10

15

25

26 January 2007 WO 2004/011416 PCT/USZOQS/OZQ@_ghumYZOOT
Crystal line (32 Adrenergic Receptor Agonlgij Fi el d of
the Invention The invention is directed to-a

WO 2¢0481i414 i ne form of a (32 adrenergic recept BCTAFOIBH23214
10 The invention is also directed to pharmaceutical
conpositions conprising the crystalline agent,
formul ati ons contai ning the pharnaceutica
conposi tions, nmethods of using the crystalline agent
to treat diseases associated with (32 adrenergic
receptor acph.Vd n ful. for preparing
such a cr ysgﬁt%]ﬁge g%)%p%ﬁ%ggﬁﬁ&gggﬁglg%lﬁ{j of the '
I nvention (32 Adrenergic receptor agonists are "
recogni zed as effective drugs for the treatnent - of
pul nonary di seases such as asthnma and chronic
obstructive pul nonary_di sease_ (i ncluding chronic
bronchitis and enphys o V) ergi c receptor
a ists.ar.e,al so, . useful..for treat,in re-term |l abor,,
2 eSS Ao t aiduralling formiof 8 B dbghere el gt

The irdRntitnSie b6 dsed@iPioGREShRBurl ionSROHmY; '
U S. Patent No. 6?%76,79§ﬂ%§?&H§%§%105es tﬁ%gﬁ%é@%&ﬂﬂm

agent,fompoatinns Nogt2ining tiig pardadeptca cympesitions, methods of using the

’ henyl et hyl ani no) phenyl J et hyl }- (R) - 2- hydr oxy-2-(3-form

crystagiie gge fo %%W)sﬁf%ﬁ#ﬁt]ef Wﬁ&%ﬁ&@?ﬁ@q r%/‘reptorﬁctwit(;md
NECGHOR - )} gﬁg- renergic receptor

1noceagoniS?ﬁﬁﬁ%ﬁﬁgﬁ%gﬁ%a?gﬁ%dﬁ@%%a |3§?y referenced by the

chem cal nanes
202

N-[3-[(1R)-1-hydroxy- 2- hydr oxy- 2-
phenyl et hyl ) am no] pHEREA et hyl - 6- hydr oxyph

B M SRS BB e ricPenired mver v o ircrongg

of pulthofdFy ﬂﬁeas@mﬁshmdtﬂxﬁmmp&maﬁbMbstﬁ@ﬁ@éﬂuhﬁb&&geiseas% 26
January 2007 WD 2004/ 011416 PCT/ US2003/ 023214 Active

(includigg ehrenif: bronchitis anceerhplizisema) (oA dreneegiy redersernmesisay e also
dvant.ageouysl dm nj stered. in ation. Inhalation
useful A R FReT oot GPCHRAINASF A A Rgrologea

~disorders and cardiac disorders. Comimnonly assigned U.S. Patent No. 6,576,793 B1

discloses the novel compound N-{2-[4-((R)-2-hydroxy-2-
phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-

hydroxyphenyl)ethylamine,
OH y
N\/\©\
NHCHO H oH

1
as a potent B adrenergic receptor agonist. Compound 1 is altémaﬁvely referenced by the
chemical names N-[3-{(18)-1-hydroxy-2-[[2-[4-[((2R)-2-hydroxy-2-
phenylethyl)amino]phenyl]ethylJamino]ethyl-6-hydroxyphenyl]-formamide and (c-R)-3-
formainido-4-hydroxy-a-[[Lp-(N—((2R)-hydroxy~phenethyl))-amino—

- phenethyl]amino]methyl benzyl alcohol.
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directly to the respiratory tract. There are tzbtlﬁﬁuaryzoor
~general types of pharnaceutical inhalation devices:
nebul i zer inhalers, dry powder inhalers (DPl), and
wombedgsksdose inhalers (MD). 5 Preparation ofpcras2o03mn23214
formul ati ons for adm nistration by [ nhal ati on
e

t .
)&@{Jg@%ée\ﬁﬁ:riﬁ“hgﬁe%énhgfplﬁﬁfoﬁ 220 o aI fo neg%dgg% o

formo active agent’, or o
édmln&terpd‘l by ithebitibh clhhlptiac et cfelévesabansdbr ddlverog awvagent

ent, having suitabl e si cal m cal
direot]y e P pHSIOTE ot TRRTSIAES ?eg%le b Gpes b ahapmageutcal intlation

iR RIS R0 G 0P BUERBR U

Prepard@on &fforasiatimsdopaiininikGatiomby aahatauon typicailyireligsionrhe | t

is al so desi rable for solution fornul ations of  such

e:astermg@ﬁwrxs@ﬂw 9@& of thegpdve 2ssa or k2 Myskelmsdem phiever |

S SB35 80 R SEEPE GBS

chenuéapdﬁaas?bﬁbk OPoxfdk&mﬁﬁbitks de&irable that cBistallinicOsalis asedlie dry powder

ified as a limtation to its acceptability. As

-and suspepsien Sumulationsadogiaistaned bypinbglation typically b agadyerogiopic and

the problematic stability .of R R-fornoterol u-tarl
stablequpél%p At us solution, this formulation is not

ﬁ% BRG Wb gie%r édwt%ﬂ REAUBHEAAGBuch Meerfd dBeatdbld \&ondbmg

compoun a‘salt thereof j nor of a

term stdr@gem]]{@mm fox:tha‘pas:eajf iige Poatenengic fedeptor agenistifornaditrel
for adm nstratl on by Jinhal atl on has _heen_reported
tartrate,stability of ppolution @mvﬁ&yn Ser nebulizes pdminisiationas beenjdentified
i hi% B eser@dﬁnve&m%angd &Vﬂl%eﬁat%ﬁmgaébﬁw “because of

asa lunf@l%czn
the rolﬂé}ﬁﬁﬁ'd ﬁﬁﬁi %@FR}&X&%MM Elithib ik a queous solution, this formulation

dr oxy- 2- f or mam do- 4- hydroryphenyl ) et hyl am ne
wnotatﬁad:ty@rﬁ)nldngmmmmg@’brdl ng to a second aspect of the

Vo spolbte s ohpmaniRg Lorate als drionti o peeripden

compris &" uogl:’? %1 ﬁc/ acce%%@éﬂ%rl ervqﬂ%\gco nge?% gorted

previousiji rd aspect of the invention, there is provided a
conbi nation conprising the corrpound as defi-ned above

and one or nore ot Bummammofthelnventiongents. 2 26

AR SR o) B R e B o

- phenyledcxgg%.rﬁlﬁgﬁ? 9ﬁﬁtﬁ§1§-{%%@£ﬂ3¥i§&xﬁ—?f hInsnsi}fcﬁ}vl1n¢;r]ocess

hydmxy%ﬁe{l%)étﬁylﬁﬁaﬁie'(ﬁhﬁﬂ@ﬁlﬂbﬁ/dez phenyl et hyl am no) phenyl ] et hyl
ydr Qx 3-f or mam do- 4- 0% et hyJ ani ne, i
Apmméotoaﬁa S8R rsPegt Qrslyﬁa %\Fﬁng? b?elﬁ?ly gorovided” &

phanhaceutlcal composition comprising a therapeutically effective amount of the

~_compound as defined above and a pharmaceutically acceptable carrier.

According to a third aspect of the invention, there is proVided a combination
comprising the compound as defined above and one or more. other therapeutic

: aigents.




(b) adding hydrochloric acid to forma secondygghiianPBoo7
fromwhich a crystalline product is forned, whereln
the second sol ution conprises isopropanol and water
in aratio of isopropanol:water of fromabout 4:1 to
aboéecording o adburtteaspeot efcthe inventiar), thiéred provitgd taherocess for

profiio i e Bt P bl ¥TiaCahs o po S din o168 B o

of hydrochloric acid per nole of- free base and a
(@)t hdlissplyiog &F {Z-M-(Eh2-ItydrdxyrIrphentyhitiiydaminb)phienyi]etiydFA(R)-2-
ich a crystalline praoduct is forped. According to a
iy 0’9’5%%_% 0%3W13%451¥3m%¢ﬂy1)9_ Egvv%mpﬁfém R a
PhIVERE R 1S Ripf 1 on conpri sing: (a)
N-{2-[4-((R)-2-hydroxy-2-phenyl et hyl am no) phenyl ] et hyl
®)} - E(dé)’l;gﬂa}ldy@biﬂnry}d ] ac?}d t((j) form a rs]econld)solurt]ioTl from which a crystalline
2- (3-formam do- 4- hydr oxyphenyl ) et hyl am ne
di I?{WH% &%%WP@@’%?%B‘ the sseamdsolitipnLgamrisesspepropagpl and
i TIN:R ekl LS. t ol4n
Ao B PP ML b Bt 0 Rt SIRE SRR 1O Bl
pHoivolutle range of between about 4 and about 6.
Ac or{jyiing to a sixth aspect of the invention, there is
© ;d‘éﬁe i the product ofsteadP) §1 mepcondipolar spdvk i ok devi ce;

a ' tent O i se the .
@ 2By SATBOLTES b85: PSRRI bEbA i v
Acsle df fige baseans a\GERd polasiddednt &f fokRe thidd salhii@frofpher e
_1s _provided a conpound as defined above for use in

ent cys@Elingprogust Bdoraduary 2007 According to an
ei ght h aspect of the invention, there is provided the
use of a conpound as defined above in the manufacture

of icament . for_treating a . disease or conditi
asAs%gra;rtq%dPowi hmf\rlb [ ecffgi%le rIOXEREr WErs JBt Pravided a
pharnmaoentidal cdinpostidrycbnasrisirr i de salt of conpound 1 has

been characterized by x-ray powder diffraction (XRPD),
(axi f Pef2-(R)-2shydonyriypeenytathylaming )phepdthyl} 4R} dhedroxy-

spegt copy. (I R, ., nucl ear neti c..r eso 3
cpectduBmybriR R SRR s LSRR R

(bPUr Rbb AR ¥gent;R@dCrystal l'ine di hydrochl oride salt of
conpound 1 can be ground into micronized particles

(cwi t kater; si gni ficant deconposition. Additionally, the

crystalli . . . .
where}lln the buffrellgmg agent is present in an amount sufficient to provide the

composition with a pH in the range of between about 4 and about 6.

According to a sixth aspect of the invention, there isuprovided a kit
comprising:
(a) a nebulizer device; and
(b} a container whose contents comprise the pharmaceutical composition
of the fifth aspect.

According to a seventh aspect of the invention, there is provided a compound
as defined above for use in medical therapy.

Za




di hydrochl ori de salt has been found to be nelﬁgggnwyy2007
. hygroscopi ¢ nor deliquescent, even when exposed

t he atnosphere for prol onged periods at high relatlve

hum dity; and to be thermally stable at el evated;

tenperatures. Disclosed are pharnaceutica
conpdseariing do an ejahils asngct phijigriovamtion, theredg provisied the use of a

co%ﬂ:l&ﬂgrb%zé gugt?oyé%gﬁ%e%h%g X)‘%ﬁ%g{eﬁ%ﬁueﬁ?%ﬁ frating a

dide@sE UE200B1i@PB3 tdatelaviteeudrérmagic ceogplgiaciiviydn e ammmal.
i nclude formul ations that are specifically prepared
for Thddihpdrethtcgitie sait dhgomprivatl Athe®n. |1 n particul ar,

o R R B AR R Bl R bt
ORI s sisgk _W@ PR R Sy (),

by plegieptap analysis.
hydr.oxy- 2- ( 3-f or manj hydrox phenyl)ethylan1ne
di hyBwsigme Fh&érYSé?J %«érﬁal t of sprpindal canheeground

i B0 PRGSRio a{eﬁﬁ%ﬂ% i8eRoliffh ASRERANEHR tostarine

dihpdiochlaride sailRs ae@ffeaﬁdatowaki@m&r Bigres06pid @8t dafu¥sdeft, even

i sotonic. The fornulation can be adjusted to

whersenngsrdtotthe dposphsreton prqlmedﬂaeao@mhm relagixe humidityf and to
Ior| Optionally, the formul ation
be@%ﬁ?@ﬁﬁ?EwﬁﬁgF g ﬁhﬂ Further, disclosed are
- conDisckedam: mrmawmaﬂ dobtfoSitivsd @édm;br%
~_dihydrochloride salt of conmpound .1 and one or nore
dihydrhehorideesaltiod nompormgdranst splirmpdeaticallyestéptable carrier. The
conposi tions conprising such conbi nati ons. Di scl osed
is also a nethod of treating a disease or 15 condition
associated with (32 adrenergic receptor activity (e.g.
a pul nonary di sease, such as asthma or chronic -
obstructive pul nonary di sease, pre-teen |abor, a
neur ol ogi cal disorder, a cardiac disorder, or
inflammation) in a nannal, t he net hod conpri sing
adm nistering to the manmal , a therapeutically
effective anount of the crystalline dihydrochloride
salt of conpound 1. Disclosed further is a nethod of
20 treatnment conprising adm nistering a conbi nation of
a a therapeutically effective amount of the
crystal | i ne di hydrochloride salt of compound 1
together with one or nore other therapeutic agents.
Di sclosed is a process for preparing the crystalline
di hydrochl oride salt of conmpound 1 conprising the
steps of dissolving N{2-[4-((R-2- 25
hydr oxy- 2- phenyl et hyl am no) phenyl ] et hyl } - (R) - 2- hydr oxy
-2- (3-formam do-4- hydroxyphenyl)ethylam ne in a pol ar
solvent to forma first solution; and addi ng

2b
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hydrochloric acid to forma second sol ution fsonRwWaNHo7
the crystalline salt of the invention is formed.rM%Pg

' tjon further provides a crystalline hydrochloride
Woéogy’?ﬂdpﬁroduced by the above process. Opti onBFFAPS2¢05023214
rocess al so.jincludes subsequent, 30 -
phamPg8E S Poafhiosiiofs fA1L Fiejyde SPRMAPRY el esTRpeiigalbpucpared for
ini %&tﬂqj ihRBatfpHCl salt in a polar solvent, optionally
admmlg% [ ngylbletvv%erl11 about 0.5 and-about 1.5 equival ents of
Hy gadictiat, aliscibsad isdarpagueocns pbamfackut@l base, and addi ng
a pol ar .solvent .to forma solytion fromwhich the
COmpOgIfo F‘&Fqbferf%r neyliger SAnHREa Qe %F@FPSF@?‘HB?% gcreadiog
formuladdi ¥ah YorBRde N@[@W&Q%%@-ﬁﬁédy@%ﬁ_a)“pﬁéﬂﬁ]ethyi}-(m-z-
Di sclosed further is a process for preparing the
hydroxiyri-Grfondimide-RhjdtexypRnyl Jethylamine dihydrochloride, a buffering agent,
2- h)é_dr oxy- 2- phenyl et hivfl am no) phenyl ] et hyl am ne (2),
and wajgf; Jhejfermydation|cap be byieresite apH efdiniuesiuabout fiaad about 6,

. i i i f i - -
protesbY AR B S 31 B AARRAC bttty ooyt 5, g a5

isotoni&.UThé foir@ilatianeai e Mdfuskeds idotorieisivaht addition efepdudhbleahl,
the 4-amno 5 group; and reacting the resulting

for exapplsy sediumichleridR) Optignablyethe formuilatonsan elsa dncludedrsisiartante
Furtg, bEboRRESE BhiAbiBts bR RIAAIATlRd Tventi on s

ustrate rererence e Taccompanyi ng dr awi ngs.
dihydrdchfaridd salp @F\’ﬁmgﬁuﬁd 1 a¥d BRVStahodidifier AfckAR AP ech@randof
N-{2-[4-((R) -2-hydroxy-2- 10

pharmaghaivpl etngydstienn odmnemg Juch hembinglins. 2=hydr oxy- 2- (3-f or
| do-4- hydro enyl ) et hyl am ne di hydrochl ori de.
ﬁ%]‘“ﬁd&%&%ay%ﬁ‘ﬂ]@ﬂéﬁ'%ﬁ%&ﬁ%%g C)<':/l| ori-netry trace

conditigf %%l?éigt:e%l ég&ga?)ﬁs‘g?%g%&g&%&or%gr B/ LEleh Bt i RS ¥hdn

as asthriy of cheymib @bsthuctthptlmonag dilehyed preethinotabde 2 ntdrolgial | ed .
. Description of the Invention Wien describing the.
disordeg.gygaelisfadisordernpiinlammation)in a mepaels ths methedd qompsisingon,

. s f i A i i
st o U QAL AU TAR AR, LRIP I FERRBRR
dihydroehlbgiéd satEofapmpolind 1 eDidciosead fatemametnodfdfci ent to 20

ef fect treatnent when administered to a patient in
treatmenbeanpssing asdainisionng apembiantian of-anthermpeutically effestve amenyt

ofthe TR v A RO ERH IR Corlinufo LS EME i R BL il oty
therapeBtdpERR) Whi ch includes: (a) preventing the disease or
nmedi cal condition fromoccurrin i.e., prophylactic
Disclased i 2 grocasypler p@m@ri?@&e(%yétglﬁ@ iorating the |
dihydrophiogds SplCof e G 1 oMLt Qe drepd of aRbarin M-t Pa-LR)-2-
hydroxy-2-phenylethylamino)phenyt]ethyl }-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine in a polar solvent to form a first solution; and adding
hydrochloric dcid to form a second solution from which the crystalline salt of the
invention is formed. The invention further provides a crystalline hydrochloride salt
produced by the above process. Optionally, the process also includes a subsequent
recrystallization step comprising dissolving the érystalline diHCl salt in 2 polar solvent,
optionally adding between about 0.5 and abéut 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. "
' 3
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regression of the disease or nedical conditio UéhLFéryzow
patient; (c) suppreSS| ng the di sease or nedica

WO ﬁ?ﬂ‘ﬂ%el on, i.e., slow ng or arresting the ?‘Faifﬁ%%%%ﬂ

dlsease or nedical condition in a pa

(Ig)sa[@%éoefﬁh%x‘ 8% r@&s§¥5ﬁﬁr§%§i{3§fthé ﬁ?ermeﬁﬁgéﬁ-é@ g(r\‘jre di cal

con 1 on at1 ent rase e or

2—hydr6£§l@phb@ktﬁﬁﬁzﬁﬁio%&&ﬂyﬂéthﬁa@@nef{gj WML ﬁséfﬁ%@bl%anng

activit I ncl udes all disease states and/o

compopoh i ﬂ"h@ inserniediatecis éommdrwwle@ﬁgg a-(ﬁﬁammajﬂlensﬂ}ﬂth)dmmne ora
he f ut d t'h

salt thegept 3ty eGR4 s 14 oS e seohinatech famino

group; g **P%‘Z"F%"S%@é%‘é%‘*"* PR S renD pRE (SRR G A2

V‘D 2004/ 011416 PCT/ US2003/ 023214 and chronic

obstructive pul mnar dlsease |nclud|ng chronic
bronchitis and erBusfddssgyptionof il Prayangse r ol ogi cal

recgﬁ‘t%g? 3%%9?3%%@&af& g&(;{v\h/l% a’?@%gﬁﬂgﬁgom zﬁi%d wth

[R16: 1 Siowsd @abefay ﬁa‘éﬁ;ﬁewlﬁ“raoﬁah pakeriNof N-2-8(2R)L26ydrang-2-
es of 1 nflammation (see WO 99/30703 and U. S.

one t
phenylgthylgminofphens b ER B dpdromye- Gfomansloroni ¢ as used
t |
hydrox e et TR e PSR o P T e e, “Body 11 ui ds
RG B H v HPl el QEATRA Coalir BSSHEY thack BﬂN-{gqglgm Mydroxy-

descri bed as corréesponding to that of a

2—vphenﬂqtluelausn®phw1]@thyldf Ry Qdivdnoxyeh{Joformemidost-The t er m
uf f f.er s used herein refers to a
hydm@ IS%WI 21‘ %g)&d% a weak acid and its
conj ugat e base, vvhose pH changes onl y slightly upon

addition of acid or base. The term "buffering agent”
refers to a spebictsledileseriptvnlofiliecdnvéntiom sol uti on

B oS Lo 85! Ul 900 PLERSHL o A RO, e

fouowa%%%?%é%‘;ﬁ)(/ a@ﬁ%eny t’%nrl iso 3msel!1tyl/dé$atxy 2-(3-form

tbmﬂ‘tbdrmﬂnhna_\l/lp g/ti\)eearmdnﬁ’rmfm i an yachoantdudficiehet. to As
used he ein the terns "di hydrochl ori de" and "di HC

effect tiggienty ?rh@inawé toja ARG 1p eed ffteatmest s nat eri aI

Z?X%E@OI‘I%%E pr e?g %ﬁ’l‘&lﬁ%%e \?\gg%%ﬁm&ﬁ%@%gﬂ a ou 1

conditiéh #a patienti Meh ani maﬁﬁnﬂt(pmmmm;ps hurfid) @yvtich fnbhﬁe:h ase
material. 20 The crystalline formof the present
(@ve npnewntmg therdisense ewz@salwyn@hoa fipmyocpbTiEs Le.,

dlffl‘ wo or nore diffraction

peaks h@ﬁd@i{e&@ %8? *from t he group consi sting

gﬂ 15aQdikbratingkhe 3@9&3 or medRAboAditied; 22 Qhﬁ}matmg or causing
9202, 25. 4510. 2, 28.670.2, and 31.160.2. In

par t i xegteasion ofibe dmmt ngadiest einditios i o patidng;

r I . e . .
fcti a ascutple)res:szu(?éj thg%]sease or medical condition, i.¢., 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 B2 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 f3; adrenergic receptor activity. Such disease states

include, but are not limited to, bronchoconstrictive or pulmonary diseases, such as asthma
. _ _ 4 .
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an x-ray powder diffraction pattern conpri si
diffraction pe: at 20 val ues of 25 24. 250x“2’6danuary2007
24.920. 2, 25.450. The invention further pHOV|des a
WO moyatalsl i ne hydr ochl oride salt of N{2-[4- (lé@)mﬁooslozszu
hydr oxy- 2- phenyl et hyl am no) phenyl ] et hyl ) - (R) - 2- hydr oxy
and chrotid Sbstractiverpulioedary discase (mpllndmgl@xmhh:;hrmnhltm and
characterjzed by an _x-ray powder dif ctign pattern
emphyBema)ngs We WWQ%%%&IGIFW EcAdgarding @ﬂr 28 e

recept%étcé\étbﬁ g alsg 3(“}3% %% 218 %}8@2@8@ ?lﬁ%ﬁ@%ﬁtﬁ flazb%Q &séé }fg% Q’i\gent No.
5,872 Eﬂs) @@ sotne BEs of JAfldHRaton (A WO 98BO708nad. S rPatdneNbi el d

x-ray powder diffraction, relative peak hei ghts of
52908<1|§I§’D spectra are dependent on a nunber of factors

Vi.n o . do. with aration
oot B e R PSRk 52 B e AR A o
similax%@%bf?h ysibdiSal BRaS, BRIy AuRR hoakhidlyHavehl ¥@hotic pressure that
insensiti've to experinental details. Thus, the

often i dgsstibed dsrverreipaading 4 thabef bR Bo(wit) aqueeusaobsion of sodium
qcharacterl zed by an x-ray powder diffraction pattern

chlotiden, \whi ch the peak positions are substantially in
aREALIAAGRer Yol DuliRI aSHeWMACIet Flefs to b soﬁmﬁﬁ @ontaining both
crystalline formof the present diHO salt is further

a weakcdvidt @l isrdonpdatepaie, shosefH eliaagesdidyslghily npepatditianmf acid

whi_ch shows_significant absor t|o bands .at. 6961, .
or basey e trmy GTpg FACT GPAPES Sopr e e ase SHOBH inggiion

11971, 12931, 13711, 14401, 15421,
pro‘”d%sgzg%ﬁer%%%&mnzgszl 33721, and 35551 cmi. The
' CTheSirédeht ineertiiohi@roviddsta cofstdlliee form SN {2-AVERL-2-bydrosy--et
further characterized by 10 it dlfferentl al scanni ng

Pheﬂyléfélb’]@mlli*@tﬂ?e%}’ﬂ?tﬁﬁ% (ol dr R BWsAqupaide-4of  endot hermi ¢
hydro%%%ggd{atﬁ amie cggﬁdtlgc A@ﬁﬁéd héf@tﬁ t@ﬂné '%I@dﬁch}%nde"

el ng 0 any theory of ac Ion,
and "diH0IRAR oS e pedseiittifivddfion't refs o avlﬂatmhﬂmvmjeammbmmtd 65

anal ysis data supports the_ inference that t cr al
and abpwgy fberqumtenercésfg ingprelprabbi beipreatogt éﬁﬁﬁw{] §}er%§§

.equlvaggl toﬁ%gloggg eer 8'&?9@3 {)ésg Mh35ia e tenperature is
20

€ onset tenperature of about 200.C 15
THe dysesians foeh Y$ tiRl présest iovdrGbn Sedhhrabeizébignan x-ray powder
denonstrated to be stabl e upon osure to eI evat ed
diffractiempastent havingiwe drunerd dtfﬁactm@irpe@k@@ﬁrge galugg gedqe

group Catsiation o Ve 202 i a2l £ kb2 Tt &n%lzg?%ﬁ%yfs %%8

2867401 §§&J$1€1@0@I 5 ;ﬁh{c@[@tt@%@w ciystlliR: fGROMWEhifterized by
appreci abl'e chem cal degradation of either

x~ra@'rp¢&ﬂaﬂ diffreetiom pattarmbornprisingediffoctivobeais aelp diluesof | y by
st aI I | zatl on._aor of material 20 that has been

2425*& Zfotflér test, the chenmical purity of the
[ | ((R)-2-
T

hydroxﬁ%lﬁﬂn&béthylammo)phenyl]ethyl} -(R)- 2-hydroxy—2—(3—formanudo—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

15.6120.2, 16.32+0.2, 19.50+0.2, 24.25:1_:0.2, 24.92+0.2, 25.45+0.2, 28.67+0.2, and

T 311602

- Ag 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




10

15

20

25

30

The present material can be provided as partisgd
having a“size of between about | and‘\,about 10 %\M?W%OW
is general/l y accepted as the particl.e size range

WO 28@rdpi6i at e for adm ni stration by inhal at imrT/uSEess23214
the present crystalline diHCl salt of conpound 1 is

and lnszlgl@at sty @mewg telph@immmwg &) experimental

S LT IE ST T e -

powdel difhciioh 9Btterﬁh€wﬁlch$ﬁ@béak PBsifolVEAE 9.932«. aﬁflélﬁﬁn%@éotrda‘%e

the present invention can be forned by t addi t1on
mthﬂloseshowneaﬂthm equi val ents of hydrochl or| c acid to

SRR TR e AT i e B
| i .
| MSVA’P&&M WicHishis EAAUE abdrfionthild 46981, 75041,

sopropanol and Water In
787+1,i890pt,AFa0hI 97061 \R861, WR0LT dﬂﬁﬂﬂqut)s@&mmmpbmﬂ,o 1,

s S B0 G s

t
e Rty SR of ol Py RO 30 0953&%?6%9
its d1ffe}amaa Bganﬁi&@ﬁalolﬁﬁe&@ QAL OUAKA ShdwsTdnl R eFeRdatRdthi CRHAC AU
loric acid. Preferably the ratio of total

at aboug é@Q}’Qn@s illystratedbingiG 2. midtibpnteingshound snanssheary ofactiono
nL
compaffiide Rty nbfl WIF nlMiderh Bkl R am SRR Ml

that thet@ysdai Forah ¥Ethe beeséit aekagen é‘ﬂﬁbds Renhigaibis Heltinghadt ur e
cool ed back to roomtenperature before addition of

decomppyition @h thsrtpmpereiues: is Scamped ahaxafiecmstiempergiirexf abowg 200°C.

T Blesti chro b dCR TG e s SR Yo anc

exposuétt@ BlevB@d fompepMhreREd hOm{dR9MFof &ﬁﬁﬁﬂ@taﬁéxestmﬁggjfop@o days at

ueous hydrochloric acid, and stirring during
40°C attﬂr Ydupidisst, avalysisThieDSErshewsid detectahlo diifstencamdrmalysis by

high pris§fe $5 ooty LT otk RowiBraop et Rl deetadilon
of eithef EySthBink h@erY o @6 Rirly d‘tﬁlﬁn&?dﬁecﬂ;}} sderediidd\& g% P-‘atenal

process described above. Optionally, "the cryst
that hascdiepiCgrovad.t Illmnﬂrbetesie theyebemlichl ;zmﬂy bfjthe pcliseg @tystatiipet he

| matenag}g%:islt g\l Lin | t | naa. %I@gég% ‘%}f’-f 4808%({%%36’3"(““%@’

R5Hhk Mﬁke@ﬁf §aane viddiEls cfcs Phavinl g%%d@%? ﬁetween abouJ: 1

par}?lcu larly when preparin e product at great

and abouh gy whichdagencrally decepleias the patticle siadrahge appﬁdpﬂﬁ%@ot n
the pol ar solvent. 15 In these preparations, between

admm&%@ﬁ byyinbalatien. aHu therpresent grystalling A saly l@ﬁ‘éﬂmmund 1lis

s S5 o S AL PSR SFFr, LutSFE

composﬁib@ﬁ'ﬂirﬁﬁlla_t'ai PRcIntRishelisby ihfatdn/st al | i ne di HO salt
can be recrystallized by dissolving. in a m xture of

Theopysgline flibydrachiarids saltof dleq:mlce@nvertpercam be formed by the
aditiorf gt A3 1 ATt BY NS MGl B B ol CopSlnds "

dissolved in a polar solvent. To induce crystalhzatmn, preferably the solution from

which the diHCI product is crystallized includes isopropanol and water in 4 ratio of

" . 1isopropanol 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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20 tenperature with stirring. The product Ca”zé)ﬁanuary2007

- i sol ated by flﬂ ation and dried under vacyum -
present |nvent1 n al so provides an aqueous -
WO 2ptidiibdleeut i cal conposition conprising PCT/US2003/023214

N-{2-[4-((R) -2-hydroxy-2-phenyl et hyl am no) phenyl ] et hyl
aqueoul h%r(ﬁ))glﬂmt(:é/aj:?ad) xy:e}éerably )t/he rat?o of t%tal solxent to ﬁeg l?ase n¥atgnﬂ 1sy

from a1 GE phd: HmeN i ovoE PP R, iemirsst

compoﬁﬁﬂ 1 &l R14-Q61vRRAAhILEHeaRdltY dikIveahd ﬁeebaamﬁlmy RQMBing
phaf maceuti cal conposition alternatively can be

mixtoracilod bl temoinyteimperiebelutezadditioned hV‘imdﬂﬂf“be by
Soboiaae. e avenpe HHGH Al Fut i bned B tagplvil Frmpsunc

mlsoplg)g latsagi hpeSRRE bF BadeaP DG 40k ﬁf‘éo RE185Me to room

COﬁpTISGS the active sa In an agueous

temperstQtelliddiigy édnadius Iyydbochiceicadid] mcbstmmhg)fﬂurblgtomhmm THe
and about preferably between about 30 5 and about

-crystallgleaﬁrocawacmeésqiatéﬁ by Sifraion gad;ries! undep vacyrmm 18 opegspect,

I n
therefo%bﬁl% S%:ﬂﬁ%ﬁ grotvﬂﬁ cggs?zglliﬁéz‘i)()%?c?éhg)?le g?lté oﬁﬁ%&lﬁ%ﬁg
pmcesﬁﬁ@&tbe@ag@veg and about 234 g of N-{2- 7 26 January

2007 WD 2004/011416 PCT/ US2003/ 023214

[Optippatly, Qnewmtaélxr;am eaﬂwa@tmyemtﬂb;Wﬁydrpmlﬂyg fhe(R)

1 )eth
crystallesalf L larsolinb &) A sod i SRHR B Sl A ©
producas 1R egliitaelto 6FHOY pélenSabf fre@batss qaam@wﬁtwﬁesﬁrmﬂaﬁhb ae

correspond to between about 05 g and about

produciat gfaaten Blap gtmnm haidoohlodc acad garbringluded mshqpoialgsolwnt

f d 1l
i s G SRS B ruE LT B e
of HCl %&f:ﬁb&l«: f fiee Mste*is @seﬁh@rlﬁaﬁmlh% polar sBRERPt abl e

fering agent, which is present in solutioninits

prsolltrated in Bramples 7a anbfoheimattbelcrystaline HHClnaltioar bang
ey G e 55505 ol bR MR

| opﬁonagg iﬁ&hﬁg g&:@ﬁﬂm& &d tdlnamg%%uﬁ i®Proplndl h&djcgoﬁﬂg?ﬁ)' rbbRd

anpl es of ‘suit har maceutl cal buffering

- temper&tgermﬂl stinghg) dBheqirodiat egn bqabmistpﬂt by dltratiohphdtted uwist at e;

succinate, maleate, and tartrate species. Citrate
vatllllhyffered solutions are preferred. The fornulation is

gﬁ?@‘?’.‘é Meﬁ‘@éd’zﬁ&@&omeé ‘ﬁpé bﬁ% hﬁnﬂﬁcte{?tlé@’%x‘fi{i@sumn

the l'ation can opti onal
compnmﬂg:Nh{ae[tk(pR)t-Z}hydmm-Z-:phagdqﬂhyla:gmbp]mﬁyl]eIByI};«QR)imhgdromj'—Za
ar tic ept ahl. e su uch as
(- fomﬁéll% wfr lf-‘ghﬁ & ﬁthaﬂmcﬁlaﬁ%%%@@@r@%&efrv@m §9t.” that
9&]“ t ShaBRikeut The
is smta@g%"()r &Plpég% can Slﬂgh&gtglﬁ( 519?‘5]‘(3 p%\ls apgr opr(lt’da?llt%?e(l t#!Eu
alternatfuelyl @b lbe aphatstaed by imalukanmihpttions: bgrfmttdnenomﬁjeaion

The actllvrtl,\ggi? Esl p?gfe&ggfsﬁrgwtndgg m a crystalline form as the crystalline diHCI salt
described above. The present aerosol formulation comprises the active salt in an agueous
solution that is buffered to a pH of between about 4 and about 6, preferably between about
5 and about 5.5, and 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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(a) 0.06 jig to 11.7 ng active salt 20 (b) 0.82].48r 3007
ny citrigﬁpacid (c) 0to 11 ny NaCI;'(\pI) Oto %?mg ry2

_ surfactant’ (e) NaOH to adjust pH to between 4 and 6

WO 2{E0taéer to 1 g. 25 A preferred phar maceutRCEUS2003/023214

formul ati on consists of: Sa) 0.29 %g to 234{9 active

[4-((R)gahydroy-2-@henylethylpminephepyl qﬂylk&?)a} ydpxg-2r(g-fopnamido-4-
. ' 5 and 5°5 30

oy R Al fantReRe. 2100 50

AR 'qeeREEs b thepliRRsdhluide Ralaiuie presar fom@llation correspond to
formul ati on. According to the present process, the

betweenabowd).@ahg andubont} aigl yrefambly bstween atone0.2§ingend skt of
the present invention, is dissolved i.n an acidic

200 pgapfithe free bateaciiwmassht: coP@ns d. B adP ! et

KR B, S s
acceptabliciniffeping afert, whiah és praseahinasluNafhh itépiotetdznd jtsci tri c

acid is added to_a 0.9 %sodiumchloride solution._.
unprotomgtedferm.y Ehe hebferinggantas wirodurer gs amacid of as thesqrespanding

| i . . i . . “ . . . . f
st o Bt PN A RSl bSO Sl Bee
specifi@f@hgd. Mxa@ipldsNbauitelbhiinhdeutifg bafferind Aeniagclbdeecitrate,

desired pH A remaining amount of 0.9 % sodi um
phosphets] spleée, sodtate; acinate. qaeleate, wpd farasie gpeciesd dStrate huffesed

.. solutian i-ght en a Surfactant i included.in t.he
solutofe g pFSh, ToERYpioads RfEeras ARk s it iRl
chlorige0di um chl oride solution prior to the introduction of

the buffering agent. Surprisingly, a nebulizer

dohddition thefprmyladon canpptibnalytindedeemiscibeut 1 mgmesr grgmant

ol ek ESBRAE e G500 e G G
monoo&%eﬁ@%eéﬂ@ 48}, OBt RRIaRAShA@ES, oPRbSRE. e fhimbHoBdth

respect”to fornoterol tartrate, in the present
be steritiasias apprapniatecept abl e chemni cal degradati on was

AT T I TN T
(U6 S5 B ot onraphy (L0 L
$0l (ol 1od QMang eisdeadid al | y unchanged after storage for
ot TmgRact' ° ©

(d) 0 to 1 mg surfactant

(&) NaOH to adjust pH to between 4 and 6

(watertol g. -

A preferred pharmaceutical formulation consists of:

(a) 0.29 pg to 234 pg active salt

{(b) 0.21 to 21 mg citric acid

() 8 to 10 mg NaCl

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

(fywaterto 1 g. ' |

The present invention also provides a process for preparing an agueous aerosol

formulation. Accofding 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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Synthesis of Active Agent The active agent,
N{2-[4-((R) - 2‘h‘}/droxy 2- phenyl et hyl am no}’pl?e2r(13y‘jlangfcl y2I007
}-(R- 20

WO 20418416 xy - 2- ( 3- f or mami do- 4- hydroxyphenyl ) etiyI/esp00823214
conmpound 1, can be synthesized fromreadily avail able

buffering agﬁtnlt,n@ndms@m\aﬂ@ 28 ghesasrhnThapH rﬁeth@roadmsm&iy a@dﬁ@n@f a

base, s o NH Spteiaele S il BRORRTIE O3 0ullh elibigd | one

solutioh! TRe abiBRHbANs LiSIHRRAFH ﬁ{e%ldli $4MRIS soliRbie pkdvidiASa Sdlution
reactants, solvents, pressures, etc.) are given,

with amotnktéal pHir afeensd Ocn diteipbhis themadiysiad tyghe sradual ndchscsn of lN
e 25 stated. 9 ~--- --2- - —-- - oo __-

NaOH it §ol56 nais S5 BT Agrpisind s PRI AR E &R e e
chlondggoﬂ%t) ﬁ?gg{@%{d éﬂo@dé— 5'5@% Itbt% éolutxoh we'ight NbttheR b slﬂ@ictdﬁt is

9~~&er i m dazol e
included in ki forsaulaiibn, Hilddrfactnt cﬁn&e nﬁff@Ble ﬂ@l‘do&am dlﬁoryﬁeﬁolutlcm
X TBSO H O 9 t~NI~~1 OHDWO O~ ~ N\ H
prior tq-jige pptpodact qu@éhﬁg'léﬁe“&g 28¢dat 5 TREAT HF THE

Surprisingly, a nebulizer solution having 0.1 mg of active compound 1, per gram
of solution, prepared as described above, has been demonstrated to be stable upon storage.
In contrast to the situation reported in U.S. Patent No. 6,040,344 with respectto
formoterol tartrate, in the present case, no unacceptable chemical degradation was
observed after four months of storage at room temperature, as determined by an assay
method based on high presure liquid chromatography (HPL.C). In addition, the free base
composition of a nebulizer solution was essentially unchanged after storage for nine

mqnths at 5 °C.

Synthesis of Active Agent
The active agent, N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl}-(R)-

2-hydroxy-2-(3-formamido-4-hydroxyphenyl)ethylamine, compound 1, can be

synthesized from readily available starting materiais as shown in the following Scheme

* and further described in the Examples below. It will be appreciated that while specific

process conditions (i.e. reaction temperatures, times, mole ratios of reactants, solvents,
pressures, efc.) are given, other process conditions can also be used unless otherwise

stated.




OHOHH Ho I\ NI~ ,I Pd/C, H2 I'" I~ N oH "ﬂ%@ar{daﬁzow
OH ethagoh HNo HH 6 1 - Intermeq1é§te 2 can
prepared by the coupling of

WO 2004{041436m nophenyl ) et hyl am ne 5 and (R)-styr ®68/USRI03H23214
The ami ne, which is ogi onal ly provided as a salt, is
first reacted with b about 1 and about 1.2
equi val ents of a base having a pKa val ue greater than
about 18, in order to substantially deprotonate t he
4- agg,no group. The (R} MNapvse oxigg i s added to the

product of the anmi ne r eBdR,iDMPU |t has c@ o@ ved

t haff "} eact antt s®yChi onet+y—can affect The gurity of

t he pri¥&uct of s reddi¢lon. To ensure complete 10

consunption of the (RIsN3Rne oxide, preferably Iess
t han one equi val ent of the styrene oxide reactant is
used. For exanple, a stoichionmetry of 1.0 equivalent

of 2-(4 10 26 January2007 WD 2004/011416

S2003/,02321 ophen et hybﬁ@ ne, 1.15 _
L@ gh ef bail%&u% ant s of
(R) %ﬁe‘ OXI found ffect ive. Useful

basi c fnpounds | de sodi um HN H

bis(tri thyIS|Iy mde altern |ver known as

sodi um hexanet hyl di si |l azane ( MDS), |ithium

di i sopropyl am de, and 5 n-but [ithium The reaction

i s preferably conducted in a solvent systemincluding

el ar aprotic solvent, such-as
(P | met hiih: 5, 6- rahym o- 2( Ip itHi none
4Add|t|o | es—of—apr offi olar”s ent
H n@l ude di net hyl sd'f f¥ki de, MMS@et hyl Opuf ol | i di nong,

NIN-di met hyl acet amide, tet Kedet hyl et Hyhehedi ami ne,

4 and hexaret hyl ghosphor ami déeatl0 In the Opr ocesg

= according to thé present invention, no protkcting
groups are required on the reactants. In addi{{edRHE
under the present conditions, the desired [ egif soner
is fornmed in significant quantities. Wen strong
base capabl e of deprotonating the aniline s not
included, the reaction gives, prinarily, t undesi red
regi 0| sonmer resulting fromendo opening of the

ep@Xitgde. | nclusion of tlﬂﬁc | ar aprptic§ly solvent in
esov sy maIIovvsteanio rred
prot onatm}y the“anlll{}leto efaln in so ut

=S

OH

HRptHer aqueous léxtractl he produc F t he coupl |Hng
r€action is crystallized as the [
l .

Intermediate 2 can be prepared by the coupling of 2-(4-aminopheny1)ethylamiﬁc
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 substantialty 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 oxidé, preferably less than one equivalent of the styrene
oxide reactant is used. For example, a stoichiometry of 1.0 equivalenf of 2-(4-

10
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hydrochloride salt froma solvent such as isop ghRBR) 2007
by the additionpf aqueous hydrochloric agcjd. The
.crystallization-procedure efficiently sep%\r-‘at es the

WO 2de601a8d product 20 from side products for merCTAIRZO03Y23214
the reaction. The hydrochloride salt is redissolved

aminophenylethplamingg Ld 6 gguiyalgnthbasre raskd. S equivabens o f(8)-styrene

. - I 4- 2- oxy- 2-
OXIde%’ﬁjéﬁéyﬁé@@q%&e\éﬁg‘i'phenyl]et hyl ani ne (21. The

COsdraIsio dbmgondy isdledeaniimeiBik(rimethAsiyiRhmide, AN AR -
phenyl et hyl anuno) phenyl ] et hyl ami ne, can be prepared by
knownsgisediumhexagetbglisiingane ; lithBit difsopRpybanyidemed
bty flfn | Tnd BER 5Pl It § BveY BiisS ndudng
-6 3-L.4 i o nol
polar a?ﬁ)ti‘c?sbﬁre Macha63;3 hg&m Qg,ﬁa%y&a&{n@?gwﬁdggt o,

3),, can be prepared as described in

. (DMPW).2488di58%1 Bramplesiof aprdRic padarisokyenta includOdieethyisubfomides /-

ment ., 1998, 6-99.. Internedi ate

 methyl 3RS Bt A G AR AR (P aine GlstigicBeciaiher 40 | o

hexambR9SBodBsShiRed by Hong et al., Tetrahedron Lett.,
emml‘gglij,o 5, 6631; 30 or simlar to those described in

Un $re Rata@nscchialindtodB plSeht idvehtbsnyne prteetidg groups are
no- (

. 2-b R) - | . . .
requiredyq@ythe E?Gt’t?‘i)lt&i breaddificas, vrgey the presentsopdifiprrs the-dsairedy | oxyph

. . ) i NG i t ' r
reglms?@?\% )Sg%’{ﬂ%gﬁnrrg}t% 1"3} chlgt: c@@“&%&'s% afsﬁéﬁ%rgg y h::poclfsi tion
deprot@fatidg tieamilipe i eotimdudell, (6 rebativlagiyes? BrhariMOihe ORddsiéd 416
. . PCT/ US2003/ 023214 by the additilon of .
regioispaet eptapRBengo epeyntof the erexideT Bl offheipalar apsoli e

sotvenl B LSHAPYB ot  iPgHhTRLRLTB Sie o
remaindh §8uhyd. sul f oxi de (DVBO) as the sol vent: by addi ng

pot assi um car bonate and sodi um i odi de and heating to
dtruaqueppeeKtemction, fthe profluat of the gpuplingzeaction is crystallized as the

hydrocﬁto%iéi gagt frdhh BN ¥s igéﬁgfamﬂ-, %& ﬂ»}é' a%mn%%)o? QI?H%XI!I; et hyl
hydrochi®fit abld! Theltryhttizhisid @yveddre(ctfdioniyaRpAfed thAIBAIDYRRE

nyl)ethyl am ne. The TBS_ protecting group is renpved

from sifle pradgcts firmed dyaeg the reastionm hhe otdoachleride bty is rgdjssolved with

1o ol e hvarh UF L 3G b L 57 (TN
' (R h | ]ethyl)-(R)-2-hyd
B B o e hehs )5t hy\ ot ae.” upon.
iTho lcatréspondifhés) istereoydomer, St el($)rhplrogp24i s renoved

ey A ST e Do 5 e R SR i 04

R)s km@%ﬁ&&@@%b}é&fﬁ 'g?.aﬁ' | 5 idgesivery

for () Vi cgggifS The. crystalli r?léﬁ?o m%sﬁé t heeW%al t of
(RR2-Breedi(3iforneamidod-benzy dyyphemydjethandly3), usebt propared as
pr epare_phar maceutsi ositions fornulated for

I
describagi (1S PHEHNS OApBi oA A B s K. Hoflf plnddiganigdrocess

Researd{ %4 BLIODuOE IS0 228208 MREAbNe S AR 1sb b8 Breied using

iZer
procedures similar fo 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 feré-butydimethylsilyl (TBS) at the hydroxyl position of 3, can be formed

i1
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powder inhalers (DPl), and netered-dose inhal
(MDI). @onventional nebulizer devi cgé”'sj producgé ganuary 2007
stream of-"high velocity air that causes a therapeutic
WO 28(48iht41¢ 0 spray as a m st 20 which is carri RCTHR26030A3214
patient's respiratory tract. As disclosed above, an
by the sddition uferphaydimethylsilykhlorideiBBDMSEH) dnskimidagobatof or

. nebul i zer. adm pistrati on Go itutes one aspect of

mteﬂne@ﬁ@%l“@%‘éﬁ?&“ﬁ{;’@ﬁ{hiy ﬂl.m%“ﬁ%'ﬁ 5ve| y, the therapeutic
ARG Rk L dudifl dinRBRKIGRIde AOMIDSdsRY | on
as a%gl‘&%géﬁﬂg‘n%%‘?ﬂ‘%?%grﬁ%ed pgﬁgti cl eg%%f rez%i rabl e

solvent;stiyzﬁdingfrpefaesium catbonhteedd seditmpodidd ind [hefing tratmst HIC

TR T BT L XTHEC TN
D 9¥ g i@l - P H
s i L PR e B b B

protcctig% 8o $8@moked fremasTisSolved i thlrdhydfofian {TIHE Y 23 a@diion of
rquots of the aqueous fornulations of the presen

t
triethylamme hiliydroflugride (TREAT HIN: giviog dnteimeedzatnf.dyr{r{- (B
| e, it t,ai ' | . | i
hydrox Gy PRRS A B SRy IR 4RSSl 2 prliglte ©"Y
benzyldﬁ%ﬁ%rl QR A IeNSSonREAMEHE STHR Hehiyl BRAB NS ighthips removed

er- device and a contai ner whose contents
from ineon@tiits 6 bylvatafytie swdtogbmnlysis, asing palladep emdetingtesieartivn,
_..actual  delivery volume of such devices, the
providipgihe active£or®AWt Lt he fornul ati on can be adjusted to
provi de an appropriate dose to the patient. |nclusion
of a 12 i 26 January 2007 t ,D 1 WD 2004/011416
PharmaB&licAIS2283/sAa2 4kl Delivdrabeaiots i n t he fornul ati on can

be beneficial in decreasi nﬁ adsorption of the acti vci
Aheerystalline fore ofdhe titidsalt ghibgprrsent IRYEHHPRY 1%356" patageously
adsor pt | - . . .

wsd o FRFRBAMRRREH] cpthShic DR SREDEEaBlu oy gt

Pharmaé@iticaliifhaligionGRsicek 'gendrylpi sladsified asl nebulisereinhalers, dry

therapeutic agent in the formof a free_fqlai)vvihrl]lg powder
powdergulafess (RBh 2pe meaprkrlewdnhalers (YR drfnventignal a¢hulizydevices

dur.i ng i-nsRi Lon. t [ j [ se
potos S 38 BRSO B SEORA i O SR G55l
which igb&RedBid e paNGk'S Refiratbsy traot. des disclosdhbewes aa afjimas |

flow ng powder, the therapeutic agent can be, :
pharmatentinal icampositipn Feraulatad foapsbalizsr adpimpiration cgnSUNERPRss

starch). A dry,powder, formul ati
asest PRy, ARELFSFY TR AL A BBl
nebulizBi AFAREERbN RS hshleBSioRbf talteordiddParticMstof @ésphdble alrp Ol
1 and dry blending. Alternatively, the agent can be

micronized istyratadip dafinddasthavingabpitORt% or meee sfgherparticles withe
. Io?ded-i nto a @r - powder di spenser, or into inhalation
diametet § FP%@@%%I’%’FI H%‘sul es for use with a dry powder

PP P SR it

GmbH (Starnberg, Germany). Other nebulizer devices have been disclosed, 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 aciual delivery volume of such devices, the concentration of the

formulation can be adjusted to provide an appropriate dose to the patient. Inclusionofa .-
‘ 12 -
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(@ axoSm thKline, Research Triangle Park,” NC)od $8fsary 2007
e.g., US. Patént No. 5,035, 237); 15D|sl(u
(GIaxoSrrithKhn (see, e.g., US. Patent"
WO 26031841619; Tur buhal er (AstraZeneca, WIm ngt(mnszﬁﬁ)'oz:szu
(see, e.g., U S Patent No. 4,524,769); and Rotahal er
surfact4u@irathe Sritulbdonrval bé beeficial . dectdaSng BdsoeptionNd the active agent

on the nEbREFS SoTERIBE ShAMICIST: SRR AU, bisg gis presne of he ©°°
surfact ?&%uiﬁbﬂ gn ﬁm@éger%‘iiizaﬁcﬁlfzﬁ g@ﬂﬁﬁﬁeﬁ@@sr ein. 20

S typl ca arge a neasured anpunt

DS apdatly admgﬁmr arhbngeuticappités tedopn opefrtafivwipgpowder
Formul ations for MDI adm n| stration include_a sl ution

that carpbe qispised dih 3 PabenG$ alkstipays dunig BsRiElon; Altgropiivg ity dyices
which r80 ¢l lr%gf ex}%:lhﬁrc%q 8{5 LRl ?)S%Qlod}é aﬂsﬁ ng %%351

ven I'oOna USG as prope

order (CRRRSE A Frek CRNILL ﬁtﬁvdeﬁ,dh@ theepaitfoagest b bs fathuiganiih an
the ozone | ayer, formulations using h drofluoroalkanes

 suitablscipimiye. g slactosaer stargh) Adryaowaer ponpltipmens hopmiei ona)

e A e ‘E‘?@ﬂﬁiﬂaﬁ of

compodr1Hdak) BRAdInEO A 1Mati AR Sdchnédnaie foﬂﬁﬁlbi@@ without

co-sol vents, stch as ethanol, pent ane, or m nor
excipieasnThe formubiionas bndedanht agly pawdendispensenty infe inatation an

triol eate, ol eic. Cld nd glycerin See,
- cartri %P”é”}?ﬂﬂﬁ@mi‘i"él A ‘fﬁfu&‘g ‘z”?@“’i@g YEp 071792(37 A2,

PR, SEHERASRLry Ricldbidvided g&hﬁé@mﬁlyﬁﬁﬂﬂw Bkl 0"

mnistration can include from about %to
(GlaxoSrhinhi(lis, RefoaroheTipngledark, h&l‘)p(smegt BBy Beteanlt Nmé%bi&ﬂ)

Diskus (SR EBGHRLp) i éﬁﬁ:ﬁﬁ Pafeot N, QRAGHY: TufkBtont " i 1

(AstraZbli&ea, ﬁrD ?E ﬁ%ﬁ& %eh'séﬁlbﬁ%r f aler

approac at’i on 13 26
(GlaxoSkaithialine) 25&67e g 4U)S %eﬁﬂ@d/%%) PE 820037 6T 2 Mdablor

DPI de@éﬁ%fagﬁuﬁ&%séfgqu% %g&a@ R’glﬁ @F 13@@%@%3%# %n&s}’fgﬁ'gpo @

.rcferen&%%fé‘?é?ﬁ) and the surfactant (if present). To prepare a

suspensi on, the phar maceutical salt is provided as

Mllﬂrsajwa&ljr disthbige heseasdibdarthotntolf dierapeuiisadentuiieg i nt 0
aerosol capister, which forns, a portl on of an

MDI
compre%q peapellant gas| Kormgl atiops foy MPladsurisation fuge a solution or

suspendtBEf o feabibal e m%ﬁ?qugf%cg%rﬁg@@g gg&gle ?ﬁfg?ofg{??oc b8y, 45ch

- as CCLE| épwadiondily hivebaepidedas popsllans deé wboﬁleefrﬁsliegﬁlﬂﬁig | s

prepared by spray dryin a coating of _surfactant on

adverseraifigets of sush agents pe thegzone layws, @n&gléhﬁn%usyalmdmﬂvémal anes
/
). G 5 2 e B AR R I P30 RGN

prOpanep (BPARDThdve bBb ddveRphAI Addiligsal céffordeatsBIIFEA ﬂﬁﬁmﬁﬁéns
devi ces suitable for inhalation dosing

- for MDI administration include co-solvents, such as ethanol, pentane, or minor amounts.

30

-of water; and surfactants, such as sorbitan trioleate, oleic acid, lecithin, and glycerin.

(See, for example, U.S. Patent No. 5,225,183, EP 0717987 A2, and WO 92/22286).

Thus, 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 HIFA propel_la_nt. In one approach, to prepare the formulation, chilled

13
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see U S. Patent Nos. 6,268,533, 5,983, 956, 5, 844284 2007
and 6, 2213398, and WD 99/55319 and: 0/ 30614. The
present ‘active agent, conpound 1, is .effective over a
woO wammges16f dosages and is generally adm ni strrmagk2003/083214
therapeutically effective amount. It will be
or pressufiged Bidpofiuord ke died td Hajal dcdntaining dretpresent drgstalline form,
conmpound actually admi nistered will. be determ ned by
cthanol £if pmsy&ﬁ) éﬂ%ﬂw sprfagtae (f prgsenth f1Q FEPaTe p SYspRpsion, the
pharrna% %j‘r?o i 1%§idted 0¢ i;nlllcg'b 0184 ﬂ%?tlc%kn dfhte'f?xﬁmﬁacho%qs forac‘i’éﬁ]iﬁfb an

rou mni*strati on

aerosol @ﬁﬂstéle SRS abbﬁmh r()ﬁ hn/ Mblalevieat Eeahples diﬂm dygtdst y
of the patient's sy and the like. Suitable

developgd spesifidally ifer usherithod mmpa@@m are Hroviigegan &k 5.digtent Nos.

on are in the 20 general range of from
6’006=7§g8‘[’f{%’8?%2516/day to about 1000 g/day, preferably from
abeiditeruile ?&[pgf‘éiioﬁ Q sabition Bt HidM is lluﬁpa%d by §#ay drying

understood that the fraction of active agent
a coatmg@lf isuracgaht bo mitwenized gartibles eftthe presert @rxsfallpmnat@ml afSee,

ek {53 o ASHLESRY0 AT} B ROV ot Gl

prepmn%ﬁ%ﬁ%?e rﬁﬁ?i%e aﬂ@fﬁrﬁhﬁﬁ@ﬂs@ﬂd 'd@vﬁesos%‘ithﬂg T(S'r ﬁﬁhﬁmn dosing

e tinmes per week, daily,
see U. SnB:htbmtmIas Q6853 R 983056, SYEL, Q&Se amhé,ﬂﬂl By MW%?/SSB 19
require . admnistration over extended periods of tine,
and WQ 0/308khpl e, for several weeks or nonths, or the

O R A S T S
gencral geaalabtercdrig @ tefrafouticaliglébiiv@ amupg/Ideyll boumdeemidod] 00

ng/ day, preferably fromabout 0,5 g/day to about 1000
howeveg,/thw ¢ gnoqief theremppwid achizdy aﬁi@wﬂ@@d yilhhe Aggrmyped by a

physwlzgl; G gt%ll gi%gﬁoﬂhf ﬁa?%%ap&rgﬁl%&gﬁcteh B tullind the%mfi[ﬁon tc{ be treated,

renergic receptor a
the cho&aFBiite S A Riktiatibis ke dpgegwéight] Akl resputvabf the md1v1dual patient,
t hera eutlcally effectlve anount of the crystall|ne
the sevetithgtiihe atient's genpiams, asfl thedikes January 2007 |

1416, /us )3
SHPledet P el %Q%ﬁf%%%}ﬁ%l%ﬁé@ Rifidattn %“ﬁh. e
general SUri3¥ QF @ éHohfj@ 08 ag;da@{o AHOHND0 G, ayTﬂiefefabgsmm aBdlti ve
agent can al so be co-adm ni stere one Or nore

0.1 pg/datyhie nbout 560 ppklay.i it valj be tusderstord thwahpfrec;umhﬁ aphivesgent

deliveredto s lng ﬁli’q?%c‘&‘%%?b W BUFGE Ceors bfpken in scdolitn

detemnﬁﬂ%su t{lﬁé E%&m&m ofOr ti costeroids and
| N

ero ammat ory agents (NSAI Ds),

Andoirgphad Cfﬁﬂiegldmlma@&ﬂhﬁa pardodic dotea weyldmmummmmes per
receptor _antagoni sts), other (32 adrenergi c receptor

week, daidp oF svaltipla deses eredayi Fhe Hepdwent regimen maEis admdtigtyation
over ext%n&édv I'Jern%ldﬂs. ))f f?ﬁle,afn% éﬁhﬂe? ﬁ}rgg@éral%ks or months, or the treatment

~ regimen may require chronic administration. Suitable doses for oral administration are in

the general range of from about 0.05 pg/day to about 100 mg/day, preferably from about
0.5 pg/day to about 1000 ug/day. _ .

The invention thus provides a method of treating a disease or condition in a
mammal associated with §§, adrenergic receptor activity comprising administering to the

mammal a therapeutically effective amount of the crystalline dihydrochloride salt of

14
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' diene-1 Hhearpoibinie a¢l

invention thus provides; in a further aspect,odanuary 2007
conbi nati on i-fén'%ri sing the di hydrochl ori de-10 salt o
conmpound 1 toget’her with one or nore therapeutic
woO 8gent4i6f or exanple, an anti- inflamuatory gaanis2oBdmz32i4
antichlolinergic agent, another P2 adrenergic receptor
compoufid 2 of a pRAmaAttichofPokivien a@APising thakrdallidei st am ne.
The other therapeutic agents can be used in the form
dihydrodflogdeasaltefeamipountd & acceptable salts or solvates. As

ropriate, the other, ther uti c, agen can sed
R peRbinb i e e e b G ARG BREGhE offle Bt
tloahif )] B i ' d
v S’ BRI oRgiRLa S Capl gttt
with on€anmbrahémpeutictagerthelectadfomn auti-ufflapteatonyagentd G- ar e

L I L T e
Ex | ' ' i , 20
s GRS RS D), sboppcsisgian

agonistsOantfafediivd ARAB(b.Aankibidtitusramyivizals rmytihistagnes. The
11( 3- hydr oxy- 16a- et hyl - 3- oxq- andr ost a- 1, 4-‘dd, ene- 11117(%-
inventiopdhusqurhvides 1ma futher 25peds deashinationcompgsigg the dihydrochloride

s

satcor i LR EUMOF PR ERELHI B R Qi i

inflammuidrg 208, dreintithl ARt HE R -asth¥t §, Medrefgic ReGHRBbAiasane
infl esﬁ?@e&(e. g.1 t he 1%l-prog’i onat eazester gé? t he % 21
antiinfeettliepizenti canataatilestemine, budesoni de, flunisolide, 25

] .g. the f .
i athen hoperbe een g rbn e Bl PRATEicHly de.
accepta (lrfus f%oo‘i‘%gf\ﬁfcg.phg Q@ér@ﬂa@a BiclfifaAheraftific 8dentn be used as

referred cortico ol ds 1 nclude flutlcasone
opticallPp@pistenedisomers.

6a, 9a- di f| - 11( 3- hydr gxy- 16a- met hyl -1 7a: [ (4- et hy| -
bl o BSERY BTG R RGO AT ADS S

ST B R s,

are thosY otaband 8aled corticosteroids and their pro-drugs which have anti-
nmet hyl - 3- oxo- androsta- 1, 4-di ene- 17(3- car bot hi oi c aci d
inflammgicry el e thigmples dnsfude ﬁﬁﬂ@’q PrdBis ]ogta 1;9'6({11180 one,

dexame ag%&ﬁ%@%@r&? }é%l?%&)% %%I%;—(@ﬁﬁ!)ﬁqa(gﬂf—lfﬁMla’rﬂolﬂyl)oxy]»

118-hyBOEY- P60 frethyl-300:@081db b3t 4-alchel] 7B @b olheie acid S-fluoromethyl
S-fl uoronet’hyl ester 15 26 January 2007 WO

ester, 620041 Ddot4-16 pREoxHE 66 DBRS B1eixo- Blei-prplomylgy apdrastacl drde

sodi um .Crom)_gl cate; nedocromni |

oo ie B8 g RV APBIIS) rgbecl REdBRgR 8
(e.g. mquﬁgbﬁgéﬁlegtgf ?r il l’mf—gfﬁzo lf(gﬁg’é 61:35@1:')4 b{lﬁ%gfsﬁ'tdé,?fuﬁ}sblide,

€~ ant agoni’s nont el e
mometaséHY datekPleSs. Ble futcatekester)] Slamciioiineasttonide, Netfeponitiepi t or s;
protease inhibitors, such as trglpt ase and el astase 5

ciclesonidth bblixasrg propeenete2 RPRt igp#h 284 S i Prefemptrogiirosistidie

e BB PALy AR BRI PL 7 IR -

30

a5 3900 GRS aRfta- | MlaRkQYSl ArtibR g sl |

1.3 Magﬂ%?g%%gﬁl?ﬁg)ég?r?@cg y, an alnkq?g theraply, an (AL, 13
fluorome T &0, anf 6o, 9o-difluoro-17a-[(2-furanylcarbonyl)oxy]-11B-hydroxy-16c-
methyl—3-oxq-androsta—1 ,4-diene-17B-carbothioic acid S-ﬂuoromefhyl ester, more

preferably 60,9a-difluoro-17a-[(2-furanylcarbonyl)oxy]-11p-hydroxy-16a-methyl-3-oxo-

- androsta-1,4-diene-17p-carbothioic acid S-fluoromethy! ester.

15




10

15

20

25

- 30

a conbi hation thereof); or inhibitors of cytold Mhuary 2007
synt hesi;sy Suitable other (32-adrenoféceptor agoni sts
i ncl ude 'sal meterol (e.g. as the xinafodte), sal butanol
- WO 2408/0g14164s 10 the sul phate or the free base) rcrarsyaisoiis
(e.g. as the fumarate), fenoterol or terbutaline and
Suidtable NIYeDs Giicludd! sediuaf ciomoglyesit; nedocremil sbditime present

phosphodiegppea P IpRNEBPIOR (6F epRREePURE) PBEROR AN ED,  ~ The
PDEB/PlsﬁgA{ﬁl%iﬁﬂﬁ 6.1 th@ﬁl% Qit%ggh@rm St ghﬁh{&l&ﬁ . BaRgeLs &f the

e any known to

levkotricri@ h:yﬁldhésﬂ hNOE’lﬁEﬂbmﬁz,)pfateane inliibitdrs] sichli asstngase el ¢lastaet
as PDE4 i nhibitor, and which are onl

mhlbztomnlbﬂttrﬁtlmg'm pitagpaisisead AEFRASIRISCoRIE 3gqns r@y@g@,mgts (&g
adenosmgcfaoa gi/ i @%&%ﬁg gt GMEL 2RE0RR suERAQARY! 1 C

' mterleul&ﬂ Qﬂfﬂﬁﬁi’ (G CanEb o) ?]sg%&ﬁ@&lhp % o9 ithdratT AIEI N BXhBRSAYIr)

exan-1| -one "a cis-[4-

a comblmﬁmahekec(f;im yﬂﬁlmtm‘mf;dyndﬂmtmslm Sillltﬁbhmhﬁr hoxyphenyl )

cycl ohexan-1 - ol ] r co ounds t
B2-adrenoFROEPIGE ag%%@ﬂﬁ%%sage?t%ﬁ (e g0 “?faﬁ @n fan‘gﬁ%‘%@ (§8g2S
SUe | drhgn tal
SRS e e e
and saltd BE®bENCe. The conpound of particul ar interest, V\,hl ch
is disclosed in U S. patent 5,552,438, is cj

AlganbmterpR i usg ef He@rsgRiGE|ye aeRE) Eﬁ@%%’}‘gﬁcl ohexan

| pﬁospho&@tegagte gﬁﬁg&fgﬁi@ﬁor &3 &eﬁFP @ﬁ-lhﬁ,'[ltb)fo el ASh g aNd

pro- rags or physical forns;

specific ﬁéﬁ@aﬂo%uae%&l ih g hglett dPihd oG, mdY: betiny abmpdiEidhhERNC
Int Synp Med Chem (Sept 6-10, Edi nburgh) 1998, = Abst
known t@ 19 gbit thASE’DFéIf @zgn@ er Nblchgsn,dnggzm@@ tg yet aga DE4 inhibitor, and

which s of Y ROPF BiRGir gkl oG B o5

rﬁ'gfi‘ﬂ( ALAZBHPR r@@?ctd;mwlt@fbdx Bhidid, IZQSéIE@a&HOXQIO'ﬁLS
cyclope $68787) }g ean attri buted tg Pfizer,

cyano4mmddpmpﬂmtm@w@ﬂwemmmﬂ)wlokwm -qeiang cisnl4-

99/ 1676 m Ky Qg Kk f Na
cyano-4-(v(? é:ﬁ&l@pr'ogy H}E:Ej)xy-ét&@yoroé&%x@geg%}cyfﬁex]a%aotﬁl] rES:n Regg
(i@@réo%%%ﬁm&sgquﬁeregﬁﬁﬁﬁaé 1998] 1998, 12 (Suppl. 28):

rof lum | ast (CAS reference No

aﬁﬂp@mdsget:a)n’ inRHS spaproh 8)552 1438 irsuqd Bemantis 3519961 thips

' 2007. WO, 2004/011416 P 003/023 th
- patent @P@ldéf‘ GRHBES 8 HRorRaTye ?8’?‘3%’ F%‘%’&BC% lﬂ’e .e
. compou{ﬁ EP%&F(?&% F&é&&%@ﬁi&h@s‘ b6 sediH RS SRkdnt £1852,438, is cis-4-

-9-et hoxy-1, 2, 3, 4, 43, 10b- hexahydro-
cyano-443 I(Eﬁdhape)lﬁrﬂ}hy}tl-methoxyphenyl]cyclohexane— _carboxylic acid (also

nmet hyl benzo[e] [ 1, 6] napht hyri di n-6-yl.]- N, N-di i sopropyl b
known asc3lgipplast )\%Ff{ @qﬁail% e5teH R@d‘ym HOEEA PHF bi t or whi ch
! ét N 1R g Ohe@oOW
A 128 MR AbEH B0RcR Y, 4 alT3 ?&}em P
(Sept 6-m,rEcrua$drglﬁr199hgs%ar Pas; G‘/stsﬂetdw&sﬂofmﬁsmzo&) a9-
benzyladenine derivative nominated NCS-613 (INSERM); D-4418 from Chiroscience and
Schering-Plough; a benzodiazepine PDE4 inhibitor identified as CI-1018 (PD-168787)

and atiributed to Pfizer; a benzodioxole derivative disclosed by Kyowa 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 pthalamnone (WO99/47505,

16
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Vernalis; or T- 440 (Tanabe Seiyaku; Fuji - 2007,
Phar macol Exp~Ther, 1998, 284(1): 162), and. T%‘é%{”a“;

O her possible DE-4 and i xed PDE3/ PDE4 i nhibitors

wo hihide those listed in W01/ 13953, the diwed 0865029514
which is hereby incorporated by reference. 10 Suitable

the dischdbuteCITaVHiEIER ﬁb@bﬁﬁﬁat;@rmceby Resencephmo BylisGaldal; act as
ant agonl sts at the nuscarinic rece tor, in partl cul ar

Pumafmtrwe(-bpﬁﬁﬁﬁﬁdQbﬁmr%ﬁthawei&%@@h@% egcalyfdre femgthox g

ety el I PR T S BN DR SR hidE iy AR ™

PDE3/M B nfibasr whick ﬁas”l%eﬁq;réﬁaréd%dlpum@e@ﬁnaﬂag iGiden, now
scopol am ne, homatrogl ne hyoscyam ne; ese

Altana; aoofplbine usdea devetnprest yAémmihPSQ@ﬁméf M5§43{Ui\45®efm113

Vemats St B os £ eh LBBE e e B

162), kci al sources or can be made or prepared from
|terature data via, to wit: Atropine - CAS-51-55-8
mtheﬁﬁ&sﬂale BBEH z(ndrﬂmy(dd 60E3RIEY inhiitpspiciedstib$alisted in

08-99-6; ode-C‘A443 22-6 or its
WOOUT3330bp disclopisof ShiED4D aroa, HCoRES AT HPRE trate -

Pl A L0 i
muscarﬁiﬁﬁ‘e&#t&?m@;arﬂuﬁhs thoaercorapduhds iy}uch At hisBloffhe Ml, Mz,

hydrobrom de salt - CAS-306-03-6 and suI fqi\ \‘B
or M regagiopg gneigmbinatipasesaf. nixemplory compaynds in Vfﬁ

of the bf%éfo%qquﬁs 855%%5@5?& e tl%)fé% gﬁ%ﬁg’r Sé"lg‘é S | n%el’ B«gnatropme

hyoscyinfihalth@picombdimdg areatorinhidy Sdroiisttegd asadald, hedtietertidng amines.
name Atrovent, oxitropium(e.g._ as the br onj de). and

These drigst pa@muhﬂy@be galt forms.inee Tspdify dajlable Epm.argunbrrofg. 1) |

f t 3
°°“’meb°ﬁa§§%'ﬁ?‘??'e"|? F?ef% © ?%Lﬁ?r&)ew&gg t%ﬁtﬁ agéiﬁ?’? o#’?i 6 pl) ne
el - 0ASE ds5-8lor MSasmaq ((a\ﬂvﬁﬂrm@@orﬁg Ryapiddsulfate -
clidiniumbrom de %ﬂgrzan CAS- 3485-

CAS-5S8HPrGHoNapine (RGBT G4 b b op B Gh ol RS 74-60-1 and

1- zoI ate bromde (U S. patent

methyl OQTgngfff% é%? Sg%ﬁ;gxet hyl chloride (Pathil one,
B0smdadife 36A4)87-6008, Hydrexaidewal MENRYI1s58-D adethi[Bi@hide
CAS-115-63- 9). See al so cycl opentol ate hydrochl ori de

satt - CAGAS-498%.0- 29- 1), tropi cami de (CAS-1508-75 17 26

PBBR LA Ry B o S7 g%ec%ﬁ%ss AT 06 dnd

ulfate Riif -&WEBE 35314 £AS- 29868-97-1), tel enzepine
s aefyl CAS-80880-90-9), AF-DX 116, or nethoctram ne, and the

Scopotruines- CAB<5d Hdsdiydrobwanite 41 16 ASt6533 @8k Inesthylbroptide

salt- cA 50,4 3 hereby incorporated by reference.

Preferred anticholinergics include ipratropium (e.g. as the bromide), sold under the

* name Afrovent, oxitropium (e.g. as the bromide) and tiotropiurh (e.g. as the bromide)

30

(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 (Robiﬁul), isopropamide
iodide (CAS-71-81-8), mepenzolate bromide (U.S. patent 2,918,408), tridihexethyl |
chloride (Pathilone, CAS-4310-35-4), and hexocyclium ﬁiethylsulfate (Tral, CAS-115-63-

. 9). See also cyclopentolate hydrochloride (CAS-5870-29-1), tropicamide (CAS-1508-75-

17
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Sui tabl e anti hi stam nes (also referred to as g January 2007
H -receptgr antagonists) include any-m-"é}]one or nore “of
the numérdus ant agoni sts known whi ch i nhibit
wo 2bdyoipgept ors, and are safe for human use. Adtuefsn2z2s
reversible, conpetitive inhibitors of the interaction
4), rihofyphirsdyd hydrochhridd (GAS 114 dp @)y pirenTdpana€f AB-20§6897-1)ese
i nhi Qi L.qr ly..fi generation,antagoni sts, are
telenzepiil | O SA0FS0 T8 Ak 16 Precitleamiy ek OF compiames
disclos&d HAPOOHH4 DES 1 ELENLEREHE R aﬁ'q '
IScmadditi on, o?i’erl fli rst generg{i?%r?ra tfl?](?tég%{rﬁaﬁgaémné&
iSnitdhlelantihivaaing (atdo eimelieo A0Hpeeptot aithgoribts) $ndhadeagy

on piperizine and phenot hi azi nes, . Secqnd generati on
one or JAreAS S rumacTousMitgonsiknesm Waehhinhibit Hirgreeptarssand are pafe
ruct = L. V4 | AN t.al n.
for b A SRR oA RO B ikt 6 G
with Hi-@tdpites.y Theirgorly ofithevd inbiblibisembatiy @rspgeneRitps bntdlidifists,
Exenpl ary antagonists are as follows: Ethanol am nes:

- are chagaglerizado kaserl v their eore strucinresas etharolamings.stlylenediamines, and

i ph ; i I ide, .and .
alkylanfihdR] AL, R Bt oo R RS iR haseawbisty pan be
charactérizeR @4 BAAB& Bh Miperieine aad PhérlokISHRRN RBEARL gchblaliad Mtagonists,

Al kyl am nes: chl orpheniram ne and its salts such as

which ardyeomseidating bave 2 simalad strecture-aelstifyelatiogship mghathayastain the

N e ENCT [N

vpiperidiﬁ&.pﬁﬁérﬁﬁlﬁ%%hta%‘éhﬁma¥é’£sefollb\%é!:°CabaSti ne HCl, |oratadine
or its ‘'deScarboet hoxy anal ogue, and terfenadi ne and

Etwodlenags:nearthindraninc osdleike, olemmstiiehfamapdia rdipteayihjdrating

cceptapl.e salt. 25 Azel astine hydrochloride is yet
'hydmc}g?ﬂﬂ%h%‘%b‘:}llmf’g)ﬁ‘%’ﬁ?@r ant agoni st whi ch nmay be used in

EATRhORLh RS ﬁ!aﬁlﬂﬁe 1€, '?&g}a}ﬁ @ﬁ tan EQ%[H% in@f
préferre a%}Nlb- I st an@%es ’iq% ude ?rnet ggyrldl dhe a%gmg
citrate. | orat adi ne. The invention thus provides, in a further

ct, a nbj nati on ¢ rising th crystalline

&kislpemitash cblarnbenisaminc nd 2,5 e a5 the anajéate salt and
acrivastil ti costeroid. 30 In particular, the invention

' provi des conbi nati ons conprising the crystalline

Bipbyrinec Hydroxgyeins #A1¢1, bfdraxoaie paciodtepeyalifing HICiaselgine

lactate, g%&m&ﬁ%aggﬁgghal i ne dihydrochloride salt of

B S, ARt Rrpdendigt 8L GRRENGY R Grtoethory, 5
analogu€ aint edrithadific and fbxSfchhdios bydebdhydrideDr Zﬁotﬂﬁlgﬂﬁlgac%ﬁﬁgdllym

2004/ 011416 PCT/ US2003/ 023214 ester; a
acceptallg §adt al | i ne di hydrochl oride salt of conpound 1 and

ﬁfela%ﬁﬁgwdrg&{lgﬁée]ig %ét another H, receptor antagonist which may be used

in combination with the present active agent.

Examples of preferred anti-histamines include methapyrilene and loratadine.
- 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 6or,90c-diflnoro-17cc-[(2-furanylcarbonyloxy}-
~ 11B-hydroxy-16a-methyl-3-oxo-androsta-1,4-diene-17B-carbothioic acid S-fluoromethyl

18 . :
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hydr oxy- 16a- met hyl - 3- oxo-1 7a- propi onyl oxy- 2 january 2007
androsta-|, 4§di'ene-170-carbothioic acid ™
S (2- oxo- t et rahydro-furan-3S-yl) ester. Th.e) i nvention
WO 204w 1peovi des, in a further aspect, a conbimayus2003/023214

conprising the 5 crystalline dihydrochloride salt of
ester; mn@@ arvstalling dehydrootbiagidi st ¢f coonpouifth @ aid GeSuidifludrinl §B-

rovides, .iLn a further gspect, a conbi nation L
hyclrof§s hgi-metyh S rone- OB TP G ey ar oAl B Al oo hici acid
-oE QIR iR RGsa i cholinergic agent. The invention
52 Otﬁﬁus pggSi des%s?ﬂ) gs%frijrt her aspect, a conbi nation
cHupinvaitiog thiseprovidsss ired further aipbot ot atbinatiodeomptisingthe
mpound 1 and an anti histam ne. 10 The invention thus

crystalﬁg%dihaér@?hlpﬂd%saﬂkﬂfpﬁ&mw&@d, a BDEG adiibitati on

oﬂigpﬁ' ' S ' Lhydrochl.ori de sal.t. o

conp ot%%l%g ﬂ%‘%@é’?ﬂ@r@’ %af{ ﬁhggrﬁgggé"i b 1?%'!911 angrgse Ihe

crystaltifé 8ihgdrotidoAddsalt ITeompy@idtll Al A uASicholéidieseni. N @
further aspect, a conbination conprising the

cFhestoggnition dhugipngiddesc i aofuthier aspeat, aofontimgtion gomprising the

.0 her with a nti chol,i.nergic ent .and 15 a
erystall0 R Gbe bk A0 AR Sopar g S BB s oot T

CRHEARGnk bR MisQhoid, inVBRhdrARp&RS QRIHIRHBh b¥m kse

conbi nations of the crystalline ‘di hydrochl oride salt

crystalbife dibpdrochidride saittofl campownd 1 topetherovitiea PDREG intjibitiriand a
ents, .as described above. The other therapeutic

} . a
comcoétgg’ﬁ 's can be provided in the form of aqueous

i . S i —OF . .. -
e iea0bp Blus pRAIGASAIHRA Sendeb o BRI pfprsing the
crystalfimeodihpivat¢idoride sAkof compelnd 1 tbi@herReitiest arioholmeR23agéfand

_Accor_gi ngly, the aqueous aerosol pharmaceuti cal
acorhO8iHY4i ti ons of the invention can optionally conprise

. o i C.: jo 7 oLt - '
PURLIoL) 16 BREHA ot BbosSorB i Hle Do flon SHPARIRARY
compris®©equabinations of &k chiRealinediividebihloriie¥pk v esnfund B &vith one or
combi nations of the ipvention may be adm nistered

more ofliet HisFapg\difi AgsRiSeas|dgseibed phavet aneously in separate or
: ' ti A . iat.
SESE oy BRSSP oL e

suspensipiy. ok 8kl ndbokebicubpeasioh forndifatntof fINGEREEH Ng tO
further aspect, the invention provides. a nmethod of

propionateisidpsigibed g SPatenioo. 5998 i3k Abondingls dbp queauerdsob?

pharma B RRREASATRH B 1R oo obfiaB 3 SPrice et Pt a2t
agent ig%%gt@dﬂ(dt%uﬂféﬁbiﬁﬁ fd¥n, &1 adiflion to the dihydroctdodded8lt PG Nnd -
. !

The individual compounds of the combinations of the invention may be
administered either sequentially or simultaneously in separate or combined -
pharmaceutical formulations. Appropriate doses of known thérapeutic agents will be
readily appreciated by those skilled in the art. |

According to a further aspect, the invention provides a method of treafing a
disease or condition associated with ; adrenergic receptor activitjr in a mammal,

comprising administering to the mammal a therapeutically effective amount of a
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WO 2004/ 011416 PCT/ US2003/ 023214  conbi nat i orpedfadaR, 2007
crystal I(h)e di hydrochl oride salt of (Cé‘r?pound 1 wth™ -
one or rr%re ot her therapeutic agents. “Further, the
WO 2006@e46 crystalline salt, potentially can becT/US2003/023214
fornmul ated for other forns of admnistration, such as
combinati@l ofalic pastalbine dilydedhionids saltdfi compotiivkl with bne anmbe other
adm xed with 5 conventional pharnmaceutical carriers
therapenlirpg8i&i pi ent s and used in the form of powders, '

A AR SR AP CBTS BBU bBRcs fs
of admiBRIRNSI, EhdN S otdlldr paeniesil adhinismatin UThdkalDai be admised 960

by wei ght of the active conpound, and npre generally
conventionshphesmaccutical capicabuid: exgpantsmad ussdoin dhe om0k ppwders, -

pharjmaceutical carr]j r tihan 2
b, BRI DBt e S SR sl g
composifiHB Will BotaRi fsth @Pout D105 tSab&it 90%H)dndiER el ilechie

Phar macy, 20th Edition, Lippincott WIllianms &

compoutid] didrmaqre Randraldiefrpmiakoutrinl topbont 30VheAdtipapliswigable

pharmafoe et s O RUBAR e F ki R OF R BBl i ppiap gon
be foun?gﬁ RYUBinkToR" b SBbndeSmBFradiRE of Phsties, 20H EBtibh, ( Aplitkott

Willian{s(8RWiBkity dPhdadelghipPn Z0e@.hy| ami no) phenyl ] et hyl }- (R) - 2-
hydr oxy- 2- ( 3- f or mam do- 4- hydr oxyphenyl ) et hyl am ne
di hydrochl oride. Formul ation Exanple 1 An aqueous
L ﬁ)ﬁ%}bv&ﬁg?&dﬂéﬂiﬁ :ﬂn%%x&ﬁfz)ley ARirkg ?Jgré@ﬁhﬁ\} bthdc@fical
.1 nmg o he

havi ng 0 active conpound,” conpound 1,

compodittns of Altinwhtion) widroactive sngoedem issdbfiogd ssurydtalihali {Be4- -

procedure. Citric acjd (755,8 ) s added to
((R)-}hyémﬁ-zhw@galwﬁp @rg'slﬁigl}oﬁfiﬁhyg?ﬂxa%r@ég%%@%
A -The: ' yngredient (42.3 ng) was added
hy&oxﬁgi%%#gt@%%?%‘?n&h?ﬁﬁtogm?r 1é@'sol ution and the resulting
m xture was stirred for 5 mn and sonicated for 7 mn
to dissolve the active ingredient. The intial pH of
Formulagien ¥xpmploh was deternined to be 2.54. 25 1 N NaOH

b s L oAU bl SR P Bl o
active cBRPOWY, 66thpoundel, pal gehrh @f s¢ldfion/way pri@sedasichel faltodving e

resulting solution was stirred to provide the aqueous
procedurg Giticaeiddd S §-8 ang) 3vag pddeddp mvesse) eharged avith 40 %o sodiupy

ehloriabiafiR a7 af, RRG S Rk SRR 0he) el |k S,

- chlorid S IMRRM e d HeORRIHIALMEctuiR Glas 8fied BF 59ithdhd Sohicatdd fot T min

acid (2.1 ng) is added to a vessel charged with 0.9 %
to dissobwedbamntivh ingrédients dhetntiohpif of the gyplutimnwas daiermjeed to be 2.54.

B A b TR s SR

additioaP A6 b 00 RBCIAiWE2DRN3H d251fidn (26.7 ¢) 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 acrosol formulation for nebulizer administration
having 0.15 mg of the active compound, compound 1, pér 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
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m xture is stirred and sonicated until tHe achg
i ngredi ent ifé‘“stsoI ved. The intial pH of h%é Yanuary 2007
solution is abodt 2.5. The pH of the sol ution is
woO 20afjousited to 5.0 by the slow addition of | Ndia@0G025264
ng). An additional amount of 0.9 % sodi um chloride
mixtursie lstitredand soRichtadyintil the actickeidgredienid dissolvdde Reiigtad pHfof
the solutiaon_to and the resultjn ol.ution jgs.
the solujtopis ahput %—k&lmlégﬁ %ﬁsgafé%lﬁ é‘%gst%iﬁoa‘g% By the slgsy arlfion of
/ hOAnYdilicha CARGRDLE GO bOEIRIm LM Lol RIS Nh
1NNa(%lgr(f§‘.g?ﬁaé% %f“vgsdgphtl on cang{gy(gr.rml at eg ?olol oW ng theg}
is adde® fo&ak e wéightatid slRiondo Ng, dtethe faabiltinpiolgtion is stirred.

conmponents: 10 Active ingredient 0.0117 ng Citric
acid 2.10 ng IN NaOH q.s. to pH 5.0 0.9 % Nad
lutdion g.5. to 1 gram 15 Fornul ati on Exanple 4 An
F""m“fi‘gl?&?ﬁf?“é@?%soy formulation with a concentration of
OunleRuBBlisQbrdzoNRaH Akt dn wiE b cBfictt@fonod!10tigf cé@podid 1 per
fornul ated fol | ow ngﬂt@hg procedure of Exanple 2 using
gram of sodutiohalah deiferpudaed tohlewing thaprocedurs efgieuinda? ugnd 85 ny
.20 Phosphoric acid 1.07 ng IN NaOH g.s. to pH5.0 0.9
followipgEQPAEMG: i on .s. to 1 gram Fornul ation Exanple 5
J19i e 1 g of pappgweous aerosol fornmul ation
%%F&-nle uﬁﬁ)ihgr adm ni strati gn having 0.15 ng of the
@itkicweidconpound, conPdOme 1, per gram of sol ution,
Tween(r) 80 (0.01 ) is qmxed with 0.9 % sodi um
éﬂllﬂﬁéfée sol ution (g.gé- t@)p%()a vessel. Citric acid
L6nadded to ,um chl ori de sol ution,
g%d% t elrﬁ%;ﬁltu e activg'ts‘lnﬁglf%%?ent (0.1755 ng) is
added. The resulting mxture is stirred and soni cat ed

until_the active ingredient is 30 dissolved. The
Formulationd{xampleft t he solution is about 2.5. The pH of the

S A s M
per gra@Qiistliitio Bdrobd fdansiated folluwihg tiegaieddire ofilkample 2hsing the

wei ght of the solution to 1 g, and the resulting
followmgteup@emMss stirred. 21 26 January 2007 WO

2004 QARG PCT/ US20 3467314

Phosphoric acid i 1.07 mg
1IN NaOH g.s. topH 5.0
0.9 % NaCl solution g.s. to 1 gram

Formulation Example 5

To preparé 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 solutidn, and, then, the active ingredient (0.1755
mg) is added. The resulting mixture is stirred and sonicated until ﬂfl(; 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.
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For mul ati on “"Exanpl e 6 An aqueous aerosol for '
wth a gogcentrati on of 0.15 ng of eo und r1Tyé?):;er{rdaﬂ(2007
gram of ‘sdl ution can be fornul ated fol l‘owi ng the

WO gecRdar e of Exanple 5 using the 5 foll owipgus2003/023214
conmponents: Active ingredient 0.1755 ng CGitric acid
2.10 ng Tween(r) 80 0.05 ng 1IN NaOH g.s. to pH 5.0
10 0.9 9%aCl solution g.s. to 1 gram Forrmul ation
FormulftiemBrample Gt abi | ity Testing Aliquots of the

LSfygueo it actoscl FRRRGR M A eone iffhp e YL T dofio Bl 1
per gran] SFRYRHn{@h b8 FainSAtsd fVloWileChéproce iR bhExakiple Husihy &les -

HPLC anal ysi s was conducted using a Zor bax RP-bonus,
5 followin€domp@banis:x 4.6 nmm col umm, equilibrated at 35 C. The
&gbi l.e phases used v&eﬁgs A 0.1% TFA in 98:2
Pemngedtthitril e; “ar/dE*€ 0. 1% TFA in 10: 90
(«é}%&&{d@cetonitri l'e. JDgfgetion was by UV absorbance at
nm A flowrate of 1”0 nL/mn and a gradient of O
Tweet® 8 B over 20 rildfuhgs was utilized. The percent
of _active conpound 1 remaining after the indicated 20
IDNPOEL nornal i zed tqog-fqrgﬁggnpl e stored at -20Cis |
10 @ém&bgso'[&mnel_bel ‘.’g'.toni‘Qllgﬁl 1: Per cent of 'active
conpound renmai ni ng on 14 nont hs storage |
Tenperature 1 nonth 2 nonths 3 nonths 4 nonths 5C 101
100 100 99 Room 99 99 97 96 40C 94 87 72 74 In a
Formulatéoobyampln]:|StabilifeEesting| | quot s were prepared and
t or ed bhove.. i<~ by
R e R G PEBER oo BRATT 68 (Bl BT R0 Y

room terdPerbiitd) an@ 404C MalpiAcRrdrentol8d fatealysisby HRLMt 13fdnth
columm, equilibrated at 30 C. The nobil e phases were

15  intervalsaHIPEEsanalyisisovastsenductedaisigta ZbaaR P thpnusy (b sticmand 6 nym

244.nm, , The,i-niial ,eondi tion was_ 6, % .oty Tl ow
coturnn, iH1BfFked 380 7 ik Hoh R BRhL B g DA 0 RAKIG Roogh | -
water:acéfoniBil; akPBY0.1% PiOA % B):90wier: Sdcforitille.60c¥otiod Wil Gy¥5\B

in 2 mn wre utilized. The retention tinme o

f
absorbarsorpdLinnmy Alewappebkp weli/aiyarha gadientreled loi0de B over 202
minutes ﬁ@‘ﬂ"@%@ %‘}1% E%rgix;]{%g T chgggmd%e‘%l%cl)rf'lég %&eAf ]ﬂ?e indicated

20  period, normalized to the sample stored at -20°C is given in Tablel below.

Table 1: Per cent of active compound remaining upon 1-4 months storage

C:

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 stofed as above. Samples
were removed for analysis by HPLC at various intervals. HPLC analysis was conducted
25  using a MAC MOD Ace-5, C18, 25¢m x 4.6 mm, Spm 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 % fo 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
| T2 R
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~active conmpound 1 remaining after the indicat
period, nornalized to the sanple stored at~20
given in Tabt eré bel ow. Table 2: Per centt. actlve
WO 200m@eiad renmai ni ng upon 4-9 nont hs st orage peT/US2003/023214

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

active cdthpbifd §9emirninpufler tBSinditatd pediof; ntdmbltred B the sample stored
Formul at i on Exarrpl e 8. Other Pharmaceuti cal

at -20°Crg vy 10y Talble 2 beddWrul at'i on Exanpl e 8A 10 This exanpl e
illustrates the preparation of a representative
phar maceuti cal conposition for oral adm nistration of

Tabt Z:Bevlceht dfaetick dvhpdald renialhmgsmoﬁw%bﬁfhs storage

January 2007

“um st ear at

| ngredi ents Quantity per capsul
Temperature |- - -4 months - - - 5 months ----Gmonths - -t - - 9 mondhs
[T = = == Hre—tngrech 15tactopses
50 ray- cr|e099148 I\/Elgne;g 35 9

The at

ove |nqred|e

nts are mxed anciI

440°Qt r ody

ced 7I4nto a H

L Formul ation Exanpld

ard-69hel | gej atiés capsule. -20
Mu_s_exaL;pLg_u.l_u.st_L' j ates the

preparation of another

representati ve pharnmaceuti cal

conposition for oral admi nistration of the crystalline

di HO salt of this invention: |Ingredients Quantity
Formuﬁ%ntEé@hﬂile 8{ 0ﬂﬂer ?ﬂarmacelrtrcal €ompositions - -
Active Ingredient 1
Cornstarch 50 Lact ose 145 Magnesi um stearate 5 30

Formulation Example 8A

ThisleRBhleM@fgePte
26 January 2007

The above ingredients are m xed

ahLsds 23

dtleh%falrgﬁés%nﬁﬁ@é 023214

004/ 011416 PCT/ US

composFomriol eital admiEskaipineof8I@ crystalline diHCl salt of ﬂ‘llS invention:

Ingredients Quantity per capsule (mg)
Active Ingredient 1
Lactose, spray-dried 148
Magnesium stearate 2

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

Formulaﬁon Example 8B

This example illustrates the preparation of another representative pharmaceutical

composition for oral administration of the crystalline diHCI 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.

23




Thi s exanplé illustrates the preparation of &g jany ry 2007
represe tive pharnmaceutical conpes on for ora
admi ni stration of the crystalline diHA” salt of this

WO 200wditl6on.  An oral suspension is prepared HaAVUSIQOd2E214

foll ow ngi conposition. 5 | ngredi ents -
Formulation Example

d 0.5
JrisragileiisttS e ErepRghar b emghet S B S g
compo$HiSN it 3k:4 difigdiatidh o it ¢ Qﬂlﬁietdi’HC( HR%rHgs v, 12. 85
g Veegum K (Vanderbi |t .) 1.0 g' 15 Flavoring
@\t038l suspengion mpmweéhﬁvm@the hlEwing @:dnmalt@n g.s. to

100 ML - == = = emeemeeeeemeneeis o - emeeeeoeoe -
5 T I - - - 20 For mul ati on

Exanp hgréiizathi s exarrpl e illustrates the preparation of

a repr esent.ative nhnr maceut.i.cal r‘nrmnm ti.on

cont awgh\r,kgm 1@cl‘,lgyst al l'i ne di HC sajltn of this

[ nveni; 11 Nnj ect abl e preparati qpséuffered to a pH
o ?Lgfe§9@°recﬁi3%?_'_“?_v'__”9 the foll owflgy composition: 25

______ fle_th paaben ______________ _ _0Qlg ____ _ Active

| ngr efirenlatel spedly  Sodi um Acetate BW¥®r Solution (0.4
M 2. GombitoQO0H@ohftid) g.s. to pH 4 128ter (distilled,

- st eri Vegguth K.(VandatbilnCo.)- --------- 1-,eg ............
(\ 5 - e Flavoring - --- -------- ---- - 0035 mL- - - -
For mul-gjok g Exanpl e 8E 35 This examy | I I ustrat es the

prepabz?sit ? .a representative ph ﬁ#)t
conmposition Tor injection using the crystal ne di HCl
salt of tThis invention.” A reconstituted solution is
prepared by adding 20 nL of sterile water to 1 ng of
20  Formulation Example 8D

This example illustrates the preparation of a representative pharmaceutical

composition containing the crystalline diFIC] salt of this invention.
An injectable preparation buffered to a pH of 4 is prepared having the following

composition:
25
Ingredients
Active Ingredient 0.1 mg
(’1 _ Sodium Acetate Buffer Solution (0.4 M) 2.0 mL
730 HCI (IN) q.s. to pH 4
Water (distilled, sterile) g.s- to 20 mL

Formulation Example 8E

35 This example illustrates the pfeparation of a representative pharmaceutical
| composition for injection using the crystalline diHCI 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

40 | 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
24
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the conpound of this invention. Before use, tfl’:?.}anuarymo?
solution is fhen-diluted with 200 nL of
i ntravenous flui’d that is compatible wththe active
wo pempeasd. Such fluids are chosen 40 from 5%@Eus20emE3214
solution, 0.9% sodiumchloride, or a mxture of 5%
5% dex@iBxd pstor]! M)r@lo&%M&ﬁd iSehdlexdrosy, [sdbte mdmdracplnmtiMr are
| actated Ringer's injection, |lactated Ri nger's plus
injectior4 26 January 2007 WD 2004/ 011416 PCT/ US2003/ 023214
5% dextrose injection, Nornosol-Mand 5% dextrose,
Isolyte E, and acylated Ringer's injection.
Formulbibormintaatplo®E Exanpl e SF 5 Thi s exarrpl e illustrates the

bigoantie R e R AT LSBT DREERISER 1 i ne

- compodflidiFor &3idal HiptcHich SIHEBysMine dERYSEEHbLMSInIERIS.

--- -Ingrediemts -------------------- Act i vegramgr edi ent
0. 2-10..10._Span..60..2.---Tween--60--2...M-nef-at--oi-t--B----

PetroA@ﬁ%égdeEt hyl paraben 0.15 15 Prgopyb par aben
0. 05 utyl at ed hydroxy anl sole) 0..01 Water q.s.

T o TR 0] o oy e
______ W?‘?Q@Q--------- R Al of

t he a%%ah(ﬁbredl ents, except vvater are conbi ned and
heat eletrddalBBIC with 20 stirring. A suf fild ent quantity
of waMethyhpa®b@ i s t hen added with vi gorlbls stirring
to ePpsl paratidne i ngredi ents, and water &®f®en added
g.s. B@Q@gﬁ&é@ﬁ&c&b&@mﬂ@l@ml e 8G Thi s etianpl e

i Il usifades the preparation of a dry powfeko 100

fornmul ation containing. a 25 the diHC sali_of _the

invention for use in inhalation ccrtrldgﬁ Inh |on
cdkofitheihove ingsedipnts, SYCSU FHtch A RaThiRG, ﬂ“%
stlrrmgc %r@)‘fﬁdédt QRaltfy o dateh 8t 60°0) ik theh ﬁ&iddﬁéﬁﬁﬁ'@ig&lmhs stirring to

redi ent’s
emu151£y the ingredients, and water then added g.s. 100 g.

Formulation Example 8G

This example illustrates the preparation of a dry powder formulation containinga
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 : _ 23

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 contalmng

~ the crystalline diHCI salt of this invention for use in a dry powder inhalation device.

25 .




30 ny/cartri‘dge Active ingredient 0.2 Lactosg Zzhuary 2007
________ 2___________________________r':“_"_ - - :
-------- [) active ingrediént 1s mcronized

WO 2894@14160 bl ending with lactose. The cont entEcEis2087023214
the cartridges are adm ni stered usi n%éa powder

i‘npharapceutionl woimapsition Braenared I@Mng? f@lmtplagon ratio of
micronizgd HipsApERRp HARR P 1T Eho Sufiabiiil Hiptaea intp ¢
powdert iAhatatl VBRI e QBp LR ofth%ﬁv% i ;@W 2%%%51 i g'ﬁ?&ﬁ&ﬂt QB dose.

devi ce. 25 26 January 2
PCT/ US2003/ 023214 A pharnaceuti cal conposition is

pr.epar ed h% ing a bulk formulation ratio of
5 1:M-‘i‘-‘l,i’f—‘éiﬁﬁ_r!%8—1;ctive ingredient to lactose of 1:200. The
%'nbie%% &t&?ﬁ%@%&%& o?a%@%%ulgﬁé/@&@r&ﬁ}ﬁg tRLkyRfAlline

evi ce apa vering

. 'diHCI dahgf i @Rentiver foflasen a nfetéred dddedbliadst. Exanpl e 81 Thl s
exanple illustrates the preparation of a fornul ation

éoﬂuﬁmﬂnmoﬁgommueg Y% antive pgredipniid.> Yaleeitiin, andi0s> % trehalose

lis prcpdr bgp Crl]SIElg 5 Igt%?%cﬁ% c%g%}l ?e Q}%?ﬁangzgerdgagﬁgﬁc?s w@ megjy size

10 less thah 6 ubhin's ccﬁl&ﬂ:la@s&ut%ﬂ foshal #&8 0.4 %of’frﬁﬁﬂﬁs@ dndy.5 $ of lecithin
di spersing 5 g of active conpound as m croni ze

dissolvgghintl 08 inds ofdlanhinerehredsivater. Tho shgessiothsrspiy doied knd the

col | o] solution for fromO0.5 g of trehal gse and
C resulting f@tf‘gmg%s TRicEHfd Ao aﬁ%lggeg@/ang wroppp digpetepfess than 1.5 pm.

The pax?ﬁ@g &@rl&l ﬁﬂo‘é@rﬁ IS, pleqréééﬁﬁfé?isl' Pt C}E o?tyett}%ﬁ ed and
resu |ngrraer|a S m croni’ze par
havi ng a nean dianeter less than 1.5 m The part| cles
- .are |l oaded_into canisters with pressurized
15 Formulatiop Fxample8k af | uor oet hane. 15 Fornul ati on Exanpl e 8J

[
Tl Sl 0 B A B g ey
diHCl shiboSthigivesitionafol @6 nU@ﬁletdi’ed&ideirﬂhI%ﬂ dose inhaler. A
suspensi on containing 5 % active i anredi ent and 0.1 %

AsBIpeRsian pentpnmgay "é»cacwe ingriedisat andriy! Yolegithin isprenapes by

aispersfig R 45 EeSf GhiR IR S5k Baffust MRS A yES D
20 umin a's@lﬁhélh foinéh Sl ¥.2G df 'ﬂec?tﬁﬂ disoRkd dEP00RL VI EReVABLAT -
The suspension is spray dried and the resulting

water. ‘Thetsuspealionds sirey dukdzed tharepdiing whiesal ip rherohizgd  pagiohes
1. Th I I
(7 baving§ e G BRS R LT ity CRsRRgBgee Ioaded o CaniSias with

, pressun%glll' fl% 33%.2_3' }%B{glﬁggﬁfﬂ HRp&ieN- Propane. 25 For mul ation

25. Formulation Examples 8K-80

Formulation Examples 8K-80 illustrate suspension aerosol formulations
. containing suspensions of micronized particles of the diHCl sait 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 |

- 30 other ingredients. The formulation is Ioaded into aerosol canisters.
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Formul ation Exanples 8K-80 illustrate sus’pensgfpganuaryzow
aerosol fornul’ ati ons containing suspensi omn
m croni zed particles of the diHO salt of*the present

WO 20H@&HL¢ on i n a hydrof |l uoroal kane propel | aCTiUR2003923214

in a netered dose inhaler. To prepare the

Formulafigu i chilled.or pressurized hydrofl uoroal kane

is added to a vial contajning the @0byoweight

ingredi.ents . The forml ati-op-4s--l-oaded--i-nt-o--aer osol
%ﬁf {Bent 26 2 26 January 2007 {¥p 2004/011416

% HgOOSI 023214 Fornul ati on Exaggl e 8K % by wei ght

------------------------- Active ipgredient 0.4 5

F(gwé’lol: acjd 0.5 Ethanol 15 1,1,1, tetc{afl uor oet hane

oroethame _ ________________remamaer _ ___
------------------------------- 10
Forrrulat|on Exarrple 8L % by vvelght R -
Formulation Bxample 8L~ - -~ - - - Act ive i ngr_ed| ent 0.4 Sorbitan

frioleate 0.1 15 Ethanol 10 % by weight
1,1,1,2, 3,3, 3-heptaf |l uoro-n-propane rerral nder - ----
Activeingredient .. _____. For mul 8t1| on Exan'pl e 8M 20
Srmigoigte - - S

------------------------- 0. ... Active
n hgﬂégﬂ bhePt@ﬂermpropml d. 0.5 Ethegmsiindes 25
e ,-2---3-3--3-hept—aﬁ-l—-b+e{ e——a—-p%ega&e%emr%& -

plegM - """ttt - - - For mul at i on Exanpl e
0Dy Vel ght % by weight
_Active ingredient 0.4
Oleic acid 0.5
Ethanol 15
1,1,1,2,3,3,3-heptafluoro-n-propane - remainder

Formulation Example 8N

% by weight
Active iﬁgredient | 0.4
1,1,1,2,3,3,3-heptafluoro-n-propane remainder

Formulation Example 80

% by weight
Active ingredient ' 0.4
Lecithin 05
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)phenyljethyl}-(R)-2-hydroxy-2-(3~-formamido-4-
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(-------.30 26 January 2007

-------- Lo Active i ngredl enf 0:4 1, 1,
WO 290491318, 3 hept af | uor o- n- propane renmai nder -PEFWES2003/023214

hydroxyphﬁnyl)ethylamms compound 1; a.n.d.prcparatmng@namf.qq@ptmq, at stability

% - Active
testing ﬁ%@?gré{&%ﬁ‘tmé? ﬁ&}‘ %CI Ig%%mﬁmﬂ)nd-ﬁl; 40 Et hanol 15
,1,1,1,2,3,3,3-hept af | uor o- n- propane renai nder - -- -

Example 1a: -Sy-n-thes:sof 2-[4- ((R)—Z-hydroxy—Z- - - --- - The followng
phenylekgapiind)phehgd]qhepmisd @dn of N-{2-[4- ((R) -2- hydroxy- 2-

13 8 1090 F-assk ek e oded MU 674 @moB of dtfoxy- 2- (3-for m

: mm)pﬂ%lilg&sg%%lr/l%%??;%%rlggypethﬁ%gﬁyl an‘fHrg conpound

2(1 HprimdinsheqDAIBUat Thaweacloarftask ens fitted with aawderhealytiet, y 125
testlng of the crystall.ine dﬂ_%'l(ﬂsalt of(%c) ound 1.
ml addgtp gvmiwegfre& e rsaqtign flagl wos pyras wgrfrﬁzmogen and

placed Iga%mk@tgw 7, 60 A0 AR 3o, %ot

1.0 M sadtivn eidteiydthsijaatiilain temshydfofithn.0The sodium

1, 3-di nmet hyl - 3, 4,5, 6-tetrahydro- %I B).pyr i ndi none
bls(tnm(ctbml)armﬁ@ splutien wanadded dronwase gviet %anwlh VGRS SHAEE
The a5 o TR eipoRihdck 0 0id WIIBL 3088 (RRLORIELER,

& PRI BN 1T asK Was pur ge

(8.4 mIpyasath CP 1) Wadadsell dropadli® byaatifge dee 1addhte® nrlielmm;lf alidiifion
char with 83 nL (83 nmol) of 1.0 M sodium

was coriyoBed toimaintain & fempeseaire belowd X &1 rAfgrol lnfthe eactiontyeas

| ut d

quenchy by diffioaSh SAdLTI AW E waldr) Hik FECROL RO R aRHER% 0 a
separatoRf Hinhé10Bilktbd Reth S6asL [s@ﬁib\ﬁ?ﬁac@ﬁﬁé dndRBEDwith 8D ., Satbhed
septum (miﬁ styrene oxide (8.4 nL, 74 mmol) was added

aqueouscmdpm eidorie. shhejongamiclaper Weg weishes asecorkhigme atid aghixture of
addi t troll t t
84 mL Gt iyt 38 i softurr At sflundnlRids nd B RRRA R Ly

saturated ﬁ(ﬁiﬁ%§®dﬁﬂﬁ| chloffe. 0T heS&ghtic YA? Bas coRBerfu@f@tin@é VAtanlr
was transferred to a separatory funnel, diluted wth

The resig6e whs tvacqueopyentsated fiom isaptopanel(58 vl portieus)and then
redlssolvead n 130pr0%an01 (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 dissoived 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'] caled for CgHaoN0 257.2;

| found 257.2.
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aqueous sodi um chloride. The organic |ayer wess ywashgfboo?
a second tine W h a mxture of 84 nL wate and 84 'nL

sat urat ed aqueous sodium chloride and finalfy with 84
WO 2004/@04at ur at ed aqueous sodi um chl ori de. ThecOUBE/E3214
| ayer was concentrated under vacuum The residue was
Examplevi be Syetiesis @fi2+{4(@)-Z-hpdwoxgpr opanol (55 nlL portions)
phenylﬁﬂ(jrlﬁxhﬁﬁ)plmﬂi]stﬁplavaﬁde@dibyxpfoemaﬁdb (235 nL) and
eat

ed to 70 Cwith stjrripg. ncentrat ed
ﬂ‘y’d’fﬂprﬂlgr?’i"’ée%@?ﬂw’ﬁ%@ e%&%iglgﬁ ‘)tr %ﬁgé ‘added over
. ' it A | 0 ol to room
ammop?é%i@rt t%rrﬁgmgir@ iass't"l rrgf;jﬁ? \g?ﬁitgﬁh%’@’éﬁge%%gg&pi t at ed
2(1 D)ppriedimine @MPZD. Thelatdoh Hyskiwdstiitet iwith arverhoshstren 2 125
I sopropanol_ and isopropyl acetate. The product  was

mL addifiers fngeland e Fraghien Hask wagpysgsd valh nitroasp apd.

e
t [ an I [ '
psced {24 0 0 AT 2 ERARoA Ry BERBRRLEBMTEY, 1,
1.15 eqlitdly 641 ORI §ckPim BistridRthylBiphimide i teadhlfids furtdie The sodium

separatory funnel was shaken and the phases separat ed.

bis(trintefey1shamide Jolyjien was ddnd dsapwise pves 3Qinumve i vigareusgiigring.

e oGRS IR Py {4 bl i Sk Ref o8 B ey
(8.0 mIS &0 mbl 5 NARasZRided dro Wi’éé"bg s%ﬂge%ve?ﬁS Rfhudangaey
5007 WO 2004/ 011416 PCT/ USP003/ 023214  Exanpl e 1b:

rate of Slditidrewascantrolled W-nizipinea feyperakyre below 35° C. After 1 b, the
oo DYELGUN IRELRIERHA V) 8 0 () ek ccor

- - ] i f .
st SRR RS o 050 g i

90 mL {aDiBtd)] aqiidves sehanichloritle.a$ke omgenit iltyeewaswatheda seooed hewd
. stirrer, a  125. ddjtion funnel and a er no er
with a npydure OF 80 i, Wate %ﬁﬂﬁ“&é‘iﬂ# %WW&P%PG@%%“&’H god bally
. j h b fal S
with S03B Sl Sl Sl ARlel ThE R 38 LelRORES
under vidiamdli Tiime feisik(¢ wanenhgitsitddytivwi eenfirate isopropetal 4Rl giovhicans)

T e P S

ConcenfdARHIEhO LARE. > 432 15@&99{&%@1%&;%9&&%’@@@ sthdels. 3rhe

septum styrene oxide 0.3 mol ,
mixtureOwballeaued to foolésroaddethpebpeasdstined Sy 12ng eTleveecigifated
m nutes. The. rate of%(?dd' tion was controlled to

productiiasriselptad By filiabien.avased Bk dwppepagol ang jsopropyhpcetafeand
aried uldep oy M B ARIETS il 1 SRR SRR LI L PR (B2 iy
phenyleBigR@nmbyphens|\eyeimine (2) igdrovhldiide @s twhits sglidopy |

acetate and washed with 15 90 nlL saturated aqueous
sodi um chl oride. The organic | ayer was washed a second

[ i th i xt f 90 nl t d .

Example #1%y gkéﬁ& e ROy s Rrmamide-o

benzylqxyphepy} . ueous sodi um chl oride. The organic
Uéy‘fsBrdQﬁé-lC(@H&%ﬁhﬁé&-ﬂcbenzyloxyphepyl)ethanol (intermediate 3) (9.9 g,

28 mmol) was dissolved in 36 mL dimethylformamide. Imidazole (2.3 g, 34 mmol) and
t—butyldimethylsﬂylchlbride (4.7 g, 31 mmol) were added. The solution was stirred under
nitrogen atmosphere for 72 k. 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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under vacuum The residue was concentrated twege, 53%007

|sopropa{r:’q (51 nL portions) and t?é}] redi sso
i sopropahal (250 nmL) and heated to Cwth stlrrlng

WO 2064/@3atent r at ed hydrochloric acid (13.2 ni, pdfOswombis2i4
was added over two minutes. The m xture was all owed
mL) andohexapgs (2omlo ard wansfrared e r scrarriors finmek heergdrdc layerfhes

fil
twice PEBEL B A LOOTHER OYRR YRR SBiibled Aocas bl Sipgice 27
mL) follfolwed byl adiagl wahwiin Jaaﬁat&@a@@oﬁxogwm SIHR!E7 41{1)6 e
(57%yield) of 2-T4-( 2- hydr oxy-
organip lagerywastdnigtl anerrsoltiph ffa]eet&iydaa@i @3 anm@h@mcm@mmm de

ite solid. 25. hesi
were affogt e (RFRPIPR S B g,qadeF h@fwf & Plfiswolrd%(‘@ew GRS
filtratidhr atﬁ&ﬂéﬁih@i@&ﬁ@éﬂ%‘&@eﬁﬁﬁéﬁa& The residue as Ly 111 ed from
(R) - 2- Brono- 1- ( 3- f or mam do- 4--benzyl oxyp eny thano

hexane§ |(4ﬂ' mLh@chfﬁméS 86 2.(99 mymol 268 ¥iyof inten@sdiatc 230 Ia\tﬂdtel $01i36

o 08 R Rt B b b, 96 o) o

added. The solution was stirred under nitrogen
at nrosphere for 72 h. Additional imdazole (0.39 g, 5.7

- Exampled! Jyrthesis oftVH{3[4H{ ()2 droky-2 gibleaylethglantin 6¥pi@nyHetByl} -

(R)-2-183 Wiy 1 d iRt By 1SS - E;;fbrhiaﬁna@aqiéneﬂofﬁﬂleﬁﬂbétﬁfﬁm. o(5an

additional 20 h. T reacti on was dilTuted w

rhltﬁtrmdéat@i (3-8 sptlopyoDainéarmediate233. 529 14 6wdalhuady 2007
PCT, 200.3 4 L d 27
dimetIEAN O bt tiers Srbiae R o pRoat gl pii ARACRE sehted o

form a ﬁbﬁ@gﬂrﬁoﬁs%)éﬁlhoﬂ\ﬂPotais\Mlﬁ BarbBEREE.0M, 148 rdml) Xha §@d119f1 1od1de
water (27 nmL) and saturated aqueous sodi um chlorid

(1.7g, 4 pmmai) yer gildegond thyreactionmaiktwvawhs heated te 2407 Gt The reacuon
The rgani ¢ |

mixturt B QPR P EGBLIT i iboodied fo BamRbpistrg i e

. with wAteX@0 @8 )ead 136'%30p§1 ABhLE (2gdaY. Q’Hg reaBfonSHRRER’H ﬁﬁ‘tll\l’)ﬁfs

stirred for 10 mnutes. The 'solids were renoved

- solids ¢$Sblvﬁéﬂmd)ﬂieiammfﬁmdﬂ® k sepatatorny dmmeht Tleteeghnimbiger wasc uum

washedypion et o ool T BT MG i o i o

Sodmm%étﬁ@tﬁ dile in \i?z?térZIS £5116WEd & 109%@%%@%9@9@&& &%

1, 466.1; found 464.2, 46
w/v in \@tnlt, Aémilg f@i{owed by saturated aqueous sodlum chlonde (17mL). The .

orgarucl}l-)iez»\Jas4 drged gver soly a O ate an% concentrated érlu[forgl)u%grenllqedllatg ES gglla

o ol a4 W) A1 i

640.4; foomd $40.6.nt ernedi ate 2 (3.5 g, 14 mol), and
di met hyl sul f oxi de (10 nL) were conbined in a 100 nL
round bottom flask and sti rred to form a honobgeneous

xampfEl i P?}vaaérg- £2h 8{1; a9yt Rh it
(R)-2~hy§505cy, ey gnm 8 ere )e aimefhl eaction
Ttettrediate\ SRS 2MERBNt @nﬂ@@b«a@fdls%ﬁ%‘d &%tral@dﬂ@ﬁﬁan EaLyagl ed

to roomtenperature and dil uted
triethylamine trihydrofluoride (1.4 mL, 8.6 mmol) was added. The solution was stirred

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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wth water (24 nlL) and isopropyl acetate (28 fé—)anﬁgﬁzoor
reacti on was s{ red until all solids di gSel ved an

then transferred to a separatory funnel. TFhe organic
WO 2084/d1ifas washed with water (17 nl) fol | ovecir/by2003/023214
acetate buffer (5%v/-% acetic acid, 12% w v 20
filtrate o |rmd ét fasapataltormfntmt &ndithe pleserwert Separgted. ol heomgahidy

di b t t w t 7/ mL
Tayer a3 el STt S S B e BN o)
chloridEB8lovlddAMSGn], Y €4 mﬁﬁ%ﬁaﬂﬁéo%g QN cﬁraﬁue ”Tﬁé‘bl%%t%ﬂgvaas

concentrated to afford I'nternedl ate as a
dried oged &ﬂiunomﬂfaﬂaﬁudaboﬁﬂan&gted 1o afifod ﬂ1qﬂw@ct 6nzh brov[/ﬂ\gelatiﬂoils
.. calcd for C38HAIN3O4SI 40. 4; found 640.6. 25 anpl e
solid (42 g}, fiual; %) mz: M+ caled for CaoHasN3O4 526.3; found 526.4.
N-{2-[4-((R)-2-hydroxy-2-phenyl et hyl am no) phenyl ]
~ ethyl}- '
Examgl&5: SydtherioatN-42-(B((R-hydrdey-4- mﬁﬁgnekmafxﬂhﬁwﬂe)@q batyBmM
(R)-2-Hy¥oky0R-( 3-%&&5?&%&-&%&0%&.; MeBylhpiiiP()) Was dissol ved

I'n teétrahydrofuran ( yrleth anm ne

tIntemmaw £ (55 igdé 8 amal) wias dBSQSVa@lm B0 més:faﬂmd and freated

with achufi e Tuftn GTNH1 3P Bl SactiiontyasBRPOA gor 20
min and thefl fiNefAh WHAEAROPAAS, (l"§ {1 fillrate s TB 10% ﬁnhlﬁfdnﬁn on

mn, the reaction was diluted wth isopropyl acetate
act1vatt(c72®rbuln)(2&hnhgi) adthe euspentlarqﬂaced eparPatioshykdru dibe keactidrewas

Shaken%ﬁog}r et 19 B gwgresfﬂ? & t&grbi has%ﬁifa{n %rgiﬂﬂe@&sﬁshﬁeagd

concenil;gct@} Igd% @%&%Q‘l"% f%f ?r? tl?dg?é\@va\g g@?fe“?ﬁ%eﬂtgmus solid (1.9 g,

4.3 mrrmé,;ﬂa%e)t WMHI(E@O Mty DAMESO-akias 240 %Be{n's 6Ha,rmzam18 e
of .9 nL wate

o), 4 5335 Gy 10 A0 D025 St Gl EH 57 ) 5 Gheld,

668'6% i}@t?%gfﬁ §%h§r|ed %?qugﬁ%’ P ean%-é]&Jrs

1H). nm{ide*nfﬂ]mahﬂ fbngmmgd)mmz fhadindc. 6 as a brovvn '
gelat|n0u3530I|d(4 g, 8.0 mmol, 99% mhz: [M+ H
cal cd for C32H35N304 526.3; found 526. 4 Exanpl e 5:

‘E:::;f:e VR s OB o) pheny et

hydm R;“Q’Q‘?Wllmipeﬂﬂ(%dr%‘f‘ﬂﬂﬂ? do- 4- hydr oxyphenyl ) et hyl ami n
i@gﬁ%}mﬂﬁ & ediad mi)(@asfmgméd fh m%i 1%&5%51%9 b &l at

0 nL of @thanol and treated 10 Wt i vat ed
50°C ahallovedlto cdddr Fhe ®ldion(wasatirgd rapitieaslis f @hBICH wanadied

rre 50C for 20. n and then filtere enove
4 mig Yt Fhe Fimeed R e GRe aRdempsviiga) Tedolesn

' crystal]ﬂl@%}dﬂ%ﬁ‘;asq%lg’t@@b{r fiRfhiBH hn %ﬁﬁeﬁ}% fsl b ¢ T@l ed on

rr shaker. The reaction wa under

dihydro3Rlofidé satydicompourglals(1.7Ing 3daambl, de%pas filtered through
celite and concentrated under vacuumto afford

conpound 1 as a brown gelatinous solid (1.9 g,

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 mmotl) 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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15 4.3 mol, 91%. 'H NVR (300 MHz, DVSO- d6)

2. 40- 2. Q@(m 6H), 2.92-3.18 (m 2Ky 4. 35-454‘?"@%”2007

111), 4.69 (m 1H), 5.22-5.30 (m 1H), 6.82 (s,
WO 20080)1416. 85 (s, 1H), 6.68-6.86 (m 41-1), PCTAKZ003623214

(m 511), 7.95 (d, 1H, J= 1.4 Hz), 8.19 (s, 1H), 9.49
product Was solatedH)y. filiration 4nidl deictiimdalvadudm to LRHEH2 OB 436. 2;

Adthdr%%kgp%F l(gpéyorgpwlgﬁ%l e 61 6%/ stallization of

phenyl et hyl am no) phenyl J et hyl } - (R) - 2- hydr oxy- 2- ( 3-f or m

am do- 4- hydroxyphenyl) et hyl am ne di hydrochl ori de
ExamploMpoRaetyiaBizhion of X-@-{AR(R)-2 Wgdrekyssol ved in 111 nlL
phenyle8QPIBRANM eryl] ethyDAH)-234, dr593§23035f0?1hhﬁ%d4 to cool . The

hydroxé@hl(-lﬁgrls’&hmﬁuﬁé H{h??p"cﬁlﬂ’%ﬂ" y and 1.0 N HCl was added

m xture was stirred for 6 h
& 250wk theeamerked flask wahehargadowitle s Siydrochieidel skit nEcompound

. pr.oduct ., isplated b [ tration dr d nder
1 i AR VSIS ShebarE Pty 6 SOMPBIO e SgPDRb b ik
18°Pf°p%e%“é?“§a§%fa Fastf iR ar Ve TR B0 1o Gt ol

Hydrochlveinpkizt (B9 Vani. holp h2myddlewiyddded B) 55550 amddieisRopaaioln
am do- ﬁfv]lyl;(é&r oxyphenyl ) et hél am ne d| hydr ochl or| de The

(98 mLy pgs slg d @venAdrBiat 8PP eSal Theto lé@npr@a geoled ﬁorrewnf
temper % V%FZ B &élog?o olgpr olggwa% sl\mﬁ% 8@3%%&% I{lﬂ a%é1 IEL 0

v aqueou he “warm ut i on

solutionvaas strked a gooth tdnpbfatiir forSIG. TP stas e 1{;dl£t@&ib§f filrafion,
h. The recrystallized 31 26 January 2007 WO

washed giuisonroparss ﬁ@m%%iﬁyeéz@s!qmvacpwadmﬁ higyidlddeat ed by

aitydrog G SR AR BAL F P S0 E B AT 9 Do mefly '

HPLC)ExarrpI e 7b: Recrystalli zatl on of

(R)-2-hydroxy-2 5
h\x::[rec gtideniali @f pmmn}iéthayir}gl( 5&; equivajatsonfirhRi@péror m

o S RO R Hlirg s bRehpaed©
accordily@"tRE Ffd&écﬂtﬁ@s %ﬂmn%ies 4351 %diebénz?ﬁﬂ’éd%c&dﬁg to the Erocess

equi val ents of chlorine per nole compound™ 1

of Exantle fyewid)themaytallized soprdimgdo the pvatess of BSnrily 6a fﬁlaﬂ"ord 2 2

et A e e s
accordn?é to5ﬂc g ks AP BRhAFR 7h ?@H’f(ﬁ@ "’l@i_(r% of ‘c?ﬁ*d?ﬁc)tﬂdm st g y

ver 30 mn at 50-55 uti on was cool ed

componmdlmasmg L ¥hqamialentsofelierin h. | sopropanol (98 nL) was
sI ow y added over 30 min and the solution was stirred
roomtenperature for 16 h. The crystals were

T
phenyle lamlno)plilen} e%]y R)- -ﬁy < maml
hydroxyphenyl)ethylamine dihydrochloride

The x-ray powder diffraction pattern and differential scanning calorimetry trace of
the crystalline diHCl salt of compound 1 crystallized from the 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 diHC] salt: 6961, 7521, 78741,
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15 di hydrochl oride salt of conpound 1(4.8 g, 96445 2007
79 %yield, 9 4 % purity by HPLC) The h ochl ori de
salt of conpound 1 having 1.52 equival ents-0f chlorine
‘WO 20ev011416] e of conpound 1 was obtai ned as f ol #CINBS2003/023214
Internmediate 6 (3.1 kg), prepared according to the

827+1 (B Bet00ed, 9F6--EXE02PLBSI 05550, W66aE, 1d6ben2yd At etho3+],
according to the process 20 of Exanple 5, and {hen
1371ib_r1>¢§9ﬂa1=|lg%%i, 42 3h e 1605 10296 1 p3 Hdd crnd 3 5Bl e 6a to
- f ' t ~of :
SR b of By budt LHHREL ) 5 3B o SARE DS 7

was chhRctelgeddsdoB&e®ss: of Exanple 7a to afford 1.2 kg of a
hydrochl ori de salt of conmpound 1 havin% 1.52
uPRal7edt BT7o8276 BV b7 A28 30 4 Apf.d 085, 1100, 1198, 1294, 1371,

1440, @%@Lﬁb@f L@g%@;%ﬁe 2’3%'3%4}1,(3(5'5)5 &M B0 M,

DMSOeEN B8 537 &n.wasly, 286:-429 I @n f200)18.01 @028, 7.12-7.43 (m, 9H), 8.13
hydr oxyphenyl ) et’hyl ami ne" di hydrochl’ori de The x-ray

(s, TE)pBAREL, 168, /1 b Fizh 8. 99t e DN ors, SR G%cls, HDAMNI B s,
16D, NG R M, B RiPra 80 3 hE 7494 s Bt Hlaa,

121.6, EXAOPbS 61268029162 1519V4D9 7 1@.@,514239,?}@@'.4,2160.0. mfe: M

respectively.” The sanpl e of crystalline materia

H'] caled fordiysilaNe@, 436.2 famiddid 6120 Elementhl malyhis Bvi35) cdlcdfod 2

a racterj sti rticle size of 32.319,1 m_The
Caststingay BUELE, 35108 176 hEaR Hoda 0T G rle 9o i Gt b5

e I $4 of the comon peaks of three

Hﬁzgté??f%?éﬁgggg?fp ’eisj'%z; the diHO salt: 6961, 7521, 7871,

32 26 January 2007 WD 2004/011416 PCTI US2003/ 023214

8271, 8731, 9701, 9861, 10201, 10551, 10661, 11011,
Exampfe 9o0fid statgsiability festingrof {%{2-[4- 440 2-hydrown2- 16581,
phenyletigtaming jteenyl]ethyl} €858 hychroxy-2-(Fermamido-sal t  of
hydroxyphpoalyethyllapiediihpdioblplorile process of Exanples 1

Fo5eldls OF o sl BT SeyBef coBipruta 458 hrerdies T Bimmble

- 7
s A8 e o g ST 35 Py
ground 20 86¢ Bar8dles with 8ld)ortatail8Dpekile.] Tium sa@ples, dhie lovpd and@bi)e that

had norfig ¥ piged ferSibigd 4 dgsdsnihiagff aldpsga it
humidilj@fo%ﬁ) g%fs afid twolsaiples1dite %‘gﬁﬁ AP0 Rat HEVRS 16 px%cgsg%cﬁ

7, 56.3, 6871, .4, 114.9, 118.4, 10 121.
were std2d aOroofi2bmPeratl26in@, dediR@atbrs fasthe said@pétiodl B2mples were

withdre e SRS AETHA 3146 s ErRISRRED a5 HRYG % 39 s
%ﬁ)rr&ﬁh&ﬁ Jf¥Me DSC traces for the four samples indicates there is no detectable

effect on crystal stability after exposure to elevated temperature and humidity. TGA
results show no appreciable quantity of water becomes associated with either the ground
or the unground crystals, after exposure to high relative humidily. Similarly, the XRPD
patterns show that the samples are not appreciably affected by exposure to heat and
humidity and no appreéiable chemical degradation was observed in the HPLC data.

~ Inanother test, samples of the recrystallized diHICI 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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C25H29N304. 2HC1: C, 59.06; H, 6.15; N, 8.26; Q@Jéﬁ:aﬁ%ow
a, 1s. Q’S.‘) found: C 59.62;, H 6.28N, 8.41; O,
11.71; O+ 13.52. 15 Exanple 9: Soli-d state stability
WO 0e8¢iit4lg of N-{2-[4-((R)-2-hydroxy-2- PCT/US2003/023214
phenyl et hyl am no) phenyl ]
initialigt M7 Yo ¢Rpr @-Omypal teychemi@! pwityrafithd sandple, as determined by
hydr axyphenyl ) et hyl.am ne di hydrochl ori de A single I ot
HPLC ghaly i Wer gty ARCERrod BES e nogkmeisria the chgpCpeea el
the ssSlel N Exanple 6, was used to prepare four sanples of
lg%proxi mately 30 ng each. Two sanples were 20 ground
to fine particles with a nortar and pestle. Two

- . sanpl es, _one ground and one that had not been
Analyical Metheds \were stored in a closed chanber at 40C and

9 ' i dj . . 4 S es,
SR Rk S oty Rl plsb SRR ST B L
diffrachntt@tising CuoRE40007RY] 33,0 HeA ) rRdiatishe STHe GasIokis was perfbiehed
.. .same_period. Sanples were ‘withdrawn for analysis by
with thogenigmgter gmuing it ropRueusAernyodeRB R /min wilblaGtept sizoof 0.02°

' f th C f he f .
over a (Kt £ 4XTRARDRE e pleped gt BpRme R holdp s i lave
of powdéitd nddkeril.abi [ ity after exposure to elevated

tenperature and humdity. TGA results show no
d?i@ngmtldksb@nmatdwtwftmas werelpbtaoied svithss DA iinttenhentst h

moel BisEafl SHTHHRE Pt g ARy b o2y ifoen

empty pARISrviR@Ad 1BE RFersh@W SaliplestiiBe SRS r&é%étr ﬁ)°@°¢1§d fsneated at5°C
: appreciably affected by exposure to heat an 0
per mithuieriodi teynpenatirgrel 0P ICe Cilelihstrunieanivasdalitepdadiah aoindnas

bserved in the HPLC data. In another test, sanples of
standarﬁhe recrystallized diHOJ salt of Exanple 7a were

o . | e

e e aps S ORuPEn Kooy Tubliton i fibad 0so.

Sampleappeawaighed mfalunieumegiaes hwd heatdddronas@C to 3002 Ctat h earabNHed
o negb}ag;fbl e'rSO. 12 %vva%gr 33 26 January 2007 WO .

10°Clnypo Mater PaRigntpes FoiEDatsd by mppguring ihe ol pighblogsyboivaen &

- 1 1 C: i vl
12646 e TS ldtBhioh U SRR, °°

, ihe R mgretiumared defeenmed@semnthe ehengenben () kengehiooalko
Qurity of th&} S’@-Eigl e. 5 Anal ytical Mthods X-ray -
675 emp xiag a0 diveter 304 § AR seeatiomster gitippedivith mbiipolt opmngs sample
[ ' er using Cu Ka (40.0 kV,
att_enua§§ t%@ﬁigec?l{ég?%?[ﬂ%%&@ Eielmaaﬁél ysis was perforned wth

{HeMdRRpanmtvere doquittdgn b 306 MH ValgsGEsian200adpesifometer
2/lmn wth a step size of 0.02 over a range of 4 to

at ambigmnf terapginies Sppples presp diseadvashin SMEQ-d6sad chemicalghifés weras

' . d teral . . Diff ti
ook B It B L,
NMR speéuth Fid@atgired on JEOL Eclipse” 400 MHz spectrometer.

Unless otherwise indicated, HPL.C analysis was conducted using a Zorbax RP-

bonus, C14, 25¢m x 4.6 mm column, equilibrated at 35° C. The mobile phases used

were: A: 0.1% TFA in 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 diHCI salt of

compound 1 gave a retention time of 11.7 min.

34




10

15

 patents; a5 patgnt depumeptsiseiad

nmodel DSC2010. Sanples were placed in seal ed g4y aWmoo7
pans for analygis with an enpty pan servij as the
_ reference. Sanples were equilibrated at SE)C and heated
WO 2404/61166 per minute to a tenperature of 300 K T/T$m003/023214
instrument was calibrated with an indium 15 standard.

TIMassaRgetermetas idertiticaiioy avas porermed by e eledicaspiaydonizarian

method [IRUTRALS PERAE b R RESSROCABELAER) 0 i
othital @GFity whas déeet@ined ABing ﬁBe\Sﬁﬁa@P@O@Mﬂ%@%ﬂWs uring

the total weight | oss between 50 and 12 (a range

electrophorgpip eystave Ehapmabisisais nedowmsod pii2ohusiugshapbaisr 26 .
dacee e 3-SROBL TR RN 4Ry s
X 31.2%Re flst @ SHELEapARYY. pD&@ctYMnFWas%ezW %s%%baﬁfg‘ét%gﬁ gfeﬂg {ﬁfﬁour

attenuated total” reflection (ATR) sanple

. stereoipdiviRers pugiatedn vierfollawipgiordat: S5 RS, SO RRVWherdanpinpoukEnisni

. 2000 ectroneter at anbient tenperature. Sanples
demgﬂé@‘??éﬁssol ved in DMSO-d6 and chenical shifts were 25

reported on a TMS scal e using residual DVMSO protons
(2.49 ppm as reference. 13C NVR spectra were acquired
OMhil&Ede phskiatisehtidf) Bad\den dpeabedwith fferendslt@ 8 specific
ot herw se i,nlo_lli cat ed, HPLC anal ysi. s was conducted usi ng

embodiity o Rt undsrt5ob b o Sl imd s varions
i Libr . , s A
changeFtf o i 254 BhaAlamd B MRS Rfng ] e e

spirit ahdischpe 90th3 Cnwsatien. : me”tdidh! midyanoddBé4iohd Shy BEMalY toldapt a
. absorbance at 215 nm A flowrate of 1.0 ni/mn and a
particulgy sifiaginn, gtenaly oNEWSIiPR ob akterpDropgspITetsssvep ot Sldpsziedhe

g i b ST Y B Bl
to be w2BWth©dcbpd 6f BET b Qfbeh8eliBdido. NB&ES oM CAIl SMBHchidhs,

identification was performed by an el ectrospray
gggngymw apehingorperpieil by Eference herein in-

ks Cl | 150 EX). Chiral purity was
full, as g-[ebt§I gté %\2@1&1&@ 5%"3‘%‘%8@5%&" Bk cE MDQ capill ary
el ectrophoresis system The anal ysis was perforned at
pH 2.5 using heptakis-(2,3, 5 |
di acet yl - 6-sul fat o) -(3-cycl odextrin (HDAS-0-CD) as the
chiral selector and using a 50 m X 31.2 cm fused
silica capillary. Detection was by UV absorbance at
200 nm The four stereoisoners mgrate in the
followng order: SS, RS, SR, RR where conmpound 1 is
designated as RR. 10 Wiile the present invention has
been described with reference to the specific
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( embodi nents thereof, it should be understoog AVarv 2007
those skilled in the art that various changes nay B(e

made and equi val ents may be substituted w t hout

ting fromthe true spirit and scope of the
rnverition. In addition, many nodifications may be nmade
to adapt a particular situation, material,
conposition of matter, process, process step. o

!
stepl, t cCrystelling NetZ-[ef(Ry8-hydpixy: 2-plempllethybpangpherydlethyl }-

r.esent inyeption, uch.nodifj catio re, i ntended
R TR ER R S maRidos S L yIE g A AGEBHE o
Additionally, all publications, patents, and patent
docunent s cited herei nabove are incorporated by
r ef & encellieeomppundof Glain } vddclt ischeactenztid\bydnattay powder

incorporated by reference, 35 .26 Januar 007 . CLAI ME:
di&r_ac%@ng hzﬁfg}/g two or more diffraction peaks at 29y values selectet:iA om the

gn}\ﬁ_;i donbidiing 8 1576100, P&%2:20. BRY0.81 204 35LH9) DIesnel 4, 95 y¥leo o,

28(6RAL02; ydi310K5£02: ( 3- f or mami do- 4- hydr oxyphenyl ) et hyl am n
e di hydrochloride. 5 2. The conpound of Claiml which
is characterized by an x-ray powder diffraction

52} tag; : s te}{meé I((::{S'Iglg&}/}fra é)%rctlﬁg{ P widnl it 36 4hQ éi%ﬁ %§§? Qt-rag 8owder

group consi's
diffactioklpatternlifi va2éh the pddk (RRRicAs arAsuBBintRilly3d a@dfliafce with the
25.450.2, 28.670.2, and 31.160.2. 10 3. The conpound
peakt pagitivingofl thepaternisbowminy W€t dr i zed by an x-ray powder
diffraction pattern in which the peak positions are
substantially in accordance with the peak positions
of yhe paht esmpsHd\WF Aldin $hick is dRarfoterided b§ QP@BAL A kscanning
Caim1l which i1s characterized by a differential
calegmehy frgce which shovet anyonsetafendpihetmis hoatdloanat ahewst2061C.
endot herm ¢ heat flow at about 200C. 5. A
phar maceuti cal conposition conprising a
t hegapeu ilgﬁh{] : V7Y : QHRAN ;
anysbne %f Cla%ﬁgﬁ%ﬁg%h%&g%d a @%érﬁ%%gﬁ??cally gﬁa&“m
ameant exf tleebdompodnd ofanyioae of €laimisd tpHaandemqhatrhaaitically acceptable
conposition of Claimb5, wherein the conposition
Calflgfe t her conprises a therapeutically effective anount
of one or nore other therapeutic agents. 25 7. The
pharmaceuti cal conmposition of Claimb5, wherein the
conposi t Thephasmadeaticalcainpdsifion oRCiMISS whadeinothe bymposition
i nhal ation. 8. A conbination conprising the conpound
further eomprissea Brerapealioaly effeesive amppnt of one or more other therapeutic

agents.

7.  The pharmaceutical composition of Claim 5, wherein the composition is

- formulated for administration by inhalation.

3. A combination comprising the compound of any one of Claims 1 to 4 and

one or more other therapeutic agents.

‘9. The combination of Claim 8 wherein the other therapeutic agent is a
cotticoSteroid; an antichlolinergic agent, or a PDE4 inhibitor. |
' 36
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30 one or nore other therapeutic agents. 9. THejanuary 2007
conbi nation of Caim8 wherein the other therapeutic
agent is a corticosteroid, an antichlolinergic agent,
or a PDE4 inhibitor. 36 26 January 2007 10. A process
for preparing the compound of Caim1l, the process
conpil. si N4 pradess fot pieparitig thé sompPdERIANCl4ith 1, the process comprising
N-{2-[4-((R) -2-hydroxy-2-phenyl et hyl am no) phenyl ] et hy

-5

the stepy ofy

(71 B g TR G S RO Y BRE oA Rep i b -2
addi ng hydioge2- @ fofm@kide- 4 eydrStyphanysRHINENRO N fi8polar

fromwhich a crystalline product is forned, wherein
t he secé&lyeride fmuniisbsglvtionss i sopropanol and water

in at j Fsonropanol cwater of fr abhout 4.1 to .
abod?) 160nE by EoRaRagls (i HraeRond BB IR, vighasiystatine
pr oduct pafdust i€ Bortiel, \lVHeréin&E&%ﬂn@%lﬁﬁoMnéﬁﬁbs isop0pknol and
(d) adding between about 0.5 and about 1.5 equivalents
of hydr ¥@ier & & eatigaifdsopepanetvatersdf franeebdddd tanbowt 10:1, volume
third p%l L. .solvent to forma third solution from
whi ch a cTySEsl 1ine product is forned. 15 11. A
phayéyacgiasdlgink 1prBaRY bf @8 @)k s&dond polafdolvent ; and

{5¢_}1[a4_ ((R - g hydr oxy- Z-Epr’]gﬁyl et hyl arI;iono)op‘rqeennylmjl et hyl
} --( [)- 2addyng otyeen about 0.5 and about 1.5 equivalents of hydrochloric acid per

5 e AR SRR AT o
wat er ; mﬁ@@ysi&hﬂn@ﬁ%&@cﬁ!iﬂ%n?ﬁ(gm i's br esent in an

amount suffici'ent to provi conposition with a
pH in the range of between about 4 and about 6. 12.

The, phar euti cal., ¢conposition of Claim1ll, wherein
thelgorrp seeasiep! PROIPPORNOTL RIS a

t hegapeuhi Gafd ¥ pehf LS _ . _@hhe :
thotdpout T LYRR? E5EY IRy B OSEnSHy 1B, 0 Phydroxy
nebul i ze2-(Sorineenidedchydfbxiyphendl)etbplagiinedihyroddoride;
contents conprise the pharmaceutical conposition of

a aflfth 112 byitarng agent; an

(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.

12.  The pharmaceutical composition of Claim 11, wherein the composition

25 further comprises a therapeutically effective amount of one of more other therapeutic

30

. agenfs,

13. A kit comprising:
(a) a nebulizer device; and
(b)  acontainer whose contents comprise the pharmaceutical composition of

Claim 11 or 12:
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- 26 January 2007 14. A conpound as clai med i n2@panu@Re2007
of Clains 1 to 4 for use in nmedical therapy. 15. The
use of a conpound of any one of Clains 1 to 4 in the

manujfct UAGoffpofind & % 'ewﬁgﬁrﬂﬁpca{eg:rg C15iBR1 0% Br NS ARGical

or condition assocl a renergi c receptor

thewmpyvity in a manmmal . 16. The use of claim 15 wherein
the di sease or condition is a pulnonary disease. 10
38

15.  The use of a compound of any one of Claims 1 to 4 in the manufacture of a
5 medicament for treating a disease or condition associated with By adrenergic receptor

activity in a mammal.

16.  The use of claim 15 wherein the disease or condition is a pulmonary
disease.
10
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