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Description

[0001] Thepresent invention relates to crystalline formsof a pyrimido-diazepine derivative. The invention also relates to
pharmaceutical compositions containing said crystalline forms as the active ingredient, and use thereof in the prevention
or treatment of disease. The invention further relates to a process for preparing the crystalline forms.

BACKGROUND TO THE INVENTION

[0002] Polo-like kinases are a family of serine threonine kinases that are critical regulators of cell cycle progression and
DNAdamage responses (Petronczki et al,CurrOpinCellBiol. 2008Dec;20(6):650‑60).PLK1 is frequentlyoverexpressed
in cancer and its level correlates with aggressiveness and has prognostic value for predicting outcome (Kanaji et al.
Oncology. 2006; 70(2):126‑33). Cancer cell proliferation is blocked in vitro and in vivo by small molecule PLK1 inhibitors
and PLK1 antisense/siRNA (Spankuch et al, Oncogene, 2007 Aug 23; 26(39):5793‑807). PLK1 inhibitors cause mitotic
arrest and subsequent induction of apoptosis. Due to the central role of PLK1 in mitosis and cell division, rapidly
proliferating normal cells are also affected by PLK1 inhibitors. As a result clinical PLK1 inhibitors have shown narrow
therapeutic windows, and have been shown to cause significant haematological toxicity (Schoffski et al, Eur J Cancer,
2012 Jan; 48(2):179‑86). Identification of patient/tumour selection markers and treatment regimens which will extend the
therapeutic window is critical for the successful development of these agents. It has been shown thatmutant TP53 can be
one such predictive marker for sensitivity towards PLK1 inhibitors (Degenhardt et al, Clin Cancer Res. 2010 Jan 15;
16(2):384‑9).
[0003] Small molecule benzthiazole‑3-oxide PLK1 inhibitors and their use in the treatment of proliferative disorders are
described in International patent application WO 2004/067000 in the name of Cyclacel Limited. In addition, a series of
pyrimido-diazepinone molecules has also been shown to potently and selectively inhibit PLK1 (see International patent
application WO 2009/040556; Cyclacel Limited), demonstrating strong anti-proliferative activity in vitro and in vivo.
[0004] Compound (I), also known as 4‑((9’-cyclopentyl‑5’-methyl‑6’-oxo‑5’,6’,8’,9’-tetrahydrospiro‑[cyclopropane‑1,7’-
pyrimido[4,5-b][1,4]diazepin]‑2’-yl)amino)‑3-methoxy-N‑((trans)‑4‑(4-methylpiperazin‑1-yl)cyclohexyl)benzamide or
4‑(9’-cyclopentyl‑5’-methyl‑6’-oxo‑5’,6’,8’,9’-tetrahydrospiro[cyclopropane‑1,7’-pyrimido[4,5-b][1,4]diazepine]‑2’-ylami-
no)‑N((trans)‑4‑(4-methylpiperazin‑1-yl)cyclohexyl)‑3-methoxybenzamide, was first disclosed in WO 2009/040556 and
has the structure shown below:

[0005] Studies havedemonstrated that compound (I) is a potent inhibitor of polo-like kinase1 (PLK1), thereby rendering
it therapeutically useful in the treatment of a rangeof proliferativedisorders (includingbut not limited to, cancer, leukaemia,
lymphoma, glomerulonephritis, rheumatoid arthritis and psoriasis), immune-mediated and inflammatory disorders,
autoimmune and autoimmune-mediated disorders, kidney disorders and viral disorders.
[0006] Different solid state forms (including solvated forms) of an active pharmaceutical ingredient may possess
different properties. Such variations in the properties of different solid state forms and solvates may provide a basis for
improving formulation, for example, by facilitating better processing or handling characteristics, improving the dissolution
profile, or improving stability (polymorph as well as chemical stability) and shelf-life. These variations in the properties of
different solid state forms may also provide improvements to the final dosage form, for instance, if they serve to improve
bioavailability.Different solid state formsandsolvatesof anactivepharmaceutical ingredientmayalsogive rise to avariety
of polymorphsor crystalline forms,whichmay in turnprovideadditional opportunities tousevariations in thepropertiesand
characteristics of a solid active pharmaceutical ingredient for providing an improved product.
[0007] Discovering new solid state forms and solvates of a pharmaceutical product can provide materials having
desirable processing properties, suchas easeof handling, easeof processing, storage stability, andeaseof purification or
as desirable intermediate crystal forms that facilitate conversion to other polymorphic forms. New polymorphic forms and
solvates of a pharmaceutically useful compound can also provide an opportunity to improve the performance character-
istics of a pharmaceutical product (dissolution profile, bioavailability, etc). It enlarges the repertoire of materials that a
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formulation scientist has available for formulation optimization, for example by providing a product with different proper-
ties, e.g., a different crystal habit, higher crystallinity or polymorphic stability whichmay offer better processing or handling
characteristics, improved dissolution profile, or improved shelf-life. For at least these reasons, there is a need for different
solid state forms of compound (I).
[0008] The present invention seeks to provide crystalline forms of compound (I). In particular, the invention seeks to
provide crystalline forms that retain the desired pharmacological activity of the compound. More specifically, but not
exclusively, the present invention seeks to provide crystalline forms of compound (I) that exhibit one or more improved
properties over the amorphous form.

STATEMENT OF INVENTION

[0009] The present invention is defined by the appended claims and relates to solid state forms of compound (I),
particularly, salt forms of compound (I).
[0010] A first aspect of the invention relates to a crystalline form of compound (I):

wherein said compound is in the form of a pharmaceutically acceptable salt, or a solvate of said pharmaceutically
acceptable salt, or a co-crystal, wherein the crystalline form is a monohydrochloride monohydrate salt.
[0011] Thecrystalline formsof the invention typically demonstrate oneormore improvedpropertiesover theamorphous
form. Suitable properties include, for example, better storage stability, improved ease of handling (flowability, compres-
sibility, stability), easier purification, improved hygroscopicity profile, and easier synthetic scale up.
[0012] A second aspect of the invention relates to a pharmaceutical composition comprising one or more crystalline
forms according to the present invention as an active ingredient and a pharmaceutically acceptable diluent, excipient or
carrier.
[0013] A third aspect of the invention relates to oneormore crystalline formsaccording to thepresent invention for use in
medicine.
[0014] A fourth aspect of the invention relates to one ormore crystalline forms according to the present invention for use
in the prevention or treatment of proliferative disorders, immune-mediated and inflammatory disorders, autoimmune and
autoimmune-mediated disorders, kidney disorders and viral disorders.
[0015] A fifth aspect of the invention relates to processes for preparing crystalline forms according to the present
invention.
[0016] An sixth aspect relates to a process for preparing a pharmaceutical composition, said process comprising
admixing one ormore crystalline forms according to the inventionwith a pharmaceutically acceptable diluent, excipient or
carrier.
[0017] The present invention also provides solid state forms of compound (I) and salts thereof according to the present
invention, for use in thepreparation of other solid state formsof compound (I) and/or compound (I) co-crystals and/or salts,
and solid state forms thereof.
[0018] Thepresent inventionalsoprovides for theuseof oneormorecrystalline formsaccording to thepresent invention
in the preparation of another solid state form of compound (I) or salt thereof or co-crystal thereof.
[0019] Thepresent inventionalso relates to aprocess for preparinganother solid state formof compound (I) or salt or co-
crystal thereof, said process comprising preparing a crystalline form according to the invention and converting to another
solid state form of compound (I) or salt or co-crystal thereof.
[0020] Thepresent inventionalso relates to theuseof oneormore crystalline formsaccording to thepresent invention in
the preparation of a pharmaceutical composition.
[0021] The present invention also relates to one or more crystalline forms according to the present invention for use in
the preparation of a pharmaceutical composition.
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DETAILED DESCRIPTION

[0022] Polymorphism, the occurrence of different crystal forms, is a property of some molecules and molecular
complexes. A single compound, like compound (I), may give rise to a variety of polymorphs having distinct crystal
structures and physical properties like melting point, thermal behaviors (e.g. measured by thermogravimetric analysis -
"TGA", or differential scanning calorimetry - "DSC"), X-ray powder diffraction (XRPD) pattern, infrared absorption
fingerprint, Raman absorption fingerprint, and solid state (13C‑) NMR spectrum. One or more of these techniques
may be used to distinguish different polymorphic forms of a compound.
[0023] In particular, the crystalline forms of the invention may be characterised by a range of different analytical
techniques, including x-ray powder diffraction and differential scanning calorimetry. Further details of these techniques
and equipment are set forth in the accompanying Examples section. Preferably, the XRPD characterisation is carried out
using a PANalytical diffractometer using CuKα radiation (45kV, 40mA). As used herein, unless stated otherwise, XRPD
peaks reported herein are optionally measured using CuKα radiation, λ = 1.5418 Å. XRPD values are given as degrees 2-
theta ± 0.2 degrees 2-theta.
[0024] The solid state forms of compound (I) and salts thereof according to the present invention may have advanta-
geous properties selected from at least one of: chemical or polymorphic purity, flowability, solubility, wettability, low
hygroscopicity, lowsolvent (e.g.water) content, dissolution rate, bioavailability,morphologyor crystal habit, stability - such
as chemical stability as well as thermal andmechanical stability with respect to polymorphic conversion, stability towards
dehydration and/or storage stability, a lower degree of hygroscopicity, low content of residual solvents and advantageous
processing and handling characteristics such as compressibility, or bulk density.
[0025] Acrystal formmaybe referred tohereinasbeingcharacterizedbygraphical data "asshown in"or "substantially in
accordance with" a Figure. Such data include, for example, powder X-ray diffractograms and DSC curves. As is well-
known in the art, the graphical data potentially provides additional technical information to further define the respective
solid state form (a so-called "fingerprint") which cannot necessarily be described by reference to numerical values or peak
positions alone. The skilled person would understand that such graphical representations of datamay be subject to small
variations, e.g., in peak relative intensities and peakpositions due to factors suchas variations in instrument responseand
variations in sample concentration and purity. Nonetheless, the skilled person would readily be capable of comparing the
graphical data in theFigureshereinwithgraphical datagenerated for anunknowncrystal formandconfirmwhether the two
sets of graphical data are characterizing the same crystal form or two different crystal forms. A crystalline form of
compound (I) referred to herein as being characterized by graphical data "as shown in" a Figurewill thus be understood to
includeanycrystalline formsof the compound (I) characterizedwith thegraphical datahaving such small variations, as are
well known to the skilled person, in comparison with the Figure.
[0026] Asolid state form (or polymorph)may be referred to herein as polymorphically pure or as substantially free of any
other solid state (or polymorphic) forms. As used herein in this context, the expression "substantially free of any other
forms"will beunderstood tomean that thesolid state formcontainsabout 20%or less, about 10%or less, about 5%or less,
about 2%or less, about 1%or less, or 0%of any other crystalline formsof that particular salt of compound (I) asmeasured,
for example, by XRPD. Thus, the solid state form of a particular salt of compound (I) described herein as substantially free
of any other solid state forms of that salt would be understood to contain greater than about 80% (w/w), greater than about
90% (w/w), greater than about 95% (w/w), greater than about 98% (w/w), greater than about 99% (w/w), or 100% of the
subject solid state form. As used herein, the term "solvate" or "solvated form" refers to a crystal having one or more
molecules of solvent associated therewith as an inherent part of the crystal structure. The solvent in a solvate may be
present in either a stoichiometric or non-stoichiometric amount. Preferably, the solvate or solvated form is the hydrate,
more preferably the monohydrate.
[0027] Asusedherein, the term "isolated" in reference to solid state formsof compound (I) andsalts thereof corresponds
to a solid state form that is physically separated from the reaction mixture in which it is formed.
[0028] As used herein, the term "anhydrous" in reference to solid state forms of compound (I) and salts thereof
corresponds toasolid state formwhichdoesnot containanycrystallinewater (or other solvents) inadefinedstoichiometric
amount within the crystal. Typically, an "anhydrous" form does not contain more than 1% (w/w) of either water or organic
solvents, as measured, for example, by TGA.
[0029] Asusedherein, "ambient temperature"meansclose toorat thesame temperatureas thesurroundingspace (e.g.
roomor fumehood) inwhich the sample is located. Typically ambient temperature is fromabout 15 °C toabout 25 °C,more
preferably about 20 °C to about 25 °C.
[0030] As used throughout, the term "cooling/cooled" refers to reducing the temperature, for example, of a reaction
mixture. The term includes active methods (e.g. subjecting the reaction mixture to cooling conditions such as immersing
the reaction vessel in a cooling bath), and passivemethods e.g. allowing the reactionmixture to cool (for example, to room
temperature) by removing the heat source.
[0031] In general, different plural crystalline forms (polymorphs) of the same compound can be produced by varying the
crystallisation conditions used. These different crystalline forms have different three-dimensional structures and different
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physicochemical properties. However, the existence of polymorphs is inherently unpredictable and theoretical calcula-
tions topredict polymorphsareextremelyunreliable,withmanymorepolymorphspredicted thancanactuallybe isolated in
practice.
[0032] The present disclosure relates to the crystalline form of various pharmaceutically acceptable salts, hydrates
and/or co-crystals of compound (I). In particular, the present invention relates to crystalline forms of the monochloride
monohydrate salt of compound (I).
[0033] In one preferred embodiment, the invention relates to crystalline forms which are co-crystals or salts formed by
the interaction (or reaction) of compound (I) with hydrochloric acid.
[0034] In one preferred embodiment, the crystalline form is a co-crystal. As used herein, the term "co-crystal" refers to a
crystalline material composed of two or more different molecules, one of which is an active pharmaceutical ingredient
(API), and one of which is a co-crystal former ("coformer"), in a defined stoichiometric ratio within the same crystal lattice
that are associated by non-ionic and non-covalent bonds (see definition in FDA Regulatory Classification of Pharma-
ceutical Co-Crystals Guidance for Industry, Feb 2018). As used herein, a "conformer" is a component that interacts non-
ionically with the API in the crystal lattice, that is not a solvent (including water), and is typically non-volatile. Pharma-
ceutical co-crystalshaveprovidedopportunities forengineeringsolid-state formsbeyondconventional solid-state formsof
anAPI, such as salts and polymorphs.Co-crystals can be tailored to enhancedrug product bioavailability and stability and
to enhance the processability of APIs during drug product manufacture.
[0035] Co-crystalsaredistinguished fromsalts becauseunlike salts, the components that coexist in the co-crystal lattice
with a defined stoichiometry interact non-ionically. In addition, co-crystals differ from polymorphs, which are defined as
including 1) single-component crystalline forms that have different arrangements or conformations of themolecules in the
crystal lattice, 2) amorphous forms, and 3) multicomponent phases such as solvate and hydrate forms. Instead, co-
crystalsaremoresimilar to solvates, in thatbothcontainmore thanonecomponent in the lattice.Fromaphysical chemistry
perspective, co-crystals can be viewed as a special case of solvates and hydrates, wherein the second component, the
coformer, is not a solvent (including water), and is typically non-volatile.
[0036] The skilled personwould understand that whether compound (I) forms a salt or a co-crystal with a particular acid
will ultimately depend on the relative pKa values. Generally speaking, if the API (compound (I)) and its coformer have a
ΔpKa (pKa (conjugate acid of base) - pKa (acid)) > 1, there will be substantial proton transfer resulting in ionization and
potential formation of a salt as opposed to a co-crystal. On the other hand, if the API and its coformer have a ΔpKa (pKa
(conjugate acid of base) - pKa (acid)) < 1, there will be less than substantial proton transfer. If this criterion is met, the API-
coformer entity is generally classified as a co-crystal.
[0037] The present invention encompasses crystalline forms of themonohydrochloridemonohydrate salt of compound
(I). Crystalline forms of themaleate, L-malate, succinate, p-toluenesulfonate and hydrobromide salts of compound (I) are
not according to the present invention but are described herein as being useful for understanding said invention.
[0038] When the crystalline forms of compound (I) are allowed to stand so that they are open to the atmosphere or are
mixed with water or a solvent, they may absorb water or a solvent to form a hydrate or solvate. The present invention
encompasses these hydrates and solvates as well as the anhydrous/non-solvated forms.
[0039] Compound (I) can be prepared according to the procedure described in WO 2009/040556, as illustrated by
Schemes 1‑3 in the accompanying Examples section.
[0040] In one preferred embodiment, the crystalline forms of the invention can be obtained from a supersaturated
solution. The supersaturated solution can be prepared through dissolution of the pharmaceutically acceptable salt of
compound (I) in anappropriate solvent, optional pHadjustment of said solution, concentrationof said solution, cooling said
solution, addition of a solvent inwhich the salt of compound (I) is slightly soluble to a solution of the salt of compound (I) in a
solvent in which compound (I) is readily soluble.
[0041] In one preferred embodiment, the crystalline salt form is prepared in a single step by admixing a solution or
suspensionof compound (I)with asolution of theappropriate counterion (e.g.HCl) andcrystallising theproduct therefrom.
[0042] In one preferred embodiment, the crystalline salt form is prepared in a single step by treating a solution or
suspension of compound (I) in free base form with the appropriate counterion (e.g. HCl) and crystallising the product
therefrom.Preferably, the counterion is in the formof a solution,morepreferably, a solution comprisingethanol or amixture
of ethanol/THF. Preferably, the compound of formula (I) is in the formof a solution or suspensionwhich comprises ethanol.
Preferably, the counterion is in the form of a solution, more preferably, in ethanol or a mixture of ethanol/THF. Preferably,
the compound of formula (I) is in the form of a solution or suspension in ethanol. More preferably, the ethanol is used in an
amount of from about 5 to about 10 ml, or about 6 to about 9 ml, or about 7 to about 9 ml per gram of compound (I).
[0043] Preferably, the mixture is heated, and then cooled in a controlled, stepwise manner to ambient temperature,
preferably with agitation. In one preferred embodiment, the process comprises adding an antisolvent (preferably, ethyl
acetate) to aid crystallisation. Preferably, the antisolvent is added prior to or during the cooling process.
[0044] In one preferred embodiment, the solution or suspension of compound (I) is heated to a temperature of at least
about 70 °C, more preferably, at least about 75 °C, more preferably, from about 75 °C to about 85 °C. Preferably, the
solution or suspension of compound (I) is heated at this temperature for at least 30 minutes, preferably at least 1 hour.
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Preferably, the solution or suspension is then cooled to a temperature of from about 65 °C to about 75 °C. Preferably, the
counterion solution is added thereto and the resultingmixture ismaintained at 65 °C to about 75 °C for at least 10minutes,
morepreferably, at least 30minutes.Preferably, themixture is thencooled to a temperature of fromabout 15 °C toabout 25
°C.Preferably, themixture ismaintained at a temperature of fromabout 15 °C to about 25 °C for at least 2 hours, preferably
at least 4 hours, more preferably at least 6 hours, more preferably at least 8 hours, evenmore preferably at least 12 hours.
In one preferred embodiment, themixture is further cooled to a temperature of from about 0 to about 10 °C. Preferably, the
resulting suspension is filtered, washed, dried.
[0045] In another preferred embodiment, the solution or suspension of compound (I) is heated to a temperature of at
least about 70 °C, more preferably, at least about 75 °C, more preferably, from about 75 °C to about 85 °C. Preferably, the
solution or suspension of compound (I) is heated at this temperature for at least 30minutes, preferably at least 1 hour. The
counterion is thenadded thereto.Preferably, themixture is thencooled toa temperatureof fromabout 55 °C toabout 65 °C,
more preferably, about 60 °C. Preferably, themixture is maintained at this temperature (about 55 °C to about 65 °C, more
preferably, about 60 °C) for at least 1 hour, more preferably at least 2 hours, even more preferably, about 2 hours.
Preferably, themixture is then further cooled toa temperatureof fromabout 35 °C toabout 45 °C,morepreferably, about 40
°C. Preferably, themixture ismaintained at this temperature (about 35 °C to about 45 °C,more preferably, about 40 °C) for
at least 1 hour,morepreferably at least 2 hours, evenmorepreferably, about 2hours. Preferably, themixture is thencooled
to a temperature of from about 15 °C to about 25 °C. Preferably, themixture ismaintained at this temperature (about 15 °C
to about 25 °C) for at least 2 hours, preferably at least 4 hours, more preferably at least 6 hours, more preferably at least 8
hours, even more preferably at least 12 hours. In one preferred embodiment, the mixture is then further cooled to a
temperature of from about 0 to about 10 °C. Preferably, the resulting suspension is filtered, washed, dried.
[0046] In another preferred embodiment, a suspension of a crystal or amorphous solid of the salt of compound (I) in an
appropriate solvent is converted intoaslurry and is thenstirred to transform intoanalternate crystalline form.This is known
as solvent-mediated transformation.
[0047] In another preferredembodiment, precipitationof the crystals takesplacespontaneously in the reactionvessel or
can be started or accelerated byaddition of a crystalline seed, bymechanical stimulation suchas throughuseof ultrasonic
waves, or by scratching the inside of the reaction vessel.
[0048] The temperature for crystallisation is typically from about 0 to about 100°C, preferably from about 5°C to about
75°C.
[0049] Precipitated crystals can be collected by filtration, centrifugation or decantation methods. Isolated crystals may
be washed with an appropriate solvent.
[0050] Isolated crystals are typically dried at a temperature of from about 10 to about 100°C, preferably fromabout 30 to
about 50°C, until theweight of the crystals becomes constant, if necessary, in the presence of a drying agent such as silica
gel or calcium chloride and optionally under reduced pressure (e.g. 10 µbar to 50 mbar).
[0051] Dried crystals may absorb water under conditions of about 20 to 90% relative humidity at temperatures of from
about 10 to about 30°C, preferably about 50 to about 80% relative humidity at temperatures of from about 20 about 30°C,
until the weight of the crystalline form becomes constant.
[0052] Crystalsobtained inaccordancewith the inventioncanbe further purifiedby recrystallisationor slurrypurification.
[0053] Recrystallisation may be accomplished by techniques familiar to those skilled in the art, including the following
methods:

(1) Cooling method: the salt of compound (I) is dissolved in a hot solvent and the resulting solution is cooled;
(2) Concentration method: a solution of the salt of compound (I) is concentrated;
(3)Precipitationmethod: a solvent inwhich the salt of compound (I) is slightly soluble is added toasolutionof thesalt of
compound (I) in a solvent in which the salt of compound (I) is readily soluble.

[0054] Slurry purification typically comprises stirring a suspension of the salt of compound (I) in an appropriate solvent.
[0055] Solvents employed in the preparation of crystalline salt forms of compound (I) include ICH class 2 or preferably
class3solvents.Forexample,esters suchasethyl acetate, alcoholssuchasethanol, ketonessuchasmethyl ethyl ketone,
etherssuchasmethyl t-butyl ether, alkanessuchasheptane,andwater. Thesesolventsmaybeusedsinglyorasmixtures.
Preferred solvents include IMS, acetonitrile, tetralin, cumene, 3-methyl‑1-butanol, ethanol, methanol, isopropanol, ethyl
acetate,methyl acetate, isopropyl acetate,water, heptane,TBME,THF,MEK,methyl isobutyl ketone,nPrOHandnBuOAc
and mixtures thereof.
[0056] Thepresent invention encompasses individual crystalline formsasdefinedabove, andmixtures thereofwith one
or more other crystalline forms.

Crystalline Hydrochloride Salt

[0057] In the present invention, the crystalline form of compound (I) is a monohydrochloride monohydrate salt.
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[0058] In one preferred embodiment, the crystalline form is characterized by an x-ray powder diffraction pattern having
two or more diffraction peaks at 2[theta] values selected from 5.57± 0.2, 6.19± 0.2, 7.97 + 0.2, 8.32± 0.2, 10.48± 0.2,
10.72± 0.2, 11.83± 0.2, 12.53± 0.2, 12.74±0.2, 13.34±0.2, 13.86± 0.2, 14.69± 0.2, 15.62± 0.2, 16.02± 0.2, 16.75
±0.2, 17.02±0.2, 17.42±0.2, 18.19±0.2, 18.81±0.2, 19.08±0.2, 19.49±0.2, 19.83±0.2, 20.15±0.2, 20.55±0.2,
21.12± 0.2, 22.82±0.2, 23.78± 0.2, 24.68±0.2, 25.10± 0.2, 25.70±0.2, 25.86±0.2, 26.86±0.2, 27.92±0.2, 28.53
± 0.2, 28.92 ± 0.2, 29.71 ± 0.2, 30.80 ± 0.2, 31.56 ± 0.2, 32.38 ± 0.2, 32.98 ± 0.2 and 34.13 ± 0.2.
[0059] In one preferred embodiment, the crystalline form is characterized by having two of the aforementioned
diffraction peaks.
[0060] More preferably, the crystalline form is characterized by having three ormore, four ormore, five ormore, or six or
more of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20.....40 or more of the aforementioned diffraction peaks.
[0061] Morepreferably, thecrystalline form ischaracterizedbyhaving three, fouror fiveof theaforementioneddiffraction
peaks.
[0062] In onepreferredembodiment, the crystalline form is characterizedbyhaving threeormoreof theaforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having three of the afore-
mentioned diffraction peaks. In one preferred embodiment, the crystalline form is characterized by having four or more of
the aforementioneddiffraction peaks. In amore preferredembodiment, the crystalline form is characterized byhaving four
of the aforementioned diffraction peaks.
[0063] In one preferred embodiment, the crystalline form is characterized by having five or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having five of the aforemen-
tioned diffraction peaks.
[0064] In one preferred embodiment, the crystalline form is characterized by having six or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having six of the aforemen-
tioned diffraction peaks.
[0065] In one preferred embodiment, the crystalline form is characterized by having seven or more of the aforemen-
tioned diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having seven of the
aforementioned diffraction peaks.
[0066] In onepreferred embodiment, the crystalline form is characterizedbyhaving eight ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having eight of the afore-
mentioned diffraction peaks.
[0067] In one preferred embodiment, the crystalline form is characterized by having nine ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having nine of the aforemen-
tioned diffraction peaks.
[0068] In one preferred embodiment, the crystalline form is characterized by having ten or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having ten of the aforemen-
tioned diffraction peaks.
[0069] Preferably, the crystalline form is characterized by an x-ray powder diffraction pattern comprising two or more
diffraction peaks at 2[theta] values selected from 8.32± 0.2, 10.48± 0.2, 11.83± 0.2, 12.53± 0.2, 16.02± 0.2, 16.75±
0.2, 18.19 ± 0.2, 18.81 ± 0.2, 19.49 ± 0.2, 20.55 ± 0.2, and 25.70 ± 0.2. More preferably, the crystalline form is
characterized by having three, four or five of the aforementioned diffraction peaks. More preferably, the crystalline form is
characterized by having 6, 7, 8, 9 or 10 of the aforementioned diffraction peaks.
[0070] In onehighly preferred embodiment, the crystalline form is characterized byan x-ray powder diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the pattern shown in Figure 25 or as
listed in Table 1. Preferably, the crystalline form is characterizedbyhaving three, four, fiveor six diffraction peaks as shown
in Figure 25 or as listed in Table 1.
[0071] In one preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry trace
recordedat a heating rate of 20°Cperminutewhich showsamaximumendothermic peak at a temperature betweenabout
265 °C and about 275 °C, more preferably between about 268°C and about 273°C.
[0072] In one highly preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry
trace substantially in accordance with that shown in Figure 4.
[0073] In one preferred embodiment, the crystalline form is characterized by:

(a) an x-raypowder diffractionpattern having twoormorediffractionpeaksat 2[theta] values selected from5.57±0.2,
6.19± 0.2, 7.97± 0.2, 8.32 + 0.2, 10.48± 0.2, 10.72± 0.2, 11.83± 0.2, 12.53± 0.2, 12.74± 0.2, 13.34± 0.2, 13.86
±0.2, 14.69±0.2, 15.62±0.2, 16.02±0.2, 16.75±0.2, 17.02±0.2, 17.42±0.2, 18.19±0.2, 18.81±0.2, 19.08±
0.2, 19.49± 0.2, 19.83± 0.2, 20.15± 0.2, 20.55± 0.2, 21.12± 0.2, 22.82± 0.2, 23.78± 0.2, 24.68± 0.2, 25.10±
0.2, 25.70± 0.2, 25.86± 0.2, 26.86± 0.2, 27.92± 0.2, 28.53± 0.2, 28.92± 0.2, 29.71± 0.2, 30.80 + 0.2, 31.56±
0.2, 32.38±0.2, 32.98±0.2 and34.13±0.2, or an x-ray powder diffraction pattern inwhich the peak positions are as
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shown in Figure 25; and/or
(b) a differential scanning calorimetry trace recorded at a heating rate of 20°C per minute which shows a maximum
endothermic peak at a temperature between about 265 °C and about 275 °C, more preferably between about 268°C
and about 273°C, or a differential scanning calorimetry trace as shown in Figure 4.

[0074] In one preferred embodiment, the crystalline form is characterized by (a) and (b) above.
[0075] Advantageously, the crystalline monohydrochloride monohydrate salt/co-crystal of compound (I) as defined
herein is only slightly hygroscopic (as defined by the classification in Table 9; Hygroscopicity Classification adopted from
Ph.Eur. and Sihorkar et al, Pharmaceutical Dev. & Technol. (2013), 18(2), 348‑358).
[0076] In one preferred embodiment, the crystalline form is isolated. In one preferred embodiment, the crystalline form
can be isolated by crystallisation.
[0077] In one embodiment, the crystalline form is substantially free of any other forms.
[0078] A further aspect of the invention relates to a crystalline form of compound (I) which is a hydrochloride salt, and
which contains no more than about 20%, no more than about 10%, no more than about 5%, no more than about 2%, no
more than about 1% or about 0% of any other crystalline forms of the hydrochloride salt of compound (I), for example, as
measured by XRPD.
[0079] A further aspect of the invention relates to a crystalline form of compound (I) which is a monohydrochloride
monohydrate salt, andwhich containsnomore thanabout 20%,nomore thanabout 10%,nomore thanabout 5%,nomore
than about 2%, nomore than about 1%or about 0% of any other crystalline forms of themonohydrochloridemonohydrate
salt of compound (I), for example, as measured by XRPD.
[0080] In one preferred embodiment, the crystalline form of the hydrochloride salt of compound (I) is obtained by a
cooling method.
[0081] In onepreferredembodiment, the invention relates to aprocess for preparing thehydrochloride salt of compound
(I) in crystalline form, said process comprising crystallizing the hydrochloride salt from a solution of ethanol or an
ethanol/THF mixture.
[0082] In onepreferredembodiment, the invention relates to aprocess for preparing thehydrochloride salt of compound
(I) in crystalline form, said process comprising treating a solutionor suspension of compound (I) in free base formwithHCl,
and crystallising the product therefrom. Preferably, about 1 to about 1.2 equivalents of HCl are used relative to the
compound of formula (I). Preferably, theHCl is in the formof a solution,more preferably, comprising ethanol or amixture of
ethanol/THF. Preferably, the compound of formula (I) is in the form of a solution or suspension comprising ethanol. In one
preferred embodiment, the process comprises adding an antisolvent (preferably, ethyl acetate) to aid crystallisation.
Preferably, the process comprises heating the mixture, followed by stepwise cooling as set out above in the detailed
description.
[0083] More preferably, the invention relates to a process for preparing a crystalline form of the hydrochloride salt of
compound (I), said process comprising the steps of:

(i) preparing a mixture comprising compound (I) and ethanol, and heating said mixture to at least about 70 °C;
(ii) preparing a solution of hydrochloric acid in ethanol or ethanol/THF, and charging to the mixture formed in step (i);
(iii) cooling the mixture formed in step (ii) to ambient temperature in a stepwise manner; and
(iv) isolating the crystalline form from the mixture.

[0084] In one preferred embodiment, EtOAc can be added as an antisolvent prior to the cooling step. Advantageously
this can increase the yield. An antisolvent is a solvent in which the compound is insoluble, or sparingly soluble. The use of
an antisolvent reduces the solubility of the solute in the solution and induces crystallization.
[0085] More preferably, step (iii) comprises:

(a) cooling the mixture formed in step (ii) to about 60 °C with agitation and holding at about 60 °C for at least 1 hour;
(b) cooling the mixture from step (a) to about 40 °C with agitation and holding at about 40 °C for at least 1 hour; and
(c) cooling themixture fromstep (b) to ambient temperature andagitating at ambient temperature for at least 12hours.

[0086] Preferably, the process comprises heating amixture of compound (I) in ethanol to at least about 75 °C, preparing
a counter ion solution (e.g. HCl) in ethanol or ethanol/THF mixture and charging to the ethanol solution of compound (I),
cooling in a stepwisemanner to ambient temperaturewith agitation fromabout 75 °C to about 60 °Candholding for at least
2 hours, cooling to about 40 °Candholding for at least 2 hours, and thencooling to ambient temperatureandagitating for at
least 18 hours.
[0087] Preferably, thesolid is isolatedbyfiltration,morepreferably vacuumfiltration.Preferably the isolatedsolid is dried
in vacuo, preferably for at least 12 hours, or at least 24 hours, at temperature of at least 40 °C,more preferably, at least 50
°C.
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[0088] Another aspect of the invention relates to a product obtainable by, or obtained by, the above process.

Malate Salt (not according to the present invention)

[0089] In one preferred embodiment, the crystalline form is a co-crystal or salt formed by the interaction (or reaction) of
compound (I) with L-malic acid.
[0090] In one preferred embodiment, the crystalline form is amalate salt of compound (I), more preferably, an L-malate
salt. Preferably, the ratio of L-malate to compound (I) is 2:1, i.e. onemolecule of compound (I) to twomolecules of L-malic
acid.
[0091] In one preferred embodiment, the crystalline form is anhydrous.
[0092] In one preferred embodiment, the crystalline form is characterized by an x-ray powder diffraction pattern having
two or more diffraction peaks at 2[theta] values selected from 4.48± 0.2, 5.57± 0.2, 5.89± 0.2, 7.64± 0.2, 9.02± 0.2,
9.95±0.2, 10.20±0.2, 10.90±0.2, 12.20±0.2, 12.81±0.2, 13.47±0.2, 14.15±0.2, 14.69±0.2, 14.95±0.2, 15.67±
0.2, 16.06± 0.2, 17.91± 0.2, 18.56± 0.2, 19.25± 0.2, 20.15± 0.2, 20.65± 0.2, 21.35± 0.2, 21.94± 0.2, 22.85± 0.2,
24.07± 0.2, 24.28±0.2, 24.98± 0.2, 25.63±0.2, 26.82± 0.2, 27.70±0.2, 29.25±0.2, 30.24±0.2, 31.28±0.2, 32.16
± 0.2, 33.03 ± 0.2 and 34.47 ± 0.2.
[0093] More preferably, the crystalline form is characterized by having three ormore, four ormore, five ormore, or six or
more of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20.....35 or more of the aforementioned diffraction peaks.
[0094] Morepreferably, thecrystalline form ischaracterizedbyhaving three, fouror fiveof theaforementioneddiffraction
peaks.
[0095] In a more preferred embodiment, the crystalline form is characterized by having two of the aforementioned
diffraction peaks.
[0096] In onepreferredembodiment, the crystalline form is characterizedbyhaving threeormoreof theaforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having three of the afore-
mentioned diffraction peaks.
[0097] In one preferred embodiment, the crystalline form is characterized by having four or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having four of the aforemen-
tioned diffraction peaks.
[0098] In one preferred embodiment, the crystalline form is characterized by having five or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having five of the aforemen-
tioned diffraction peaks.
[0099] In one preferred embodiment, the crystalline form is characterized by having six or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having six of the aforemen-
tioned diffraction peaks.
[0100] In one preferred embodiment, the crystalline form is characterized by having seven or more of the aforemen-
tioned diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having seven of the
aforementioned diffraction peaks.
[0101] In onepreferred embodiment, the crystalline form is characterizedbyhaving eight ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having eight of the afore-
mentioned diffraction peaks.
[0102] In one preferred embodiment, the crystalline form is characterized by having nine ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having nine of the aforemen-
tioned diffraction peaks.
[0103] In one preferred embodiment, the crystalline form is characterized by having ten or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having ten of the aforemen-
tioned diffraction peaks.
[0104] Preferably, the crystalline form is characterized by an x-ray powder diffraction pattern comprising two or more
diffraction peaks at 2[theta] values selected from14.69± 0.2, 14.95± 0.2, 16.06± 0.2, 17.91± 0.2, 18.56± 0.2, 19.25±
0.2, 20.15±0.2, 21.94±0.2, 24.07±0.2and24.28±0.2.More preferably, the crystalline form is characterizedbyhaving
three, four or five of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having
6, 7, 8, 9 or 10 of the aforementioned diffraction peaks.
[0105] In onehighly preferred embodiment, the crystalline form is characterized byan x-ray powder diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the pattern shown in Figure 26 or as
listed in Table 2. Preferably, the crystalline form is characterizedbyhaving three, four, fiveor six diffraction peaks as shown
in Figure 26 or as listed in Table 2.
[0106] In one preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry trace
recordedat a heating rate of 20°Cperminutewhich showsamaximumendothermic peak at a temperature betweenabout

9

EP 4 013 503 B1

5

10

15

20

25

30

35

40

45

50

55



185 °Candabout 190 °Candasecondbroader peakat about 220 °C.Preferably, themaximumendothermic peakat is at a
temperature between about 186 °C and about 189 °C, more preferably about 188 °C.
[0107] In one highly preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry
trace substantially in accordance with that shown in Figure 6.
[0108] In one preferred embodiment, the crystalline form is characterized by:

(a) an x-raypowder diffractionpattern having twoormorediffractionpeaksat 2[theta] values selected from4.48±0.2,
5.57±0.2, 5.89±0.2, 7.64±0.2, 9.02±0.2, 9.95±0.2, 10.20±0.2, 10.90±0.2, 12.20±0.2, 12.81±0.2, 13.47±
0.2, 14.15± 0.2, 14.69± 0.2, 14.95± 0.2, 15.67± 0.2, 16.06± 0.2, 17.91± 0.2, 18.56± 0.2, 19.25± 0.2, 20.15±
0.2, 20.65± 0.2, 21.35± 0.2, 21.94± 0.2, 22.85± 0.2, 24.07± 0.2, 24.28± 0.2, 24.98± 0.2, 25.63± 0.2, 26.82±
0.2, 27.70± 0.2, 29.25± 0.2, 30.24± 0.2, 31.28± 0.2, 32.16± 0.2, 33.03± 0.2 and 34.47± 0.2, or an x-ray powder
diffraction pattern in which the peak positions are as shown in Figure 26; and/or
(b) a differential scanning calorimetry trace recorded at a heating rate of 20°C per minute which shows a maximum
endothermic peak at a temperature between about 185 °C and about 190 °C and a second broader peak at about 220
°C, or a differential scanning calorimetry trace as shown in Figure 6.

[0109] In one preferred embodiment, the crystalline form is characterized by (a) and (b) above.
[0110] Advantageously, the crystalline L-malate salt/co-crystal of compound (I) as defined herein is only slightly
hygroscopic (as defined by the classification in Table 9; Hygroscopicity Classification adopted from Ph.Eur. and Sihorkar
et al, Pharmaceutical Dev. & Technol. (2013), 18(2), 348‑358).
[0111] In one preferred embodiment, the crystalline form is isolated. In one preferred embodiment, the crystalline form
can be isolated by crystallisation.
[0112] In one embodiment, the crystalline form is substantially free of any other forms.
[0113] A further aspect relates to a crystalline form of compound (I) which is an L-malate salt, and which contains no
more thanabout20%,nomore thanabout 10%,nomore thanabout5%,nomore thanabout 2%,nomore thanabout 1%or
about 0% of any other crystalline forms of the L-malate salt of compound (I), for example, as measured by XRPD..
[0114] In one preferred embodiment, the crystalline form of the L-malate salt of compound (I) is obtained by a cooling
method.
[0115] In one preferred embodiment, described herein is a process for preparing the L-malate salt of compound (I) in
crystalline form, said process comprising treating a solution or suspension of compound (I) in free base form with L-malic
acid, and crystallising the product therefrom. Preferably, about 2 to about 2.5, or about 2 to about 2.2, or about 2.2
equivalents of L-malic acid are used relative to the compound of formula (I). Preferably, the L-malic acid is in the form of a
solution,more preferably, comprising ethanol or amixture of ethanol/THF. Preferably, the compound of formula (I) is in the
form of a solution or suspension comprising ethanol. In one preferred embodiment, the process comprises adding an
antisolvent (preferably, ethyl acetate) to aid crystallisation. Preferably, the process comprises heating the mixture,
followed by stepwise cooling as set out above in the detailed description.
[0116] In one preferred embodiment, described herein is a process for preparing the L-malate salt of compound (I) in
crystalline form, said process comprising crystallizing the L-malate salt from a solution of ethanol or an ethanol/THF
mixture.
[0117] More preferably, described herein is a process for preparing a crystalline form of the L-malate salt of compound
(I), said process comprising the steps of:

(i) preparing a mixture comprising compound (I) and ethanol, and heating said mixture to at least about 70 °C;
(ii) preparing a solution of L-malic acid in ethanol or ethanol/THF, and charging to the mixture formed in step (i);
(iii) cooling the mixture formed in step (ii) to ambient temperature in a stepwise manner; and
(iv) isolating the crystalline form from the mixture.

[0118] More preferably, step (iii) comprises:

(a) cooling the mixture formed in step (ii) to about 60 °C with agitation and holding at about 60 °C for at least 1 hour;
(b) cooling the mixture from step (iii) to about 40 °C with agitation and holding at about 40 °C for at least 1 hour; and
(c) cooling themixture fromstep (iv) toambient temperatureandagitatingatambient temperature for at least 12hours.

[0119] Preferably, the cooling conditions are as defined above for the hydrochloride salt (more specifically, the
monohydrochloride monohydrate salt).
[0120] Preferably, thesolid is isolatedbyfiltration,morepreferably vacuumfiltration.Preferably the isolatedsolid is dried
in vacuo, preferably for at least 12 hours, or at least 24 hours, at temperature of at least 40 °C,more preferably, at least 50
°C.
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[0121] Another aspect relates to a product obtainable by, or obtained by, the above process.

Succinate Salt (not according to the present invention)

[0122] In one preferred embodiment, the crystalline form is a co-crystal or salt formed by the interaction (or reaction) of
compound (I) with succinic acid.
[0123] In one preferred embodiment, the crystalline form is a succinate salt of compound (I). Preferably, the ratio of
succinate to compound (I) is 2:1, i.e. one molecule of compound (I) to two molecules of succinic acid.
[0124] In one preferred embodiment, the crystalline form is anhydrous.
[0125] In one preferred embodiment, the crystalline form is characterized by an x-ray powder diffraction pattern having
two ormore diffraction peaks at 2[theta] values selected from3.16± 0.2, 5.47± 0.2, 9.01± 0.2, 10.10± 0.2, 11.45± 0.2,
12.12± 0.2, 12.94±0.2, 13.17± 0.2, 14.19±0.2, 14.43± 0.2, 14.67±0.2, 15.08±0.2, 15.51±0.2, 15.69±0.2, 16.76
±0.2, 17.55±0.2, 17.69±0.2, 18.54±0.2, 18.95±0.2, 19.52±0.2, 19.84±0.2, 20.30±0.2, 20.45±0.2, 21.04±0.2,
21.36± 0.2, 21.83±0.2, 22.12± 0.2, 22.76± 0.2, 23.11±0.2, 23.44± 0.2, 23.96± 0.2, 24.60± 0.2, 24.98± 0.2, 25.21
± 0.2, 25.44± 0.2, 25.61± 0.2, 25.83± 0.2, 26.18 +0.2, 26.57± 0.2, 26.89±0.2, 27.36±0.2, 27.72±0.2, 28.63±0.2,
29.23± 0.2, 29.99±0.2, 30.44± 0.2, 30.66± 0.2, 31.36± 0.2, 31.99± 0.2, 32.33±0.2, 32.77±0.2, 33.11± 0.2, 33.53
± 0.2, 34.05 ± 0.2 and 34.50 ± 0.2.
[0126] More preferably, the crystalline form is characterized by having three ormore, four ormore, five ormore, or six or
more of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20.....54 or more of the aforementioned diffraction peaks.
[0127] Morepreferably, thecrystalline form ischaracterizedbyhaving three, fouror fiveof theaforementioneddiffraction
peaks.
[0128] In a more preferred embodiment, the crystalline form is characterized by having two of the aforementioned
diffraction peaks.
[0129] In onepreferredembodiment, the crystalline form is characterizedbyhaving threeormoreof theaforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having three of the afore-
mentioned diffraction peaks.
[0130] In one preferred embodiment, the crystalline form is characterized by having four or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having four of the aforemen-
tioned diffraction peaks.
[0131] In one preferred embodiment, the crystalline form is characterized by having five or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having five of the aforemen-
tioned diffraction peaks.
[0132] In one preferred embodiment, the crystalline form is characterized by having six or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having six of the aforemen-
tioned diffraction peaks.
[0133] In one preferred embodiment, the crystalline form is characterized by having seven or more of the aforemen-
tioned diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having seven of the
aforementioned diffraction peaks.
[0134] In onepreferred embodiment, the crystalline form is characterizedbyhaving eight ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having eight of the afore-
mentioned diffraction peaks.
[0135] In one preferred embodiment, the crystalline form is characterized by having nine ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having nine of the aforemen-
tioned diffraction peaks.
[0136] In one preferred embodiment, the crystalline form is characterized by having ten or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having ten of the aforemen-
tioned diffraction peaks.
[0137] Preferably, the crystalline form is characterized by an x-ray powder diffraction pattern comprising two or more
diffraction peaks at 2[theta] values selected from10.10± 0.2, 14.67± 0.2, 15.08± 0.2, 15.51± 0.2, 15.69± 0.2, 17.55±
0.2, 18.54±0.2, 18.94±0.2, 19.52±0.2and21.83±0.2.More preferably, the crystalline form is characterizedbyhaving
three, four or five of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having
6, 7, 8, 9 or 10 of the aforementioned diffraction peaks.
[0138] In onehighly preferred embodiment, the crystalline form is characterized byan x-ray powder diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the pattern shown in Figure 27 or as
listed in Table 3.
[0139] Preferably, the crystalline form is characterized by having three, four, five or six diffraction peaks as shown in
Figure 27 or as listed in Table 3.
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[0140] In one preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry trace
recordedat a heating rate of 20°Cperminutewhich showsamaximumendothermic peak at a temperature betweenabout
185 °C and about 190 °C. Preferably, the maximum endothermic peak at is at a temperature between about 187 °C and
about 190 °C, more preferably about 189 °C.
[0141] In one highly preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry
trace substantially in accordance with that shown in Figure 10.
[0142] In one preferred embodiment, the crystalline form is characterized by:

(a) an x-raypowder diffractionpattern having twoormorediffractionpeaksat 2[theta] values selected from3.16±0.2,
5.47 ± 0.2, 9.01 ± 0.2, 10.10 ± 0.2, 11.45 ± 0.2, 12.12 ± 0.2, 12.94 ± 0.2, 13.17 ± 0.2, 14.19 ± 0.2, 14.43 ± 0.2,
14.67± 0.2, 15.08± 0.2, 15.51± 0.2, 15.69± 0.2, 16.76± 0.2, 17.55± 0.2, 17.69± 0.2, 18.54± 0.2, 18.95± 0.2,
19.52± 0.2, 19.84± 0.2, 20.30± 0.2, 20.45± 0.2, 21.04± 0.2, 21.36± 0.2, 21.83 + 0.2, 22.12± 0.2, 22.76± 0.2,
23.11± 0.2, 23.44± 0.2, 23.96± 0.2, 24.60± 0.2, 24.98± 0.2, 25.21± 0.2, 25.44± 0.2, 25.61± 0.2, 25.83± 0.2,
26.18± 0.2, 26.57± 0.2, 26.89± 0.2, 27.36± 0.2, 27.72± 0.2, 28.63± 0.2, 29.23± 0.2, 29.99± 0.2, 30.44± 0.2,
30.66± 0.2, 31.36± 0.2, 31.99± 0.2, 32.33± 0.2, 32.77± 0.2, 33.11± 0.2, 33.53± 0.2, 34.05± 0.2 and 34.50±
0.2, or an x-ray powder diffraction pattern in which the peak positions are as shown in Figure 27; and/or
(b) a differential scanning calorimetry trace recorded at a heating rate of 20°C per minute which shows a maximum
endothermic peak at a temperature between about 185 °C and about 190 °C, or a differential scanning calorimetry
trace as shown in Figure 10.

[0143] In one preferred embodiment, the crystalline form is characterized by (a) and (b) above.
[0144] Advantageously, the crystalline succinate salt/co-crystal of compound (I) as defined herein is only slightly
hygroscopic (asdefinedby theclassification inTable9;HygroscopicityClassificationadopted fromPh.Eur. andSihorkaret
al, Pharmaceutical Dev. & Technol. (2013), 18(2), 348‑358).
[0145] In one preferred embodiment, the crystalline form is isolated. In one preferred embodiment, the crystalline form
can be isolated by crystallisation.
[0146] In one embodiment, the crystalline form is substantially free of any other forms.
[0147] A further aspect relates toacrystalline formof compound (I)which is asuccinate salt, andwhich containsnomore
than about 20%, no more than about 10%, no more than about 5%, no more than about 2%, no more than about 1% or
about 0% of any other crystalline forms of the succinate salt of compound (I), for example, as measured by XRPD.
[0148] In one preferred embodiment, the crystalline form of the succinate salt of compound (I) is obtained by a cooling
method.
[0149] In one preferred embodiment, described herein is a process for preparing the succinate salt of compound (I) in
crystalline form, said process comprising treating a solution or suspension of compound (I) in free base formwith succinic
acid, and crystallising the product therefrom. Preferably, about 2 to about 2.5, or about 2 to about 2.2, or about 2.2
equivalents of succinic acid are used relative to the compound of formula (I). Preferably, the succinic acid is in the formof a
solution,more preferably, comprising ethanol or amixture of ethanol/THF. Preferably, the compound of formula (I) is in the
form of a solution or suspension comprising ethanol. In one preferred embodiment, the process comprises adding an
antisolvent (preferably, ethyl acetate) to aid crystallisation. Preferably, the process comprises heating the mixture,
followed by stepwise cooling as set out above in the detailed description.
[0150] In one preferred embodiment, described herein is a process for preparing the succinate salt of compound (I) in
crystalline form, said process comprising crystallizing the succinate salt from a solution of ethanol or an ethanol/THF
mixture.
[0151] More preferably, described herein is a process for preparing a crystalline form of the succinate salt of compound
(I), said process comprising the steps of:

(i) preparing a mixture comprising compound (I) and ethanol, and heating said mixture to at least about 70 °C;
(ii) preparing a solution of succinic acid in ethanol or ethanol/THF, and charging to the mixture formed in step (i);
(iii) cooling the mixture formed in step (ii) to ambient temperature in a stepwise manner; and
(iv) isolating the crystalline form from the mixture.

[0152] More preferably, step (iii) comprises:

(a) cooling the mixture formed in step (ii) to about 60 °C with agitation and holding at about 60 °C for at least 1 hour;
(b) cooling the mixture from step (iii) to about 40 °C with agitation and holding at about 40 °C for at least 1 hour; and
(c) cooling themixture fromstep (iv) toambient temperatureandagitatingatambient temperature for at least 12hours.

[0153] Preferably, the cooling conditions are as defined above for the hydrochloride salt (more specifically, the

12

EP 4 013 503 B1

5

10

15

20

25

30

35

40

45

50

55



monohydrochloride monohydrate salt).
[0154] Preferably, thesolid is isolatedbyfiltration,morepreferably vacuumfiltration.Preferably the isolatedsolid is dried
in vacuo, preferably for at least 12 hours, or at least 24 hours, at temperature of at least 40 °C,more preferably, at least 50
°C.
[0155] Another aspect relates to a product obtainable by, or obtained by, the above process.

Maleate Salt (not according to the present invention)

[0156] In one preferred embodiment, the crystalline form is a co-crystal or salt formed by the interaction (or reaction) of
compound (I) with maleic acid.
[0157] In one preferred embodiment, the crystalline form is a maleate salt of compound (I). Preferably, the ratio of
maleate to compound (I) is 2:1, i.e. one molecule of compound (I) to two molecules of maleic acid.
[0158] In one preferred embodiment, the crystalline form is anhydrous.
[0159] In one preferred embodiment, the crystalline form is characterized by an x-ray powder diffraction pattern having
two or more diffraction peaks at 2[theta] values selected from 4.16± 0.2, 5.48± 0.2, 7.78± 0.2, 9.10± 0.2, 9.92± 0.2,
10.45± 0.2, 10.74± 0.2, 11.47± 0.2, 12.01± 0.2, 12.57± 0.2, 13.11± 0.2, 14.24± 0.2, 14.86± 0.2, 15.17± 0.2, 15.76
±0.2, 16.28±0.2, 16.68±0.2, 17.22±0.2, 17.94±0.2, 18.13±0.2, 18.25±0.2, 18.71±0.2, 19.04±0.2, 19.47±0.2,
19.71± 0.2, 20.11± 0.2, 20.81± 0.2, 21.75±0.2, 21.96±0.2, 22.63± 0.2, 23.57± 0.2, 24.21± 0.2, 24.88± 0.2, 25.28
±0.2, 25.83±0.2, 26.33±0.2, 26.93±0.2, 27.33±0.2, 27.62±0.2, 28.25±0.2, 29.07±0.2, 30.63±0.2, 31.28±0.2,
31.66 ± 0.2, 31.97 ± 0.2, 32.76 ± 0.2, 33.29 ± 0.2, 33.81 ± 0.2 and 34.31 ± 0.2.
[0160] More preferably, the crystalline form is characterized by having three ormore, four ormore, five ormore, or six or
more of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20.....48 or more of the aforementioned diffraction peaks.
[0161] Morepreferably, thecrystalline form ischaracterizedbyhaving three, fouror fiveof theaforementioneddiffraction
peaks.
[0162] In a more preferred embodiment, the crystalline form is characterized by having two of the aforementioned
diffraction peaks.
[0163] In onepreferredembodiment, the crystalline form is characterizedbyhaving threeormoreof theaforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having three of the afore-
mentioned diffraction peaks.
[0164] In one preferred embodiment, the crystalline form is characterized by having four or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having four of the aforemen-
tioned diffraction peaks.
[0165] In one preferred embodiment, the crystalline form is characterized by having five or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having five of the aforemen-
tioned diffraction peaks.
[0166] In one preferred embodiment, the crystalline form is characterized by having six or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having six of the aforemen-
tioned diffraction peaks.
[0167] In one preferred embodiment, the crystalline form is characterized by having seven or more of the aforemen-
tioned diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having seven of the
aforementioned diffraction peaks.
[0168] In onepreferred embodiment, the crystalline form is characterizedbyhaving eight ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having eight of the afore-
mentioned diffraction peaks.
[0169] In one preferred embodiment, the crystalline form is characterized by having nine ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having nine of the aforemen-
tioned diffraction peaks.
[0170] In one preferred embodiment, the crystalline form is characterized by having ten or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having ten of the aforemen-
tioned diffraction peaks.
[0171] Preferably, the crystalline form is characterized by an x-ray powder diffraction pattern comprising two or more
diffraction peaks at 2[theta] values selected from 9.92± 0.2, 14.86± 0.2, 15.76± 0.2, 17.94± 0.2, 18.13± 0.2, 18.25±
0.2, 19.04±0.2, 19.47±0.2, 19.71±0.2and24.21±0.2.More preferably, the crystalline form is characterizedbyhaving
three, four or five of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having
6, 7, 8, 9 or 10 of the aforementioned diffraction peaks.
[0172] In onehighly preferred embodiment, the crystalline form is characterized byan x-ray powder diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the pattern shown in Figure 28 or as
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listed in Table 4. Preferably, the crystalline form is characterizedbyhaving three, four, fiveor six diffraction peaks as shown
in Figure 28 or as listed in Table 4.
[0173] In one preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry trace
recordedat a heating rate of 20°Cperminutewhich showsamaximumendothermic peak at a temperature betweenabout
200 °C and about 205 °C. Preferably, the maximum endothermic peak at is at a temperature between about 202 °C and
about 205 °C, more preferably about 204 °C.
[0174] In one highly preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry
trace substantially in accordance with that shown in Figure 14.
[0175] In one preferred embodiment, the crystalline form is characterized by:

(a) an x-raypowder diffractionpattern having twoormorediffractionpeaksat 2[theta] values selected from4.16±0.2,
5.48±0.2,7.78±0.2, 9.10±0.2, 9.92±0.2, 10.45±0.2, 10.74±0.2, 11.47±0.2,12.01±0.2, 12.57±0.2, 13.11±
0.2, 14.24± 0.2, 14.86± 0.2, 15.17± 0.2, 15.76± 0.2, 16.28± 0.2, 16.68± 0.2, 17.22± 0.2, 17.94± 0.2, 18.13±
0.2, 18.25± 0.2, 18.71± 0.2, 19.04± 0.2, 19.47± 0.2, 19.71± 0.2, 20.11± 0.2, 20.81± 0.2, 21.75± 0.2, 21.96±
0.2, 22.63± 0.2, 23.57± 0.2, 24.21± 0.2, 24.88± 0.2, 25.28± 0.2, 25.83± 0.2, 26.33± 0.2, 26.93± 0.2, 27.33±
0.2, 27.62± 0.2, 28.25± 0.2, 29.07± 0.2, 30.63± 0.2, 31.28± 0.2, 31.66± 0.2, 31.97± 0.2, 32.76± 0.2, 33.29±
0.2, 33.81 ± 0.2 and 34.31 ± 0.2, or an x-ray powder diffraction pattern in which the peak positions are as shown in
Figure 28; and/or
(b) a differential scanning calorimetry trace recorded at a heating rate of 20°C per minute which shows a maximum
endothermic peak at a temperature between about 200 °C and about 205 °C, or a differential scanning calorimetry
trace as shown in Figure 14.

[0176] In one preferred embodiment, the crystalline form is characterized by (a) and (b) above.
[0177] Advantageously, the crystalline maleate salt/co-crystal of compound (I) as defined herein is only slightly
hygroscopic (as defined by the classification in Table 9; Hygroscopicity Classification adopted from Ph.Eur. and Sihorkar
et al, Pharmaceutical Dev. & Technol. (2013), 18(2), 348‑358).
[0178] In one preferred embodiment, the crystalline form is isolated. In one preferred embodiment, the crystalline form
can be isolated by crystallisation.
[0179] In one embodiment, the crystalline form is substantially free of any other forms.
[0180] A further aspect relates to a crystalline form of compound (I) which is amaleate salt, andwhich contains nomore
than about 20%, no more than about 10%, no more than about 5%, no more than about 2%, no more than about 1% or
about 0% of any other crystalline forms of the maleate salt of compound (I), for example, as measured by XRPD.
[0181] In one preferred embodiment, the crystalline form of the maleate salt of compound (I) is obtained by a cooling
method.
[0182] In one preferred embodiment, described herein is a process for preparing the maleate salt of compound (I) in
crystalline form, said process comprising treating a solution or suspension of compound (I) in free base form with maleic
acid, and crystallising the product therefrom. Preferably, about 2 to about 2.5, or about 2 to about 2.2, or about 2.2
equivalents of maleic acid are used relative to the compound of formula (I). Preferably, the maleic acid is in the form of a
solution,more preferably, comprising ethanol or amixture of ethanol/THF. Preferably, the compound of formula (I) is in the
form of a solution or suspension comprising ethanol. In one preferred embodiment, the process comprises adding an
antisolvent (preferably, ethyl acetate) to aid crystallisation. Preferably, the process comprises heating the mixture,
followed by stepwise cooling as set out above in the detailed description.
[0183] In one preferred embodiment, described herein is a process for preparing the maleate salt of compound (I) in
crystalline form, said process comprising crystallizing the maleate salt from a solution of ethanol or an ethanol/THF
mixture.
[0184] Morepreferably, describedherein is aprocess for preparingacrystalline formof themaleate salt of compound (I),
said process comprising the steps of:

(i) preparing a mixture comprising compound (I) and ethanol, and heating said mixture to at least about 70 °C;
(ii) preparing a solution of maleic acid in ethanol or ethanol/THF, and charging to the mixture formed in step (i);
(iii) cooling the mixture formed in step (ii) to ambient temperature in a stepwise manner; and
(iv) isolating the crystalline form from the mixture.

[0185] More preferably, step (iii) comprises:

(a) cooling the mixture formed in step (ii) to about 60 °C with agitation and holding at about 60 °C for at least 1 hour;
(b) cooling the mixture from step (iii) to about 40 °C with agitation and holding at about 40 °C for at least 1 hour; and
(c) cooling themixture fromstep (iv) toambient temperatureandagitatingatambient temperature for at least 12hours.
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[0186] Preferably, the cooling conditions are as defined above for the hydrochloride salt (more specifically, the
monohydrochloride monohydrate salt).
[0187] Preferably, thesolid is isolatedbyfiltration,morepreferably vacuumfiltration.Preferably the isolatedsolid is dried
in vacuo, preferably for at least 12 hours, or at least 24 hours, at temperature of at least 40 °C,more preferably, at least 50
°C.
[0188] Another aspect relates to a product obtainable by, or obtained by, the above process.

Hydrobromide Salt (not according to the present invention)

[0189] In one preferred embodiment, the crystalline form is a co-crystal or salt formed by the interaction (or reaction) of
compound (I) with hydrobromic acid.
[0190] In one preferred embodiment, the crystalline form is hydrobromide salt of compound (I), more preferably, a
monohydrobromide monohydrate salt.
[0191] In one preferred embodiment, the crystalline form is characterized by an x-ray powder diffraction pattern having
twoormorediffractionpeaksat 2[theta] valuesselected from4.23±0.2, 5.38±0.2,5.66±0.2,8.11±0.2, 8.31+0.2, 8.61
±0.2, 10.02±0.2, 10.45±0.2, 10.75±0.2, 11.32± 0.2, 11.98±0.2, 12.45± 0.2, 12.60±0.2, 13.10±0.2, 13.94±0.2,
14.71± 0.2, 15.76±0.2, 15.91± 0.2, 16.26±0.2, 16.72± 0.2, 17.00±0.2, 17.24±0.2, 17.64±0.2, 17.97±0.2, 18.91
±0.2, 19.19±0.2, 19.51±0.2, 19.76±0.2, 20.05±0.2, 20.19±0.2, 20.77±0.2, 21.53±0.2, 22.07±0.2, 22.60±0.2,
23.14± 0.2, 23.47±0.2, 24.16± 0.2, 24.62±0.2, 25.21± 0.2, 25.41±0.2, 25.85±0.2, 26.57±0.2, 26.76±0.2, 27.39
±0.2, 28.32±0.2, 28.89±0.2, 29.58±0.2, 30.33±0.2, 31.28±0.2, 31.79±0.2, 32.25±0.2, 32.85±0.2, 33.36±0.2,
33.83 ± 0.2 and 34.20 + 0.2.
[0192] More preferably, the crystalline form is characterized by having three ormore, four ormore, five ormore, or six or
more of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20.....54 or more of the aforementioned diffraction peaks.
[0193] Morepreferably, thecrystalline form ischaracterizedbyhaving three, fouror fiveof theaforementioneddiffraction
peaks.
[0194] In a more preferred embodiment, the crystalline form is characterized by having two of the aforementioned
diffraction peaks.
[0195] In onepreferredembodiment, the crystalline form is characterizedbyhaving threeormoreof theaforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having three of the afore-
mentioned diffraction peaks.
[0196] In one preferred embodiment, the crystalline form is characterized by having four or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having four of the aforemen-
tioned diffraction peaks.
[0197] In one preferred embodiment, the crystalline form is characterized by having five or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having five of the aforemen-
tioned diffraction peaks.
[0198] In one preferred embodiment, the crystalline form is characterized by having six or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having six of the aforemen-
tioned diffraction peaks.
[0199] In one preferred embodiment, the crystalline form is characterized by having seven or more of the aforemen-
tioned diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having seven of the
aforementioned diffraction peaks.
[0200] In onepreferred embodiment, the crystalline form is characterizedbyhaving eight ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having eight of the afore-
mentioned diffraction peaks.
[0201] In one preferred embodiment, the crystalline form is characterized by having nine ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having nine of the aforemen-
tioned diffraction peaks.
[0202] In one preferred embodiment, the crystalline form is characterized by having ten or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having ten of the aforemen-
tioned diffraction peaks.
[0203] Preferably, the crystalline form is characterized by an x-ray powder diffraction pattern comprising two or more
diffraction peaks at 2[theta] values selected from10.45± 0.2, 10.75± 0.2, 11.98± 0.2, 16.72± 0.2, 17.97± 0.2, 18.91±
0.2, 19.19±0.2, 19.51 +0.2, 25.21± 0.2 and25.41± 0.2.More preferably, the crystalline form is characterized by having
three, four or five of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having
6, 7, 8, 9 or 10 of the aforementioned diffraction peaks.
[0204] In onehighly preferred embodiment, the crystalline form is characterized byan x-ray powder diffraction pattern in
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which the peak positions are substantially in accordance with the peak positions of the pattern shown in Figure 29 or as
listed in Table 5. Preferably, the crystalline form is characterizedbyhaving three, four, fiveor six diffraction peaks as shown
in Figure 29 or as listed in Table 5.
[0205] In one preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry trace
recordedat a heating rate of 20°Cperminutewhich showsamaximumendothermic peak at a temperature betweenabout
248 °C and about 253 °C. Preferably, the maximum endothermic peak at is at a temperature between about 249 °C and
about 251 °C, more preferably about 250 °C.
[0206] In one highly preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry
trace substantially in accordance with that shown in Figure 18.
[0207] In one preferred embodiment, the crystalline form is characterized by:

(a) an x-raypowder diffractionpattern having twoormorediffractionpeaksat 2[theta] values selected from4.23±0.2,
5.38± 0.2, 5.66± 0.2, 8.11± 0.2, 8.31 + 0.2, 8.61± 0.2, 10.02± 0.2, 10.45± 0.2, 10.75± 0.2, 11.32± 0.2, 11.98±
0.2, 12.45± 0.2, 12.60± 0.2, 13.10± 0.2, 13.94± 0.2, 14.71± 0.2, 15.76± 0.2, 15.91± 0.2, 16.26± 0.2, 16.72±
0.2, 17.00± 0.2, 17.24± 0.2, 17.64± 0.2, 17.97± 0.2, 18.91± 0.2, 19.19± 0.2, 19.51± 0.2, 19.76± 0.2, 20.05±
0.2, 20.19± 0.2, 20.77± 0.2, 21.53± 0.2, 22.07± 0.2, 22.60± 0.2, 23.14± 0.2, 23.47± 0.2, 24.16± 0.2, 24.62±
0.2, 25.21± 0.2, 25.41± 0.2, 25.85± 0.2, 26.57± 0.2, 26.76± 0.2, 27.39± 0.2, 28.32± 0.2, 28.89± 0.2, 29.58±
0.2, 30.33±0.2, 31.28±0.2, 31.79±0.2, 32.25±0.2, 32.85±0.2, 33.36±0.2, 33.83±0.2and34.20±0.2, or anx-
ray powder diffraction pattern in which the peak positions are as shown in Figure 29; and/or
(b) a differential scanning calorimetry trace recorded at a heating rate of 20°C per minute which shows a maximum
endothermic peak at a temperature between about 248 °C and about 253 °C, or a differential scanning calorimetry
trace as shown in Figure 18.

[0208] In one preferred embodiment, the crystalline form is characterized by (a) and (b) above.
[0209] Advantageously, the crystalline hydrobromide salt/co-crystal of compound (I) as defined herein is only slightly
hygroscopic (asdefinedby theclassification inTable9;HygroscopicityClassificationadopted fromPh.Eur. andSihorkaret
al, Pharmaceutical Dev. & Technol. (2013), 18(2), 348‑358).
[0210] In one preferred embodiment, the crystalline form is isolated. In one preferred embodiment, the crystalline form
can be isolated by crystallisation.
[0211] In one embodiment, the crystalline form is substantially free of any other forms.
[0212] A further aspect relates to a crystalline formof compound (I) which is a hydrobromide salt, andwhich contains no
more thanabout20%,nomore thanabout 10%,nomore thanabout5%,nomore thanabout 2%,nomore thanabout 1%or
about 0% of any other crystalline forms of the hydrobromide salt of compound (I), for example, as measured by XRPD.
[0213] Afurtheraspect relates toacrystalline formof compound (I)which isamonohydrobromidemonohydratesalt, and
which contains no more than about 20%, no more than about 10%, no more than about 5%, no more than about 2%, no
more than about 1% or about 0% of any other crystalline forms of themonohydrobromidemonohydrate salt of compound
(I), for example, as measured by XRPD.
[0214] In one preferred embodiment, the crystalline form of the hydrobromide salt of compound (I) is obtained by a
cooling method.
[0215] In one preferred embodiment, described herein is a process for preparing the hydrobromide salt of compound (I)
in crystalline form, said process comprising treating a solution or suspension of compound (I) in free base form with
hydrobromic acid, and crystallising the product therefrom. Preferably, about 1 to about 1.2 equivalents of HBr are used
relative to the compound of formula (I). Preferably, the hydrobromic acid is in the form of a solution, more preferably,
comprising ethanol or a mixture of ethanol/THF. Preferably, the compound of formula (I) is in the form of a solution or
suspension comprising ethanol. In one preferred embodiment, the process comprises adding an antisolvent (preferably,
ethyl acetate) to aid crystallisation. Preferably, the process comprises heating themixture, followedby stepwise cooling as
set out above in the detailed description.
[0216] In one preferred embodiment, described herein is a process for preparing the hydrobromide salt of compound (I)
in crystalline form,saidprocesscomprisingcrystallizing thehydrobromidesalt fromasolutionofethanol or anethanol/THF
mixture.
[0217] More preferably, described herein is a process for preparing a crystalline form of the hydrobromide salt of
compound (I), said process comprising the steps of:

(i) preparing a mixture comprising compound (I) and ethanol, and heating said mixture to at least about 70 °C;
(ii) preparing a solution of hydrobromic acid in ethanol or ethanol/THF, and charging to the mixture formed in step (i);
(iii) cooling the mixture formed in step (ii) to ambient temperature in a stepwise manner; and
(iv) isolating the crystalline form from the mixture.
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[0218] More preferably, step (iii) comprises:

(a) cooling the mixture formed in step (ii) to about 60 °C with agitation and holding at about 60 °C for at least 1 hour;
(b) cooling the mixture from step (iii) to about 40 °C with agitation and holding at about 40 °C for at least 1 hour; and
(c) cooling themixture fromstep (iv) toambient temperatureandagitatingatambient temperature for at least 12hours.

[0219] Preferably, the cooling conditions are as defined above for the hydrochloride salt (more specifically, the
monohydrochloride monohydrate salt).
[0220] Preferably, thesolid is isolatedbyfiltration,morepreferably vacuumfiltration.Preferably the isolatedsolid is dried
in vacuo, preferably for at least 12 hours, or at least 24 hours, at temperature of at least 40 °C,more preferably, at least 50
°C.
[0221] Another aspect relates to a product obtainable by, or obtained by, the above process.

p-Toluenesulfonate Salt (not according to the present invention)

[0222] In one preferred embodiment, the crystalline form is a co-crystal or salt formed by the interaction (or reaction) of
compound (I) with p-toluenesulfonic acid.
[0223] In one preferred embodiment, the crystalline form is a p-toluenesulfonate salt of compound (I). Preferably, the
ratio of compound (I) to p-toluenesulfonate is 1:1.
[0224] In one preferred embodiment, the crystalline form is anhydrous.
[0225] In one preferred embodiment, the crystalline form is characterized by an x-ray powder diffraction pattern having
two or more diffraction peaks at 2[theta] values selected from 5.56± 0.2, 7.91± 0.2, 8.15± 0.2, 8.76± 0.2, 10.10± 0.2,
10.29± 0.2, 10.42±0.2, 12.17± 0.2, 12.56±0.2, 13.61± 0.2, 13.82±0.2, 14.00±0.2, 14.65±0.2, 14.89±0.2, 15.00
±0.2, 15.45±0.2, 15.92±0.2, 16.40±0.2, 16.66±0.2, 16.89±0.2, 17.03±0.2, 17.38±0.2, 17.63±0.2, 17.85±0.2,
18.29± 0.2, 19.10±0.2, 19.42± 0.2, 19.89±0.2, 20.14± 0.2, 20.54±0.2, 20.73±0.2, 21.26±0.2, 21.65±0.2, 21.92
±0.2, 22.47±0.2, 23.96±0.2, 24.77±0.2, 25.06±0.2, 25.60±0.2, 26.05±0.2, 26.57±0.2, 27.02±0.2, 27.26±0.2,
27.88± 0.2, 28.27± 0.2, 29.21± 0.2, 29.79± 0.2, 30.13± 0.2, 31.44± 0.2, 32.28 ± 0.2, 34.03 + 0.2 and 34.67± 0.2.
[0226] More preferably, the crystalline form is characterized by having three ormore, four ormore, five ormore, or six or
more of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20.....51 or more of the aforementioned diffraction peaks.
[0227] Morepreferably, thecrystalline form ischaracterizedbyhaving three, fouror fiveof theaforementioneddiffraction
peaks.
[0228] In a more preferred embodiment, the crystalline form is characterized by having two of the aforementioned
diffraction peaks.
[0229] In onepreferredembodiment, the crystalline form is characterizedbyhaving threeormoreof theaforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having three of the afore-
mentioned diffraction peaks.
[0230] In one preferred embodiment, the crystalline form is characterized by having four or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having four of the aforemen-
tioned diffraction peaks.
[0231] In one preferred embodiment, the crystalline form is characterized by having five or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having five of the aforemen-
tioned diffraction peaks.
[0232] In one preferred embodiment, the crystalline form is characterized by having six or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having six of the aforemen-
tioned diffraction peaks.
[0233] In one preferred embodiment, the crystalline form is characterized by having seven or more of the aforemen-
tioned diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having seven of the
aforementioned diffraction peaks.
[0234] In onepreferred embodiment, the crystalline form is characterizedbyhaving eight ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having eight of the afore-
mentioned diffraction peaks.
[0235] In one preferred embodiment, the crystalline form is characterized by having nine ormore of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having nine of the aforemen-
tioned diffraction peaks.
[0236] In one preferred embodiment, the crystalline form is characterized by having ten or more of the aforementioned
diffraction peaks. In a more preferred embodiment, the crystalline form is characterized by having ten of the aforemen-
tioned diffraction peaks.
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[0237] Preferably, the crystalline form is characterized by an x-ray powder diffraction pattern comprising two or more
diffraction peaks at 2[theta] values selected from10.42± 0.2, 12.17± 0.2, 12.56± 0.2, 17.63± 0.2, 18.29± 0.2, 19.10±
0.2, 19.89±0.2, 20.14±0.2, 20.54±0.2and22.47±0.2.More preferably, the crystalline form is characterizedbyhaving
three, four or five of the aforementioned diffraction peaks. More preferably, the crystalline form is characterized by having
6, 7, 8, 9 or 10 of the aforementioned diffraction peaks.
[0238] In onehighly preferred embodiment, the crystalline form is characterized byan x-ray powder diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the pattern shown in Figure 30 or as
listed in Table 6. Preferably, the crystalline form is characterizedbyhaving three, four, fiveor six diffraction peaks as shown
in Figure 30 or as listed in Table 6.
[0239] In one preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry trace
recordedat a heating rate of 20°Cperminutewhich showsamaximumendothermic peak at a temperature betweenabout
235 °C and about 240 °C. Preferably, the maximum endothermic peak at is at a temperature between about 238°C and
about 240 °C, more preferably about 239 °C.
[0240] In one highly preferred embodiment, the crystalline form is characterized by a differential scanning calorimetry
trace substantially in accordance with that shown in Figure 22.
[0241] In one preferred embodiment, the crystalline form is characterized by:

(a) an x-raypowder diffractionpattern having twoormorediffractionpeaksat 2[theta] values selected from5.56±0.2,
7.91±0.2, 8.15±0.2, 8.76±0.2, 10.10±0.2, 10.29±0.2, 10.42±0.2, 12.17±0.2, 12.56±0.2, 13.61±0.2, 13.82
±0.2, 14.00±0.2, 14.65±0.2, 14.89±0.2, 15.00±0.2, 15.45±0.2, 15.92±0.2, 16.40±0.2, 16.66±0.2, 16.89±
0.2, 17.03± 0.2, 17.38± 0.2, 17.63± 0.2, 17.85± 0.2, 18.29± 0.2, 19.10± 0.2, 19.42± 0.2, 19.89± 0.2, 20.14±
0.2, 20.54± 0.2, 20.73± 0.2, 21.26± 0.2, 21.65± 0.2, 21.92± 0.2, 22.47± 0.2, 23.96± 0.2, 24.77± 0.2, 25.06±
0.2, 25.60± 0.2, 26.05± 0.2, 26.57± 0.2, 27.02± 0.2, 27.26± 0.2, 27.88± 0.2, 28.27± 0.2, 29.21± 0.2, 29.79±
0.2, 30.13±0.2, 31.44±0.2, 32.28±0.2, 34.03±0.2and34.67±0.2, or an x-raypowder diffraction pattern inwhich
the peak positions are as shown in Figure 30; and/or
(b) a differential scanning calorimetry trace recorded at a heating rate of 20°C per minute which shows a maximum
endothermic peak at a temperature between about 235 °C and about 240 °C, or a a differential scanning calorimetry
trace as shown in Figure 22.

[0242] In one preferred embodiment, the crystalline form is characterized by (a) and (b) above.
[0243] Advantageously, the crystalline p-toluenesulfonate salt/co-crystal of compound (I) as defined herein is only
slightly hygroscopic (as defined by the classification in Table 9; Hygroscopicity Classification adopted from Ph.Eur. and
Sihorkar et al, Pharmaceutical Dev. & Technol. (2013), 18(2), 348‑358).
[0244] In one preferred embodiment, the crystalline form is isolated. In one preferred embodiment, the crystalline form
can be isolated by crystallisation.
[0245] In one embodiment, the crystalline form is substantially free of any other forms.
[0246] A further aspect relates to a crystalline form of compound (I) which is a p-toluenesulfonate salt, and which
contains nomore thanabout 20%,nomore thanabout 10%,nomore thanabout 5%,nomore thanabout 2%,nomore than
about 1% or about 0% of any other crystalline forms of the p-toluenesulfonate salt of compound (I), for example, as
measured by XRPD.
[0247] In one preferred embodiment, the crystalline form of the p-toluenesulfonate salt of compound (I) is obtained by a
cooling method.
[0248] In one preferred embodiment, described herein is a process for preparing the p-toluenesulfonate salt of
compound (I) in crystalline form, said process comprising crystallizing the p-toluenesulfonate salt from a mixture of
ethanol/THF.
[0249] In one preferred embodiment, described herein is a process for preparing the p-toluenesulfonate salt of
compound (I) in crystalline form, said process comprising treating a solution or suspension of compound (I) in free base
formwith p-toluenesulfonic acid, and crystallising the product therefrom. Preferably, about 1 to about 1.2 equivalents of p-
toluenesulfonic acid are used relative to the compoundof formula (I). Preferably, thep-toluenesulfonic acid is in the formof
a solution, more preferably, comprising ethanol or a mixture of ethanol/THF. Preferably, the compound of formula (I) is in
the form of a solution or suspension comprising ethanol or a mixture of ethanol/THF. In one preferred embodiment, the
process comprises adding an antisolvent (preferably, ethyl acetate) to aid crystallisation. Preferably, the process
comprises heating the mixture, followed by stepwise cooling as set out above in the detailed description.
[0250] More preferably, described herein is a process for preparing a crystalline form of the p-toluenesulfonate salt of
compound (I), said process comprising the steps of:

(i) preparing a mixture comprising compound (I), ethanol and THF, and heating with agitation to at least about 55 °C;
(ii) preparing a solution of p-toluenesulfonic acid in ethanol and charging to the mixture formed in step (i);
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(iii) cooling the mixture formed in step (ii) to ambient temperature and agitating for at least about 48 hours;
(iv) reducing the volume of solvent of the mixture from step (iii) under a nitrogen stream to form a suspension and
agitating for at least 1 hour;
(v) adding ethanol to the suspension of step (iv) and agitating for at least 12 hours; and
(vi) isolating the solid from step (v).

[0251] Preferably, the ratio of THF toEtOH is at least 3:1,more preferably, at least 4:1,morepreferably at least 5:1,more
preferably at least 6:1, more preferably at least 7:1, more preferably at least 8:1, more preferably at least 9:1, more
preferably at least 10:1.
[0252] In one preferred embodiment, the ratio of THF to EtOH is about 3:1, more preferably, about 4: 1, more preferably
about 5:1, more preferably about 6:1, more preferably about 7: 1, more preferably about 8:1, more preferably about 9:1,
more preferably about 7.5:1.
[0253] More preferably, the process comprises the steps of:

(i) preparing a mixture comprising compound (I), ethanol and THF, and heating with agitation to at least about 60 °C;
(ii) preparing a solution of p-toluenesulfonic acid in ethanol and charging to the mixture formed in step (i);
(iii) cooling the mixture formed in step (ii) to ambient temperature and agitating for at least about 90 hours;
(iv) reducing the volume of solvent of the mixture from step (iii) under a nitrogen stream to form a suspension and
agitating for at least 3 hours;
(v) adding ethanol to the suspension of step (iv) and agitating for at least 20 hours; and
(vi) isolating the solid from step (v).

[0254] Preferably, thesolid is isolatedbyfiltration,morepreferably vacuumfiltration.Preferably the isolatedsolid is dried
in vacuo, preferably for at least 12 hours, or at least 24 hours, at temperature of at least 40 °C,more preferably, at least 50
°C.
[0255] Another aspect relates to a product obtainable by, or obtained by, the above process.

Therapeutic Use

[0256] Compound (I) has shown to exhibit potent inhibitory activity on polo-like kinase, more specifically PLK1, and is
therefore believed to be of use in the treatment of proliferative disorders (such as cancer, leukaemia, lymphoma and
alopecia), immune-mediated and inflammatory disorders (such as graft-versus-host disease (GvHD), transplant rejection
and psoriasis), autoimmune and autoimmune-mediated disorders (such as Hashimoto’s thyroiditis, pernicious anaemia,
Addison’s disease, type I diabetes, rheumatoid arthritis, systemic lupus erythematosus, dermatomyositis, Sjogren’s
syndrome, drug-induced lupus erythematosus, multiple sclerosis, myasthenia gravis, Reiter’s syndrome and Grave’s
disease, pemphigus vulgaris), kidney disorders (such as glomerulonephritis, nephronophthisis and polycystic kidney
disease), viral disorders (such as influenza virus, hepatitis B virus (HBV), hepatitis C virus (HCV), human cytomegalovirus
(HCMV) and human immunodeficiency virus type 1 (HIV‑1).
[0257] Thus, one aspect of the invention relates to a crystalline form, or pharmaceutical composition, according to the
present invention for use in medicine or for use as a medicament.
[0258] Yet another aspect of the invention relates to a crystalline form, or pharmaceutical composition, according to the
present invention for use in the prevention or treatment of a proliferative disorder.
[0259] Preferably, the crystalline form of the invention is for use in a warm blooded animal, more preferably still, a
mammal, even more preferably, a human.
[0260] One preferred embodiment relates to one or more compounds of the invention for use in the treatment of
proliferative disorders. Preferably, the proliferative disorder is a cancer, leukaemia or lymphoma. The term proliferative
disorder is used herein in a broad sense to include any disorder that requires control of the cell cycle, for example genetic
proliferative diseases such as polycystic kidney disease.
[0261] As defined herein, an anti-proliferative effect within the scope of the present invention may be demonstrated by
the ability to inhibit cell proliferation in an in vitro whole cell assay. Using such assays it may be determined whether a
compound is anti-proliferative in the context of the present invention.
[0262] In one preferred embodiment, the proliferative disorder is a solid tumour. Preferably, the solid tumour is a bladder
cancer, bone cancer, brain or nerve cancer, prostate cancer, skin cancer, lung cancer, breast cancer, colorectal, ovarian or
uterine cancer or eosophageal cancer.
[0263] In another preferred embodiment, the proliferative disorder is a haematological cancer. Preferably, the hae-
matological cancer is leukaemia or lymphoma, more preferably, advanced leukaemias or myelodysplastic syndromes
(MDS). Other examples include acute myelogenous leukaemia (AML), acute lymphocytic leukaemia (ALL) or chronic
lymphocytic leukaemia (CLL).
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[0264] In another preferred embodiment, the proliferative disorder is selected from glomerulonephritis, rheumatoid
arthritis and psoriasis.
[0265] Another aspect of the invention relates to a crystalline form, or pharmaceutical composition, according to the
present invention for use in theprevention or treatment of an immune-mediated or inflammatory disorder.More preferably,
the disorder is selected from graft-versus-host disease (GvHD), transplant rejection and psoriasis.
[0266] Another aspect of the invention relates to a crystalline form, or pharmaceutical composition, according to the
present invention for use in the prevention or treatment of an autoimmune or autoimmune-mediated disorder. More
preferably, the disorder is selected from Hashimoto’s thyroiditis, pernicious anaemia, Addison’s disease, type I diabetes,
rheumatoid arthritis, systemic lupus erythematosus, dermatomyositis, Sjogren’s syndrome, drug-induced lupus erythe-
matosus, multiple sclerosis, myasthenia gravis, Reiter’s syndrome and Grave’s disease, pemphigus vulgaris.
[0267] Another aspect of the invention relates to a crystalline form, or pharmaceutical composition, according to the
present invention for use in the prevention or treatment of a kidney disorder. More preferably, the disorder selected from
glomerulonephritis, nephronophthisis and polycystic kidney disease.
[0268] Another aspect of the invention relates to a crystalline form, or pharmaceutical composition, according to the
present invention for use in the prevention or treatment of a viral disorder. More preferably, the disorder is selected from
influenza virus, hepatitis B virus (HBV), hepatitis C virus (HCV), human cytomegalovirus (HCMV) and human immuno-
deficiency virus type 1 (HIV‑1).

Pharmaceutical Composition

[0269] When crystalline forms of the invention are used as a medicament, preferably as an agent for treatment or
prevention of proliferative disorders, the crystalline form can be administered alone, or as amixture of the crystalline form
with an appropriate pharmacologically acceptable excipient(s), and/or diluent(s) and/or carrier(s).
[0270] Another aspect of the invention therefore relates to a pharmaceutical composition comprising a crystalline form
according to the present invention and a pharmaceutically acceptable diluent, excipient or carrier.
[0271] A further aspect relates to a process for preparing a pharmaceutical composition as described above, said
process comprising admixing a crystalline form according to the invention with a pharmaceutically acceptable diluent,
excipient or carrier.
[0272] Compositions according to the present invention can be in unit dosage form such as tablets, capsules, granules,
powders, syrups, injections, ointments, solutions, suspensions, aerosols, troches or the like for oral, topical (e.g. for
psoriasis) or parenteral administration.
[0273] The choice of pharmaceutical carrier, excipient or diluent can be selected with regard to the intended route of
administration and standard pharmaceutical practice. The pharmaceutical compositions may comprise as, or in addition
to, the carrier, excipient or diluent any suitable binder(s), lubricant(s), suspending agent(s), coating agent(s), solubilising
agent(s). The pharmaceutical compositions may be for human or animal usage in human and veterinary medicine.
[0274] In one preferred embodiment, the pharmaceutical composition is in solid form.
[0275] The pharmaceutical compositions can be prepared in a known manner by using additives such as excipients,
binding agents, disintegrating agents, lubricating agents, stabilizing agents, corrigents, suspending agents, diluents and
solvents.
[0276] Examples of such suitable excipients for the various different forms of pharmaceutical compositions described
hereinmaybe found in the "HandbookofPharmaceuticalExcipients, 2ndEdition, (1994),EditedbyAWadeandPJWeller.
An example of an excipient includes a sugar derivative such as lactose, sucrose, glucose, mannitol, or sorbitol; a starch
derivative such as corn starch, potato starch, alpha -starch, dextrin, carboxy methylstarch; a cellulose derivative such as
crystalline cellulose, low-substituted hydroxypropylcellulose, hydroxypropylmethylcellulose, carboxymethyl-cellulose,
calcium carboxymethylcellulose, internal-cross-linked sodium carboxymethylcellulose; acacia; dextran; pullulan; a
silicate derivative such as light silicic acid anhydride, synthetic aluminum silicate, magnesium aluminate metasilicate;
a phosphate derivative suchas calciumphosphate; a carbonate derivative suchas calciumcarbonate; a sulfate derivative
such as calcium sulfate; or the like.
[0277] Acceptable carriers or diluents for therapeutic use are well known in the pharmaceutical art, and are described,
for example, in Remington’s Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit. 1985). Examples of
suitable carriers include lactose, starch, glucose, methyl cellulose, magnesium stearate, mannitol, sorbitol and the like.
Examples of suitable diluents include ethanol, glycerol and water.
[0278] An example of a disintegrating agent includes an excipient described hereinbefore, a chemicallymodified starch
or cellulose derivative such as sodium cross-carmellose, sodium carboxymethylstarch, cross-linked polyvinylpyrrolidone
or the like.
[0279] Preservatives, stabilizers, dyes and even flavoring agents may be provided in the pharmaceutical composition.
Examples of preservatives include sodium benzoate, sorbic acid and esters of p-hydroxybenzoic acid. Antioxidants and
suspending agents may be also used.
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[0280] Anexample of a stabilizing agent includesapara-hydroxybenzoic acid ester derivative suchasmethylparabene,
propylparabene; an alcohol derivative such as chlorobutanol, benzyl alcohol, phenetyl alcohol; benzalkonium chloride; a
phenol derivative such as phenol, cresol; thimerosal; acetic anhydride; sorbic acid; or the like.
[0281] Anexample of a corrigent includesa sweetning, souring, and flavoringagents or the like all ofwhich are ordinarily
used.
[0282] An example of a solvent includes water, ethanol, glycerin or the like.
[0283] Examples of suitable binders include an excipient described hereinbefore; gelatin; polyvinylpyrrolidone; macro-
gol; or the like, starch, natural sugars such as glucose, anhydrous lactose, free-flow lactose, beta-lactose, corn
sweeteners, natural and synthetic gums, such as acacia, tragacanth or sodium alginate, carboxymethyl cellulose and
polyethylene glycol.
[0284] Anexampleof a lubricatingagent includes talc; stearic acid; ametal stearate derivative suchas calciumstearate,
magnesiumstearate, sodiumstearate; colloidal silica; veegum; awaxsuchasbeeswaxor spermaceti; boric acid; a glycol;
a carboxy acid derivative such as fumaric acid, adipic acid; a sodiumcarboxylate such as sodiumbenzoate; a sulfate such
as sodium sulfate; leucine; a lauryl sulfate such as sodium lauryl sulfate, or magnesium lauryl sulfate; a silicic acid
derivative such as silicic acid anhydride, silicic acid hydrate; a starch derivative described above as an excipient; sodium
oleate, sodium acetate, sodium chloride, or the like.

Administration

[0285] The pharmaceutical compositions of the present invention may be adapted for oral, rectal, vaginal, parenteral,
intramuscular, intraperitoneal, intraarterial, intrathecal, intrabronchial, subcutaneous, intradermal, intravenous, nasal,
buccal or sublingual routes of administration.
[0286] Fororal administration, particular use ismadeof compressed tablets, pills, tablets, gellules, drops, andcapsules.
Preferably, these compositions contain from 1 to 250 mg and more preferably from 10‑100 mg, of active ingredient per
dose.
[0287] Other forms of administration comprise solutions or emulsions which may be injected intravenously, intraarte-
rially, intrathecally, subcutaneously, intradermally, intraperitoneally or intramuscularly, andwhichareprepared fromsterile
or sterilisable solutions. The pharmaceutical compositions of the present invention may also be in form of suppositories,
pessaries, suspensions, emulsions, lotions, ointments, creams, gels, sprays, solutions or dusting powders.
[0288] An alternative means of transdermal administration is by use of a skin patch. For example, the active ingredient
can be incorporated into a cream consisting of an aqueous emulsion of polyethylene glycols or liquid paraffin. The active
ingredient can also be incorporated, at a concentration of between 1 and 10% by weight, into an ointment consisting of a
white wax or white soft paraffin base together with such stabilisers and preservatives as may be required.
[0289] Injectable forms may contain between 10 - 1000 mg, preferably between 10 - 250 mg, of active ingredient per
dose.
[0290] Compositionsmay be formulated in unit dosage form, i.e., in the form of discrete portions containing a unit dose,
or a multiple or sub-unit of a unit dose.

Dosage

[0291] Thedoseof thecrystalline formof compound (I)will dependonsuch factorsassymptom,bodysurfacearea, body
weight and age of the patient. A suitable dosage level is 10mg (preferably 200mg) per day to 700mg (preferably 400mg)
per day.Thecrystalline formof thecompoundof formula (I) canbeadministeredaseithera singleunit dosage, or if desired,
thedosagemaybedivided into convenient subunits administeredat one to several times throughout thedaydependingon
the symptoms of the patient.
[0292] Aperson of ordinary skill in the art can easily determine an appropriate dose of one of the instant compositions to
administer toasubjectwithout undueexperimentation.Typically, aphysicianwill determine theactual dosagewhichwill be
most suitable foran individual patientand itwill dependonavarietyof factors including theactivityof thespecificcompound
employed, the metabolic stability and length of action of that compound, the age, body weight, general health, sex, diet,
mode and time of administration, rate of excretion, drug combination, the severity of the particular condition, and the
individual undergoing therapy. The dosages disclosed herein are exemplary of the average case. There can of course be
individual instances where higher or lower dosage ranges are merited, and such are within the scope of this invention.
[0293] The present invention is further described with reference to the following figures, wherein figures relating to salts
other than the monochloride monohydrate salt of compound (I) are not according to the present invention, and:

Figure 1 shows the weight change (% d.b.) versus relative humidity (%) for the monohydrochloride salt of compound
(I).
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Figure 2 is an isotherm plot for themonohydrochloride salt of compound (I) showing weight change (%) (left axis) and
relative humidity (%) (right axis) versis time (minutes) (horizontal axis) asmeasuredusingaHiden Isochemamoisture
sorption analyser.

Figure 3 shows the XRPD comparison of the monohydrochloride salt of compound (I) (upper trace), post GVS dry
(middle trace) and post GVS 90 % relative humidity (lower trace).

Figure 4 shows the DSC/TGA trace for the monohydrochloride salt of compound (I), together with corresponding
traces for postGVSdryandpostGVS90%relativehumidity. TheDSC thermogram(lower trace)wasobtainedusinga
PerkinElmer DSC 4000 at a heating rate of 20°C/min (peak max observed at around 268°C). The upper trace shows
TGA analysis for the same salt using a PerkinElmer Pyris 1 TGA at a heating rate of 20°C/min.

Figure 5 shows the 1H NMR spectrum of the 1:2 L-malate salt of compound (I).

Figure 6 shows the DSC and TGA thermographs for the 1:2 L-malate salt of compound (I). The DSC thermogram
(lower trace) was obtained using a PerkinElmer DSC 4000 at a heating rate of 20°C/min (peak max observed at
187.57°C). Theupper trace showsTGAanalysis for the samesalt usingaPerkinElmerPyris 1TGAat aheating rate of
20°C/min.

Figure 7 shows the DVS profile of the 1:2 L-malate salt of compound (I), weight change (%) versus relative humidity
(%).

Figure 8 shows the XRPD comparison of the 1:2 L-malate salt of compound (I) (upper trace), post GVS dry (middle
trace) and post GVS 90 % relative humidity (lower trace).

Figure 9 shows the 1H NMR spectrum of the 1:2 succinate salt of compound (I).

Figure 10 shows the DSC and TGA thermographs for the 1:2 succinate salt of compound (I). The DSC thermogram
(lower trace) was obtained using a PerkinElmer DSC 4000 at a heating rate of 20°C/min (peak max observed at
188.80°C). Theupper trace showsTGAanalysis for the samesalt usingaPerkinElmerPyris 1TGAat aheating rate of
20°C/min.

Figure 11 shows theDVS profile of the 1:2 succinate salt of compound (I), weight change (%) versus relative humidity
(%).

Figure 12 shows the XRPD comparison of the 1:2 succinate salt of compound (I) (upper trace), post GVS dry (middle
trace) and post GVS 90 % relative humidity (lower trace). Figure 13 shows the 1H NMR spectrum of the 1:2 maleate
salt of compound (I).

Figure 14 shows the DSC and TGA thermographs for the 1:2 maleate salt of compound (I). The DSC thermogram
(lower trace) was obtained using a PerkinElmer DSC 4000 at a heating rate of 20°C/min (peak max observed at
203.80°C). Theupper trace showsTGAanalysis for the samesalt usingaPerkinElmerPyris 1TGAat aheating rate of
20°C/min.

Figure 15 shows the DVS profile of the 1:2 maleate salt of compound (I), weight change (%) versus relative humidity
(%).

Figure 16 shows the XRPD comparison of the 1:2 maleate salt of compound (I) (upper trace), post GVS dry (middle
trace) and post GVS 90 % relative humidity (lower trace).

Figure 17 shows the 1H NMR spectrum of the monohydrobromide monohydrate salt of compound (I).

Figure 18 shows theDSCand TGA thermographs for themonohydrobromidemonohydrate salt of compound (I). The
DSC thermogram (lower trace) was obtained using a PerkinElmer DSC4000 at a heating rate of 20°C/min (peakmax
observed at 249.77°C). The upper trace shows TGA analysis for the same salt using a PerkinElmer Pyris 1 TGA at a
heating rate of 20°C/min.

Figure 19 shows the DVS profile of the monohydrobromide monohydrate salt of compound (I), weight change (%)
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versus relative humidity (%).

Figure 20 shows the XRPD comparison of the monohydrobromide monohydrate salt of compound (I) (upper trace),
post GVS dry (middle trace) and post GVS 90 % relative humidity (lower trace).

Figure 21 shows the 1H NMR spectrum of the 1:1 p-toluenesulfonate salt of compound (I).

Figure 22 shows the DSC and TGA thermographs for the 1:1 p-toluenesulfonate salt of compound (I). The DSC
thermogram (lower trace) was obtained using a PerkinElmer DSC 4000 at a heating rate of 20°C/min (peak max
observed at 238.99°C). The upper trace shows TGA analysis for the same salt using a PerkinElmer Pyris 1 TGA at a
heating rate of 20°C/min.

Figure 23 shows theDVSprofile of the 1:1 p-toluenesulfonate salt of compound (I), weight change (%) versus relative
humidity (%).

Figure 24 shows theXRPDcomparison of the 1:1 p-toluenesulfonate salt of compound (I) (upper trace), postGVSdry
(middle trace) and post GVS 90 % relative humidity (lower trace).

Figure 25 shows the X-ray powder diffraction pattern of the monohydrochloride monohydrate salt of compound (I).

Figure 26 shows the X-ray powder diffraction pattern of the 1:2 L-malate salt of compound (I).

Figure 27 shows the X-ray powder diffraction pattern of the 1:2 succinate salt of compound (I).

Figure 28 shows the X-ray powder diffraction pattern of the 1:2 maleate salt of compound (I).

Figure 29 shows the X-ray powder diffraction pattern of the monohydrobromide monohydrate salt of compound (I).

Figure 30 shows the X-ray powder diffraction pattern of the 1:1 p-toluenesulfonate salt of compound (I).

Figure 31 shows the 1H NMR spectrum of the 1:1 monohydrochloride monohydrate salt of compound (I).

[0294] The present invention is further described with reference to the following non-limiting Examples.

EXAMPLES

Abbreviations

[0295]

EtOH ethanol
MeOH methanol
EtOAc ethyl acetate
DCM dichloromethane
t-BuOK potassium tert-butoxide
Mel methyl iodide
RT room temperature
Et2O diethyl ether
NMP N-methylpyrrolidone
HPLC high performance liquid chromatography
HBTU (2‑(1H-benzotriazol‑1-yl)‑1,1,3,3-tetramethyluronium hexafluorophosphate
DIPEA N,N-diisopropylethylamine
HOBt hydroxybenzotriazole
HRGC high resolution gas chromatography
KF Karl Fischer
MeCN acetonitrile
IMS industrial methylated spirits
TBME methyl tert-butyl ether
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THF tetrahydrofuran
MEK methyl ethyl ketone
nBuOAc n-butyl acetate
nPrOH n-propanol

1. Instruments and Methods

1.1. Solution proton NMR

[0296] 1H NMR spectra were collected using a JEOL EX 270MHz spectrometer equipped with an auto-sampler. The
sampleswere dissolved in a suitable deuterated solvent for analysis. The datawas acquired usingDeltaNMRProcessing
and Control Software version 4.3.

1.2. X-Ray Powder Diffraction (XRPD)

[0297] X-Ray Powder Diffraction patterns were collected on a PANalytical diffractometer using Cu Kα radiation (45kV,
40mA),θ -θgoniometer, focusingmirror, divergenceslit (1/2"), soller slits at both incident anddivergent beam(4mm)anda
PlXcel detector. The software used for data collection was X’Pert Data Collector, version 2.2f and the data was presented
using X’Pert Data Viewer, version 1.2d. XRPD patterns were acquired under ambient conditions via a transmission foil
sample stage (polyimide - Kapton, 12.7µm thickness film) under ambient conditions using a PANalytical X’Pert PRO. The
data collection rangewas2.994 - 35°2θwith a continuous scan speedof 0.202004°s‑1. XRPDvaluesare givenasdegrees
2-theta ± 0.2 degrees 2-theta. 2-theta values in the accompanying tables are presented to 4 decimal places; in the
accompanying claims the 2-theta values are rounded to 2 decimal places. The skilled personwould understand that the 2-
theta values in the tables (which form the basis of the 2-theta values in the claims) could equally be rounded to 1 decimal
place.

1.3. Differential Scanning Calorimetry (DSC)

[0298] DSCdata was collected on aPerkinElmer DSC4000 equippedwith a 45 position sample holder. The instrument
was verified for energy and temperature calibration using certified indium. A predefined amount of the sample, 0.5‑3.0mg,
wasplaced inapinholedaluminiumpanandheatedat 20°C.min‑1 from30 to300°C,or variedasexperimentationdictated.
A purge of dry nitrogen at 60ml.min‑1 was maintained over the sample. The instrument control, data acquisition and
analysis were performed with Pyris Software v9.0.1.0203.

1.4. Thermo-Gravimetric Analysis (TGA)

[0299] TGAdatawerecollectedonaPerkinElmerPyris 1TGAequippedwitha20positionauto-sampler. The instrument
was calibrated using a certified weight and certified Alumel and Perkalloy for temperature. A predefined amount of the
sample, 1‑5mg, was loaded onto a pre-tared aluminium crucible andwas heated at 20°C.min‑1 from ambient temperature
to 400°C. A nitrogen purge at 20ml.min‑1 was maintained over the sample. The instrument control, data acquisition and
analysis were performed with Pyris Software v9.0.1.0203.

1.5. Gravimetric Vapour Sorption (DVS)

[0300] Sorption isotherms were obtained using a Hiden Isochema moisture sorption analyser (model IGAsorp),
controlled by IGAsorp Systems Software V6.50.48. The sample was maintained at a constant temperature (25°C) by
the instrument controls. The humidity was controlled by mixing streams of dry and wet nitrogen, with a total flow of
250ml.min‑1. The instrument was verified for relative humidity content by measuring three calibrated Rotronic salt
solutions (10 - 50 - 88%). The weight change of the sample was monitored as a function of humidity by a microbalance
(accuracy +/‑ 0.005 mg). A defined amount of sample was placed in a tared mesh stainless steel basket under ambient
conditions.
[0301] A full experimental cycle typically consisted of three scans (sorption, desorption and sorption) at a constant
temperature (25°C) and 10% RH intervals over a 0 - 90% range (60 minutes for each humidity level). This type of
experiment should demonstrate the ability of samples studied to absorb moisture (or not) over a set of well-determined
humidity ranges.

24

EP 4 013 503 B1

5

10

15

20

25

30

35

40

45

50

55



1.6 High Resolution Gas Chromatography (HRGC)

[0302] HRGC spectra were obtained by Agilent 6890 series gas chromatography fitted with a headspace sampler. The
samples were dissolved in methanol.

2. Preparative Methods for Each Salt

[0303] Compound (I) in free base form can be prepared in accordance with the synthesis shown below in Schemes 1, 2
and 3 (see also the methods described in WO 2009/040556; in particular, compound [384]):
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2.1 Synthesis of Compound (I)

(i) Intermediate A

Stage 1

[0304]

[0305] RaneyNickel catalyst (200g, 50%water)waswashedwithEtOH (3x100ml, solventwasdecanted). The catalyst
was then suspended in ethanol (200ml). To a suspension of Raney Nickel (200 g, 50% suspension in EtOH) in EtOH (3L)
wasaddedethyl‑1-cyanocyclopropanecarboxylate (600g, 4.3119mol). ThehydrogenatorwaspurgedwithN2 (3x) andH2
(3x). The reaction was pressured to 20 bar with hydrogen and stirred at room temperature overnight. The mixture was
filtered through a pad of Celite (500 g) and washed with ethanol (2x0.6L). The filtrate was concentrated. The residue was
dissolved in DCM (1.8L), dried over MgSO4, filtered and concentrated. This gave the product as a clear oil (580 g, 94%
yield).

Stage 2

[0306]
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[0307] To a solution of the amine fromStage 1 (800g, 5.5874mol) and cyclopentanone (520ml, 5.867mol) in DCM (8L)
was addedNaBH(OAc)3 (1777 g, 8.381mol) at room temperature portionwise over ~1.5 h. The reactionmixture was then
stirred at room temperature overnight. To decompose the excess of the reducing agent a saturated solution of K2CO3 in
water (8L) was added and the reaction mixture was stirred for 1h at RT (gas evolution, pH=8). The layers were separated
and the aqueous layerwas extractedwithDCM (4L). The combined organic layerswerewashedwith K2CO3aq (4L), dried
over MgSO4, filtered and concentrated. This gave 1210.3 g of the product as a clear oil (1157g active (contained 4.3%
DCM), 98% yield).

Stage 3

[0308]

[0309] A solution of 2,4-dichloro‑5-nitropyrimidine (1309.4g, 6.750 mol) in acetone (11.4 L) was cooled to 0‑5°C and
K2CO3 (933g, 6.750mol)wasadded.Asolution of theamine fromStage2 (1426.3g, 6.750mol) in acetone (2.9L)was then
added dropwise over 1.5h maintaining the temperature below 5°C. After 1h, 1H NMR analysis showed ~6% of 2,4-
dichloro‑5-nitropyrimidine and no Stage 2 amine. Stage 2 amine(86g, 0.407 mol) in acetone (50 ml) was added and the
mixturewas stirred atRT for 1h. The solidswere filtered off andwashedwith acetone (1L). The filtratewas concentrated at
25°C (at higher temperatures the product polymerizes), the residue was dissolved in DCM (8L), washed with water (2L),
dried overMgSO4, filtered and concentrated at 25°C. This gave the product as an orange oily solid (2755 g, LC85%pure).
The product was suspended inEt2O (475ml) and stirred at room temperature for 15min. Heptane (475ml) was added and
the suspension was stirred for 1h at room temperature. After that time themixture was filtered, the filter cake was washed
with Et2O/heptane (1:1, 2x950ml) and dried at 25°C in a vacuum oven overnight. This gave 1762.2 g of the product as a
yellow solid (71% yield, LC 96.99 % pure).

Stage 4

[0310]

[0311] AcOH (7.6 L)washeated to 60°Cand the heatingmantlewas removed. Fepowder (431g, 7.727mol)was added
portionwiseat60°Cover15min (noexotherm, small gasevolution).Themixturewas thencooled to25°C (icebath) and the
product fromStage 3 (950 g, 2.576mol) was added portionwise over 3 h (small exothermobserved, cooledwith ice/water,
reaction temp maintained between 25‑30°C). The reaction mixture was stirred overnight at 25°C. After that time LC
completion check indicated 82.0% product.
[0312] The mixture was diluted with water (15.2 L, no exotherm) and the product was filtered off using filter cloth. The
filter cake was washed with water (500 ml) then treated with saturated NaHCO3aq (2L, gas evolution). The solids were

27

EP 4 013 503 B1

5

10

15

20

25

30

35

40

45

50

55



filteredoff (filter paper) andwashedwithwater (3x500ml).Thedampcake (1717g)wascombinedwith threebatchesof the
product from Stage 4 prepared by the same method [batch 1 (950 g)‑1668 g water wet, batch 2 (950g)‑1701g water wet,
batch3 (581.1g) 1113gwaterwet] andstirred inwater (5L) for 1hat room temperature. Thesolidswere filteredoffanddried
at 50°C for 5 days in a vacuumoven. This gave 2972.4 g of the product as a brown solid (~100%yield, LCpurity 94.5%,KF
0.65%, contains Fe salts). The product was used in the next stage without purification.

Stage 5

[0313]

[0314] The product from Stage 4 (2019.1 g gross, 1850.0 g active - assumed 100% yield at stage 4) was added
portionwise over 10minuteswithin the specified range of 0‑10 °C to a suspension of t-BuOK (854.3 g) in THF (19.0 L). The
reaction mixture was stirred for 30 minutes within the specified range of 0‑10 °C (final temperature 5.47 °C) then methyl
iodide (440ml)wasaddeddropwiseover 23minutesmaintaining the temperaturewithin the specified rangeof 0‑5 °C.The
mixture was stirred within the specified range of 0‑5 °C for 15 minutes and then warmed to 20 °C over 2.5 hours and then
stirredwithin the specified range of 20‑25 °Covernight (12 hours). Completion analysis byHPLC showed that the reaction
was complete (0.5%product fromStage 4 remaining, target notmore than 1.0% remaining). The saltswere filtered off and
washed with THF (1920 mL). The filtrate was concentrated in vacuo and the residue (2321.2 g) was partitioned between
DCM (5770 mL) and water (1150 mL) (note: the residue did not dissolve fully prior to partitioning with a cloudy aqueous
layer present, this did not prevent the phases from separating). The organic layer was dried overMgSO4 (426.2 g) filtered,
washedwithDCM(1000mL)and concentrated in vacuo.This gave theproduct asapale yellowsolid (1924.3g)whichwas
ovendriedat 40 °C for 24hours to give theproduct fromStage5.Yield = (1502.2g, 77.5%).Material 98.48%purebyHPLC
(0.0% product from Stage 4)

(ii) Intermediate D

Stages 1’ and 2’

[0315]

[0316] 4-Acetamidocyclohexanone (850 g, 5.477mol), N-methylpiperazine (729ml, 6.573mol) andMeSO3H (28.5ml,
0.438) in toluene (6.8L)wereheated for5hat refluxemployingaDean&Starkseparator (94mlofwaterwascollected).The
skilled person would understand that alternative amine protecting groups could be used in compound XIII, e.g. BOC, Bn2
and the like. After that time themixturewas cooled to 50°C (at lower temperaturesmixture solidifies) and dilutedwithEtOH
(6.8L). The intermediate enaminewas treatedwithNaBH4 (207.2 g, 5.477mol) portionwise at 15‑20°Cand stirred at room
temperature overnight. The excess of NaBH4 was decomposed with 6M HCl (4L) at 10‑15°C. The skilled person would
understand that alternative reducing agents could be used, e.g. LiBH4 instead of NaBH4. The layers were separated and
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the aqueous layer was treated with K2CO3 (1.2 kg, to achieve pH=8). The solids were filtered off and washed with DCM
(2.5L, this was used later for the extraction). The filtrate was concentrated. The residuewas extractedwith DCM (2x2.5L),
basifiedwith 1.25MKOH (200ml, to pH=10) and extractedwith DCM (2.5L). The combined organic layers were dried over
MgSO4, filtered and concentrated. The crude product (1020 g) was combinedwith 3792 g of the product frombatches 1‑ 3
prepared by the same method and purified on basic alumina (16.5 kg) eluting with 50 %heptane/DCM (16L), 75%
heptane/DCM (32L), DCM (40L) then 10L 1% MeOH/DCM. This gave the product as a white solid (2410 g, 47% yield;
cis:trans ratio 36:64).
[0317] The product was combined with 753.7 g of cis/trans product, dissolved in MeCN (9.32L) at reflux and allowed to
cool toRTovernight. The suspensionwas cooled to 5‑10°C and stirred for 2h. The precipitatewas filtered off, washedwith
MeCN (1x3.1L, 1x2L and 1x1L) and pulled dry on the filter. The product was dried at 45°C overnight. This gave 544.9 g of
the product as a white solid (1613.2 g, ~25% yield, >95% pure by 1H NMR, cis isomer not detected by 1H NMR).

Stage 3’

[0318]

[0319] Concentrated hydrochloric acid (4500 mL) was added over 5 minutes to water for irrigation (2240 mL)
maintaining a temperature within the specified range of 20‑40 °C (final temp 23.83 °C). Intermediate D acetate
(1100.9 g) was added over 4 minutes and the reaction was then heated to 105 °C over 60 minutes. The reaction was
heated at 95‑106 °C overnight (17.5 hours) by which time an in-process check by 1H NMR showed that the reaction was
complete. The reaction mixture was cooled to within the specified range of 15‑25 °C over 72 minutes. Solid potassium
hydroxide (5890.1 g) was added in portions over approximately 1 hour maintaining the temperature within the specified
range of 20‑45 °C to give a final pH of 12. The reactionmixture was cooled to within the specified range of 15‑25 °C over 5
minutes and stirred at within the specified range of 15‑25 °C overnight (17.5 hours) (final temperature 17.97 °C). The
suspension was filtered and the filter cake washed with THF (6120 mL x 3 then 4080 mL). The combined filtrate was
returned to thevesseland thephasesseparated.Theorganicphasewasconcentrated invacuo inportions togive1287.4g
ofmaterial. The residual water was removed by azeotroping with toluene (2025mL, then 2020mL). The product was then
dissolved in DCM (2000mL), the solids were filtered off (a small amount of inorganicmaterial was removed), washedwith
DCM (200ml) and the filtrate was concentrated in vacuo. This gave the product as lowmelting solid (939.1 g, quantitative
yield, active yield (by 1HNMR)888.4g,97.9%). 4.59%tolueneand0.81%DCMby1HNMR,90.1% intermediateD transby
HRGC.

Alternative Synthesis of Intermediate D

[0320] Alternatively, the reductive amination step can be carried out as follows:
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[0321] Boc‑4-aminocyclohexanone (20 g, 93.8 mmol), followed by N-methylpiperazine (13 mL, 117.2 mmol), metha-
nesulfonic acid (0.5mL, 7.7mmol) and toluene (140mL)were added to a flask atRTunderN2. The slurrywas heated over
30mins to reflux in aDean-Stark set up [no exothermnoted uponwarming] and apale brownsolution formed. The solution
was stirred at 110°C to 115°C for 6 h to remove H2O. and at this point, 1H NMR showed 83% enamine. The solution was
cooled to 50 °C over 20min (using an ice/water bath) andEtOH (100mL)was added. The solutionwas then further cooled
to 20 °Cover 20minandLiBH4 (2M inTHF,100mL, 200.0mmol)wasaddeddropwiseover 30min [exotherm20‑27 °Cand
significant off-gassing observed]. The reaction was left to stir at RT for 18 h. At this point, 1H NMR showed <5% enamine.
The reaction was quenched via dropwise addition of 6M HCl (~150 mL, 900.0 mmol) [exotherm 20‑25°C and minor off-
gassing] over 15 mins until pH 2 was observed. The phases were separated, and the organic layer was removed. The
aqueous was then basified via addition of K2CO3(s) (30 g, 217.1 mmol) over 15 mins [exotherm 20‑28 °C and significant
off-gassing] until pH 8 was reached. The slurry was filtered, and the filtrate was reduced in vacuo to give a pale brown oil.
The filter cake was washed with DCM (2 x 80 mL). The brown oil-was partitioned between the DCM from the filter-cake
washingand2MNaOH(20mL).Theaqueouswas removedandextractedwithDCM(90mL).ThecombinedDCMextracts
weredried (MgSO4), filtered and reduced in vacuo to giveapale orangeoil. Theoil wasazeotropedwithMeCN (100mL) to
give 23 g of a beige solid (82%crude yield). 1HNMR that showed ~75/25 ratio of trans to cis and an overall purity of ~50%.
An11g portion of the solidwas slurried inMeCN (55mL) andheated to 70°C [a solution formedat 67°C], then cooled toRT
over 1 h. The slurrywas stirredatRT for 18h. The slurrywas filtered,washed (MeCN, 5mL) anddried in vacuo to give 4.3 g
of the trans Boc-protected product (32% yield) as a white powder at 95% purity by 1H NMR with <1% cis.
[0322] The trans Boc-protected product was then deprotected by treatment with concentrated HCl under the same
conditions set forth above to form Intermediate D.

Final Compound (I) Synthesis Stages

Stage 6 (Intermediate C)

[0323]

[0324] A solution of the product from Stage 5 (Intermediate A) (1490.6 g active, 1492.7 g gross) and the amino acid
(898.9 g) inNMP (2960mL)washeated towithin the specified rangeof 115‑125 °Cover 51minutes and thenheatedwithin
the range 115‑125 °C for 36 h. The batch was cooled with stirring for 4 hours after which time it was left to cool without
stirring (when cooled the batch contains a significant quantity of solid which does not stir easily). After standing for almost
29 hours the batch was warmed to 52 °C to allow the batch to be sampled as amobile homogenous suspension. Analysis
by HPLC showed that the reaction was complete (83.35% product from Stage 6 present, target GT 75%). The batch was
cooled to 20 °C and the mixture was diluted with water for irrigation (6000 mL) with a moderate exotherm being observed
which caused the batch to warm to 26.8 °C, external cooling was applied and the batch was then stirred at within the
specified range of 10‑25 °C for 40 minutes, the product was filtered, washed with water for irrigation (2x1500 mL), pulled
dryandovendriedwithin thespecified rangeof45‑55 °C for18‑20hoursbywhich time theproduct ineachof the threeoven
drying trays showedawater content of LT10%(byKFanalysis). Thecrudeproduct (2212.7g)wasslurried in toluene (6630
mL) for 74 minutes at 10‑25 °C (final temp 18.3 °C) in order to remove unreacted product from Stage 5. The solid was
filtered, washed with toluene (1520 mL) and oven dried within the specified range of 45‑55 °C for 17 hours. In-process
analysis on the solid in each of the three oven drying trays showed 0.21‑0.35% product from Stage 5 by HPLC (target LT
0.5%); 1.56‑1.85%NMP by 1H NMR (target NMT 2.5%) with toluene not detected by 1H NMR (result FOI). The solid was
then packaged. Yield 1905.8 g (89.7% yield). 93.16% pure by HPLC (0.30% stage 5).
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Stage 7

[0325]

[0326] To a suspension of the product from Stage 6 (1869.8 g active, 1896.5 g gross) in DCM (18640 mL) was added
HBTU (1801.9 g) rinsing in with DCM (20 mL) within the specified range of 15‑25 °C. DIPEA (1500 mL) was then added
dropwise atwithin the specified rangeof 15‑25 °C. The reactionmixturewas stirredwith the specified rangeof 15‑25 °C for
31 minutes by which time analysis by TLC indicated complete consumption of the prouct from Stage 6. Intermediate D
(905.1 g) was added portionwise over 30minutesmaintaining the temperaturewithin the specified range of 15‑25 °C. The
reaction mixture was stirred within the specified range of 15‑25 °C for 69 minutes. The batch was then sampled and
analysis by HPLC showed 0.02% produc from Stage 6 remaining (target LT 0.5%). The mixture was washed with NaOH
solution (9440mL, then9400mL, then 9420mL, 0.4MNaOH)andwater (9400mL) in order to removeHOBt. After the final
wash in-process analysis indicated 0.05% HOBt by HPLC (target LT 1%). It was noted that a significant quantity of solid
hadprecipitated in theorganic layer.Theorganic layer couldnot immediatelybedriedoverMgSO4since thesolidwouldbe
lost during filtration. The suspension in the organic phase was filtered and the filter cake washed with DCM (500mL). The
filtrate was then dried over MgSO4 (1284.3 g) filtered and washed with DCM (1500 mL). The organics were then
concentrated in vacuo at 40 °C. The filtered solid was then added to give 3489.9 g of solid. The crude product (in 6 flasks)
was evaporated fromEtOAc (total 6500mL). The product was returned to the 50L vessel and slurried in EtOAc (8500mL)
at within the specified range of 10‑25 °C for 36minutes, filtered, washedwith EtOAc (2160mL, then 2150mL) and dried at
within the specified range of 45‑55 °C for 64.5 hours. This gave 2475.3 g of the product (0% EtOAc, 10.6% DCM by
1HNMR). The product was dissolved inMeOH (5980mL) at within the specified range of 60‑70 °C (final temperature 62.7
°C). The solution was immediately polish filtered into the 50L vessel (final temperature 54.17 °C). The solution was
warmed-up towithin the specified range of 60‑70 °C (final temperature 60.3 °C).Water for irrigation (5760mL) was added
dropwiseover 39minutesmaintaining temperaturewithin thespecified rangeof 60‑70 °C.Themixturewasstirredatwithin
the specified range of 60‑70 °C for 10 minutes and was then cooled to 25 °C over 123 minutes. After stirring at within the
specified range of 15‑25 °C for 21 minutes (final temperature 19.16 °C) the suspension was filtered, washed with a (1:1)
solution of MeOH in water for irrigation (2880 mL, then 2700 mL), pulled dry on the filter and oven dried at within the
specified rangeof 45‑55 °C for 19.5 hours to give 2076.3 g (78.8%yield) of product. 96.43%pure byHPLC (0.33%product
from Stage 7 cis, 0.01% product from Stage 6, 0.01% HOBt, specification NLT 95.0%); 2.75% water by KF.

2.2 Monohydrochloride Monohydrate

[0327]
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[0328] The final salt formation was commenced on 2033.6 g active (2067.3 g gross). The batch crystallised from the
HCl/ethanol/ethyl acetatemixtureasexpectedandafter filtrationXRPDanalysisof thefilter cakeshowedacrystalline form
in accordance with Table 1. The product was dried for 5 days to remove solvent and was then equilibrated for 1 day to
achieve the required water content. The product was obtained in 84.8% yield (target 86%) and the product was within the
required purity.
[0329] A suspension of free base compound (I) (2033.6 g active, 2067.3 g gross) in polish filtered ethanol (14240 mL)
was heated to 75 °C over 55 minutes. After stirring at within the specified range of 75‑85 °C for 30 minutes (final
temperature 77.26 °C), the mixture was then cooled to within the specified range 65‑75 °C over 5 minutes (final
temperature 74.98 °C) and polish filtered 1.25 M HCl in EtOH (2640 mL) was added over 16 minutes maintaining the
temperature within the specified range of 65‑75 °C and then stirred within the specified range for 10 minutes (final
temperature 69.83 °C).Polish filteredEtOAc (20500mL)was chargedover 50minutesmaintaining the temperaturewithin
thespecified rangeof 50‑70 °C.After stirringatwithin thespecified rangeof50‑70 °C for10minutes themixturewascooled
to within the specified range of 15‑25 °C over two hours and then stirred at within the specified range of 15‑25 °C for 12.5
hours (final temperature 19.62 °C). Thesuspensionwascooled towithin the specified range0‑10 °Candstirred for 3 hours
(final temperature 5.00 °C). The suspensionwas filtered, washedwith polish filtered ethyl acetate (2000mL) and analysis
indicated a crystalline form in accordancewith Table 1. The solid was oven dried at within the specified temperature range
of 45‑55 °C for 5 days to remove solvent (mass 1834.5 g). The oven was turned off and filtered air (filter size 1.2 µm) was
drawn through the oven for 25 hours to equilibrate (absorb moisture) to give 1875.5 g of product as an off-white solid.
97.22% pure by HPLC; 3.29% water by KF; 1878 ppm ethyl acetate and 689 ppm ethanol by HRGC.

2.3 General Procedure used for L-Malate 2:1*, Succinate 2:1*, Maleate 2:1*, Monohydrochloride Monohydrate,
and Monobromide Monohydrate* (*not according to the present invention)

[0330] Aclarified solution, 4.297ml, of compound (I), 0.5g, in ethanolwas charged to reaction tubes and suspendedwith
agitation and heated to 75°C. Counter ion solutions (e.g. HCl, HBr, L-malic acid, maleic acid, succinic acid) in ethanol or
ethanol/THFmixture which equated to the required equivalents of compound (I) were charged to the API solution and the
mixtures cooled in a controlled manner to ambient temperature with agitation from 75°C to 60°C and held for ca 2 hours,
then 40°C and held for ca 2 hours. Counterion equivalents (volume (ml) and concentration (mg/ml) are set out in Table 7.
The procedure can be adapted to add EtOAc as an antisolvent prior to the cooling step; this can increase the yield. The
mixtures were then cooled to ambient temperature and agitated at ambient temperature for ca 18 hours. Solids were
isolated by filtration and dried in vacuo for ca 20 hours at 50°C. The observations of the mixtures at various temperatures
are detailed in Table 7. The recoveries and appearance of the solids are detailed in Table 8.
[0331] All the salt forms have sharp melting points and are highly crystalline as judged by XRPD. The monohy-
drochloride monohydrate was a stable crystalline form with relatively low hygroscopicity.
[0332] The presently claimed forms are characterized as slightly hygroscopic as defined by the classification in Table 9
(Hygroscopicity Classification (adopted from Ph.Eur. and Sihorkar et al, Pharmaceutical Dev. & Technol. (2013), 18(2),
348‑358) and sorption data (Table 10) taken from GVS analysis over the range of 40‑80% RH at 25°C. In contrast, other
salts (for example, 1:1 citrate and 1:0.5 L-tartrate) were characterized as hygroscopic using the same classification.

2.4 p-Toluenesulfonate (not according to the present invention)

[0333] Compound (I), 0.5g, was dissolved in THF (7.5ml) and ethanol (1ml) with agitation and heated to 60°C. p-
Toluenesulfonic acid, 1.0 equiv., as a solution in ethanol, 0.430ml, 358.52 mg/ml, was charged and the mixture cooled to
ambient temperature. The clear solution was then concentrated under ambient conditions with agitation for ca 90 hours
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with no significant loss of solvent or evidence of crystallisation. The volume of the reaction mixture was reduced with a
nitrogen stream by approximately a quarter which afforded a thick white suspension following ca 3 hours agitation.
Ethanol, 4 x 0.5ml, was then charged to the mixture in order to improve the mobility of the mixture and equilibrated at
ambient temperature for ca 21 hours. The solid was isolated by filtration and dried in vacuo for ca 19 hours at 50°C. The
recovery and appearance of the solid are detailed in Table 8.

Table 1: XRPD Peaks for Monohydrochloride Monohydrate

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%] Tip width [°2Th.]

5.5727 146.66 0.5117 15.85893 4.14 0.6140
6.1899 105.12 0.1023 14.27896 2.97 0.1228
7.9661 228.77 0.1279 11.09885 6.46 0.1535
8.3198 1239.14 0.0768 10.62777 34.99 0.0921
10.4750 3541.14 0.0768 8.44542 100.00 0.0921
10.7156 761.73 0.0768 8.25635 21.51 0.0921
11.8258 1147.84 0.1279 7.48360 32.41 0.1535
12.5271 1410.37 0.1023 7.06621 39.83 0.1228
12.7414 390.66 0.0768 6.94783 11.03 0.0921
13.3354 897.39 0.1279 6.63967 25.34 0.1535
13.8623 258.19 0.1023 6.38846 7.29 0.1228
14.6856 381.64 0.1279 6.03210 10.78 0.1535
15.6246 128.80 0.1023 5.67166 3.64 0.1228
16.0187 1519.61 0.0768 5.53300 42.91 0.0921
16.7491 2305.46 0.1535 5.29331 65.11 0.1842
17.0164 533.71 0.1023 5.21077 15.07 0.1228
17.4206 630.42 0.1023 5.09077 17.80 0.1228
18.1884 2029.03 0.1535 4.87756 57.30 0.1842
18.8055 1151.69 0.1279 4.71886 32.52 0.1535
19.0757 554.71 0.1023 4.65262 15.66 0.1228
19.4911 3023.05 0.1791 4.55441 85.37 0.2149
19.8313 352.65 0.1535 4.47703 9.96 0.1842
20.1531 256.16 0.1535 4.40627 7.23 0.1842
20.5539 1350.02 0.1791 4.32123 38.12 0.2149
21.1167 648.28 0.1535 4.20733 18.31 0.1842
22.8161 240.78 0.1535 3.89765 6.80 0.1842
23.7830 784.30 0.2558 3.74134 22.15 0.3070
24.6761 207.60 0.2558 3.60792 5.86 0.3070
25.1025 411.63 0.1535 3.54759 11.62 0.1842
25.6996 1319.57 0.1535 3.46651 37.26 0.1842
25.8576 953.38 0.1023 3.44569 26.92 0.1228
26.8558 573.23 0.1279 3.31983 16.19 0.1535
27.9208 226.00 0.1535 3.19558 6.38 0.1842
28.5267 102.36 0.1535 3.12907 2.89 0.1842
28.9236 90.06 0.1535 3.08703 2.54 0.1842
29.7128 240.19 0.1791 3.00681 6.78 0.2149
30.8020 71.64 0.3070 2.90292 2.02 0.3684
31.5558 618.68 0.1535 2.83527 17.47 0.1842
32.3826 372.08 0.1535 2.76475 10.51 0.1842
32.9781 257.84 0.1535 2.71617 7.28 0.1842
34.1254 94.48 0.3070 2.62743 2.67 0.3684
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Table 2: XRPD Peaks for L-Malate 1:2

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]

4.4832 120.45 0.1279 19.71031 5.44
5.5686 207.05 0.1535 15.87077 9.35
5.8863 164.43 0.1535 15.01475 7.42
7.6361 104.60 0.1023 11.57765 4.72
9.0248 635.20 0.1279 9.79897 28.67
9.9451 568.82 0.1023 8.89425 25.68
10.1964 452.58 0.1023 8.67560 20.43
10.8980 419.84 0.1535 8.11854 18.95
12.2046 335.18 0.1023 7.25219 15.13
12.8147 195.01 0.0768 6.90827 8.80
13.4689 142.86 0.1279 6.57416 6.45
14.1501 166.98 0.1023 6.25918 7.54
14.6906 1530.81 0.1279 6.03008 69.10
14.9526 1548.53 0.1279 5.92499 69.90
15.6655 610.69 0.1535 5.65694 27.57
16.0610 655.92 0.1279 5.51851 29.61
17.9110 1218.71 0.1535 4.95247 55.01
18.5585 1161.92 0.2047 4.78111 52.45
19.2509 2215.25 0.1535 4.61069 100.00
20.1476 1607.35 0.2047 4.40745 72.56
20.6489 285.39 0.1535 4.30158 12.88
21.3540 398.41 0.1535 4.16111 17.98
21.9362 896.74 0.1791 4.05197 40.48
22.8534 511.79 0.1023 3.89138 23.10
24.0703 775.22 0.1791 3.69733 34.99
24.2755 802.01 0.1279 3.66654 36.20
24.9750 207.77 0.0768 3.56541 9.38
25.6251 401.02 0.1791 3.47642 18.10
26.8245 74.65 0.2047 3.32363 3.37
27.7022 199.15 0.1279 3.22029 8.99
29.2546 159.15 0.1535 3.05285 7.18
30.2363 195.09 0.2558 2.95593 8.81
31.2804 75.70 0.2047 2.85961 3.42
32.1638 60.85 0.4093 2.78306 2.75
33.0314 144.00 0.3070 2.71191 6.50
34.4670 39.01 0.2558 2.60217 1.76

Table 3: XRPD Peaks for Succinate 1:2

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]

3.1636 161.24 0.3070 27.92864 5.36
5.4686 212.16 0.3582 16.16073 7.05
9.0113 212.32 0.1023 9.81363 7.06
10.1005 1259.77 0.1023 8.75776 41.88
11.4470 357.28 0.1023 7.73037 11.88
12.1239 361.77 0.0768 7.30031 12.03
12.9361 286.94 0.1023 6.84369 9.54
13.1664 512.90 0.1023 6.72453 17.05
14.1863 195.18 0.1535 6.24326 6.49
14.4301 455.41 0.0768 6.13832 15.14
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(continued)

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]
14.6734 1555.54 0.1023 6.03711 51.72
15.0803 1294.54 0.1023 5.87509 43.04
15.5078 1180.67 0.1023 5.71411 39.26
15.6862 1519.34 0.1279 5.64951 50.51
16.7616 215.41 0.1279 5.28940 7.16
17.5510 1169.22 0.1535 5.05323 38.87
17.6911 848.06 0.0768 5.01351 28.20
18.5421 1088.03 0.1279 4.78530 36.17
18.9460 1276.78 0.1023 4.68419 42.45
19.5216 3007.70 0.1279 4.54736 100.00
19.8358 455.65 0.0768 4.47604 15.15
20.2987 566.92 0.0768 4.37500 18.85
20.4508 766.86 0.1023 4.34280 25.50
21.0411 410.57 0.1023 4.22228 13.65
21.3603 294.38 0.0768 4.15989 9.79
21.8324 1604.25 0.1279 4.07100 53.34
22.1164 737.51 0.1023 4.01937 24.52
22.7571 212.74 0.1535 3.90763 7.07
23.1050 299.84 0.1023 3.84957 9.97
23.4414 227.92 0.1023 3.79508 7.58
23.9645 664.43 0.1023 3.71341 22.09
24.6018 408.27 0.1535 3.61864 13.57
24.9779 509.37 0.1023 3.56500 16.94
25.2122 304.97 0.1023 3.53240 10.14
25.4390 389.00 0.1279 3.50143 12.93
25.6082 440.66 0.1023 3.47867 14.65
25.8262 305.48 0.1279 3.44980 10.16
26.1753 93.80 0.1279 3.40457 3.12
26.5747 106.24 0.1023 3.35430 3.53
26.8909 128.61 0.1535 3.31558 4.28
27.3599 283.61 0.1279 3.25980 9.43
27.7216 193.53 0.1535 3.21808 6.43
28.6274 205.41 0.1279 3.11829 6.83
29.2346 304.33 0.1535 3.05489 10.12
29.9930 74.07 0.3070 2.97935 2.46
30.4368 226.28 0.1279 2.93692 7.52
30.6576 210.50 0.1279 2.91626 7.00
31.3602 30.54 0.1535 2.85251 1.02
31.9942 212.84 0.1791 2.79742 7.08
32.3294 123.59 0.1023 2.76917 4.11
32.7738 96.71 0.0768 2.73264 3.22
33.1136 120.27 0.2047 2.70537 4.00
33.5266 89.49 0.2558 2.67298 2.98
34.0544 70.96 0.1023 2.63275 2.36
34.4950 115.08 0.1023 2.60013 3.83

Table 4: XRPD Peaks for Maleate 1:2

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]

4.1638 37.74 0.4093 21.22175 1.79
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(continued)

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]
5.4770 203.10 0.2047 16.13601 9.65
7.7807 158.59 0.0768 11.36278 7.54
9.0970 127.53 0.1023 9.72140 6.06
9.9245 731.13 0.1279 8.91259 34.75
10.4477 438.42 0.1023 8.46745 20.84
10.7392 171.28 0.0768 8.23824 8.14
11.4741 325.38 0.1279 7.71219 15.46
12.0136 446.17 0.1023 7.36709 21.20
12.5657 336.37 0.1535 7.04457 15.99
13.1101 151.20 0.0768 6.75326 7.19
14.2351 170.61 0.1279 6.22197 8.11
14.8587 2049.38 0.1279 5.96221 97.40
15.1662 375.70 0.1023 5.84202 17.86
15.7611 687.76 0.1279 5.62285 32.69
16.2816 525.01 0.1279 5.44423 24.95
16.6760 264.69 0.1535 5.31636 12.58
17.2183 143.76 0.1535 5.15011 6.83
17.9423 721.44 0.1023 4.94388 34.29
18.1336 1095.95 0.0768 4.89218 52.09
18.2478 1017.52 0.1279 4.86181 48.36
18.7128 516.08 0.1023 4.74203 24.53
19.0371 918.05 0.1535 4.66197 43.63
19.4748 999.90 0.0768 4.55818 47.52
19.7112 2104.11 0.1535 4.50404 100.00
20.1090 445.20 0.1279 4.41583 21.16
20.8089 372.57 0.1791 4.26885 17.71
21.7515 529.50 0.1023 4.08596 25.16
21.9565 487.73 0.1535 4.04827 23.18
22.6313 578.30 0.1791 3.92907 27.48
23.5670 265.41 0.0768 3.77513 12.61
24.2129 705.84 0.1791 3.67587 33.55
24.8778 394.08 0.1535 3.57912 18.73
25.2788 447.41 0.1023 3.52325 21.26
25.8333 364.24 0.1279 3.44886 17.31
26.3288 135.72 0.2558 3.38507 6.45
26.9251 174.50 0.1023 3.31145 8.29
27.3272 160.89 0.1535 3.26363 7.65
27.6197 226.79 0.1535 3.22972 10.78
28.2532 116.25 0.1535 3.15873 5.52
29.0692 239.42 0.1023 3.07189 11.38
30.6312 123.95 0.2558 2.91871 5.89
31.2799 58.84 0.1535 2.85965 2.80
31.6568 105.98 0.1535 2.82646 5.04
31.9721 96.22 0.1535 2.79930 4.57
32.7596 90.69 0.1535 2.73379 4.31
33.2925 75.34 0.2047 2.69124 3.58
33.8116 45.37 0.2047 2.65110 2.16
34.3134 96.15 0.2047 2.61347 4.57
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Table 5: XRPD Peaks for Monohydrobromide Monohydrate

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]

4.2296 3.83 0.1279 20.89146 0.08
5.3809 183.89 0.3070 16.42400 4.01
5.6586 177.22 0.2047 15.61851 3.86
8.1081 206.84 0.0768 10.90478 4.51
8.3105 358.35 0.1023 10.63965 7.81
8.6091 205.71 0.0768 10.27118 4.48
10.0215 573.10 0.0768 8.82658 12.49
10.4476 4444.14 0.1023 8.46756 96.88
10.7452 1982.31 0.0768 8.23369 43.21
11.3179 93.96 0.2047 7.81833 2.05
11.9790 1663.10 0.1023 7.38826 36.26
12.4546 886.80 0.1023 7.10717 19.33
12.5960 952.60 0.0768 7.02771 20.77
13.1036 1413.42 0.1023 6.75660 30.81
13.9373 178.74 0.1023 6.35426 3.90
14.7102 602.43 0.1279 6.02208 13.13
15.7553 472.73 0.0768 5.62488 10.31
15.9131 767.41 0.1023 5.56946 16.73
16.2630 286.68 0.1023 5.45043 6.25
16.7236 2136.28 0.2047 5.30133 46.57
17.0031 451.84 0.0768 5.21480 9.85
17.2417 987.91 0.1279 5.14319 21.54
17.6418 349.05 0.0768 5.02742 7.61
17.9684 3667.08 0.1279 4.93678 79.94
18.9133 2494.74 0.1279 4.69221 54.39
19.1934 1875.63 0.1279 4.62436 40.89
19.5140 4587.12 0.1023 4.54911 100.00
19.7617 1002.22 0.0768 4.49264 21.85
20.0456 1066.29 0.1023 4.42966 23.25
20.1890 1093.65 0.1023 4.39851 23.84
20.7673 962.13 0.1279 4.27732 20.97
21.5262 258.13 0.1535 4.12821 5.63
22.0670 126.35 0.1023 4.02825 2.75
22.6028 516.68 0.2047 3.93396 11.26
23.1412 757.35 0.1279 3.84363 16.51
23.4720 1168.55 0.1791 3.79021 25.47
24.1627 971.45 0.1535 3.68340 21.18
24.6179 673.58 0.1535 3.61631 14.68
25.2071 2098.00 0.2047 3.53311 45.74
25.4079 1840.97 0.1023 3.50564 40.13
25.8528 657.01 0.1279 3.44632 14.32
26.5668 668.27 0.1023 3.35529 14.57
26.7573 845.66 0.1535 3.33183 18.44
27.3923 603.84 0.1791 3.25602 13.16
28.3220 350.69 0.1791 3.15122 7.65
28.8893 198.52 0.1535 3.09061 4.33
29.5787 437.36 0.2047 3.02013 9.53
30.3258 186.42 0.1279 2.94741 4.06
31.2815 531.37 0.1023 2.85951 11.58
31.7944 746.33 0.1279 2.81454 16.27
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(continued)

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]
32.2527 208.25 0.1535 2.77558 4.54
32.8476 263.24 0.1791 2.72666 5.74
33.3569 84.11 0.1279 2.68619 1.83
33.8336 105.37 0.1872 2.64723 2.30
34.2035 95.39 0.1248 2.62595 2.08

Table 6: XRPD Peaks For P-Toluene Sulfonate 1:1

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]

5.5625 204.31 0.3070 15.88815 3.81
7.9149 218.88 0.0768 11.17042 4.08
8.1534 320.08 0.1023 10.84424 5.97
8.7634 580.12 0.0768 10.09069 10.82
10.1025 558.37 0.0768 8.75600 10.41
10.2883 830.70 0.0512 8.59824 15.49
10.4196 1133.78 0.1023 8.49024 21.14
12.1662 2262.17 0.1023 7.27501 42.19
12.5554 2429.44 0.1023 7.05037 45.31
13.6081 217.48 0.0768 6.50721 4.06
13.8163 315.45 0.0768 6.40964 5.88
13.9991 418.32 0.1023 6.32633 7.80
14.6470 311.20 0.1023 6.04794 5.80
14.8886 732.16 0.1023 5.95031 13.65
14.9996 622.61 0.0768 5.90655 11.61
15.4471 84.35 0.1279 5.73640 1.57
15.9186 319.18 0.1279 5.56756 5.95
16.4019 653.26 0.1023 5.40457 12.18
16.6588 280.73 0.1023 5.32181 5.24
16.8925 629.30 0.0512 5.24871 11.74
17.0331 744.49 0.0768 5.20567 13.88
17.3790 881.83 0.0768 5.10286 16.45
17.6286 1190.40 0.1023 5.03115 22.20
17.8504 517.97 0.0768 4.96913 9.66
18.2924 3612.18 0.1279 4.85006 67.36
19.0992 2074.49 0.1023 4.64696 38.69
19.4178 368.75 0.0768 4.57143 6.88
19.8923 2200.16 0.1023 4.46343 41.03
20.1350 5362.12 0.1023 4.41018 100.00
20.5368 1375.86 0.1023 4.32479 25.66
20.7302 513.86 0.0512 4.28489 9.58
21.2584 103.48 0.1279 4.17960 1.93
21.6535 323.76 0.1279 4.10422 6.04
21.9238 158.36 0.0768 4.05423 2.95
22.4688 1477.26 0.1535 3.95711 27.55
23.9560 166.45 0.1791 3.71471 3.10
24.7681 844.30 0.1791 3.59473 15.75
25.0587 419.75 0.1279 3.55370 7.83
25.5965 280.10 0.1279 3.48023 5.22
26.0529 69.42 0.1535 3.42029 1.29
26.5712 686.45 0.1535 3.35474 12.80
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(continued)

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%]
27.0160 452.59 0.1279 3.30051 8.44
27.2550 263.79 0.0768 3.27210 4.92
27.8847 414.21 0.1791 3.19963 7.72
28.2692 517.01 0.1279 3.15699 9.64
29.2126 286.13 0.1535 3.05715 5.34
29.7878 204.65 0.2558 2.99940 3.82
30.1354 116.67 0.1023 2.96559 2.18
31.4416 179.18 0.1279 2.84531 3.34
32.2757 171.98 0.1023 2.77366 3.21
34.0346 109.48 0.1279 2.63424 2.04
34.6744 156.32 0.1791 2.58708 2.92

Table 7: The observations of the mixtures at various temperatures

Counter ion Observations

Equivalents,
Volume, ml,
Concentration,
mg/ml

75°C 60°C 40°C, ca 1
hour

40°C, ca 2
hour

Ambient
temperature,
post ca 20
hours

L-Malic 2.2 Clear solu-
tion

White mo-
bile suspen-
sion

White im-
mobile sus-
pension

White mo-
bile sus-
pension

White mobile
suspension

0.890
268.7 Ethanol,

3ml,
charged

Succinic 2.2 Clear solu-
tion

Clear solu-
tion

White im-
mobile sus-
pension

White mo-
bile sus-
pension

White mobile
suspension

3.767
55.9 Ethanol,

5ml,
charged

Maleic 2.2 White im-
mobile sus-
pension

White mo-
bile suspen-
sion

Ethanol,
5ml,
charged

White mo-
bile sus-
pension

White mobile
suspension0.895

231.4 Ethanol,
5ml,
charged

Hydrobromic 1.0 Clear solu-
tion

Clear solu-
tion

White mo-
bile sus-
pension

White mo-
bile sus-
pension

White mobile
suspension

0.408
160.9

Table 8: Recoveries and Appearance of Salts

Counter ion Equivalents Recovery, g Appearance

L-Malic 2.2 0.6444 Non-uniform white solid

Succinic 2.2 0.5350 Non-uniform white solid

Maleic 2.2 0.5946 Non-uniform white solid

Hydrobromic 1.0 0.4673 Non-uniform white solid
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(continued)

Counter ion Equivalents Recovery, g Appearance

p-Toluenesulfonic 1.0 0.5109 Non-uniform white solid

Table 9: Hygroscopicity Classification (adopted from Ph.Eur. and Sihorkar et al, Pharmaceutical Dev. &
Technol. (2013)

Classification Weight increase from 40‑80% RH (25°C)

Non hygroscopic <0.2 %

Slightly hygroscopic ≥0.2 % and <2 %

Hygroscopic ≥2 % and <15%

Very hygroscopic ≥15%

Claims

1. A crystalline form of compound (I),

40

EP 4 013 503 B1

5

10

15

20

25

30

35

40

45

50

55



wherein said compound is in the form of a pharmaceutically acceptable salt, or a solvate of said pharmaceutically
acceptable salt, or a co-crystal, wherein the crystalline form is a monohydrochloride monohydrate salt.

2. The crystalline form of claim 1 which is characterized by an x-ray powder diffraction pattern having two or more
diffraction peaks at 2[theta] values selected from5.57± 0.2, 6.19± 0.2, 7.97± 0.2, 8.32± 0.2, 10.48± 0.2, 10.72±
0.2, 11.83± 0.2, 12.53± 0.2, 12.74± 0.2, 13.34± 0.2, 13.86± 0.2, 14.69± 0.2, 15.62± 0.2, 16.02± 0.2, 16.75±
0.2, 17.02± 0.2, 17.42± 0.2, 18.19± 0.2, 18.81± 0.2, 19.08± 0.2, 19.49± 0.2, 19.83± 0.2, 20.15± 0.2, 20.55±
0.2, 21.12± 0.2, 22.82± 0.2, 23.78± 0.2, 24.68± 0.2, 25.10± 0.2, 25.70± 0.2, 25.86± 0.2, 26.86± 0.2, 27.92±
0.2, 28.53 ± 0.2, 28.92 ± 0.2, 29.71 ± 0.2, 30.80 ± 0.2, 31.56 ± 0.2, 32.38 ± 0.2, 32.98 ± 0.2 and 34.13 ± 0.2.

3. The crystalline form of claim 2 which is characterised by an x-ray powder diffraction pattern having three or more
diffraction peaks at 2[theta] values selected from5.57± 0.2, 6.19± 0.2, 7.97± 0.2, 8.32± 0.2, 10.48± 0.2, 10.72±
0.2, 11.83± 0.2, 12.53± 0.2, 12.74± 0.2, 13.34± 0.2, 13.86± 0.2, 14.69± 0.2, 15.62± 0.2, 16.02± 0.2, 16.75±
0.2, 17.02± 0.2, 17.42± 0.2, 18.19± 0.2, 18.81± 0.2, 19.08± 0.2, 19.49± 0.2, 19.83± 0.2, 20.15± 0.2, 20.55±
0.2, 21.12± 0.2, 22.82± 0.2, 23.78± 0.2, 24.68± 0.2, 25.10± 0.2, 25.70± 0.2, 25.86± 0.2, 26.86± 0.2, 27.92±
0.2, 28.53 ± 0.2, 28.92 ± 0.2, 29.71 ± 0.2, 30.80 ± 0.2, 31.56 ± 0.2, 32.38 ± 0.2, 32.98 ± 0.2 and 34.13 ± 0.2.

4. The crystalline form of claim 2 which is characterised by an x-ray powder diffraction pattern having four or more
diffraction peaks at 2[theta] values selected from5.57± 0.2, 6.19± 0.2, 7.97± 0.2, 8.32± 0.2, 10.48± 0.2, 10.72±
0.2, 11.83± 0.2, 12.53± 0.2, 12.74± 0.2, 13.34± 0.2, 13.86± 0.2, 14.69± 0.2, 15.62± 0.2, 16.02± 0.2, 16.75±
0.2, 17.02± 0.2, 17.42± 0.2, 18.19± 0.2, 18.81± 0.2, 19.08± 0.2, 19.49± 0.2, 19.83± 0.2, 20.15± 0.2, 20.55±
0.2, 21.12± 0.2, 22.82± 0.2, 23.78± 0.2, 24.68± 0.2, 25.10± 0.2, 25.70± 0.2, 25.86± 0.2, 26.86± 0.2, 27.92±
0.2, 28.53 ± 0.2, 28.92 ± 0.2, 29.71 ± 0.2, 30.80 ± 0.2, 31.56 ± 0.2, 32.38 ± 0.2, 32.98 ± 0.2 and 34.13 ± 0.2.

5. The crystalline form of claim 2 which is characterised by an x-ray powder diffraction pattern having five or more
diffraction peaks at 2[theta] values selected from5.57± 0.2, 6.19± 0.2, 7.97± 0.2, 8.32± 0.2, 10.48± 0.2, 10.72±
0.2, 11.83± 0.2, 12.53± 0.2, 12.74± 0.2, 13.34± 0.2, 13.86± 0.2, 14.69± 0.2, 15.62± 0.2, 16.02± 0.2, 16.75±
0.2, 17.02± 0.2, 17.42± 0.2, 18.19± 0.2, 18.81± 0.2, 19.08± 0.2, 19.49± 0.2, 19.83± 0.2, 20.15± 0.2, 20.55±
0.2, 21.12± 0.2, 22.82± 0.2, 23.78± 0.2, 24.68± 0.2, 25.10± 0.2, 25.70± 0.2, 25.86± 0.2, 26.86± 0.2, 27.92±
0.2, 28.53 ± 0.2, 28.92 ± 0.2, 29.71 ± 0.2, 30.80 ± 0.2, 31.56 ± 0.2, 32.38 ± 0.2, 32.98 ± 0.2 and 34.13 ± 0.2.

6. The crystalline form of claim 2 which is characterised by an x-ray powder diffraction pattern having six or more
diffraction peaks at 2[theta] values selected from5.57± 0.2, 6.19± 0.2, 7.97± 0.2, 8.32± 0.2, 10.48± 0.2, 10.72±
0.2, 11.83± 0.2, 12.53± 0.2, 12.74± 0.2, 13.34± 0.2, 13.86± 0.2, 14.69± 0.2, 15.62± 0.2, 16.02± 0.2, 16.75±
0.2, 17.02± 0.2, 17.42± 0.2, 18.19± 0.2, 18.81± 0.2, 19.08± 0.2, 19.49± 0.2, 19.83± 0.2, 20.15± 0.2, 20.55±
0.2, 21.12± 0.2, 22.82± 0.2, 23.78± 0.2, 24.68± 0.2, 25.10± 0.2, 25.70± 0.2, 25.86± 0.2, 26.86± 0.2, 27.92±
0.2, 28.53 ± 0.2, 28.92 ± 0.2, 29.71 ± 0.2, 30.80 ± 0.2, 31.56 ± 0.2, 32.38 ± 0.2, 32.98 ± 0.2 and 34.13 ± 0.2.

7. Thecrystalline formof claim1or claim2wherein the x-ray powder diffraction pattern comprises twoormorediffraction
peaks at 2[theta] values selected from 8.32 ± 0.2, 10.48 ± 0.2, 11.83 ± 0.2, 12.53 ± 0.2, 16.02 ± 0.2, 16.75 ± 0.2,
18.19 ± 0.2, 18.81 ± 0.2, 19.49 ± 0.2, 20.55 ± 0.2, and 25.70 ± 0.2.

8. The crystalline form of claim 7which is characterizedby an x-ray powder diffraction pattern having three, four, or five
diffraction peaksat 2[theta] values selected from8.32±0.2, 10.48±0.2, 11.83±0.2, 12.53±0.2, 16.02±0.2, 16.75
± 0.2, 18.19 ± 0.2, 18.81 ± 0.2, 19.49 ± 0.2, 20.55 ± 0.2, and 25.70 ± 0.2.

9. The crystalline form of claim 7which is characterized by an x-ray powder diffraction pattern having six, seven, eight,
nine, or tendiffractionpeaksat2[theta] values selected from8.32+0.2, 10.48±0.2, 11.83±0.2, 12.53±0.2, 16.02±
0.2, 16.75 ± 0.2, 18.19 ± 0.2, 18.81 ± 0.2, 19.49 ± 0.2, 20.55 ± 0.2, and 25.70 ± 0.2.

10. Thecrystalline formof anypreceding claim,which ischaracterizedbyanx-ray powder diffraction pattern inwhich the
peak positions are in accordance with the peak positions of the pattern shown in Figure 25.

11. The crystalline form of any preceding claim which is characterized by a differential scanning calorimetry trace
recorded at a heating rate of 20°C per minute which shows amaximum endothermic peak at a temperature between
about 265 °C and about 275 °C.

12. The crystalline form of any preceding claim, which is characterized by a differential scanning calorimetry trace in
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accordance with that shown in Figure 4.

13. A pharmaceutical composition comprising the crystalline form of any one of claims 1 to 12 and a pharmaceutically
acceptable carrier, diluent or excipient.

14. A crystalline form according to any one of claims 1 to 12 for use in medicine.

15. Acrystalline formaccording toanyoneof claims1 to12 foruse in thepreventionor treatment of aproliferativedisorder,
an immune-mediated or inflammatory disorder, an autoimmune or autoimmune-mediated disorder, a kidney disorder
or a viral disorder.

16. A process for preparing a crystalline form according to claim 1, said process comprising the steps of:

(i) preparing a mixture comprising compound (I) and ethanol, and heating said mixture to at least about 70 °C;
(ii) preparing a solution of hydrochloric acid in ethanol or ethanol/THF, and charging to themixture formed in step
(i); optionally adding ethyl acetate as an antisolvent to the mixture so formed;
(iii) cooling the mixture formed in step (ii) to ambient temperature in a stepwise manner; and
(iv) isolating the crystalline form from the mixture.

17. A process according to claim 16 wherein step (iii) comprises

(a) cooling themixture formed in step (ii) to about 60 °Cwith agitationandholdingat about 60 °C for at least 1hour;
(b) cooling themixture fromstep (a) to about 40 °Cwith agitation andholdingat about 40 °C for at least 1 hour; and
(c) cooling the mixture from step (b) to ambient temperature and agitating at ambient temperature for at least 12
hours.

18. A crystalline form obtained by, or obtainable by, the process according to claim 16 or claim 17.

19. A process for preparing a pharmaceutical composition according to claim 13, said process comprising admixing a
crystalline form according to any one of claims 1 to 12with a pharmaceutically acceptable diluent, excipient or carrier.

20. Use of a crystalline form according to any one of claims 1 to 12 in the preparation of another solid state form of
compound (I) or salt thereof or co-crystal thereof.

21. Aprocess for preparing another solid state form of compound (I) or salt or co-crystal thereof, said process comprising
preparing a crystalline form according to any one of claims 1 to 12 and converting to another solid state form of
compound (I) or salt or co-crystal thereof.

22. Use of a crystalline form according to any one of claims 1 to 12 in the preparation of a pharmaceutical composition.

23. Aprocess for preparing a crystalline salt formof compound (I) as defined in claim1, said process comprising treating a
solution or suspension of compound (I) in free base form with HCl, and crystallising the product so formed.

24. A process according to claim 23 which process takes place in ethanol or a mixture of ethanol and THF.

Patentansprüche

1. Eine kristalline Form der Verbindung (I),
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wobei die Verbindung in Form eines pharmazeutisch annehmbaren Salzes oder eines Solvats des pharmazeutisch
annehmbarenSalzesodereinesCo-Kristalls ist,wobeidie kristallineFormeinMonohydrochlorid-Monohydratsalz ist.

2. Kristalline Form nach Anspruch 1, gekennzeichnet durch ein Röntgenpulverbeugungsmuster mit zwei oder mehr
Beugungspeaks bei 2[theta]‑Werten, ausgewählt aus 5,57 ± 0,2, 6,19 ± 0,2, 7,97 ± 0,2, 8,32 ± 0,2, 10,48 ± 0,2,
10,72± 0,2, 11,83± 0,2, 12,53± 0,2, 12,74± 0,2, 13,34± 0,2, 13,86± 0,2, 14,69± 0,2, 15,62± 0,2, 16,02± 0,2,
16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83± 0,2, 20,15± 0,2,
20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86± 0,2, 26,86± 0,2,
27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98± 0,2 und 34,13±
0,2.

3. Kristalline Form nach Anspruch 2, gekennzeichnet durch ein Röntgenpulverbeugungsmuster mit drei oder mehr
Beugungspeaks bei 2[theta]‑Werten, ausgewählt aus 5,57 ± 0,2, 6,19 ± 0,2, 7,97 ± 0,2, 8,32 ± 0,2, 10,48 ± 0,2,
10,72± 0,2, 11,83± 0,2, 12,53± 0,2, 12,74± 0,2, 13,34± 0,2, 13,86± 0,2, 14,69± 0,2, 15,62± 0,2, 16,02± 0,2,
16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83± 0,2, 20,15± 0,2,
20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86± 0,2, 26,86± 0,2,
27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98± 0,2 und 34,13±
0,2.

4. Kristalline Form nach Anspruch 2, gekennzeichnet durch ein Röntgenpulverbeugungsmuster mit vier oder mehr
Beugungspeaks bei 2[theta]‑Werten, ausgewählt aus 5,57 ± 0,2, 6,19 ± 0,2, 7,97 ± 0,2, 8,32 ± 0,2, 10,48 ± 0,2,
10,72± 0,2, 11,83± 0,2, 12,53± 0,2, 12,74± 0,2, 13,34± 0,2, 13,86± 0,2, 14,69± 0,2, 15,62± 0,2, 16,02± 0,2,
16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83± 0,2, 20,15± 0,2,
20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86± 0,2, 26,86± 0,2,
27,92±0,2, 28,53±0,2, 28,92±02,29,71±0,2, 30,80±0,2, 31,56±0,2, 32,38±0,2, 32,98±0,2und34,13±0,2.

5. Kristalline Form nach Anspruch 2, gekennzeichnet durch ein Röntgenpulverbeugungsmuster mit fünf oder mehr
Beugungspeaks bei 2[theta]‑Werten, ausgewählt aus 5,57 ± 0,2, 6,19 ± 0,2, 7,97 ± 0,2, 8,32 ± 0,2, 10,48 ± 0,2,
10,72± 0,2, 11,83± 0,2, 12,53± 0,2, 12,74± 0,2, 13,34± 0,2, 13,86± 0,2, 14,69± 0,2, 15,62± 0,2, 16,02± 0,2,
16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83± 0,2, 20,15± 0,2,
20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86± 0,2, 26,86± 0,2,
27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98± 0,2 und 34,13±
0,2.

6. Kristalline Form nach Anspruch 2, gekennzeichnet durch ein Röntgenpulverbeugungsmuster mit sechs oder mehr
Beugungspeaks bei 2[theta]‑Werten, ausgewählt aus 5,57 ± 0,2, 6,19 ± 0,2, 7,97 ± 0,2, 8,32 ± 0,2, 10,48 ± 0,2,
10,72± 0,2, 11,83± 0,2, 12,53± 0,2, 12,74± 0,2, 13,34± 0,2, 13,86± 0,2, 14,69± 0,2, 15,62± 0,2, 16,02± 0,2,
16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83± 0,2, 20,15± 0,2,
20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86± 0,2, 26,86± 0,2,
27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98± 0,2 und 34,13±
0,2.

7. Kristalline Form nach Anspruch 1 oder Anspruch 2, wobei das Röntgenpulverbeugungsmuster zwei oder mehr
Beugungspeaks bei 2[theta]‑Werten umfasst, ausgewählt aus 8,32 ± 0,2, 10,48 ± 0,2, 11,83 ± 0,2, 12,53 ± 0,2,
16,02 ± 0,2, 16,75 ± 0,2, 18,19 ± 0,2, 18,81 ± 0,2, 19,49 ± 0,2, 20,55 ± 0,2, und 25,70 ± 0,2.

8. KristallineFormnachAnspruch7,gekennzeichnetdurcheinRöntgenpulverbeugungsmustermit drei, vier oder fünf
Beugungspeaks bei 2[theta]‑Werten ausgewählt aus 8,32± 0,2, 10,48± 0,2, 11,83± 0,2, 12,53± 0,2, 16,02± 0,2,
16,75 ± 0,2, 18,19 ± 0,2, 18,81 ± 0,2, 19,49 ± 0,2, 20,55 ± 0,2, und 25,70 ± 0,2.

9. Kristalline Form nach Anspruch 7, gekennzeichnet durch ein Röntgenpulverbeugungsmuster mit sechs, sieben,
acht, neun oder zehn Beugungspeaks bei 2[theta]‑Werten, ausgewählt aus 8,32 ± 0,2, 10,48 ± 0,2, 11,83 ± 0,2,
12,53 ± 0,2, 16,02 ± 0,2, 16,75 ± 0,2, 18,19 ± 0,2, 18,81 ± 0,2, 19,49 ± 0,2, 20,55 ± 0,2, und 25,70 ± 0,2.

10. Kristalline Form nach einem der vorhergehenden Ansprüche, gekennzeichnet durch ein Röntgenpulverbeugungs-
muster, bei dem die Peakpositionen mit den Peakpositionen des in Abbildung 25 dargestellten Musters überein-
stimmen.
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11. Kristalline Form nach einem der vorhergehenden Ansprüche, gekennzeichnet durch eine Differentialscanningka-
lorimetriekurve, die bei einer Erwärmungsrate von 20 °C pro Minute aufgezeichnet wurde und einen maximalen
endothermen Peak bei einer Temperatur zwischen etwa 265 °C und etwa 275 °C zeigt.

12. Kristalline Form nach einem der vorhergehenden Ansprüche, gekennzeichnet durch eine Differentialscanningka-
lorimetriekurve, die der in Abbildung 4 gezeigten entspricht.

13. Pharmazeutische Zusammensetzung, die die kristalline Form nach einem der Ansprüche 1 bis 12 und einen
pharmazeutisch annehmbaren Träger, Verdünner oder Hilfsstoff umfasst.

14. Eine kristalline Form nach einem der Ansprüche 1 bis 12 zur Verwendung in der Medizin.

15. Eine kristalline FormnacheinemderAnsprüche 1 bis 12 zur Verwendung bei der VorbeugungoderBehandlung einer
proliferativen Störung, einer immunvermittelten oder entzündlichen Störung, einer autoimmunen oder autoimmun-
vermittelten Störung, einer Nierenstörung oder einer viralen Störung.

16. Verfahren zur Herstellung einer kristallinen Form nach Anspruch 1, wobei das Verfahren die folgenden Schritte
umfasst: :

(i) Herstellung einer Mischung aus Verbindung (I) und Ethanol, und Erhitzung dieser Mischung auf mindestens
etwa 70 °C;
(ii) Herstellung einer Lösung von Salzsäure in Ethanol oder Ethanol/THF und Zugabe zu der in Schritt (i)
gebildeten Mischung; gegebenenfalls Zugabe von Ethylacetat als Antisolvens zu der so gebildeten Mischung;
(iii) schrittweise Abkühlung der in Schritt (ii) gebildeten Mischung auf Umgebungstemperatur;
und
(iv) Isolierung der kristallinen Form aus der Mischung.

17. Verfahren nach Anspruch 16, wobei Schritt (iii) Folgendes umfasst

(a) Abkühlung der in Schritt (ii) gebildeten Mischung auf etwa 60 °C unter Rühren und Halten bei etwa 60 °C für
mindestens 1 Stunde;
(b)AbkühlungderMischungausSchritt (a) auf etwa40 °CunterRührenundHaltenbei etwa40 °C fürmindestens
1 Stunde; und
(c) Abkühlung der Mischung aus Schritt (b) auf Umgebungstemperatur und Rühren bei Umgebungstemperatur
für mindestens 12 Stunden.

18. Eine kristalline Form, die durch das Verfahren gemäß Anspruch 16 oder Anspruch 17 erhalten wurde oder erhältlich
ist..

19. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung gemäß Anspruch 13, wobei das Verfahren
dasEinmischen einer kristallinen Form nach einemder Ansprüche 1 bis 12mit einempharmazeutisch annehmbaren
Verdünnungsmittel, Hilfsstoff oder Träger.

20. Verwendung einer kristallinen Form nach einem der Ansprüche 1 bis 12 bei der Herstellung einer anderen Fest-
körperform der Verbindung (I) oder eines Salzes davon oder eines Co-Kristalls davon.

21. Verfahren zur Herstellung einer anderen Festkörperform der Verbindung (I) oder eines Salzes oder Co-Kristalls
davon, wobei das Verfahren die Herstellung einer kristallinen Form gemäß einem der Ansprüche 1 bis 12 und die
Umwandlung in eine andere Festkörperform der Verbindung (I) oder eines Salzes oder Co-Kristalls davon umfasst.

22. Verwendung einer kristallinen Form nach einem der Ansprüche 1 bis 12 bei der Herstellung einer pharmazeutischen
Zusammensetzung.

23. Verfahren zur Herstellung einer kristallinen Salzform der Verbindung (I), wie in Anspruch 1 definiert, wobei das
Verfahren die Behandlung einer Lösung oder Suspension der Verbindung (I) in Form der freien Basemit HCI und die
Kristallisation des so gebildeten Produkts umfasst.

24. VerfahrennachAnspruch23,wobei dasVerfahren inEthanol oder einerMischungausEthanol undTHFdurchgeführt
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wird.

Revendications

1. Forme cristalline du composé (I),

dans laquelle ledit composé se présente sous la forme d’un sel pharmaceutiquement acceptable, ou d’un solvant
dudit sel pharmaceutiquement acceptable, ou d’un co-cristal, la forme cristalline étant un sel monohydrate de
monohydrochlorure.

2. Forme cristalline de la revendication 1, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant deux ou plusieurs pics de diffraction à des valeurs 2[thêta] choisies parmi 5,57 ± 0,2, 6,19± 0,2, 7,97 ±
0,2, 8,32±0,2, 10,48±0,2, 10,72±0,2, 11,83±0,2, 12,53±0,2, 12,74±0,2, 13,34±0,2, 13,86±0,2, 14,69±0,2,
15,62± 0,2, 16,02± 0,2, 16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2,
19,83± 0,2, 20,15± 0,2, 20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2,
25,86± 0,2, 26,86± 0,2, 27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2,
32,98 ± 0,2 et 34,13 ± 0,2.

3. Forme cristalline de la revendication 2, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant troispicsdediffractionouplusàdesvaleurs2[thêta] choisiesparmi5,57±0,2, 6,19±0,2, 7,97±0,2, 8,32
±0,2, 10,48±0,2, 10,72±0,2, 11,83±0,2, 12,53±0,2, 12,74±0,2, 13,34±0,2, 13,86±0,2, 14,69±0,2, 15,62±
0,2, 16,02± 0,2, 16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83±
0,2, 20,15± 0,2, 20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86±
0,2, 26,86± 0,2, 27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98±
0,2 et 34,13 ± 0,2.

4. Forme cristalline de la revendication 2, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant quatre pics de diffraction ou plus à des valeurs 2[thêta] choisies parmi 5,57± 0,2, 6,19± 0,2, 7,97± 0,2,
8,32 ± 0,2, 10,48 ± 0,2, 10,72 ± 0,2, 11,83 ± 0,2, 12,53 ± 0,2, 12,74 ± 0,2, 13,34 ± 0,2, 13,86 ± 0,2, 14,69 ± 0,2,
15,62± 0,2, 16,02± 0,2, 16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2,
19,83± 0,2, 20,15± 0,2, 20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2,
25,86± 0,2, 26,86± 0,2, 27,92± 0,2, 28,53± 0,2, 28,92± 02, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2,
32,98 ± 0,2 et 34,13 ± 0,2.

5. Forme cristalline de la revendication 2, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant cinqpicsdediffractionouplusàdesvaleurs 2[thêta] choisiesparmi 5,57±0,2, 6,19±0,2, 7,97±0,2, 8,32
±0,2, 10,48±0,2, 10,72±0,2, 11,83±0,2, 12,53±0,2, 12,74±0,2, 13,34±0,2, 13,86±0,2, 14,69±0,2, 15,62±
0,2, 16,02± 0,2, 16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83±
0,2, 20,15± 0,2, 20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86±
0,2, 26,86± 0,2, 27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98±
0,2 et 34,13 ± 0,2.

6. Forme cristalline de la revendication 2, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant six pics de diffraction ou plus à des valeurs 2[thêta] choisies parmi 5,57± 0,2, 6,19± 0,2, 7,97± 0,2, 8,32
±0,2, 10,48±0,2, 10,72±0,2, 11,83±0,2, 12,53±0,2, 12,74±0,2, 13,34±0,2, 13,86±0,2, 14,69±0,2, 15,62±
0,2, 16,02± 0,2, 16,75± 0,2, 17,02± 0,2, 17,42± 0,2, 18,19± 0,2, 18,81± 0,2, 19,08± 0,2, 19,49± 0,2, 19,83±
0,2, 20,15± 0,2, 20,55± 0,2, 21,12± 0,2, 22,82± 0,2, 23,78± 0,2, 24,68± 0,2, 25,10± 0,2, 25,70± 0,2, 25,86±
0,2, 26,86± 0,2, 27,92± 0,2, 28,53± 0,2, 28,92± 0,2, 29,71± 0,2, 30,80± 0,2, 31,56± 0,2, 32,38± 0,2, 32,98±
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0,2 et 34,13 ± 0,2.

7. Formecristallinede la revendication1oude la revendication2,dans laquelle lediagrammedediffractiondes rayonsX
sur poudre comprend deux pics de diffraction ou plus à des valeurs 2[thêta] choisies parmi 8,32 ± 0,2, 10,48 ± 0,2,
11,83±0,2, 12,53±0,2, 16,02±0,2, 16,75±0,2, 18,19±0,2, 18,81±0,2, 19,49±0,2, 20,55±0,2, et 25,70±0,2.

8. Forme cristalline de la revendication 7, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant trois, quatre ou cinq pics de diffraction à des valeurs de 2[thêta] choisies parmi 8,32 ± 0,2, 10,48 ± 0,2,
11,83±0,2, 12,53±0,2, 16,02±0,2, 16,75±0,2, 18,19±0,2, 18,81±0,2, 19,49±0,2, 20,55±0,2, et 25,70±0,2.

9. Forme cristalline de la revendication 7, caractérisée par un diagramme de diffraction des rayons X sur poudre
présentant six, sept, huit, neuf ou dix pics de diffraction à des valeurs 2[thêta] choisies parmi 8,32± 0,2, 10,48± 0,2,
11,83±0,2, 12,53±0,2, 16,02±0,2, 16,75±0,2, 18,19±0,2, 18,81±0,2, 19,49±0,2, 20,55±0,2, et 25,70±0,2.

10. Formecristallinede l’unequelconquedes revendicationsprécédentes,caractériséeparundiagrammedediffraction
des rayons X sur poudre dans lequel les positions des pics sont conformes aux positions des pics du diagramme
illustré à la figure 25,

11. Forme cristalline de l’une quelconque des revendications précédentes, caractérisée par un tracé de calorimétrie à
balayage différentiel enregistré à une vitesse de chauffage de 20° C par minute, qui présente un pic endothermique
maximal à une température comprise entre environ 265° C et environ 275° C.

12. Forme cristalline de l’une quelconque des revendications précédentes, caractérisée par un tracé de calorimétrie à
balayage différentiel conforme à celui illustré à la figure 4.

13. Composition pharmaceutique comprenant la forme cristalline de l’une quelconque des revendications 1 à 12 et un
support, un diluant ou un excipient pharmaceutiquement acceptable.

14. Forme cristalline selon l’une quelconque des revendications 1 à 12 pour une utilisation en médecine.

15. Forme cristalline selon l’une quelconque des revendications 1 à 12 pour son utilisation dans la prévention ou le
traitement d’un trouble prolifératif, d’un trouble àmédiation immunitaire ou inflammatoire, d’un trouble auto-immunou
à médiation auto-immune, d’un trouble rénal ou d’un trouble viral.

16. Procédé de préparation d’une forme cristalline selon la revendication 1, ledit procédé comprenant les étapes
suivantes :

(i) préparer unmélange comprenant le composé (I) et l’éthanol, et chauffer ditmélangeàaumoins 70°Cenviron ;
(ii) préparer une solution d’acide chlorhydrique dans l’éthanol ou l’éthanol/THF et l’ajouter au mélange formé à
l’étape (i) ; ajouter éventuellement de l’acétate d’éthyle comme antisolvant au mélange ainsi formé ;
(iii) refroidir le mélange formé à l’étape (ii) à la température ambiante de manière progressive ;
et
(iv) isoler la forme cristalline du mélange.

17. Procédé selon la revendication 16, dans lequel l’étape (iii) comprend

(a) refroidir lemélange forméà l’étape (ii) à environ60°Csousagitationet lemaintenir àenviron60°Cpendant au
moins 1 heure ;
(b) refroidir le mélange de l’étape (a) à environ 40° C sous agitation et le maintenir à environ 40° C pendant au
moins 1 heure ; et
(c) refroidir le mélange de l’étape (b) à la température ambiante et l’agiter à la température ambiante pendant au
moins 12 heures.

18. Forme cristalline obtenue ou susceptible d’être obtenue par le procédé selon la revendication 16 ou la revendication
17.

19. Procédé de préparation d’une composition pharmaceutique selon la revendication 13, ledit procédé comprenant
l’admixtion d’une forme cristalline selon l’une quelconque des revendications 1 à 12 avec un diluant, un excipient ou
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un support pharmaceutiquement acceptable.

20. Utilisation d’une forme cristalline selon l’une quelconque des revendications 1 à 12 dans la préparation d’une autre
forme à l’état solide du composé (I) ou de son sel ou co-cristal.

21. Procédé de préparation d’une autre forme à l’état solide du composé (I) ou de son sel ou co-cristal, ledit procédé
comprenant la préparation d’une forme cristalline selon l’une quelconque des revendications 1 à 12 et la conversion
en une autre forme à l’état solide du composé (I) ou de son sel ou co-cristal.

22. Utilisation d’une forme cristalline selon l’une quelconque des revendications 1 à 12 dans la préparation d’une
composition pharmaceutique.

23. Procédédepréparationd’une formedesel cristallinducomposé (I) tel quedéfini dans la revendication1, ledit procédé
comprenant le traitement d’une solution oud’une suspensiondu composé (I) sous formedebase libre avec duHCI, et
la cristallisation du produit ainsi formé.

24. Procédé selon la revendication 23, qui se déroule dans l’éthanol ou dans un mélange d’éthanol et de THF.
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