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H V PROTEASE | NH BI TOR Technical Field 5 This invention relates to HBVQIVZOM
pseudopol ynmorphi ¢ forms of (3R, 3aS, 6aR) - hexahydro- furo [2,3-b] furan-3-yl
(1S, 2R)-3-[[ (4-am nophenyl) sulfonyl] (isobutyl) amno]-1-

benzyl - 2- hydr oxypr opyl carbamate, a nmethod for their preparation as well as
their use as a nmedicament. 10 Background of the invention Virus-encoded
proteases, WabgihedsE €Ssential for viral replication, ired for the
processi ng of vi 1ra6 protein precursorsi- Interference wi E’ﬁ f#ﬁg’u?)'ﬂsocesy ng of
protein precursors inhibits the formation of infectious virions.

Accordi ngly, inhjhi | se revent or treat
chronic and acutwﬁoﬁwwﬁgﬁﬁ@%g?ﬁﬁ@%%%hﬁ%f uro [2, 3-b]
furan-3-yl (1S, i i

am no] - 1- benzyl - 2- hydr oxypr opyl car bamate has H V protease inhibitory
activity andTechnigalidldul arly wel | suited for inhibiting HV-1 and H V-2
viruses. FheTg hvtibd Rlafk to(ndkel %Sd@%@hm%mbmro@m,mb&ﬁm%ymr an- 3-vyl

fég’niﬁ) > L[y 40'2%3%‘63‘1@%&? Eﬁﬁg PR S "%b@gvy"lb)‘q’ﬁa?‘"gl} ~CH3 N H OH
/S\O CH3 O bay rﬁwpaowb@rbmém@e@fcrﬂwﬁmaafe%as #AlaIheitsses for its
preparati on srsnddicaatmsed in EP 715618, 25 WD 99/67417, US 6, 248,775, and
in Bioorganic and Chem stry Letters. Vol. 8, pp. 687-690, 1998, "Potent HIV

prot ease; nhb ing high-affi n|ty P2-i gands and
(R) - (hydrgxy ﬁdbgggl[ﬁg?&ﬁh de |so ere of which ‘bﬁ%rﬁ‘ﬁ i ncor por at ed

herein by re E‘r‘ eﬁF%&’ 1Cf fife| Spso i °ﬁv'trﬂéepgfaé‘ﬁ‘éta%?trf’%‘ﬁe ar maceut i cal
f or mul at i onsproessingovizsl progelin preeurst®. NOvROO6With e DBLOGNFPraR@T/ EPO3/ 50176 - 2-

s t | ge;et C frbtlrsOrsSHhE e GSrmatiHCI FlstbdiBusGMRInt. CaQdrdva R fnBiB st bNgraPr act i ces)
an

proteases may be used to prevent or treat chronic and acute viral infections.

15 (3R,3aS,6aR)-hexahydrofuro [2,3-b] furan-3-yl (1S,2R)-3-{[(4-aminophenyl) suifonyl]
(isobutyl) amino]-1-benzyl-2-hydroxypropylcarbamate has HIV protease inhibitory
activity and is particularly well suited for inhibiting HIV-1 and HIV-2 viruses.

The structure of (3R,3aS,6aR)-hexahydrofuro [2,3-b] furan-3-yl (18,2R)-3-[[(4-amino-
20 phenyl) sulfonyl] (isobutyl) aminc]-1-benzyl-2-hydroxypropylcarbamate, is shown
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Compound of formula (X) and processes for its preparation are disclosed in EP 715618,
25 WO 99/67417, US 6,248,775, and in Bioorganic and Chemistry Letters, Vol. 8,

pp. 687-690, 1998, “Potent HI'V protease inhibitors incorporating high-affinity

P,-igands and (R)-(hydroxyethylamino)sulfonamide isostere™, all of which are

incorporated herein by reference.

30  Drugs utilized in the preparation of pharmaceutical formulations for commercial use



(I'nternational Conference on Harnonization) guidelines. Such standards
include technical requirenents that enconpass a heterogeneous and wig&oVv 2006
range of physical, chem cal and pharmaceutical paranmeters. It is this
variety of paraneters to consider, 5 which nake pharmaceutical fornmulations
a conpl ex technical discipline. For instance, and as exanple, a drug
utilized for the preparation of pharmaceutical formulations should neet an
accept abl e pwoistiyosasihere are established guidelines thaty J&g&s the limts
and qualification of inpurities in newdrug substances pro uce y 10

chem cal synthesis, i.e. actual and potential inpurities nost likely to

arise duri n%ﬂ&%ﬁﬂeet%gr%upﬁﬁfdﬁﬂs i u'dlfngw od @&fﬂ&%@%}g@ f)taH&’I(g;?W drug

subst ance. Ines are I ns anoun degradati on
products of @Hemsfiogy %u%wm@a%?nlwe%ﬂ%ﬂlne%%mé g5 ¢!hd drug subst ance
W th an excitpchafrhl rtmﬂt:mentsmmmoammssametbmgenmmmide angesof physival, 15 Stability

is also a pay h@ﬁf?c e ‘ngﬁﬁl | ations. A
good st abj E;H%E-;d SMAQQ‘%C%&ELH}EHS Ztgf irﬂg a E{eﬁ%g{nﬁij{&i@of drug
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subst anceé i ‘gﬁ/ Wﬁﬁpg%e%rﬁﬁﬁ“]?%@s %W&I’fexlt‘i’ ‘Ec%gls‘flﬂgl ®phar maceut i cal

formul ation, which is the tine frame over which a product can be relied
upon to ret aFon idstagceqaralas exampleas drog eiilized focthe piepanatp@ obpharmageutiseler expect ed or
directed st Ofoﬁﬁiﬂat%ﬁ@ﬂxbﬁlﬂ aiaaanméptm ulies m{ela%sthﬁlﬁhﬂrgdﬁiemy thaP€
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dangerous d consequences to
t he heal th oﬁhﬁlﬁlﬁé‘ Sy?tb'?,s@f %Fe?cmah@td ppigatial Wﬁt@@f%‘éﬁtﬂyé‘f arfspy é“r&’étthf’ve i ngr edi ent
coul d cause syniliedis, pwificativnj amd stoi2be &l thd iemeintg dubgdnos. Guidaliads agsindtingéd  r adi at i on,

tenperature, Peﬁxgxﬁamt B Hid dera ?Jfloﬁsﬂa&acwo\m&mmg stbsiRbelibr QAfon MRY 1 Nfl uence
stablllty an @g ng? oragﬁa con ItIlOI’IS

Bi oavai | abi |I?TP‘5)T‘BF/§ ¥ B‘gé‘%ﬁ'&?cﬁr}a@t{hé‘f’ e’fcﬂ"% Hap t?ﬂ?%{f"’&’é‘f Py design of
30 pharmaceuwysteal | y acceptabl e fornul ati ons. Bioavailability is concerned

with thelSquantity and rate at which the intact formof a particular drug
appears in thigbisty s slaparaditeCddhaddrélin tiehting phat@acttitaNfofilaionon of t he drug.

The, bi aval | @R by Sl ke &axdalreodeheg,cmmgwoﬁ}gsﬁi,%vle&qse in determining

whether a th e concentratio eved at the site(s)

rapeutica
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particle size oavallablllty 15
NOV 2006 V@e@gﬁg’_ﬁ@e @B)ﬂuqi@ppgp@ RYss prejpgicial consequences to the health of

receiver, nor the lower content of the active ingredient could cause under-medication.

25  Different factors, such as light radiation, temperature, oxygen, humidity, pH sensitivity
in solutions, may influence stability and may determine shelf-life and storage
) conditions.

Bioavailability is also a parameter to consider in drug delivery design of

30  pharmaceutically acceptable formulations. Bioavailability is concerned with the
guantity and rate at which the intact form of a particular drug appears in the systemic
circulation following administration of the drug. The bioavailability exhibited by a
drug is thus of relevance in determining whether a therapeutically effective

concentration is achieved at the site(s) of action of the drug.
35

Physico-chemical factors and the pharmaco-technical formulation can have
repercussions in the bioavailability of the drug. As such, several properties of the drug
such as dissociation constant, dissolution rate, solubility, polymorphic form, particle
size, are to be considered when improving the bioavailability.



-3- It is also relevant to establish that the sel ected pharmaceutica
formulation is capable of manufacture, nore suitably, of |arge-scal
manuf acture. 5 In view of the various and many technical requirenents, and
its influencing paraneters, it is not obvious to foresee which
pharmaceutical fornulations will be acceptable. As such, it was
unexpectedly found that certain nodifications of the solid state of
conpound of Wwoogiekd1 (X) positively influenced its appli ¢aPkbdakdizd N
pharnmaceutical fornulations. 10 Summgyy of the invention Present invention
concerns pseudopol ynorphic forns of conpound of formula (X) for the
preparation of pharnmaceutical formulations. Such pseudopol ynorphic forns
contribute to.phar ti . f lations. in | v st abi | i nd

bi oavai | abi | FIFRR ARG s B B Bl nods IO YRR IO ) (0 e
accept abl e fBrUSBFEEeEFpitabl, of lgrgerscalegnapufadyrei cul arly in the manufacture of
a nedi canent for inhibiting HV protease activity in mammals. In a first
aspect, the rvissestithe vavientandmagrieohhida sequsammiapak iwhifiobeing parh@Re8aS, 6aR) - 20
hexahydr of ur @iglugs vibs o458k 3t pharm SodtRM tdalafidhisHill BORREMS) syl f onyl |
(isobutyl) amno]-1- benz%/j -%}Q{Aydr o%%ﬁr opyl carbanmpt e .dPseuggpo ynor phs

provi ded i ncTHyd Vs UBRBrCEY dhatt cqrin gdficgiions pfofig splid stats 0 al cohol

sol vat es; hyamppendsd formble £X) pdskneleinfudngedttits spplivahility impheamacéuticdlar , Cl- C4

chl or oal kanegsmliMahes; ketone solvates, nore in particular, Cl1-C5 ketone

sol vatesjpether 25 solvates, nore in particular, Cl-C4 ether solvates;

cycl oet her s§)| vat es. thtaésm'[tlertﬁgol vates, nore in particular, Cl-C5 ester

sol vat es; ancf“%u??(? I C 86tVat es, nore in particular, C-4 sulfonic

sol vat es, of Presset ipvsaiirm reacests preyfepalyaorrkic forms of eampedndsd derawls 613/ fobr phs ar e
phar maceut i ctat pigpaaatior pt phatreacsaicsl dbremlaticny C Buch sduylepolyinermivdfoishanol at e.

Dol cul o PAGUAGER WIRRRLS A1GERLIL b hEIRANQALG b ROV Or st ), Form
(et hy! acht at They S aaytocaass A SrEET ORGSR e mop

(ani sol at e) , uskanpere partiquiagly imthy o fashunefiaaledicpoen(a) ihitkitmsrd ¥ anutaat e) of
conpound of 4cavitaih @afmfals. Anot her particul ar pseudopol ynorph is Form K
(mesyl ate) of conpound of fornmula (X). 35 In a second aspect, present

i nvention relalfg p@ct,pt‘fn?g‘%&,gﬁﬁ hf¥dn REERE bR ol@ﬁ:@ljﬂ?&%%ﬁ%‘&ﬁ%
Pseudopol ynor phs .of, ¢ U ¥ g r_ul ££ 1 epared. by Conbi ning
corrpoundz%f h fofjire &)n})%fprﬁ“ i %ﬁgﬁ‘?'@“ y WW?YRM%‘PV?‘ (6?%Fﬁ1)xt ures of
wat er and weanginolnli-seoithi2ehydrogemipylegtbinrdnt s, and appl yi ng any suitable

t echni que t OpseiiddgdlgRorphsirbadddiinchide abohol 1ARE, Alote partidas € £d4

pseudopol y ”05190*381 sol%?tea!}lg%rgtg goq\fates; alkane solvates, more in particular, C1-C4

chloroalkane solvates; ketone solvates, more in particular, C1-C35 ketone solvates; ether

léS NOV 2006

25  solvates, more in particular, C1-C4 ether solvates; cycloether solvates, ester solvates,

more in particnlar, C1-C5 ester solvates; and sulfonic solvates, more in particular, C1-4
) sulfonic solvates, of the compound of formula (X). Preferred pseudopolymorphs are

pharmaceutically acceptable solvates, such as hydrate and ethanolate..
Particular pseudopotymorphs are Form A (ethanolate), Form B (hydrate), Form C

30 (methanolate), Form D {acetonate), Form E (dichloromethanate), Form F (ethylacetate
solvate), Form G (1-methoxy-2-propanolate), Form H (anisolate), Form I
{tetrahydrofuranate), Form J (isopropanolate) of compound of formula (X). Another
particular pseudopolymorph is Form K (mesylate) of compound of formula (X).

35 Inasecond aspect, present invention relates to processes for preparing
pseudopolymorphs. Pseudopolymorphs of compound of formuta (X) are prepared by
combining compound of formula (X) with an organic solvent, water, or mixtures of
water and water miscible organic solvents, and applying any suitable technique to
induce crystallization, to obtain the desired pseudopolymorphs.
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WO 03/ 106461 PCTI EP03/50176 -4- In a third aspect, the invention relate
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the use of the present pseudopol ynorphs, in the manufacture of
pharmaceutical fornulations for inhibiting H'V protease activity in
manmal s. In relation to the therapeutic field, a preferred enbodi nent of
this invention 5 relates to the use of pharnmaceutically acceptable

pseudopol ynorphic fornms of conpound of fornula (X) for the treatnent of an
H V viral diweasmedsn a mammal in need thereof, which npthpsh:eAsPri ses

admi nistering to said manmmal an effectjve anount of a pharnaceutically
accept abl e pseudopol ynorphic form of conpound of formula (X). 10 The

foll ow ng drawi ngs provide additional information on the characteristics of
the pseudopgql : ! i i i cription of
Lo v aw nooh FATR B AP IREigi BUESE t“ﬁ%‘%%?%%%?ﬂgé&aé?%?x. ray

di ffraction PampMEIrGel phjmacentisaliopnyiations for japigfting FXY grofsere i ilritn A (1:1) in
t hr ee di nensinamsalyi Inheletive tathoterapalda fi¢ld,iagukferred leBbiimént ofthis imempar i son of t he
Ranan spegt r3iaRf 1oihé W5 of phafracticdlly aboeptible fskideboi@mbiphit fmaBPr phous form at

t he car bonyl stretdc?%n L (ﬁ%lfonthof %ﬁoﬁ-&o M .and. the 20 1;€9i on 3300- 2000
cm 1. FI GURESPPECE (ENPA T8 o PR B and i REFER "SPBEPPA BDf Forns A B,
D, E, F, H negedtherpofaphick methedwomprieng admigisisring tostié memmpsbandffeeitveet chi ng regi on
of 600-0 cm dmountdf @ghEméaceutically &oeftabld S@idomilynidighicipaorieechphadas spectra of
Forms A, B, Brmuﬁa()!:’ H, (1:1) and the anorphous form at the carbonyl
stretchipg region 3T 1400-800 cm1. 25 In Figures 5, 6, and 7, PI
corresponds to Form A P18 corres ,Qndsimgo Form B, P19 corresponds to

amor phous f oFtif foleyapedspyingspenyifs afdtiens) iFfopmatien on ths chasactraiirs of B° Form  F, P50
corresponds pseudeprlym®phse@rding to@spam thsertion.For m H, P69 corresponds to Form

C, P72 corresponds to Form1, and P81 corresponds to FormG FIGJURE 8 is the

Differential BWrﬂﬂio%fﬂEbﬁHihésC (DSC) ther rr;)lgr aph 01;] For B1 A 30 I( 1: 121.
R S e U M
the IR spectr&mtadt:keflects the vibrational nodes of the nol ecul ar
struct ur e of FIGORE Bleasts&Ford ¥ $1:8) ih thiee dimodiond wilbthd-tbshiRidedtified.| R spect r um of
forms A B, AORREES RGNS R M he RamBPSEeLadk FEERACBANE F, 1O 490sm 7' FI GURE
12: 1R spectrym of il Bend bt R cadiiyt HEhRE kSon R 1600-13b cr?.pﬁnc(}thé’" range 3750
20 region 3300-2000 cm™.
FIGURE 6 is a comparison of the expanded Raman spectra of Forms A, B, D, E, F, H,
(1:1) and the amorphous form at the carbonyl stretching region of 600-0 cm™.
FIGURE 7 is a comparison of the expanded Raman spectra of Forms A, B,D, E, F, H,
_ (1:1) and the amorphous form at the carbonyl stretching region of 1400-800 cm™.
25 InFigures 5, 6, and 7, P1 corresponds to Form A, P18 corresponds to Form B, P19
corresponds to amorphous form, P25 corresponds to Form E, P27 corresponds to Form
) F, P50 corresponds to Form D, P68 corresponds to Form H, P69 corresponds to Form
C, P72 corresponds to Form I, and P81 corresponds to Form G.
FIGURE 8 is the Differential Scanning Calorimetric (DSC) thermograph of Form A
30 Qa:n.
FIGURE 9 is the Infrared (IR) spectrum that reflects the vibrational modes of the
molécular structure of Form A as a crystalline product
FIGURE 10 is the IR spectrum that reflects the vibrational modes of the molecular
structure of Form B as a crystalline product
35 FIGURE 11: IR spectrum of forms A, B, and amorphous form, at spectral range 4000
to 400 cm™
FIGURE 12: IR spectrum of forms A, B, and amorphous form, at spectral range 3750
t0 2650 cm™



to 2650 cm1 15 NOV 2006 WD 03/106461 PCT/ EPO3/50176 -5- FIGURE 13: 1“3? 06
spectrum of forms A B, and anorphous form at spectral range 1760 gg@)
cm' FIGURE 14: 1R spectrumof forns A B, and anorphous form at spectral
range 980 to 720 cm1 5 In figures 11, 12, 13 and 14, curve A corresponds
to Form A, curve B corresponds to Form B, and curve C corresponds to the
anor phous form FIGURE 15: DSC Ther nograph curves of Form A (curve D), Form
A after Adswé pidogwe! Desorption (ADS/ DES) (curve E), andpFghssinal ter ADS/ DES
hydratation tests (curve F) 10 FI GURE_16: Thernogravinetric (TG curves of
Form A (curve D), Form A after ADS/DES (curve E), and Form A after ADS/ DES

nydr atation BERRE: GO Yeeloh orTh LR s ad Gt i O o el 78 SC under. dry

ni trogen at nos here LN fon of time curves of Form
A. 15 FI GURE 19! Q\B@/ DES curves of the hydratation test of Form A Fl GURE
20: ADS/ DES EiGUREsldofR dpestmBYf FrGUREB 2ibd am@phue &rmyuatspktrd omge 80 t6]1 GURE 22:
Raman spectrum@éyzForm K FlI GURE 23: DSC curve of Form K 20 FI GURE 24: TG

curve of For Fl 5: S/ DES | sot her.m _of bat ch FI GURE 26:
ADS! DES | Sot oD 1 Rg i Ph St s hepdl PEambotie it s8R mo8s e t or m

" pol ynor phi sniformeBeand cerge € werrespandetothe apforphowsHerd cal structure to occur in
different foriGEREE: DSC HRG@WOghh @BELS Fofin mah‘vecm)gmhm grpounds i ncl udi ng

drugs, As sug{as rtp&hﬁﬁaﬁéﬁgég%ggl{@gug P%i%?l v tpgr r@@%ﬁéde drug substances

t hat appear in m 1 n anhydrous form at
various degr ed¥drn 6tf‘t'°“ or solvation, with entrapped sol vent
nol ecul e39) aEIGMRIEJ1mfhmmavanm(l‘ﬁacmas@fmmm(cuwyﬁ),drorrharaMess shape and

Siolze . |T.hte di f f@s@@ REMvY B a&hﬁ)rﬁﬁ@( Yol ﬂngmlh @rhtatidl ORATIAES) sggh as
bt oo LR PO Bl ARG Rt o PG Rahgit he term
"amor phous forhtim¢s defined as a formin which a three-dinensional |ong- 35

range order HGRRENEt APRIDES.culves dfffemanor phous form the position of the
mol ecul €35 FIGURE 19: ADS/DES curves of the hydratation test of Form A

FIGURE 20: ADS/DES curves of Form B

FIGURE 21: IR spectrum of Form K

FIGURE 22: Raman spectrum of Form K

FIGURE 23: DSC curve of Form K

20  FIGURE 24: TG curve of Form K
FIGURE 25: ADS/DES isotherm of Form K, batch 1
FIGURE 26: ADS/DES isotherm of Form K, batch 2

Detailed description

25  The term “polymorphism™ refers to the capacity of a chemical structure to ocour in
different forms and is known to occur in many organic compounds including drugs. As
such, “polymorphic forms” or “polymorphs” include drug substances that appear in
amorphous form, in crystalline form, in anhydrous form, at various degrees of
hydration or solvation, with entrapped solvent molecules, as well as substances varying

30  in crystal hardness, shape and size. The different polymorphs vary in physical
properties such as solubility, dissolution, solid-state stability as well as processing
behaviour in terms of powder flow and compaction during tabletting.

The term “amorphous form” is defined as a form in which a three-dimensional fong-

35  range order does not exist. In the amorphous form the position of the molecules
relative to one another are essentially random, i.e. without regular arrangement of the
molecules on & lattice structure.



relative to one another are essentially random i.e. wthout regular NOV 2006
arrangenent of the nolecules on a lattice structure. 15 NOV 2006

03/ 106461 PCT/ EP03/50176 -6- The term"crystalline" is defined as a formin
which the position of the nolecules relative to one another is organised
according to a three-dinensional lattice structure. The term "anhydrous
form' refers to a particular formessentially free of water. 5 "Hydration"
refers to theopsperss of adding water nolecules to a supg%/ﬂ,;])?go t{1at occurs
in a particular formand "hydrates" arge substances that are torned by adding
water nmolecules. "Solvating" refers to the process of incorporating

ol eoul e ofug 345 M N Ak WRTHAG 1 RE BUETANA of B Rkt al |1 ne form

Ther ef or e, ormthat contains
i ther st oi CRIGYD PRecngier iATeetoeH ERPUIE LT e SmepRioml B6 BB Fant . Si nce
water is a solvent, solvates also include hydrates. The term

"pseudopol yribepdnh “Arshydrppd formd’ reforspod pardoujhn foom essysialy fréervd whtsr.ns t hat have

sol vgnt Isml‘ E5Hafsh” 1G9 fRRE &:ﬁ's dfﬁdc%@h{ter’:ﬁé]échl@@to?tsﬁ&%w t?ﬁ 000;5%5 term
pseudopol ymar gyen a vat e yrn,
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of (3R 3aS, Qﬂte)a'sﬁlﬁtﬁﬁ&)bdé@ﬁdgr i a clygtalBndforoh. UTIRRefoRe, Yo term “solvate™ is

(1S, 2R) - 3- [ [cfef' QL ”9}3,&91%6) tP&L&r tQhY, 4 rT%er d;ko?c%%kﬁe%}c or %‘AH stcici)c].hldmet benzyl -

hydr oxypr opyl car ba fhcs are aI cohol
sol vat es!0 mﬂ“@“i’tﬁ"&&?"t"ﬂc Singg waterds @Pl"e&‘la $bvEsE a@%m@a‘ieé“é’dfaﬁ?d hettes o) vat es;
al kane soI vatpmdomlymrphﬁxspapltedmmmrmrﬁﬁ]s @fstalick fame daklmvesda@h at es; ket one

S0l vat es, Mifdleduibs BREhdrkiM RtneiGhilautiB00 oIt U BlopoBirifhism9! vat es, rore

in parti cuI ar tes oet ester sol vates,

nore in part? E‘ﬁ%eélf"e“&?( ?%515%1?%59 (Pd’f%%m%f %‘Wf‘o@@s S‘gf“(/‘é‘f %8s, nore in
particul ar, @EWM?%D@mﬁbe,wblﬂsbﬁt‘é’sgs%fln@he compound of formul a (X). The
term"C, 1-‘04 al cohol " defines straight and/or branched chai ned saturated and
unsat ur at ed Thegrseabinbaiicn fravidegsédudogolimorpd ofA(3RIaNOG4R) Ak iliBdrofuhst i t uted with
S?OLSasiui‘hWb‘??%%" R AR B R bl St B2 01 7

1- met hoxy 2- ARy ﬁg‘g’ltﬁe | i k The term "Cl - C4 chl oroal kane" defi nes
strai ght 30 and/or branched chai ned saturated and unsaturated hydrocarbons
havi ng f 2&m It ongempodigeninsendapadrmorphslastalaobel selvaigst orgiin pagiylar, 6ndschl oro at om
such as, f ora@saEpvaes; hlirddoDaRERIKAR WIvatts) totedth Partitular @ -ket one” defi nes

sol vents of f, ﬂrlate (Rtg}'tgsalvgﬁs,lmg{re Q%@umed %ﬁceﬁn@%ﬂa P be the same

or dlfferent an are net ‘the like. The
Cerm * C1- On CDRED Togt PHECIE o1 Gt sgivaieclpeiier fites i solvates

more in particular C,-Cs ester solvates; or sulfonic solvates, more in patticular, C,-Cy4

25  sulfonic solvates, of the compound of formula (X). The term “C,-C; alcohol” defines
straight and/or branched chained saturated and unsaturated hydrocarbons having from 1
; to 4 carbon atoms substituted with at least a hydroxyl group, and optionally substituted
with an alkyloxy group, such as, for example, methanol, ethanol, isopropanol, butanol,
t-methoxy-2-propanol and the like. The term “C,-C4 chloroalkane” defines straight
30  and/or branched chained saturated and unsaturated hydrocarbons having from 1 to 4
carbon atoms substituted with at least one chloro atom, such as, for example,
dichloromethane. The term “C;-Cs ketone” defines solvents of the general formula R’-
C(=0)-R wherein R and R’ can be the same or different and are methyl or ethyl, such
as, acetone and the like. The term “C,-C, ether” defines solvents of the general
35 formula R’-O-R wherein R and R’ can be the same or different and are a phenyl group,
methyl or ethyl, such as, anisole and the like. The term “cycloether” defines a 4- to 6-
membered monocyclic hydrocarbons containing one or two oxygen ring atoms, such as
tetrahydrofuran and the like. The term “C;-Cs ester” defines solvents of the general
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phenyl group, nethyl or ethyl, such as, anisole and the like. The term
"cycloether"” defines a 4- to 6- nenbered nonocyclic hydrocarbons contai ni ng
one or two oxygen ring atons, such as tetrahydrofuran and the |ike. The
term"Cl-C5 ester” defines solvents of the general 15 NOV 2006 WD 03/106461
PCT/ EPO3(50176 -7- formula R-OC(=0O-R wherein R and R can be the sane or
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more in particular, the ratio may range from about 1 to about 2 molecules of solvent per
25 1 molecule of compound of formula {X), preferably the ratio is 1 molecule of solvent
per 1 molecule of compound of formula (X).

Solvates may also occur at different levels of hydration. As such, solvate crystal forms
of compound of formula (X) may in addition comprise under certain circumstances,

30 water molecules partially or fully in the crystal structures. Consequently, the term
“Form A” will be used herein to refer to the ethanolate forms of compound of formula
(X) comprising up to 5 molecules of solvent per 1 molecule of compound of formula
(X), intermediate solvates crystals, and the mixtures thereof; and optiohally comprising
additional water molecules, partially or fully in the crystal structures. The same applies

35  for Form B through Form K. In case a particular “Form A” needs to be denoted, the
ratio of solvation will follow the “Form A”, for instance, one molecule of ethanol per
one molecule of compound (X) is denoted as Form A (1:1).

The X-ray powder diffraction is a technique to characterise polymorphic forms



addi tional water nolecules, partially or fully in the crystal struct v 2006
The sanme applies 35 for Form B through Form K. I n case a particul ar ormA
needs to be denoted, the ratio of solvation will follow the "FormA", for

i nstance, one nol ecul e of ethanol per one nolecule of conmpound (X) is
denoted as Form A (1:1). The X-ray powder diffraction is a technique to
characterise polynorphic forns 15 NOV 2006 WO 03/106461 PCT/ EP0O3/50176 - 8-
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In another set of analytical experiments, X-ray single diffraction was applied to Form A
(1:1), which resulted in the following crystal configuration, listed in the table below.

20 Tablel

Crystal Data

Crystal shape Prism

Crystal dimensions 0.56 x 0.38 x 0.24 mun

Crystal color Colorless

Space Group P 2,2, 2, orthorhombic

Temperature 293K

) Cell constants a=9.9882(6) A

b=16.1697(8) A
c=19.0284(9) A
alpha (o) = 90°
beta () = 90°
gamma (y) = 90°

Volume 3158.7(3) A°®

Molecules/unit cell (Z) 4

Density, in Mg/m’ 1.248

n (linear absorption coefficient) 1.340 mm’

F(000) 1272




Vol une 3158.7(3) A3 Mdlecules/unit cell (Z) 4 Density, in My/n8 1. Zﬁ%ovm%
(l'i near absorption coefficient) 1.340 mm-1 F(000 1272 15 NOV 2006

03/ 106461 PCT/ EP03/50176 -9- Intensity Measurenents Diffractonmeter Sienens
P4 Radiation Cu Ka (2. = 1.54184 A) Tenperature anmbient 20nu 138.14
Correction Enpirical via 'P-scans Nunber of Reflections Measured Total : 3912
Structure Sol ution and Refi nenent Nunber of QObservations 3467 2>2 a FZ

Resi dual (Rw8oefrée: 5 The resul ting three-dinensional spepgbyeg,of Form A
(1:1) is depicted in Figure 4. Table @ shows the atomc coordl hat es (x 104)
and equi val ent isotropic displacenent par aneters (A2 x 103) for FormA
(1:1). Atons arelﬁéigggmgs I%ﬁle&éhl bited in Fi gure 4. The x, y and z
fractional coord catetheposirtionr—of —atonms—retative to the origin
10 of the unit d&liffractopeten) js defined. asSkmenstird of the frace of the
orthogonal i zed URhdiafi@nsor. x jy z U(eq) cu@®b ({Z18684 B944(R) 9946(1) 70(1)
C2 7171(4) 3513( 2) 64(1) C3 68! 3046(2) 8823(R) 52(1) C3A
7953(3) 2411(2) g%ge?%&f{/l‘ A 527+ +&rg%2’¢533(2) 8768(2) 65(1) C5
7425(5) i 1241(42%®457(2) 70(1) 06 850 (13&1%' 1642(2) _9809(1) 176(1) GCBA
8582(4) 1 2416(Z3)xoRectiéq2) 1 62(1) 07 558 El)calZ/YaO%éh)ls 8945 1) 1 51(1) 08

5168(2) 2636(1) | {{OBL 1)} RERALAIns MSmddDL( )rotgp%@l) 8368(1) ¥2(1) N10 3590(2)

2256(1) 8562(1) A3t1)

Structure Solution and Refinetment
Number of Observations 3467 [F>>2 o(F%)]
Residual (R) 0.0446

5  The resulting three-dimensional structure of Form A (1:1) is depicted in Figure 4.

Table 2 shows the atomic coordinates (x 10*) and equivalent isotropic displacement

parameters (Az x 10%) for Form A (1:1). Atoms are numbered as exhibited in Figure 4.

The %, y and z fractional coordinates indicate the position of atoms relative to the origin
10 ofthe unit cell. T{eq) is defined as one third of the trace of the orthogonalized Uj

tensor.

X Y z (Aeq)

) T778(3)  12944(2) | 9946(1) i 70(1)
c2 T171(4) | 3513Q2) 9487(2) |64(1)
C3 6831(3)  |3046(2) |8823(2) |52(1)
C3A 7953(3)  12411(2) | 8793(2) |55(1)
c4 7527(4)  |1533(2) | 8708(2) |65(1)
: cs 7425(5) | 12412) | 9457(2) | 70(1)
06 8501(3) | 1642(2) | 9809(1) | 76(1)
C6A 8582(4)  |2416(2) |9534(2) |62(1)
07 5533(2) | 2702(1) | 8945(1) |51(1)
08 5168(2) | 2636(1) | 7768(1) |53(1)
C9 4791(3)  |2534(1) | 8368(1) |42(1)
N10 3500(2) | 2256(1) | 8562(1) | 43(D)
Cll 2638(3) | 1916(2) | 8068(2) |44(1)
C12 2223(3) | 1071(2) | 83102) |58(1)
C13 3381(3)  |501(2) | 8387(2) |56(1)
cl4 3937(4)  13402) | 9038(2) | 67(1)
C15 4989(5) | -200(2) | 9111(3) | 80(1)



Cl1 2638(3) 1916(2) 8068(2) 44(1) Cl2 2223(3) 1071(2) 8310(2) 58(1) . £h3 1006
3381(3) 501(2) 8387(2) 56(1) Cl4 3937(4) j 340(2) 9038(2) 67(1) C18
4989(5) 1-200(2) 9111(3) 80(1) 15 NOV 2006 WD 03/106461 PCT/ EP03/50176 10-
x z lUe CL6 5494(5) -581(3) 8530(3) 196(2) Cl7 4975(6) -413(3) 7881(3)
98(2) C18 3926(5) 126(2) 7810(2) 78(1) Cl9 1423(3) 2464(2) 7976(2) 45(1)
020 494(2) 2112(1) 7502(1) 61(1) C21 1829(3) 13307(2) 7740(2) 48(1l) N22
699(3) 3880(wkdoifibesbl 1) 49(1) C23 521(4) 4312(2) 7048(2% ?ﬁoc%o C24 -61(4) j
3785(2) 6473(2) 167(1) C25 -1453(5) j§97(3) 6654(2) 86(2 6 1-47(7)
4247(3) 5779(2) 102(2) S27 i 510(1) 4414(1) 8440(1) 150(1) 028 572(3)
3860(1) 9015(1) 61() 029];693(2)[4873(1)[ 183451}, B5(T)] C30 1854(3)
5080(2) 8509(2) 50( H—€31+1803(3)15825{ 2} B8159(2 3‘?—1—)~ C32 2871(4)
6341(2) 8195(2) 56(1F16C33 5&93@?4) 6"@3@1 2)| $63¥3) 2 9@%0( 1) | C34 4063(4)
5567(2) 3596(2) 1 T3CL)  CHIeIarol 10n 2oal e Eoshia). 234(6)  C38 1310(10)
1590(6) 5564(4) 191 gg 03 391?%@5(4 ?216@3(2)7%@%’%(‘?@94“) Tabl e 3 shows the
ani sot ropi ¢ di spl acefrdht ph F‘Qﬁ@@ewzﬁ/ﬂ@)x T8Y@or | #5bm A{(1:1). The
ani sotropi c di spl acement f pda@) exp@rié(it) t|ae8(1Y heof(dr nulja: -2n2[ h2a.2U . +
+ 2 h ka* b* UlZhi S |18293) [33072) |7740(2) | 48(1)
N22 699(3) 3880(1) | 7721¢1) | 49(1)
c23 521(4) 4312(2) | 70482) |58(2)

C24 -61(4) 3785(2) | 6473(2) | 67(1)
C25 -1453(5)  13497(3) | 6654(2) | 86(2)
! C26 -47(7) 4247(3) | 5779(2) | 102(2)
27 510(1) 4414(1) | 8440(1) | 50(1)
028 572(3) 3860(1) | 9015(1) | 61(1)
029 -693(2)  |4873(1) | 8345(1) | 65(1)
C30 1854(3) | 5080(2) | 8509(2) |50(1)
C3t 1803(3) | 5825¢2) |8159(2) |54(1)
C32 2871(4) | 6341(2) | 8195(2) |56(1)
C33 4033(4) | 6133(2) |8564(2) |55(1)
C34 4063(4)  |5385(2) | 8909(2) |59(1)

C35 2998(4) | 4869(2) | 8883(2) | 36(1)
N36 5076(3) | 6667(2) | 8596(2) i 72(1)
C37 1920(10) 1 2231(7) | 5258(4) | 232(6)
C38 1310(10) | 1590(6) | 5564(4) | 191(5)
039 1768(4) 1 1393(2) 16249(2) | 94(1)

Table 3 shows the anisotropic displacement parameters (A* x 10%) for Form A (1:1).
The anisotropic displacement factor exponent takes the formula:
272K a**Un + ... +2 hka* b*Uyy)

5

Un Uz Uss Uy Uss Ui
0l 65(2) 89(2) 55(1) 4(1) a3
c2 53(2) 68(2) 71(2) 12) 82) | -112)
c3 38(2) 63(2) 55(2) 4(1) 2 | -12()
C3A 37(2) 78(2) 49(1) 9(1) 1(1) 3(2)
c4 61(2) 74(2) 61(2) -4(2) -6(2) 10(2)
cs 72(3) 67(2) 71(2) 8(2) 112) 7(2)
06 78(2) g02) | 70(1) 16(1) 21(1) -3(2)
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37(2) 78(2) 49(1) 9(1) 1(1)

C5 72(3) 67(2) 71(2) 8(2)

-11(2)

- 11(2)

-3(2)

U33 U23 U13 UL2 01 65(2) 89(2) 55(1)
C3 38(2) 63(2) 55(2) 4(1)
C4 61(2) 74(2) 61(2)

7(2)

-4(1)

-12(1)

-4(2)
06 1 78(2) 80(2) 70(1) 16(1)

-3(1)
-2(1)
- 6(

12?% R8s

2) 10(2)
-21(1)

-8(2) 15 NOV 2006 WD 03/ 106461 PCT/ EP03/50176 -11- ULl U22 U33 W23 UL3 U12
CBA 47(2) 80(2) 59(2) 5(2)

-9(1)
-3(1) 3(1)

-6(2)

08 4a¢dpsiwéeil) 50(1) 3(1) 2(1)

7(2)
- 12(

1)

N10 31(1) 50(1) 49(1) -1(4). 1(1) -2(1)
~4(1) 0(1) 1 -2(1)

Cl2 44(2) 42(1) 87(2) 2(1) 2(2)

07 34(1) 69(1) 50(1) 0(1)

-1(1)

CO 35(2) fdtidposAfibel) 1(1)

Cl1 32(2) 41(1) 57(1)

-4(1)

Cl3 50

(2) 39(1)

78(2) 0(1 2) 0(1) 14 64 0(2 2 i 2)79( 2 15 6[8(3) 72(2
10(()(?3) 5822)( 359 ( qg ,°(”53 )§8i:( Z}J?Igi; : )UI ( - (C?I.7 (2
114(4) 72(2)| %89(3) -H(2) 32(%‘)()38 18 8HB) 60(z§(2)85 2) 755(2 10( 2)
s S ) ol o) S o ) o'
1(1) 0(1) 3(08 c23 5 1) 50( Qﬂ) 2%6%31) -%zg) (2)(N2 C2# %Q 59(2) 62(2)
1(1) -11(2) é%z) ¢25°F4( 3 10f9) 6(2)tM30(3) 32 143(5) 1
99(3) 65(2) |MP2) -15018h) -e>(3§0(1)527 4911) la7¢ay) 61( 1)1(2)(1 204y 1(1) 028
64(2) 58(1) |@4fl) 9(WB(1 Z]((ﬂ) 0291) 46(11)58(1) @2(2) -403) 6(1) 10(1)
C30 t 50(2) [4861) 34(412)20) 1hzh)y U gy 2(1) 202) | -41)
C13 50(2) 39(1) 78(2) 0(1) 8(2) 0(1)
Cl4 64(2) 56(2) 80(2) 02) 5(2) 92)
Cls 68(3) 722) | 10003) 18(2) 7(2) 12(2)
'ﬂ C16 77(3) 68(2) 143(4) 26(3) 34(3) |- 28(2)
C17 114(4) 72(2) 109(3) -6(2) 32(3) 38(3)
C18 89(3) 60(2) 85(2) -4(2) 10(2) 10(2)
C19 30(2) 44(1) 61(1) -3(1) -5(1) -5(1)
020 44(1) 56(1) 83(1) -6(1) -18(1) -6(1)
C21 36(2) 42(1) 64(2) 2(1) -4(1) -1(1)
N22 42(1) 47(1) 57(1) 1(1) o(1) 3(1)
C23 59(2) 50(1) 64(2) 1) -8(2) 1(2)
C24 79(3) 59(2) 62(2) 1(1) -11{2) 6(2)
C25 75(3) 83(2) 101(3) 6(2) -30(3) -5(2)
C26 143(5) 99(3) 65(2) 14(2) -15(3) -6(3)
S27 44(1) 47(1) 61(1) 2(1) 2(1) 1(1)
028 64(2) 58(1) 61(1) 9(1) 3(1) -7(1)
029 46(1) 58(1) 92(2) -4(1) 6(1) 10(1)
| C30 50(2) 46(1) 54(1) 2(1) 1) 1(1)
' C31 50(2) 43(1) 64(2) 6(1) -4(2) 6(1)
C32 59(2) 45(1) 65(2) 4(1) 2(2) 1(1)
C33 57(2) 55(2) 52(1) -4(1) (1) -3(1)
C34 56(2) 63(2) 59(2) 6(1) -13(2) -3(2)
C35 63(2) 52(1) 53(1) 5(1) -8(2) 2(2)
N36 67(2) 70(2) 80(2) 4(2) -5(2) -19(2)
C37 290(10) | 260(10) | 145(7) 68(7) 67(8) 120(10)
C38 280(10) | 187(7) 104(4) 1(5) -53(6) -80(10)
039 99(2) 91(2) 93(2) 122) 132) | -282)

Raman spectroscopy has been widely used to elucidate molecular structures,
crystallinity and polymorphism. The low-frequency Raman modes are particularly
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| aser power photoiriipiéiticaid vaisal mutithanél@ietettors abangles hidediM\gadrt t he spectr al
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(M cr o- At t enthattFednsToBRID, E,1) afitbi (&3} ad tte)amagpbesSomyhag¢-the Rankn $pdtiat - Pea wi t h

Si crystal). wﬁgpapb&}wlg,gesspg%gﬁ were obtained with a N colet Magna 560
FTI R spectrophotoneter, ~a Gé on KBr beamsplitter, and a DTGS with KBr

w ndows det S ectra re asured,at. 1 resol ut| o) d 32 scans
each, in a \iﬁ\?g‘%% o"Yer‘I[‘T&SWfL{ﬁrOZ%“sEW 4’6%1% gro-Afipguat ﬁ?catl on of
basel | nel%orR@bﬁtﬁI@‘ﬁ) acws@m\ﬁiagw&ﬁblérl’gafvﬁh SisystaDA Thbinfibiee ebeatrawas exhi bi ted in
the fol | oW ngbtahieh wath4 Nicol@d Magna5 WETEdpeRR plotdridier 1) GadhKBel at i ve intensities

of absorpti 3 w, 3060w,
3041w, 30233\(/)\/@”"53%&‘§T g"fg"gﬁﬁg %‘%ﬁ‘ ;515%@%%\9"39’2%&%5% ws“r%%i vw, 2603vw,
2234vw 170490 1$9HEan andsstans qagh it 2 wavelpagh TTE%%WO“’W@@W 409 £mwand1 413w 1373w,
1367w, 1340wWppli@admgf baglinkqore @6 nThe MROEWbES 66 Fprnl A 4Umined #29m 1187w, 11465,

1124m  1104mnbAQ0MhekOlEme TB2m 1042s, 1038m 1024s 987s, 971m 944m
909w, 890w, 876w, 841m 792w, 768s, 742s, 732w, 697m 674s, 645w, 630m

Table 4

Wavenumbers (cm™) and relative intensities of absorption bands (')

3454w, 3429w, 3354w, 3301w, 3255w, 3089w, 3060w, 3041w, 3028w

2964w, 2905w, 2875w, 2856w, 2722vw, 2684vw, 2644vw, 2603vw, 2234vw
1704s, 1646w, 15955, 1550m, 1503m, 1466w, 1453w, 1444w, 1413w

1373w, 1367w, 1340w, 1324m, 1314m, 1306m, 1290w, 1266m, 1244m, 1229m
1187w, 1146s, 1124m, 1104m, 1090m, 1076m, 1052m, 10425, 1038m, 10245
987s, 971m, 944m, 909w, 890w, 876w, 841m, 792w, 768s, 742s, 732w, 697m,
674s, 645w, 630m

598w, 593w, 574m, 564s, 553vs, 538m, 533m, 531m, 526m, 508m, 501m, 491m,
471m, 458w, 445w, 442w, 436w, 428w, 418w

vs = very strong, s = strong, m = medium, w = weak, vw = very weak, br = broad

20 The IR spectrum in Figure 9 reflects the vibrational modes of the molecular structure as
a crystalline product.

The wavenumbers obtained for Form B are exhibited in the following Table 5.

25 Table5

Wavenumbers (cm™') and relative intensities of absorption bands (*)
3614w, 3361m, 3291m, 3088w, 3061w, 3043w, 3028w

2967w, 2905w, 2872w, 2222vw




598w, 593w, 574m 564s, 553vs, 538m 533m 531m 526m 508m 501m 491r1‘%qy
471m 458w, 445w, 442w, 436w, 428w, 418w vs = very strong, S = stron 2006
medium w = weak, vw = very weak, br = broad 20 The IR spectrumin Figure 9
reflects the vibrational nodes of the nolecular structure as a crystalline
product. The wavenunbers obtained for FormB are exhibited in the follow ng
Table 5. 25 Table 5 Wavenunbers (cm 1) and relative intensities of

absorpti on bgaesiebd; 3614w, 3361m 3291m 3088w, 3061w, 28w 2967w,
Bof e

2905w, 2872w, 2222vw t 15 NOV 2006 03/ 106461 PCT/ EP 13-

Wavenunbers cmj and relative intensities of absorption bands ' 1703s,
1631w, 1595¢ 1553 b/w, 145 1444 436w 1388VWwW, |1374vw,
1366w, 1355 &{a" W_rg%m(é%qgmréﬂwsmwnsm @\-?Ip,bsorptigr\é\&gn& Y8 7w— 11485 11125m
1105m 10917039 19Fhw, 18958 P 5310 41 3G7w, 1@2@51499@m44%2@v944m 912w 891w,

876vw, 862w, 13%3‘3&\/13%@/\/}36%%21/355\7@%10“75:70%, 1243M 267 /W45899m  672m 598w,

591w, 585w, 55 9 4 /J.W F32vw, 425w,
418w ( 1) VS il& gv g%_ll mms ﬂco§m’ ﬁﬁ?mhw?y \,Eﬁ&ﬁ %ﬁ VN“[V MWAWH= ver y V\eak,
br = broad T#¥m, Pﬂbpéﬂm @l‘tﬂw,rﬂ9l-‘w @Gﬁ\ev, mlw, 643\7@63@' t7ﬁléw vibdm.abienal rmdes of

the nol ecul ay43sd v1eY, ¥o%n, 62Im FOrm B as a crystalline pr oduct. 5 Fol | owi ng the

sane anal ytical 0 F nd..Lhe. ano 0 o]

char act er i seg%é‘l’néﬁgvgﬁ%%‘ g?]é%%‘ﬂ']“’lggg&d%&%ma%ﬁg’héa ﬁ%‘ %ﬁ”rﬁ?‘% tlo 14. 1R
spectra of Lﬂm&mphmwwu
di f f er ences " niss terysedng s asongan e mediumog ewiak vif aldvevess; br2Broalabl e 6 Wavenunbers cni
and relative intensities of sorption bands (' Form A Form B Anorphous form
3454m 3429rfhe B3§EcnunBiH Figumre m&mﬂ@mmnam@mofﬂ@mummm 3255m
3089w, 3060mgr rRRAPH 2 FAHRe pRPdcaW,  3062m  3026m 3041w 3028w 3027w

2963m 2905m 2869m 2966m 2985m 2873m 2959m 2871m 2856m

5  Following the same analytical IR method, Form B and the amorphous form were also

characterised and compared with Form A, as shown in Figures 11 to 14. IR spectra of
the different physical forms showed distinct spectral differences, most relevant are
those in Table 6:

10  Table 6

Wavenumbers (cm™') and relative intensities of absorption bands (')

Form A Form B Amorphous form

3434m, 3429m, 3353m,
3255m, 3089w, 3060m,
3041w, 3028w

3615m, 3356m, 3291m,
3089m, 3061m, 3043w,
3027w

3462m, 3362m, 3249m,
3062m, 3026m

2963m, 2905m, 2869m,

2966m, 2905m, 2873m

2959m, 2871m

2856m
1704s, 1646m, 1596,
1549s, 15035

1703s, 1630m, 1595s,
1552s, 1502

1704s, 1628s, 1596s, 15255,
1502s

13065, 12665, 12445

1308s, 1267s, 12455

1312s, 12595

1146s, 1104s, 1090s, 1076s,
1052s, 10425, 10385, 10235

1148s, 1105s, 1090s, 1077,
1052s, 1044s, 10245

1143s, 1090s, 1014s

987s, 971s, 9545, 9455,
912m, 909m, 891s, 876s,
841s, 827s

989s, 9723, 9445, 925m,
915m, 912s, 891s, 8625,
843s

960s, 9535, 950s, 944s, 937s,
922s, 8323

792m, 768s, 7423, 697s,
674s

792s, 769s, 744s, 699s, 6725

750br, 7025, 672s

(") s = strong, m = medium, w = weak, vw = very weak, br =

broad



1704s, 1646m 1596s, 1703s, 1630m 1595s, 1704s, 1628s, 1596s, 1525s,

1549s, 1503s 1552s, 1502m 1502s 1306s, 1266s, 1244s 1308s, 1267s, 124530V 2006
1312s, 1259s 1146s, 1104s, 1090s, 1076s, 1148s, 1105s, 1090s, 1077s, 1143s,
1090s, 1014s 1052s, 1042s, 1038s, 1023s 1052s, 1044s, 10245 987s, 971s, 954s,
9455, 989s, 972s, 944s, 925m 960s, 953s, 950s, 944s, 937s, 912m 909m
891s, 876s, 915m 912s, 891s, 862s, 922s, 832s 841s, 827s 8435 792m 768s,
742s, 697s, wWOdy10646995, 7445, 699s, 672s 750br, 702s, 65.@ P‘ﬁé@‘% (1) s =
strong, m= nedium w = weak, vw = very weak, br = broa 15 %006 WO
03/ 106461 PCT/ EP03/50176 -14- The physical Fornms A, B, and anorphous form
are identifigd through s tral interpretati f ocused. on absorption bands
specific forﬁ&ghlf‘f"fg&ﬁps ‘gﬁ’ﬁﬂ%anéor{ahou%%’g%ﬁei“tcizengsf%eéiélfr?u%S_B?CF 1%erences bet ween
forns are nottE@Etion focusedep absarptipmbagdsspeqifiolyr caglyBont Bnigegspdecm 1 (range 1),
from 176?ftmpé&Mpmﬂdiﬁéram@e)e&)eerafmdn§ 4ro vtk EDin BRpelitdl rardpeL Fom1l (rb Fmgg 321. )
Range | r 2 i : ubl e band wt
absorption ?rjg:j(ftrzrja%g(% 854@%%%?’ °’é§5@‘83§§’%’“§ (Iglgé(f?rdr%]u EB@\F%S\% ’gesi ngl e

absor pti oh B#hd™88€ 3615 cm 1 and anorphous form shows a single absorption
band at 3362Rapgs IL(frot037RMPE5@cr )r om 1760 to 1580 cm 1) Figure 12: Form A

SBOWS ta Si nqhg,r@blf.PB%A%“Q@?QU@%M@%%&W%Wxﬁaﬁmﬁaam{ ﬁldl Si ngl e y
absorption al m -1 .and . anor phou m shows a single absorption
band at 162670RE PR BICYLATTEF TR I HACI P COMEPE T o ¢ he For i B
band. Addi tiwnshoivya sipgloahserotien Haod #3368 .a | ess i ntense, broad band at 1704
?;ﬂ 159;8mpaqaagb,ZWOBDImofoqrsmsmA’)and B bands at about 1704 cm 1. ngnge 3
rom t Qs r ' ! et o

absor}pti on g:é%‘é%%?% @%‘}Sfdgg% Sﬁé‘%_ ?so&@éﬂ%@&%b%c@m@'ﬁﬁﬁgﬁﬁs‘ shows a simlar
set but the SHEls absarptionhandat 1630 gns apdignorphoys form shows £ sipgle 8b8TREYR si ngl e br oad
band at abou:tachﬁ(wmm“\bid‘.tdmléadymghﬁ.ilam&ﬁccsdpamdtwﬂmﬂ(i)mrmbdngm at about 768
cm and 743 LifitionalllNEHRMbLE RS SRRY ailds ARALNBhadtRRd atl176£64Mi que in the study
of soli dgsst%to% k_|cgt% |%%.rngemd?Lbngéslg Ogg‘lﬂycnllgatl on processes from |
sol uti ond” or®MBIMS ™ PHicPUa; ng, Tt ?y5|s oft'he nucl eati on speed, can be

quanti fi ed. frege S{fiep Wdte ZAg"bst wi del y used nmethod is the
Figure 13: Form A shows a distinct set of 5 absorption bands at 911, 890, 876, 862 and

841 cm™. Form B shows a similar set but the 876 cm™ band is missing. Amorphous

form shows a single broad band at about 750 cm, both forms A and B show two
20 maxima at about 768 cm™ and 743 cm™.

Thermomicroscopy is another useful technique in the study of solid-state kinetics. The
kinetics of nucleation processes from solutions or melts, including the analysis of the
nucleation speed, can be quantified. The simplest and most widely used method is the

25  melting point determination. As such, a Mettler model FP 82 controller with heating
stage was used on a Leitz microscope. A few particles of Form A were placed on a
glass slide and observed while heating at 10°C per minute. The melting range for Form
A (1:1) was found to be between 90° and 110° C.

30  On another means of characterization, the solubility of Form A (1:1) was also a matter
“subject to study. Its solubility in different solvents at approximate 23°C was
determined to be as follows:

Table 7: Approximate solubility for Form A (1:1), in mg/mi
]

Solvent | Approximate solubility —l
. Form A (mg/ml)

Acetone 1106 -211

Dichloromethane ! 105 -209



25 nelting point determnation. As such, a Mettler nodel FP 82 contrq Ng{ 2006
with heating stage was used on a Leitz mcroscope. A few particles of'5 orm
A were placed on a glass slide and observed while heating at 10C per

m nute. The nelting range for Form A (1:1) was found to be between 90 and
110 C. 30 On anot her neans of characterization, the solubility of FormA
(1:1) was also a matter subject to study. Its solubility in different

sol vents at wppsogisiate 23C was deternined to be as follpWsssdpbl € 7:

Approxi mate solubili for FormA (1:1),cin ng/mmM Sol vent I Approxi nate
solubility FormA (ng/m) Acetone 10B-211 Dichl of oret hane 105 -209 15 NOV

2006 WD 03/106461 PveAtI:PUSI 50176 - 15- 8 / Ag)(ﬁ boqﬁxmate solubility Form
A(m/m 1- I\/Ethox%- 98 opanol 160-213 E %% RS ket dne 102 - 204

Et hyl acetate 71 - |107 Fthanal absolute Eorm\@&mﬁpj_aae_a4 Water < 3.5
| sopropyl et her <3.|4-Méddxhacyanasie > 200(14eetf1anol <3.4 2-Propanol < 3.4

Tet r ahydr of ur ane ]%%h Retopfl UENE < 3 iher solubility investigations
(P o

were perforned in pH. As su¢ aqueous solubilities of Form
A (1:1) were neasUESEsiateol vents with d7ft8%nt pH An ekcess of the
solute was equili bl‘Eaitaﬁmlabaotultn t he sol vent<ag 20C for at IeaFt 24 hours. 5
After renoving thegipdissol ved conpound t_:,lae concentration|in solution was
det erm ned usi ng UJ\\%s‘gect ronetry. Table Solubility for FormA (1:1) in
function of pH Sol Solublllty(rrg/ éém solution) Wter 16 (pH 5.9)

Isopropylether <34
Methacyanate >200
Methanol <34
2-Propancl <34
Tetrahydrofurane 102 —203
Toluene <3.5

Further solubility investigations were performed in function of pH. As such, the
aqueous solubilities of Form A (1:1) were measured in solvents with different pH. An
excess of the solute was equilibrated with the solvent at 20°C for at least 24 hours.

5  After removing the undissoived compound, the concentration in solution was
determined using UV spectrometry.

Table 8: Solubility for Form A (1:1) in function of pH

Solvent Solubility (mg / 100 ml solution)

Water 16 (pH 5.9)

Buffer pH 2 (citrate/HCI) 18 {pH 2.0)

! Bauffer pH 3 (citrate/HCI) 10 (pH 3.0)
Buffer pH 4 (citrate/HCI) 9 (pH 4.0}

0.01N HC! 18 (pH 2.1)

0.1IN HCt 83 (pH 1.1)

| 1.ON HCI 620 (pH 0.2)

160 Selubility of Form A (1:1) in function of HPRCD (hydroxypropyl-B-cyclodextrin) was
measured. An excess of product was equilibrated with the solvent during 2 days at
20°C. After removing the undissolved compound, the concentration in solution was
determined using UV spectrometry.

15  Table 9: Solubility for Form A (1:1) in function of HPBCD



Buffer pH 2 (citrate/HCl) 18 (pH 2.0) Buffer pH 3 (citrate/HCl) 10 (%lﬂlogl %6
Buffer pH 4 (citrate/1-1Cl) 9 (pH 4.0) O0.01N HC 18 (pH 2.1) O 1N HeN 3
(pH 1.1) 1.ON HCl 620 (pH 0.2) 10 Solubility of FormA (1:1) in function of
HPJ3CD (hydr oxypropyl -J3-cycl odextrin) was neasured. An excess of product
was equilibrated with the solvent during 2 days at 20C. After renoving the
undi ssol ved conpound, the concentration in solution was determ ned using W
spectronet rywodHiedabl e 91 Solubility for FormA (1:1) ipclepsikheh of HP(3CD
15 NOvV 2006 WD 03/106461 PCT/ EPO3/ 5%%3_6 -16- solvent Solubility in ng/m
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by conbi ni NG HPEEDHAGvaE formul a (Xp4w t kpH3.8pr gani ¢ sgl vent, or water, or
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ol d
pseudopol y r%Q B@deﬂﬂﬁhi qllFL¥oL1Vnd||r(RH}=6&9¥qf allization are to be
under st ood t|sEHrpODciesars for] the 4produgiH=ap)of crystgls, which include
anongst others, dissolving or dispersing 10 conpound of formula (X) in a
sol vent nedi i hql t i i i . conmpound of formula
(0 "and the LayeeBhd S e BRI RRAE: §bORRIeS KRBl PPN 0 Cai g
sol ution or efeYdeeehanqsphs; Fseydepolimogrhs pesopepud of formult (0@ MePEEAPY sui t abl e
pressure, rembidnggoapahhdof Hepds @0iwit aanganingdsnt, edvaral @migthrepof | npuriti es,

drying the foroed) webMakabe ofetni® RIRLE, HPSinp sSHdARN t}ééﬁ'ﬂf?ﬁé"t% idhe@ solid state,
i spersion of conpound

if such state is.desired. 15 Bri.ngi the solution or

of fgr nul a (%@lﬁfaﬁc’é‘o?@é?ﬂ%‘"%gegegﬁggﬁe? BOIEBWEEnt r ati on does not necessarily
inmply an increase in the concentration of conpound of fornula (X). In
certai n caseBy teghnifimesfanigducye cristabigation areithbeamaer sipadrthase arecesess dprdhepe

preferabl e. REydltinngciysalehidehdudtandhdsoothedy, diddobres & idBpersiag a desi red

10 compound of formula (X) in a solvent medium, bringing the solution or dispersion of

compound of formula (X} and the solvent(s} to a desired concentration, bringing the
said solution or dispersion to a desired temperature, effecting any suitable pressure,
removing and/or separating any undesired material or impurities, drying the formed

crystals to obtain the pseudopolymorphs in a solid state, if such state is desired.
15

Bringing the solution or dispersion of compound of formula (X} and solvents to a
desired concentration does not necessarily imply an increase in the concentration of
compound of formula (X). In certain cases, a decrease or no change in concentration
couid be preferable. By bringing the said solution or dispersion to a desired

-20  temperature, one will understand the acts of heating, cooling or leaving at ambient
temperature.

The techniques used for obtaining a desired concentration are those common in the art,
for instance, evaporation by atmospheric distillation, vacuum distillation, fractioned

25  distillation, azeotropic distillation, film evaporation, other techniques weil known in the
art and combinations thereof. An optional process for obtaining a desired concentration
could as well involve the saturation of the solution of compound of formuia (X) and
solvent, for example, by adding a sufficient volume of a non-solvent to the solution to
reach the saturation point. Other suitable techniques for saturating the solution include,

30 by way of example, the introduction of additional compound of formula (X) to the
solution and/or evaporation of a portion of the solvent from the solution. As referred to
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of compound of formula (X) and solveny., for exanple, by adding a sufficient
vol une of a non-solvent to the solution to reach the saturation point.
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pr ocgssels A @&ﬁgbna@ﬁ\ﬁ%ﬂdgt&gaﬁsdsﬁsh &@g;&ﬁ%ﬂ,@&@&a@)@icﬂué Hifﬂ)ﬁﬁﬁé, of h_eI resul t | ng
pseudopol yno c r i na . filtering agents _ .such as silica gel,
A bocer (1) HEBF e 2 b st B b home BBl SRR oy ed 1 o
separate inmpurities fromthe crystals of interest. 15 Crystals obtained may
be al so dfi elrystalaabtaipedmey Brialeg dppc ansksychsyinppresesiamy sptiprellyBeeped it t he

di fferent crsudafelehtzaystatizatiagnsges, if mére than eneldiamllzmbngaysdeas | | zat i on passage
i's applied. aglidd, ']ﬂyiﬂ% SFeS RichBEAILEGNRhds khSATBIHNEXi1IA N 5,0 those skilled
in the art, sggﬂ}eas eat | ng, aﬁgl.}/lg vacuum lrét;ll a%;argg?alr or gas,

addi ng a desP¥ ating, QRS VP n ey ﬁ?%‘fﬁa&%ﬁ GEAVEPSFR TG, or the like,
or any conbi Aingonrayidetingoévapaatingy o tedkeor fnyrcombipationlthereodt i on of
pseudopol2fnor phs of conpound of formula (X) enbrace nultiple conbinations
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i ncreasi ng t beexecuted by disselving or dispersing compound of formula (X} at a suitable

25  temperature in the solvent whereby portion of the said solvent evaporates increasing the
concentration of the compound of formula (X) in the said solution or dispersion,
cooling the said mixture, and optionally washing and/or filtering and drying resulting

-solvate crystals of compound of formula (X). Optionally, pseudopolymorphs of
compound of formula (X) may be prepared by dissolving or dispersing compound of

30  formula (X) in a sclvent medium, cooling said solution or dispersion and subsequently
filtering and drying the obtained pseudopolymorph. Another example of preparation of
solvates of compound of formula (X) could be by saturating compound of formula (X)
in the solvent medium, and optionally filtering, washing and drying obtained crystals.

35  Crystal formation may as well involve more than one crystallization process. In certain
cases, one, two or more extra crystailization steps may be advantageously performed
for different reasons, such as, to increase the quality of the resulting solvate. For
instance, pseudopolymorphs of the present invention could also be prepared by adding
a solvent to an initial starting base material of compound of formula (X), stirring the



concentration of the conpound of fornmula (X) in the said solution O < NOV 2006
di spersion, cooling the said m xture, and optionally washi ng and/ or

filtering and drying resulting solvate crystals of conpound of formula (X).
Optional Iy, pseudopol ynorphs of conmpound of formula (X) may be prepared by
di ssol ving or dispersing conpound of 30 fornmula (X) in a solvent medi um
cooling said solution or dispersion and subsequently filtering and drying

t he obt ai nedvgesrudepol ynor ph. Anot her exanpl e of prepar a¢¥/@#s8i76 SOl vat es of
conpound of formula (X) could be by sajurating conpound of formula (X) in
the sol vent nmedium and optionally filtering, washing and dryi ng obtai ned
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concentr at i nggd alldded salryit i on by vacuumdistillation, and cooling. A first
crystallization would take place and the forned crystals would be newy
washed with : . j Lon . of formula
00 it -1 AR by Ak R RAGEotWim B GG 01 U bl B RAY
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vater m ol bl 06O &1 AN NS a5 AN A0S HoPodhb b Shengieor ees of
di spersion, S c’lli'fl 'S suspensi ons, yemﬁ_s_ions, 5 UFT 1 Bs "Of M xtures; or

pr ef er ably obPersing agspisoydirtsor otheragpiivs garixhmephsreof cbfeit®hal | y, the sol vent
medi um may aphhdly Rseddigihe preparatich @f crgstallinel sespewsione andwirieh ard®elldi sper si ng agent s,

surfact ant s Qe b8t BOGELhYE Sthe WdidVeinby GSact BRIEAE WediDRolikhf nor mal 1y

used in the preparation,of. crystalline suspensi.ons and which are wel |l
docunent ed itﬁe @ﬁ‘? q?ﬁyg%&y i e.ag%'ge L?H‘G?ctyia{}‘igecﬁﬁ?“%%e é‘ﬁg‘éﬁﬁ’e&geousl y used in
modi fying the shape of crystal by increasing the |eniency and decreasing

t he surfate Beselvenpmedivre certiiniag the padetion may epticapll hegtirprbfosatettainon may

opt i ona:c |y berisd dftigporfvidorodslg agitatel Rsing) €drieRthnpdd, ahighBheadixki @Or Olr:; ly agitat fed
using, for . onbi nation o
these, to ggzréfglr tngertdﬁg Q@E@P‘?@S%&%&ﬁg eng{a%eetﬂf%gg@h%e&%?'g%fﬁﬁggconpound. 25
Exanpl es of BFYLESPEPUBEvents useful for the present invention include Cl-CA

al cohol s
25  Examples of organic solvents useful for the present invention include C;-C, alcohols

such as methanol, ethanol, isopropanol, butanol, 1-methoxy-2-propanol, and the like;
j Ci-C4 chloroalkanes such as dichloromethane; C;-C4 ketones such as acetone; C;-Ca
ethers such as anisole, and the like; cycloethers such as tetrahydrofuran; Ci-C, esters
such as ethylacetate; C,-C, sulfonates such as mesylate, ethanesulfonaie,
30 butanesulfonate, 2-methyl-1-propanesulfonate; and the like.

Examples of mixtures of water and water miscible organic solvents include, mixtures of
water with all organic solvents listed above provided they are miscible in water, e.g.

ethanol/water, for instance in a 50/50 ratio.
35

Preferred solvents are those pharmaceutically acceptable solvents. However,
pharmaceutically non-acceptable solvents may also find their use in the preparation of
pharmaceutically acceptable pseudopolymorphs.



such as net hanol, ethanol, isopropanol, butanol, 1-nmethoxy-2-pr opanoll,sg{'ivj)r;.'pl2006
the like; Cl-C4 chloroal kanes such as dichl oronmet hane; Cl-C4 ketones ch
as acetone; Cl-C4 ethers such as anisole, and the like; cycloethers such as
tetrahydrofuran; Cl-C4 esters such as ethylacetate; Cl-C4 sul fonates such
as nesyl ate, ethanesul fonate, 30 butanesul f onate,

2-nmet hyl -1 - propanesul fonate; and the |ike. Exanples of m xtures of water and
wat er m sci bve ootoggni ¢ sol vents include, mxtures of watEkpiksiéi al |l organic
solvents listed above provided they apg. mscible in water, e.g.

et hanol /water, for instance in a 50/50 ratio. 35 Preferred solvents are
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forms of coffswawd abformglaiy), arhjckmay pptibe Reagssgrily pharpacepticalbsagaaniable.
phar maceut i CEdrlinsta&e; Eftinad iny be frépared 3Gitting Giém FHofih I Pedfpolixgorplisapar ed starting
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n the

anor phous,form xtures wat er and water m scible organic
solvents, the anobunt of water can %/},gl%rfr,om about 5% b(v)cr vol une to about 95%

by vol ume, phehepixiyres of waifn and sigter Bis gani slYent 85 HUPUPLIENHET o o
preferably fvanfrabebut 264y vouabmubod 9% lby velohe pecferdiy from sivot2d ®l so be not ed

that the quaktoty7s9f byS@hfsk! @6k PredmbCEMPhB6RN0% BB 8% by val@hat ur at ed, or
other) also influences the resulting quality of the pseudopol ynorph.

Control - q Pf, Gl .8k Bllcd GIREL AL 6r ANM.PGETLIGIRY RS, I] 11 onal | y used to
i nprove he reproduci P Y. of crysfa I'zat| on proce'ss, the particle

si ze di stri birnpBted Ry othen alsa irilygncssiike reritng gralityref the pseudogabnasply st al | i zat i on
can be effected without seeding with crystals of the conpound of the

formul a (X) Oontpt afpescipithtjonitempehaprpirdserding nef be additionblly wéd to frygowonpound of

the formula §Keprodtidiilydt fhe cHEEREHES Brobdd, thelphi@icle 4 EikiARRY aRESHL N.  Seedi ng
res.. The anount of

can al so eeetéect d sgéveral, ti A\t various tenperat .
The oo dUa et Wt A toe bt MiRalon ok PHR1es SRR BHedhE Rt Lot omdl 1y be
det er mi ned b§ysals githayempermd ok the fosggulp (X} 45 @refgrably in the presence of crystals of

the compound of the formula (X), which are introduced into the solution by seeding.

Seeding can also be effected several times at various temperatures. The amount of the

seed material depends on the amount of the solution and can readily be determined by a

25  person skilled in the art.

The time for crystallization in each crystallization step will depend on the conditions
applied, the techniques employed and/or solvents used.

30  Breaking up the large particles or aggregates of particles after crystal conversion may
additionally be performed in order to obtain a desired and homogeneous particle size.
Accordingly, the solvate crystal forms of compound of formula (X) are optionally
milled after undergoing conversion. Milling or grinding refers to physically breaking
up the large particles or aggregates of particles using methods and apparatus well

35 known in the art for particle size redoction of powders. Resulting particle sizes may
range from millimeters to nanometers, yielding i.e. nanocrystals, microcrystals.

The yield of the preparation process of the pseudopolymorphs of compound of formula
{X) may be 10% or more, a more preferred yield would vary from 40% to 100%.



The tinme for crystallization in each crystallization step will depend on the
conditions applied, the techni ques enpl oyed and/ or sol vents used. 3013 NOV 2006
Breaking up the large particles or aggregates of particles after crystal
conversion may additionally be performed in order to obtain a desired and
honbgeneous particle size. Accordingly, the solvate crystal forns of
conpound of fornula (X) are optionally mlled after undergoi ng conversion.
MI1ling or gwonshwegirefers to physically breaking up t%T)Eg,{gggnparti cles or
aggregates of particles using nethods,gnd apparatus well 35 known in the art
for particle size reduction of powdersS. Resulting particle sizes may range
frommlli IS, I i had2. Nanocrystals, mcrocrystals.
The yield g?&'tgﬁgtmggég%Sfa%!%aﬁ&%%%gg&s@%?%tllﬁ%%bseudopol ynor phs of conpound of
formula (X) may be 10% or nore, a nore preferred yield would vary from 40%
to 100% 15 W%mdowlwhie%th?snresﬂ@vmﬁ@%v@mw%z@@atqr#taa%sti ngly, the
yi el d vari espehettwdfime sti@dbly it pteHpseSdnpblyhonphs lpye b gaip pigarartiad50f t he present
i nvent i ons Naygef BYE ke SRl She Hri3R p%adoﬁa%fogm& ha/Rp6rity Yhch@Pinda  the present
pseudopolyrmhgrgphs have a purity greater than 95 5 percenft.” Even nore
suitably, t Pﬁ?c@étent pseudopol ynor phs have a purity greater than 99
percent. In a third aspect, the present invention relates to a

phar maceut i dala tiiwraspect the present mgntips ietates o & fhemzpentical ahlgtianf f ect i ve anmount of
a psegdgpol Yo¥RipRaingd th ﬁéangeﬁa‘ﬁﬁvem}ob?ro&rwb@ud%lyg%ﬁ ofcoﬁﬁ@ﬁﬂﬁ&ﬁteuf“ cal Ity
accepta carrier~or . di]uen re ne enho n present invention
rel ates {1 @ tﬁrénuéas(é{)’oqfndpﬁiéar@%@étﬁj I?yc%c??p? bgeézgré%{(g@? 1ée"lc{p}’)r'grgcﬂfitlopoI ynor phic forns
of conpound of fornmula (X), preferably FormA, in the nanufacture of a

medi cament  fi8one pehedinegt afessapigationyglates togle ysept bpimecdisally sereptells. HI v 15

i nfections, gsexdopotangplés fofagieficompbundnifoamubefX) gireferatly Bymds,amehe( Al DS) and

Al DS- i el at elﬂan‘ﬁﬂg%#e@fa%ﬁ%%men{ for &&gﬁ@g&&@@&?&af@!}&m&aﬁ %&t{h,ag twpt Ion |
provi des a et hod f.or reat pent o .retrovira egtiop, for exanple
an HV i ﬁ? ec‘P{egf?f‘s’ifWe “ﬁﬁ?ﬂ%ﬂmrs@g@ﬂmg%e %e%ﬁ'ﬁ% yner c{i&{bg{]angﬁ}ﬁgi ses

admi ni st er i nglaedcmdex %l in need thereof an effective antiretroviral

anount of a pharnmaceutically acceptabl e pseudopol ynorphic formof conpound
of formul a (X)emothreibsddény, praéniinfentich poeidés 4 matesdtforahe ttdattent eflaat es to a
method i n W GhbNBeb G 3bIBahoRhn AV intotdl Bla mad BLAGEA AlfOMPY | ses the
reduction_ of gﬂ Vr;lﬁ oaJ. ’Pr,esen? Invention. also relates to a hethod in which
the t r eattrent fﬂ’f“og’gflﬂ’s pfnyin{5iering ot ff’éa(?’t’]i‘%f?"(? FPYARHHEYS nerease of  CD4+
cel | count. #Atietevital amypahefiapharmetegticaly agsepiabld pseuglopplyrearploeiform ofihi ch t he
treatment  ofompaind offfovmidia (7), preRfaBBHoAR ACONPri ses inhibiting HV protease
activity in a manmal .

Present invention also relates to a method in which the treatment of a HIV viral

25  infection comprises the reduction of HIV load. Present invention also relates to a
method in which the treatment of said HIV viral infection comprises the increase of
) CD4+ cell count. Present invention relates as well to a method in which the treatment

of said HIV viral infection comprises inhibiting HI'V protease activity in a mammal.

30  Pharmaceutically acceptable psendopolymorphic forms of compound of formula (X),
preferably Form A, also referred to herein as the active pharmaceutical ingredients,
may be administered by any route appropriate to the condition to be treated, preferably
orally. It will be appreciated however, that the preferred route may vary with, for

example, the condition of the recipient.
35

For each of the above-indicated utilities and indications the amount required of the
active ingredient will depend upon a number of factors including the severity of the
condition to be treated and the identity of the recipient and will ultimately be at the
discretion of the attendant physician or veterinarian. The desired dose preferably may



30 Pharmaceutically acceptabl e pseudopol ynorphic fornms of conpound of
formula (X), preferably FormA, also referred to herein as the act i & NOV 2006
pharmaceutical ingredients, nay be adm nistered by any route appropriate to
the condition to be treated, preferably orally. It will be appreciated
however, that the preferred route may vary with, for exanple, the condition
of the recipient. 35 For each of the above-indicated utilities and

i ndi cati ons wheymseunt required of the active ingredi epéridohhorsiepend upon a
nunber of factors including the severHF {y of the condition to be treated and
the identity of the recipient and wll ultimtely be at the discretion of

the attenda I.Gl erably may 15
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or four or nBFEREHEMS d® ni stered at appropriate intervals throughout

the day. For an oral admnistration form pseudopol ynorphs of the present
i nvent i on arker an orelchdméinisniatidm fenm, psebdapolaadiphs afale, preset invagios aci pikeht s,
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sui t abl e i netoatedighlptsdyard capsaleyy @meavSaaimbohqmmwplatmnﬁa@mmﬂqa af car bonat e,

pot assi um mﬁ%mﬂérﬁcarﬁe?ﬁ'@giﬁl arﬂhd}ﬁiﬁ@@sna QhiagBéstinCdarbohdie, rpamsnﬁul ar, corn
starch. Int h&i@ﬁ tés%‘%bﬁ%&e,pofrﬁt&%ﬂ Eﬁ?‘pcu?z@rlopl%ta&%r Fﬂ i Qi both as dry and

as noi st (? nts are vegetable or
ani mal s, Pr@lﬂ{é‘ﬂo%@n b FATTIGOAQEE bogh 35 BfanééﬂmPF%?‘“leb|3“1talﬁﬁPﬂyabl e solvents for
agueous or adxclpienxls bicsobehtsisre eegstable er anabad pils, etchanwhilovwn géor coddivert | ons, or

m xtures t h%le%nabféoéo%ﬁtm& Edﬁ@oug loyﬁ&lhal@éaglh%lam%yéﬂﬁﬂ& g@fcol S ar e al so
useful as fur@#}er auxi

ration for
subcut aneous S Fnt" I’Tgift@ﬁ?){?greﬁfd ﬁlohftg}(l?}fﬁlyﬁﬂ a?#@ﬁyﬁgogﬂlﬁ%wcg?%ﬁg of conpound
of formul a (Wﬁllﬁsﬁﬁﬁﬁéalﬁé'ﬁl%fqrwﬁﬁh@@mﬂ@t@r@w customary therefor such as
sol ubili¥ers, enulsifiers or further auxiliaries, are brought into
sol ution, smarbsﬂtmouscﬁr uﬁﬁtdn&is&ﬂm;nlsﬁm&npeﬁepuampblympmtﬁcmﬁpcmﬁarpound of

formila (X ERnih3R) %ﬁ%@%kﬂeég&aﬂ&g ciofiaR b UOPA baBhRADt a1 ned used,

for exanpl e, ion o ectio usl on arations.

Sui t abl e sol rsef?’éimhleb*’r"x'(i'ﬁréeﬁﬁ’%bm tig Sd&ﬂ% F‘BF%‘@'P'&&’F og F‘P e solution or
al cohol s, e.The pesutiepebimorghs @ﬁmmmundgfﬁmwl@m camalspddilydpbilizedlasdtheugar sol uti ons
such as 2@ ugsphaizaés JHRNRYE Lk, B10dxbihpie o thdfrodbcti@roTafdoMed of kudir es of the
various sol Vp%b%faﬁodl? @Lf.ta%ﬂ%glwn%ssare, for example, water, physiological saline solution or

alcohols, e.g. ethanol, propanol, glycerol, in addition also sugar solutions such as

glucose or mannitol solutions, or alternatively mixtures of the various solvents

mentioned.
25 '

Suitable pharmaceutical formulations for administration in the form of aerosols or
sprays are, for example, solutions, suspensions or emulsions of the pseudopolymorphs
of compound of formula (X) in a pharmaceutically acceptable solvent, such as ethanol
or water, or a mixture of such solvents. If required, the formulation can also

30  additionally contain other pharmaceutica! auxiliaries such as surfactants, emulsifiers
and stabilizers as well as a propeliant. Such a preparation customarily contains the
active compound in a concentration from approximately 0.1 to 50%, in particular from
approximately 0.3 to 3% by weight.

35  Pseudopolymorphs of the present invention may also be presented in a formulation
comprising micrometer-, nanometer- or picometer-size particles of the
pseudopolymorph of compound of formula (X), which formulation may contain other
pharmaceutical agents and may optionally be converted to solid form.
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aerosols or sprays are, for exanple, solutions, suspensions or enul sions o?
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solvents. If required, the formulation can also 30 additionally contain

ot her pharnmaceutical auxiliaries such as surfactants, emulsifiers and

stabi | i zers vasododdkr as a propellant. Such a preparatlonp@yﬁ@ggﬁﬁgly cont ai ns
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enpl oyi ng pasaﬁ@w%oﬁgﬁ@iﬂga&rsnmm&amﬁaﬂlnebﬁs&rsrm' sture, such as sealed
vapour | ock bags itioning drug products, such as tablets, capsules, can

be achieved bg npl oyi ng for instance, alum niumblisters. It shoul d be
under st ood t H& Oﬂqﬁb%ﬁ?fﬂ?@ﬁhqtél addision indheagredienss pagicriprdymsntioped#¥e. oned above,
15 fornuliat i éesuledont bf this invetioh irefudesothed aests odrivatioas) émths ac bawrent i onal in t he

art having Fe%%ﬁ@th% Eﬁ‘ﬁo m?[n 9&18&“’;‘&%&;&{]:1&t'HosQ‘éu‘?n%le%orélor exanpl e those

sui table for B\ﬁht ﬁ |nc ud avouring agents or taste
maski ng agenf m*ﬁ'iaé‘o?H’IaY N aé’)?‘éﬁﬂgl orréasﬁemaélﬂ%a&e‘f%r illustration only

and are not intended to limt 20 the scope of the invention in any way.
Exanpl e 1 Thé&h¢ fedlersing pampiseare éntengent faeidlpsiratin onlyrand arengt intendeddo foitf or med  usi ng
t he fol | @0 NeheSEdPPSE the Invensibn @ asPvalf.i on was prepared wi th isopropanol and
(3R 3aS, 6aR) - hexahydr ofuro [2,3-b] 25 furan-3-yl
(1S, 2R -3-[] 1 pophenyl ) sulf onyI ] (isobut yI ) arri no] 1- benzyl -
g%ldr OXYypropy ea zrn aétrrrﬁai} scale -sryrll1 egl(s)!) orm (\lfqiwas perfonned usmg th ¥oll\()\%?n%ustrgpg Istillation
First a solution was prepared with isopropanol and (3R,3aS,6aR)-hexahydrofuro {2,3-b]}
25  furan-3-yl (18,2R)-3-[[(4-aminophenyl) sulfonyl] (isobutyl) amino]-1-benzyl-2-
hydroxypropylcarbamate. The solution was concentrated by vacuum distillation at
) 70°C and 200-500mbar pressure and cooled from a T>35° to a T between 15° and 20°
C for about 10 hours. The crystals formed were newly washed with 13 liters
isopropancl and filtered. A subsequent recrystaliization from ethanol/water (90
30 liters/90 liters) was performed. This was followed by a new dissolution step, but with
60 hiters ethanol instead. Recrystallization of the reaction mixtare from ethanol
occurred, followed by a cooling step from refiux to ~15°C approximately and during 10
hours. The ethanolate formed was filtered and let to dry at about 50°C and about 7
mbar. The yield of this process was at least 75%.
35
Example 2
In another example a mixture of Form D and Form B were prepared. Acetone was used
as a solvent during the crystallisation process to form Form D. The crystallisation

process then comprised the step of stirring the initial starting compound (10g) in 70m}



70C and 200-500nbar pressure and cooled froma T935 to a T between 1%5?16@2%96
C for about 10 hours. The crystals fornmed were newy washed with 13 liters

i sopropanol and filtered. A subsequent recrystallization from ethanol/water
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di ssolution step, but with 60 liters ethanol instead. Recrystallization of
the reaction m xture fromethanol occurred, followed by a cooling step from
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filtered and let to dry at about 50C gpd about 7 nbar. The yield of this
process was at |east 75% 35 Exanple 2 In another exanple a m xture of Form
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t enperat ure A 3t| S BV & i gtnt."'Forrred crystals were filtered and dried
in the vacuum oven at 50C. 7.6 g of product resulted fromthe

crystal |l i zatExampledeing 5 the yield of this process of about 75% Exanple 3
InI anot he(r]I exanghe eianfpneFlmﬁuy@ttal_lssfew@am.ew@dmlha@we@wmlv§ms used as a
sol vent ur gtg]y . Db S& 1 e

crystalli sat‘?uglﬂg,glgg essﬁnﬁIl #j%gygg r .°g‘§3‘ ﬁ?ec%%g%mgggg%}%fhﬁg the initial

st art i ng!¥rat @FPEpedithe steRQ ??i‘tmgstB‘T W&%Ps.mtﬂgemt%] igthedit spients JB& equent I y cool ed
until room teivwtien wesrubsequentisn@died nytd rainstemparguref Férmed agistelnderdri ed in t he

vacuum oven fitercdQbd dridagn Mk ¥acdudth SvéaR s@CN e @04l confdinB®hbolte 50 g BE opanol . 15
Example 4 In this qxarrpl e, the mass | osses for different pseudopol ynorphs in

t her nogr avi e REne (TG experinments were cal cul ated. Thernogravinetry is a
techni que that neasures the change in nass of a sanple as it is heated,
cool ed of’ hebmpledconst ant tenperature. Approximately 2 to 5 ng of sanple
wer e pl aced lanhigexampleptheimbs d@ids éat diffdrent psaadopély @@ plisun thamengravimbelc Net zsch

Thermo- M cr 0@@) @'ﬂﬁﬁmlr% VZQ'Q cﬁ&'iﬂ?éd.e q"hérﬂlo@raﬁﬁu@tlﬁ?fs a 't:e-auﬁque%pa@ meisBEIEr vector 22,

Co a final (SRPEITATEr LPmRRE i aPUE] FORTA PTG PES ual ~ sol venis
was in the ofpispximitelp? 105 g ef Winplejwees placed pvd B8 asbingastad inkgbeTGver a narrow
t enper at pd € furnace, madel Netzsch Thermo-Microbalance TG 209 coupled to a Bruker FTIR

Spectrometer vector 22. The samples were heated in a nitrogen atmosphere at a rate of

10°C/min, up to a final temperature of 250°C. The detection limit of residual solvents

was in the order of 0.1% for distinct stepwise solvent loss over a narrow temperature

range (few degrees Celsius).
25

The following TG data were obtained: _

) Form A: a weight loss of 4.2% was observed in the temperature range of 25-138°C
(ethanof + little water) and of 6.9% (ethanol + CQ,) in the temperature range of 25-
200°C. FEthanol loss rate was maximal at 120°C. CO; loss was due to chemical

30  degradation and was visible at around 190°C.

Form B: a weight loss of 3.4% was observed in the temperature range 25-78°C (water)
and of 5.1% in the temperature range 25-110°C {ethanol + water for T>78°C). From

110-200°C further 1.1% weight was lost (ethanol).
35

Form C: a weight loss of 2.1% was observed in the temperature range 25-83°C (water +
methanol) and of 4.2% in the temperature range 25-165°C (methanol for T>83°C,
distinct step). From 105-200°C further 2.1% weight was lost (methanol). No ethanot
was observed in the gas phase.



range (few degrees Celsius). 25 The follow ng TG data were obtai ned: 596%666
a weight |loss of 4.2% was observed in the tenperature range of 25- 13é
(ethanol + little water) and of 6.9% (ethanol + C02) in the tenperature
range of 25- 200C. Ethanol |oss rate was maxi mal at 120C. CO2 | oss was due
to chem cal 30 degradation and was visible at around 190C. Form B: a wei ght

| oss of 3.4% was observed in the tenperature range 25-78C (water) and of
5.1%in the wemmessst ure range 25-110C (et hanol + water pOFEph<dR% - From

110- 200C further 1.1% wei ght was | ost )4ethanol). 35 Form C. a wei ght |oss of
2.1 % was observed in the tenperature range 25-83 C (water + nethanol) and
of 4.2%in the tenperature range 25-105C (nethanol for T>83C, distinct

step), From Q5 B2Q0idhtiold 1018 Wao0ehEH tn tHeEmpRSthre &b%%% £ No et hanol
at'u

b 0
b d 1 h . 2006 10 EP03/ 50176 - 24-
\Ilzvg? mODzse;V\i/eid"gﬂ‘im P‘gé %E?Bb%%‘?g%z\%ggwgcgg\%ﬁe%\%of %é.}?eﬁéé? ({/”én range 25-50C,

of 4.2%in thedemperpresranggRé-1pAfgacene t obwol e &t YRL)andphanol for T>50C), of

8.2% i n she1t.swpehedempeatirige 252406C Gobtaget @notfoeTianad). f or T>108C) and of
5 10.5%in the tenperature range 25-240C (acetone + ethanol for T>157C).

FormE: a wegghte.l 9 i r nge 25-75C
Cnater), - or FepaaRinflbsstr S10008 BAREI KL difbod fe RPEL B Lt 00
ethanol for. $hlien thefempesatompirmge £rd0i' e AIIORRREDS & RRRobEr T57ACC), of

(di chl or onet hétten the ¢dniparatuke rhnge 231308 Qicldordmdtbane+ dthaB8kbfonT>t1 D& C) axdper at ur e

range 2513406k { g ShthOEAPBIBRMgE 285 NP0 Rlicki A5 7 Ghano] ERTEYC Wei ght | oss

of 0.1% was observed in the tenperature range 25-50C (probably water), of

1.7%in the tenperatu range,,25-108C (et hyl acetate + ol for 1>500),
of o 60 1 1 FEME AR To B v SR SRRk Bpde - anor for 15
1>108C) and (robgbly watepd 1i7&hipdhedernpesatyrgpge 2 5L08Y A Gthyleestaig t stbeoht e + et hanol
for, T>157Cor TESI°0), & 6.6% ethg Rinpbrati ratige 05-Q%5@asthplactta/eethdndl fohe tenperature

range 25‘1§Ocir>ﬂi:§°(§%8{ %ﬁ%in%ﬁl@te%.ﬁ%%?r@ %g%% Qrﬁf;g?ﬁ@ﬁéc?e&fég ethanol for

(1- met hoxy- ZTEr p et hano I'stinct step), of 8%in the
tenperature aHE’eC)QS- 157C ( 1- met hoxy- 2- propanol + ethanol for T>108C) and of
12.5%in the tenperature range 25-240C (1-nethoxy-2- propanol + ethanol for
T>157C) . For Ferkg G:a weightjloss df @80 wis cbse®5% wthe tolbparrtviedangn 23-HECt efnper at ur e range
25-100C 3.7% in the temperature range 25-108°C (1-methoxy-2-propanol + ethanol for T>50°C,
20  distinct step), of 8% in the temperature range 25-157°C (1 -methoxy-2-propanol +
ethanol for T>108°C) and of 12.5% in the temperature range 25-240°C {1-methoxy-2-

propanol + ethanol for T>157°C).

Form H: a weight loss of 0.8% was observed in the temperature range 25-100°C
25  (anisole + little ethanol) and of 8.8% in the temperature range 25-200°C (anisole +
ethanol for T>100°C).

Form I: a weight loss of 0.3% was observed in the temperature range 25-89°C (water)
and of 11.0% in the temperature range 25- 200°C (tetrahydrofurane for T>89°C). No
30  ethanol was observed in the gas phase,

Table 10 shows approximate expected mass losses for different Forms in
thermogravimetric (TG) experiments.
Mass loss in % (M + xLM = 100%)

35
Pseudopolymorph | BP[°C] | Hemisolvate | Monosolvate | Disolvate | Trisolvate
Form D 56 5.0 9.6 17.5 24.1
Form H 152 9.0 16.5 28.3 37.2

FormE 40 7.2 134 23.7 31.8




25 (anisole + little ethanol) and of 8.8%in the tenperature range 23z £09Gms
(anisole + ethanol for T>100C). Forml: a weight |loss of 0.3%was obsServe
in the tenperature range 25-89C (water) and of 11.0%in the tenperature
range 25- 200C (tetrahydrofurane for 1>89C). No 30 ethanol was observed in
t he gas phase. Table 10 shows approxi mate expected nmass | osses for different
Fornms in thernogravinetric (TG experinents. Mass loss in % (M + x.LM =
100% 35 Pswodopels1 0 h BP[ C Hem sol vat e Monosol vat e Di sgtw@bendy | sol vat e
FormD 56 5.0 9.6 17.5 24.1 FormH 152.9.0 16.5 28.3 37.2 FormgE 40 7.2

13.4 23.7 31.8 15 NOV 2006 WO 03/106461 PCT/EP03/ 50176 125' Pseudo of o h
BP C Heni sol Matgipwiassl | aippcpl sehvaiie Thichodowatee | DEOWsR $iliddvale b 14.1 24.8
33.1 Form F ép (A I3°9 4ﬁ5§ 37,8 FOormi A {8740 1,5, 14. fIZ orm B 100
1.6 3.2 6.2 ¥ Srormc 452880 10. 514410 rerpttle 613543 6 b0 8 28.3

I n anot her sgiomFf t her nogravi neffdi ¢ et nd#8, For nl 2.3 For m3Abaf t ef
Adsor ption/ D pation, andgFormup after |Agsorpti ohffesorpghpen hydratation

tests, weref Al - TTanstentre MTg an all? AU SanpL e pan. .The T4 curve was
recorded on EOBBIA 1 astdd A8 Res FEAZ2950 t-h gr-avineter

mrTToTTTo Il,"n{ ~ 'IIUUI A LI L Y T v t the
i

followi ng coimiCons: ini6fi al [E&nperat ub6: room [ Enperat/Ud@  heating rate:
200/ m n  resjogghfon factagg 4 (kional condjgion: 3084g or <8@k(wiw) %d 10 The

TG curves of 'the sanples are colfected in Figure 16. Tabté& I shows nmass
. 0 H
losses for the LRLTE of FRl&Gavineiil dbiods, PR AL £gnoe)  Up to 80C >80C

Adsorption/Desorption, and Form A after Adsorption/Desorption hydratation tests,

were all transferred into an aluminum sample pan. The TG curve was recorded on a
) 5  TA Instrument Hi-Res TGA 2950 thermogravimeter at the following conditions:

* {initial témperamre: room temperature

» heating rate: 20°C/min

* resolution factor: 4

» final condition: 300°C or <80[(w/w)%]

10
The TG curves of the samples are collected in Figure 16,
Table 11 shows mass losses for the forms tested:

Form A TG (% weight change)

Up to 80°C >80°C
Form A 0.3 7.1
Form A after ADS/DES 2.9 4.0
Form A after A/D hydratation test 5.4 0.5

15  The loss of weight at temperatures up to 80°C is mainly due to the evaporation of
solvent (water) present in the sample. The loss of weight at temperatures above 80°C is
mainly due to the evaporation of solvent (ethanolate) present in the sample.

A TG curve of form A at 25°C under dry nitrogen atmosphere in function of time is
20  collected in Figure 17. The loss of weight at 25°C after 10 hours was around 0.6%.
This was due to the evaporation of solvent.

Example 5
In another example, measurements of differential scanning calorimetry (DSC) were

25  also performed. For such purpose, a Perkin Elmer DSC 204 thermal analysis system
was used. From 2 to 5 mg sample of Form A were accurately weighed into a DSC pan.



FormA 0.3 7.1 FormA after ADS/DES 2.9 4.0 FormA after A/D hydrat1 tNl 3;‘5006
test 5.4 0.5 15 The | oss of weight at tenperatures up to 80C is nai nlg fe
to the evaporation of solvent (water) present in the sanple. The | oss of

wei ght at tenperatures above 80Cis nainly due to the evaporation of

sol vent (ethanolate) present in the sanple. A TG curve of formA at 25C
under dry nitrogen atnosphere in function of time is 20 collected in Figure
17. The | osswobsweisght at 25C after 10 hours was aroundpBr/Bf@sse13)i S Was due
to the evaporation of solvent. Exanplgg5 | n another exanple, neasurenents of
differential scanning calorinetry (DSC) were 25 also perforned. For such

e Saipie. oy e eicpbrtatils A op paly Plofhite MELEIrieto U9, ) 2006
WO 03/ 106461‘“’9’@%%0\%1“716‘%‘3 ?te‘srﬁér ?(i’)‘le]gi(sr@?{f@n%flgtopagi'ggr med in an open
pan. The saniginperaters oB20F Ci FhaP8Q datywasqbpaingst falleveigy seodrdmghediatheheat ed at a
rate of 10C RErTheFovt & watléhataBteAzet b differch@iIRAABAG Caoridletr @95 (Gin The DSC dat a
was obt ai gled f. I{Sg’vén n@as} stean&ﬁerd.nnﬁglhagde quPPﬂg hhL: Tha%j1 Qrm A was

char act ert ze‘ﬁhlgy Iret e jeaylotien i g tenge J05 14 rPOMPRRR AL AU i ch i t
showed a shal¥j-6efRaBithedalp HT-98138 Jiegnwe ASgordinglyche 5%'@&? siyag cpsiek at  about

105.6 C, W t¥Fomd Alstlchipddnd Ofordnlad (37 (ONSRéwedAgahdrabargphypattérthevtidhhanol  sol vat e

crystal For tgeynd of formula (X) (1:1) showed the thernograph
pattern, whi%hémgégears |y'n FIGURE S. 10 In another set of DSC neasurenents,

Form A, Form A after Adsorption/ Desorption, d Form A after

Adsor pt i ¢f/ DESBha F%ﬁfﬁgﬁfnﬁ?s&‘fef“@?fs’tsl“éﬁ é E?%’i"é\ %%éﬁfl??é*ﬂ?"%ﬁmm?r my of the
sanpl es wer eand FamsA gfieredisorptian/Res@otiquhbydretafior tettederabxamiiredrAbet kimg El mer
sanpl e pan. ofRQas RPN e Bakfe8Sinkl :096d pdMckdled MBniARP PARMIERLS s&RMer and the

DSC curve recorded on a Perkin, ElL.ner ri.s DSC t fol | owi ng
condi tions: % %ﬁenﬁa?lpglpa?véar?ﬁlgorsﬁ%ﬁlﬂ‘gtﬁ © RCEPIHR ‘fvlm;]m%&ha?t[g& T nin final

t enper at ur e; reassdrd on g PerkigFdmerRygaPSEo i fellowingGombliars:A showed an endot hermic
si gnal ati5 abouditial @hpaeuendse heat of fusion of 95.8 Jig. caused by the
evapor ation .pfheatﬁg%m@et_ hanoh@ig,gnd the nelting of the product. FormA after
ADS/ DES shO\ALeg,lTu%tt r oad eng%ogern‘i c signal due to a m xture of ethanol ate

Form A and hy SPEBY ormA after ADS/DES hydratation test showed an
= pitrogen flow: 30 mV/min

20 Form A showed an endothermic signal at about 104.6°C and a heat of fusion of 95.8 J/g
caused by the evaporation of the ethanolate and the melting of the product. Form A
after ADS/DES showed a broad endothermic signal due to a mixture of ethanolate
Form A and hydrated Form B. Form A after ADS/DES hydratation test showed an
endothermic signal at about 73.5°C and a heat of fusion of 126 J/g caused by the

25  evaporation of water and the melting of the product. Thermograph curves are depicted
in FIGURE 15.

Example 6
In another example stability studies of the Form A in three different conditions were

30 tested out. They included conditions of 25°C and 60% RH, 40°C and 75% RH, and
50°C. These studies revealed that at 25°C and 60% RH long-term stability, the amount
of ethanol and water is stable.

Table 12 shows the Stability study for Form A. Long term stability at 25°C / 60% RH
35  (Relative Humidity), with brown glass bottles as sample container.

Test Release data | O month | 1 month | 3 month
Residual solvent: % (w/w) ethanol | 7.5 7.6 7.6 7.1
% {w/w) Water 0.10 0.27 0.26 0.55




endot herm ¢ signal at about 73.5C and a heat of fusion of 126 J/g cay §ﬁ6v%06
the 25 evaporation of water and the nelting of the product. Thernograp
curves are depicted in FIGURE 15. Exanple 6 In another exanple stability
studies of the FormA in three different conditions were 30 tested out.
They included conditions of 25C and 60% RH, 40C and 75% RH, and 50C. These
studi es reveal ed that at 25C and 60% RH | ong-term stability, the anmount of
et hanol and weésavessis st able. Table 12 shows the Stabiliggrashsigyssf or Form A
Long termstability at 25C/ 60% RH 3% (Relative Hum dity), w th brown

gl ass bottles as sanple container. Test Release data O nonth | nonth 3 nonth
Resi dual solvent: % (ww ethanol 7.5 7.6 7.6 7.1 ww Water 0.10 10.27 0. 26
0.55 15 Nov g@&gle—,v\o 03/ 106461 PCTI EP03150176 -27- Exanple 7

Adsor pti on- ? % out 23 ng of Form A were transferred into a
VTJ vapor s ?’Pd?{’ ’f’é *¥rodel 5 SGA100 and the wei ght change with
respect to tHwubiimg pfﬁafme‘\ werprdranisfeyredyaty a EHlgapns gorptign atlfabzet wpdebwi ng

condi tions: SEKMi0REd theweghe&mufgewnﬂe@peceﬁm;d atBdsphetic hemitPwderedordedi N.  Or

60m n. dat Uﬁﬁ! Y% or 2mn. 10 tenperature: 25C first cycle
R-1 (% ads%%ﬂﬁ?{)lon H%BC%ZO 30, 40, 50, 60, 70, 80, 90, 95 RI-1 (%

desorpti on: '95”“@681“%““7@%‘60 50, 40, 30, 20, 10, 5 second cycle RH (%
adsor ption: Seqiiltyriu0, 30000 ibBninGd 60@@, 80, 90, 95 RH (% desorption: 95,
90, 80, 70, 5Qata 2brvaf0. 30,059Q:24f. 5 15 At the drying step about 0.6 %
wei ght 8@ S re |sterﬁg The obtained dried product was not hygroscopic,
it adsorbed \SIEGWPS 'S 9 waP&t at high relative hunidity. During the
desorption cyéirsecwlel oss oRHAwgArpspn: B, 10, %,ﬁﬁﬁor%ﬁ%t’f&rg@d% $hi s i ndicated
that.the product was Iosmg(/gtdb@ﬂﬁb@tge o0l be 70 lBh adoparl smnodocs aft er ADS/ DES

was é m xt urge gur%glfet hark?# @f)%déco %”ijo Qy%%egb E@r7U‘8OT§be9f‘DS/SDES curve is

collected in é rptio
(%) desorptlon 95, 90, 80, 70 60 50 40, 30, 20, 10, 5

15
At the drying step about 0.6 % weight loss was registered. The obtained dried product
was not hygroscopic, it adsorbed up to 0.7 % water at high relative humidity. During
the desorption cycle a loss of weight of 1.4 % was registered, this indicated that the
product was losing ethanolate. The obtained product after ADS/DES was a mixture of
20 ethanolate form and hydrated form.
The ADS/DES curve is collected in Figure 18.

Adsorption-Desorption hydratation tests
About 23 mg of Form A were transferred into a VTI vapor sorption analyzer model

25 SGA100 and the weight change with respect to the atmospheric humidity was recorded
at the following conditions:

; » equilibrium: <£0.0005% in Smin. or 90min.
* data interval: 0.05% or 2min
» temperature: 25°C
30 = cycle ' RH (%) adsorption/ desorption: 5.95

repeat the cycle 11 times

At the end of this test a loss of weight of 5.2% was registered. This was comparable
with the TG result (TG 5.4% up to 80°C). The ethanolate form was transferred into a
35 hydrated form, The ADS/DES hydratation test curves are collected in Figure 19.

Example 8
The stability of Form A was studied after storage of the compound in a sample

container with an inner cover made of single LD-PE (string sealed), and and outer



About 23 ng of Form A were transferred into a VIl vapor sorption anal %zer
nodel 25 SGAI 00 and the wei ght change with respect to the atnospheri d>NOV 2006
hum dity was recorded at the following conditions: equilibrium <0.0005%
in 5mn. or 90m n. data interval: 0.05%or 2mn tenperature: 25C 30 cycle
RH (% adsorption/ desorption: 5.95 repeat the cycle 11 tinmes At the end of
this test a loss of weight of 5. 2% was registered. This was conparable wth
the TG resulwo 6@ 4% up to 80C). The ethanol ate form yapehiagisd erred into
a 35 hydrated form The ADS/ DES hydratation test curves are collected in
Figure 19. Exanple 8 The stability8f Form A was studied after storage of
the conmpound in a sanple container with an inner cover nade of single LD PE
(string seeleedide ch RETRIAHYRE fMoplagtbhaslealgd 06 long\Bnio SililG 46dy RCFEPO3/ 50176 - 28-

cover mades®b RBEHR ahasteREtda Maplig Shully RedtC FERLAS wet JeffBtehel &) Stabi lity study
at 25C [/ 60% 8%&8?%’%’%

per f or med PFEF ogi;iéfg

ti me poi niglogmng
25C / 60% RH tests Remark Specification Release O nonth 1 nonth 3 nonth 6
mont h  datfable P ILysDiefaditsominCa0oTsA0Y, Bar i nformation only 97.3 97.3 95.5 97.9

in

foll owi ng tables.

erated, stability st t 40C / 759%H, were
ﬁqah'g"jd azﬂﬁgfeﬁgem%eaﬁ?ﬂ%e% S‘i"ﬁ?’éﬁ‘%ed at different
Tabl e 13: Long termstability at

97.5 DSC teCstsrrax or 1 nf r maf | o %cr;l,x 1 geleloz 20 ]3.0115 Jsfgél D 10 Resi dual
9w w) ethafiol r-| 10.9%%. 71 67318"33| 6540 & 0B BHEL W% W) 2- pr opanol
<= 0. 5% 0;040.04[0. (.TS 0057005 %W W) THF ¥=0_5p6 <0101 <p-01K0. 01 <0.01
<0.01 o WPWpZRE®t pne Ol os K Bmeeragy | <301 26, p#5%0. Y2 | 45w w CH CL2
<=0. 060% K6:c01 <Ol 01 *€fa01 KBur Dirmaathofd | Whisen 1042- | Wbw)| 19220% B4 68 0, 23 0. 34
0.32 0. 46 psRay f ofubih@bmatiad@nly € & -5 pouder gditfggciion C
chrysad Table 14:| Accel erated stability at 40C /| 75%H
solvents %{wiw) 2-propanol <=0.5% 1 004 | 004 | 005 | 005 | 005
Y%{w/w) THF <=0.5% <001 | <001 | <001 | <0.01 | <001
%(wiw) acetone <=0.5% <001 | <001 | <0.01 | <001 | <0.01
Ya(w/w) CHoCly <=0.06% <0.01 | <001 | <001 | <001 | <001
Water (KF) Y wiw) <=7.0% 063 | 023 | 03¢ | 032 | 046
;{;&Z’e’r For information oaly C C B
diffraction
C: chrystal
Table 14: Accelerated stability at 40°C / 75%RH
Tests Remark Specification Reiease | 0 1 3 6
data month | month | month | month
Polymarphism *C (onset) For information only 97.3 973 97.5 93.0 97.8
bsC °C max For information only 104 1042 | 1034 1039 104.3
Residual %{wiw) ethanol <=10.0% 6.1 631 | 673 | 632 6.50
/ solvents Ya{wiw) 2-propanol <=0.5% 064 | 004 | 005 | 0.05 0.05
%a(wiw) THF <=05% <001 | <001 | <001 | <001 | <001
Yolw/w) acetone <=0.5% <Q01 | <001 | <001 { <001 | <0.01
Ye(wiw) CHyCl, <=0.06% <001 | <061 | <0601 | <0.01 | <0.01
Water (KF) Yo wiw) <=70% 0.63 0.23 | 037 1 034 0.42
X-Ray Far information only C C -
powder
diffraction
10
Form A exhibited chemical and crystallographic stability at the conditions mentioned in
tables 13 and 14.
Example 9
15  The stability of Form A was studied after storage of the compound in a sampie
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A W W) 2- propaeemmpﬁ&dS%oemﬁﬁa 0. Ofbeocfiinu05 595 Op 9 W WlTH| o <3 5% <0. 01
<0. 01 <0.01 <Q,.01 <0.01,.% acetane rr 0, 5p4<0.101, <0..01 <Q,.01f <0.01
ol Fal f\:‘ £ F r 41 4 ol OA‘ O — A 4 03‘
<0.01 %/ w égur <=0 0695 <6~ ﬁor%f?r%fngw =6 %_L %&. T]‘%L € -/9, (WW <=
7.0% 0. 63 0. |Residgl 32 |0.788eup) <=10.0% 671 | 631 | 642 | 635 | 652
solvents Y(wiw) 2-propanol <=05% .04 0.04 0.06 0.05 005 .
S%(wiw) THF <=0.5% <{.01 <001 | <0.01 |} <0.01 | <0.01
%(w/w) acetone <=0.5% <0.01 <0.01 | <001 | <0.01 | <0.01
Yo{wiw) CHCly <=(.06% <0.01 <001 | <001 | <001 | <0.01
Water (KF) Yo(wiw) <=7.0% 0.63 023 | 032 | 038 | 049
X-Ray For information only C c - -
powder
diffraction

Table 16: Accelerated stability at 40°C / 75% RH

Tests Remark Specification Release 0 1 3 6
data month | month | month | month
Polymorphism °C (onset) For information only 97.3 973 97.8 97.5 97.9
DSC °C max For information only 104 104.2 1034 | 1037 104.0
Residual %(w/w) ethanol <=10.0% 6.71 6.31 6.35 6.31 630
! solvents %4(wiw) 2-propanol <=0.5% 0.04 | 004 | 006 | 005 | 005
Yo(wiw) THF <=0.5% <001 | <001 | <001 | <001 | <0.01
Y{wiw) acetone <=0.5% <001 | <001 | <001 | <001 | <081
Ye{wiw) CH;CI <=0.06% <001 | <001 [ <0.01 | <001 | <0.01
Water (KF) Yol wiw) <=70% .63 0.23 0.31 0.36 0.51
il\::ir For mformation only C cC - -
diffraction

10
Form A exhibited chemical and crystallographic stability at the conditions mentioned in
tables 15 and 16.

Example 10
15  For the purpose of chemical stability testing, Form A was stored for a period of 1, 4 and



X-Ray For information only C C - - - powder diffraction Table 16:

Accel erated stabili at 40C/ 75% RH Tests Renmark Specification Rel ease NPW 2046

6 data nonth nonth nonth nonth Pol ynorphism C (onset) For information only

97.3 97.3 97.8 97.5 97.9 DSC C max For information only 104 104.2 103.4

103.7 104.0 Residual %ww ethanol <= 10.0%6.71 6.31 6.35 6.31 6.30

sol vents % w w) 2- propanol <= 0.5%0.04 0.04 0,06 0.05 0.05 %W wWT1-1F r0.5%

<0. 01 <0.01 wQ.o®ioes®. 01 <0.01 9% w w)acetone X0.5%<0.0 C@@Pég’%ﬂi@' 01 <0.01
ter )

<0.01 / wwCH C <=0.06% <0.01 <0.04,<0.01 <0.01 <0.0 % W w)
<=7.0%0.63 0.23 0.31 0.36 0.51 X -Ray For information only CC - - -
powder di ffr hi . aphi c
stab iy af Al gt BB S SRR G o IR IRCREI OP e Do 15

For the pur f8“8BRT¢AEHRERT ST30RH mdy)-3da leH Kt By ompoupd #2st ored for a
period of 1an:ﬁyﬁdhﬁﬁei:ﬁtoi’d@/bﬂﬂﬂﬁ?a&MlBy@BﬁalﬁlﬁﬂdﬁﬁmPG‘ﬁbHPDG/nﬁaﬂxbﬂﬁsed&ﬂ 8 weeks
under differ ngcwlg'ﬁm@r}ﬁemoﬁw erue%gdmstdf%sesw%feemﬁo% in e XSMking0C, RT /
<5%RH, RT/ %?%?H RT / 75%H and 0. 3da | 1 ght.” The conpound was

anal ysed %af storage by HPLC and by Vi sual i nspection. The HPLC net hod
used in this study was HPLC nethod 909. The results of the tests are

reported inTablelfollowing 5 table. Table 17 Conditions HPLC Appearance Sum
of imuritiescdhamgek 4 weekyfawveek || week 4 vveg?agnaé/eeks Referefce 1.07 - -
slightly-yellow 0.3aICI—%iIi ft]t 01--sI|gthyeIIow- 40CY/ 75%:H
1.03 0.98 0499 slight P SUIBYINES labe |y et t-pw-sH-ghthy—yeow—
1 week|4 week| 8 week 1 week 4 weeks 8 weeks
Reference 1.07 - - slightly-yellow - -
) 0.3da ICH light! 1.0t | - - | slightly-yellow . -

40°C/ 75%RH! 1.03 | 0.98 | 0.99 | slightly-yellow | slightly-yeliow | slightly-yellow

50°C 1.05 | 1.08 | 1.06 | slightly-yellow | slightly-yellow | slightly-yellow

RT / <5%RH - 1.02 | 1.04 - slightly-yellow | slightly-yellow

RT/56%RH - 102 | 0.99 - slightly-yellow | slightly-yellow

RT/75%RH - 1.00 | 1.01 - slightly-yellow | slightiy-vellow

It was concluded that Form A is chemically stable after storage in all investigated

10  conditions.
Example 11
Different fractions of Form B were characterized with thermogravimetry (TG),
differential scanning calorimetry (DSC) and infrared spectroscopy (IR). The results of
15  the tests are reported in the following table.
j Table 18 )
TG %
Fractions weight change R DSC
<100°C Max | Extra
C) | O
Form B fraction 1 5.65 Hydrate, Ref 69.1 -
after ADS/DES 4.30 + Hydrate, Ref, + amorphous - -
Form B fraction 2 5.91 ~Hydrate, Ref 75.6 -
after 5d 40°C / 75%RH 3.56 ~Hydrate, Ref 74.1 -
Form B fraction 3 3.13 & Hydrate, Ref, + amorphous | 77.0 | 67.8
| after 5d 40°C/ 75%RH 2.33 = Hydrate, Ref, + amorphous | 77.4 | 62.8

~hydrate, Ref: identical with reference



50C 1.05 1.08 1.06 slightly-yellow slightly-yellow slightly-yellow Rg-allo 006
<59RH - 1.02 1.04 - slightly-yellow slightly-yellow RT I569%RH - 1.03°§%9¢"
slightly-yellow slightly-yellow RT / 75%H - 1.00 1.01 - slightly-yellow
slightly-yellow It was concluded that Form A is chemcally stable after
storage in all investigated 10 conditions. Exanple 11 Different fractions

of Form B were characterized with thernogravinetry (TG, differential

scanni ng calwoies®bssy (DSC) and infrared spectroscopy (| BrrmdfiBnhesul ts of

15 the tests are reported in the follgpng table. Table 18 TG % Fracti ons

wei ght change IR DSC <100C Max Extra (C C Form B fraction 1 5.65 Hydrate,

Ref 69.1 - afLghleAS/ DES 4.30 t Hydrate, Ref, + anmorphous - - FormB
fraction 2 -Hydrate Ref 75.6 after 40C /[ ..759 3.56 -Hydrate, Ref
705 For m BepdREPh fdgisriion o wg}‘arraﬁ%,ﬁ s e R 920 o7 6 affer 5
40C / 75%RH mdditytwapfpaestigated RSB meof Fomy BhBesweight dhagge B a funkjairaft e, Ref :

i dentical W fkRtiveahfidaheas Apistll PRAGulYR: BighldRE 4OHinle T, ERORY SPdg 6 - 31-

Exanple 12 T LRl | i On-0of r a fterent
condit1 ond ofhARZEde RIS R8N Rpedn Barpetlbedidliolen S e
wei ght chang®asi¥erascerin dadeprbed up 1o &8 Yrvaies 2Hhish alative hipidity e ety ed. The
resul ts are ds@ftionypde aboutHi D4 rveate? Bmaihd dritke chinpilal Thb obthiegl padatact 5. 6 % wei ght
| oss was regj Qas FEMBos bk &ha) | product was hygroscopic,
it adsorbed l%;%%@@-ﬁg (%wat erggtﬁ;ﬁﬁgh {lgljflg |\?g5ﬁg%itdi ty. After the
desorption cycle about 1.2 % water remained on the sanple. The obtai ned
pr oduct 9yt DES was a m xture of hydrate and anor phous product. 10
Exanpl e 13 Atgrewusolgiplitiesiof Farindswet mepnd B spbyews wisladifferent pHn Agol vents with
di ffierent pHxcdof tRX@RESwRlkqliMasOh il Be Wikenfifl B0 10f A1ad 29hdfs.t he sol vent at
20C for at | gaste 88 Baiccoibl oGO Bhol iGN 38Rk Yeg compound, the
concentration in &5l _ﬁtl on Wwas

determined using UV spectrometry.

15
Table 19
Solvent Solubility {mg / 100 m! solution)

Water 10 (pH 5.1)
Buffer pH 2 (citrate/HCY) 23 (pH 2.0)
Buffer pH 3 (citrate/HCI) 13 (pH 3.0)
Buffer pH 4 (citrate/HCl) 12 {pH 4.0)
0.01IN HCI 18 (pH2.D
0.IN HCI 150 (pH 1.1)
1.0N HCI 510 (pH 0.14)

Example 14

The stability of the crystal structure of Form B was studied after storage of the

20  compound for a period of two weeks at room ternperature (RT) under <5 %, 56 % and
75 % relative humidity (RH), 50°C and 40°C/75%RH. The samples were analyzed
with thermogravimetry (TG), differential scanning calorimetry (DSC), infrared
spectroscopy (IR) and X-ray diffraction (XRD). The results of the tests are reported in

the following table.
25
Table 20
I— condition TG R | xep| Dsc Appearance
<100°C | <225°C Max (°C)

0 days 5.65 0.16 | Ref | Ret 69.1 slightly yeillow-orange
after ADS/DES | 4.30 0.18 |#Ref| - - slightly yellow-orange



determ ned using IN spectronetry. 15 Table 19 Solvent Solubility (ngl/ Q/

m solution) Water 10 (pH 5.1) Buffer pH 2 (citrate/HC 23 (pH 2 5 NOV 2006
Buffer pH 3 citrate/Hd 13 (H 3.0 Buffer pH 4 citrate/Hd 12 (pH 4. 0)
0.01INHCI 18 (pH 2.1 0.1N HC 150 H1.1) 1.ONHCI 510 (pH 0. Exanple 14 The
stability of the crystal structure of Form B was studied after storage of
the 20 conpound for a period of two weeks at roomtenperature (RT) under <5
% 56 % and wébs/idsseel ative hum dity (RH), 50C and 400 75¥beskhGs SaMp! es
were analyzed wth thernogravinetry §[G, differential scanning calorinetry
(DSC), infrared sgectroscopl(lR) and X-ray diffraction (XRD). The results

of the tests argpgported '@G t he fﬁilwlg tdel el 25 Alabl &0 C(rndition TG
| R XRD DSC Appear ance 22 f C OW 65 0 6 Ref Refl 69.1
slightly yel_l_ow—_o,r_angeqéf’ Jﬁwamzl.g a48ChRef - - slight

yel | ow or anqu{’ﬂtgsvﬂCRHZDGBBz VIO 001 11@B&f #REXT/ HPQ3/ bSlighby yéll@w»ccr&ngdl tion TG IR
XRD DSC Appeaggngerp<l00G1<225G lvangﬁng{n <51 % ﬁ:a%gb@,zo #Ref 71.2

slightly yell e 69 H5 tly
yel | ow or angbﬂ?@g/"%g Fgr(% 10 F\‘BF §§f5 71 sghtly ¥ WFV || ow- or ange
50C 0. 23 0. 06 #BReC #Re sQIﬂGQhFRyf y&ke ow7644an ehghﬂﬂWEW%rR}Heﬁ) 77 0.07
-' Ref Ref 70 4fecshio i1l ly 59'1'7| w-or7angrei| =RBEf 1 7odent sgadbly Wilow-drafeern ence Ref:
simlar wth Ftﬁncalc th ef - different w reference

with reierence

+Ref* similar with reference
" #Ref* different with reference

j 5 Example I5
In the chemical stability test program Form B was stored for a period of 1,4 and 9

weeks under different conditions. These conditions were 40°C / 75%RH, 50°C, RT/
<5%RH, RT / 56%RH, RT / 75%RH and 0.3da ICH light. The compound was
analysed after storage by HPLC and by visual inspection. The HPLC method used in

10 this study was HPLC method 909. The results of the tests are reported in the following
table, from which it was concluded that Form B is chemically stable.

Table 21
Condition HPLC Appearance
Sum of impurities
—
1 week |4 week |9 week 1 week 4 weeks 9 weeks
Reference 1.35 - - lightly yellow- - -
orange
| 0.3da ICH 1.30 - - light-orange - -
light
40°C/75%RH | 1.43 | 138 | 141 t lightly yellow- Orange light-orange
orange
50°C 146 { 1.50 | 1.46 | lightly yellow- light-orange light-orange
orange
RT / <50%RH - 1.48 | 1.37 - light-orange | light-orange
RT/56%RH - 11T | 1.35 - | lightly yellow- | light-orange
orange
RT / 75%RH - 134 | 129 - light-orange | light-orange

15 Example 16
Form K was prepared by adding neat methanesulfonic acid to a solution of Form A in



5 Exanple 15 In the chem cal stability test program Form B was storeqskgwf&m
period of 1, 4 and 9 weeks under different conditions. These conditions

were 40C / 759%RH, 50C, RT / <5/%H, RT / 569%RH, RT / 75%H and 0. 3da | CH

|l ight. The conpound was analysed after storage by HPLC and by vi sual

i nspection. The HPLC nethod used in 10 this study was HPLC net hod 909. The
results of the tests are reported in the followwing table, fromwhich it was
concl uded thwboimsasr B i s chemically stable. Table 21 Copgi/hpeasePLC
Appearance Sum of inpurities |I week 43meek 9 week I week 4 weeks 9 weeks
Reference 1.35 - - lightly yellow - -.orange 0.3da ICH 1.30 - -

: i gm Or angeTHF at rk.| Bl D4 shbséan fﬁ?or&mé@w@, Aulihatide ahl F@gskzd’tolé%![léiw Orange

ig or ange a or ange

| i ght - or ange Bq%ﬁgg%aﬁa dé%ﬁ&ﬁﬁﬂﬂmfmﬁggy(%gaﬁ£¥®éﬂ@n%9gﬁ@ ‘i ght - orange RT
| 56%RH - 1.7%operads: - | i ghidolet Megnac@0 FIiRgpectigphotameter or ange RT / 759%RH - 1. 34
1 29 - |ight= amangerichight 3orange 15 Exanple 16 Form K was prepared by

addi ng neat nﬁﬁgﬁgqéulfonhg acid to a solution of FormA in 15 NOV 2006 WO
03/106461 PCT. 750176 - 33- THE at r.t. FormK was subsequently m xed with
al kal i hal i d& “a¥dengthaaged4909 194¥dm'et  (Ph. Eur.) and anal yzed by Infrared

spectromet r y» bhddineaiorréckien: fal | owi ng condi ti ons: apparatus: N col et Magna 560
FTIR spectropQggg&Bter NPHFB] i ﬁﬁﬁg@&§w332 5 resolution: 1 cm-1

wavel ength ran % 4000 to,400 baseline correction: yes detector:
DTGS wi th KB WmAlHE  bEsAR ftter Ge on KBr
10 = alkal; halide: KBr (potassium bromide)

) The TR spectrum of Form K, as shown in Figure 21, reflects the vibrational modes of
the molecular structure of the mesylate solvate as a crystalline product.

15 Table22

Wavenumbers (cm™) and relative intensities of absorption bands (')
3362m, 3064w

2985m, 2964m, 2906m, 2873m, 2632w, 2585w

1687s, 1627w, 1601w

1554m, 1495m, 1480w, 1470w, 1452w, 1443w, 1421w

1383w, 1373w, 1369w, 1345m, 1324m, 1314m, 1299w, 1268m, 1245m, 1221m,
1202s

1190s, 1166vs, 1122m, 1091m, 1077m, 1051s, 1043s, 1023m, 1002m
992m, 969w, 943w, 912w, 888w, 867vw, 836w, §13vw

773m, 754w, 743m, 711w, 700m, 658m, 634w

581w, 556m, 505w, 472vw, 452vw, 435vw, 417vw

(') vs = very strong, s = strong, m = medium, w = weak, vw = very weak, br = broad

Example 17
Form K was transferred to a glass capillary cell and analyzed by Raman spectrometry
20  at the following conditions:

* Raman mode: Nondispersive Raman
* apparafus: Nicolet FT-Raman module
= number of scans: 64
* resolution: 4 cm™
25 = wavelength range: 3700 to 100 cm”
* laser: Nd:YVO4

» laser frequency: 1064 cm’™



10 alkali halide: KBr (potassium brom de) The IR spectrum of FormK
shown in Figure 21, reflects the vibrational nodes of the nolecul ar
structure of the nesylate solvate as a crystalline product. 15 Table 22
Wavenunbers (cm1l) and relative intensities of absorption bands 3362m
3064w 2985m 2964m 2906m 2873m 2632w, 2585w 1687s, 1627w, 1601w 1554m
1495m 1480w, 1470w, 1452w, 1443w, 1421w 1383w, 1373w, 1369w, 1345m 1324m
1314m 1299woidkfssm 1245m 1221m  1202s 1190s, 1166VSprgirdRdizel091m
1077m 1051s, 1043s, 1023m 1002m 99_%5) 969w, 943w, 912w, 888w, 867vw,
836w, 813vw 773m 754w, 743m 711w, 700m 658m 634w 581w, 556m 505w,
472vw, 452vw, J43ovw, 4l7vy O,ys = very strong, s = strong, m= medi um w =
weak, vw = very meak, br = broad Exanple 17 Form K was transferred to a
glass caplllapﬁmﬁétﬁrand &H%#yzed by Raman spectronetry 20 at the followi ng
condi tions: * sigplageonwoute: 1B@Imeflestper si ve Raman apparatus: N col et FT- Raman
modul e nunb%mm%ﬁnépans 264 resolution: 4 cm' 25 wavel ength range: 3700 to
100 cm-15 laser: Nd: YVO4 |aser frequency: 1064 cm-1 15 NOV 2006 WO
03/106461 PCI/ EP03/ 50176 - et ect or e trer F2 sanple
Goonetry: 1 EHITEmAL S OHn ot s SIPEn T iR PEBE B of For m K,
as shown in ¢itgpmaecRdy strugfutead the mesdate ata aysialling lprodadtie s of t he nol ecul ar

structure of the nmesylate as a crystalline product. Table 23
Table 23

'15 %%V 2006

Wavenumbers {cm™) and relative intensities of absorption bands ()

‘ 3080m, 3068m, 3059m, 3043w, 3022w, 3006m

! 2989s, 2978s, 2962s, 2933vs, 2906m, 2871m ‘
1685vw, 1628w, 1603s, 1585w, 1495w, 1479w, 1466w, 1450m, 1423w
1381w, 1346w, 1336w, 1313w, 1290w, 1271w, 1244w, 1230w, 1209m
1190w, 1182m, 1163vs, 1122w, 1105w, 1090m, 1049vs, 1032w, 1003s
968w, 955w, 941w, 914w, 897w, 877w, 866w, 845w, 823m, 814m
783m, 771m, 742w, 658w, 634m, 621w

577w, 561m, 534w, 524w, 497w, 451w, 436w

337w, 308w, 287m, 247w, 206w, 162m, 129m

10 (l) vs = very strong, 5 = strong, m = medium, w = weak, vw = very weak

Example 18
About 3 mg of Form K were transferred into a standard aluminium TA-Instrument

sample pan. The sample pan was closed with the appropriate cover and the DSC curve
15 recorded on a TA-Instruments Q1000 MTDSC equipped with a RCS cooling unit, at

the following conditions:

* initial temperature: 25°C

= heating rate: 10°C/min
®* final temperature: 200°C
20 = nitrogen flow: 50 mi/min

The DSC curve as depicted in Figure 23, shows the melting with decomposition of a
crystaliine product. The melting of Form K occurs at 158.4°C. Due to the
decomposition, the heat of fusion calculation can only be used to indicate the

23  crystalline property of the product.

Example 19
Form K was transferred into an aluminum sample pan. The TG curve was recorded on



Wavenunbers (cm-1) relative intensities of absorption bands (1) 3089@
3068m 3059m 3043w, 3022w, 3006m 2989s, 2978s, 2962s, 2933vs, 2906m'> 28716
1685vw, 1628w, 1603s, 1585w, 1495w, 1479w, 1466w, 1450m 1423w 1381w
1346w, 1336w, 1313w, 1290w, 1271w, 1244w, 1230w, 1209m 1190w, 1182m 1163vs,
1122w, 1105w, 1090m 1049vs, 1032w, 1003s 968w, 955w, 941w, 914w, 897w,
877w, 866w, 845w, 823m 814m 783m 771m 742w, 658w, 634m 621w 577w, 561m
534w, 524w, wWO@noessdblw, 436w 337w, 308w, 287m 247w, 29@%1,0;.@%(9 129m 10
(")vs=very strong, s =strong, nr nediuamw weak, vw=very weak am | pel8
About 3 ng of FormK were transferred into a standard al um ni um

TA- I nstrunme I ) | ] . Wt h  appropriate
cover and ¢ R AREBef: ER Qe SBTRRoR RIS L RIS R oot

equi pped wi t'hinBialtempesatise: TAYU (FHIPETAUER  t he fol | owi ng conditions: initial

t enper at ur e RSfHg rteat | NROPGAET 10C/ m n final tenperature: 200C 20
ni]trogen fIﬁV\; Aokt n 4The DSC curve ials depi ct gd in FihgureI 23, sh](c)ws t he
melting wt 1(‘;iseo Qsitiq a r i ne product. The nelting of FormK
occurs at 15gMEeen @:to%%ﬂ%'jorcféeéﬁ‘f%@é’?ti on, the heat of fusion calculation
can only be used to indicate the 25 crystalline property of the product.
Exanpl e 19 Hobe G Kumais cxhibited firgfigwrel 24. rithe Iaem ofabeight nilauwsd ABYe1pgaf0°CThe TG curve
was recor degya9mekSHbNpadih of VR A8/ HRGAE I RigH ERORcARkAGbovsaHo TA

I nstruments _Hi -Rée%s I% Zng%JQgécgoggs%\éianF er odlct! he foll ow ng conditions:
initial 1tenﬁv§?% u?g': Feom er‘?‘per ArHYe ﬁeaﬂ’ng rate: 20C/ mn resol ution
factor: z? 5 final condition: 300C or <80[ (W W% The TG curve is exhibited
in Figure 2&xamme?() oss of weight of around 0.2% up to 60C was due to the

evapor at i on ddforgh\erdrptiokhe | oss of weight at tenperatures above 140C was
due to the QY3RAA gl Port e WERGRANRIRU SO VO vabOiSoRiGH4talyzer model
SGA100 and the weight change with respect to the atmospheric humidity was recorded
15  at the following conditions:

drying temperature: 40°C
equilibrium: <0.05% in 5min. or 60min.
data interval: 0.05% or 2.0min.
temperature: 25°C
20 firstcycle RH (%) adsorption: 5,10,20,30,40,50,60,70,80,90,95
RH (%) desorption: 95,90,80,70,60,50,40,30,20,10,5
second cycle RH (%%)adsorption: 5,10,20,30,40,50,60,70,80,90,95

RH (%) desorption: 95,90,80,70,60,50,40,30,20,10,5

25  The Adsorption-Desorption isotherm is shown in Figure 25. Form K is hygroscopic.
At the initial drying step a loss of weight of 0.3 % was registered, comparable to the
/ TG result. Form K adsorbed up to 1.5% water at high relative humidity. The product
dried completely during the desorption cycle.

30 A different study of the adsorption and desorption of water by Form K at 25°C at
different conditions of relative humidity was investigated on an amount of about 18 mg
of the mesylate solvate. The weight change as a function of relative humidity was
registered. The result is displayed in Figure 26.

35  Atthe drying step about 0.6 % weight loss is registered for Form K. The obtained
dried product is slightly hygroscopic, it adsorbed up to 1.7 % water at high relative
humidity. The product dried completely during the desorption cycle.



10 Exanpl e 20 Adsorption-Desorption About 21 ng of FormK were trar@;@vﬁ&
into a VIl vapor sorption analyzer nodel SGA100 and the wei ght chang V&
respect to the atnospheric humdity was recorded 15 at the follow ng
conditions: drying tenperature: 40C equilibrium < 0.05%in 5mn. or 60mn.
data interval: 0.05%or 2.0mn. tenperature: 25C 20 first cycle RH (%
adsorption: 5,10, 20, 30, 40, 50, 60, 70,80,90,95 RH (% desorption:

95, 90, 80, 70,%@030460, 30, 20, 10,5 second cycl e RH (% adspEPiie®Eyire

5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95 RH (%YQg.desor pti on:

95, 90, 80, 70, 60, 50, 40, 30, 20, 10,5 25 The Adsorption-Desorption i sothermis
shown in FigyLe 2% Form K is hygroscopic. At the initial drying step a

| oss of V\el% % i stered, arabJe othle{ TG result. FormK
adsor bed upAthe"i‘s H g‘ﬁﬁe’i“é“}s‘érf‘?\?é TR Witk Jitferem et Adduct  dri ed
conpl etely dmesmthehdutdmcthbmed@ylﬁﬂtba soBentAt HI°Cflaraglvbst 48 bays. of t he

adsor ption Mréﬁlﬁﬂﬁé)&bﬁﬁm@&lvé@a&oﬁbom tROf Rt htr@ondw ohition wat f F €rent condi tions
of rel atlve hum |n est ated on an anount of about 18 ng of the
nmesyl at e sold\'? Kxgg ) nge as a function of relative humdity was
regi stered. T‘gplgzgesult is di spl ayed |n Fi gure 26. 35 At the drying step
about 0.6 %Wwerght—p IS Tegisfered fQr r eoraned dried
product |S \llﬂhfi\l et §nner\anr\ 41‘ adsS E'}Eﬂagm er at h| gh

rel ative hJFﬁattrtv The product dried cortﬁl etel y d:lltH 3)(1 t he| desorption
cycle. 15 ugggﬁz y@a@@{d}%%l PCT/ EPO§/150176 - gfira.ggxanpl e 21 Aqueous
solubilities GE measpr ed 1 n vents \é\g h _difterent pH An
excess of the*SBPH cm—‘*tg H-H-bfat-ed—wi L.rthe selBh® ar 20C for at | east
48 hours. ABuﬁmEHé@w%!Cﬂ)he undi ssol vedlcormoun(i),H‘t.%e concentration in

sol ution wasoandger M ned using LV spectpgnetry. fpbhe 24 Sol vent
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The stability of the crystal structure of Form K batch 1 was studied after storage of the
compound for a period of four weeks at room temperature (RT) under 75% relative

10 humidity (RH), S0°C and 40°C / 75%RH. The stability of the crystal structure of Form
K batch 2 was studied after storage of the compound for a period of four weeks at room
temperature (RT) under <5 %, 56% and 75% relative humidity (RH), 50°C and 40°C /
75%RH. The samples were analyzed with thermogravimetry (TG), differential
scanning calorimetry (DSC) and infrared spectroscopy (IR). The results of the tests are

15 reported in the following table.

Table 25
; compound conditions TG IR DsC Appearance
<80°C | <125° Max | Extra
c O | €O
Form K 0 days 047 0.15 Ref | 143.7 - slightly orange
Batch 1 RT/75%RH | 2.87 0.19 | =Ref | 146.6 | 64.3 | stightly orange
50°C 0.32 0.14 | ~Ref | 1406 | 456 orange
40°C/75%RH | 1.48 3.71 - - - brown il
Form K 0 days 0.16 0.11 Ref | 1558 - slightly orange
Batch 2 RT/<5%RH 0.00 0.03 | ~Ref | 1569 - slightly orange
RT/56%RH 0.27 0.03 | +Ref | 1546 - slightly orange
RT/75%RH 1.82 0.07 | =Ref { 1492 | 67.0 | slightly orange
50°C 0.12 0.12 | ~Ref | 156.8 - slightly orange
40°C/75%RH | 3.26 3.08 - - - brown oil
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for ja peri odpi@ftudy VRAFPLC method 909. The results of the tests are reported in the following
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table.
Table 26
compound conditions HPLC appearance
Sum of
impurities
1 week |4 weeks 1 week 4 weeks
Form X batch 1 Reference 3.57 - slightly-orange -
0.3da ICH light| 2.93 - slightly-orange -
40°C/75 % RH| 5.36 | >90% | slightly-orange brown oil
50°C 399 | 27.53 | slightly-orange orange
RT/75 % RH - 3.61 - slightly-orange
Form K Batch 2 Reference 1.50 - slightly-orange -
0.3da ICH light; 1.17 - slightly-orange -
40°C/75 % RH| 1.75 | >85* | slightly-orange brown oil
50°C 1.46 | 1.25 | slightly-orange | slightly-orange
RT/<5 % RH - 1.58 - slightly-orange
RT/56 % RH - 1.45 - slightly-orange
RT/75 % RH - 1.46 - slightly-orange
Example 24

A randomized, placebo-controlled, double-blind, multiple dose escalation trial was

performed to examine the safety, tolerability and pharmacokinetics of Form A after oral

administration twice or three times daily, in healthy subjects. Four dosages of Form A
(400 mg b.i.d., 800 mg b.i.d., 800 mg t.i.d,, and 1200 mg t.i.d.) were tested in 4 panels
of 9 healthy subjects. Within each panel, 6 subjects were treated with Form A and 3

Batch 2
7 9403 Ref 154.6
orange
! br own oi




weeks under different conditions. These conditions were 40C / 75%NH1{§5%2&Q'
[ 10 <69%RH, RT / 56%H, RT / 75%H and 0.3da ICH light. The conpound

anal ysed after storage by HPLC and by visual inspection. The HPLC net hod
used in this study was HPLC nethod 909. The results of the tests are
reported in the following table. 15 Table 26 conmpound conditions H PLC
appearance Sumof inp urities 1 week 4 weeks 1 week 4 weeks Form K batch
Ref er ence 3wmlpsrossés ghtl y-orange - 0.3da ICH |ight 2. 9%%Hwﬁ%b§b%|y or ange -
400 75 % RH 5. 36 >90* slightly-orangesprown oil 50C 3.99 27.

slightly-orange orange RT/75 % RH - 3 61 - slightly-orange Forn1K Batch 2
Ref erence 1. i . i Ly-orange -
40C/ 759%RH 1.7/t >8 kﬂ lﬁ{&ﬂ’%ﬁf) 0 1&9&%?%&;\/\1”'295%1:nt}9:%084111g:[%féraﬁ%éﬂ£lf.i ght | y- or ange
sl i ght | y- or dfit§edadyy tds °i5§ - slightly-orange RT/56 % RH - 1.45 -
slightly-orange RT/75 % RH - 1.46 - slightly-orange Exanple 24 A

randoni zed, Fotradeims radilt sbsirbeddnd chocdniratidpitimegprofitasiof Fined afgsepesal ation tri al
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Form A after_ oral 1,S t|o e or thr |I , 1n healthy
subj ects. FOUE ra%%a%eeegergl?] P R Alhoph € (g “@B’B“ﬁﬁgb“ﬂ’s " 500 ny
t.i.d., and Al0e (meaender d¢ cprvaerbioavaidability ) stightly dereasesl overfting ahalhdashy subj ect s.

W t hi n each |pareAUE,, SM £ {cBnd\@TaCerkdefth@Ostitd) tWdrdddbdPrépcaivilaiddadly NOV 2006 WO

0o 300452, DT EAL, g HOLEF b0 i 1 PUFSE e Bl 4GV 1 1

si ngl e intake Iy, Jd.do o=
three ti Hes naegortipnal arf0med. M}agmar(é%?eﬂwn %ﬂﬁ‘%}"b%&’“aﬂap%'&ﬁ'é'éﬁfhrféﬁtP%n tinme
profil es of tédesapdk isthitee Lessdpe avoad undhahod Forgn Avereexdeted ndbairinenat 4lhe dose

adm ni st er eGiusebrRdy-State plasma concentrations were reached generally
within 3 days, although Coi, (cone. at admnistration tinme) and AUC24h
(area under de curve or bioavailability) slightly decreased over tine at al
dose



| evel s. AUC24h and C.,,, (cone. at average steady-state) were
dose-proportional (daily dose) at 400 ng b.i.d., 800 ng ti.dys®Red 2480 NU
t'i.d., but was nore than dose 10 propos4ional at 800 ngy b.i.é Cmar

(maxi mum Ceﬂﬁlﬁ was dose-proportional wth respect to dose per intake. Less
t han 2% of L g ed Form A was excreted in the urine at all dose |evels.
15 NOV 2006 A ggudppmiwsorph. of 3R SebdeRbhgxabydniue (3R HAgasaRyL(hEXEMBdr of ur o
[2,3-b] furar}[@ a)ﬂmc&%@n?l&ul@ony{li(ﬁs‘%@iﬂ)%ﬂh@ﬁﬂb}nﬁﬂjﬂOny|] (i sobutyl)

ani no] - 1- benz carbarate. 2. A pseudopol ynorph according to
claim1, mheﬁ’é’ﬁ??xfﬂr@pﬁ@ 65‘6% ynorph is a hydrate solvate, alcohol solvate,
al kane soI vate, ketone solvate, ether solvate, cycloether solvate, ester

sol vate, or sulfonic.solvate, 0 h ac r any one of
cratms 1 o5 2 pranapen e SredingloRROr el PR s AREBhOLRTR B

al cohol sol vdiydrate3ol e, caﬂnodmbaﬂmenalkasolwlaate,, kmlm otier salvatat e, Cl 4
et her sol vat I s sol vate, or Cl-C4 sulfonic
sol vate. 4. B@é@é@%@%‘%ﬁ%h@%@%rﬁsﬁg&?@@%ﬁem 1, wherein the

pseudopol ynorph is a hydrate solvate, alcohol solvate, al kane sol vate,

ketone sol yatgy e%HBﬁc?)éﬁQléﬁﬁfa‘c ordufgytslaa%ﬂeafa%a@amz hefith He _sol vate. 5. A

pseudopolynnrp acco 0 any one clal ns ﬂ

phar maceut i cdiseydopelyarplbisa h)@ratﬁs‘b‘%tﬁogpgh 9]1‘?6]?‘1;}?05’@?90?@1%@ ¥°(§°%ll‘a§iem 1,
wherein the peRAEOEQICKKReIdRE sbﬁrateCCPEQ@thfef Ivae, elethel sileate, &Chgdésidre, a

met hanol at e, B}acet g:t |lchl or omet hanat e, an et hyl acetate solvate, a
1- met hoxy- 2- pPEPFEN 8T Gt 485‘.‘#0“%? ¥WFate, a tetrahydrofuranate,an

i sopropanol ate, and a nesylate. 7. A pseudopol ynorph according to claim1,

wherein the p h | n. ]t ate, a
met hanol at gﬁk’%@gﬁ&%@%@% accgﬁmghﬁ%gc?%rre ﬁ\a‘g’]reff'?tetlneﬂ.1 gﬁ 40%5ﬁmoq?lb¥@e solvate, a
1- met hoxy- 2. drydredmed] wite, alehol solvase) alicane selvatet k@tmaﬁt)d)‘fatﬂ,aﬁm &lvatad an

i sopr opanol at c]o@thefa‘so%zﬁb'%% Y SRR according to claim 1, wherein the
pseudopolyrmrcgh I's an ethanolate, or a hydrate. 9. A pseudopol ynorph
according to claim1, wherein the pseudopol ynorph is an ethanolate. 10. A

Esgud?pol ysormsaﬁegélshn@a:ﬂ & c6tdgNoiny WHE bEEIBIMN IS eMdaPR! ymorph is a
ydrat e

pharmaceutically acceptable.

6. A pseudopolymorph according to claim 1, wherein the pseudopolymorph is
chosen from an ethanolate, a hydrate, a methanolate, an acetonate, a
dichloromethanate, an ethylacetate solvate, a 1-methoxy-2-propanolate, an
anisolate, a tetrahydrofuranate, an isopropanolate, and a mesylate.

7. A pseudopolymorph according to claim 1, wherein the pseudopolymorph is
chosen from an ethanolate, a hydrate, a methanolate, an acetonate, a
dichloromethanate, an ethylacetate solvate, a 1-methoxy-2-propanolate, an
anisolate, a tetrahydrofuranate, and an isopropanolate.

8. A pseudopolymorph according to claim 1, wherein the pseudopolymorph is an
ethanolate, or a hydrate.

9. A pseudopolymorph according to claim 1, wherein the pseudopolymorph is an
ethanolate,

10. A pseudopolymorph according to claim 1, wherein the pseudopolymorph is a
hydrate,



15 NOV 2006 -40 11. A pseudopol ynorph according to any one of clains Ito
10, in which the ratio of conpound to solvent ranges between

(1:5). 12. A pseudopol ynorph according tg claim1l, in which t ratlo of
conpound to solvent is 1:1. 13. A pseuébpolynnrph accordi ng to any one of
claims 1 to 10, additionally conprising water nolecules. 14. A process for
preparing a pseudopol ynor ph according to any one of clains 1 to 12

gonF“(i'Sng% h’% p?ﬁ%lf(%l?iﬁ %o X I (o%l?a %%@o@é@)msh?%tﬁﬂ)’%@%ﬁh?h%?ag% drl N furan-
y am e sul T on utyl) am no enzy

hydr oxy pr opy| ©HHORRA{®S qri){'{)‘““ﬁ% %Pifﬁ’ﬁ?%(ssb)}@ér@% wat er, or mxtures of wat er
and water m scible organic solvents, and inducing crystal lization. 15. A
process for ar eudo ccor to.,.any. one of . clainms 1 to
13 compr i SiRy eRaopdyhoBrT KRB Y R fanis LEMaichon ol s BPally 275,
furan- 3-yl (sb8e2R)s-13L.[ [ (4-am nophenyl) sul fonyl ] (1 sobutyl)

am no] - 1- benzyl - 2- hydr oxypropyl carbamate with water or m Xxtures of water
and water mscible organic solvents, and inducing crystallization. 16.

Phar maceut ildaf psendoosiymiosph wmngtqmlywnpgégl@nmlwmmﬁdm@cdhdu ng to any one
of claims | tod AePhdlBesuUtical ly acceptable carrier and/or diluent.

17. Use of a pseudopol ynorph of any one of clains | to 13 in the manufacture
of a nmedicanent for inhibiting H'V protease activity in a mammal .

14. A process for preparing a pseudopolymorph according to any one of claims 1 to
12 comprising the steps of combining (3R,3aS,6aR)-hexahydrofuro [2,3-b] furan-
3-yl (18,2R)-3-[[(4-aminopheny!) sulfonyl] (isobutyl) amino}-1-benzyl-2-
hydroxypropylcarbamate with an organic solvent, water, or mixtures of water and
water miscible organic solvents, and inducing crystallization.

15. A process for preparing a pseudopolymorph according to any one of claims 1 to
13 comprising the steps of combining (3R,3aS,6aR)-hexahydrofuro [2,3-b] furan-
3-y1 (1S,2R)-3-[[(4-aminophenyl) sulfonyl] (isobutyl) amino]-1-benzyl-2-~
hydroxypropylcarbamate with water or mixtures of water and water miscible
organic solvents, and inducing crystallization.

16. Pharmaceutical composition comprising a pseudopolymorph according to any one
of claims 1 to 13 and a pharmaceutically acceptable carrier and/or diluent,

17. Use of a pseudopolymorph of any one of claims 1 to 13 in the manufacture of a
medicament for inhibiting HIV protease activity in a mammal.



