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are advant ageoustj EL/‘ adm nistered directly into the respiratory tract by
i nhal ati on. egard, several types of pharmaceutical inhal ati on

devi ces have beeﬁt&ﬂ%hé&ﬁ%@b m@&glﬁﬂiﬂ oSBT 90?4?@)'@@@ ;bt'-‘g da%gﬁ %

i nhal ation, including dry po i nhal ers se In alers
(MDI) 5 180 d2004HIMR 4 A2 i(Fiadenee InW&mttpSapEmum@opﬁdrfnmMS)dwblowrmmsh tions

oo T ot L S L e DB RRAC 0, T,
del i quescendisatdels\ducke bs élﬁémaobﬁuaﬁve\/lﬁilﬁmtﬁurg Biseak {COBD) and asthma. In
particular, the compound biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-
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20  methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester is specifically disclosed in these
applications as possessing both muscarinic antagonist and B, adrenergic receptor agonist
activity. The chemical structure of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-
hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethylamino]methyl}-5-
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester is represented by formula I:
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point (i.e. greater than about 150C), thereby allowing the material to be
m croni zed w thout significant deconposition or |loss of crystallinity.
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a relatively high melting point.
20
SUMMARY OF THE INVENTION

The present invention provides a succinic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dikydroquinolin-5-
yDethylamino]methyl} -5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester, in

25 particular a crystalline solid state form thereof, or a solvate thereof.

In one embodiment, a crystalline form of the salt of the present invention,
hereinafter referred to as Form 1, has a melting point greater than about 170 °C and has
been found not to be deliquescent, even when exposed to atmospheric moisture. Further
crystalline salt forms, hereinafter referred to as Form 2 and 3, have also been identified.

30 Among other uses, a succinic acid salt of the compound of formula I is useful for
preparing pharmaceutical compositions which are expected to be useful for treating
pulmonary disorders. Accordingly, in a further embodiment, the present invention

provides a pharmaceutical composition comprising a pharmaceutically acceptable carrier
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I n anot her enbodi nent, this invention provides a pharmaceutical conposition
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142- (2-chl oro-4-{[ (R) - 2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2-

di hydr oqui nol i n-5-yfl et hyl am no] net hy1} - 5- met hoxyphenyl car banoypet hyl ] pi per
idin-4- yl ester, wherein the solution has a pHin the range of from about
4 to about ® 3 sucgiaic agisorelief bivhpwid2ridearbamin agid;Ink2e@ chipmo-Ar HR) ety dgoxy-

conbi nati on j.Si. BO; ) L0 C < apy : hwhenyl - 2-yl carbam ¢
acid 112- zg-g%ﬂgéﬂg?%_ﬂ%fﬁ% 51&1{@1"6&81'1‘15'&?5%‘f)‘e&ty&ﬁ{lﬁo]ﬂiethm} 4!

2- hydr oxy- 2methokysheapyarBamnodlethyRlpifietiyitir bglasteo] in padicytat cryythldine saidwtdtdy| }
-5- et hoxyPhenKI C barmo?rpet hyl %EI peridin-4-yl ester, in particular a
crystal | i net® heredl; of aSHHRAGAIERF eof , or a sol vate thereof; and (b) a
steroi dals ant i -iffd AHERIL BBt (i hahRIRANAM cQhpdsRIGA thid inkéRicROt

muscarinic antagonist and 02 adrenergic 20 receptor agonist activity.
Accor di ngl yfurthesepsupiriseca steiottlabanti-infamniatosy pganbrinctoss 4 eortesgseeeidda t o be

useful as a_therapeutic .agent .for treating.pul.nponary. di ; uch as
asthie and EHRGHE Hlsabn R Apsoielriaie i RE WooRbRRaR g N 0
of its nethod aspefbther éMibsdimemeisi ibvenfion piodizs a phahiacehticalrcotnpesitiomg a

pul nonary di sorder, the method conprising adm njstering to . a ]Eaﬁi ent in
need 25 of PYBRASHEAN QUENS 0iNiE $aliaf pelutigt OTATFBE A YEREC aFid gk Ak ci ni ¢ aci d
salt of {ai p 3= : HG_Bgt 4. 9. (8- 2-0x0-1.2-

142- (2-¢ 0 o ?éfy% [§(ng *%5??‘92)?“%‘*?‘ It fR), 2 Ty droxy- 2 ydroxy-2-oxo- 1,

di hydr oqui ndihydroguinélire§y)kthylanshoimethyl}15-hethoxphenploahymepathyipirferidingds | pi pe
ridin-4- yl1 ester .or .a,solvate thergof  Additi.onall ' nother of its
met hod aspedt ef%er’tvme?l? H5ss t{’i%f?ﬂ has %?/]lﬁé‘bg’e FAg8 g‘ﬁmoafb)égto4 %rag l“gtcélh ng

bronchodi | ati on jnryearlidr @fboditleat, MRé MOentaTR6ViddsAGofbiNiafibs t@fipriingdy

inhal ation to the_ patient. a bronchadil ati gn-produci ng anount of a _succinic
acid salt of bi pi&nylaegnicacikstitef hiphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-

1 2- (29h! 9h0adty bR Acdyar ot 2 i 5
di hydr oagi n% ??11%?%;)(5 y 02%%1%%%%?ﬁ%dnéqﬁlgﬁg@%@%%%]ﬁ%%aget hyl kpi peri
di n4-y1 est methoxyphesdtarhamoxtlJethrydlpiperidin-4-yl efter,an pavientai oerysthldioe pelolstates a

met hod of tpeatjn hronic _obstructive pul nonary di sease or asthma, the
met hod conpfof@ithedgcgg?ﬁ%ﬁol‘faéertilﬁﬁﬁoggn‘; patient in need of treatnent 5 a

therapeutical ly @hf ed dieidanmiininflehmatobyiggdnfli c acid salt of
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Additionally, in another of its method aspects, this invention provides a method of
30 producing bronchodilation in a patient, the method comprising administering by
inhalation to the patient a bronchodilation-producing amount of a succinic acid salt of

biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-
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20  the need for full isolation of the free base intermediate.

This invention is also directed to a succinic acid salt of biphenyl-2-ylcarbamic
acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
ylethylaminoJmethyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester, or a
crystalline solid state form thereof, or a solvate thereof, for use in therapy oras a

25 medicament.

Additionally, this invention is directed to the use of a succinic acid salt of
biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-
dihydroquinolin-5-yl)ethylamino]methyl} -5-methoxyphenylcarbamoyl)ethyl]piperidin-4-
yl ester, or a crystalline solid state form thereof, or a solvate thereof for the manufacture

30 of a medicament; especially for the manufacture of a medicament for the treatment of a
pulmonary disorder.

This invention is also directed to the use of:



Vari ous aspects of the present invention are illustrated by reference to

t he acconpanyi ng drawi ngs. 20Figure 1 shows a differential scanning
calorinmetry (DSC) trace for a sanple of a first crystalline solid state
formof a succinic acid salt of biphenyl-2-ylcarbamc acid 142- (2-chlom 4-
{[ (R) - 2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n- 5-
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ypet hyl ami nB‘Fﬁ'@fﬁ’&giOB ﬁﬁ'ﬂenyl car banoypet hyl ] pi peri di n-4-y1 ester of

this invention, (fwreldq%ﬁmﬁg‘_@lﬁ%gla{&y@ge fForm 2. 30Fi gure 3 shows a
differential scanhnhing calorinetry (DSC) tface for a sanple of a third

crystal |l ine sol i the maeufieunmod f medivgmentrforthg eregfmeal of agfulmonary disorder.
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this inventign, herejna err 0 as Form 3.. Figure 4 shows a Xx-ray
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met hoxyphe ngha@ammgl Danmdltiqns pempﬂsmg aphdrmeeugicallyRegeentable carrier and@j gure 5

shows a x-r I r S l£..0 r al l'ine
1, 2-succiniC caa c}saﬁaﬂ gﬁ”’g %’KIIY(’ Xgem%@gﬁ a@‘f@' ﬂ°r§4'&%'£hy({m%'¥%'

142- ( 2-chl Oli}Qirék}-EZ-bR)-i Z-dlhydroqumolm-S-yi)ethylanuno]methyl} 5-

hydr oxy- 2- ( 8- hydr oxy- 2- oxo-1, 2-d droqui nol i n-5-y | ani noi net hyl )-5- 10
met hoxyphenPFEax ?i’é‘?%ﬂ‘?yl)ﬁﬂﬁé]rl?%‘f”rﬁ‘“ﬁ?’ieﬁ%ft gra W?W??Mld state f°"'F31 gure 6

shows ajx- rﬁ&eBP\Bij%ol%tEﬁfe?ébtf'lﬁ'&u&%%afo?&ltter” of a sanple of crystalline
1,2-succinic acid of bi phenyl-2-yl carbanic acid

142-(2-chl or o- 4- {[(R) 2- _ _ :

met hoxyphenyl car bamey! ) et nRIEFARRYCRAPH O drl TR PRaMIES "0 oY ™
met hoxyphenyl car banoyl ) e . igure
shows an infrar e@ar(duRhsp%th@t“melp@éseﬁtﬂﬁednhan aife iBushiafalby refereaty/®itad | i ne 1, 2-
succinic acid salt, of blphenyl- -yl carbarnic acid

142- ( 2- chl 6PN LW MEHr oxy- 2- ( 8-
hydr oxy 98- oxo- 1, ﬁgﬂhh%ﬁé@mﬂﬂﬁf&énﬁa@cﬁ A fﬁﬂ%tﬁgme%ké Eo;rg'sample ofa

nmet hoxyphengl car banoyfl et hyl] pi peri
1st crystalline solid state form of a succinic ac1d salt of b1phenyi—2-ylcarbamlc acid 1-{2-

(2-chloro-4- {[(R)-2~hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-
yl)ethylamino]methyl}-S-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester of this
invention, hereinafter referred to as Form 1.

25 Figure 2 shows a differential scanning calorimetry ODSC) trace for a sample of a
second crystalline solid state form of a succinic acid salt of biphenyl-2-ylcarbamic acid 1-
[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
yDethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester of this
invention, hereinafter referred to as Form 2.

30 Figure 3 shows a differential scanning calorimetry (DSC) trace for a sample of a
third crystalline solid state form of a succinic acid salt of biphenyl-2-ylcarbamic acid 1-
[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-



Figure 8 shows an infrared (I R) absorption spectra of a sanple of
crystalline 1,2- 20 succinic acid salt of biphenyl-2-ylcarbamc acid

112- (2-chl oro-4-{[ (R) - 2- hydr oxy- 2- ( 8-
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met hoxyphenyl car banoypet hyl Thi peri di n-4-y1 ester (Form 2). Figure 9
shows an infrared (I R) absorption spectra of a sanple of crystalline 1, 2-
succi ni ¢ acybetbylpmngimethyl) Swethoxynherylersbareoydlethglpiperidin-4-yl ester of this
142- ( 2- chl ok,Q-.4- - = 2- (18- 25
hydr oxy- 2- oir%f}ﬁf,l%{’ é&%?%ﬁ%égge%‘ﬁoﬁ”ﬁ%éf hyl am no] net hyl | - 5-

met hoxypheny! car Basreystiols la Thpyegawdiendiffraction $XRPD) pattern &)a sample of Fi gure 10
shows a Dynam c_Vapour Sorption profile qf a sanple qf .the cryst i.ne
succi nat o s SPEBHIEG A BpcinisRIGSRHOF PiphesiaresrhaRe e e R

Thi eIVt bdoRf. oxb0dRy UA6L 01 itloumelid-s by Bl RY b Ayy)_sar bam ¢ aci d
14242- chl org(!}?l?f(s[(( R?— S- ydr oxy- _21- .S;Oﬂgdroxyg@-e%go- 1, -gi ggﬂdroqui nol i n- 5-
ypet hyl anmi noictheriglichylsathampydjepinilpineridmrbahestep €idm Dpi peri di n-4-y1 ester, in

particular crystalli solid state . .for (DO phs).t hereof I ncl udi ng
sol vat es t her eof ?"EHIéang?hfg'ts §|"r’ia?€8°‘¥8%fcd.rlf§fi%8t§%c¢%@s@| Pas[?cﬁn %}ﬁae prclaegoeqﬁt

i nventi on meystalingn @s@itinRSacialtorf biphes1-AiflEabant actd It[RAQichivry-at {f{H)i2ne
solid state forms, The present invention 5 encgnpasses all such solid state

f or ms. hyqrax A4 S-dndrauy-dee; 1L.3-dbygroguiapkin-prylsthylasungimsthvlied a first
crystal 'liO”enﬁﬁiokgph%hﬁkﬁb%ﬂéﬁ)eﬁ{ylﬁpﬁ%gﬁ%ﬁ%wésﬁ‘er i pal t of the conpound of

formula I: FormT thereo her enbodi'nment, the present

i nventi on provi dEigum tsshownd xemay powidridifrastidn (XRADYt pateny oh asdamiplesnfs ucci ni ¢
acid salt of_the ¢ ound. of. fo a. l: Eorm2 t.her.eqf 0 a,f er
arbod: ment _cwalis JORARe Reid 3 Y bButria N Beantf ST R Ak BBl
form of thehgitegy-Di(8-hodiofly-3axb-10f-dihhérogeiap g ethylaafife]inthlyl } .40r m 3

t her eof . The active therapeutic agent in these salts (i.e., the
conpound of Metiexyphsnylyarbaperdlethylpipsridinrd-4l estes ffem Navi ng the (R
configurati on. 5 ' ' : | in.the art
that m nlgr amuﬁgﬁgff Sthﬁ{gg ?@ I{f}ast elwggﬁggg%aeg%%é%%g&n# Fﬁg?gﬂte %2
conposi t i onsuceinict dgidssaltrof biphemyi-2-yltarbaniotabidr Ij25(@-dhivato-daf[ 6R);2-hy dvoxyd2@8-t hat

any utility,of the conposition.as.a_wio s not.elimmnated by the presence
of such an P%%ﬂ@’r‘f’om'q&&%’@o%'ﬂﬁ%5\]?1’%84‘%8‘?’!@’1’15&?’1}F?r;s been naned using the
comrer ci al | yethéryphabylearbathNRthysIqfiporaiie4 {Vedter (Bavm Leandro, California).
Figure 8 shows an infrared (IR) absorption spectra of a sample of crystalline 1,2-
20  succinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-

hydroxy-2-oxo0-1,2-dihydroguinolin-5-yl)ethylamino}methyl}-5-
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester (Form 2).
Figure 9 shows an infrared (IR) absorption spectra of a sample of crystalline 1,2-
succinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-
25  hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethylaminoJmethyl}-5-
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester (Form 3).
Figure 10 shows a Dynamic Vapour Sorption profile of a sample of the crystalline

succinate salt (Form 1).

30
DETAILED DESCRIPTION OF THE INVENTION
This invention provides a succinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-
chioro-4- {{(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-

-6-



20 Definitions When descri bi ng the conpounds, conpositions, nethods
and processes of this invention, the followi ng terns have the foll ow ng
meani ngs unl ess ot herw se i ndi cat ed. The term"nelting point" as used
herein neans the nmelting onset tenperature as observed by differential
scanning calorinetry. 25The term "m croni zed form' neans a form of
particles in which at | east about 90% of the particles have a dianeter of

| ess than apdethylamingjmethyl}-S-mefhoxyphenyleashamaybethylpingridinAorsstes br aggr egat e
formed by ope.. I ﬁé}wfﬁ] by WCGhink Soldsbd salt of

t he comoun@ﬁtéglﬁiﬁlg@% S,%ﬁgr%%%oféréﬂ'l%@% re r‘%fhggegré}sﬁgﬁﬁgﬂgg?vent. Such

sol vat es t ytherzal.| Phehaystal inessubsiniracidsalt wi fhepestemohanti@Omap be presént soduet e and
solvent. This term.al so.includes.clathrates, ingluding.clathrates with

wat er. Repr ‘é‘é‘@ﬂ"teélfr%‘?f‘é“@bﬁt‘y‘étrﬁ%s&ﬁh’&q ﬁ?hgsgiﬁf%’%%n@}e e P?é?ntt%t er, methanol,
et hanol , s5i SQRLARARG all REBLHIT Rak GrARd the |ike. Wien the solvent is water,

the solvate forned is a hydrate. The term "therapeutically

ef fective ampuntInonesmbodimenirithenressnfinyention pravides o fisg crystallipersphd stifien

adm ni stere o] Lent J.n_n t EHE ) rm"treating”
or "treat rreﬁ) ogghegsgé%&ﬁg?lgisﬁhrgrgglﬁg&fq?\é&[%rogg mbalc')Foﬂ ga rrrée(’% of a disease
or medi cal condi hiadfarth&eatbodinentithsd) presentinpaitioaptovidis alesmd aryyeiine! sobd

(particularly hu ) that includes: (a) preventi e disease or nedical
condi tion f# @&Qf?ﬁﬁ? Figemic agid é%@gﬁmogg’@w ?@@%ﬂgﬁﬁgﬁq&éﬁ?}sﬁ? tent; (b)
amel i or gpi ng t hepQi HRRGSnHod R 3R preQAinbididn provides a8 'kd‘!:r?:ﬁhl'liﬁg s@fd causing

regression of the disease or (redi cal condition'in a patien

10( c) suppr estate fiernt ¢fshelsusemiecist sattwd theadompont ofi formuly [:Formg) theteely or
arresting the d | opnenpt .of th I e_ar neqdi Ny .7y a patient;
or (d)alleviati ﬁig;ﬁet%gvgglﬁ%ﬁgu&%} %F&t’%gl%g? ssagt% 1y "giﬁg%emoqcoglggoé%%g}lfta%n in a
patient. Thentshisonedhiril doeaidhe(RY@hfigwation. dHephyvet, Gabillbedindasede uni t
suitabl e for dosi ng{ a.patient, i.e., each unif_ containing a predeterm ned

quant ity of b%thess skiligd in fie artipamingramapnisofdin () SarePEOBFURRER RIRETHES| r ed
therapeysi Ciuglbffisitns 3¢ thi 98‘ﬁioﬁruﬁle§'s SRR/ dahdiORedVpldVidAG0R any RHiIRy of
additional units. For exanple, such unit dosage for may be dry powder

i nhal er capthalcempaenitidsl asstverolsismopeljminatae be thegrerose dfisuch an isnar ed dose

i nhal er, capsul ©Phie (;[O?n%l()lelltl(? of t&'nlnlllglhgs%deeﬁ lhlaGmelzd llfs?lig the commercially-available

AutoNom software (MDL, San Leandro, California).

20 Definitions

When describing the compounds, compositions, methods and processes of this
invention, the following terms have the following meanings unless otherwise indicated.

The term "melting point” as used herein means the melting onset temperature as
observed by differential scanning calorimetry.

25 The term "micronized form" means a form of particles in which at least about
90% of the particles have a diameter of less than about 10 pm.

The term “solvate” means a complex or aggregate formed by one or more
molecules of a solute, i.e. a succinic acid salt of the compound of formula I, and one or
more molecules of a solvent. Such solvates typically have a substantially fixed molar

30 ratio of solute and solvent. This term also includes clathrates, including clathrates with
water. Representative solvents include, by way of example, water, methanol, ethanol,
isopropanol, acetic acid and the like. When the solvent is water, the solvate formed is a
hydrate.



20 Succinic Acid Salts of the Invention A succinic acid salt of

bi phenyl - 2-yl carbam ¢ acid 142-(2-chloro-4-{[(R)-2-

hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n- 5- yDet hyl am nol net hy1} - 5-
met hoxyphenyl car banoypet hyl | pi peri di n-4-y1 ester of this invention can be
prepared from bi phenyl -2-yl car bam' c acid

1-[2-(2-chloro-4-{[(R)-2-hydro 2- (8- hydroxy- 2- oxo- 2

1, 2- di hydr oqui noThetegny t_lJ@tamutt lh@’quhympmy ﬁ’@%wm%ﬁw%ﬁ%%m hyl ]
pi peridin- 4 cinic acid salt of this
i nvention tygl cgﬁﬁtﬁﬁeélga% éa?\kgl%g% \Aggtﬁéng ontfdef %ﬂﬁ&g about 1.10 nol ar

equi val ent s of siﬂb@tenn(‘,‘trealmg” pe‘rtramhemt” aoused/ Bdreintmeahs thi éreatorgpw tedtneht

formula I; ipcludin bou abou. 05, mol ar _equi val ents of
succi ni ¢ 30° %Fi’defﬁ‘égf% &t °8 F% i aso‘F éd?‘?‘b%’%fn%‘ BF‘S?B’PH‘E}%E . In a
particul ar &;‘E@%Ilmhunﬁﬂ?ﬂﬁpﬁlguaééi acid sal t of this invention contains
about 1 nolar equival ent of succinic acid nol ar equi val ent of the

conmpound of form#la |preventing the diyeasernsireadi ecrndtt@nfm%wwgabm to

bi phenyl 2-yl carbam c_a r
{[ (R -2-hydroxy-2- (8- ?]roﬁhﬂacsg %eé%%q tga%tﬁydr oqui nol i n-5-ypet hyl am no] net hy

|} -5- net hoxyphgy! candlvmmie)ind diysabpomaedichl bonditych, £61 diminatingre cawsidy | y
determ ned by various mnet hOd‘éﬂ{%VGJ | abl e tél) thos(g skijll ed i n the art. For
exanpl e, such nol ar r&gfesHonahthpdiseass grppdical gapdition H NVR.

Alternatigyel y, elen ghreafial 8l gs@re,r%dua%naﬁoﬂqteersmmeg bBresmigathe r ati o.
Bi phenyl - 2-yl car bam c id 142-(2-chloro-4-{[(R-2-h ydroxy 2- (8- hydr oxy- 2-

oxo- 1, 2- di hydr oqui nol ﬂwebpypmﬁyﬂlmea@q q:renwctall cenditiomtin aypphentydrcar banoyf | et h
yl | pi peri di n- 4- y@estﬁ[ V{m%{%ﬁj ;/0%_3 g eec‘%{e re&%&qcaié F]Otﬁeingg’ trleefl?pondl ng

10 2-tert-(Butyl precursor. ecursor may

be deprotected uFThé@na "GEtidc eqfonﬁ‘r tﬂﬁérkdﬁap@@wﬁl%cﬂls@&e@lﬂﬁlsﬂfﬂbfd foﬁnmm with
acetic acid, in a solvent such_ as nethanol. The preparation of th

t en- ( But yki fREFGILSH Fagkymibepntaiing 2pvedciermiingd puaptityiof aa%ls%ﬂth%’areﬁltwn

| nt er natisonglictabe i pradRk ik Aldstt ﬂﬁemﬁéiwcléﬁ%a%%&f’e%r P dﬁﬁ;dn%tma Vo
2004/ 074246 A2, at ppage 135, Preparation 98. 15Succinic aci

commerci al | ynwand’rabﬁdatlﬁmacb mpits. cFror examﬂb,epclaugh@s;ﬁgecﬁouhs 1Bay b¢ dry.powder

Gl lingham . UK | n ane di nent , the uccini ¢ ac as urity,greater
Chan or equiaies Befi BTRET LFRE b S Aty & it 928 ubaftlcbotudl £°

t hi s invent iabrtsypiismdplielpias, ed by contacting bi phenyl-2- yl carbam c acid
142- (2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2- 20

di hydr oqui nol i n-5-ypet hyl am no] net hy1} - 5- met hoxyphenyl car banoypet hyl | pi peri

din-4- yw egi&inivakid SROYE e 1fRnkiGh about 1.3 nolar equival ents of succinic
acid. CeneralTy, this reaction Is conducted in an inert diluent at a

t enper at ur e r angArsgedimio avid batiof pliRGyL-2-ylathami 6&i® G2« hrchlow-hg[(Bpdut 20 2C

For ths 7 onSonRt iR R 2o T B e BB - ol o
i sopr opanol meth@ﬁ@&ﬂﬂedrbmﬁéﬁ)ahy@@qieﬂaﬁA-ymsrea By i sihvention csli BdprepReet hane

m xture thereof onal I contai ning water. In one

andthellk?ﬁ& og
embodi ment , TpmdiRhsaRk-3ryicarbamie aeid 1 H2s( eit!@f& 4a£ (R)-Zhydroxynd-(8hydeoxg3re¥ont  such
as ethangl b 4SS lg i [ 9{2]% iugﬁg? c acid
14242- chl or'o- fﬁﬁ’ {(R) %?/%rl%?(y H.% ‘Rﬂﬁr oxy- -o&c?ﬂ‘%r% le?gqui no
lin-5- 30 ypleem@maimlmt]enmmm}m'@anﬁt hoxyphenyl car banoypet hyl | p| peri din-4-y1
ester. The solution of. the thus. forned salt || owe over a
er i 0d of tine. BavraHiarng st bhinisderrt Rl FAER R L T B e and
optional Iy a#dub130mdldriRguivhientsof Siciic/&idpdr nitBarRgeaikAt dfehd @niPound of

formula I; including between about 0.95 and about 1.05 molar equivalents of succinic

30 acid per molar equivalent of the compound of formula I. In a particular embodiment, the
succinic acid salt of this invention contains about 1 molar equivalent of succinic acid per

molar equivalent of the compound of formula 1.



In a further enbodi nent, a solution of succinic acid in ethanol is added to
a solution of biphenyl-2-ylearbam c acid 1[242-chl oro- 4-

{[ (R)-2-hydroxy-2-(8-hydroxy-

0xo0- 1, 2- di hydr oqui nol i n-5-yl ) et hyl am no] net hyl |

met hoxyphenyl car banoypet hyl i pi peri din-4-y1l ester in a simlar volune of 5

tetrahydrofuran, at a tenperature of about 559C this solution is then
cool ed to about Fhamolseeiiedf seqserc tuid torkipheayb?wisatbgmigasid 1-4dtkchlpe-4-of t

Cirri . - . i

o oduct i . FURREATHRT 2 BRUR oAl R AR S SIS

in i sopL Fpamthoﬁﬁphlghﬁcaﬁd[ﬁdymenhﬁ]fgwmligi@m oster barpberydily?depdrmaned dryivariowsi d

14242- or o- 4- - 2- r oxy- - .

iyt oxy. 2 ORI S R CRa LB S g ARl et Taglag aios cam be

met hoxypfsewéaﬁﬂ% barmyied By Rivie! Afifadvely! eRfeRial AMaly3RQdh bé Béc@o t i Mes t he
y

vol une of tetrahydrofinan, at a tenperature of about” 37QC, this solution is
t hen seededdetauningithe thadirdate. this tenperature for about four hours, then

further cool ed tgq.about, 152C over. [ f | 15 Sa xanpl e
about 4 hours, aﬁH’W#'ﬁg e %@gﬁ?@%&%ﬁaﬁ@%@ﬁf@?ﬁ? 335{[ g%fﬁg pr oduct
is formed. k-3, 2pdibedoquineli-S-oladylhminlmsthyle-ometoxyphamt barbdraoyietiyl]- I'n
a further enpodinment, a crystalline succi nlq? ag‘hg salt be prepared from
t he conpound@P§ndingt-yhester majbe sopkenigntly BEPYES FAMJRC FEEPHIY®Eaci d i n et hanol
por t i onwjgse L i L - pahig pR&idor may be deprotected

142- ( 2- \(,:\fr?lso?J%Q???%&gﬂgeg%nggﬁgEgﬂéﬁ;t/%r%iﬁgsrooxo 1?2-‘qi %Ty%?ypqeuicr?(r)(l) ?cn- S-yfle
t hyl ami noi nesihg b powee efluoriih onysuble aytesimbBumidbewitly idetic peidi igiasolventsuelst er in

ethanol, at _a_t rature of .abo 0 [ [ 0 .

Fol T oved by 2§ mstEhsl! Hhd hlepfraay 8t he RaA urdiHor BBkl 84 HroRAC brefuler is

t enper at ur e dey¢eibédia IhRfnatitid] PAGEL HpBéatioh o POTIESTVMMO4H49] pulslicatiotn®®iO od of
several days, for instance 2 5 days, typically about 3 days. This

t
process vvaszf’%ﬁ?ﬂffzf‘@ﬁ@ﬁﬁ\ﬂaﬂélﬁ@mﬁﬁ%?&y Form1. 25In a further
e , PPOVE pesom _ _ ]
ermbodi ’T‘éﬁt a cr ﬁﬁ%ﬁ#& %@l& i dcg):ﬁ%gé}blﬁllf‘ aﬁaﬁ@lﬁ%{ﬂg@j eRem) ?l%?ﬂ%ﬁﬁ%lﬁfcﬁ@o‘é e

conpound of fornmu a solution of "succi nic acid portionw se
over a peri &l oFillinghas, UKorln ons erabaiimentt the Fudeini¢ yqid basl d guripgigetebthan ot 0 a

suspensi on of the ound of .fo la 1 in an inert liquid such as nethanol
or tetrahyd%ﬁ?oa?#gg%dé%r@ngeg?'gﬁtcghper ature, for instance in the range
40 to 60QC, typi gadrstalifxosslt dFehls invastidnhiesy ROprepHd¢dipt corgctihgbiphaiyl-2ant

slurry to tenperature c cligﬁ, for instance qver the range Q to 40 2C, over
- 0"

a period of Ykathamig acithi2-(G-ghlorars{ KR Lé-hydogy2-@dydroxyynd®al £y about 5 days.
Thi ) ¢ ) oout 5 day
o' ot RSP BHIES el e SR LY B

I n the foregbeéstey withoabessk3s totabeutpl.  chobar equivatents of sieginistagisk iGxmenatly tthis

silyl-protected derivative of.the.co und of fornula ofQnt.act ed

Wt sucer nfechen § condasin ShirHauGeaF* RimbranSrale fouf B B RS o

t he i nt er medpat einpluaihd@bout 20 °C to abdut 85 PE, fach aPibosc2SEw dbbadsstdge purity of

the initially, prepared crystalline salt ms% 5 be inmproved b

recrystal | i SHitatle mert dilpents fos this reagtionyinelyds, butare Bof luitrg;tes re?%%fﬂﬁéoh

sel ecte '- IO Gani [ ahik i i, has

been fo?n%m!tlﬁg{d}%@’rﬁ%i m%g&@é%%\%%?é&#?@opre%gir%g?% ant %—ngo vgqr?fblla
mixture thereof, optionally containing water.

In one embodiment, the succinic acid may be added as a solution, in a solvent
such as ethanol or isopropanol, to a solution of biphenyl-2-ylcarbamic acid 1-{2-(2-
chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-3-
30 yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester. The
solution of the thus formed salt is then allowed to cool over a period of time, optionally
with seeding at an intermediate temperature, and optionally with stirring, to allow

crystalline product to form.

9.



recrystallisation of initially prepared crystalline salt from aqueous THF
using a | ower al cohol such as ethanol or isopropanol as anti-solvent. The %
of water is found to be 10 inportant, as too little results in inconplete

di ssolution whilst too nuch leads to inconplete recrystallisation and
degradation. It is also found beneficial to limt the upper tenperature

used, to avoid upwanted product degradation. . |t s foungd desirable to
al l ow recystal | i Iyt ﬁg&e{%nm?ntsqmtyy of juseinic %V?}“oﬁhﬁppﬁég‘?%d,t?tap i nprove
the quality semti&m@f&ﬂye%?g%@aafwmé Qﬁd@-‘i‘%-(i—&l&%?/i—l{ﬂﬁj-z- x50l tyidy

- characteristics and dif nce in 15 solubility between higher and meer

t enper at ur eg-x0-k2-ddydwqoiokn-Hgilsthybinvesimethyhpear ed to precl ude sol vent

recrystallisat,on, Acc inal.y,...in. a t. . ' , the present
i nventi on pPz?tt/hm&@gheé‘yW@3@3§5Wﬁ’6¥eggér?’?'35£¥%é#gélﬁn[gg@#cﬁgi%r;at e salt which
process coMpdtiahPdrofilich, at LREpehSs of Abo 05 LOEthieRItIA Ithédddolddto abpieous THF
(10-18% for exanple 10-16%, at a 20 tenperat ure. I.n the range 18 to_ 23C,
for exanpl e48foustcdedcthemipatherpogledite ahoul §°Grand et stirringayer gn cxikpdedpsriadh

anti sol vent . f: tm‘f}? ' in particular isopropanol,
and warm ngf?%ﬂgg%g@htggg'? ca %alg%%ﬁ%?ﬁ%%?iﬁgﬁ%'l y seeding with Form 1;

addi ng a second Wt affiethef embalinentes sebittmdlsyccinic agis imigdpopanel mgeber al

hours, preferahbly 25 about,.12 h:.cpoling to rature, i n.the range 18
o 236, t or Sl asu BB e bigtenin SR aneRE: ¢ G RERER Pt Al R st ace:

In partimul asrdxaﬂjaadixaﬂr,a-dihgmwi&bmsgﬁn}@mﬂaﬁﬁﬁd}hﬁ&gpﬂ-@t salt, for exanple the
Form 3 salt, is dissolved in tetrahydrofuran containing 14% water, at a

t enper at ur e msthoxyphenylzarbamoplithylipingsidid-al estariin aouy Brreptimestthe ¥Jymeghinol may
t hen be add ﬁ;&] | ' oab@tit gﬁ‘ﬁ, Fal s
t hen added. ?%/alﬁi[&gg Y, H%%H‘PS’? F%@%{%? erj)]v\gi %ﬁt“@?"é&%@%&&a gq{l%ﬁj ﬁde
wei ght of caythisabmperetusafor about fodue hewab,thérofarther cablpd to 4bot005°Cldver s péritdi on i s
then stirred.at thjs t erature for, a sho ti f.or exanpl e about 1
our,af ¢ er CHRYEH hetpEHERaR Pgahfiry 400 b Pt S leripERRBa 1 hour s, 1 or
exanpl e pOoUfysthflind Pedduct i forhidd. WhisGhodess RasCioid @lprdvidd predomiasntlySFonfifz. er a
further short period, for exanple about 1 hour, the thus formed suspension

is cooled to a tEhbBrtergrebedimenicierysigllits sucginicegeid salimay enrenseqd fegmo the
i od, f | 1 e . ine. j: nst: h
Der i shp RS b1 RS SNBSS oS |

Form 1l salt, 'S CcO useful to
pr epar e t hesaniist afl Hipheayls2ryarbanicaridll -$2{2-chbtokd- 4 (Rp2-dydokyQe(Biltydrosyt t abl e

for use as gn act] har maceytical . ingredient_ (APlI) by a two step process,

i nvol vi ng t%‘é’xf’?ﬂi’%'ﬁg‘wgﬁ?ﬂ@ﬂngﬁ%gﬁbﬁ&é’* ]P_thé’ﬂﬁ%di ate grade of the salt,

f ol I onwedzoby rﬂehﬁ:x&ﬁ@h%ﬁﬁﬁ#%bﬁ%tﬁﬂﬂ;iﬁbﬁdl@%l ésBir @ RSN R o WrikPatie@dEbdut 1 N a
Wi

control |l ed manner an
50°C, over a period of about 4 h, followed by the addition of water (about 10 to 15% by

[y']

volume, and then temperature cycling for instance over the range 0 to 40 °C, overa
period of several days, for instance 2 to 5 days, typically about 3 days. This process was
found to provide predominantly Form 1.

25 In a further embodiment, a crystalline succinic acid salt may be prepared from the
compound of formula I by adding a solution of suceinic acid portionwise over a period of
hours, for instance 3 to 7 h, typically about 5 h, to a suspension of the compound of
formula 1 in an inert liquid such as methanol or tetrahydrofuran, at an elevated
temperature, for instance in the range 40 to 60°C, typically about 50°C, and then

30 subjecting the resultant slurry to temperature cycling, for instance over the range 0 to 40
2C, over a period of several days, for instance 3 to 7 days, typically about 5 days. This
process was found to provide predominantly Form 2 (solvent = methanol) or

predominantly Form 3 (solvent = THF), depending on the solvent used.
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10 seeding, to obtain the desired Form having the desired crystal quality.
In one enbodi nent, the internediate grade is isolated as essentially the
Form 3, as a consequence of the conditions used, and this is then converted
to the desired Form 1l formby anti-solvent recrystallisation. High

t hr oughput pol ynor ph screeni ng techniques by variation in crystallization

15 conditions, for ance, sol vent er tur,e, ow devel 0 ed
and beconi ng aval® tﬁ%%‘&"ﬁ%“&ﬂ@"‘?ﬁsi '111581’ ngdﬁgrogqcpg}ggtﬁ éé’ﬁ‘ﬂ%‘?ﬁ
suppl i ers syghaase AMAL LoHIBuRAGR ARG Sfiay ﬂ:ell:rohﬁﬁfed Withshadihic Iaeidsﬂthhdt thé at e
forms may be identified using such highthrough put techniques. In a

further aspeed fof ﬁilh@l‘ﬁm@@mmlﬁwenpf intenmedeate predyctf ound that a grade of
20 bi phenyl - 2-yl ar. m C ac
142- (2- chl or o- 4- % = PR Ft89<3}'a§th(3§“ﬂ9’q°f6}}?y‘ ially preparsd crystalline salt may

di hydr oqgi np¢ 1@&%@%&%@%@%%%& rehhetjsatienydrditichamay bt et hyl | pi pe
ridin-4- yl ester sujt e for use in_a subsequent succinic acid salt

form ng read’ ‘F%‘?ﬁi‘(@&h deferane Whick Feeaphths self B ¥ dpound, the initial

product of stager 1y G od b osolvent
1-(3-112-chl oro- 4 )risoﬁ%ﬁg&ﬁlyﬁ&?anet ho yphgn n]am repared by anti-solven

oxopr opyl ) prqoefstadhsatlm oflinitiali prephred crystoting aaiafrem(anmcem iT éi'Fl usingla Ipweent
application PCT/ 1JS 004449 ubl i cation 4/.0442

poge 134, PP S ootk oprappad 4SRN B BB ARSI B RED (o
full isalpat impbrand apbilitlcRbdlann chom Rtd diésermdm&la&oo ﬁmemeaﬂsat@es 1 and 2,
according to schene 1: Schene ol id state In a further

enbodi nent , inchapiskeasenstallistioniang ﬁem@vlpae&t ig Hsfe@uad b@r}eﬁe@ @rlg@lf $eIYPRE sol i d
state for ”Bteﬁ‘fé)efflaﬁe ?\ygéﬁcfor}iv% dqﬁll\ﬁn&alp}oﬁtt @g%ﬁt%ﬂ et fRRPAGEIALRES d

1-[2-(2-chlor

{[(R) -2- hydal@wre@y{tﬂhta}ﬂnm(yecﬂr slawly] peraipeyiod ofjacung ko impsesethe ydlignofno] net hy
| }-5- met hoxyphenyl ano eri ester 1,2 and 3,
that have oUERCIRTER RETRh T pe st reufbill ShiprE TR bad RBERP Bl The
preferregd senslligttateeehdigher SRSo#BRkAHedfirdsh Blrdngeiof sifflekalvt@s hFRaredy a
high nelting point, as evidenced by a 5 differential scanning calorinetry

( DSC) tracef%ili cludssglventrgorystalfisationenyi ni ng solid state forns, Forms 2 and
3, are character |t A

scanni ng cal ori rr}é%%gdlgég@ t%g%%?{ b§§h fgg e%f%%ﬁ@ﬁﬁ%éﬁ%ggdvﬁﬁeﬁ E](Sed(‘é:t@l vely.
Fur t her nor efor Empamﬂg fhg Folmal autodnate st whictaprozess agymmnmsldte sthpsf r acti on (XRPD)
pattern Naviigihg e shiie 'l RSO PR Ts R 2 batht 151800 @ -0 3 and

20 temperature in the range 18 to 23°C, for example about 20°C;

adding a first volume of a lower alcohol as an antisolvent, for example ethanol or

isopropanol, in particular isopropanol, and warming to 32-40°C, typically 36 +3 °C;

optionally seeding with Form 1;

adding a second volume of the lower alcohol, for example over several hours, preferably
25 about 12 h;

cooling to a temperature in the range 18 to 23°C, for example about 20 °C; and

collecting the crystalline product.

In particular embodiment, a crystalline succinic acid salt, for example the Form 3

salt, is dissolved in tetrahydrofuran containing 14% water, at a temperature of about 20
30 °C, to which a similar volume of isopropanol may then be added. The solution is warmed

to about 36 °C, and seed crystals then added. Typically, the ratio of the weight of seed

crystals to the weight of crystalline salt in the solution is about 1:400. The solution is

then stirred at this temperature for a short time, for example about 1 hour, after which

-11-



10Furthernore, Form 2 is characterized by an x-ray powder diffraction
(XRPD) pattern having significant diffraction peaks at 20 values of 5.0
-0.3, and 9.90. 3. Furthernore, Form 3 is characterized by an x-ray
powder diffraction (XRPD) pattern having a significant diffraction peaks at
20 values of 5.0 0.3. In addition, Form1l is characterized by its infrared
(I'R) absorptjon spectrum 15 whi ch shaows significant absorption bands at

about : 3265 fushesssopropampl isadded oyes ageried gbhouts; éor examplg abquf 1@ hoyoduring 439

973, 921, BEAT BLR: “HRRlIBaE cof AR Bty s o b M 2

i s char act erthezthds foymed susperfsicarie doglédRp agtamperptirecf abpa 0P Crandiefcfor 8 hothsr

significant absorptipen bands.at about: 3317. 2947 728, 1678, 1667, 1591,
20 1537, 14800 B R p36RIe  Hou? Bl crydpfine xpder, e pRtangife For § a0 gy
1046, 99% 95&,11e8§5byﬁaﬁﬁoﬁnd 750 cm 1. In addition, Form3 is

characterized by its_ infrared (I R) absorption spectrum which shows
si gni fi cant absodihas Seemfanakusgtul ihprgpare Ywauystailinpsucqiniezicidsalt svithpdewel of 641

1592, 1542, : 4 . , 0,
1700, 1003, PoEoTpiiey yé dtp Adgepatniiuigh b gty ph B hunbSbh el o)
cul I. fovolviig thednibielgpremheativnof aa ientediatespradesofitis/saitsfolibwed by the
sorption/desorption profjle with a goad |evel,L of h oscopi ci t i.e. less
um di tyjgo ik ¥ i ! apour
Sor pt i o% pr gfi I%?’ %mﬁgfg’ prgép)ertl?%gaﬁ;‘ég fﬁlhggikal ngof qt hiﬁ}zn]in(r:]o\?enltoi on are
further ill gbedimeat,ithe ingemediatagrads iisolated apessenviatie thei Foam 3cehposi ti ons and
rmy typi cal Forsaienge 08 oBBRM et Sh i R SR WS irar I T,
conposi t i on byranfigolvemtatdrenalliGition. phar maceuti cal conpositi ons may be

adm i tered 0, Lhg, RaLGi Mo ccelable Lovte o s et en

15 conditions, for instance, solvent, tetnperature, are now being developed and becoming
available to the skilled man or being offered by commercial suppliers such as Avantium
Technologies. Further crystalline solid state forms may be identified using such high
through put techniques.

In a further aspect of the present invention, it has been found that a grade of

20  biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-
dihydroquinolin-5-yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-
yl ester suitable for use in a subsequent succinic acid salt forming reaction (so-called
Intermediate Grade compound, the initial product of stage 3) may be conveniently
prepared from 1-(3-{[2-chloro-4-(hydroxymethyl)-5-methoxyphenyl]amino}-3-

25  oxopropyl)piperidin-4-yl biphenyl-2-ylcarbamate (International Patent application no
PCT/US2004/004449, publication no. WO 2004/074246 A2, at page 134, Preparation 96)
in a three step process, without the need for full isolation and purification of the

intermediates, from stages 1 and 2, according to scheme 1:

-12-



5 transdernmal ) and parenteral nodes of adm nistration, in particular

i nhal ed adm ni stration. However, it will be understood by those skilled in
the art that, once the crystalline salt of this invention has been
fornmulated, it may no |longer be in a crystalline form i.e., the salt may
be dissolved in a suitable carrier, or the original crystalline form
Accordingly, in one of its conp05|t|ons aspects, this invention is directed

to a 10 pharnaceuti cal conp05|t|on08 iomg a pharmaceutically acceptabl e
carrier or excipient §a|t of bi phenyl -2-yl carbam c acid
1-[2-(2-chloro-4-{[( [ i

hydr oxy- 2- ( 8- hydr oxy- d&ool dlhydrqu|noI|n 5-ypet hyl am no] net hy1} - 5-
met hoxyphenyl car ba t hyl ] pi peridin-4-yl ester or a solvate thereof.
Optionally, such ph ceutical conpositions may contain other therapeutic
and/or fornulating 15 agents if, desired. The phar maceut i cal
conpositions of this inventi on\lt HiaCab : rapeutically
effective anount of a succinic Jacid sait of heny -yl carbam c acid 1-
[2-(2-chloro-4- {[(R)-2-hydroxy*-2-(8-hydroxy-2-oxo-1, 2-di hydroqui nol i n-5-

yf |l et hyl am no] net hyl } - 5- nethoxyphenylcarbaTDypethyI]plper|d|n 4-yl ester or
a solvate 20 therfeof. Typically, such phngaceuticaI conposition I
contain fromabout 0.01 to about 95% hy We| ght of the active ao-ng

i ncl uding, from bout 0.01 to aboft wei ght; such dsf?ﬁﬁn1ﬁbout 0.01

to about 10% by NG dot Any convaent i opfdty St ti er
or excipient may |b I e pharnaceht cal conpositions of °
invention. The choigk ¢f a particular carr|er or excipient, or 25,

conbi nati ons of l‘,}rs or excipients, wi|l depend on the node of

‘adm ni stration bg ng“used to treat a partifular patient or type off nedica
condition or dis e state. In this regard, the preparation of a suitable
phar maceuti cal conposition fod a partlcular nDde of admi nistration|is well
within the scope of those skil[lged e.phar rts. Additionally,
the ingredients for such conp OMmE ailable from for

30 exanple, Jigma, P.O Box 145@ 63178. By way of further
i | lustration,| conventional foMmul ation tec yqugs are described in

Rem ngton: The Science and Practice of Phas&acy,| 20 11 Edition, Lippincott
Wlliams & ite, Baltinore N : 4dnd H C. Ansel et al.

Phar maceuti cal bBssage F 5e Systens, 7th Edition,

Li ppi ncott Wl @w. ije, Balti m)te ng (1999).

Representati vie ekaripl 8s of material s whi
acceptable cqrr s include, but are not
sugars, such [as<e”| actose, glucose and sucrose;
starch and p to starch; (3) ceIIquse
sodi um car boxynet hyl cel | ul osp, sy, @
powder ed tragacanth; (5) maltf ¢ » . exci pients, such
as cocoa butter and suppositoyy” , such as peanut oil,
cottonseed oil, safflower oil, sesane oil, olive oil, corn oil and soybean
oil; (10) glycols, such as 100m 2 hycol (11) polyols, such as
glycerin, sorbitol, mannitagl l;ilyeth | ene glycol; (12) esters, such as
et hyl ol eate afft -t | (1 ajr eN 3)? a 14) buffering agents, such as
magnesi um hydr Oxt"tte un1nun1hydro ~n“td5) alginic acid; (16)
pyrogenfree watzg H(17) isotguye%%allnecm(f8) Ri nger's solutlon (19) ethyl
al cohol ; (20) mhdsphate buPfer solutions; (21) conpressed propellant gases,
such as chl orof [F'uorocarbons and 15 hydrofluorocarbons; and (22) other
non-toxi ¢ conpati bl e substances enpl oyed i n pharnmaceutical conpositions.
The pharmaceutical conpositions of thiSshemwention are typically prepared by
thoroughly and intimately m xing or blending a salt of the invention with a
phar maceutically acceptable carrier and one or nore optional ingredients.

| f necesgar $oRd state forms

In a further embodiment, the present invention provides three distinct crystalline

h ®af 4erve as pharnaceutically

[ to, the follow ng: (1)
(2) starches, such as corn
derlvatlves such as

30 S *qlose acetate; (4)

solid state forms of the succinic acid salt of biphenyl-2-ylcarbamic acid 1-{2-(2-chloro-4-
-13-



20 desired, the resulting uniformy blended m xture can then be shaped or

| oaded into tablets, capsules, pills, canisters, cartridges, dispensers and
the |i ke using conventional procedures and equi pnent. In one

enbodi ment, the pharmaceutical compositions of this invention are suitable
for inhaled adm nistration. Suitable pharnmaceutical conpositions for

i nhal ed 25 administration will typically be in the formof, a rosol or a

AT iS5 A AP B S A5 R 3 1 R AR B A T MR o

delivery deyjifes e fdir - , fofmd BB leaad er
(MD1), a dr3\§!i pomggl?éﬂ?%ﬁgﬁg?ﬂ?%%ﬂ ;dl%er?{dalﬂ gwﬁ?fodel i'ver y@égefgae‘l.eqan a

speci fi ¢ enfidediiffehby difffetential scanérg ¢aborimattyd DSKAr o praferred isolisbstpto £6rmi, on 30

conprising the active agent s adm ni.ster.ed by. i nha L0 i a nebuli zer
i nhal er. Suff ‘ﬁllars‘j:é’rrﬂge\§i°b%r§&f’?7rﬁg<?§|f’1 & ?18%‘3%8013@% Ve ?ﬁlé%#gﬁfigh vel ocity
air that sadggeritiaPsdahdingodetiinbep (DSOS, 4t kissut ¢PNC. | Phowgmbthéngesolitl ¥ateagent
to spray as a mst that 1s carried into the patient's, respiratory tract.

Accor di ngl y formseRorms2and 3 &g chygpcterizediby meltingnaints.as evidppest oy diffgrentigbt j ve
agent is typi I L i i I i ] sol uti on.

S0 rabl o noRifrisgtaRbERRY (BYC) Bads SitbbAR 161 KELId B0 Lhep R ol o, by PAR
GrbH (St anber g, Gertinampre, Boinet iswhbrakieresd Wjean xemy powdendi fraeiep(XRED)
(Boehringer |ngel hein), and those di scl ose for e , . S.. Patent No.
6, 123, 068 aﬁeﬁ%@‘?f&[&% P%H‘ﬁ%ﬁ%ﬁﬁsﬁ%@a‘ﬂ%?%%%&no fijosi tion for
use in agnebul i ZeqridiiBleS FotPIR dndfaftefidedUROUEy FoWdE! diftracREPXRPIHP T rom
about 0.05 g/nL to about 10 ng/nL of a succinic acid salt of conmpound of
formul a | opatters baving sighifieant diffrattivngeekseatB6 otalmesdf, 5.0 Hé3 aqdd4d.3nebul i zer
fornmulation is isotonic. Ln one enbodi.ment, the aqueou ebul |

Tormil ation has BUgRRS HY A RGORBrC PGB Por e TR OPRPD)
particul ar  gaeeslhidng a sitRiffchR difdaRiNpeRRIRb Z28ked F9I@BI on is buffered

with citrate buffer to a pH of about 5. In anot heEJBgartl cul ar enbodi nent,
t he aqueous nebult sdditionoFerm hisi characterizesi hysitsfinGared JB) ebwrptiomspeatrumd  about

1.0 nmg/ fr b i~val.ent s of .bi phenyl - 2s am iod 23

(2" chlor's. a WHirIS %, SEea Shlcipn pABOR IR ES85 A0S, B 1901660,

ypet hyl amhn(bﬁmtlhﬂ,Ilﬁﬁs,gQi}qwthO?,IIG%?,blaDD,leGB,hWDpizgerilﬁBn}mﬂ,yﬂ.lﬁest Ier :

151 n anot her, ific e i _ment this_invention,_ the pharnmaceutica
composi t1 on EZIPilfed.OH8 2d Tese e At 178, Liintid AVEPRG by i nhal ation usi ng
a dry powder i nhf £fditioRUESnt % BAEYRFizdd B} alsGhRarkd ARG abdoYptRAp&ILSRHEr the
active agent as a fre_e-‘f | owm ng powder that is dispersed in a patient's

ai r - st r eam #iiohsgownsighifigant ebsorptipndands at aboudicil€)294d, 1128e1G7801waTg1 Pwder ,

t he actiqe t b i I I j t bt e Ci D such as
20 1 act dle, TR 14E 43ENAR Mo%, 39 1305 T, Ao AT BN 7S,

pol yl act i de9z%885)830| arde750RMFA) or conbi nations thereof. Typically, the
active agent is mcroni zed and conbi ned with ﬁgéé"(fgﬁb' e carrier to forma

bl end of ni croni Zefdign Fempsis odchy s 18 POTPLONSPRAUEL]
particles’ GhichEhéwPaltifah AbfptBaMARASH: sbificI3380mb, P P71t hersaedil ! es

have a dianeter o eSs than about p e y powder conposition may
further 25 &3¥pdidh 1493, dAerhrl3ad408, 19381 383, 1283nE47 ukAldt BaPat 9, H%8sent i ng

from 0. 1529 iy 0 g yajon A representative
phar mac?a%?t i/t:[:\g ’é%ﬁpgéﬁﬁ%%&lﬁb&%ggﬂﬁﬁg’?ég;gﬂp%n gll “Thhal gr conpri Is\(;s

| act ose havi ng aF@ad 1 hed iRef d2Boidatist e hakattvelsigidsaiptondedsiptibaPrefite and
m croni zed parti clgga of a succinic acid salt _of conmpound of formula I, or a

sol vat e t hePd8 gooatevel pfthygrageapicitiféie dess drapadput Zh Yonsighieagsiadhe  or

exanpl e, by Wl o} AfRS e ° j c}‘ﬂﬁg, y

bl endi ng thlel co g%{eé%tog.bg,&i’%ernaﬁd\?ﬂe*?,tslb? %&#&gg@%)’ggg?ve gfg{lt can be
f or mul at ed WiyndnoigtVapoureSapinegrofileThe phar maceutical conposition is then

S0 pes Bar (11 agBelPrabefie EBEHEs B0 VERan 4 Pttt el IR, v ce.

Examples below.

Pharmaceutical Compositions and Formulations
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Exanpl es of dry powder inhaler delivery devices include Diskhaler
(daxoSmthKline, Research Triangle Park, NC) (see, e.g., U S Patent No.
5,035,237); Diskus 5 (@ axoSmthKline) (see, e.g., US. Patent No.

6, 378, 519; Turbuhal er (AstraZeneca, WI m ngton, DE) (see, e.g., U S. Patent
No. 4,524,769); Rotahaler (d axoSmthKli ne) (see, e.g., U S Patent No.

4, 353, 365) and di hal er hri.nge n .+ Eur

sui tabl e DPI del\;llq. 8§u°§'rné° ?fi‘fﬁﬁ“fé‘bgﬁf’m “%? rggfr%l Eﬂgéalllﬁ’%?%%tgéd
5,239,993, andphichlf thd form\¥Padhi6eRitBHIposition ¥WiofmORiOH 1SikB, and
ref erences C|ted therein. 10l n yet another specific enbodi nent of this

i nvention, ® W%MW@&PHW%W e@éﬁbﬂ}@aﬁﬁﬂtt‘)ﬁé‘ﬂ&é’%‘ie}?@ lsdedE i s
adm ni stereqj By 1}n§€|&§1[ Qﬂdﬁﬁ'ﬂﬂnﬁt lﬁﬁﬁﬁj't%dmﬂﬁgf A topredGihRfufy €d- dose

i nhal ers yplca I'SC arge a nmeasur ed ahount ‘o 6 active agent” or a
phar maceut i mhidprraai}:am;mbdxﬁerslﬁcbdes lo&admaifiistrationy 1mmm@smlqdradpmmmmng as.

15 T nal or HARERR RO o Recctont Seinars wshn bepes tnee B e M@ gent

in a |iquefiggdirRenil Had Bben OulGEd liBREEnb I Eafueqﬂ amg}cémhdeemmrr@y thssalt

enpl oyed |nclud|ng chl or of 'uor ocar bons, suc
hydr of | uor o@aydaskss olo/#m@sultgbjenma@r or the priginal erystalling Bidet hane (TWA 134a)

oot ot T tor o b aicBsBldly, HOGR iRORANGork feck Ahls imfifioh & ARHEEID, 200L¢

chl or of | uor ocar bons arf he "0z fornulations con alning 20

HFAs ar el(ge mbamiabqutmalea‘oﬁrpbadon é@iﬂpﬁmngmphamnacwnedlly@ocqpmbwnam@for HFA

formul ati ons i.ncl ude co-soaol vents,

l,
sur f act ant o KGR 280 U 2as of SRRy LapUAbeas Fid FAEER e AHHR2
glycerin, Sagurokfn-@ARTRIG-2-bhodl 2/t @RIqubiRlin 3. AR no BRUGT]L8987 A2, and

WD 92/ 22286. " A representa Ive tgx:‘lar maceuti cal conposition for use in a
met er ed- dos ensithaphenyRarbemaphetdipiperiin-diybesterer @ sobte shenerfuOpgonallyy wei ght

of a succi ni B r eof ;
from about Gﬁ%ﬁfdggg%% %‘ aggoﬁ/é)%%\%gglgaﬁ e%anoe?tﬂegaﬁgﬁ?romdar\é%m%@ to about
5 % by we glagemmsifidediednt; Wi th the remai nder being an HFA propel l ant. Such
conpositions are cal ly prepared ding chilled ressurized 30
hydr of | uor oal kanghggi‘a{“‘ég lﬁﬂl"@m@%?‘&{rﬁ’ggﬁl ELfom; Ry cal ec EE?H Ye agent,
ethanol (if M@%ﬁﬁéahy%mcﬁda%nfoumfﬁfatsae&meIa&d@é@gﬁﬁmenyltg-ywamaﬁ@a@d 1-
suspension, the active agent is mcronized and then conbined with the

propel | ant . [?%CMQMI{HR)-MYﬂ@XF% hydm@-ombzaimm%lmlméam ster, which
f |

or e, & 2T by TS AR USSR AR R e BEL S0P,
are pr ovztble]tctheirebeT@pmﬂ@t aimbﬂﬁaﬁnacéutﬂﬁgcohﬁﬁnsﬁmds ﬁ’:jlllébihxﬁﬂ FromAdbbetr (it t;ovel y, a
suspensi on tion can be prepare ray dryin coat |

sur f act ant méé%btﬁ’ weightof the @P@%WW‘I‘F@ ‘f&'&ﬁ’%’g‘ %‘ﬁ’éh& ?gy@;ou?ﬁ?ﬁ BXanpl e,
VO 99/ 53901 \\%ﬂﬂn MO 6k 8o ST a6l 1 VAR wURBR Uil eSS S Of

preparing respirable particles, and fornul ations and devi ces suitable for
inhal ation dosi n@ng@gnm@onqbamomgtpw@t 288 beaed is tlggdagmeeut®aB74, 063, and

6,221,398, 300, WA, 99175319, 800 V0 001 3000, p S UGHIPGE ULl R, FoTPost £ ons

of this inv on may al'so C€o
25 combinations of carriers or exc1p1ents, will depend on the mode of administration being

used to treat a particular patient or type of medical condition or disease state. In this

regard, the preparation of a suitable pharmaceutical composition for a particular mode of
administration is well within the scope of those skilled in the pharmaceutical arts.
Additionally, the ingredients for such compositions are commercially available from, for
30 example, Sigma, P.O. Box 14508, St. Louis, MO 63178. By way of further illustration,
conventional formulation techniques are described in Remington: The Science and

Practice of Pharmacy, 20" Edition, Lippincott Williams & White, Baltimore, Maryland
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t herapeutic agents that are co-admnistered with a succinic acid salt of
conpound of 10 fornula | or solvate thereof. For exanple, the
pharmaceutical conpositions of this invention may further conprise one or
nore therapeutic agents selected fromanti-inflamuatory agents (e.qg.
steroidal anti-inflamatory agents, such as corticosteroids; and

non-steroidal anti-jnflanmatory agents . | Ds hosphodi gst.er

o bi tor's. CORBF and Hite et Alnpebgeeiiical Bhosan FarPa G i OF ePLp e
anti hi stam ﬁ@ﬁdiﬁ%ﬁ,&igﬂih_@&@wuﬁmg BCWINie Bal®maeoMiasligad (T¥YAr i ni ¢ recept or
antagoni stst (i.e., anticholinergic agents) and the like, in particular a

steroi dal anti - i Refresenative sxamplastof onatesialp il ¢am servieas pharprceutitadloni st st .

The ot her ther uti c. t [ f SRR IRGEut i cal Iy
accept abl e g algﬁgfaggﬁgg{]gsq’g%?ﬁ?tgﬁg 3}8’ tp%]ﬁ)}a%pr %ﬂ as.%?g’t he ot her

t her apeutsi Claa@e#)ighucofandeutrsss] (HStad¢ies,Gath 3 qom starsh endpotsiontareh; (01
desired, the salts of this invention gcan also be g];:lcghni ste

conbi nat i oncw“ﬂ%e’eﬂﬁ'étit}ﬁélﬁmﬁ'é{?saﬁ%ﬁﬁ‘ﬁséo iy FRrheRY e ulggﬁ,’ ﬁﬁ’t?'ﬂ%eglgloa‘é?bdri bed
herein. In Eélhﬁos@qgé?&é;{tg?{é%%a% tﬁ%@l%ﬂﬁ%ﬁnﬁ ?@’Eélatiﬁbér']?? k| (BYextipiats,

f;
toget her but are admn mJl taneously or" sequentially as separate
conposi t i onsuchf@s coar dmpitrand suppmsitorpiwaxes; €9)iotls.cuch avpeany dlecitprpsdotler ed by

i nhal at i iqul t I tiall ith a. j i,z 25

| nf | amat or SO SHERY ol AREatt rors St HybCulb RL RO TR, fBbss %01 very
devi ce tipat prppley Slysslpa Rpsly6io, ek 49 Eidesin( drigtol thimitel andgokeihylane each

t her apeutic agent . Alternatively, the COF[‘t;’I ati Q{a :gay bf 4§gnﬁmst ered from
mul tiple deBiy§eh (12)eserecysch ps ethyl olgste aadiet éplii‘”é"e V8144 JekieneAss gyt i ¢
agent. Rep! GRAN A&t R @bLat aliimidik RAFBIAL (1 9aRHiS i1 6FRoRA- Used

with the 30 conpou I's 1nvention i1nclude, "but "are not limted to,
net hyl pr edfieswehtend] 7)sechic sdinend8) Rimgerssohdisnr(d9) sthyltalaphelo 4) phesphipat e,

6, 9-di fluorp-17 -] (.2-

ur anyl car bORNiSHS 1) GPBRSSee PIAREHEY 200,588k APSMOE B 7. car o
i oi ¢ acijd ShidroRucoEito; Q12T otker Qofliditieimepatiblehybiiameys dfiplopetiny| - 3- oxo- 17
- propi onyl oxy- -19- androsta-1, 4-di ene-17-carbothioic acid

S-(2-oxotetP ytigal gampesifions. est er, beclonethasone esters (e.g. the

L[~ propionate eyl yidbmbAeidaf c&%%&gmntgﬁg A Gerfith 8fe oy piM R By

fl unisolide, nonetasone esters roate ester), “triantinol one
acet oni de, thotdughlyrand éntirgitely exgining de blehditg # sdbof thp mypitiomawith 2 RPR- 106541,

ST-126 and the 5 |ik tical |l y- .ab| 1St
bar it oul ar ERGBAPHLNELY SHRT R A 2Rt P PAF ORI 18 iyl [ ey O 2
6a, 9a- diZol uaéstred, tRe rebiilBng it Blehdud)hik ¥/ danifié3be shaped or loaded into

hydr oxy- 16a- et hy1- 3- oxgandr ost a- 1, 4- di ene- 1713- car bot hi gi ¢ aci d,
S-f | uor oret HWpletse sansples pills, pamistern.catiriiges) digpenserepidabe bkeusing enveniopal e

t hereof . VWen eqplayad ibhenst eroidal anti-inflamatory agent will be
present in ?ﬁ’g phar rra%gﬁ%,?lc%f conposition in a 10 theraputically effective

anount . Typi cal | In oteleenbetienent, diad prarmaceirtidal comprsisiops afjéiistinvintion pee spitédent i n

an amount suyffi.cient, ta provide. f.rom about .0.05 pig.tao.aho 00 pig per
dose. Repr egoér’l'i‘llf{ki%\fémﬂﬂ§tg‘ﬁ‘|‘)flh iitable 'f‘%ef’gca(lf’(.”gg?&é e |tlend2r gi ¢ agents)
that carnpsbeagtaRibralibdiwil§pleRiipBiidie frmioTas atrByct B & pOwildC SusteconPasitighne not

limted to, atropine, atropine sulfate, atropine oxide, net hgl atropi ne
nitrate, hofstgeapribeadmygistmdamingevellrknapmdeliyery desiceq suchasingbelizebni de,

scopol am ne; A€ ; j W€ 12l ' Jpeet
tiotropi um B{rPl )é%;’%g{l a%??%%%‘ﬁ%?ﬁ@%o@ﬁ?ﬁgﬁ lﬁgﬁ%llr(g?ﬁﬂdég?sgﬁﬁ S odtgr ‘6?0 ne
met hyl br ontleldge.cl i di ni um brom de, copyrrol ate (Robinul), isopropan de
i odi de, nepenzol ate bram de, . tridihexethy|. chloride (Pathilone
nexocyel | um et b SeF L SDpg oD rageblior diouE e BB e,

t ri hexypgoenicehipridiyghhe aétivRraigblft is administered by inhalation using a nebulizer inhaler. Such

nebulizer devices typically produce a stream of high velocity air that causes the

pharmaceutical composition comprising the active agent to spray as a mist that is carried

into the patient's respiratory tract. Accordingly, when formulated for use in a nebulizer
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20 pirenzepine, tel enzepine, AF-DX 116 and nethoctram ne and the |like, or a
phar maceutically acceptable salt thereof; or, for those conpounds |listed as
a salt, alternate pharmaceutically acceptable salt thereof. Representative
anti hi st am nes, phosphodi esterase-4 (PDE4) inhibitors or m xed 25 PDE3/ PDE4
I nhibitors and 132 adrenergic receptor agonists that can be used with the
conmpounds of I nvention. are descri In I.n rnat I on Pat

appl i cati on ¥ PW ?ﬁ‘:‘f@?@@%’/‘éﬁdﬂlﬁgﬁ” ‘ﬁﬁ?ﬁf‘ﬁegéﬂ?ﬁm FB?&?

Qt her t her agaihti€ n@RBRrc Wb dle pRYIdRE cbh%ﬁﬁrdﬂl%yhﬁﬁ@f@ﬁ}il@ F?SIRItd?ﬁbHr esent

I nvention include, for exanple, other anti-inflammtor gents, e.

NSAI Ds ( sucKStambee, Seuiamn @ﬂwnn@luymdewcmdu?@Nm%dém ng@ungﬁlhmmhe
i b tors: 4% iR ERbE Bblote, i ThARONE o, LRUER gh MO TABELL B O,

beta-2 irgegrin anipgesisive phitthadéliogiconposiaeefir ase mgcmbﬁmr ﬁmeuaﬂt agom sts
(e.g. adenosine 2a agonists); _ cytoldne antagonists (e.qg.
ant agoni st s SOBPTEES 48 aquequs sﬁ@mné@mﬁseaﬁogb%yu@ Qiuamli qséagﬁ}t logweerqfc al ly,

an | L-4 thepapyimid el satdr o offB a‘f8 4 P%E‘o‘i’kfa)embf)&mieﬂtm bitors
g e e o e

of cytokine synthesis. Surta oses erapeutrc agents
adm ni ster ecthmqiuhom nebxﬂpaufmﬁnmthtmms 1sammmt1‘|n@me ambodlmenh theragnepass aébuiberut
0. 05 ny/ day .t 00,,ng/. da e | opi n | ati,ons il trate
repr esent at |f‘i’781 Blflnggﬁe %‘tﬁ‘ﬁ?ggﬁ "&%‘t %AP a?’ﬂ %%?&’ﬂmﬁ‘ ‘H‘L? o,
For mul atjgon 'il'&iu% néblﬁlzgf SorREMEET is baiTerdd Withi ciitdiebi R (@Y pHYTab@lt | '50'1'11 i's

prepared as follows: |ngredi entsArount 5Salt of the invention0.2 ng
Lact ose25 ngnﬂbgrr@@mtaaﬁmb@dlmemeﬁ@@meeousmémél@mfgmdatm copwinsAtpahhagh i s

Thrn’ 229, 8o o ST sk b SRE S ot o
cartridge a(bclaidm—zm{ E{R}}Eéxgidmyng(smyﬂmwa-oxmnmdﬁtydrd%p)mmuh&t- i on Exanple B
yljethylamino]methyi} -5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester.
15 In another specific embodiment of this invention, the pharmaceutical composition
comprising the active agent is administered by inhalation using a dry powder inhaler,
Such dry powder inhalers typically administer the active agent as a free-flowing powder
that is dispersed in a patient's air-stream during inspiration. In order to achieve a free
flowing powder, the active agent is typically formulated with a suitable excipient such as
20 lactose, starch, mannitol, dextrose, polylactic acid (PLA), polylactide-co-glycolide
{PLGA) or combinations thereof. Typically, the active agent is micronized and combined
with a suitable carrier to form a blend of micronized particles of respirable size, where
"micronized particles” or "micronized form" means at least about 90% of the particles
have a diameter of less than about 10 pum. The dry powder composition may further
25 comprise a ternary agent such as magnesium stearate, presenting from 0.1-2%w/w, to
stabilize the composition,

A representative pharmaceutical composition for use in a dry powder inhaler
comprises lactose having a particle size between about 1 um and about 100 pm and
micronized particles of a succinic acid salt of compound of formula 1, or a solvate thereof.

30 Such a dry powder composition can be made, for example, by combining the
lactose with the active agent and then dry blending the components. Altemnatively, if

desired, the active agent can be formulated without an excipient. The pharmaceutical
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A dry powder formulation for use in a dry powder inhalation device is
prepared as follows: 15Representative Procedure: A pharnaceuti cal
conposition is prepared having a bulk formulation ratio of mcronized salt
of the invention to | actose of 1:200. The conposition is packed into a dry
powder inhal ati on device capable of delivering between about 10 ug and

about 100 jig of .the conpoun f e inventio er dose., 20For.nul at.j on
Banpl o ¢ composiic 5 SttRPa Ixdpad A REY BT CBYers Gl 40 BREIRIPTPISE e o
dose i nhal efstrigs, @Eﬁﬁ@ésﬂﬂcﬁ%uf@%r%ﬁ@ﬁthadqp&?&%%%}a&éﬁ&. Procedure: A
suspensi on cont ai ni gglbfpvw % of a salt of the invention and 0.1 wt. %

| eci thin is Exeaplese ogidspishalerdelivyery glevites indudoRiskhaker (GlaxphmitkKlineavent i on

as mcroniz f G ' WA i a solution forned
fromo. 2 g aeradl PR b OHRR, eabi datal Ao dRa i Sfistat or . “The
suspensi an i(GlaxpSmithKlined dsea)elg.| UES. Pashl 6. 6B 7851 7 Twabuliater (A Qfa?head t o
particles hayjng a nean dianeter. less_than 1.5 gm The particles are | oaded
into cartri %%@EW%DE? 66658 Ad - Batent Nop 4,524.76 %% Rolgheler (Gl SmibKEae)ul at i on
Exanple D A phapgReeys.i RS 6 od r se
inhaler is ngregbzéég@gg’ fol I%vﬁﬁg”%g Re%ird gis%leefrrn@a?#@ggélgrq% éﬁ&gzﬁ%\thgp
suspensi on €wmplehvisyitableDEhtleviess atadesiribedin Udh Pa®ntNes 54¢5,162,15,238/9930. 5 %

par 1 ol oo wabBSHESFEWE-420800 RaRT B Bl P, A =Ll SReMeffiSa 1 om
0.5 g of1@ r ehal okeyaafotRersperifit emBsdiinbhtbf dis HOEntRA, he philthabdutichl _
dem neralized water. The 5 suspension is spray dried and the resulting

mat eri al i s CRPEPHANAOIPISing S gotive aechbisiaduimstered Ry inhaleiovpsingametepedh 1.5 m
m i e . . . ;
e partic ﬁ§sﬁﬁﬁalé@@qagmbﬁ}é&-&§?gl?j%%%ﬁ%% cggcéﬁ%gk'ﬁxﬁgmed amount of ]‘,he

1,1,1, 2-tetrafl uoroethane. Fornu phar maceuti ca

conposi t i onaftoie agew or A phammbeiiticzléyr adceptable sali therpoBysargemmpsestal propeilant
Representative Praocedure. An aguepous aer.osol, f.orpulation for yse in a
nebul i zer i §¥spr%ﬁ p@réglfwhaqnéaggtﬂw.ﬁ%m@ogu%s WTﬁgyeélé\Stng&fmith _Tdﬂ%_nt ion in
1 ni, ofisa haledaypiudily dmijriserd BRitidR bokinispehsisml o itfid Revahdeht filalliquei@ci d. The
mxture is stirred and sonjcated until the 15 active ingredient is

di ssol ved. TH@eAILoALY Fatabls liguplied prepellapimecer ¢raplayeddneledisg about 5 by the
sl ow addi ti efloRftub@Ekibons, such as CCLF, and hydrofluoroalkanes (HFAs), such as 1,1,1,2-

tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane, (HFA 227). Due
to concerns about chlorofluorocarbons affecting the ozone layer, formulations containing
20 HFAs are generally preferred. Additional optional components of HFA formulations
include co-solvents, such as ethanol or pentane, and surfactants, such as sorbitan trioleate,
oleic acid, lecithin, and glycerin. See, for example, U.S. Patent No. 5,225,183,
EP 0717987 A2, and WQ 92/22286.
A representative pharmaceutical composition for use in a metered-dose inhaler
25  comprises from about 0.01 % to about 5 % by weight of a succinic acid salt of compound
of formula I, or a solvate thereof: from about 0 % to about 20 % by weight ethanol; and
from about 0 % to about 5 % by weight surfactant; with the remainder being an HFA
propellant.
Such compositions are typically prepared by adding chilled or pressurized
30  hydroflucroalkane to a suitable container containing the active agent, ethanol (if present)
and the surfactant (if present). To prepare a suspension, the active agent is micronized
and then combined with the propellant. The formulation is then loaded into an aerosol

canister, which forms a portion of a metered-dose inhaler device. Examples of metered-
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Formul ati on Exanple F 20 Bul k fornul ati ons were prepared conprising 0.8%
1.6% and 4% w w of succinate salt (Form1l, mcronised to give a nedian size
of approx 2m crons) in | actose nonohydrate (having a nmass nedi an size of
70-90 mcrons ), to provide 100,200 and 5001.1.g of free base

(Bi phenyl -2-yl carbam ¢ Acid 142-(2-Chl oro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-
0xo0- 1, 2-di hydroqui nol i n-5-yf| et hyl am noi et hy1} - 5- et ho henyl car banoyl) -
25 et hyl | pi gese ahleudaycerdévelopedspechiically ko usg with HES RYHP‘@;-%F Sméﬁﬂf‘?fﬁy
powder i nhahagi ' { 51 ag 1RRNRIYE sBsprhsiéh RHARAHGHcRAUt al so
conpri sing n@%’n@%@ﬁ%fﬁ%ﬁ@g%{g%mg?zgi ﬂ ser, a%,’\ﬁlse\?gllls from0.2-1%vw. 30
Uility be piparadbypptagdirygihg & ooating af burfotptesmicrirozdd r@Rticlesof theragtive

receptor agoni st _and muscayipi t or ist activity and,

t herefore, &ggr_ﬁc§F’?li@%%{esg{éggggﬁﬁ@gﬁabaggﬂ%%und of formula I of the
present iqventi oo 3 RARBFERFPIQR 0P BroeeRELb p’l\?aﬁng Repiateipdrtclagend for
treating nedical conditions nedi ated by 02 adrenergic receptors or

muscarini ¢ rfewapationg and devices guitablecfor inbplatien dnsingrseal S fateniiles: 612888 by

o oot oo s RGN S B2 L BECRAOINGINSIBY 88 o BIBBRIA T © T eC=b 0!

ant agoni st . condi’trons’I ncl ude, way of exanpl e, pul nonary
di sorders or di s&asgharmmnactutidaingnipbsitiensaafsivis irventibnayhalse eongaisofhbre ai r way

obstruction,_ such as chronic obstructiv | monar.y di sea e.q., chronic
and wheezy DBRORRMHIE P&e"éﬁg"‘é\%w_ S,ter%é ?“cﬁﬂ’!l‘%?ﬁ‘n‘iﬁ@t_ cfsf%Bﬂ(I'Bg'g@,Ofal lergic
rhini tisyor HLA00E PERIRRARERSE, | Edf @xad§ibGhe pRREhdcuaEs cipsdiciBYf s L reat ed

i nclude premature | abor, depression, congestive heart failure, skin .
di seases ( e.igventipmfrag furtiteo cgmprise oat: bemgrectherppaic agenss wingted fom #8i-at i ve skin

di seases, cangditions wh | ower.d eRhA S mAG A [ | e
peptic and 915 Fpatony %gét?%ns\)‘g lﬁglgarrrﬁé'%le wasbipé%}ﬁai sglgggig cé%’r“g.&ﬁg?d, I n
one enbodi Nah,stéréiidsl dnfiMefMimmitotySagdhts €S AIDL) pphms prekdiesrdsoIV inhimtors) gntér

pul nonary disorder, the method conpri.si admnistering to a patient in
need of tredPiFEIHYC agents & & SBHIPioHEy qranY’F’ggt ‘?I\P@S%B‘?ﬁ b’o&”&“’%‘&@?‘?ﬁ@ acid
salt of pip sts 2 i ! k6t (j.e., anticholinergj ts) and the like, i
142-(2-CE? o?gpgll-gff’[(lll? %ﬂlh)‘f/ rox%ﬁi‘%’g‘gsﬁsyc(;reoxa;l-%-oolggr-gllc,af?nS)an e_ -0

di hydr oqui naiartisubar u sterdigal ani-inf] amenatgtylagent or a muscarinic receptor antagonistst. The

- 5- nmet hoxyphenyl .car ba t hy! | pi per.i di n-4- ol t r eof .
When used tooeﬁ?c?fé%etmpa?u |X~c ﬁ‘g:é? bgluge rlﬁét?ef}‘oﬁgyéhaaﬁf' L%P uﬁl}y %C?eﬁ\%é?\etsgggn% | |
typi cal | y beohafssniagiitionsliyhif appfagtiske) the oiher tiefabiypicagens em tpanedlasy, in a

single daily dose or a single weekly dose. Generally, the dose for treating
a pul nonary optically pure stereoisomers.

(D

20 If desired, the salts of this invention can also be administered in combination with
another therapeutic agent or agents, such those described herein. In this embodiment, the
components are not physically mixed together but are administered simultaneously or
sequentially as separate compositions. For example, a salt of this invention can be
administered by inhalation simultaneously or sequentially with a steroidal anti-

25 inflammatory agent, such as a corticosteroid, using an inhalation delivery device that
employs separate compartments (e.g. blister packs) for each therapeutic agent.
Alternatively, the combination may be administered from multiple delivery devices, i.¢.,
one delivery device for each therapeutic agent.

Representative steroidal anti-inflammatory agents that can be used with the

30 compounds of this invention include, but are not limited to, methyl prednisolone,
prednisolone, dexamethasone, fluticasone propionate, 6,9-difluoro-17 -[(2-
furanylcarbonyljoxy]-11-hydroxy-16-methyl-3-oxoandrosta-1,4-diene-17-carbothioic
acid S-fluoromethyl ester, 6,9-difluoro-11-hydroxy-16 -methyl-3-oxo0-17 -propionyloxy-
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20 disorder will range fromabout 10 jig/day to about 200 ji g/ day.

When adm ni stered by inhal ation, the conpounds of this invention typically
have the effect of providing bronchodilation. Accordingly, in another of
its method aspects, this invention is directed to a nmethod of providing
bronchodilation in a patient in need of bronchodilation, the nethod

conpri sing adminjsterin o the pati.ent.a bronchodj!l atjon- 25 producing
arount of a ‘DieR & AP Saotie prif e POB R S L

1-[ 2- (2- chl tfeprofirethasone esters (e.g. the 17-propionate ester or the 17,21-dipropionate ester),

{[ (R) - 2-hydroxy-2-(8-hydroxy-2-oxo-1,2-di hydr oqui nol i n-'5-ypet hyl am no] net hy
|| -5- net hdwgptenidpl Bemindideypemetgiony pyiers (el nhefuydateesias), tiamainalensy at e

t hereof. Ge , sg_f.or.orovidi b bt el from
about 10 | 1 QP ayid¥ o BBkt BU 9 pRpRENE KRNI ka2 Aelel 0 ¢
di rect ed i o lkenmiphathabuticaipdacdegubidwabif thersdf hilspartithldr embpditiean ey di sease
or asthma, the nmethaod conprising adm nisteri ng7to a _patient in need o

f
treatnent a SEeidalsatiriptanmatont sgeat 15 o Sadiinaro-dfe d(LhsayicasbonzexddilB- of

bi phenyl - 2- Al C [1Ch 1 Atiana 7R Lo
L5 (2 chi op §eay AR mARI-oxaandroty 1t dene | Thscasbothipio peid § fuoroetbyl ester, o
a sol vat e t heagbimmadhegivallp acteptable stor salvaEREcroof. A¥hdmemployed, thalstercidalt hi s
invention will. .typically be I ni stered by inhalation in, ultiple doses
per day or iR pesR P et 8 g gttt SRR BaL | ng OOPD or
ast hma wg | mamlﬁﬁicm)oémawama&tgﬁgﬁmy?ﬂ@_tg%idmﬁﬁgﬁﬂmmt&% sRdvilloeei n,
COPD i ncl udes chronic obstructive bronchitis and enphysema ('see, for
exanpl e, Barliessnt iap gpountepHiciant o Rrevipe framrabeyt (RSkgoabont 5084ie per dasd. 2000:

343: 269-78) . tmg - n kSOl of this
I nvention is opt il%a')%%%hy a (r?nmlns?g?{é‘?%{&a?orl}%co T %g?éﬁglﬁlgﬁée&%gﬁtﬁﬁeﬂreapeut I C
agents. Accased wigh yhe dompauniarof itisiinzentntindodee bbt, aré i linditedne aaopine,al

conposi tions_ and hods of this invention further 10 conprise a

t her apeut i cé‘FP?‘nSgﬁ ‘_f’ia%p‘ﬁﬁﬁ’&ﬂ?’ B QRSP @PW@%E{OBP% agent .
The propes t igsscyastinel(iz] 1) bydrSfromites sddb6ladfrechydribieniat, iﬁﬁh%?ih&vb%&id@p can be
denonstrated using various in vitro and in vivo assays well-known to those
skilled in toréropium brgtide figtrppism hremidesmethanthelime spropanthedine bpedds, i bed i n

I nt ernati ongl; L.cati On. 0 | ' 0. WO
2004/ 074246%A§g B o aﬁ{:"j’ersﬁ‘%%e: aé%@?ﬁ%é#ﬁ%s%ﬁ'g%é@@ﬁ@ ‘F‘?Pg%a?’gfig us). .
EXAMPLES Theodidt, ntepemeyldie bpatidy, iridikexathg Ehteridel (Psthdone) dreavdéydiamt o i | | ustrate
speci fic enmbodi of this invention, These specific enbodinents, .
however, ar én%i&q‘se‘ﬂ%f"eﬁ%"é@e?@lart‘? ‘ﬁ‘{}o"ttﬁ@"?' E‘%?f"éma?’ T'I‘ﬁxé’pli“'t‘?\‘fg'ﬂk%ﬂcﬁ?f“?ny way
unl ess spECipirefiblng, leldbdpiriec AF-DR1188 AndRleBPcPiniRE WdbRe lik§aPgNt s, starting
mat eri als and solvents were purchased from conmercial suppliers (such as

Si gna- Al dr i eharmcricaliy le lsel} thavegf; \werfor theseccomipotiadstlistedras aalt,
purificati ofyerate pharmaceutically acceptable salt thereof,

Representative antihistamines, phosphodiesterase-4 (PDE4) inhibitors or mixed
25 PDE3/PDE4 inhibitors and B adrenergic receptor agonists that can be used with the
compounds of this invention are described in International Patent application no
PCT/US2004/004449, publication no.WQ 2004/074246 A2.
Other therapeutic agents which may be used with compounds of the present
invention include, for example, other anti-inflammatory agents, e.g., NSAIDs (such as
30 sodium cromoglycate; nedocromil sodium; leukotriene antagonists (e.g. monteleukast);
inhibitors of leukotriene synthesis; iNOS inhibitors; protease inhibitors, such as tryptase
and elastase inhibitors; beta-2 integrin antagonists and adenosine receptor agonists or

antagonists (e.g. adenosine 2a agonists); cytokine antagonists (e.g. chemokine antagonists
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10

1- (3- ([ 2-chl oro-4-(hydroxynet hyl ) - 5- net hoxyphenyl ] am no} - 3- oxopr opyl ) pi per
di n-4-y1 bi phenyl - 2-yl carbanat e nay be prepared according to the
description provided in International Patent application no

PCT/ US2004/ 004449, publication no. WO 2004/ 074246 A2, at page 134,

Preparation 96, 15 Bi phenyl -2-yl carbam c Acid
142- (4- {[ (Rsuch g% @thn@nwwwlbﬁn&bgﬂwbﬁpqm@w{l&m IL-4 therapy, an 1L-13

et B S A L Sy e

accor di ng t ahd therdbarapdunt bgentpadminideckd with mempmhd oﬁmle uR&hmn:t arapzpihe cation
no PCT/ US20041004449, 20 publlcatlon no. WD 2004/ 074246 A2, at page 135,
Pr epar at i on T3S 9ERbRHI0 S I“g@ﬂ’p‘ﬁéﬁ%‘ 190 medd@hani ¢ Aci d

1-[2-(2-CGnhloro-4

hydr oxy- ghoxo 1, 421%5 (ﬁﬁﬁo %w no é 1§T t’ﬁl} ezsaenl}ltarﬁgf Tutlgal compositions
nethoxyphenyﬁd&qbamnymyaemhyI|plperldln4 yl Ester Su00|n|c acid Salt 25

1- (3-{[ 2-chl or o-4- (hydr oxynet hyl ) - 5- met hoxyphenyl i am no} - 3- oxopr opyl ) pi per
di n-4-y1 bi phenyl - 2-yl carbamate (69g) was suspended in toluene (480 ni) at
-65 C. Manganese di oxi de (48g) was added and the resulting m xture stirred
at -65 C for about 6 hours. The mi xture was then diluted with tol uene
(300m.), and Celite (24 g) added. The resulting m xture was filtered and
washed with toluene (180 m ), to renove manganese 30 residues. The
resulting solution was concentrated to about half the original volune (540
m), cooled to -20 C, and diluted with nmethanol (240nL).
5-((1R)-2-arnino-1-{[tertbutyl (di met hyDsilyl]oxy}ethyl)-8-hydroxyquinolin-2
'(1H)-one acetate (48.4g) was added and the m xture stirred at -65 C until
di ssol ution was conplete. The solution was cooled to -2 C and sodi um

bor ohydride (2.12g) was added in 4 portions over 1 h. Upon conplete
addition the reaction was quenched by the addition of water (300niL). The

m xture was stirred thoroughly and then the | ayers were separated, at- 20C
Met hanol (540nm.) was added to the organic |ayer and this was then
concentrated to about a third of 5 the original volune. Additional nethanol
(600nm) was added to the residue which was then concentrated to about half
the original volune. The solution was cooled to -17C and cesium fl uori de
(54.1g) and acetic acid (9.29) were added. The resulting m xture was
stirred at -17 C for about 13 hours. Upon conplete reaction,

2-met hyl t etrahydrof uran (605nL) and water (275nL) were added. The m xture
was stirred thoroughly and the 10 |layers then separated. The organic |ayer
was washed wi th aqueous saturated sodi um hydrogen carbonate sol ution
(275mL) and then water (220nlL). The organic | ayer was then concentrated to
about half the original volume by vacuumdistillation before being diluted
with THF (500nmL)*. The solution was warnmed to -37 C and a sol ution of
succinic acid (11.09) in isopropanol (250nl) was added. The sol ution was
then seeded 15 (with Form 1), held at -37C for about 4 hours, cooled to -15
C over about 4 hours before being held at -15 C for 84 hours. The resulting
solid was isolated by filtration, washed with THF:i sopropanol : water m xture
(50:50: 3, 300nm.) and TBME (300nL) before being dried in vacuo at -45 Cto
provide the title conpound as a white powder which was al nost exclusively
(- 9899 Form3 (55.0g). 20 111 NWR (500 MHz, DMSO d6: kppn): 10.27 (s, 1H)
8.67 (s,1H), 8.11 (d, 1H, J =9.5), 7.79 (s, 1H), 7.33 (m 10H), 7.07 (d,
1H J =8.0), 6.93 (d, 1H J =8.5), 6.49 (d, 1H, J = 10.0), 5.10 (m 1H,
4.50 (m 111), 3.80 (s, 2H), 3.73 (s, 3H), 2.74 (m 4H), 2.62 (m 211),
2.55 (m 2H), 2.38 (s, 411), 2.24 (m 211), 1.77 (m 211), 1.51 (m 2H)
‘n/z: [MrH F] cal cul ated for C40H42C1IN507, 740.29; found 740. 24
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25 * the organic |layer may be evaporated to dryness to provide

bi phenyl - 2-yl carbarnic acid 1-[2-(2-Chl oro-4-

{[ (R) - 2- hydr oxy- 2- (8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n- 5-

ypet hyl am nol net hyl } -5-net hoxyphenyl car banoyl) - et hyl ] pi peri di n-4-y1 ester,
for subsequent conversion to succinate salt. 30 Preparation 1:

Bi phenyl - 2-yl carbam ¢ Acid 1-12- (g Chl, or 0- 4- - 2- hydr oxy- 2- ( 8-

hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n—%ﬁ%&% met hy1} - 5-

met hoxypheny| car bedypdoyelen§or hitiestiadon Yy dhalB&éeEs prephred @3 followls2-

chl or o- 4- (hydr oxynet hyl ) - 5- net hoxyphenyl j am no }

- 3- oxopr opyl ) pi pﬁPng‘ihﬁma yl bi phenyl - 2- yI car bamateﬁ(m@,r@g) and nmanganese
di oxi de (8g) wer & heated togetter T totueme—t94—nt)y—at—66—C for 5 h. The
manganese di oxi de (8g) was then renoved by filtration through Celite (2 g),
with washing wit [Paltof therievepiox 3ml). The resul ting0Rmgl uti on was
concentrated (toLabtout 100 m) and then warned to -60 C. 5-((1R)-2-

am no-1-{[ten- butf/lf;()ﬁfi met hyBsi | yl i oxyl et hyl ) - 8- hyd@éi‘%&qw nol i n-2( 1H) - one
acetate (8g) and nethanol (19 mJ wWere agded amgtie T xtore stirred until
di ssol uti on was corrpl ete The sol ut| on was cooled to - -5 C, sodium

bor ohydri de (0.2&§p duig: The cormpauad ef thednvention iseuicfonize® and thiht er

(50 m) was o ure stirred
vi gor ous| ggéﬁggdcagﬂ ?82; Tﬁ%l}&ﬁe%xg%ggr g %/é?ne 05‘2%6{?&?&??32‘?* aﬁ?éw&queous
di scar delf! Threridgeg dihe contenteof the sartrivipe asddutifiisteral usBipehowdePini@bhanol (75
m) . CeS|tun fluoride (11.49g) and acetic acid (1.7g) were added and the
resulting mxture was stirred at 20C for about 22 hours. The m xture was
reduced in volume (to approxi mat eamflik) 2,08 hy! t et rahydr of uran (100m)
and water (50nml) 15 added, to enable a p rati on. The aqueous | ayer
was di scarded ané %BOWﬁgéﬂmlatWéﬂrwamedmmdvdemlﬂalynméevme ipprepird@ad he
title compogyigdyas a solid (12.0g. 709 . Exanple 2: Bi phenyl-2-ylcarbamnic
Acid 1-[2-(2-Chloro-4-{KR)-2-hydroxy-2- (8-
hydr oxy-12- oxo- 1, Reptiéentitioe Biooeduire- ﬁ“p&‘l@@ialﬁbﬂt&ﬁl GMpRitibY I répare’fﬁaavm
nmet hoxyphen T%z%r b%l%l) thdm%:% peridin-4-y1 Ester Succinic acid §alt (Form
1) Et hanol % rafigst ngged gAlhof the inyeaiionsa factose of §200. The
142- ( 2- chl otsm {t{ohl?a a%,k

pos ed into adla'l powder mhalatl n de ecE%atbhe cff dehver]n%é)emﬁep 5.

hydr oxy- 2- ( 8- hydr oxy- 2- oxo-1, 2 hydr oqui n am no

net hoxyphenjos F‘ba&mahoetmp}gwmc cmmdpitthesnmnédpéiglbs@nd heated at -70
Cfor 1 h. The tenperature was then lowered to 50 C and succinic acid
(251.25ng, 1.05 equiv) in 25 ethanol (2 mM) was added porti onw se over

approxi 2éitely 4 hours After all pbhﬂulalqg,ggzyﬁfﬂ@gded, water (2.25 m) was

added, foll owed ther 30 mn at € reaction was then
tenperature cycl @dmiHsratiorby inhalagion in/s mettted doesinhsleniy whi t e
solid was |I§@¢@§@gﬂgnmt,gltratl on, washed with ethanol and dired in a vacuum
oven at anbi ent terrperature to provide the title conpound as a crystalline

solid (727ny IREDESSOmtALive ddupeh e ysp@nsidnaantaiithg 5 A¢.1% of a salt of the

1-12-(2-Chlg hy

hydr oxy- 2- oxg&iéﬂ{iﬁ ldw‘ocfﬂ @9 ﬁpge%gtbﬁfﬂ‘s&’ﬁsﬁtﬂ 10 ‘Pﬁﬁ@ comopound of the

rzr;et hoxy Rhenipbanioh asmyckdniedd part désnmit Mbsh dzo/lessHLET0 BHGEL BiGdClofinsp! t (Form
from 0.2 g of lecithin dissolved in 200 mL of demineralized water. The suspension is

spray dried and the resulting material is micronized to patticles having a mean diameter

less than 1.5 pm. The particles are loaded into cartridges with pressurized 1,1,1,2-
tetrafluoroethane.

30

Formulation Example D
A pharmaceutical composition for use in a metered dose inhaler is prepared as
follows:
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Bi phenyl - 2-yl carbam ¢ acid

1-[2-(2-chl oro-4-{[(R)-2-hydroxy- 2- (8- hydroxy- 2- oxo-1, 2-

di hydr oqui nol i n-5-ypet hyl am no] net hy11- 5- met hoxyphenyl car banoy1l) - et hyl i pi pe
ridin4-yl ester (prepared as in Preparation 1) (200ng) was suspended in

met hanol (1. 5n1) at -70 C. A flrst portion (100l) of succinic aC|d in

met hanol was adde froma tot of 5 succinic .aci %6,} lﬁ%th tﬁﬁu' V) in
net hanol (0.5 m e a AFUEPREIgY ER P e ?épr’fﬁ? g
succi ni ¢ acigs %neaﬁtm&pbs%&eﬁﬂ&%ds bpdras &19%&1‘&1@ 5RQThétARSngrddentAk) over

approxi mately 5 hourd, with further hano added after 3 h, to
repl ace | ostrmsmmzeuhpam@ti:s wrthmeb.msﬂzhbssth@nﬂrﬂ rmmeeol salutiny formed omas

t enperature cycl C and. 40 C gve here uItln lid was
o1 at ed by 011§ of SPGRS P oh el ing DR o dRnT B AR IRy {hen
in a vacuum ﬁ’éﬁ@ﬁ‘moﬁﬁ SBIr 2\ihg&aﬁchlﬁe E‘éshﬂtiﬁg GfiRRYRMmidHN e Ed’}&irﬁ’éléd Heingal i d
(148ny). Exanpl e 4. phenyl - 2-yl car bam ¢ Aci d

1-12-(2- Chl m@nd&aﬁe@@)lesgﬂhydri)m, The articles are loaded into canisters with pressurized

hydr oxy- 2- o Olcét% di h |noI i n-5-yBet hyl am nol net hy1}-5- 15

met hoxyphen? ? 'ill i p| peridin-4-yl Ester Succinic acid Salt (Form
2) Bi phenyl - 2-yl carbamc acid 1-[2-(2-chl oro-4-

KR) - 2- hydr oxy- 2- (8- hydr oxy-2-0 xo_-1, 2-,

di hydr oqui nol i n- 5- yBet hyl ani nol nekesnulation BxempleEneny| car banoy1) - et hyl ] pi pe
ridind-ydyester (y2 SNl ver a
period of 1 h. A%@gr a Bfryt: q@sﬁldnggfg%‘sfe%gﬁg%ﬁ% 33a1é}rrtgls l%ﬁmr%a?ﬁanol (4

m ) was addddllewsd this was Ieft to 20 tenperature cycI e betvveen 0C and 40C

over 2 days. The resultln sol i, d i sol at ed iltratdon w th
net hanol , dried M%%ﬁ"ﬁ 88‘9??’“&6"6‘““ orust {1l %%g\%rn
overni ght, t@plRpaYE Bedisifivihy b'SQn%@f@@Uzﬂﬂof&ﬁe iventiomtiall Innmef aSODIf'/dsdcﬁ?rﬁng) :
This was confirmed by DSC to be Form 2. 25 Exanple 5: Blé)h nyl - 2 n¥1l carbam c

Acid 142- (gxqungp galytiqy z(qrglﬁgi Wy@p@gg?agd(ﬁhe m1xture is stirred an somcatedu 1 the

hydr oxy- i

nmet hoxyp eny é‘éﬁ%ﬁghg%ﬁg lil?fﬁpl”{)hg d?ﬁh@%’d ﬁt‘iﬂg&@ g@ﬁ%ﬂ%to?an?agueaocﬁagogg % (Form
3) Bi phenyl ke gibeaddition of]}imﬁ)H

142- (2-chl oro-4-{[ (R) - 2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2-

di hydr oqui nol i n-5-yf | et hyl am no] net hy1} - 5- met hoxyphenylcar banoyl) - et hyll pi p
eridin- 30 4-yl ester (200mg) was suspended in tetrahydrofuran (1.5ml) at
-70 C. A first portion (100ul) of succinic acid in nethanol was added, from
a total of succinic acid (33.5nm, M&WMTHF (0.5ml) and the

t enper at r 5, o [ &S was
added i nﬂ? ouﬁruq?ur 1aE18n55\9%g8r}Q%\%;‘r3 ppr glséﬁgéh@ﬁ%lﬂgasw t h%&tt her
THF (1nl) adBeuh b,fmxeronﬁsied td give epied[aa sizasof ambx/émicronﬁi indactasefmonohedra0 ni n,

the resulti slurr vvaste e dbet r 5das

The resul ti Rﬁa‘%g?ay n}é“t%@to ttlot?ﬁov‘ @@ﬂ%ﬁﬂ dr?/ed

on filter Paas&d (BiMen : ?l E@Ica@@ﬁx&hﬁﬂ ll-ﬂz (a @tﬂ@rb%[@ﬂ)‘-‘%y&@xﬂ!%#tﬂ&rob@e t| tle
sta

conpound as a cr line solid 5 40ny) . npl e 6: BI Phenyl 2-yl carbam c
Aci d 142- ( 2-o@at -éxhadmg(lwhlzsw)etba lwlp@thyl} “S-methoxyphenylcarbatoyl)-

hydr oxy- ly

nmet hoxyp eny)%%ﬁalpﬁwq nﬂy‘{jgf%#‘!f‘?g’]f‘?g'ﬁ‘?&. n- ﬁ%@@?@?ﬁ%ﬁﬁ@ﬂaﬂmmgﬁt (Form
1) 10 Bi phendgvic2- yl carbam c acid 142-( 2- chI or o- 4-

KR) - 2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2-

di hydr oqui nol i n- 5- yCet hyl am noi et hyl | - 5- met hoxyphenyl car banoyl) - et hyl | pi pe
ridind-yl esgt@fmufHess &'aﬁo%&e%ﬁb?mpﬂfeﬂ%f £sb esmpridinpadgaksiuh stedfile £3) Was
di ssolved in 14% water in tetrahydrofuran (2906nL) at -20 C and stirred for
1.5 hours urstabilisgr, gblevels Famhd 1% wed. | sopropanol (635nL) was added to the
cl ear sogbltl on which was then warned to 15 363 C. Seed (0.91g) was added
and the 30lution was stirred at -363 C for about 1 hour. |sopropanol
(6080mM.) wadtilitgn added to the m xture over about 12 hours. The suspension

was then held at 363 C for about 1 _hour b for@r bei n?g cooled to -20 C and
held at this tenpde&PEPRUTIRL K F farmyli kpqsscssqhofh, ic FPREPPTAZQRSt 37

(70: 251 5 adiburyErd R mhasghiet 5B ag SHER, KbctinlC it SRR 0 C to

provide the title corrpound as a crystal l-2se solid.




Exanpl e 7- Thermal Analysis DSC thernograns of the solid state forns Form

1,2 and 3 were obtained using a TA 25 Instrunents QLO00 cal ori meter nunber:
970001. 901, and serial nunber: 1000-0126. The sanple was wei ghed into an

al um nium pan, a pan lid placed on top and lightly crinped w thout sealing
the pan. The experinents were conducted using a heating rate of 10C A

B e R
142- ( 2- chl orageAt fbf ¢ Eling nibddsDoahiRioh SmB;  ickg vl |00~ 5- ype
t hyl am no] rre?ﬁyl } -'5-1#% hoxyphenyll_ocgrrngaairgm%ggg?ﬁy ]neé‘g%é%eg?éﬂsf(ﬁ%@&r{@r, as
prepared by retrptarsiilothedssloronbitions thatace amblierat2d b trasttheht witlsa ghaendrgic Fi gur e
1to 3. Exa} le 8- XRa)c/L Powder Diffraction T%ﬁaﬁ-ra‘y powder diffraction
(XRPD) dat a g%pf"ﬁ@g%‘&?ti"& SPRP BRI GIeARPIE Snfpgenist. megisplcondifions ingfudm by
PANal yti cal wayRsflekarfple, fbwmbfdry disbide”r ' ! ; ii§si ng an
XCel er at or detygg oﬁ?ﬁ The acqui sist I on cgﬁg{?s?f gﬁ@&%r%&%ﬁ?%??%& Cu Ka,
gener at or 5 TEEHEEPIS girway oRsiructiers swelt aschronia abstructivs pnimonstyadiseasn@lge: 2. 00 20,

end angl e: ; : AN N 20 \ti per, step:.,31. 75 seconds.
The sanpl e ﬁé&bﬁﬂﬁ%ﬁ%‘%ﬁ@gﬁ %rﬁlge%‘gjiysée%a%’lals% 5%08’?‘9@%?%3%@8 Silicon
waf er (zer o thiaglsgrhinomdipa, mhd thediker Eahdricomtitiond vehitthingy baredtedihclnaywder .
Characteri st irc XRP%%@ es and d-spacings are recorded in Table 1 for a
sanpl e of egcw CPSPHHe™ conecsiiyg heart fuluse, slhiadéseassy (- meinfammetory,

descri betb i ail 1d§§m{i@§nc?prg§ferﬁﬁ@ skin dis@é,%g&(ﬁg&r};‘qgﬁeg%ﬁé{e%é Seﬁﬂgp D peak

positions for, Forns 1 -3, ormForm1 Form
acidity is desirable (e.g., peptic and gastric ulceration) and muscle wasting disease.

Accordingly, in one embodiment, this invention is directed to a method for
treating a pulmonary disorder, the method comprising administering to a patient in need
of treatment a therapeutically effective amount of a succinic acid salt of biphenyl-2-

15 ylcarbamic acid 1-[2-(2-chloro-4-{ [(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethylamino]methyl} -3-methoxyphenylcarbamoyl)ethylpiperidin-4-
yl ester or a solvate thereof. When used to treat a pulmonary disorder, the salt of this
invention will typically be administered by inhalation in multiple doses per day, in a
single daily dose or a single weekly dose. Generally, the dose for treating a pulmonary

20  disorder will range from about 10 pg/day to about 200 pg/day.

When administered by inhalation, the compounds of this invention typically have
the effect of providing bronchodilation, Accordingly, in another of its method aspects,
this invention is directed to a method of providing bronchodilation in a patient in need of
bronchodilation, the method comprising administering to the patient a bronchodilation-

25 producing amount of a succinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-
{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1 ,2-dihydroquinolin-5-yl)ethylaminoJmethyl}-5-
methoxyphenylcarbamoyl)ethylJpiperidin-4-yl ester or a solvate thereof. Generally, the
dose for providing brochodilation will range from about 10 pg/day to about 200 pg/day.

In one embodiment, this invention is directed to a2 method of treating chronic

30 obstructive pulmonary disease or asthma, the method comprising administering to a
patient in need of treatment a therapeutically effective amount of a succinic acid salt of
biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{ [(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin—S—yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]«piperidin-

-24-




spacing / A 20 d- spacing / A 20 d- spacing/ A 5.0 17.7 5.0 17.8 5.0 17.6
57 15.6 5.7 15.5 7.2 12.3

4-yl ester or a solvate thereof. When used to treat a COPD or asthma, the salt of this
invention will typically be administered by inhalation in multiple doses per day orin a
single daily dose. Generally, the dose for treating COPD or asthma will range from about
10 pg/day to about 200 pg/day. As used herein, COPD includes chronic obstructive

5 bronchitis and emphysema (see, for example, Barnes, Chronic Obstructive Pulmonary
Disease, N Engl J Med 2000: 343:269-78).

When used to treat a pulmonary disorder, the salt of this invention is optionally
administered in combination with other therapeutic agents. Accordingly, in a particular
embodiment, the pharmaceutical compositions and methods of this invention further

10 comprise a therapeutically effective amount of a steroidal anti-inflammatory agent.
The properties and utility of succinic acid salts of this invention can be demonstrated
using various in vitro and in vivo assays well-known to those skilled in the art. For
example, representative assays are described in International Patent application no
PCT/US2004/004449, publication no. WO 2004/074246 A2 (Theravance Inc, South San

15  Francisco, California, US)..
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EXAMPLES
The following Preparations and Examples are provided to illustrate specific embodiments
of this invention. These specific embodiments, however, are not intended to limit the

scope of this invention in any way unless specifically indicated.

Unless noted otherwise, reagents, starting materials and solvents were purchased from
commercial suppliers (such as Sigma-Aldrich, Fluka and the like) and were used without
further purification.

1-(3-{{2-chloro-4-(hydroxymethyl)-5-methoxyphenyl Jamino} -3-oxopropyl)piperidin-4-yl
biphenyl-2-ylcarbamate may be prepared according to the description provided in
International Patent application no PCT/US2004/004449, publication no. WO
2004/074246 A2, at page 134, Preparation 96.

Biphenyl-2-ylcarbamic Acid 1-[2-(4-{ [(R)-2-(tert-Butyldimethylsilanyloxy)-2-(8-
hydroxy-2-oxo-1 ,2-dihydroquinolin-5-yl)ethylaminojmethyl} -2-chloro-5-
methoxyphenylcarbamoyl)-ethyl]Jpiperidin-4-yl Ester may be prepared according to the
description provided in International Patent application no PCT/US2004/004449,
publication no. WO 2004/074246 A2, at page 135, Preparation 98,

Example 1: Biphenyl-2-yicarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-z-oxo-1,2-dihydroquinolin-S-yl)ethylamino]methyl}-S-
methoxyphenylcarbamoyl)-ethyl] piperidin-4-yl Ester Succinic acid Salt

1-(3- {[2-chloro-4-(hydroxymethyl)-5-methoxyphenyl]Jamino} -3-oxopropyl)piperidin-4-yl
biphenyl-2-ylcarbamate (69g) was suspended in toluene (480 mL) at ~65 °C. Manganese
dioxide (48g) was added and the resulting mixture stirred at ~65 °C for about 6 hours.
The mixture was then diluted with toluene (300mL}, and Celite (24 g) added. The
resulting mixture was filtered and washed with toluene (180 ml), to remove manganese
residues. The resulting solution was concentrated to about half the original volume (540
ml), cooled to ~20 °C, and diluted with methanol (240mL). 5-((1R)-2-amino-1-{[ters-
butyl(dimethyD)silyljoxy} ethyl)-8-hydroxyquinolin-2(1H)-one acetate (48.4g) was added

and the mixture stirred at ~65 °C until dissolution was complete. The solution was cooled

-26-
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to ~ -2 °C and sodium borohydride (2.12g) was added in 4 portions over 1 h. Upon
complete addition the reaction was quenched by the addition of water (300mL). The
mixture was stirred thoroughly and then the layers were separated, at~ 20°C. Methanol
(540mL) was added to the organic layer and this was then concentrated to about a third of
5 the original volume. Additional methanol (600mL) was added to the residue which was
then concentrated to about half the original volume. The solution was cooled to ~17 °C
and cesium fluoride (54.1g) and acetic acid (9.2g) were added. The resulting mixture was
stirred at ~17 °C for about 13 hours. Upon complete reaction, 2-methyltetrahydrofuran
(605mL) and water (275mL} were added. The mixture was stirred thoroughly and the

10  layers then separated. The organic layer was washed with aqueous saturated sodium
hydrogen carbonate solution (275mL) and then water (220mL). The organic layer was
then concentrated to about half the original volume by vacuum distillation before being
diluted with THF (500mL)*. The solution was warmed to ~37 °C and a solution of
succinic acid (11.0g) in isopropanol (250ml) was added. The solution was then seeded

15 (with Form 1), held at ~37 °C for about 4 hours, cooled to ~15 °C over about 4 hours
before being held at ~15 °C for 84 hours. The resulting solid was isolated by filtration,
washed with THF:isopropanol:water mixture (50:50:3, 300mL) and TBME (300mL)
before being dried in vacuo at ~45 °C to provide the title compound as a white powder
which was almost exclusively (~ 98%) Form 3 (55.0g).

20 THNMR (500 MHz, DMSO-d6: 8(ppm): 10.27 (s, 1H), 8.67 (s,1H), 8.1 (d, 1H, J =
9.5), 7.79 (s, 1H), 7.33 (m, 10H), 7.07 (d, 1H, J = 8.0), 6.93 (d, 1H, ] = 8.5), 6.49 (d, 1H,
J=10.0}, 5.10 (m, 1H), 4.50 (m, 1H), 3.80 (s, 2H), 3.73 (s, 3H), 2.74 (m, 4H), 2.62 (m,
2H), 2.55 (m, 2H), 2.38 (s, 4H), 2.24 (m, 2H), 1.77 (m, 2H), 1.51 (m, 2H);

m/z: [M+H+] calculated for C40H42CIN5Q7, 740.29; found 740.24

25
* the organic layer may be evaporated to dryness to provide biphenyl-2-yicarbamic acid
1-[2-(2-Chloro-4- {{(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDethylaminoJmethyl} -S-methoxyphenylcarbamoyl)-ethylJpiperidin-4-yl ester, for
subsequent conversion to succinate salt.

30 Preparation 1: Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-z-oxo-1,Z-dihydrnquinolin-S-yl)ethylamino]methyl}-s-
methoxyphenylcarbamoyl)-ethyl] piperidin-4-yl Ester
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1-(3- {[2-chloro-4-(hydroxymethyl)-5-methoxyphenylJamino} -3-oxopropyl)piperidin-4-yl
biphenyl-2-ylcarbamate (12.5g) and manganese dioxide (8g) were heated together in
toluene (94 mL) at ~60 °C for 5 h. The manganese dioxide (8g) was then removed by
filtration through Celite (2 g), with washing with toluene (2 x 3ml). The resulting
5 solution was concentrated (to about 100 ml) and then warmed to ~60 °C. 5-((1R)-2-

amino-1-{[tert-butyl(dimethyl)silyl]oxy} ethyl)-8-hydroxyquinolin-2(1H)-one acetate
(8g) and methanol (19 ml) were added and the mixture stirred until dissolution was
complete. The solution was cooled to ~ -5 °C, sodium borohydride (0.28g) was added
and the mixture then stirred for 2h.. Water (50 ml) was then added, to quench the

10  reaction and the mixture stirred vigorously at 20 °C for 30 min. The layers were
separated and the aqueous discarded. The organic layer was then solvent switched into
methanol (75 ml).Cesium fluoride (11.4g) and acetic acid (1.7g) were added and the
resulting mixture was stirred at 20 °C for about 22 hours. The mixture was reduced in
volume (to approximately 60ml) and methyltetrahydrofuran (100mi) and water (50ml)

15 added, to enable a phase separation. The aqueous layer was discarded and the organic

layer evaporated to dryness to provide the title compound as a solid (12.0g. 70%).

Example 2: Biphenyl-2-ylcarbamic Acid 1-]2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yi)ethylaminojmethyl}-5-

20  methoxyphenylcarbamoyl)-ethyl]piperidin-4-yl Ester Succinic acid Salt (Form 1)
Ethanol (14 ml) was added to Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylaminoJmethyl} - 5-
methoxyphenylcarbamoyl)-ethylJpiperidin-4-yl ester (1.5g) and heated at ~70 °C for 1 h.
The temperature was then lowered to 50 °C and succinic acid (251.25mg, 1.05 equiv) in

25  ethanol (2 ml) was added portionwise over approximately 4 hours. After all the acid was
added, water (2.25 m!) was added, followed by a further 30 min at 50 °C. The reaction
was then temperature cycled between 0 °C and 40 °C over 3 days. The resulting white
solid was isolated by filtration, washed with ethanol and dired in a vacuum oven at
ambient temperature, to provide the title compound as a crystalline solid (727mg).

30
Example 3: Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxe-1,2-dihydroquinolin-5-ylethylamino]methyl}-5-
methoxyphenylcarbamoyl)-ethyl]piperidin-4-yl Ester Succinic acid Salt (Form 2)
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Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinelin-5 -yDethylaminojmethyl} -S-methoxyphenylcarbamoyl)-ethyl]piperidin-
4-yl ester (prepared as in Preparation 1) (200mg) was suspended in methanol (1 .Sml) at
~70 °C. A first portion (100ul) of succinic acid in methanol was added, from a total of
succinic acid (67mg, 2.1 equiv) in methanol (0.5 ml), and the temperature reduced to
50°C. The remaining succinic acid in methanol was added in four further portions

(100 pl) over approximately 5 hours, with further methanol (1 ml) added after 3 h, to
replace lost solvent. After a further 30 min, The resulting slurry was temperature cycled
between 0 °C and 40 °C over 5 days. The resulting solid was isolated by filtration,
washed with THF, dried on filter paper and then in a vacuum oven, to provide the title

compound as a crystalline solid (148mg).

Example 4: Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-z-oxo-l,2-dihydroquinolin-S—yl)ethylamino]methyl}-S-
methoxyphenylcarbamoyl)-ethyl]piperidin-4-yl Ester Succinic acid Salt (Form 2)
Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinolin—S-yl)ethylamino]methyl}-5-methoxyphenylcarba.moyl)-ethyl]piperidin—
4-yl ester (2g) was dissolved in methanol (16ml) at ~70 °C, over a period of 1 h. Aftera
further 1 h, succinic acid (335mg) in methanol (4 ml) was added and this was left to
temperature cycle between 0 °C and 40 °C over 2 days. The resulting solid was isolated
by filtration, washed with methanol, dried on filter paper and then dried at 40 °Cina
vacuum oven overnight, to provide the title compound as a crystalline solid (979mg).
This was confirmed by DSC to be Form 2.

Example 5: Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-z-oxo-1,2-dihydroquinolin-S-y])ethy]amino]methyl}-S-
methoxyphenylcarbamoyl)-ethyl]piperidin—4~yl Ester Succinic acid Salt (Form 3)
Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-
dihydroquinolin-5-yl)ethylaminoJmethyl} -3-methoxyphenylcarbamoyl)-ethyl]piperidin-
4-yl ester (200mg) was suspended in tetrahydrofuran (1.5ml) at ~70 °C. A first portion
(100pL) of succinic acid in methanol was added, from a total of succinic acid (33.5mg,
1.05 equiv) in THF (0.5ml) and the temperature reduced to 50°C.. The remaining

succinic acid in methanol was added in four further portions over approximately 5 hours,
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with further THF (1ml} added after 1h, to replace lost solvent. After a further 30 min, the
resulting slurry was temperature cycled between 0 °C and 40 °C over 5 days. The
resulting solid was isolated by filtration, washed with methanol, dried on filter paper
overnight and then in a vacuum oven, to provide the title compound as a crystalline solid

(140mg).

Example 6: Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-z-oxo-1,2-dihydruquinolin—S—yl)ethylamino]methyl}-S—
methoxyphenylcarbamoyl)-ethyl] piperidin-4-yl Ester Suceinic acid Salt (Form 1)
Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-
dihydroquinolin—S-yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)—ethyl]piperidin—
4-yl ester succinic acid salt, prepared as in Example 1 (363.6g) was dissolved in 14%
water in tetrahydrofuran (2906mL) at ~20 °C and stirred for 1.5 hours until a solution was
formed. Isopropanol (635mL) was added to the clear solution which was then warmed to
36 +3 °C. Seed (0.91g) was added and the solution was stirred at ~36 +3 °C for about 1
hour. Isopropanol (6080mL) was then added to the mixture over about 12 hours. The
suspension was then held at 36 +3 °C for about 1 hour before being cooled to ~20 °C and
held at this temperature for at least a further hour. The resulting precipitate was isolated
by filtration, washed with THF:isopropanol:water (70:25:5, 3636mL) and then TBME
(3636mL) and dried ir vacuo at ~60 °C to provide the title compound as a crystalline
solid.

Example 7 - Thermal Analysis

DSC thermograms of the solid state forms Form 1, 2 and 3 were obtained using a TA
Instruments Q1000 calorimeter number: 970001.901, and serial number: 1000-0126. The
sample was weighed into an aluminium pan, a pan lid placed on top and lightly crimped
without sealing the pan. The experiments were conducted using a heating rate of 10°C
min™".

A representative DSC thermogram for a sample of each of the Form 1, 2 and 3 succinic
acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5 -yl)ethylamino]méthyl} -5-methoxyphenylcarbamoyl)ethyl]
piperidin-4-yl ester, as prepared by the method described in Examples 2, 3 and 5, is
shown in Figure 1 to 3.
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25.8 3.5 26. 3* 3A* Characteristic peak positions and cal cul ated
d-spacings are stunnmarised in Table 1. These were calculated fromthe raw
data using H ghscore software. Peaks marked with a 5 * distinguish that
formfromthe others. O her peaks (underscored and in bold) also

di stinguish the fornms, however, there are shoulders or low intensity peaks

of another fgrmin _close proximty that nake these peaks |ess specific than
those with aﬁ ngé't?g%t@é'fp r Dilgragjan XRpD data are illustrated in Fi gures

4 to 6, respegdX¥8Y Yowder diffraction (XRPD) data of the solid state forms Form 1, 2 and 3 were
acquired on a PANalytical X.Pert Pro powder diffractometer, model PW3040/60, using
an XCelerator detector. The acquisition conditions were: radiation: Cu Ko, generator

5 tension: 40 KV, generator current: 45 mA, start angle: 2.0° 20, end angle: 40.0° 2 0, step
size: 0.0167° 28, time per step: 31.75 seconds. The sample was prepared by mounting a
few milligrams of sample on a Silicon wafer (zero background) plates, resulting in a thin
layer of powder. Charaéteristic XRPD angles and d-spacings are recorded in Table 1 for
a sample of each of Forms Form 1, 2 and 3, as prepared by the method described in

10 Examples 2, 3, and 5.
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Example 9- FT-IR The FT-1R spectrumof the solid forns, Fornms 1,2 and 3,

was recorded using a Nicolet Avatar 360 FT-1R spectroneter,
Di anmond/ ZnSe ATR Accessory at 4 cm 1 resol ution,

f

itted with a

over the frequency range

4000 to 700 cm1l. 5 Form 1 bands were observed at: 3265, 2832, 1735, 1718,
1679, 1669, 1591, 1540, 1518, 1493, 1439, 1405, 1339, 1302, 1283, 1239,
1202, 1163, 1144, 1107 é‘0§5 1039, ,1009. 973, 921 885, 868, 838, 773,
751, and 707 cm . For iidled, chargetprist %BF%&“!&WS@S&%W?@WS 1178, 1678,
1667, 1591,| 1537, 1f§Mn refmd: 1P 1439, dﬁ? 3339, 1302128 31372,
1111, 1058, 1046 999, 975, 885[ 839, an gb cm1.] Form 3 bands were
observed at| 3335,229419, 1748, (715, 178, 1641,d-15392, 1548, [1493, (-
1464, 1439,| 1405, 133, 1303] 183, 1247, 121], '0, 1109, 1093, /1053,
1041, 997, |15 974, 919 §42, 774, 766SPRPIE/ 721 crd .| YPASINEtA [f or
a representjati ve sagp e of qa'qh of For5r(;s 1,72 anp7_85 'S snogg} m FIgujgEg |7 to
9, respectijvely. 20 Fxanple 10-1 Dypnam ¢ Vapour Sornption sessnent A
Dynami ¢ Vagour Sorpti pn (DV§‘>7 63{ of i | e 56 Form 1151\h< obt ai fid |usi ng Hh3 VS
DVS-1 with fwater a reagen 25€—206-1361% ape—were—placed—n{a
gl ass bul b jand equi']l pr at edﬁ%t 30%RH. 7‘Lrlhe V\Jazs ilncr eas to 90% i"if 10%
steps. The |%RH wa$0.0hen decrggpsied to §p«in 10%@3{3[5, andjfinarty 1goergased
to 30%RH, ggairin-100%steps. 25 The resilits of qorption/desorotlor
cycles are |shown 136H gure 7 The DVSO® dfile showd that L3 succinaffe
salt, Form{I—_has reversttgd sorptipgrdesorpiion—proH WI
| evel of h roscolpjla"%itv (Ieslgéz‘?t han ab%jlﬁ 2.0 % Wei ght gallz‘i1 t he *clity
range of 3(0%rel ai4.4¢e hum digly [t o 90%4zllati ve gum[dity) .293 [Theé Teygrsi ble
rm| sture SoF |J‘_iunlrlgs rpticn priofile deminsirates hat the FEdrm 1 succilante
salt of the preseﬁ‘ nventiér?ﬁcossesslﬁf’za6 an acce@ﬁabl e hyg?rlcﬁscopi Ci tylalrd S
not del i qug¢scent, jgereby K Tg Tt S gbte—fo Tar-1rec
devel opnent al s T%? quccirti’ ¢ acid sa %tl Df  bi p‘f?énéﬂll -2-yl c%usbalim c
acid 142-(2-chlorid4-| {[(R) 54 19.7 25.9 3.4

16.9 53 20.7 4.3

17.8 5.0 214 42

18.5 4.8 25.8 34

20.2 44

20.5 43

21.4 4,1

253 3.5

25.8 35

26.3* 3.4%*

Characteristic peak positions and calculated d-spacings are summarised in Table 1.
These were calculated from the raw data using Highscore software, Peaks marked with a
* distinguish that form from the others. Other peaks (underscored and in bold) also
distinguish the forms, however, there are shoulders or low intensity peaks of another form

in close proximity that make these peaks less specific than those with a shaded

background.
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2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n-5-yl ) et hyl arni nol i net hyl |
-5- 5 et hoxyphenyl car banoypet hyl ] piperidirt-4-yl ester or a solvate

t her eof . 2. The conpound of Claim1l which is a crystalline solid
state form 3. The compound of Claim2 which is the Form 1 crystalline
solid state form 10 4. The conpound of Claim 3, wherein the

conpound is harac erized by a differential scanning calorinetry trace
whi ch shows EXasle PadTol nt "in the range of about 170 C to about 180 C.

155. The compgidie. ﬁi%p%@dd?‘o?the‘é’@ﬁ&ﬁ)ig\‘i} ﬂaﬁgggrao&mdmr& e&ﬁ%iﬁ%%ﬁéﬁl&y an

x-ray powder diffraction pattern fractron ues of
5.00.3 and 14Xva®® 380 FT-IR spectroﬁhetéFhﬁttéﬂQﬂiﬂDMDﬁhnﬁfndGnSb mTER Avbegsory Bt 4 bl

conmpound i s ch racteri y an 20 owder diffraction pattern in
whi ch the pd&® “ﬁ’é’ga ) %&%@fﬁ%&ﬁpé‘%ﬁmﬁi accordance with the peak

positions of the pattern shown in Figure 4. 7. The conpound of O aim

3, wherein anwmw&eBB&wwaﬁ%g AR30IPE| PNSSREO!L 1669 Wﬁlhlﬂogl‘ilfs' cant
absorption bands at ab 832, 1735, 1718, 1679, 1669, 1591,

1540, 1518, 11*%3143%41%5 11348,513023%3 1238012020863, 140110720095, 1(13@310019144
1107, 1095, ghg; fé%ggs%%? 773235 §§cf’(1078c§§‘ 838, 773, 751, and 707 cm 1.
(0] al

8. The conpount wherern e coripound is characterized by an
i nfrared absorption spectrum substantially in accordance with that shown in
Figure 7. 3 | s the Form2 or the

Form 3 crys?:s?FPieréngng%ggﬁ “gpaltgﬁ% 29f12T1?},28 1678 1667 BPL Rignkttel®idh i cal

conposi ti®n 1489403 1399 qsn@amacmtal Ha/bl Y113CHBR! fi6Codn, 694, 13RS 839Nghd2
conmpound of 7%my qne of ‘A ai ns )

Form 3 bands were observed at: 3335, 2949, 1745, 1715, 1678, 1641, 1592, 1542, 1493,
1464, 1439, 1405, 1338, 1303, 1283, 1247, 1211, 1170, 1109, 1093, 1053, 1041, 997,
15 974,919, 889, 842, 774, 766, 751 and 721 cm",

The data for a representative sample of each of Forms 1, 2 and 3 is shown in Figures 7 to

9, respectively.

20 Example 10 - Dynamic Vapour Sorption Assessment
A Dynamic Vapour Sorption (DVS) profile of Form 1 was obtained using an SMS DVS-1
with water as a reagent at 25°C. 20-30mg of sample were placed in a glass bulb and
equilibrated at 30%RH. The %RH was increased to 90% in 10% steps. The %RH was
then decreased to 0% in 10% steps, and finally increased to 30%RH, again in 10% steps.
25 The results of two sorption/desorption cycles are shown in Figure 10

The DVS profile shows that the succinate salt, Form 1, has a reversible
sorption/desorption profile with a good level of hygroscopicity (less than about 2.0 %
weight gain in the humidity range of 30 % relative humidity to 90 % relative humidity).
30 The reversible moisture sorption/desorption profile demonstrates that the Form 1
succiante salt of the present invention possesses an acceptable hygroscopicity and is not

deliquescent, thereby making it suitable for pharmaceutical development.
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12. The pharmaceutical conposition of Caim1ll, wherein the conposition
further conprises a steroidal anti-inflamuatory agent. 1013. The

pharmaceuti cal conposition of Claim 12, wherein the steroidal anti-
inflammatory agent is 6a, 9a-difluoro-17a

-[ (2-furanyl car bonypoxy] - 11- hydr oxy- 16anet hyl - 3- oxoandr ost a- 1, 4- di ene-17-ca
r bot hi oi c acggli S-fluoronethyl ester or a solvate thereof. 1514. The

phar maceutic IE%rrposi tion of Claim1l, wherein the conposition is

formul ated for adm nistration by inhalation. 15. The pharnaceuti cal
conposition of aim11l, in mcronized form 2016. The pharnmaceuti cal
conposi tion of Clai m Pusucgmicasidsaitiol binhenylarylparbamie peidd -[2s@ phlamo-4nldi t ol |
dextrose, poj_ |6 (e 9l | .acs - -] . fynat i on
t her eof . % w&%{# Qi\@g%& fﬁgﬁ\%ﬂ%cgﬂ (;hl% ?lﬁglggﬂ)gﬁgﬁ%%%ﬂggﬁi}of any one of
d ai ms 1 $o Msthanghédy@rsmeybeidial]piperidindnfl lestemmtaonivateghatof. 18. The
conbination of Claim17, wherein the steroidal anti-inflamatory agent is
6a, 9a-di fl uoro-17a -[(2-furanyl carbonyl)oxy]-110- hydroxy-16a-net hyl-3- 30
oxoandrost a- 1, 4- di, ene-Thé tempAMAVF I AICl REicH isT SV UARIRIR%tatERLAI OF a
solvate thereof. 19.A nethod for treating a pulnonary disorder, the nethod
conprising admnistering to a patient in need of treatnent a
therapeutically effectd t . ] ong. of i lto
10 550, A met hod o - pr b coABor 1o £ PHREKIKe Foraf Do R8RS ol AhETorty
conprisi b adm nistering by inhalation to the patient

bronchodi | ati on- produgj ng anount .a conmpound of any qQne of CJainms | to
10. 21, Aot hd4e Bpmeg ﬁ:éf"é'f?'r BREETHE FompQUndds haractsiiard DYit sease
or asthma, tdiferdfial6dafificle CABReR) RcAVRICR ki H8ih@pSnfiltheh d SrdBgld Of
treatnment a therapeutically effective anmount of a c Prpound of gomy one of
Clains | to 178°C to aboupB0 %}Xsucci nic acid salt of biphenyl-2-ylcarbanic acid
142- (2-chloro-4-{[(R) -

2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n-5-yf | et hyl am no] net hyl)

- 5- 15 5. The compound of Claim 3, wherein the compound is characterized by an

x-ray powder diffraction pattern having diffraction peaks at 20 values of 5.0£0.3 and
10.0+£0.3.

6. The compound of Claim 3, wherein the compound is characterized by an
x-ray powder diffraction pattern in which the peak positions are substantially in
accordance with the peak positions of the pattern shown in Figure 4.

7. The compound of Claim 3, wherein the compound has infrared absorption
spectrum with significant absorption bands at about 3265, 2832, 1735, 1718, 1679, 1669,
1591, 1540, 1518, 1493, 1439, 1405, 1339, 1302, 1283, 1239, 1202, 1163, 1144, 1107, _
109s, 1039, 1009, 973, 921, 885, 868, 838, 773, 751, and 707 cm’".

8. The compound of Claim 3, wherein the compound is characterized by an

infrared absorption spectrum substantially in accordance with that shown in Figure 7.

9. The compound of Claim 2 which is the Form 2 or the Form 3 crysfalline
solid state form.
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15 net hoxyphenyl car banoyDet hyl ] pi peridin-4-yl ester or a solvate thereof
for use in therapy or as a nedi canent. 23. Use of a succinic acid salt
of bi phenyl-2-ylcarbam c acid 1-[2-(2-chl oro-4-

VR) - 2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n- 5- ypet hyl am noi net hyl |
-5- 20 met hoxyphenyl car banoypet hyl Thi peri di n-4-y1 ester or a solvate

t hereof for the nuf acture of .a.nedi ca use of d |m23
hheren the mogi Al A56 Eormpding BE A Sre ol IR Gl TP SR i mipronized O
The use of Ghmi.m 23, wherein the pul nonary disorder is chronic obstructi ve

pul ronary di sease or asthma. 26. Use of: 30(a)a succinic acid salt
of bi phenyl -2-yl earbam ¢ acid 142-(2-chl oro-4- {[(R)

2- hydr oxy- 2- (18- hydr ox i 11-5-
met hoxyphenyl car bamy%é}aﬁﬁ?%#@e?‘?‘ﬂﬁg&%ﬂ%fggh ?{Bg*agéqtﬁgﬁ! %ﬁe]%f and
(b) a sterdi datricamid a cotfipouiief aiyore@E M4ims 1o (e nmanufacture of a nedi canent

for the treatnent of a pul nonary disorder. 27. The use of C aim 26,
wherein the steroidal anti-inflamatory agent is 6a,9a-difluoro-17a

[ ( 2-furanyl carbqnyl) @xy bhakhhdsBysl cBnmpostd iﬁflgﬁﬁ{ 1B wWhERRDME @8fhBosition

4-di ene-1713-carbothiolic acid S-fluoronet estér or a solvate thereof.
28 A proceigﬂhemmlppremmstvgo@al@ohwmmmy@gmtm 1, the process conprising
contacting bi phenyl -2-yl carbam c acid
142- (2-chl oro-4-{[ (R) - 2- hydr oxy- 2- ( 8- hydr oxy- 2-
0xo- 1, 2- th hydr oquBnol The pharimatduyitaltompodinérhyt Glaim 12, whercm the steroidal anti-
-5- rret hoxyphenyl car banoyl) et hyl k 10 ﬁ)l peridin-4-yl1 ester with succinic
aci d. inflammatory agent is 6a, 9a—d1ﬂuoro— Ta [(Z-ﬁxranylcarbonyl)oxy] 11B-hydroxy-16a-

methyl-3-oxoandrosta-1,4-diene-17B-carbothioic acid S-fluoromethyl ester or a solvate

thereof,

15 14.  The pharmaceutical composition of Claim 11, wherein the composition is
formulated for administration by inhalation.

15.  The pharmaceutical composition of Claim 11, in micronized form.

20 16.  The pharmaceutical composition of Claim 14, wherein the carrier is
lactose, starch, mannitol, dextrose, polylactic acid, polylactide-co-glycolide or a

combination thereof,

17. A combination comprising:
25 (8)  acompound of any one of Claims 1 to 9; and

(b)  asteroidal anti-inflammatory agent.
18.  The combination of Claim 17, wherein the steroidal anti-inflammatory

agent is 60,9a-difluoro-17a -[(2-furanylcarbonyl}oxy]-11p-hydroxy-16a-methyl-3-

30 oxoandrosta-1,4-diene-178-carbothioic acid S-fluoromethyl ester or a solvate thereof,
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29. A process for preparing the Form 1 succinate salt which process

conpri ses the steps: di ssol ving the succinate salt in aqueous THF
(10-18% for exanple 10-16%, at a 15 tenperature in the range 18 to 23C,
for exanple about 20C, adding a first volunme of a | ower al cohol for exanple
et hanol or isopropanol, in particular isopropanol, and warm ng to 32-40C,

optionally seedi with Form.l; . adding a second. vol of the | ower
al cohol, for exarpte &/@F‘Q“Qg‘&%ﬁ%ﬁ%ﬁP'gfm’gwﬂéﬁ%d&rsﬁh%e@gga?mmsﬂrs, cool i ng
to tenper at Wighihifefilietd ARientiB nb&l A3HeatnlAl a BEAIPRhR AP BLctiZO afrouE a

collecting the crystalline product.
compound of any one of Claims 1 to 10.

5 20. A method of producing bronchodilation in a patient, the method
comprising administering by inhalation to the patient bronchodilation-producing amount

of a compound of any one of Claims 1 to 10.

21. A method of treating chronic obstructive pulmonary disease or asthma, the
10 method comprising administering to a patient in need of treatment a therapeutically

effective amount of a compound of any one of Claims ! to 10.

22. A succinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-
2-hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-yl)ethylamino}methyl } -5-
15 methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate thereof for use in therapy

or as a medicament.

23.  Use of a succinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-
{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylaminojmethyl} -5-
20 methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate thereof for the

manufacture of a medicament.

24.  The use of Claim 23, wherein the medicament is for treating a pulmonary

disorder.
25
25.  The use of Claim 23, wherein the pulmonary disorder is chronic
obstructive pulmonary disease or asthma.
26. Useof:
30 (a)  asuccinic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-

2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl} -5-
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate thereof: and

(b)  asteroidal anti-inflammatory agent;
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15

20

in the manufacture of a medicament for the treatment of a pulmonary disorder.

27.  The use of Claim 26, wherein the steroidal anti-inflammatory agent is
6a,9e-difluoro-17a -[(2-furanylcarbonyf)oxy]-11B-hydroxy-16a-methyl-3-oxoandrosta-

1,4-diene-17B-carbothioic acid S-fluoromethyl ester or a solvate thereof,

28. A process for preparing a compound of Claim 1, the process comprising
contacting biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-
oxo-1,2-dihydroquinolin-5-yl)ethylaminojmethyl} -5-methoxyphenylcarb amoyl)ethyl]-

piperidin-4-yl ester with succinic acid.

29. A process for preparing the Form 1 succinate salt which process comprises
the steps:
dissolving the succinate salt in aqueous THF (10-18%, for example 10-16%), at a
temperature in the range 18 to 23°C, for example about 20°C;
adding a first volume of a lower alcohol for example ethanol or isopropanol, in particular
isopropanol, and warming to 32-40°C;
optionally seeding with Form 1;
adding a second volume of the lower alcohol, for example over several hours, preferably
about 12 h;
cooling to temperature in the range 18 to 23°C, for example about 20 °C; and

collecting the crystalline product.
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