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Cernadas et & (1"9) Em J. Respir. Cell M. Biol.
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a pharmaceutical. The existence of various
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inhibition of TNF-alpha synthesis and release in a human macrophage cell line and by its

d by ézarka et

inhibition of inflammatory conditions, particularly in the airways, e.g. inhibition of eosinophil
activation, in animal models, e.g. mouse 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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characteristic diffraction lines (26 in angular degrees = 0.2°) in the X-ray diffraction pattern
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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, heptane,
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,
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synptomatic or
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 § years of age, exhibiting wheezing symptoms and diagnosed or

diagnosable as “wheezy infants”, an established patient category of major medical concern
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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-
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and KW-4490 (Kyowa Hakko Kogyo); A2a agonists such as those described in EP 1052264,



bronchodi | atory or anti-inflammatory drug substances,

particularly in the treatnent of obstructive or
wonbd4zmsmas ory ai rways di seases such as those neariE®2®Ad/008314

herei nbefore, for exanple as gotentiators of

therapeutic activity of such drugs or as a neans of

i i ] tial side effect
p 4T upl GRSAROVEIERARE B PEi3bL o Bitias, WG pisases, wo
ozo;ogvdeOﬁozzaw,tWe) olm'%@z,w'w_tc?plm:m; W?ctb on?lﬁagi, W@ 9602543, WO
9,4 r eutl cal CoO ositLon or |1 m e
96025 A9 VO SPeaS LepRPaRBAIA VI DL 4450nIHQ SR, T QioBRS877, WO
9944262 ey obBR264 PO a1 64, WS bogrids: \wh '998‘?@%‘6%&0?329@90, EP

i nclude steroids, in particular glucocorficostero
40959872 a8d W QABQ8H 7de ,ang A2b aptegpnistsackiagnhossi deseribed in WO 02/42298,
fluti casone propionate, ciclesonide or nonetasone
furoate and conpounds described in WO 0200679, WO
Such beeiohydilaorp Ares decludriannicholy®rgio 87 entimTR4rinin geus)issthsas those
: t d ' Fo: : i
des@ifeld iREPIARER 1 E@»%ﬁ'ﬁ’?ﬂ% gjglzg‘i and ﬁfé (Orﬁég%%%ia}b]&odesfarma) and

antagoni sts suth "as’'t Scr
but [T pdrtigniaa gpratipius bodmids, ortrbpiunk bioimidaand détrspiukadsomide, and

betz%? %pei“?‘?eﬁ%t?ﬁ gi’gérg%t% ?%%Pai)sls’stél%gﬁau C(ﬂ,_ %?/’b&&%%%g gi?%ietgl%’l and, especially,

ronoc
forth@efdl 2adl [haf Drapdueinyllyeddeepeyble palepahkdest) lahd Rympeddi! (indfrderor salt or

ol eth = 2( 3H),- be i azol on har utical | )
L e N s L TR
doci¥ineZER (b rporddéd kefein dgakferenb)ptefersblyddniictingdd/6fhthd Examples thereof,

Awﬁfgﬁ¥5%9§§%€§9 mth Kline), Roflumlast (Byk
espeEiAlly P! orpRfapp) , BAY19- 8004 (Bayer),

SCH 351591 (Schering-Pl gqugh), Arofylline (Almrall

Prodesfarma), PD189659 (Parke-Davis), AW 12-281 (Asta

Medi ca), CDC- 801 (Cel gene)) and KW 4490 (Kyowa Hakko

Kogyo) ; A2a agoni 84S St as those dcri/bed in EP

1052264, WO 2004/ 013 PCT/ EP2 314 6 EP

1241176, WD 0023457,

0160835, WO 0194368, WO @200876, WO 0222630, WO

0296462, WD 0127130, WO 0£27131, WD 9602543, WD
in fr3602 ph3m 884 %&ptm 24D Pya 3924450, WO

9924451, WD 9938877, WO 9941267, WD 9967263, WO

9967264, WD 9967265, WD 9967266, WD 9417090, EP

LYAVA VA Wi/ % : ORI _SkS .
ot SoP P 07 333 AT ERAER oP BTt 2 ggpniss, PDBA
inhibjiterg or LAEP 4 detagomiste vwdyi brearsgd, donexaatlée, i sfeardanient of COPD or,

h as those described in EP 424021, US
pa”%%%?@i%n§ izer) and WO 01/04118 (Al niral

Prodesfarma) and but in particular ipratropium

. O i tropium mde.and tiptropjumbrqomde, . .
N T NI ot EE—.
antimesdavitizldgeats, PRIFHEhkibitbrsahTB4 affgehists ay befusddyBéedx@ple, in the

rea s UG o PR BEDS G Dy — o

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 a 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.
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weightbvindies oae ph momwﬁactam&l suclp apdsnctamlmrcsorhmmsrm@at&sand/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;
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present invention will of course vary dependi ng, for
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characterisation of Crystal FormB 87 ng of the

compound of forrmula | are gagwigidrated in 2 nm ethanol

over 24 hours at 25 C. ) o
-ray diffraction lines and intensities for crvstal form B

20 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 m1 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 § respectively.
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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 )
Equilibration with solvent at 70°C

Solvent XRPD

n-Butanol Crystal form A
Ethanol Crystal form B
Isopropanol Crystal form A
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These results show that the choice of solvent dictates which crystal form of the compound of

formula I is formed.



Sol vent XRPD n-Butanol Crystal form A Ethanol

Crystal formB Ethyl acetate Crystal formA
wozoprepanol Crystal form A Hexane Crystal f oPaU/A&AP2003/008314

Hept ane Crystal form A Methapol Crystal formB

Met hyl ene chl ori de Crystal form B

Tert-butyl methyl ether Crystal form A Tol uene Crystal
Exafnpled A Tetrahydrofuran Crystal form A Water Crystal

f. BLE 4, ,Equilibration with solvent at 50C
ﬁ%@%@%&ﬁ&%ﬁ%ﬁol Crystal form A Ethanol

Crystal formB Ethyl acetate Crystal formA

opr anol Crystal formA ane ,Crystal

Sampl % A Cronet o e Tk rl SPEAS b Potpap Dt Formula Tin

crydkﬁtfhmh B£ nfikdued bﬁlﬁ)th}y}&faﬂiforﬁﬁ fafd Bn amorphous form of the compound of

Ter t hyl et her stal, form ydr of
for@@ﬁ&%rtawsgﬁy raw‘&mag?éréfygﬁdafm # &y S&te&%?cgv c[ér;slﬁ et
confiRiolBarl #ndPyzEABYKE -bay fefittick dlifradtiod XRPD). SPhe/RBtltsHre {wn in
Table 6 below.

TABLE 6: Stability after 4 weeks at 80°C

Conditions Sealed 75% r.h.* N, N2+2% 07)
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
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Crystal formB 1Iso ro anol Crystal form A These
woesmloisisshow t hat the choi ce of sol vent di ct apes/Er06/08314
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crystal forns and an anorphous form of the conpound or
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02 open water Crystal formA AAAAA Cystal form

B B AtB B A+tB AtB Crystal forns A + B A+tB A+B A+B A+B

A+B  Anorphous form A AAAA * relative humdity

These results show that crystal form B can convert at

| east partially in the solid state into crystal form

A when stored for 4 weeks at 80C. The anorphous form

can al so convert into crystal formA. This suggests

crystal formA is nore thernodynam cally stable than

crystal formB. Exanple 5 Heat of solution

experinments The heat of solution of sanples of crystal

forms A and B of the compound of formula I are



measured at 25C in acetone. The results are shown in
Table 7 below. TABLE 7: Heat of solution at 25C in
waceadmngise Crystal form Heat of solution (J/g) PATZ®2®3/008314
B 17.9 WD 2004/ 013156 PCT/ EP2Q 3/ 008314 12 These
results show crystal form A has a higher endothermc
heat of solution conpared with crystal formB. This
CLAIMS; cat es crystal form-A is nore thernodynam cally
stable than crystal formB. WD 2004/ 013156
PCT/ EP2003/ 008314 13 CLAIMS 1. A conpound of fornula
1. A copgogndoSorgmlafo 3 owo CH3 CH3 0 CH3 C OF in a
crystal formA that has a g ting point, by
Differential Scanning Calorifgtry,_  of 264C with
si mul t aneous deconposition, aP<g [ ate of 201
C/mn and the foll ow ng eristifg fraction
lines (20 in angul alQuggLes '
diffraction pattern

13CH;, 14.6,
crystal form B
v Dfferential Scanding
C with sinultaneous

Calorinmetry, of
g rate of 20 Cmn and the

deconposi ti ong
fol |l ow ng

in a crystal form A that has a melting point, by Differential Scanning Calorimetry, of about
264°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: 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 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 A or 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 A or 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 A as defined in claim 1
which comprises crystallising the compound of formula I as defined in claim 1 from a solution
thereof in isopropanol, ethyl acetate, n-butanol, hexane, heptane, tert-butylmethylether,

toluene or tetrahydrofuran.



characteristic diffraction lines (20 in angul ar
degrees 0.2) in the X-ray diffraction pattern
woOhermodise 7. 2, 9.3, 12.0, 12.8,13.1, 14.5, 17.2CT/202003/008314
23.2 and 25.8. 2. A pharnmaceutical conposition
conprising, as active ingredi éfit, an effective anount
of the conpound of formula I in crystal formA or B
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w. C‘gﬁ%oo %{%?sato clhr%fg c%lc%mg 9‘93%%“@’%@?‘3 (rgl ei{}\%} a%deflgeﬁl ip claim 1 from a solution
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claiml1 in crystal formA or B for the preparation of
a nedicanent for the treatnent of an inflammatory or
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. A nethod of preparing a conpound of formula | in
crystal formB as defined in claim1 which conprises
crystallising the conpound of fornmula | as defined in
claiml froma solution thereof in ethanol, nethano
or nmethylene chloride. 7. A crystal formof the
conpound of forrmula I, substantially as herein
described with reference to any of the Exanples. 8. A
crystal form of the conmpound of formula I
substantially as herein described with reference to
ei ther of the draw ngs.




