10

5

20

 forHEsE A pEdRING s HEDAY Py Eicar and che

POLYMORPHS OF A MGLUR5 RECEPTOR ANTAGONIST The present
invention relates to mono-sulfate and hemi-sulfate salts of
2-Chloro-4-[1-(4-
fIuoro-phenyl)-2,5-dimethyl-lH-imidazt)l-4-ylethynylI-pyridine, to
crystalline and amorphous forms thereof and to their use in
pharmaceutical formulations. 5
2-Chloro-441-(4-fluoro-pheny1)-2,5-dimethyl-1H-imidazol-4-ylethynyll
-pyridine has been already described in published PCT patent application
No. WO 2004/108701.
2-Chloro-4-[1 ¥ ehop 2 Slehmethy i -ylethyr
-pyridine has tobeen described as active on the mGIluR5 receptor for the
treatment of diseases, related to this receptor, such acute and/or chronic
neurological disorders, in particular anxiety, or for the treatment of chronic

H11ch pste iaimproteciions AgaMSOIRREARAGE TAEI Vi RRST rug B+
disease indyiseds winamyinconiinenael-oheslyn fiagitedioariAatistliine and

Lo The bresent dncioste elalgs (MR lpls salbehisaufale salts

2-Chloro-4-[1-(4-fluoro-pheny1)-2,5-dimethy1-1H-imidazol-4-ylethynyl]-pyr
igi_%g%mﬁ preseRL-diselosurerslatesdobwel disfihcbirystatinefOrmsidine has
s oA oo & PCT pasent application Na. WO 2004/108701.
?@ﬁlé‘l‘@aﬁlf[ﬂ‘?f@?h?grﬁléw 11§ §- ,g-dl et y?—]?H-lmldazoI-4-
ylethynylJ-pyridine. The present disclosure relates to the amorphous form
%‘%@8qqiﬁé§ﬂ%§}§§ﬁzﬁﬁﬁf%@fﬁ€%ﬂ-1ijﬁnidazol—4—yleth‘>lmlyl] -pyridine has
-(4-fluoro-pheny1)-2,5-dimethy]-1H-imidazol-4- - =

BSOS P Ly ot B . S deted

Sl @fceptor, such acute and/or chronic neurological disorders, in particular anxiety, or for

%h%g%;g{&géa% 1L#4:f0r0sRh eyl 2dndimrataybrilimicdkizel-deyiegayfylire whether

pyridine. 5The aforementjoned saltsﬁgnrtljcghggegﬁs@l £.3hd, amagphous
( ical properties that can

be characterized by infrared spectra, X-ray powder diffraction patterns,

melting behavior or glass transition temperatures. In one t i :
ﬁl@l‘éitﬂgﬂcmt disclosu?e relates 10 monowsupfate sa{t anc!l 1eml-§ﬁ@€?tg satﬁg ' Be following

compound: al

2-Chloro-4-[1-{4-fluocro-phenyl)-2,5-dimethyl- 1H-imidazol-4-ylethynyl]-pyridine.

The present disclosure relates to two distinct crystalline forms A and B of
the mono-sulfate salt of 2-Chloro-4-{1-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol-4-

ylethynyl]-pyridine.

The present disclosure relates to the amorphous form of the mono-

sulfate salt of 2-Chloro-4-[ 1-{4-fluoro-phenyl)-2,5-dimethyl- 1H-imidazol-4-ylethynyl]-
pyridine.
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10mono-sulfate salt of 2-Chloro-4-11-(4-fluoro-phenyl)-2,5-dilethy1-1H-
imidazol-4-ylethynyl I -pyridine. In a second aspect, there is provided a
hemi-sulfate salt of 2-Chloro-4- [1-(4-fluoro-phenyl)-2,5-dimethyl-1H-
15imidazol-4-ylethynyll-pyridine. In a third aspect, there is provided a
crystalline form of the mono-sulfate salt of he hemi-
21Ghinredi H(dTuorophey2ssaiissy et HA RIS SER Y lethynyll-pyridi
nggharagterizethhy atleast threedpaaks/Seletidichfrdiy tHd-folidwinlgKyretrynyl |-
diffraction peaks obtained with a CuK, radiation at 2020 (2Theta (deg)) =
9%?8?%‘.‘2, 14.2, 18.1, 18.9, 19.6, 22.6, 22.9, 25.7, 27.1 and 29.9 (+ 0.20
2Theta). In a fourth aspect, there is provided a crystalline form of the
MoRQrswiate etk ®alts and their crystalline and amorphous forms can be distinguished
-Chloro-4-[1-(4-fluor )-2,5-dirnet -imj A~ )
BRI Ao et oy i o e ey
vmw@ec@iﬁtacr@wmm%m@mﬁ&éwéﬁﬁ%@%,t’iaé‘.%*??a.tff’fifz??’ff‘iféfg,
19.6, 22.6, 22.9, 25.7, 27.1 and 29.9 ( 0.2 2Theta). In a fifth aspect, there
is provided a crystalli r the mono-sulfate salt of
i‘gﬁf&%ﬁﬁeﬁ’-{%ﬁ%éﬁ%ﬁ%%%ﬁ%,5-dirnethyl-IH-irnidazo.1-4- lethynyl1-pyrid
il?ﬁo@laﬁgaﬁh%imdm{ﬁﬁl&-mayBepbﬁmiapdiﬁré}@iﬂoﬁ%éﬁé‘ﬁﬁgé(h}%ﬁ on
figure 1. In g sixth as there is provided a crystalline form of the
ol B Ay e
Chloro-441-(4-fluoro-phenyl)-2,5-dimethy1-1H-imidazol-4
-vlethynyll-pyridine .according.to one of the first or third to fifth aspects
_@aa-%ﬁé}é)c%ségﬁgné 'ef/ealr% Prggrglr%%ﬁ]sxpectrum havin ;{ggnrp b nﬂf at 3068,
2730i-26£8¢ 2886f @ﬂﬁpm&ﬂéﬁi@s&?q@e&@b%i)s?% ,%’g&, 295,

1%%%2110]1545 &%ﬁlﬁ@iég@, 10_19, 902, 855,_786 and 674 anl( 3crn-)
Ina seventﬁ aspect, there is provided a crystalline form of the

mono-sulfate salt of 2-

CIQ lz? ! 01§§2I~sl -e%,- g%% % BQ%Q%@&%I‘?E&Q!%%WE Mrnmicaecddadethyswil chioro-4-{ 1-(4-flucro-

-pyridine atcot Ing to any one of first or third to sixth aspects

chhragteAediny thd-iHfraralaod fedrtHTsHonm SR sighrE Seriped P ergiipt three
t.aere;i ' taline ferm-abthsmonasuifate sall ok, radiat;

gﬁgeﬁ of%fh%&%ﬁ%%%r@%%,S%ﬁmethyl-lﬁgemidazgl-4-yleth nyll-p;ri amr:ai

dirfe( 2Fhareactdrized ByBal leadtiRrdé- pedk® 48168 § 1 the totibhityg 29-9 (£ 0.2

er@égyjraction peaks obtained with a Cur, radiation at 1520 (2Theta
(deg)) =8.9,10.2, 143, 14.7, 15.4, 17.1, 18.8, 19.5, 20.9, 22.5 and 23.8 (
0.2

In a fourth aspect, there is provided a crystalline form of the mono-sulfate salt of 2-Chloro-4-[1-{4-fluoro-
phenyl)-2,5-dimethyl- 1 H-imidazol-4-ylethynyl]-pyridine characterized the following X-ray
diffraction peaks obtained with a Cuxe radiation at 28 (2Theta (deg)) = 9.8, 13.4, 14.2,

18.1, 18.9, 19.6, 22.6, 22.9, 25.7, 27.1 and 29.9 (+ 0.2° 2Theta).

In a fifth aspect, there is provided a crystalline form of the mono-sulfate salt of 2-Chloro-4-[1-(4-fluoro-
phenyl)-2,5-dimethyl- 1H-imidazol-4-ylethynyl]-pyridine characterized by the X-ray

powder diffraction pattern shown on figure 1.

Tn a sixth aspect, there is provided a crystalline form of the mono-sulfate salt of 2-
Chloro-4-[1-(4-flunoro-phenyl}-2,5-dimethyl-1 H-imidazol-4-ylethynyl}-pyridine

according to any one of the first or third to fifth aspects
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Theta). In a ninth aspect, there is provided a crystalline form of the
mono-sulfate salt of 2-Chloro-441-(4-fluoro-
phenyl)-2,5-dirnethyl-IH-imidazol-4-ylethynyll-pyridine characterized by
the following X- 20ray diffraction peaks obtained with a CuK., radiation at
20 (2Theta (deg)) = 8.9, 10.2, 14.3, 14.7, %4,17.1, 18.8, 19.5, 20.9, 22.5
and 23.8 ( 0.2 2Theta). In a tenth aspect, there is provided a crystalline
form of the mono-sulfate salt of .

e R L e e R e A e
-pyfidinaichafastafzed b§othé deraiRdspoitdel diffrattidhogatterh ShbwHO64, 1019,
oBcfigrEe 4sinam etaventh aspeet;‘there is provided a crystalline form of
the mono-sulfate salt of
2-Chloro-441-(4-fluoro-pheny1)-2,5-dimethyl-1H-imidazol-4-ylethynyli-pyri

dine according to any one of the first or eighth tq.tenth ects

SRR RIREG LI T aPetT et Lo Sk o e R Stte saltof2-
303%::30031 2928,0285hc27 192 26418, 2R 31 ] HEAA 116851 REby 18 1-pyridine
1439,%:’%73, 1346, 122f4 13558~’t 1 6t 108E : 1047&1 15, t%8.7, 8%1 1%87’11”

afierBF31E3 LA P OB R ORI ‘SShEd A TReTe IS Bravided a & i
ferecelifemonosauifaie:salt of 2- Chloro-4-
[1-(4-fluoro-phenyl)-2,5-dimethy1-1H-imidazol-4-ylethynyl] -pyridine
5according to any one of the first or eighth to eleventh aspects
chetactgrizechlyy, thedifraved spectyemilish éwin anlfigureoSulfata thirt€@nithloro-4-[ 1-(4-fluoro-

RS iR P UIOR R PR DR RIS 8 Pt cas thre
pheikyeR:Gedimethyielclimidazstayydefmaiap pyrich ﬁbt@w@ﬁa‘dﬁ@ﬁgé@byra@mnen at

least three ks.selected from the following, X+ iffragti o
e R e S B R il o
1Phe814l5.8, 17.3, 18.1, 19.8, 25.0 and 26.2 ( 0.2 2Theta). In a fourteenth

aspect, there is provided a crystalline form of the hemi-sulfate salt of
2-Chloro-441.-(4-fluoro- 15phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyll

-pytiding ehratackerize drbyidhesfollewing Yorrayt ditfraciicnifeaks: obtaingedo-4-[ 1 -(4-fluoro-

ith Ku radiati 20.(2T ~7.4,89, 11.0,11.8,12.8, . :
e B R SO B T Mg i e otoving x-
aspelifirthers isplovdednadwisiallibe formiafidhetier(i-Buifatelgalt 8.9, 10.2, 14.3,
2-Chloro-4-11-(4-fluoro: . .
ﬁé)rg?f&)li;g-&% lﬁl%?&-ﬁ%ﬁ%ﬁd’a%@-i‘f’jﬁéﬁ(}%ylIggy;lr‘?&%‘e characterized

by the X-ray

yataififared

lln a tenth aspect, there is provided a crystalline form of the mono-sulfate salt of 2-Chloro-4-{1-(4-fluoro-
phenyl)uﬁz,S -dimethyl-1H-imidazol-4-ylethynyl]-pyridine characterized by the X-ray

powder diffraction pattern shown on figure 4.

In an eleventh aspect, there is provided a crystalline form of the mono-sulfate salt of
2-Chloro-4-f 1-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl|-pyridine
according to any one of the first or eighth to tenth aspects

characterized by an infrared spectrum having sharp bands at 3122, 3039, 3003,

2623, 2853, 2719, 2608, 2231, 1622, 1585, 1565, 1515, 1439, 1373, 1346, 1224,1158, 1116,
1082, 1047, 1015, 987, 901, 787, and 673 (£ 3 cm™)
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powder diffraction pattern shown on figure 7. In a sixteenth aspect, there

is provided a crystalline form of the hemi-sulfate salt of 2- Chloro-4-
[1-(4-fluoro-phenyl)-2,5-d imethy1-11-1-imidazol-4-ylethynyl] -pyrid ine
95according to any one of the second or thirteenth to fifteenth aspects
characterized by an infrared spectrum haviﬁé harp bands at 3364, 3075,
2717, 2577, 2234, 2208, 1568, 1632, 1585, 1567, 1514, 1468, 1413,

1372, 1222, 1159, 1084, 1038, 986, 902, 846, 788 712, 668 and Gﬁ% %3 [t of2
ol agfhagessériefii REpadetAS T BHovEsd & s tahie 1A opat of 2
the, pemirgy Lf%f@l%@%oﬁi?mg)lg [9-dmethyl- 1 H-imidazol-4-ylethynyl]-pyridine
[1-(4-fluoro-pheny1)-2,5-dimethyl-1H-imidazol-4-ylethynyl]-pyridine,

CRSOTERNG 16 AR Ot b e SEITOEBH BB NN 1 SRIEEA dageted by he
characiedzed-bmthe.whared specirum shown on figure 8. - 2¢ - In an

eighteenth aspect, there is provided an amorphous form of the

mono-sulfate salt of 2-Chloro-4-[144-fluoro-
phenyi2:ardipaatmdnrd ki-praicazol oyylathy nyll- pitidine ichéhacterigoaibio@n-[ 1 -(4-fluoro-
absen f sharp X-ray peaks in,it ) : ' .
AR b e i
15485 k326 FR6n 1A 6 Tolkh@0g Kt 14, diffe r04F2986h 503 d34sh 288 g radiation at
and 670 cm(' cm(i). . ., In.a njnet h.a t, there ig, pravi 0
DN TR of 16 i Sl Sl & > 1o DB (02
22Chtorp-441-(4-fluoro10phenyl)-2,5-dimethyb IH-irnidazol-4-ylethynyl]

-pyridine characterized by the infrared spectrum shown on figure 11. In a

twentieth aspect, there is provided a compound according to the first
appetadereipat ligasts p0Midate sncrystal lime: polyrhonplaubietondin tehimmy4-[1-(4-fluoro-

ong of first to twelfth. 15aspects In a twenty-first aspect, there : .
P & GO AeE g e SPGB e following
7080 difeaatiny ptalinehpalyrdorith acterdingaocan dhe2dhte thigeentittd.9, 1.0,
seventeenth aspects. 20 In a twenty- ect, there is provided a

o b g T st TR o TRE) 7056 are

amorphous according to the eighteenth or nineteenth aspect. In a

twenty-third aspect, there is provided a process, for the preparati fa ‘
CRBBEE P28 DR EBTERE HVT 14 QU S PERES, AP A g TR 1< oo
SF%}Q?J@@%EW“@%%&@'%@&%&H-pyn'di.ne characterized by the X-ray
(4-flugro-phen .I)-2,5-d|rne§h¥}l,1-lH-|rpld:§1629l-4- ylethynyll -pyridine with

SHRUHE ST hPBRaRbF Wit SUibS&GUieht spontaneous precipitation, or

(b) re-crystallization of the product of step (a) in ACN, AGN/water,

niethan l, ethanol

n a sixteenth aspect, there is provided a erystalline form of the hemi-sulfate salt of 2-
Chloro-4-[ 1-(4-fluoro-phenyl)-2,5-dimethyl-1 H-imidazol-4-ylethynyl]-pyridine
according to any one of the second or thirteenth to fifteenth aspects

characterized by an infrared spectrum having sharp bands at 3364, 3075, 2717,
2577, 2234, 2208, 1568, 1632, 1585, 1567, 1514, 1468, 1413, 1372, 1222, 1159, 1084, 1038,
986, 902, 846, 788 712, 668 and 620 (+ 3 cm’)

In a seventeenth aspect, there is provided a crystalline form of the hemi-sulfate salt of 2-
Chloro-4-[ 1-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl}-pyridine
according to any one of the second or thirteenth to sixteenth aspects characterized by the

infrared spectrum shown on figure 8.
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30IPA, acetic acid, Doctanol, or IPA/49% sulfuric acid (10:1, v/v). In a

twenty-fourth aspect, there is provided a process for the preparation of a
compound of any one of the eighth to twelfth aspects, comprising - 2d -

(a) solvent equilibration of the compound of any one of the third to seventh

aspects in IPA/water (3:1 v/v), or (b) re-eBstallizing the compound of any

one of the third to seventh aspects in IPA/water (e.g. 3:1 v/v), or (c)

digestion of the compound of any one of the third to seventh aspects in
adueoighsefuArastiterOima it dnAmRmPsp & théreienprolitferlgot 2-Chloro-4-[1-(4-fluoro-
progess for.t aration of a.¢on f ifasnth
e B B L M Bscnce of
coﬁbrﬁgaeﬁnww%% bGP WS %‘é‘il/e?ﬁﬁ”a‘é%"é‘é‘fg WEHER v inggyharp bands at
rezepystalizinglor dig@stivtg,afsthe torhpcundidfaniy Bheé ohtHe thindéd, 1040, 986,
S%[‘é‘&é%@épﬁ%téﬁﬁ g%tgfnvv@t_@glgggth_anol (e.g. 4:1, viv), water/ethanol

(e.g. 4:1, viv), or water/2- propanol (e.g. 3:1, v/v). In a twenty-sixth aspect,

there is provided a process for the preparation of a compound of any one

of the eighteenth or nineteenth aspects, comprising dissolving th ,
OB RE B S 7S¢ SR Lt ¥ rAEREIRGT PR Tt BUAGSAor o factioros-[-¢h-fluoro-
solvent at.akbut-65C Uhderidactiuivy tthateptyidevehtraspect] thate isfrared
pggg&%%%gmp&yﬁ cGQrding to any one of the first to twenty-second

aspects, for the use as therapeutically active substance. 25 In a

twenty-eighth aspect, there is provided a salt according to the first or
secand.aspestepacrysialiingrinracaccosdipguedany @omehthedmiidit@pect, wherein
seventeenth aspects or an amorphous form according to the igf_gﬁgenth or
nifdeaginth’4spe e ForsidEng mb’ﬁ}%v%h%ﬁfﬁﬁ%f) Y t?élstﬂ’?éem st 1o twelfth
d@g@g@gs selected from the group consisting of acute 30and/or chronic
neurological disorders, in particular anxiety, or for the treatment of chronic

and acute pain, protection against liver damage, failure whether drug or

disease indueed, urinary,inconti ' jle- i - .

e IR e IR K A s,

avdumding:tdearty76fe ot therfissa insvanirsepbadcaspocts; fovthee of the thirteenth
SPJ%B%?&%ntha éngjcament for the treatment and/or prevention of

disorders sé)lecte rom

In a twenty-second aspect, there is provided a compound according to the first aspect,

wherein at least 70% are amorphous according to the eighteenth or nineteenth aspect.

In a twenty-third aspect, there is provided a process for the preparation of a compound of
any one of the third to seventh aspects, comprising the steps of

(a) salt formation of 2-Chloro-4-[1-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol -4-
ylethynyl]-pyridine with sulfuric acid in 2-propanol with subsequent spontaneous

precipitation, or
(b) re-crystallization of the product of step (a) in ACN, ACN/water, methanol, ethanol,

IPA, acetic acid, 1-octanol, or IPA/49% sulfuric acid (10:1, viv).

In a twenty-fourth aspect, there is provided a process for the preparation of a compound

of any one of the eighth to twelfth aspects, comprising
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the group consisting of acute and/or chronic neurological disorders, in
particular anxiety, or for the treatment of chronic and acute pain,
protection against liver damage, failure whether drug or disease induced,
urinary incontinence, obesity, Fragile-X or Autism. 10 The present
disclosure also provides pharmaceuticat€ompositions containing the
abovementioned salts, crystalline or amorphous forms, and a
@harmaceutlcalgrcgacceptable carrier. In one aspect, there is provided a

hafthsseaabHi RsHPbRIIBA COMMINSIAG HraxIPaR O iamE s B9etrebdr aspects in

1996one-aepect Q5 erystalline form according to any one of the third to
seventeenth aspects or an amorphous form according to the eighteenth or

(HinsteentrHspeethaf@BRe B b pREFMaEsUlEHEI asceptapreects in IPA/water
ariei(S)hin@ccordance with the disclosure the abovementioned salts,
crystalline or amorphous forms can be used for the preparation of
(Fedisatiene (BeRAT O CEhTDY OPpRIVEATBHDITRESE HESEH BrqHEOUS
MGMRSreceptor. Such illnesses include acute and/or chronic
neurological disorders, in particular anxiety, or for the treatment of chronic
and acute pain, protection against liver damage, failure whether drug or
ifigeasa ingdueeshJeinaRkINCORIRSNGEa (?p&%sx (5FABS ¥ aFAUHS 2 compound of
Figure 1: shows an XRPD (X-Ray Powder Diffraction, STOE
%P&*&@H@f@ﬁ paftRih tafss\ﬁﬁbﬁ%%}tlbﬁmﬂraﬁn%%mﬁé%ono sulfate salt of
@ GhIoE A tidtiarernhenybhddudimetynd bt ifidazokd ety Aybdets in
-pyridine. Figure 2: shows an IR (InfraRed spectroscopy, Nicolet

ttfdmeter) spectrum of a typical lot of form A of the mono-sulfate salt

(85 ZeChlaiartzihb &46[@%@@%&%8&@@%@@5’&@ bhinaidaeahid 1yletenth

yn -pyri din e. Figure 3: shows a TGA (Them o Gravimetric Analysis,

%ﬁiéﬂ”r‘é’?é% woleEmr i 6r& fwm‘é(wpom%/ﬁﬂlﬂle’f (R8-hond Ehiplavater2-

prafaeble&hlora-4-[3-(4-fluoro-phenyl)-2,5- dirn ethyl- 1 H-irn
idazol-4-yleth ynyll-pyrid ine. WO 2008/074697PCT/EP2007/063721 -3-

Figure 4: shows an XRPD (X-Ray Powder Diffraction, Scintag

Idiffracierneler) paltenatR iypiealilaiod fosn:E abthe:peparsidiate salb@bound of
2-Chloro-4-[ 1-(4-fluoro-phenyl)- 2 5- di methyl- 1 IT-im idazol-4-ylethynyl |

Ay PR %ﬁﬁ‘é%@%ﬂ%%}g%b@ hﬁﬁ%ﬁ%&%ﬁ@&?&é‘égwohﬂ%ﬁﬁ%ﬁ Somtpound of

tBpEGHoRRIANSPRAIHNT aha fypicrkpot-aldewa Bofdhemandsuledecsalider
of 2-Chloro-4- 1-(4-flooro-phenyl)-2,5- dimethyl- 1 li-imidazol-4-ylethynyll

Vi5y¥iliine.  Fioure 6: shows a TGA (Thermo Gravimetric Analysis, TA
Instruments system) curve of a 10typical lot of form B of the mono-sulfate

salt of 2-Chloro-4-[1-(4-flyoro- phe 2 5- dirnethyl- |
H%Fﬁ’f&%?%%‘%ﬁ%}ﬁf ;5 ?F&hsepﬁ‘? 897 SHORRLY SGspBipk R4y one of the
fRPawserdifftaction Seiatag Wifffectomaien:paitattdlaactitypitatiatef

form A of the hemi-sulfate salt of 2-Chloro-4-11-(4-fluoro-phenyl)-2,5-

15dimethyl-ITI-im idazol -4-ylethynyl | -pyridine. Fioure 8: shows an IR
I(ﬂ affazdﬁgdeﬁ@Eﬁtrmmpyhhﬂaﬁtspmsmdtmmwocﬁﬁegmrﬂqeﬁ‘ﬁstymi@aJ:dmti aspect

oa ?‘ncé?h ?x{ﬁt %%Zafméf L#@gﬁ%%ge% gi%?t Afl t(g qé'\fye%ggegﬁl ngf)(z:cis or an
amorphous form according to the eighteenth or nineteenth aspect for use in the
prevention and/or the treatment of disorders selected from the group consisting of acute
and/or chronic neurological disorders, in particular anxiety, or for the treatment of
chronic and acute pain, protection against liver damage, fatlure whether drug or disease

induced, urinary incontinence, obesity, Fragile-X or Autism.



20 Fi9: shows a TGA (Thermo Gravimetric Analysis, TA Instruments

system) curve of a typical lot of form A of the hemi-sulfate salt of

2-Chloro-4-0 -(4-fluoro-phenyl)-2,5-

dimethy1-1H-imidazol-4-ylethynyll-pyridine. 25Figure 10: shows an XRPD

(X-Ray Powder Diffraction, STOE diffractometer) pattern of a typical lot of

the amorphous form of the mono-sulfate galt of 2-Chloro-4-[ |
-(4-fluorophenyl)-2,5-dimethy1-1H-imidazol-4-ylethynyl]-pyridine.  Figure

II: shows an IR (Infra Red spectroscopy, Nicolet spectrometer) spectrum

dha BOtypicalitt afths, dheorphous\isied Bfetheernbacxpiatadancsrding to
2-Chloro-4 ;[ 1=(4-fluoro- phenyl) -2,5-di I 1H-imidazol-4-ylethynyll

%% illr?e(f&%[esg{é% tﬁe?r%?ﬁ? Mésr%%(%ﬁ‘lgg%g%f%%?n@ g}]q'amorphous" denote a
m@ﬂaﬁ@%&;ﬂ@qﬁ%@@@@g@&ahﬁmﬁ;(a&?mdvbdpes/ammoﬁ/dgmq@rs selected from
X-ray peaks, i,e. a Br, iffragtion.peak. The XRPD . of . .
R OHB SO LT N AL G B A S B e BB pajegoular amsiety,
W2 0081074697 PGHBRROOTICE ST baid, pBragds lagnidestinbedagage, failure
diffraction of crystalline material v ion..2d;Si =11 :
SR e e b b A E a ee
crystal (d-spacing), theta = Bragg angle, lambda = wavelength and n =

integer. 5When Bragg's Law is fulfilled, the reflected beatms are ip kai]r?sﬁle
%@H?ﬁé@f@r@%ﬁ%ﬁﬁéﬁ%ﬂf%‘b@ﬁ%%@cm O BRAKS A Ch&erved in

e Xy diffraction paitennidd angles sifdnciftense othentramtiveuBragy acceptable

angle, reflected beams are out of phase and de lve Interf AL it
bl et ettt S S R R

no&age witiiadlienpeaksmespbservedinstabixe dayndiffreetibngiattesnonoof the
"An amorphous halo" is an approximat -5 if '
TR e L ER s el Rl RBRS AR Mentconth or
siieatanteasphet FAMHMobaMETOPDABIRC RIS BIDRIGEPHHAA 6 Terees

in 2-theta. 15 "FWHM" means full width at half maximum, which is a width

of a peak appearing in an XRPD pattern at its half height. "Amorphous
Tormeot dhacmonid-duafdisckemureshs ARONEIETRESH B?Eéiéﬁéﬂ%g]ﬂffégf amorphous
Amorrhoys farmeef the sidfade saltioh2dnblasefdih the control or prevention
-(4-fluoro-phenyl)-2,5- imethy1l-1H-imidazol-4-yl IL,-pyridi :
o PR S S e BT Sl B e BaGgor chronic
iEorsinpiol thieondersoisulfatisdan sEFiesEPREER AL ABBRAyAlicH 181 4fRd acute pain,
F%?&t@tlil&ea&g{mtfﬁ@rtbﬁﬁﬁgﬂQa&%ﬁét@l—@ﬁ@fd%ﬂ@ blodBedse induced, urinary

1

-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol-4- ylethynylL -pyridine.
MRS SO T ‘P&i%ﬁﬁ%l}?s%ﬁﬁ%%rsnéd herein as abbreviation for the

crystalline form A of the hemi-sulfate salt of 2-Chloro-4-L
1-(4-fluoro-phenyt)-2,5-dimethyl-1H-imidazol-4-

Figure 1: shows an XRPD (X-Ray Powder Diffraction, STOE diffractometer) pattern of a
typical lot of form A of the mono-sulfate salt of 2-Chloro-4-[1-(4-fluoro-phenyl)-2,5-

dimethyl- 1 H-imidazol-4-ylethynyl |-pyridine.

Figure 2: shows an IR {InfraRed spectroscopy, Nicolet spectrometer) spectrum of a typical

lot of form A of the mono-sulfate salt of 2-Chloro-4-[1-(4-fluoro-phenyl }-2,5-dimethyl-
1 H-imidazol-4-ylethynyl]-pyridine.

Figure 3: shows a TGA (Thermo Gravimetric Analysis, Mettler-Toledo system) curve of a
typical lot of form A of the mono-sulfate salt of 2-Chloro-4-{1-(4-fluoro-phenyl}-2,5-

dimethyl- 1 H-imidazol-4-ylethynyl} -pyridine.
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30ylethynyll -pyridine. "Form B of the mono-sulfate salt" is used herein as
abbreviation for the crystalline form B of the mono-sulfate salt of

“%gm%cﬁé-.,[l-m-ﬂuoro-pheny0-2,5-dimethyl-|H-imidazol-4- ¥!€{~?}¥%Qm -

-pyridine. ?NO 2008/074697PCT/EP2007/063721 -5 "Free base™ IS Use
herein as the abbreviation of the free base-of 2-Chloro-4-

lI(4-fluarophenyl):2,5-dimethyl- ibi-imidazol-4-ylethyny14. -pyridine. "IPA"
R o B R op W heiReraitag agver of o
abisirivobidestoR fbthyRrasusdbitsendinids @ arordrynt of infra Redyl)-2,5-
h@ﬁm}i‘}stp@ﬁﬁ&%meﬁ@@jﬂfm-gﬁm;I,Qspectrum. IR spectra were
recorded as film of a Nujol suspension of approximately 5 mg of sample
and few Nujol between two sodium chloride plates, with an FTIR
shissnomBterrivtrHh Snfteahed srraESpattriisten ke iicotér) 208K 18 of a
eqpilvalﬁﬂtdﬂilﬁﬂltﬂieﬂtﬂe(‘rﬂﬁn3%@famggﬁ gpﬁdﬂﬂgrg@@@(%]ﬂ%ﬁﬁ%%ﬂ))fz,&
1 atively, IR spectra,were recorded as KBr disc with approximately
056&%%%?2{%@&5%%%%%@5 56?!J KBr. In'this case, the Spectrometer is a
Mattson Galaxy 5000 FTIR system (resolution 2 cm’, 32 or more coadded
SERNS).5* BWG&IK@&!&@GC@Q&&E{&S&%%Q&@ U@Imﬂ@{_}@ﬁ{k@ﬁ%yyg}:ﬁm) curve of a
e garrie cipients vanis,-preservati solubjlizers,
SN SR A R AN RS S 2
agEmeysARs idran iy gievaskhetiEdRsssure, buffers, masking agents or
antioxidants, etc., means pharmacologically acceptable and substantially

nepHXedo the, subiset gfteég%ﬁhowgepﬁm%éggggaegu nﬁfﬁﬁ%@“ﬂ% 1%5%! §frn of a

"Pharmaceutically acce "hence means substantially non-toxic t
t

SuBjEdes HieR he Thatraéstiiemsactepehteralbridt i aianmistbieet-
"HiRRDYiS Hsediderdin-gsamabrenyidiref X-Ray Powder Diffraction. X-ray
diffraction patterns were recorded at ambient conditions in transmission

eometry with a STOE 30STADI P diffractometer (Cu Ka radiation,
Wﬁ%%%%&%ﬁ%% fiBFF SEHIBVM RSP g S aRS 3D abn

27hietd [(degjpapproXitnabelyi6d binwbsfatalheastie memtdimeyh the)-2,5-

S@gmp{gﬁwgt%g@%[gq,@m/@ﬂ@yﬁgiw‘thout further processing (e.g.
grinding or sieving) of the substance. WO

2008/074697PCT/EP2007/063721 Alternatively, X-ray diffraction patterns
wiegerafabovred dh-d Stiatag Kiapoveter Xabysidiffrattometenaguippedcurve of a

W@%@@!ﬁ%@ﬁ’ﬁ&?? ?1)%@ ﬂlféﬁaqit%i(%ﬂe%;a}{r?ﬁz-E?ﬁa?}&il‘i?le-§4‘!_\(ﬁ{<t%§$%%ﬂﬁ9-z,5_
rom . e e at a rate or L per minute wi
R R R

incident beam's Fand diffracted beam slit widths of
0.3 and 0.2 mm. 5 For single crystal structure analysis a single crystal was

eouinted:itha1eaR QRIEDJIONIR@N der Diffraction, STOE diffractometer) pattern of a
typical lot of the amorphous form of the mono-sulfate salt of 2-Chloro-4-{1-{4-fluoro-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl|-pyridine.

Figure 11: shows an IR {Infra Red spectroscopy, Nicolet spectrometer) spectrum of a
typical lot of the amorphous form of the mone-sulfate salt of 2-Chloro-1-| 1-{4-fluoro-
phenyl}-2,5-dimethyl- 1H-imidazol-4-ylethynyl]-pyridine.

As used herein, “amorphous forms” or “amorphous” denote a material that lacks long
range order and as such does not show sharp X-ray peaks, i.e. a Bragg diffraction peak. The

XRPD pattern of an amorphous material is characterized by one or more amorphous halos.
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whagihg Rigte Diffraction System (IPDS) from STOE (Darmslg q

and measured at ambient conditions. Alternatively, the crystal was cooled
in a nitrogen stream during measurement. Data were collected on a STOE
case N/lo-radiation of 0.71 A wavelength to was used for data c}iﬁl%ﬁﬂ}r’?snl
Data was processed with STOE IPDS-scftware. The crystal structure was
S fin ith ard crystallographic ft re. In this case
tk% g osgﬁré gS 1€ %(ST\%IE ffig%rﬁaéqmﬁer [@ ru{ﬁnj1 W\E;.\{Sﬁl Ltj%e%quauon
a,[%vgly, Si agﬁg CFrystal X-ray dlffractlon intensity data were measured
at amrblent 15¢onditions on a Bruker SMART APEXTM diffractometer (Mo
radiatjion, X = 0,71 A)..Raw area detector data frame integration was
TR EIBL i BEHAbEED ENARACEr I8 6 il -
SAINTm thviarsiBrie 48 2m hoADABS TR siod 2. 10nBgaker Analytical
X-ray Systems, Inc., Madison, Wisconsin, USA, 2003. Direct methods
SWL]]’@[U%dS@mﬁ?@niS@iﬂl@ﬁe@d@ﬁﬁ’@ﬂﬁi@ﬂbb&@u@m phakéulhdniatetere constructively

leasi-agpraredirpliinempatiagainstid-d0 werenarfarmed:arcRrding 19 angles of
%HS@JA%E’Q%&Mh%E&%Wn\éF@% eé%egé%ﬁ?_{:é\r},al}m%ase a%estructwe

Systems, Inc., Madjson consin isfused herein as
Fi‘té‘&f%ﬂ%%fcﬁ‘éﬁl}ﬁ%@rﬁ?ﬁm&tmaﬁﬁk“*P@ﬂ%@ﬁ?éé‘%éﬁ@%@ﬁ%&%é&m and
o Mgt Toledpdhemapavimetriceahaly 26 (TGASEHSDTA). System
25suitability tests and calibrations were carried out according to the
internal standard operation procedure. For the thermogravimetric

analyses:ARRER: & 4 QMg RESAMRIE YEreHRIAEH AR ANMIRYILRAASK the X- -ray
aesuaehieianed.And het met'ca“zxg S PRLORAVRR SR PRt i ous halo

easurement, tﬁg? S weré automaticall y plerced resultlng IN"approx.
ﬁw“rﬁﬁﬁ"ﬁ%@s‘“ﬁ’(fﬂ‘w&%éﬁﬁp §ldvere then heated under a flow of nitrogen
of about 50 mL/min using a heating rate of 5 K/min up to 280 C. WO
2008{Qvi46R/RCIIERAB0H/A68 fgkinfunANigIARIVENatheM (Fgﬁﬁ\é!ﬁ%%ﬁﬁg in an
1S Wgr%% QHaﬁ {ng a Hi-Res 2950 TGA from TA Instruments
The eatlng rate was min with a nitrogen purge maintained
throughout the run. Therapeutlcally effective amount” means an amount
thaP 19 BRARHIR T FrRoaneraiate Bl aletsrAfsesy AR BheRsebbe or
prolomy ¢hefsrvividhehthecsslifest Lbin2t@sked- Lhalmaceutighlenyl)-2,5-
campasitions of dhe 'DN?I'@HQ!ML']‘ Eﬂ%ﬁﬁ’é‘ to one of the salts, crystalline or
amorphous forms according to the invention mentioned hereinabove, can
contain a pharmaceutically acceptable carrier or more pharmaceutically
add¥ptaiechenarsasSnitable yiophasrageaticaliyusicekipaibieoarriers
include pharmaceutically inert, inorganic and organic carriers. Lactose,

cQrn starc r derlvatl es th reof talc, stearic acids or. |ts sandt

|I%é)ggl’?\ e USea 1Sy exaﬁfﬁS e, assu§u%%€r5ﬂ|%5r§ lreféarﬁg& t&F ??i@ig form A
d%%@éé%oalﬁdshlé%@’ @@1@ﬁﬁé&é@%l@él$@nﬂabt@@émef%w doftegfelbtiHeimidazol-4-
GAREUIeS araiddexample, vegetable oils, waxes, fats, semi-solid and

liquid polyols and the like. Depending on the nature of the 15active

substance no carriers are, however, usually required in the case of soft
g@f%fﬁﬁé of the hemi-sulfate salt” is used herein as abbreviation for the crystalline form A

of the hemi-sulfate salt of 2-Chloro-4-{1-{4-fluoro-phenyl)-2,5-dimethyl-1 H-imidazol-4-
ylethynyl|-pyridine.

“Form B of the mono-sulfate salt” is used herein as abbreviation for the crystalline form B
of the mono-sulfate salt of 2-Chioro-4-[1-(4-fluoro-phenyl)-2,5-dimethyl- 1 H-imidazol-4-
vlethynyl]-pyridine.
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capsules. Suitable carriers for the solutions include, for example, water,
polyols, sucrose, invert sugar, glucose, and the like. The preparation of
e 2-Chloro-4- [1-(4-fluoro-phenyl)-2,5-dimethy1-1H-
W;@O%iﬁgl%%zk)ﬁz-ylethynyll -pyridine has been already describeg%/gag)??g 038721
PCT patent applications Nos. WO 20047208701, the content of which is
incorporated by reference herein.  As already mentioned hereinabove,
the present invention relates to novel salts and to 25crystalline and an
anGRdstistortldrisEse arbbrratenshibycsmpsuid:- Slaachilbrgidluoro-
| Fher(dflniorapladny) F2ibrdimetaylleliripiidazalird-ylethynyll -pyridine.
WO 20081074697PCT/EP2007/063721 - 8 - It has been found that
2-Chloro-4-11-(4-fluoro-phenyl)-2,5-dimethy1-1H-imidazol-4-
yI@fﬁyﬁ@ﬂ%ﬁ?#&?ﬁ@é‘é%ﬁ%ﬁl’é@é&%@iﬁ@ﬁﬂﬂ%g upon the method of
preparation, as a mono-sulfate or as a hemi-sulfate salt. Form A and form
B,@fthemancssiifate salaswellasap amerphous form can be isolated
from the mono-sulfate salt of
2-CFtloro-4-11-(4-fluoro-pheny1)-2,5-dimethyl-11-1-imidazol4 -yleth ynyl
-pyidingsed hdrorm aohtheiheni-sulfateddibcan be pbtained fosdhelnfra Red

Qg@@tﬁ%faﬁﬁ %EQQ %’e@p@égx’éé& 15 film of a Nujol suspension of approximately 5 mg of

1 (4-Ilu§rr1%-tphenyl)-%65-dlmethyl-lH-lmldazoI-4- Iet%yrg}l |¥;%Idlne. The -
SUiatesHIvist -@WW&WQ-W‘(@TI%P&M%% Ofifrethly FoFFfrometer in

-imidaztkdeey Ellayipglitrpyritine ed dob: prejidiat e saltdermatiorivafon 2 cm™, 32

FEhlpo-44lr4flurapheaytligp-dimethyl-1H-imidazol-4-ylethyny11l

-pyridine with sulfuric acid in 2-propanol with 15subsequent spontaneous

precipitation. Form A of the mono-sulfate salt of the

2ABhiordvdyl 1R(gpficdoroxphenyhile] Bsdihredivy vtk ipidaziotdeltdtibyny by ple

dine sy et liaqncrysialine fRem. AT Aofiibe MeRg-salipke 8l stem

i?g (jtigt%tg}%lnedl b S?I;;n forrmatli%? er%f 2-Chloro-4-11-(4- . .

fluoro-p enyTﬁZ’, - mefhf/ff’f “finitra? [-4-ylethynyl I-pyridine with

sulfuric acid in 2- propanol with subsequent spontaneous precipitation or

byte-ary&tatizatianeftone Aof lhpimeneauliale salt JBRIVeASrs, excipients,
e ;b‘éérﬂotﬁx!!em'tgf’ tﬁg’}cs'\'s’ AGhwater, methanol, othanol, IPa.
AR O GRNST TP RS s SR ey T84 2501S FOMHS A G Rgceteners,
IFROAGHRISIfAEos I earnbe sehafeicterized thy emietistitvreerpdaite seloasbong agents
feomthaitellawing Xnkay diffraction paaks aligingsk with aiGHKiisadiationcalc o

(2'l[)he aédr %1)2— 98,134,142, 18.1, 18.9, 19.6, 22.6, 22.9, 25.7,

ggels %H%ICEZ ﬁg . ﬁéﬁ%%%%)@?o@é?%oﬂﬂglfi?ﬁgnr]r%lrsltoefgﬁzlfate salt can be
characterized by at least five peaks selected from the following X-ray
diftiactiorpeaks abiginetwitha Gulksratiatinngy 30-20het (Heabct to which

the pharmaceutically acceptable material is administered.

“XRPD” is used herein as an acronym of X-Ray Powder Diffraction. X-ray diffraction
patterns were recorded at ambient conditions in transmission geometry with a STOE
STADIT P diffractometer (Cu Ka radiation, primary monochromator, position sensitive
detector, angular range 3 to 42 2Theta (deg), approximately 60 minutes total measurement
time). The samples were prepared and analyzed without further processing (e.g. grinding

or sieving) of the substance.
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9.8,13.4, 14.2,18.1, 18.9, 19.6, 22.6, 22.9, 25.7, 27.1 and 29.9 (0.2
2Theta). WO 2008/074697PCT/EP2007/063721 - 9 - Form A of the

wHnRsHfate salt can be characterized by at least seven pe%%@ é@ﬁ‘%gsml

from the following X-ray diffraction peaks obtained with a CuKt, radiation
at 20 (2Theta (deg)) = 9.8, 13.4, 14.2, 181, 18.9, 19.6, 22.6, 22.9, 25.7,

kA6 49: %(rg’y%l%ﬂh%r) QDL f%fr}l eGPy atn i a% ‘\:}‘j‘é‘h%%r"}@my

characterlzed by ‘the fo OWI g X-ray diffraction pea $ obtai
@dﬁﬁcmﬁﬂmﬂaWMCKMGtaeMPmQ@H%id%alimﬁsowct, I@@saixgzﬁzﬁ were

2@%&?&;6@3 {9 2%*7 6 2%1‘3 % 38 gghe -E g@) Flfc'l:torrpl © per m ute with incident

mono- su ate salt can al & charact ray powder
d?ﬁarmlénvzl_d)baq%%ﬁryhéwweﬁ@eﬁeamtbm@w@hﬂgﬁ@%@ﬂ@t&wm
can also be characterized by an infrared spectrum having sharp bands at
681n2 3,%6[1%‘}2236 a2 13é 1628 61587311569 1518, 138411 1374 .
785, e 57 E" 1085101 967 TRk S8 A ang WA cfpplometer
Siw?&&tgqﬂcﬂmmb@mf@mﬁém@im@%ﬁmﬁlar‘s@%‘é Chrereritstiretitiyogen
th@ebﬁﬂdt@ﬁx@ﬂ%&@i&h@%@ﬁvﬁ%@l@c&d &I BTReMmopRisuiata tion

sﬁalt IS \ét%@toﬁgfggzﬁs not |c§_pt Welg\ﬂt Ios 1|§ 200}3@9%@9\! w&danﬂTth
curve prior compos on as shown on gure As alr (11

Méhﬁ&ée@f}@é.ﬁdkf@%ﬂ difatiess ereuetenstics Brd §H&w&ﬁvﬁgur”@sepwm
%ﬁﬂ@&&ifbﬁﬁﬁsﬁvsﬂwle mﬁﬁ&almtna@ydaaasym@&mgmﬁl pfsHresmene-silfalee the

fr&é% gggrqf%tg OmT$ (er 8s %ﬁ‘l m@le 6%sccf')me crystal structure
rystal form A o he mono su ate salt was found to be an

anhydrate form of mono-sulfate salt as determined by single crystal
aﬂadysdﬁyaiheiﬁgperﬂmehtakmapa&e i:ﬂiaﬁxﬂqc{achwﬁi% theatora ArehibRnt

-sulfate salt ce ree ith the simulate
R R A A o b CH et 071 A

slimvcmwe amalysidaindicatngithatifonmaA mﬁfhem@m@lsﬂimfd}salhwaefwaresz
%ﬁﬁy@t@ﬁ%%ﬁ%ﬁﬁ ﬁﬁﬁi?ﬁqu@é%%@%@?h&}@{%@%gﬂg@@r?HH@@Gsaﬁ?mker

e fluo enzene ring.is a erpendicular e imidazole ri
pi i et Ao Ure it S b it A pctare
feringcanditernoldoutasr W@l@@@@&@ﬂd@%ﬁ@iﬁ#&l@@@m@@@mﬁmmm against I*
hy&@a%mmgmd\eem@wsmmmn@om Reighhetingisyliate aniQixdiSialytical
Ifage tanlo als %rves&]s k}y 119%5[] %88(9 acceptor from a
rotd’nd’ ad imidazolé i cr’(r)lgeﬁ atom” e’l: crystal structure data of form
A of the mono-sulfate salt Name Form A of the mono-sulfate salt

“TGA” is used herein as an acronym of ThermoGravimetric Analysis. TGA curves were
measured on a Mettler-Toledo™ thermogravimetric analyzer (TGA850/SDTA). System
suitability tests and calibrations were carried out according to the internal standard

operation procedure.

For the thermogravimetric analyses, approx. 5 -10 mg of sample were placed in aluminum
pans, accuratety weighed and hermetically closed with perforation lids. Prior to
measurement, the lids were automatically pierced resulting in approx. 1.5 mm pin holes.
The samples were then heated under a flow of nitrogen of about 50 mL/min using a heating

rate of 5 K/min up to 280 °C.
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Temperature 293(2) IC Crystal system space group Triclinicl Unit cell
dimensions a = 9.996(2) A b =9.996(2) Ac =11.287(2) Aa=98.60(3) p =

W@gﬁ%ﬁ)@; 112.49(3) Cell volume 1001.9(3)A3 Moleculesgappit68Heds721

Density (calculated) 1.398 g/cm3 5 Form B of the mono-sulfide salt is a
mono-hydrate crystalline form. Form B df the mono-sulfate salt can be

ahtained y selvep eamilibrrtion ofiform A8 Bemeng-sufaiesSainrGA from
IPA/water (e.g. 3:1v/v). Form B of the mono-sulfate salt can also be
TA Instruments, The heating rate was 10°C/min with a nitrogen purge maintained

throughout the run.

“Therapeutically effective amount” means an amount that is effective to prevent, alleviate

or ameliorate symptoms of disease or prolong the survival of the subject being treated.

Pharmaceutical compositions of the invention, in addition to one of the salts, crystalline or
amorphous forms according to the invention mentioned hereinabove, can contain a
pharmaceutically acceptable carrier or more pharmaceutically acceptable carriers. Suitable
pharmaceutically acceptable carriers include pharmaceutically inert, inorganic and organic
carriers. Lactose, corn starch or derivatives thereof, talc, stearic acids or its salts and the like
can be used, for example, as such carriers for tablets, coated tablets, dragées and hard
gelatine capsules. Suitable carriers for soft gelatine capsules are, for example, vegetable oils,
waxes, fats, semi-solid and liquid poiyols and the like. Depending on the nature of the
active substance no carriers are, however, usually required in the case of soft gelatine
capsules. Suitable carriers for the solutions include, for example, water, polyols, sucrose,

invert sugar, glucose, and the like.

The preparation of the free base 2-Chloro-4-[1-{4-fluoro-phenyl)-2,5-dimethyl-1H-
imidazol-4-ylethynyl]-pyridine has been already described in published PCT patent
applications Nos. WO 2004/108701, the content of which is incorporated by reference

herein.

As already mentioned hereinabove, the present invention relates to novel salis and to
crystalline and an amorphous form of these salts of the following compound:

Ci

2-Chloro-4-|1-(4-fluoro-phenyl}-2,5-dimethyi- 1H-imidazol-4-ylethynyl | -pyridine.
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10prepared by re-crystallization of form A of the mono-sulfate salt in
IPA/water (e.g. 3:1 v/v). Form B of the mono-sulfate salt can further be

V\RPE%%%&B’P” digestion of form A of the mono-sulfate salt '%819@&%%%{?%%21
ya

sulfuric acid. Form B of the mono-sulfate salt can be characterized
least three peaks selected from 15the foffowing X-ray diffraction peaks

ined with a CuKa. radiation at 2Theta (deg)) = 8.9, 10.2, 14.3
A TR T e TG evor -
2008107 e BET/EPIo0WesTy dependingraen Bofthdedohprspatiosals a
canbe sifatacterizad:-by-atlleastlirive peaks selected from the following
X-ray diffraction peaks obtained with a CuK, radiation at 20 (2Theta (deg))
=8.9,10.2,14.3,14.7,15.4, 17.1, 18.8, 19.5, 20.9, 22.5 and 23.8 ( 0.2
FHELS) AROIATB BPiHbcss-sulfalesaiscaslive ehamurnzedayp aniehsisolated
sevenipeaks selactedfrom thesfollowing X-fay diffrretion peaks.ehtaingdmidazol-

"ﬁilﬂe%h%‘rgﬁ'-fg‘%’r@%“ at 20 (2Theta (deg)) = 8.9, 10.2, 14.3, 14.7, 15.4,
17.1,18.8,19.5, 20.9, 22.5 and 23.8 ( 0.2 2Theta). Form B of the

mono-sulfate salt can also be characterized by the following X-ray
diffractiorf thpkaks abitained withba Subincafliationhat-2Q@Fbetn (dedhoro-4-|1-

gﬂ%gl%ﬁ%rﬁ%%’;’d%%éh ?Illlfw' fgaz%gégr%g]zg};gé5 a]'_lagngs-s ( 0.2

2Theta). of the mono-sultate salt ¢ Hharacterized by the
X-ray powder diffraction pattern shown on figure 4. 15 Form B of the
rbaosutfateisalbdanfalsthhe charactefized ph aninfardthspedtnminidazol -4-

ngiﬁsﬁ]%rﬁxgm%ﬁbg’ ;112%’61 S%PLQ§H§§@§H g§§ -:%Eh%z 1309-!1 —% ?%% 5?’ uzf%%f_?’h enyl)-

16,_21%%‘ 1565, 1515, 1439, 1373, 1346, 1224,1158, 1116, 1 .
T8 BERY b -t ieiet e iR e oFith BUUk e b o RipRR ShYith
caihsaipeiiepharacterzedcytthednfrared spectrum shown on figure 5.
Form B of the mono-sulfate salt is a monohydrate with a corresponding

eight loss in the TGA curve as shown on figure 6. As mentioned
TGO AR e A AT B0 SHObin 4 NG SOt 65 dimethyl-1 -
herdaraltérylatipori temderatunsdinglefonystalXiimy analysis of form B of
the mono-sulfate salt was conducted. As an example table 2 lists some
q; sta}\stwﬁture data‘.i ?rm B of ,tghe mano- qu%gle salt was found to be a
Momd - hYdFate SHRE B R fFRRe e A AR By ShiY i CRIsrar4- [ 1-(4-
dhvepsisheniyb -Sxpérinsdntal X R Dapattéry abilegtedwidmtheith sulfuric acid in 2-
propanol with subsequent spontaneous precipitation or by re-crystallization of form A of
the mono-sulfate salt in solvents comprising but not limited to ACN, ACN/water,

methanol, ethanol, IPA, acetic acid, -octanol, IPA/49% sulfuric acid (10:1, v/v).

Form A of the mono-sulfate salt can be characterized by at least three peaks selected from
the following X-ray diffraction peaks obtained with a Cug, radiation at 26 (2Theta (deg)) =

9.8,13.4,14.2, 18.1, 18.9, 19.6, 22.6, 22.9, 25.7, 27.1 and 29.9 (& 0.2° 2Theta).

Form A of the mono-sulfate salt can be characterized by at least five peaks selected from the
following X-ray diffraction peaks obtained with a Cux, radiation at 28 (2Theta (deg)) =

9.8, 13.4, 14.2, 18.1, 18.9, 19.6, 22.6, 22.9, 25.7, 27.1 and 29.9 (+ 0.2° 2Theta).
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form B of the mono-sulfate salt obtained is in excellent agreement with the
simulated pattern calculated with atomic coordinates from single crystal

slhHEiMrgsanalysis, indicating WO 20081074697PCMP200 4068w 704821
that form B of the mono-sulfate salt was a pure crystalline phase. In the
structure of form B of -9-

2ehlorardsl Ladluaraphanyl) 2 o-aimethyvkdh-inidazebvryiethyByecRy from

dine, the dihedral angle between the fluoro-benzene ring and the

ithidabotemng wadbanton selaspiamatéy 77 e: THETRBwHmAeH et (deg)) =
'ét%?fg_g}mtf&)aﬁn; gomyferms.amiptegmoleculandRydrogen bandwith a

bisulfate anion. At the'same time, the bisulfate anion is also involved in
hydrogen bonding networks with a chloro-pyridine nitrogen atom and a
water mslecuigod@bléfe Cilystial StrUstuterdataantistrictfotievefindmant

for form B of the mano-sulfate salt Name For the mono-sulfate salt
SRR e s R S e
dimensions a,2:8:9686(55 A7 127d0830(10)2b 2Thet6/790(6) A5=
100.1590(10). ¢ = 10.9563(6) Ay= 96.6930(10) Cell volume 971.51(9)A3

molecules in unit cell 2 Density (calculated)
Form A of the mono-sulfate salt can also be characterized by the X-ray powder diffraction

pattern shown on figure 1.

Form A of the mono-sulfate salt can also be characterized by an infrared spectrum having
sharp bands at 3068, 2730, 2618, 2236, 2213, 1628, 1587, 1569, 1518, 1384, 1374, 1295,
1236, 1168, 1157, 1116, 1064, 1019, 902, 855, 786 and 674 cm™ (3 cm™).

Form A of the mono-sulfate salt can also be characterized by the infrared spectrum shown

on figure 2.

Form A of the mono-sulfate salt is a solvent-free form as no significant weight loss is

observed in the TGA curve prior to decomposition as shown on figure 3.

As already mentioned hereinabove, all these characteristics are shown on figures I to 3

hereinafter.

A single crystal X-ray analysis of form A of the mono-sulfate salt was conducted. Table 1
lists as an example some crystal structure data. Crystal form A of the mono-sulfate salt was
found to be an anhydrate form of mono-sulfate salt as determined by single crystal analysis.
The experimental XRPD pattern collected with the form A of the mono-sulfate salt
obtained is in excellent agreement with the simulated pattern calculated with atomic
coordinates from single crystalline structure analysis, indicating that form A of the mono-
sulfate salt was a pure crystalline phase. In the structure of form A of the mono-sulfate salt,

the fluoro-benzene ring is almost perpendicular to the imidazole ring as indicated by a

dihedral angle of 90.7°. A hydroxyl group of a bisulfate anion forms an intermolecular



(o3}

1.510 g/cm3 10 The amorphous form of mono-sulfate salt of
2-Chloro-4-11-(4-fluoro-pheny1)-2,5-

vilimsthykLE-imidazol-4-ylethynyfl-pyridine can be obtained f@%ﬁ)mmm(ﬂm
methanol solution upon fast evaporation at about 65 C under vacuu ’

15The amorphous form of mono-sulfate &&it can be characterized by the

shar diffraction peaks in its, XRPD tern, and/oran . . :
ﬁ? glrog g%(ﬁlté(ﬁvm avin ‘Ué(iﬁarg ]l?an i“&%’fjng T35 119135 5 tfggfate anion
157QSABESS férféfqg?@q@%cq;z%ﬁmm ﬁ@@ﬁt@.@gmdﬁml@ 1YBEZO0BY.
848, 788, 712 and 670 cm" ( 3 cm- I) WO

2008107 gte X %EE’EZTQQ%%Q]@% -3 g‘!l'élneoasnﬁ?a%hoys form of

mono- SU t can also be characterizea by the Inir ared spectrum

shiawa on figure 11.  As mentioned hereingbove, Al theses sulfate salt
characteristics are shown on figures JO tq Il 5hereinafter. The

hémissuifaie salt of 2-Chloro-4-1 | 293(2) K
-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol-4- ylethynyll-pyridine can be

prepases - hy-solyartequiibration of form ADfEhgimpno-sulfate saltin
water. JO Form A of the hemi-sulfate salt'can be obtained by solvent

eogitibratipR of fogpar A of the- mono-=sutfatg-salt tt-caralso-he;
prepared by re-crystallization or digestion of foram%@? t%‘ie mon%4 g\{)ﬁgte

salt in solvent systems comprising but not limited to water, water/methanol
(e.g. 4:1, vIv), water/ethanol (e.g. 4:1, v/v), ivate?fBBichafor G847 B X,
v/v). 15 Form A of the hemi-sulfate salt is ja crystalline hemi-hydrate form
of the following salt of 2- Chl oro-4-11-(4- IJIL&orq-[pﬂ@r@ — 112.49(3)°
)-2,5-dimethy1-1H-imidazol-4-ylethynyl] -pyridine with sulfurlc acid (&

\C;‘:H"\',r"j”““‘e salt-of-the-2-Chloere-441-(4-flucro-phenyh)-2,5-dimethyl-

1H-imidazol-4- -ylethynyll-pyridine free base}o@l %@)‘Béorm A of the
hemi-sulfate salt can be characterized by lat least three peaks selected

fidmladidetolowmingeX-ray diffraction peaks obtained with a CuKa radiation
at 20 (2Theta (deg)) - 7.4, 8.9, 11.0, 11.8, 12.8, 15.8, 17.3, 18.1, 19.8,

23e0sand 2R €12 2Theta). 1.398 g/cm3

Form B of the mono-sulfate salt is a mono-hydrate crystalline form.

Form B of the mono-sulfate salt can be obtained by solvent equilibration of form A of the
mono-sulfate salt in [PA/water {e.g. 3:1 v/v). Form B of the mono-sulfate salt can also be
prepared by re-crystallization of form A of the mono-sulfate salt in IPA/water (e.g. 3:1 v/v).
Form B of the mono-sulfate salt can further be obtained upon digestion of form A of the

mono-sulfate salt in e.g. aqueous sulfuric acid.

Form B of the mono-sulfate salt can be characterized by at least three peaks selected from
the following X-ray diffraction peaks obtained with a Cux, radiation at 26 (2Theta {deg)} =

8.9,10.2, 14.3, 14.7, 15.4, 17.1, 18.8, 19.5, 20.9, 22.5 and 23.8 {+ 0.2° 2Theta).
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WO 20081074697PCDEP20071063721 - 14 - Form A of the hem ulfate
salt can be characterized by at least five peaks selected from the following
wi haYsRHlrastion peaks obtained with a CuKr, radiation at 20 q
(deg)) = 74, 8.9,11.0, 11.8, 12.8, 15.8, 17.3, 18.1, 19.8, 25.%@?%‘;“2@375}6(3 4
0.2 2Theta). 5Form A of the hemi-sulfaté salt can be characterized by at
least seven peaks selected from the following X-ray diffraction pea
B e S L S B g from o
12184817y 3B EcI 8RB aNeH 2612 ¢ &2 TataynFoat (X Tidhddeg)) =

i-sulfate, salt | teri the following, X-
b TOp e Shtah i St & Ao 2020 (et it =
7.4,8.9,11.0,11.8,12.8,15.8,17.3, 18.1, 19.8, 25.0 and 26.2 ( 0.2
Zhata) oF ermndif theshemi-siifate-sall gamnalse, heichatactarized Ry dhed from

X-ray powder diffraction pattern shown on figure 7. Form A of the

raredine M?%Qﬁf’éi%’ﬁé’?fﬁ‘é%?é?%ﬁ‘g}ﬁa@iﬁﬁ‘éﬁéﬁ@ﬁ@éﬁﬂﬁ?The{a (deg)) =
hawing sharp, bands:aj, 3364 3076, 3004, 292213851 274 55 22084658,

1632, 1585, 1567, 1514,1413, 1372, 1159, 1122, 1038, 986, 902, 846,

821, 788, 721, 712, and 668 ( 3 cm-I). 20Form A of the hemi-sulfate salt
camralSobéh chameterizedsty dhe dafraret spectiom shdwrodiofigyrs -8y diffraction
Form A.of. emi-sulfate is a rate with a go i -
L e IRy T 1,17
médtiohedhéreinaboye 8l thege elaraoteristics are shown on figures 7 to

9 hereinafter. A low and room temperature single crystal X-ray analysis of

form A of the hesulfate salt 30was conducted. Table 3 lists as an example
s Bry5Har SRRaH et el BF fRarReaiizsd bxtd s diviararadriifraction
hevacheshishydratécofdhe hemisulfate as determined by single crystal

structure analysis. In the structure of form A of the hemisulfate salt, there

are twgngl molecules in the asymmetric unit. The experimental XRPD )
WSRO0 B ABS e TXe 5800657 PF <hrspcisftahh condetededarectrum having
chiasistendvwth the 30dtuRaed prRitteABTRIZTHated0si i atoml2 corNelinzdes! 515,
froay singhe erystad Siruckire aRalysis. NGICRHRgAPYR crystallingphase.m ).
The conformations of these two API molecules are sllghtly different as

indicated by the dihedral angle differences between the fluoro-benzene
rirgrafidoti16 dmiclazeidizinga{apprekiniateyuszenizdpprbximatedd 610)rum shown
hawexgE 9n both molecules, the chloro-pyridine rings are

Form B of the mono-sulfate salt is a monohvdrate with a corresponding weight loss in the

TGA curve as shown on figure 6.
As mentioned hereinabove, all these characteristics are shown on figures 4 to 6 hereinafter.

A room temperature single crystal X-ray analysis of form B of the mono-sulfate salt was

conducted. As an example table 2 lists some crystal structure data.

Form B of the mono-sulfate salt was found to be a mono-hydrate of the mono-sulfate salt
as determined by single crystal analysis. The experimental XRPD pattern collected with the
form B of the mono-sulfate salt obtained is in excellent agreement with the simulated

pattern calculated with atomic coordinates from single crystal structure analysis, indicating



almost co-planer to the imidazole ring as demonstrated by very small
dihedral angles (approximately 5' vs approximately 6). The protonated

wimifagelesnitrogen atoms form intermolecular hydrogen bondsrwithoar/oss 721
sulfate anion and a water molecule. At_t&e_same time, the water molecule

is also involved in hydrogen bonding with two sulfate anions. 10 Table 3:

%%ﬁh?%ﬁﬁf@lg&%ﬁﬁﬁ@aﬁt%ﬁtwﬁﬁ5%&@@ llfm%'ﬂaﬁﬁlf@ﬁlﬁsgf gﬂ %1%@%5@?@-@ form B
sa el For of the,hem|-sulfgte s erature294 -

g EoR, SN BT Nor MG o e CHCESH BHrRghy ine r
18860 8Y Aebreer] ThORTO(E DeAzens B850 ES)Alazel 900 was 69100 2¢ibe
Zp?)r%giiiglag%fl }’9'%%@5&%@9&@% imidazole nitrogen atom forms an intermolecular
hydrogen bond with a bisulfate anion. At the same time, the bisulfate anion is also invelved

in hydrogen bonding networks with a chloro-pyridine nitrogen atom and a water molecule.

Table 2: Crystal structure data and structure refinement for form B of the mono-sulfate
salt

Name Form B of the mono-sulfate salt
Temperature 254(2) K

Crystal system, Space group Triclinic, P-1

Unit cell dimensions a= 8.9686(5)A o =107.0630(10)°

b= 10.6790{6) A B=100.1590{10)".

c=10.9563(6) A y=96.6930(10)°

Cell volume 971.51(9HA3
molecules in unit cell 2
Density (calculated) 1.510 g/cm3

The amorphous form of mono-sulfate salt of 2-Chloro-4-| 1-(4-fluoro-phenyl)-2,5-
dimethyl-1H-imidazol-4-vlethynyl ]-pyridine can be obtained from a methanol solution

upon fast evaporation at about 65 °C under vacaum,

The amorphous form of mono-sulfate salt can be characterized by the lack of sharp X-ray
diffraction peaks in its XRPD pattern; and/or an infrared spectrum having sharp bands at
2730, 2592, 2219, 1633, 1586, 1570, 1513, 1375, 1343, 1293, 1226, 1157, 1130, 1084, 1040,
986, 903, 848, 788, 712 and 670 cm™ (+ 3 ecm™).




molecules in unit cell 8 Density (calculated) 1.370 Mg/m3 15 The salt
can be formulated at low or high concentrations in a composition further

W my&gm}%usual pharmaceutically acceptable adjuvants anWﬂBz%%&%m
he present invention also provides pharmaceutical compositions

containing one or more 200f the followinlf species: a mono- or

mi-sulfate salt of . Tt calg e s ) . .
BB T o breopRary s A e R
-pipdtine; shern pndisBrefithe mono-sulfate salt of 2-Chloro-4-1 | -(4
uoro-phenyl)-2,5- dimethyl-1H-imidazol-4-ylethynyll-pyridine; 25- form A

of the hemi-sulfate salt of 2-Chloro-4- [144-fluor phenyl)-2,5-dim [-1H-

O e A R R A i ey
) fG‘llemﬂfEﬂamorphous form of 2-Chloro-4-I |

-(4-fluoro-phenyl)-2,5-dimethyl- IH-imidazol4-ylethynyll-pyridine. and a

PhAmAceUieRlyACGePIaNIs cariet, g fr! %ren}h@-E,@?‘&{%%%‘?H-fﬁ%‘limidazol-@

compositions may comprise more pharmaceutic acceptable 5carriers
g}ﬁ%pﬁ&é&ﬁjméaadiﬁpmgé by solvent equilibration of form A of the mono-suifate

salt in water.

Form A of the hemi-sulfate salt can be obtained by solvent equilibration of form A of the
mono-sulfate salt in water, It can also be prepared by re-crystallization or digestion of form
A of the mono-sulfate salt in solvent systems comprising but not limited to water,
water/methanol (e.g. 4:1, v/v), water/ethanol (e.g. 4:1, v/v), water/2-propanol {e.g. 3:1, v/v).
15
Form A of the hemi-sulfate salt is a crystalline hemi-hydrate form of the following salt of 2-
Chloro-4-11-(4-fluoro-phenyl)-2,5-dimethyl-1 H-imidazol-4-ylethynyl] -pyridine with
sulfuric acid (2:1) (hemi sulfate salt of the 2-Chloro-4-[1-{4-fluoro-phenyl)-2,5-dimethyl-
1H-imidazol-4-ylethynyl]-pyridine free base):

\T/

=N
Nt/

20

Form A of the hemi-sulfate salt can be characterized by at least three peaks selected from
the following X-ray diffraction peaks obtained with a Cug, radiation at 26 (2Theta (deg)) =

7.4,89,11.0,11.8, 12.8, 15.8, 17.3, 18.1, 19.8, 25.0 and 26.2 (= 0.2° 2Theta).
23



These pharmaceutical compositions can be in the form of tablets, coated
tablets, dragees, hard and soft gelatine capsules, solutions, emulsions or
woelshepsigns. The invention also provides a process for the predustieonie$ 21

such compositions, which comprises bringing the aforementioned
modifications and forms into a galenicéll dministration form together

]E‘Q)\Hﬁh\%%‘lg ﬁa'%}{?{-%&ﬁﬁ%as%ﬁ%ﬁadLydﬂx%h%ﬁ&réﬁrﬁy In Reld 'ﬁ%ég% selected from the

pharmaceutical compositions can contain pharmaceutically acceptable

prdeaivatireay diffiasition rcadtatiivers, Wittigagemtstiemadfiérd heta (deg)) =

SWeglensrs, colorants, flavoring agepds, salgs,for y@ﬁydr@%.%ezq@mg}!c

pressure, buffers, masking agents or 15antioxidants. They can also
contain still other therapeutically valuable substances. In one embodiment
5 didhe AvehtioRnthenimonasulfale: shlirafi2-CH oroadis: @-itugreks selected from

phenyl)-2,5-dimethyl- 1H-imidazol-4-ylethynyll -pyridine.compri least _

S, ST B RO TR A S S e O Ao AT e eg) =

preferably.atileast 90%s B)are320pieferahly. atlenss. 95%0.and Thest).

preferably at least 99%. In one embodiment of the invention, the

mono-sulfate salt of

Fghldreiaha arfivorsuheshyay 2isedinrdargtr Mt dxolol spamayhyypsyfiraction
0 JBSCOmRNSes Ak least / %ﬂf&“&?ﬁ@%@%ﬁ%@é{@gg as;degafibed ahayes s, 158,

preferably at least 90%, more preferably at least 95%, 25and most

préfeidbly 1&tedst 999644 ohe. emblddiment of the invention, the

hemi-sulfate salt of

2-Chloro-4-11-(4-fluaropheny1)-2,5-dimethy1-1H-jimidazql-4-ylethynyll-p .
A5 ASE2 A VBT DA L ST 56T R R AR con
deseribetbabovefipreddrably at least 90%, more 30preferably at least 95%,
15 and most preferably at least 99%. In accordance with the invention, the
Its, crystalline ar amorphous forms according to, the invention mentioned .
S R A SR
tsbatpriamido rphédreriicn, GPiE3e i WRIAA 1RO BlaR 3 aEcdptdrd play a
351ale 4 Sugh7linesses inglydssagsyeoandias, chmonis neUraiogisad disordersm ).
in particular WO 2008/074697PCT/EP2007/063721 - 17 - anxiety, or for
the treatment of chronic and acute pain, protection against liver damage,
20 fhpurewHdlsdreatie bridistbee iHerbe ahuAraRzTAcYIhASHEw edspeghm shown
FyagiarXsr Autism. 5The salts and crystalline and amorphous forms of
the compounds of the invention can be used in method of treating an
iliness selected from the group consisting of acute and/or chronic .
HevralbgicaiedisorderdainspmiedisraRibie vifor trer eeatfidsrurgtiasien the
andacue: paiiopiotectign-against liver damage, failure whether drug or
disease induced, urinary incontinence, obesity, Fragile-X or Autism, which
method comprises administering 10to an individual an effective amount _of
o bpabidcasivetd herennhoesg B Eo RIEHTE 5F IR s AR W Erg SiiatTesdrto ©
draeiphfoets forms according to the invention mentioned hereinabove. The
dosage at which the salts, crystalline or amorphous forms according to the
invention Isare administered can vary within wide limits and will, of course,
%MB‘W%%&BH’W{HEG single crysfal X-ray analysis of form A of the hemi-sulfate salt

30 was conducted. Table 3 lists as an example some crystal structure data.

Form A of the hemi-sulfate salt was found to be a hemi-hvdrate of the hemisulfate as
determined by single crystal structure analysis. In the structure of form A of the hemi-

sulfate salt, there are two API molecules in the asymmetric unit. The experimental XRPD



20

[ae]
vl

individual requirements in each particular case. In the case of oral

administration the dosage for adults can vary from about 0.01 mg to about
wa0Resmaspreferably from about 0.05 mg to about 20 mg, ang-gibmMeiRez721

preferably from about 0.5 mg to about 5 mg per day. The daily dosage

may be administered as single dose or ilPdivided doses and, in

20addition.the URpes MMk aanalsaLe-gxereded when s s (ounddg.he

indicated. In a further embodiment, the dosage at which the salts

RSP ORBITES ol FH HEED PG o RIS RiBHTS f&ystalline phase. The
adnfinisterecs Erges fromm&boutl 0:004 amgl ighdb ciiff & amgysprefersddlyy frbindihedral
abont HA01, moa.2hout3 Mg, reem Akewt0-001 1 ﬁpﬁag&mg%%?%mmy
about 0.001 to about 1 mg. 25 Example | Preparation of form A of the
MOnY-aRifatarse 6P C IIFEYAL I ARIcrelprideRyiiag diloro-pyridine rings are
dimethybininidaaal dndethayinyridingfeenenal 3R man @hHagal angles
mono-sulfate salt of 2-chloro-4-11-(4-fluoro-pheny1)-2,5-dimethy1-1H-
ARBEBI ey Hy P EISHRITIE Ean bR oA O SAR A AR form
vidthaubeediig urithetoimndsalithe sdhe-sulfatensaltiaranmagpropriatehe same
SRVEM SV a8.6.% #RIARIDQUNAIGT 05N tereavsiltizaton e Mfdns,
of the mono-sulfate salt in solvents WO

2008/074697PCT/EP2007/063721 - 18 - comprising but not limited to

aEHY B (Byecstariltieduaier ametbanet-ethanemen Pfoprirel, AoetiBickd:i-
=détanalii2-propanol /49% sulfuric acid (10:1, v/v). Preparation procedure
61.0 g of

256hiero-4-11-(4-fluoro-phenyl)-2,5-dimett

Vi TRz A-vist vy ayi-

opanol.-The solution was filtered

Spvridine was dissolved.in61.0.mL.-of 2-pr

WEHIET rinsed with 31 mL of 2-propa

D

n ?4'5‘%} %ﬁe combined solutions a

rhixtuabspdt80. hpacf yvater and 18.91 g of s

Uoredicid, (97/040) was added

L{mﬁ-%iygir{ﬁ}giaﬂgmiun was cooted-to-0-5
58 C as needed. The solid residues were
(0-5 C) and dried at 50C / <1 mbar for 18

A seeding crystals can be prepared upon

W%&mg@ﬁh@-m@n%uﬁate—sam
??-J YﬁllJ%rPS-phenyl)-Z,5-dimethyl-|Flimida

& =SPESIIE RPeogged at
filtered, washed with 2-propanol

WO Vidiad 601 Y (87 AAPRRS AN
Coaling icrygtadlization of a hot

of-2-chlorg-4-

z5?4@§|@[hz§?’nyl] -pyridine in 10

MiEdpsepannlcAfter cooling to 0C the s

und ctata.n

Okd residues can be filtered and

0O t rm- A

%ied .%at EOICH' )er vacuum—Seolid-statep
RO SUIfAte Salt L5XRPD-pattern, 1R-sp

nartine nf fn af-the
Up\zlllb\) T} mrr7—Ayuouruairc

oL UtMAHETGA-curve of a

typical lot of form A of the mono-sulfate salt are listed in Figures 1 to 3.

The salt can be formulated at low or high

concentrations in a composition further

comprising usual pharmaceutically acceptable adjuvants known in the art.

The present invention also provides pharmaceutical compositions containing one or more

of the following species:

- a mono- or hemi-suifate salt of 2-Chloro-4-|1-{(4-fluoro-phenyl}-2,5-dimethyl-1H-

imidazol-4-vlethynyl]-pyridine;

- form A or B of the mono-sulfate salt of 2-Chloro-4-|1-{4-fluoro-phenyl)-2,5-

dimethyl-1H-imidazol-4-ylethynyl]-pyridine;
- form A of the hemi-suifate salt of 2-Chloro~4-[1-(4-fluoro-phenyl}-2,5-dimethyl-1H-

imidazol-4-ylethynyl}-pyridine;
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Example 2 20Preparation of form B of the mono-sulfate salt of
2-Chloro-4-41-(4-fluoro-phenyl)-2,5-

m&;@{;%w-imidazol-4-ylethyny1)-pyridine General Form Bpng }3952007/0@3721

mono-sulfate salt of 2-chloro-4- o
[1-(4-fluoro-pheny1)-2,5-dimethyl-1Himid&zol-4-ylethynyll -pyridine can be

produ Qlyent equil n of fo fthe fate It in )
solver%%sdp%%\sogg lgg%% %i%@no 1zelrt{n Roﬁséfﬁlﬁ?gc %l?eﬁlb’j H-imidazol
seedbd E€OBHAY BYSARization of the mono-sulfate salt of
2z0blonorddde(deituidra-phemylt)carrier,

2 TE A AEIdRERl Ay R, b SONeIt RISIOT 89 8 e

BB PASETPETIEPOOTIDEEHEL- - 19 - 300 mg of form A of the
rﬁ&mm%ﬁa‘t&&@dﬁ@ﬁ 2otiifoEtidnd tatd-HlUona-phenyt o816, coated tablets, dragées,

dHM%tQMJIUéfﬂ aaglc-a s¥&?4b¥obg BMQd%E{eLX}@% %'rss%?'ved ing ﬂ ingention also
fu?lon ﬁe

2-propanol and 1 ml water at 60C t0 p duce acIears
s@ﬁﬁéﬁswgé%éﬁcf%’dtb\ﬁﬂ’f ?éFh’PB”d?fthéWﬁ%il@E}Ffﬁfé g’ﬂPﬁﬁh@Pé‘é‘&l@ﬁ étmgmg the
redmetemiperatunedSinglescrysidls wererdor paedhaiterddays.Seeding together

crygialsSanherep &Pa?&f g&@t&g&g{fgg saturated slurry of form A of

the mono- sulfate sal of 2-chloro-4- o
[1-(4-fluoro-phenyl)-2,5-dimethy1-11-1-imidazol-4-ylethynyll - pyridine in
2prdgamnol éndhatendSitidaMishaiostmstem mefﬂiﬁt[@h-ﬁhﬁa%kﬁﬁ)_ia\?yﬁ&ceptabie
g al 0B amReraNE oL ANLAINAIEN SNERIR. TR SOIAS WEIR oy

Itered via a glf@iﬂflter to afford crystail |ﬁe form B of the mono-su

‘ﬁ’%é% st Ea g dhs prBpPERiRS ShTerht Bess heskimessirate
saitixRRBpAtterspiRispeotteim sitid heAkewyeuat dlfypitalletsob{ommeB
of the mono-sulfate salt are listed in Figures 4 to 6. Example 3

A.of the hemi-sulfate salt of
5Pre0ro gg' Q(%}foé%eplﬂgﬁy%oﬁ e mono-sulfate salt of 2-Chloro-4-[1-(4-fluoro-

dihrathyRB-tlimittat ol Hriytedhyolyli-pytidimé) Genidiat Farmricshthiest 70% of a
hepsiaBidiaiel palh 20RO s [ {4aluemo-phe vl ﬁée%ﬁi? hyd:d I?G%, more

preferably at least 95%, and most preferably at least 99%.

In one embodiment of the invention, the mono-sulfate salt of 2-Chioro-4-11-(4-fluore-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl}-pyridine comprises at least 709% of an
amorphous form as described above, preferably at least 90%, more preferably at least 95%,

and most preferably at least 99%.

In one embodiment of the invention, the hemi-sulfate salt of 2-Chloro-4-[1-(4-fluoro-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl|-pyridine comprises at least 70% of a
crystalline polymorph of form A as described above, preferably at least 90%, more

preferably at least 95%, and most preferably at least 99%.

In accordance with the invention, the salts, crystalline or amorphous forms according to
the invention mentioned hereinabove can be used for the preparation of medicaments
useful in the treatment or prevention of illnesses in which the mGluR3 receptors play a

role. Such illnesses include acute and/or chronic neurclogical disorders, in particular
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20imidazol-4-ylethynyl] -pyridine can be produced by solvent equilibration
of form A of the mono-sulfate salt in solvents as e.g. water. It can also be

@rﬁg,%egﬁpy re-crystallization or digestion of form A of the meRo:-seliats: 723
salt in solvent systems comprising but no7t limited to water, water/methanol

(e.g. 4:1, viv), water/ethanol (e.g. 4:1, v/lv) water/2-propanol (e.g. 3:1,

W¥ie ,BF?Q@&%'G%&%&%@QPE&%&QQfdeEme%QBt@%oﬁ.@%% Hﬁ;ﬁ Rfer damage,
2- chloro 4-[1-(4-fluoro-phenyl)-2,5- dlm thyl- 1H|m|dazol %ngﬂe& yridi

Autsehhisg Gk AoHsRet WabsFoTH m%éngﬂ%a 578

témperature for 2-16h. After all the form A of the mono-sulfate salt had
been converted to the hemi sulfate salt the crystals were collected by

ﬂll Hﬁatﬁlﬁ na B ﬁg{r]gsf;a @V%l:%g #ﬁ\é\%gﬁﬂﬁ ac%%s?f tahke Wago%r;'ﬁgn '{ﬂg ulivceznﬂon can be
200810 T46BTP T T/ER2007 68%2tccRgl fremldlsmlpmemee of fonis aad/or

Qﬁmﬁibﬁgﬂﬂrﬁ@tﬁtﬁ 8RY ARP P-pAtR I RreRectbyrnand F&hneki ve B énic and
ypical lot of form A of the geml ulfate It are lis ed n Flgucfes 7 to guc

é%‘éﬁ%%?@lzlpi?ﬁg%%%r%’flgﬁt F e Eamasrp oﬁ%efgrhrﬁ of the mono-sulfate sal
ofrChioromitty-fidesty, Fragile-X or Autism, which meihod comprises administering

QQ%HXHd%JMm%tEfY&%%i&ﬂi@@ﬁ@bﬁoﬁ'@&hé’m@s@%&i@mﬁﬁﬂﬁﬂ@ém}oiéhﬁsﬁng of
%hous fo m Amorﬁ‘hous ono- sulf%tes tthe

kL T S R R U T R A
Jpgxﬁmﬁ@r@ accessible upon fast evaporation of a solution in an a
15appropriate solvent, preferably methanol. Fast Evaporation 0.53 g of

fo%l 10 0ec g f’L {41 gr%ighggn{ 1;26509'%%%%0% H-imi 9&%@% téﬁ%nxlmon
dissolvedin™ at apprOX|mate %

eemewz@e\fhe@rawmﬁhm avigsiVerituaier P sl El%‘f%ﬁé‘%hﬂ) (lféa%ysted to the
\&éﬁﬁ\fiﬁrﬁﬁlﬁ%@ﬁﬂ%’f@h@@m&@@j /pﬁrﬁ@dlﬁbaésEO[ri&hcAE\ alysid revealeshation the

Chloro 4
1 f lv £
AR S TS LT BB Bl 1000 me, preferably from about

|
&rﬁéﬁpﬁlﬁéﬁ@%ﬁﬁ?@@&@ aﬁ@rﬁ*em’& afeshlctem St At BheRyorme per
argy)stediinlf-{yngs rhdytoe liministered as single dose or in divided doses and, in

addition, the upper limit can also be exceeded when this is found to be indicated.

In a further embodiment, the dosage at which the salts, crystalline or amorphous forms
according to the invention are administered ranges from about 0.001 mg to about 5 mg,
preferably from about 0.001 mg to about 3 mg, from about 0.001 to about 2 mg, or from

about 0.001 to about I mg.

Example 1
Preparation of form A of the mono-sulfate salt of 2-Chloro-4-[1-(4-fluore-phenyl)-2,5-

dimethyl-1H-imidazol-4-ylethynyl]-pyridine
General

Form A of the mono-sulfate salt of 2-chloro-4-{1-(4-fluoro-phenyl)-2,5-dimethyl-1H-
imidazol-4-ylethynyl}-pyridine can be formed upon salt formation with or without seeding
with form A of the mono-sulfate salt in an appropriate solvent system as e.g. 2-

propanol/water, or by re-crystallization of form A of the mono-sulfate salt in solvents
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25 Formulation WO 20081(174697PCT/EP2007/063721 - 21 - Capsule
Formulation (Wet granulation) Item ingredients 0.05 mg mg/capsule 20.0

WB%%%%EQQ 2.0 mg 1. Form A of monosulfate salt 0.065 O'%%Q‘/Emommsmz]
- 18 -

comprising but not limited to acetonitrile, acetonitrile /water, methanol, ethanol, 2-

propanol, acetic acid, 1-octanol, 2-propancl /49% sulfuric acid (10:1, v/iv).
Preparation procedure

61.0 g of 2-chloro-4-|1-(4-fluoro-phenyl)-2,5-dimethyl- 1 H-imidazol-4-ylethynyl ] -
pyridine was dissolved in 610 mL of 2-propanol. The solution was filtered and the filter
rinsed with 31 mL of 2-propanol. To the combined solutions a mixture of 30 mL of water
and 18.91 g of sulfuric acid (97 %) was added drop-wise. The solution was cooled to 0-5
°C. Seeding was performed at 58 °C as needed. The solid residues were filtered, washed with
2-propanol (0-5 °C) and dried at 50 °C / <1 mbar for 18 h. Yield: 69.1 g (87.1 %),

Form A seeding crystals can be prepared upon cooling crystallization of a hot solution of
250 myg of the mono-sulfate salt of 2-chioro-4-[1-(4-fluoro-phenyl)-2,5-dimethyl-1H-
imidazol-4-ylethynyl]-pyridine in 10 ml of 2-propanol. After cooling to 0 °C the solid

residues can be filtered and dried at 50 °C under vacuum.

Solid state properties of form A of the mono-sulfate salt
ARPD-pattern, IR-spectrum and TGA-curve of a typical lot of form A of the mono-sulfate

salt are listed in Figures | to 3.

Example 2
Preparation of form B of the mong-sulfate salt of 2-Chloro-4-[1-(4-fluoro-phenyl)-2,5-

dimethyl-1H-imidazol-4-ylethynyl]-pyridine
General

Form B of the mono-sulfate salt of 2-chloro-4-[1-(4-fluoro-phenyl}-2,5-dimethyi-1H-
imidazol-4-ylethynyl]-pyridine can be produced by solvent equilibration of form A of the
mono-sulfate salt in solvent systems as e.g. 2-propanol/water or 1 N sulfuric acid, or upon
seeded cooling crystallization of the mono-sulfate sait of 2-chloro-4-[1-(4-flucro-phenyl)-
2,5-dimethyl-1H-imidazol-4-ylethynyl|-pyridine in solvent systems as e.g. 2~

propanol/water.

Preparation procedure
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2.602 26.02 2, Lactose Ivionohydrate 108.934 109.349 107.398 83.98 3.
Starch Maize Partially 60.00 60.00 60.00 60.00 Pregelatinized (type

wé 28R)g74é87 Croscarmellose Sodium 8,00 8.00 POTEP2007/063721

-19-

300 mg of form A of the mono-sulfate salt of 2-chloro-4-[1-(4-fluoro-phenyl)-2,5-
dimethyl-1 H-imidazol-4-ylethynyl]-pyridine was dissolved in 3 ml 2-propancl and | ml
water at 60°C to produce a clear solution. The clear solution was seeded with form B of the

mono-sulfate salt and sealed at room temperature. Single crystals were formed after 3 days.

Seeding crystals can be prepared by formation of a saturated slurry of form A of the mono-
sulfate salt of 2-chloro-4-{1-(4-fluoro-phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl]-
pyridine in 2-propanol and water (3 : 1 v/v) at room temperature. The slurry was stirred at
room temperature for approximately 3 weeks. The solids were filtered via a glass filter to

afford crystalline form B of the mono-sulfate salt as a wet cake.

Solid state properties of form B of the mono-sulfate salt
XRPD-pattern, IR-spectrum and TGA-curve of a typical lot of form B of the mono-sulfate
salt are listed in Figures 4 to 6.

Example 3
Preparation of form A of the hemi-sulfate salt of 2-Chloro-4-[1 -(4-fluoro-phenyl)-2,5-

dimethyl-1H-imidazol-4-ylethynyl]-pyridine

General

Form A of the hemi-sulfate salt of 2-chloro-4-{1-(4-fluoro-phenyl)-2,5-dimethyl-1H-
imidazol-4-ylethynyl]-pyridine can be produced by solvent equilibration of form A of the
mono-sulfate salt in solvents as e.g. water. It can also be prepared by re-crystallization or
digestion of form A of the mono-sulfate salt in solvent systems comprising but not limited
to water, water/methanol (e.g. 4:1, v/v), water/ethanol (e.g. 4:1, v/v), water/2-propanol
(e.g. 3:1, v/v).

Preparation procedure

41 g of form A of the mono-sulfate of 2-chloro-4-{1-(4-fluoro-phenyl}-2,5-dimethyl-1H-
imidazol-4-ylethynyl]-pyridine was mixed with 128 g of water. The sturry was stirred at
room temperature for 2-16h. After all the form A of the mono-sulfate salt had been
converted to the hemi sulfate salt the crystals were collected by filtration and rinsed with

water, The wet cake was dried at 40 °C in a vacuum oven for 48 hrs. The yield was ~93%.
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8.00 8.00 5. Povidone 30 15.00 15.00 15.00 15.00 6. Sodium lauryl
sulfate 1.00 7. Talc 6.00 6.00 6.00 6.00 8. Magnesium Stearate 1.00

Wé'%8/€}74697 PCT/EP2007/863721

-20 -

Solid state properties of form A of the hemi-sulfate salt
XRPD-pattern, IR-spectrum and TGA-curve of a typical lot of form A of the hemi-sulfate

salt are listed in Figures 7 to 9.

xample 4
Preparation of the amorphous form of the mono-sulfate salt of 2-Chloro-4-[1-(4-flucro-

phenyl)-2,5-dimethyl- 1H-imidazol-4-ylethynyl]-pyridine

Formation of the amorphous form
Amorphous mono-sulfate salt of 2-Chloro-4-[1-(4-fluorc-phenyl)-2,5-dimethyl-1H-
imidazol-4-ylethynyl]-pyridine is accessible upon fast evaporation of a solution inan a

appropriate solvent, preferably methanol.

Fast Evaporation

0.53 g of 2-Chloro-4-[1-(4-fluoro-phenyl)-2,5-dimethyi-1 H-imidazol-4-ylethynyl}-
pyridine was dissolved in 10 mL of methanol at approximately 65 °C. After complete
evaporation of the solvent under vacuum, the solid (foam} was further dried at ca. 50 °C/
5-20 mbar for 18 h. Analysis revealed amorphous 2-Chloro-4-{1-(4-fluoro-phenyl}-2,5-
dimethyl-1H-imidazol-4-ylethynyl|-pyridine.

Solid state properties of the amorphous form

XRPD-pattern and IR-specirum of the amorphous form are listed in Figures 10 to 11.

Formulation
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1.00 1.00 Total 200.00 200.00 200.00 200.00 Manufacturing Procedure
1.Mix items 1, 2, 3, 4, 5 and 6 in a suitable mixer for 30 minutes. 52.Add

wdiemswrae4 8 and mix for 3 minutes. 3.Fill into a suitable camaule20bG0sA/O1
2008/074697PCT/EP2007/063721 (v& Claims I.A mono-sulfate salt of

2-Chloro-4-(4-fluoro-phenyl)-2,5- dlmethyl 1K- imidazol-4-ylethynyll

-pyridine. 2. A hengisulfatessalliRfion (Wet granulation)

2-Chloro-4-11-(4-fluoro-phenyl)-2,5-dimethy1-1Himidazol- 4 -ylethynyl1l-pyri
3. Alsgreddgmse form of the mono-sulfat
2-Chloro-4-11-(4-fluoro- inphenyl325esimetkyi-did-im iddzolgd-ylefiyhykd

-pyriding charaeterized By, atjeast threggs

digis,

2.
3.

=

e N o v

Lactose Monohydrate 108.934
Starch Maize Partially 60.00
Pregelatinized (type 1500)

Croscarmellose Sodium 8.00
Povidone 30 15.00
Sodium lauryl sulfate 1.00
Talc 6.00
Magnesium Stearate 1.00
Total 200.00

Manufacturing Procedure

I
2.
3

0.650
109.34%
60.00

8.00
15.00
6.00
1.00
200.00

ule

2.602
107.398
60.00

8.00
15.00
6.00
[.60
200.00

Mix items I, 2, 3, 4, 5 and 6 in a suitable mixer for 30 minutes.

Add items 7 and 8 and mix for 3 minutes.

Fill into a suitable capsule.

26.02
83.98
60.00

8.00
15.00
6.00
1.00
200,00
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peaks selected from the following X-ray diffraction peaks obtained with a
CuK" radiation at 20 (2Theta (deg)) = 9.8, 13.4, 14.2, 18.1, 18.9, 19.6,

WO 889G 725 7 27.1 and 29.9 ( 0.2 2Theta). 154.A crystallifSfBFAGHaIa1

mono-sulfate salt of 2-Chloro-4-11-(4-flagro-
phenyl)-2,5-dimethy1-1H-imidazol-4-ylethynyll -pyridine characterized the
following X-ray diffraction peaks obtafelééinzith a CuRc, radiation at 20

(2Theta (deg)) = 9.8, 13.4, 14.2, 18.1, 18.9, 19.6, 22.6, 22.9, 25.7, 27.1
2ngh2|§rc9) Elol%\ZTc%iej L?)glg&eny y §th! % for)Tl ?ffit %or;noog eIy Sai% Sc? Ili!:]{?tfh}fi 1H-
Wlfﬁﬁ%iéz%:t‘-ﬂm@myﬁwdﬁwmme characterized by the X-ray powder

diffraction pattern shown on flgure I. 6.A crystalline form of the

mono ulfatej§ It of 2- Ior -fluo )

5phen31) 2,5- methy |m| azolﬁf y(feitok/nyﬁl ﬂﬁfﬁ%lﬁhen Qorﬁlﬁién%gtm—m'
Hhylened- o kadine v lop Y36 s. characterized by an infrared spectrum haying

sharp bands at 3068, 2730, 2618 2236, 2213, 1628, 1587, 1569, 1518

1384, 1374, 611681157 1116, 1064 1019
3 ]p??és,tlﬁj% e e

1 % i
and 674cm 1 ( 3cm 69 A crysta }ﬁieméc'}lmdo e mono-suftate salt Pom

pLemioreaEngdiubroipier)19- 2@fmaﬁ@tﬁypciﬂm-qhﬁw%m%twﬁgﬂr three

TRYHAIRS ACLREHNG, LT AR, B1EOf a1 A3 J0 B charactelized, by, Ne.diation at
Infrared spectrum shown on f| ure 2. WO

200870746 dTHCT ﬁa@éeéﬂé@s?éia-lﬁ@ﬁ 6, B4 Epystaiine foramoRthe(+ 0.2°

monrersulfate salt of 2-Chloro-4-{1-(1-fluoro-
phenyl)-2,5-dimethyl-IH-irnidazol-1-ylethynyltpyridine characterized by at
least three peaks selected from the following X-ray diffraction peaks
obtainéd with'ectsial iagifatiorr bt eoremhesdteled) pE28laE. 2 14(3: fluoro-

ehyllD 4, daﬁléi,hizﬁ 181 lﬂ}ﬁai’@rg R0l 2didike Ohdrifigiakd the Bllbwing X-ray
éﬁlstaljlne form ?é the o-sulfate salt of 2-Chloro-4-I1

SAYIIID B e Mtz FALARHVT oy iﬁafﬁééaq&rg%izéaw-%

the follawing X2 6, 1ay diffraction.peaks; obtaired withha CuK" radiation at
20 (2Theta (deg)) = 8.9, 10.2, 14.3, t0o11.7, 15.4, 17.1, 18.8, 19.5, 20.9,

22.5 and 23.8 (i- 0.2 2Theta), 10. A crystalline form of the
mono-8ulfate/saly 6 PIE hioroof-the @dhppoifate salt of 2-Chloro-4-{1-(4-fluoro-

phenyl)-2,5-dimethyi-1H-imidazol-4-ylethynyl]-pyridine characterized by the X-ray

powder diffraction pattern shown on figure 1.

6. A crystalline form of the mono-sulfate salt of 2-Chlore-4-[1-(4-fluore-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl|-pyridine according to any one of claim 1
or 3 to 5 characterized by an infrared spectrum having sharp bands at 3068, 2730, 2618,
2236, 2213, 1628, 1587, 1569, 1518, 1384, 1374, 1295, 1236, 1168, 1157, 1116, 1064, 1019,
902, 855, 786 and 674 cm' ( + 3 cem™)

7. A crystalline form of the mono-sulfate sait of 2-Chloro-4-[1-(4-fluoro-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynvyl]-pyridine according to any one of claim 1

or 3 to 6 characterized by the infrared spectrum shown on figure 2.
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pheny1)-2,5-dimethy1-1H-imidazol-4-ylethynyli -pyridine characterized by
the X-ray Eowder diffraction pattern shown on figure 4. 15
form of the mono-sulfate salt of 2-Chloro-4-
il-(4-fluorophenyl)-2,5-dimethy1-1H-imitfazol-4-ylethynyli -pyridine
according to any one of claims 1 or 8 to 10 characterized by an infrared
spectrfim havirgyshbipe harne Sihs 1N sed6g R0 20 DY % 1od 2 REF -
Fi471312 5 - 281 P608; 22342016212 AHBH]| 166k I5dbr 44898373y 134 6ihree
1224,1158,.1116, 1015, 987, 901, 787, and 673, ( 3,cm’) A crystalline form .
e Ry G R S (e @8%%(2% %ﬁ?yef)ta, -ag#r‘fé%ﬁ?ﬁ‘?“““ "
HrimigazolA-yetynylb-pyridinesacaarding to1asy one of.elains hef Bte (110.2°
£har cterized by the infrared spectrum shown on figure 5. 13. A
crysgf lline form of the hemi-sulfate salt of
2-Chloro-4-[1-(4-fluoropheny1)-2,5-dimethy1-1H-imidazol-4-ylethynyl]
-pyridine charagtetizraky:at gast ee peldks selected o the fglolviag)-

-ray diffraction peaks obtained with,a Cu Ka radiation at _ . (AIhetd wing x-
ey = B O R S S s e
22802 heta)eaks oddinadorystalline-fordiagithet Re i lduifatdsaltof.9, 10.2, 14.3,

-Chlaro-4-11-(4-fluprophenyl)-2,5-dimethyl- J.Hsimidazol-4-ylethynyll
fﬁ&riéﬁgn% s %@%hgegfaﬁ%*vfﬂéh%gx-* G = P
2008/074697PCT/EP21107/063721 - 14 - ray diffraction peaks obtained

with a uKa '@@@;t@m&’é 202JMBetad 889 iFata4al8 8,218 06l 8 1248 uoro-
5.8,17.3,18.1,1 25.0 and 26,2.( 0.2" 2Theta). 13.A crystalline form

PR o AT L1y S T Lt R o SRR Ry

phieas] diffBelinrerayitrpsbipmid 2201@uAdth ynyl | -pyridine characterized by

the X-ray powder diffraction pattern shown on figure 7. 16. A

crystalline formn of hemi-sulfate salt of 2-Chloro-4-11(4-fluore- ,, - )

phenyk)ﬁT’Z,Sj |t?1%#1%/$—?§r%l é’z@‘i“ﬁf&ﬂ;ﬁiﬁeS"‘&?.".%le%;(f‘ébﬁn% t((;}r élrLl1 Om.

phenst clairfiz tholotidnidanbriarstienéd Bt pfrardisprapre of daims 1

bayingshapbandsdat 336 B0dbsp LhdmAsk Ty 2234y B20Gs 45687,1883, 3003,

%ﬁ%’?gé@%ﬁé 174@@%,”‘%%514&232, 13¢2118235119%33084- 1098, 986, P&, 1116,

" 7887712, 668 ah d(Scm

1082, 1047, 1015, 987, 901, 787, and 673 (£ 3 cm™)

11. A
PCT/EP2007/063721

12. A crystalline form of the mono-sulfate salt of 2-Chloro-4-[1-{4-fluoro-
phenyl)-2,5-dimethyl- 1H-imidazol-4-yiethynyl|-pyridine according to any one of claim |

or & to 11 characterized by the infrared spectrum shown on figure 5.

13. A crystaliine form of the hemi-sulfate sait of 2-Chloro-4-{1-(4-fluoro-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl] -pyridine characterized by at least three
peaks selected from the following X-ray diffraction peaks obtained with a Cux, radiation at
26 (2Theta (deg)) = 7.4, 8.9, 11.0, 11.8, 12.8, 15.8,17.3, 18.1, 19.8, 25.0 and 26.2 {+ 0.2°
2Theta).

14. A crystalline form of the hemi-sulfate salt of 2-Chioro-4-{1-(4-fluoro-
phenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl]-pyridine characterized by the following X-



17. A crystalline form of the hemi-sulfate salt of 2-CFdoro-4-1 L-(4-fl uoro-

15phenyl)-2,5-dimethyl-IH-imidazol-4-ylethynyll-pyridine according to an
WQHEEA MM or 13 to 16 characterized by the infrared specBuMEEASRSH!

figure 8. 18. An amorphous form ofthe mono-sulfate salt of

2-Chloro-4- 11-(4-fluoro-

pleli)2,5-shnhethydsidd imidazol4d yidttymy 39 ridiheichdagicterized-by 1.0,

an absence of 20sharp X-ray_peaks.jn it D ttern and/ or an
?r}fﬁanlé’*c?sﬁe%tﬂﬂr%’ r%%@ml?-éh%%é’e 63%3@‘%?5%%@%%?&219, 1633, 1586,
1570, 1513, 1375, 1226, 1157, 1130, 1115, 1084, 1040, 986, 903, 848,
788, 712 andA@?sﬁi'mné B the hed.cARAMOrRIMOUSHioMM Of the:-fluoro-

mono-sulfate saltof . . ; i . : , .
DRG0 A ST Ry 2 S Rl E SR s b
moyritingfoharacterizad Hyethe dnfiared Spectrum shown on figure 11. 10.A
compound according to claim 1, wherein at east 70% are a crystalline
polymarph according to any one of claims 1 to 12. 30 21, A 4 i
compotthd aécBraiAg s %é%%og%‘vtv%g%iﬁ% gasé}%?g%%}}léng c%@s}té ihgoro ,
pltymibish diovsbding toraidpzohd cfeghaimis -p3Hging accordng 1§ aphPEdiams 2
0 BFeonding 10claim Lawhersinral least 0% e ANMPIGIS Sbacoordingro 2717,
%%?r%j%%lo& 9', 1.\%9 %83 /9578436?“?(*?7%-5/]%}1%99,7 {9?.%7%%22,"};2%2,_}159, 1084, 1038,

eu icgl cormiposition cémprising a salt ‘according to claim 1 or 2 or
28eryERallife T8 lBeEbbding t@0dmAsie of claim 3 to 17 or an amorphous
form according to claim 18 or 19 and one or more pharmaceutically
ot i LR N RN BN Al Aeamboutielo
any one of claims {onﬁ, comprising the steps of (a) salt formation of =
15 phenybrad-adingihrigbrotniénghd stimsthyt idingAfgargng to any one of claim 1
vetbypyl-pysidinagvath-sulfericrasid ipc2upiapdnainvthigubséquent
spontaneous 10precipitation, or (b) re-crystallization of the product of step
(a) in ACN, ACN/water, methanol, ethanol, WA, acetic acid, | -octainol, (%{
IPA/499%: sulféRc BTEPRPOsTons Af 6 QeaXrsHIRE s phratiBieet4 1L -(4-fluore-
¢oRpOUNd-af-anionelafokiirs 8 teth2nyl|-pyridine characterized by an absence of

sharp X-ray peaks in its XRPD pattern and/ or an infrared spectrum having sharp bands at
2730, 2592, 2219, 1633, 1586, 1570, 1513, 1375, 1226, 1157, 1130, 1115, 1084, 1040, 986,
903, 848, 788, 712 and 670 cm’™’ (£ 3 cm™).

(93

y®]
=~
=

19, An amorphous form of the mono-sulfate salt of 2-Chloro-4-{1 -(4-fluoro-

b2
18]

phenyl}-2,5-dimethyl-1H-imidazol-4-ylethynyl}-pyridine characterized by the infrared

spectrum shown on figure 1.

20. A compound according to claim 1, wherein at least 70% are a crystalline
polymorph according to any one of claims 1 to 12.
30
21. A compound according io claim 2, wherein at least 70% are a crystailine

polymorph according to any one of claims 13 to 17.

22. A compound according to claim 1, wherein at least 70% are amorphous

35  according to claim 18 or 19.
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15comprising (a) solvent equilibration of the compound of any one of
claims 3 to 7 inIPA/water (3:1 v/v), or (b) re-crystallizing the compound of
WRRWPEHEB claims 3 to 7 in IPA/water (e.g. 3:1 v/v), or (c) ditjeShbH & i1
compound of any one of claims 3 to 7 irpmqueous sulfuric acid. 20 26.A
process for the preparation of a compound of any one of claims 13 to 17,
comprising (&) solvent equilibration of the compound of any one of

claims :Bsto 7 iﬂﬂﬂ@iﬁfac@ﬁncﬁb}crﬁrﬁﬁﬁi@ﬂi@dﬂ@p@fsﬂ@@ﬁ!@@c@fxﬁlﬁa to claim 1 or 2 or

f’V ing O alms 3112’0(){ azm%t?o GW%%eJ!nm?t gQO}- I‘I’fg' cordin
i }; (fenfet anoin?e PR SO hater -propano Eje g. %ﬁ VN 3 &
wcmlﬁ?déegslﬁomﬁ@fpﬁr@bmwh@%aé@m W@Pﬁﬁiﬁéﬁ’élﬁﬁclalms 18 or
19, comprising dissolving the compound of claim 1 in methanol and

fast evaporation of the 30galvent, atabout 65G UNAer Vs 28 A, 5 10,
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(b) re-crystallizing the compound of any one of claims 3 to 7 in IPA/water (e.g. 3:1 v/v),

{c} digestion of the compound of any one of claims 3 to 7 in aqueous sulfuric acid.

26, A process for the preparation of a compound of any one of ¢claims 13 to 17,

COmprising

{a) solvent equilibration of the compound of any one of claims 3 to 7 in water, or

(b} re-crystallizing or digesting of the compound of any one of claims 3 to 7 in water,
water/methanol (e.g. 4:1, v/v), water/ethanol (e.g. 4:1, v/v), or water/2-propanol (e.g. 3:1,

v/v),

27, A process for the preparation of a compound of any one of claims 18 or 19,

comprising dissolving the compound of claim 1 in methano! and fast evaporation of the

sotvent at about 65°C under vacuum.

28. A compound according to any one of claims 1 to 22, for the use as

therapeutically active substance.

or



o
e

29, A saltaccording to claim 1 or 2 or a crystaliine form according to any one
of claim 3 to 17 or an amorphous form according to claim 18 or 19 for use in the
prevention and/or the treatment of disorders selected from the group consisting of acute
and/or chronic neurclogical disorders, in particular anxiety, or for the treatment of chronic
and acute pain, protection against liver damage, failure whether drug or disease induced,

urinary incontinence, cbesity, Fragile-X or Autism.

30, Useof a compound according to any one of claims 1 to 22, for the
preparation of a medicament for the treatment and/or prevention of disorders selected from
the group consisting of acute and/or chronic neurological disorders, in particular anxiety,
or for the treatment of chronic and acute pain, protection against liver damage, failure

whether drug or disease induced, urinary incontinence, obesity, Fragile-X or Autism.



