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The compound of formula I, namely 3-methylthiophene-2-carboxylic acid (6S,9R,10S,1185,
13S,16R,17R)-9-chloro-6-fluoro-11-hydroxy-17-methoxycarbonyl-10,13,16-trimethyl-3-oxo-
6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[a]phenanthren-17-yl ester,

possesses a high anti-inflammatory activity., This activity can be demonstrated by its
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tion of pharmaceutical dosage forms. 1

i

inhibition of TINF-alpha synthesis and release in a human macrophage cell line and by its
inhibition of inflammatory conditions, particularly in the airways, e.g. inhibition of eosinophil
activation, in animal models, e.g. monse or rat models of airways inflammation, for example
as described by Szarka et al, J. Immunol. Methods (1997) 202:49-57; Renzi et al, Am. Rev.
Respir. Dis. (1993) 148:932-939; Tsuyuki et al., J. Clin. Invest, (1995) 96:2924-2931; and
Cernadas et al {1999) Am, J. Respir. Cell Mol, Biol. 20:1-8.

~ This compound has been investigated for use as a pharmaceutical, The existence of various
crystallisation polymorphic forms of the compound has been explored in order to determine

the most appropriate form of the compound for the proposed use.

Novel crystal forms of the compound of formula I have now been isolated. Some of these
novel crystal forms have very good stability, facilitating their use in the preparation of

pharmaceutical dosage forms.
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provides in one aspect a conpound of fornula | CH3 u OS 0 CH3 O Y5 AN 2007
"CH3 OF in acrystal formA that has a melting point, by Differential
Scanni ng Cal woizomtonise of about 264C with sinultaneous deganmfosisihiy at a
heating rate of 200 C/ mn and the following characteristic diffraction

l i nes (20 I n angul ar degrees t 0.2) in the X-ray diffraction pattern

t her eof : 18.3, 22,0, 25.8, 25.9, 29.5; n a crystal
form B t hat MraElidEindh p Plﬁ@énbm"ﬁpmﬂw%#f Ut PRIt SEARPAURY IS ry, of
about 270C with. simultaneous deconposition, at a heating rate of 20 C/min
and the following characteristic di ffr@%tlon lines (20 in angul ar degrees t
0.2) in the X-ray diffraction pattern ereof 7. 9.3, 12.0, 12.8,13.1,
14.5, 17.4, 20.4, 23.2 and 25.8. Crystal ©a m pr epared by
crystaII|S|ng the compound of formula | CHP a sola~ on thereof in an
organi ¢ sol vent such as i sopropa ; , N\but anol, hexane,
heptane, tert-butyl methylether, &p £ ydr e an,. for exanpl e by
equi librating the conpound i 2w | Ye '6%m* 4 hours at 25 C, or

anal ogously such as herei naf dges&r ped in Exanple 1. The crystallisation
may be induced by, for exang Q0 |'n a supersaturated solution of the
conmpound of forrmula I in € Ssfve or by adding to the solution of the
conpound of forrmula I a solvent in mM|ch t he conpound of fornula | is |ess
soluble. The starting solution of Fhe conpound of forrmula |I may be at

anbi ent or elevated (up to reflux) tenperature. Crystal form B nay be
prepared by crystal l'ising the conmpound of formula | froma solution thereof
in a pol ar Brgartad farel Hahat hapatmelinzcpeinh by Ditlerentiah StanoingGaldrimesrye obdtont i de,
for  exampl by “ﬁmﬁﬁm@sl&sn&cmsosﬁ%p% A%ehdhel Rl 364 ¥R 2R Bfe RodiRYT S at

25 C, or anal ogousl
charactenstxc diffraction lines (26 in angular degrees = 0.2°) in the X-ray diffraction pattern

thereof: 3.6°, 7.3°, 13.4°, 14.6°,18.3°, 22.0°, 25.8°, 25.9°, 29.5°%; or

in a crystal form B that has a melting poiat, by Differential Scanning Calorimetry, of about
270°C with simultaneous decomposition, at a heating rate of 20° C/min and the following
characteristic diffraction lines (26 in angular degrees = 0.2°) in the X-ray diffraction pattern
thereof: 7.2°, 9.3°, 12.0°, 12.8°,13.1°, 14.5°, 17.4°, 20.4°, 23.2° and 25.8°.

Crystal form A may be prepared by crystallising the compound of formula I from a solution
thereof in an organic solvent such as isopropanol, ethyl acetate, n-butanol, hexane, heprane,
tert-butylmethylether, toluene or tetrahydrofuran, for example by equilibrating the compound
in that solvent over 24 hours at 25° C, or analogously such as hereinafter described in
Example 1. The crystallisation may be induced by, for example, cooling a supersaturated
solution of the compound of formula I in the solvent, or by adding to the solution of the
compound of formula I a solvent in which the compound of formula I is less soluble. The

| starting solution of the compound of formula I may be at ambient or elevated {up to reflux)

temperature.

Crystal form B may be prepared by crystallising the compound of formula I from a solution
thereof in a polar organic solvent such as ethanol, methanol or methylene chloride, for
example by equilibrating the compound in that solvent over 24 hours at 25° C, or analogously
such as hereinafter described in Example 2. The crystallisation may be induced by, for

example, cooling a supersaturated solution of the compound of formula I in the polar solvent,



such as hereinafter described in Exanple 2. The crystallisation may be

i nduced by, for exanple, cooling a supersaturated sol ution of the compawg?
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PCT/ EP2003/ O883dd4083159¢r by adding to the solution of the wammindoeis f or mul a
| a polar solvent in which the conmpound of fornula | is | ess soluble. The
starting solution of the conpound of formia l may be at anbi ent or
elevated (up to reflux) tenmperature. For the preparation of each of the
crystal for 9Eby addirg tythg solusign B@lﬂﬁ seirpad of forgaledyaarqlar solysntig whichghe
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and/ or vaculfiy 3§at ‘eE%ﬂWI?VPUQZ‘ERW\,Qh‘éPﬁdeWE’E?uent dryi ng of the
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det er mi ne t Rentfifugaticn, 2ha subsequenidlying oftheefysallisidde conpound of formula |I. The
use of such diagranms is described in the acconpanyi ng Exanples. Crystal
form A appears to be nore thernodynam cally stable than crystal formB in
the solid $i teqreskelusef ethanolitrgtsd frAsA asnveits o epal éornsBL hethetpaddéddeloy 1S

sol vent dependent. The oynd of formula | y be prepared in accordance
with the nefsﬁB’éPpéP?)é:ﬁysﬁi?%%ﬁ?né’mﬁ@ CHStﬁlg?r&‘g'Zt i onal patent application WO

02/00679. Gven its anti-inflammatory activity, the conmpound of fornmula I in

crystal form A or IS seful.in the treat t.of gnfla tory conditions,
e o o e bl ri s diisgishekin batRURT Bl o B R Hdationeet o

ac ]E: ?) rdance \Magi‘hnﬁsgﬁkénﬁﬂﬁl!ﬂ t idifﬂgetﬁmytebg;&;smt@nﬁ&}ﬁdpﬁﬁn ﬁﬂ;}e@h&f&hﬁidsedl to _

| nfl ammat ory, or obstructive ajirways seases t ch.t resent invention
T & bt sl e P Rty ey Pttt SaBhEs 3 mtr
intrinsic (meulabldeteghing tiksdum faator madification of thalcbmpoim]) ofdsinniim]. Thd e of

ast hma, noderatg asthnmg, sgvere, asthma, branchitis asthma, exercise-induced
ast hna, occﬁ'ﬂ)‘il‘t‘ﬁ?ﬁ’fﬁ'Ps 5s‘%eﬁﬁ?g’e‘g}?&hﬁgﬁcﬁméqyﬁwqﬁ%ﬁ‘ﬂe&'l | owi ng bacteri al

infection. Treatment of asthma is also to be understood as enbracing
treatment OfCr?slfIﬁJfgr% i’appears to be more thermodynamically stable than crystal form B in the solid

state, However, in suspension with solvents the stability is solvent dependent.

The compound of formula I may be prepared in accordance with the method given in Example

26 of international patent application WO 02/00679.

Given its anti-inflammatory activity, the compound of formula I in crystal form A or Bis
useful in the treatment of inflammatory conditions, particularly inflammatory or obstructive
airways diseases. Treatment in-accordance with the invention may be symptomatic or

prophylactic.

Inflammatory or obstructive airways diseases to which the present invention is applicable
include asthma of whatever type or genesis including both intrinsic (non-allergic) asthma and
extrinsic (allergic) asthma, mild asthma, moderate asthma, severe asthma, bronchitic asthma,
exercise-induced asthma, occupational asthma and asthma induced following bacterial
infection. Treatment of asthma is also to be understood as embracing treatment of subjects,
e.g. of less than 4 or 5 years of age, exhibiting wheezing symptoms and diagnosed or

diagnosable as “wheezy infants”, an established patient category of major medical concern



e.g. of less than 4 or 5 years of age, exhibiting wheezing synptons and

di agnosed or di agnosabl e as "wheezy infants", an established patient? ) JAN 2007
category of nmmjor medical concern 1 5 JAN 2007 WO 2004/013156

PCT/ EP2003/ 0983dnd/fsisand now often identified as incipi emcTatp2@sinbgsiphase
asthmatics. (For convenience this parti Cw ar asthmatic condition is
referred to as "wheezy-infant syndrone".) "Prophylactic efficacy in the
treatnment of asthma will be evidenced by reduced frequency or severity of
synpt onat | ca@t%‘kﬁtel’e‘d@“fﬁﬁ agingipient ot saniitphase dFthprties HBeAoaYeniancothint t ack,

| Mpr ovenent pirfcdldNGrimbie toRBriéH is kiRl Bts 2ivhY@y-InfMResdr8Acthvity. 1t may
further be _evj en_ce?ﬁ??é_rggeuced I’eqqlfll’ ment Egr _c?t her., synptomatic therapy,
i .e. ther apbFopHacyr efticacyin dhe weptmentof psthma wilk beevideaged hygideded fraguenskomhen it
occurs, forseexayBf §mabhatidttadkE, OF Ycubasthmatie OF bidheRdcohRtitbor Atack,

bronchodi | at or n asthnma nay, | be

. Pro | acti¢c benefit .in particul ar
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recogni sed evadehtvddly redueyd biq@iiement 668 iker] Guibtsihtif ithdthpyd i.e RREGHPIR G if¥Ended
asthmatics and charagt eri Sed{"%\é ﬁ‘?ﬁiﬁf&rﬁa att ack, e.xg. Pgaetwe_e t he hours of
about 4 to ® TEjictior @bors Fymptomafic ef IQFREE- At FEmpFE andrigflammatory (ergany
previ ously a#idostesdi@y &brendipditiery) Praphylaci Beheftapysthih bRy ih pirtisampbory or

obstructive airways di seases apd condi.ti.ons . which the present, jinvention
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syndrone (AfpG)ic spidrone,Cotlusdn toaisubdartiil pRcamtage obdstinaytics Qhd thudgréliss@bp e
(COPD, CORD qr COLD), includi,ng chraonjc bronchitis or,dyspnea associ.ated
{er owi ¢ b, BHGH A © B LA HEROC R L5 P et ot AR ALY PRRCERoY y
consequent ditagiffuah afly prgviblisdy adiyinisteedagpictndtiaasthina@herapihal ed drug t her apy.
The invention is also applicable to the treatnent of bronchitis of whatever

type or genesis including, e.g., acute, arachidic, catarrhal, croupus,
chroni ¢ or Ofiet flamintitdry on obdtivcgve diiwayh diseaisedfand ovmditens 6 ivhidhahé prebdny e

[ di s, t ' i t, | ti ' |licable ing¢lud

pneumcon GBEun i APkbElkanEis A A Bk ARt oo oSt

| ungs, freqMRS),chandosipanced paimaiaryaireraphsitiongodisease, (OURE, IGOAD oh COLDY, or
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Havi ng regard.tp,its, anti-dnftl ammtory acti vi,t Ln partjcyl ar ..o relation
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crystal forwkatever tyBe os gamesoindlwding) e.g.pactitegarachidic, catarrhal, croupus, chronic or

phthinoid bronchitis. Further inflammatory or obstructive airways diseases to which the
present invention is applicable include pneumoconiosis (an inflammatory, commonly
occupational, disease of the lungs, frequently accompanied by airways obstruction, whether
chronic or acute, and occasioned by repeated inhalation of dusts) of whatever type or genesis,
including, for example, aluminosis, anthracosis, asbestosis, chalicosis, ptilosis, siderosis,

silicosis, tabacosis and byssinosis.

Having regard to its anti-inflammatory activity, in particular in relation to inhibition of
eosinophil activation, the compound of formula I in crystal form A or B is also useful in the
treatment of eosinophil related disorders, e.g. eosinophilia, in particular eosinophil related
disorders of the airways (e.g. involving morbid eosinophilic infiltration of pulmonary tissues)
including hypereosinophilia as it effects the airways and/or lungs as well as, for example,
eosinophil-related disorders of the airways consequential or concomitant to Loffler’s
syndrome, eosinophilic pneumonia, parasitic (in particular metazoan} infestation (including

tropical eosinophilia), bronchopulmonary aspergillosis, polyarteritis nodosa {including Churg-



treatment of eosinophil related disorders, e.g. eosinophilia, in particular
cosi nophil related disorders of the airways (e.g. involving norbid713dJAN 2007
eosi nophilic infiltration of pulnonary tissues) including hypereosinophilia
as it effectwdobpordissways and/ or lungs as well as, for erevEP®P3/008314

cosi nophi |l -rel ated di sorders of the airways consequential or concomtant to
Loffler's syndronme, eosinophilic pneunonia, parasitic (in particular
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2004/ 013156irRa)ly dePRaM3d 09 dixdreactioit r auss syndrone), eosi nophilic granul oma
and eosinophil-related disorders affecting the airways occasi oned by
drug-reaction. The conpound of formula | in crystal formA or Bis also
useful in Thecémpamded forofula I infcatahidror 4 ocBisdilsd wal of thelweaskient, of f or exanpl e
psori asis, . t r 1 11 | C k1 kS cia. aregta, erythema
i 11 or oAy AR dehe Q48 RUrexaliple Ryl con RRERaRR, SRR
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di seases aLfagldend dGaBARCired e aNSacdl dIBhGibAl &b Sy lLRG@oCS Of the
joints such as rhéumatold arthritis and (I nflanmatory bo i Sease such as
ul cer at i vecapuictivisisdeedarrafumcevits secasand vernal eaniprtividisodisdaess mffeating thanesey st al
form A or E’l&iu%iir%l a?lgr Mrﬂﬁs, ?Be:ﬁesctﬂ'tﬁ %ﬁﬁ@éﬁ#ﬂ& 5§rh@9£5‘§0§j QfthrittS&nd ﬂlﬂ?!ﬂﬂllail'g?f tion
wi th ot her "drug substances for treatment of alrways di seases, particularly
br onchodi | howelydissase anehi asiwiderativagelsisynd Cuehndadisrasgaces, particularly in the
treatment of obstructive or inflammatory airways di seases such as those
menti oned hereinbefore, for exanple as potentiators of therapeutic activity
of such dribsconrarsd of fasmnle Ioh cryslitarmgd or Bigwlsoanselfgbasay rothermpeytic egent foir s de
ef fects of : loflag : of M+ B may
be m xed W“%‘éﬁ?%@ﬁ%?ﬁﬁ%gga{“ﬁ%%%ﬁg e R
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gl ucocorticosteroids such as_. budesoni de, becl anethasone di propjonate,

f1 uti casonexaFRipasResanEiatass eff thergpeuds aghvigyhsich<ispgs or as a means of reducing

required dosaging or potential side effects of such drugs. The compound of formula Iin

crystal form A or B may be mixed with the other drug in a fixed pharmaceutical composition

or it may be administered separately, before, simultaneously with or after the other drug.

Such anti-inflammatory drugs include steroids, in particular glucocorticosteroids such as
budesonide, beclamethasone dipropionate, fluticasone propionate, ciclesonide or mometasone
furoate and compounds described in WO 0200679, WO 0288167, WO 0212266 and WO
02100879; LTB4 antagonists such as those described in US 5451700; LTB4 antagonists such
as those described in US 5451700; LTD4 antagonists such as montelukast and zafirlukast;
dopamine receptor agonists such as cabergoline, bromocriptine, ropinirole and 4-hydroxy-7-
[2-[[2-[[3-(2-phenylethoxy)-propyl]sulfonyl]ethylJamino]ethyl]-2(3H)-benzothiazolone and
pharmaceutically acceptable salts thereof (the hydrochloride being Viozan® - AstraZeneca);
PDE4 inhibitors such as Ariflo® (GlaxoSmith Kline), Roflumilast (Byk Gulden),V-11294A
(Napp), BAY19-8004 (Bayer), SCH-351591 (Schering-Plough), Arofylline (Almirall
Prodesfarma), PD 189659 (Parke-Davis), AWD-12-281 (Asta Medica), CDC-801 (Celgene)
and KW-4490 (Kyowa Hakko Kogyo); A2a agonists such as those described in EP 1052264,



furoate and conmpounds described in WO 0200679, WD 0288167, WD 0212266 and
WO 02100879; LTB4 antagoni sts such as those described in US 54517005 JAN B7
ant agoni sts such as those described in US 5451700; LID4 antagoni sts such as
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such as sal uta I ne ormoterol and
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t he Exanpl esperially eedmposnpetfosmpipa a conpound of fornula 0 H3 HO b OHin
free or pharmaceutically acceptablesalt or solvate form
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in free or pharmaceutically acceptable salt or solvate form.

Combinations of the compound of formula I in crystal form A or B and beta-2 agonists, PDE4
inhibitors or LTID4 antagonists may be used, for example, in the treatment of COPD or,

particularly, asthma.

Combinations of the compound of formula I'in crystal form A or B and anticholinergic or
- antimuscarinic agents, PDE4 inhibitors, LTB4 antagonists may be used, for example, in the

treatment of asthma or, particularly, COPD.

In accordance with the foregoing, the invention also provides a method for the treatment of an
inflammatory condition, particularly an inflammatory or obstructive airways disease, which
comprises administering to a subject, particularly 2 human subject, in need thereof an effective
amount of the compound of formula I in crystal form A or B as hereinbefore described. In
another aspect the invention provides the use of the compound of formula I in crystal form A
or B for the manufacture of a medicament for the treatment of an inflammatory condition,

particularly an inflammatory or obstructive airways disease.



Conbi nati ons of the conpound of fornmula | in crystal formA or B and beta-2
agoni sts, PDE4 inhibitors or LTD4 antagonists may be used, for exariphdAN 2G§7
the treatnment of COPD or, particularly, asthnma. Conbinations of the
conpound of wigomahigas in crystal form A or B and anti chok¢TIEP2g03008a14
antinuscarinic agents, PDE4 inhibitors, LAB4 antagonists may be used, for
exanple, in the treatnent of asthma or, particularly, COPD. In accordance
with the foregoing, the invention also provides a nethod for the treatnent

of an inflammatory condition, particularly an inflammatory or obstructive
ai rways di §"hasanpwmidaﬁ formauipk imgt:ddasﬁmﬁs:t Bnhar;gaetadnﬂmswbjdéqtany appropGatk arly a
human subj (;g&t I n c;trré}%reqf ihe frf ec @ L i p o %’Pound lof
fornula | in ?:’rey%ta Torm‘ﬂn%F B Hb? erf%rr épsé’ sg?ﬁeﬂéﬁalyi X' fer
aspect the mtmremuwskynbpnﬁuladas, fbhetaurpk: mfthettkmtmmrpbmﬂdnmiatérgmbmdcmm

crystal for . the treatnment
of an infl amra Sﬂeaﬁ ng;atnggﬂyﬂ%w |cu ar Jrea%mgﬁdoff%ﬁ%grlﬁ hlm% OPICBQ’[ E’ol.fi} five
ai rways di slaa,s@r e:ian’fpld m\thﬁmitméﬁ@f%ﬂﬁpﬂt 661'313565, Bﬁdcﬁﬂipﬁsbﬂmﬂam the The
conpound of for I [mA or B may be administered by any
appropri at ereatrngm%ﬁnhahﬂla&rgp%‘%l u{ls(gar‘seexarrpl e inthe formof a tablet or
capsul e; parenterally, for exarrpl e intravenously; by i nhal ation, for
exanple in g@se;
Cntranasal II& Qﬁr&ﬂe?%@}heQBvehphﬁ Qi@%ogfdgs '19 f)ha?pﬁ ﬁ'ﬁHS&l c¥1% 1}“% gin% Sl y
to the sklact;vefmgrectsm eonippunf of fqmalariemt:rwal fatm B mrhlepmmlally tagether with 2
rectally, I-ﬁgg@ S In a
further as H&r ?EEEL]EF iiéenl:;[ Jiﬂg%dg eﬂ%lngraagl{lﬁr iéeééfg; arn%@r },(1{1'{-318 g’cgﬁéﬁga i on
conpri si ng tlasapeam igeat $ush raeehbeonchwdﬂetocm npwmﬂ@mmfawmjnm ds hereinbe formA
or Boptio Bna T

carrier thg?ég{gl%ei& 0_%@%@%% 83(&)“?15 K@’?rgf/ coglﬁgl:u%%Avg%t?&gﬁgﬁ%mesﬁotr%&g‘é@%? I(?':guch
as a bronckeshiipgsdingwarin dmgalanﬁqrhrﬁmrs ora} dagage foams may éi tahlets anbscri bed.
Such conpogj shféE‘SFdIﬁMI%npfcﬁQ@ﬁE‘ﬂ a&l‘nﬁinﬁk@raﬁ@ﬁ‘iﬁ%‘l&k@@ﬁ’é 3%'0'5‘3}% s, YintfitsP1 €Nt S
and technidques known 1 n the galenic art. ThuS oral dosa orms nmay 1 ncl ude
t abl et s angels empansdersnal delivery sarﬁﬁe@wgf Bﬂtclufépﬁemoamﬂﬁfp%m aletienmargomprise t he
form of I aBBo] oP biHelidhiizabldiBluliork R BRRAIR (iEhakiGhy SyStems, e.g.

pat ches. Conpositions for inhalation may ‘conprise aerosol or ot her

atom zabl e fornul ations or dry powder formul ations. When the conposition

conpri ses %eﬁ%@&%szﬁfoWébﬁbi‘i% an hiroR] §d:Rfufitio}, i€ Bﬂl’éﬂllﬂ? corft&’ihs,@haém}n%le,
a hydro-fluoro-alkane (HFA) propellant such as HFA134a or HFA227 or a mixture of these,

and may contain one or more co-solvents known in the art such as ethanol (up to 20% by

weight),' and/or one or more surfactants such as oleic acid or sorbitan trioleate, and/or one or
more bulking agents such as lactose. When the composition comprises a dry powder
formulation, it preferably contains, for example, the compound of formula I in crystal form A
or B having a particle diameter up to 10 microns, optionally together with a diluent or carrier,
such as lactose, of the desired particle size distribution and a compound that helps to protect
against product performance deterioration due to moisture, When the composition comprises
a nebulised formulation, it preferably contains, for example, the compound of formula I in
crystal form A or B either dissolved, or suspended, in a vehicle containing water, a co-solvent

such as ethanol or propylene glycol and a stabiliser, which may be a surfactant.

The invention includes (A) the compound of formula I in crystal form A or B in inhalable
form, e.g. in an aerosol or other atomisable composition or in inhalable particulate, e.g.
micronised, form, (B} an inhalable medicament comprising the compound of formula I in
crystal form A or B in inhalable form; (C} a pharmaceutical product comprising the compound

of formula I in crystal form A or B in inhalable form in association with an inhalation device;



a hydro-fluoro-al kane (HFA) propellant such as HFA134a or HFA227 or a

m xture of these, and may contain one or nore co-solvents known in {BelAdriQ07
such as ethanol (up to 20% by weight), and/or one or nore surfactants such
as oleic aciwd Bi4/EBiski tan trioleate, and/ or one or norepbrkiioogegent s such
as | actose. Wen the conposition conprisgs a dry powder fornulation, it
preferably contains, for exanple, the conpound of fornmula | in crystal form

A or B havi a particle diameter, ug to 10 nj cr.ons, tionally together
with a dil TG "?’thIWé'rdF"“%‘EP&‘FF‘%‘&g Phe.coppaundgt PHRUBLE saril afm AT & e

di stri but i imhalabld f@nconpound t hat hel ps to protect against product
performance deterioration due to noisture. Wen the conposition conprises a
nebul i sed fornulation, it preferably contains, for exanple, the conpound of

formul a | Dnsageyofshedonipprumd Af formBladiin keystatifossd\ eebl employalimpendiihg tha a

vehicle co I ning water, .a co- . h..as et hanol or. propyl.ene col
and a stab r]tel&gg v e Olnc"ﬁhr?é§° rge ‘Zﬂt }é‘g}g}é@fl %;f?r e’%ﬂ’@%’ ﬁl\llg}?tﬁa ﬂcqﬁ) cc%%'glgn f‘%"yt he
conpound ofredtat, whd affett desirext ynsltthé mbde of sndnisdation. iIngaleatd) smitabledaily dosagesi n an
e OO o R bl ah 5 MBS SR o503l CapRib gl at e e 0

m croni sed, form f an 1 nhalabl'e nmedi canent conpri sng the conpound of
formul a | administrygomduitablerndaily dosesare of thelvatialof 8.0600 490 (08) a phar naceut i cal
product conprising the conpound of forrmula | in crystal formA or Bin

i nhal able formin association with an inhalation device; 1 5 JAN 2007 WO
2004/ 013156hFavnEpadoilngesally te fellowitgBxamplésnhal ati on devi ce containing the
conpound of fornmula | in crystal formA or Bin inhalable form Dosages of
t he conpound of fornmula | in crystal formA or B enployed in practising the
present invention will of course vary depending, for exanple, on the

parti cul arE,gan;gé?i on to be treated, the effect desired and the node of

adm nistratiorn. In general, suitable daily dosages for admnistration by

i nhal at i onkgpasatién earisatfonf Gystal Fosm Ay, while for oral

adm nistration suitable daily doses are of the order of 0.05 to 100 ng. The
invention is illustrated by the follow ng Exanples. Exanple 1 Preparation
and char aci®me ohthegamppust ghfogmulrd ispapilibratedin dfmk ipeprepampberved 26 hopsagdba | i s
equi | i brat &g T grofhcr isSRAREQPAAUrieQY AktePdryt@WhcScodipodRd offorhilf 1RE SHGEd inS
filtered and dri‘ed. After drying the conpound of la | d
t he form othefprm ef whitesarystals. .

formu is obtained in

Measurements are made by X-ray powder diffraction and unsing Cu-Kaiz. The X-ray
diffraction pattern thus determined, as represented by the reflection lines and intensities of the

most important lines, is shown in Figure 1 and characterised in Table 1 below.

TABLE 1
X-ray diffraction lines and intensities for crystal form A

20 Intensity
3.6 medium
7.3 strong
13.4 medium
14.6 strong
18.3 medium
22.0 medium
25.8 ) strong
25.9 medium
29.5 medinm




Measurenents are nmade by X-ray powder diffraction and using Cu-Kat. The
X-ray diffraction pattern thus determ ned, as represented by the refbdali
lines and intensities of the nost inportant lines, is shown in Figure 1 and
characteri sqgy Jo9s0i3%6e 1 bel ow. TABLE 1 X-ray diffracti orCT/EPmgs/ e84
intensities for crystal formA 20 Intensjty 3.6 medium 7.3 strong 13.4
medium 14.6 strong 18.3 nedium 22.0 nedium 25.8 strong 25.9 nedium
29.5 medium 1 5 JAN 2007 WO 2004/013156 PCT/ EP2003/008314 9 Exanple 2
Preparatio xagmgleZhar act eri sati on of Crystal Form B 87 ng of the conpound of
fornul a | Zepapiidhlahd chdreéledisatian 6 CoEABReIn Bver 24 hours at 25 C.  The
product is filtered and dried. After drying the conmpound of formula | is
obtained in the formof white crystals. Measurenents are nade by X-ray
powder di f 87 agg iobtheabthpoandief fotmidal areeyailibratalin 20hY &thanbl oer pahbes At 2NtS

det I ned . t ed N f ti | i ' I i f . th
most | mpor TARETI4PRGE HEPed RS UFIST e i 33 Znipebiay E ReP e b= ths

bel ow. TABlfdrm?ofévliieeycrgkitdls.r action |ines and intensities for crystal formB
20 Intensity 7.2 strong 9.3 Medium 12.0 Medium

Measurements are made by X-ray powder diffraction and using Cu-Kai. The X-ray
diffraction pattern thus determined, as represented by the reflection lines and intensities of the

most important lines, is shown in Figure 2 and characterised in Table 2 below.

TABLE 2
X-ray diffraction lines and intensities for crvstal form B

26 Intensity
7.2 strong
9.3 Medium
12.0 Medium
12.8 Medium
13.1 Medium
14.5 Strong
17.4 Medium
20.4 Medium
23.2 Medium
25.8 Medium

Example 3
Preparation of Crystal forms A and B in various solvents

8 mg of the compound of formula I are equilibrated with 1.5 ml of a variety of solvents for at
least 24 hours in a water bath at 25°C = 0.1. The solutions are filtered and dried for 10
minutes in the air. The solid part is investigated by X-ray powder diffraction (XRPD) to

identify the crystal form produced. The results are shown in Table 3 below.

The procedure is repeated at 50°C = 0.1 and 70°C = 0.1 and the results are shown in Tables 4

and 5 respectively,



12.8 Medium 13.1 Medium 14.5 Strong
25.8 Medium Exanple 3 Preparation of Crystal

solvents 8 ng of the conpound of fornula I

vari ety of @@ sedisiskor at
solutions are filtered and dried for
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The solid part

form produced. The results are shown in Table 3 below The procedure is
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5 respectively.
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Equilibration wth solvent at 25C Sol vent

Et hanol Crystal

formB

form A Hexane Crystal
B Methylene chloride Cr

Tol uene Cryst al

formA

f

RPD

ults are shown in Tables 4 and

JoR W3 BlvE W BR#O03/ 005314 10 TABLE 3

n- But anol

Crystal formA
propanol Crystal
t hanol Crystal form

er Crystal formA

Ct ‘,’I ace [ i
$olyemt Hept ane CryvEREAD form A I%/a

ysiBatanpbr m B Ter { Cowta) foret Ay| et

[TBthandly dr of ur an Of Weystal farorBn A
Ethyl acetate Crystal form A
Isopropanol Crystal form A
Hexane Crystal form A
Heptane Crystal form A
Methanol Crystal form B
Methylene chloride Crystal form B
Tert-butylmethylether Crystal form A
Toluene Crystal form A
Tetrahydrofuran Crystal form A
Water Crystal forms A + B

TABLE 4

Equilibration with solvent at 50°C

Solvent XRPD
n-Butanol Crystal form A
Ethanol Crystal form B
Ethyl acetate Crystal form A
Isopropanol Crystal form A
Hexane Crystal form A
Heptane Crystal form A
Methanol Crystal form B
Methylene chloride Crystal form B
Tert-butylmethylether Crystal form A
Tetrahydrofuran Crystal form A
Toluene Crystal form A
Water Crystal forms A + B
‘ TABLE 5§ _
uilibration with solvent at 70°C
Solvent XRPD
n-Buatanol Crystal form A
Ethanol Crystal form B
Isopropanol Crystal form A

These results show that the choice of solvent dictates which crystal form of the compound of

formula I is formed.



Water Crystal forns A+ B TABLE 4 Equilibration with solvent at 50C

Sol vent XRPD n-Butanol Crystal formA Ethanol Crystal formB Ethyl] 5 JAN 2007
acetate Crystal form A Isopropanol Crystal form A Hexane Crystal formA
Hept ane Cryswahkodoritsed Met hanol Crystal form B Met hyl enpeTairbasioshd14Cr yst al
formB Tert-butyl nmethylether Crystal form A Tetrahydrofuran Crystal formA
Tol uene Crystal formA Water Crystal for's A + B TABLES Equilibration with
solvent at 70C Solvent XRPD n-Butanol Crystal form A Ethanol Crystal form
B |sopropdixempedstal form A These results show that the choice of solvent

di ct at es Wi oF 8hRlal Fore Atingd e compound of fornula | is formed. 1 5 JAN

2007 WD 20047013156 08314 11 Exanple 4 Stability of Crystal
Forms A and B Sanpl es of the conpound of formula | in crystal formA, the
conmpound ofg f el fhelcon ourfcr SsthAhuld Pi’an tal?orFH ). 3 er%oﬁipo@ﬁ’&@ffbfﬁﬁlta(l‘k forns

and an anor phous form o oun formul a (o b tal ned by spray
dryi ng) ar érlésf%f‘é'ﬂlgérmﬂ‘t%@ﬁgmét‘:%@ forms and a‘Hf“P?’@PPB‘H orm of the compound of

formula I (obtained by spray drying) are stored for 4 weeks at 80° C under different
conditions and analyzed by X-ray powder diffraction (XRPD). The results are shown in

Table 6 below.
TABLE 6: Stability after 4 weeks at §0°C
Conditions Sealed 75% r.h.* Nz N2 +2% O,
open water
Crystal form A A A A A A
Crystal form B B A+B B A+B A+B
Crystal forms A + B A+B A+B A+B A+B A+B
Amorphous form A A A A A

* relative humidity

These results show that crystal form B can convert at least partially in the solid state into
crystal form A when stored for 4 weeks at 80°C. The amorphous form can also convert into
crystal form A. This suggests crystal form A is more thermodynamically stable than crystal

form B.

Example 5

Heat of solution experiments

The heat of solution of samples of crystal forms A and B of the compound of formula I are

measured at 25°C in acetone. The results are shown in Table 7 below.

TABLE 7: Heat of solution at 25°C in acetone

Crystal form Heat of solution (J/g)
A 29.3
B 17.9




conditions and anal yzed by X-ray powder diffraction (XRPD). The results are
shown in Table 6 below. TABLE 6: Stability after 4 weeks at 80C Conib tiAMig)7
Sealed 75% r.h.* N2 N2 + 2% Oz open water Crystal formA AAAAA

Crystal forwoBoldiBsB AtB A+B Crystal fornms A+ B A+B Ar@Gr/épiBoibssiA+B

Amor phous form A A A AA * relative humgdity These results show that
crystal formB can convert at least partially in the solid state into

crystal fo A when stored for 4 weeks, at 80C. The anprphous form can al so
convert infgese shpwreystal formpfijhas %E@b@fﬂ °ng5?§1= heat pBsqlitien compgred with

t her nody nagiysall fosn Bt atbicintiidaes ayytsltfaim AfiomoreBhedmclfdneicAlyHetle ditnSHkial i on
experinent? The heat of solution of sanples of crystal forns A and B of the
conpound of”®dtnula | are neasured at 25C in acetone. The results are shown
in Table 7 below. - - - - TABLE 7: Heat of solution at 25C in acetone
Crystal form Heat of solution (J/g) A 29.3 B 17.9 1 5 JAN 7007 WO

2004/ 013156 PCT/ EP2003/008314 12 These results show crystal form A has a

hi gher endot herm ¢ heat of solution conpared with crystal formB. This

i ndicates crystal formA is nore thernodynam cally stable than crystal form
B. 13 1 5 JAN 2007 CLAIM5S 1. A conpound of forrmula I CH3



%00 CH3 HOa\l0 CH3 CH3 "//CHO e 3 C O in a crystal formB that has
a melting point, by Differential Scanning Calorinetry, of about 270CKWANIT0LT
si nul t aneous deconposition, at a heatihd rate of 20 G/ min and the fol | owi ng
~characteristic diffraction lines (20 in angular degrees t 0.2) in the X-ray
~diffraction pattern thereof: 7.2, 9.3, 12.0, 12.8, 13.1, 14.5, 17.4, 20.4,
23.2 and 25.8. 2. A pharnmaceutical conposition conpri-sing, as active
ingredient, an effective amount of the conpound of formula | "in-crystal
formB gs ggfined_in claim1l1, optionally together with a pharmaceutically
accept rrier. 3. A conposition according to claim2, which is in

i nhal able form 4. The use of a conpound according to claiml1 in crystal
formB for the preparation of a nedicanent for the treatnent of an

i nf | anrat degmapurshetiermelale airways di sease. S. A nethod of preparing a

compound of formula I in crystal fogR B as defined in claim1 which
- conprises crystallising the conpound af fogmul s defined in claim1l from
a solution thereof in ethanol, netharbd

or netlhyl ¥ne chl ori de.
~——

CH,
HO ) \\“0

N CH

in a crystal form B that has a melting point, by Differential Scanning Calorimetry, of about
270°C with simultaneous decomposition, at a heating rate of 20° C/min and the following
characteristic-diffraction lines (26 in angular degrees = 0.2°) in the X-ray diffraction pattern
thereof: 7.2°, 9.3°, 12,0°, 12.8°, 13.1°, 14.5°, 17.4°,20.4°, 23.2° and 25.8°.

2. A pharmaceutical composition comprising, as active ingredient, an effective amount of the
compound of formula I in crystal form B as defined in claim 1, optionally together with a

pharmaceutically acceptable carrier.
3. A composition according to claim 2, which is in inhalable form.

— 4, The use of a compound according to claim 1 in crystal form B for the preparation of a

medicament for the treatment of an inflammatory or obstructive airways disease.

5. A method of preparing a compound of formula I in crystal form B as defined in claim 1
which comprises crystallising the compound of formula I as defined in claim 1 from a solution

thereof in ethanol, methanol or methylene chloride.



