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D ami ne b2 Adrenergi c Receptor Agonists Field of the
I nvention The invention is directed to novel b2
wado@nerugsc receptor agoni sts. The invention i BCAUS2005/019549
directed to pharmaceutical conpositions conprising
such compounds, nethods of using such conmpounds to
treat di seases associated with b2 adrenergic receptor
activity, and processes and internedi ates useful for
preparing such conmpounds. Background of the Invention
b adrenergic receptor agonists are recogni zed as
ef fective drugs for the treatnent of pul nonary
di seases such as asthma and chronic obstructive
pul monary di sease (including chronic bronchitis and
enphysema). b2 adrenergic receptor agonists are al so
useful for treating pre-termlabor, and are
potentially useful for treating neurol ogi cal disorders
and cardiac di sorgghsine B AUREA&G oRI REBtoTUCSHISs t hat
has been achieved with certain §2 adrenergrc receptor
agoni sts, current agents possess |less than desirable
duration of action, potency, selectivity, and/or
onset. Thus, there is a need for additional b2
adrenergi c receptor agonists having inproved
properties, such as inproved duration of action,
pot ency, selectivity, and/or onset. Summary of the
I nvention The invention provides novel compounds that
possess b2 adrenergic redigdof thedomegitonact i vity. Anong
ot her_properties, ounds_of the invention are
pot eABe Bl léétwédn%znom Bnedrgnesgic decspios pEYY R Shginvention

is aﬁ]soacﬂ c{e'd%] e 5{1‘1'5&1' & o%RfSHQ U&ﬂ ﬁélné E@hr@égﬂ){)hﬁ& Hl%ﬁmds of

Been  denonat 0 pOSsSess sur r's
using m%ﬁﬁioundme @reattmgaamrasafcwaed Wah B, \ameﬁ&gai re@porfa0tivity,
once-daily, or even |less frequent, dosing.
anbprepesseRpn intermedistes usefil Sor peparingsschcoapgiwdand of
formula (1): (1) wherein: each of Rl, R2, R3, and R4
i s independently sel ected fron1hydrogen, hydr oxy,
am no, hal o, -CH2OH angaci¥r6ii of@he Ryeih R2 t aken
toget her are selected from
B, adrenergic receptor agonists are recognized as effective drugs for the treatment

of pulmonary diseases such as asthma and chronic obstructive pulmonary disease
(including chronic bronchitis and emphysema). 8, adrenergic receptor agonists are also
useful for treating pre-term labor, and are potentially useful for treating neurological
disorders and cardiac disorders. In spite of the success that has been achieved with certain
B, adrenergic receptor agonists, current agents possess less than desirable duration of
action, potency, selectivity, and/or onset. Thus, there is a need for additional 3,
adrenergic receptor agonists having improved properties, such as improved duration of

action, potency, selectivity, and/or onset.

Summary of the Invention

The invention provides novel compounds that possess B, adrenergic receptor
agonist activity. Among other properties, compounds of the invention are potent and

selective B, adrenergic receptor agonists. In addition, an exemplary compound of the
1
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- NHCO=0) CH=CH-, -CH=CHC(=O) NH-, -NHC(=0 S-; and

-SC(=ONH; R5 is selected from hydrogen, -ORa, and
wolRsaRmeswherein Ra and Rb are each i ndependeRCIAUS2005/019549

hydrogen or Ci1-3al kyl; n is an integer of fromO to 7;

[ 0
o e b g B tbp Rheat) o curation
ofactien] wiich alowy faienhcd:-kiaﬂy, whevem“iesssﬁ&luellﬂ,")mbﬁnglyd rogen;

or a,pharmaceut.i cal |l y-accep tabl e salt or solvate or

ster é‘*&?‘&f&l}?@fy’ ﬁH%F’é’S? OnrlPif@V]l s 2 ReBernd of domry (es a

phar maceut i cal corrp05| on corg)rl sing a _gonpound of

the invention and a phe rrm{:eLR

carrier. The RF :
conprising a co dof th ignvent i ol or nore
ot her "t her apeRB' gen? &%aRd I%Jhar maceuti ca
composi tions corrpH1S| ng a conpound of the invention,
one or nore other 't herapeutic agents, and a
pharmaceutical |l y-acceptable carrier. The i n\(ﬁnti on

al so provides a nethod of treating a mammal “having a
whersiwase or condition associated with b2 adrenergic

ot R of RO OB vtk s ilePoneRer iisriod Formgedmesn, bydroxy,
arRing; A6, TCEBOPY anddNIRtHTO! QA?RCﬁJﬁi 1Y t§19{§1dt§éeth& a?@geqéc?ed from

di sorder, or inflanmmation
N0 SHerGEhy -CEH=CTHC @) NE-, -ﬁi@?@)ﬁgmﬂ%@*@)ﬂ
ef f ijv nt of a conpound. o e inventjo I n
par ti-cfi® gtn%@fq%?ﬁ%;&%p S‘WUT@BL By > fberedn oﬁnde are each
mﬂé&ﬁ&&ﬁ]@}@ﬁf&%@’ﬁopc gmg}qnl c obstructive pul monary
di'sease in a nmammal . the method conpri sing

admi missmentiegey dfa?ronhetmﬁ,rrrral a therapeutically

effective. of a corrpound of the invention. The
i nvehis %‘rﬂ“?e@?? o3 0d9reed a met hod of treat ment

co 6 fi f ive
arronﬁéﬁl? & ggﬁaqggﬁbllﬁtaﬁdolﬂgo mtdgﬁgn%gﬁw llcliﬁﬁ{?ée}(lh ('fl ﬁ@g i on
and rooddet thabwherotilieo, Rsmerhadxegén c agents. The

i nvent ngl al so_provi des a method of treati ng a manmal

haviHg PRadnacguiieliyracespinils saroraekystel ustaseaisamper izereof.
adr eRighdntibh RBYLPSvidGt pHalacehfi€al ggltnh 8480 nﬁpr%su?

compound of the invention and a pharmaceutically-acceptable carrier. The invention

further provides combinations comprising a compound of the invention and one or more
other therapeutic agents and pharmaceutical compositions comprising a compound of the
invention, one or more other therapeutic agents, and a pharmaceutically-acceptable
carrier.

The invention also provides a method of treating a mammal having a disease or
condition associated with B, adrenergic receptor activity (e.g. a pulmonary disease, such
as asthma or chronic obstructive pulmonary disease, pre-term labor, a neurological
disorder, a cardiac disorder, or inflammation), the method comprising administering to the
mammal, a therapeutically effective amount of a compound of the invention. In
particular, the invention provides a method of treating asthma or chronic obstructive
pulmonary disease in a mammal, the method comprising administering to the mammal, a

therapeutically effective amount of a compound of the invention.
2
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adm nistering to the manmal , a therapeutically

ef fective anount of a pharmaceutical conposition of
woheosimwent i on. The conmpounds of the inventi onPCauSa105/019549

be used as research tools, i.e. to study biol ogical

syst . I r.for dyi he . acti vi.t f.. .

oY ool O A B B Akt Slpisin
thergpettNgerRepacibourt Bea comBbii@Nofd QthstRmddf BRLiAPshth and one
using a conmpound of forrmula (T), or a pharnaceutically
OREOELPthEY theranguticge’i] vat e or st er eoi soner thereof, as

are 3 ' L 0l.ogical system or.,.

ot SO 0Pk B A o R Sk DS e o
cofififibbissocihtfd SeM3P,AdeerneREe FcitbNadtivasRRE h&thotdhagompﬂsing

i nvention al so provides synthetic processes an .
aflminastening tatthemdewenl, dHibgrapewtisally effgntivh asmoenusisf pHarhagreutical

gr e(;gar.i n&tgogrpoutnds of the invention. The invention

“3re Sltb?no i de8g" ¢Bhpound of the invention as described
her eiThe EQHp&LERLs o tHEBESlon CRERBPYe uftd 48Ldcah 18416 1SR study
of a conpound of the invention in the manufacture of a

biodegiedl aystems errsampdiiscemton stuflping theemtiivitg o fothenshemi¢e vompounds.

a di,sease or conditio sociated with b2 adrenergi :
Ao T BIatE ) 1t Aot PR s dRe B e R 13 of using a
cSBHOHR FHorshl1L (Ib,%r%kiﬁltafrf&tehﬂ&llﬁ)lé!:é@[‘(fgﬁé/ satl 52888 Gte or stereoisomer

pre-term | abor, “a neurol ogi cal “di sorder, a cardi ac
thtrendy agerresearchitndll fanstadyiog i bidDegicl lsederbes sariyple oo forafiscovering

I nventjon The invention provides novel diam ne b2

th
llg\ﬁﬁéﬁgqeﬁ?rglcrrgg@ﬁqr@,gogl@@m sts of fornula (T), or

har ' | 3= | o '
S or o Rl R AEERRLAR o BhR LY Bafictc proposses
andintezmediates idadoeibed Heren, phivh adeuscfirfespiepaing@neppoantd €She

.of various aspects of the invention. These
IVERIsent at i ve val ues are intended to further define

suchrgs Hﬁl‘éﬁﬁﬁo@ﬂgo Gidaoh ci)l'ﬁ%) &tﬁ@in@é&kolﬁda% 508 herein for
valués or Timt the scope o e invention. In a
ussnia enddical deppg) asofell iethe nveol 4 @mpdihd o tHedhwentioflh fieH,
or -NHCHO, In other specific aspects, RL is chloro, .
mapyfaoipyg of gy formyplefion opmedigament forfreatipeg a mammal having a disease or

condition associated with 3, adrenergic receptor activity (e.g. a pulmonary disease, such

as asthma or chronic obstructive pulmonary disease, pre-term labor, a neurological

disorder, a cardiac disorder, or inflammation).

Detailed Description of the Invention

The invention provides novel diamine B, adrenergic receptor agonists of
formula (I), or pharmaceutically-acceptable salts or solvates or stereoisomers thereof. The
following substituents and values are intended to provide representative examples of
various aspects of the invention. These representative values are intended to further
define such aspects and are not intended to exclude other values or limit the scope of the
invention.

In a specific aspect of the invention, R! is halo, —CH,0H, or -NHCHO.

In other specific aspects, R! is chloro, -CH,OH, or -NHCHO; or R! is -CH,0H
or -NHCHO.
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or -NHCHO. In a specific aspect, R2 is hydrogen. In a
specific aspect, R3 is hydroxy or am no; in another

wepesitkicss aspect, R3 is hydroxy. hi specific appeaiss05/019549
R4 is hydrogen or halo; or R4 is hydrogen or chloro.

lh a ' 1 NHCHO, R3 is hydroxy, and
R2 ar%gg%cgf%ias g@%h?&%% 1 In another specific

aspedt a siReifiechsRedt AR bis hydgay beEmiiogin MK DEHT hpeQI R? is
CHC( =ONH, R3 is hydroxy, and R4 is hydrogen. 1n
h¥1 Yier specific aspect, Rlis -CH 20H, R3 is hydroxy,

and e yet _anot her
spec:lBleSl c&giscpg%%wR %%dgé/ﬁg?)gﬁc léc))llrrko 1S pydiogen g ¢loroang
R2 i & hyeeidigespect,R 'St INHCEI® Rids hideey, fhe RASAERY areFQach
d R2 taken together are -NHC(=0O S- or -SC(=0)N R3
h}«ﬂ roxy and R4 is hydrogen. In a specific aspect,

R5 i Q@alr e R5 e T

Wi t hlﬁlndi]%bﬁ{eg as gg:%Sp nc %{%ﬁ{ u tg‘{éétﬂ%tar? I}\ﬁﬁ{:go&p&{ CH- or
WH@@FQ)I‘HWR&whydMyhamW angdaigeaxy. | n anot her
specific as]Eect RS is hydro en or - NR aRb. .
Repr figepspent R s wi FSS}}}@]S@@’@BHCI R%:hmﬁﬁ, are each
gedll € not limted to, hydr ogen, am no, nethylam no,

d| rret hyl am no, ethylam no, and di ethylam no. In

anotneset &Mmrfspﬁmﬁsmeét RR:d B* 4y dhRESR? it AmdhoS REERT IsC

ect R7 i s hydrogen. |In another SpeCIfI c aspect, R7
hy%E, &Bthyl. In a speC|f| c aspect, R8 is hydrogen In

ggg;ﬁét%ﬁll%ﬁgﬁhlf %?% g e]%etct IRR ! ﬁé{{ﬁt ?%Igpe‘r %@SE@&QQ‘SSR@
-SCEORTHY R is hydroxy, and R* is hydrogen.

In a specific aspect, R’ is hydrogen or -OR®. Representative R® values within this
aspect include, but are not limited to, hydrogen, hydroxy, methoxy, and ethoxy.

In another specific aspect, R” is hydro gen or —-NR*R®. Representative R values
within this aspect include, but are not limited to, hydrogen, amino, methylamino,
dimethylamino, ethylamino, and diethylamino.

In another specific aspect, R’ is hydrogen.

In a specific aspect, R’ is hydrogen.

In another specific aspect, R’ is methyl.

In a specific aspect, R® is hydrogen

In another specific aspect, R® is methyl.

In a specific aspect, R’ is hydrogen.

In another specific aspect, R® is methyl.

In a specific aspect, R'% is hydrogen.

In another specific aspect, R'? is hydrogen.

In a specific aspect, nis 2, 3, 4, 5, or 6.

In another specific aspect, # is 4.

In a specific aspect, m is 0, 1, 2, or 3.

In another specific aspect, m is 1.
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In a specific aspect, R10 is hydrogen. Li another

specific aspect, R10 is hydrogen. In a specific
wasgpesaeioes is 2, 3, 4, 5, or 6. In another speeCtius2005/019549

aspect, nis 4. In a specific aspect, mis 0, 1, i2 or

3. =1 ol ct,

the T moant PR e aR BRR ks atkibeind S AHRATATYY -

wherein: Rl is -CH20HQH -NHCHO, an R2)is hydr ogen;

H)

or Rl and R2 take

- CH=CHC( =0O) NH- ;

an integer of f t? 3;

phar maceut i cadtlPy-gcceBtabl e salt or sol vat e™or

st er eoi soner ther&f. Particular nention may be nade

of the follow ng conmpound: _

8- hydr oxy-5-[ (i ?) -1 -hydroxy- 2- ( 6- phenet () ani no- hexyl a
whBR}£t hyl ] -1 Hqui nolin- 2-one where the chenmical

nonmencl ature conforms to that of the automatic nam ng

pr ogRam Al ORoon -NEECHOp wn iR Yisthy diddkn;| 0¥ ROTaNBR@dken together are

€ H (F ng:furt Germany). As illustrated

‘I\%é{/_ﬁb#gfgﬁpﬁéﬁﬁ Hg4(= rnvention contain one or

nor e | ifle o GESH cordingly, the invention

i ncl ﬁgiﬂsl,urﬁ{aegem ﬁrﬁ%t@?’es, pure stereoisoners (i.e.

i ndi miislaraintezenof framerts 3or di ast ereoners), and

stereoi somer -enriched m xtures of such isoners, unless
ot he?hd RErmarsitcallycaceapahie salper solveis errsterceisenersbereof. i
shovpl,d WK %nlgiee_;] hose skilled in the
art, t ﬁgl%laﬁrqr?%%lroggn unt sg%efo&gP ggorlfogfnég COTRBWEr s may be

pr es®&hydroxy-5HER)ebhpdreky-2q6phehethylhdinolhes Iahﬁﬂo)%fhbfﬁsﬁf-
ot herw se indicated, provided that the utility of "the
q sPtfon as a whole is not elimnated by the

presence of such other isoners.
N
\/\/\/\N
H

HO |
HN

0 ;
where the chemical nomenclature conforms to that of the automatic naming program
AutoNom, as provided by MDL Information Systems, GmbH (Frankfurt, Germany).

As illustrated above, the compounds of the invention contain one or more chiral
centers. Accordingly, the invention includes racemic mixtures, pure stereoisomers
(i-e. individual enantiomers or diastereomers), and stereoisomer-enriched mixtures of
such isomers, unless otherwise indicated. When a particular stereoisomer is shown, it
will be'understood by those skilled in the art, that minor amounts of other stereoisomers
may be present in the compositions of this invention unless otherwise indicated, provided
that the utility of the composition as a whole is not eliminated by the presence of such
other isomers.

In particular, compounds of the invention contain a chiral center at the alkylene
carbon in formulas (I) and (II) to which the hydroxy group is attached. When a mixture of

stereoisomers is employed, it is advantageous for the amount of the stereoisomer with the
5
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In particular, conpounds of the invention contain a
chiral center at the al kyl ene carbon in formulas (T)

wanws(1kTpst o whi ch the hydroxy group is attachedT/Ughms/019549
a mxture of stereoisoners is enployed, it is

f t t ereoi soner, W,th
RGN o ol P PRt (80 b MGt b .5 e Yo e
atmpantoof\thgeatasporaline(Sy s fdotsonichaWHeh @ opipRY steeoisbifers of the

correspondi ng (S) stereoisoner. \Wen conparing
SURBFUBPLBIS (B} Stenseisemprsis pawfpraerhener thee(S) spreoisomer.
stereoi soner is preferred over the (S) stereoisoner.
Definitions When describing the conmpounds,

Definitioas t i ons and net hods of the invention, the

follow ng ternms have the foll ow ng nmeani ngs, unless

ot heMirs8lepsrihingthe gompeiends ceampasitiops andraefiods of the invention, the

t t . whi.ch. b
TGRS paRiio RPR ALARRLD BRI AHEI R, o°
ot heThé semdiafkyltadeans dGhorivkieht @habiRd hi¥Rt&BbA Yroup A imay be
from]1l to 10 carbon atons. Representative al kyl groups

lingse oy brenchsyl apsgmbmatigusipersot. ngulesa otherwisel defined, sndpsikyl groups
tfygﬁgg g%%nn ﬂ;}bng gt(% :10 ca?]rgﬁlé g lt');l}'?/sl ’R.e&)ge%%%%lf%a]]%ﬁ :%t;?u%% t11¥c|11’1de, by way
of exdepyd, nadiigyl} duey) it-b?pyi[ heptyMzn-had0se ?Sisggdt!yulg gijﬂbutyl,

chloro, brono or iodo. The térm"treatnent”
npeptyl, i-hegsh g-hepwl rrectylnemonyf ndedylsed e like. medi cal

condi. i ) _@»PAat 1 en su as, a mammal, (particularly

a hqurrfééng%ﬁ\r/\lhﬁ%lﬁ | r?%?su%gg‘?m( é}qor& B’i?g}ﬂ‘?rﬁﬁd?'he di sease or

nedi Thd tetfIfetbatinehtfat QB Dkt sin mhddds tHe: tRoatmdH: OPR WS 10F medical
treatnent of a patient; (b) aneliorating the disease

copditipadn egetienngich e a mammeal (paticwiarip e hnpany whigh sudhagles:
ressi on of .t he di.sease or ,.nedical. candition.in, a
nati GRE Ofrefngind BClERRE S ReciiFCondiion Mo tecnfing 1.8,

condi ti onprobh}qaoﬁcqie@%agopﬁpgtqe_rn%_sti ng the devel opnment
of the disease or nedical condition in a patient; or

(d) @)1 evamelionafingtihe digeast onmedicat dvmditioneis pelominatil eadausing
condition in a patient. The tetrm "therapeutically

ef fecti veregli?ﬁ%ﬂf"h??ﬁgﬁgasgr?r Q?Fﬁtﬁ% C@%‘ftfqnclp_é‘tﬂatl‘?@? ef f ect

t r ealcirent suphRBsiAEHFe lith& @IndBcA cRiti&N el Qlogfsﬁz%oﬁrresgng the

treatnent. The phrase "di sease or condi'tion Cciate
wi th b adievelepgient ofdbedisense acedicaltondition in a patient; or

(d) alleviating the symptoms of the disease or medical condition in a patient.

The term “therapeutically effective amount” means an amount sufficient to effect
treatment when administered to a patient in need of treatment.

The phrase “disease or condition associated with B, adrenergic receptor activity"
includes all disease states and/or conditions that are acknowledged now, or that are found
in the future, to be associated with 8, adrenergic receptor activity. Such disease states
include, but are not limited to, pulmonary diseases, such as asthma and chronic
obstructive pulmonary disease (including chronic bronchitis and emphysema), as well as
neurological disorders and cardiac disorders. B, adrenergic receptor activity is also
known to be associated with pre-term labor (see United States Patent Number 5 ,872,126)
and some types of inflammation (see International Patent Application Publication Number

WO 99/30703 and United States Patent Number 5,290,815).
6
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i ncludes all disease states and/or conditions that are

acknow edged now, or that are found in the future, to
woeo@sigoesat ed with b2 adrenergi ¢ receptor act PeTmUg2005/019549

Such di sease states include, but are not limted to,

pul di . Sucl t nd_chroni ¢

bt frig st THEARE R MR AR AR M AR & S Mefiored from a base or
atid ovirdti isiasceprublefop by pigationso ¥phtiend Sublesy Ph@dintd! Such salts can

di,sorders and cardjac disorders. b2 adrenergic
b¢ detgsddrom pharpacguticallypecspiehiswiiorganiseorag g basesland from

0 ha e tent Nunber

pg&ﬁgg{i%mg%p{aﬁﬁ%@mgr SEARIRAS

, some pes “of =i'ntlammation (see
| nt eRalad devivad fidat stuimAtitaBtdcesptiblblabidd trichiie NWHRAR! ndMBimited
99/ 30703 and United States Patent Nunber . _

tos aoadig, enzenesplionie henzqin. sempbeslionis, riftia cthupesailfonics imatic,

: ase..or_acid which is.
RS, Auaitc phESRRLAS hUAR Bt B Pl e o
migttenredul fofddciusia) i fimtb@enie) phophdricBccinic, sulfuric, tartaric,
har maceut.i cal | y-accept abl e i norgani ¢ or organi c bases

pg?iam%lﬁ?r%afrl pislhydnory-2anepbihozbacid)i and thgalfiec Saits derived from

nj ' rived fr.om D .
B BR e Bofl. Bk RonF A IS ST methapgunitagisy gl gpd
taktarit heids &r@ of particilar inkgesgenesul foni ¢, benzoic,
canmphosul fonic, citric, ethanesul fonic, fumaric,

gl uce#iscderigpd fram rharrgasuben yricesptiyle roegrnd hasgs inglutle c,

Leic, L. ndel i c hangsul fgoni.c, nucic, .
ool B, BHPR6. bitpeiort cionut Ao, FUgnem.nanganic,
mh8gdnaiis, potabsiti@l stemesWih®dhe lﬁké‘.aP%iEularly preferred are ammonium,

| - hydroxy-2-naphthoic acid) and the like. Salts
CalE Py B SResHIRR.MotAseile), ankdysddioby sl ¢ Salts/dhriyed ifioni pharmaceutically-

oGP peB} PAOSE LR oo RSP Sy v,
indRibingedbstiey BReERBGRHE hﬁﬁieh)haaﬁﬁﬁﬁbleéﬂlﬁng' ﬁﬁfngél{éﬂ&the like, such

bases include al um num anmoni um cal cium copper,
asfaggining, beteine,cgffeing; chiolinenN, Nagitesrylathyleaedjamine, diethylamine, 2-

R RRRS ThorP g2 B Rl ot iean(ening i Simine, N-
ctHPBTESHOWRE, NRHASSH&HDIRY] ghl%glﬁ.il%ép'gﬁ%staﬁl_ine?%isﬁﬁin@,eﬁr&d}‘ﬁ%uenine,

_from pharmaceuti'cal | yacCept abl e or gani c "bases 1
iseprpp¥amineplysimas methglgboaniney margholiee.tiperyzineripiyesadine, polyamine

i.ncl udi ng substituted am pes, .cyclic. am nes, : ,
reSi s B RHpr i He GRS i Icay o, tigropylamine,
tréth&hfhiR andetaiee, caffeine, choline,

N, N - di benzyl et hyl enedi am ne, di et hyl am ne, 2-

di et Pyd tarm fisdvatelihmbans 2-odimplexhor eagiegetetfiamsal by one or more

t hganol am ne, .et hyl enedi anm he, Nethyl norphol i ne,
méleCulos of 4 soTute, Le. a%ompound orPtl!;e 1nvent11;onyor a ph%rmaceut?cally—acceptable

salt thereof, and one or more molecules of a solvent. Such solvates are typically
crystalline solids having a substantially fixed molar ratio of solute and solvent.
Representative solvents include by way of example, water, methanol, ethanol,
isopropanol, acetic acid, and the like. When the solvent is water, the solvate formed is a
hydrate.

It will be appreciated that the term “or a pharmaceutically-acceptable salt or

solvate of stereoisomer thereof” is intended to include all permutations of salts, solvates
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N- et hyl pi peri di ne, glucam ne, glucosam ne, histidine,

hydr abam ne, isopropyl am ne, |ysine, nethylglucam ne,
waounoheldéne, pi perazi ne, piperadi ne, pol yam nePCERISH®S/019549

procai ne, purines, theobrom ne, triethylam ne,

. : . ! A
o BB P TR A BB Rl B
sfecgoigeeheby{ ® bempsundsfdommilecmil es of a solute, i.e. a

conpound of the invention or a _
phar rhie & ‘degving grewr pngdise fyastionphgroup pr atamdwlsink casr be

. A 1S ent.. h_sol.vates are
T T o OBy
ni¢lEqhiliondubktitadon feadfiors OlBj_di’v@?/ anekaa@1y, §Bresentative leaving groups
nc

.Representative solvents | ude byway of exanpl e,
ingdidschloge,threme end indegienps; sufopicogstat groupacwich es mesyate, tosylate,

h ' ) £ t t sol.vat e
SR o LRSS b U B ocony and
tHedik® " or a pharnmaceuti cal | y-acceptable salt or solvate

of stereoisomer thereof is intended to include all
per mhb& BN gmbFo-Brgtacking gesupA meganaiprotestiog geuwesuiabls farh

PRI B laRoR BB e, REFREIUNE s e
gtoup@iticlude O3 W notBiafited do, foREH1] AYRbroahSUbr SanMOMMYyE Broups,

can be di slﬁil aced by another functional group or atom
sych ag aeqiys elkoxiycahenykgroupse suchsascdrr-hutoxyearbdryd (Bod)j ¢

SUDS! : ¢ |
oS HAShEL BRI Ay 5Pt raboRTeams, br omo
9-aGrenP B RHQYRBonyl UFMBH); GryRRb@l] SHAHE SuchSH R i a??)r( ter_ityl (Tr),

nelsj¥l ate, tosylate, brosylate, nosylate and t

anghb 1 g4’ angthgxxmingryraetbyl; sityl gomipeyspch bs irinheibylsityd €THSY and terz-
-t [ . e rm."am no- protecting group” neans
b‘%}?@%%%}g%]f‘?)ﬁgTﬁgg&B&&ﬁ%%| e for preventing undesired
I eacThRtm Ehy@Ox AP tAL It RPe %eaﬁ?ﬁ’?ﬁﬁ&!ﬂihgg‘trdiﬁ)i Srl#lit?belg for

am no-protecting groups include, are n
prewenting upg¢sired esactionscal pdiydfoay gexmnR epreskitativyhydyeoumstecting

such. acetyl; koxycarhonyl groups, such a
B T M E W O
> fReREMpRHNRANPAY s, Gid) asdReyl: arylm
aog?gl:aggfenyl e hoxyczjl)}rs}b%ﬁréy]?sg ( Frm?cs) ; gr’ﬁyrretefflﬁ}/,} gré"rl%so rSJ%Ch as .
bepaylHBay powethpkyteBryl,(PMB); 94flupfnylmethyl (Fm), and diphenylmethyl
(benzhydryl, DPM); silyl groups, such as trimethylsilyl (TMS) and fer¢-butyldimethylsilyl

(TBS); and the like.

General Synthetic Procedures

Compounds of the invention can be prepared from readily available starting
materials using the following general methods and procedures. Although a particular
aspect of the present invention is illustrated in the schemes below, those skilled in the art
will recognize that all aspects of the present invention can be prepared using the methods
described herein or by using other methods, reagents and starting materials known to
those skilled in the art. It will also be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures,

etc.) are given, other process conditions can also be used unless otherwise stated.
8
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and |, -di-(4"-nmethoxyphenyl)nethyl; silyl groups,
such as trinethylsilyl (TMS) and

woentshiatogbdi net hyl silyl (TBS); and the |ike. TRETHUS2IVS5/019549
"hydr oxy-protecting group” neans a protecting group

B PP bl R e BB frvent s, b
s@hodonditions batdie, ddeinidddebysie skilrddti thel 25 byddkhe taHREon

such as nethyl, ethyl, and tert-hutyl; acyl groups,
pfased@ganpl e al kanoyl groups, such as acetyl

I ; h b L. {;Bn) : .
/a [)Y rre@ﬁg%(/oyk/l %123?1 %&; |R’§1& Bg/%é’:?ar%‘gstft? ﬁlg)zéé ﬁ]ﬁfl?fg%“ht%}? ax(ﬁwyerg}?&al protecting
gfbupb any bewbdsary heprehetd c¥tain Bi\iondli drofilps Foa ﬁﬁde_r%ifi@undesired

as trineth Isil¥l (TM5) and t rt-butyldinmethylsil
reagipm)s: Thsgheige of 3 kuitablamreteatingsgroun &t apapiiodaduma®nal group, as

wEl Tk e PR P ARBR R el @%hm in the . For
ei@hﬁl@,%@ﬂar@%ﬁﬁét@&ﬁﬂ%h% aﬁwﬂleﬁﬁﬁ)@&ﬁl@ﬁ% and“%ehﬁ%ﬁ Qre@iescrib ed

_particular aspect of the present invention is
i T\ Ws Gregne @nd & MheVuishBraserting|aups inddgasiciSyhsbesis,ThitdeE dition,

il I, rec ize that all. ects of the present
V\f%!‘]e éﬁr?qf3 W&FPrg’a];bg’Eean?rrS SATES® E}&’ﬁtgef?ﬂ’e net hods descri bed

her elflor m&od!6f §YatHeER SEoriBRIuAISE folBAME (1) Sn®(1B are prepared as
starting materials known to those skilled in the ar?.

iljustrgfied in Sehsmete Efrsubstinents artdavariahles shawrpingh¢ fajtowing schemes
referred.proces nditions (i.e.,.reaction

e ihEpGfl g TR Mg bR oo beiist iiERE AN, s
sol vents, pressures, etc.) are given, other process
conditions can al so be used unless otherw se
stated. Opti mnum reaction conditions may vary with the
particul ar reactants or solvent used, but such
conditions can be determ ned by one skilled in the art
by routine optimzation procedures. Additionally, as
wi ||l be apparent to those skilled in the art,
conventional protecting groups nay be necessary to
prevent certain functional groups from undergoi ng
undesired reactions. The choice of a suitable
protecting group for a particular functional group, as
well as suitable conditions for protection and
deprotection, are well known in the art. For exanple,
numer ous protecting groups, and their introduction and
renoval , are described in TW Geene and GM Wits,
Protecting Groups in Organic Synthesis, Third Edition,



Wl ey, New York, 1999, and references cited therein.
hi one nethod of synthesis, conpounds of fornulas (T)
wanaws(ikfpsare prepared as illustrated i n ScheneCAUSEIDRO19549
substituents and variables shown in the follow ng
schenmes have the defini gl rovi ded above unl ess
ot herw se indicated.)Sc%E%%E%gwhere P1 represents a
hydr oxy- protecting group, P2 represents a
hydr oxy- prot ecti ngogf oup, and L represeq%s a | eaving
|

=X

group, such as . LThe variable Rl 1 itan be
hydr ogen, or h b P, wheleNRrepre R ap

am no- pr ot i rqup. Ak shown in Schene A,
compound of “for &1 is first reacted with a tfam ne
2 to provide arRi nter nedi at e lf formula 3. Typically,

this reaction i$ conducted inja polar, aprotic
solvent, optionally in the presence of base with
heating. The protecting group'Pl is typically a silyl
protecting group, which is typically renoved fromthe
internedi ate of fornul &3 Psing a fxﬂori e reagent,

o
acid, to provide

d
ine N des._or an
terneérg?g{%ﬁ fi$t1‘i;4. The
protecting groupof reypically a benzyl™grotecting

group, which is typgrtally rendved fromthe
internmediate of forrmula 4 using aLewis acid or by
hydr ogenati on using a pall adi ym on carbon catal yst.
Wien R11 is an am no-protecting group P3, the
protecting group can be chosen such that it can be
renoved under deprotectjon cofditigms that are the
same as those for the yd{nyprote ting group Pl1. For
exanpl e, when P1 SAM Ll Sa o) sony|  (Chz)
can be used as P
a Lewis acid, F& &xafple boron trichloride, or by
hydr ogenati on, .cafR provide the product. The conpounds
of formula 1 enployed in the reactions described in
this application are readily prepared by procedures
known in the art, and describe¢d, for exanple, in U S
Patent Nos. 6,653,323 B2 and §, 670,376 Bl, which are

i ncorporated herein by referehce, and references
therein. Internedi atesopf fornula can be prepared

fromreadily avail all e staﬁti ma, al s, For
exanple, a proced or "t he” pr epar at non
i nternmedi ate 2' , - t\he '[ggerrredi ate in whishAR11

HO . )
represents an amnogprotecting group P3, is

iIIulstrated in
where P° represents a hydroxy-protecting group, P represents a hydroxy-protecting

group, and L represents a leaving group, such as bromo. The variable R'! can be
hydrogen, or R!! can be P*, where P* represent an amino-protecting group.

As shown in Scheme A, a compound of formula 1 is first reacted with a diamine 2
to provide an intermediate of formula 3. Typically, this reaction is conducted in a polar,
aprotic solvent, optionally in the presence of base with heating. The protecting group P!
is typically a silyl protecting group, which is typically removed from the intermediate of
formula 3 using a fluoride reagent, for example triethylamine trihydrofluoride, or an acid,
to provide an intermediate of formula 4. The protecting group P? is typiéally a benzyl

protecting group, which is typically removed from the intermediate of formula 4 using a
10
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Schenme B. Schene Bln Schene B, P4 represents an

am no-protecting group, for exanple, a
woentshietwzycar bonyl (Boc) group. Protected di aRCmAISH05819549

coupled with a an al dehyde 6, typically in the

q 0 . 11 »

RS R RS BT AP gRE B ERLOE B, When R fs an
afbicvpiogecting Bronh e} the graeaing ghfip GnaddtdsenGutithat it can be

internal nitrogen atomof intermediate 7 to form

retpe e e prdcpradection soaditipaythgh aa theamess thess dor the bydroxy-

R R Tor Bt hatt iR Befh SEhBISHERbRRIE Y Bnve
used atFErane dieathent of istdrmediarol With b 1eeAZadid; b0k 4B:6n

typically in the presence of base, such as sodi um
twg’é? b LY slregsnation cat pioyidgttee Brodpetom whi ch

r ot [ ' ed, . for ex I nder ., .

i att O Be Rty LERBISPL I b SEROH: erfiddhis o
appslicatibieare reddially pirdparedty protiire dinatva ik the drf)@nd described, for

I ntermedi ate 1 n_which 1 represents hydrogen, is
cRAmRlsiin &1 ScPAPRL it hES 532 EBAGNE 60705 ARdorbiagre corporated

rofected- am po-substituted carboxylic acid

hgr%lﬂgb Tgrg %5‘?‘@8’ avlﬂl“%itrﬁfee 5erﬁ°ﬁset%iﬁmt' o provide the am'y de

| nt elryeelediatesof forhda R RAE bé PRphfd 6P FAbHY a SRRk Glatthe

in the presence of a coupling agent, for ‘exanple,
matqrly diotrexanpland propesiuopior thedprepargtianaoiiotgimediate 2{,ERC) |

. and enpl. & catalyst, for exanpl e 3. . .
et s DOHIORT  ShtsPentY oo RrpleesE o B ivgirded in
Stigentiepr ot ect ed under appropriate conditions to provide
an internediate of formula 12, which is reduced, for
exanpl e, using a borane re8dagmaB or |ithium al um num
hydride, to forminternediate 2". Further details
regardi ng specific reaction conditiofd and ot her

procedures foppprepar i ngns epr esent atilye coppounds of
the inventi onﬂog{wred{ at eelfher Bt o tare cri bed in
t he Exanpl es bel ow._ Accordingly, ip a t hagzaspect,
the invention providdes a process fpr preparing a
conpound of forrmula (1), or a salt|or stereoisonmer or

protected derivative %Qereof, t he

| H
HN N

n m



process conprising: reacting a conpound of fornula

(El'): wherein Pl is a hydroxy-protecting group, L is a
woOeansigegr oup, R6 is defined as in fornmula (| PCTAE2I05/019549

of Rla, R2a, R3a, and R4a is defined to be the sane as

R2 : d R4 inf I . (|
RSsheni, Prioion mehinierdndin ey G Sinpl i e
blrdxFcamy WocpeRfupct i ng group, with a conpound of
fornula \/) vvhereln R5, R7, R8, RO, R1O, n, and m

are Eéfftm@bldlammqﬁ ﬁ@pnpﬂbé“(lﬂh)a araldeayde 6,stypyzaﬂdyog€he presence of a

Gl ¢ Sl PRt i Prei PpieBe Rl of
5 fEhRT. Pﬁro%&tﬂ% e @3 3s SRR BR 1ﬁtfenfa@ﬁff!ﬂ6 @n Qt\cﬂn) of"iﬂf%ﬁnediate 7 to
any of a, or R4a is -OP 2 or

foegy intesmodinied. tHretepMmg gotp BY lsgﬂlosqmssul@]? thean ;ircm:tmgfgroup P4 can be

t, t d |
e A STESES St a8
ifeRakd 7 %%a@e{mﬂ{w&ﬁ?lc%r@i}oﬁﬁatg rt&‘! o H85in the resence of base, such

phar maceut i cal osi tions conpri a conpoun
ag $velium hgdrok o, talfdrnalmdaratadmt@&tﬁm Whelamrotptiabfeup P* is removed,

carrie cor t he onpound -preferably in the
10 qr&%ﬁ%fﬂ %nd%ﬁ avrlgﬁs&g{ﬁ ifigns, (g %@damsqhé 2%l t, can be
for 'TR u{e%r H&r %ﬂra{tﬁﬁl ot nf()i}gﬁﬂgcﬁ%te 34 r@hg Erﬁéﬁl?etd ie?8n which R!!
such s oral or renteral mnistratio
repesens &y drapér is Mys&anéthinaﬂdheme @By way of i I I ust ration,

t he conpound can be adm xed Egth conventi ona

phar maceutical carriers ane® jents and used in the
f or m of powolers4 tabl ets, capsules, elixirs,

suspensi ons, [rups, maﬂ@rs and the like. Such
pharnaceut|CMHN4ymm§ﬁéﬁo w4l cdiNgin a1 about
0.05 to about 90% b i of the act'iVe pound,

and nore generally Jrom about 0.1 to ahlgut ™3
pharmaceutical conpositions may comtain conmon
carriers and excipients, such as cornstarch or
gelatin, l|actose, magp@sium syl fat¥, magnesi um

stearate, sucrose, ocryst IIHne cel l ul ose, kaolin,
manni tol, dical cium n1s ori de, and
alginic acid. Di sintegrators co Iy din the
formul ations of this invention ude roscar nel | ose,
m crocrystalline cellul ose,

O
H
2N\/\$/)J—N
n-1 m
| w O
H
“ZNV\WNW
n m
bAl

According to Scheme C, protected-amino-substituted carboxylic acid 9 is coupled
15  with amine 10 to provide the amide intermediate 11. The reaction is typically conducted

in the presence of a coupling agent, for example, 1-[3-(dimethylamino)propyl]-3-

12
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cornstarch, sodiumstarch glycolate and al ginic acid.
A liquid conposition will generally consist of a

weuspansicdon or sol uti on of the compound or PCT/US2005/019549

pharmaceutical l y-acceptable salt in a suitable liquid

[1eraf- ex I t hanol Lycerine,. sorbitol,
eﬁ%!]cr z}g) Sé%%%e @égfc éen sﬁgﬁl%éis@ oﬁaﬁaé%%]é?f@ 1“§lco| , oils
1dydvedyBénzoaiizbRBA e MOBTR EmtsRedidisd Baeftbiec®d under

sol ubi I'i zi ng agent (such as a cycl odextrin),
apiprepiasty sendisonsdo pravddean intapmediatep ffommla 12, whioh istgduped, for

col ori agent . Alternatively, a liquid formuation . "
oS EEE e AT N P R a2,
exanpughé deei esgafdng §idoifMtdedtoh\BndifbR AN diher procedures for
suspendi ng agent, sucrose and a sweetener can %e
PrepeBRSIeprageriative qomprands ofithe inyentien enisvemediate theete\araigescribed
. C nEl%gmg[ eRaYf, ed froma powder containing active
I €n

m e
I ngré QUtrose and a sweetener. A conposition in

the eedsrdfizlyd id #RletlodG8pech /PR GLHY$1d88a Bfi¥ess for preparing a

sui tabl e pharmaceutical carrier(s) routinely used for
cornpeyind afdorswila (), campal ot steresisomenompretectstl detivdtive thereof, the

carriers include nmagnesi um stearate, starch, |actose,
PIOGRP SO PRI ocrystal i ne cel | ul ose and binders, for

exanplagtifos YothpotR T fdudlprey: The tabl et can al so be

providedwm th a color filmcoating, or color included

as part of the carrier(s). In ae&dition, active

conmpound can be forrulfated in A _cgntrol |l ed rel ease

dosage formas a tablet c i sihg a hydHbphilic or

hydr ophobic matrix. A (88 i.pf in the formof a

capsul e can be prepare 1 uti ne encapsul ation

procedures, for exanple by Tncorporation of active
whereIoRIne a diydrog Prate@inigLrou, 0. i8 ahéthggabay, IRF i6 asmielas in

Al ternati velfg%la a,seni-solid matrix of active conpgund A
foxmularDg Racke&e uRar Rieiegh R pisIdpEned todedhebapeeds RaR R, and R

. | b adsianta 2 latin ca e, ot .
m?%ﬁﬁ@%iﬁ’ %%%81{1:? H\;eﬁéo%om N 1%%‘?9%@&9?@@ P%Slienb?z 1sa
hyairsxis peestiof gtop S6HtR b @oRpbund &F fofXa@aARt): | | qui d

paraffin or fractionated coconut oil can be prepared

and filled into a sofR® rél 3(’1 rRcapsul e. Tabl et binders

t hat can be i ncl Hged slacia, _pet hyl cel | ul ose,

sodi um car boxymet hyPcel Ut ose/™ i nyl®9rrolidone

(Povi done), hydr oxépﬁopyl met hylc ul ose, sucrose,

tar el lul.ose. Lubrjcants that can he used
wﬁqgllnﬁge ﬁa,ng?E{Ia,y ﬂ{ﬁ, n, and m are deHned as 1n formula (I) and RH is hydrogen or

P? wherein P? is an amino-protecting group, to provide a compound of formula (V):

1 11 5
OP H RER' ll? R
R4a NWNM/K[)
n m
758 \%
R RzaR6 R'R | V)
R1a .

removing the protecting group P! to provide a compound of formula (VI):

R? R10 R RS

OH H I
n m V
R'@ ; and
13
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magnesi um stearate or other netallic stearates,

stearic acid, silicone fluid, talc, waxes, oils and
woabdsapdels silica. Flavoring agents such as peppefus2is/019549

oil of wintergreen, cherry flavoring or the Iike can

al S0 pfifen URPOr RACRIL RONG| Y is LOPTENY B B2 S] PALFoifly AL

a coloring agent to mhke the dosage formnore

pattestimgtgroups P and P af pressnt, a0 pravided gorstamtliof Yoridiga (I), or a salt or

roduct. The conpounds of the invention and their

stsFroiseles thereodl | y- acceptabl e salts that are active when

gi ven parenterally can be fornul ated for

i ntramuscul ar, intrathecal, or intravenous

adm Phatnaatutizal Cémpygitieal conposition for

intra-miscul.ar or intrathecal admnistration wl|l,

consilgf HB’FH%O%%]%%@’I% 1dsh PBamageuticrbprgFosiions gemprising a compound

oL BB 00 Pl o SRR SRS B, gomponns,

sesane ol | s of
. preférably lie thel formd of apkdriaténicaly-hicepRbRisalt, @h bR fSinalltkee for any

I.sotoni c aqueous sol ution containing, for exanple
sytabjs form of Adwineviratigncugle as piaker prenierg! admisistretionior or

I trose and sodi um chl oride. O her

a@%ﬁ%%%géﬁggéﬂﬁgﬁ%gted Ringer's injection, |actated

Ri ng8y'veaypfil$ustiatién, GisecdniyR@ticamn be Nohixes elithNoahshtional

dextrose, Isolyte E, acylated Ringer's injection, and
rhamapeytisal eapiqrappngd xgipiente andseied dmihe oo ofRawighire tablets, capsules,

: i f le, .. .
By LA, SREChasf. SRELRINS SEF Byl Ry SR Sisons wi
c@gsintfioni AoueRATNG ebowd 90YLhyoEEsht dfithe adtfle@Bmpound, and more

anti - oxi dant, for exanple, sodium netabisulphite, my
gensrallydrora aboyt 8.k teebpelr 13- aThe pharmaeatisalt domplogitionsymay contain

c%%ﬁ 'c%@ie?sa%gr%gci@%e]%gsé Sﬁl%c%jralﬁ ggmgpa?%{, &f%la&i%?ﬁgt%tsé, trrllgg%gsium sulfate,

a sul't
magiEsiung be@hicOsuctdye, BARRUASIENO el fulldss, kddUBNhh@DtAR Hcalcium

thei r pharmaceutical |l y-acceptabl e salts which are
phasphafe sedivpogileride, anthilginie aeid Disintagratoes dommmuonlatueet! iashe

: . GO sitions or transdernml de|iver
iR FPbisRTRREBh bR PhachlrRREE SiBrochR e pglose,
cananihSodambaetch RYcoRtd dndealsiarpRUNd reservoir, a

control nmenbrane, |iner and contact adhesive. Such

t r anddisiuith¢orppasiivasvitegpnerelly sensist of pruspEniiorarsolutionud the
o 5 PP Bic iR s ORIt Garient, for exarmple
etBAS d1Yetihg ko], 4o 8-aahedusADRART fih a@ﬁ&l?fiﬁileﬁé’ély&&l,ectﬁ%seor

delivery of pharmaceutical agents is we nown i n
wafiet, optionally with a suspending agent, a solubilizing agent (such as a cyclodextrin),

preservative, surfactant, wetting agent, flavoring or coloring agent. Alternatively, a liquid
formulation can be prepared from a reconstitutable powder.

For example a powder containing active compound, suspending agent, sucrose and
a sweetener can be reconstituted with water to form a suspension; a syrup can be prepared
from a powder contaim'ﬁg active ingredient, sucrose and a sweetener.

A composition in the form of a tablet can be prepared using any suitable
pharmaceutical carrier(s) routinely used for preparing solid compositions. Examples of
such carriers include magnesium stearate, starch, lactose, sucrose, microcrystalline

cellulose and binders, for example polyvinylpyrrolidone. The tablet can also be provided
14
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See, for exanple, U S. Patent No. 5,023,252. Such

pat ches may be constructed for continuous, pulsatile,
wonrown2tesand delivery of pharnmaceuti cal agent BCTMS2005/019549

preferred manner for admnistering a conpound of the

vsji@lvae&tl#rcfﬂni cgqahﬂg,aclr%g O? [1-}10111(.{%5 %L galjt 8P lﬂles Lf ]% i‘f%n active

an agent rec

cdsmp@lrrdadaﬁ by formadated ﬁh@é@t@ﬂl@d tdleRe dgeRs rf@lm hyPEBlePEomprising a
arnmaceuti cal inhal ati on devices: nebulizer inhalers,

hM‘?WP}HBﬁBéhyqfﬁﬂwbé‘?@a(fﬁPl ), and metered-dose inhalers
( NDI 2/& 0 \éﬁf&l'lﬁ rﬂ?é fo %C& s'ﬁle cea\rlxlb%t%ﬁ épagegld %frfeg:r%g e:]team

elocity alr auses

eﬁ@p&ﬂﬁt&m Iﬁ‘éceﬂufésﬁor \&ﬁarﬁﬂﬂe ib§ iipdretbr o Lt & CorRdund¥hd S
respiratory tract. The therapeutic agent is formnul ated

exqipigntsigjQ iacharbgelatineapsls. Aliswiativelprn Biizsolid s pHastive

o B SRS BEbl BE TR AR By BB g gna e oo
a@ardrgzneelnca‘apﬁﬂ@ omarsblu@lbﬁ Sf Hdtivl can@bmﬁ@mqfoly&hﬁ@@sglmwr a
about 10 mm th%rlcal fornulation for use in a

sespARsn Indhle pRdbler parple Eiwid waraffimar fradicnaied caepraboid can be
plsegal%ﬁ'aﬂﬁlﬁﬂfgﬁg? % ga&ef%égpglgltesalt of the active agent

a concentr I ve agent of between

aboutTableOSindds tHat aditheiaeldbedlardBtdbia, nihledlufosB %Hidrr? er

devi ces ar elgﬁ)row ded comercially, for exanpl e, by

carpgiyngdeel ﬁnmiygmy@mhdgl)e (PWN@ne)nb&Ihbxmopyl

mﬁﬁp’l"ﬁﬁ“’gg%ﬁﬂ(%g% rsltadf‘jlﬁ and & f}ygﬁeggﬁsgegﬁfgrﬁp%pgstthg cgn B% used include

SARe Blehiate @ Mer nibtdlNE stbahivs (hfteaﬁcfaﬁﬁe silib&d MAJ RANOEExes, oils
t at can be dispersed in a patient's air-streamduring

amdmsloubﬂslbna Al ternative DPl devices which use an

bei i AEeh GiSB, SFReCPeRRRIG. BUier SRR s QRS or the
liROvEEIs0 Eeh,%eﬂ haGaRRuhilLE A8 e dRRabie td s b@lbﬁlig %e’h’ﬂtoe}nake
suitabl e excipient (e.g., l'actose or starch

thgslashge fown moraetiraetivean apgearsde or fodrelmdanpfyethe ply)duct

gg???g tgn]gc; Is gﬁ{hg é]’kl)\[' (rPI%)!f’l 5 t%[sl};v%'égpqr%&t[ % Iy—z.el(c?cept'clblcs: salts that
arRRBHVERFBAH & ﬁéﬂ ﬁéfeﬁ@ﬁﬁ?%ﬁ%@fo?ﬁhfated%r FGRAHAY i ffatHeB, or

i nvention .e. the active agent) and dry blendi ng.
1nA1aV@mnaa<ﬁluml§tratlbhe agent can be fornul ated w t hout
exci gl ent

The f.or atlonl | oaded o, a dr

PR Tl BTG toh PO AT AR oA aeqn fralgiebion will consist
oi‘%ﬁﬁﬁﬁérﬁ?onf&rsolﬁ%%nwﬁalv% 11‘?%%1919%3}1 ofefor \é%ﬁiele graéhls oil or

devi ce. Exanpl es of Ivery devices provide
sesamereilc Adypigall oma:tipmdmomfsdqh‘ahmlous or intrathecal administration will
consist of a sterile isotonic aqueous solution containing, for example active ingredient and
dextrose or sodium chloride, or a mixture of dextrose and sodium chloride. Other
examples are lactated Ringer's injection, lactated Ringer's plus dextrose injection,
Normosol-M and dextrose, Isolyte E, acylated Ringer's injection, and the like. Optionally,
a co-solvent, for example, polyethylene glycol; a chelating agent, for example,
ethylenediamine tetraacetic acid; a solubilizing agent, for example, a cyclodextrin; and an
anti-oxidant, for example, sodium metabisulphite, may be included in the formulation.
Alternatively, the solution can be freeze dried and then reconstituted with a suitable

solvent just prior to administration.
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(A axoSm thKli ne, Research Triangle Park, NC) (see,
e.g., US Patent No. 5,035,237); D skus

wo@@xeBest hKl i ne) (see, e.g., U S. Patent No.PCT/US2005/019549
6, 378, 519; Turbuhal er (AstraZeneca, WI nm ngton, DE)

(& aTuEsdhe ey TGSt GALo B PO RSP Rl

whickSate 36Dk onﬁulblbil%ﬂnﬁmmicﬁﬁcaﬁfbe%hﬁtﬂﬁle@ aPIPhnsdeviat mpositions
are described in U S. Patent Nos. 5, 415,162,

ostrasg e delivrly deviaes (Hmetchend. Suelewnpasiions dncdide, favprample, a
i cal a _neas munt f t
SR S BBIRE ey TR SHRRT IR R BB e
Sﬁﬂ{ trifidd bl p e Bds Ay} Wusleﬂ@d) plﬂb@ldé coatibtidu@dr @fscontinuous infusion of
suspension of active ingredient in a |liquefied
thercopanionadi of thnpresent fiveraen Worosbalesbasounisi chheaeoneioi@ion and use

of GNP PRt T AR0ER T BB RN S et m e

Std) Q‘oﬁé@ﬂ@lé Y. rPatefn@NdSUb' AbB0BS3. §8dHshtches may be constructed for
hydr of | uor oal kl anes ( HFA) such as

cantinuous pplseiilss oreordserand delivenr af plmpcentigal agents.

%éé’n &é{l}’gf 8%%%“1%% ?(ET agﬁgllustg:g gﬁgﬁpg&xﬂ: %_té%lrzventlon is inhalation.

Tritalafdh & drPdTecti®d mihls BHARIRICHhE ah aSéht 'dﬁrﬁét%@ the respiratory tract.
co-sol vents, such as ethanol or péntane, "an

Thenefase theast gsnersLiyheseaf pharrhicentical ihalagian dsmodase incbuldded jnhalers,

| ec IV‘SC[“' %g%(]ﬁi Ceéi iinr%%%(ﬁa%e igﬁ%erm 2@%%"6’“ 10%3 agebuhzer

dé\n@éé'ﬂr@@ic@ afsBEdibahi Wefo@[}y WMlih A ARl 8 iR S8t to spray as a
i ncl ude from about 001 %to about 2 % by wei ght of

g wdaeinig celmedhramﬂmmﬁten&ru;esmrmwataom The %etapeuthroagenm
% b anol ,. and from about % about %
soffpr i Ly SERoe 258 e S itpenai aRgiasd pieistes of
rdéf)i%lﬁé 5128 twhekdmRREi AR AR ballyl RAREE Mﬁlﬂ%‘ﬁ)out 90 ¢ § or more of the
formul ation, chilled or pressurized hydrofl uoroal kane
parsiclas st a diaractei aff lessdhareatoun §0 pthe present crystal |l i ne
form eth noI |f present) and the surfactant, (if . .
pr esé‘rWl?ma 8%‘% latiogy for Bssipronypdipnal nebubigstdsyige is an isotonic
r
oLt lorl G alma Bl e BERE WO i S8R Rlbiop of the

adtbveiagtrtiof bethieei abait 0053, iRl tandabedt langhill., SieblEnebulizer
Exanpl es of MDD devi ces devel o&gd specifically for use

deyigas arropided epmmetciallys Eorprampleebly PARUGHLIPAYtambengo Sermany).
09169 ggblﬁégr @&gce(s; h&\ée%e%ﬁ Zlisclosed, for example, in U.S. Patent 6,123,068.
DPT's typically administer a therapeutic agent in the form of a free flowing powder

that can be dispersed in a patient's air-stream during inspiration. Alternative DPI devices
which use an external energy source to disperse the powder are also being developed. In
order to achieve a free flowing powder, the therapeutic agent can be formulated with a
suitable excipient (e.g., lactose or starch). A dry powder formulation can be made, for
example, by combining dry lactose particles with micronized particles of a suitable form,
typically a pharmaceutically-acceptable salt, of a compound of the invention (i.e. the
active agent) and dry blending. Alternatively, the agent can be formulated without
excipients. The formulation is loaded into a dry powder dispenser, or into inhalation

cartridges or capsules for use with a dry powder delivery device.
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In an alternative preparation, a suspension

formulation is prepared by spray drying a coating of
weundsactmnt on mcroni zed particles of a phar nRCeEWS2@®aI19549

salt of active conpound. (See, for exanple, WO I f

99/ 5 L Far. L tion ex 0

or oo aaapRpe HELdEih dokecs oh o 8F Ak Ry AT SiRir
(Ghxosin#hKiing Ruearcle Viiaggde Batk] WOl €sebod. g UIRIPAtchONo. 5,035,237);

dosing, see U.S.. Patent Nos. 6,268,533, 5,983, 956,

Diskgy 4GT589SmgthBlinelAsee, 9ga U.SrRpteab Nm p558:59 9 aRerbyiger

- AxE b rs t. any f t

(RS, Wipnglon BEN MEIGEE 015, RO REV4 LR, and Wotahater
(PhassmitbKiin®dkees akt, U.OrPasalt Wat 8358/385). i Murie} &ahed Hsuitable

t he particul ar_ npde of adm nistration, can be used in

D} deyiresrana desgribechin | SnPetenttlNemm 8,445 4 6255830, %50 wrd 5,705,810 and

%g ounds are expected to be effective over a
M g%gggggg’range and to be adm nistered in a

t her MMl typishlly diedHaeRtd vicasarsdiount bf thetabeld® agent usin
under st ood, however, that the ampunt of the compound
coEpIgETeH ProReHpRf 28 o Fernulptiqns fer ME edwminigitation izclude a solution or

kG 40 the.|i .Of rel.eva | .cunst ance
SBRLP ke el B Bl S BLBLE VL ST EE R, st
a3 00L:B, @nvatitnallg havd beed usdd e pRepdIRhtsCAMAB BRkerns regarding
adm nistered and its relative activity, the age,

adyersgraffects of sycdisagsnis endlie ezome layer, oruditiqra tising thydiofilsoroalklanes

' f i ent., t and .t ike.
CREXE S DR AP B R Pyl Lo e oronn
piopeNd, (HF ARY) BAve HebilBEvelied WARKItiodal dotupdRbnti¥F HIFAl ®rmulations
doses per day. The treatnment regimen may require

fox diPhadspinistraben elidesriselvaetd, syeh aodthand! of pamand, end surfactants,
ook I K hs,. the treat
w33 Rl lop Y s Bl R B T B SRS, Pten

Nd05,235, 043, [EPO 1198 ARG UiddCWage B &eor | nhal ati on
adm nistration are in the general ‘range of from about

0. 05Thigp & ayitabde fopoulation 6o MBI dédyinistratibn damonciude foabahett

o1/ da about . 50 / da will .be undeystoo
o PRErtTBH A% ALRHnCI% P el bl heP AaShE % to s
20 WYy wEHghBGh Yol Shil roaf agRk biog ) MoutiSbi, Mg (@éig%@ydrﬁ%fant, Svith the
taken into account in determning suitable doses ftor
repablenbéing thedhi A ipsepelaito dn oSuinpaddch, Wosewmrd the famallation, chilled

o R o RS it g Fanya! orerdmede PG aggiaine form,
etBarid] {10 pRBGH] ankOBP stFMCBRY (if present). To prepare a suspension, the

compound, typically in salt form, is provided as micronized particles. The formulation is

loaded into an aerosol canister, which forms a portion of an MDI device. Examples of
MDI devices developed specifically for use with HFA propellants are provided in U.S.
Patent Nos. 6,006,745 and 6,143,227.

In an alternative preparation, a suspension formulation is prepared by spray drying
a coating of surfactant on micronized particles of a pharmaceutical salt of active
compound. (See, for example, WO 99/53901 and WO 00/61108.) For additional
examples of processes of preparing respirable particles, and formulations and devices
suitable for inhalation dosing see U.S. Patent Nos. 6,268,533, 5,983,956, 5,874,063, and

6,221,398, and WO 99/55319 and WO 00/30614.
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Anmong ot her properties, conpounds of the invention
exhi bit surprising and unexpected duration of action.
wédagows bed i n the exanpl es bel ow, a conpoun#Cofustdes/019549
i nvention denonstrated duration of action greater than
24 h S 1l i r hopr t.] . .
20 R TRl o5l 8 PLADRIRRSBE RS Qion g e
b pledrindecudigainkBl & sofvatd) ehdd % AtaBIB €6:0h6 phrtieelat @bde b
particul ar, conpounds of the invention are selective
agginigtrasion,cag de apd igithe parmseaticalscommepisionsi digsusped #hove.
and i e ) kvention thus
provi %gag‘%r%g) 8%11%%&? fg)t{ ae{(:?erq gtgggrerj_g%e Helt Wbdjeado_sage range and
telbsaBsiaiseredBthtlapsutReB P ffedtnd amoliht, MRwadb&nRIcgit6od, however,
receptor activity, the nethod gqnprisLng@adn1n!ster|n .
thap therranavihfethe sompeirsastially afmynistered arill\be dgtepuined by aphysician,
. C ' tion o . har euti.cal
nf QEREANEE L rel it AR RBe IncRlaifl: RIROABASH ! Erentodng chosen

r@i€seimiaiirhive, 8gartil EapalRiadutedtetsl Mdlifs relhtive activity, the
conbi nation conprising, in addition, one or nore other

age afeighb And eespgeieted therpdivaduphpriésnttthe sqyedtafithepasients symptoms,

a@ﬁ%e%%eadninistered together with one or nore

erapeutic agents selected fromanti inflammatory

agenfAscongolind 64 bd £RSHREREDR i0dRdosk-e ekl Rl multiple times per
anti-inflammat ory agents (NSAIDs), antichlolinergic

wagle edy,(qp aruliipla dasaspentast ablierfreatmens eggimen aray agoniesadsdinistration

ot he 2, adrenergi c receptaor oni sts ntiinfectiye
O‘éed eeﬁgegg?depe.&o Y f ﬁ €y .OF gyéa?%}? e,afﬁ? PRYieF ng]?soqr mor}tﬁs, or the treatment
rédithéinSy &Huite ShrohteadniMRBhie) t hus provides, in a

urther aspect, a conbination conprising a conpound of

t he Snijabie deses afilie tresapsutiagants for inhebation edmiasttationfaoy in the

exanpl e, anti-jnfla tory a a . .
s oresof froRipaonb{n e e F DAt e dretuding Gpmopbout
. oo C N .
O3HRI85 rBOY AR ORI
delfvepaaato nieclang cleahdigristic exfpabicalas dtliverpdevistks VafaRén infSaccount in
appropriate, the qther therapeutic_ agents can be used

d%{gmamnig@gjtqt@}e fRFcE fcgti@paégi%iﬁi_strgmq. aﬁyit@ble doge(js for oral
AR o B ER BT b SRl e

i RiIRg Bk @Bo IOt ol dbBuCRIIBQUAGY, Of the invention are
those oral and inhal ed corticosteroids and their

pr o- Ameyg oflter propkdies, campiounds of the invention exhibit surprising and

Ol

a

unexpected duration of action. As described in the examples below, a compound of the
inverition demonstrated duration of action greater ’éhan 24 hours in an animal model of
bronchoprotection. Furthermore compounds of the invention are potent and selective
agonists of the B, adrenergic receptor. In particular, compounds of the invention are
selective for the B, adrenergic receptor as compared with the B; and B3 adrenergic
receptors.

The invention thus provides a method of treating a mammal having a disease or
condition associated with , adrenergic receptor activity, the method comprising
administering to the mammal a therapeutically effective amount of a compound of the

invention or of a pharmaceutical composition comprising a compound of the invention.

18



10

15

20

25

30

inflammatory activity. Exanpl es include nethyl
pr edni sol one, predni sol one, dexamethasone, fluticasone

wonroepilenmas e, 6a, 9a-di fl uoro-17 PCT/US2005/019549
a-[(2- furanylcarbonyl)oxy] 11b- hydroxy 16
a- e ot.hi o]
et o PR BT A8 el Al o PR th s in

aﬂ)dlhyld,rdm)&y)r hforaoties thytapSatioxapedis. & opémtlﬂé‘ )th@fﬂﬁésent agents can be
androsta-1, 4- diene-17 b-carbothioic acid
admnigtere fogether PAlRAIe T Moraienpeylio agegtseelected from anti-

18%%@%@%%? g?%ﬁ% s{e?mgs mi(f‘l?%ll%%lg%c%?%{] 1ant amen%tgrry a%crants
(NSAID@OéﬂtﬂﬁlohﬂEﬂgﬁi DSHREpLEEES ﬁﬁsﬁnnidl%céﬁ#&pﬁta%onlsts) other B,

ester), triantinolone acetonide, rofleponid
adreRIraisGRGeREor aagmstﬁommnfemvmgmta(@g amﬁmouoﬁammuvmls) or

Preferred.corticosterai clude fluticasone
iRl TG G BRE RS Ty S comeicaion
c@mpRdiny hc&ﬁg@n{d(dﬁﬂ@ﬁlb&ﬁtion and one or more thera peutlc agents, for example,

3-thi azol e-5-car bonyl ) oxy] - 3- oxo- andr ost a- | dg -17

alp ataenimasdry agentdan ﬁlhtiﬁbhﬁmetglwhgeas tagothenfh adrenerglc receptor
6a adlfl ro-17 2- an arbonyl)oxy]-ll
"I‘R(}2 ﬁ’eaﬁﬁrﬂﬁ’%(&n 'gl% osta-|, 4-di ene- 17
b- Ca‘l‘ﬁ@&ﬂ%ﬂh‘ér Qﬁtfiz %entfs cHﬁEQH?édqﬁltheeﬁ)}ﬁ of pHB¥hfaceutically-

preferably 6a uoro-1
a@epi(amefsalktsamWOhautdso tAsI a))pvcm}‘late thelwtliey ditcpapeutic agents can be used as

é: nmet hyl - 3-.oxoandrosta- |, 4-di ene-17 b-carbot hioic
banYBurefsl ?5691691%?rﬁyl ester. Suitable NSAIDs include

sodi

oo AN GBI A05E oSO iy g NS D, S

ca?Deebtéroids biltidrmapbe nded énl E%DEB]/nE’IIDEﬂWItlh hhd;ctdx@@)lds of the 1nvent10n
| eukotrien n onj sts ( g.. nont el eukast

are {ggsg o aélaggHgl {%QW&CP?@ Ssa;}’ﬁtth@’ép@“ i &mhwhmam #¥fs;

inPlafhRRSS abMHD! Kk hesHada Mol Y HARR.BAC L ARLRE

ta- |ntegr| n an oni St d adenosi ne

dmﬂtawneagﬁﬁ]cbasbﬁe mbpﬁﬁhta,%lﬂ9ﬁid$ﬂl(cﬁog Tod¢BRaahNerEchyl)oxy]-
on| st si@ cyt oki ne antagoni sts (e.g. chenokine

hﬂ@@rﬁy &-mgia-3aexo- @mirq‘mﬁa & dand- b7 Broarbbibihic geid S-fluoromethyl

T ey B bRt el B et Gk PhbioBiegr-angosa- .4
dl@ﬂé—% Bﬁbébﬁ%ﬁ@ g@i&%’ %‘Jﬂott@@%ﬂﬁlgg(; ﬁﬁgn §§ ty@ders?e?qf ?fog’?etﬂ%sone esters

agoni sts | e sa met ero e Xl’na
(esn tMapmplohetc@steﬁsr thh &73&ldﬂﬂsmpﬁ>n®ﬂ‘e ehﬂ&f.) biid@ortids Eunisolide,
f or not er ol é ‘ as the fumarate), fenoterol or

réel

mPRBLIISens §tFES hefuragts gsgsrh mamsun@,l@n@ﬂcqtqm@ efleppridgs e

T T Y —
intES fiEdondtopiohate, 6d3eRidesestball M droxy-16o-methyl-17a-[(4-methyl-

1,3-thiazole-5-carbonyl)oxy]-3-oxo-androsta-1,4-diene-17p-carbothioic acid S-

fluoromethyl ester and 60, 9a-difluoro-170-[(2-furanylcarbonyl)oxy]-11p-hydroxy-160.-
methyl-3-oxo-androsta-1,4-diene-17B-carbothioic acid S-fluoromethyl ester, more
preferably 6a.,9a-difluoro-17o-[(2-furanylcarbonyl)oxy]-11B-hydroxy-160-methyl-3-oxo-
androsta-1,4-diene-17p-carbothioic acid S-fluoromethyl ester.

Suitable NSAIDs include sodium cromoglycate; nedocromil sodium;

phosphodiesterase (PDE) inhibitors (e.g. theophylline, PDE4 inhibitors or mixed
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phosphodi est erase-4 (PDE4) inhibitors or m xed
PDE3/ PDE4 i nhibitors include, but are not limted to
WO0i2805/121065 PCT/US2005/019549

4- cyano- 4- (3-cycl opent yl oxy- 4- met hoxyphenyl ) cycl ohexan
Pﬁg?g]ﬂ%ﬁ? gﬁﬁ qlfbrgcieqkotﬁeﬁ@&ﬁgﬁgs@so éyg' ﬁio%¥e?@u%é§)'(ig}ﬂbitors of
latikbiriens mﬁd&m&ﬂﬁ!ﬁﬁ ﬁk)&hbl@@t@ ] bRAKInhibROR; such as tryptase and elastase

4- cyano (3-cycl opropyl net hoxy- 4-
rgpl?l W}{@owgﬁ@gt@éﬁ@qmefe@p}m -agonists or antagonists (e.g.

32
a&é%ﬁ%%% iesHPLR SRR EI Homoking apeayig pich o an
intérkeikiroant b eutibed)| spaciciesllyd bh a15a! thsrap 1 @h 89f -13 therapy,
1(1 herlreplrrbegifa(r?gt [ \}e@DM or1 m}ied PDE4/ %?Eh orapy, ot

aicpmbisiation Seraedk guhiors of vgkinetybihesiy; SNCHIGaBer

PR RSB RO P S BRTDEPET (G 08 DREPReb AUl e o

{1l sﬁﬂé?@ﬂ/tl%e&‘%ég@?i&%é)&&%ﬁ?t&&y I u?nmg?t% agféﬁtg%??ﬁerbutalme

apd $edls derendne corrpounds di scl osed in V\D99/ 47505
(Byk ri ne Byk @ul den, now Al tana);

o of A0 et PSS S 1F BESE A1 dEcunBsamOkdn Mt
pﬁc}é@h&ﬁédtéﬁse 4TQPW) (ligpRbCraghikal BOESEL andntde nggltégentative

Sei yaku). Suitablé anticholinergic agents are
pmﬁpb@llcﬁﬂ@‘aseh‘hﬂ’%‘t) 1a]$lbﬂmsa)g mikat RDES/PDE 1ﬂh1$)ﬂ;afsi inélade, but are
art a tho e conpqunds whjch_are
n%tre}{% §fs SBPanP ‘fe&vﬁyc f -%rnlg@@fsmew Destelobexan-1-carboxylic
nds i ncl ude the
oS AR ORF L IS BRLRXRIB AL MefsiRunTo [l ude th

dﬂuerdmdt]ﬁls(ypherarl)cyqjohﬁe{an-slmol aisd freyarbeired-cyiprepylmethoxy-4-
ds are nornally adm nj stered

OS%@F@X%%%WB&W %W?%T qbrﬁ%gymrfeé’e(%rmg@ntyloxy) 4-
RO B ML babOETR oo BUREL R B B
aqeeptpble saltS theneof. | Otcatepresemiativee RIDBY of MixgdtPI4/PDEB énhibitors
oS U0 el SR B2
él at %lcﬁeﬂ)ﬁﬂégﬂgﬁgpgfﬂg‘ﬁﬁ g(’?_]élxoq? ¢ op ﬁ‘gld-s disclosed

1n0})(9987716066 KydwelH aitkiod K da (Kgbiva HaGRS; ¥11 5949, (Napp) roﬂumﬂast
Bg%th yl brom de salt - CAS-80-49-9. g%osc am ne

<silden)znthalazingns epppawnde disgloged in 53Ry Gmllden),
Pt bAkiSe T8V Guldeh ERP ARatkD; drofylline (Almirall-Prodesfarma);

VMS554/UM565 (Vernalis); T-440 (Tanabe Seiyaku); and T2585 (Tanabe Seiyaku).

Suitable anticholinergic agents are those compounds that act as antagonists at the
muscarinic receptor, in particular those compounds which are antagonists of the M;, My,
or M3 receptors, or of combinations thereof. Exemplary compounds include the alkaloids
of the belladonna plants as illustrated by the likes of atropine, scopolamine, homatropine,
hyoscyamine; these compounds are normally administered as a salt, being tertiary amines.
These drugs, particularly the salt forms, are readily available from a number of

commetcial sources or can be made or prepared from literature data via, to wit:
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Scopol am ne - CAS-51-34-3, hydrobrom de salt -

CAS- 6533-68-2, nethyl brom de salt- CAS-155-41-09.
weénefsarred anti cholinergics include ipratropi URCTRISZN05/019549

as the brom de), sold under the nane Atrovent,

. : ! . d.ii . o
st PRSI CAS51 B D5GASATAT ) @ty 5y, EReny ase
CAB59080NanithuplinewxidCASAS34488-23) 6 oPiPHENEDNE! CAS-4574-60-1 and

brom de, (CAS- 50-34-9), anisotropine nmethyl brom de or

5
mehyatropiss miais- CGAS-62-8830. ¢l i di ni um broni de (Quar zan,

IS, 0] OB 0%, B ERARION CASSR SR, i

sdt OCARS4BA9-9t ri di hexet hyl chl oride (Pathilone, CAS-43

10-35-4), and hexocyclium nmethyl sulfate (Tral, CAS-1
15 oHyosyaminedded o 6 AS 0 lop brdt bidipbromide sin| GAS-366.03-6 and
228703 &° 1<t opi cami de (CAS-1508-75- 4),
Sélﬁ%??sea%p éﬁu%gé% I8drochl ori de (CAS-144-1 1-6) .

pi r efegpildeing CAZX2IBER3IRydrbbronfil € SHENT AS-6533-68-2, methylbromide
CAS- 80880-90-9), AF-DX 116, or nethoctram ne, and tHhe
sl 4di%cl osed in WOOL/ 041 18, the disclosure of

whi | | ted referenc ui t.ahl e

ant PG R LR PR Bt o T S oeptnS), S1d under e
nané AgontiE] SitrbpiamUdg. At BRANIIE) A tfotRpidnh . 8 UEBEHSmide)

ant agoni sts known which inhibit Hl-receptors, and are
(GASd 39HM4-MrihnAlse of intergstare: enashasithdline (CASESE46G-8) propantheline

i nhi. bi ' .acti f hi.staym |
RIS R L B sy P hi P ePEu I (i 30,
clidifiisin BEARIAQURRaA ¢ ASIARS162.-9)2E &) FO AR DAL bopRASREHe

on their core structures, as efhanol am hes,
iodidey((Cévie i -8 riharspenralata bryrhisei(WeSs patent 2818,408)ntridittenethyl
o R 5 0L S TS e R ARG A Bas 156
) r&e@lsbicgabﬁ@ﬁolat%eﬁgﬁ@hﬁﬁae I(_@ASOSB%@%P%&E&MW%&1508-75-

are non-sedati ng, ve a simlar structure-activi

4) sihgryphesidyphydioeheridet (K2\S-1 44-41 16),tfhenpepine (EASRE8GS-97-1),

s ST L e b o

disd16a 3R WBOS1/84 Bl sathelddclawee ofSiIaNR!I1R b??ﬁéorporated by reference.
car bi noxam ne mal eate, clenastine funarate,

di ph¥uitabloeatihisianenésy(@isocéfened thegs Hiarbeeptor antagonists) include any
o B e B BT Bt ISR St e e
for human use. All are reversible, competitive inhibitors of the interaction of histamine
with Hj-receptors. The majority of these inhibitors, mostly first generation antagonists,
are characterized, based on their core structures, as ethanolamines, ethylenediamines, and
alkylamines. In addition, other first generation antihistamines include those which can be
characterized as based on piperizine and phenothiazines. Second generation antagonists,
which are non-sedating, have a similar structure-activity relationship in that they retain the
core ethylene group (the alkylamines) or mimic a tertiary amine group with piperizine or
piperidine. Exemplary antagonists are as follows:

Ethanolamines: carbinoxamine maleate, clemastine fumarate, diphenylhydramine

hydrochloride, and dimenhydrinate.
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Al kyl am nes: chl orpheniram ne and its salts such as

the mal eate salt, and acrivastine. Piperazines:
waydsazyws ne HCl , hydroxyzi ne panpate, cycli zi ReT/S2005/019549

cyclizine lactate, neclizine HO, and cetirizine HO.

Pi pemiqdj "anrgﬁe" a i ne oratadi ne .
or i tFE glg)éée}%g%r Hoet %)é%rglﬁ% o}éegfé%,’ B—gie%enfl%?lfl‘_ne@%%# ﬁ%cf"%wgiennamme
citeteof enadi ne hydrochl ori de or anot her

phar mac?utj cal | yacceptabl e salt. Azel astine

hydr 6dpigRINge sotpbenigmene and 1y salis sugh w5 themalegtsrralis and

baGile y be used in conbination with a conpound of

awggﬁé\;gnti on. Exanples of preferred anti-histaniines

i ncl Biperavbtesapydrokgiiee HQH hyotoayaide pemodibcyc AMBOHI tyclizine

thus prgvides, in a further aspect, a conbination
l%@%m%ﬁ%e R owdoshtizoe Bdr mul a (1) or a

phar L.ca = I l.vat e .or

5t or LB EUHkE N ARE AR A R IpARGIR o i Gescarbocthoxy

apsguiecatdaterferiddend and datdfadfifediieR Eloids O BhdiRérfRArmaceutically-
wherein the corticosteroid is fluticasone propionate

agsepigplesaltn the corticosteroid is 6a,9a- difluoro-

17a- - X -11b- hydroxy- . .

e AR SRR g O onpt iy e e
inedintbiGitioh lwidl e@hbotInd@FHRS indéntfea, 9a- di f1 uoro-|

1b- hydroxy- 16a- net hyl - 3-oxo-17 a- propi onyl oxy- .

andr Bx3aples of prefered antihistamives inchide nzethapyrilepe oidloratadine.

tetr -furan-3S-vl ) .ester.. The jnvention thus ..

pr ov?gée/gl,(]&lnﬁolﬁat ﬁsu?r?ﬁ%eﬁlg g’é%ﬁ&liﬂ}ergs%% iCREPig{on comprising a

cafpguht Sif !&gnﬂllacflﬁf&%ﬁﬂ%ﬂﬁcefuﬁ&ﬂw-ﬁ:céﬁ_&b@ lsal®or solvate or stereoisomer

pharmaceuti cal | y-acceptable salt or solvate or _
thereef el & ertieostareide dn pamigular, BBEAVEnttontirovides aéembination wherein

tog SR ERih BB R Dlerelh BoUeiB fha GrRsieifys 6795
' i _ r
oy S e e O AR Foxf BB Bhoapdrogged 4
diems+ETfi-carhothivis a¢id SVlhibesmethyl @ter Bf 6HP0-ESRESE 1 1pahydroxy-160.-
a

conbi nation conprising a conpound of fornmula (1) or
mpihxl-3regedf pauppignderepngisse- 4idiensrl 7§edavtathiotsracid S-(2-0xo-

te&&%rd?oqhﬁgﬁ g-yl) ester.

The invention thus provides, in a further aspect, a combination comprising a
compound of formula (I) or a pharmaceutically-acceptable salt or solvate or stereoisomer
thereof and a PDE4 inhibitor.

The invention thus provides, in a further aspect, a combination comprising a
compound of formula (I) or a pharmaceutically-acceptable salt or solvate or stereoisomer
thereof and an anticholinergic agent.

The invention thus provides, in a further aspect, a combination comprising a
compound of formula (I) or a pharmaceutically-acceptable salt or solvate or stereoisomer
thereof and an antihistamine.

The invention thus provides, in a further aspect, a combination comprising a
compound of formula (I) or a pharmaceutically-acceptable salt or solvate or stereoisomer

thereof together with a PDE4 inhibitor and a corticosteroid.
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thereof and an anti hi stam ne. The invention thus
provides, in a further aspect, a conbination

woanprizsieng a conpound of formula (1) or a PCT/US2005/019549
pharmaceutical |l y-acceptabl e salt or solvate or

t [ .t f . th i th PDE4 .i nhi bi tor. .
and 3t SNErEgt MR BRARER 1 Eme SReTr S liade ising
chrbbiRT of SRRk (T) dr & PRANMREIRAIGARDtabl\G1tdr GO WA dieRloisomer
formula (T) or a pharmaceutically-acceptable salt or

theseafdegethar vithanentishatinerginagand ind ogatibetteraid h an
e AT R B ) Splton T 50 0
ifidey b@ofnbdiind AOHAES (B) SRIRefRdd @foup Bk, 4ddlahydfvidually

preferred groups thereof, and any individually
dclosebesapaipfen aeripeindsonpounds.  Accordingly, the

i nvention.further provi phar.naceuti cal ..c osi t.j.ons
e e D R B R T B
cPMBFiSAE 8 YbmpakdldofaeaRRh @) oe a %ﬁMna@éutﬁ:@iW—%&&P%'ble salt or solvate or
stereoi soner and one or nore other therapeutic agents,

stgteodhenisr pivkencadsonere otttes thenetioutic agdnts; esrpesaribe] atfoveuch

o B Sl AR e
sédﬁ@ﬁtﬁ@@%%irﬁﬂtan%&ls‘l@in%bé}ﬁﬁzi or DBRHARE hRhEnABSEAI Rfmulations.

known therapeutic agents will be readily appreciated
Appraprietsedoses dfl kagwinrtherhgeusic tageriib wilb s reaflily amaesiaad bpthose

Y A T 3 e T -
oS @RYENYIdaAI dbrpousds B sha QS hYid R eﬁﬁ&%"e?ﬁ&t@ﬂ){ 6PHRIREously

phar maceuti cal fornul ations. Thus, according 1o a
irf sepetaterorzopbited phaendcavides] fomufatious.des a net hod of

treating a | hayi ng a di.sease ,or condition )

assod Pt BEPRHE b9 Egﬁ% %%’F@‘% theRYeageB Proyiqss pimpsthod pftreating a
TR CATR SR ISRt A% SO R gporacivis. e
nfetirodwwomp(ising admani pthangracths inabahdlyu-thcrappitiablleefitive @hount of a

sol vate or stereoisoner and a )
CORROE A t%?%lq () ercz ehpramrtisabuptcepipblssalt oF sehprte obitprepisomer
R T e R f

are 8ingecotapduilds as theaheanion ated®) Sirdefgit roesibl Q%)hﬁsfg stdh

studyi ng bi ol ogi cal systens or sanples having b2 _
cEpards aicalyodselyl ay eseageh foels faf most@atlmomué biological

adreneragi ¢ . . . . .
systems or sgmples having B, adrenergic receptors, or for discovering new [3, adrenergic

receptor agonists. Moreover, since compounds of the invention exhibit selectivity for B,
adrenergic receptors as compared with binding and functional activity at receptors of
other B adrenergic subtypes, such compounds are also useful for studying the effects of
selective agonism of 3, adrenergic receptors in a biological system or sample. Any
suitable biological system or sample having B, adrenergic receptors may be employed in
such studies which may be conducted either in vitro or in vivo.

Representative biological systems or samples suitable for sucl\l studies include, but
are not limited to, cells, cellular extracts, plasma membranes, tissue samples, mammals

(such as mice, rats, guinea pigs, rabbits, dogs, pigs, etc.) and the like. The effects of
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receptor agonists. Moreover, since conpounds of the

i nvention exhibit selectivity for b2 adrenergic
woeowspRows as conpared with bindi ng and functi 8aalus2005/019549

activity at receptors of other b adrenergic subt ypes,

” far studying.th
o g SR R0 RGP Bl B EHGM procedures and
efEF@BADEEhi 23 rﬂilblhf,fb!n@ Biridtg ¥ SisQMI FincHRAR! ﬁsay@\rﬂér example the
sui table biolo g ical systemor sanple having b

agsay Enrdiegnd-edinigst changasdy iserceligiogyetic adenssins monaphasghate

d d her .
APLOBRIER Ga0%Gi5tm e ot & Shuilelmitutt A BrpiBuciltiecnpts-
aé&ﬁmﬁg' Qﬁoﬁﬁt‘tﬂ”‘ a@¥npBEAdISSthe lﬁi’\’fenﬁ&? wilPhypldafly ke 5Om about

S, lular extracts, plasma nmenbranes, tissue
1$ammelsr tomdmrrhl (K)O(r@ucmohs Whee comavendsed |tlnf61avqﬂ1tg>a are used as
rabbj ts 0 etc.) and.the |like. The effects
reSFAGRCH ﬁ@ 8?&%‘?@8%%38 erl&nergr%eemter agQpistsyhednyanfign also

C I
A ML AR PAGC B 2 PR LD o U e e
a@ramlxite aSsbys) and &e efnalysﬂs Io@ tredesrddiaad é@bndfgafegt&ﬁmpﬂunds of interest.
i ntracel lular cyclic adenosi ne nonophosphat e (cANP)
descri bed bel ow, or assays of a simlar nature.

d
tah ; e?ﬁé gdr%{%)l‘% né? %&f ﬁﬁ—?&g‘md rﬁes?gﬁ%&'ﬁ? %greQelg&m%Txgﬂnﬁeuncal

carapasitidrarof tie iabention1 (Mﬁltmabmﬁiabre cakirefoe domanilatidas 6f the active
the invention are used as research tools for
compunds pf g DERsENtyRvention sap glse be dungiin Rergegionstdie Seigace and

P}»@Yz‘égéfﬁﬁ‘a;?laggzb@%ﬂ%ﬁh FinGEP arﬁ%lgrs %gﬂﬁéﬁ%@?ﬁﬁadeﬂ)%i‘ PA,

nera ar
2@@pr opri ate assays) and the anal ysis of the test data
to identify test conmpounds of interest. The foll ow ng
non-limting exanples illustrate representative
phar maceuti cal conposit imygulkioh PRamprent i on.
Addi tional suitable carriers for formulations of the
act i Wbisempplﬁriusstmtesﬂheplpp@gm of amepreserdativcaphamhaosuiiesl

f oun in Remi n The Science n(&'t ractice of
coRBP Rty R Bt PO o BRESTR KR AR B&E W 1 i s,
Phi | adel pmg@edlaﬁg 2000. For mul at i ouEi@yRertablel ing)

exanple illustrates the Dreparat|on of _a

repr esent ceutical conmpositign for oral
adnrnrstrg%tﬁﬁhgﬁﬁeg?(gpound of this |ﬂ§ent|on
IngredrenE% aﬂ??¥9n% r tablet, (ng)

agnesium stear

The above ingredients are mixed and introduced into a hard-shell gelatin capsule.
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Active Ingredient 1 Lactose, spray-dried 148 Magnesi um
stearate 2 The above ingredients are m xed and

wonvesadused i nto a hard-shell gelatin PCT/US2005/019549
capsul e. Formul ati on Exanple B This exanple illustrates
the preparation of anot h?5nﬂlﬁiﬁfo%5§&H5téﬁe
phar maceuti cal conpositiom tor orat adnmrnistration of
a co
tabl 4 e kst e BLepRion P RESAG AL NI NBR YD by BRGoutica

09@90%% |0£ﬁha§w&a$ta%t@n5)fwemabw3e0ﬁth@rlemn@nns are

m xed intimtely and pressed into single scored

t abl et s. i on Exanple C Thi

illustrat é’:lgg&%aﬁéﬁ%r eparati on of a rz)pr esgﬁ% tablet (me)
phar maceut gal OIH)OrﬁItI on for oral adm |strat| on of
a corrpounégW Ffi‘ vention. An oral suspension is

pr epar ed he foll owi ng conposi ti oM. | ngr edi ents
Active Cokp Gﬁ‘d 3 Fumaric acid 0.5 &4Sodi um

chl ori de M@ngslmtstﬁprat@ar aben 0.1 g G anul at ed sugar
25.5 g Sorbi-t-el--(+0% sel-tti-on)---12--85-g--Veegun K.

E)Vg n qngé Bbdve i%’re?iieﬂ‘ts %regmﬁea\ﬁ%ljﬂgtglyoang%gr’esgéd‘ in%oéircl)élie Scbted tablets.

Formulation Fxample C

This example illustrates the preparation of a representative pharmaceutical
composition for oral administration of a compound of this invention.

An oral suspension is prepared having the following composition.

Ingredients

Active Compound ' 3mg
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben Olg
Granulated sugar 255¢g
Sorbitol (70% solution) . 1285¢g
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water g.s.to 100 mL

25



5

10

15

20

25

30

35

Distilled water g.s. to 100 niLFornul ati on Exanple D
This exanple illustrates the preparation of a

woeprsasens at i ve pharmaceutical conmpositi on conParniSzgsalys49

conpound of this invention. An injectable preparation

buffered to a pHof 4 is pre[i)ayed havi ng the foll ow ng
conposi tion: |ngredient i%a&&m@mﬂmﬁ 0.1 ng Sodium
Acet ahes dReinbRYil1Staudsi (RO pleBarktibh ofa %p@seﬁgivéz%ﬂﬂ}mgeeﬁtical
to 1.4V\aer. dlstllLl%ﬂ, %Jte%?‘rll% g.s. to L
RBPRRA SO iRk PR LB AVTEN | | Ust r at es € he

pr epamajeotablefpreparationdmdiotedt to ueEpby fsaEeptkédialving the following
&8 Jg4.ion for injection of a compound of this
I'nvention A%e%onst ituted solution is prepared by

addi ng 204t eril e water to 1my of the compound
of this I AVENTI ON. "BeEfore Use, " Thesotrution s Then

di | ut ed whcHvoBomppurst an i ntravenous fluid Onamgi s
conpat i bl SodinmhAcdtate Beuffiey Solutimp uAdL) Such f1 GitdsLar e
chosen fr8iil§edextrose sol ution, 0.9% sodi ums. to pH 4
chl ori de, Waterqdisiidéd)seritd) 5% dextrose and O. %%ﬁpmlﬂm
chloride. .(xher._exanples are lactated Ri.nger'.s
injection, lactated Ringer's plus 5% dextrose

i njection, Nornosol-Mand 5% dextrose, Isolyte E, and
acyl ated Ringer's injectfamulationdxempledhs Exanpl e F

Thi s—¢; i . i f ,
! opr B RRle Rl e bT  SEE K Bles Pl Neghapmapseptivt
capositicat fodj@fion of #EPOYPSEhdSS thiRiifvdnfiyent i on.

I ngredi ents grans Active corr%ound_ 0.2-10 Span 60 2
A reconstituted solution is prepared by adding 20 mL of sterile water to 1 mg of

the compound of this invention. Before use, the solution is then diluted with 200 mL of
an intravenous fluid that is compatible with the active compound. Such fluids are chosen
from 5% dextrose solution, 0.9% sodium chloride, or a mixture of 5% dextrose and 0.9%
sodium chloride. Other examples are lactated Ringer's injection, lactated Ringer's plus
5% dextrose injection, Normosol-M and 5% dextrose, Isolyte E, and acylated Ringer's

injection.

Formulation Example F

This example illustrates the preparation of a representative pharmaceutical

composition for topical application of a compound of this invention.

Ingredients grams
Active compound 0.2-10
Span 60 2

Tween 60 2

Mineral oil : 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05

BHA (butylated hydroxy anisole) 0.01
Water g.s. to 100
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Tween 60 2 Mneral oil 5 Petrolatum 10 Met hyl paraben

0.15 Propyl paraben 0.05 BHA (butyl ated hydroxy
wanbsake)s0. 01 Water g.s. to 100AI |l of the aboveT/US2005/019549

i ngredients, except water, are conbined and heated to

600C wth stirring. A suf fici ent quantity of water at

600 CAlkofithe abaye degredients, sxeepiiveier, ateicombingdtand Beatbdiof60°C with

sﬂiﬂi*ﬁg' @Q{u?%%@ﬁét;cg]anﬁ@@f Ykt Smlsacﬁgﬁgdd&g ?vrl’%lhtlxggorgﬁs stirring to
I@g?grt%t ingpdistsy iﬁ?@%@ﬁ? &5@‘3\?&}3% HAPaceut i cal

corrp05|t| on containing a conpound of the invention. An

aqueous aerosol fornul atpmulBion B@ndple @ Nebul i zer is

prepared by dissolving 0.1 ng of a pharmaceutical salt

of aé“ms\ﬁéamlmawmtqsﬁh@pl@paa%mﬂa teprashitativeghasmbastitical
dfled Wthctr chltdth emxturels stirred and

con(r)q%o & e TR *CREPEH %%ﬂv Q. 4 ssol ved. The pH

of t @ ay0édifsiagfdbsbISfoRfiHESEfbr uSe ﬁha\/ﬁéb‘ﬁﬁzérrisé Salre&'B QisQb1ving

from3 to 8 by the slow addition of orrrualon

0 fxagpf @PMHH@P@I%&M o€ a¢tivielsompatiad int £18.996 epdinatdhbmidefsolution

o PR O e R PO B R o e B Sl s
llsgmaédatmrpm of thE iselgfsn %ra%flfs'téd t8@ Villudein I RAREIECHRIh BIE'S by the

conmposi tion having the follow ng ingredients:
slpwgpdditioarsf Naflfl.cart ri dge Pharmaceutical salt of active
conmpound 0.2 Lactose 25

Formulation Example H

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

the following ingredients:

Ingredients

mg/cartridge
Pharmaceutical salt of active compound 0.2
Lactose . 25

The pharmaceutical salt of active compound is micronized prior to blending with

lactose. The contents of the cartridges are administered using a powder inhaler.

Formulation Example I

This example illustrates the preparation of a dry powder formulation containing a
compound of the invention for use in a dry powder inhalation device.

A pharmaceutical composition is prepared having a bulk formulation ratio of
micronized pharmaceutical salt to lactose of 1:200. The composition is packed into a dry
powder inhalation device capable of delivering between about 10 pg and about 100 ug of
active drug ingredient per dose.
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The pharnmaceutical salt of active conpound is

m croni zed prior to blending with | actose. The
woanisantwssof the cartridges are adm ni st ered uBCTWS2005/019549

powder inhaler. Fornulation Exanple | This exanple

illustrates the preparation qf..a dr owder
fornul ati on cont ai ni ng abemﬁutbw"uﬁ%%n@ﬁidi nvention for

use Mhisexeinpleitugtedtes RO plephiaBibn BEY fiBuldion containing a compound
phar maceuti cal conposition is prepared having a bul k
of Beruyeatipn forruge ia Breteieddesaiihaderphar maceut i cal salt to

et by 0Beghes SRPRRRbAARg] SuBTRLE i Bubedli
lelthing ardD0.5 Y, 88kk1642AY brobRRd By difpefild ¥/ 8 of aﬁfgeiceﬂ@s&&@&t

per dose. Formul ation Exanple J This exanp
nji¢ropiged paréisles wathpnesmenizet lessrthaf 1Gumdn mebHoidehsolution formed from

ont ai ni a oynd .of the . invention for use in a
07tek of el B e i Run patuyed) 11 O 8k o Femigermlid water. The
SIRPBASIRH R YhraG i fre @i Yparti -
b s Bt o RO ontgo] i artiles having o
nas grnetandess thpndf.5 pot i Me petigaunedladedrints canisted with pressurized
garéi%@s vvithg{lnean size less than 10 Mmin a
1d o $-HtatPoosthais-on fornmed from 0.5 g of trehal ose and

0.5 g of lecithin dissolved in 100 nL of dem neralized

wat er. The suspension is spray dried and the resulting
material is micronized tEyrpaltaibsBRemBRVMENG a nmean
di am% er less than 1.5 mm The particles are | oaded
i nto sranpledliystzages &@g@g@rptz%of a formulation containing a compound
oftd iR iPlh- B4 HOI ABLCRA e ! At on Bxanpl e K Thi s
exanple 1lTustrates e preparation of a formulation

cont Aisnspegsian conpiminyils 0f plidn@addnviesltshid 0f i@iveddstipbiindPand 0.1 %
net.ered dose inhaler. A suspension containing 5 % ]
legithip Aterspared By dispersingrl O-g:qf aghve envpprnd as meiconizedparticles with

Leci.thjn i d . di j f.acti. )
mEBPHALIES & 0 BAH Lol BRBI LR e R s 200 mr
of deafindr@liea vdlerd THRIsubpcRBioh & $PRsl diand tRe £s@itink GRkdR 13

di ssolved in 200 nL of dem néralized water. The

migreestkiogarticdesdyaving adneadliametet less thes 015t jumg Thapedtickk are loaded
.1S mcronized to.partjcl.es ving a mean di aneter |ess
i cat ?f%Wﬁfﬁqu‘%Sﬁ%ﬂ%ar%1i#&ig%maﬁ%r@dl-pmmm-

Formulation Example L

This example illustrates the preparation of a dry powder formulation containing a
compound of the invention and a corticosteroid for use in inhalation cartridges.
Gelatin inhalation cartridges are filled with a pharmaceutical composition having

the following ingredients:

Ingredients

mg/cartridge
Pharmaceutical salt of active compound 0.1
Corticosteroid 0.5
Lactose 25

28



into canisters with pressurized 1,1,1

, 2, 3,3, 3-hept af | uor o- n- propane. Formul ati on Exanple L
wohbes/1exmapl e il lustrates the preparati on of aPdTAS2005/019549

powder fornmulation containing a conpound of the

I NVeRd | roid f i nhal a

car t o aaa Pl AT Qb o frss8ridPRedt hnicronized
pribt fo ‘tﬂemlil@’ Wik &idtdse.alThe eomess bf o8 cb@ﬁdgg@ atdWRIniflsteddd kg a

redi ents: Ingredients ng/cartridge Pharnmaceuti cal

P%‘X&?“B]Fa%rctlve conpound 0.1 Corticosteroid 0.5 Lactose

25The pharnmaceutical salt of active conpound and the

corticosteroid are mcronized prior to blending with

| act B’icﬂogii[&lekssmtents of the cartridges are

adm ni stered usin powder inhal er. Biological Assays

The dBerporpeds pf i @vsarﬁw@nﬁmbfﬂalelr@h@uma@emtrcally—acceptable salts,

B RSP BRSNS B S,
c@tﬁpddﬂdyco ®fndao @W%B&eﬁgic Péceﬁoi” Qs bR R iRAEIBRRG Seonist potency,

recept or, as wel as its sel'ectivi ty agonl st Ot ency,
anghigtrinsio aqﬁyitﬁ cm:bq demapnsiaied being diests £t-Batckowv, 0s cambdéstenstrated

e n be .denonstrated using other tests
uﬁlﬂ%\?&lg?%% alWOYVﬂé gl?etarf'Abbrew ations YEff %
ef fi cacy ATCC Anerican Type Culture Collection BSA

Bovi ne Serum Al bumin cAMP Adenosine 3':5 '-cyclic
nonophosphat e DMEM Dul beccAlkbresihitioned Eagl e' s Medi um

DMSO Di net hyl %’ﬂf{‘ oxi de % officacy
ATCC American Type Culture Collection
BSA Bovine Serum Albumin
cAMP Adenosine 3’:5°~cyclic monophosphate
DMEM Dulbecco’s Modified Eagle’s Medium
DMSO Dimethyl sulfoxide
EDTA Ethylenediaminetetraacetic acid
Emax maximal efficacy
FBS Fetal bovine serum
Gly Glycine
HEK-293 Human embryonic kidney - 293
PBS Phosphate buffered saline
rpm rotations per minute
Tris Tris(hydroxymethyl)aminomethane

Membrane Preparation From Cells Expressing Human
B1 or B, Adrenergic Receptors

HEK-293 derived cell lines stably expressing cloned human B; or B, adrenergic
receptors, respectively, were grown to near confluency in DMEM with 10% dialyzed FBS
in the presence of 500 pg/mL Geneticin. The cell monolayer was lifted with Versene
1:5,000 (0.2 g/ EDTA in PBS) using a cell scraper. Cells were pelleted by centrifugation
at 1,000 rpm, and cell pellets were either stored frozen at -80°C or membranes were
prepared immediately. For preparation, cell pellets were resuspended in lysis buffer (10
mM Tris/HCL pH 7.4 @ 4°C, one tablet of “Complete Protease Inhibitor Cocktail Tablets
with 2 mM EDTA” per 50 mL buffer (Roche cat.# 1697498, Roche Molecular
Biochemicals, Indianapolis, IN)) and homogenized using a tight-fitting Dounce glass
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EDTA Et hyl enedi am netetraacetic acid Emax maxi nal

effi cacy FBS Fetal bovine serum Gy d ycine HEK-293
weélzoan2ewbr yoni ¢ ki dney - 293 PBS Phosphat e buPCemsen0s/019549

saline rpmrotations per mnute Tris

i i h Menb P i
O U R ARG AR IR BP0,
pBltstenis avashédted K3 thdesit VeHeras/ desdshBRForSdraltehtrE @8 95 B8ve. The

cl oned human P1 or b2 adrener |c(receFtors,

fingkpedlet Wostegusporded i mspbrens hydter TesECliph DHEN.SmM

i th &l o I n. 1 resence .of 5 [l .
MG Rk EDTRLOEE T RubBin BB GRET B 1 e r P Bapion ves
ddtePnBOdby thednghdd EBAdRd BBRY08 M., 3:eBthcaBBIBRSHistry, 1976,

Cells were %elleted by centrifugation at 1,000 rpm
78| Mgmbrasies; wigksr stotefl fiioaen istadiquotsfat $08@. at - 80C or
menbr anes were prepared i mredi ately. For preparation,
cell pellets were resuspended _in |lysis buffer (10 mM
Tris/HCL pH 7.4 @4C, one t abl st Bt "Conpl et e Protease
I nhi bi tor Cocktai l . " 50 nmL
buf fer (Roche cat.#zzgiﬁg tﬂﬁé}gﬁ%@%}?u&?ﬂ

Bi ocheni cal's, |ndi anapddz ANPReEBiGRACRINSHi zed usi ng
a ti Bivdidg dssaysgvdde padan@pdds Sbaraipaivraaer f12@s i 4 2 9¥say volume
on ice. The honogenate was centrifuged at 20,000 x g,
of 480 p&iwigh 5 %@a&ywr@mfmdmbrgmsyomaﬁﬂm thigyhuman B,

esus ensign and. centrifugati on as abqve. The fina
TGRSR THGRDIT o s R S RSP0 P gics CoBtaiAE the human By

adtehéthidebcetdr In 4osayl BufPErYy Mafd dris s a;ﬁ-@?’ﬁ @2?55@,0?25 mM MgCl,,

Prot & n concentration of the me e suspension was
1 deMGDTALU2YBI AR Seeirdtima tifidile stdiies dor(dBteatiirmtion MVK,; values of

Anal.yti cal Biqchem. stnry, 1976, 72, 248-54). Menhranes
tiEaRSieGRateos Pentaiminel HIdBUBPAPEROIOBONET 72 L08 Clmmoy
PERHFIN ORI S Bl M. ASGi80h, WPA Y 3T Yifferent concentrations ranging from
0.01 nM - 200 nM. Displacement assays for determination of pK; values of compounds

were done with [3H]dihydroa1prenolol at 1 nM and 10 different concentrations of
compound ranging from 40 pM — 10 uM. Compounds were dissolved to a concentration
of 10 mM in dissolving buffer (25 mM Gly-HCI pH 3.0 with 50% DMSO), then diluted to
1 mM in 50 mM Gly-HCI pH 3.0, and from there serially diluted into assay buffer. Non-
specific binding was determined in the presence of 10 uM unlabeled élprenolol. Assays
were incubated for 90 minutes at room temperature, binding reactions were terminated by
rapid filtration over GF/B glass fiber filter plates (Packard BioScience Co., Meriden, CT)
presoaked in 0.3% polyethyleneimine. Filter plates were washed three times with
filtration buffer (75 mM Tris/HCl pH 7.4 @ 4°C, 12.5 mM MgCl,, 1 mM EDTA) to
remove unbound radioactivity. Plates were dried, 50 uL Microscint-20 liquid scintillation
fluid (Packard BioScience Co., Meriden, CT) was added and plates were counted in a
Packard Topcount liquid scintillation counter (Packard BioScience Co., Meriden, CT).
Binding data were analyzed by nonlinear regression analysis with the GraphPad Prism
Software package (GraphPad Software, Inc., San Diego, CA) using the 3-parameter model

for one-site competition. The curve minimum was fixed to the value for nonspecific
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bi and b Adrenergi c Receptors Binding assays were

perfornmed in 96-well mcrotiter plates in a total
wazs@Eyizwes ure of 100 nh with 5 ng nenbrane proPeTuSE®s/019549

menbr anes contai ni ng the human b2 adrenergi c receptor,

.2.5 t rrb t
i Ao oAt o Brecer ot b0 M FRrgled, Ky it 8t Slmpgynas
whtd Sdlddfhted Hort cﬁ')s@vg@%;o Vll%e§aﬁﬂ\'ﬂhy@g V:)aluejdm&%-ﬁhggld%ﬁing the

BSA). Saturation binding studies for determ nation of
CkenmxPuwssffehuativa (ChdioV| gahRruseff Vo IBeoabsmwgl Pharmacology, 1973,

254 In R0 e S0 G0 s sefeetivigg Sias I ClRR 25 thegatio of

Kd%]l;)f 8 t concentrations ranging from0.01 nM- 200
s%l acenent assays for determ nation of pK val ues
of c Bmmhmgmhsul\tme exionssetdvat thenegttdichlgdadialagaethal of thaK; Yalues,

10 djfferent. co cen rati.Qns of_ conpound_ ran
@W“Bﬂﬁ}ll 12k o 1) e a3 bEeVHEhS gldlrgg alfinity for

10 MM i n d| ssol ving buffer (25 nM
t%%%% %#%%ﬁé\fth 50% DVSO), then diluted to 1InMin
50 MM dy-HO pH 3.0, and fromthere serially diluted
into assay buffer. Non specififgpgndi ng was determ ned
in the presence of 10 nM unl abel ed al prenol ol . Assays
wer e i ncubatviwlé-call QOVIR Flathgd atetA ssapnMitn@el hinese,

bi ndiHgeroRpousl9 Expyesig Hiiiand, eciredoécpbid sz iAldir&@ddepror,

over G-/ B glass f t gﬁgﬁg
Bi oSci ence Co. l\/i%al{rﬁleB Aﬂi'én%ﬁ:e[go gslgea%lgé 0. 3%

pol yet hyl enei m ne. Filter plates were washed three
t | med Hﬁm% qelllimeistahbexpressing ehngf/hwmas fHegirepgugie racegpor
d 1 renove._unbou
5 TR GoVE S et eSO bt SRV i miRaR BRpistinggr VEM
sﬁﬁp‘[’éihéhtéiﬁzvﬁﬁ i1bdABOBnd 500 So/hPAGKRAFIBATPEK EB&effQine stably
Meriden, CT) was added and plates were counted in a

emc%amlﬂmddmumm futadrendceptarrtiont &i2ddH) was grosm ifiPbae feamadmedium
SC| nce Bi ndi n at g, were
WL BE By A ST RCk o ey S s doted Jifian fradrenoceptor
w% Qfﬂ%ﬁﬂ@ aBBhtW‘)@@t)?%ﬁu&ﬁ:?Kﬁ‘%n{ & ﬂ@r}ﬁaﬁué%ﬁfj @nted with
Inc., San ego, CA) using’'the 3-paraneter
10%&RS trel Wﬂihrﬁéﬂ) ug/urrdnGeletmmadd@é tmvaryrﬁfth\passage ﬂ.“dad daxo before the:

the value for no |cb|nd|n determ ned .in the
e USSR FEihe o Boiimsiie het AaB Rt

val ue S R %%ﬁ%ﬁqﬁé?%%&t R TRy ot latlac
Adenpdyli @mla(se:mngatmn Assdy synmmltWWI-cmBmEm 8MIP004, PerkinElmer
Llfh %E:lréggegllgc Boston :f\/[A) according to the manufacturers instructions.

On the day of the assay, cells were rinsed once with PBS, lifted with Versene
1:5,000 (0.2 g/L EDTA in PBS) and counted. Cells were pelleted by centrifugation at
1,000 rpm and resuspended in stimulation buffer prewarmed to 37°C. For cells expressing
the B;-adrenoceptor, 10 nM ICI 118,551 were added to the stimulation buffer, and cells
were incubated for 10 min at 37°C. Cells were used at final concentrations of 30,000,
40,000 and 70,000 cells / well for the B;-adrenoceptor-, the B;-adrenoceptor- and the 3s-
adrenoceptor expressing cells, respectively. Compounds were dissolved to a concentration
of 10 mM in DMSO, then diluted to 1 mM in 50 mM Gly-HCI pH 3.0, and from there
serially diluted into assay buffer (75 mM Tris/HCI pH 7.4 @ 25°C, 12.5 mM MgCl,,

31



10

15

20

25

30

22, 23, 3099-108). The receptor subtype selectivity

was cal culated as the ratio of Binding results are
wexpsazsws as t he negative decadi c | ogarit hm oPCrhs2dd5/019549

val ues, pK; .Conpounds having a higher pK value in

t]ghsE a ' .adi.n f i Ni f he b
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chERaysionk] fangak front DEEMIRIES AVD BRUSH Ohs ReRE B ahdiel fdv 18 Min at
1 Adrenoceptor, b Adrenoceptor, and P3 Adrenoceptor,

3R prebstpppedyby additior-0f 980 gblite-tald detsttad YufferpPless iweee sealed,
.cl h P ' tor (cl, H34. 1) was,
A P T B BRSOl BRR b St g

c&inté\BAMIGHPB BERALE Do MY dR %0 TBPha Bthor b ATBNE produced per mL
Geneticin. A HEK-293 cell line stably expressi nB

oEteapteah Wamgatcubtechbiase ot ¢t cunts ﬂbmed-m Ihe]s&)np}léiﬁgng :clmM']P

' Jredi full CHO e
S oS A B g B e g iR 458 Lo Sl Bard by
n¥¥@felf RPFEsdiOn ARMs WRNEIRAEoRPd mgoﬁ@ﬁf@%ﬁa%é;(%p@ad

medi um suppl enented with 10% FBS and w t
Sciwetei nicn Sad @aeo, 649 weing thé 3-phrapess agele]l Theighajdddbar-sponse
he assay, - cultures were switched to_t he same )
Cdame “rr b Acomist RO{FRCISR et pressed a5 ARG snyaligrs Fuaptéonal Bo/B:

I L Y
PYBS Seldcivity oAVRAANENs IMRA4 ECRRBYIEL(BS. Li fe Sciences

Inc., Boston, MA), according to the manufacturers
instructions. On the day of the assay, cells were
rinsed once with PBS, Iiftexg \{\néh Versene 1:5,000 (0.2
g/L EDTA in PBS) and counted®'Cells were pelleted by

c ? ntr : f ;wml'biéglﬁl AMP Mhbﬁ%ﬁﬂ%yf\ﬁgm%gijg ihgztfﬁseﬁal Cell Line
STUI nul at i .

expr essi r%ﬂltoge ({'ﬁgfdgﬁ océﬁ?or‘lﬁﬁ?ggﬁ%fir%er l?[ ,%glltoﬁ/er e
addeblorttbe déternsinatien @ftdgonisbpdtéreics aad@dffiekiles (ingrigic activities) in a

Lncubated for 10 mn at 37C Cells were used at final @
colDePRaTS ﬁ%&%ﬁn%, lerds oldy adrmmergieirepepton @ he@andung epithelial

4Pl (NS0, ARl o B SRS cion
Masasoes; MA)EI ghuafyaBe ah 0B ivgdr Routhad 9P PH&Gndcelogy, 1998, 123, 4, 701-
11 98?1 sn\}vérgtglrgv{f]n to 75-90% confluency in complete, serum-free medium (LHC-9
MEDIUM containing Epinephrine and Retinoic Acid, cat # 181-500, Biosource
International, Camarillo, CA). The day before the assay, medium was switched to LHC-8
(No epinephrine or retinoic acid, cat # 141-500, Biosource International, Camarillo, CA).

cAMP assays were performed in a radioimmunoassay format using the Flashplate
Adenylyl Cyclase Activation Assay System with '**I-cAMP (NEN SMP004, PerkinElmer
Life Sciences Inc., Boston, MA), according to the manufacturers instructions.

On the day of the assay, cells were rinsed with PBS, lifted by scraping with 5SmM
EDTA in PBS, and counted. Cells were pelleted by centrifugation at 1,000 rpm and
resuspended in stimulation buffer prewarmed to 37°C at a final concentration of 600,000
cells / mL. Cells were used at a final concentration of 30,000 cells / well in the assay.
Compounds were dissolved to a concentration of 10 mM in dissolving buffer (25 mM
Gly-HCI pH 3.0 with 50% DMSO), then diluted to 1 mM in 50 mM Gly-HCI pH 3.0, and
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of 10 mMMin DMSO, then diluted to ImMin 50 mM G y- HC

pH 3.0, and fromthere serially diluted into assay
wouabdsar106F5 nM Tris/HO pH 7.4 @ 250C, 12.5 mvPdi@iS2)03/019549

mV EDTA, 0.2% BSA). Conpounds were tested in the assay
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nonl j nhear eSSI on anal ysi.s.wWi.th the aphP d Prism
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Medeh SETO ThE ﬁmgulﬁ%f%mflﬁ brd@i‘ﬁgﬁ dr UL 5 LI Hakas calculated based

dose-response (H sl ope = 1).” Agoni st potencies
o ﬁmc@ys@ @ba@anEfOr Samlallemm cAMRctandeals, 43 debiribed in the

t t d { ECs ZEC50
R ko B RSB oL Sl
PR3 S EHBTSE Be oht Co) i

HperantesérinaddeOldrsigniaidal End@gispmss withEvapiablesiapg. Chumpour efficacy
ner gi.c .Re or For det ermi_nati on of oni st
CAERERGT SUCUae BPh Diaeria ot fnp e Eraet (L pes e qurve) and
U bmu e R8¢ S an0d cAORRP RS ST le Bos Horsepd oy 10

reldBivA%e BBprovasnolsed ( ATCC CRL- 9609, Anerican Type
Culture Col |l ection, Manassas, VA) (January B, et al.
British Journal of Pharnacol oéryes‘i]i998 123, 4, 701-
11). Cells were grown to 75-90% confluency in

conpl Assay QfcBuonchoprotentivnurgainsi@ @ tyleivlivktlndntal Browgrhospasm
Epi nephrine and Reti nbi A Gwineda PizeMo#ell81- 500,

pet ot PR et LB indtinehaees Har SiveEolnoo BB ities
MRBisBE PR visigihg B@ttv\}e@f? QSO afd §150 g%re#ln&ﬁ/%duQQQ 1de§hﬁ§&’9{/ Edge

I nt ernat’i onal , MP "assays’ wer
Ccane. f"ﬂrnmhouhtha studgal mmnna’mwerw&]aweﬂ accrms toulsbd gnd hrater ad libitum.

I Al cl ase Actlv on Assay  System
R R AN NG P
whole-body exposure dosing chamber (R&S Molds, San Carlos, CA). The dosing

chambers were arranged so that an aerosol was simultaneously delivered to 6 individual
chambers from a central manifold. Following a 60 minute acclimation period and a

10 minute exposure to nebulized water for injection (WFI), guinea pigs were exposed to
an aerosol of test compound or vehicle (WFI). These aerosols were generated from
aqueous solutions using an LC Star Nebulizer Set (Model 22F51, PARI Respiratory
Equipment, Inc. Midlothian, VA) driven by a mixture of gases

(CO, = 5%, O2=21% and N, = 74%) at a pressure of 22 psi. The gas flow through the
nebulizer at this operating pressure was approximately 3 L/minute. The generated
aerosols were driven into the chambers by positive pressure. No dilution air was used

during the delivery of aerosolized solutions. During the 10 minute nebulization,
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Life Sciences Inc., Boston, MA), according to the

manuf acturers instructions. On the day of the assay,
woebdssizwese rinsed with PBS, |ifted by scrapi ngCwiuSEn05/019549

5mM EDTA in PBS, and counted. Cells were pelleted by
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conpatiy frotand poﬁfneﬁﬁl@zaﬁeﬂ wegdttSof thelleCatd Siz¥er € used
at a final concentration of 30,000 cells / well in the
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tizggl with asmtrarrm@%@mmﬂmeﬁkqt@smed% s mgé@ssay at

e L5 SR RS RIARP, ST BBl B e s

addcledfell SEH T0% ERERY]; a Reodh hBASnNBER o HFWRAS o] e%{oe@t%f the neck
mn at 37C and stopped by addition of 100 ml ice-col

waemade.; bhetp thefivgularplein wes iselatedsamd| ceninulatad WMtaeﬂahwﬁiled

o B RBSAsTRET AT g BES e
1nmi(brﬁseﬁ' a (N ng/nth 8olafivn! 6F actyl&OMRe PA S UGS R A . S@fLouls MO)

reacti on was cal cul ated based on the counts observe
inf S@hn@ ahipd Bachgmeas e dissentetbfresandasnoelsied mﬁm 14G tdﬂen tube

' . t d
O Ao Bas, 303 TR P R ieiel s Sthenl et mbintatned by
a@ﬁdﬂ&ﬁfrﬁaﬁﬁ@&ﬁﬂqnj@@i&ﬁ@?ﬁ% @fe&%ﬁ@me(ﬂ :ﬂl%sth%tﬁ%bcgaﬁg The depth

CA) using the 4-paraneter nodel for si
oipmesthesia yenmeniipred anéadjaﬁbélféh@mmamﬂmuﬂndi teepihtlag yf its paw

cal cul ated from I 0. of the observed
onih e rpspiof Py es effer g ) preafiy i i
I S POA&Ehe Rhdiultedné Rbrd coXPYbtk SRR LALET §R9 la
expressed as %ff relative to |soprotere . Tes

plphgsmoapiBtiPh 30 bt Buct |E]>¢Dtmgmsn[nb Sharon, CT) and an esophageal
DI o 05 SRR TaCtseT S T BRgY CFINegHTSNS dpreegre). The
teﬂbﬁ &E’Qféaﬂdbe Kas highedRths eeer%ﬁége of fllﬁ ;pgigjl}{%glo aglgf@ M bhe guinea

0O g were individuall
plg to breathe room air from outside the chamber. The chamber was then sealed. A

heating lamp was used to maintain body temperature and the guinea pig's lungs were
inflated 3 times with 4 mL of air using a 10 mL calibration syringe (#5520 Series, Hans
Rudolph, Kansas City, MO) to ensure that the lower airways had not collapsed and that
the animal did not suffer from hyperventilation.

Once it was determined that baseline values were within the range
0.3 - 0.9 mL/cm H,0 for compliance and within the range
0.1 - 0.199 em H,O/mL per second for resistance, the pulmonary evaluation was initiated.
A Buxco pulmonary measurement computer progam enabled the collection and derivation
of pulmonary values. Starting this program initiated the experimental protocol and data
collection. The changes in volume over time that occured within the plethysmograph
with each breath were measured via a Buxco pressure transducer. By integrating this

signal over time, a measurement of flow was calculated for each breath. This signal,
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cards. Throughout the study aninmals were all owed
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ThenThea ¢rantityRIPa ivhicki is dv@@dl as dheatredurd od Ach meededtte dause a
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where:

C1 = Second to last Ach concentration (concentration preceding C,)

C, = Final concentration of Ach (concentration resulting in a 2-fold increase in
pulmonary resistance (R;))

R, = Baseline R; value

R, =R, value after C,

R, =R, value after C,
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of anesthesia was nonitored and adjusted if the aninal

responded to pinching of its paw or if the respiration
woavws/eess gr eat er t han 100 breat hs/ m nute. OnceCcThs2005/019549

cannul ations were conplete, the animal was placed into

I - | ect ' Lnec. ..
St SO IRRG A EC LA e PG CTRL £ iy fe o
Vianiaadet followed bepssihec pudlpdinadiie 8§ BoMfoR@nDf B&Siest. A P-value <0.05

(pressure). The teflon tracheal tube was attached to
wap gonsiisedisnficattie pl et hysnograph to al | ow the gui nea

i ' tsi.de th hanmber. The .
Chanbor BB shRRELR G ALl R rd 0 R e sing
GraphPbd Pristpktsibs 3709 fat Wisd@nd((rbghEidi SYERvap, $af DibdH) California)
were_inflated 3 times with 4 nL of air using a 10 nL

cal i BraMis @fax-Mie)/( #58P (IgEDasX) HaillsloRe)ol ph,
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ot Bk tunt Reh e PP UE iFtherconSiED L ahd S Sertgtin and
Sh¥€ iy icany tdNGR wi Laed that baseline

al?/%tﬁueg %ﬂé’%& t hﬂ] the\ﬂ;l?ﬂéé‘%@g@%fa?ﬂfg?g nmL./ cm H20 for

conpliance and within the range 0.1 - 0.199 cm H20/ nL

per Cc for resistanc t.he. pu] nonary eval uatjon

was ?ﬁ? ?O?]%?”é%g. XRIRIGEAE B %ﬁ%#ﬁ‘s'ﬁﬁtggﬁﬁ %‘H‘Eﬁ’conc @ijfHP gpt to be
cotsfedmang i 5s lintia©tHeaespOd¥ ROFvERIdnvat i on of

pul nonary values. Starting this programinitiated the
experinmental protocol and data collection. The changes

in volunme over tinme that occured within the

pl et hysnograph with each breath were neasured via a

Buxco pressure transducer.gBy,digd egrating this signal
over time, a measurenent offlTow was cal cul ated for

eac hGieneral: {nlgdsinotesli afheriviteorpapdgs, startiny mhteripldndsobeyts were
drj vi ressure, changes, .whi ch re collected using a
PUghseh HpPeCbinacial Spligse T xrmes Poga ARCA(Sh e §O), . T.
BilteR (PhiBips6@ e ok
col Iaggtﬁ%ﬂ%n Ig,ﬂ%ﬁ%lé@%e' se g:ﬁ%g%%gﬁg%%ﬁ%éﬁ}%%egm, M), and used
withiaitt Henthep plrificedion; pactaomstvers ruereledritioyadathiosphdriiestion
were collected for 5

two inputs. .Base]ine yal ues 20 . .
it BBLE EpniEiohy B [ e o g groHB Hesa ko anatytcal high
P 1 mnute }dcla\érr}%r gmsy?iaﬁggla%l\g?ﬁg{ P(LS%BZ(%S@\?\%S%WOZH %Béﬁég{l%%
mixteres weerdosmaény purifiad by fiash, cofimn eliroiagtaphlyowisii@a gel, or by
doses emgr escribed tines fromthe start of the
PrERATRITY - uging t%gq@pm protegol desgribef kelow; NMR samples were
dissolved in deuterated solvent (CD3OD, CDCls, or DMSO-d6), and spectra were

acquired with a Varian Gemini 2000 instrument (300 MHz) under standard parameters;
and mass spectrometric identification was performed by an electrospray ionization

method (ESMS) with a Perkin Elmer instrument (PE SCIEX API 150 EX).

Example 1: Synthesis of 8-hydroxy-5-[(R)-1-hydroxy-2-(6-phenethylamino-
hexylamino)ethyl]-1 H-quinolin-2-one

a. Preparation of (6-phenethylaminohexyl)-carbamic acid ferz-butyl ester
(6-Aminohexyl)carbamic acid terz-butyl ester hydrochloride (5 g, 20 mmol) was
dissolved in 50% dichloromethane/methanol (50 mL) and treated at ambient temperature
with phenylacetaldehyde (2.3 mL, 20 mmol) for one hour. Sodium cyanoborohydride
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3.8 ng/mnute at 10 mnutes, 7.5 ng/mnute at 15

mnutes, 15.0 ng/ mnute at 20 m nutes, 30 ng/m nute at
wasoesinuees and 60 ng/ m nute at 30 m nutes. | f PCT/US2005/019549
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a doUbk pragluof ofithepisaioek step vaa ltweted miambishistmpemturawsth

I t ed [ t I nar,y resi stance val ues
bR T R A D oD pane R B b M0 mL)
oSBT ERAS e TEL AL 391 SUEH P s VR v
withl aqesousrittin@cidl(DAiM) foliowed bysattiateSadiu BPdp ger(catbobate, dried

| 0gC,) (ZRg-  Ri D2= ajitilog.l ogC + where: Cl1 = .
° %8?\%9_54 @qfa&sﬁrgd/igw@aﬁe%Fﬁm%‘%ﬂ&ﬁgira_s%ﬁ PFeasTe fp give the title
eSO S2nitiPwas AN afANAEREE iR, ACh
(concentration resulting 1n a 2- I ncrease in
SISY = Baseline RL value Rl =
c el of GRS gty S aot B8 WS E, | Ca
anal ae pradiict dfehapreaionastep €9 § oruteyiwas disglved@adidMotomethane
Anal ysis of Variance followed by post-hoc analysis
(‘Gpsinfryand ERatidert pabicnt tanperatiesyith mifoyencefic aeid 65 mhy The
. AL ) . r
R U e R R B R e
basified with sodium hydroxide. The mixture was extracted with dichloromethane and

the organics dried over sodium sulfate. The volatiles were removed under reduced
pressure to yield the title intermediate, which was evaporated to dryness and used without
further purification.
d. Preparation of [(R)-2-(tert-butyldimethylsilanyloxy)-2-(8-benzyloxy-2-0x0-1,2-
dihydro-quinolin-5-yl)ethyl]-(6-phenethylamino-hexyl)carbamic acid benzyl ester
The product of the previous step (6.5 g crude, 18 mmol), 8-benzyloxy-5-[(R)-2-
bromo-1-(tert-butyldimethylsilanyloxy)ethyl]-1H-quinolin-2-one (4.5 g, 9.2 mmol) and
dimethylsulfoxide (13 mL) were heated at 110 °C for one hour then cooled to ambient
temperature overnight. The mixture was partitioned between water and isopropyl acetate.
The organics were washed with saturated sodium hydrogencarbonate, dried over sodium
sulfate and evaporated to dryness. The mixture was purified by reverse-phase HPLC to

give the title intermediate as its TFA salt.
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G aphPad Prism version 3.00 for Wndows (G aphPad
Software, San Diego, California) Y = Mn +

woOlbosARaey/ (1 + 10L( (1 og ED50-X)* Hill sl ope)), PGEIS200X019549
is the Iogarithm of dose, Y is the response (PD2), and

YPr%ﬁﬁ%ﬁ %E—h@f g(&pﬂé ae%lg elgﬂ/ 2\/3% %Q Al gulgplén )5( -yDethyl]-
@hé’ae a’fnlnl“h P %f“ﬂg’ i sy Leste andgkgﬁeenot to be

c ONS tThe @ebdubt MHNBIVRSS bﬂeﬁmta»s Agssbived BERREhyIkoR and treated with
i nvention. Exanples Ceneral: Unless noted ot herw se,

tmfél@d@rm@ trigydspflnoriflern raon temperatursointibfitegeaotivr was adjudged to be

éﬁ%ﬁ%ﬁg}?i@g r’f&‘-%o %gc‘l(vgsl pqﬁf gnejlebr for]ngD%r{En ﬁydromde and

156E;ibpk'1 adR ) f’ﬂhe MInicaRere ldeiRE Ve éodﬂ#ﬁ Shtiee ACLvABGKRARO dryness
egon, , and used w thout further purification;

tqgléi@thedﬁiﬁlmedlaﬁ under nitrogen atnosphere; reaction

m xtures were nonitored by thin |ayer chromatography

f.(Synthesia of BAydreaxyed-[(R)-¢ dlydtuxgtR-(eplcnethyhaend-hegslsnino)ethyl]- 1 H-

chfmoliatpgiaphy (anal . HPLO), or rmss spectrometry;

react on mxtu es were comonl fied by flash

col u b?arﬁwu@ﬁeg (ifﬁOcrag,g(w m@aolb‘yaqaqiléiséveétmve

r
e 4 e il R s
wabadded in aliddEO- TiED reactivn m&ﬁd&ﬁlwrwlb}eHBL@UmIﬂﬁ sddMidral Boron
Hﬁg‘r ian_Gem ni. 2000 jnstrunment (300 MHz) under standard

fosisthsng; addedjupie dhe repetian wareadjudeed febe pemplatei dA%nhestic acid

I ESVS
PSR BB SEGRRRIRNC LAPER R R Pecy it e
reE»damWas pltifi&y by f@ﬁts@ phise HPLC to give the title compound as its blS—
8- hydrox 5-[ (R) -1 - hydroxy- 2- (6- phenet hyl am nohexyl ani
trfBoTQACH %/qsa It{ Z- qui nol i n-2-one a. Preparation of
(6- phenet hyl am nohexyl )-carbami c acid tert-butyl ester
(6- Ami nohexyl )carbam c acid -butyl ester hydrochloride
(5 gExaMple| Altevmatite $arhsedof hP@xy-5-[(R)-1- hydroxy—Z -(6-
di chhRERARYINARES-TBEIARR]0)étRP1 TH-qR 1 eﬁyge (53 m

anbi ent tenperaturé wth” phenyl acet al

a. Fepanation ¢fqs-phasetindcarbansedipemyDy abaiir iy Sri-eflsr 9,
19 mpl ) added and the m xture stirred overnight.
Wt ePh%gglV\ga%@ (4001 Gvacrme): §erinbutaxycarbemyligaino-hexanoic acid

(1'7()’ Q,réf.)g fM &S oD f‘-tiﬁdl%g%eﬂg&htﬁoqg E‘%oo%g,@. Pﬁ%’ Qf%l%edmsoﬂfed under

nitrogen in N, N-dimethylformamide and cooled to 0 °C. 1-(3-Dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride was added and the mixture stirred overnight, allowing to
warm to room temperature. The mixture was partitioned between water and isopropyl
acetate. The organics were washed with 0.5 M citric acid, then saturated sodium
hydrogen carbonate, dried over sodium sulfate and evaporated to dryness. The residue

was used without further purification.

b. Preparation of 6-amino-N-(2-phenethyl)hexanamide

The product of the previous step was dissolved in dichloromethane (10 mL) and
treated with trifluoroacetic acid (10 mL) at room temperature for 1 hour. The volatiles
were removed under reduced pressure and the residue taken up in dichloromethane,

washed with 1 N sodium hydroxide, dried over sodium sulfate and evaporated to dryness
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m xture was partitioned, the organics dried over

sodium sul fate and the volatiles renoved under reduced
wonressarest o give the title internmedi ate, whi CRCWAS2005/019549

used without further purification. b. Preparation of

t; : I '

o AR DO F s R MR IS SR R
purifatien. at anbi ent tenperature with

benzyl chl orof ormate (2.8 nL, 20 mmol) and aqueous

c Saehaaidysing é;b%ﬁeﬂly&ekénea%ma}mﬁé/ ernight. The m xture

was extracted with iso ropyl acetate. The organics

ver e ThaRredactafthe prguioss §te@ (330ireg.det thpa) wapplissadvedomisepm

B 0T S RRRSP LR T b et e oo
(JO0GHS =8 all@ed)i TR thik@urk taks Befluxb@ bVBIEi gt theh Ro8lkd Wak {Re bath.

was used without further purification. c. Preparation

Mgsthapel wind avighé ggrefblyend the Ydatilbmreimoved inddreedngkd pesare. The

reitD oS il chpfa Mt e erBetilplif oo Rk S fotermediate
(FORLENL6 mBIBPERRICH fv@s%écf‘witﬁdxft P PERELAioAC d (45 ni).

The volatlles wer e reane under reduced pressure and

dB¥epd: ddf% ?&&%& YBR YL bR il R0 5. GO0 um
§ielﬂi(8)rl mf’hgﬁ i Lj?t % [ %IHP%%H i°"'8d over sodi um
S uI f Bheprodide of theaprbVioss swey ezooeﬁ@\oegul MAHIEY, sr&dzgq&ey 5 [(R)-2-

pressure to éleld the title internedi ate, which

brepepkrkigrdintyl n%ﬁt@}ﬂ@b@@ylaﬁw)et}%dlﬁmqﬂmhn-%mq (349 meg, . 0.70 mmol),

‘Fi%}&“g‘%% cpat‘rbcg‘la{é3 4138 %{E@% rg{nl%e?na)l}fio 1m?th§l s(uéfoglélﬁ ﬂ/ 7 6&19) were

he2ted0-1110 2€ for 55 minutes, cooled to room temperature and partitioned between
di hydr o- qunol m 5- vyl et hyl ] - (6- phenet hyl am no- hexyl ) car

ispRiRPY agelpte apd nvajer. dde organtes V{ﬂr@@@@d ot S@h@mmugeﬁe@ué evaporated
tob esg E\’1“1? 1%51(&ué' gf%s pl}gﬁe'm?y 1)eVerse Bﬁase ﬁf’f@lto gl% Jthe t1t1% intermediate

as—ltst&sctrﬁlmawafd daBy5 they Behlh)l - | H qui nol i n-2-one (4.5
g, 9.2 mol ) and dinet hyl sul foxide (13 nL) were heated

L L L
en Varer and i sopropyl acetate. The organics were

was hEigk b dliict S8 tHepREEOuSAEN TBnhyY, ®83@1€<ﬂ§ gvhb aRad1fed #r i ed
to r

over sodium sul fate and evaporate ness. The
tefrplidertarand s ngyranfl Iﬁ@dteﬂwltlﬂmeﬂwbnph@my&ﬂfmonde (60 pL, 370 umol)

at room temperature for 18 hours. The mixture is partitioned between 1M sodium

hydroxide and isopropyl acetate. The organics are dried over sodium sulfate and
evaporated to dryness to give the title intermediate.
f. Synthesis of 8-hydroxy-5-[(R)-1-hydroxy-2-(6-phenethylamino-hexylamino)ethyl]-1H-

quinolin-2-one

The product of the previous step was dissolved in dichloromethane at room

temperature and boron trichloride (1 M in dichloromethane) was added in aliquots. The
reaction was monitored by HPLC with additional boron trichloride being added until the
reaction was adjudged to be complete. 10% Acetic acid in water was added and the
dichloromethane removed under reduced pressure. The residue was purified by reverse

phase HPLC to give the title compound as its bis-trifluoroacetate salt. m/z: [M+H'] calcd
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give the title internediate as its TFA salt.e.
Preparati on of
woO RboB)12R6Rydr oxy- 2- ( 8- benzyl oxy- 2- oxo- |, 2- di hy #COA§208/019549
lin-5-yl)ethyl]- (6-phenethyl am no-hexyl)carbam c acid
yAY t, e ViU D, |
R e 2B, PRSP IR O PR B O 104 s, 210, .6

(Brfsj 430)) 8l o, 0, J=F9. 9194 DAL UD (ﬂl,dﬁ{d)av.d ONH| B! 610€d, 1H,
until the reaction was adjudged to be comgl ete b

TH§R1e), orth &d, b a9 8Hah §.- 1ol 81 toAddbpds Vbdir .J.SHZé,o?d%’/-érh(m, 10H),
1_g¥ﬁéglﬁg€1§})qﬂqlhz%pﬁﬁp)‘yl acetate. The organics were

Sodirunt suf'fate and evaporated to dryness to
give the title internediate. f. Synthesis of
8- hydroxy-5-[ (i ?)-I-hydroxy-2-(6-phenet hyl am no- hexyl a
M NOrghiparisoh £ xanipie: Mk dF3eh J}%xg.r C Rﬁi-@hﬁsﬁz-(ﬁ-
prevy ] 1 S, di'ssol ved 1"n
7 b kel o P i e
a Wb S 61%-hoheiMyiotyKlixahbineret hane) was added i n
al i'qguots. The reaction was nonitored by HPLC with
addi 6i{Byombhé¢yanemitrile (36 ndy, 2 entbel) agd tetibuatylpmimonitinédromide

AR He 5D SinirGivat B EoaR PR e D St sodium
hitegite ( BAMES dpiieS$HA18ohol (£0 haS 128URmWESvR WL l%gulﬁ%f% ina

reverse phase HPLC'to give the title ¢onmpound as |
piecipitatief [The nusives weshesitddito EXEmvphare@onAhd srlidatissobved. The mixture

WA BB Ak 0 A PR R FEPRG T F9oH) Uit 0 lefvfor 41 days.
Wﬁ&p@é@h&@&dqﬁhﬁ e Retdydaanha foggg bﬁxﬁﬁi@fi&g Mife organics

acid ert-butyl "ester Phenethylam ne (
wareoidshed with-waikrpsaporatet sodilandhharides shidetbover acdidm(silBtegnd

%ﬁ%ﬂ%@%&égﬁ%ﬁ@% bgliﬂé]%]}:l | %é gg Ig( AErcr)lmrB?) Wl?i'cﬁ was used

‘tﬁbﬁ{%ﬂygfgﬁr@moge and cooled to 0 OC.
Wll-(3- Di Wélphy am nopropyl ) -3- et hyl carbodi i mi de

hl ord dded and the m xture stirred
b'%géa%i&b%ntg,fégﬁ?eow X%X?'llgex\xga%nrﬁn? o roomtenperature. The
m Xt Theprodsctpdhd grevioedstge {3k g2 Amirei) waclisssbrdapy |
acetate. The aqrganics were washed with 0.5 Mcitric

tegrabsirofiran {58 mlurad dgated avithhaignsrogbil wfidrieamex (rmby The
m?ﬁe‘tgxre &iafeédrkﬁl&eﬁ%lf 5 %oﬂl@,dth@f LT %ofa?legﬁéfﬁgﬁ%ﬁlﬁdyggmplex (2 mL)

was added, the mixture was refluxed for an additional 20 hours, cooled to room
temperature, and methanol was added carefully. The volatiles were removed under
reduced pressure and the mixture re-evaporated from methanol to give the title
intermediate (5.7 g, 26 mmol), which was used without further purification.
c. Preparation of 8-benzyloxy-5-[(R)-1-(tert-butyldimethylsilanyloxy)-2-(6-phenethyloxy-
hexylamino)ethyl]-1H-quinolin-2-one

The product of the previous step (3.4 g, 15 mmol), 8-benzyloxy-5-[(R)-2-bromo-1-
(tert-butyldimethylsilanyloxy)ethyl]-1H-quinolin-2-one (3.4 g, 7.0 mmol), sodium
hydrogen carbonate (2.3 g, 27 mmol) and dimethylsulfoxide (7 mL) were heated at 100 °C
for 135 minutes then cooled to room temperature and allowed to stand for 16 hours. The
mixture was partitioned between water and isopropyl acetate and the organics washed

with water then with saturated sodium chloride, dried over sodium sulfate and evaporated
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was used wi thout further purification. b. Preparation

of 6-am no- -(2-phenethyl)hexanam de The product of
woheosprews ous step was di ssol ved i n di chl or omrerbamns2(031019549

m.) and treated with trifluoroacetic acid (10 nL) at

TG PO T Ta—

adlids m@r@bét@fe@ant(hargez oveabpd with 1IN sodi um
hydr oxi de, dried over sodium sulfate and evaporated to

T i
re

aration of iV -phenethyl hexane-I, 6-di am ne The
pr odiibe pmfdutthcrf the previous stsp €5 €330 nmrgpl) jvad disselvid ias
di ss Hg}gd roomtenperature under nitro

tofrahy L5 a(néq??éedaﬁ%h G e EHr S THor A 6560 T,
49HRb %t t Q}%te'ﬁjq)er : n& S. . Cen@kﬁ@@v@ﬁﬂ‘%ﬁh&fﬂﬂéﬁ&n 1M

overni'g

scatiaie thydsixédelind yettah dcdtahe Y adghhies weesWashad witiehturated sodium
reduced pressure The residue was redissolved in
chigrifadied QM%F sednen g 2 cygeqTated 4o gymessiingiveithe title intermediate

T I W T
%@ﬁ%ﬁ% %ff}}é{%ﬁ(}) 5—Z{§ &QweircE(y(?G(6—phenethyloxy—hexylammo)ethyl] 1H-
PHER

PHyPRni no- hexyi am no) et hyl ] -1 H-quinolin-2-one

Th
8. geg[zlg Pfg)‘?(’lyctcgf tﬁ eﬁ%_ﬁé’ %tr@% §m§ %,_e%’] 2081 THd pRliadfurMPdrdxide on

calion (A0 %I R, md’ugde sohmmy+&@?(§')3@0 tmyg )] w dretsuppemndzidiin {2rabpdrofuran
( : 348%}% 0. 70ngm) %N S%dﬁ;?;tjrrq]g dr o%en n((l:zilernpypoqr;%lre 112‘10 hours. The
Q%ﬁ&ﬂ' who réljf@v g(ﬁ fffratRm Jﬂdgﬂ%ﬁﬁxtu&w g&afeg uhp%duced ressure.
gart I'tione 8

tenrper ature an et ween i sopropyl acet at
Thecksidat evas piﬁhﬁecbb:gmvexss—phmed{ﬂn@ ¢algive ¢lie MMQmpoauﬂ haite

ofpurehisate mp B Ighid BrEErOs feorsdn | 450 R
i 7
(jgbgglgir gjtl\f/lgg)f Jéﬁ?'olgﬁgggizla g)((ﬁt tJ[If) %4”(% 5 SH)1EP (21 11£:J=10.2Hz),

70-1.2 hyldﬁd)gﬁ-QZ(d( 6th€r(ﬁﬁdr)y6 arfd,nd I*Je&)@[fhm Mb{d iRy I$3. 7Hz) 52
ui nol i n-2-one_The product of the pr eV| ous st E[J &{
(rﬂ,;h) 84@,,@11) 120087y 362 ) PR =6,0H2), 2.7°3.0 (m, 4D, 3.7 (E, 2H, F-6.9Hz),

1.3-1.5 (m, 4H), 1.1-1.2 (m, 4H).

Example 4: Biological Assay Results

A representative compound of the invention, the compound of Examples 1 and 2,
8-hydroxy-5-[(R)-1-hydroxy-2-(6-phenethylamino-hexylamino)ethyl]-1H-quinolin-2-one
and the compound of the Comparison Example, 8-hydroxy-5-[(R)-1-hydroxy-2-(6-
phenethyloxy-hexylamino)ethyl]-1H-quinolin-2-one, were tested in the biological assays

described above. Results of the assays are summarized in the following tables.
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tetrahydrofuran (1 nL) and treated with triethyl am ne

trihydrofluoride (60 nL, 370 mmol) at
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remg&ﬁbﬁmlfﬁhg to|give the title conpound as its

bis—t++Hdoroacetategalt—mz—[ M+l cal cdfor
C25l—l33l\lSﬁBCso424 26; found 424.49.51H NVR (300MHz, 10.3
DVEO-J. 6). . 4 (s, 4 8.6 ( 4H),5U(d,l
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Oﬁé]f%OT

&?1}08?1
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EE‘??’%// mp) et hyl ] -1/ ?-qui nol i n-
Iéinf’phenet hyl oxyhexanenitril e
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6Brom) enltrlle

tetr thlf ]II nnrrmnn um hrr
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m da (250 11 mo
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YT

di ssol \%Elfﬁcacy et xahydr

ofuranV(§6§L) z:ma 509
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sodi um nydroxi de (15 ni).
25 mmol ) was added resulting in a precipitate.

rnenet ny| atconhot

(3.0,

€omypérjsoh Compound

The

m xture was heated Tabl63. BiGiwhAsyResuitdhe solid

dissolved—The m xt ur

hour s then cooled to

e \Was Stl pped at

65 0C for four

r Compderipefithe nventiorct

éfotnpﬁﬁsonl(lompound

vatl er HEXdIIEb

GuiigeaBig Bionshemiolchpb
wat e™Modeh{Tashbed sodi
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Activity at 72 hours post dose

Yes

No

* Compound prepared in Example 1

The tested compound of the invention was active at the B, adrenergic receptor in

the in vitro binding affinity and functional assays described above, as was the comparison

compound. Surprisingly, the compound of the invention demonstrated bronchoprotection

in the guinea pig model at 72 hours post dose, while the comparison compound was not

active in vivo at 72 hours post dose. Furthermore, the compound of the invention showed

excellent selectivity for the B, adrenergic receptor as compared with the B; and B3

receptor subtypes in the functional assay of Test B. The asssay results indicate the

invention provides potent and selective B, adrenergic receptor agonists having

exceptionally long duration of action.
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wi t hout further purification. b. Preparation of

6- phenet hyl oxyhexyl am ne The product of the previous
weoenteE/ 10063 g, 24 mmol ) was di ssol ved in tetrahpdraleoaniys49

(50 m.) and treated with borane-nethyl sulfide conplex

(6 mL). The m xture was refluxed for 3.5 hours, then

addi tional borane-nethyl sulfide conplex (2 nm) was

addedvhild e proséntigvention hed bdex @dsdribed &nthadbrérco Bethe 2Pecific
hours, cooled to roomtenperature, and nethanol was

cpbadisneatstherged, it showld bpamdersioed bidhase skitled énthggeidhat various

SSur ] re re-evaporated fro
Ay B G e P 5 B SR AP g Bom e
5 spwi@hid scopé 6htheasventies W ddaaith, iah{ heydifdatibhd ®ay b&mad€to adapt a

. Preparation of 8-benzyl oxy-5-[(17?)-1-(
perdiptlapsituption.masthyals earaprpitisrof nzatics Nerass Digdesks erestydtens to the
o%{ég% egts r}}ﬁg %% sctl_)lgg ﬁf tgl(e) lpie%_e _'o?s%ti-gﬁe AR QG D cakiBlSs are intended
tSbORNEMI tBX ¥cope b the)cladmd a kd héreto. Additionally, all publications,

t - butyl di met hyl si | anyl oxy)ethyl]-1 H quinolin-2-one o
patents, and patapt deyimentssaid granpbpvgens ireorpwniatd &y tefe®neg herein in

10 oF Ry Al B S O8506% o r'oom ( omper at ur e

and allowed to stand for 16 hours. The m xture was
partitioned between water and isopropyl acetate and
the organics washed with water then with saturated
sodi um chl oride, dried over sodium sulfate and
evaporatedto dryness. The product was purified by
reverse phase HPLC to give the title internedi ate as
its trifluoroacetate salt (1.5 g, 2.0 mmol). d.
Preparation of

8- benzyl oxy-5-[ (i ?)-1-hydroxy-2-(6-phenet hyl oxy- hexyl a
m no)ethyl]- | -quinolin-2-one The product of the
previous step ( 1.5 g, 2.0 nmol) was dissolved in
tetrahydrofuran (15 nL) and treated with triethylam ne
trihydrofluoride (660 nm., 4.0 nmol) at room
tenperature for 3 days. The mi xture was partitioned
bet ween 1M sodi um hydroxi de and et hyl acetate. The
organi cs were washed with saturated sodi um chlori de,
dried over sodium sul fate and evaporated to dryness to
give the title internediate (1.4 g, 2.7 nmol), which
was used w thout further purification.
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e. Synthesis of

8- hydroxy-5-[(i?)-I-hydroxy-2-(6-phenet hyl oxy- hexyl am
waadwstiwles - 1 i 7- qui nol i n-2-one The product of PO®US2005/019549

previous step (1.4 g, 2.7 mmol ) and pal | adi um

hydr Qg f 0 % Pd, noisture content -60%

300 %@%ﬁcgﬁgmgg in tetrahydrofuran (30 nL) and

stirred under a hydrogen atnosphere at room

tenpefrature for two_hours. The pall adi umwas renoved

by fitrath Gieenad phiormia @ e evapor at ed under reduced

pressure. The residue s purified by reverse-phase

HPLC to give the titl @toppord RS is R

N

trifl uoroacetptt e sal
d 472%.3. R
6 R)RP (s, IH), 8.

C25H32N2O4: 425
DVBO-J 6) : ‘ g :
2H), 8.0 (d, ™H, Jz10*2Hz), 7.0-7.2 (m 6H), 6.9 (d,
IH, J=8.0Hz), 6.5R(d, IH J=9.9Hz), 6.1 (d, IH,
J=3.7Hz), 5.2 (m H), 3.4 (t, 2H, J=7.0HZ),§.2 (t,
2H, J=6.6Hz), 2.7-3.0 (m 4H), 2.7 (t, 2H, 6. 9Hz) ,
wherdint. 5 (m 4H), 1.1-1.2 (m 4H). Exanple 4 :

Bi ol ogi cal ;Assay Results A representative conpound of

the favh@iR IR R traddirip indepenstentiy setertessframdrydrogen, hydroxy,

_ i ?)

P CHBDE AR NEL P R o e s ey felfed from

-NH OH=CH -9 neHRTH L, NG
Exgwc?_e, 8- hggr oXy- 5(? ( i)iﬁ%(rﬂ)g-’%?gQMWQ

pherr:Et isyelentpd oy Mo gen) <Xy bid +NRGRS, mdeiain R? embER" avereach

. in the biological assays descri bed above.
mb&%ieéﬁ%giyg}yd{%gngggé%gﬁﬁre summari zed in the foll ow ng
t abl £5. ahdhlegerdbof filoth Yitd 70 Assay Results Conpound

prepared in Exanple 1 The tested conpound of the
I nverntls ghinigger efcromé tatS; ek b2 adrenergic receptor in

the in, vi-L§Q,700d{on fo.nity and funpctional assays
desc?a’lcggghag%vie{,’ sg'\'l@ tlﬁ@d%B?FB]ﬁP‘il%ngﬁe%ﬁ%Lﬁd?&Yh
Sur perbeide@tnut whéemGo IPRURGyafogtle | Nnvention
denonstrat ed bronchoprotection in the guinea pig nodel
at 7@ apharsaqsuiicaliesesptatiie bat ervelvatmnqrastdremsomarthassid
was not active in vivo at 72 hours post dose.
Furthernore, the conpound of the invention showed

exced | entTilogfpotid byclah 1thEbid rdmLg e’ Bealifhifil

as conpared with the b and b3 receptor subtypes’ i e
functi onal assay of Test B. The asssay results

i ndigcate .Ihe . .
3 lthe compound of Claim 1 or Claim 2 wherein R’ and R® are each

hydrogen.

4. The compound of Claim 1 which is a compound of formula (IT):
OH H H
\/\Hn/ %
HO R?
R
1)
wherein:
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I nvention provides potent and sel ective b2 adrenergic

receptor agoni sts having exceptionally |ong duration
woho@akien. Whi | e the present invention has beeRCT/US2005/019549

described with reference to the specific enbodi nents

t her @dfq _d | st t e 4d.led in

t he g{?tls th]}thcﬁ@ gyi%ﬁgﬁgﬁ gﬁ%&‘%@%@nnﬁf e %n? taken together are
-NHOI(vQ) @it+CHray —OE=IHGEQ)MIEBM Wi t hout departing from

the true spirit_and scope of the invention. In

addi?ﬂ%ﬁ?“ﬁ%ﬁ?oﬁgﬁpﬁﬁe »i ons may be made to adapt a

part y,piglaﬁqntg%ﬁtrlé@hjoﬂm gmterial, conposition of matter,
process, process step or steps, to the objective,

5  spi r bt a phatnscapiealby-addeptableasak ot sélnate ot b@itoisHinler ST
nodi fications are intended to be within the scope of
the clai ns appended hereto. Additionally, all
publ scat i 988 coRpheRlsT 13804 RALRH n%ogurrent s cited
her el nabove are 1 ncorporated by reference herein in
full, as though individually incorporated by
reference, WHAT IS CLAIMED |S: 1. A conpound of formula
(T) & 0) WheranpeundafClgm ker Clim Spghergingr idl.i s

10 i ndependently sel ected from hydrogen, hydroxy, amn no,
hal o, -CH20H and -NHCHO, or Rl and R2 taken together
are 3%el ecThecdmponnd Nifeh A FClitims 4 HORGEINRF and R? taken
- OS; and -SCCONH; R5 is selected from

togghPiEe MV HCERR) CHreH: NR-SBr-CHEENI-Ra and Rb are
each i ndependently hydrogen or Cl-3alkyl; n is an
integer of fromQo 7; mis an integer of fromQo 5;

and &ach The &dupddfid oR8uy &% o ATIEInRIDtd B whBERBB QMo Nemistry at
rogen or Cl-6al kyl; provided that when mis O R5

hy . .
15 ‘hF§ﬂWVHF6@@ﬁFb§F“$tbﬁbﬁhﬁ&ﬁu¥¢%h$K§)acceptabIe salt or
sol vate or stereoi soner thereof. 2. The conpound of
Gaim1l wherein R and RLO are each hydrogen. 3. The
comﬁﬁlﬁng Dlfe édngioind 0P Clanal avenMAG CRéHi clARKR-RAIr8k R 5-[(R)-1-
eac rogen.
hydroxy-2- 6—phegnethylamino-hexylamino)ethyl]-1H—quinolin—2—one;

or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.

20
10. A pharmaceutical composition comprising a therapeutically effective
amount of the compound of any one of Claims 1 to 9 and a pharmaceutically acceptable
carrier.
25 11.  The pharmaceutical composition of Claim 10, wherein the composition

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

agents,

12. The pharmaceutical composition of Claim 11 wherein the other therapeutic

30 agentis a corticosteroid, an anticholinergic agent, or a PDE4 inhibitor.

13. The pharmaceutical composition of any one of Claims 10 to 12, wherein

the composition is formulated for administration by inhalation.
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The conpound of Caim1l1 which is a conmpound of fornula
(IT): (H whereini:RlL is -CH2OH or -NHCHO, and R2 is
waypadsagenws or R1 and R2 taken together are PCT/US2005/019549
-NHC(=0) CH=CH or -CH=CHC(=0)NH; n is an integer of
from2 to 6; mis an integer of fromO to 3; or a
pl i armaceutical |l y-acceptable salt or solvate or
steregis ouspéorﬁEIﬁatﬁﬁlfoonﬁmsm%@ e&mg&mﬂ dFanfoAd 87 Glaims 1 to 9 and
wherein nis 4. 6. The conpound of daim4 or Claimb5
onger mpre th@rsthqrapéll.tlcﬁaelt@on'pound of any one of Clains 4
to 6 wherein RL and R2 taken together are
- NHC(=0) CH=CH or -CH=CHC(O NH. 8. The conpound of
any qpe OfA {drbhifiltich doghpfisMal ®nkpouhlle of by SRTIThigds to 9 and a
at the al kyl ene carbon bearlng the hydroxyl group is
céiRpour@, selﬁqwdcfmm Outichsofe @opionmte, G rtifludre-1Gheii2-cal

h -1 hydr oxy-
ﬂgi‘%‘gc 5 ygpﬁ@y hH- hxsdrﬂwﬁﬁe%%érwgﬂ -judrosta-1,4-diene-17p-

carggﬁ?cilé B 18 Soﬂ]l?dr I%Ethgl é)spe?‘rﬂ% ?ﬂld&f%qcfﬁ%@&%p&em&grln&hyl-&

or So ere | somner t éreo

oﬁ&@ﬂ&%@@ibh}q@k -GAGREEL T 4-an6 ANMBLdafidMBloR acid S-(2-oxo-tetrahydro-
therapeutlcally ef fective amount of the compound of

figay-38r8) esferCl ai ms 1 to 9 and a pharmaceutical ly
acceptable carrier. 11. The pharmaceutical conposition
of Claim 10, wherein the conposition further conprises

a thepapew édiddurid @k Eﬁﬁﬁéd’lﬁ aﬁ%ﬁé‘ bf QfanﬁE‘ €109 st@ in therapy.
ot her therapeutic agents. .~ The pharmaceuti cal

conp03|t|on of daim1ll mhereln the other therapeutic
agen

ticosteroid, an cholin
e P BB RE b Bpoupt sk M AL ek 10 S af ofa SfRBihation of
CERRPRSIACIM 95 irPhY n%ﬁfa%furéjoﬁé FRditdmkRt. 12, wherein the

conposition is formulated for adm ni stratl on by
i nhal ation. 14. A conbi nation conprising the conpound

of arfg. on%hg Ese%faélg}sm }7 tvv%ers?ailgjl H‘l% medicament is for the treatment of a

mammal having a disease or condition associated with B, adrenergic receptor activity.

19.  The use of Claim 18 wherein the disease or condition is a pulmonary

disease or condition.

20.  The use of Claim 19 wherein the pulmonary disease or condition is asthma

or chronic obstructive pulmonary disease.

21. The use of Claim 18 wherein the medicament is suitable for administration

by inhalation.

22.  Use of a compound of any one of Claims 1 to 9 in the manufacture of a
medicament for administration in combination with one or more therapeutic agents for the
treatment of a mammal having a disease or condition associated with B, adrenergic

receptor activity.
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one or nore other therapeutic agents. 15. A
conbi nation conprising a conpound of any one of C ains
wa 205/121m8d a conpound sel ected from fl uti casoRET/US2005/019549
propi onate, 6a,9a-difluoro-17a-[(2-
furapyl car,bonyl ) axy] - 11b- hydr oxy- 16a- net hyl.- 3- ox0- andr
oot 2251 A At ekl e nd PR MR b dh iRgo Shy one of
CRSiS 1 to e HRodRs bniprisaigd- | | b- hydr oxy- 16a- met hyl - 3-
0x0- 17a- propi onyl oxy- androsta-|, 4-di ene-17
b- car(Boichétiigs comnppupd phfereglaf):est er. 16. A conpound
as clainmed in any one of Claings1 to 9 for use in
therapy. 17. Use of aR@orrpoun of any one of Clains 1
to 9 or of a conbinationgeoieaim14 or daim15 in
the manufacture of a nedj ntR® 18. The(3e of C aim
17 wherein the medi caR® Rt the treatnent of a
mammal havi ng a di sease orr'8ondition associated with
b2 adrenergic receptor activity. 19. The use of C aim
5 wherelilierein the di sease or condition is a pul nonary
di segs 1108 . [ el B3a
the. BulAonaFBGnbledhe £Bup 108 4510} el f) Il SgROTRE R, and
REHE gnicperleatly tithdr Vi fatleni ey B2, d’s @abR? asXictined hearnysme@f Claims
G aim 18 wherein the medicanent is suitable for
1 fQiRonisstQRas WhereByd | ip p&ydiorymrotogting gaursf a conpound of
any gne o ' i) the manufacture of a
nedig@ﬁ@ﬁ%nﬁ%ﬁhggaﬁﬁégyagY?on in conbination with one
or nore therapeutic agegtos forrthe treatment of a
mamal having a gli,@ea or ,{poni tion associated wth
b2 adrenergi c recépbor I Viiny O A prgess for
preparing a conmpoudR3f formula according to any
one of Clainms 1 to 9, the process conprising: (a)
wheit RHds hydroganooari wdferdin Pﬁisl a dntikl-protheing grourPlo povale a

hydr oxy-protecting group, L is a |eaving group, each
cQfoayna of ?@azu?@éé); and

10

OP' | R9RM R" R®

R NS NMJ\Q

n m

7’58 A%
) R3a R2aR6 R R { ( )

R1a : ) .

15 (b) removing the protecting group P’ to provide a compound of formula (VI):

RO R10 R R®

OH
H | ‘
i W%
n m
78 (VD

(c) when any of R'®, R, R*, or R* is —~OP? or when R'" is P*, removing the
protecting groups P? and P, if present, to provide a compound of formula (I), or a salt or
stereoisomer thefeof.

20
24, The product prepared by the process of Claim 23.
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Rda is independently either the same as Rl, R2, R3,

and R4 as defined in any one of Clains 1 to 9 or is
woeeRsA2106herein P2 is a hydroxy-protecting groBoT/USRG0E019549

a compound of forrmula (FV): 11 ' * wherein Ris

0" provi e BeRBNALaTmS RO el e  dCeRs OB HOWIG Epesiaed
W?e\h/fgz:%%é&eﬁg Vﬁfeeéﬂ%%ly%g Ry R OHHRIEAIRAY W His:AAEYY o mammal,

a theragraticd®y effectiveRanount 0¥ cogporel gfrany eat bAGlaine Ups9.P2
and P3, if present, to provide a conpound of formula
(T), or a salt or stereoisoner thereof. 24. The
5 pr odygt pﬁﬁ@ﬁ{e%dw il P4 REGeScdth rgug,{é Mﬁls?e?mg% therapeutically
t hod treating a manmal havi ngp sease or
eﬂMﬂBMﬂn‘ﬂﬂSﬂTﬁloﬁh&de whththb2peauticcapentgi ¢ r ecept or
activity, the nethod conprising adm nistering to the
manmal , a therapeutically effective anmount of a
co nd
Posnd  ghe AN cg%m%r%ggmﬂn 8 other @%rapw&c MRLRY
cdrhediﬁﬁeiﬂ; mo:aﬂlticyloliﬁér@etagm mBHDEMixihlEmm or nore ot her
t herapeutic agents. 27. The nethod of Cl aim 26 wherein
10 the other therapeutic agent is a corticosteroid, an
antighol i 4
et hg%]’ of T‘ﬁé gieglﬁg%g?ﬁ%fﬁg OPC]?@E% 25 g)?%e%érln ntﬁ%S Hlejtmﬁ comprises
adlﬁmlfsbﬁmgaﬁabd)rﬁp@nadﬁuﬂheﬂatﬁfmng t he conpound by
i nhal ation. 29. A nethod of studying a biol ogical
system or sanple conprising a b2 adre'nergi C receptor,

Syat o or GRRIRROF i int Ehigl AR St oy “Emele S ke
15 odeae el e N o ec12 Chused by 1 he

conpound on the bi ol ogi cal syst em or sanpl e.
(a) contacting the biological system or sample with a compound of any one of

Claims 1 to 9; and
(b) determining the effects caused by the compound on the biological system or

sample.

20
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