‘WO 2006/018222 1 PCT/EP2005/008736 88256pct Hydrates and polymorphs of
4-[[(7R)-8-cyclopentyi-7-ethyl-5,6,7,8-tetrahydro-5-

methyl-46-ox&§-{% fidirtyi[amino[-3-methoxy-N-(1-methyl-4-piperidinyl) 5 beuZ4rHER2OAIEHGRS for
the production thereof, and use thereof as medicaments The present invention relates to new
hydrates and new polymorphs of 4-[[(7R)-8- cyclopentyl-7-ethyl-5,6,7,
8-tetrahydro-gg@%w{-&oxo-Z-pteridinyl]amino]-3-methoxy- N-(1-methyl-4-piperidinyl)-benzamide,
processes for preparing them and their use as 10 pharmaceutical compositions. Background to the
invention The compound 4-[[(7R)-8-cyclopentyl-7-ethyl-5,6,7,8-tetrahydro-5-methyl-6-oxo-2- 15

pteridinyl]aminfﬂ{,gmgqm- ApEiRvl4-Riney! p@/ﬁlg g [e[%: lo-like, kinase (PLK) plays

an important part in the regu%mhgzukggggjc ceﬁ%j%%@ﬁhz%%&%%ﬁﬁdﬁ tetra y%l(&%‘

4-[[(7TR)-8-cyclopBitthyk-Etrpxs-8-pipacidinyilre 5 alctralethoxy-N-(1-methyl-4-piperidinyl)
pteridiny§amingdi3-aaHO XM« pRIRRLIHRY a2 MIGe Dasdie e

| following formula (1). \Ba H s~ (l) SimiIaF ihydropteridinones are descﬂ%gﬁgr%%d%?é%ﬁiz.

The present invention relates to new hydrates and new pelymorphs of 4-[[(7R)-8-

cyclopenty!-7-ethyl-3,6,7,8-tetrahydro-5-methyl-6-oxo-2-pteridiny! Jamino]-3-methoxy-

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

10 pharmaceutical compositions.,

Background to the invention

The compound 4-[[(7R}-8-cyclopentyl-7-ethyl-5,6,7,8-tetrahydro-5-methyl-6-0xo0-2-
15 pteridinyl]amino}-3-methoxy-N-(1-methyl-4-piperidinyl)-benzamide as a polo-like
kinase (PLK) plays an important part in the regulation of the eukaryotic cel] cycle.

The compound 4-[[(7R)-8-cyclopentyl-7-ethyl-5,6,7,8-tetrahydro-5-methyl-6-oxo0-2-
pteridinylJamino}-3-methoxy-N-(1-methyl-4-piperidinyl)-benzamide has the structure of
20  the following formula (I).

Similar dihydropteridinones are described in WO 03/020722.
25



25 2 Detailed description of the invention The present disclosure provides new hydrates and new
polymorphic forms of the compound of formula (I) with an antiproliferative activity. In a first aspect,
there is provided hydrates of the compound of formula (I): The hydrate of the compound of formula (1)
is preferred, which is the monohydrate. Also preferred is the hydrate of the compound of formula (1),
which is the trihydrate. The disclosure further relateg to the anhydrate of the compound of formula (1).
In a second aspect, there is provided an anhydrate of the compound of formula (I): 01 M tQ (1)
characterised in that it is the type Il anhydrate identified by the following X-ray 2a powder reflections

and their intensities (standardised) under normal ambient conditions 2 e {id k1 inlets;ity 4.76 15+.55
50 Detailed description of the invention

The present disclosure provides new hydrates and new polymorphic forms of the

compound of formula (I) with an antiproliferative activity.

In a first aspect, there is provided hydrates of the compound of formula (I):

(1)

The hydrate of the compound of formula (1) 1s preferred, which is the monohydrate.
Also preferred is the hydrate of the compound of formula (T), which is the trihydrate.
The disclosure further relates to the anhydrate of the compound of formula (I).

In a second aspect, there is provided an anhydrate of the compound of formula (1):
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(1)

characterised in that it is the type II anhydrate identified by the following X-ray
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421-574. .27
2a

powder reflections and their intensities (standardised) under normal

ambient conditions

28 ths imiensiy
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17.58 ; 504 | i
1872 4,74 p
— — ?
19.23 461 ‘ 17
20.04 4.43 5
20.39 435 2
2115 a2 4
2157 412 1
1218 4 1
13.07 3.85 p
23,54 3.7% | 1
24.2 3.67 r 3
14.65 3.61 | 1




22.1534it 23.013.854 23S43.781 Et24.23.673 24.653,6112b 25373312W 26.25 339 1
26.74 3131 27.07 3 27.953.111 28.13 3J7 1 In a third aspect, there is provided an anhydrate of the
compound of formula (1): 63 (I) characterised in that it is the type Il anhydrate identified by the
following X-ray powder reflections and their intensitiés (standardised) at IO0C

25,37 351 z
206.28 3.34 1
26,74 333 1
27 3.3 2
27.95 335 i
*8.13 3.17 1

(1)
characterised in that it is the type Il anhydrate 1dentified by the following X-ray

powder reflections and their intensities (standardised) at 100°C
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26 et itensity
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— ‘ — R 4-%
9,74 0.07 | : 81
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12.56 704 1
14.44 6.13 | 13
14.958 : 5,672 8
15.72 5.3 59
17.5 : 506 ) 14
17.89 4.0% 11
ma 4.72 29
19.14 4.63 46
19.68 4.51 | 104
21.58 4.12 | St
22.19 4 43
pos 385 45
25,99 3.43 9
27.66 3.22 17
374 291 12




39174 2.91 12 2d Also preferred is the anhydrate of the compound of formula (1), which is present as
the type | anhydrate. Also preferred is the anhydratg of the compound of formula (I), which is present
as the type Il anhydrate. Also preferred is the anhydrate of the compound of formula (1), which is
present as the type Il anhydrate. The disclosure further relates to a pharmaceutical composition
which contains a therapeutically effective amount of one of the hydrates and polymorphic forms of the
3 compound of formula (I) according to the disclosure described above and one or more
pharmaceutically acceptable excipients. In fourth aspect, ther ro harmaceutical
composition’> S aEdREISEd e Ry ﬁ"éf?n?é SOfHRPERE L‘J’ﬁ%ﬁf?‘éﬁﬁéﬁi\)’é P\‘Et)e(%?rg ﬁ?g}'%te or an
anhydrate ofshe] ggimpeknd of formula (I) as defined above and one or more pharmaceutically
acceptable excipients The disclosure further relates to the hydrates and polymorphic forms of the
compound of formula (1) according to the disclosure for use as pharmaceutical compositions with an
antiproliferative-agtitityednsalfftimaspect, dheredsnpsovidest fohyniatd onaiblydsateehths tempound of

formula (I as
® type Il anhydrate.

Also preferred is the anhydrate of the compound of formula (1), which is present as the

type I anhydrate.

The disclosure further relates to a pharmaceutical composition which contains a

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



defined above for use as pharmaceutical compositions with an antiproliferative activity. The disclosure
further relates to the use of the hydrates and polymorphic forms of the compound of formula (I)
according to the disclosure for preparing a pharmaceutical composition for the treatment and/or
prevention of cancer, infections, inflammatory and autoimmune diseases. In a sixth aspect, there is
provided the use of a hydrate or an anhydrate of the'compound of formula (I) as defined above for
preparing a pharmaceutical composition for the treatment and/or prevention of cancer, infections,
inflammatory and autoimmune diseases. The disclosure further relates to the use of the hydrates and
polymorphicfenms:od thidfoconipolrdeffinmtdal{)dedosdingitectited isoios el fonpoeparing a

pharmaceuti(]‘&alr Cé)crygosiaon or i&?}ilbigggi }ol -like kinases. In a seventh aspect, there is provided the

f
use of a hy&)ra%er%r anué{’% %/3%?@ ofthe c '%no?jnd of formula (I) as defined above for preparing a

pharmaceutical composition for inhibiting the polo-like kinases. 3a It is preferred according to the

disclosure tdruadahengeneteshaie SoRjRIOTBAIE RIHEAEFHHE GRIBBONE BT fERASEFET 90 Dreparing a

pharmaceutjgal gampasitiandenjehikiingdirecpololikeukingse Rldfate lbisspasticulady preferred to use
the hydrates and pol%morphlc forms of the compound of farmula (1) accordiE% to the in%/ﬁzntion, the

active substEifBEBEhAdIPImSRrEl GralfFBrle AARY SirtRsl &5u STy, BRvR BBy Hifection.

acceptable excipients

The disclosure further relates to the hydrates and polymorphic forms of the compound of
formula (I) according to the disclosure for use as pharmaceutical compositions with an

antiproliferative activity.

In a fifth aspect, there is provided a hydrate or a hydrate of the compound of formuia (I) as

defined above for use as pharmaceutical compositions with an antiproliferative activity.

The disclosure further relates to the use of the hydrates and polymorphic forms of the
compound of formula (I) according to the disclosure for preparing & pharmaceutical
composition for the treatment and/or prevention of cancer, infections, inflammatory and

autoimmune diseases.

In a sixth aspect, there is provided the use of a hydrate or an anhydrate of the compound of
formuta () as defined above for preparing a pharmaceutical composition for the treatment

and/or prevention of cancer, infections, inflammatory and autormmune diseases.

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

composttion for inhibiting polo-like kinases.

In a seventh aspect, there is provided the use of a hydrate or an anhydrate of the compound
of formula (I} as defined above for preparing a pharmaceutical composition for inhibiting

the polo-like kinases.



In an eighth aspect, there is provided a process for preparing the compound of formula (I) (O
characterised in that a compound of formula 4 A A is reacted with a compound of formula 4 3b The
disclosure further relates to a process for preparing the compound of formula (1), characterised in that
a compound of formula4 _0 4 4 is reacted with a gompound of formula 9, C~ M The disclosure
further relates to a process for preparing a compoun% of formula 9. G~Pt t~f by methylation with
dimethylcaibonate in the presence of a base at elevated temperature (between 80C and 180 C),
preferably at 130C. In a ninth aspect, there is provided a process for preparing the compound of
formula 9, dharactériratscrthding cothpdinvibefifotmuta d& hydrates and polymorphic forms

of the compound of formuia (I) for preparing a pharmaceutical composition for

inhibiting the polo-like kinase PLK-1.

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.

In an eighth aspect, there is provided a process for preparing the compound of formula

@

is reacted with a compound of formula 9,

i
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C111'h: N.L S is methylated with dimet7ylcarbonate. In a tenth aspect, there is provided a compound
of formula 3 00 3 In an eleventh aspect, there is provided a compound of formula4 5/0 dIna
twelfth aspect, there is provided a process for preparing the monohydrate of the compound of formula
(I, which comprises the following steps : (a)preparjng a solution of the compound of formula (1), in a
solvent mixture of isopropanol /water or acetone/water. (b) crystallising the monohydrate of the
compound of formula (I) from the solvent mixture (c) isolating the monohydrate of the compound of
formula (1). The disclosure further relates to a process for preparing the trinydrate of the compound of

formula (1), Wherdibyldberntonbhyeiaies of thereampundephformulactiisosubjecfadnioaTelative

. o ‘ ;
Zﬁmgtgfo%i Ieaggezigefin'lé %%’%8'&333{1% C[uor% (e)rr Hg?lll%tgs to a process for preparing the type Ill




compound of formula (I), wherein: (a) The monohydrate of the compound of formula (1) is rinsed with
dry nitrogen, or (b)The monohydrate of the compound of formula (1) is subjected to a temperature of
about 70 C, preferably 70 to 120 C, particularly preferably 70 to 90 C. The disclosure further relates to
a process for preparing the type | anhydrate of the ¢bmpound of formula (1), whereby the type Il
anhydrate of the compound of formula (1) is melted and then the melt is crystallised at a temperature
of at least 140 C, preferably from 140 C to 160 C. 6 The disclosure further relates to a process for
preparing th%%é@@ré@ﬁ@ﬂ‘ﬂl%@xﬂfoﬁﬁ}?d gpmﬂﬁ@l}@@of formula (1) comprising the following steps: a)
preparing a solution of the compound of formula (1) in a solvent mixture of ethyl acetate and
methyl-tert-butylether, preferably in the ratio ethyl acetate/ methyl- tert-butylether of 3:5 (v/v) or a
solvent mixture of methyi-isobutylketone /cymohexané b) crystalllsmg the type | anhydrate of the

the compound of formula (I) in ethyl acetate

The disclosure further relates to a process for preparing a compound of formula 9.

[
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A
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by methylation with dimethylcaibonate in the presence of a base at elevated temperature

(between 80°C and 180 °C), preferably at 130°C.

In 2 ninth aspect, there is provided a process for preparing the compound of formula 9,
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characterized in that a compound of formula



b) crystallising the type Il anhydrate of the compound of formula (I) from ethyl acetate followed by the
addition of diethyl ether and c) isolating the type Il anhydrate of the compound of formula (). The
disclosure further relates to a process for preparing the type | anhydrate of the compound of formula
() comprising the following steps : a) melting the type Il anhydrate of the compound of formula (1), b)
crystallising the melt at a temperature of at least 18 e, preferably at a temperature of 185 to 200 C.
The compound of formula () may be prepared by the method of synthesis described hereinafter. The
synthesis is shown in Diagram (1) and should be understood as illustrating the invention without
restricting it to its contents. WO 2006/018222 7 PCT/EP2005/008736 X O Synthesis Plan 1 E! R' Gl
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is methylated with dimethylcarbonate.

In a tenth aspect, there is provided a compound of formula 3

Ho
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E,E) o

[£9:]

In an eleventh aspect, there is provided a compound of formula 4



HHCrtaN--N 3~ O0H+cINNt NHZ4rOHrJ E (e) 6 Preparation of the aniline fragment 4 WO
2006/018222 8 PCT/EP2005/008736 Preparation of compound 3N N NO 10 .~O 0 2 3 5 Variant IA:
A suspension of 100 g (0.507 mol) of 3-methoxy-4-nitrobenzoic acid 2, 163 g (0.508 mol)
O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate and 192 mL (1.1 mol)
ethyidiisopropylamine in 1.2 L dichloromethane is stirred for one hour at 25C. 58 g (0.508 mol)
1-methyl-4-aminopiperidine | are added to the resulting

In a twelfth aspect, there is provided a process for preparing the monobydrate of

the compound of formula (T), which comprises the following steps :

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

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

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

The disclosure further relates to a process for preparing the trihydrate of the compound
of formula (I), whereby the monohydrate of the compound of formula () is subjected

to a relative humidity of at least 70 %.

The disclosure further relates to a process for preparing the type I anhydrate of the

compound of formula (1), wherein:

(a) The monohydrate of the compound of formula (I} is rinsed with dry nitrogen, or
(b)The monohydrate of the compound of formuta (I) is subjected to a temperature of

about 70 °C, preferably 70 to 120 °C, particularly preferably 70 to 90 °C.

The disclosure further relates to a process for preparing the type [ anhvdrate of the
compound of formula (I), whereby the type III anhydrate of the compound of formula (I}
is melted and then the melt is crystallised at a temperature of at least 140 °C, preferably

from 140 °C to 160 °C.



10 solution and the mixture is stirred for 16 hours at 20C. The solution is evaporated down to 600 mL
and the organic phase is washed five times with 80 mL of I molar ammonia solution. The organic
phase is concentrated by evaporation and the residue is chromatographed on silica gel using
dichioromethane / methanol / conc. ammonia (15:1:0.1). Product fractions are combined, the solvent
is evaporated off and the product 15 is crystallised frgm ethyl acetate | methanol. 123 g of product 3
are obtained. Variant IB: 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 105C and 40
20 ml of dimethylformamide in 2 L toluene are added. At a jacket temperature of 120C, 2.90 kg (24.3
mol) thiony! dHFOHEROSYE ANERTELEECA SR T VR FP D SRR E Her fhae fea18 9friied with 4 L toluene.

The reactioncgﬂgggﬁgd%ﬁmyﬁgjg?l) heufRiieliex: IBMmReraiutepshen 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-ghindpipaissdwsneihe eomppedabformsik g EuasoEnt MBTHATHY In 2 L toluene are
allowed to flow iR @t-25n SRt misivkens rnsedmith4nk iakdensd Jhe.ruspeRgion is stirred for |

hour. 20 L of water are allowed to flow in and 3.08 kg (30.4 mol) conc. hydrochloric acid (36%) are

added at 35-40C ETHRBRGFOTS HNEEA KRFDERBRISFIE O8B RSN BIFEEEs are formed. The
organic phase is geppjiateshoff and the aqueous phase WO 2006/018222 9 PCT/EP2005/00 8 73 6

containing the product is returned to the reactar. It is rinsed with 4 L water. Under.
by erystallising the type { anhydrate of the compound of formula (1) from the solvent

mixture and

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

In a thirfeenth aspect, there is provided a process for preparing the type H anhydrate of the
compound of formula (I) comprising the following steps :
a)  preparing a solution of the compound of formula (I} in ethyl acetate,
b)  crystailising the type II anhydrate of the compound of formuia (I) from ethyl
acetate foliowed by the addition of diethyl ether and
¢)  isolating the type Il anhydrate of the compound of formula (I).

The disclosure further relates to a process for preparing the type I anhydrate of the
compound of formula () comprising the following steps :

a)  melting the type Il 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 (T} may be prepared by the method of synthesis described
hereinafter. The synthesis is shown in Diagram (1) and should be understood as

illustrating the invention without restricting it to its contents.



reduced pressure 3.2 L water are distilled off at 50C. 4.87 kg (60.9 mol) sodium hydroxide solution
(50%) are added to the remaining solution at 40C. The mixture is rinsed with 4 L water. The product
suspension is Alwed 18%bol to 22C and stirred for 530 min. at this temperaturBCFRB2AM8AKon is
suction filtered and the filter cake is washed with 40 L water. The product is dried at 40C in the
vacuum drying cupboard. 5.65 kg of product are obtained. Preparation of the compound 4, "~NaN
Ji".1(taN" "~Nii"lI( 0 (r) O 104 Variant 2A A solution of 145 g (0.494 mol) 3 in 2 L mgthagol is
hydrogenated at 4 gar i&the gggsengce of 2 g palladium on charcoak(10%). The catalystjfs filtered off
and the filtrate 15 R CONCentrat %noy evaporation. 128 g produgt 4 gle gbtained. V& 5L
demineralised water are added to 5.00 kg (17.0 mol) 3 and Ob actiated charcoal {industrial grade).
Bm.jg stirred for 15 miitefes at 22-25C.

Then 2.05 kg (34.1 mot) acetic acid are added. The 20 sy

500 g of palladium on charcoal (10%) suspended in 3 L demineralised water are a and the
mixture is rinsed with 2 L demineralised water. The contents of fhe reactor are heatedato 40C and the
mixture is é =2

X N0,
/ng oX
ot N N/Z\/ .

Preparation of the aniline fragment 4



_ hydrogenated at this temperature until the uptake of hydrogen ceases. The reaction mixture is filtered
and the filter ' ed with 10 L demineralised water. 25 For crystallisati it |
transferred irﬁ? lg;ér(5e§<[;16::\{t5()E'fr%nd the transporting contai%er is rinsed with 5 L demﬁlggllr%igebé %\El)gég‘rﬁ. The

reactor contents are heated to 50C. A mixture of 5.45 kg (68.2 mol) sodium hydroxide solution (50%,

industrial grade) and 7 WO 2006/018222 10 PCT/EP2005/008736 L demineralised water is added.

The mixture ErgtirashiosAébmpauies At 45-50C. The suspension is cooled to 20C and stirred for 1-1.5

hours at this temperature. The product is suction filtered, washed with 30 L demineralised water and

dried at 45C in the vacuum drying cupboard. 4.13 kg of product 4 are obtained. 5 Preparation of the
dihydropteridinone fragment 9 Prdparation of the amino acid esters 6a-d X H,Nabcd CH3 C6i -

CaH3 CH3 \C\M3 _10 6 The mee% esierpa, ethyl ester 6b and 2-pr8\@§r are prepared by

methods descrﬁed !n the lijerature, @ ample according.tq. WO 03 O% t.-butyl 15 ester

6d is prepared 2terification witfr'ter-butyl acetate in the presence 0

o N

o o

~

e\
o
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Varant 1A

A suspension of 100 g (0.507 mol) of 3-methoxy-4-nitrobenzoic acid 2, 163 g (0.508

h

fnoi) O-(benzotriazol-1-y1)-N,N,N’ N’-tetramethyluronium tetrafluoroborate and 192
mL (1.1 mol) eﬂayldiisobro;;ylamine in'1.2 L dichloromethane 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  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  is crystallised 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 chioride are aliowed to flow in within 30 min. and the
mixture is rinsed with 4 L toluene. The reaction mixture 1s stirred for 1 hour at reflux
temperature. Then 12 L toluene are distilled off under normal pressure. 'f‘he contents of
the reactor are cooled. A solution of 2.55 kg (22.3 mol) I-methyl-4-aminopipendine 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



perchloric acid (J. Med. Chem., Vol 37, No 20, 1994, 3294-3302). The amino acids may be used in the
“form of the bases or as hydrochlorides in the following nucleophilic substitution reaction. 20
Preparation ol tHéX&&74tid amides 6e,fx (r) 6 e f Cg-|3 N Cf{3 6 WO 2006/0785582§45/008736
PCT/EP2005/008736 The amino acid amide de is prepared by aminolysis of the methyl ester 6a with
40% aqueous methylamine solution at ambient temperature. The amino acid amide 6f is prepared by

amide formatigg,of e fre R0URG Adehiibaoftve feldiexcrss Qhemelar Aimethylamigg solution in

tetrahydrofuran in the presence of 5 O-(benzotriazol-I-yl)-N,N,N',N'-tetramethyluronium

tetrafluoroborEREUASLBIRSHHG Jadgarateprepdistiibe o $01pdiider 688 olNspddm™ \ fi ~n~ E\N
T"~~CEPS m)fdr&icé\é&ﬁlmm ghe added to the remaining solution at 40°C. The mixture is

rinsed with 4 L water. The product suspension is allowed {o cool to 22°C and stirred for

5 30 min. at this temperature. The suspensi-on 1s suction filtered and the filter cake is
washed with 40 L water. The product is dried at 40°C in the vacuum drying cupboard.
5.65 kg of product are obtained.

Preparation of the compound 4:

2 4

10

Variant ZA

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
I5  is concentrated by evaporation. 128 g product 4_are obtained.

Variant ZB
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



567 Zaisedef /CU3 CH3 HCH3 X O-CH3 0----\ O-( 0_+CH3 K\ N CH3 \CH3 CH3 CH3 CH3 15
Preparation % ster 7a A suspension of 457 g (2.06 mol) of the aming_acid methylester 6a
and 693 g (8. éi&%”ldé}l%g? Jp§owdered sodium hydrogermarbonate in10L cyclohe&%ﬁ%%%%?? &or 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 kiEiiactaipusiewiterasissaiie mRyrpradeects Whedd fes 10 isialisest agtsdot ofhe
dichloromethane are added to the sus(ﬁjen i0 r the addition of 335 g magnesium sulphate the
i

n. Aft s
suspension ISEATHHATIRRAYSEHS 4k G Eﬁ?‘flilfegf Laka howrsah S HgHReTAtH e dMo SR Hane. The |

filtrate is evapeiaiRen\H R0 /8H8d27th23 B C HiERAeRHI B3k davvariedhidsymndaiereduced
pressure and the suspension %btai ed.is reflyxed. The soluﬁion, is allowed to cool slowly and stirred for

one hour at YASHEE dKE GuBRRIG 14 S AbRAfERE Wiy cake is washed with cyclohexane.
The proguct is dried at 40C in the vacuum drying cupboard. 582 g of 7a (X = OCH3) are obtained as a

dark 5 yeIIo%ge%ggét%%og}wgcﬁgglﬁgﬁeﬁj lgo%se %ggf%%%lto;exane, methylcyclohexane, toluene and the

Preparation of the amino acid esters 6a-d
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10

The methyl ester 6a, ethyl ester 6b and 2-propy! ester é¢ 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..Chcm., Vol 37, No 20, 1994, 3294-3302).

The amino acids may be used 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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mixtures thereof are particularly suitable for achieving high regioselectivity in the nucleophilic
substitution in compound . 10 Compounds 7b-f are prepared analogously to this method. During the
reaction of th® SANAG i amide 7e,_f a fairly polar kblvent such as e.g. ethyl BE&(ERR08#/008736
dichloromethane is added to improve solubility. 15 Preparation of compound 8 NO H OXhR O CI
'A~N.5:k CI N PE 7 20 A freshly prepared suspension of 560 g (1.63 mol) 7a and 185 g Raney nickel
in 2.8 | acetigaghisdwlioaanaed B G RGTNE HAKS PHMIIRAAAGS EI\JRA g, catalystis
filtered off and the hydrogenation Solution’is evaporated down under reduced pressure. 4L of
demineralise@ieaes methyipmatg bakbenabrmbigdbtimpttatuesidue. A precipitate which contains the
product is forfmrdchyaefs 116iBRIEES pRhE-aAYS Qs BNARE 207 SERRAE.AMl S L Athypgetate are

added to the organic phase and th€ precipitate iS suction filtered. The precipitate Is suspended in 600

mL deminerdii¥gdoliheecesaréd rorlwdizgtvierspe solgipiyiabpdiobezss: thapiasercembient
temperagure,sygtign,fiigred apg washedwitb damine A e gV aiE flucroborate as coupling
reagent,

Preparation of the compounds 7

10

2 8 z
L 2 B € d e f
CH, CH, H e
X o—cH, O™\ 0—< Q—QCH, 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 cyciohexane is stirred for 15
minutes at ambient temperature. 440 g (2.27 mol) 2,4-dichloro-5-nitropyrimidine § and

20 15L 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 dichioromethane. The filtrate is evaporated



110 g of moist product A are obtained. The filtrate is washed three times with sodium chloride solution.
The organic i ncentrated by evaporation..380 g of a reddish-browrg,&q%g%% ¢
obtained, whic |s%%:ﬁ())1m?f§%ed with the moist productq,&z. The combined crude products A angg% are
dissolved in 1.5 L ethanol at reflux temperature. The solution is filtered clear and the filter is rinsed
with 150 mL ethanol. 550 mL demineralised water are added to the solution at reflux temperature. The
mixture is lelédeeobandstirkd fod U prasat M dmbianipteripaisttiiasand fefldkbourhat 0-5C. The

precipitate is suction_ filtered and washed with demingralised water/met [.(1:1) and then.with
demineralise¥ WS 8"6?%8?18?@ ﬁﬁ&'&%ﬁ’@ﬁﬁ%@%ﬁ%&ﬂ%‘ﬁ%ﬁ%%ﬁ%gﬁgﬁlﬁ%ﬁuct 8 are
obtained as suselid. flitcRyEpadatiom hicatpiunasAdd/ aitant,3iheXng.. it prodvitt 9s 38eg €9.95 mot)
sodium hydride (60 % dispersion in mineral oil) ad tchwise to 20 a solution of 264 g (0.94
mot) of 8 anﬁlé:l’a RRecaiitars] #‘Yé’tﬁ%ﬁ%%}?%"?{n gél? %Iﬁ%%n IaElyaér?hgiéemaeto -?Hfi/valﬁﬁﬁ; %rrl?e hour. The
cooling bath ygltemeytd. and the mixture is allowed to come up to 20C within 2 hours. It is cooled to
10C and a further 0.38 g (9.5 mmol) sodium hydride are added. The mixture is stirred for 4 hours at

10- 15C. 100 mL ethyl acetate and 1 kg ice are added to the reaction solution. The 25 resulting
suspension ikigiptadosithy3ntdaminer alisegdaitexadtarmibpleysionesastirtethene and the

mixtures thereof are particularly suitable for achieving high regioselectivity in the
nucleophilic substitution in compound §.

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

O

z 8

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. Afier 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  is separated 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



for 2 hours, the precipitate is suction filtered and the filter cake is washed with WO 2006/0 t 8222 14
PCT/EP2005/008736 demineralised water. The product is dried at 50C in the vacuum drying
cupboard. 279G OPHP38R% 9 are obtained as colourlbs crystals. Preparation SEEGHAISPRE G (variant
3B)5NOHO cN:v CIPFNba9 A suspension of 100 g (356 mmol) and 73.8 g (534 mmol)
potassium carbonate in 400 mL dimethylcarbonate is heated to 130C in an autoclave for 6 hours. The

mixture is 10 afb o 92hand, 3 el Are erlleae pater ANt e (W AREIRE Al gflded with

stirring. The aqueous phase is s parated off together wi S solvent are
distilled off fré#f ®elsryasiippuade’atts phieisgfe 180 mbar and a heating bath temperature of 70C.
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 80C. 350 mL ethanol are added to the
suspension winehil§ateds washed o eranghwitsdiomisiigrids cobitiom Thscuizanis. nthisedidoled to 10C,

the precipitatg,is.shichin fiterspanbwanited yvith aimixwe ehdeminemlisedmaen angigihanol
(2.5:1). The product is dried at 50C in the vacuum drying cupboard. 95.5 g product Y are obtained.

combined with the moist product A. The combined crude products A and B are

dissolved in 1.5 L ethanol at reflux temperature. The solution is filtered clear and the

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

16 ambient temperature and for 3 hours at 0-5°C. The precipitate is suction filtered and
washed with demineralised water/methancl (1:1) and then with demineralised water.

The product is dried at 50°C in the vacuum drying cupboard. 266 g product § are
obtained as a solid.

15  Preparation of compound 9 {Variant 3A}

i Vo
oo o e
o o

8
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38 g (0.95 mol) sodium hydride (60 % dispersion in mineral oil) are added batchwise to
20 asolution 6f 264 g (0.94 mol) of § 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 fo 20°C within 2 hours. It is cooled to 10°C and a further
6.38 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



20 Preparation of compound of formula (1) NIoN~1 aNo NFEy CINNJN/O &E 42 (0 WO

2006/01822 PCT/ERP2005/008736 A suspension of 201 g (1.06 mol) pars- honic
acid-hydrate%’%ggoé% ? 2mmol) 2 and 183 g (695 rnlrﬁol) 4 in 800 mL 2-methyl§§§§f&§§1§gﬁéﬂ%ﬂuxed.

100 mL solvent are distilled off. The mixture is refluxed for 3 hours, 200 mL of 2-methyl-4- pentanol
are added and 120 mL of solvent are distilled off. After 2 hours heating at 5 reflux temperature a

further 280 raénsiabreniadre slistitesk gifoding inbsiviamiss0e0lad de: Hamaeshidodepibaidlsed water and
then 0.5 L ethyl acetate are added tqQ the Lea tion solution. The organic phase is separated off and the
aqueous ph&<d RAe? A5 GRig BPERS 8@6@‘%@‘. 1.5 L dichloromethane and 0.5 L ethyl

acetate are 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 sogimh ‘droxlige solution. The aqueous phase is separated off and
the organic pREREadARLL%8 é‘%\ﬁﬁw &ach case | L of I normal aqueous sodium hydrogen

carbonage 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.

oY e
o o

8 8
A suspensiori 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 agueous 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 {o 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 are 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}

[£:-N
-]

it



15 The crude product is dissolved in 1.5 L ethyl acetate. At a temperature of 50-55C 2.5 L of
methyl-tent: butylether are added. The mixture is inoculated at 45C and stirred for 16 hours with
cooling to am¥feAta¥PAfrature. The suspension is stifred for 3.5 hours at 0-5CGHEPAIESIBERSItate 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 50C in the vacuum drying cupboard. 236 g of

talli d f ined as.the t I .
Coystalination. L T o S S B R MBS e i3 10 m
| - propanol dﬂ@ﬁli&éﬂ%l@érﬁ% mixtobedisrheleulid 708 et gRotamolde miffexaliséd0 wiiter are
added. The SQIRANJRIELARR SerariiikiaroReratie.RY AR Mo A eosialypials are added.

The resulting suspension is stirred for 3 hours at 0-10C. It is 30 suction filiered a shed with cold

1-propanol/ destpnsiaiscaddedtand 120 aldobratiarratedisilieé o hefisrclibenis brrtidme50C in the

vacuum glryingeeupRoaid, 4.5, geRe Mg Produsalihe compawnd ot formula (D ajeoptained as
the monohydrate. WO 2006/%18222 16 PCT/EP2005/0087136 The crude p{ro u%{%)ﬂ ie reaction

described ab%%@dd%%@y@aﬁ@ewm@t&gnwcmmim@m tiedhe
][;)r; :ﬁﬁlaa”(fl’)'/?n‘%a%@ggﬁ'é%ﬁﬂi%@ﬁe@&aﬂf@Bﬁé@é‘ eh1he QYSRGS anFaanivelr gies Ofsthg.gpmpound of
washed with 0.5 L ethyl acetate. 1.5 L. dichloromethane and 0.5 L ethyl acetate are
added to ihe acidic aqueous phase. The pH value of the aqueous phase 1s 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 I L of 1
normal agueous 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 {o 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 [ anhydrate described above are dissolved in 310 mL 1-
propanol and filtered clear. The mixture 1s 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 1-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.



5 carried out according to the following methods. These methods are shown in Diagram 2 and should
be understood as illustrating the invention without restricting it to their (:ontentP i %%15/%0 ?36
Polymorphoﬂg%ﬁ(glﬁé%ﬁ%tics of the compound of fotfhula (D final crystallisation steptrom ethyl final
crystallisation step acetate/methyl-cert.-butyl ether from t-propanollwater <50%r.h. e Anhydrite 11
0%r.h. m. 178 C | p.:Anhydrate | m.p.:203C crystallisation LF WO 2006/018222 17

PCT/EP2009/0843f é@&%v%%%%&aﬁ&n&y%%a ASSPEGnG istheceMaion.araisharagierised by |
DSC/TG (Differential cannin%é:alorimetry/ Thermo ravimet%&and XRD (X-ray powder

diffractogranty crapline mophydsatp it 4y PEoRRRAISRIBEBRAL Miiffactograms were obtained
using methods known in the art, by means of an X-ray powder diffractometer (Bruker D8 Advance).

The diffractograms were obtained under the following measuring conditiofnis: Cu{<a radiati%n
(%=1.5418 Ayhg@reparation of the hydrates and anhydrafes of the compound of formula (I} may be

5  carried out according to the following methods. These methods are shown in Diagram 2
and should be understood as illustrating the invention without restricting it to their

content.

Diagram Z

10 Polymorphous characteristics of the compound of formula (I)

final crystaliisation step from ethyl finat crystallisation step
acetaiefmethyl-iert.-butyt ether from { -propénoliwater
! tihydraie | ~<50% T
| > ;{)W Monohydratee
Anhydrate I -
2z 10 % r.h.
b4
m.p.: 178 °C Anhydrate I
!
Anhydrate | | e qapec P 136 7C
: ° meit
m.p.: 203°C crystallisation ¢




40 mA. 10 The DSCITG 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
measurementZI0PE25D mg for TG measurementsl The heating rates were ROT/RIAR5/ 048 B ¢he
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 dhu intensity 101 A.) I/I(r) [%] 6.07 14.54 62 8.06
10.96 15 9.11 9.7 100 12.237.2324 12.936.84 50 13.816.41 13 14.296.2 76 14.945.92 18 WO

2006/018222[%@ l?y%ga/t%f %Pcp %93%@63 according to the invention are characterised by DSC/TG
(Differential Scanning Calorimetry/ Thermogravimetry) and XRD (X-ray powder
diffractograms) (Tables 1-5, Figures 1ato 5a).

5  All the XRD powder diffractograms were obtained using methods known in the art, by
means of an X-ray powder diffractometer (Broker D8 Advance). The diffractograms were
obtained under the following measuring conditions: CuK radiation (A=1,5418 &), 40 kV,
40 mA.

10 The DSC/TG measurements were carried out using equipment produced by the company
Mettler Toledo (DSC 821 and TGA 851). The salﬁples 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 formuia (I)

16 Gnga : intensity
l [A] VI, [%]
6.07 14,54 62
- 8.06 10.96 15
9.11 9.7 100
1223 7.23 24
12.93 6.84 50
13.81 6.41 13
14.29 6.2 76
14.94 5.92 ig




 16.295.44 18 17.015.21 15 17.84.98 8 18.29 4.8569 18.6 4,77 32 19.71 4.5 18 19.94 4.45 13
20.434.347 20.76 427 17 21.84.075 226439265 23.213.83 29 23.673.76 22 24.38 3.65 7
25.4 35 14 B85 6¥4U823297 01 3.33 27.78 3.21 27188.49 3.13 11 30.41 2.84 GEFIPALK 36

16.29 5.44 18
17.01 5.21 is
17.8 4.98 8
18.29 485 69
18.6 4,77 | 32
19.71 4.5 18
19.94 4.45 13
2043 4.34 7
20.76 4.27 17
21.8 407 5
2264 3.92 65
2321 ©3.83 29
23.67 3.76 22
24.38 3.65 7
25.4 3.5 14
25.98 b 3.43 2
27.01 | 3.3 3
27.78 3.21 27
78.49 3.13 11
30.41 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)



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) WO 2006/018222 19 PCT/EP2005/008736 2 O dhid
intensity 1019R]20a4/018322 5.93 14.89 39 6.45 13.68 82 8.69 10.17 100. 9.45°013Fr2@5hs4R 7.74 85
12.57.08 8 13.06 6.77 32 13.896.37 7 14.576.08 19 15.385.76 9 16.185.47 7 17.045.2 25
17.345.11 10 18.07 4.91 37 18.594.77 21 18.854.71 16

2@ Gng intensity
[’} [A] 1L, [%]

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
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




19.814.485 20.524.32 15 21.18 4.1957 22.06;4.035 22.96 3.87 15 23.46 3.79 51 24.79 3.59

21 WO 200 ?40182 g/z
29.52 3.02 7" 9588Y

20 PCT/EP2005/008736 25.74 3.46 7 27.23 3.27 6 2859
¥9%7 30.582.925 Table 3 Xr%@/ powder reflections an

ot ot 1

elr In ensmes

(standardised) under normal ambient 5 conditions of the anhydrate | of the compound of formula (1)
20 dhid intensity 1m [%g [1 [A]

Table 3

2574 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

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

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

1@ diy intensity
°] [A] Vi, [Ye]
5.48 16.11 22
6.47 13.65 51
7.88 11.21 31
8.93 9.89 100
9.5 8.31 5
10.74 8.23 22
11.06 7.99 5
13.06 6.78 19
13.81 6.41 i
14.95 5.92 4
15.86 5.58 14




5.48 16.11 22 6.47 13.6551 7.8811.21 31 8.939.89 100 9.59.315 10.74 8.23 22 11.06 7.99 5
13.06 6.78 19 13.816.419 14.955.92 4 15.86 5.58 14 WO 2006/018222 21 PCT/EP2005/008736
16.71 5.3 10 M@ 194640183207 1827 4.855 18.65 4.75220 19.14 4.63 9 20.12 2ALFA0BIET%.16 5

21.814.07 4 22.57 3.94 11

16.71 53 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 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
5 X-ray powder reflections and their intensities (standardised) under normal ambient

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



23.44 3.794 23.783.747 24.66 3.61 3 25.28 3.527 25.553.484 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 ambiéfit 228XBfitAs of the anhydrate Il of the émpound of formula (1) W Pe0818183%2 22
PCT/EP20051008736 2 G dhw intensity [01 [A) Ulo [%] 4.76 18.5550 6.64 13.3 100 7.92 11.151
9.039.793 9.519.2939 11.297.831

pAC Ly P intensity

°1 1Al L, [%]
4,76 18.55 50
6.64 13.3 100
7.82 11.15 1
Q.43 8.79 3
9.51 6.29 39
11.29 7.83 ]
12.39 7.14 37
13.41 6.6 2
14,31 6.18 16
17.1 | 5.18 1
17.58 5.04 - i
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
23.54 3.78 i
24.2 3.67 3
24.65 3.61 1




12.397.14 37 13.416.62 14.316.1816 17.15.181 17.585.041 18.724.743 194.67 7 19.23
4.6117 20.044.435 20.394.352 21.154.24 21.574.122 22.1841 23.073.854 23.543.781
24.2 3.67 3 Y£6806/E822AVv0 2006/018222 23 PCTIEP2005/008736 25.37 3.BET/EE2G05008736 1

26.743.331

\\_m“

25.37 3.51 2
26.28 3.39 1
26.74 3.33 I
27.01 3.3 2
27.95 3.19 | 1
28.13 3.17 i
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
pAC) Ghi intensity
el (4] Vi, [%]
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
14.95 592 8
15.72 5.63 59
17.5 | 5.06 14
17.89 4.95 11




27.013.32 27.953.191 28.13 3.17 1 Table 5 X-ray powder reflections and their intensities
(standardise fg&t %}gg C of the type Ill anhydrate of the compound of formula (1) 5 2 O lose intensity i
[Al 1/4 [%] 6257188157 0,74 9.07 81 10.99 8.04 24 12.56 7.04 21 14.44 é‘.’%ﬁ%”fﬁ.@%"%‘?gz 8
15.725.6359 17.55.06 14 17.89 4.95 11 WO 2006/018222 24 PCT/EP2005/008736 18.8 4.72 29
19.14 4.63 46 19.68 4.51 100

18.8 _ 4.72 29
10.14 4.63 46
16.68 4.51 100
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 II 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

aciive 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 tablets 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



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

" 1, anhydrate Il and monohydrate of the compound of formula (1) according to the invention may be
used on theiMd#8#8&hjunction with other active spbstances 5 according toRDEERYRIBH0RT36
optionally also in conjunction with other pharmacologically active substances. Suitable preparqtions
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 specif%%@i&\&ubﬁmm?im&sm@ maylberglicenngatefot deiegisedaleald Suitable
tablets may BacoliainRBorRIY MR MNBENGILE ASIMR DHBSIBRCSS) Wi PQuU, eXgiRients, for

example ine %’I Ifl_lr? h as calcium carbonate, calcium phosphate or lactose, disintegrants such
as maize sta%: 1et{ga éﬁ%&a&", Bfﬁscfes’r%vgﬂ%i)r?aa’f’sstarch or WO 2006/018222 25 PCT/EP2005/008736

gelatine, lubricants such as magnesium stearate or talc and/or agents for delaying release,
5 Coated tablets may be prepared accordingly by coating cores produced analogousty to the

tablets with substances normally used for tablet coatings, for example collidone or shellac, .
gum arabic, talc, fitanium dioxide or sugar. To achieve delayed release or prevent
incompatibilities the core may also consist ofa number of layers. Simiiaﬂy the tablet
coating may consist of a number or layers to achieve delayed release, possibly using the

i0  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 alcobols 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 1isotonic 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 0il), 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



such as carboxymethyl cellulose, cellulose acetate phthalate, or polyvinyl acetate. The tablets may
also comprise several layers. 5 Coated tablets may be prepared accordingly by coating cores
produced an¥f8gorsly&Fihe tablets with substances2tormally used for tablet disZtiERsofR0ERAMple
collidone or shellac, gum arabic, talc, titanium dioxide or sugar. To achieve delayed release or 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 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 d&gabtghydifpesindenticisasid anyl silikaretiifegsrcts &s sranilirgar, dretogeaadtract. They 15
may also coglaiasysansideradiyaitains hiekeRs GRS SRIHYI ey sRkRy! aﬁlg”ulosea
wetting age : , IQNn_pro f fatty,alcahols with ethylene oxide, or
presegagvéﬁgﬂ%%?gg%{%g%% t%%z%gﬁses. (‘_:»tlléd%b’zr%k or%%]%%ﬁéeﬁ%%ed?%%s??g%né:rgcbér]exgg:ed in the
usual way, é@‘?%ﬁl?ﬁ@’]aﬂgﬁ €f 20 isotonic agents, preservatives such as p-hydroxybenzoates, or
stabiliséfs such as alkali metal salts of ethylenediamine tetraacetic acid, optionally using emulsifiers

and/or dispensapfepiiishiipelaninisedeey e diuanmRha BRIS MYAYGAAGRES fyay optionally
be used as solv tlnrg a%ents or dlﬁsolﬁﬂn aahds and transfetr{led to |nject|ofn vials or ampoules or
infusion botﬂ%g%g or transdermally. Fororal administration the tabiets may of course contain, apart

from the aboverentioned carriers, additives such as sodium citrate, calcium carbonate and

dicalcium phosphate together with various additives such as starch, preferably potato

10 starch, gelatine and the like. Moreover, lubricants such as magnesium stearate, sodium
lauryl sulphate and talc may be used at the same time for the tabletting process. In the case
of aqueous suspensions the active substances may be combined with various flavour

enhancers or colourings in addition to the excipients mentioned above.

15 For parenteral use, solutions of the active substances with suitable liguid 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



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 WerRP¥te efatine capsules. Suitable supiositories may be made FSFEERAMHIRIBBMIxing
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 WO 2006/018222 26
PCT/EPZOO%Q(%@_ s (ﬁ-ﬁhgmgéélﬁﬂﬁﬁﬁ 'iEiEi}ﬁT%id and silicates), sugars (e.g. cane sugar, lactose
and glucose) emulsifiers’(e.g. lignin, spent sulphite liquors, methylcellulose, starch and
polyvinylpyrrolidone) and lubricants (e.g. magnesium stearate, talc, stearic acid and sodium lauryl
sulphate). 5 The preparation dministered by the usual methods, preferably by oral route, by
injection or tr%%sdermally. Foslr%{ﬁaef%dministration the table%%ﬂeéf course contain, apart from the
abovementioned carriers, additives such as sodium citrate, calcium carbonate and dicalcium
phosphate together with vario%% \?éjgtig\s'tea% cseuch as starch, pli%fgrably potato 10 starch, gelatine and the
like. Moreover, lubricants such a8 magnesium stearate, sodlumnf§uryl sulphate and tale may be used

at the same time for the tablettittgsprocess. In the case 140 mg
maize starch 240 mg
polyvinyipyrrolidone 15 mg
magnesium stearate 5mg
10
500 mg

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 in water, 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 cellulese 35mg
25 polyvinylpyrrolidone 15 mg
sodium-carboxymethyl starch 23 mg
magnesium stearate 2 mg
400 mg

30



- of aqueous suspensions the active substances may be combined with various flavour enhancers or
colourings in addition to the excipients mentioned above. 15 For parenteral use, solutions of the active.
substances WP eHHEBRIiquid carriers may be used®8The dosage for intraventu¥EH<84¥%ERf1 - 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 admirﬁ@feﬁnéyma%mémsg@aeﬁ@m%ﬁmm@m%W%Cﬁ@mwgﬁof smaller
doses spreagtibikizetbrddsly Fingifohestidene meenpiesdicigshed afienaiitivstr it ecerptbashtvioekedtion
without restrjgting, its. 360Re', 3010, 2006104824228 RGTIEE200(0037:36 i EX0RIES Rfcencd.

harmaceutical formulations A) Tablets per tablet 5 active stbstance 100 lactose 140 m
P The sodium carboxy)me%ly stazpcg'x ang 8‘16 magnese:um stearate are a(mgd am:it mixed in an

5  the mixture is compressed to form tablets of a suitable size.

8} -Ampoule solution
active substance . 50 mg
i0 sodium chioride 50 mg
water for inj. 5mi

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

sodium chioride 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 ars then sterilised and heat-sealed. The ampoules contain 5 mg, 25 mg and 50 mg

of active substance.



maize starch 240 mg polyvinylpyrrolidone 15 mg magnesium stearate 5 mg 10 500 mg The finely
ground active substance, lactose and some of the m%gze starch are mixed together. The mixture is
screened, then moistened with a solution of polyvinylpyrrolidone 15 in water, kneaded, wet-granulated
and dried. The granules, the remaining com 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 lactosekfrdngOrargs starch 190 mg microcrystalline cellulose
35 mg 25 polyvinylpyrrolidone 15 mg sodium-carboxymethyl starch 23 mg magnesium stearate 2 mg
400 mg 30 i. Hydrates of the compound of formula

h

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

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



WO 2006/018222 28 PCT/EP200 5/00 8 73 6 The finely ground active substance, some of the maize
starch, lactose, microcrystalline cellulose and polyvinylpyrrolidone are mixed together, the mixture is
screened and worked with the remaining maize staréﬁ 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 5 the mixture is compressed to form tablets of a suitable size. C) Ampoule solution active
substance 50 mg, 1 ium chloride 50 m er for inj. 5 mi The active substance is dissolved in
water at its own %4H%1§1§§[r|%%1a f;}!ﬁaﬁ p??g%“t% é@g%%ﬂg ium 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. 29 Patent Claims 1. Hydrates of the compound of formula
H 2. Hydrate of the compound of formula (I) diccording to claim 1} characterised in that it is the
monohydrate of the compound (1). 4 -

gl’;:h:f;
D (7)

(D)

ITE

characterised in that it is the type IT anhydrate identified by the following X-ray

powder reflections and their intensities (standardised) under normal ambient
- conditions ' :



3. Hydrate of the compound of formula (1) according to claim 1, characterised in that it is the trihydrate
of the compound (I). 30 4. Anhydrate of the compo 9 of formula (1): HNIX N 61 H (I) characterised
in that it is the type Il anhydrate identified by the following X-ray powder reflections and their
intensities (standardised) under normal ambient conditions 30a 2 $ 4w intensity 4.76 18.55 50 6,64
13.3100 7.4211.151 9.039.793 9.5142939 11.297.931 12.397.1437 13.416.62 14.316.18

16 1@ diig intensity
] 1A} Ul [%]
476 18.55 50
664 13.3 - 100
7.92 11.15 1
9,03 2,79 3
9.51 429 38
1129 783 i
1239 7.14 37
13.41 6.6 2
1431 6.38 16
17.1 518 1
17.58 r 5.04 1
18.72 4.74 3
19 4.67 7
1823 | 4.61 17
20.04 4.43 5
20.39 4.35 2
ZL13 | 43 4
21.57 412 2
1218 4 i
23,07 3.85 4
23,54 3,78 I
4.2 | 3.67 3
34.65 3.61 _ 1




17.15.181 1758 5.04 1 18.724.743 194.67 7 19.234.6117 20.044.435 20.394.352 21.1.5
'4.24 21574122 22.18423.07 3.854 23,54 3.781 2.4.2 3x67 3 24.653.61130b 25.37 3.512
26.283.391 26.743.331 27.013.32 27.953.19028.133.171

25.37 3.51 | 2
26.28 3.39 I
26.74 | 3.33 1
27.01 3.3 2
27.95 3.19 1
28.13 3.17 1

. 5. Anhvdrate of the compound of formula (I):

ey

characterised in that it is the type III anhydrate identified by the following X-ray
powder refiections and their intensities (standardised) at 100°C



5. Anhydrate of the compound of formula (I): ~O (I) characterised in that it is the type Ill anhydrate
identified by the following X-ray powder reflections and their intensities (standardised) at 100C 30c

-19 dbld intensity Ui* IN 6. 49 13.61 41 9 74 9.07

14955928 15.725.6
21.58 4.12 50

46 19.68 4.51 100

83_L°10 99 8.04 29 12 56704 21 14.446.13 13

i@' A i )
I’ 1A UL, (%]
6.49 13.61 41
9.74 007 8
10,99 8.04 29
1256 7.04 21
14.44 613 13
14.95 5.92 g
15.72 5.63 50
17.5 5.06 14
17.89 4.95 11
18.8 4.72 29
19.14 4.;53- 46
19.68 4.51 160
21.58 412 )
12.19 4 43
23.09 185 40
2599 3.43 23
27.66 322 17
30.74 2.91 12




22.19 4 43 23.09 3.85 40 25,49 3.43 29 27;66 3.23 17 30.74 7.91 12 30d 6. Pharmaceutical
composition, characterised in that it contains a therapeutically effective amount of a hydrate or an
anhydrate of the compound of formula () according 18%ne of claims 1to 2, 4 or 5 and one or more
~ pharmaceutically acceptable excipients. 7. A hydrate or an anhydrate of the compound of formula (1)
according to one of claims 1to 2, 4 or 5 for use as pharmaceutical compositions with an
antiproliferative activity. 8. Use of a hydrate or an anhydrate of the compound-of formula (1) according
to one of clairisPhamncéwicsl formppepiatngehaphasmacehtival compasitiontenfwtteaiment and/or
prevention of canefidtifectinosninfarhmizer pomdaltniranwiehdiseapesnd.df seoba iydrate or an
anhydrate of the compdugdobieroficiaithsdceoldingrtd ankok ctaimase!ihazndetbcigypreparing a
pharmaceutical cenvppsitierefaipidnititing the polo-like kinases. 10. Use according to claim 9,
- characterised in that the polo-like kinase is PLK-I. 11. Use according to claim 8 to 10, wherein the
active substan%e‘?’sla’&ﬁ?fﬁigfe%&m%e of the compound of formula (I} according to one of

claims 1 to 2, 4 or 5 for use as pharmaceutical compositions with an

antiproliferative activity.

8. Use of a hydrate or an anhydrate of the-compound of formula (I) according to one of
claims 110 2, 4 or 5 for preparing a pharmaceutical composition for the treatment
and/or prevention of cancer, infections, inflammatory and autoimmune diseases.

9. Use of a hydrate or an anhydrate of the compound of formula (I) according to one of
claims 1 to 2, 4 or 5 for preparing a pharmaceutical composition for inhibiting the
polo-like kinases.

10. Use according to claim 9, characterised in that the polo-like kinase is PLK-1.

11. Use according to claim 8 to 10, wherein the active substance is administered orally,
enterically, intravenously, peritoneally or by injection.



enterically, intravenously, peritoneally or by injection. 31 12. Process for preparing the compound of
formula (I) Q .110 (1) characterised in that a compoupd of formula 4 NH2 0 4 is reacted with a
compound of formula 9, C1 N 13. Process for preparing the compound of formula 9, 3 31a
characterized in that a compound of formula y of is methylated with dimethylcarbonate. 14.

C d of formula 3 32 U
O OU N Ot O e %or preparing the compound of formula (I)

(B

characterised in that a compound of formula 4

is reacted with a compound of formula 8,
|
>0
O
cr” N W

ki

13.Process for preparing the compound of formula 9,

I

ca/ﬂ;j::r;i
O

g



9 f~*~ 3 15. Compound of formula 4 H 'r hlIkCs 1-0 4 16. Process for preparing the monohydrate of
the compound of formula (I) according to claim 2 com rlsmg the following steps : a) preparing a
solution of the compound of formula (1) in a solvent mixture of I - propanol or isopropanol and water,
b) crystallising the monohydrate of the compound of formula (I) from the solvent mixture and c)
isolating the monohydrate of the compound of formula (I). 17. Process for preparing the monohydrate
of the compound of formuhathciacicendinehid £laimpbonWbefaimiflstep a) the solution of the compound
of formula (1) is prepared in a solvent mixtureof 1-propanol and water. 33 18. Process for preparing
the type Il anhydrate of the compound of formula (I) according to claim 4 comprising the following
steps : a) preparing a solution of the compound of formga (]3 in ethyl acetate

s

g
is methylated with dhnethylcarbonate.

14, Compound of formula 3



b) crystallising the type Il anhydrate of the compound of formula (I) from ethyl acetate followed by the
addition of diethyl ether c) isolating the type I anhydr%:[ze of the compound of formula (1).

15.Compound of forrhula 4

16. Process for preparing the monohydrate of the compound of formula (I) according to
claim 2 comprising the following steps :

a) preparing a solution of the compound of formula (I} in a solvent mixture of 1-
propanol or isopropano! and water,

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

¢) isolating the monohydrate of the compc;und of formula (I).

17.Process for preparing the monohydrate of the compound of formula (I)
according to claim 16, wherein in step a) the solution of the compound of
formula (I) is prepared in a solvent mixture of 1-propanol and water.



18.Process for preparing the type II anhydrate of the compound of formuia (I}
according to claim 4 comprising the following steps :

a) preparing a solution of the compound of formula (I} in ethyl acetate

b) crystallising the type II anhydrate of the compound of formuia (I} from ethyl
acetate followed by the addition of diethyl ether

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



