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Cr)gtalline forms of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-N\carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

The preserX invention relates to polymorphs and hydrates of 2-(2-methylamino-
pyrimidin-4-yI\1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-armde, processes for their preparation and their use, in particular in

pharmaceutical corypositions.

2-(2-Methylamino-pyrimiNin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-aminy)-ethyl]-amide of the formula I,

L)

which is also abbreviated herein as "compound I", is a pNarmaceutical active
compound which inhibits 1kB kinase (I-kappa-B kinase, IKK\and is useful for the
treatment of various diseases such as osteoarthritis or pain, fO¢ example, as is
described in WO 2004/022553, US 7285560, WO 2004/022057 apd US 7462638, for
example. However, data concerning crystalline forms, polymorphs & hydrates of 2-
(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbgmoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide are not disclosed in the prior &t.

Polymorphism is the ability of a compound to exist in more than one crystalline\jorm
or crystal structure. Different polymorphs represent distinct solids sharing the samg
molecular formula, yet each polymorph may have distinct physical properties. A

specific compound may give rise to a variety of polymorphic forms wherein each form
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ha\different and distinct physical properties, such as different solubility profiles,

patterns. T\e difference in the physical properties of different polymorphic forms

results from dXferent orientation and intermolecular interactions of adjacent
molecules in the\golid. Polymorphic forms of a compound can be distinguished by X-
ray diffraction and By other methods such as infrared spectroscopy or Raman
spectroscopy, for exaNple. These statements apply likewise to hydrates, i.e. solid
addition compounds of a\compound with water, which are a specific form of solvates
and which may form when a.compound is in contact with water, for example when
crystallizing a compound in th presence of water.

However, as acknowledged by the person skilled in the art, the presence of different
crystalline polymorphic forms or hydrads of a compound cannot be foreseen. Neither
the existence of polymorphic forms or hydates nor the number of polymorphic forms
or hydrates can be foreseen. Also the condiNgns under which crystallization takes
place to give a specific form, and the characten
hydrates cannot be predicted. Since properties sdx¢h as the solubility and stability and
consequently the suitability for use and storage of ed¢ch polymorphic form and
hydrate may vary, identifying the existence of polymorpRic forms and solvates such
as hydrates is essential for providing pharmaceuticals witNincreased storage stability
or suitable solubility profiles, for example. Thus, it is desirabl§ to investigate all solid

state forms of a drug substance, including polymorphic forms and hydrates.

attained by providing polymorphs and hydrates which are selected from the serigs
consisting of polymorph 1, polymorph 2, polymorph 3, hydrate 1 and hydrate 2 of
(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide and any mixture thereof, which
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poNmorphs and hydrates have favorable properties with respect to stability,
solub\jty, processability, hygroscopicity, flowability, filterability or crystallization rate,
for example, wherein polymorph 1, polymorph 2, polymorph 3, hydrate 1 and hydrate
2 may be cRaracterized by any of their data given herein. The data used to
characterize tNe polymorph and hydrates of the present invention were obtained as
described below\In the context of the present invention, polymorph, polymorphic
form, hydrate etc. rfers to a polymorph, polymorphic form or hydrate of 2-(2-
methylamino-pyrimidin4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide. Terms like "polymorph", "polymorphic form",
"phase" and "crystalline phage" may be used interchangeably herein.

One embodiment of the present Rvention relates to a crystalline form of 2-(2-
methylamino-pyrimidin-4-yl)-1H-ind&e-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide whi§h is selected from the series consisting of
polymorph 1, polymorph 2, polymorph 3 aad any mixture thereof, wherein polymorph
1, polymorph 2 and polymorph 3 may be chagacterized by any of their data given
herein. One embodiment of the present inventijn relates to a crystalline form of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxyN¢ acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which is selectea\rom the series consisting of
hydrate 1 and hydrate 2 and any mixture thereof, wher&jn hydrate 1 and hydrate 2

may be characterized by any of their data given herein.

One embodiment of the present invention relates to polymorph\ of 2-(2-

methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-calQamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has characteristic reflectiong in an X-ray
powder diffractogram using CuKqs (CuK-alpha1) radiation in reflection
2Theta (26) angles in degree [°] of 14.9+0.2,19.4 £ 0.2, 19.7 £ 0.2, 20.0% 0.2, 22.3

+0.2,25.0+£0.2.

One embodiment of the present invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has characteristic reflections in an X-ray
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poWder diffractogram using CuKqs (CuK-alpha1) radiation in reflection mode at

pyrimidin-2-yl-aming)-ethyl]-amide which has any one or more of the characteristic

reflections in an X-ray\powder diffractogram using CuKq1 radiation in reflection mode

which are given above oNpelow herein.

One embodiment of the preseN{ invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-INdole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide Wich has an X-ray powder diffraction pattern
substantially as the one shown in Figuxe 1 which has been obtained using CuKq1
radiation in reflection mode, wherein the &xact relative intensities of the reflections
depicted in Figure 1 are not a prerequisite, Dyt may vary and represent another
embodiment of the invention.
Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1HN\ndole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amid&ymay also be characterized
by its melting characteristics such as its melting point dete&xmined by differential
scanning calorimetry (DSC) with an onset temperature of 258 £ 1 °C and/or a peak
temperature of 257 + 1 °C (heating rate 10 °C/minute).
Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxyic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide is the thermodyQamically
most stable polymorph of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-c
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide at tempeMgtures
above about 20 °C, as is confirmed in phase conversion experiments, for exampe.
Therefore, in comparison to the other polymorphs, polymorph 1 is particularly
suitable when a high stability is desired. Polymorph 1 is further characterized by a

low hygroscopicity of about 0.9 % water uptake at a high relative humidity of 80 %. In



of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide. Polymorph 1 is further
characteriZgd by a low solubility in water, which allows an easy realization of a depot
5 effect with resgect to the pharmacological activity of 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-

ethyl]-amide by ad

rboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
inistering a suitable pharmaceutical formulation containing solid
polymorph 1. Thereforg, polymorph 1 is particularly suitable for use in pharmaceutical
compositions, or in medidaments, which are designed to have a long duration of
10 action.
One embodiment of the present Rvention relates to polymorph 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-ind&e-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide whi§h has characteristic reflections in an X-ray
15 powder diffractogram using CuKg (CuK-
2Theta (20) angles in degree [°] of 5.8 £ 0.

0.2,221+£0.2.

ha1) radiation in reflection mode at
6.7+0.2,93+£02,11.2+£0.2,194

One embodiment of the present invention relates to Rolymorph 2 of 2-(2-
20 methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic aci§ [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has characteristi reflections in an X-ray
powder diffractogram using CuKqs (CuK-alpha1) radiation in'xeflection mode at
2Theta (28) angles in degree [*] 0f 5.8 £+ 0.2,6.7+£0.2,93 £ 0.8, 9.9+ 0.2, 11.2+0.2,
16.5+0.2,18.1+0.2,194 £0.2,22.1 +£0.2.
25
One embodiment of the present invention relates to polymorph 2 of 2-(
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-R-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has any one or more of the charact
reflections in an X-ray powder diffractogram using CuKy4 radiation in reflection

30 which are given above or below herein.
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embodiment of the present invention relates to polymorph 2 of 2-(2-
methWamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidiN2-yl-amino)-ethyl]-amide which has an X-ray powder diffraction pattern
substantially as the one shown in Figure 2 which has been obtained using CuKq1
radiation in reNection mode, wherein the exact relative intensities of the reflections
depicted in Figulg 2 are not a prerequisite, but may vary and represent another
embodiment of the \avention.

Polymorph 2 of 2-(2-metRylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimNin-2-yl-amino)-ethyl]-amide may also be characterized
by its behavior in differential ssanning calorimetry (DSC), where it gives rise to an
endothermic peak with an onset {¢mperature of 222 + 1 °C and/or a peak
temperature of 225 + 1 °C, followed\Qy an endothermic peak with an onset
temperature of 248 + 1 °C and/or a pe

°C/minute).

temperature of 251 + 1 °C (heating rate 10

Polymorph 2 of 2-(2-methylamino-pyrimidin-4-W)-1H-indole-5-carboxylic acid [(S)-1-

carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]’ymide has a higher solubility than
polymorph 1 and can more easily be purified, and is\gdvantageously isolated in the
preparation of 2-(2-methylamino-pyrimidin-4-yl)-1H-ind§]e-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide inNg further purification is

a suitable solvent

icity of about 0.4 %

itable for use in

desired, for example by crystallization from, or slurrying with
system. Polymorph 2 is further characterized by a low hygrosc
water uptake at a high relative humidity of 80 %. It is furthermore
pharmaceutical compositions, or medicaments, in case a higher soluXility is
advantageous for the desired pharmacological effect of 2-(2-methylamiNg-pyrimidin-
4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yNamino)-
ethyl]-amide.

One embodiment of the present invention relates to polymorph 3 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has characteristic reflections in an X-ray
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poWder diffractogram using CuKqs (CuK-alpha1) radiation in reflection mode at

idin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-aming)-ethyl]-amide which has characteristic reflections in an X-ray
powder diffractogram \sing CuKqs (CuK-alpha1) radiation in reflection mode at
2Theta (28) angles in deyree [°] 0f 13.9+£0.2,15.2+0.2,15.9+0.2,17.3+0.2,19.2
£0.2,222+0.2,24.5+£0.2253+£0.2.

One embodiment of the present Rvention relates to polymorph 3 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-ind&e-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide whig§h has any one or more of the characteristic
reflections in an X-ray powder diffractogra using CuKq1 radiation in reflection mode
which are given above or below herein.
One embodiment of the present invention relatesXp polymorph 3 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic &cid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has an X-ray Rowder diffraction pattern
substantially as the one shown in Figure 3 which has beeNobtained using CuKq1
radiation in reflection mode, wherein the exact relative intens\{ies of the reflections
depicted in Figure 3 are not a prerequisite, but may vary and regresent another

embodiment of the invention.

Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylid\acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide can be obtained
hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide described in the followi
and again converted into hydrate 1, and like hydrate 1 is of use in processes for th
purification of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
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caQamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, for example by

crysta\lization from, or slurrying with, a suitable solvent system.

One embodjment of the present invention relates to hydrate 1 of 2-(2-methylamino-
pyrimidin-4-yl\1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-anm\de which has characteristic reflections in an X-ray powder
diffractogram using\CuKq1 (CuK-alpha1) radiation in reflection mode at 2Theta (26)
angles in degree [(]oN.3+0.2,13.5+£0.2,17.9+0.2,19.51£02,21.5+£0.2,249 %
0.2.

One embodiment of the preseN{ invention relates to hydrate 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide which has chargcteristic reflections in an X-ray powder
diffractogram using CuKy1 (CuK-alphay) radiation in reflection mode at 2Theta (20)
angles in degree [°] 0of 5.3 £0.2,11.1 £ 0\, 13.5+£0.2,17.9+£0.2,195+0.2,21.5 ¢
0.2,235+0.2,249+0.2,282+0.2.

One embodiment of the present invention relatesXp hydrate 1 of 2-(2-methylamino-

pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-calQamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide which has any one or more of the Yharacteristic reflections in an
X-ray powder diffractogram using CuKq¢ radiation in reflec{jon mode which are given

above or below herein.

One embodiment of the present invention relates to hydrate 1 of 2{2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phen¥-pyrimidin-2-yl-
amino)-ethyl]-amide which has an X-ray powder diffraction pattern substantially as
the one shown in Figure 4 which has been obtained using CuK1 radiation\

reflection mode, wherein the exact relative intensities of the reflections depicd in
Figure 4 are not a prerequisite, but may vary and represent another embodimerX of

the invention.
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analysis. Hxdrate 1 crystallizes in the orthorhombic space group P241242; with the
following cell Wpharacteristics: Z = 4, a = 8.18650(10) A, b = 9.97420(10) A, c =
32.8707(2) A, a X B =y = 90.00° (at 20 °C).

Hydrate 1 of 2-(2-metNylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrknidin-2-yl-amino)-ethyl]-amide may also be characterized
by its behavior in differentia\scanning calorimetry (DSC), where it gives rise to a
broad endothermic peak betw&en room temperature and about 100 °C, which can be
associated with the loss of water\a sharper endothermic peak at about 170 °C, an
exothermic peak at about 190 °C, aRd a melting peak at about 253 °C (heating rate
10 °C/minute).

In one embodiment of the invention, hydrate\l of 2-(2-methylamino-pyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2A{phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide contains 2 £ 0.3 mol of water, in another elybodiment 2 + 0.1 mol of water, in
another embodiment about 2 mol of water, per mol & 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(pheQyl-pyrimidin-2-yl-amino)-
ethyl]-amide, which latter water content was determined DY thermogravimetric
analysis, for example. Hydrate 1 may thus be termed 2-(2-m¥gthylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrilidin-2-yl-amino)-
ethyl]-amide dihydrate.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic add [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has a higher solubylity than
polymorph 1 and can more easily be purified, and is advantageously isolated\n the
preparation of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)\] -
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide if a further purification is
desired, for example by crystallization from, or slurrying with, a suitable solvent
system. Hydrate 1 is further characterized by a low hygroscopicity. It is furthermore
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ble for use in pharmaceutical compositions, or medicaments, in case a higher

solubNjty is advantageous for the desired pharmacological effect of 2-(2-

One embodimerNof the present invention relates to hydrate 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-IRdole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide wRich has characteristic reflections in an X-ray powder
diffractogram using CuKX\ (CuK-alpha1) radiation in reflection mode at 2Theta (26)
angles indegree [°(] of 2.9 N0.2,5.3+£0.2,83+0.2,11.5+£0.2,17.1+£0.2,228
0.2.
One embodiment of the present inv&ntion relates to hydrate 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic &¢id [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide which has characterNtic reflections in an X-ray powder
diffractogram using CuKy1 (CuK-alpha1) rad\
angles in degree [°] 0f 2.9+ 0.2,5.3+£0.2,6.2%0.2,83+0.2,951£0.2,11.5+£0.2,

14.0+02,17.1+£0.2,18.0+0.2,22.8 +0.2.

tion in reflection mode at 2Theta (20)

One embodiment of the present invention relates to hyNate 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide which has any one or more of the charagteristic reflections in an
X-ray powder diffractogram using CuKq¢ radiation in reflection rode which are given

above or below herein.

amino)-ethyl]-amide which has an X-ray powder diffraction pattern substanti
the one shown in Figure 5 which has been obtained using CuKy4 radiation in
reflection mode, wherein the exact relative intensities of the reflections depicted in
Figure 5 are not a prerequisite, but may vary and represent another embodiment of

the invention.
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HydraXe 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide may also be characterized

by its beha\jor in differential scanning calorimetry (DSC), where it gives rise to broad
endothermic
146 °C, an exot

rate 10 °C/minute).

aks centered around 99 °C and 128 °C, a small endothermic peak at
rmic peak at 215 °C, and a melting peak around 250 °C (heating

In one embodiment of th¥ invention, hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-

1H-indole-5-carboxylic acia\(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide contains 6 + 0.3 mol of \ater, in another embodiment 6 + 0.1 mol of water, in
another embodiment about 6 moNof water, per mol of 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-\-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide, which latter water conterwas determined by thermogravimetric
analysis, for example. Hydrate 2 may thu§ be termed 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamgoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide hexahydrate.
Hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-inNple-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amid&has a higher solubility than
polymorph 1 and can more easily be purified, and is advaNtageously isolated in the

system. It is furthermore suitable for use in pharmaceutical compositns, or
medicaments, in case a higher solubility is advantageous for the desire
pharmacological effect of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-caxpoxylic
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide.

One embodiment of the present invention, which is based on the properties of the
polymorphs and hydrates such as their solubility specified above, relates to a
process for purifying 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
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[(S¥\1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, wherein at least one
of polmorph 2, polymorph 3, hydrate 1 and hydrate 2 of 2-(2-methylamino-pyrimidin-

1-carbamoyl-2-(d\oenyl-pyrimidin-2-yl-amino)-ethyl]-amide.

The present inventionNurther relates to the use of a polymorph or a hydrate of 2-(2-
methylamino-pyrimidin-4\yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethylNamide according to the present invention, selected from
polymorphs 1, 2 and 3 and hyNates 1 and 2, or a mixture of polymorphs and
hydrates comprising at least oneQf them, as a pharmaceutical or medicament, which
use is based on the pharmacologica\ activity of compound | already described in
detail in WO 2004/022553, US 728550Q, WO 2004/022057 and US 7462638, for
example. One embodiment of the inventid relates to a polymorph selected from
polymorphs 1 and 2, or a mixture of polymoNhs comprising at least one of
polymorphs 1 and 2, for use as a pharmaceutidal or medicament. One embodiment
of the invention relates to polymorph 1, or a mixtUxe of polymorphs comprising at
least polymorph 1, for use as a pharmaceutical or mgdicament. One embodiment of
the invention relates to a hydrate selected from hydrateég 1 and 2, or a mixture of
polymorphs and/or hydrates comprising at least one of hyYrates 1 and 2, for use as

pharmaceutical or medicament.

One embodiment of the present invention relates to a pharmaceut¢al composition
which comprises at least one polymorph or hydrate of 2-(2-methylamNpo-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-W-amino)-
ethyl]-amide according to the present invention, selected from polymorphs\l, 2 and 3
and hydrates 1 and 2, or a mixture of polymorphs and hydrates comprising aNeast
one of them, and one or more pharmaceutically acceptable excipients, i.e. inactye
substances such as diluents and other auxiliaries, and which can be employed wh§n
using compound | as a pharmaceutical or medicament in human medicine or

veterinary medicine. One embodiment of the invention relates to a pharmaceutical
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colgposition which comprises at least one of polymorphs 1 and 2, or a mixture of

acceptable excipients. One embodiment of the invention relates to a pharmaceutical
composition which xpomprises a hydrate selected from hydrates 1 and 2, or a mixture
of polymorphs and/or Rydrates comprising at least one of hydrates 1 and 2, and one
or more pharmaceuticall\acceptable excipients. If desired, the pharmaceutical
compositions according to tRe invention can also contain one or more other suitable
pharmacologically active compounds. The pharmaceuticals, medicaments and
pharmaceutical compositions acoQrding to the invention can generally be
administered by means of oral, inhaMative, rectal or transdermal administration or by
means of subcutaneous, intraarticular Nntraperitoneal or intravenous injection, for
example. One embodiment of the inventidp furthermore relates to a process for
preparing a pharmaceutical composition whih comprises bringing at least one
polymorph or hydrate of 2-(2-methylamino-pyri\idin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)3¢thyl]-amide according to the
present invention, selected from polymorphs 1, 2 any 3 and hydrates 1 and 2,
together with one or more pharmaceutically acceptable\and physiologically tolerated
excipients and, if desired, one or more other suitable phatpacologically active

compounds into a suitable form for administration and dosa

Examples of pharmaceutical compositions are granules, powders\sugar-coated
tablets, tablets, (micro)capsules, suppositories, syrups, juices, suspegsions,
emulsions, drops or injectable solutions, and also preparations with proXacted active
compound release, in the preparation of which customary auxiliary substaNges, such
as carrier substances, disintegrants, binders, coating agents, swelling agent
glidants or lubricants, flavorings, sweeteners and solubilizers, are used. FrequeN{ly
employed auxiliary substances which may be mentioned, are magnesium carbona
titanium dioxide, lactose, mannitol and other sugars, talc, milk protein, gelatin, starch
cellulose and its derivatives, animal and vegetable oils, such as cod liver oll,
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pharmadgutical compositions are preferably produced and administered in dosage
units, with &ach unit containing, as the active constituent, a particular dose of at least
one polymorpX or hydrate according to the invention. In the case of solid dosage
units, such as taNlets, capsules, sugar-coated tablets or suppositories, this dose can
be up to about 1008 mg, preferably from about 50 mg to about 300 mg, and, in the
case of injection solutns in ampoule form, up to about 300 mg, preferably from
about 1 mg to about 100\ng. The dosage, which is employed when treating a
subject, in particular a mampal, specifically a human, with compound | in the form of
one or more polymorphs and/& hydrates according to the invention and which is
effective for obtaining the desired\therapeutic or prophylactic result, varies and is
determined by the physician in viewNQf the particulars of the specific case. As is
known in the art, the dosage depends ®{n a variety of factors such as, for example,
the severity of the condition being treatedy general health, the route of administration,
body weight, gender, diet, time and route of\gdministration, the desired duration of
treatment, rates of absorption and excretion, cmbination with other drugs, and

others.

Because of the pharmacological properties of compound | which are described in
WO 2004/022553, US 7285560, WO 2004/022057 and 7462638, for example,
the polymorphs and hydrates according to the invention can'Re used for the
prophylaxis and therapy of all those diseases whose course inWlves an increased
activity of 1kB kinase, for example, chronic diseases of the locomotpry apparatus,
such as inflammatory, immunologically or metabolism-mediated acut] and chronic
arthritis, arthropathies, rheumatoid arthritis, or degenerative joint diseasgs such as
osteoarthroses, spondyloses, diabetes Type Il, inflammatory bowel diseasy, loss of
cartilage following joint trauma or a relatively long period of joint immobilizati
following meniscus or patella injuries or ligament ruptures, or diseases of the
connective tissue, such as collagenoses and periodontal diseases, myalgias and
disturbances of bone metabolism, or diseases which are due to overexpression of

tumor necrosis factor alpha (TNFao) or an increased concentration of TNFa, such as
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cadhexia, multiple sclerosis, craniocerebral trauma, Crohn’s disease and intestinal

or diseases such as atherosclerosis, stenoses, ulceration, Alzheimer’s
diseased muscle breakdown, cancer diseases (potentiation of treatment with
cytotoxic adents), cardiac infarction, gout, sepsis, septic shock, endotoxic shock, viral
infections sucR as flu, hepatitis, HIV infections, AIDS, or diseases caused by
adenoviruses or\erpes viruses, parasitic infections such as malaria or leprosy,
fungal or yeast infextions, meningitis, chronic inflammatory lung diseases such as
chronic bronchitis or agthma, acute respiratory distress syndrome, acute synovitis,
tuberculosis, psoriasis, d\abetes, treatment of acute or chronic rejection reactions on
the part of the organ recipieQt against the transplanted organ, chronic graft-versus-
host diseases and inflammatol vascular diseases, and they can further be used for
the treatment of pain including adyte pains and chronic pains, for example pain
associated with inflammatory proceSses or osteoarthritis. Examples of chronic pains
which can be treated, are chronic mussuloskeletal diseases, such as back pains,
pains associated with menstrual bleeding\pains associated with osteoarthritis or
rheumatoid arthritis, pains associated with ilNestinal inflammation, pains associated
with cardiac muscle inflammation, pains assocted with multiple sclerosis, pains
associated with neuritis, pains associated with caxgcinomas and sarcomas, pains
associated with AIDS, pains associated with chemoterapy, amputation pain,
trigeminus neuralgia, headaches, such as migraine cepQalalgia, or neuropathic
pains, such as post-herpes zoster neuralgia. Examples ofN\acute pains which can be

treated, are pains following injuries, post-operative pains, paXs in association with an

polymorphs 1, 2 and 3 and hydrates 1 and 2, for use in the treatment of a disgase
whose course involves an increased activity of IkB kinase, including the use in
treatment of any one or more of the diseases mentioned herein, for example in the
treatment of osteoarthritis or pain, as well as the use of such polymorph or hydrate
for the manufacture of a medicament for the treatment of a disease whose course
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acid [(S)-1-carbamoylR-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to the
present invention. One eNjbodiment of the present invention relates to such
polymorph of 2-(2-methylam\po-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin\2-yl-amino)-ethyl]-amide for use in the treatment of a
disease, as well as such use for tIRe manufacture of a medicament, as well as such
method for the treatment of a diseasg, wherein the polymorph is selected from
polymorphs 1 and 2, or a mixture of po\ymorphs comprising at least one of
polymorphs 1 and 2. One embodiment ofYne present invention relates to such
-1H-indole-5-carboxylic acid [(S)-1-

-amide for use in the treatment of a

polymorph of 2-(2-methylamino-pyrimidin-4-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-eth
disease, as well as such use for the manufacture }f a medicament, as well as such
method for the treatment of a disease, wherein the pglymorph is polymorph 1, or a
mixture of polymorphs comprising at least polymorph 1\One embodiment of the

present invention relates to such hydrate of 2-(2-methylanNpo-pyrimidin-4-yl)-1H-

hydrate is selected from hydrates 1 and 2, or a mixture of polymorphjand/or
hydrates comprising at least one of hydrates 1 and 2.

The present invention further relates to processes for the preparation of the
polymorphs and hydrates of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to th
invention, selected from polymorphs 1, 2 and 3 and hydrates 1 and 2. In general, the

polymorphs and hydrates of the invention can be obtained by crystallizing or
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stallizing compound | under suitable conditions for the respective polymorph or
, starting from a solution of compound | or from a suspension of compound |
or from 3¢lid compound I. A solution or a suspension of compound | for use in the
preparatiol\of a desired polymorph or hydrate may directly be obtained at the end of
the chemical 3ynthesis of compound |, or it may be obtained by dissolving or
suspending preWously obtained compound | present in the form of another
polymorph or hydreXg or a mixture of polymorphs and/or hydrates, which may not be
characterized with resRect to its crystal properties. Such compound | may be termed
"crude compound I". Morg specifically, the polymorphs and hydrates of the invention
may be obtained by providiNg a solution or suspension of compound I, for example
by dissolving or suspending ciyde compound | in a suitable solvent or solvent
mixture, maintaining, heating, cod]ing and/or concentrating the solution or
suspension and/or adding one or myre further solvents and/or adding seed crystals
of the desired polymorph or hydrate, w¢h or without agitation such as stirring, to form
a precipitate of crystals of a desired polyrorph or hydrate or to allow the formation of
the desired polymorph or hydrate, and isolaNog the desired polymorph or hydrate.
Seeding with a small amount of the desired polymorph or hydrate is a preferred
procedure for promoting crystallization of the desiked form. The preparation of the
polymorphs and hydrates of compound | can be perlQrmed with conventional
equipment and according to standard procedures. For ®xample, concentrating a
solution or suspension may be done by distilling off solveN partially or totally at
atmospheric pressure or at reduced pressure. Isolating a polxmorph or hydrate may
be done by any conventional technique such as filtration or vac\um filtration or
centrifugation. Isolating may also include washing of the initially s&parated solid
and/or drying, for example at room temperature and atmospheric pr

elevated temperature and/or reduced pressure.

Compound |, i.e. 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic aciy [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, can be prepared as
described in WO 2004/022553 and US 7285560, for example, and detailed furthe
below herein. In brief, for the synthesis of compound | 2-[bis-(tert-

butoxycarbonyl)lamino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester,
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ich is available from 2-[di-(tert-butoxycarbonyl)amino]acrylic acid methyl ester and
2-an\jno-pyrimidine as described in WO 2004/022553 and US 7285560, for example,
is deprdtected by treatment with an acid such as hydrochloric acid, and the obtained
racemic 2\amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester
separated inXQ the enantiomers by preparative high pressure liquid chromatography
on a chiral phas¢ under standard conditions. The obtained (S)-2-amino-3-(phenyl-
pyrimidin-2-yl-amiNp)propionic acid methyl ester is reacted with 2-(2-
methylaminopyrimidiN:4-yl)-1H-indole-5-carboxylic acid, whose synthesis is
described in WO 2004/022553 and US 7285560, for example, by means of a
coupling agent such as N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)-uronium
hexafluorophosphate (HATUNN the presence of a base like diisopropylethylamine to
give (S)-2-{[2-(2-methylaminopyNmidin-4-yl)-1H-indole-5-carbonyl]amino}-3-(phenyl-
pyrimidin-2-yl-amino)propionic acil\methyl ester, which in the last step is reacted with
ammonia to give 2-(2-methylamino-p¥Ximidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-aming)-ethyl]-amide, which may also be named
as (S)-2-{[2-(2-methylaminopyrimidin-4-yl)-\H-indole-5-carbonyl]amino}-3-(phenyl-
pyrimidin-2-yl-amino)propionamide, for example.
If the last step in the aforesaid synthesis of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pXimidin-2-yl-amino)-ethyl]-
rimidin-4-yl)-1H-indole-5-

carbonyllamino}-3-(phenyl-pyrimidin-2-yl-amino)propionic agid methyl ester with a

amide is performed by reacting (S)-2-{[2-(2-methylamino

less than saturated solution of ammonia in methanol, such as'y 7N solution of

carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, which comprises reactin
(S)-2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carbonyl]amino}-3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester with a solution of ammonia in
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thanol, for example a 7N solution, at room temperature for a sufficient period of
time\for example about three days, and isolating the precipitated solid.

Instead oNpy reacting (S)-2-amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid
ith 2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carboxylic acid and
subsequently cynverting the ester group into the amide group by reaction with
ammonia, 2-(2-me&hylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyN\pyrimidin-2-yl-amino)-ethyl]-amide can also be prepared
according to other synthetic procedures, for example by reacting 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-Icarboxylic acid, or a salt thereof which renders the
addition of a base unnecessy, such as the sodium salt of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carbQxylic acid whose synthesis is described in WO
2006/128585 and US 2008/02148

pyrimidin-2-yl-amino)-propionamide,

, for example, with (S)-2-amino-3-(phenyl-

hose synthesis is described in
PCT/EP2011/063504, for example, in thg presence of a coupling agent, such as 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide Rydrochloride, optionally in the presence
of a base, as is detailed further below herein.

If the aforesaid synthesis of 2-(2-methylamino-pyrirRidin-4-yl)-1H-indole-5-carboxylic

indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-eNyl]-
amide, which comprises reacting 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
carboxylic acid or a salt thereof with (S)-2-amino-3-(phenyl-pyrimidin-2-yl-amino)-
propionamide in the presence of a coupling agent, for example 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, optionally in the presence
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of }§ base, in a mixture of tetrahydrofuran and N-methylpyrrolidin-2-one at room
temparature, diluting the reaction mixture with water and isolating the precipitated
solid.

Hydrate 1 of &(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(pignyl-pyrimidin-2-yl-amino)-ethyl]-amide can be converted in one or
more steps into oth§r crystalline forms of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)X-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, such
as polymorphs 1, 2 and § and hydrate 2.

For example, by heating hydrXe 1 in a suitable solvent, optionally seeding with the
desired crystalline form and coollg the mixture, polymorphs 1 and 2 can be
obtained. For the conversion into pdlymorph 1, for example, hydrate 1 can be heated
in acetone to a temperature of about 9§ °C to about reflux temperature, for example
to about 40 °C, the mixture seeded with asmall amount of polymorph 1, kept at
about 40 °C for some time, for example aboyt 5 to about 10 hours, such as about 6
hours, cooled to room temperature and the sol\] isolated. One embodiment of the

pyrimidin-2-yl-amino)-ethyl]-amide, which comprises haating hydrate 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [§3)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide in acetone in the presencyg of seed crystals of
polymorph 1, for example to about 40 °C, for a time period of ajout 5 to about 10
hours, for example for about 6 hours, cooling the mixture to roomYemperature and

isolating the precipitated solid.

For the conversion into polymorph 2, hydrate 1 can be heated in a mixture\of
diisopropyl ether and methanol to a temperature of about 60 to about 70 °C, Yor
example to about reflux temperature or to about 68 °C, kept at this temperatureNor
some time, for example about 18 to about 30 hours, such as about 24 hours, cool

to room temperature and the solid isolated. One embodiment of the present inventio
thus relates to a process for preparing polymorph 2 of 2-(2-methylamino-pyrimidin-4-
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y)N|H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-

amide in a'\ixture of diisopropyl ether and methanol, for example to about 60 to
about 70 °C, Wr a time period of about 18 to about 30 hours, for example for about
24 hours, coolindthe mixture to about 20 to 25 °C and isolating the precipitated solid.
In one embodimenNof this latter process for preparing polymorph 2 of 2-(2-
methylamino-pyrimidin4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, the mixture of diisopropyl ether and methanol
contains from about 3 to abgut 10 %, in another embodiment from about 4 to about 8
%, in another embodiment abdyt 6 %, of methanol by weight.

For the conversion into polymorph 3 hydrate 1 can be dried in substance at elevated
temperature and reduced pressure, foNexample at about 50 to about 70 °C, such as
at about 60 °C, and about 20 to about 50\nbar, for example about 30 mbar, for
example in a standard drying cabinet, for a N\me period sufficient for the
transformation of the dihydrate into the anhydrdus form of polymorph 3, for example
for about 18 to about 30 hours, such as about 24 yours. One embodiment of the
present invention thus relates to a process for prepayng polymorph 3 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic aci§ [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, which comprises drying hydrate 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)N\] -carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide at a temperature of about 50\to about 70 °C and a
pressure from about 20 to about 50 mbar for a time period of aboXX 18 to about 30

hours.

Polymorph 3 can be re-converted into hydrate 1 by exposing it to an atmodphere
which contains water vapor, for example leaving it uncovered in the air at roo
temperature, i.e. at about 20 to 25 °C, and atmospheric pressure for a time peridd
sufficient for the transformation of the anhydrous form into the dihydrate, for examMe
for about 15 to about 25 hours, such as about 17 hours. One embodiment of the
present invention thus relates to a process for preparing hydrate 1 of 2-(2-




10

15

20

25

30

22

thylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-

pyrimidin-R-yl-amino)-ethyl]-amide to take up water from the surrounding atmosphere
at a temperayyre of about 20 to about 25 °C for a time period of about 15 to about 25

hours.

Polymorph 2 of 2-(2-Nethylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-py\midin-2-yl-amino)-ethyl]-amide, which can be obtained from
hydrate 1 as outlined abowg, for example, can be converted by heating in a suitable
solvent, optionally seeding wNp the desired crystalline form, and optionally cooling
the mixture, into polymorph 1 ang hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-

amide.

For example, for the conversion into polymyrph 1, polymorph 2 can be heated in a
mixture of acetone and water to a temperaturd of about 50 to about 60 °C, for
example to about reflux temperature or to about R0 °C, kept at this temperature for
some time, for example about 1 to about 5 hours, s\ch as about 2 to about 3 hours,
cooled to room temperature, and the solid isolated. ONe embodiment of the present
invention thus relates to a process for preparing polymorgh 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyN2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide, which comprises heating polymorph 2 ofR-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(pNenyl-pyrimidin-2-yl-
amino)-ethyl]-amide in a mixture of acetone and water, for exampleNp about 50 to
about 60 °C, for a time period of about 1 to about 5 hours, for exampleNjor about 2 to
about 3 hours, cooling the mixture to about 20 to 25 °C and isolating the N\ecipitated

pyrimidin-2-yl-amino)-ethyl]-amide, the mixture of acetone and water contains fro
about 3 to about 6 parts of acetone per part of water, in another embodiment from
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ut 3 to about 5 parts of acetone per part of water, in another embodiment about 4
parta\of acetone per part of water, in each case parts by volume.

For the cogversion into hydrate 2, polymorph 2 can be heated in a mixture of acetone

(phenyl-pyrimidin-2-yl-amiNp)-ethyl]-amide, which comprises heating polymorph 2 of

2-(2-methylamino-pyrimidin-4\yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-etRyl]-amide in a mixture of acetone and water, for
example to about 40 °C, for a time'Reriod of about 2 to about 10 hours, for example
for about 4 hours, cooling the mixtureNo about 20 to 25 °C, and isolating the
precipitated solid. In one embodiment oi\his process for preparing hydrate 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-capoxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, the mixtur of acetone and water contains from
about 1 to about 3 parts of acetone per part of wter, in another embodiment about 2
parts of acetone per part of water, in each case parsg by volume.

Description of the Figures

arbitrary unit).

Figure 2. X-ray powder diffraction pattern of polymorph 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-

amino)-ethyl]-amide, measured in reflection mode with CuKy, radiation at room
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teNgperature; x-axis: diffraction angle 2Theta (degree); y-axis: intensity (counts in
arbitNry unit).

Figure 3. Xray powder diffraction pattern of polymorph 3 of 2-(2-methylamino-
pyrimidin-4-y\-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-argide, measured in reflection mode with CuKy, radiation at room
temperature; x-axi¥; diffraction angle 2Theta (degree); y-axis: intensity (counts in
arbitrary unit).
Figure 4. X-ray powder difiaction pattern of hydrate 1 of 2-(2-methylamino-pyrimidin-
4-yl)-1H-indole-5-carboxylic a5id [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide, measured in reflecon mode with CuKq¢ radiation at room temperature;

x-axis: diffraction angle 2Theta (deyree); y-axis: intensity (counts in arbitrary unit).

Figure 5. X-ray powder diffraction patterNof hydrate 2 of 2-(2-methylamino-pyrimidin-
4-yl)-1H-indole-5-carboxylic acid [(S)-1-cardamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide, measured in reflection mode witN CuKq¢ radiation at room temperature;
x-axis: diffraction angle 2Theta (degree); y-axis: \tensity (counts in arbitrary unit).

In the following, the formation and characterization of \ye polymorphs and hydrates of

the present invention is described in detail by way of exaNple.

Examples

mmol) of 2-[bis-(tert-butoxycarbonyl)lamino-3-(phenyl-pyrimidin-2-yl-amino)propi
acid methyl ester in 1000 ml of isopropyl acetate at 15 °C, and the mixture was
stirred for 2 h. Then the phases were separated and the pH of the aqueous phase
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adjusted to 8.5 by addition of an aqueous solution of ammonia under cooling in
an ic&\bath. The aqueous phase was extracted with ethyl acetate, and the extract
washed\yith a saturated solution of sodium chloride, dried over sodium sulfate and
evaporated\in vacuo to give 52.8 g (92 %) of 2-amino-3-(phenyl-pyrimidin-2-yl-

amino)propioNc acid methyl ester as a yellow oil.

MS (ESI): m/z = 27 (M"+1, 100 %); "H-NMR (500 MHz, DMSO-ds): 5 = 8.31 (d
(doublet), J = 4.8 Hz, ] H), 7.40 (m (multiplet), 2 H), 7.33-7.20 (m, 3 H), 6.70 (t
(triplet), J = 4.8 Hz, 1 H)\¢.18 (dd (double doublet), J = 9.6 und 14.4 Hz, 1 H), 4.05
(dd, J =9.5and 14.3 Hz, 1]), 3.65 (t, J = 9.6 Hz, 1 H), 3.43 (s (singlet), 3 H), 1.88
ppm (bs (broad singlet), 2 H); §PLC (column: Chiralcel OJ-H, 250 x 4.6 mm; eluent:
thanol + 0.1% diethylamine (85:15); flow rate: 1

): retention time = 14.6 min (S enantiomer)

n-heptane + 0.1 % diethylamine
ml/min; detection wavelength: 285
and 16.4 min (R enantiomer).

(b) (R)-2-Amino-3-(phenyl-pyrimidin-2-yl-an\ao)propionic acid methyl ester and (S)-2-
amino-3-(phenyl-pyrimidin-2-yl-amino)propioni§acid methyl ester

10 g of 2-amino-3-(phenyl-pyrimidin-2-yl-amino)pNpionic acid methyl ester were
separated into the enantiomers by preparative HPLRon a chiral phase (column:
Chiralpak AS-H, 250 x 30 mm; eluent: n-heptane : ethaQol (5:1); flow rate: 30 ml/min;
detection wavelength: 257 nm; retention time of the S enagQtiomer: 12.5 min, retention
time of the R enantiomer: 18.1 min). 2.6 g (52 %) of (R)-2-arNjno-3-(phenyl-pyrimidin-
2-yl-amino)propionic acid methyl ester and 2.6 g (52 %) of (S)-Xamino-3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester were obtained.

(c) (S)-2-{[2-(2-Methylaminopyrimidin-4-yl)-1H-indole-5-carbonyllamino\3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester
4.01 g (10.6 mmol) of N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)-uroni
hexafluorophosphate and 6.82 g (52.8 mmol) of diisopropylethylamine were added to
a solution of 2.36 g (8.80 mmol) of 2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-
carboxylic acid in 80 ml of dimethylformamide under cooling with an ice bath, and the
mixture was stirred at 0 °C for 1.5 h. Then a solution of 2.40 g (8.80 mmol) of (S)-2-



10

15

20

25

30

26

am\no-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester (98.9% ee
(enaiomeric excess)) in 22 ml of dimethylformamide was added. The mixture was
stirred 1 2 h, and then an aqueous solution of sodium hydrogencarbonate and
isopropyl agetate were added. The organic phase was separated, washed with a
saturated soli{ion of sodium chloride and concentrated in vacuo. The solid that
precipitated was\iltered off with suction, dried in vacuo and purified by column
chromatography (s\jca gel, dichloromethane : methanol (25:1)). 2.35 g (50 %) of (S)-
2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carbonyllamino}-3-(phenyl-pyrimidin-
2-yl-amino)propionic aci\ methyl ester were obtained as a yellowish solid.

MS (ESI): m/z = 522 (M*, 100\%); "H-NMR (600 MHz, DMSO-dg): 5 = 11.7 (s, 1 H),
8.78(m,1H),840(d,J=4.8HA2H),832(bs,1H),805(s,1H),7.60(d,J=85
Hz, 1 H), 7.52 (d, J = 8.5 Hz, 1 H), X40-7.14 (m, 7 H), 7.00 (bs, 1 H),6.78 (t, J = 4.8
Hz, 1 H),4.90 (m, 1 H), 4.68 (dd, J =88 and 9.4 Hz, 1 H),4.29 (dd, J =7.1 and 9.3
Hz, 1 H), 3.54 (s, 3 H), 2.95 ppm (bs, 3 F\; HPLC (column: Chiralcel OD-H, 250 x
4.6 mm; eluent: n-heptane : ethanol (60:40)\flow rate: 1 ml/min, detection
wavelength: 254 nm): retention time = 10.1 mIN(R enantiomer) and 15.0 min (S
enantiomer); ee of the S enantiomer = 94.7 %.

(d) 2-(2-Methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

A solution of 2.20 g (4.21 mmol) of (S)-2-{[2-(2-methylaminoRyrimidin-4-yl)-1H-indole-
5-carbonyllamino}-3-(phenyl-pyrimidin-2-yl-amino)propionic acN\ methyl ester (94.7
% ee) in 220 ml of a 7N solution of ammonia in methanol was stiled at room
temperature for three days. The solid that precipitated was filtered oK with suction
and dried in vacuo. 1.75 g (82 %) of polymorph 1 of 2-(2-methylamino-Nyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amiRo)-ethyl]-
amide, identified by its X-ray powder diffractogram, were obtained as a colorgss

solid.

MS (ESI): m/z = 507 (M*, 100 %); '"H-NMR (400 MHz, DMSO-dg): 5 =11.7 (s, 1 H),
8.40 (d, J = 4.8 Hz, 2 H), 8.34 (m, 2 H), 7.92 (s, 1 H), 7.55 (d, J = 8.5 Hz, 1 H), 7.50
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(N =8.5Hz,1H),7.43-7.10 (m, 9 H), 7.00 (bs, 1 H), 6.77 (t, J = 4.8 Hz, 1 H), 4.80
(m, ), 4.53 (dd, J = 10.0 and 14.4 Hz, 1 H), 4.25 (dd, J =4.2 and 14.3 Hz, 1 H),
2.96 ppN (bs, 3 H); HPLC (column: Chiralcel OD-H, 250 x 4.6 mm; eluent: n-
heptane : &thanol (50:50), flow rate: 1 ml/min, detection wavelength: 238 nm):
retention time\= 10.2 min (R enantiomer) and 14.5 min (S enantiomer); ee of the S

enantiomer=9

Example 2. FormatioM\of hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-caxpamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

40 ml of tetrahydrofuran any 10 ml of N-methylpyrrolidin-2-one were added to 5 g of
(S)-2-amino-3-(phenyl-pyrimidNp-2-yl-amino)-propionamide, 5.65 g of 2-(2-
methylamino-pyrimidin-4-yl)-1H-NRdole-5-carboxylic acid sodium salt and 7 g of 1-(3-
dimethylaminopropyl)-3-ethylcarbodimide hydrochloride at room temperature. The
mixture was stirred at room temperatuse for 2 h. Then 500 ml of water were slowly
added. From the resulting solution, a soliy precipitated which was filtered off with
suction and washed with 50 ml of water ani\dried at room temperature until constant
weight was achieved, to give 7.46 g of hydrate\l of 2-(2-methylamino-pyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(daenyl-pyrimidin-2-yl-amino)-ethyl]-
amide identified by its X-ray powder diffractogram.

Example 3. Formation of hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-arNno)-ethyl]-amide

1.52 g of polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-INdole-5-carboxylic
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amiadg in 20 ml of a
mixture of acetone and water (2:1, by volume) was heated to 40 °C apd the
suspension stirred at this temperature for 4 h. A sample of about 1 ml X the
suspension was taken, the solid filtered off with suction and dried at room
temperature until constant weight was achieved, to give hydrate 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(p
pyrimidin-2-yl-amino)-ethyl]-amide identified by its X-ray powder diffractogram.
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Exgmple 4. Formation of polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-camQoxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
Hydrate\l of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-

powder diffractogram\The water content of the product determined by Karl Fischer
titration was 0.09 %.

Example 5. Formation of polyKorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

16.7 g of diisopropyl ether and 1.0 § of methanol were added to 0.5 g of hydrate 1 of
2-(2-methylamino-pyrimidin-4-yl)-1H-iNdole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amidg in a reaction vessel, and the suspension
placed in a shaking device (Heidolph Synth§sis 1; adjusted to 500 rpm) and heated
to reflux at an internal temperature of 68 °C. TRe mixture was kept at this
temperature for 24 h, and allowed to cool to room\temperature. The solid was filtered
off with suction and air-dried at room temperature fog 8 h to give polymorph 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acN [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide identified by its X-ray powder diffractogram.

Example 6. Formation of hydrate 1 of 2-(2-methylamino-pyrimiNjn-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-8thyl]-amide
Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide was kept in the\air at room
temperature for 17 h to give hydrate 1 of 2-(2-methylamino-pyrimidin-4-yIN\l H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-am\
identified by its X-ray powder diffractogram.

Example 7. Formation of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
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R g of polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-\-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide and 15 ml of a mixture

60 °C for 19 h, to {\ve 0.89 g of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic a¥d [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide identified by its X\tay powder diffractogram.

Example 8. Formation of poly\porph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbam
0.6 g of hydrate 1 of 2-(2-methyla
[(S)-1-carbamoyl-2-(phenyl-pyrimidinR-yl-amino)-ethyl]-amide and 15 ml of acetone

I-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
\n0-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
in a reaction vessel were placed in a shaking device (Heidolph Synthesis 1; adjusted
to 500 rpm). The mixture was seeded with ¥ small amount of polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carbdxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, heated to anaternal temperature of 40 °C, and
kept at this temperature for 6 h. A sample of about \ ml of the suspension was taken,
the solid filtered off and dried at room temperature unt\ constant weight was
achieved to give polymorph 1 of 2-(2-methylamino-pyrimNin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-arRino)-ethyl]-amide

identified by its X-ray powder diffractogram.

Analytical Methods

X-ray powder diffraction (XRPD)
X-ray powder diffraction measurements were performed with a Bruker AXS KR8
Advance diffractometer in reflection mode using CuKq1 (CuK-alpha1) radiation.
Unless stated otherwise, X-ray powder diffraction was performed at room
temperature. Samples were investigated in a flat preparation. The measured data
were visualized and evaluated with the Software EVA 12.0.
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X-rax powder diffractograms of polymorphs 1, 2 and 3 and hydrates 1 and 2 of
compoNnd | are displayed in Figures 1 to 5. The data of observed X-ray reflections
are givenRelow in the following form: angle 2Theta (20) in ° (degree), followed in
brackets by Xe relative intensity in % of the intensity of the strongest reflection
whose intensiti\was set to 100 % (the intensities are measured in counts in arbitrary
unit). The given data are rounded to multiples of 0.1° and 1%, respectively. As
indicated above, the'given angles 2Theta may be understood as lying within an
margin of £ 0.2°, and thg relative intensities may vary to a greater extent depending
on the sample and measuxement conditions, and the given exact values of the
relative intensities are not to Re regarded as a prerequisite for the presence of a
crystalline form. For a classificaNon, reflections with a relative intensity of more than
60 % of the strongest reflection, foxexample, may be termed as strong reflections,
and reflections with a relative intensitx between 30 % and 60 % of the strongest
reflection, for example, may be termed a8 medium strong reflections, and such
medium strong reflections and/or strong reNections used to characterize the

polymorphs and hydrates of compound |I.

XRPD reflections of polymorph 1 (2Theta [°], relati
5.6° (56%), 10.4° (21%), 11.1° (8%), 11.4° (10%), 12.
(11%), 14.2° (13%), 14.9° (100%), 17.2° (8%), 17.5° (1
19.7° (67%), 20.0° (55%), 20.4° (10%), 21.0° (20%), 22.3° \Q6%), 23.3° (15%), 24.1°
(7%), 24.6° (21%), 25.0° (82%), 26.1° (6%), 27.0° (6%), 27.7°N16%), 28.9° (7%),
29.6° (9%), 30.2° (10%), 31.3° (7%), 31.9° (4%), 32.4° (6%), 33.Y (6%)

intensity [%])
(13%), 13.2° (6%), 13.9°
0), 18.0° (19%), 19.4° (35%),

XRPD reflections of polymorph 2 (2Theta [°], relative intensity [%])
5.8° (27%), 6.7° (100%), 8.2° (7%), 9.3° (60%), 9.9° (31%), 11.2° (65%),\N3.5° (9%),
13.8° (8%), 14.3° (15%), 16.5° (25%), 17.0° (10%), 17.7° (21%), 18.1° (289, 18.8°

(24%), 19.4° (89%), 20.2° (15%), 20.4° (21%), 22.1° (41%), 24.2° (11%), 24.6\(8%),
25.5° (16%), 27.9° (12%), 30.0° (10%), 30.6° (8%)

XRPD reflections of polymorph 3 (2Theta [°], relative intensity [%])
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5NXC (17%), 5.6° (12%), 7.0° (16%), 7.5° (16%), 9.7° (14%), 11.2° (13%), 12.7°
(199N, 13.4° (20%), 13.9° (30%), 15.2° (76%), 15.9° (59%), 16.6° (18%), 17.3°
(36%),N9.2° (100%), 22.2° (83%), 23.2° (23%), 24.5° (33%), 25.3° (42%), 27.9°
(23%), 28X° (27%)

XRPD reflectiong of hydrate 1 (2Theta [°], relative intensity [%])

5.3° (33%), 9.2° (%), 10.7° (9%), 11.1° (25%), 12.0° (8%), 13.5° (44%), 14.0°
(17%), 16.1° (20%), N[.2° (5%), 17.9° (51%), 18.5° (12%), 19.5° (69%), 21.0° (12%),
21.5° (100%), 22.4° (11%), 23.5° (33%), 24.9° (37%), 25.8° (16%), 26.5° (20%),
27.2° (7%), 28.2° (26%), 28.6° (9%), 29.4° (12%), 30.2° (12%), 31.3° (4%), 32.3°
(3%), 32.7° (4%), 33.3° (3%)

XRPD reflections of hydrate 2 (2Thgta [°], relative intensity [%])

2.9° (100%), 5.3° (29%), 6.2° (9%), 8\’ (33%), 9.5° (13%), 11.0° (3%), 11.5° (28%),
12.8° (4%), 14.0° (11%), 14.7° (4%), 16 X° (3%), 16.8° (4%), 17.1° (14%), 18.0°
(11%), 18.8° (4%), 19.7° (3%), 20.3° (6%),R1.3° (11%), 21.9° (6%), 22.8° (14%),
23.5° (7%), 24.7° (5%), 25.5° (4%), 26.1° (9%\\ 27.3° (5%), 28.6° (5%), 29.6° (4%),
30.1° (3%), 31.4° (3%), 31.8° (5%), 34.9° (4%)

Crystal structure determination

The crystal structure of hydrate 1 of compound | was det§mined by X-ray single
crystal structure analysis with a crystal obtained by crystalliagtion from a mixture of
acetone and water (4:1) and sealed in a Lindemann-glass capNary. Single crystal
X-ray diffraction data were collected on a Bruker/AXS three circle\diffractometer,
equipped with a SMART APEX area detector, a low temperature deXjce (model LT2)
and a copper micro focus generator (luS), operated at 45 kV/650 mA, apd focusing
beam Montel multilayer optic with an image focus spot diameter of ~250 \n. Data
processing was done with the program SAINT+ Release 6.45. Hydrate 1 of
compound | crystallizes in the orthorhombic space group P2:12421. The data of \je
unit cell are Z = 4, a = 8.18650(10) A, b = 9.97420(10) A, ¢ = 32.8707(2) A, a = BX Y
= 90.00°, cell volume = 2684.02(5) A*, molecular formula = C27H25NgO3 - 2 H20,
calculated density p = 1.345 Mgm™ (at 20 °C).
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DNerential scanning calorimetry (DSC)
DS

Al-cruciRles with sealed lid and hole were used and the measurements carried out in

easurements were performed with a METTLER DSC822¢ instrument. 40 pl

a nitrogen\gas flow of 50 ml/min with a typical heating rate of 10 °C/min, unless
stated otherwse. The measured data were evaluated with the software STARe
V8.10. For polyNorph 1 of compound I, a DSC melting point with an onset
temperature of 253,°C and a peak temperature of 257 °C was observed. In the DSC
analysis of polymorpM\2 of compound |, an endothermic peak with an onset
temperature of 222 °C aQd a peak temperature of 225 °C, followed by an
endothermic peak with an dpset temperature of 248 °C and a peak temperature of
251 °C was observed. The DSC behavior of hydrates 1 and 2 of compound | is

described above.

Thermogravimetry (TG)
Thermogravimetric analyses were perforqped with a METTLER TGA851e instrument.
100 pl Al-crucibles with sealed lid and hole\vere used and the measurements
performed in a nitrogen gas flow of 50 ml/min.\J he measured data were evaluated
with the software STARe V8.10. TG measuremeN{ts with infra-red (IR) spectroscopic
TGA851e instrument as

described, which was coupled to a Thermo-Nicolet 388 FT-IR spectrometer equipped

analysis of volatiles were performed with a METTL
with a cell for gas phase measurements. The measured IR spectra were evaluated
using the software OMNIC V.7.3. In the TG analyses of pol\norph 1 and polymorph
2 of compound | until the melting point, insignificant weight losSes of 0.2 % and 0.7
%, respectively, were observed. In the TG analysis of hydrate 1 ocompound I, a
gradual weight loss of 6.4 % was observed between room temperatiye and 120 °C.

FT-IR analysis of the evolved gas proved it to be water. The observed Weight loss

which corresponds to about 6 mol of water per mol of 2-(2-methylamino-pyrimidin-4-
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yINI H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethylamide.

Dynamic ¥Wqpor sorption (DVS)

For the deterNination of the hygroscopicity, moisture sorption/desorption isotherms
were recorded OQ a Surface Measurement Systems DVS-1 instrument. Two cycles
were run at 25 °C,\o which the relative humidity was stepwise increased from 0 % to
95 % and subsequen
measured. The data wel¢ evaluated with the software DVSWin V.2.15. In the DVS

analysis of polymorph 1 ang polymorph 2 of compound |, in the sorption steps of the

decreased again to 0 %, and the weight of the sample

two cycles the following weigh\ increases were observed.

Relative humidity Polymorph 1
40 % 05%/0.5%

Polymorph 2
0.2%/0.0%

60 % 0.6 % /0.6 % 3%/0.1%
80 % 0.9% /09 %
95 % 1.3% /1.4 %

Determination of solubility
For the determination of the solubility in a mixture of adgtone and water (4:1, by
volume), samples of 0.5 mg to 50 mg of the test substandgs were suspended in a
defined amount of the solvent (800 mg to 1200 mg) in screwcap vials with a
magnetic stirring bar, which were placed in a temperature-contxplled multiple stirring
16). With stirring
at 700 rpm, the vials were cooled from room temperature to 0 °C an¥ then heated to
60 °C with a heating rate of 3 °C/h, kept at 60 °C for 2 h and cooled agyin to 0 °C

with a cooling rate of 3 °C/h. By means of transmission measurement it

device equipped for transmission measurement (Avantium Cryst

determined whether the sample was dissolved (100 % transmission), or crysXals were
present. For polymorph 1, polymorph 2, hydrate 1 and hydrate 2 of compound Nhe
following solubilities in a mixture of acetone and water (4:1, by volume) were

determined.
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S0pstance Temperature Solubility [g in 100 g of solvent]
Poly™orph 1 36.9 °C 043
PolymoXph 1 447 °C 0.50
Polymorph\1 60.0 °C 0.85
Polymorph 2 46.0 °C 1.02
Polymorph 2 57.5°C 248
Hydrate 1 38.6 °C 2.11
Hydrate 1 49.7 °C 3.39
Hydrate 1 5X4 °C 5.04
Hydrate 2 36.8\C 0.50
Hydrate 2 46.1° 1.02
Hydrate 2 55.9 °C 2.61

Maturation experiments

By maturation experiments (slurry convexgion) at 20 °C the relative stability of
polymorphs 1 and 2 and hydrate 1 was invegtigated.

A polymorph mixture of 81 mg (Mixture of Polynorph 1 and Polymorph 2), 83 mg of
Polymorph 1 and 60 mg of hydrate 1 was prepardd. The mixture was subjected to
XRPD analysis to confirm the presence of all three Béolymorphs and then distributed
into five capillaries. These samples were kept in suspegsion at 20°C for five days.
After X-ray powder diffraction measurement of the suspeNgions these were dried
over night at 40°C and <100mbar and again subjected to X-Xay diffraction.
Maturation experiments (a) to (e) were performed under the spgcified conditions,
starting with the polymorph mixture described above.

(a) The polymorph mixture was suspended in water. After stirring th&\suspension for
five days at 20 °C, the suspension was analyzed via XRPD and a mixtixe of
polymorph 1 and hydrate 1 was proven. After drying over night at 40°C ang <100
mbar the obtained solid was analyzed via XRPD, again, and only polymorph\{ was
found.

(b) The polymorph mixture was suspended in water/methanol 1:1 (vol.: vol.). Afte
stirring the suspension for five days at 20 °C, the suspension was analyzed via
XRPD and only polymorph 1 was proven. After drying over night at 40°C and <100
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mRar the obtained solid was analyzed via XRPD, again, and only polymorph 1 was

(c) The\golymorph mixture was suspended in 2-propanol. After stirring the

suspensioN for five days at 20 °C, the suspension was analyzed via XRPD and only
polymorph 1\yas proven. After drying over night at 40°C and <100 mbar the obtained
solid was analyxgd via XRPD, again, and only polymorph 1 was found.

(d) The polymorph\mixture was suspended in acetone. After stirring the suspension
for five days at 20 °C\the suspension was analyzed via XRPD and only polymorph 1
was proven. After drying\over night at 40°C and <100 mbar the obtained solid was
analyzed via XRPD, again\and only polymorph 1 was found.

(e) The polymorph mixture wag suspended in ethylacetate. After stirring the
suspension for five days at 20 °§ the suspension was analyzed via XRPD and only
polymorph 1 was proven. After dry\g over night at 40°C and <100 mbar the obtained
solid was analyzed via XRPD, again, {ynd only polymorph 1 was found.

In all maturation experiments (a) to (e) the 3plid completely transformed to polymorph
1 after drying. The performed maturation exp¥fiments prove that polymorph 1 is
thermodynamically most stable among polymorpRs 1, 2 and hydrate 1.




10

15

20

25

30

36

CLAIMS

reflections il\an X-ray powder diffractogram using CuK-alpha1 radiation in reflection
mode at 2Thetaangles (in degree) of 14.9+0.2,19.4+0.2,19.7 £ 0.2, 20.0 £ 0.2,
22.3+0.2,25.0 £\.2.

2. A pharmaceutical coNgposition-comprising polymorph 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-3zcarboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide according to claim 1, and one or more pharmaceutically

acceptable excipients.

3. Polymorph 1 of 2-(2-methylamino-\yrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-
1-carbamoyl-2-(phenyl-pyrimidin-2-yl-am\jno)-ethyl]-amide according to claim 1 for

use as a pharmaceutical.

4. Polymorph 1 of 2-(2-methylamino-pyrimidin-43I)-1H-indole-5-carboxylic acid [(S)-
1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethylNamide according to claim 1 for
use in the treatment of a disease whose course involvgs an increased activity of 1B

kinase.

amino)-ethyl]-amide in a mixture of acetone and water to a temperature o\50 to 60

°C, cooling the mixture to 20 to 25 °C and isolating the precipitated solid.

6. Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(N)-
1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for

use in the treatment of inflammatory, immunologically or metabolism-mediated acute
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and chronic arthritis, arthropathies, rheumatoid arthritis, degenerative joint diseases,
spoNdyloses, diabetes Type Il, inflammatory bowel disease, loss of cartilage

followiNg joint trauma or a relatively long period of joint immobilization following
meniscus\Qr patella injuries or ligament ruptures, diseases of the connective tissue,

myalgias an¥ disturbances of bone metabolism.

7. Polymorph 1 of\2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-
1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for

use in the treatment of Rain including acute pains and chronic pains.

8. Polymorph 1 of 2-(2-methWamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-
1-carbamoyl-2-(phenyl-pyrimidiN2-yl-amino)-ethyl]-amide according to claim 1 for
use in the treatment of chronic paiN according to claim 7 wherein the chronic pain is
selected from chronic musculoskeletN diseases, pains associated with menstrual
bleeding, pains associated with osteoariritis or rheumatoid arthritis, pains
associated with intestinal inflammation, palRs associated with cardiac muscle
inflammation, pains associated with multiple sglerosis, pains associated with neuritis,
pains associated with carcinomas and sarcomas), pains associated with AIDS, pains
associated with chemotherapy, amputation pain, trlgeminus neuralgia, headaches,

and neuropathic pains.
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Crystalline form of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-
1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

The present invention relates to polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide as described below, processes for its preparation and its use, in particular in

pharmaceutical compositions.

2-(2-Methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide of the formula I,

oL

which is also abbreviated herein as "compound 1", is a pharmaceutical active
compound which inhibits 1kB kinase (I-kappa-B kinase, IKK) and is useful for the
treatment of various diseases such as osteoarthritis or pain, for example, as is
described in WO 2004/022553, US 7285560, WO 2004/022057 and US 7462638, for
example. However, data concerning crystalline forms, polymorphs or hydrates of 2-
(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-

(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide are not disclosed in the prior art.

Polymorphism is the ability of a compound to exist in more than one crystalline form
or crystal structure. Different polymorphs represent distinct solids sharing the same
molecular formula, yet each polymorph may have distinct physical properties. A

specific compound may give rise to a variety of polymorphic forms wherein each form
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has different and distinct physical properties, such as different solubility profiles,
different thermodynamic stability, different crystallization behavior, different
filterability, different melting point temperatures and/or different X-ray diffraction
patterns. The difference in the physical properties of different polymorphic forms
results from different orientation and intermolecular interactions of adjacent
molecules in the solid. Polymorphic forms of a compound can be distinguished by X-
ray diffraction and by other methods such as infrared spectroscopy or Raman
spectroscopy, for example. These statements apply likewise to hydrates, i.e. solid
addition compounds of a compound with water, which are a specific form of solvates
and which may form when a compound is in contact with water, for example when

crystallizing a compound in the presence of water.

However, as acknowledged by the person skilled in the art, the presence of different
crystalline polymorphic forms or hydrates of a compound cannot be foreseen. Neither
the existence of polymorphic forms or hydrates nor the number of polymorphic forms
or hydrates can be foreseen. Also the conditions under which crystallization takes
place to give a specific form, and the characteristics of the polymorphic forms and
hydrates cannot be predicted. Since properties such as the solubility and stability and
consequently the suitability for use and storage of each polymorphic form and
hydrate may vary, identifying the existence of polymorphic forms and solvates such
as hydrates is essential for providing pharmaceuticals with increased storage stability
or suitable solubility profiles, for example. Thus, it is desirable to investigate all solid

state forms of a drug substance, including polymorphic forms and hydrates.

Accordingly, it was the object of the present invention to provide solid forms of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, in particular forms which have a favorable
property profile or are useful in the preparation of the compound. This object was
attained by providing polymorph 1of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, which
polymorph has favorable properties with respect to stability, solubility, processability,

hygroscopicity, flowability, filterability or crystallization rate, for example, wherein
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polymorph 1 may be characterized by any of its data given herein. The data used to
characterize the polymorph of the present invention were obtained as described
below. In the context of the present invention, polymorph, polymorphic form, hydrate
etc. refers to a polymorph, polymorphic form or hydrate of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-

amino)-ethyl]-amide. Terms like "polymorph”, "polymorphic form", "phase" and

"crystalline phase" may be used interchangeably herein.

One embodiment of the present invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has characteristic reflections in an X-ray
powder diffractogram using CuKys (CuK-alphal) radiation in reflection mode at
2Theta (20) angles in degree [°] of 14.9 £0.2,19.4 £ 0.2, 19.7 £ 0.2, 20.0 £ 0.2, 22.3
+0.2,25.0+£0.2.

One embodiment of the present invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has characteristic reflections in an X-ray
powder diffractogram using CuKq (CuK-alphal) radiation in reflection mode at
2Theta (20) angles in degree [°] of 10.4 £ 0.2, 14.9 £+ 0.2, 17.5° £ 0.2, 18.0 £ 0.2,
19.4+0.2,19.7+0.2,20.0+0.2,21.0+£0.2,22.3+0.2,25.0 £ 0.2.

One embodiment of the present invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has any one or more of the characteristic
reflections in an X-ray powder diffractogram using CuKq4 radiation in reflection mode

which are given above or below herein.

One embodiment of the present invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide which has an X-ray powder diffraction pattern
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substantially as the one shown in Figure 1 which has been obtained using CuKg+
radiation in reflection mode, wherein the exact relative intensities of the reflections
depicted in Figure 1 are not a prerequisite, but may vary and represent another

embodiment of the invention.

Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide may also be characterized
by its melting characteristics such as its melting point determined by differential
scanning calorimetry (DSC) with an onset temperature of 253 £ 1 °C and/or a peak

temperature of 257 + 1 °C (heating rate 10 °C/minute).

Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide is the thermodynamically
most stable polymorph of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide at temperatures
above about 20 °C, as is confirmed in phase conversion experiments, for example.
Therefore, in comparison to the other polymorphs, polymorph 1 is particularly
suitable when a high stability is desired. Polymorph 1 is further characterized by a
low hygroscopicity of about 0.9 % water uptake at a high relative humidity of 80 %. In
view of its stability and low hygroscopicity, polymorph 1 is particularly suitable for
storage of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide. Polymorph 1 is further
characterized by a low solubility in water, which allows an easy realization of a depot
effect with respect to the pharmacological activity of 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide by administering a suitable pharmaceutical formulation containing solid
polymorph 1. Therefore, polymorph 1 is particularly suitable for use in pharmaceutical
compositions, or in medicaments, which are designed to have a long duration of

action.

Polymorphs 2 and 3 and hydrates 1 and 2 are not part of the invention described

herein,
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Polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has characteristic reflections
in an X-ray powder diffractogram using CuKy¢ (CuK-alphal) radiation in reflection
mode at 2Theta (268) angles in degree [°] of 5.8 £ 0.2, 6.7 £+ 0.2,9.3£0.2,9.9+ 0.2,
11.2+0.2,16.5+0.2,18.1+0.2,19.4 £ 0.2,22.1 £ 0.2.

Polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has any one or more of the
characteristic reflections in an X-ray powder diffractogram using CuKq4 radiation in

reflection mode which are given above or below herein.

Polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has an X-ray powder
diffraction pattern substantially as the one shown in Figure 2 which has been
obtained using CuKq4 radiation in reflection mode, wherein the exact relative

intensities of the reflections depicted in Figure 2 are not a prerequisite, but may vary.

Polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide may also be characterized
by its behavior in differential scanning calorimetry (DSC), where it gives rise to an
endothermic peak with an onset temperature of 222 + 1 °C and/or a peak
temperature of 225 + 1 °C, followed by an endothermic peak with an onset
temperature of 248 + 1 °C and/or a peak temperature of 251 + 1 °C (heating rate 10

°C/minute).

Polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has a higher solubility than
polymorph 1 and can more easily be purified, and is advantageously isolated in the
preparation of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-

carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide if a further purification is
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desired, for example by crystallization from, or slurrying with, a suitable solvent
system. Polymorph 2 is further characterized by a low hygroscopicity of about 0.4 %
water uptake at a high relative humidity of 80 %. It is furthermore suitable for use in
pharmaceutical compositions, or medicaments, in case a higher solubility is
advantageous for the desired pharmacological effect of 2-(2-methylamino-pyrimidin-
4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide.

Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has characteristic reflections
in an X-ray powder diffractogram using CuKq (CuK-alphal) radiation in reflection
mode at 2Theta (20) angles in degree [°] of 13.9 £ 0.2, 15.2+0.2,15.9+0.2,17.3
0.2,19.2+0.2,22.2+0.2,245+0.2,25.3+0.2.

Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has any one or more of the
characteristic reflections in an X-ray powder diffractogram using CuKy4 radiation in

reflection mode which are given above or below herein.

Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has an X-ray powder
diffraction pattern substantially as the one shown in Figure 3 which has been
obtained using CuKq¢ radiation in reflection mode, wherein the exact relative
intensities of the reflections depicted in Figure 3 are not a prerequisite, but may vary.

Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide can be obtained from
hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide described in the following,
and again converted into hydrate 1, and like hydrate 1 is of use in processes for the

purification of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
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carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, for example by

crystallization from, or slurrying with, a suitable solvent system.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has characteristic reflections
in an X-ray powder diffractogram using CuKy¢ (CuK-alphal) radiation in reflection
mode at 2Theta (20) angles in degree [°] 0f 5.3 £0.2,11.1 £+ 0.2, 13.5+£0.2,17.9
0.2,195+0.2,21.5+0.2,235+0.2,249+0.2,28.2+0.2.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide which has any one or more
of the characteristic reflections in an X-ray powder diffractogram using CuKq1

radiation in reflection mode which are given above or below herein.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide which has an X-ray powder
diffraction pattern substantially as the one shown in Figure 4 which has been
obtained using CuKq¢ radiation in reflection mode, wherein the exact relative
intensities of the reflections depicted in Figure 4 are not a prerequisite, but may vary.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide may also be characterized
by its crystal parameters which have been determined by single crystal structure
analysis. Hydrate 1 crystallizes in the orthorhombic space group P2;2,2; with the
following cell characteristics: Z = 4, a = 8.18650(10) A, b = 9.97420(10) A, c =
32.8707(2) A, a = B =y = 90.00° (at 20 °C).

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide may also be characterized
by its behavior in differential scanning calorimetry (DSC), where it gives rise to a

broad endothermic peak between room temperature and about 100 °C, which can be
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associated with the loss of water, a sharper endothermic peak at about 170 °C, an
exothermic peak at about 190 °C, and a melting peak at about 253 °C (heating rate
10 °C/minute).

In one embodiment hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
contains 2 + 0.3 mol of water, in another embodiment 2 = 0.1 mol of water, in another
embodiment about 2 mol of water, per mol of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide, which latter water content was determined by thermogravimetric analysis, for
example. Hydrate 1 may thus be termed 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
dihydrate.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has a higher solubility than
polymorph 1 and can more easily be purified, and is advantageously isolated in the
preparation of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide if a further purification is
desired, for example by crystallization from, or slurrying with, a suitable solvent
system. Hydrate 1 is further characterized by a low hygroscopicity. It is furthermore
suitable for use in pharmaceutical compositions, or medicaments, in case a higher
solubility is advantageous for the desired pharmacological effect of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide.

Hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has characteristic reflections
in an X-ray powder diffractogram using CuKq4 (CuK-alphal) radiation in reflection
mode at 2Theta (26) angles in degree [°] 0f 2.9 £0.2,5.3+0.2,6.2+£0.2,8.3+ 0.2,
95+0.2,11.5+0.2,14.0+£0.2,17.1+£0.2,18.0+£ 0.2, 22.8 + 0.2.
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Hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has any one or more of the
characteristic reflections in an X-ray powder diffractogram using CuKq4 radiation in

reflection mode which are given above or below herein.

Hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide which has an X-ray powder
diffraction pattern substantially as the one shown in Figure 5 which has been
obtained using CuKq4 radiation in reflection mode, wherein the exact relative

intensities of the reflections depicted in Figure 5 are not a prerequisite, but may vary.

Hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide may also be characterized
by its behavior in differential scanning calorimetry (DSC), where it gives rise to broad
endothermic peaks centered around 99 °C and 128 °C, a small endothermic peak at
146 °C, an exothermic peak at 215 °C, and a melting peak around 250 °C (heating

rate 10 °C/minute).

In one embodiment, hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
contains 6 + 0.3 mol of water, in another embodiment 6 + 0.1 mol of water, in another
embodiment about 6 mol of water, per mol of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide, which latter water content was determined by thermogravimetric analysis, for
example. Hydrate 2 may thus be termed 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
hexahydrate.

Hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide has a higher solubility than

polymorph 1 and can more easily be purified, and is advantageously isolated in the
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preparation of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide if a further purification is
desired, for example by crystallization from, or slurrying with, a suitable solvent
system. It is furthermore suitable for use in pharmaceutical compositions, or
medicaments, in case a higher solubility is advantageous for the desired
pharmacological effect of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic

acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide.

One embodiment of the present invention, which is based on the properties of the
polymorph 1 such as their solubility specified above, relates to a process for purifying
2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, wherein polymorph 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide or a mixture of any of them is isolated in the
course of the preparation and purification of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-

amide.

The present invention further relates to the use of polymorph 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide according to the present invention, as a pharmaceutical or
medicament, which use is based on the pharmacological activity of compound |
already described in detail in WO 2004/022553, US 7285560, WO 2004/022057 and
US 7462638, for example. One embodiment of the invention relates to polymorphs 1
for use as a pharmaceutical or medicament.

One embodiment of the present invention relates to a pharmaceutical composition
which comprises polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
according to the present invention, and one or more pharmaceutically acceptable
excipients, i.e. inactive substances such as diluents and other auxiliaries, and which
can be employed when using compound | as a pharmaceutical or medicament in

human medicine or veterinary medicine. If desired, the pharmaceutical compositions
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11

according to the invention can also contain one or more other suitable
pharmacologically active compounds. The pharmaceuticals, medicaments and
pharmaceutical compositions according to the invention can generally be
administered by means of oral, inhalative, rectal or transdermal administration or by
means of subcutaneous, intraarticular, intraperitoneal or intravenous injection, for
example. One embodiment of the invention furthermore relates to a process for
preparing a pharmaceutical composition which comprises bringing polymorph 1 of 2-
(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to the present invention
together with one or more pharmaceutically acceptable and physiologically tolerated
excipients and, if desired, one or more other suitable pharmacologically active

compounds into a suitable form for administration and dosage.

Examples of pharmaceutical compositions are granules, powders, sugar-coated
tablets, tablets, (micro)capsules, suppositories, syrups, juices, suspensions,
emulsions, drops or injectable solutions, and also preparations with protracted active
compound release, in the preparation of which customary auxiliary substances, such
as carrier substances, disintegrants, binders, coating agents, swelling agents,
glidants or lubricants, flavorings, sweeteners and solubilizers, are used. Frequently
employed auxiliary substances which may be mentioned, are magnesium carbonate,
titanium dioxide, lactose, mannitol and other sugars, talc, milk protein, gelatin, starch,
cellulose and its derivatives, animal and vegetable oils, such as cod liver oil,
sunflower oil, groundnut oil or sesame oil, polyethylene glycol and solvents, such as
sterile water and monohydric or polyhydric alcohols, such as glycerol. The
pharmaceutical compositions are preferably produced and administered in dosage
units, with each unit containing, as the active constituent, a particular dose of at least
one polymorph or hydrate according to the invention. In the case of solid dosage
units, such as tablets, capsules, sugar-coated tablets or suppositories, this dose can
be up to about 1000 mg, preferably from about 50 mg to about 300 mg, and, in the
case of injection solutions in ampoule form, up to about 300 mg, preferably from
about 1 mg to about 100 mg. The dosage, which is employed when treating a

subject, in particular a mammal, specifically a human, with compound | in the form of
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one or more polymorphs and/or hydrates according to the invention and which is
effective for obtaining the desired therapeutic or prophylactic result, varies and is
determined by the physician in view of the particulars of the specific case. As is
known in the art, the dosage depends on a variety of factors such as, for example,
the severity of the condition being treated, general health, the route of administration,
body weight, gender, diet, time and route of administration, the desired duration of
treatment, rates of absorption and excretion, combination with other drugs, and

others.

Because of the pharmacological properties of compound | which are described in
WO 2004/022553, US 7285560, WO 2004/022057 and US 7462638, for example,
the polymorph 1 according to the invention can be used for the prophylaxis and
therapy of all those diseases whose course involves an increased activity of IkB
kinase, for example, chronic diseases of the locomotory apparatus, such as
inflammatory, immunologically or metabolism-mediated acute and chronic arthritis,
arthropathies, rheumatoid arthritis, or degenerative joint diseases such as
osteoarthroses, spondyloses, diabetes Type II, inflammatory bowel disease, loss of
cartilage following joint trauma or a relatively long period of joint immobilization
following meniscus or patella injuries or ligament ruptures, or diseases of the
connective tissue, such as collagenoses and periodontal diseases, myalgias and
disturbances of bone metabolism, or diseases which are due to overexpression of
tumor necrosis factor alpha (TNFa) or an increased concentration of TNFa, such as
cachexia, multiple sclerosis, craniocerebral trauma, Crohn’s disease and intestinal
ulcers, or diseases such as atherosclerosis, stenoses, ulceration, Alzheimer’s
diseases, muscle breakdown, cancer diseases (potentiation of treatment with
cytotoxic agents), cardiac infarction, gout, sepsis, septic shock, endotoxic shock, viral
infections such as flu, hepatitis, HIV infections, AIDS, or diseases caused by
adenoviruses or herpes viruses, parasitic infections such as malaria or leprosy,
fungal or yeast infections, meningitis, chronic inflammatory lung diseases such as
chronic bronchitis or asthma, acute respiratory distress syndrome, acute synovitis,
tuberculosis, psoriasis, diabetes, treatment of acute or chronic rejection reactions on

the part of the organ recipient against the transplanted organ, chronic graft-versus-
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host diseases and inflammatory vascular diseases, and they can further be used for
the treatment of pain including acute pains and chronic pains, for example pain
associated with inflammatory processes or osteoarthritis. Examples of chronic pains
which can be treated, are chronic musculoskeletal diseases, such as back pains,
pains associated with menstrual bleeding, pains associated with osteoarthritis or
rheumatoid arthritis, pains associated with intestinal inflammation, pains associated
with cardiac muscle inflammation, pains associated with multiple sclerosis, pains
associated with neuritis, pains associated with carcinomas and sarcomas, pains
associated with AIDS, pains associated with chemotherapy, amputation pain,
trigeminus neuralgia, headaches, such as migraine cephalalgia, or neuropathic
pains, such as post-herpes zoster neuralgia. Examples of acute pains which can be
treated, are pains following injuries, post-operative pains, pains in association with an

acute attack of gout, or acute pains following jaw-bone surgery interventions.

One embodiment of the present invention relates to polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide according to the present invention for use in the
treatment of a disease whose course involves an increased activity of 1B kinase,
including the use in the treatment of any one or more of the diseases mentioned
herein, for example in the treatment of osteoarthritis or pain, as well as the use of
such polymorph for the manufacture of a medicament for the treatment of a disease
whose course involves an increased activity of 1kB kinase, including the treatment of
any one or more of the diseases mentioned herein, for example the treatment of
osteoarthritis or pain, as well as a method for the treatment of a disease whose
course involves an increased activity of IxB kinase, including the treatment of any
one or more of the diseases mentioned herein, for example the treatment of
osteoarthritis or pain, which method comprises administering to a subject in need
thereof an effective amount of a polymorph or a hydrate of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-

amino)-ethyl]-amide according to the present invention.
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The present invention further relates to processes for the preparation of the
polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to the invention. In
general, the polymorph of the invention can be obtained by crystallizing or
recrystallizing compound | under suitable conditions for the respective polymorph or
hydrate, starting from a solution of compound | or from a suspension of compound |
or from solid compound I. A solution or a suspension of compound | for use in the
preparation of a desired polymorph or hydrate may directly be obtained at the end of
the chemical synthesis of compound I, or it may be obtained by dissolving or
suspending previously obtained compound | present in the form of another
polymorph or hydrate or a mixture of polymorphs and/or hydrates, which may not be
characterized with respect to its crystal properties. Such compound | may be termed
"crude compound I". More specifically, the polymorph of the invention may be
obtained by providing a solution or suspension of compound I, for example by
dissolving or suspending crude compound | in a suitable solvent or solvent mixture,
maintaining, heating, cooling and/or concentrating the solution or suspension and/or
adding one or more further solvents and/or adding seed crystals of the desired
polymorph, with or without agitation such as stirring, to form a precipitate of crystals
of a desired polymorph or to allow the formation of the desired polymorph, and
isolating the desired polymorph. Seeding with a small amount of the desired
polymorph is a preferred procedure for promoting crystallization of the desired form.
The preparation of the polymorph of compound | can be performed with conventional
equipment and according to standard procedures. For example, concentrating a
solution or suspension may be done by distilling off solvent partially or totally at
atmospheric pressure or at reduced pressure. Isolating a polymorph may be done by
any conventional technique such as filtration or vacuum filtration or centrifugation.
Isolating may also include washing of the initially separated solid and/or drying, for
example at room temperature and atmospheric pressure or elevated temperature

and/or reduced pressure.

Compound I, i.e. 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-

carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, can be prepared as
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described in WO 2004/022553 and US 7285560, for example, and detailed further
below herein. In brief, for the synthesis of compound | 2-[bis-(tert-
butoxycarbonyl)]amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester,
which is available from 2-[di-(tert-butoxycarbonyl)amino]acrylic acid methyl ester and
2-anilino-pyrimidine as described in WO 2004/022553 and US 7285560, for example,
is deprotected by treatment with an acid such as hydrochloric acid, and the obtained
racemic 2-amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester
separated into the enantiomers by preparative high pressure liquid chromatography
on a chiral phase under standard conditions. The obtained (S)-2-amino-3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester is reacted with 2-(2-
methylaminopyrimidin-4-yl)-1H-indole-5-carboxylic acid, whose synthesis is
described in WO 2004/022553 and US 7285560, for example, by means of a
coupling agent such as N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)-uronium
hexafluorophosphate (HATU) in the presence of a base like diisopropylethylamine to
give (S)-2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carbonyllamino}-3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester, which in the last step is reacted with
ammonia to give 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, which may also be named
as (S)-2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carbonyllamino}-3-(phenyl-
pyrimidin-2-yl-amino)propionamide, for example.

If the last step in the aforesaid synthesis of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide is performed by reacting (S)-2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-
carbonyllamino}-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester with a
less than saturated solution of ammonia in methanol, such as a 7N solution of
ammonia in methanol, at room temperature, i.e. at about 20 to 25 °C, for a longer
period of time such as three days, and the precipitated solid is directly isolated by
filtration, polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide is obtained. One
embodiment of the present invention thus relates to a process for preparing

polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-


yoke.yee
Line


10

15

20

25

30

16

carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, which comprises reacting
(S)-2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carbonyl]amino}-3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester with a solution of ammonia in
methanol, for example a 7N solution, at room temperature for a sufficient period of

time, for example about three days, and isolating the precipitated solid.

Instead of by reacting (S)-2-amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid
methyl ester with 2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carboxylic acid and
subsequently converting the ester group into the amide group by reaction with
ammonia, 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide can also be prepared
according to other synthetic procedures, for example by reacting 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid, or a salt thereof which renders the
addition of a base unnecessary, such as the sodium salt of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid whose synthesis is described in WO
2006/128585 and US 2008/0214813, for example, with (S)-2-amino-3-(phenyl-
pyrimidin-2-yl-amino)-propionamide, whose synthesis is described in
PCT/EP2011/063504, for example, in the presence of a coupling agent, such as 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, optionally in the presence
of a base, as is detailed further below herein.

If the aforesaid synthesis of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide from (S)-2-amino-
3-(phenyl-pyrimidin-2-yl-amino)-propionamide is performed in a mixture of
tetrahydrofuran and N-methylpyrrolidin-2-one as solvent at room temperature, i.e. at
about 20 to 25 °C, and for work-up the reaction mixture is diluted with water and the
precipitated solid is directly isolated by filtration, hydrate 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide is obtained.

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide can be converted in one or

more steps into other crystalline forms of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
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5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, such
as polymorphs 1, 2 and 3 and hydrate 2.

For example, by heating hydrate 1 in a suitable solvent, optionally seeding with the
desired crystalline form and cooling the mixture, polymorphs 1 and 2 can be
obtained. For the conversion into polymorph 1, for example, hydrate 1 can be heated
in acetone to a temperature of about 35 °C to about reflux temperature, for example
to about 40 °C, the mixture seeded with a small amount of polymorph 1, kept at
about 40 °C for some time, for example about 5 to about 10 hours, such as about 6
hours, cooled to room temperature and the solid isolated.

For the conversion into polymorph 2, hydrate 1 can be heated in a mixture of
diisopropyl ether and methanol to a temperature of about 60 to about 70 °C, for
example to about reflux temperature or to about 68 °C, kept at this temperature for
some time, for example about 18 to about 30 hours, such as about 24 hours, cooled
to room temperature and the solid isolated. One embodiment of the present invention
thus relates to a process for preparing polymorph 2 of 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide, which comprises heating hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide in a mixture of diisopropyl ether and methanol, for example to about 60 to
about 70 °C, for a time period of about 18 to about 30 hours, for example for about
24 hours, cooling the mixture to about 20 to 25 °C and isolating the precipitated solid.
In one embodiment of this latter process for preparing polymorph 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, the mixture of diisopropyl ether and methanol
contains from about 3 to about 10 %, in another embodiment from about 4 to about 8

%, in another embodiment about 6 %, of methanol by weight.

For the conversion into polymorph 3, hydrate 1 can be dried in substance at elevated
temperature and reduced pressure, for example at about 50 to about 70 °C, such as
at about 60 °C, and about 20 to about 50 mbar, for example about 30 mbar, for

example in a standard drying cabinet, for a time period sufficient for the
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transformation of the dihydrate into the anhydrous form of polymorph 3, for example
for about 18 to about 30 hours, such as about 24 hours.

Polymorph 3 can be re-converted into hydrate 1 by exposing it to an atmosphere
which contains water vapor, for example leaving it uncovered in the air at room
temperature, i.e. at about 20 to 25 °C, and atmospheric pressure for a time period
sufficient for the transformation of the anhydrous form into the dihydrate, for example
for about 15 to about 25 hours, such as about 17 hours.

Polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, which can be obtained from
hydrate 1 as outlined above, for example, can be converted by heating in a suitable
solvent, optionally seeding with the desired crystalline form, and optionally cooling
the mixture, into polymorph 1 and hydrate 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-

amide.

For example, for the conversion into polymorph 1, polymorph 2 can be heated in a
mixture of acetone and water to a temperature of about 50 to about 60 °C, for
example to about reflux temperature or to about 60 °C, kept at this temperature for
some time, for example about 1 to about 5 hours, such as about 2 to about 3 hours,
cooled to room temperature, and the solid isolated. One embodiment of the present
invention thus relates to a process for preparing polymorph 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide, which comprises heating polymorph 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide in a mixture of acetone and water, for example to about 50 to
about 60 °C, for a time period of about 1 to about 5 hours, for example for about 2 to
about 3 hours, cooling the mixture to about 20 to 25 °C and isolating the precipitated
solid. In one embodiment of this latter process for preparing polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, the mixture of acetone and water contains from

about 3 to about 6 parts of acetone per part of water, in another embodiment from
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about 3 to about 5 parts of acetone per part of water, in another embodiment about 4

parts of acetone per part of water, in each case parts by volume.

For the conversion into hydrate 2, polymorph 2 can be heated in a mixture of acetone
and water to a temperature of about 30 to about 40 °C, for example to about 40 °C,
kept at this temperature for some time, for example about 2 to about 10 hours, such
as about 4 hours, cooled to room temperature and the solid isolated.

Description of the Figures

Figure 1. X-ray powder diffraction pattern of polymorph 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide, measured in reflection mode with CuKy4 radiation at room
temperature; x-axis: diffraction angle 2Theta (degree); y-axis: intensity (counts in

arbitrary unit).

Figure 2. X-ray powder diffraction pattern of polymorph 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide, measured in reflection mode with CuKq¢ radiation at room
temperature; x-axis: diffraction angle 2Theta (degree); y-axis: intensity (counts in

arbitrary unit).

Figure 3. X-ray powder diffraction pattern of polymorph 3 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide, measured in reflection mode with CuKy4 radiation at room
temperature; x-axis: diffraction angle 2Theta (degree); y-axis: intensity (counts in

arbitrary unit).

Figure 4. X-ray powder diffraction pattern of hydrate 1 of 2-(2-methylamino-pyrimidin-
4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide, measured in reflection mode with CuKgy4 radiation at room temperature;

x-axis: diffraction angle 2Theta (degree); y-axis: intensity (counts in arbitrary unit).
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Figure 5. X-ray powder diffraction pattern of hydrate 2 of 2-(2-methylamino-pyrimidin-
4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide, measured in reflection mode with CuKy¢ radiation at room temperature;
x-axis: diffraction angle 2Theta (degree); y-axis: intensity (counts in arbitrary unit).

In the following, the formation and characterization of the polymorphs and hydrates of

the present invention is described in detail by way of example.

Examples

Example 1. Formation of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

(a) 2-Amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester

470 ml of 5N hydrochloric acid were added dropwise to a solution of 100 g (212
mmol) of 2-[bis-(tert-butoxycarbonyl)Jamino-3-(phenyl-pyrimidin-2-yl-amino)propionic
acid methyl ester in 1000 ml of isopropyl acetate at 15 °C, and the mixture was
stirred for 2 h. Then the phases were separated and the pH of the aqueous phase
was adjusted to 8.5 by addition of an aqueous solution of ammonia under cooling in
an ice bath. The aqueous phase was extracted with ethyl acetate, and the extract
washed with a saturated solution of sodium chloride, dried over sodium sulfate and
evaporated in vacuo to give 52.8 g (92 %) of 2-amino-3-(phenyl-pyrimidin-2-yl-

amino)propionic acid methyl ester as a yellow oil.

MS (ESI): m/z = 273 (M*+1, 100 %); *H-NMR (500 MHz, DMSO-d¢): & = 8.31 (d
(doublet), J = 4.8 Hz, 2 H), 7.40 (m (multiplet), 2 H), 7.33-7.20 (m, 3 H), 6.70 (t
(triplet), J = 4.8 Hz, 1 H), 4.18 (dd (double doublet), J = 9.6 und 14.4 Hz, 1 H), 4.05
(dd, J=9.5and 14.3 Hz, 1 H), 3.65 (t, J = 9.6 Hz, 1 H), 3.43 (s (singlet), 3 H), 1.88
ppm (bs (broad singlet), 2 H); HPLC (column: Chiralcel OJ-H, 250 x 4.6 mm; eluent:
n-heptane + 0.1 % diethylamine : ethanol + 0.1% diethylamine (85:15); flow rate: 1
ml/min; detection wavelength: 285 nm): retention time = 14.6 min (S enantiomer)

and 16.4 min (R enantiomer).
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(b) (R)-2-Amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester and (S)-2-
amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester

10 g of 2-amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester were
separated into the enantiomers by preparative HPLC on a chiral phase (column:
Chiralpak AS-H, 250 x 30 mm; eluent: n-heptane : ethanol (5:1); flow rate: 30 ml/min;
detection wavelength: 257 nm; retention time of the S enantiomer: 12.5 min, retention
time of the R enantiomer: 18.1 min). 2.6 g (52 %) of (R)-2-amino-3-(phenyl-pyrimidin-
2-yl-amino)propionic acid methyl ester and 2.6 g (52 %) of (S)-2-amino-3-(phenyl-

pyrimidin-2-yl-amino)propionic acid methyl ester were obtained.

(c) (S)-2-{[2-(2-Methylaminopyrimidin-4-yl)-1H-indole-5-carbonyllamino}-3-(phenyl-
pyrimidin-2-yl-amino)propionic acid methyl ester

4.01 g (10.6 mmol) of N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)-uronium
hexafluorophosphate and 6.82 g (52.8 mmol) of diisopropylethylamine were added to
a solution of 2.36 g (8.80 mmol) of 2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-
carboxylic acid in 80 ml of dimethylformamide under cooling with an ice bath, and the
mixture was stirred at 0 °C for 1.5 h. Then a solution of 2.40 g (8.80 mmol) of (S)-2-
amino-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester (98.9% ee
(enantiomeric excess)) in 22 ml of dimethylformamide was added. The mixture was
stirred for 2 h, and then an aqueous solution of sodium hydrogencarbonate and
isopropyl acetate were added. The organic phase was separated, washed with a
saturated solution of sodium chloride and concentrated in vacuo. The solid that
precipitated was filtered off with suction, dried in vacuo and purified by column
chromatography (silica gel, dichloromethane : methanol (25:1)). 2.35 g (50 %) of (S)-
2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-5-carbonyllamino}-3-(phenyl-pyrimidin-

2-yl-amino)propionic acid methyl ester were obtained as a yellowish solid.

MS (ESI): m/z = 522 (M*, 100 %); *H-NMR (600 MHz, DMSO-dg): 5 = 11.7 (s, 1 H),

8.78 (m, 1 H), 8.40 (d, J = 4.8 Hz, 2 H), 8.32 (bs, 1 H), 8.05 (s, 1 H), 7.60 (d, J = 8.5
Hz, 1 H), 7.52 (d, J = 8.5 Hz, 1 H), 7.40-7.14 (m, 7 H), 7.00 (bs, 1 H), 6.78 (t, J = 4.8
Hz, 1 H), 4.90 (m, 1 H), 4.68 (dd, J =6.9 and 9.4 Hz, 1 H), 4.29 (dd, J=7.1 and 9.3
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Hz, 1 H), 3.54 (s, 3 H), 2.95 ppm (bs, 3 H); HPLC (column: Chiralcel OD-H, 250 x
4.6 mm; eluent: n-heptane : ethanol (60:40), flow rate: 1 ml/min, detection
wavelength: 254 nm): retention time = 10.1 min (R enantiomer) and 15.0 min (S
enantiomer); ee of the S enantiomer = 94.7 %.

(d) 2-(2-Methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

A solution of 2.20 g (4.21 mmol) of (S)-2-{[2-(2-methylaminopyrimidin-4-yl)-1H-indole-
5-carbonyllamino}-3-(phenyl-pyrimidin-2-yl-amino)propionic acid methyl ester (94.7
% ee) in 220 ml of a 7N solution of ammonia in methanol was stirred at room
temperature for three days. The solid that precipitated was filtered off with suction
and dried in vacuo. 1.75 g (82 %) of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide, identified by its X-ray powder diffractogram, were obtained as a colorless

solid.

MS (ESI): m/z = 507 (M*, 100 %); *H-NMR (400 MHz, DMSO-dg): 5 =11.7 (s, 1 H),
8.40 (d, J=4.8 Hz, 2 H), 8.34 (m, 2 H), 7.92 (s, 1 H), 7.55 (d, J = 8.5 Hz, 1 H), 7.50
(d, J=8.5Hz, 1 H), 7.43-7.10 (m, 9 H), 7.00 (bs, 1 H), 6.77 (t, J = 4.8 Hz, 1 H), 4.80
(m, 1 H), 4.53 (dd, J = 10.0 and 14.4 Hz, 1 H), 4.25 (dd, J = 4.2 and 14.3 Hz, 1 H),
2.96 ppm (bs, 3 H); HPLC (column: Chiralcel OD-H, 250 x 4.6 mm; eluent: n-
heptane : ethanol (50:50), flow rate: 1 ml/min, detection wavelength: 238 nm):
retention time = 10.2 min (R enantiomer) and 14.5 min (S enantiomer); ee of the S

enantiomer = 99.2 %.

Example 2(comparison example). Formation of hydrate 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide

40 ml of tetrahydrofuran and 10 ml of N-methylpyrrolidin-2-one were added to 5 g of
(S)-2-amino-3-(phenyl-pyrimidin-2-yl-amino)-propionamide, 5.65 g of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid sodium salt and 7 g of 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride at room temperature. The
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mixture was stirred at room temperature for 2 h. Then 500 ml of water were slowly
added. From the resulting solution, a solid precipitated which was filtered off with
suction and washed with 50 ml of water and dried at room temperature until constant
weight was achieved, to give 7.46 g of hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-

amide identified by its X-ray powder diffractogram.

Example 3(comparison example). Formation of hydrate 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide

1.52 g of polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic
acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide in 20 ml of a
mixture of acetone and water (2:1, by volume) was heated to 40 °C and the
suspension stirred at this temperature for 4 h. A sample of about 1 ml of the
suspension was taken, the solid filtered off with suction and dried at room
temperature until constant weight was achieved, to give hydrate 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide identified by its X-ray powder diffractogram.

Example 4(comparison example). Formation of polymorph 3 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide

Hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide was placed in a vacuum
drying cabinet and dried at a pressure of 30 mbar and a temperature of 60 °C for 24
h to give polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide identified by its X-ray
powder diffractogram. The water content of the product determined by Karl Fischer

titration was 0.09 %.
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Example 5(comparison example). Formation of polymorph 2 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide

16.7 g of diisopropyl ether and 1.0 g of methanol were added to 0.5 g of hydrate 1 of
2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-
(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide in a reaction vessel, and the suspension
placed in a shaking device (Heidolph Synthesis 1; adjusted to 500 rpm) and heated
to reflux at an internal temperature of 68 °C. The mixture was kept at this
temperature for 24 h, and allowed to cool to room temperature. The solid was filtered
off with suction and air-dried at room temperature for 8 h to give polymorph 2 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide identified by its X-ray powder diffractogram.

Example 6(comparison example). Formation of hydrate 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide

Polymorph 3 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-
carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide was kept in the air at room
temperature for 17 h to give hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
identified by its X-ray powder diffractogram.

Example 7. Formation of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

1.0 g of polymorph 2 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide and 15 ml of a mixture
of acetone and water (4:1, by volume) were heated with stirring to an internal
temperature of 60 °C. The mixture was kept at this temperature for 2.5 h and then
cooled to 24 °C within 1 h The solid was filtered off with suction, washed twice with 5
ml each of water and dried in vacuo at a pressure of 50 mbar and a temperature of

60 °C for 19 h, to give 0.89 g of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-
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indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-

amide identified by its X-ray powder diffractogram.

Example 8. Formation of polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-
5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide

0.6 g of hydrate 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide and 15 ml of acetone
in a reaction vessel were placed in a shaking device (Heidolph Synthesis 1; adjusted
to 500 rpm). The mixture was seeded with a small amount of polymorph 1 of 2-(2-
methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-
pyrimidin-2-yl-amino)-ethyl]-amide, heated to an internal temperature of 40 °C, and
kept at this temperature for 6 h. A sample of about 1 ml of the suspension was taken,
the solid filtered off and dried at room temperature until constant weight was
achieved to give polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-
carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
identified by its X-ray powder diffractogram.

Analytical Methods

X-ray powder diffraction (XRPD)

X-ray powder diffraction measurements were performed with a Bruker AXS D8
Advance diffractometer in reflection mode using CuKq1 (CuK-alphal) radiation.
Unless stated otherwise, X-ray powder diffraction was performed at room
temperature. Samples were investigated in a flat preparation. The measured data
were visualized and evaluated with the Software EVA 12.0.

X-ray powder diffractograms of polymorphs 1, 2 and 3 and hydrates 1 and 2 of
compound | are displayed in Figures 1 to 5. The data of observed X-ray reflections
are given below in the following form: angle 2Theta (20) in ° (degree), followed in
brackets by the relative intensity in % of the intensity of the strongest reflection
whose intensity was set to 100 % (the intensities are measured in counts in arbitrary

unit). The given data are rounded to multiples of 0.1° and 1%, respectively. As
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indicated above, the given angles 2Theta may be understood as lying within an
margin of = 0.2°, and the relative intensities may vary to a greater extent depending
on the sample and measurement conditions, and the given exact values of the
relative intensities are not to be regarded as a prerequisite for the presence of a
crystalline form. For a classification, reflections with a relative intensity of more than
60 % of the strongest reflection, for example, may be termed as strong reflections,
and reflections with a relative intensity between 30 % and 60 % of the strongest
reflection, for example, may be termed as medium strong reflections, and such
medium strong reflections and/or strong reflections used to characterize the

polymorphs and hydrates of compound I.

XRPD reflections of polymorph 1 (2Theta [°], relative intensity [%])

5.6° (5%), 10.4° (21%), 11.1° (8%), 11.4° (10%), 12.8° (13%), 13.2° (6%), 13.9°
(11%), 14.2° (13%), 14.9° (100%), 17.2° (8%), 17.5° (19%), 18.0° (19%), 19.4° (35%),
19.7° (67%), 20.0° (55%), 20.4° (10%), 21.0° (20%), 22.3° (96%), 23.3° (15%), 24.1°
(7%), 24.6° (21%), 25.0° (82%), 26.1° (6%), 27.0° (6%), 27.7° (16%), 28.9° (7%),
29.6° (9%), 30.2° (10%), 31.3° (7%), 31.9° (4%), 32.4° (6%), 33.1° (6%)

XRPD reflections of polymorph 2 (2Theta [°], relative intensity [%])

5.8° (27%), 6.7° (100%), 8.2° (7%), 9.3° (60%), 9.9° (31%), 11.2° (65%), 13.5° (9%),
13.8° (8%), 14.3° (15%), 16.5° (25%), 17.0° (10%), 17.7° (21%), 18.1° (28%), 18.8°
(24%), 19.4° (89%), 20.2° (15%), 20.4° (21%), 22.1° (41%), 24.2° (11%), 24.6° (8%),
25.5° (16%), 27.9° (12%), 30.0° (10%), 30.6° (8%)

XRPD reflections of polymorph 3 (2Theta [°], relative intensity [%])

5.1° (17%), 5.6° (12%), 7.0° (16%), 7.5° (16%), 9.7° (14%), 11.2° (13%), 12.7°
(19%), 13.4° (20%), 13.9° (30%), 15.2° (76%), 15.9° (59%), 16.6° (18%), 17.3°
(36%), 19.2° (100%), 22.2° (83%), 23.2° (23%), 24.5° (33%), 25.3° (42%), 27.9°
(23%), 28.7° (27%)

XRPD reflections of hydrate 1 (2Theta [°], relative intensity [%])
5.3° (33%), 9.2° (19%), 10.7° (9%), 11.1° (25%), 12.0° (8%), 13.5° (44%), 14.0°
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(17%), 16.1° (20%), 17.2° (5%), 17.9° (51%), 18.5° (12%), 19.5° (69%), 21.0° (12%),
21.5° (100%), 22.4° (11%), 23.5° (33%), 24.9° (37%), 25.8° (16%), 26.5° (20%),
27.2° (7%), 28.2° (26%), 28.6° (9%), 29.4° (12%), 30.2° (12%), 31.3° (4%), 32.3°
(3%), 32.7° (4%), 33.3° (3%)

XRPD reflections of hydrate 2 (2Theta [°], relative intensity [%])

2.9° (100%), 5.3° (29%), 6.2° (9%), 8.3° (33%), 9.5° (13%), 11.0° (3%), 11.5° (28%),
12.8° (4%), 14.0° (11%), 14.7° (4%), 16.1° (3%), 16.8° (4%), 17.1° (14%), 18.0°
(11%), 18.8° (4%), 19.7° (3%), 20.3° (6%), 21.3° (11%), 21.9° (6%), 22.8° (14%),
23.5° (7%), 24.7° (5%), 25.5° (4%), 26.1° (9%), 27.3° (5%), 28.6° (5%), 29.6° (4%),
30.1° (3%), 31.4° (3%), 31.8° (5%), 34.9° (4%)

Crystal structure determination

The crystal structure of hydrate 1 of compound | was determined by X-ray single
crystal structure analysis with a crystal obtained by crystallization from a mixture of
acetone and water (4:1) and sealed in a Lindemann-glass capillary. Single crystal
X-ray diffraction data were collected on a Bruker/AXS three circle diffractometer,
equipped with a SMART APEX area detector, a low temperature device (model LT2)
and a copper micro focus generator (IuS), operated at 45 kV/650 mA, and focusing
beam Montel multilayer optic with an image focus spot diameter of ~250 um. Data
processing was done with the program SAINT+ Release 6.45. Hydrate 1 of
compound | crystallizes in the orthorhombic space group P2,2,2;. The data of the
unit cell are Z = 4, a = 8.18650(10) A, b = 9.97420(10) A, ¢ = 32.8707(2) A, a=B =y
=90.00°, cell volume = 2684.02(5) A®, molecular formula = C,7H25NgO; - 2 H,0,
calculated density p = 1.345 Mgm™ (at 20 °C).

Differential scanning calorimetry (DSC)

DSC measurements were performed with a METTLER DSC822e instrument. 40 pl
Al-crucibles with sealed lid and hole were used and the measurements carried out in
a nitrogen gas flow of 50 ml/min with a typical heating rate of 10 °C/min, unless
stated otherwise. The measured data were evaluated with the software STARe
V8.10. For polymorph 1 of compound I, a DSC melting point with an onset
temperature of 253 °C and a peak temperature of 257 °C was observed. In the DSC
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analysis of polymorph 2 of compound I, an endothermic peak with an onset
temperature of 222 °C and a peak temperature of 225 °C, followed by an
endothermic peak with an onset temperature of 248 °C and a peak temperature of
251 °C was observed. The DSC behavior of hydrates 1 and 2 of compound | is

described above.

Thermogravimetry (TG)

Thermogravimetric analyses were performed with a METTLER TGA851e instrument.
100 ul Al-crucibles with sealed lid and hole were used and the measurements
performed in a nitrogen gas flow of 50 ml/min. The measured data were evaluated
with the software STARe V8.10. TG measurements with infra-red (IR) spectroscopic
analysis of volatiles were performed with a METTLER TGA851e instrument as
described, which was coupled to a Thermo-Nicolet 380 FT-IR spectrometer equipped
with a cell for gas phase measurements. The measured IR spectra were evaluated
using the software OMNIC V.7.3. In the TG analyses of polymorph 1 and polymorph
2 of compound | until the melting point, insignificant weight losses of 0.2 % and 0.7
%, respectively, were observed. In the TG analysis of hydrate 1 of compound I, a
gradual weight loss of 6.4 % was observed between room temperature and 120 °C.
FT-IR analysis of the evolved gas proved it to be water. The observed weight loss
corresponds to about 1.9 mol of water per mol of 2-(2-methylamino-pyrimidin-4-yl)-
1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
amide. In the TG FT-IR analysis of hydrate 2 of compound I, a weight loss of 17 - 18
% of water mainly in two steps was observed between room temperature and 140 °C,
which corresponds to about 6 mol of water per mol of 2-(2-methylamino-pyrimidin-4-
yl)-1H-indole-5-carboxylic acid [(S)-1-carbamoyl-2-(phenyl-pyrimidin-2-yl-amino)-
ethyl]-amide.

Dynamic vapor sorption (DVS)

For the determination of the hygroscopicity, moisture sorption/desorption isotherms
were recorded on a Surface Measurement Systems DVS-1 instrument. Two cycles
were run at 25 °C, in which the relative humidity was stepwise increased from 0 % to

95 % and subsequently decreased again to 0 %, and the weight of the sample
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measured. The data were evaluated with the software DVSWin V.2.15. In the DVS
analysis of polymorph 1 and polymorph 2 of compound I, in the sorption steps of the
two cycles the following weight increases were observed.

Relative humidity Polymorph 1 Polymorph 2

40 % 05%/0.5% 0.2%/0.0%
60 % 0.6 % /0.6 % 0.3%/0.1%
80 % 09%/0.9% 0.4%/0.3%
95 % 13%/1.4% 0.8% /0.6 %

Determination of solubility

For the determination of the solubility in a mixture of acetone and water (4:1, by
volume), samples of 0.5 mg to 50 mg of the test substances were suspended in a
defined amount of the solvent (800 mg to 1200 mg) in screw cap vials with a
magnetic stirring bar, which were placed in a temperature-controlled multiple stirring
device equipped for transmission measurement (Avantium Crystal 16). With stirring
at 700 rpm, the vials were cooled from room temperature to 0 °C and then heated to
60 °C with a heating rate of 3 °C/h, kept at 60 °C for 2 h and cooled again to 0 °C
with a cooling rate of 3 °C/h. By means of transmission measurement it was
determined whether the sample was dissolved (100 % transmission), or crystals were
present. For polymorph 1, polymorph 2, hydrate 1 and hydrate 2 of compound | the

following solubilities in a mixture of acetone and water (4:1, by volume) were

determined.

Substance Temperature Solubility [g in 100 g of solvent]
Polymorph 1 36.9 °C 0.43

Polymorph 1 44.7 °C 0.50

Polymorph 1 60.0 °C 0.85

Polymorph 2 46.0 °C 1.02

Polymorph 2 57.5°C 2.48

Hydrate 1 38.6 °C 2.11

Hydrate 1 49.7 °C 3.39
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Hydrate 1 57.4 °C 5.04
Hydrate 2 36.8 °C 0.50
Hydrate 2 46.1 °C 1.02
Hydrate 2 55.9 °C 2.61

Maturation experiments

By maturation experiments (slurry conversion) at 20 °C the relative stability of
polymorphs 1 and 2 and hydrate 1 was investigated.

A polymorph mixture of 81 mg (Mixture of Polymorph 1 and Polymorph 2), 83 mg of
Polymorph 1 and 60 mg of hydrate 1 was prepared. The mixture was subjected to
XRPD analysis to confirm the presence of all three polymorphs and then distributed
into five capillaries. These samples were kept in suspension at 20°C for five days.
After X-ray powder diffraction measurement of the suspensions these were dried
over night at 40°C and <100mbar and again subjected to X-ray diffraction.
Maturation experiments (a) to (e) were performed under the specified conditions,
starting with the polymorph mixture described above.

(a) The polymorph mixture was suspended in water. After stirring the suspension for
five days at 20 °C, the suspension was analyzed via XRPD and a mixture of
polymorph 1 and hydrate 1 was proven. After drying over night at 40°C and <100
mbar the obtained solid was analyzed via XRPD, again, and only polymorph 1 was
found.

(b) The polymorph mixture was suspended in water/methanol 1:1 (vol.: vol.). After
stirring the suspension for five days at 20 °C, the suspension was analyzed via
XRPD and only polymorph 1 was proven. After drying over night at 40°C and <100
mbar the obtained solid was analyzed via XRPD, again, and only polymorph 1 was
found.

(c) The polymorph mixture was suspended in 2-propanol. After stirring the
suspension for five days at 20 °C, the suspension was analyzed via XRPD and only
polymorph 1 was proven. After drying over night at 40°C and <100 mbar the obtained
solid was analyzed via XRPD, again, and only polymorph 1 was found.

(d) The polymorph mixture was suspended in acetone. After stirring the suspension

for five days at 20 °C, the suspension was analyzed via XRPD and only polymorph 1
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was proven. After drying over night at 40°C and <100 mbar the obtained solid was
analyzed via XRPD, again, and only polymorph 1 was found.

(e) The polymorph mixture was suspended in ethylacetate. After stirring the
suspension for five days at 20 °C, the suspension was analyzed via XRPD and only
polymorph 1 was proven. After drying over night at 40°C and <100 mbar the obtained

solid was analyzed via XRPD, again, and only polymorph 1 was found.

In all maturation experiments (a) to (e) the solid completely transformed to polymorph
1 after drying. The performed maturation experiments prove that polymorph 1 is

thermodynamically most stable among polymorphs 1, 2 and hydrate 1.
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CLAIMS

1. Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide, which has at least one
property of

(a) characteristic reflections in an X-ray powder diffractogram using CuK-alpha
1 radiation in reflection mode at 2Theta angles (in degree) of 14.9 + 0.2, 19.4+0.2,
19.7+0.2, 20.0£0.2, 22.3+0.2, 25.0+0.2; and

(b) melting point determined by differential scanning calorimetry (DSC) with an
onset temperature of 253 +1 °C and/or a peak temperature of 257+1°C(heating rate
10°C/minute).

2. A pharmaceutical composition-comprising polymorph 1 of 2-(2-methylamino-
pyrimidin-4-yl)-1H-indole-5-carboxylic acid [(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-
amino)-ethyl]-amide according to claim 1, and one or more pharmaceutically

acceptable excipients.

3. Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for

use as a pharmaceutical.

4, Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for
use in the treatment of a disease whose course involves an increased activity of 14B

kinase.

5. A process for preparing polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-
indole-5-carboxylic acid [(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide
according to claim 1, comprising heating polymorph 2 of 2-(2-methylamino-pyrimidin-4-

yl)-1H-indole-5-carboxylic acid [(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-
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amide in a mixture of acetone and water to a temperature of 50 to 60°C, cooling the
mixture to 20 to 25°C and isolating the precipitated solid.

6. Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for
use in the treatment of inflammatory, immunologically or metabolism-mediated acute
and chronic arthritis, arthropathies, rheumatoid arthritis, degenerative joint diseases,
spondyloses, diabetes Type I, inflammatory bowel disease, loss of cartilage following
joint trauma or a relatively long period of joint immobilization following meniscus or
patella injuries or ligament ruptures, disease of the connective tissue, myalgias and
disturbances of bone metabolism.

7. Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for

use in the treatment of pain including acute pains and chronic pains.

8. Polymorph 1 of 2-(2-methylamino-pyrimidin-4-yl)-1H-indole-5-carboxylic acid
[(S)-1-carbomoyl-2-(phenyl-pyrimidin-2-yl-amino)-ethyl]-amide according to claim 1 for
use in the treatment of chronic pain according to claim 7 wherein the chronic pain is
selected from chronic musculoskeletal diseases, pains associated with menstrual
bleeding, pains associated with osteoarthritis or rheumatoid arthritis, pains associated
with intestinal inflammation, pains associated with cardiac muscle inflammation, pains
associated with multiple sclerosis, pains associated with neuritis, pains associated with
carcinomas and sarcomas, pains associated with AIDS, pains associated with
chemotheraphy, amputation pain, trigeminus neuralgia, headaches, and neuropathic

pains .
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