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WD 2004/ 011416 PCT/ US2003/023214 Crystalline (32
Adrenergi ¢ Receptor Agonist 5 Field of the Invention
wohersinwantion is directed to a crystalline foraraS2m3/023214
R2 adrenergic receptor agonist. 10 The invention is
al so directed to pharmaceutical conpositions
conprising the crystalline agent, fornul ations
cont ai ni ng the pharmaceutical conpositions, nethods of
using the crystalline agent to treat diseases
associ ated w vity, and
processes use ‘?‘[;‘ﬁ &igteal%r‘g&%ﬁl% lcé{ﬁeg Z(;‘lgltsjfatl l'ine
compound. 15 Background of the Inventlon (32
Adrenergi c receptor agonists are recogni zed as
effective drugs for the treatnment of pul nonary
di seases such as asthnma_and chronic obstructive
pul monary disease (i ncFighi ofghe hrventiien br onchi tis and

en%si%{}%%i'ops% &C életgs(r_g r eC§ngPf a}% rlg?ugerséwarregep?or agonist.
Theﬁﬁﬁﬁbh% A¥o H8&kdd to pRArnidcB@idal goxﬂ%éﬁtﬁtn@ Qbfnplisidl the crystalline

di sorders and cardi ac di sorders nmonly assi gned
ageld, rmBitiens cddsainidg ﬂ%phhﬁﬁa@httcajlcsntposeenst irethodw ef using the
copnpound N-{2-[4-((R)-2-hy
crySEHUNG pgerhin teef ﬁ’é‘i%?ﬁe%??‘?‘ilaté‘g quh B ad{enfrgzc IRgRp@Ftiyity.and

]xof%giqgg%ﬁﬁ¥é¥%ﬁﬁg%&§éaggﬂﬁh%%%gﬁ@%%%geadrenergrcN

receptor agonist. Conpound 1 is alternatively
referenced by the chem cal nanes .
N-[3-[(1R)-1- hydroxy K@M—m@m@%ydroxy-z-

ph ﬁ{}%ﬁ%&ﬂ&%@c%{%e gﬁ?&t& %r%trlejé/o &gg]agl gilfe(ctivgz)dntgs for the treatment
of phnﬁdsfam digebehytdh ax slsﬂ&nii BbPclrbhic(BRtudtive rpQPﬁYmﬁﬁedleéaBM )

- am no- phenet hyl ] am no] net hyl benzyl al cohol.
(inc @ttqmbr@@tnﬂlws@b@ep]@@smh Bm@dﬂenergtsgmﬁm@rfaeﬁmstﬁere also

t t f di t
usel 7Bl BB PR H St R A B B
diso?8a8 and edrd e isyRetsN oM ae raﬁm%rﬂﬂdr[ﬂf St Paterlt N d. 88576,793 Bl
respiratory tract. There are three general types of

disclorses theawuel aomipoimht @t [4o(6R)-2-hydroxy-2-
phenylethylamino)phenyl]ethyl }-(R)-2-hydroxy-2-(3-formamido-4-

0

NHCHO

hydroxyphenyl)ethylamine,

1
as a potent 3, adrenergic receptor agonist. Compound 1 is alternatively referenced by the
chemical names N-[3-[(1R)-1-hydroxy-2-[[2-[4-[((2R)-2-hydroxy-2-
phenylethyl)amino]phenyl]ethyl]Jamino]ethyl-6-hydroxyphenyl}-formamide and (a-R)-3-
formamido-4-hydroxy-o-[[[p-(N-((2R)-hydroxy-phenethyl))-amino-
phenethyl]amino]methyl benzyl alcohol.
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devi ces: nebulizer inhalers, dry powder inhalers

(DPI'), and netered-dose inhalers (MDI). 5 Preparation
wofhodmnmibati ons for adm nistration by inhal at POWUS2003/023214

typically relies on the existence of a crystalline

f opRYRf adeh faché HBataRENGE pubihofdry diseiises bl ddivmeadeonsty of
a pharmaceutically acceptable salt of the active

administared brihakhtjos uinhalbtien istapsitiestiveamenns dpidliygying an agent

direcglsrgg fl-éﬂt Ip?}:ﬁ]@tcg% Frg% i)@gl h%ee yiengﬁf é{p@? Blﬁp&hﬁﬁécegtﬁ%al énhalatlon
devideRl BHuRLd QNS G A b@&/@éﬁﬂhﬂéfs (DPB)| aid rﬁé’teﬁeﬁ{ﬂo@@irﬂlylebﬁ(MDl)

non- hygroscopic and 10 stabl e upon m croni zati on.
Prephmtieh sHfonhms]atiahs f@r fdmingsstation by ithelatien Aynieahly r@lfeswéhe

ts t t
exisipgie Qi in el S Ry R B e BB o B P
phar%%&ﬁ{c@l‘iy%cce}%t%lk At Sf the had dgbitt, Bivifle Sitablel ghisical and

ormul atl on Tor nebulizer adm nistration has been
chenmdﬂniro;ﬁer&efk Fas exaniplesiit istdesirablethat @y%telélepsﬁmused ip drppowder
reported, i U.S. Patent

40, 344,
and fRgeTsi GLPERE GisU R P TSy e ey RSty B L Prghischpig and
Stabfe%lpgﬂﬂﬁ%ﬁlz?f%ryt' on, this fornul at| on is not

ractirve tor long termstorage.” No crystalline form
of Iideaiso dedrabledbr m‘luta)ts’lbhnulahemseqffsuclnmen@rto 4e stable upon long

f | at d 1 that
tormg ol RSTYe DD 5359 S B S RalS et fespi Ficero
tartrite S e, stal }:{qﬁly ofa Sg&tlgg BIFRYath ff){ﬁb‘rﬁlEX@r'&Wst}_ﬁ%nﬂfaE & identified

provi S a crysta form of

as a Nn{lt%tl[)ﬂr td ftsR)ccEpthi}iﬁtyo XHs Eeporthda /U RyteatiNod), pHeIA, [because of

th dr oxy-2-(3 -
the mybl?émg%;g, p,t@hgl,m}j @ﬁ]ﬁ'érfrg%ﬁgro& iﬁ%@%&ﬁ%&pﬁ;o&é solxm%n this formulation

f» conpound 1 has been
is noq aﬁ}(ag'é?ééﬁlr%&dtgnﬁ@ﬂofagg pomngr di ffraction (XRPD),

dl Neaoshiliat f(‘?ﬁl&fﬂ@bﬁ@o?mi bot ufea sajt th&re(DB) of 4 fofmulaticn
spect roscopy , hucle netic res
comppising cowpopid X N&%ef suigaple ?%ﬁ nstratiempy %Fﬁglla‘g}%f? has been reported

Sur risingly, the crystalline dihydrochloride salt of
p“ﬂgoﬁﬁ%und 1 can be ground into micronized particles
wi t hout significant dsmbfihemnvehddnti onal ly, the

crystalline d|hydrochlor|de f t.0 be
nei Ehedreshyinvadiep PEOVARS afaYsta) S1t ‘%]&e/g E‘%@g %(ﬁjk@'ﬁr OXy-2-
r ri ods at
Iﬂwﬁﬁ&ﬁ§§gﬁ(§Pﬂ§§Ha %?gglgdg&?épf (ﬂﬂﬁggﬁgfly stabl e at
hydﬁixwlaénggeﬁ@lraﬁmie&nhvy@scmaﬂm lThe&hhydmm}Mrsie spit ofi tatepound 1 has
har maceut | cal conpositions conprisi
been Ehayenteréset by ixdey saveershiftashop pean éihfgersn“al scanning calorimetry

B e SEEBABS S e s

by d}@ﬁ@@glabh?ﬁg i ncl ude f or rrul ations that are
specifically prepared f
Surprisingly, the crystalline dlhydrochlorlde salt of compound 1 can be ground

into micronized particles without significant decomposition. Additionally, the crystalline
dihydrochloride salt has been found to be neither hygroscopic nor deliquescent, even
when exposed to the atmosphere for prolonged periods at high relative humidity; and to
be thermally stable at elevated temperatures.

The invention also provides pharmaceutical compositions comprising the

dihydrochloride salt of compound 1 and a pharmaceutically acceptable carrier. The
2
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adm ni stration by inhalation. In particular, the

present invention provides an aqueous pharnacuetica
woanpagdi4ison suitable for nebulizer adm ni straPComsS2008023214

present aqueous aerosol 5 fornulation conprises

pharﬁia{:életi[cgl- dopiositiohy thehidy f@npieions tah wleapecitydlygmyparet foy |
admw&wa%iszwbzilﬂglaﬁi@flnam do- 4- hydr oxyphenyl ) et hyl am ne

di | - i NG { The
Fo I B sl
compdtidn Mitablerfef balivet atiminisenioabdhe phesamchqatm heHsd,

d ferably ab , desjrably i
formtion PO PN Br AL B ot FOC R AR B ethyl}-(E)2-

| SOLORIC { i1 ' al t £or
PS4 A S ARl faPHob O oL e
and waRer.alsOformelatids i FfeiddotagpH of bdtwesrhabout 4 lad a6 | on
provi des conbi nati ons conprising the crystallin ) )
preferhbly detrdenebpee and)abowsS. S ERe HTE pielerAblY GRaUiGY aﬂtgii%glrably is
. .oth therapeuti c : 116G .
ol RSy RO BB BB or syl i

for RERPRL sodifk chivride! OpHoflIgy ihddsmeulatidn @ aldo ih¢ledd & ngfatant.
di sease or 15 condition associated wth R2 adrepergic

r eFepherr thednyeptipy pravidss cempinetinfgopntisiigdie crystahme " a5

. ast hg oni tryct| '
R B B R St e M RN 08 8 o
pharfll=S QURET corfositivhk 3bMBdiAR Judhitombifitions., the net hod

conprising = administering to the mammal , a .
t hén appslriagpdct.heventionpsoddes mmediod of freatingst dipgasger -
i.hydrochl ori.de salt of compound 1 . The inventi
condif Hspeipen il Grepet DR oo b el U SRR R suh
as aSihith B éﬁﬁﬁic%s@u&ﬁ@?hﬁ%ﬂaﬂndi%as@, eI 1aRsUs héablo¥ical
effective amount of the crystalline dihydrochloride
disostzr.ta @fdieodisoudag ot inflogedtion) i 2 mammal.che methed sompEising

ad.m};q?%r i ﬂ#ﬂlg P%a‘fer%té:é @E%P%%fgg@{’]g FC%BJFgﬁ‘%?lﬁﬁ%f t[‘l% grystalline

dihyRfothicRldeisAR of iy Hhaah! Pid foefht fufherGREA Wmdthod of
conprising the steps™of dissolving N 2-[4-(ER)-2- 25

treatinyenit congpisipd edryingstdripgamondlipdtionyf p agh¢rgpeutically effective amount

of A Y P AT s AL SPPESsb: st vishone 6T FgFs 9tier
thergal;eqﬁga [ution, and adding hydrochloric acid to form

second sol ution fromwhich the crystalline salt of '
t hén yétranethier aspects theduveation Froaides ngmeodeshiof prephng the crystalline

oS s Sl SRR Rl o8Bk B S B
el ; lZal 4
e T
hydipalplienghéthglamine inptfiotarablvgntetd domga tﬁmt\mla_tiola‘,km_dtad@ns
o £ e e b 10 S Bl R
invel%ti?sf? bbb R0 | T?%Ti‘gwnéekgfbﬂ gﬁﬁ&r%&ﬁ&é&u drP&allifehydrodnibi® salt

nventron I's
produced by the above process. Optionally, the process also includes a subsequent

recrystallization step comprising dissolving the crystalline diHCI salt in a polar solvent,
optionally adding between about 0.5 and about 1.5 equivalents of hydrocholoric acid per
mole of free base, and adding a polar solvent to form a solution from which the crystalline

salt of the invention is formed.
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WO 2004/ 011416 PCT/ US2003/ 023214 The invention

further provides a process for preparing the
wonvaroredsate 2-[4-((R) - PCT/US2003/023214

2- hydr oxy- 2- phenyl et hyl am no) phenyl ] et hyl ani ne (2),

whiTde iireentise futthef provizlee pproaess oo preperiog the intienediate 2-[4-((R)-

internmedi ate is fornmed by re

2-hyplrgxy-Zrph w%mmn@mlﬂm@a@fmé_)g vhigh is yagfalfor preppring
comPYuld ., THL RLIER O R0 e RS ORI PR B

salt Eepsbf st $uTfi{iB)t-agionhesfbasy talibsanilivdegmtomitethrddinine
2. Brief Description of the Drawi ngs The invention is
groyp;; pnd reestirgithe yesvdgmé ipEQrist W&ht(ﬁ)ssta@élé Risidaa prgviiednierpadiate 2.
FIG 1 shows an x-ray powder diffraction pattern of
N-{ 2-[4-((R)-2-hydroxy-2- 10 phenyl et hyl am no) phenyl ]
ethyl } -(R)-2-hydrepefiestdptidrosfiaeDesviftes
hydr oxyphenyl ) et hyl am ne di hydrochloride. FIG 2 shows
a ditiefinyentioh ad illysieated We&@m.tw&qwcwmmmgfdmw\gg-

[ 4F]{§1&%R% ﬁ@w%dr O)gy(@wﬁggﬁéﬁﬁ%)glyplf LN ]\p E‘ffw t(lR) st M&xy-}
pheid SthPMHHRS PNdnly BEtRYIN 1K) 26h el iy A2 -03- Fdrlatig-4-15 Det ai | ed

scription of "‘the I nvention Wen describing the

hymmwbsthyl@onmmdrmom met hods of the invention,

nIGLIShERA SRSk 2 ot BRnbRbP IO TR 2 o
-plﬁeﬁlfymfywﬁna)mam]etﬁye}f -ER)S2 h?dr@ﬁy—@f(glfﬁfmﬁh&ﬁ&MCI ent to

ect treatnent when adnministered to a patient in

hydreegphenfylethglamiesdihydrpehlorden "t reat nent" as used herein
refers to the treatnent of a di sease or nedica

condition in a patient, such as a mammal (particularly

a human) whi ch inCIbétQi@&IDés’é}mﬁé@MﬁﬂhbiIMnﬁ&ﬁ di sease or
medi cal condition fromoccurring, e., prophylactic

tr e\é{hmad@scnblng t}pa;qmpwndsg 501@199)&@;@@ andrnaqtlilng off ke invention, the

di it

rollg gt Hauf FoebonParnantl; wiaS onsPElpig
Conﬂiettbl%‘“t!hera e ARLIILBCtive hmDURP B t6 Gn bitousl SERGEntes
medi cal condition, i.e., slowing or arresting the

effed@v@tmpmhen@ﬁnmsewdéea@eu@ﬁ llﬁm@ﬁd&fltreémtt ionin a

pat I eV| the.s

G shogm Phogaigbnd e SHEITERPS SHER PO & ffsasg or medica
conBifioA$ea pHicieAa6h &Y a MANEdl (RSSO H&Iﬁﬁm)\Mle&h fARludes:

adrenergi c receptor activit i ncludes all disease

st deks amdyenting thedliseremer medieal gprditionk ol asagE@encRy, or

that are_ found ture . to be associated with

t f
P2 adr erf&P y&acpggg%%e QeI PG such di sease states

ngbyde, andiorAing thodisddsebt BEdical cobAiRivs 1as istihatidg of@ausing
or pul nonary di Seases, such as asthma
regression of the disease or medical condition in a patient;

(©) suppressing the disease or medical condition, i.e., slowing or arresting the
development of the disease or medical condition in a patient; or
(d) alleviating the symptoms of the disease or medical condition in a patient.
The phrase “disease or condition associated with B, adrenergic receptor activity"
includes all disease states and/or conditions that are acknowledged now, or that are found
in the future, to be associated with B, adrenergic receptor activity. Such disease states

include, but are not limited to, bronchoconstrictive or pulmonary diseases, such as asthma
4
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4 WO 2004/ 011416 PCT/ US2003/ 023214 and chronic
obstructive pul nonary di sease (i ncluding chronic
woroenmhi4iss and enphysema), as well as neur ol eqiraakoo3/023214
di sorders and cardi ac disorders. R2 Adrenergic
and cleoejotabstractivie pithnyoriasy dibese kindwding chivaicdyendiitat &gl wi t h
re-terml abor (see. U S, Patent. No.,. , 872, 126), and .
empgyiEd)gseliss qem%%ﬁ}se@{%@é O@ﬁl@sﬁ?%;% iﬁad’*@f@gw
receEf%tr ggﬁviﬁgs alo Eng\%) FhPdssoctitEd m:}}re-{&ﬁtl%lir see@3.SUBKEt No.
erern ans having an osnotic pressure equal or
5,8721176) add $one thpds offinfidnymbtidro@ec™O PH/BOTNS. andddB. Patemtdso.
nornmal |y have an osnotic pressure that often is
5,29946)i bed as corresponding to that of a 0.9 % (W V)
aq Q 1.0 ' Lari
" DRR e GrothiiBr psc T Al ey tbdnEn oo fre hqual o
simi$42| 16/ tHa® Bf igioddgidal Guliet Boda fwkRMoagally lewve ahosmotic pressure that
cggéugate base, whose pH chan&e% only slightly upon .
often ddeastiabedas canpsponding kuthat ofm@9 e (WAv) paiePRs salgtioRfsodium
chlorﬁf ers to a species whose inclusion in a solution
r5 Svi des a buffered solution. The present invention
Pr ofHed@sn Sgley Sératbuffaed? as weed@therein refers to a solution containing both
N-{2-14- ((R)-2-hydroxy-2- 15 . . .
a Wﬁpilkemyi[ andritplcaniuaaly patenyihpea piy changrs only slightlyipop additipg pfpcid

1 do-4- hyd henyi ) et hyl am ' ’ ] Qr |
or b d sl U REE AP, T Dehrep e el iy Sty
Iﬂgﬁgégagﬁﬁéégkdﬁﬁﬁﬁgnt invention" refer to a materi al
havi ng between about 1.65 and about 2.10 equival ents

of Tsirwesentanvention oramdss, a wrtislian aamadtV-12-6b (@i -hdsvuy-2-

2..0 equi\val ent f [,Qr.i n le.of ,free base
phe’_f‘?é{?tgﬂag’l%o)%n ﬂ%@?;@f 'gr*fyidﬁ"é‘ F%Ejrhfoo aﬁd;o'%r esent
hydtoXYShEnlyDBthilanekadiRgdrecti sede. Dys @rd hetedythp @mis"dihydrochloride”

diffraction pattern having two or nore diffraction
and jéidi(d salt opthe\pasgrisinkantiont eeferftp ermaterial hayipg pelavsas playt A ¢

o3 B 7S 5 5Pt e 0

equiVaRERIY cBloyiné péd hoR of Gledbhse Mafigct eri zed by an x-ray
powder diffraction pattern conprising diffraction
pedkhs caystalline frmed thsfprosenpigvemmndis cheradiertred by 2g X413 powder

difﬁ}%ﬁ?%gz}lﬁeglﬁ *%’Enétgﬁ ct]r(eﬁlo%d? Ia?gergn( }?eﬁ;:(g %tsjea VaiddSelected from the
grofy ninLoPTealoes, Nyl3280 nO) PheRAY L 124885892, 24.9240.2, 25.45+0.2,
}- (R -2-hydr oxy-2-(3-formam do- 4- ) ) )
28.67% 20 Ry BEhGA0. 2t Iypatidulay, thi presenterystadlinestprmrs gharapjerized by
powder diffraction pattern .havi .two or re
an P PRt g DR SOt SOMPp e SR in AR H T e oup
| 5k frs3 610. 2, 16.320.2, 19.500. 2,
24%?‘5%&25902%2952%—%5225 450. 2, 28.670.2, and 31.160. 2.
The invention further provides a crystalline hydrochloride salt of N-{2-[4-((R)-2-

hydroxy-2-phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine characterized by an x-ray powder diffraction pattern having
two or more diffraction peaks at 20 values selected from the group consisting of
15.61£0.2, 16.32+0.2, 19.50+0.2, 24.25+0.2, 24.92+0.2, 25.45+0.2, 28.67+0.2, and
31.160.2.

As is well known in the field of x-ray powder diffraction, relative peak heights of

XRPD spectra are dependent on a number of factors having to do with sample preparation
5
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As is well known in the field of x-ray powder
diffraction, relative peak heights of XRPD spectra
wanesepandent on a nunber of factors havi ng tecdwsmos23214
sanpl e preparation 5 WO 2004/011416 PCT/ US2003/023214
and amdruimest geometry, whiderpeakyposisiens are pelativebp Fisensitiie taregperimental

R R T R T SR TR
powi‘agﬁai%ﬁéc%}tl E@t@erﬁ)fn ARich-th@PeakHRWRiBHs Qjefsﬁﬁéi;ﬁitiiaﬂgi iPadcbRIahce

whi ch e peak positions are substantially in
witlathose shamwoen Fiith t hose shown in FIG 1. 5 The

talli f f . th ' I is f h
cnafts ot Oty of e et ST sabiscipbfihias e
infrifall Ghsos RS pedteh WhiddhodR §i%fiﬁfcglggh]l??@?€1§n 8ind %g %91&1, 75241,

7521, /871, 8271, 8731, 97 0201, 10
787106827+1,87011, 97019 7986+11 @B, WB3x1, 10664011 1015821 97+1,

12982 SRR R0 ST O BN R 155y ben™
fu rfﬂ%ec?%sgﬂﬁ{ea&iﬁﬁl IsZ§ Igt;: ¥ gﬁ%gnt' ihwendbh {Efef Rirtik cREAMHAE by

calorinmetry trace wh ows an onset” of endothermc
its differentid] evunnaly calvoimbetROECe wasich dhbws tn @ahsad of endeiti@rmi: heat flow
W t hout bejng bound to _any theory of action, )
at sk Co BBRURRR TG 2 AEhai Pribe Remhi i 4V throry phaction.
confLHE S0 GURRREH ARG £358 s at BRE hhce
thatrtieé ¢nystgl farml of thequegeasint émivnashibite sinartpeeatsundtingand
scanned above the onset tenperat Lllr e of about 200C. 15
decqmposiiqnsasithe tepipsratip ithicapmadaborcihe nsgt tefgrature of about 200°C.

dCMRRLLh Ay dRE dFHARLR 10Ol RHBASHIE] beSkMIA
tenperature an umdity. or exanpl e, after stor ge
expbaire Rl:lclayes temperdfdie amthutbidity.hBod eXiataple, afied stahge foy 3086ys at

407 PR 5 PTG P S5 ST R L ueree and Shalyss by

higPRRLRR RIS ORI FHPRET IR nippRiel b hemicq doggadation
of etthgrstrgstdllirearnbterialan thd fommtobtdimdd di0tly hatrykalizatemor of material
round. In another test, the chem cal .purity of t
thatgwaé E%gr%% tBPRoIHEr sl @Picg?mw&sp%% efibe &rqsgn&ﬁsﬁtﬁg d
. 1 i t) . g
maidl s SR AR { R TA ok A6 AR R O 33 W humidity.
havitegpresest matené] daatbepesvidddmstpatticleadvamgausizeld between about 1

which is generally accepted as the particle size rang$
and abpwtd Srimarveuely s seaens i pecepied ias fhemiprtiie siparangs appraprate for

t.-he. nr t i . Ofy. ' .
s ISR, O AL L RO o
suit§sle Bardpatition of phpdidcb@idaPéompdlaionBde phitealar, pharmaceutical

conpositions formul ated for adm nistration by
conjpepizipes fognulatrddoradminiiatiorbyiivhglafiohl ori de salt of

th resent | iLqn..can,be f or he i

of T FRltnd LR MOAFER AT bR A e R by he
additioR oRet leX® 106 BREVAIEnts of HyEseHIM@radidtorthp attafe coRlpoand 1

To induce crystallization, preferably the solution
dissphvgehin a polar solvent. To induce crystallization, preferably the solution from

which the diHCl product is crystallized includes isopropanol and water in a ratio of
isopropanol to water of from about 4:1 to about 10:1, volume to volume. More
preferably, the ratio of isopropanol to water is from about 4:1 to about 7:1, volume to

volume. The water component can be present in the polar solvent or can be introduced as
6
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30 which the diHO product is crystallized includes

i sopropanol and water in a ratio of isopropanol to
woav@roiofief rom about 4:1 to about 10:1, vol umePCo/US2003/023214

vol une. More preferably, the ratio of isopropanol to
aquetal RydrbshlbrioacidbBreferdbly theratib ofitotal :solvenidiofree base material is

vol une, The water. conpone can, be present .in. the

from i | 10 ShALSP e AABE (1 F%watgga(ﬁsa%ﬁwlﬁdéiﬁai%%f
, .

conBibi PERHUSIRIA BRARISIY BB, ' ecBiiclind e reslting
mixtieé erdle back to foonmrteatpemtturt beford additioniof Erdchlora agide

(m) to weight (g)..Optiagnally, the mxture of

CoTBoEHTC Sheic R lino SotiG bt S he hamied b eisso s camopad 1
. .1 he r ' i I I
in i B R E PG ulsdf pb G bl 40 L Ehi ot €0 BIEE 1 oom
temPerhi@fe, 83HEAPhqueothBydrostiord ddid)end sticingstuking ceystabiézation. The

ornmed by dissolving compound 1 in isopropanol at a

crystadlinsarredust eambe E@kaw%éﬁ’ fipratian apg deied yprdetmghugo lpone aspect,

L B GRS STRE e 56 RO e

prodeky&satibddzabbi-@n. The crystalline product can be
isolated by filtration and dried under  vacuum,

. I n . on
s Sasionally, Hes esyakine SHICH S 67 PorPpist ey Rbissolving the
rystall.ine droochl ar.i de. r .
ory i Bl i BGe Y USSR R FERT oy 15 6e Ml W] salied
prodlictds t§8lequiarnBeTECIes dlld ¢iZ8d taye, pacticaolywilrg dréparing the
crystalline salt in a polar solvent as described
produsbategreatey thasgriam scales hydrechiasiqapsd ean hedagludest wdhe polppslvent.

i val f .
o R LS 5 PO 5 S g

of H(13Rr SlofyBfSecdl tase Ryde b ilided &¢ the poddr sbiventacl uded in
the polar solvent. 15 In these preparatjons, between
abo\illostetehin Exsounlesi7amndfTgrbelosy Ahgerastaling diy! salt can be
equi.val ent. of. HCl '
DAL i B G oSSt AL bercn,
optioARRIdEg 13/ dedtlloffe o8], ithitidgheitle tsppiophholnenddickilthg adobm
can be recrystallized by dissolving in a mxt u,rg of
tempeyaiyreowithstirringd Thatsedust Can) bevisaletgd b flerion angd dried under
olg%i onal | y addi ng hydrochloric acid, diluting with
vacyl propanol, and cooling to room 20 tenperature with
st i THel fi&senilin@emiondilises provided dquedut ftdrycehititd] catpogition
and dried under vacuum The ﬁresent i nvention al

conmrbm@q%52éﬁ(@a@ebwo@ham Viammoehiensethyar R)_2§h%dmxy_2_
-5 mhsaegsipins il hloride isrelnshe opstyp sat” G

is shitdbR) foR nébilizexatndinistration. The aqueous pharmaceutical composition
(3-formam do- 4- hydr oxyphenyl ) et hyl am ne | L
altediatyely sathbe pdraimistered by mirapasculagidniegonsay by mtraygpoupmjgegon.

sui.t abl.e for. nebul i zer . adm ni. st. '
TSt S PaR O b8 R Ao B SEHERURICI sl
des@SHEIRb&VE Bk R¥senDhdrasdl SerHudhioh Rp8@Eik@the ket salt in an aqueous
i ntravenous injection. The active salt is preferabl

y
solysonvhat ésibufifered tora/Bilaif bptweses shavt 44n¢ Bbow Oy preftrphlydetween about
5 ar?ci all_b!%lut § g’l gnd more preferably about 5.

The formulation according to the present invention contains between about

0.06 pg and about 1.2 mg, preferably between about 0.29 pg and about 234 pg of N-{2-
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descri bed above. The present aerosol formnulation
conprises the active salt in an aqueous solution that
woohfifased to a pH of between about 4 and ab®ear/u82003/023214
preferably between about 30 5 and about 5.5, and nore
[4-(ER)e3- hY@bk)jf%imele@ylam@)Pl@ﬂnﬁﬂﬂhﬂ}cﬁ@)ﬁclé@mi}’n%(i éprmpaido-4-
r esent vent.i o bet wee 0.06 g and
hyalgsSaenyD SR Ay AR R B8R 269 Snd

aboye 11933fo I diBydrécié2i ROQR/ R ikAkEsent formulation correspond to
PCT/ US2003/ 023214

bet\{rebn(aba)t ®R0h g ank gbatt pmeg) preferally betwashghewyd.25 pg hyd gbout
- hydr oxy- 2- ( 3- f or mam do- 4-

200%%%9 ﬁwé .kwfa SN a%ﬁﬁt»r?@m@mcbld@ﬁ B aksobgiongr am of
I
.S 0 ea%gt?%lisgga%taﬂx#fc@ﬁﬁ{a'}atgl s(l:t%)cjrﬁﬁg g%ﬁ.\gaﬁ&f Wltg Lﬂ%@nﬁ‘a@kﬁtlcally
%balﬂé bf&¥methganig whlvhus presety in sulefi@r iabitsyprowhated anduioout
25 and about 5 200 g,. of the free bﬁfe active .
unpa;j@mted fosmp dibg @uﬁfena&ageg? igAnterdused g aoacid qups t ae&rrfagondmg
SR TREE BRSO RBUL PO 5 B U6 shin

spedifie$ fibe.| Bx&a 1@5 bbsuitableipharnpicoitivabbefteraigchgtits 1nclude c1trate
unprotonated form The buffering agent is_ introduced
phoa@ha@m selphate.acetate, syrsinats; malsgisn amchtgrtraé%lmecwﬁ Crtgatepyfépred

L R LR R T

chidiiflet abl e pharmaceuti cal buffering agents |nclude
citrate, phosphate, sul phate, acetate, succinate,
mal Taagditioanie fopmulaiton %epﬁl@@l y @alydgrwp 19 @bewr lege per gram of
s.ar fer t
solu 1&)n E it C.%g@ L5 ?18{ g/db%/\n ) Qlét:,%u A as%lgl e R:[hg ﬁ%@l@o}‘buan
moﬁtﬁﬂ’éaté Glﬂveeh@ESO‘) Oioﬂlbﬁa@tth@lﬁaté aSpay®t 8nad thy llkﬂCThdﬂ)nlnnlatlon can
about 1 ng per gramof 15 solution of a
be%mﬁﬂﬁﬁé%EMﬁ@ﬁmﬂ9 acceptable surfactant, such as

DO R R Pt 258 R PR R RS Vo o

for(tayb@glu%noqary m@@gtﬁk%ﬁ]ﬂ i zed as appropriate. Thus,
sui t abl e pharnmaceutical fornul ations of the present

|nthﬁﬁahﬂE%h§@5ﬂH@ﬁwK1(a) 0.06 .tg to 11.7 ngy active
saI Oltoerrgmtrlc acid (c) O0to 11 ng
)G t bhecat

ng surfactant (e) NaOH to adjust pHto

betw&gm;ﬂnggguﬁwwﬁ{) water to 1 g. 25 A preferred
pharmaceutical formulation consists of: (a) 0.29 pg
t o @BNagHalotadjust piite between 4 and 6

(f) waterto 1 g.

A preferred pharmaceutical formulation consists of:

(a) 0.29 pg to 234 ng active salt

(b) 0.21 to 21 mg citric acid

(c) 8 to 10 mg NaCl

(d) NaOH to adjust pH to between 5 and 5.5

(f) waterto 1 g.

The present invention also provides a process for preparing an aqueous aerosol
formulation. According to the present process, the active salt, preferably the crystalline

diHCl salt of the present invention, is dissolved in an acidic aqueous solution of the
8
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(b) 0.21 to 21 ng citric acid (c) 8 to 10 ng NaC (d)
NaOH to adjust pHto between 5 and 5.5 30 (f) water
woOaois/og141dhe present invention al so provi des aPpPTASE®3/023214
for preparing an aqueous aerosol formulation. o
bufférdugagtnt gviich tsipeoyidedsis ithe gnidc EspHihden edjusted byhddition of a
preferably the crystalline.. di alt ,Qf the present
base BgAo AR ELT Corraliey eirid s Sora e batastibmBhivag,
soluflbn.t PBe St a%&g‘lé @bV PGl 4drBO 91 23Rdifn; REViliBgia@lution
agent, which'is provided as the acid. The pHis then
witheehj ingiab dHDf aamhohid i o iThefpkais thersadjustedby te giaior] addgion of IN
ample, citric idis ded to.a 0.9 % saodi .
NaCHh i i ctuion,asdfe Somsa L A eeizgng mmouti L Pusgdi
chloHQE siftidh fs RRAkd PFproAlieh defredRb@Y idiitth \@eigﬁ’ﬂ. Wrh&a subdctint is
an initral pH of "around 2.5. The pH is then adjusted
inclindedtih éhegioadulatiomdil durfactant canMeSniXadwithribé $oditne chloride solution

. solution has thﬁe dgs' red pH.. A remai ni ng anmount of 0.9
prioyfosthg iniraduetienel the bEErngiaght s added to provide a

SRR Y peb it kR Pl 0 XLV CARPANY 1, Por gram
of seiutied prépared dselesaibed abwiel hasi titen dehohstared tpbe stableaipbhstorage.
i ntroduction of the buffering agen S risingl a
In copiaSt foAB¢ SR FETAL A He- 8?“%%@ ooé,waoﬂﬁm rﬁ%g?ﬁ% o1,
. e,
oo 1898500 6L aRtep ot eton
obsed0dd dfes tfouranérihs of staradd @i modra panpeaturd) at dbernPaddetnit anNssay

metii<bkrohd o G, PRSP BB RS 1 L) AR (R S dese

comBaf ' Behftze! oA schlial) AERERA oL Miter fr aipe

mondlis &i5FC. presure |iquid chromat ography (HPLC). In
addition, the free base 15 conposition of a nebulizer
sol ution was essentially unchanged after storage for

Smmelgg Ofgzglg{]{,@? oali 5 C. Synthesis of Active Agent The
N- {Tie[adtitd @ﬁ;nﬂ MWYRH DR -2-Hydeoxyt B phgrysathyhahpbphyhyl iy} -(R)-

1-(R) - 20 , .

2-hystrexpy2iyermanide-drhverorypheny hgthylsmiph sHpPe ey cabse,
. _ . ¢ . .

sm BRI ey BB e RS SRR o) Sk
and &nther deddni®ed dethe Bxhaples belohve IEwilhpd gprdvddtedithatl whilé $gecific

be appreciated that while specific _process conditions
proqeps eondjtions (i@ Aeackpipiermperatgss, timstemoleaiies ofgeacints polvents,

react v AE O ' ‘
e RG] e 208 Sleoe R SEHS R o b 2R e
stat@f. herwi se 25 st at ed.



9 WD 2004/ 011416 PCT/ US2003/ 023214 Scherme NH2 1)
NaHVDS HZN I, ~I p THF, DMVPU I~ + 1 H NHz 2) HC OH

wG@poMNMaDHIZ OH TBDVSCI | OTBS 0 Y | Br i m dazoPeTfskoos/023214
HNxH DMVF HNWH O 0 3 4 9% OIBBr H2N Nat TBSO H HN H H
OH DVMSO H i f K2008 HN11 $ch®Mep 4 2 heat 0 5 TREAT HF
THEOHHOHHHO~ NI~ ~ Pd/C, HI" O I~ NI~ ~I
N~EN HN HHOHethanol HMVHH OH OO0 6 1

I nterpgpdiate 2 can be prgpabdy the,coupling of

2- (4{arfi nopheny! ) et hylanm meF, Bveod (%f ne de.
The a e, which i tlon-a-l—l—y—pxsow ded as aNs t, is
first Tedbted wi bet weehiChbout 1 and about .2
equi val ents of a base havl NgOH pKa val ue greater t han
about 18, in order to substantially deprotcmate t he

4-am no group. The (R)-styrene oxide is added to the
product of the am ne reaction. It has been observed

t hat act anf, st0| ry can~affecygthe purity of
t he p@i grt hi d&%ﬁl on. @e rconpl ete
azole .
O
HN. H

(93]
(N

oTBS
N »
© I * H O ’\H©

HN__H DMSO
I K,CO; X
TREAT HF
THF

Y

' H\/\C Pd/C, H [P R
N » 112 I’ :I
Ho”li>/'V N’\(C - O/Ej/‘V N’\H©
HN__H H OH HN. H H OH
big
o} o}

ethanol

[ et

Intermediate 2 can be prepared by the coupling of 2-(4-aminophenyl)ethylamine
and (R)-styrene oxide. The amine, which is optionally provided as a salt, is first reacted
with between about 1 and about 1.2 equivalents of a base having a pK, value greater than
about 18, in order to substantially deprotonate the 4-amino group. The (R)-styrene oxide
is added to the product of the amine reaction. It has been observed that reactant
stoichiometry can affect the purity of the product of this reaction. To ensure complete
consumption of the (R)-styrene oxide, preferably less than one equivalent of the styrene
oxide reactant is used. For example, a stoichiometry of 1.0 equivalent of 2-(4-

10
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10 consunption of the (R)-styrene oxide, preferably

| ess than one equivalent of the styrene oxide
woeemiantici s used. For exanpl e, a stoichi ometr pCofusin08/023214

equi val ent of 2-(4 10 WD 2004/011416 PCT/ US2003/ 023214
amlamhwyil)@hxlammem Il aeiwigalent dfhase aind 8198 seuivalentaoé (Ragiprene

e of (R -styrene oxide was found to be
OXngf‘V%Sctt%ﬁ{’i%to rﬁeﬁﬁl Y$asi ¢ conpounds i ncl ude sodi um
bi 51(1 el mRbiB¥bBbbdl %E@l@& so@hﬁﬁbi@ﬁ%fsn\éﬁiyléﬂ%fbﬂﬁi@% Afernatively

sodi um hexanet hy | di sil azane
knodmmopdmm}hexmtheldm]nm (NaHMIS?S) Illtlnlhm ditsoprpieyl ragrds, iand

n-byty | S1 lgtgff z 'g]ber])éfl Cg)rr]]gg f)%;gqftﬂlyg%%lcée\éﬁg ta sgl\(%}ltesr}rf]stlerr}ﬁngludln% a
po1a&%§/rp 10@61\% suthhs 2, ﬁdmétmlzvﬂs @-ta&aﬁhﬁvzclm)ﬁyrnﬁﬂﬁqone

Addi t1 onal “exanples of aprotic pol ar sol vents
(DMPIU) uﬂédltiomiabhqzhlslai; b Dagiroliag pdliar smbtelnysl ingydodinietiylotoxide, N-

e SRR A O Sisel  ER  DESRE BB o
hex%%g%hg%hb&ﬂla@ pr esent inventi on, no pr otecti ng

grou required on the reactants. |In addition,
underthd precgss een@rdmg tnidtie tpiresast, invdntiod awi pretd:ctimggdoupsame r

|sfor din SI? cant uantities. \Qﬂen Std:q
req%&@né HEBraniss In iR SR thePieprnt SpRALEGRS: §
reglbﬁsln%fiﬁ%nﬁéaqn s%%?ﬁdaﬁ{‘ SHn¥iBSs. Wﬁéﬁ@ﬁt&éﬂg’ baE@@at%BféQﬁ' red

regl ol somer resulting #rom endo openi ng of
depepondtidg the andlinesis aot in€lutiéd thodeactioapivds) prirh&rilyothe endesinad

the solvent system al | ows e ani ned f
regigBRREY BAUANB OB HEROPSRIE) oheregox TR Cof byl protic

r ,
o R Sy At Bl R K ol IR SR P Bltine o
remﬁmamsaluaohvent such as isopropanol, by the addition of
hydrochloric acid. T taI lization

pr o BT e R eI (s hepldge Eoiplige sootin &%@%ﬂ%ﬁs the
hy B e A OB oot IR SR B e eRGH R ad s
hydmﬁlcmm ah;cbl rTheiceyestdlizapion \prebe d@re [effi i ¢Rly-spadrgtes theyde@ired product

phenyl ef h Iamno hen et hyl g ne (2~ The . . .
frorg syde & Paedet %%al[ﬂe%yﬁévcbfeﬁﬁe salhipgpdizsplved with
» be prepared by
101%@@%‘1“?3%‘?{%8“{“ Ly (R pERER B S ane
pheﬂydet}hglannnd)bmr@ljeuhylapnm@ure for the synt heS| s of
i nt er medi ate

(R)The @F@?Rﬁ)nﬂmeés} ERAIPHSL 2- B Dy -BydroRety | ) et hanol
el BR34BT 5 s o

for @Osstatadiodddinhy sboverreodtedutIBBthe gyntﬁﬁ‘iﬁ&f infenhediate dL at e
3 can aI SO beégr epared using_  procedures simlar to

t hdder fosinapideyddenzyloxyphenylsthenelda). (can be prepared as
desgrgo%ﬂ’ln %SS lﬁa@e%}No. 6,268,533 B1; and in R. Hett et al., Organic Process

Research and Development, 1998, 2, 96-99. Intermediate 3 can also be prepared using

procedures similar to those described by Hong et al., Tetrahedron Lett., 1994, 35, 6631;
or similar to those described in U.S. Patent No. 5,495,054. Intermediate 4, 2-bromo-(R)-
1-tert-butyldimethylsiloxy-1-(3-formamido-4-benzyloxyphenyl)ethane, including the
protecting group fert-butydimethylsilyl (TBS) at the hydroxyl position of 3, can be formed
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30 or simlar to those described in U S Patent No.
5,495,054. Internediate 4, 2-brono-(R)-
wa-20@miidet yl di met hyl sil oxy-1-(3 PCT/US2003/023214
- f or mam do- 4- benzyl oxyphenyl ) et hane, i ncl uding the
by tHezatiRidhion ger gbmmmeemﬂsmummdm(ﬂmamsw land TiBezalt t¢ he
hydr oxyl p03|t|on of 3, can be formed 11 WO
m’ferE@dlﬁﬁ tisselvedin dispdoioopanide dhe addition of ter

| i a4 ke bt %ﬁ.ﬁ#%fﬁﬁg%lf A (SO R ©

solvéﬁit 15 é@ﬂigﬂi&@sﬁnﬁéﬁb&a@d @dcyodnmfd,dldesm geatmg to about 140°C to
di met hyl sul f oxi de %DI\/ISO as the solvent

fornpioteaseiiats: & Golaf( >—adwds<u@rrz;nhqnamrwéar@ﬁa>ms@xlieﬁ@vl?@ 2-

e
il (T8{Iy bypsaddigon of
oS ST TS et e i

triethydgine 4=y dR) idoridey TREXI HF}; lgnng mtdnpediate & é\j MRJ) -2-

hyd‘leﬁ}tég ?@Hh}s&x}é‘ﬁﬁﬁéﬁl%f’ yﬁlﬁﬁ'ﬁ &3@) &o%rdr?%d%{f form agjido benzyl

cggy?ﬁ Qfaﬁiﬁfi’e pon RORYiSH. The Béﬁz’{yﬂﬁ@fe@ﬁﬂg gioRp s Ryhoved
ydrogenol ysi s, using palladiumon activated

front mté:tﬁndlatem' oyeathlyige hydzo @m)ly\m, wx@pﬂhlﬂdlum on activated carbon,
Phar maceuti cal Conpositions and Delivery Devices 15
Provifeg theastiyg ¢ROWEm of the diHO salt of the present
i nvention is advantageously used to prepare
phar maceuti cal conpositions fornulated for
Phasghtenticat Catnpositidys dndﬁb&liazbhdhevicd‘s’h armaceut i cal

kgg@:e ?:tgylé]%n m%%\g/h)g,% e, ])—,I%‘f Baﬁ;,\%letlag Pﬁ%}s\%ﬂ é’lf\fglnﬁ%jlas adv%rﬁggeously
used(;@ ﬁ%@ge ﬂ%?%a&éﬁﬂ@él%ﬁl ()M@bl)ls foﬁﬂﬁl‘éﬁzﬂtfblo&ﬂﬂnnﬁﬁﬁﬁbﬂ BfInhalation.

uce a streamof high velocity air that
Phagmatsetcabinhhlatiapdenices aageerterdlly cigsifipd asnebulizertinkdenandrg h

powlalgrslglﬁ%léllgzd gbgtgxgi &g%r%e i afeﬁﬁ Q\aﬁbc Z‘iﬁnl glgtronafnebuﬁser devices
procfu%gggﬁéeﬁﬁ BFni %ﬁ et RS 84 1l Ea&@péﬂ {HeZPEutROsPent ®lshdyl B8R mist

constrtutes aspect of the presSent invention.
whidll iseanizdiinteltye petthﬁt'i tespiegienytifact. ayedisclosd abevd, enpateued

for nebulizer ncfg] ni str&tl o S adsus ensi on (%tut
phamq}cpgtpﬁakganwmq ulgted Plger gdgymiratipn fppstitutes one
aspé@rt 6f 8 ('g?e%%t ifven¥iBh C@'ltjebhag%l? ngd tlﬁ?ap@@ﬁ’d nf&RUWe Bfmifated for

e particles w di ameter of |ess
nebtﬂlim admitrafion as a smpemwreoﬁmmmmwérpad@hsaﬁ gespirgble size, where

michab P G ITAF S HvoR Bk PLE IS PE B T 21 2

S exan‘pl e, in US Patent
d1a.rg§t%2%ﬂés§§fma% %ggbg? of the aqueous fornul ations of the

pr eSigtableineb@ivet dévicaarage prolvided comtrercidlby fdr(exampleableAR,I

for exanple, unit dose containers, suitable fo
GmyH| (Stp@ﬁyrg;)ﬁermany) Other nebulizer devices have been d1sclosed for example,

in U.S. Patent 6,123,068. Aliquots of the aqueous formulations of the present invention
are filled into sterile containers, for example, unit dose containers, suitable for delivery by
the nebulizer devices. Thus, the present invention further provides a kit comprising a
nebulizer device and a container whose contents comprise the present formulation.
Depending on the actual delivery volume of such devices, the concentration of the

formulation can be adjusted to provide an appropriate dose to the patient. Inclusion of a
12



10

15

20

25

30

30 the nebulizer devices. Thus, the present invention
further provides a kit conprising a nebulizer device
wand4aicant ai ner whose contents conpri se the pPesaIS2003/023214
formul ati on. Depending on the actual delivery vol une
surfaefans licthe d@wivteon dahde beutier inddcomasio at$raptidroefithe agtiveragent
can_be adjusted fo _proyi an a rop dose to,the
on tsRepRyEe cRERES SBVIBPIch ALsomEr BT o e Presence Ot
QAR 4, 88%o]izAt m] dePmiitetideon can
Surf%%@ﬁé??m a gggllrdggogieng aoc}sorlpt ion of the active
ag®IPl's typicallp admélister 2 therapeuticaigantrin tixhoundf sk flowing powder

adsorption qgccur. Also the presence. of the surfa
that 31 AT awPENTE AR SVEDS BFBEHITY 4Gy P Hevices

§ S/ bedng developed.

i TR E5ny Rikop UBEOEIARE B3y hchg dnclopc. 1
orde? td dvhleve afrdRefloWifPpowedt, ihe tiiergruiie agens cai be Hrmekied with a
during inspiration. Alternative DPl devices which use.

suitable @%tmrﬁ 4¢-2elnstasy osgaichy A drapeps Sarpldisrgde made
exaxflpl&?ﬁy cpnl I\}\lgg\é?}; {&E@g‘% P]Arﬂcle? ﬁ'im&%n%ﬁ Le@ of BHREHHCI salt of

erapeuti ¢ agent
comb8al @ddecﬁy\wdrﬂl@ Slrhates, tecppiteat bé ﬁ)rgmulatd:chwttbzsﬁ
or starch). A dry powder fornul atjon can be pa

excipicaispToe f@yn&@im inlorgedingo p detrosilep dispensPl 8T e thalfaﬁon

croni ze f 10 conpound
camrir‘]iggﬁar ﬁﬁ'pﬁg]ﬁgg eWﬂ%A?'I {rg&) %Jvdéﬂ?@t e(élcggent can be
f O'ERHIng1e8 &f WAL H@lwery @é(\ﬁd:d@gﬁ\h@ed chenérofaity liafiderDiskhaler
| oaded into a dry powder dispenser, or_into inhal 8% %}7)

(Gla@asmthﬂge@, Raseay &"ua@e Park, 62 (8P4 $2-aUd- 258t er >;

el |

iR ERNnEER T BPITS, BlRRl frpsrorrasaes

(Ast(rﬁeaé@swmﬁiﬂgtdme DE)Eg@‘eeaé £. hUI‘I iParegt Ko PasR4, m@) ar(dsRetahaler
U.S. Patent 15 Di.s

(Gle(x@Sgnxthhn(:}(Kq:q, ge), Y- §eBateIg I\}p 4 3@%@65)3&1@1{{& fxpmples of suitable

378,51 Tur I
oo 2% G I RN S35 L0885 N
refefdae@BSeint hKl i ne) (see, e.g., U S. Patent No.
4, 353,365). Further exanples of suitable _DPl deyices
ar MBbs typideBy disshaneesa mpayused amgyint of theyapeyigpagent using
239, 993 d 5, 715
congef S Ry SR P VSPGB B

susﬁeﬂﬁbﬁ@ﬁéﬁtiv@ i dltentl'iﬁlafl uei@fpopsketd Whilpehlossttuogecarbons, such
Fornmul ati ons for MDI adm nistration include a sol ufion

as QFlsF, mmngnaﬂy hawe heen weed prpopeianky dpeioLonPegRseaing
advgrsﬁg‘rz s'a(gg%lﬂ\{%aél gs grp %llleulg Cﬁﬁggﬂﬁo?ﬁéﬁ%hﬁg%@mlanes

ve een use as prope
(ngnﬁﬁh A1 flelgia-&&falﬂﬂoro@ﬂiéﬁé ger afiB&otaad af1, ERGIB, agemﬁucmn-

t he ozone fa er, formulations using
propands GFHA az’tham: hef@sdezglopw]: A&dd@@,t@ﬁl, cg@ponents of HFA formulatlons
2-tetraf.l oroeth HF
for pirjr ety Fad iR 50- G PG, S Aol Blptane, or mior amounts
of WRGNafiENefeRef, sudH@s kb8 trioMAR) BRI é‘md}fledrﬂﬁﬁq and glycerin.
formul ations for MDI adnministration inc

(See.dosaiampie, $1.S sRatent . 61235, 88, ER@Ht7aRe, A?@ﬁndﬁNr% p2/22286).

am)ﬂlus, a suitable formulation for MDI administration can include from about
0.001 % to about 2 % by weight of the present crystalline form, from about 0 % to about
20 % by weight ethanol, and from about 0 % to about 5 % by weight surfactant, with the

remainder being the HFA propellant. In one approach, to prepare the formulation, chilled
13
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of water; and surfactants, such as sorbitan triol eate,
oleic acid, lecithin, and glycerin. (See, for
wexenplietlc U. S. Patent No. 5,225,183, EP 071798PCAZS2@a/d23214
WO 92/22286). 30 Thus, a suitable fornulation for M
or présbuiinddsiydadflwmoalkaneiinedded o § vimhraaining tbe pEserctystalline form,
about 2 % by wei ght of the gres nt crystalline form
cthanyal GipEsEER 205 BT GE PERSCY b L0 REPEIRA BEPERER, DEng
r . . 0, 0, . I i t;
phacpp VBB (EpriRaRE Rifroftyl PRUYES Thhe RULAGLRLS loadtlio an
acro@b pardgel) wiich formpampertione oMl devian Exahipldsed MDBdenides
2004/ 011416 PCT/ US2003/ 023214 or pressuriz dqq
deveinpgd specifasablyifreyre with HEAdgonedants gy oRgRd 41 Hi §atepighos.

690€¥$§%§§?ﬁﬁ%%%.||ine form ethanol (if present) and

e” surfac (if present). To prepare a suspension,
t hin ghatermtad tprematation) 4 suspension\forteulatien i¥iprepmnedreytspray drying
particles. The fornmulation is _| oaded into an aerp OJ
a cogttng; of swHactptioarmicEmiAsdpariisiesiof Fhegrresent fpptalimg material. (See,

Exanpl i el . i.fi
o PR B S0 Y D08 P BAORA L s o
prepi@So resFirdMkEpaAfbleggld @or_irﬂﬂ?atfﬁﬁi ancll devides ahitabie fdriintealation dosing
reparation, a suspension fornulation is prepa
sce B Rytealr Yo 263 Sont PRLos S Sa D andio. o R R i §ss319
j of the present crystalline material. (See,
and 39 DS08RS : / (

e, WO 99/53901 and WO 00/61108). For

addghg prRakt BUWRAE coimpIRICE $Sefective dOerpiapgy ofidpsages and is
respirable particles, and fornul ati ons _and devi ces

genesallytadptinistesed inrerhprapeusisalioeifest ve ameun. &t wphbewdepgred,
6, 268, 533, 5 983, 956 . . e,
o By B P S 0 e B0l

phys%iﬁﬁ%ﬂ@ lisht bsthefrélednt Yecu@istincas, hiash@gding thedoadigies t@bitreated,
is generally adm nistered in a therapeutically, . )
the Ghiosencronteeofadimimistration, tielage, eeighicrndgesrouse aithp figividyal patient,

t hat, t amount  of th actual | y adm ni st ered
the %V?rllty@gﬁ?féfr%g?ﬁSnsg’alp%%/rgsaggp ?/gi:ﬁgl an, in the |ight of

t hgulighleMasys of iticciepanic @gent fdicinbislatien ddreinsandorn arein the

be treated, the chosen route of adm nistration, the

genaxgleangeedfghm about OxtSpidaydo eboutHE0D peiday duslferabl frem@bout

the severity of the patjent' 0 and t .1 ke,
0. oo Ahagfint HE LB ndgrRiol ne Rion st s

A i ; i iE&1g eakeh irft 8Bount i
o QL e 0 Sty uch s i

deteabimirig sudtablepipbetalpr inhalatiousdsidtglioay. |t will be

d tood th the.f ' f [ t . .
e o S0tk L L1 BELL 0, . BERLLE R0 il s

weeﬁ,eciaiilge?rymgﬁigﬁe‘: ed Serld@l €Phd RELMBRGRLIeni May 14§68 MMnfihREation

suitabl e doSes for inhalation adm nistration. A

ovecexwadad geriads dfainag) fomdxsmeleefbr isevesalyereke di monihs.cor the treatment
weekly, myltiple tings

) er 5 e dai | Foo. . . .
regipeR FYITEdH R AEOe adragwlgﬁtﬂ% $iialficibises P gftefimipigration are in
the ée%%ﬁ'l ;aeng@%ﬂljah?ﬁﬂoﬁ{ .85 pg/day to about 100 mg/day, preferably from about
0.5 pg/day to about 1000 pg/day.

The invention thus provides a method of treating a disease or condition in a

mammal associated with B, adrenergic receptor activity comprising administering to the

mammal a therapeutically effective amount of the crystalline dihydrochloride salt of
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over extended periods of tine, for exanple, for
several weeks or nonths, or the treatnent regi nen may
woeouioetichr oni ¢ adm ni stration. Suitabl e doseBCTmiS2003/023214

oral adm nistration are in the general range of from
compdRRdL 0P DB pBdreiayeticalddaiposition comprsiyg thpr @fwaliibé y from

about 0.5 g/day to about 1000 g/day. 30 The invention
dihydrénidorfdecsalt @é sompariichbd of treating a di sease or

copdition in. a [ | : i

; Bt adiGee R EBR s P AR Ml o SRAC S

PEABeds.! ReF @@ﬁgﬂé,@lﬁ ryseaf dceat ¢anceaininistendd ihlkembination
themcr yst lgl l'i ne dihy rochlﬂori de gseal t .of 14 WD 2004/011416
with PETeUBGIBEBPBRT Agews pRyestashiram gntigpilammeioryagents (P&,

.conmpasitipn c [jsing. t ' . . .
S e R s ———
agentg%icﬁ?ﬂyle sl RBefcHntigbhietsy bt Bh adeBergic roepeor

rapeutic agents. For exanple, the present
agonBtye mitiinfeotibeagertsi (nigsangibendics ar awhlatsaor anfihigamineh bhge
. or npre therapeut.ic agents selected from... . .
inversiopithys AT SiiRmith AR ARECl 8 SOmORERYR 38 ag the dfygrochloride
salt o'%%?fn?hﬁﬁcfi %eth%f‘ tithioRf bARIRE BEMpaERHetnt pRAKREDle, an anti-
anti olTnergic agents (particularly nuscarinic
inflam@RERY aperNdregnichbliagrgicatghmty afd@ier £d ndrepengicrecaptasFeonist, an

“Ig%oni sts, antiinfective agents (e.g. antibiotics or
antiinfetive agantsor agrantiBisialliat ani nes. The invention thus

pr oyl | s ; o BhdrfAceuticall
o 85 b RpBudg ek cal GOREl in o tBR 0P Bhardiceutically |
accept@SI8 lsHIEY otolvatedN A scipproptietet the oée terapeageagentsiaan be used as

‘exanple, an anti- inflammtory agent, an
opticaly Petel SSIreQIEQEeIe- agent, anot her (32 adrenergic
regept 'aﬁ{PP icae ChitiB s an@'NSMIDs. Suitable
ans?lﬁefbg‘{aa@hgﬁg %[&gtaﬁglgg Hﬁgfr apeut isé agenatns can be ]
cortibiSsesoids vithéh fay e ofedphasmbimetion with lthe conmapdadi the gwenidon

or solvates. As appropriate, the other therapeutic
are tageee) 498 I FOBM TS0 AT RI JrUgryPBIoh KAVe -

inflafoSi &S SExanhil ki heple@ERNIR,

s L

dexaBRilds6 RS RKieAsde phiptonarpyo, be-difiestol I aefiAfimaylcarbonyoky]-
t he conpounds of the invention are those oral

and
118 bpapd boanethsbospondesiard-iver1/prabarigs 2kl orapetyl
anti_infla ory,activity, anpl i ncl u
s R T R KR G S
dien%-g9gg:%gnl%?kpgicparcﬂg%gl}ﬁcg-‘fe%rahydro-furans S—yl? ester, beclomethasone esters

uor o- uranyl car bonyl ) oxy] - o
(e.g. XA& B7-pyshiontye dfta-oreliey, 2 13diprupiamattr esterp bdesodidefdunisplige,
carbothioic acid S-fluoronethyl _ester, . .
mong#asgae gsters (oL othe f\ergatﬁ }c;gplg,x‘rg;l_aq%églolone acetonide, rofleponide,

- - 3= - - oPi r - . id
c1c1e8fm§§g,%%§?8(§rgpﬂbo§ﬁniﬁ%f nggl?dg@%M an@RAL B Prdfefted corticosteroids
inclidte(RrtRA4Sorie g 671bYHE, Gof 96i- aiflude~ Y1 §-hpdrbey-1 6 dendtoyteThe§bmethyl-

esters (e.g. the 17-propionate ester or the 17,2 1

1,3-thitizplespicameanyd) @ai-droxo-dndtrsohfdicnef | 7frsasknthigic acid S-
fluoromethyl ester and 6a,9a-difluoro-17a-[(2-furanylcarbonyl)oxy]-11B-hydroxy-16a.-
methyl-3—oxo-androsta—1,4-diene-17[3-carbothioic acid S-fluoromethyl ester, more
preferably 6a.,9a-difluoro-17a- [(2-furanylcarbonyl)oxy]-11B-hydroxy-16a-methyl-3-oxo-

androsta-1,4-diene-17p-carbothioic acid S-fluoromethyl ester.
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25 nonet asone esters (e.g. the furoate ester),
triancti nol one acet oni de, rofl eponide, ciclesonide,
wouabisacast propi onate, RPR-106541, and ST- 126PCT/US2003/023214
Preferred corticosteroids include fluticasone
PreRiaBRANSAIDs include sodium cromoglycate; nedocromil sodium;

B
ror IS, BB R Rt

leukdéﬁen'é #@sis; iNOS inhibitors; protease 1nh1b1tors such as tryptase and elastase

3- oxo0- androst a- 1, 4-di ene- 17( 3- car bo% hi oi ¢ aci
mhleOlfSL é@a@megvn aplggqasts m lenpging fepepipyAgonists or amagomsts (e-g.

adem%?ﬂeg dl ! l r@y&o&?&in@e?goméfsa@%l CRRA e)n%lﬁ]nsﬂs]sﬁ@h Bydno

1nter1@ﬁl€iﬁ%ﬁﬁ§od]y (ﬁc‘l]g h@RdHY bSectfdsallo)f dn @liles4 detady, an all-13 therapy, or
|'uor onet ester. 15 WO 2004/011416

a corﬁﬁﬁﬁtldﬁ%%bf) 2@21mh|1b1t®1§| iof gyokingisyAnthesis. nyitahie odhsdi um

Br-edr PSP A7 SR GO P e ] b BTS2 o
the Slglh%‘lgﬂi XEthe f?%ég %ﬂnbt@ﬂﬂ Qé Oa[sstﬁe fun®i#ke}, FérdfeRol or terbutaline

agoni st's nont el eu ast); inhibitors of
anddaﬁﬁﬂﬁiaﬁéne syntheS|s i NOS |nh|b|tors protease
i nhi bitors, such ase.and el.asta ?0 “tha
i nfiisgiaf dptetestja pise ﬂi"?’lP Sﬁ-ﬂt ﬁ“b‘i&%ﬁ%ﬂp&’? g‘ﬁd L8en8si ne

phoséﬁ&cﬁ&&%ﬁiea@(gjﬂlﬁ{( ) SnHbitd o 29RRES PHESEPISEA inBIkeOR STREPBBA-

gonis I ne antagoni sts (e.g. chenokine
speciittiaibhosisefia e thissespeciof thennmﬂtleu liay berany pempoyng) that is
ant i body)

knowmeyighipit the PB%C I@fgépgl?q}%ywlgﬁ i §L0é)§gr;e5 ?(%?(R%%ﬁ @E?i ()I#Tfsl’l%gt?r and
whlc%ya&é)& nj;nh fbs: Il’ﬁ%*eﬁé’@&ﬁnﬁlﬁhﬁé are Lis AEYAROAECEPL OF

aonssmc e salneterol (‘e.g. as the xinafoate),

cycl@ﬁln@ﬂ@@%&neﬂmmpheayl)mldlm%m+cptb@t<ﬂlcm01d Hecarb%@etb@gfe‘}

f or not er ol

t f
cyanp A Bossel oy Taedota A srameno ks ent Ty loRkin. Lhne and cis-[4-
cyanB QO%;PICW S[%V ﬁéﬁ@iy-@Qﬁﬂﬂ&oﬁ%@k@lﬁnﬂ%ﬁ@loﬁéﬁd@ﬁow t h a

erase inhibitor or a m xed
PDEBVld?BEAlpbmﬂidsmfumerestThduG@E4 specific inhibitor

ful t hi t f ti b
o ROBFRUR S oFan LES AR oo A PO SRR Ao s
pate%anmhg Borh tho Lﬁld§ RIS fo%.é’s ére iRBkpAste@ hEBEbyi teftkddict OThe and

are DE4 i nhibitors. Preferred conpounds.
com@blﬁlcb(biﬁ)aﬁtimjmmelést( @hich is disclosed in U.S. patent 5,552,438, is cis-4~

cyarged (5o RPN MRy Ry PR o) TR T R i AR o
kno WY %P endndidst géﬂ&i &%ﬁpxékﬂéf‘st Fﬂ%&mgs gi ilyyrareRAGOXYpheny! )

hexani-one and o S

cy @[WD412(-38 T fromogisiop yiofzehdNyet 4l. d 5l BRVIEHat Siaxy Medryhem

(Sexthcl b aimrersy dBfLsob 95 5o RrREe N 2osiPUER TS,
benzeﬁgdéﬁgleg%ﬂaft[{%q{onﬁnaté@ﬁ €s-41RIEN SERNE”D zﬁlﬂg fJoH?Chlrosmence and

oun oses are |ncorporaie herei n %
Schélﬁ’fgePBﬁF .2 %ﬂ@odlmpine le)ELblfnhﬂth identifaed asrﬁldroé&(P wWHi8dB7)
is disclosed in U S 552, 438 Ci S:

and attributed to Pfizer; a benzod1oxo ?ienvatlve 1sclosed by Izyowa Hakko in
W099/16766; K-34 from Kyowa Hakko; V-11294A from Napp (Landells, L.J. et al. Eur
Resp J [Annu Cong Eur Resp Soc (Sept 19-23, Geneva) 1998] 1998, 12 (Suppl. 28): Abst

P2393); roflumilast (CAS reference No 162401-32-3) and a pthalazinone (WO99/47505,
16
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1 -carboxylic acid (also 25 known as cil omal ast) and
its salts, esters, pro-drugs or physical forns;
wow4H21481 from el bi on (Hofgen, N et al. 15t RCERESED03/023214
Int Synp Med Chem (Sept 6-10, Edi nburgh) 1998, Abst
the d%c%ure@évahieﬁ shereby 1O RALES B Oforenye) fpnoByk-Gulden;

Pumpfeniie. ¢1Bri R DER Dee ol ot BB e T y-2-
W@%ﬁg;ﬁﬂa@ﬁm&[ﬁﬁ Q{Pgmggsokﬂﬁyg%qe%a}ﬁﬂd@&hﬁh id- @ hfxed

PDEBE?D];)@mhmtoe wilohi h%a&beaneprdpacd am.’ephbblyhdd)&m/lw Biickowlden, now
W99/ 16766; K-34 K 11

Altag ArRfSInG undes fevelppapat e gLk et ¢ g NI Ped O
Vel sl i SRSl SN 0Bk 5T PR

162)] 628025832~ 3) and a pt hal azi none (W)99/ 47505, 16 WO
2004/ 011416 PCT/ US2003/ 02 scl os f i ch
s Clesragelbln SO R BiayP I BPAGE bRois . BoredBied i
4
WO@H@? g{ ec?%ios(lre)of%v}géh Q? rebg in org(or tf/%l P}c,) resi:'erﬁg(t:ehoxy ).

metShithtle aﬂt@{ho]h]ﬁel:glﬁ lapaph bifeythosdi contpoyihds-thht e tdisi antggonisis| db the
enzam de which is a m xed PDE/P 4|nh|b|tor %
muspRFEIGESPPLRT. Epeartiehlarthoss aorinonads WhICh grempiasemsts éﬁ\f the Ky, Mo,

or MarfhoP e s P58, FONERBR TR R0 ingfuce ol
of thE-bél8ddnha pahe aSellysakted Hyuhe likd§. ofetropine, sdofianimechdmdixgpine,

Ther, 1998, 284(1): 162), and T2585. Cther possi bl e
hyosvwnmeaﬁhsswosawumb@gib poel b MIRIERA 35 ACAlL e fSRiaTy amines.

The% gsd p!a@icul\mg Me]sﬁg ?%@nsf g]f% rgécﬁgrl avaidiie ﬁBmWLﬁﬁbér of

I'ncorporate eren 10 Surtable
comﬁfb"ml@lfb@htcﬁ@blgctaﬁ bagmdtes)r prepated dfizem hmnqmnerddm vihgb vatt as

ant agonl sts at the nmuscarinic r pt or,, artl C ar
t hdseorasmfotpdd-wht enCase latt- éé@ﬁw s G g s,ggéate -

CA§’%9<')\§39§ CStPcErP fSoxid - é}%slcﬁﬁ%o' dsbengbE%@OéAs@S@m@oaf ¥od

npoun e the a e bel |l adonna
met]@ﬁai’dlﬁnaaﬁufaiel CAS-a2-88-ly the |ikes of atropine,

oD ARy PRURAPHSCE PR GaSa s, mpyhgomide

t nes. 15 These drugs, particularly the
salt 3 %g ?%b@m are readily available froma nunber of

COIHRKGlaalinS @M A D 0 h-T) hydratimntde wite@ABS 061036 and
literature data via, to wit: Atropine - CAS-51-55-8
sulfefe sthSCAB-685116¢ hnhydr ous form), atropine sulfate -

CA Giaghionl 438533-d8-9méthyibromide

m%c?ﬁ@?m?&c@%gﬁi%%%%{@an 1de yl gt ropi ne ni tnrla 7 om
salt-CABSS5A588-9. 20 Homatropi ne - CAS— 87 00- 3

hydrobrom de salt - CAS-51-56-9, nethyl % al

CALrefgrrad agticholinergics include ipratropium (e.g. as t e rom ¢), sold under the

name Atrovent, oxitropium (e.g. as the bromide) and tiotropium (e.g. as the bromide)
(CAS-139404-48-1). Also of interest are: methantheline (CAS-53-46-3), propantheline
bromide (CAS- 50-34-9), anisotropine methyl bromide or Valpin 50 (CAS- 80-50-2),
clidinium bromide (Quarzan, CAS-3485-62-9), copyrrolate (Robinul), isopropamide
iodide (CAS-71-81-8), mepenzolate bromide (U.S. patent 2,918,408), tridihexethyl
chloride (Pathilone, CAS-4310-35-4), and hexocyclium methylsulfate (Tral, CAS-115-63-

9). See also cyclopentolate hydrochloride (CAS-5870-29-1), tropicamide (CAS-1508-75-
17
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Hyoscyam ne (d, 1) - CAS-101-31-5, hydrobrom de salt -
CAS- 306-03-6 and sulfate salt - CAS-6835-16-1.
waeopoiats ne - CAS-51-34-3, hydrobronm de salt PCT/US2003/023214

CAS- 6533-68-2, nethylbrom de 25 salt- CAS-155-41-9.

4), tphestyphenddyl dpidioshloride ¢ 45 dd4t Hchupicenzpping (o riABoE-94-1),
as.th ] 0 AT t

ol GRTTpEOL0- AL TS dr e SRR BB B compouns

dischsed BEWID0Q/U4d €3, thé G808 404hibB-id herehy BRoPbradté By REdrence.
are: methantheline (CAS-53-46-3 propant hel i ne
br Sitalele puitdstamines falsy referddoes bipirerepins epipEopighinglade pny

Val pin CAS- 80-50-2)., 30 clidinium '
one {EpFSugiRe ity aadindys ol bl O R s, and ae safe
for hub@R @8R MIIARe rdvebisle cofeetitlive BhibBbrs ITRREIMIRAAIOR of histamine

brom de (U.S. patent 2,918,408), tridi hexethyl i
withclHi-oacepters( P mndjonity of drse ndilntoss mpstly dingt grestategreantagenists,

t hyl sul f at Tral , CAS-115-63- 9)..See also o

are QAR D SRS B B BT AL B BRIt o] Jlenediamines, and
alkyldn@iBbS afladeitibhAhd TS bRerhifo a4 b fhkfude those which can be

PCT/ US2003/ 023214 4), tri hexypheni dyl hydrochloride
charp@egzetles-basedsyn, pipérizemezasi phengt@irginey 8%@09¢ ganeration antagonists,

whifE g JBL PRIFAS: TR SERAPT CORRNFAGY U F B G5 i fhatthey retain the
core B RALES (thdRKkALBERPO Ririk aWiaH dnginb gf Wvith piperizine or

i ncor porated by reference. Suitable antihistam nes
pipetidireo Bxefplargentagonasss #e-as édbptsor ant agoni sts) i ncl ude

an 5 pne or rre of .the numer.ous antagoni st.s.kn .

whiEPRO RS PRPpRmRGmaloal clemping fadrite dinhoriyivdramine
hydiéeRlorife,lan@ dEnéBYBF8dtE €, conpetitive inhibitors of the -
interaction of histamne - with H -receptors. The
majEshylenediziningse goyrilanhing amégate, tnipsdamngmirier3€], gadhinglenpamine
nt agoni sts, are characterized, based on their core
$ructures, as ethanol ani nes, ethyl enedi ani nes, and
al Kk ARIRRS: chiBrheRirdhRB an@tth 8dltslshiéShs BE RRadkd QIk, and
anti hi stam nes i'nclude those which can be 10
acrivastinact eri zed as based on piperizine and

phepot hi.azi nes. Seco eneration_antagonj.sts whi ch.

B PR SE B R A R us 8Tt s PefPB GELE g O Bpfidine
lact4t8) ASIIORE MA@, hit sdtakidceyL. retain the core ethyl ene

group (the alkylam nes) or ninmc a tertiary am ne

gr Aliperidirtek: Pispparizdde,levagabasting éﬁ(}l,dpra@d_i@(@ﬁtsl desgarboethoxy
an B PRl Bharh it en s oo R AR per pharmaceutically

accchrabnew hydram ne 15 hydrochloride, and
i menhydri nate. Ethyl enedi am nes: pyrilam ne amnl eate,
t r iAwelastmelpidnechig@ide iapet anpihpeHe raceptonantagrinist athéch may be used
. Al kyl am nes: chl orpheniram ne and its salts such as
in comBmpLRHR theesenbaive 28 Htvast | ne.

Examples of preferred anti-histamines include methapyrilene and loratadine.

citr

The invention thus provides, in a further aspect, a combination comprising the
crystalline dihydrochloride salt of compound 1 and a corticosteroid.

In particular, the invention provides combinations comprising the crystalline
dihydrochloride salt of compound 1 and fluticasone propionate; the crystalline
dihydrochloride salt of compound 1 and 6a,9a-difluoro-17a-[(2-furanylcarbonyl)oxy]-

11B-hydroxy-16o-methyl-3-oxo-androsta-1,4-diene-17B-carbothioic acid S-fluoromethyl
18
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20 Pi perazi nes: hydroxyzine HCl, hydroxyzine panoat e,
cyclizine HCl, cyclizine lactate, neclizine HCl, and

woebiroirine HCl . Piperidines: Asteni zol e, |evoeabastione23214
HCl, loratadine or its descarboethoxy anal ogue, and

estereanfdgheetiystellian ditydrashiosildisale ohganpranil drand éogto-dlbormet 13-
har i cal | t abl lt. 2 I ' e

hocRa DR - B aREHBRY s b sk o acd

S—(%J{&-'Eétﬂiﬂ}"’drg-%lﬂéﬁ—%g:{%? Bsigonbi nation with the present

active agent. Ex es of preferred anti-histam nes
i ncThediaventioh dimysrprbeides, amal furtheatspdctne combinatiomummprising the
t hus provides, .in_a further_ aspec .conmbi nati on
cryalitps flydgchiptde a%lvéficgmmﬁ@d ﬂ%@ AP DEfh IBhﬁggér_~sal t of
po%ﬁﬂgerﬂioﬁ%s?ﬁﬁﬁ&é #08 bRl SpedQa l:&ngﬁlﬁfibxﬁbgrﬁﬁrisiﬁéﬁe
i nvention provi des cortbi nati ons cohprising the
crystiljiaé dihlydroehlodddyadr efcdohgound 1 aad tn adticholipapicdgdntand

fluticasone propionate; the crystalline . . .
di hiks isxentionithis avidenin & Spstiawedt. & pembination comprising the

. i r - - | . -

ery e oA e Ol TY SR AR, o 17 (s

carbigd inb&ition alisthrévitibd) o @ ety hspt&, ¥\ COrABRA 16l detdrising the

PCT/ US2003/ 023214 ester; and the crystalline
crygiltipelfibgdroshlpdée sadl of composndd tegsther &l a PDE4 inhibitor and a

6a, 9a-.di fl uoro-11( 3-
cor‘il\(i/dg%r%3 (>)<1§'- 16a- net hyl - 3- oxo- 17a- pr opi onyl oxy-

andrigsindentioft tiseir6viddy, 3 & firet AipetiCa a6hbination comprising the

S-(2-oxo-tetrahydro-furan-3 S-yl) ester. The invention
crystillise gihgduoglderide salioffagmpennd b éqasther withearfiptipkalinergic agent and
acogﬁ ?}l sii ng the 5 crystalline dihydrochloride salt of

?F% 6?18’ 1 and a PDE4 inhibitor. The invention thus

Pr oXéddedingllytha phatihiddeiticdP@RedositRdns M Aden€bn can optionally

conprising the crystalline dihydrochloride salt of
comyuisp combinatienscidke ermistaldine IdihYémgﬁbﬂdg ealt of comepaund dnvithoene or
mmth Qfécr)vi %ﬁs énn a furctipe aba%gect, a conbi nation

iy AR R ety e eeriPALati¥Ry dr ochi or i de sal ¢ of

C oM iRer th@RSbudo agits BdrSteitbided #0thd i OVARNENMGBoluidSs or

provides, in a further aspect, a conbination
suspensions.sFergxample, 8 ngbulivableyuspghsign fayatlasionoé flutirasond

conpound 1.tage ro M th:a-R i nhi bi t.or d a
prof PR e i Rty B P S Al Pefatie pffuegus acrosol
phaftihdeiBEal 86RB6Hitionds FIRDInRadtiodtat @PRGNasly RBmipfiSe another therapeutic
crystal line di hydrochl oride salt of conpound 1

agenigephidion af suspesiamiorshinl dddisiogite theghhdregidoridessali of compound
1 corticosteroid. Accordingly, the pharmaceuti cal
= conpositions of the invention can optionally conprise

conphdialivRmal &fmﬁd"htﬁd§ bY@t 3bmbiatiShsHI AR OmPbRIdndBapRd t

of conpound 1 with one or

administered either sequentially or simultaneously in separate or combined
pharmaceutical formulations. Appropriate doses of known therapeutic agents will be
readily appreciated by those skilled in the art.

According to a further aspect, the invention provides a method of treating a
disease or condition associated with B, adrenergic receptor activity in a mammal,

comprising administering to the mammal a therapeutically effective amount of a
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nore other therapeutic agents, as described above. The
ot her therapeutic agents can be provided in the form
woho@guenss sol utions or 20 suspensions. For egamsk@®3/ 023214
a nebul i zabl e suspension formnul ati on of fluticasone
comBlhRin@ldicecrysaltias ditiydadhiondesa ofRatgoundd with @edr agie other
Accordingly, the aqueous aerosol pharmaceuti cal
therapgiisgP®Bons of the invention can optionally conprise
angt her Lot td ' i
F o I he iSRS oA oyl k] B R BRSPS M orms
of adbgIiReAsh, such Rrdllte partticydl ddainistoatipoudts saf canHe admixed with
conbi nations of the invention my be . adm gi stefed

conventionel phasmaeswtival cagricss and exginienteadstsyd ithihe dprm af Rovyers,
ombi ned ..ohar [ r t] : I ;

o GETRLUE I REEE b Bl 2Ps BB i

comBRRIERS wall @6ntath ftdta aBowk).03 edbout JPEbpmeighfofihe deing t o

a further aspect, the invention provides a.nethaqd, of
compeuadt andgnere ggoerailg &ggeabept @éﬁma‘tq%é A0%s s%ﬁé%l%?r@ii Swaﬂ% P2

adrener.gi c. regcept or t1\d ' [ S
AR 5 I St o BT e pR 2l o

be f&infl %Rbmgpr ank Sefende arkPMOI R PHOLA4AS20th Edition, Lippincott
PCT/ US2003/ 023214 conbi nati on of the crystalline

Willghintsy&d Moidkins Mhdedelphie, B4, 29Rpound 1 with one or nore
ot her therapeutic agents. Further, the present
crystalline salt, potentially can be fornul ated for
ot T fflRWiBe né-liRMHIA ¢ GhipidsiiDiktrateliepresshtaiivelpharmaceutical
parenteral adm nistration. The salt can be adm xed
compaditions Bf therinwentionnwhersiagh yreagtisticatis deapsd regysigiine N-{2-[4-

cipienys, and used.in.th N of =W 4
(e PO BB BOURRLZ: ol RBhh o
hydioRfphehffethyBataheriiafdi@gitidecal  conpositions will
Y coﬁ% aiir??efrom about 0.05 to about 90% by wei ght of the

active conpound, and nore generally fromabout 0.1 to

about % Additional suitable pharmaceutical
Forfifatiop i ampled

ornmul ation of the crystalline salt of

t he\iqRsAtact SR ERIInAMER For Hebllizef adidhistratiGehavigg 6.14:mg of the
The Science and Practice of Pharmacy, 20th Edition

activel qopipound,tcompoind hrper grapg phsohaionpyasi pierargshipsathe fllowing

2000. .The f.ol i Ng, hon-Ljm.ti . :
procedp it a0 AR ERE e s MR .04 [
chlokid¥ 881hii N3 2817es)e e tabtiee inp@aREL @013 the) weaf ddded t@the sodium

crystalline NN{2-[4- 15 ) ) ) )
chlogidRyelatitryalrdothy resufingrpixgtrpes sitrrsh jon & minand soRjegted for 7 min

(R -2-hydroxy-2: (3 ~f or nam . .
to diglto s AR AT o h ORI B e sptasionyes dpsgrmingd o be.2.5¢.
1 NRS@IPLE] &) i AEWBOATReARS B8 8blufied fBLdbadih amikDpHREBI00i Zer
adm nistration having 0.1 ng of the )
additional amount of 0.9 % sodium chloride solution (26.7 g) was added and the resulting

solution was stirred to provide the aqueous formulation (360.3 g).

Formulation Example 2

To prepare 1 g of an aqueous aerosol formulation for nebulizer administration
having 0.15 mg of the active compound, compound 1, per gram of solution, citric acid
(2.1 mg) is added to a vessel charged with 0.9 % sodium chloride solution (0.9 g). The

active ingredient (0.1755 mg) is added to the sodium chloride solution and the resulting
: 20
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20 active conpound, conmpound 1, per gram of solution
was prepared by the follow ng procedure. GCtric acid
w0 26E/081419) was added to a vessel charged w t hPOTRS2603/023214
sodium chloride solution (325.7 g). The active
mixturegis etliredand gihi@tednintihtbs aaticieidgtedienhis dssdlvedh Toh intial pld of
sol uti.on and t resulting m xture tirred for 5..
the SyHORGADA Cat L BELP! e RERAOR 5 Hfistegite & (el o pglition of
. b 6Mo). dafidrd] aRbir® bt 61985 3Gt MbriRSolution (78.1 m
IN%%%?%gﬁeog)to e 2. 514. 25 1 N Nae]—| (7.1 g) was S|.O\$V|. 2
is adddd edadjust threwsightdfitbersdlationzb di gy and fhierrasulipg soflutbon(e stivtgd.

addi ti onal amount of 0.9 % sodi um chl ori de sol uti on
(26.7 g) was added and the resulting solution was

F°”‘§%‘F&ﬁ’?‘g‘§%ﬁnﬂr§?’§hﬂe the aqueous formulation (360.3 g).

le 2 30 To prepare 1 g of an aqueous
aenesauehay dadse! fommufation wéthwl donesntaton of 50 pgbf compound 1 per
havi ng_ 0. 15 of the active conpound, conpound 1, per
grang pEgaleionsesn heitormnulated followarg the procequief Examplefepsingthy
P llverslsgl cgar gsed with 0.9 % sodi umchloride sol ution
° 0("8.% %TP YRE: active i ngredi ent (0.1755 ny) is added

t 0 AckiQe gdigatchl or i de ol pimgon and the resulting 20
WO 2004/ 011416 PCT/ US2003/023214 m xture is stirred
an€isigrichat ed until the-18d®8ve ingredient is

gl gW@ﬂ The inti al ﬁ{'i %)f ngbe solution is about

pH of the sol ufi i$"adjusted to 5.0 by the

sl ow addici Plutdh | N Na@o(18ath ny) . An addi ti onal
anmount of 0.9 % sodiumchloride solution (78.1 ng) is

added to adjust the weight of the solution to 1 g, and

¥ th r%gﬂlting“solution is stirred. 5 Formul ation
orgy. AR dqueous aerosol formulation with a

CONGEfueald RPosdf fokMubhtioh wimnbehttipe bf 095 arg 6f compound 1
solution can be fornulated follow ng the procedure of

per @ramqf] selutionshm e fdvmulatest foloiving the pinsediae QF Exgnple 2juging the
fllin redient 0.0117 nmg Citric acid 2.10 ng IN NaCH q. s.
LR B ELPBPH 9 o Nadl solution g.s. to 1 gram 15

ForAwdivatddediExampl e 4 An7agueous aerosol formulation
with a concentration of 0.15 ng of conpound 1 per
gr &Mosphogiglagidi on can bd-§/orgul ated fol | owi ng t he

pr u of Exanple 2 usin foll ow ng
coﬂ‘g\gﬁgﬁﬁs: Active i ngrqesdlioeﬁfltsgfﬂ% ngy

0.9 % NaCl solution q.s.to 1 gram

Formulation Example 5

To prepare 1 g of an aqueous aerosol formulation for nebulizer administration
having 0.15 mg of the active compound, compound 1, per gram of solution, Tween® 80
(0.01 mg) is mixed with 0.9 % sodium chloride solution (0.9 g) in a vessel. Citric acid
(2.1 mg) is added to the sodium chloride solution, and, then, the active ingredient (0.1755
mg) is added. The resulting mixture is stirred and sonicated until the active ingredient is
dissolved. The intial pH of the solution is about 2.5. The pH of the solution is adjusted to
5.0 by the slow addition of 1N NaOH (19.6 mg). An additional amount of 0.9 % sodium
chloride solution is added to adjust the weight of the solution to 1 g, and the resulting

solution is stirred.
21



20 Phosphoric acid 1.07 ng IN NaOH g.s. to pH5.0 0.9
% NaCl solution g.s. to 1 gram Fornulation Exanple 5
wa3oigpipnepare 1 g of an aqueous aerosol formuPariusewo3/023214
for nebulizer admnistration having 0.15 ng of the
active conpound, conpound 1, per gram of solution,
Tween(r) 80 0.01 ng) is mxed with 0.9 % sodi um
Formpptien Hxample®i on (0.9 g) in a vessel. Citric acid
(2.1 : cndi h .
et ey SRSl Jut o ERLUTRT Ut . PO o Bimpound 1
per gBhdl 6flsoldtiéh ERHel foirngdated flloveing thegirocadart @fiftkaspld Tatieglthe
until the active ingredient is 30 dissolved. The
5 folloving egmpsoreds: t he sol ution is about 2.5. The pH of the
solution is.adjusted t .0 by the slow addition of
Id\ﬁé@ng’f&e grrg). An (géé%txl%gnal anount of 0.9 %
soditH@ncighl ori de sol ut2.00nmg added to adjust the
wei ght of the solution to 1 g, and the resulting
solween®80s stirred. 20.00Mm2004/ 011416

P 3/ 023214 Fornul. at i Exanpl e 6 An aqueous
aeci'%g%%q%or mul ation wi ¥R tg p%gg'gent ration of 0.15 ng of

10 COPOMRGCE solRfibn 9r am 0f ss@l1udrh@n can be fornul at ed
followi ng the procedure of Exanple 5 using the 5
foll ow ng conponents: Active ingredient 0.1755 ny
Gtricacid. 2.1 . n(r) 80 0.05 ng 1IN NaCH g. s.
Formylation .X@m%%.gﬁ‘%@é%&%él ution g.s. to 1 gram
FORRHLAS b ey AMRbEon PrepiréDid intBkahgdd | Rgredtogdat 208E, 5°C,
the fornul ation prepared as in Exanple 1 were stored
roonatemp2e@re5@d 40°Go Srmplep siers 1w yed far apalgsis 8% HilLEsatjgpanth

LI for, anal ysi s, by, .HPLC ' V. :
15 e T 5 B0 L e LB R P SRR
colufrhZeqAiRi el af 36 OMTEOMEBe pRebas LidddrvadredA 20.1 BT inly8e2
m)bﬂ e phases used were: Al 0.1% TFA in 98:2 |
watewacasonitrdet andi B:r0.1% TFania 18:9Qwates:arestonifile obeggetion was by UV
ter: tonitrile. De ti-on. r
s Eh A D SRR Do AR5RLAPATE o 20

mimbt®s §% 1BV el Flcentbiueti®s c¥mpontid 1 feabhing hRerihe deitated
of active conpound 1 remaining after the i1ndicated 20

20  periqe npunglizad tortheisamgletstorechat -2Qipiseiwndndabled belove i s
gll“\zllgpe i:ri’e-g'ac%ll (t)f ch?ilv(e) \(/:\{')mpound remaining upon 1-4 months storage

Temperature 1 month 2 months 3 months 4 months
5°C 101 100 100 99
Room 99 99 97 96
40°C 94 87 72 74

In a second stability test, aliquots were prepared and stored as above. Samples
were removed for analysis by HPLC at various intervals. HPLC analysis was conducted
25 using a MAC MOD Ace-5, C18, 25cm x 4.6 mm, 5um column, equilibrated at 30° C.
The mobile phases were as described above. Detection was by UV absorbance at 244 nm.
The initial condition was 6 % phase B. A flow rate of 1.0 mL/min and a gradient of 6 to
30 % B over 25 min, 30 % to 60 % B in 10 min and 60 % to 100 % B in 2 min were

utilized. The retention time of compound 1 was approximately 20 min. The percent of
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Table 1: Per cent of active conmpound remaini ng upon
1-4 nonths storage Tenperature 1 nonth 2 nonths 3
wounidhg14dé6mont hs 5C 101 100 100 99 Room 99 99praT/US8003/023214
40C 94 87 72 74 In a second stability test, aliquots
activeebmpptep i ranaining afieothe thdisatabperiod, Banpliesl tnghesample stored
renmpved f.or agpal y?i s by HPLC at various intervals.
at -20§6; 18 2AYRR 1<k Relg¥nducted 25 using a MAC MDD Ace- 5,
C18, 25cmx 4.6 mm 5m columm, equilibrated at 30 C
The nobil e phases were as descri bed above. Detection
waabhy2: Pérabapsfortice capavdd nemainitigeupor 4-D ahorths sioragen

was—6 % phase B—Aflowtrateof1-0

d/lmn Aan
T 7T 1T o CTATT

Tepernters: |of 4mosths3o po B5 A5 i n 6 mENts( o (60 Ypngnths

||oéO M1 —antE 0096 tor 100 "bBin‘Zm{bdNere Ui geed.
The“retentiontime of| conpound 1 was approxi nmgtely 20
dbm The |peraent of 2P W»2004/ 01141694 90

_PCT/US20Q03/ 023214 _active conpound 1 renmining after

t #@0 ndi dat edper i od, | nor 6%l i zed fo t198 sanpl g stored

At 20C tlc [
Al

20C+Hs—gven—+n—Fabte—2betow—TFabte—2—FPer——cent

of active conpound remai ni ng upon 4-9 nonths storage

Tenperature 4 nonths 5 nonths 6 nonths 9 nonths 5C 99

99 100 99 Room 97 95 94 90 40C 74 69 63 5 Fornul ati on
FormxkitioneE Simpk 8 OthtraP invameaceutied] (Qompesétiansons

Formul ati on Exanple 8A 10 This exanple illustrates the

preparation of a representative pharnmaceuti cal
Fonﬁuﬂﬂ?&?ﬁkéﬂ%e%%r oral adm nistration of the crystalline

drHc salt of this invention: Ingredients Quantity
peThisapxanipte i{lgfyates the preparation of a representative pharmaceutical

--------------------- The above ingredients are m xed

and i nt FSHIE e a hard-shel| gelatj,g capsule.

Lactose, spray-drie
Magnesium stearate 2

The above ingredients are mixed and introduced into a hard-shell gelatin capsule.

Formulation Example 8B

This example illustrates the preparation of another representative pharmaceutical

composition for oral administration of the crystalline diHCl salt of this invention:

Ingredients Quantity per tablet, (mg)
Active Ingredient 1
Cornstarch 50
Lactose 145
Magnesium stearate 5

The above ingredients are mixed intimately and pressed into single scored tablets.
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20 Fornul ation Exanple 8B This exanple illustrates the
preparati on of another representative pharnaceuti cal
woanpagi4ison for oral adm nistration of the cryeraiskione23214
di HO salt of this invention: Ingredients Quantity
Fornpgrtiorabkample 86y) 25

- - An-oral suspension is prepared inangths\fellowige sdinpgpsiiomr e ni xed
intimately and pressed into single scored tablets. 23
WO 2004/ 011416 PCT/ US2003/ 023214 Formul ati on Exanpl e
8C Thi sIsptedipite il lustrates the preparation of a

repr esentative_pharmaceuti-cal conposi-t-i-on-foor oral
admi ni stygté Har&iedthe crystalline di Helpsalt of this
i nventi £.;qral suspension is pre@gré?d havi ng the

fol | owi g LORDOS 1 | 5 | di ent
"W BRSO ngredients 5,4

- - ... Methyl paraReq j ye | ngredi ent 3 rrgo'lF%mari c acid
0.5 g 16rasdatedhsual oride 2.0 g Met hyP>pgdaben 0.1 g
G anul atSediolaPe s8uiony Sorbitol (70%$6lguti on) 12.85
g VeegWeegun ¥af\adbibilt C6).) 1.0 g 151M@voring 0. 035
mL  Col gldvagisg0.5 ng Distilled water 0p3s.miLo 100 niL

Tttt Colorimgs -~ --""""""-"""""==-=----"905mg----""""""--
"""" Distilled water -~~~ 20 Formul ati ongkxgnjee /D Thi s
exanpl e |ﬂustrates the preparation of a

representative pharmaceuti cal

Formulation Example 8D

This example illustrates the preparation of a representative pharmaceutical
composition containing the crystalline diHCl salt of this invention.
An injectable preparation buffered to a pH of 4 is prepared having the following

composition:
Ingredients
Active Ingredient 0.1 mg
Sodium Acetate Buffer Solution (0.4 M) 2.0 mL
HCIL (IN) g.s.topH 4
Water (distilled, sterile) g.s. to 20 mL

Formulation Example 8E

This example illustrates the preparation of a representative pharmaceutical
composition for injection using the crystalline diHC] salt of this invention.

A reconstituted solution is prepared by adding 20 mL of sterile water to 1 mg of
the compound of this invention. Before use, the solution is then diluted with 200 mL of
an intravenous fluid that is compatible with the active compound. Such fluids are chosen
from 5% dextrose solution, 0.9% sodium chloride, or a mixture of 5% dextrose and 0.9%
sodium chloride. Other examples are lactated Ringer's injection, lactated Ringer's plus
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conposition containing the crystalline diHO salt of
this invention. An injectable preparation buffered to
wea 2piH/00f414 i s prepared having the foll ow ng PCT/US2003/023214
conmposition: 25 Ingredients
5% dextrose-injection, Normesol-M and 5% dextrose, Isolyte E; and acylated Ringer's
B Active Ingredient 0.1 ny
mjecdedi um Acetate Buffer Solution (0.4 M 2.0 nL 30 HC
(IN) gq.s. to pH 4 Water (distilled, sterile) g.s. to
20 L
Formulation Example 8 - - - - o - o oo oo ooo-oo--

ey i s - --_a- [OF ' 35
e R R e
compEREGESRMHoRidal pllaiSTRORHE bi§athlline AMOBIatt ¥fthik divention.
I njection using the crystalline diHO salt of this
i nvent i Ingredigntseconstituted solution is prepdsd by
addi ng 20-+d---of--st-er-ti-e--wat-ef---t-o--t--frg-of---—the--eonpotmnd
of thi sAcfiveinpicdient Bef ore use, the sol utiof.2-K then
di I ut edgiddp 200 nL of an intravenous flupd that is
conpat i 4 h the active conpound. Such fluids are
chosen me?rloon] 5% dextrose sol ution, 0.9% godi um
chl ori dg, fgf? 4 mxture of 5% dextrose and 9% sodi um
chl ori det exanpl es are | actated Ringer,'.s
i nj ecti Methyl 8eked Ringer's plus 24 WO 2804/ 011416
PCT/ US2808yhisaen 5% dextrose injection, R&Pnosol -M
and 5% Bébd (husdated bydrpxpaEsolend acyl at ed ROMer' s
i nj ecti &uaterFor mul ati on Exanple 8F 5 This exanis KO
i |lustrates..the preparation-of--a-r-epresentat-i-ve -

phar utical c osition for_topical ' | Qphopf -
B i
stirringg reslifeiest quaatitg of water at 60°C is then added with vigorous stirring to

1fvthe ingredients, an water then added’q,s.7100g- -~~~ """ """ """ """ 7
emuIs_lf_'y_tf_le_l_ngr_e_ch_e_n‘Esz ?,1’}(1:\2\/2_1'[_61:?1’1_61_’1_&_ _e_ %t i Vé i ngr ed| ent 0.2-10

10 Span 60 2 Tween 60 2 Mneral oil 5 Petrolatum 10
Formulation Example 8G

This example illustrates the preparation of a dry powder formulation containing a
the diHCl salt of the invention for use in inhalation cartridges.
Inhalation cartridges are filled with a pharmaceutical composition having the

following ingredients:

Ingredients

mg/cartridge
Active ingredient 0.2
Lactose 25

The active ingredient is micronized prior to blending with lactose. The contents of

the cartridges are administered using a powder inhaler.

Formulation Example 8H

This example illustrates the preparation of a dry powder formulation containing

the crystalline diHC] salt of this invention for use in a dry powder inhalation device.
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Met hyl paraben 0.15 15 Propyl paraben 0.05 BHA
(butyl ated hydroxy anisole) 0.01 Witer g.s. to 100
WO2004/0H 1416 - - = - = = = = == = = = - mm e e oo PETAHIS2003/023214
------------ ------------- Al of the above . _
i ngrEditeatentica xompositian srpreparet aying Hbdk donAeiionaatio of
. 60C with .20 stirring. A.Sufficient quaptity of er
Pz e RO HBEROT O 0P pdreoemBp i fopeflsd oY ay
. [ a&idengh ot SFdet: b Ak 6f adtherira@d®etbdtbnSper dose.
po“?%%hgﬁaﬁgf%ﬁfgt%gn Exanﬁ?g %ﬁ%s %xanpﬁ%gi Iustr%tes
the preparation of a dry powder fornulation containing
a_ 25 the diHO salt of the invention for use in
Y tridges. Inhalation cartridges are
fi b ; ' juldt18R cBAMinREh hB 8rystalli
f ol st B RETRE SHphion SELRARAIAR Rl hESrystline
diHE} satt-of this inventien for use ira metered-dose inhalef.- - - - - - - - - -------

- - =y = Em— == I L T B R I I N T oI L. S R .

less kiMNedine M a t6lldTiAls6Ritise dorffed dfont 0.5 efteshaswund0.5 g of lecithin
_ lactose. The contents of 35 the cartridges are
dissaled in K0embof demingralizedwater. Thesispensionrs spigy dripgand the

anpl e.8H Thi s .ex le.i,ll.ustrates the £
reso g Al R BTy e R aelef B B T th
The Pafiicles 3R foaddd il Gantdhye Hith PResk@izedI61,1,0-t8eralTuoraraer
i nhal at1 on device. 25 WD 2004/ 011416 PCT/ US2003/ 023214

A pharnaceutical conposition is prepared having a bul k

foEmJI Eti on1 rgti o of micronized active ingredient to
Fo 1 X =200. The conposition is packed into a dry
POVEIRS exla A Ak B ;pﬁﬁ)a%ﬁﬁ Bt & ferhnutieion\t@hiaiBngZfhe ¢rydfalline

active drug ingredient per dose. 5 Formulation
diHEk sehaifehi8 invBhntien canspinea incterssitdoge edhatee preparati on of

a fornulation containing.the crystalling ,diHO. sal

of A RS YRR O RE s geavs R aielt B o ebiehiin Pphreqby
dispetsBRernSd OfactieBanPoial & micAmied PattREseMtEMban Hz51e86 than 10

l'ecithin, and 0.5 % trehal ose ) )
pum in a solution formed 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 particles

having a mean diameter less than 1.5 um. The particles are loaded into canisters with

pressurized 1,1,1,2,3,3,3-heptafluoro-n-propane.

Formulation Examples 8K-80

Formulation Examples 8K-80 illustrate suspension aerosol formulations
containing suspensions of micronized particles of the diHCl salt of the present invention
in a hydrofluoroalkane propellant for use in a metered dose inhaler. To prepare the
formulation, chilled or pressurized hydrofluoroalkane is added to a vial containing the

other ingredients. The formulation is loaded into aerosol canisters.
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wono@/eoftb oi dal

is prepared by dispersing 5 g of active conpound as
m croni zed particles with nean size 10 less than 10 m

and 0.5 g of lecithin dissolved in 100 nL of

FormdBsibn ExambkRK wat er. The suspension is spray dried and

the resulting material is mcroni zedothy yeaghti cl es
having.a.nean_dianeter less. than.-1.5-m----The-particles

ar ctv% ? |Hlto canisters with pressuygzed 1, 1,
I

Gor oet hane. 15 Fornulatloq)gxanple 8] This

| ustrates the preparation o{ a fornul ation
|n the crystalline diHO salt of this
|nhbﬁé¥@ﬁaﬂ@¥°@§@ﬁ n a metered dose i AR A
suspenston-—-cont-arm-ny-F-YactTve Thgredientand 0.1 %
lecithin is prepared by dispersing 10 g of active
compound as m croni zed particles with nean size |ess

Forrdulin ¥ampl g0,i n a solution formed from0.2 g of

'ecrthin dissolved in 200 nL of dem ngywlweighk wat er .
The suspen5|on IS spray dried_and the resulting

rra erial | cronl zed to particles jgaving a nmean
eelpg‘] l:? than 1.5 m The particlgs are | oaded
|n‘§ @S with pressurized

1, Ethgn@ 3 3, 3- hept af | uor o- n- pr opane. Y Fornmul ation
Exhﬂl;dl,2g3‘>,3gl<hwfl¥®r¢m+mﬂ?a®ﬁ Exanpl es 8@@@“{# | ustrate
Suspensi-en-aef-osel-—-f-eratt-att+ons---cont-ani-mg-—"""""
suspensi ons of mcronized particles of the diHO salt

FornAflatidpeERn®1€88 I nvention in a hydrofl uoroal kane

Formulation Example 8N

propelTant for use in a netered dose Wt\ﬁv@x@h‘c To
pr epare the fornulation, chilled_ or_pressurized
ofluor aI kane is added to a vial ggntaining the 30
Wg Eﬁnénts The fornul ation isgloaded into
ani sters. 26 WD 2004/011416

PCEﬂ@SQIOOBI 023214 Formul ati on Exanpl &2 8K % by wei ght
- -1,1,1,2,3,3,3-heptafluoro-n-propane. - . - - - ... .. remainder

Acti-ve-tngredient—074 5

Oeic acid 0.5 Ethanol 15 1, 1,
1, 2-tetrafl uoroethane remai nder

% b Lot
% by--wet-ght

- - Active ingredient----------------------- 04 Sttt
- - 1;131,2,3;3;3-heptaflooro-m-propare- - - remainder

Formulation Example 80

% by weight
Active ingredient 0.4
Lecithin 0.5
Ethanol 15 '
1,1,1,2,3,3,3-heptafluoro-n-propane remainder

The following exemplify‘the preparation of N-{2-[4-((R)-2-hydroxy-2-

phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-

27
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Active ingredient 0.4 Sorbitan trioleate 0.1 15
Ethanol 10 1, 1, 1,2,3,3,3 -heptafluoro-n-propane
WO 0B Mmuas PCT/US2003/023214

St g flongh-ingretaior b~ T hteah A - — e e TEL o m m e e e e e e e === e e = = = === =

e Active ingredient 0.4
Oeic acid 0.5 Ethanol 15 251, 1, 1,2,3,3,3

Examipbplaf Sythesi e fi2-fpaR-2rlerbrionyt3r
phenylethylamino)plrenyHethylamine ¢2)- - - - - -----------------------

SN TR Amesle Bask was added 10 & (749 SF2-0 =XaP! e
aminophenyl)ethylaminé and 15 mL of” 1',3—dl“rﬁe'th§71§3',4,5,'6:tét'raha{'dfo'- """""
---------------------------- Active ingredient 0.4 1,
2(1 Bpyrlmdindnd (BMPRB p Taé taaotiar flagirvegsditedrvettaamaterhead stirrer, a 125
mL addition funnel.and a thermometer.. The reactiopsflgskywasinyrgedrvighaifropen and
placgcp in’d ng Wated Bhth. The addition funnel was charged with 83 mL (83 mmol) of

1.0 M-sodium bisftrimethylsilyDamide in tetrahydréfttany €llersgdimdi ent 0. 4
_ Lecithin 0.5 40 Ethanol 15 1, 1, 1,3%, 3,3,3 . ..
bis(rimegds FDeRe RoBIiop AR aAdéfdraaise over 30 min With vigorous stiming.

________________________________ e
(8.4 &xXg Tl rhingl)tvs apdebdopiwise by efringe{oRef #0 ffiRites2 -Tgdtatexy addition

45 phenyl et hyl am no) pheny] ] et hyl .
was FortrRllestth MK AACTHBRERRAIPH A5 4C- 26> b ShsAFestion Tees
L
sepat6iyi fagnedf dituel witly S6 alll isowsropylHCktateaint wakhaiowitlo 84 chll saturated
aqueous sodium chloride. The organic layer was washed a second time with a mixture of
84 mL water and 84 mL saturated aqueous sodium chloride and finally with 84 mL
saturated aqueous sodium chloride. The organic layer was concentrated under vacuum.
The residue was twice reconcentrated from isopropanol (55 mL portions) and then
redissolved in isopropanol (235 mL) and heated to 70° C with stirring. Concentrated
hydrochloric acid (13.2 mL, 160 mmol) was added over two minutes. The mixture was
allowed to cool to room temperature and stirred for 14 h. The precipitated product was
isolated by filtration and washed with isopropanol and isopropyl acetate. The product was
dried under vacuum for 3 h and then dissolved in 56 mL water and transferred to a
separatory funnel. Isopropyl acetate (56 mL) and 10 N aqueous sodium hydroxide (19
mL, 190 mmol) were added. The separatory funnel was shaken and the phases separated.
The organic layer was dried over sodium sulfate and concentrated to afford the product 2

as an orange-brown oil (11 g, 44 mmol, 59%). m/z: [M + H'] calcd for C1gHaoN20 257.2;
found 257.2.
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Exanpl e la: Synthesis of 2-[4-((R)-2-hydroxy-2- 5

phenyl et hyl am no) phenyl] ethylam ne (2) To a 1000 ni
wGa20i141b ask was added 10 g (74 muol ) of 2- (4PCT/US2003/023214

am nophenyl ) et hyl am ne and 15 ni of

ExathpR- th:nSyiithksi8 of2-H-QR)-Sthyahpsy-@- 2( | H) pyri ndi none
pheryR@Aamihbpheasiéth@aniiha@ dilmpdrochloeidewi t h an over head

t : 125 ddi t I d ter.
ThEoreRBr oA TP IS BFLL AT RO PR and 10
amiBESH Y T 124 B ek prTpbuRdging atghinoe vas
2(1 Dpsitdinors (yV@U)y Thardadidon flaskewasditiedrwithuapovertidad stirrer, a 125
sodium bis(trinmethylsil L) am de osi{gti on vv%s i%ﬂd'?d d
L afldépan sangpad adeprmpinetsr s i Wﬁ‘@&?%ﬁa WashUhgsd Wirhgitrogen an

m.
it ' P&
plac@Efl 4 {80 st B, RS ad G SchpBlGad ARIEASAMNADuT, (8458l
1.15@G001RWi ofd .Y sodhinnbis(tarethylilytyhmiteds tetibhgdrofitran.oThe sodium
addition 15 was controlled to nmintain a.tegﬁerature

bis(tyigiegwlelyDamide obytion wes added drapwise GieRRisminFER YHOFO Y5 ptirring.
e GHRRP) S0, TP TR SRS -

(8.0 2L, 17103 13011, @PY3 eqab e} wheadded drasviscbydytring8dverllS minutes. The

saturated aqueous sodi um chloride. The organi %Wlf_?)ﬁer
rate plhaddifierhwas eonsiellerhie MARRIH EHRETFRLGIEY 1 C84 > the

o SRR B OS99 00 A

transfBir&d iodesepdidforpfigasl dilhtay evithvélismE dsopeoplyt adetedle amnbiwashed with
vacuum }I)'he resi due was tw ce reconcentrat egdrom

90 nils epswiafedrarequB Sodmshiaridsn shhe QRernithiaer Was g7asle]  agpond) time
it RS EAR0D 25l 70 N s Gy By By

withBmaddRehtey sfuebivsodivnn tigdsridd hEhadrghnic éayeawas adricenterded
to cool to roomtenperature and stirred for %4 h, The

undgsriaeipns Zheeesisiue 3iae oneeairatsd ISP ABHISHRFOPMOl k3 MhPogRps)
and e%h ee:c&jl s}{\)/ll\;ela ih¥ %Blroggl?cﬁ ng@Hlﬂg bid H«%a(?&w 76 ek til}rﬁg.
0&UC§ was dsr ed u or g F] n

nder vacuum h and the
CondéisfdMadrdchl R adid (M8 LRehL ared thmahsiaraddetl ¢ver &wvo minutes. The

separatory funnel. |sopropyl acetate 6 ) .and 10 N

mix e wes allasirs toreeehie repth danpergureand Silgfsé 2%151)71 \Aﬁ?eepfe"lpltated
dded. . r )

oo TR kLA ke MR BRN Bl B0 U RS SR
drie8 whd@tvacans faamee Rbura te dietdl 36 70150% yieldpotitHu-((R-230ydasxy-2-

an orange-brown oil (11 g, 44 mmol, 59%. Mz, [M+
Phemi‘l?thﬁlammp)PhﬁﬂYﬂH!bﬂMﬁ dihygdrochlpgdaas 2whitesolgg wo

2004/ 011416 PCT/ US2003/ 023214 Exanple 1lb: Synthesis

of 2-[4-((R)-2-hydroxy-2-

ExaRijf182} S§hthesigonbpoiaoy(R)-atontaityideméthylsiloky-8+(@dbmainddo-4-
ben%??@ggywhgh@@k flask was added 10 g (74 mml) of

(R)-2-Bromo-1-(3-formamido-4-benzyloxyphenyl)ethanol (intermediate 3) (9.9 g,
28 mmol) was dissolved in 36 mL dimethylformamide. Imidazole (2.3 g, 34 mmol) and
t-butyldimethylsilylchloride (4.7 g, 31 mmol) were added. The solution was stirred under
nitrogen atmosphere for 72 h. Additional imidazole (0.39 g, 5.7 mmol) and
t-butyldimethylsilylchloride (0.64 g, 4.3 mmol) were added and the reaction was stirred

for an additional 20 h. The reaction was diluted with a mixture of isopropyl acetate (53
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am nophenyl ) et hyl am ne and 15.2 niL of
1,3-dinethyl-3,4,5 6-tetrahydro 5 2(1H)pyri ndi none
wODRMBWI141dhe reaction flask was fitted with anrovaiShmwad23214
stirrer, a 125 nL addition funnel and a thernoneter.
mL)Bhé hexanes (29mE) aslkranatormsd tye separatery mimneb gBle enganic layer was

ewio SR vl £ otute A1t Ikt See Rl B 05y M Sie 27
mL)%ﬁ&fdéthsg} Phsdl bfds AR giratyd a@t&ﬂ@sddmn& @Elbﬁ&é’my)“ arke

he sodi'um bis(trinmethylsilyl)am de solution was
orgaa@deybrdvaepmpcé eversediugosutfate. Hilida gﬁﬂ g?érﬁagbsar@themneﬁ g27 md)

d on funnel was r d wit
werd iR A s URETIRY GF SUEHCLEL] qUnFs, DTy Y Tged by
ﬁltregro%@lnﬁ%é' HirhteWBAcAHIRE HHORMeREN beh§ i/ersidﬁg Qvag \éﬁyrstajlf*zed from
m nutes. The rate of addition was control

hexames (t5anh) @ affond &84 teu(l 2 nbedlomd 39 otf:mtettrteératel_ hs, a whée solid.

react,on ched_. r QP addj 1 f 90 nL
e Gt T ST o BN Cr i ok bt Tbardadh 5o o
separatory funnel, diluted with 60 niL isopropyl
acetate and washed with 15 90 ni saturated aqueous
Exaspdé BnSyafthesis aady-{TH4-(@t)e2xhy droxsy2ephenydetingda ndubo)phereyd fetlaly1} -
(R)-Litér-butd1limethyisd iy 2-(-ForPthriid ovrb &xizy Rix§ pRényTjethylamine (5)
saturated aqueous_ sodi um.chl orj de and f1pal l‘é}a w,th 90

i Infgrmadiated (28 geblmmaly intrrnsdiale 2 &b eTHems}
: T
ol AR T o s
fomﬁdi] ﬁomb@‘neﬁmboﬁﬂmhv @dtassiumsarhonp@eD of 25thnndl) amhabdium iodide

with stirring. .20 Concentr at ed
(1. 78 I8y m BISIPﬂlbWPT@ aééfr‘ddal{dltée peagion @@GHWS@e%ﬁé toyfitfed-- ol reaction

m1x1%u\f\é)wg§ AUEESned %?4? C1 egb%mﬁﬁ k&&%}ﬁ% rt)&nctglﬁ*)er‘éﬁlré A Qituted

erature an recipttated
mthmﬂdlu@tl nvigsantd Swipadpsdl a&tﬂaté (A& mB).i ’D]ma, remhevhswtm’ed until all
sopropanol and isop rop acet at and_ dried under
EbS

solidsispahierl 6pd thep dansfstied oy pseppiaiony Tupngly Fhemrganic ayenwass
R O A T

sodlafh ettt thiydrate il waib, ]E&qal)ﬁbbo\ﬁed Bysotihes b&aldbbnate solution (5%
1-tent-butyl di net hyl sil -
w/vin WB‘@ﬁzlﬂr@g()yfﬁH@%n légq%rﬁ@l Earl%}eo%sségdlgr)lgychlonde (ﬁ)mrr% ngg ‘

orga%@ ltaie Bl.QR | ateé %% %gﬁ@ﬂlﬂ% %dkz:%ﬁfegﬁ r%é @%?@%ﬂgl)l%ﬂﬂé}ﬁétg g asa
browil- gélatimeiul yé1id(7r0pml t enmadl-eap| m/z( M 3 1§"] c3ked ot HadNi0,4Si
30 t- bu%l dinmethylsilylchloride (4.7 g, 31 mmol) were
640 4¢fpad 64%€. sol ution was stirred under nitrogen
at nosphere for 72 h. Additional imdazole (0.39 g, 5.7
mmol ) and t-butyldinmethylsilylchloride (0.64 g, 4.3
Exafiflé }: Sﬁtﬂemmﬁ-{aqd-((mez-hyaﬂixympmgmhylanﬁdo)phmylpanhyl}-
R)-248id o218 3-?&nlihmme4 beRsl wg,q )edihy 1@tk (@t h a
m Xt ur e of i SO acet at e WO 2004/ 011416

PCintespaiias 523 345 lrampoBrygps hiébsalwécé m(tztraln@;ofawa (26 mL) and
triethyIan ?rIeecnflycgoﬁuorldes(? Rah Bt £6 ¥nmc%] \r;v%ls addeﬁ © TRE 9510HiSn WY §ifired

for 20 h. The reaction was quenched by addition of water (7.6 mL) followed by 10.0 N

sodium hydroxide (3.8 mL, 38 mmol). After 3 min, the reaction was diluted with
isopropyl acetate (20 mL) and transferred to a separatory funnel. The mixture was shaken

and the biphasic mixture was filtered through celite to remove undissolved solids. The
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twi ce washed with a m xture of water (27 nL) and
saturated aqueous sodiumchloride (27 nlL) followed by
wa 2bd4rmal419ash wit h sat urat ed aqueous sodi um chPOTiUS2003/023214
(27 mL). The organic |ayer was dried over sodium
filtr@e Wagteturn& td £sepgetory Zndl g)d thephdsexwresepdatedl The organic

wer e added .and the syspensi on tirred for 10 .
leyepiAGPaSed Fith S BHNIHES CAOMBL S \?%\A@g@ S%ﬁlqﬂfﬂdé‘ﬂPwséﬂ%‘m
h
chlohlag fctﬂolx%e?g)ltyq SCIH.Q %?r itht eﬁda Hetus %g&%%r%dgz gl}hf%g)?%ﬂlfla /er was
drle@ o{zérQ;oﬂiﬁﬁi sulfate M cohcdnitardne dffa’d&heﬂfpmdua 6ndsi & Ilrownlgeldtinous
mz: [M+ Ht] calcd for C22H30NXBS| B ﬁgélg, %6%_ 1,
solid ¢hip e &@mn;gol 9¥6)- /71 MpsdHnysaleddor @VH@ 49266 Fgupg 526.4.

[ 4- ((R) - 2- hydroxy- 2- phenyl et hyl am no) phenyl ] et hyl } -
(R)-2-tent-butyl di net hyl si |l oxy-2-(3-fornmam do-4- benzyl
Exaﬂiﬂ@h%&ﬂth@ﬁwfmmqe ((BF2-hy di ey e ghaiytethylamifio)pheiyl] ethyl} -

R) mﬁjet oxy-S(SromRAARIc - @h&&ro@ygheﬁ)emhhm@@ﬂ

hyIsquOX|de 10 L) were conbined in

r odnfgmirsliate m(z Pags k- SamanoBiwasrdéggolved irf P mTaOE@h@g% ﬁ%ﬁ@ated
oS P Dk OSSR, e PSR A o

min'a8@ @ﬁe‘nqntei’@dxtb YEBoVRe TRAEEL AT d Be FlhtEwad Aédedel@ot palladium on
m xture was nmi ntai ned at 140C for 10 m n, then cool ed

activated caohnnt @69 m@taud éleaau@peasuonm@@ed on & Ramghgder. 2he praytion was

shaipt AR R o358y oty FRTHAE) eh cctitoand

conéeﬁﬁﬁ@ﬁ hi&dab@uR t@%&ﬁ%ﬁ)ﬁl@)}éuﬁd«m R€4d bro Wﬁ‘?e‘lﬁiﬂl@ﬁé Sollday & g,
washed wi th water f ol | owe acet ate

43 mmmél%)s%i\mmw@o.w@owsomymm z@%@dﬁﬂan?a%?e% A8 ém,

oSBT 10 5 i (205 S RIGELB) GOPTRn s 1

6. 68‘ 9'8[5 Qe DY . @a’? 13 @hesiﬂﬁql%qusmqm umIeH| onbdg 1679 mﬂllbr s,
organic |ayer was dried over sodiumsulfate and

lH)cMz‘,e[M + &t b dalcdlafGoolnNe @t #10ds dounded3®4s a  brown
gelatinous solid (7.0g, 11 mol, >99% . nmz: [M + H+]
cal cd for C38H49N3OASI 640.4; found 640.6. 25 Exanple

Exadple¥nt hlﬁzﬁ’floﬂ\bi{ﬂ- 2- [4 ((R)-2-h droxy-2-
e e
hyd {divhanine e e 4

g, 8 1 mmol ) was dissol ved
I N Cahponny dr(GflGrgaﬁ 3(rﬁﬁlot§b)'asaim3kolvbd irel Hyﬂnﬁnsqpeopanol in a bath at
trihydrof]uori

de The
50°6 @ng alleedigcost. Tl?eewlut@@ %ﬂrstlged ﬁapldfrﬁ énﬁi Z@Sﬁ?f&{ Wi gdded

e y ATRY color]
oo SRR RO By € i TR o
crystdlline pxb&udtemh:tcﬂmw\laﬁ ﬁtitaltluh and Wti¢churideo pacopin toadietdthe
and transferred to a separatory funnel. The

d1h3§ﬁr§(qhmggie\§glg of pemreepndglnd - Flr 3t BERLi4S"h xt ure was

filtered through celite to renove undi ssol ved solids.
The 30 WD 2004/011416 PCT/ US2003/ 023214

Example 7a: Recrystallization of N-{2-[4-((R)-2-hydroxy-2-
phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine dihydrochloride

The crystallized dihydrochloride salt of compound 1 from Example 6 (1.5 g,
3.0 mmol) was dissolved in 24 mL of 50% v/v aqueous isopropanol at 50°C. The warm

solution was diluted with 48 mL isopropanol and stirred for 2 h. The recrystallized
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filtrate was returned to a separatory funnel and the
phases were separated. The organic |ayer was washed
woizod/atars xt ure of 9 nlh water and 9 nlL sat ur at edT/US2003/023214
aqueous sodium chloride followed by 15 niL of
procuat waatsethtﬁkmeﬁlmﬁemamhahiedhindmi venumhe affogbhl g thayer

ed. oyer sodiu sulfa d concentrated to
dﬂ“ﬁ?@ﬂ(&“{eﬁétﬁﬁﬂtﬂew@ )&el atinous 5 solid
(4.2 g, 8.0 mmol, 99%. |n/z [M+ H+] calcd for
C32H35N304 526. 3; found 526.4. Exanple 5: Synthesis
Examiiple 7b: Recrystallization of N-{2-[4-((R)-2-hydroxy-2-
phebiyleZnyfldm b d¥ph ety yR)2-Bhéruklyst- (B famamidpheny| | et hyl

hyd}roxyphenylgethylamme dlhydrochlorlde
(R - (3-for mam do- 4- hydr oxyphenym%et hyl am n

e (AR50 nﬂeﬂlmdme&k@d Baskowas cgarqu yithadiydreehdoridie sl pleagnpound

1 et 2 Pl e 5 OB S S dipd 1B 128 ana 11
1sop?&15dhb?@al%¥ (FABLS. OTh 2B ixtie Rvad Reatb N &N5d-60 PE "t@ﬂls&ﬂvé BRI
the Darco. To the filtrate was added 10% pal | adi um on

Hydsoehlarin aid €6 %o h.2 (021501 2mynoBiveks aildedsat HPers @wc\dbm@dpr@panol

P Th ken.for 10
08 303t STyl apdsr e S0 b o i 76, M SSRiof el Godted Blihm
temgalaa&eemae?@ h. CIR&YB Par: o@E%WSJSIN@%ME& ev@ffz;fo%ﬂl and the

onpound 1 as a brown gel atinous solid (1 g, 15 4.3
solu‘mm Iwas @tipd atitdoniNERmpS@Mdvfaz 16 DVEDedsystas WGEOS(ﬁatQQ bY fiftration,

92-3.18 2 4.35:4. 45 69
washi oifjsopespapo RO Ttk Hgdesyapal o yrogacid e
ity forR R PO B s ok i 90,y OB by
HPLG) + H+] calcd for C25H29N304 436.2; found 436.4. 20

Ex l.e .6: ystalljzati f . . .
N (D ehforR gl P et dryined A som vk gheS e per
mol%to?% 501{113)1' %a?mgiiﬂw a@fo(lgwg Ofrﬂa’ﬁleQQ’ceAG (3.1kg), prepared
dr oxyphenyl) et hyl'am ne di hydrochl oride Corpound

accchﬂm:gIo g1e proGdunas| of Bxamplts § so# wed deheﬂk&lhte«ﬂ.acp&dmgdp ﬂmprocess

of %@%&bﬁa P BT o reor e Hea Proess bgemss Cp sthnd 22
rpg/gyc}ﬂor&i%%al%%é ﬁou\P{aﬁi Sﬂhle J%%HH%F Aﬁo&hc%v% fé‘a{}?gtguized

ture. The colorl eSs e product

accamﬂnigab deb fpcdss bf Eaarmpla 7a ltx:dafﬁrrd d@ kgafa hydrochlonidessalt of

af f or the dihydrochl orj de salt of conmpound 1 (1.71
Conﬁ’ou@dﬂ é va %p&loyg@. Recrystal lization of

N-{2-[4- ((R) 2- hydroxy-2 30

phenyl et hyl am no) phenyl ] et hyl }- (R) - 2- hydr oxy-2-(3-form
Exzmnpld 8: ChahyderizatiimerfyVXB{hy(Ry2-Inadradiy2dr ochl ori de The
pheﬁmat;ahxhi phénynetiyd }:bkpz hyl@rosgla-(Pforafimmaed 1 from

hydi_-ﬁ eﬁy e la'imﬂed?h boMbridwvas di ssolved in 24 nL of
% v/ v aqg ueous 1sopr opanol at 50C. The warm sol ution

wasI Imx—wec@met diflkgtion pakiesp pop diBrreniiabiscanning salotigetrp trace of
the S@%tﬁfjgﬁ 68@?%%% Zfloﬁi%gur?dl 1 gf\l}?stgﬁl.%éé %114‘&’16 free base as in Example 6,

are shown in FIGS. 1 and 2, respectively. The sample of crystalline material which was
analyzed to provide the results of FIGS. 1 and 2 had a characteristic particle size of
32.3£19.1 pm.

The characteristic IR peak positions were determined as the average position of

the common peaks of three different samples of the diHCI salt: 696+1, 752+1, 787+1,
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product was isolated by filtration and dried under

vacuumto afford 1.0 g the dihydrochloride salt of
woanpmunde 1(2. 0 nmol , 66% . Exanple 7b: PCT/US2003/023214

Recrystallization of NN{2-[4-((R)-2-hydroxy-2 5

827£n68‘7§31tet9m|:l:&m9861)1 phEoy:l ] msmm;%&y:l,z}mm OXP7:21,(1293-61,m

hydr oxyphenyl %et yl.am I hydrochl or| de 1A
137550 10T hASEo oS UG | A5 RGO p S 33701 o
h
eéglrh\% éﬂ{ ang?fgc%ﬁ 8?1{1(}] g ?)fgéi?lggkp yﬁleE)%’deQégoigE)%%aplezs 1 t?rough 7a

waskBardbitiyedardollows: |sopropanol water (98 ni). The
m xture was heated to 50-60 C to dissolve the so

10 IRy 695 AP oF87e 825183 (%59 956,102 1.nh0551 P063wb} 60, \va%8 é&%d371

R0 B 88 A8 B BoPEE R A s L AR P e

DMK O-#9@MD.86-83P ¢maABHY, & 8D 1 2rnh2H] mrﬁ@pmpv 1(2934311@). 9Mi)§8 13
slo }éadded over 30 mn and th ution was stirre

(s, 14D, 883 koLt Bhplet hOdTD, §-80 (bre. HED, ﬂr?@ F §:skka) 8- 6@\/e§$,éH) 10. 18 (brs,

o], 9 ShER (PO RIS OB RO e BRROATRL s
121, myﬁpomlwnm@ $20.6, 108. 2cq>2wurn211@é081@5491600mm15 M+

79 %y| el'd, 99.3 %purlt 5 HPLC The hydrochl ori
H'] saled fafCoHmpbOn 63@2h@v1i1d1@361 5Ele§mital an@mls(w%}ceﬁlqﬁme

coNoTILT BRI LTS o

H, 979 oedu e af 7fixenphes. 1 to 4 was debenzyl at ed
accordi ng to the process 20 of Exanple 5, and then

crystallized accordl ng to the process of Exanple 6a to

af f.ord k roc f coppound 1.
Exapgple 9; §§E“ils§alt E%r ngTy%f 1&}' Enejlccor di ng
phepylefiydamingphen gle'é H W- inamigods of a )
hydﬁymﬁ@nyaﬁhata@amdllwirmaﬂﬁﬁ%nd 1 having 1. 52

equ .

éArx gckge?%)t;%i&ﬁ% nlt}g%ﬁfng ?g—l?ﬁsa?%%wh‘@o@%c} % )g)r?pza_red as in Example

6, wak @sad etpagpadartono );aph[ﬂay(bf] approximately 30 mg each Two samples were

et hyl }- (R) : 2- hydr oxy (3-for do- 4-

BRI ey GRS Uy MGHAASLRRir DER PSR Pl Ops @iy one that

C b

had BB b HRF hERMREL I ORI H b Al 9G e 25RO

hunﬁcbnnjoﬁjmd dhys:aryhmwl dainpid, drreqmrotiritkardreme thaded ast been processed,
Exanp] e 30 are sho in FI 1 and 2

werg g9 .rwwemmﬁ@ugealﬁﬁ Sle?at%r.s%rt% pEREPFHAde SeHPISHY R

I

wit ARG, KRG LY IHCULEGAE 1T B8 R 1§ XD Sang A0 days
chatanpaisbs bf thelIBS @ eades rﬁmsuhe farsamples imtb¢atesrthere ds msdetectable
the avera osi tion of ormon peaks three

effegt 91 @y Rk s %%baﬁw a6ieT BHPORYHE 1P FCH oD EPerggs gnd BP‘B’?!LCLWV g8

resuf€ show no appreciable quantity of water becomes associated with either the ground

or the unground crystals, after exposure to high relative humidity. Similarly, the XRPD
patterns show that the samples are not appreciably affected by exposure to heat and
humidity and no appreciable chemical degradation was observed in the HPLC data.

In another test, samples of the recrystallized diHCI salt of Example 7a were stored
at 40°C and 75% relative humidity. After 6 months, there was no visible contamination in

the appearance of the material, the water content remained negligible (0.12 % water
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WD 2004/ 011416 PCT/ US2003/ 023214 8271, 8731, 9701,

9861, 10201, 10551, 10661, 11011, 11971, 12931,
wa30kb11444401, 15421, 15971, 16581, 29521, 337RCT/US2mH3/023214

35551 cm 1. The di HC1 salt of conpound 1 produced by
initinthg 003 Dessendt hnantieehethidahpmitglof #ee sampke, as determined by

characterized as_follows: 5 |R 697, 753, 787, 827, )
HPIg7 gnalgsrpwangsentiely ynchepged, a&% gisre Wapee chpnggin the gﬁl,ral purity of
the%%x@e. 1440, 1541, 1597, 1658, 2499, 2771, 2953, 3371,

cml1l. 1H NWR (300 MHz, DWSO-d6) 6 2.86-3.37 (m

8H), 4.80-4.91 (m 2H), 6.91 (s, 2H), 7.12-7.43 (m

9%2., 8.13 (s, 1H), 8.27 (d, 1H J= 1.6 Hz), 8.80 (br
AnalytieahMethody (br s, 1 H), 9.63 (s, | H), 10.18 (br s,

1 : .8 ,

s 5 P gt g R (i Yofka shimlynishol
diffladfontbteridmeg@Cu Kd (400 kV285.0,mAPfhdiatiod 3 Th@analykds Was performed

146.4, 160.0. mz: [M+ H+] calcd for

withoths [9P0iqeBer BUERg MEGAHNUEE-Span modeah? Aminayah ¢ step spagtof 0.02°

oveh 5038480, PR AL o 22 B gty M e
of pbhwd8redt haatélialll. 71; C, 13.52. 15 Exanple 9: Solid

state stability testing of N-{2-[4-((R)-2-hydroxy-2-
phdpiffeeantipl seanting penimplry traces were obtained with a TA instruments

(R «2-hydr oxy-2- (.3- f o .d0- 4- .
o) BSOS NG I bt T RGP IR e forgoalyeis wiggen
empy phhISerGing at elelrbfefeneé. HSdmplas vertf equilite@ed sl 30°Cphe hadtedlat 5° C
as in Exanple 6, was used to prepare four sanples of
per gppite 10 arteneneyatwe ofg0@eh Theinstrament was qplibratedagitlyppindipm
stank fine particles with a nortar and pestle. Two
§1 | es, one ground and one that had not been

Pr OOR$H6EhaviRstiee SlaBfsRdvadtonddtes adngh InbiasinaberdOfmods1d)s0.
75%relative humdity for 30 days and two sanpl es,

Sampies et vrriighed dn alnminuma parreandriweted diom pR6cleSHBYC at gapte of

oShore t roomte rat N | C I o
0B e R TRERLALE: e S PE) OShial Bl bigyen s
and D80 and rafel idivhich ndaychiAewht BycoXiFoRitian evakiobéeradd).30

days. 25 npari son of the DSC traces for the four

sanfhedR paeireraies detaniacd gverdheiwaeepumbes (0)epngac4008Ho

I bi | i . ) .
675355l B AP 415 o RORERAE Bl LR Wt omnis sl

atteRREE oA RERcHBR U TR VsaddplyvBsiger. becomes associated with
ei ther the ground or_ the unaﬁr)ound crystals, after

expGENMR spechip gierer askuired/en p 39 Mz Vagimemin g004 spectrometer

h . . .
o o P SERP B RSB i Frlengge s ver
repdited g 4 YMam@si@g@ése@iaa DMSOhesb a2 Maghddsrtfernv@s>C

observed in the HPLC data. In another test, sanples of

NMBhspeelae st aghhiredean BHQICEcKpset 400 MBaspsrieometeier e

st d 40C .and . 759 thve humdity, . Aller

ot ess P B SO Al Vol abiten (pF S R -
bonBHAERAY, 85&GH xf.6 EcdTaha! éqfilibrifee aVe8°ar. TROhEBile plRied ued
negI|%|bIe(O.12 % water )
were: A: 0.1% TFA 1n 98:2 water:acetonitrile; and B: 0.1% TFA in 10:90
water:acetonitrile. Detection was by UV absorbance at 215 nm. A flow rate of 1.0
mL/min and a gradient of 0 to 60 % B over 20 minutes was utilized. The diHCl salt of

compound 1 gave a retention time of 11.7 min.
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33 WD 2004/ 011416 PCT/US2003/023214 initially, 0.37 %

water at 6 no), the chemcal purity of the sanple, as
wdeb@rorisied by HPLC anal ysis was essential |y PCT/US2003/023214

unchanged, and there was no change in the chiral

purNlasg smctromo:@losldmﬂfecatlen raa perforared bivianielaggrospragipnization

e B Wb Pt e s T RO AR 1 6% v

35. (ﬁumﬁbuﬁ@%@ue&ﬂmnw Bsiap alBeskHadRs Or Mmmagﬂlaw th
the gonioneter running in continuous-scan node o

elecgbpharesis system. SThepnslysis veds porfomedatelt! 25 naing éleptfakm-(ié,

incg R AR DS lpB B Doy B ke dh A Bt B P 4 0

X 3 5o REd ﬁﬁ&aocfabﬂﬁhf YD&tEélﬁﬁlswé&eJ}ﬁUV Qﬂo?drﬁﬁﬂ:e\ét Qdﬂ) AmI Ahe four
instrunents nobdel” DSC2010. Sanples were placed in

steremgsunexts alignaierin thegfallewingrorderab$, S SRi R R, welrere eorppgundalnis
ser % ﬁs the reference. Sanples were equilibrated at
desigpgte eated at 5 C per minute to a tenperature of
300 C. The instrunent was calibrated with an indi um
15 standard. Thernogravinetric anal ysis was conduct ed
us inllath'E@rd:smstImvamnh hasrbabal deé@ﬁﬂzed v@ﬁlrrpfee&ncm the specific
wei| ghed l,u pa S an eat ed 0C 30Q C
emb&elnaem%ﬁhsree? it Sl Ferpn 9@{0@3 S@ﬁkﬁlaﬁglgg %teV&HBg»S
|
chaffER S il b %ﬁ@‘%ﬁ%éﬁ%tﬁﬁ‘ée‘ﬁ%oma@%?%ﬂﬁ%a%% fho true
spiritlané seopd Jof tﬁéﬁnﬂ'dmsaoh Rirsqieiition mang sncdiéfieation ey be/ mad¢ tveadapt a
g; nunper (u), range 4000 fé_g 675 cm-1 usin
partyelar sttuatiog. peetipl g%ewwe? atheg RTRTFES PRRGERS ISy o the
[ r
obi @08 sBirf Aictre O SRR Aol s, AT QB8 TR arg fpgended
to blezth\t&ﬂneanolﬁeiﬁthei clﬂﬁﬁ&pp@ﬁietl thoreid. eAddl'ad)nahhybalbpmbhcatlons
ature. Sanpl es i ssolved in

Pt o L ST PTG e BB RAO0Y REn PN EY &8 ¥ee°%§?rﬁ1§ in
r I as reference. 13C NWR
full sa%?é 1r\/1\§$/§9%l qflijllt:r 8%&6% &p&%ﬁ pse+ 400 MHz
spectroneter. Unl ess ot hervvl se indicated, HPLC
anal ysi s was conducted using a Zorbax RP- bonus, Cl4,
25cm x 4.6 mm columm, equilibrated at 35 C. The nobile
phases used were: A: 0.1% TFA in 98:2
wat er: acetonitrile; and B: 0.1% TFA in 10:90 30
wat er: acetonitrile. Detection was by UV absorbance at
215 m. Anowrate of 1.0 nL/mn and a gradient of O
to 60 % B over 20 mnutes was utilized. The di HO salt
of conmpound 1 gave a retention tine of 11.7 mn.
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34 WD 2004/011416 PCT/ US2003/ 023214 WMass

spectronetric identification was perforned by an
wehewtonogpr ay i oni zati on nethod (ESMS) with a PerRiSzn03/023214

El mer instrunent (PE SCIEX APl 150 EX). Chiral purity
WRHAY I8 eABVIEEISisi ng a Becknman P/ ACE MDQ capil | ary

el ectrophoresis system The analysis was perforned at

pH 2.5 using heptakis-(2,3, 5

di apet yl cfsEinba-g)- {ngmw&mbﬁeﬂgmg%ﬁuﬁ%heﬁﬂ]&ﬂﬁ}

chiral selector and usin

(R)S-hydeexye(H fdrmamld@é{herdthwhmbemylammhyﬂrbdﬂmedat
200 nm The four stereoisoners mgrate in the
following order: SS, RS, SR RR, where compound 1 is
desj gnatag @mpgdtnd SPCi! EwhidR moaﬁlsa%fehzwuf% k 98y PAsder
been descri be Wth reference to the specitic

diffeavtionl patemt ha\tlhlgt\m)br; mbte diffenction beaklsl ated Bﬁloembelbﬁtddffﬁﬁﬁ the
skllled in.th t hat various

STORRETBING 87 b6 S5y G040 SUCR 2 ik RGP PGS0

8. gf 59@31 hkepspirit and scope of the invention. In
i'tion, many nodi fications nay be nade to adapt a
part| cular situation, material, conposition of matter,

progess, _process ste or steps, to the 15 Ot}J ecti ve,

spitit athe coppoand pf Wﬂr‘@%@ﬁm th%’é/’é@ﬂp%‘ﬁ;er Aiffragfigapattern
T T e

publications, patents, and patent docunents cited
her ei nabove are incorforated by reference herein in

ful4, asThetrenpeundaf Clagmdl which riodersetcaizedibpgn x-ray powder

difffa%tign{_ ﬁ%ﬁ%blqs\ghlv\?the%pe% l%é%l?l%lgs aFr)gglllbLg§ ggﬁ)’}/l 191256‘?‘:(% ance w][-h the
peaklpbanblﬁ-df(ﬂ@pﬁtehyﬂfowmﬁqﬁhﬁnw et hyl am no) phenyl ] et hyl

(R) 2- hydr oxy- 2- (3-f or mani do- 4- hydr oxyphenyl ) et hyI amn

IGS C E;’?rﬁ.{%g lr |81 gu?%ofs ¥ O%E%g&ﬁ gp\;{at{nq }gvyﬁgra%c}{q%f%ﬁgghtsorptlon

spe@tadrh @fifh sipaviidagt 4b¥erpiionMand Aich6+LBTED-on 78gak; sezam 273+1,
val ues sel ected fromthe rougdconsn St | ng

97013, Y1 2102061.303521, 6650019104 198! 229@441 93@1@1 14401,
. 1, 10.-8. Th d
351 50, R i B Ey 5, The oo

@ tfraction
pattern conpri ses di ffract| on peaks at 20 val ues of
24.250. 2, 24.920.2, and 25.450.2. 4. The conpound of

a &-m 1 Whsicemppynd planycanerof £daimsyl tad whielnis qhevedterized by a

differential scanning calorimetry trace which shows an onset of endothermic heat flow at

about 200°C.

7. A hydrochloride salt of N-{2-[4-((R)-2-hydroxy-2-
phenylethylamino)phenyl]ethyl }-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine having an x-ray powder diffraction pattern having two or more
diffraction peaks at 26 values selected from the group consisting of 15.61+0.2, 16.32+0.2,
19.50+0.2, 24.25+0.2, 24.92+0.2, 25.45+0.2, 28.67+0.2, and 31.160.2.
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15 diffraction pattern in which the peak positions are

substantially in accordance with the peak positions
wofhodheipattern shown in FIG 1. 5. The conpouRdTaS2@B423214

one of Clains 1 to 4 having an infrared absorption

spett r un whadmasegfival canpasitainsomprisiog atherdpewicalbpéective

7521, 7871, 827 8731, .9701, 9861, . 10201, . 10551,
el ghhe SamRquIchlpny ong 966 i 374 T and g phArpiaceiydgily acceptable
care??71, 16581, 29521, 33721, and 35551 cm 1. 6. The

conmpound of any one of Clains 1 to 5 whichis

characterized by a differential scanning calorinetry

trace jch _shows an _onset .of endot hernmic heat fl ow.at
25 Spout IBEgthermaceujica] campesition ?ﬁ‘gla% t%?mm the composifion

cong{rﬁgﬁéa?ﬁ&%%f t%e E%%F)%d’ (%f a{lg Bﬁ{'gfr %ﬂ]ﬂ% g'ﬁ%‘? AARRE A%k ranging

frothydsiaXyphenyborlbylnam ne havi ng an x-ray powder
diffraction pattern having two or nore 30 diffraction
peaks at 20 val ues selected fromthe group consisting

of . 3 , . ; . e

25, oo, ot heudBictdfd cqmbdsigiocoins s, ey g Byfrositon
furthézldokip2ae3 %ﬁ%&ﬁicaﬁy effeiharmuatidf @l or P othiet thefapeutic

conprising a therapeutically effective anount of the
agegénpound of any one of Clains 1 to 7 and a

pharmaceutically acceptable carrier. 5 9. The

pharmaceuti cal conposition of Claim8, wherein the

conposi tTHY phatRaFutisAToRPbitich eSar§fonk b€ ClamBWod 0PWherein the

any one of Clains 1 to 7 having a size ranging from
comgtesifion is fermplaggsoior administration by ibalglianmaceut i cal ‘

conposition of Claim8 or 9, wherein the conposition

10 further conprises a therapeutically effective

anont oA cem®irdtioAsRpALiNE thelcbRHBRRLIGT dhy (2@ C3aimé 1.to 7 and

The pharnmaceuti cal conposition of any one of Clains 8
onetqs mye othetherapentieageatsnposi tion is fornul ated for

adm ni stration by inhalation. 15 12. A conbination

conprising the conpound of any one of Clains 1 to 7

and]3. oneTiy comibiigativnh#ClaiReT BivRettincthagtiet therabduticTdi@nt is a

conmbi nation of Claim 12 wherein the other therapeutic
coriigpsigroid sanantighlokinergiccagstie pio BDEA intabigere hl ol i ner gi ¢

agent, or a PDE4 inhibitor. 14. A conbination

conprising a conmpound of any one of Clains 1 to 7 and

14. A combination comprising a compound of any one of Claims 1 to 7 and

60.,90~difluoro-17a-[(2-furanylcarbonyl)oxy]-11p-hydroxy-16o-methyl-3-oxo-androsta-
1,4-diene-17B-carbothioic acid S-fluoromethyl ester or 6a,9a-difluoro-11p-hydroxy-160:-
methyl-3-0x0-170-propionyloxy- androsta-1,4-diene-17p-carbothioic acid S-(2-oxo-

tetrahydro-furan-3S-yl) ester.

15. A process for preparing the compound of Claim 1, the process comprising
the steps of: ‘
(a) dissolving N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl}-(R)-2-
hydroxy-2-(3-formamido-4-hydroxyphenyl)ethylamine in a first polar

solvent to form a first solution; and

37



6a, 9a-di fl uoro-17a-[ (2-furanyl carbonyl ) oxy] - 11[ 3- hydro
Xy- 16a- net hyl - 3- oxo- andr ost a-

wa 2do4¢hiiene- 17[ 3- car bot hi oi ¢ aci d S-fl uor onet hy PCERIS2003/023214
or 6a,9a-difluoro-11[ 3-hydroxy-I|6a 25
metbly | addiog hydréehlpriopiid tyfoomye-second solution from which a crystalline
androsta-1, 4-di ene-17(3-carbothioic acid S-(2-oxo-
tetrah?HF@c?ﬁ Fes- S-yl) ester. 15. A process for
preparing the conpound of Caim1, the process
conprising the steps of: 30 (a) dissolving

N- {13 [ 4 -TheRroc2shyfiCiaky 1 2 whieiry thetsbgdnarsohutipp kemyptijest hy|
}-
5 ISOPHWFIWZN?(@— ingrAdePEisonropanak Bl REFY BbOeRiA L 4p Aot K04,
solvent to forma first solution; and 37
V‘“%'% (5’2%%1416 PCT/ US2003/ 023214 (b) addi ng,
hydrochloric acid to forma second sol ution from which

a crystalline product is fornmed. 16. The process of
CIdﬂnw15”%M§?@$ﬁ0fﬂ@ﬂgéé@ﬁﬂﬁ§éﬂ@PP%ﬁgconpr|ses 5

B AR WRLEL: di1nd B 1% RLod SABLIBRRA : d" o

roma to vo

10 17 (b)Th ad@ihg besvech hbdult @li’ﬁnll&bbutr Lh equmaiems bﬁh}ftb‘()clﬂar)c acid per
di ssol ving the product of Claim15 in a second_ pola
sol ventole ghffee base gyd adardmplassolysatiofpane ﬂGrdssoé‘l‘me om

about 1.5 .eq n hloric acid per nole
of free lbglsaegﬂg%tg h‘é ﬁ”ﬁ‘?d?‘é“ %&%asol vent to forma third
solution from which a crystalllne product is forned

18. The crystalline' %ldr ochl oride salt produced
t he 8pr ochserpttaltinghyfradhloridessalf grodpged by theaeqepsf Clalm 15.

15 hydrochl oride salt of Caim 18 wherein the salt has an
x-ray powder diffraction pattern having two or nore

di fifor actTierpgakse Bydradhiotileual o €l#igit EBdwhdreiarnhé M has an x-ray
group consisting of 15.610.2, 16.320.2, 19,500
powgler dighactionpattemchaying tws onsorodifbatignpesks R V@lllewdﬁczed

rorg i BSRSE  Fo RERRNA 190E DA St o830
25.40%), b8 60 R) Qme@lr 15402,
2-(3- f or mam do- 4 - hydr oxyphenyl ) et hyl am ne

20 di hydrochl oride; (b) a buffering agent; and 25 (c)
WatZ%r ' A pharmaceutical composition comprising:
(@)  N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl }-(R)-2-hydroxy-
2-(3-formamido-4-hydroxyphenyl)ethylamine dihydrochloride;
(b)  abuffering agent; and
25 (c)  water;
wherein the buffering agent is present in an amount sufficient to provide the

composition with a pH in the range of between about 4 and about 6
21.  The pharmaceutical composition of Claim 20 wherein the buffering agent

"30 s present in an amount sufficient to provide the composition with a pH in the range of

between about 5 and about 5.5.
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wherein the buffering agent is present in an anount
sufficient to provide the conposition with a pHin
woheosrrange of between about 4 and about 6 21. PO®/US2003/023214
phar maceuti cal conposition of Caim 20 wherein the
buRer i Ahephemace@Ral @ngrosmntofiGlaian2Gomlinvhea tie Wwiffening
to pravide.the copposition wwth a pHin the range of
age)s COMBBAESARIIHO PG about 5. 5. 38 WO 2004/ 011416
PCT/ US2003/ 023214 22. The pharnmaceutical conposition
of Claim20 or 21 where the buffering agent conprises
a @Bt r atfhephemasuticABeonTisitipharmay en¢ dLElaimoMhwsi2 wherein
of any one ,of Clains 20 to 22 wherein 5 the
the cOPpRASEIN 1B FOFIS: sot oni ¢. 24. The phar maceuti ca
conposition of Claim23 wherein the conposition
further conprises a sufficient anmount of sodi um
chi2dr i déTHephammatenticahengmsjtoni dfi@Giaim 23 oheaweincthe t@mpPésition
The pharmaceuti.cal conposition qQf .any on f Cains 20
furthes comprigprey @itficient ﬁ@oeatrﬁiégﬁwnb?ﬁa@w?q Wapndes ﬁﬁrqog@gﬂaon
isot&HEf actant. 26. The pharmaceutical conposition of any
one of Clainms 20 to 25, wherein 15 the conposition
further conprises a therapeutically effective anmount
of one or nore other. therapeutjc agenéé 27, A Qt

cordr i sihg:phpryacguticahenmpasitionenfiagy ong AHChimY 2 to24, wherein
' rﬁ}(m S NS rise the pharnaceuti cal
theéogi%oggﬁ%l on %fC%mgﬁgéSgdne 8 "ains 20 to 26. 28. A
process for preparing a pharmaceutical conposition for
use in a_ nebulizer, the process conprisjing the steps

of 2625 (khe rbpuaaseyticabcqmpasition qfpgy one of Claims 20 to 25, wherein

the gﬁsg%%ng%%éé:o%gé%%@ }thf_%?%%( gﬁg%ﬂﬁ%%%ﬂx lo} more other

therbpyeditionyghenyl ) et hyl ami ne di hydrochl oride in an acidic
aqueous solution conprising a buffering agent; and
(b) adding a base until the conposition has a pH of

betyween . about 30 6. 29. The process of
d azpﬁ] Zgé\%ﬁg?glﬁﬁgﬁﬂe aci di ¢ aqueous solution is an
| S@aPNi & nebulizer device; and

(b) a container whose contents comprise the pharmaceutical composition of

any one of Claims 20 to 26.

28. A process for preparing a pharmaceutical composition for use in a

nebulizer, the process comprising the steps of:

(a) dissolving crystalline N-{2-[4-((R)-2-hydroxy-2-
phenylethylamino)phenyl] ethyl}-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine dihydrochloride in an acidic aqueous solution
comprising a buffering agent; and

(b) adding a base until the composition has a pH of between about 4 and about
6.

29.  The process of Claim 28 wherein the acidic aqueous solution is an isotonic

solution.
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solution. 39 WD 2004/011416 PCT/ US2003/ 023214 30. The

process of Claim28 or 29 wherein step (b) conprises
wadai4rng14aOH until the conposition has a pH i nPCNAIS2003/023214

range of between about 5 and about 5.5. 5 31. A

compound as clained in any one of Cains 1 to 7 for

use in nedical therapy. 3 The, use of a conp
cl 30-med Thapesgss oA & 1am %& o Jfswherpig siep <§ } CQIRPIISES aélﬁ]mg Raom

ar mceu of
wniIgE BBE o5 oFRIRG} oD P BBl MRy S AR RS,
manuf acture of a medicament for treating a disease or
condition associated with (32 adrenergic_receptor
5 acBivi t ¢ ¢omppupe Anelpimeggn amhemag%C@fm%?éﬁ iy nsgppmesigal
therthe di sease or condition is a pulnonary disease. 15
The use of claim 33 wherein the pul nonary di sease
is asthma or chronic obstructive pul nonary di sease.
35. The use of claim 32 wherein the disease or
coRdi ti dhe use efet comnoynd poetainers inz2oy gpoohClains & 71y o5
e-ter abor. neur ol ogi cal
pherfiagayial o on e e RREe o o B CRE 88319} Bfims 201026
10 in th@ rn?d?ﬁfdcﬂﬁe f b fhielichhed-By ﬁléaﬁ?h? -aZlisease or condition assoc1ated with B>
phenyl et hyl am no) phenyl ] ethyllam ne (2): I, N~ HZN\
adreﬁerglcfcb@tbr%nﬁtymhengnm ss conprising the steps of:
(a) reacting 2-(4-am nophenyl)ethylam ne or a salt
thereof with a sufficient anount of base to
sulst antyipahky o AR ORAERIH HE dfeRR100 Cortlli@biPis aditlimbfiary
reacting the product of step (a) with (R)-styrene
diseasei de to provide 30 conpound 2. 40 WD 2004/ 011416
PCT/ US2003/ 023214 37. The process of Caim 36,
wherein steps (a) and (b) are conducted in a

34.  The use of claim 33 wherein the pulmonary disease is asthma or chronic

15
obstructive pulmonary disease.

35.  The use of claim 32 wherein the disease or condition is selected from the
20  group consisting of pre-term labor, neurological disorders, cardiac disorders, and

inflammation.

36. A process for preparing 2-[4-((R)-2-hydroxy-2-
phenylethylamino)phenyl]ethylamine (2):

aacWs

N
H OH
25 2
the process comprising the steps of:
(a) reacting 2-(4-aminophenyl)ethylamine or a salt thereof with a sufficient
amount of base to substantially deprotonate the 4-amino group; and

(b) reacting the product of step (a) with (R)-styrene oxide to provide

30 compound 2.
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sol vent system conprising a polar aprotic solvent. 5

38. The process of Claim36 or 37, wherein the process
woéuodhver4iconpri ses formng a crystalline salt Pof/uS2003/023214

conmpound 2. 39. A nethod of treating a disease or

condition in a mamual associated wth (32 adrenergic

(o Whe. RiRERCESSE Glol A shietio AT 19) 564 PGS VRGO
[ It f f d ai 8
sobvB 5 OB e SRR ENERR 00 of & a1 m 39 wher ei n

the di sease or condition is a pulnonary disease. 15

41. The nethod of C ai m 40 _wherein the pul ary )
i S8ase The paaermef Jpim 4 0B AT CIEYR fGHFP GRS PIHHG Ratpprises

fomgl:néé% tallﬁ%‘sai[&?{;{;%h&% pf O aim39 wherein the

ase or con I's Selected from 20 the group
consi sting of pre-term|abor, neurol ogical disorders,
cardi ac disorders, and _inflammatjon. 43. The nethod, .
of 3& ai M nethedof sieatingrediseash etcqnditiandp agpapmpkassociated with

dm ni.sterin her apeyti.cal |l v effectiye.
B oot epmeotae R RSPl EProply B oGl B o, o
theridufieA1yodreelind St W apBhiindch@i @l Eslipdsihaifeny bfie 80€RAIms 8
Is a corticosteroid, an anticholinergic agent, or a
to 1POEZ0 itB.bi t or . 45. The met hod of C aim 43 wherein the
ot her therapeutic agent is 6a,9a- 30 difluoro-
17a-[ (2-furanyl carbonyl ) oxy] - 11( 3- hydr oxy- 16a- net hyl - 3

- XMy andfiRhéhdd 9t CRiHR R6-whétedn BRI dIRh& & dondiiof is a pulmonary
S-fluoronethyl ester or

dise@sg. 9a- di f | uor o- 11( 3- hydr oxy- 16a- 41 WO 2004/ 011416
PCT/ US2003/ 023214 et hyl - 3- oxo- 17a- pr opi onyl oxy-
androsta-1, 4-di ene-17(3-carbothioic acid S-(2-o0xo-
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42.  The method of Claim 39 wherein the disease or condition is selected from
the group consisting of pre-term labor, neurological disorders, cardiac disorders, and

inflammation.

43.  The method of Claim 40 wherein the method further comprises

administering a therapeutically effective amount of one or more other therapeutic agents.

44.  The method of Claim 43 wherein the other therapeutic agent is a

corticosteroid, an anticholinergic agent, or a PDE4 inhibitor.
45. The method of Claim 43 wherein the other therapeutic agent is 6a,90-

difluoro-17a-[(2-furanylcarbonyl)oxy]-11p-hydroxy-16a-methyl-3-oxo-androsta-1,4-
diene-17p-carbothioic acid S-fluoromethyl ester or 6a.,.9a-difluoro-11B-hydroxy-16a-
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methyl-3-oxo-17a-propionyloxy- androsta-1,4-diene-17B-carbothioic acid S-(2-oxo-

tetrahydro-furan-3S-yl) ester.
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