aﬁﬂées of phvagmacenticpl foxmulations) 5 The preparations are

adm ni stered by the usual nethods, preferably by oral route, by injection
or transdermally. For oral administration the tablets may of course
contain, apgrt fromthgpriovenentioned carﬁaaggﬁtadditives such as sodi um
citrate, calcium carbonate and dical cium phosphate together with various
additives such as starch, preferably potato 10 starch, gelatine and the

i ke. reover, |lubricant S magnesi um rate, sodium |auryl
sulpha?g and talc may %é&%§%§&gy%the sane ti%géﬁgﬁ the tabletting process.
In the case of aqueougacsasepensi ons the activé0sgstances nmay be conbi ned
wi th various flavour enhancers or colourings in addition to the excipients
menti oned above. 15 FoM37&sieleral use, sol ufBAE of the active substances
with suitable liquid c | used. T sage for intravenous use
is from1 - 1000 ng pe?Bﬁgﬁﬁﬁ”§?§?§$%b|y betmggg&g and 500 ng per hour. 20
However, it nay soneti megnésumeastary to depafmg romt he anmounts
specifhﬁd, depending on the body weight, the route of administration, the
i ndi vi dbdal response to the drug, the natee=ef—s fornulation and the
time or interval over which the drug is adm Rpghfy ed.

The finely ground active substance, lactose and some of the maize starch are mixed

together. The mixture is screened, then moistened with a solution of polyvinylpyrrolidone
15 inwater, kneaded, wet-granulated and dried. The granules, the remaining 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

20 ' _
active substance 80 mg
lactose 55mg
maize starch 190 mg
microcrystalline cellulose 35mg
25 polyvinylpyrrolidone 15 mg
| sodium-carboxymethyl starch 23 mg
magnesium stearate o 2 mg

400 mg
30 |



Thus,.in sone cases it may be sufficient to use |l ess than the m ni nrum dose
gi ven above, whereas in other cases the upper limt may h

exceeded. A4 steri ng |arge 25 ardunts it may be ad€¥@8?%%§§)738| vi de
themup into a nunber of smaller doses spread over the day. The foll ow ng
exanples of fornulations illustrate the present invention w thout
restricting its scope: 30 WO 2006/ 018222 27 PCT/ EP2005/ 008736 Exanpl es of
pharmaceutical fornulations A) Tablets per tablet 5 active substance 100
ng lactose 140 ng nmize starch 240 ng pol yvinyl pyrrolidone 15 ny

lmag?em um g%@%rnélt é%ﬂ}gactiﬂ(@sd"t@ﬁ{le& s%iﬁ@of ihe_ia{a\l%dlsrte?u}ﬁ!da@&deh ;M_i@ﬁw?ﬁil?ﬂ@e, _

act ose an nme’ o e.nmai ze starch are m x oget her. e m xtur s
screened, Erbo P d PRI oS ATE P Besth Wi%f‘lﬁwﬁsﬁefﬁmﬁ wisKed,

wat er, kneadthdhe vepiiaiging it seactoad witered forhhe ggimalhd ebich iddriademdisereergdcor n
starch and-th i i T

it ure s 108 RELE RSN AL o e FLAGHGH A GlacAR iRy n A,

Tabl et s5 perthamabitee is @Enpressed to foun dabateef BRuitaple size.

C) Ampoule solution
active substance 50 mg
10 sodium chloride 50 mg
water for inj. 5ml

The active substance is dissolved in water at its own pH or optionally at pH 3.5 t0 6.5 and

sodium chloride is added to make the solution isotonic. The resulting solution is filtered to
15  remove pyrogens and the filtrate is transferred under aseptic conditions into ampoules

which are then sterilised and heat-sealed. The ampoules contain 5 mg, 25 mg and 50 mg

of active substance.



lLactose 55 ng nmize starch 190 ng mcrocrystalline cellulose 35 ng 25

pol yvi nyl pyrrolidone 15 ng sodi um carboxynethyl starch 23 ng nagnesium
stearate 2 Wg2W6B!3¢2 30 WO 2006/ 018222 ZB PCT/ EP2005/ 0087BGI/EPPAR/AOBTE! v
ground active substance, sone of the nmaize starch, |actose,

m crocrystalline cellulose and polyvinyl pyrrolidone are m xed toget her,
the m xture is screened and worked w th the renmaining nmaize starch and
water to forma granulate which is dried and screened. The sodium

car boxymet hyl starch and the nmagnesi um stearate are added and m xed in and
5 the mxture is conpressed to formRa@itallaimé a suitable size. C) Anpoul e
solution active substance 50 ngy 10 sodiumchloride 50 ng water for inj. 5
m The active substance is dissolved in water at its own pH or optionally
at pH 3.5 to 6. Hydffes cTIRE sMFRLALF Rembik afided to make the sol ution
isotonic. The resulting solution is filtered to 15 renove pyrogens and the
filtrate is transferred under aseptic conditions into anmpoul es which are

then sterilised and heat-ig@ The anpoul es contain 5 ng, 25 ng and 50 ny

of active substance. WO 20 038222 29 PCT/ EP2005/|008736 Pat ent C ai ns
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5 (1)

2. Hydrate of the compound of formula (I) according to claim 1, characterised in that

it is the monohydrate of the compound (I).

10
3. Hydrate of the compound of formula (I) according to claim 1, characterised in that
it is the trihydrate of the compound (I).
4. Anhydrates of the compound of formula (I):
15

RarEred
0 d

5. An anhydrate according to claim 4, characterised in that it is present as the

(n

type I anhydrate of the compound of formula (I).
20



1. Hydrates of the conpound of formula (1): "*~NHI ~~~NO NNN 5
(I') 2. Hydrate of the compound of fornula (I) according to claim1,
characterisedzpos/otdzad it is the nonohydg@te of the conpouRdr/Ed2pos/a8738.
Hydrate of the conmpound of formula (1) according to claim1, characterised
inthat it is the trihydrate of the conmpound (1). 4. Anhydrates of the
conpound of forrmula (1): 15 HI ~~~NO / NN& N /OHa (I) 5 An
anhydrate according to claim4, characterised in that it is present as the
type | anhydrite of the conpound of fornula (1). 20 WD 2006/ 018222 30

PCT/ EP2005/ 008736, arhyafife AUNSHALUARCL billidel Ra6h Mallh fo 6 Aaher i sed i n

that it is present as the type 11 anhydrate of the conpound of forrmula (1).
7. An anhydr at e tgecldadhyigate of teabmpdyndodfdorntlerilsed in that it is present
as the 5 type Ill anhydrate of the conpound of formula (1).

7. An anhydrate according to claim 4, characterised in that it is present as the

5 type III anhydrate of the compound of formula (I).

8. Pharmaceutical composition, characterised in that it contains a therapeutically
effective amount of a hydrate or an anhydrate of the compound of formula ()
according to one of claims 1 to 2 or 4 to 6 and one or more pharmaceutically

10 acceptable excipients.

9. A hydrate or an anhydrate of the compound of formula (I) according to one of
claims 1 to 2 or 4 to 6 for use as pharmaceutical compositions with an
antiproliferative activity.

15

10. Use of a hydrate or an anhydrate of the compound of formula (I} according to one
of claims 1 to 2 or 4 to 6 for preparing a pharmaceutical composition for the
treatment and/or prevention of cancer, infections, inflammatory and autoimmune
diseases,

20 |

11. Use of a hydrate or an anhydrate of the compound of formula (I) according to one

of claims 1 to 2 or 4 to 6 for preparing a pharmaceutical composition for inhibiting

the polo-like kinases.
25 12. Use according to claim 11, characterised in that the polo-like kinase is PLK-1.

13. Use according to claim 10 to 12, wherein the active substance is administered

orally, enterically, intravenously, peritoneally or by injection.

30



8. Pharmaceutical conmposition, characterised in that it contains a
therapeutically effective anount of a hydrate or an anhydrate of the
conmpound ofW@® 2004018822 1) according to orgd of clainms 1 to 2PGWERANSHOGT3@nd
one or nore pharmaceutically 10 acceptable excipients. 9. A hydrate or an
anhydrate of the conpound of fornmula (1) according to one of <clainms 1 to 2
or 4 to 6 for use as pharnaceutical conpositions wiwth an antiproliferative
activity. 15 10. Use of a hydrate or an anhydrate of the conpound of '
formula (1) according to one of clains 1 to 2 or 4 to 6 for preparing a
phar maceut i cal4, PesRastot pRPariy thé bempdur@af&niulagg/ or prevention of cancer,
i nfections, inflammatory and autoi nmune diseases. 20 11. Use of a hydrate
or an anhydrate of the conpound of fornula (1) according to one of clains
1to2or 4to 6 for preparing a pharnmaceutical conposition for inhibiting
t he polo-1like kinases. 25 1. Use &ccording to cl qi m 11, characterised in
that the polo-like kinase ig k- 1 3. Use coandipg to claim10 to 12,
wherein the active substance Ts i rﬁﬁi\;ﬂ' al 1y, enterically,

i ntravenously, peritoneally or by inje 0 06/ 018222 31
PCT/ EP2005/ 008736 14. Process for preari%g the onmpound of formula (I) N
O NH _ _0
(1)
5 characterised in that a compound of formula 4

\O\
N
H
NH,
4 - 0

is reacted with a compound of formula 9,

10

15. Compound of formula 3



HN N./Ob 5 characterised in that a conpound of fornula 4 Na N' NHZ 4
/Ois reacted with a conmpound of formula 9, ~ NO C~N9 10 15. Conpound
of fornul aV® We/PB0%/ 018222 32 PCT/ EP20@& 008736 H N N- A POVIZ2005{0p8736.
Compound of formula 4 5 ~aN NHZ 4 O

L
+«0
/0 )
3

-

o

16. Compound of formula 4

\NO\
N
H
NH,
4 - °

17. Process for preparing the monohydrate of the compound of formula (I} according

10 to claim 2 comprising the following steps :

a) preparing a solution of the compound of formula (I) in a solvent mixture of

isopropanol and water,

b) crystallising the monohydrate of the compound of formula (I} from the solvent

15 mixture and

¢) 1isolating the monohydrate of the compound of formula (I}.

18. Process for preparing the type I anhydrate of the compound of formula (1)
according to claim 5 comprising the following steps :
20 a) preparing a solution of the compound of formula (I) in ethyl acetate and methyl-

tert.-butylether
b) crystallising the type I anhydrate of the compound of formula (I) from the solvent

mixture



17. Process for preparing the nonohydrate of the conpound of fornula (1)
according 10 to claim2 conprising the followng steps : a) preparing a
sol uti on ofwa tmeeosapound of formula (1) 33n a sol vent m xt UPGI/EF2005/008736

i sopropanol and water, b) crystallising the nonohydrate of the conpound of
formula (1) fromthe solvent 15 mxture and c) isolating the nonohydrate
of the conmpound of formula (1). 18. Process for preparing the type |
anhydrate of the conpound of fornmula (1) according to claimb5 conprising
the followi ng steps : 20 a) preparing a solution of the conmpound of formula
(1) in ethyl aceddiidoMoypBi Mitlydrd &6t the BthybildRgfotulLyst al 11 sing the type
| anhydrate of the conpound of fornmula (1) fromthe solvent mxture WO
2006/ 018222 33 PCT/ EP2005/008736 <c¢c) isolating the type | anhydrate of the

he’ conpound. Bt PosemiPkoepiine R B Ly bR & Bupdifelot Rl 0TV 0L g

steps : 5 a) prepardingteclaal 6tomprighg thedollompgurgs of formula (1) in ethyl
acetate b) crystallising the type Il anhydrate of the conpound of fornula

(1) frofn ethyd) pepatieg esqlsiio e pymporad ol dormubh (D in ghykatiateet her ¢
i sol ating theyt yRe il WY QR4 ParlaldioaRIPRHRnA of FREM ) Eoln ethyl
acetate followed by the addition of diethyl ether
¢) isolating the type Il anhydrate of the compound of formula (I).



