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WO 2005/082920 PCT/DK2005/000127 CRYSTALLINE FORMS OF A
PHARMACEUTICAL COMPOUND FIELD OF THE INVENTION The
“Present invention relates to crystalline forms of a compound and the use
§t Qs in the preparation of a medicament, in partrc@ﬁ?’folﬂ?roé:” 000127
treatment of Parkinson's disease. 5 BACKGROUND OF THE INVENTION

The compound with the structure outlined below is presently in clinical
CRAB T BAEGHVE L ARTHNNABY T A L OB 0 < 5 N

n N HO CO2Me 10 This compound is in the following referred to as
FURIMp OFTHETIVEIE T EOM name of Compound | is

S-(9a,10Q[1,12a)]-5,16- Brs[(et ethyl]-2,3,9,1
Tho R STIBAS P T SIS s o e o
i 38 -pilkpabdhensodinrauineck)-topaniylie: dcidimetayhestert Fenkifotiowitigrase.
references relate to Compound I, in particular to methods for its
B%h @ﬁ@@%ﬁ@%ﬁgﬁ 40(12), 1863-1869; Curr. Med.
entral Nervous System Agents, 2002, 2(2), 143-155] and its
Ihetﬁnﬁpcbmédvﬁhlthseﬂumambpthld[bbmlﬁpth@@‘éhtmlmmﬂiduslsﬁsté’midﬁson'S

CNS % d%bga% ?t of neurodegenerative diseases, e.g.
Gl e
arkinson sease |me 's disease, Huntington's disease,

perlpheral neuropathy, AIDS dementia, and ear injuries such as
noise-induced heqring loss [Progress in Medicinal 20 Chemistry (2002),‘

patent documenisarelate to Compound l, including its medical use and 25
synthesis: WO+9402488, W09749406, US 5621100, EP 0651754 and EP
112 932. WO 20994920 PCTIDK2005/000127 2

2

This compound is in the following referred to as Compound I The chemical name of
Compound 1 is [98-(90,,108,120)1-5,16-Bis[(ethylthio)methy1}-2,3,9,10,11,12-hexahydro-
10-hydroxy-9-methyl-1-0x0-9,12-epoxy-1H-diindolo{1,2,3-fg:3",2",1 '“kijpyrrolo[3,4-
i][1,61benzodiazocine-10-carboxylic acid methyl ester.

The following references relate to Compound I, in particular to methods for its preparation
[I.Med. Chem. 1997, 40(12), 1863-1869; Curr. Med. Chem. - Central Nervous System
Agents, 2002, 2(2), 143-155] and its potential medical uses, mainly in diseases in the central
nervous system (CNS), in particular for treatment of neurodegenerative diseases, e.g.
Parkinson's disease, Alzheimer’s disease, Huntington's disease, peripheral neuropathy,
AIDS dementia, and ear injuries such as noise-induced hearing loss [Progress in Medicinal
Chemistry (2002), 40, 23-62; Bioorg. Med. Chem. Lett. 2002,12(2), 147-150; Neuroscience,
Oxford, 1998, 86(2), 461-472; J. Neurochemistry (2001), 77(3), 849-863; J. Neuroscience
(2000), 20(1), 43-50; J. Neurochemistry (2002), 82(6), 1424-1434; Hearing Research, 2002,
166(1-2), 33-431.

The following patent documents relate to Compound I, including its medical use and
synthesis: WO 9402488, W09749406, US 5621100, EP 0651754 and EP 112 932.
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By the known methods, Compound | is synthesized in a solid amorphous
form. The inventors have now discovered 5 crystalline forms of

wo 20esaeund | (named alpha, beta, gamma, delta and epsig@rybiciemso1z7
providing an opportunity to improvesthe mantiblaturing process of
Compound | and its pharmaceutical use. There exists a need for

ine f b .
@%%ﬁ%ﬁ e AR, T
mvsnmpmcmarﬂemydoﬁt revsialimeaforms, _Bﬁrﬁm?e%&d(mﬁ%‘cmom

mmg%lai)uﬁsi REY LS AR ORehitEctring

RNTN"HO The present dlsclosur re ates to crystalllneggrmpound I
process afifcorapeynd @%’famwaﬂd’é

which BGOSR Rravidasia ssStelRf0rEheifamaoy pystAMesb sl allHere also

characterized b one or more of; (1) the X-Ray owde iffractogra

exists ghaefl PrigheBla B FRBRRKERI TP T gy oation. and

fcmu%ﬂﬂ%@&ﬁﬁé%ﬂqffb@%ﬂﬁﬁaﬁmwﬁ REnSiHeRekaEoN having
reflections at 20 angles: 5 .2, 7.3, 8.1, 10.1, 10.4, 11.2, 13 2,.15.1, 15

Sm#@%@é%ﬁ&,ﬁu) the solid state Carbon-13 NMR spectrum
1Y IR reflectance spectrum shown in Figure 10.
The pigqé)n@ 8%939'rgaeitm?y&awemsm@rymma;pfgn of Compound |

eta a:n ar? terized by one or more of. (i) the X-Ray powder
igure 2 as measured using CuKa radiation; (ii) an

Accorén%%y ﬂﬁ@ﬂé@ﬁm&! rﬁ@tﬂﬂz@i@r?@a‘ﬂﬁ@-ﬁﬁﬁ@ﬁl}? UsiingoR6dC ukae b @ﬁdh aving

S 8L R b L i

measmeﬁlg:smg iy wm@mﬁwepwmmmresmwd using
ok S TR A AR RIOYA0S 3 s aine fom of 2, 132,151

e gamma an aractérized by éne of more of. (l the
15.5, X732 hoyases, cﬁmh(:in)gﬂmcﬁdcm @@Boﬁ@armst&mmebpwﬁg Figure 7,

ation togram as measured using
GV)%U@ gi tion ﬁ(%mg reflectlons at SaEgles 7.5, 83,9.6,11.5, 11.8,
I onk2sabddRrtbnd Bh3red Spfovided, a1ByBral BeSioRd F, mwn@ thensuliebetend

T

he disclosure
meafureyigema Chykta tarkeafiorm &)mﬁ@%dM&M@s mesasured 1Sing

g Bstett by ons ot ot of (e K Raypoydenditagtogram 17, 165

as measured Using CuKa radiation: (i) an X-Ray
18. 8pw/metm&t| i2ér s &sinteasoliddatifgarbor-13 NMR spectrum shown in Figure

8; (iv) the NIR reflectance spectrum shown in Figure 11,

In another embodiment, the disclosure provides a crystatiine form of Compound 1 named

pamme and characterized by one or more of: (i) the X-Ray powder diffractogram shown in
Figure 3 as measured using CuKo radiation; (i) an X-Ray powder diffractogram as
measured using CuKe radistion having refiections at 28 engles: 7.5, 8.3, 9.6, 11.5, 11.§,
12.5, 15.9, 16.3, 16.7, 17.2, 18.0, 19.3, 21.C, 28.1; (iii) the solid state Carbor-13 NMR
spectrum shown in Figure 9; (iv) the NIR reflectance specurum shown in Figure 12,

In another embodiment, the disclosure provides a crystaliine form of Compound 1 named delta and
characterized by one or more of: (i) the X-Ray powder diffractogram shown in Figure 13 as
measured using CuKo radistion; (i) an X-Ray powder diffractogram as measured using



WO 2005/092920 PCTIDK2005/000127 3 CuKa radiation having
reflections at 28 angles: 7.3, 8.3, 9.7, 11.1, 11.7, 12.1, 15.6, 16.1, 17.3,
WO 2008@298.9, 22.1, 22.2, 25.7, 25.8. In another embodimentRE/BE2MEE{Gpa127
provides a crystalline form of Compbund | named epsilon and
characterized by one or more of: (i) the X-Ray powder dif'aactogram
CuRo S9WAdR FigiHe rdfeasomeaspeshpngTGyItaraiption] (iflah X2Rayl 5.6, 16.1,
owder diffractogram_as measured using CuKa radiation having
17.3, &f%&%%@%tlzéga%&égr 8389 21102, 12.6, 14.2, 14.6, 17.0, 18.6, 20.4,

Ins and lérlel%g’dgmﬁsgt Aeheidisplasaduthendmintes o snethausitorl prepasrpgion

the cryst e forms disclosed, hereig and the use gf.such forms.i —
and. CSHRE RS S S B, R TR, (P AL RS SUpW in Figrr
15 asingiedieat iiaficiksnesiaiberdiy profdRatheermstalifimétograst as measured

. Compound |, which compound ha $1ef rmu >
wsing GHRECRR TR RONE SRATRIE L7 SRl Borie rAetborary s 170
18.6, 8b@wmin FHgwred s measured using CuKa radiation; (ii) reflections in
the X-Ray powder diffractogram as measure i [alioRain2-
e e LIS i AR S
and {ASNME SPeEHLIBraRow hinpréganeizn ¢} thedireiientamsigeCrmpound I as an
. shown_jn Figure 10. In a second aspect. there is provided the crystalline
m"?d?ﬁ'?r)br‘ pound 1. wherein Compound | has the formula defined above,
characterized by reflections in the X-Ray powder diffractogram as
in a firsTRPASURRH iUSIGIEE tekirfiBne fbgh BT ekl thieit arangltédr &R, faoia
10.4. 132. 15.%. 25.1. In a third aspect. there is provided the crystalline
form of Compiungd-1. wherein Compound | has the formula defined above,
characterized by reflections in the X-Ray powder diffractogram as

N 2-theta angles: 5.2. 7.3, 8.1. 10. 10.4,

HO 'CO.Me

, Characterized by one or more of:
(i) the X-Ray powder diffractogram shown in Figure 1 as measured using Cuko radianon:
(il) reflections in the X-Ray powder diffractogram as measured using CuKo radiation at 2-

theta angles: 5.2, 10.1, 10.4, 13.2, 15,1, 25.1;

(111} the sohd state Carbon-13 NMR spectrum shown in Figure 7;
(iv) the NIR reflectance spectrum shown in Figure 10.
In a second aspect, there is provided the crysiailine form of Compound 1, wherein Compound I has the formula defined
above, characterized by reflections in the X-Ray powder diffractogram as measured
using Cuk.o radiation at 2-theta angles: 52, 10.1,10.4, 13.2, 15,1, 25.1.
In a third aspect, there is provided the erystalline form of Compound i, wherein Compound I has the formula defined
above, characterized by reflections in the X-Ray powder diffractogram as measured
using CuK.o radianon at 2-theta angles: 3.2, 7.3, 8.1, 10.1. 104, 11.2, 13.2, 15,1, 1

21.7,23.8, 25.1.
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in a fourth aspect. there is provided the crystalline form of Compound I, wherein Compound I has the formula defined

above, characterized by having a crystal structure with the following



In a fourth aspect. there is provided the crystalline form of Compound I.
wherein Compound | has the formula defined above, characterized by
having a crystal structure with the foﬁé‘wing 3a characteristics at 122 K:
charactpistiesgrollz R23 gdctladi: ¢l imensions] dimdRslobd(% A10.227(2) A. b=
n 23.942(2) Aand c = 24 240(2%,66, a= 909, (3= 900, y =90, 2 molecules in
23 9432 AR MR- 2AN e HTORSpB T Were TsIoovicealaralerim s yormetric
unit. Of Compound 1. wherein Compound | has the formula defined above,
characterized by one or more of: (i) the X-Ray powder diffractogram
In  fifghowntipF-rpriid hecrebiseien G Sing @ Kehredi storndi e RIBHS T He
aboveldR@MReWEe hiffkaciogmrL,as measured using CuKa radiation at-2- theta
~ angles: 6.6, 8.9, 1 0.7, 11.71.24.4, 30.6; (iii) the solid state Carbon-13
() %%h%é&mﬁdmﬁ@mgumm(m)ﬁm& Feftostsumed spgtOvk.c radiation;
- in;Eigure } re is.provided the ¢ lline.for -
e TR o o] B e I B R -
%%r@ﬁ&ﬁ?@@:b‘ix%ﬂ@é’udﬁsﬂﬁ% X0Réay powder diffractogram as

(i) ﬂ&%ﬁﬂ@%‘é&?ﬂ&ﬂ*ﬁ%ﬁﬂ%&%@é{éﬁ%&% (92 .89, 10.7

11.7.24.4, 30.6. In a sevent ere’Is provi he crystalline form
(iv) tot SdRnpdlsachhosbpeeiruEampon idpipas the formula defined above,
_ characterized by reflections in the X-Ray powder diffractogram as
e s e P R G T A ATBI SRt e AP s B B s o o g fined

abovd, kthard@efizdd 8 A8l bBBin 122 3. ARie3Qibiridiap - 2ig hihaspaet
: otE:%fﬁ isa%ovided ;)he crystalline form of Compound L wherein Compound |
USINg S AN EHDRTRRA LTS AR Ochardetdtizedlby- Bhetotdre of: (i) the

Ina sw%mc%@x. RQW@%&%HH@EL%%@H&E%F?\%&L@z,EkQME%%%&Wﬁ@@HE@%M&% CuKa

r |at|_on' 1) re CthﬂS Int -Ra owgder diffractogram as measur
above B R e AR T 4 o B
radiafiti) the-sedid statRCarbonel 3NMR spactrumsshoyinikiguig 9; ﬁé‘@}ﬂ_@s, 24.4,

206 NIP. reflectance spectrum shown in Figure 12. In a ninth aspect. there is
" provided the crystalline form of Compound I. wherein Compound | has the

in an ciEMULR defined, ahove characterized by reflestions in e G RaY MOWHFne

diffractogram as measured using CuKa radiation at 2-theta angles: 9.6,
abovgqcharagserjzeddry 019 @ DWHE Gf a tenth aspect. there is provided the

(i) ?ﬁﬂ%&ﬁ%@ﬁ%%ﬁﬁ Eﬁﬁ%rﬁi@h@g{@ @OMéMQ@%&M%a radiation;
(ii) re%eczions in the X-Ray powder diffractogram as measured using CuKo radiation at 2-
theta angles: 9.6, 11.5, 12.5, 16.7, 19.3, 28.1:

(ii1) the solid state Carbon-13 NMR spectrum shown in Figure 9;

{iv} the NIR refiectance spectrum showr in Figure 12.

In aninth aspect. there is provided the crystaliine form of Compound I, wherein Compound 1 has the formula defined

above, characterized by reflections in the X-Ray powder diffractogram as measured

using CuKe radiation at 2-theta angles: 9.6, 11.5, 12.5, 16.7. 19.3, 28.1.

In a wenth aspect, there is provided the crystalline form of Compound I, wherein Compound I has the formuia defined
above, characterized by refiections in the X-Ray powder diffractogram as measured

using CuKo radiation at 2-theta angles: 7.3, 8.3 96,11.5.11.8,12.5,13.9.16.3.16.7.17.2,
18.0,19.3.21.0, 28.1.



above, characterized by reflections in the X-Ray powder diffractogram as
measured using CuKa radiation at 2-theta angles: 7.5. 82.9.6. 11.5. 11.8.
12.5.15.9.16.3. 16.7. 17.2. 18.0, %9.3.21.0.28.1. 3b in an eleventh
aspect, there is provided the crysta Ifhe form of Compound I. wherein
nan s GRTRRUNG.] S e formula, defined above, gharacterized Dy e, RaY.
: powder diffractogram shown in Figure 13 as measured using CuKa
abOV%Hiﬁ%ﬁﬁiiFﬁdd?b(/\ﬁéﬁtﬁﬁ@dﬁ?ﬂ%r@f@%%ﬁwhﬁ@%ﬁs&%ﬁ‘é ¥ of
mpeyhe L rein: Compound | has the formula defined above,
me%%ﬁaracte%%%%éf@%%%ns in the X-Ray powder diffractogram as
in a twefib gpstsralgredrsing G Ubtar yadiation at Ruthratd lavigtes CONpobR ! hasti@: Profe@: Gfined
1 .25.7 ir h aspect..there is provided the
o e e R L R e,
usingdetfihedabavey ehartotermedebyX@flettions.in fe3XRay powdRE.7. 25.8.
o midiffractogram as measured _usfir%%ngu Ka radiation at 2-theta an%les:r 7.3.
I N A 0 L 0 O N S P VI B A A LI OV A<D
abovdncadautteeanitbaspiaitithere thqokRigepotheecdistallingformohceupound -
. erein.Compound | has the formyla defined.in ve, ch terized by -
usmgtf?élug(?ﬁgyl%g\ﬁd%er‘d | %aéf%lgq%% %ﬁbg/vjn‘ ?ngF?éeb‘rlé i%pgs%‘eiazg;‘gﬂ? %Zé[ﬂgpj 18.3,
20.9.CoKaXadidtion. I3 & fifteenth aspect. there is provided the crystalline form
of Compound 1. wherein Compound | has the formula defined above
characterized by reflections in the X-Ray powder diffractogram as
in a foung i AT HSTALT © KR TAEGH At 2 tHe ta Al 58 9d G thefeypula 4B
above, BhehiReRth Rspect. therpisRravideddhe srystalinedomsafGempennd I. .
) éﬁér%ein,_(:ompound | has the formula defined above, characterized by
using ff5teYAthe X-Ray powder diffractogram as measured using CuKa
s s BURIONELGNBIRANAER: B Dand D AED b B 0 0l B0
20.4. 21.1.23.9.252. In a seventeenth aspect. there Is prowdé[a a Solid
above champistined| orrdeatin ey shalih& Tampdemd Falpharfomms mhenein
using CompaIdsibhas thedorasiadeimedahove. In @n eighteenth aspect.
there is provided a Solid Compound | containing crystalline Compound |
~ beta form. wherein Compound | has the formula defined above. In a
i shteqnihRech it ARPEEE MharelsovitietraS o ideCofvpount teontaimningined
above, Chystaline-omRILBdIgammadam- W IR Fompoynd | has the

? ordm as measured
. é%rﬂwla defined above. 3c
using ¢ radiation at 2-theta angles: 8.9, 6.2, 102, 12.6, 14.2.14.6, 17.0, 18.6, 20.4,

21.1,239,25.2.

In a seventeenth aspect. there is provided a2 Solid Compound | containing crvstailine Compound I aipha form, wherein

Compound I has the formula defined above.

I an eighteenth aspect. there is provided a Sofid Compound | containing crvstaliine Compound { beta form. wherein

Compound 1 has the formula defined above.

in a mincteenth aspect, there is provided 2 Solid Compound I containing crvstatiine Compound | gamma form. wherein

Compound I has the formula defined above.



In a twentieth aspect, there is provided a Solid Compound | containing
crystalline Compound 1 delta form. wherein Compound | has the formula
defined above. In atwenty-first aspect, there is provided a Solid
Compound | containing crystalline Co#$pound | epsilon form. wherein
Compound | has the formula defined above. in a twenty-second aspect.
n a twihi@rieniseprovidaebadaie thodderprep aningierysialline Gompuuad brm, wherein
terised in that said crystalline Compound | is formed in a solvent of
Com?r?ﬁ%@zﬁn% sv({/?t%%%]%aa Sou g@ 6 water. wherein Compound | has the
formula defined above. in a twenty-third aspect, there is provided a
In a twenpy Bte Hiree. Gorrpouiid! k SBitdihable by dheinethotias defired abovérm|ykren
twenty-fourth aspect, there is provided a method for the manufacturing of
COm}af)('ilrrh&prouariq }f %ﬁ?&ﬁarégfﬁlgé %%?H%rises a step wherein Compound | is
convened to crg;stalline Come[%\?und [, wherein Compound | has the

e IA 8T R ADBYA- TH A IR S SRR 1S ViRt S Hhidehod

1
ofmula Ined above. In a

crys@l’iﬂé@l@ﬁﬁb’t‘(ﬁﬁty fing.phanbarnacetticalcamposiinn & .GomRaud water,

which method comprises preparing said composition from crystalline
whergig GaBuREY WersrEiR [aamissleiasd#s the formula defined above. In a
twenty-sixth aspect. there is provided a pharmaceutical composition
tn 2 SIS TP AT e RIS ArREHARGPRRYSISI RTINS i 6 aHCr eRetifsd b bve.
twenty-seventh aspect, there isCBrr”%\{/)ided the use of crystalline

lnatwm!n-fgurth aspect; there is pr w?ad a methqd for the mangfa £ Compound 1. which methqd comprises a siep
ompound | as defined above in the preparation of a medicament for the

Wherein GORERUBH 4 TSR (nvaallion eigihesherhaivend ismppovittblhas the
formutBeise@hgsystalline Compound | as defined above in the preparation of a
medicament for the treatment of Parkinson's disease. 3d BRIEF DES ON
ina ek Xl HE. PRAWINGS QUG i RS ARV ROWder, digactogram of
~ Compound | alpha, form. Figure 2 : Shows an x-ray powder difFractogram
whiclymebeheundrisse taréparingigidreogpSiooysiamx-eayspdivaef ompound I, wherein
[ t f Compound, | aamma form. Figure 4 : Shows a DSC :
Com%}%?nqo%%?h@o@%%ap%%ﬁnﬁ %%H% form. Figure 5 : Shows a DSC
mamgh{g_rgmggramﬁof Compound | beta form. Figure 6 : Shows a DSC ,
thermogram of CBIRBEUHE TR LB B TPES T S AT A SBr STae™™
Comgidafaonid@-MMBospectrum of Compound | alpha form. Figure 8 : Shows a
solid state Carbon-13 NMR spectrum of Compound | beta form. Figure 9 :
I A R I S STt A G NIVIR S BRPOTHE S CHTRp St gamtigion of o
medié@ffBnt for the treatment of a CNS disease.

In a twenty-eighth aspect. there is provided the use of erystalline Compound 1 as defined above in the preparation of &

medicament for the treatment of Parkinson's disease.



Figure 10: Shows a NIR. reflectance spectrum of Compound | anha form.
Figure 11 : Shows a NIR reflectance spectrum of Compound | beta form.
Figure 12: Shows a NIR reflectance spectrum of Compound | gamma
form. Figure 13: Shows an x-ray powder diffractogram of Compound |
delta form. Figure 14: Shows a DSC thermogram of Compound | delta
form. Figure 15: Shows an x-ray powder diffractogram of Compound |
BMMWW@mmermogram of Compound | eon
Fi forg,n re 17: Shows th; qonformation of one of the molecules

lecuf@ 3o IAH BANET Sipt |d'Wﬂ§M‘§ﬁ dgiphgdorm.
Figwerforngiiis ah thespthewdep HEHR1PRIB AT Snpoea RN Ehinalpha

form. Figure 19: Shows th ing of the malecules in_.Compound | aloha
Ry i) WIS BIORRS 0 PRt AR 0B b ST PR ERRe 0Pt
F1glhgl4res SwveeRied inethefrranmflEshpbomd %__Ifﬂ DESCRIPTION

m Seove of a ens II|n form of a
Fi armaceutlcaél\liig use -gftg %poun proB Sltng?%opportunlty to improve
gﬁfkﬁperfﬁmﬁéé}&%ﬂmmm @ﬁ@wphmchéquamduct and the

ufa 6 ss U HRIGNS %m@&%&g—kg{ﬁ%ﬁ&% bﬁﬁ&rTi_fam

stabllltyé shelf-life), bioavailability, solubility, Issolu on rate,
Fig@eifibite§usyvarresaliforain Sathproim bR sceatponed G@mpadtéhgnafezm

Figdf: 91& "%%@Etéﬁﬂ?ﬁs&%dd%ﬁ%'% %ﬂﬁ%g&%@&%}‘b ég%ﬁ_ntg form.

stability can 10 result from changes in cheémical reactivity (e.g. oXidation)

Figuge HhiscameardhEhidlegaepe SRSRTYR @ fermpriatol aizhe dprread to the
Flgﬁemverssﬂeﬁ@ @ﬁmrmm@%@m@m&xﬁ%@é@fﬁm both. The

- |car$§ropertles of a solid form are |mportant rocessing, e.g. one
Igvga FRO e AT CINEEE YIRS S naerir S Bma Kiies. This

F;g@erl:be ShirviflHeseneomtn BIFtR Shaaine Efnpigendisibipphetween
cryégllln%&%gn 5 relative t %ther and the amorphous form.
Fzg% R géeiﬁﬁ?%‘? SRS orms and which are
Figipolthin Stk atim-Hais gentzrodifitanes mtdﬁcbﬁijadmﬁm@ ad form.
ommergial rea roduce market wn,crystalline form. The
P L B B ORAB L PAYHE | eoetot r.
Figure 17: Shows the confarmatmn of one of the molecuics (molecuie 1) in Compound 1

giphe form.

Figure 18: Shows the conformation of the other molecnle (molecule 2) in Compound I
aipha form.

Figure 19: Shows the packing of the molecules in Compound I alpha form.
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existence of 5 crystalline forms enable the development of a defined
crystalline form in 20 place of an amorphous solid. Also, the physical

w rgﬁf(ﬂsigf the crystalline Compound | offer advantages Wfﬂfﬁk‘d@%ﬁ‘n’f

evelopment and tablet preparation, e.g. direct compression is facilitated
by having a defined crystal form. Crysfjalline compounds are generally
more stable than the corresponding amorphous compound, and this is
particularly important in the case of the air sensitive and light 25 sensitive
FsBEetsnd b Bxperiments weralehirick dixainddsibelious Suntest CPS+
for the crystalline forms alpha, beta and gamma where the solid

CF%PBE OUIPH R A ERBRINY. The light treatment led
B%) almost 60%

degradation of the amorphous substance while the
TIRYSRWRSy fermscshomact lessthan 3Mndegradatignus3uCompound provides an

contains twq sulphur atoms and is easily oxidised tq,a complex mixture
; i d
B RS PR I 0 i T L odbet an
theanarking MQ3065/082920 PCT/DK2005/000127 5 purification of

Compound I. The present invention, which makes purification of .
Difvrapousniot pliicayraifictinsn pebsiblatzhliiyctbelid ielehiogy eikahilisy solubility,

az%? mg%mgﬁl?t&) mpared 9, he. REeEHSE: QRiainRehen-thedipuntiDise important
ave used other methods of purification such as chrorrﬁ%%
h

aphy..In ...

Fastition (OB ST CERUIEVR G5t FGTRGHnH A Th b Ay can
I%géfel%?éﬁ@r}ﬂﬁﬁ}g% i&?ﬁﬁ@ﬁﬁ%ﬁé@@h&iﬁ@ﬁ@.gﬂm&md ilole) tehrhnifdﬂzla&lﬁiml |nlthezes (e.g.

inal step in the synthesis o mpound |, the desired thiol ethyl side
I AT P BT 630 D e TR SAER s § e R more sable
cAQAT 16961 3}, HAB3THE Gy Tl rpiedti Ghein. sol fitrat Rieryopsr8ysigmrocessing,

Agents, , 2(2), 143-155]. | mer teristic. st b
G A A TR o T R PR o can e
dot Goniftmatdsainapneiviorshanss wulidire stistiPuirauBRT SRty crystalline form
rrﬁ%r&a%t%gﬁ i%ﬁgie aﬁs{p&% ﬁgugvfgl%;‘[he levels of this undesired reactant

S feduced through crystallisation. Additionally, the physical

Ahargieistss ahhagysialine domsotibadnuentiominpiovidhere sold in solid
Isolation Step for example by decreasing the filtration timef cogp)gared t

fewe AtriorBRSEA LYo EREh B Rl PEHeh % F 8%%?@1§mﬁegancset oF thajce and

Jarge: ssaladmanuiaaiiiiing ffds Chenpoodtty Inthisysspioct frengeladidrmnd the
ev>\§/iastse1t1?:g r?)(% tSO cr}griéglﬁr?ett%t{irlltsr%il%{;lg E%Bec!éiveeﬁé{?ﬁ@n%? %lﬁgﬁ‘rf&{ Mrystalline form in
place of an amorphous solid, Also, the physical properties of the crystalline Compound I
offer advantages for formulation development and tablet preparation, e.g. direct

compression is facilitated by having a defined crystal form.

Crystalline compounds are generally more stabie than the corresponding amorphous
compound, and this is particularly important in the case of the air sensitive and light

sensitive Compound 1.

Experiments were carried out in a Heraeus Suntest CPS+ for the crystalline forms alpha,
beta and gamma where the solid compound was exposed to light for 14h at 650W. The light
treatment led to almost 60% degradation of the amorphous substance while the crystalline

forms showed less than 30% degradation.

Compound T contains two sulphur atoms and is easily oxidised to a complex mixture of

sulphones and sulphoxides. This sensitivity to oxidation requires great care during



10

15

20

25

30

A further difference in the physical chemical properties of the crystalline
forms compared to the amorphous form is the higher melting points, cf,

Wq;azt%% /!}fg_%(aw in E)gample 9, which can give advantages in Bﬁr{rﬁ%@os 000127
processing. 20 As indicated above the jnventors have now discovered that

Compound | can be made in a crystalline form and that there is at least 5
crystalline forms Compound |, herejn named_alpha, beta ma, del
ORI G TS B SRR PG TSR LR rmpound

on Terate o crystalline
1 GoppRkIntktidn peyiiblpretneesalystatiiedd eidf ©brypmmuds As usapared to the

herein the.expression, "a crystalline form of, 25 Co 't i
PR R R SO SR UGS s o
cifarmmtbypahticilcadtit te Gorpystd linen@impoaridve sHslEesRN& b Ry undergo

«BSAARNING, dalia avdiarenslionsaisiabinadaitiefsigmpound |, which
erne

orms are as erein. Crystalline forms of a compound are
figrantiates by e pasitians af tiematemicinudelidsird0 tiielunttytalidef ¢heins are
~solidified compound. The differences prod mdgfeq ntm 95 8 ig) 1863-1869:
insresbusiRe BRThTaFISaNADiaa 2 VEpLUF aeabil?f?/r%ngs%oiu%lmy,’ TR
owhiglias iNdicatati@ RREHES292EnP CFARK 2005/001) 1 273-6 o avercaptan
practical consequences in pharmacy. The various.fo ' Mt Th

163y S TG SH DA T S TV i L D ASeL et The
isshalyticdlGentmigubbdirowmeoplone sflisytimaty sidnchie afetiiepercaptan in the
scé?lﬁzpryo hioe include. burareenekIMEEE 18 X anmPawdelc A RGHAN R Msation.

rential’scanning calorimetry (DSC), solid-state nuclear magnetic 5

Agsenanes (NMR) spacirascenysRsbNaarcibanes: (NH)s speatroseapyn improve
Crystalline forms of a compound are mosbieadil%gdgistinguished %%-e ay.

ra
thih KRJSHOTSTIH| 608 157D Py AR RSO 18 AR SRR gEied ¥ e angrphous
ARrletetraingotia nositiansiolthgreudginifibicke ifotair rhayebwalisuatingacturing of

with computer ar mechanical mogdels, thus prqvidin Imsnsionalies th
GRRBEBA IS AT R O e g S GHpIORcs than
thanstigliean10 structural information, they are expensive and quality data

can sometimes be difficult to acquire. Powder X-ray diffraction is used

Amméhfredifierthedin the phisiashebemical anstiIoT Sharaetiating Aurps compared to
tﬁ@’%?#l%ﬁ? 50k drugshanis singleisrysiatpiviey saalysisERawden Xwhich can
ITrac

ray tion yields a fingerprint that is unique to the crystalline form and
VA Y B RGP IFO TSI amorphous compound and all other

r lline form . :
fgsyisntc?icatgd gbovsegtaéhl%ventors have now discovered that Compound I can be made in a

crystalline form and that there is at least 5 crystalline forms Cormpound I, herein named

alpha, beta, gamma, delta and epsilon.

Thus, in a broad aspect the invention relates to crystalline Compound I, in particular o a
crystalline form of Compound 1. As used herein the expression "a crystalline form of
Compound 1" comprises any crystalline forms of Compound 1, ie. in contrast to the
amorphous form. In particular the term "crystalline Compound I" includes the alpha, beta,
gamma, delta and/or epsilon crystalline form of Compound I, which forms are as defined

herein.

Crystalline forms of a compound are differentiated by the positions of the atomic nuclel in
the unit cell of the solidified compound. The differences produce different MAacroscopic

properties like thermal behaviour, vapour permeability and solubility, which as indicated
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15 com_pound. Accordingly, one embodiment of the invention relates to a
crystalline form of Compound | named alpha characterized by the X-Ray

W%nggl;%g%?giactogram shown in Figure 1 as measured usin _
radiationi. M a further embodiment the glpha form of Compo%‘hqgﬂ%mbmm”

characterized by reflections in the X-Ray powder diffractogram as
measured using CuKa 20 radjation at 2- ;
DS e AR AT Or CBORUA | o Moo B i gy Py be

- ! ’ 6% r%ay also be characterize
dibayingisledtionsin tedeRayodiffrantogrart eimeaselsdcalshopniskaknown to

radiatign at 20.angles: 5.2, 7.3, 8.1.. . 15, ,
S BB R A A Uy A8 s v
dithardcte(FBDY)differsoliel steniGnsdming ™ NIRSEp e st sionpelger magnetic

Fiqure 7. -
re clyglé;{rﬁﬁ %@%ﬁ%@é%@%ﬁ:&@ RIRQUAH d:-LaaW ﬂ@%ﬁtﬁt?&&iﬁ(@ﬁﬁﬂ@ﬁﬁ@ﬁbms of

m shown in Figure 10. The alpha form of

a Gompotndd 2 maycsiseeaiizh disiersBetp) haviry alitiiy STRtandietl ey

cxé%‘[ﬁ%c eagyﬁg ‘b&%%i%h%gﬁé%aﬁti{]@ HRotCampaundddayialas be the nuclei, which
) ized by having L thermogram substantially,in accordar
i PR RE W W AT LIE R, SHRPBh A TOPAT 4P gnﬂ%"é%%sd e e
d%%ﬁﬂ'ﬁﬁg@)bﬁtﬁb&ﬁrﬁbﬁtﬁﬂ)%elm@tgcmysehét’ethﬁmdimmiébuwatched
> 10 gbout 200C. The crystal structure of the . e
S OSHALE T U5 R T iy of Mg Rt DGR Rc il
aeysinalienseivEntnli fieitulas aswhrerrofaanetians| hiaEeuRacTHies! éﬁé/ustry to
rystalline alpha form. of he; ALSRY -
B e S o ke e P o B Os SOy e X
cacdiiciotity, tieldaveMGATBISY (BprES WigeryaEITdAIE I dlhys able to

d%%\ﬂiglgs@l Ciy $tat SteCEitnihedalowingshatactetistica-ptdiidK forms of the
pace group: P212121, Unit cell dimensions: a =10.227(2) A, b =
coBIAER) A and ¢ = 24.240(2) A, a=90 (3=90y = 90, 2 molecules in

A@@oﬁﬁﬁ@l{é}%ﬁéﬁeﬁiﬂ&d&ﬁe&h%ﬁﬁﬁﬁﬂ%ﬂﬂby pitdtethisaceystal Steutituneos Compound I
contains 2 mqlecules of C[;té),m 0 | and one solvent site, f a

IR %Hibén?%tFé‘grag at%eﬁgé@fvg?& e‘%%é\r/%or{l |%}r$l¥lurt %&frie at(gs%t{(x)r o 1o
hesahaveingicatadratysiahsiruetimedaving ditomt fbsiiohs upsed Strmyound T is
e desanbed by e eoordinales IR ablem2: titdhienindicainadgreinidie Cuko

aﬁ% p er di rac%ogram ata the reflections (peaks) itis 10 _

mﬂem;caomhaam}@ﬂéaidh}slaﬁé)éxéﬁe%sbﬁhr{ﬁée‘gr B RS ompound I
e 3 %‘@ee5%ﬁgale%@ea%;%mgef@ﬁeaim@%ra{@tgsu@yacnmmagaaﬁoam%ma
of Compound | named beta characterized

using CuKa radiation at 20 angles: 52, 7.3, 8.1, 10.1, 104, 11.2, 13.2, 15.1, 15.5, 17.3,
21.7,23.8, 25.1. The alpha form of Compound I may also be characterized by the solid state
Carbon-13 NMR spectrum shown in Figure 7. The alpha form of Compound I may also be
characterized by the NIR reflectance spectrum shown in Figure 10. The alpha form of
Compound 1 may also be characterized by having a melting point in the range of 180~
190°C. The alpha form of Compound I may also be characterized by having DSC
thermogram substantially in accordance with that shown in Figure 4. The alpha form of
Compound I may also be characterized by a DSC thermogram having an endotherm from
about 170 °C to about 200°C. The crystal structure of the alpha form (Example 8.3) has a
space in the crystal lattice that may or may not be occupied by a smaller solvent, in
particular a water or a methanol molecule. Thus, the crystalline alpha form of Compound I

can be a solvate of varying amounts of water and/or methanol.
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by the X-Ra_y powder diffractogram shown in Figure 2 as measured using
CuKa radiation. In a further embodiment, the beta form is characterized

[J% gps in the X-Ray powder 15 diffractogram as me

“%vliﬁa radg B;IOI’] at 2-theta angles: 6.6, 8.9, 10.7, 11.7, 24. 4%?3?@#%{%90127
betﬁ form of Compound | may also be characterized by having reflections
mteXR diffra sure '

BT SR SR SRR o

st30threThétibate fﬁrﬁwﬁ@mhpwwdﬂtmaytaﬁs’@ e cﬁmﬁﬁc%ﬁ%d%%t% Unit cell

SO|Id stateC n.ki he, heta2Q:fargpe -, =
Wasompound Pr%%? Igﬁ ara n%%%ﬁ\g]yé thgﬁ?é%r%?lgc%nc? % 0y =

90Spéctnoincshusvin the raagmqmcmé bbtatherAsBRESHpBEAY iy aIsypgructure
characierized by, having a.maliings BRintdR.Lae s’i%‘@ﬁl@c@@@aﬁé}?’@ the solvent site

COIlia %?‘l
pre ferab y about 211C. The beta form of Compound .| may also b

lenfrarae brlzbabyita Ty DSE OB SaLR I FARY i SR ARege. siruoture
naWiHy thak showsuinsfigursiaThelbriasiorsy ehCoaaniard inTaylalsbhe

characterized by a DSC 25 thermogram having an endotherm from about
205'C to about 220C. A further embodiment relates to a crystalline form of

maﬁ%mﬁméaﬂdgnmadfgamamhqum Zift-byrd e Ry timowllestions (peaks) it is
. @%Saé%%?ram sho 8!5% gF ﬁ%mr%}% Faﬁ%s ias redetg;érgg%cm a r%daatio& ﬁJ[Q engles).

ACten refléctions n t
X-Ray powder dlffractogram as measured usmg CuKa radiation at 2-theta

les: 9. 1.5,630,12.5,16.7 f f
A enro i e L ens s o AR I s spaered
bsﬂ M%wmwéemmgrw rsgo@mma?mma@ﬁ meoyreshing Guliogradiation.
5”5%185]‘5%%)2 egf h?e%elja%én}ﬁs Chbcted 2D b}ge?begﬂogs 28ike T@Ray powder

DK2005/000127 8 gamma form of Compound
ciimpoibe e RSO Re Sol SR SHESHEENIR Saelirimil ! 244

38ORIRE M&%ﬁ@&%ﬁﬁm RrnapfcGrreRaURerl Ry aleoihg reflections in the

characterized by the NIR reflectance spectrum shown,in Figur h
SR TP GO BRIy icB o e AR D gfa\gﬁl 007, 114

1@‘?“&@?875%% 'E ghe E@@g@ﬂ;} 2%})232%@ gm@ qaenbee: fanm bofGompodihaky also
e characterize avin b
b OTAATER BY (RSO AT B TR G Toa T o Gk oy e bet

ound

ffmﬁwoa*l@axago@ﬁtamaﬁ@raea mmmerthmmp@nammamﬂgcm@mm shown in
rom

0C b
[ByEa }nglt;g eg)ft %&Ol%lC%ZE)Cr:]amedrYtngg{ S0RQdiment relale$ 10 @ving a melting

poun
point in the range of 209-213°C, preferably about 211°C. The beta form of Compound [

may also be characterized by having DSC thermogram substantially in accordance with that
shown in Figure 5. The beta form of Compeund I may also be characterized by a DSC

thermogram having an endotherm from about 205°C to about 220°C.

A further embodiment relates to a crystalline form of Compound I named gamma
characterized by the X-Ray powder diffractogram shown in Figure 3 as measured using
CuKe radiation. In one embodiment, the gamma form is characterized by reflections in the
X-Ray powder diffractogram as measured using Cuko radiation at 2-theta angles: 9.6, 11.5,
12.5, 16.7, 19.3, 28.1. The gamma form of Compound I may also be characterized by
having reflections in the X-Ray diffractogram as measured using CuKo radiation at 26

angles: 7.5, 8.3, 9.6, 11.5, 11.8, 12.5, 15.9, 16.3, 16.7, 17.2, 18.0, 19.3, 21.0, 28.1. The
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10 characterizeq by the X-Ray powder diffractogram shown in Figure 13
as measu_red using CuKa radiation. In one embodiment, the delta form is
characterized by reflections in the X- Ray powder diffractog

WO 20057082970 . L 5
méasured using CuKa radiation at 2-theta angles: 9.7, 12.1%%%161?52%\.@?0127
22.1, 22.2, 25.7, 25.8. The delta form ©of Compound | may also be

characterized by having reflecti in the X-Ray di
gam@aéa%dqﬁ&ﬁﬁ%%%é AR 25 6%%‘?5%%%: g ,rgsg‘téﬁ?%%%%iaf‘i’fbﬁf]f NMR
sp%&r&m%&g%@ﬂﬁiﬁrs Qéﬁﬁhgﬁﬁxﬁazaxm 2@ 518ayTHeo bekhafentarifed by
Qmpo may also be charactesi ' - int.i
e SRR R e ST 08 N AR RO 1 may
ais“d?fﬁ’ ?fﬁfmaﬁlzb& altinvip D S Oeltiey mogramibsulbsge 2R Betorthaanma form
w at shown in Figure t GopP .
°fc¢8%?8?1{'&%@%&5%%6&%&%%%?%r?ngf\(/)i{r%Jgirg endotf%ﬁrglcgrggar?y %ﬁﬁ? lly in
ac2d:@ente aHdutig2SBowfintAigEbhotim ermvamRiesocd SYSRIAES folAvoflse be

Compound,| na epsi ¢ ' =

Sompound, | named-epsilon, characierized bY 6 =RavROMARY 210°C to about
¢ ﬁﬁ?ﬁéf%%ra_rﬂ shown in |gu%e 15 as mé(:asured using CuKa radiation. InG abou
223€.embodiment, the epsilon form of Compound | is characterized by

ref[ec';ions in th.e X-Ray powder diffractogram as measured using CuKa
Arditigition anbotieenp3fgles? 829 corsialie g, thd-SpaRAGoimgred delta

chg%m&?%&dbm Rigabesaragtarizesthv, having effastiensindhgeXsiiey using
ifiractogram as measured using CuKa radiafion at 20 .angles: 3.9,.9.2,. ,
CuB o A o GuaoRgIeDS, BAR IR DT i D dB Lo e X
RS &%ﬁg&gf}ﬁfg@@@@ be:shamoterz ik hadinga snéHingapoiglein tha 12.1,
range o - : llon form_ of Compound | Is ;
el hsaa y A 30 B O A SO bt e
pWiththat:shewians g &liGeyT dietepsipariossneofaCur peimsdCuhayasisgon at 20

be characterize hayi
i 1ot 10D WO 280550 PO TOLSOOBO00 3] B T e The
dimvefotianofCthepoatdimuy alvy hricharesiolizhé rystline frifiacoring in the range
inve ,£-0.a mixtyre of Iph j i
oo UL Kol SR R SRR R & having DSC
IQampeanchiishariatyrizetby dieox witayhso Wers i does arh stsisifa form of
(5'1%%5%1%)1%151#] %%%‘%SS%&?HE%@%%@%@h&&@@f&ﬁ@lﬂa@ﬁgrﬂi @hdotherm from

ompound T having an X-ray powder diffractogram substantially similar to

abigupd °G.& ahxhibREdg@n X-ray powder diffraction pattern as exemplified
in that Figure
A further embodiment relates to a crystalline form of Compound I named epsilon

characterized by the X-Ray powder diffraciogram shown in Figure 15 as measured using
CuKq radiation. In one embodiment, the epsilon form of Compound 1 is characterized by
reflections in the X-Ray powder diffractogram as measured using Cuka radiation at 2-theta
angles: 8.9, 9.2, 10.2, 14.6. The epsilon form of Compound I may also be characterized by
having reflections in the X-Ray diffractogram as measured using CuKo radiation at 20
angles: 8.9,9.2,10.2,12.6, 14.2, 14.6, 17.0, 18.6, 20.4, 21.1,23.9,25.2. The epsilon form of
Compound I may also be characterized by having a melting point in the range of 180-
185°C. The epsilon form of Compound I may also be characterized by having DSC
thermogram substantially in accordance with that shown in Figure 16. The epsilon form of
Compound I may also be characterized by a DSC thermogram having an endotherm from

about 175°C to about 190°C.
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and measured under comparable conditions as described in Example 7.1
or by any comparable method using CuKa radiation. This definition also

W Q?;ﬁ Jatis mutandis tq the NMR and NIR Figures, ang,‘?&l
@?@ay 5%4#; described herein (e.g. X-%ay peak 10 data) an or/Bail‘kiﬁg165{?(1}20127

five crystal forms identified, i.e. alpha,’beta, gamma, delta and epsilon,

respectively, such that margins .of analytjcal variations.are ta [ .
pE T S R S e G
migieefenb ipneast pehuaing sialmnlerspitiingepsbll of 5000Hz on a

spectromgter with a CP-MAS probe. Thus, the NMR spectrum is
Apreterabisiprovicetias tisconstiine farmpr Lompdypad chermpaiagldy the X-
rAPS 'c}g:ﬁg#%ﬂ?&‘c&l . fef8ciancs SPeeka (eferegiadrieindmprefarablmean the

B'r vided as described in Example 7.3 or by any com '

| . mp y any comparable metho 1[1 .
crprintlinstdp an’ 4 RISNITR R BRFE Antr ROREE BB e g il
1l eg_!',thé.\/tléﬂﬁtlgiﬁﬁg\é@ %C@@?o@eéfaamw@@mmfwmmnﬁed in that Figure

odiments, the invention relates to a crystalline form nd 1,
a‘\i@hﬁ%?@%r%duBﬁ%tiﬁﬂVBﬁa&lgrﬁé’%?%msu %%’r?ﬁ% ?/%ﬁ?e%{%% t%lsge ﬁepcjarin?y o
cdRgansihakthelcysialing«2adetnmofCompbuitid, @sg apdisphutabegutandis to

gamma, d r.epsilon form,.is havi 1] f at
B
damorpheusddrad di-Compousial | freits iden fatperatiRbanbiit BB fHE
efgil%%sﬁ:goe ‘%{%%'P ; lsu%tﬂ Hramdhemelting Wﬁﬁ%ﬁ)m Raflesaitbednsideration.
rystalline form OP ompound I, cf. Table 1 in Example 9. Accordingly,

Tlé%ti%%ﬂv% %?g%@ I\g?&tglgﬂ-i? ??gg@b‘é%ﬂ?ﬁ@ﬁ?m RO Uigel 2 5 havfagtdsmetinged using a
hich is at leas , Or at least 180C, such as i
ST 56 D50 HET A T AL MRS g "R

y In‘the
SRREE0E 18051806 RIGASEHThm Bramiphe iAot asompsgablc method.

erein means the onset value of the melting. , o
TBSQIREERAE 0 ACHFL RO or TG, Do e d-tioed o
Eﬁg{g@;ﬂggtrﬂj ﬂm@yt@g@yﬁ&ﬁﬂ@@éﬁﬁ@dﬂnﬁaﬁiﬁlﬁﬁ‘aﬁ%??ﬁ%"iﬁ%ﬁt%ﬁ?’- and

A 0 s50Il 0 iSiti inl .
SOGRRAeD BT AODIBBO1 10 chrialing e fomar -
lﬁzﬁmﬂé%ﬁ?ﬁbbﬁﬁ&?gﬁﬁmm&helmmd'mamtyéillhlﬂfelmﬁ@nnwm@g& which is
means that the sglid Compaund |. gonsists of 29 ratall;
e o e R R e
fGampaEpopseEse Rt ¢ Atiarthire babo e rdtkizcertersBg BBmidbAYTS @ Purity

ch%rg gérs]iiré o%riy 5(5%' i&%l&cﬁ@? Q%rl% iQ&‘sttaabout 93%, and at least about 95%.

The amorphous form of Compound I melts at a temperature about 150°C which is easy o
distinguish from the melting points of the herein described crystalline forms of Compound I,
cf Table 1 in Example 9. Accordingly, within the invention is also crystalline Compound 1
having a melting point which is at least 175°C, or at least 180°C, such as in the range of
17500 225°C, 180°C~ 225°C, 180°C- 220°C, or 181°C-218°C, alternatively in the range of
180°C-190°C or 210-225°C.

The term "melting point” as used herein means the onsct value of the melting endotherm as

measured by DSC, ¢f. Example 7.4.

A further embodiment, relates to solid Compound I containing crystalline Compound 1

alpha form. The invention also relates to solid Compound I consisting mainly of the
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5 form. The ir_lvention also relates to solid Compound | consisting mainly
of the crystalline beta form of Compound | described herein. The term

"mainly" in the present context means that the solid C '
wo Rl id Comp %%3
of aﬁeastz%%, such as at least 80%,13t least 90%, or at Igast‘ %@6%?27

crystalline beta form of the total Compound | present. A further

embodiment relates to solid C ound | containi talline.
SR QB G ¥ FRAT ] A A Bt RompBa U Brcseo
ccﬁmﬁ_lﬁik_linasfﬂain{ymdhé Crystallidel gansisia d6rahlodCadtpomis heleblnabed)?s, at
erein. The term "mainly" inthe pres '

AR R BSOS PEhe Rt S At et Boni ot ose
Af%tﬁglé?%ﬁb&éﬁ(ﬁ&ﬁ’%ﬁﬁ%&@&@@dﬂm@&@iﬁn@ﬂmeotﬁﬁhiﬁgmpmaﬁﬁlé respotnAl beta
urther embodiment relates to solid Compound. | containin talli .
B FREPLERAESrOA P DR i FSTEC 8 SAVE S eline
bdisBRSISENgIMmaIINDS teeceitystitine. dditadonindi@yinpdbagressoibigt means
%%%P%gﬁ{‘%ﬂfg@ Qpl%aglf' %b%eﬁ%.kgt 90%, or at

herein. The term "maijnly” in.the
théto 6p L-IIJ;S {:nr%)‘lng@c‘fg 3?‘%%%? %{5 b, such as at [east 80%, at least 90%,
leastdls Yo asts@fldedrystdtimecdehatisrhiConprndthpestibound | present. A

further embodiment relates to sqlid Compound | containi Ili
AR AP BT Tor i, U ORRRER A TUPATALA L HBIAR Bompound 1
g%ﬂﬁwgﬁgﬂhmm&iﬁiﬁg)mamwrerathe tepsiidnGormpon dnyposisting mainly of the
escribed hereip. The.term "mainly’ in th t e ith
LT T e
cOtar 0eals | dastiassolshySemipesrpiiomitiriot teestolal c srEp s east 80%, at

resent. Broadl 6 ' ¢ ing iq a
i pc e e
&mﬁ@}lﬁiﬂﬂo@ﬁ{&m@%b fio Bl SThkaplevebIventaiGoppystatiher@yniund I delta
prepared, using methods known in.the art, su ol . :

B
dstitabie solvenponhichdrmayibxel hemiod fhefeiitinain disdbpRiseaf context means
Compound 1. The combinati : %. or ¢
R T STIBIg0 f MR Comnae oy ssolin, or o

Eéa;h?ﬁgfﬁefﬁﬁ‘?&t@d@éf@rﬁmﬁeﬁiﬁ@cﬁ@@%@é&?ﬁ%fr%@@from about 30C to

about the boili oint (i.e., the reflux temperature) of-tk ;

R TPy 0RO BPABt DAL A Rl ompound I
dpeiltinOfoiie: S et Tien\WISH 200870 80 920 IRCEADReBS Deenssting mainly of the
eﬁ%’%‘ r}gﬁrrrl\ Ié?&)ﬁ%é&%@ﬁd@@i&%@l@f&wdﬂ@ @éﬁﬁe‘ﬁ%%ﬁg’ te, igid Jieesent context

r'continué
means that the solid Compound 1 consists of at least 75%, such as at least 80%, at least 90%,

or at least 95% crystalline epsilon form of the total Compound I present.

Broadly speaking, the novel crystalline forms of Compound I may be prepared by a variety
of methods, including but not limited to crystallizing Compound I from a suitable solvent.
Compound I may be prepared using methods known in the art, such as those described
herein, By way of general guidance, Compound I may be mixed with a suitable solvent
which may be heated to facilitate the dissolution of Compound I. The combination of
solvent and Compound I may also be heated to facilitate assist the subsequent conversion to
the crystalline form. Preferred temperatures in this regard may range from about 30°C to
about the boiling point (i.e., the reflux temperature) of the solvent. More preferred

temperatures may range from about 60°C to about the boiling point of the solvent. The
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crys_tallization. _The mixture is preferably cooled (i.e. including natural
cooling to ambient temperature) to a temperature which ranges from,

e.d., about minus 20C to about 20C, e to ambient t
W geos X )  €.9. nttempe tﬂJ_E) :
remp’ﬂg%gezg solids may be isolated fro]cr]P the cooled mixture {)% %Zk-g&%ﬂm”

example filtration or centrifugation, and if necessary washed with a

suitable solvent such as, but not limited to, th I | .
R

y elevated
crierpesaty eTi: gnitndenia fifogbly pordel Geednchydiagsnatasrbecative dotembient

any crystallization mixture.to promote.crystallization. As ing o
BRpEHRLC BB T BECOES B NG of ey C- o
to |Qlylﬁﬁi@rf2€ﬁi§¢i‘zhﬂl‘@ reépareccinitéeddisEdivimy Gompiateddiom thegiralsié mixture by

solvent crystallizing. recipitati ot
oo B O AR RS S o
aspbatterndiiviy y. atprwefsst(ﬁmmmﬁg‘(fth@@téﬁ@ta(ﬁi,zeéi}’gu%féri‘ai?@ in vacuo at
ar ?@ﬁSFﬁ%ﬁéﬁé@%@é&%{&%&[ apekiad af timp suffigient to convert it

Into the cr ine form, and (b) separating the alcohol from the obtained
s &Iy sialing hayGRmpRdnd inBelovisideserihpduow piiexantaphaintstican

be used to make the different crystal forms of Compound I, alpha, beta,
AgaRamac:debavandyepsiion Coneppreteiréa periibddirtendifiveenietiyslofomes of the

. invention for preparing ¢rystalline,Co u ' ina. the
m@’ﬁ?ﬁ%,%@itag %rBere Eﬁ%ﬁ &ﬂ?@odrﬁé??ggl c%?%%ﬁ% Egnpraec%l%}ggr?ﬁ Fent, (©)
cSseniibng by fowiptsiiablespvedtdrsdrapabicgtifad N eRpisHng ae solvent

obtained cr i 1L : .
BT a0 kg opautrcias. o

ofirie) ayswotidintEobeamanie bithisieYpeeiiealijon REIEC BT FELLh omver
yaethods thisialen appliesie '@ sSedishfaanepornddosentaunnerystaitia crystalline

Compound I", in particular as descriped above "a soIi%Com&)?ou

CowrrtanAd-rRaIANY trdereE et He0Tay EiSTERh fine T8 Y olrlr%ff)oungf(‘j 'i‘]'lfee%e. different

c%?@c&?'??ﬁn@@ﬁ@ﬁxﬁﬁﬁm?ddﬁﬂal@ﬁ@ psiten gRmfermickecendingiyildn. omea preferred
aspect the invention relates 1o a method for pr i ystalli . .
COBABER T A oL 1 o A AT & fochding
wﬁb@mgf;masegma feoitntioe grelnchmsisthogofisay wrdrRergity ovepitation
out ater; (ii lj i - - . .
AR AU U B A b i
(doganod Wimiﬂ%@ﬁﬁﬁ@ﬁdlhb%m%fm\k%ﬁ tf_%ﬂgﬁa{%&ﬁ ng}ohe different
c‘é"}%{Sf ASHbURRL! With#%h Waler: Buanebuikbiduwalen); (iceTvabies product

oT acetic acid with at least 4% water present, wherein said i
chesinpst defifsd th@ifoﬁ‘éﬁjf‘ésg applieg to "a s’o\ﬁ/d omp%und %Ség{ltggn?gge t{':gysiailine

Compound I", in particular as described above "a solid Compound I consisting mainly of
one particular crystalline form of Compound I", e.g. the alpha, beta, gamma, delta or epsilon

form.

Accordingly, in one aspect the invention relates to a method for preparing crystalline
Compound I, characterised in that said crystalline Compound 1 is formed in a solvent
selected from the group consisting of: (i) methanol with 0% to about 8% water;, (ii) an
aliphatic C3-Cs alcohol (e.g. 1-propanol, 1-butanol, 2-butanol, tert-butanol, 1-pentanol) with
4-8% water (e.g. 1-butanol with 4% water; 1-propanol with 4% water, 1-pentanol with 4%
water, tert-butanol with 7% water, 2-butanol with 4 % water); (iii) an ester of acetic acid

with at least 4% water present, wherein said ester of acetic acid is defined by the formula
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WO 2005/082920 PCT10K20051000127 12 CH3CO2R, where R is a

CI-Cé6-alkyl, e.g. ethyl acetate or isopropyl acetate (e.g. ethyl acetate with

4% water or isopropyl acetate with 6% water). The invention also relates
8 ﬁqoeS/%sr§i§2t%lline Compound | obtainaﬁ e, in particular obtaiﬁgé%%zgﬂﬁé%m”

method. In a preferred embodiment, this method leads to the formation of

crystalline Compound | alpha form. 5 In a further aspect, the invention
CFBGtedY o tATERol oGS G 5B PR AERATEcls 1
adBratesaithorystadinerComppayhddeiattonite din theeso Vaniisagiopylsacetatss. to the

The jnvention alsq relates to the crystaline Compound | obtainable,in
e B By R A TH 2 ENA B hao I e prefered
emtethiocie Alis tndthed dendativtho foomatiallinbestalbioa fibinpetaddaphedam.

a further aspect, the invention relates to a method for preparing crystalline
InGofapbemespecsbedateisen ialakattsadnsedireCrHips SR rlke megypound L,
cifracaqivent salecied Fomalhige raMpRRNTISinG-QEA(than-alphatiGsGHrepdl acetate.

nitrile (e.g. acetonitrile, propionitrile) with up to about 12% water e.gI ,
ThropsRHTR Hitraeich b P ERIGRM HEMRRTAS ba iR s Ry partictlar obtained,
byndersterehtint propienisied GidcH2eN) ha GRhidlesd) ethamolfaitiution of

0% to abqut 8% 15 watey: (iii) an aliphatic C3-C6 alcohols (e.g. 1-propanol
P e AN Ao s

east about 10 % water (e.g. 1-propanol 10 % water,

maoiengl 194 %ﬁ%%&ﬁ%bﬁt@sﬁ%%ﬁﬁ%ﬂ& H@%@?%%%aﬁﬁﬂy Coiybund 1,
acetate reagent grade” is meant less than 0.5 % water. The ‘invention
chaserieisedsitothrbsaiy serBitoRermad ditaipramte, iih paghisiatelected from the

gfm;ﬁ'glﬁgi@%gsé@?i%tg hifcacnrefered.qmbosisientiilbiproshagilepdsh up to
to the formation of crystalline_ 20 ,Comﬁpound | gamma form. In a further .
abib A ifh SFRECHS- BB FBI5 3 Ho H RIS PTABIEPEHRA g U Sraih raten) 1t 1s
ubmRRAENGd; shipiastericedHRCHRUSHIG erystaliiie; Compowat Wit fovmedibout 8%
in a sglvent selected from the group consisting .of. (j),an aliphat) -C

GO o, B C e AT Bt e T P L A R kg, abort 10
04 Hyanates, .. O-preaibb (3%, weagerabent @298 (¥ gyvaycip firo psthi etbrasntel reagent

1 propanal 2% waje rtha 0l 2% water (with n i The.i ;og,t Th
B S IR e 0 10 U TR St
iotaivedslsoyrelatty metivoetyialiprcformagundBoiviantiehis pistisulincirined, by

SR danation flereialine GHAROMAN HREQ KON 1hnvg ffh@fion of crystalline
embodiment, the invention relates to a method for preparing crystalline
Compound I gamma form.

In a further embodiment, the invention relates to a method for preparing crystalline
Compound I, characterised in that said crystalline Compound I is formed in a solvent
selected from the group consisting of: (i) an aliphatic C;-Cg alcohol (e.g. ethanol,
cyclopropyimethanol or 1 propanol) with less than 4% water, e.g. less than 3%, e.g. about
2% (e.g. cyclopropyl methanol, 1 propanol 2% water, ethanol 2% water (with no stirring).
The invention also relates to the crystalline Compound ! obtainable, in pariicular obtained,
by such method. In a preferred embodiment, this method leads to the formation of

crystalline Compound I delta form.

In a further embodiment, the invention relates to a method for preparing crystalline
Compound I, characterised in that said crystalline Compound I is formed in the solvent

butyl nitrile (CH;CH,CH,CN). The invention also relates to the crystaliine Compound 1
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30 Compound I, characterised in that said crystalline Compound | is
formed in the solvent butyl nitrile (CH3CH2CII2CN). The invention also
relates to the crystalline Compound | WO 2005/082920

W 'BR%605/000127 13 obtainable, in particular obtaine(}),Ct}gj;nslﬁzcgﬁSmﬂ]27
method. In a preferred embodiment, tm’s method leads to the formation of

crystalline Compound | epsilon form. It has also been found, that each, of
bR TG RO SASn MR PR oo SRR ATB°R s method

leSRTMR R aibiher prasanae Obamuitallepsiilvefifin particular
aeetonitrile as 5 shown in Example 6.1. The crystalline beta form can be
Ii BanvRdaddn fhendristating ol phaclosmilinatiorprekdncedfheiettrmbs agnverted to
shown,in Ex?aﬁlm,g'e Ocdh: TNGIVERHOD ASQLRIBIESIR AW SIANGIRY QG tril
"thGﬁ‘CaSrpﬁ‘é‘di%ﬁ e c?r;%?g{lﬁ%lz%%r}r\é?sggof Comp(;und | obtainable, or in a ) e
shorefendkenodinetironsinbineiipa Hroecss desamstchapdie eiiline alpha
fo%&?ﬁ%%ﬂ@s%&@%‘dﬁ%&gmm%-Bk@ﬁ_ﬂ% gvention in a further
aspect relates to a process for the preparation of Compound | comprising

TROYELING Sy Stdline form Ak Rmp atitdt(aig pliealphahdberasorline forms of
gamma_ form as described here#'n or, a??%) IXtur slg reof) into the

Cméso}%?mag}ecBWoﬁﬁae .ergeﬁc DTt Sontaine Y 3@ process described

rocess in‘a’pre
hasibedimeptgamptses ressiéjps Gimiapaigsolving crystalline Compound

I in an aromatic solvent, i.e. an aromatic hydrocarbon, preferably an alkyl
Ti6 hemzéneisur sy kspecordslige e a(BIosrsei fitatisgrespmpitm e’ fompound 1

c%%%ﬁ%%gﬁ%ﬁ\%%}ﬁn& %(ﬁﬂé?&%%@@&ﬂ%ﬁ[@@?@&é.oi}{@'&ﬁ}fl‘@[rb%@ or gamma

ed amorphous Compound |. As indicated above the formatign of

fasryariserOomiRseincPT YR BRETUISIRN S S IR Gaieh i Rg e

sREPHREWNAG QhiamacunshifoeRhaimaceytinal swas. dhednuastivininerystalline
one aspect,relates‘ to a process far the manufact ritagulgf g(g)nm oL erdatlal 2%1 alkyl-

Conrrpriding i @Y LMo S a0 88 AR Re i FRls ore o

pemnbedineenkofitege tventias, latesiniatinghodfonthid frran tifacusrirg ool vent;
which method .comprise

C dl, t ' '
SR AR S AT e ST e P e LB SRR O o 1
Pﬁs: IARQUNO] 8%%4%%&855%@6@%&9@%%98@&@@Qgryaﬁsgﬁﬁ(iﬂ@@@iia as a

erein, e.g. by precipitating Compound I in crystalline form from a solvent
pus DG duseabar the rarmaaeh ssp A Eeg arasbi A e eryetsmtife &8npound
| from the solvent. The invention in garticularéel es to method for t1h

Tﬁ\%ﬁﬂ‘fﬁ‘@iﬂﬁr@ W@@ﬁ@ﬁ%ﬁéﬂ%ﬁ%r i REQFSSSCIOn, s, Bgpuiacimg o d%ompound I

r1h undTis (C:orrlv to
cerstatine £orppalneisncludingsa drysiblihéform. oftue, one embodiment of the

invention relates to a method for the manufacturing of Compound I, which method
comprises a step wherein Compound I is converted to crystalline Compound L It is
understood that the crystalline Compound 1 of the invention may be prepared by a method
as described herein, e.g. by precipitating Compound [ in erystalline form from a solvent as

described herein and separating the obtained erystalline Compound I from the solvent.

The invention in particular relates to method for the manufacturing of Compound 1 wherein
the Compound I is converted to crystalline Compound, inciuding a crystalline form of the
invention, e.g. the alpha or gamma form from a crude mixture of Compound 1. The term
crude mixture in this context means that the mixture comprises impurities, e.g. oxidation
products derived from Compound I which it is desired to remove. The crude mixture may be

separated directly from the reaction mixture, or the crude reaction mixture may have been
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invention, e.g. the alpha or gamma form from a crude mixture of

Compound I. The term crude mixture in this context means that the

mixture comprises impurities, e.g. oxidation 30 products detj
W&&ﬂ%’é&%ﬁ%&ﬁ which it is desired to remoi\éle, The crude mixtu?&éé ?n%%gb&é]sm{nﬂ

separated directly from the reaction mixture, or the crude reaction mixture

a ve been WO ,2005/082920 PCT/11B2005/Q00127 14 subjected to

T R B Rty 8 S A S R s et
toelitesetoftheysabine Crysialtiné Compainiddf dha iselidtohthe ihyversifativn of a
SR preparall f edica tC tr.i‘%q comp und | as an active

inglrg%?lkeﬁ%r. élgl 6% [ g@,l?ﬁganrz%egﬁ%ié)%naagléo rggrtee%é%oga method for the

Apasmifasturingof & amharmaceyiisal composition.of emRound lMbich.e of 4
method comprises preparing said composition from crystalline Compoung

PREEREHNER I SPEROE O BEa eI B e thdd B s e ilseapdsesnpreparing  said
onetdingrafesysallingiiasncenosalid af tginentien, @6 SNBGIEE by a method as

mhbodiment, relates o such use of the alpha or gamma form of the
 divati ik

P87 the PVEpRFati ST SEA BhaPTRBUti S EofHpBSigiepin. One specific
ctldsciitnent ealies, frepahingdhe’ kbefeiphal atiopanftam fardefifeticrystaltion for the
form has the.advantage of improved purity and yield and.by having well .

K é%rf?ﬁagldp Bro{gfer%egggﬁ% C%lglgo uk%ﬂfﬁyg rﬂ iS rgs:{)eedgfg,cﬁ%@eefinveeaﬁ 6l aisg e the

fproviddena pRarmasSotdaryemfoshion:cimpdsing en elfevtivesinonnt ehd yield
@ @pf?é{ﬂﬁigl whtaipahle ﬁf&@&*@é} %Qéﬂya_é‘ Qﬁmﬁﬂr qﬁ%é@‘ég&%@h@ b %tion also

preparation of crystalline Compound |, including™a crystalline form of t
Rifeiftfon, R IRErHtA SRSBRCSIUGARARIPTISIEr#R THecHRarmmuBitRialCompound I

SHURRBEON JBAMBE BRY.CRIMRSIIPNToURd-sHItAbIS: foke AtYRISEALIRR efystalline
Com ]%{Jlﬁc: l, e.g,.a solid dispersion formulation or a solid solution
on. F‘lﬁé‘?ﬁ

6 B & n BOGHARTE, THE G St RRE RSB Eof i el o7 gamma
fhanintiudipgammpasticeadr dhepaipia, heia, gamma, detisogtiepsi@imd suitable for
o stalline fornf], rmixtu[ﬁ thereof, may he 20 forr{_nulatjaq.into a solid. .
adrrnistration or | Oéngoun eAg. a.aoh ISPErsion  foTMNalion 06 a solid sohttion
solution or a solid dispersion. A°solid solutioh may be prépared by

fdissdhiing the crystalline product of the invention in a molten vehicle. The

solid solution is formed upon cooling to ambient temperature. A solid

Tgispe B drasnbahsreparadnsy Podid Rifbetiry enjisml five iprbutieg &f geaticular the
dpYantiQnin aimpieayghisle eJhR s lid isner siepnis {PrmegiROmeRYNGnay be

to ambient temperature. The vehicle used tg prepare, the solid 25 solution

BragiirdipRRmsid e oM ShesTm mistlifesariiRpanay be prepared by

disvstponemtscrihliine product of the invention in a molten vehicle. The solid solution is
formed upon cooling to ambient temperature. A solid dispersion may be prepared by
dispersing the crystalline product of the invention in a molien vehicle. The solid dispersion
is formed upon cooling to ambient temperature. The vehicle used to prepare the solid
solution or solid dispersion may be one component or a mixture of more components, The
vehicle used to prepare the solid solution or the solid dispersion is normally solid or semi-
solid at room temperature and normally it has a sticky, oily or waxy character. However, the
vehicle may also be fluid at room temperature or even at temperature below 5°C. As
examples of vehicles can be mentioned polyethylene glycols (PEG), poloxamers, esters of
polyethylene glycols, waxes, glycerides, fatty acid alcohols, fatty acids, sugar alcohols,
vitamin E and derivatives of vitamin E. The solid solution or solid dispersion may be used

as is or alternatively formulated into pharmaceutical compositions like tablets, capsules etc.
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vehicle used to prepare the solid solution or the solid dispersion is
normally solid or semi- solid at room temperature and normally it has a

sticky, oily or waxy character. However, the vehicle may al  fluid
W%gﬁ@gﬁ%%rature or even at temperature below 5C. As exﬁa?nlkﬁézs%é}f’ 1%0127

vehicles can be mentioned polyethyleﬂé glycols (PEG), poloxamers,

esters of 30 polyethyle lycols, waxes, glycerides, fatty acid alcohals,
T}Fﬁtt‘iPH@i&Q}%&ﬁ’aP%gcfﬁpﬁsgliﬁ?éﬁﬂﬁ S I e BTG A RTPE et as for

exaliplsYutibe golsolid dispedsian irayuopnisacthas igeraplEiaativali., Journal of
formulated into.phar iC itians like tablets, sules etc.
P L Tah 300 e Do OUEY R RIDSaREL T A ayreletes t
a dispewsioricancatspobibiprepacdd by sthesvheihodsads fomescasplnbythepound 1
d.o si uddin, AV .
o O O M BREY e
iR yalales o@eh@m@qgwiﬁﬁmﬁrmﬁm&%@%ﬁ,%@j%éﬁkﬁgp&lta or

made from crystalline Compound | 5 of the invention, e.g. from the

RS frE Bl B TEmRa MOt tHE TR ABNDT HFSItHR dhfsiifpyation of a
pm@@mhﬁtatheﬁmpwﬂm, iR atishiba Haeh I&'@Vb@hb%ﬁi,, @@ﬂﬁ”f@n@iﬁid - k&ioh similar to
epsilon.crystallj r mixtures thereof can be used in the
mﬁ?@ﬁsésr%%ﬁégé?_g %%%ré%%%%utical com_position _vvith Compound | in sol_uti_on,
uj%ﬂmatﬁé’ mpgsitiansiml aagéﬁaémééixﬁ&%? '8&%%&&t%§ 90%%%&?? an %%‘5% amount
the invention Is also a pharmaceutical composition comprising an effective
ofpnstmtinefcrirnanndd eviapaied hersidcscpibgulrin 2inhsabgtu aarames, delta or

charRela RBMadRIR AixeRsiaRMmmdelinadNRIRaf iXHsesle carrier.
thereof, and a pharmaceutically acceptable carrier. The crystalline

TREQFVSRIHH pretentionhd extasttdinget HactnIsialine aiphalihe lpigamina gamma,
elta or epsilon form, or mixtgrest ereoIFhma bg fo mulalt%d info, a variet
pie% o

At Pprarnat et SontPElish R SulhrBHASatioHS @ varlety of
pleompetsiticeh copgtadlinensprBsucbifthe inwkntiomid@aioosy statimeialpha crystalline
pr%%%;taﬁ %%rﬂlrgam‘g&g&? & gs Id%t]:"ﬁfﬁ]es)a?%%, t@&he,tém%%’a?%@ﬁa VALESn forms) are
powders, suppositories dnd suspensions. The ‘eXpression “crystalline .
tybteiductapbirs inguntitns) mewAers ciyspalisiGompbuiereasiangolibhe expression

«CATRNING oL AS Ae R RCLREIRI hdaBs RErnQlifh C:amRRHdd Tis: 1R Bea Corﬁpound

_present context understood a solid 20 Compound | consisting mainly of )
I apyiaaihec e FRBo LAY a8°8grhParRRFRS Aridip R Br s 58iH pfirgstood a solid

(BRAFIACEUU6ALEERIPASItION DACEOsEINGdOChRHRvVentiDRIN@YEred to amorphous
formulated with
Compound.

The pharmaceutical compositions according to the invention may be formulated with
pharmaceutically acceptable carriers or diluents as well as any other adjuvants and
excipients, e.g. in accordance with techniques such as those disciosed in Remington: The
Science and Practice of Pharmacy, 19 Edition, Gennaro, Ed., Mack Publishing Co., Easton,
PA, 1993,

The pharmaceutical compositions may be specifically formulated for administration by any
suitable route such as the oral, rectal, nasal, pulmonary, topical (including buccal and
sublingual), transdermal, intracisternal, intraperitoneal, vaginal and parenteral (including
subcutaneous, intramuscular, infrathecal, intravenous and intradermal) route, the oral route

being preferred. Tt will be appreciated that the preferred route will depend on the general
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pharmaceutically acceptable carriers or diluents as well as any other
adjuvants and excipients, e.g. in accordance with techniques such as

those disclosed in Remington: The 25 Science and Practic ]I? %&
W?Q”Eé’l‘ﬂ%%z,oeennaro, Ed., Mack Publishing Co., Easton, P},g gé .%%X]M

pharmaceutical compositions may be s'r?ecifically formulated for

administration b suitable route such as the oral, rectal, nasal,
BRI 2850 o IUARRCD 6 s e BARGEA, FRATABS be teated and
thetratisteipaklinttapestoneal, vaginal and parenteral (including 30

subcutaneous, intramuscular, intrathecal, intravenous and intradermal)
Irounesrahedbraarontahb gy presaiinsdl chmiisbiéoap pleviateatithas Buministered in an

RIGIRredFome il deRANG %9%19@%&%%9&%%&%%%?%& . Com Oémd I may,

PCT/DK2005/000127 16 condition and age of the subject to be treated,
1R PR SAIFEPETERE db AdHE¢678e enr N widrrarpge M anoweof about

olosam erobesbMERé ebtheiphparacautical GRMROSHGR. JEABRPWS iS00 me. The
admijnistered in an amo%ipré%of from a&out 0.001 to about 100 m /k%gody

g
TOTEIgREIRR: Ay CRIRMSRN IR st Iy W dorrrsidtarebyimabpd fpewgdo those
stoliml dentaiaingisaigicdnmpodoskie &manauntdhalottehOdntenk0s Mere times per

The tatal daijl se is, e.q., in the range.of about 0.05 - 5 . The
O T R B B o BB U] R IR R greteravty from
ahsath6d¥ kivowbots thodemgkilfed ipathetead, Aotyipicabicinitedsagectanm, fautrathecal,
'19&@4@9 i' i gﬁlqgg%' e I h.as 1.to 3 time [

it m%%sé{% e R Y SUCR 838 BT B8t bt e
doses iy set {0 FherBisHaksHteral routes such as intravenous,

intr%!}gcal, intramuscular and similar administration, typically doses are in
AR UrIaTDs ARG Hf o8 uEse ERMIOTRUTO B aPdtiinidt dhvrRtiRg: Crystalline
Unglipaied hhavesethe dolledivachembbeineniBiasewithitohefivertian medicament;
dYRIgNne, Gompound | for use a3 Imediia SNt et S‘a'”“esfg'%@g

oIt ToT Use as a medicament. “TBHed e raliti S B BrRYEFT ruseasa
nmeidicaent ety apjiitaltinbagamniar femedar mediasran eticapselinthepsilon form
fg{@gaiggieﬂg%@m@gm for use as a medicament; the crystalline epsilon form

for use as a medicament: The invention further relates to the use of

oY siRlinR < AMROURThAS escrles Reraimso 16 8IpRE RelR: IMMArein e.g.

delta or epsilon form defined herein or mixtures thereof, in the 20 _
R R THBRH RN AT 315HIE tRminTeRinef LURIS AidBidwes errgf. in the
pigataent Of 8 medicament for the treatment of a CNS disease, e.g., for treatment of a

neurodegenerative disease, such as, e.g., Parkinson's disease, Alzheimer’s disease,
Huntington's disease, peripheral neuropathy, AIDS dementia, or ear injuries including

noise-induced hearing loss,

Similarly, within the invention is also a method for treating a newrodegenerative disease,
such as e.g. Parkinson's disease, Alzheimer’s disease, Huntington's disease, peripheral
neuropathy, AIDS dementia, or ear irmjuries including noise-induced hearing loss,
comprising administering a pharmaceutically effective amount of crystalline Compound [ as
described herein, e.g. the alpha, beta, gamma form, delta or epsilon defined herein or
mixtures thereof.

The above medical uses and pharmaceutical compositions, e.g. for freatment of Parkinson's
disease, of crystalliine Compound I and a2 crystalline form of the invention, is likewise

applicable to the solid Compound I defined herein as comprising a crystalline form of the
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neurodegenerative disease, such as, e.g., Parkinson's disease,
Alzheimer's disease, Huntington's disease, peripheral neuropathy, AIDS

dementia, or ear injuries including noise-induced hearing lgs ilar
W\ﬁigﬁ?ﬁ[?ﬁzeé%ﬁvention is also a method for treating a neurode%gré?ﬁé@%mﬂ
disease, 25 such as e.g. Parkinson's dibease, Alzheimer's disease,
. Huntington's disease, peripheral neuropathy, AIDS dementia, or ear
Wﬁ?ﬁ@&ﬁt%}@%%&ﬂhf&%ﬂ?&aﬁﬁg’?&%@,‘ﬂ%mﬁfﬂ?&naf ZdFRTRigHEn PR of the
pprmthaaceutically effective amount of crystalline Compound | as described
herein, e.g. the alpha, beta, gamma form, delta or epsilon defined herein
Tdre torivtinesttantt of @oiTdtsaboitk mistical asesdha phailsodeelidenbrevention as

HGOMROSILoRs, Prd-[ontiepiment of Parkinsgn;s. disepse. %fcﬁéx%&”i@%h&%ase may

Compound | and a crystalline form of the invention, Is likewise applica
b the solid Compound | defined herein as comprising a crystalline form of

e WO 20%5_{/&%82%%% ECT/D&@?QE&/OOOR? 17 invention, in particular a
G EBP ISP ORI ATy Bl g i abiow ve ten-fimilinsorcemples.
The term "treatment” in connection with a disease as used herein also
ExcMMBEBrevention as the case may be. The term "disease" as used

herein also ingludes a disorder as.the case may 5 be. The invention .
T LI S PR IRR Gl adcPI YR OB e i ARG o described by
Kemaloplést 8 XAMPEES heihd $8ToNintR&3elStErting material " Compound

I" may, e.g., be prepared as described by Kaneko M. et al in J. Med.

Chem. 1997, 40,1963-1869. 10 Example 1. Preparation of crystalline
Expmalolnm dhcpmptondf cxfetiibild alple: damarpousp@orddound | was

Missived in. 30 ml acetone. 0,6 g potassium carbonate was added and
the suspension was stirred at room temperature for 1 hour before it was

b EapERP Ry SPBPE Bk Mt TiSRAbTer SRIbR! ARpaRRids CanadisThaferbonate

vlteidtheditar calenvias Washeetviin RERIRADITNG S HFAEHYRSHIBR it was
; F\i/?gé){%(;rated on a rota%ev,apo,rat(ijrl nder reduced pressure at 60C to

a
BIGFHE Bt BRFTANED TREHTTOE R HREHTEHS S osaenme salts. The filter cake

was washed with acetone. The filirate was then evaporaied on a rotary evaporator under
reduced pressure at 60°C to a final volume of 10 m to which 100 ml methano! was added
slowly. The product separated as an oil, which almost dissolved on heating to reflux,
Subsequently the residual insoluble impurities were removed by filtration. The filtrate was
left with stirring at room temperature. A crystalline solid separated and was isolated by
filtration. The filter cake was washed with methanol and dried in vacuo at 60°C overnight.
Yield 2,83 g (47%), mp=182.4°C (DSC onset value), Weight loss by heating: 0.5%,
Elemental analysis: 6.71%N, 63.93%C, 5.48%H, theoretical values corrected for 0.5% H>O:
6.79%N, 64.05%C, 5.43%H. XRPD analysis conforms with the alpha form.

Method 11):

5 g amorphous Compound I was dissolved in 25 ml acetone by gentle heating. 10 ml
Methanol was added very slowly until the solution got turbid. The solution was allowed to
¢ool to room temperature by natural cooling. The suspension was filtered and the filter-cake
discarded. During filtration more material precipitated m the filtrate, The filtrate was heated
until ali material redissolves. Cold methanol was then added to the solution until

precipitation was observed. The slightly turbid solution was then heated until all material
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slowly. The product separated as an oil, which almost dissolved on
heating to reflux. Subsequently the residual insoluble impurities were

w@%%ﬁﬂs@f filtration. The filtrate was 20 left with stirring at (G, 200s/000127
temperature. A crystalline solid separzggd and was isolated by filtration.
The filter cake was washed with methanol and dried in vacuo at 60C

overnight. Yield 2,83 g (47%), mp=182.4C (DSC onset value). Weight. .. .
wisaR BERRS BT AL o A e bpipiece

wikeareficd yyafilesioarEeteddardibes-talto oraseipogiied 62 108% e Siiauim, some
XRPD analysis confarms with th ; L + ation in 1l
e S R R B AP Ao n
filumedir@epld Cnetihanabieaibewaddad tethe salaRvig i Pt aiinG SRS gberved. The

alliBicho T SN AS Bllowesh o oAl Bniaas (empeiale b RAA
cooling. The suspension was filtered and the filter-cake dlsc?z;l\;:fed., uring
TR PAOOR ISBYRETRETS ) INEEIH RAPEASNAHE ATRRL PEHRGRT AR SdS F¥Bted

pl%Qiﬁ%ﬁﬁl'Hz‘Fﬁ%ﬁﬁ{éﬁﬁﬂéﬁﬂdma-p@@Igenmnaaahwmihmmﬂﬂbﬂ fitithisn and
solution until precipitation was observed. The slightly turbid solution was
drisdrimestsdibistian FREMERE WO 2005/082920 PCT/DK2005/000127 18

Iﬁg@ggjﬁ_g;@qm ; Jﬂg@ts@mﬁgnma%l%m]}t\l@d}i@aﬁﬁgl @@Wﬁﬁ?ﬂfnm Emilyeis:
and the precipitate remove iltragiqn, ilters
AR G e R R
al@atingorgclissolvertiibelpbgibning crystallisation in the filtrate. Cold

thanol was then added to the solution until precipitation was observed.
Msﬂ 'spension was heated until a clear solution was obtained. The

ostf\ienpwasidliiowed:toreaddboroopyl tervipieratd b\ aAditirardSdiing.) Afa eated
1§ é%%ﬁx i Q@r{%%i.nf'ﬁe(émmcp%iBH%@H}J?@L_@HW@_SB%M%@ pitptedspatetate (10

It
yellow product was isolated by filtration and dried in vacuo at 50C n
ngh/peniigheton(ia 8- sttt eatsd yourdigh 1505, RS SHRT 0 b e
SRmesiplanalsiRg H8013¢4bbieddttiuf AR by taainetinatival ubgined were
6.82%N, 64.37%C, 5.37%H. XRPD argzragl}y%s idogf ) Withztliug a}p@zi 3C onset
isghetedvns Ratinn ensteshiB SamP Pnta Hixtdfs of 5%%‘0‘8% ace%ate(
m&lﬁm@tﬁ{a&@ Bakromas heated detrefbbawith stirring. The compound

was not completely dissolved so isopropyl acetate (10 15 mL) and water

were added and heated to reflux. Stirring was stopped and the
0.5g Compound I in a mixture of ethyl acetate (10 mL) and water (0.4 mL) was heated to

70° C with stirring. The experiment was allowed to cool to room temperature. The
crystalline product obtained were isolated by filtration and dried in vacuo at 40° C. XRPD

analysis conforms with the alpha form.

Example 2. Preparation of crystalline beta form of Compound I

28,0 ¢ amorphous Compound I was dissolved in 250 mi tetrahydrofuran (THF) and
evaporated onto 60 g silica gel. The compound was purified by column chromatography on
sitica gel (@: 10 cm h: 5 cm with 2,7 ] THF/heptane 2/1), The eluent containing the desired
compound was evaporated a rotary evaporator at reduced pressure at 50°C to a solid (26 g).
The solid was suspended in 600 m! isopropyl acetate and the suspension heated to reflux
until almost all material was dissolved. The suspension was cooled on a water/ice bath, The
cold suspension was filtered, and the filter cake was washed with isopropy! acetate and

dried in vacuo overnight at 50°C.



10

15

20

23

30

experiment was allowed to cool to room temperature. The crystalline
product obtained were isolated by filtration and dried in vacuo at 40 C.

i = H@gd, mp =183.7C (DSC onset value). XRPD analysis;iRIms 27
W\)}\g)it%{'qﬁ%oé alpha form. Method IV: 20 0.5¢g Compound | in a mixture of ethyl

acetate (10 mL) and water (0.4 mL) was heated to 70 C with stirring. The

experj [ inene
ik i A R S

EISRENDI anatjysis CHMOE G Ehe AISRELfBrerd s xahsrd 2 P aratitnC.
526%)&??;%\5\/&96 gn%qﬁ%ggq%?g&gl@gﬁmgﬂe@ﬁf%‘amorphous Compound |

was 0 ml tetrahydrofuran (THF) and evaporated onto 60 g
silica gel. The compound was purified by column chromatography on

EsliEa199 (0p] QM flom ABrYiiIRE ShbikiTepiane CélipThetauent

containing the desired compound was evaporated a rotary evaporator at
d pressure at 50C to a solid (26 g). 30 The solid was suspended in

1 50QmrseRrDypeetate aadithesudienSior heated forefiukssntihahrimsiate

all material was dissolved. The suspension was ¢ ICS T
BATAE LT SRR T Lo it A A B AMEIRHR, he
filisheisaprepytalcetappraxichadels B thviaous rotatniyrieei RO, Ipfarsed pressure at

005/082 PCT/DK2005/000127 ielel. 16,99 (64 26) P7RlkiC
6§D(gé%§n‘§i v%qll?gs),l Wéi&%%%g%%% ﬁeeatci%%?lgt.rgg’/é,angementeiléigsr?alysisl;
sEpBA%N Thd G3p60I G14180Mpthbtrevat Vatring Gozwiteed grgeesl dissolves.

'6450 %)th_l'?ﬁ( SH %I%Q%Q{?SSCS&Q@FH&%W&%B%@F&%;f%rd%ré g:?@g?,' @uding this period

reBara ion of crystalline gamma form of Compound | Method I: 15
salidorphryias CopmatsuTe svsrs R NRIRE TEhTHERHM ™ POt Em
o @{ﬁ%ﬁf’.‘te was added and the suspension stirred for 90 minutes. The

susp

e e e e s iesdlo oA v
Was addeshte: the cedusaghiltiaenradsomedsiaky nater@Rseparated.

e usperseniesesed o el DU e eetng S el o
Baturatcoalinguduingdbigesinc abtidnlateratistiparatedddhentil a clear
s%%?t?&n\%aosnog\%%elgf %é@a?&féigge%tc@%mvgse PRI 200 ml acetonitrile including
the 100 ml used for suspension.

The solution was cooled o room temperature overnight. The following day the crystalline
product was isolated by filtration. The filter cake was washed by a small amount of
acetonitrile and dried in vacuo at 35°C overnight.

Vield: 6,17 g, 41%, mp=218.0°C (DSC onset value), Weight loss by heating: <0.1%,
Flemental analysis: 6.80%N, 64.38%C, 5.439%}, theoretical vatues: 6.82%N, 64.37%C,
5.40%H, Purity (HPLC, area%): 98.6, XRPD analysis conforms with the gamma form.
Method I1:

0.5 g Compound ] in a mixture of acetonitrile (8.8 mL) and water (1.2 mL) was heated to 70
C with stirring. The solution was allowed to cool slowly to room temperature, The next day
the crystalline product was isolated by filtration and dried in vacuo at 40° C, mp = 214.2°C
(DSC onset value) XRPD analysis conforms with the gamma form.

Method III:
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overnight. 15 The suspension was filtered and the filter cake washed with
methanol. The filter cake was dried in vacuo at 50C overnight.
jate yield is 10,2 gram (68%). The dry filter calve wassuspRRM&H -

Wﬁ%@%@?ﬁa@etonitrile (ACN) and heat?ﬁl to reflux. At reflux a turbid

solution was obtained. Additional acetonitrile was added until a clear

solution was obtained; in tot Ftﬁ%‘ filter cake was.dissol e%ih 20Q.ml .
0. hediemparthbin gyt %tﬁ’i%?% Wﬁé&e&‘?gﬁé’@pgé’fg\ﬁ. F%“%b%lﬂ‘?osr?‘““"n
walVagRealed d801a0sw e oResal ietppatnig hi.fiehé Jokgwihe alpstallise product was

_ crystalline product was jsolated b ?{g iggﬂ'{ e filter.cake.wa d
15%?%@%%%%%@&@@9&%}%% Uda“fie m@f&# E g@%ogvéﬁ%ﬁ% satmma
formield: 6,17 g, 41%, mp=218.0C (DSC onset value), Weight loss by

heating: <0.1%, 25 Elemental analysis: 6.80%N, 64.38%C, 5.43%H,

theoretical values: 6.82%N, 64.37%C, 5.40%H, Purity (HPLC, area%):
ESSplXRPRanatysisot onforatisne Beliadigameh & fonpreumblhod 11: 0.5 g

C ound | in a mixture of acetonitrile (8.8 mL) and water (1.2 mL) was
Mﬁteggé&t?to 70 C with stirring. The solution was allowed to cool slowl_?/gt

0 Sapeipterfperdtameoing hextskprapTechsRel iHEmb o Kol The
s AL Aieeln YRGHP B AR e raRid ARe( DaGONSer yaluRe

analysis conforms with the 8ramma form. Method III: WO

2005108222 s @TIDK Sbosionend Frishin wgue hifoind Skl Gyl aedtite
21(?’1‘#3 @%%%%%E‘?%%Px%@ﬁi%ﬁ%ﬁﬂ%@Mtﬁﬁha\m@mwled to cool
slowly to ro

om temperature. After 12 days the crystalline product was
Methiedddt by filtration and dried in vacuo at 40 C. XRPD analysis conforms
0B SARI e ExXamAl ( BienacatiaBedony SRine Detfohe
of Compound I Method I: 0.5 g alpha form CO?@?OE}I’\I}% Itln cyclo r%PQfIat vo. The
stirréniares YOORAE PRiRRARE TS PHIEOFRS 1L BRTSH WAL KB We d T 280l

nSlOWy taroqmiamARRIMENAltesI 2SRy eaistaliveidDicompoundiies Yield

isolated by filtration and dried in vacuo at 40 C.,Yield =.0.24 =
={0.15 g, mpy= 221,6°C (DSC onset value), analymes conforms it delta form

Method OI:

0.5 g Compound 1 in 1-propanol (15mL} was heated to 70° C with stirring. The stirring was -
stopped and the solution was allowed to cool slowly to room tempetature. The next day the
crystalline compound was isolated by filtration and dried in vacuo at 40° C. Yield = 0.23 g,
XRPD analysis conforms with the delta form.

Example 5  Preparation of erystalline Epsilon form of Compound I

0.5 g alpha form Compound I in butylnitrile (10mL) was heated to 70° C with stirring. The
solution was allowed to cool slowly to room temperature. The next day the crystalline
product was isolated by filtration and dried in vacuo at 40° C. Yield = 0.3 g, mp=181,8°C

(DSC onset value), XRPD analysis conforms with the epsilon form.

Example 6 Transformation between different solid forms of Compound I
6.1  Conversions to crystalline Compound [
In the following examples are used excess of solid Compound I, i.e. compared to the solvent

the amounts of solid Compound 1 is such that not all the solid material comes into solution.
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212,1C (DSC onset value), XRPD analysis conforms with the delta form.
Method 11: 0.2 g alpha form Compound | in ethanol (IOmL) was heated to

to Coy}ﬂg% &lrrlng The stirring was stopped and the SO'”“%W&?@L‘BW&%H'J

wly to room temperature. T 15 next day the crystallin
product was isolated by filtration and rled in vacuo at 40 C. Yield = 0.15

, mp =221,6C (DSC onset ) XRP naI SIS ¢ nfar th he
SRETORR U %bc‘ill% é%l%% L‘%S&} opanoﬁ{@?i?‘wsgsv KAk L foe
pmem donmath lsyllr‘rsngd uompuund @”\Amesm@ppe@anwtﬁemmmdﬁ wawy of the
cO0 The next day the 20
R A R o TR A !

rys compoun y filtration and dried in vacuo at 40 C.

(i) ield Bx0e@80§ prxarpovaCiysisund diviah adiad theeibaeoievd tioasmbie 5
é{e)%ﬁﬁaﬁt%k %{&é\‘iséﬁ'w}ﬁfc&ﬂéﬁ%f@ HAy O LG OBM AREkL AP0 AHRR3 e solid

mpound | in butylnitrile (1 OmL) was heated to70C with stirring. The

was e elibn s a8 IeHamiere 08| IR o S8rature. The next day
(ﬁge Chiystaling 1REQEHES INaSpalates-f ﬂﬂﬁﬁb@mﬁﬂd@@@ddéﬁ\ta@n@}ﬁhé@and the
Yield = 0.3.g, mp=l 8%% (DSC on éﬁ XRPD ana Sis coptorms
rWﬂ‘fﬁéL@Bgﬂ%ﬂl’f&?ﬁ NS |& TS S?m ShHERRELRE eren so[?ecf days
tlrf@ﬁﬁlﬁi@fr@@mmﬂfmbhaaﬁrﬁahmmretmﬂhbﬁpmmraﬁmw@dﬁmmd | In the
0 examples are.lLise ess of
Wl sCeT BB S T O PTG e, ST e
rcmﬂtargaduspme@mnwssamm mnmmmmmwwmwemzﬁﬁw days

the 13 ;ﬁ%ﬂ%‘lﬁ& ‘a{%ﬁr{e! YRS RENYERRE 495 3905@@6?%@& ampRyed 1 and 2-5 ml

sent context by "solid Compound 1" is meant

(zemnor;ﬁme cbirpenrialioe eyt fRem o4 SempRrdhTes pedshisnRgangl and

d@%ﬁtﬁ%?&&%ﬁ%ﬁ?%@&%@m@m&@mw@ﬂm fdgetbiore. After 4
methano e resulting 5 suspensmn was (% red O‘? aﬁgntar for.4

daxyDaprbgnae bR ERETRIHON S SRS TRREGY RAE R FRes-

- (dpterminess by powdeikreyf difiraptio anc(u}lﬁgmdbﬂmos@smmachnm added

té\c}ég‘ §Ofic: E%Ié’ﬁg}gémﬂg ?gsgfd %gnrgveghs onrgl aorﬁdatztgﬁ AL &?tegdsf%? Be&%"%& room

VS ‘At room temperature. After 4 days
taalidruas: stilfithd m&mmwmmbwm’&wGma@@mﬁé&%ﬁﬂﬁaﬁon

the supernatant was left for evaporation of the solvent. The resulting solid was the alpha
form as determined by powder X-ray diffraction.

(vi)  Excess of amorphous Compound I was added to acetonitrile (ACN) and the resulting
suspension was stored on a rotarmix for 4 days at room temperature. Afier 4 days the solid
was the gamma form as determined by powder X-ray diffraction.

(vii) Excess of the crystalline alpha form of Compound I was added to ACN and the
resulting suspension was stored on a rotarmix for 4 days at room temperature. After 4 days
the solid was the gamma form as determined by powder X-ray diffraction.

(vili) Excess of the crystalline beta form of Compound I was added to ACN and the
resulting suspension was stored on a rotarmix for 4 days at room temperature. After 4 days
the solid was the gamma form as determined by powder X-ray diffraction.

(ix)  Excess of the crystalline gamma form of Compound I was added to ACN and the
resulting suspension was stored on a rotarmix for 4 days at room temperature. After 4 days
the solid was still the gamma form as determined by powder X-ray diffraction.

Conclusion:
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10 (iii) Excess of the crystalline beta form of Compound | was added to
methanol and the resulting suspension was stored on a rotarmix for 4
t temperature. After 4 days the solid was the o1
v a%(eﬁlﬁr?rtr’rr%gg by powder X-ray drffractrongélv) Excess of the crystaligne o
gamma form of Compound | was addetto methanol and the resulting
%ﬁsppean‘s%cgﬁ was sto stqr. § g a rota |xf F% Ié{a/s at room temperature.
gepomRd Cand R el BER AT R e alp g salline
aphw demsraydifiiracliomp@dsexcess of a 1:1 mixture of the alpha and the
ARTIRR O A CRTP R MARLYNRE AR EANCL ARG (RN can e

suspensron was store rotarmix stored for 4 o
%w@%mteﬂmérsmﬁwgm mﬁr@mlgom wasssrre" trersotiel forterial in
aAltskfitteation the supernatant was left for evaporation of the solvent. The
resulting solid was the alpha 20 form as determined by powder X-ray
diffraction. (vi) Excess of amorphous Compound | was added to

@zetOGWJ&éei&N)fm ﬂ??stﬁﬂiﬂﬂ%ﬁ#ﬁﬂ%% Iﬁlﬁiﬁéé@'o%adﬂﬁ mix
r4 da goemp%%téjgre Af ys the solild was the gamma
R AR AT g7 XL EbF g of Toluene
(trystdll raechtphhﬂf@ﬂtﬁl ahCo Hmmihﬂt&mwﬁﬂﬁaiﬁo&%@d}dd{ﬁk&&ﬁpmssure the
[ tored armix for 4 days at room
E T LT SR -
Ty prowitleg Molidywdifisdtion b&/ﬁrl,hﬁbxmskmﬂ timeracystatm evedayfoamtofC to give

mpeund added to ACN n utrn sus as stored
1ogn9 a (r)gtaa?ﬁirlrg\/\tfgfr? q%n %%%cr& mpera ure ?5 aﬁp ﬁfé]e&;o??bcbv

cthengaringsdifo mmaaskdetsef@meﬂ Gynpenatel aenayx;imawotm 30 )i kexfresss, cf.
ke gLysialline gamma form of Compound | was added to ACN and the
resulting suspension was stored on a rotarmix for 4 days at room
temperature After 4 days the solid was still the gamma form as
ined Ly, RV g.‘gr,g,%fgydgrffractron Conclusion: WO 2005/082920

PCT K20051000127 22 Amorphous Compound | and the crystalline
(héta féﬁ#%m%@eo%%%wrms%&grﬁt&c&qgﬁer&rrﬂeﬁqoaefﬁ thafRjjowing

suspensgidmioAdnorphous Compound I, the crystalline alpha form and the
cryst Jﬁ&e@ga% rm can be converted into the-crystalline gamma form by
suspe 3%8%?&?% solid material in 5 acetonitrile.

Radiation: Cu(Kal), germanium monochromator, A=1.540598 A

Position Sensitive Detector (PSD) covering 7°

Scan type: Step scan, steps: 0.1°, 125-150 sec. pr. step

Range: 5-45°20

Sample measuring method: Transmission

(il) PANalytical X Pert PRO X-Ray Diffractometer using CuKy, radiation.
X’celerator detector, measuring the range 5-40°20,

Sample measuring method: Reflection

{7.2) The solid state NMR was performed under the following conditions:

The Carbon-13 CP/MAS (cross-polarization / magic-angle spinning) NMR spectra
were acquired at room temperature at 11.75 Tesla on a Bruker Avance DRX-500
spectrometer equipped with a 4 mm CP/MAS probe. The sample spinning speed was

5000Hz, and 10240 scans were acquired using a recycle delay of 5 sec. For the cross
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6.2 Conversions from crystalline alpha form to amorphous Compound | 15
g crystalline alpha form of Compound | was heated to reflux in a mixture of
Wé%%ﬁ%?ﬂ 10 mL) and methanol (1 mL); a clear solution was.pRtain&Hye127
nder reduced pressure the 10 solve% volume was decreased by 10 mL
and the solution was cooled overnight’in a freezer. The resulting solid was

isolated by filtration, dried in.vacuo over d 0C 1o giv 2
a soIiH‘?Lﬁil%aﬂ?élﬂﬁ?&ifgo qb@r%%%%‘*%cg s%ﬁ%@a%ﬁ&& fS%J&F%ﬁ%ﬁeq}Pg msec
charagtetisepltyedmorphous form of Compound | as compared to the

@}@ﬂ%}%&p@%@i@& She'omedR FxamRle LARMY 6PN dSectrometer

were measured on a Difftactometer under one of the
follovwirith Romdii SamniiRs TeNdRrelesitnae FRroiRaMssiBTosiksty een 14.000-
germanyiR PR YQRIARN Somt 19102954 IFASHN IrRsitvalRe B lope in
(PSDgcoverlng 7 Scan type: Step scan, steps: 0.1, 125-150 se .Pr. _steip
RangIB SoUPSHHEId OSSP PRANOE: TERLRRE B g Lipkcaiive
PANalytigal XFPesBR@EcRay Diffractometer using Cul al radiation.

X'celerator detector, measuring the ra 5-4020. Sample measuyin _
e e RSB 775 P LA R YRS SR o ngtor s the
followjngecanaiiiansieldfehe artidng E3ICRANMA B o Ssapptdrizapbnwas heated in an
magic-angle s iraling)ﬁi_N ) quirgd atroom
tempearﬁf’llj]rnewé{?flfllf(?I gﬁs%gplg# g %ﬁ%ﬁ'@éﬁ%ﬁq X500 spectrometer
(thllp bel anitah st E /ndphadbon Prs éawmélg(’p‘)iﬁtﬁﬁd@)@@ﬂ‘waé

S000Hz, ARd k0240 BRENSINEIRRACRIIERIUSNORA EQQMEJGSQQ?,@{@@(Q)SGC-
For the cross WO 2005/082920 PCT/DK2005/000127 23 polarization,

spin-|GeramTreETaA SptAERIESBIB0MAY PARIBEOH thtt sl Bopgehromatized

were gmployed: (£,3)Nearinfrargd (NIR) data were collected with Bomem
MB 160 FT/NIR spectrometer
Example 8. Analytical results

8.1 X-ray powder data; The X-ray powder diffractogram (XRPD) of; the alpha form is

shown in Figure 1; the beta form is shown in Figure 2; the gamma form is shown in
Figure 3; the delta form is shown in Figure 13; the epsilon form is shown in Figure 15.
The different crystalline forms are characterized by different reflections (peaks) in the X-
Ray powder diffractogram as measured using CuKo radiation at 2-theta angles
determined:

Alpha (5.2, 10,1, 10.4, 13.2, 15.1, 25.1; 5.2, 7.3, 8.1, 10.1, 10.4, 11.2, 13.2, 15.1, 15.5,
17.3,21.7,23.8,25.1);

Beta (6.6, 8.9, 10.7, 11.7, 24.4, 30.6; 6.6, 8.9, 10.7, 11.4, 11.7, 13.7, 17.0, 18.5, 18.8,
19.2, 20.3, 24.4, 30.6),

Gamma (9.6, 11.5, 12.5, 16,7, 19.3,28.1; 7.5, 8.3, 9.6, 11.5, 11.8, 12.5, 15.9, 16.3, 16.7,
17.2,18.0,19.3,21.0, 28.1);

Delta (9.7, 12.1, 16.1, 18.3,22.1,22.2,25.7,25.8; 7.3, 8.3,9.7, 11.1, 11.7, 12.1, 15.6,
16.1,17.3,18.3,20.9,22.1,22.2, 25.7, 25.8);

Epsilon (8.9, 9.2, 10.2, 14.6; 8.9, 9.2, 10.2, 12.6, 14.2, 14.6, 17.0, 18.6, 20.4, 21.1, 23.9,
25.2).
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with Powder SamplIR. The NIR reflectance spectra were recorded
between 14.000- 5 4.000cm-1 with resolution 2cm-| (16 scans, high gain).

4 ift and slope in NIR spectra, which is often seenj| 6000127
W\?\%?g {E%%?/ed with Multiplicative Sca %ﬁr Correction (MSC). (7.4) Melting

points were determined on a DSC (Differential Scanning Calorimeter) as

t temperat eltin endoth rm. Ab t2 m
g%?ﬁ%ﬁ%%g Lc};)néll%?ltjﬁrnn SRRl With 10854 ia* %?%%fnﬁ%sfﬂqé)ekﬁlpha
N2rfiown. Hiza8y Fhectrystal stitigtuedS pdnth gaipha fflormimEigdet@rdeltetbrm in figure
upg%gggrfqudzl\/mqig%ggqgsons The diffraction data were collected on a

Nonlus KappaCCD diffractometer. The data collection was performed at

HG MiidRodszoihRivall saends) Regnation ave skaoymin Fipmy 1 80r the alpha
Ei’éﬁ@mﬁg&e/k%ﬂyﬂﬁaééﬁ%ﬁﬁ &aa %ﬁg@é PRUAEE datdnd g ray powder

diffractogram_(XRPD) of; the alpha form is shown in Figure 1; the bet
RN AN aPé%ﬁfé B (s Shsnas g ders: ﬂs@raé&d“m the

fawemn, mmanmﬂrgﬁ@m&bﬁhé@mﬁ@lmnﬁorm is shown in Figure 15. The
ifferent crystalline forms are racterize different reflecti

g P S AP S LG Ea S o PR o

awastietanaingldsy deemipsd: AdplyalifBia;titt 4t 1204 .15h2 cisid) Rbd fd.the

SRS L T 9 el T YA
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7ﬁlesfb:§uﬁn§ allshr et B chws Tk B %ﬁxZ fobdy 6f égnq cglgx&)’ 1 gl%/é%aliizes in
28.1): Delta(9 121, 16.1.18.3, 22,1, 930 257, 258. 7

1ths orfherhoppbic gmes, 1 PRE S 16 tcell imensips qw Eso@)asrdo 227(2)
ERSva@gﬂz?zg?Al&écUzé 2%«% 5?1? ot Q-89L 6. .2, 1606 ¥ =0,048. ?92) A% 7
20.4, 21.1, 23.9, 25.2). WO 2005/082920 PCT/DK2005/000127 24 8

D3k SReHGgRams: gf‘ﬁ% Bhcnimel ROl AR Hiesisisovitarrimg dexiptions on the last

4&@@;&? iﬁe(@p%ighted agreement factor was R{I>2¢(1)] = 0.0699,

The asymmetric unit of the crystal contains two Compound I units, and 0-1 solvent

molecule. The solvent molecule may be either MeOH or water. In the structure

determination the atoms corresponding to solvent were found with an occupancy of

C277:0.70, O1°7:0.50 and O37":0.36. As the asymmetric unit contains 2 molecules of
Compound I and one solvent site, full occupancy of the site would lead to a hemi-solvaie.
The atom numbering and the conformation of the two molecules in the asymmetric unit
are shown in Figures 17-18, and the packing of the molecules in the crystal is shown in
Figure 19. The atom coordinates are given in Tables 2-4 below,

Table 2: Atom coordinates and equivalent isotropic displacement parameters for non-

hydrogen atoms in molecule 1

Label X v z Ueq
Gt -0.1062(9) 0.2071(4) 0.3154(5) 0.119(4)
C1z2 -0.0822(7) 0.2369(3) 0.2679(4) 0.097(3)
C13 0.0402(5) 0.3338(2) 0.3022(2) 0.0517(13)
C1l4 0.1485(4) 0.37791(19) 0.29800(19) 0.0414(10)
C15 0.1730({5) 0.4125(2) 0.34227(19) 0.0482(12)
C16 0.2157(4) 0.38580(16) 0.24912(17) 0.0331(83
C17 0.2642(4) 0.4561(2) 0.34044(17) 0.0396(9)
c1i8 0.2087(3) 0.42813(15) 0.24885(15) 0.0278(7)
C19 0.3347(4) 0.46402(17)  0.29167(15) 0.0320(8)



form in Figure 4; beta form in Figure 5; and gamma form in Figure 6, delta
form in figure 14, epsilon form in figure 16). 8.3. Solid state NMR data:
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Gdétermination tHeS8dGMs correspmading to sobsatmiere fauorbsyith an
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C&ntains 2 moledife3(6f CompRisd) and ohdxdlzent site oROBCUpancy
(GFthe site would RER8(E a herfiSddi4te. The MBHEINUMbediBRE@hd the
Ednformation of 458 moletErédlindhe abyhiFRstat unit0&3$2EBown in
Blyures 17-18, AP packingéP tHEImolSectiled fithe crista#3& shown in
Eyure 19. The Qtt‘ﬁ‘ﬁ%ﬁordmﬁ UdDiverPiROTRISS 2-4 BERRI(725 Table
G0Atom coordln égé‘f‘? equiET 1sbtrod @‘%ﬂ %@emerﬂ ﬁé?heters for
Hon- hydrogen (491 molé’ciﬂ%q(LsébeIQ @‘%11 P

071(4) 0. 3150

d 9(4? ?ﬂi"‘z? b92 6‘5%@9(3) (53%% 21
97(3) C13 o ) 0333 022 (13) 485(4)
%7791(19) 0. ) 0. 04 0. 41%5 “5)

34227(19) 0.04

)

0.50175(13) 0. 27731(12) 0. 0276 )
o3 0. 5341{3} 0.42305(12)  0.02286(11) 0.0336(6)
04 0.6272(3) 0.55359(11)  0.29230(10) 0.0294(5)
05 0.2968(3) 0.60128(12)  0.30872(10) 0.0334(6)
08 0.4183(4) 0.65298(14)  0.39104(11) 0.0475(8)
07 0.5939(3) 0.66596(12)  0.33752(12) 0.0417(7)
81 0.05826(13)  0.27839(6) 0.25442(6) 0.0573(3)
2 0.92480(12)  0.61925(5)  -0.04247(5) 0.0462(3)

Table 3: Aiom coordinates and equivalent isotropic displacement parameters for non-
hydrogen atoms in molecule2

label X v Z Ugq
c1t 0.3351(9; 0.2274(4) 0.3741(4) £.107{3)
c12 0.4501(6) 0.2572(2) 0.3960(2) 0.0535(12)
c13 0.5141(4) £.32653(17) 0.30754(16) 0.0320(8)
c14 0.5862(3) 0.33381(15) 0.25640(15) 0.0284(7)
C15' 0.5818(4) 0.20548(15)  0.21268(15) 0.0295(7)
;1€ 0.8877(3) 0.37628(15) 0.25214{15) 0.0264(7)
civ 0.6562(4) £.29886(18) 0.18476(15) 0.0308(8)
Cc18' 0.7644(3) 0.38027(14) 0.20480(14) 0.0245(7)
c1e 0.7470(3) 0.34216(14) 0.18046(14) 0.0246(7)
ca0' 0.9106{4) 0.48618(16) 0.27185(15) 0.0285(7)



C16 0.2157(4) 0.38580(16) 0.24912(17) 0.0331(8) C17 0.2642(4)
0.4561(2) 0.34044(17) 0.0396(9) C18 0.3097(3) 0.42813(15) 0.24665(15)

(19 0.3347(4) 0.46402(17) 0.29167(15) 0.0320%%%%0%/300127
3008

W b(’)d?g?g'g%)’&ﬂo PCT/DK2005/000127 25 %g

0.12235(15) 0.0271(7) C21 0.4226(3)

20 0.3600(3) 0.37
42266(13) 0.15070(14) 0.0233(6)

22 0.3963(3) 0,44422(14) 0.20324(14) 0,0238(6) C23 0.4700(3)

18995(14) 0.2 %ﬁ k) 0.024578( ' P18A185 D 414%8¢424F)
d 06419(15) 0.0 7)) C25 DETRE( 0.495 j;b.1176 4 Jb.ozls(a)
£260.5911(3) G; (13) ) 0,023 o7 48 %( )

1352(14) 0.13RIA(13) 0.07 28 G E912(370. 50575712

211306(14) 0.07 c29 0.5¢ )4))0.152 b.0234(6)
530 0,7685(4) 45 g%(14) Q,06360(14) 0.9 4C31 2)1)
B$0505(15) 0.14453(16) 0.02984f3 5132 GBRER(ALD 5614 )
@P5494(15) 0.02680)) C33 889447 0.69EBLAL0.0952 187D.0298(7)
(G34 0.9449(4) 0.55929(17) O, 89%2I6) 0 JaMREC35 Q, (A93(5)

d3:6209(3) -0.053 162y A,05996Lbo4536,0. 6968(64015)7 14(4) 0948

7(3)

d3083(2) C37 04585(¢H) 0.52680L8)A.37 33655 B) 03926 GEH
d3#1993(4) 0.54407{86)0.31225(248( (0293 Ep4E3B0. 432804y £H0294(16)

B480392(13) 0,02934}) C40 0.28883(14)

0.64888(12) 0.34996UH).0345(9)

Q831 0.6244(4) 0.56Z18)(15) 0.24801(14) 00279 C42 0c4B88(H)
WH1943(15) 0.24788(81) 0.02B2AMYEC43 0.64984@) 0.7018(2)e053803(2)

W0550(13) N10G46383(3) 0

BeA(1E2) 0.09786{12) 0.027.386%(8)

c38’ 0.8600(3) 0.33047(15)  0.08483(14) 0.0262(7)
C39 0.9950(3) 0.29655(14)  0.06725(13) 0.0230(8)
cag 0.9652(3) 0.23557(15)  0.05516{16) 0.0300(7)
car 1.0178(4) 0.38189(15)  0.01728(14) 0.0295(7)
c42' 1.0750(4) 0.32366(14)  0.02225(14) 0.0267(7)
ca3 0.9026(12) 0.1491(3) 0.0916(4) 0.121(4)

N1Q 1.0840(3) 0.42245(12)  0.05748(12) 0.0279(6)
N8’ 1.0092(3) 0.53082(14)  0.27242(14) 0.0346(7)
Ng' 0.8335(3) 0.35665(13)  0.11793(12) 0.0251(6)
03" 1.4773(3) 0.56475(12)  0.21928(12) 0.0378(6)
o4 0.8822(3) 0.37370(11)  0.02552(10) 0.0306(6)
05’ 1.0630(2) 0.30320(10)  0.11731(10) 0.0262(5)
06’ 0.9505(3) 0.21745(12)  0.00864(13) 0.0396(7)
o7 0.9482(4) 0.20628(14)  0.10012(14)  0.0570(10)
$1' 0.57873(14)  0.26808(5) 0.34631(5) 0.0507(3)
sz 1.42524(15)  0.64612(5)  -0.00587(6) 0.0561(3)

Table 4: Atom coordinates and equivalent isotropic displacement parameters and
occupancey for atoms in the solvent entity

label X y Z Ugq Occupancy
1" 0.7366(10) 0.4173(4) -0.0687{3) 0.080(4) 0.485(18)
ca 0.8529(11) 0.4258(10) -0.1061(5) 0.143(10) 0.70(3)
03" 0.5557(18) 0.4565(8) -0.0933(5) 0.087(8) 0.38(2)
Example 9 Meiting points

The melting points (cf. Example 7.4 above) obtained for the amorphous form and the
crystalline alpha, beta, gamma delta and epsilon solid form of Compound I are shown in
Table 1 below.



N8 0.4287(3) 0.37320(12) 0.07002(13) 0.0299(6) N9 0.4351(3)
0.50175(13) 0.27731(12) 0.0276(6) 03 0.5841(3) 0.42305(12)
. 0.0336(6) 04 0.627:4(3) 0.55359(11) 0.29230(30) 0,0294(5) .-
Wg’sgﬁ“?i?a%é@) 0.60128(12) 0.30872(10) 0,0334(6) 06 0.4183(4 !
0.65298(14) 0.39104(11) 0.0475(8) 07°0.5939(3) 0.66596(12)
Pi3R7p2(12) 0.0417(7) S10.05826(13) 0.27639(6) 0.25442(6) 0.0573(3)

S2.0:92480(12).0.61925(5-0.04247(56:0462(3) Table 3: Atom
Wﬂn}ﬂk%—&ﬂ@%ﬂnﬁe splacement parameters for non-
r(g%en atoms in m eI xyzUe 011'0.3351(9) 0.2274(4)
53741(4) 0.107(3) c £E6) 0.2572(2) 0.3960(2) 0.0535(12) 013"
5141(4) 0.32653(1 759" %%i 6) 0.0320(8) C14' 0.5962(3)
g :33381(15) 0.25640( (7) 015' 0.5818(4) 0.29548(15)
21266(15) 0.0295(7) .877(3) 0.37626(15) 0.25214(15) 0.0264(7)
0808801 $8476(15) 0.0309(8) 018' 0.7644(3)
0. 38027(14) o 20460(14) 0.0245(7) C19' 0.7470(3) 0.34216(14)
0.16046(14) 0.0246(7) C20' 0,9106(4) 0.48618(16) 0.27155(15)
0.0295(7) WO 2005/082920 PCT/DK2005/000127 26 C21' 0.9305(3)
0.46300(14) 0.21451(13) 0.0242(6) C22' 0.8668(3) 0.41839(14)
0.18834(14) 0.0241(7) C23' 0.9068(3) 0.40231(14) 0.13561(13)
0.0228(6) C24' 1.0826(4) 0.53365(16) 0.22661(16) 0.0315(8) C25'
1.0299(3) 0.49163(14) 0.18830(14) 0.0250(7) C26' 1.0715(4)

0.47630(14) 0.13450(14) 0.0254(7) C27' 1.0087(3) 0.43081(14)
0.10898(14) 0.0244(6)

-




C28' 1,1674(4) 0.49705(15) 0.09601(15) 0.0268(7) C29' 1,1603(4)
0.46218(15) 0.04887(15) 0.0285(7) 030' 1.2564(4) 0.54209(16)
0.09568(16) 0.0306(7) C31' 1.2411(3§ 0-47048(16) 0.00324(16)
0.0345(8) C32' 1.3357(4) 0.55112(17) 0.05095(17) 0.0339(8) C33'
1,3282(4) 0.51493(18) 0.00434(18) 0.0374(9) C34' 1.4330(4)

CLATE®8844(19) 0.0511(2) 0.0440(10) 035' 1.2623(6) 0.6661(3) -0.0105(4)
0.077(2) C36'1.2183(8) 0.7019(6) 0.0358(4) 0.136(5) C37' 0.7433(4)
0.29800(18) 0.04312(16) 0.0338(8) C38' 0.8600(3) 0.33047(15)
0,06463(14) 0.0262(7) C39' 0.9950(3) 0.29655(14) 0.06725(13)

1, 0.0230(6), G AR Q- RERAEB A dondd ToOWRERRY QRO Folrftha
1.0178(4)°0.38189(15) 0.01728(14) §.0296(7) C42' 1.0759(4)
0.32366(14) 0.02225(14) 0.0267(7) C43' 0.9026(12) 0.1491(3) 0.0916(4)
0.121(4) N10%1.0620(3) 0.42245(12) 0.05746(12) 0.0279(6) N8'

_~1,0092(3) 0.5368%(14) 0.27242(+4) 0.0346(7) N9' 0.8335(3) 0.35665(13)
0.3117 7"1.1%73(3) 0.56475(12) 0.21928(12) 0.0378(6)
04' 0,88224(3) 0.37376(1350.02552(10) 0.0306(6) 05' 1.0630(2)
0.30320(10) 3,49781(10) 0.0262(5) 06' 0.9505(3) 0.21745(12)

0.00864(13)'00396(7) 07' 0.9482(4) 0.20628(14) 0.10012(14) 0.0570(10)

. "026R06(5) 0.34631(5) 0.0507(3) 52' 1.42524(15)
0.64612(5) -0.00557(6) 0.0561(3) TaliBHRAIHRSEEY AR PL:

(i) eguivalen) jRAURRIGi fisplasamedRa 3ElaIS ANtk AeGRARICYsAF SRS Mtiation;
... the solvent entity label x y z UeQ Occupancy 01" 0.7366(10) 0.417384) )
(1) _gedestress b obdEnFeuBeSy EBtastestoEs)MeAsHEdNns TBB¥Epdiation at 2-
OlA3RAQ: 703N 0.1, 10.4, 13.2, 15.1, 25.1;

(iii) the solid state Carbon-13 NMR spectrum shown in Figure 7;

(iv) the NIR refiectance spectrum shown in Figure 10.

2. The crystalline form of Compound I, wherein Compound 1 has‘the formula defined
in claim 1 characterized by reflections in the X-Ray powder diffractogram as measured
using CuKo radiation at 2-theta angles: 5.2, 10.1, 10.4, 13.2, 15.1, 25.1.

3. The crystalline form of Compound 1, wherein Compound [ has the formula defined
in claim 1, characterized by reflections in the X-Ray powder diffractogram as measured
using CuKa radiation at 2-theta angles; 5.2, 7.3, 8.1, 10.1, 10.4, 11.2, 13.2, 15.1, 15.5, 17.3,
21.7,23.8, 25.1.

4. The crystalline form of Compound I, wherein Compound 1 has the formula defined

in claim 1, characterized by having a crystal structure with the following



03" 0,5557(18) 0.4565(8) -0.0933(5) 0.097(8) 0.36(2) 5 Example 9

Melting points The melting points (ef. Example 7.4 above) obtained for the

amorphous form and the crystalline%ﬁﬁha, beta, gamma delta and epsilon

solid form of Compound | are shown in Table 1 below. WO 2005/082920
charbdH IR A0BLOR0 $3dc2Zrobpbie L PortnARpibdimakiogsterspranre) A, b =

Amorphous approx.150C a 181-189C rox. 211 C 7212-218C 8 .
23S IAEE Soe D 35 0T A S ONhel chsKiaiaisHion EohasamRete
unitl, which compound has the formula HN O S Sn N HO COZMe

characterized hy one or more of: (i) the X-Raa/a@owder diffractogram

5. showdSiF BRI formisormetiathy vheiplonmpeungi] handosibanpa defined

in i1 Beyrnewsel diftactegradreass:measured using CuKa radiation at 2-
.. theta angles: 5.2, 10.1, 10.4, 13,2, 15,1, 25.1; (iii) the solid state o
@) dhrBER 4SRN HEERTIRPET AP MPRR fiFgUrS %@? TREARIIRG Sffig dritien radiation;

(i) SRESHIMSHONOINIGIYWeHRr diffrhercoystabinmbasm el (saip raldhdiation at 2-
wherein Compound | has the formula defined in claim 1 characterized by

rEARR B8R He SR hdwdet titralBgram as measured

(iii) the solid state Carbon-13 NMR spectrum shown in Figure 8;



using CuKa radiation at 2-theta angle§9: 5.2,10.1,10.4, 13.2, 15.1, 25.1. 3.
The crystalline form of Compound 1, wherein Compound | has the formula
defined in claim 1, characterized by reflections in the X-Ray powder

(iv) i DB grAleriRaeR SrechE thawg Eukgisdidtion at 2-theta angles: 5.2,
6. /-3 Bub dOdalfiQedolh &1 @%@Faﬁéal}@@r&z} orbdurd3 8aLthd f4nhE defined

~ crystalline form of Compound [. wherein Compound | has the formula
in clgéinle ¢hitactiariner RnarHetdnses PP niviny Penisaridfraciosemifs easured

usidfOHININGABR haragiriistinsial: 122 KoSnage aroups B242421, Unit cell
Imensions: a = 10-227(% A b= 23942(2) Aand c = 24.240(2) A,a=
7. 90, Regnyspalling formEEotee widhe Bgih rweusHibas teierepistafingd in claim

1, clarpefif-amposmetlionharein Kompndithasithedermya definerdsing CuKo

claim 1, characterized by one or more of: (i) the X-Ray powder
radi gl ioRenth SBlEH MEbilrd & b hrbakhited Lding Culeorddididd2 @3- 244

30.geflections in the X-Ray powder diffractogram as measured using CuKa
radiation at 2- theta angles: 6.6, 8.9, 10.7, 11.7, 24.4, 30.6; (iii) the solid
8. statelba ABUHAR MRTSPECHTMRPSRBIPRErSHU e BPogneisahg fermula defined

in clEHeCtanaRsRECEYmy WA iokigyre 11. 6. The crystalline form of
Comgé)und I, wherein Compound | has the formula defined in claim 1,

() cHr et BE T TREEOAS I ABROIREN baiteid FaieastBgidm g C uka radiation:

(i) MepsHieas USIRY CHGe Ratiom atAiheiamanalesistrbd 8% d Odkklddiation at 2-
24.4, 30.6. 7. The crystalline form of Compound 1, wherein Compound |

hes et g dEfinelfin-ciih 12 triddcterized by reflections in the

(i iRy Rowgerdifiastogramrsjnaastresd weingiGulka oradiation at 2-theta
_angles; 6.6, 8.9, 10.7, 11.4, 11.7, 13.7,17.0, 185,188, 19.2,20.3, 24.4,
(iv)3§16 NI R B8e TReciBrm SHCBIApSIRIIa Iherein Compound | has the

9. formulpc.definedide RiainLCcehaiasignzedhyiameaipnare OiaithexrRRaydefined
. pawder diffractogram shown in Figure 3 as measured.using CuKa
in amﬂahoﬂéaf@st?&ﬁsétban@%ﬁﬂwm&gﬁ%ﬁa&m&m@&%ﬁ%ﬁ?%am@ﬁm&m

usiMSDEKGUKMarRAationak2atbRia anngless916.4.1.6,712663, 181, 19.3, 28.1;

10. The crystalline form of Compound I, wherein Compound I has the formula defined
in claim 1, characterized by reflections in the X-Ray powder diffractogram as nﬂeasured
using CuKa radiation at 2-theta angles: 7.5, 8.3,9.6, 11.5, 11.8, 12.5, 159, 16.3, 16.7, 17.2,
18.0,19.3,21.0, 28.1.

11, The crystalline form of Compound 1, wherein Compound I has the formula defined
in claim [ characterized by the X-Ray powder diffractogram shown in Figure 13 as
measured using CuKao radiation.

12. The crystalline form of Compound I, wherein Compound I has the formula defined
in claim 1, characterized by reflections in the X-Ray powder diffractogram as measured
using CuKa radiation at 2-theta angles: 9.7, 12.1, 16.1, 18.3,22.1,22.2,25.7, 25.8.

13. The crystalline form of Compound I, wherein Compound I has the formula defined
in claim 1, characterized by reflections in the X-Ray powder diffractogram as measured
using CuKa radiation at 2-theta angles: 7.3, 8.3, 9.7, 11.1, 11.7, 12.1, 15.6, 16.1, 17.3, 18.3,
20.9,22.1,22.2,25.7,25.8.



(iii) the solid state Carbon-13 NMR spectrum shown in Figure 9; (iv) the
NIR reflectance spectrum shown in Rigare 12. 9. The crystalline form of
Compound. 1, wherein Compound | has the formula defined in claim 1,
characterized by reflections in the X-Ray powder diffractogram as

14. ribasoyad!lisifig @ wk & oatiatiod hivihthataGmylesn@ 6 had the 1@HulBdEfined in

. 19.3,,28.1. 10. The cr line form of. Compound |, wherein.Compeund |

clainy s TGRS BB T R e A B S e [ essured

usinX (Réupadiaesdiffractogram as measured using CuKa radiation at 2-theta
angles: 75,83, 96,115,118, 125 159 16.16.7, 17,2, 18,0, 19.3

15, O B e e S SRR, BRI oo i fniua defined

in clhas thelomtatizdd byead{itetiasmnltich &t noediby dieXtRaypesoersured

._diffractogram shown in Figure 13 as .measur ing CuKa radiation. 12.

usihg #éﬁé%ééﬁﬁﬁg (%Fvnﬁl)% 80%11%%%%%’, \9/v ’e?gil%%%ﬁpound | has the formula
defined in claim 1, characterized by reflections in the X-Ray powder
diffractogram as measured using CuKa radiation at 2-theta angles: 9.7,
12.1, 16.1, 18.3, 22.1, 22.2, 25.7, 25.8. 13. The crystalline form of
Compound I, wherein Compound | has the formula defined in claim 1,
characterized by reflections in the X-Ray powder diffractogram as
measured using CuKa radiation at 2-theta angles: 7.3, 8.3. 9.7, 11.1,
11.7,12.1,15.6, 16.1, 17.3, 18.3, 20.9, 22.1, 22.2, 25.7, 25.8. 29a 14.
The crystalline form of Compound I, wherein Compound | has the formula
defined in claim 1, characterized by the X-Ray powder diffractogram
shown in Figure 15 as measured using CuKa radiation. 15. The
crystalline form of Compound I, wherein Compound | has the formula
defined in claim 1, characterized by reflections in the X-Ray powder
diffractogram as measured using CuKa radiation at 2-theta angles: 8.9,
9.2,10.2, 14.6. 30 16. The crystalline form of Compound |, wherein
Compound | has the formula defined in claim 1, characterized by
reflections in the X-Ray powder diffractogram as measured using CuKu
radiation at 2-theta angles: 8.9, 9.2, 10.2, 12.6, 14.2, 14.6, 17.0, 18.6,
20.4, 21.1, 23.9, 25.2.



17. The crystalline form of any of claimys 1-16, which is substantially pure.
18. Solid Compound I containing crystalline Compound | alpha form,
wherein Comr).ound | has the formula defined in claim 1, 19. The solid of

16. claind b Garidibtsdorminl orseanddnyisrsin sommeadide baftrmglgdefined
in ckSmwhergincsaid Arhadaenisasdeiinekin Y atclaimstd fad s SQidured
_ Compound | containing crystalline Compound | beta form, wherein
usingdrH ineisahe foiihanelgenda e cldim 128 e kbl bf-Lidif2404.
21, £onsistingymainly of said beta form. 23. The solid of claim 21 or 22,
wherein said beta form is as defined in any of claims 5-7. 24. Solid
17. compbiifty ebinaiiig %ﬁ%ﬁéﬂ#@%ﬂp&éﬂhl@%m P TEH 3l BHEs
18. Comperad b asthe fepxdlaidetinedan sdammpamdingpalich oh Clardd
consisting mainly of said gamma form. 26. The solid of claim 24 or 25,
Congprarel 8aid by 1ﬂ)iiﬁ%%eﬁérﬁ%lﬁﬁé&'in any of claims 8-10. 27. Solid

19. CompauRgiicaniRiRnNQysiating fampourdil dalta: frm. wherein
Comgé%ﬁuqnd 1 has the formula defined in claim 1. 28. The salid of claim 27
i,

20. consistniPhhiigiersaftididita ToRFIBgaif AR BR diifisnsdog any of claims
1-4wherein said delta form is as defined in any of claims 11-13. 30. Solid
Compound | containing crystalline Compound | epsilon form, wherein ,

21. compBlifi& PRASHAG kSRR RE Bt s dimriPand + Rsta S brd&itiBo

CoePosislingdin by of saidension tasm 82. The solid of claim 30 or 31,
wherein said form is as defined.in any of claims 14-16. 33. A method for

22. prepdiig U A HARICINBBYNGE ERAPRCR RS RRAHAIBaid crystalline
23. Compaunrdildsfeimeting solventefinagihasel i R%stacdihedti8Uny of claims
water, wherein Compound | has the formula defined in claim 1. 34. The
“Tmethod of claim 33, comprising crystallizing by precipitation Compound |
24.from theigolvepoand senakating thessolventionvthe obianed forysiallivgin

Compound I. 31 S .
Compound I has the formula defined in claim 1.

25. The solid of claim 24 consisting mainly of said gamma form.

26. The solid of claim 24 or 25, wherein said gamma form is as defined in any of
claims 8-10.

27. Solid Compound I containing crystalline Compound [ delta form, wherein

Compound I has the formula defined in claim 1.

28. The solid of claim 27 consisting mainly of said delta form.

29. The solid of claim 27 or 28, wherein said delta form 1s as defined in any of claims
11-13.

30. Solid Compound I containing crystalline Compound | epsilon form, wherein

Compound I has the formula defined in claim 1.

31. The solid of claim 30 consisting mainly of said epsilon form.
32, The solid of claim 30 or 31, wherein said form is as defined i any of claims 14-16.
33. A method for preparing crystalline Compound |, characterised in that said

crystalline Compound [ is formed in a solvent of methanol with 0% to about 8% water,
wherein Compound I has the formula defined in claim 1.
34, The method of claim 33, comprising crystallizing by precipitation Compound I

from the solvent and separating the solvent form the obtained crystalline Compound L.



35. The method of claim 33 or 34, wh,e{ein said crystalline Compound | is
as defined in any of claims 2-4. 36. C’rystalline Compound | obtainable by
the method of claim 33 or 34. 37. A method for the manufacturing of
Compound I, which method comprises a step wherein Compound 1 is

35, CO”V‘?B%%&%E}HY&%%!E'&% ompou %ér%@ﬁ&i%&%ﬁﬁ@@%ﬂn@@ﬁﬁﬁ'@ is as defined in

formula defined in claim 1. 38. The method of ¢laim 37, comprising
any priedipietiond-Compound | in crystalline form from a solvent and separating

36.the sg mﬁmms&ﬁ@@%gtgfygxe;ﬁymﬁéomaﬁg@@ﬂc%%nmeommd of

claim 37 or 38, wherein said crystalliné Compound | is as defined in any

37. one ¢ tlaihed fon Breapamedivet BGFRINIBT WwhielnaelPeryeramies a step
whSGADeoHR IS PRIBINEL AR ARG ain e MeHaadof AMeRhifletnsh3dad T has the

41. The method of any of claims’37-40, further comprising making a
forphlarAsdeedtisalagdrposition comprising Compound 1. 42, A method for

3g.the rﬁ%%%ma&m%a&%@ﬁgwmyg@eﬁqgeaaaqqﬁ%mm form
method comprises preparing said composition from crystalline Compound

from oubrdnisint «odrspetirg Messthecr immatbr ARtk GrispilingCapgound L
39 methed.af claim s vhese g said.ervatpll iR cRMBAMRAIIS A HETNe ddRicfined in

any of claims 2-17. 44. The method of claim 42 or 43, wherein said
anyphurriadeiical omposition is a solid dispersion or solid solution

40 formylgLion A3 A¢ @W%@%h%MWE@HMHfM@Fi@EEQM@d according

amount of crystalline Compound | of any of claims 1-17. 46. Use of
to tbwam%émmfm%ﬁ my?of claims 1-17 in the preparation of a
41, medigamentioy e, feafmanhoka G\ R HIRS A3 oM ERAGRA NG iR aceutical

claim 45, wherein said CNS disease is a neurodegenerative disease. 48.
COMPRSTHEBGIANTNY H60E & APE Uithbrein said disease is selected from the

42 9roupy, cQNgIRing Bl-RALkiNgOR S HisRasthARRRIMRRS WisRRSRion of Compound T
Huntington's disease, peripheral neuropathy, or AIDS dementia. 49. Use

whishcrathatlife RisgORRSBAr Bz HAGTEIRIPAEI 20 R e J5H Bisr &tippepad L wherein
Cofisslicament i fheeatmeniohRainson's disease.

43, The method of claim 42, wherein said crystalline Compound 1 is as defined in any
of claims 2-17.

44 The method of claim 42 or 43, wherein said pharmaceutical composition is a solid
dispersion or solid solution formulation.

45. A pharmaceutical composition comprising an effective amount of crystalline
Compound T of any of claims 1-17.

46.  Use of crystalline Compound I of any of claims 1-17 in the preparation of a
medicament for the treatment of a CNS disease.

47. Use according to claim 45, wherein said CNS disease is a neurodegenerative disease.
48.  Use according to claim 46, wherein said disease is selected from the group
consisting of Parkinson's discase, Alzheimer’s disease, Huntington's disease, peripheral
neuropathy, or AIDS dementia.

49.  Use of erystalline Compound 1 of any of claims 1-17 in the preparation of a

medicament for the treatment of Parkinson's disease.



