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WO 2005/030678 PCTIUS20041030833 5 Amino-Substituted Ethylamino
(32 Adrenergic Receptor Agonists 10 Field of the Invention 15 The
invention is directed to novel (32 adrenergic receptor agonists. The
wiyentiaieéssalso directed to pharmaceutical compositions copapyisibg@anzosss
such compounds, methods of. using such compounds to treat diseases
associated with (32 adrenergic receptor activity, and processes and
intermediates useful for preparing such compounds. 20 Background of the
Invention (32 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). (32 Adrenergic receptor agonists are also useful for

treating pre-term labor, and are potentially useful for treating neurological

25 disorders and cardiac disorders. In spite of the success that has been
achieved WI'EE c}enr{'gagub@i %‘%T%Qﬁ c rec t&){ d’:}%ggrlsts.l&%r et g%eng%
possess less esirable dura fion, poteﬁcy, efBetiv

onset. Thus, there is a need for new (32 adrenerglc receptor agonists
having improved properties, such as.improved duration of action,

potency, selectivity, and/or onset. 30 Summary of the Invention The
invention provides novel compounds that possess (32 adrenergic receptor
agonist activity. Among other properties, compounds of the invention have
been found to be potent and selective (32 adrenergic receptor agonists.

In addition, compounds of the 1 ipngat@mbare=heen found to possess a
surprising and unexpectedly long d atlon of action, which allows for, )
once-ggffi/mé’lf”éfv‘é‘hl ;IEEB?FE ety e r‘?ﬁ‘%&%ﬁ%‘iﬁ“@@?‘) BB adpsdpvention
higstwrstien previdescantoinpaupestidasmutatl}inOdddN RthiRdddsREdhbds of

R81/NgRto Rt HRs NR5R6
usglg sucﬁl compounds to {reat d?seases associated with f3; adrenergic receptor activity,

and processes and intermediates useful for preparing such compounds.

Backeground of the Inveniion

- Adrenergic receptor agonists are recognized as effective drugs for the treatment
of pulmonary diseases such as asthma and chronic obstructive pubmonary disease
(inchuding chronic bronchitis and emphysema). B, Adrenergic receptor agonists are also
useful for treating pre-term Iabor, and are potentially useful for treating neurological

disorders and cardiac disorders. In spite of the success that has been achieved with certain

' P2 adrenergic receptor agonists, current agents possess less than desirable duration of

action, potency, selectivity, and/or onset. Thus, there is a need for new P adrenergic
receptor agonists having improved properties, such as improved duration of action,

potency, selectivity, and/or onset.

Sommarv of the Inveniion

The invention provides novel compounds that possess i, adrenergic receptor
agonist activity. Among other properties, compounds of the invention have been found to

be potent and selective 3, adrenergic receptor agonists. In addition, compounds of the
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5 wherein: each of R', R2, R3, and R is independently selected from
hydrogen, amino, halo, hydroxy, -CH20OH and -NHCHO, or R' and R2
taken together are -NHC(=O)CH=CH-, 10 -CH=CHC(=O)NH-,

i {r0) & boen SRUFINkssachaffSian drid Gris-ipdapélydeng iuration of
selected.from hydrogen, C1 6alkyl, -C(zO)Rd, C2.6alkenyl, C2>6alkynyl,

a %%}‘C%g%%%gl"a‘ﬁ?ﬁ%\%&?é ‘i‘/aéi}ﬁ/ @'I?éa%ﬁ%gl, 368 ERITEC2_Balkynyl,
and C3&oydinglkyina apitorpdyt ShRsIituted whrene«Rnoaipsus tiuRRisla (1):
independently selected from aryl, heteroaryl, heterocyclyl, -OR’, and
NRDbR’, wherein 15 each aryl, heteroaryl, and heterocyclyl is optionally
substituted with one or more substituents independently selected from
-OR'and -WR, or R5 and Rgl_}ogether with the nitrogen atom to which they
are attached formsa heterogycli¢iring having from 5 to 7 ring ig{pms and
containing 1 or 2 hé ms-ihdependehitly selectedAfom oxygen
nitrogen, and sulfuy
two oxygens; ea 4
each of R9, R10, and R11 is independently selected f%o hydrogen,
Cl.6alkyl, aryl, halo, -OR a, and -NRbR"; Rd is hydP§gé&n or C|_3alkyl,
optionally substituted with one or more substituents 25 independently
selected from -ORa, -NR bR, piperidinyl and pyrrolidirtyj; and each Ra,
Rb, and Re is independently hydrogen or Cl_3alkyl; or a

Ffaceutically-acceptable salt or solvate or stereoisomer thereof. 2 In

a SeC%G}P‘éPﬁ‘ZtRﬂ]?{"E“Aﬁ&"f@'lsaiﬁ&’e{}é?&ﬁ@ﬁg;g%%ﬂ%&ﬂw&QéB?éfH%? halo,

comprising a compound of the invention an

IpKeemacettieifypatoSpiabie.carRerud B’ thirendepetbertins itNidRioR) CH=CH-,
~@ﬁgﬁﬂﬁ?¥éﬂ?\ﬁﬁofﬂﬁ%ﬁg@§§98m§5%@) mpound of the invention
therapeltic age

and one or more other ts“and pharmaceutical
compasition§ & earhBfisingdspetdeothbinktons fimalfoinpeaspest]lel, -C(=0)R’,

ompination comprisin ompou s defined abave and,a,.compound
B S S B e
(G;aéaﬂz_@ﬂyj/,l ahd af-ﬂ;éymaﬂiyﬁh _Bmmw substanbanyliibvoded ranoranarsstaents
T B B SR R TE RS-, am i e

dachyavphettfignylethdidexa-androstatlodatieeebdfided with one or more

substituents independently selected from -OR? and -NR"R®,

or R* and R® together with the nitrogen atom to which they are attached form a
heterocyclic ring having from 5 to 7 ring atoms and containing 1 or 2 heteroatoms
independently selected from oxygen, nitrogen, and sulfur, wherein sulfur is optionally
substituted with one or two oxygens;

each of R” and R® is independently hydrogen or C.salkyl;

each of R*, R*", and R! is independently selected from hydrogen, C;.galkyl, aryl,
halo, -OR?, and ~NR'R";

R is hydrogen or C,.salkyl, optionally substituted with one or more substituents
independently selected from -OR?, -NR"R®, piperidinyl and pyrrolidinyl; and

ecach R*, R®, and R is independently hydrogen or C;.salkyl;

or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.
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10 carbothioic acid S-fluoromethyl ester. Disclosed herein is a method of
treating a disease or condition associated with P2 adrenergic receptor
activity (e.g. a pulmonary disease, such as asthma or chronic obstructive

pulmenary. disaass . qHem akok Mﬁ;ﬂ@l%&gh% Ak 315918% ons

disorder, or inflammation) in a mammal, comprising administering‘to the
ComImSE 2 USpherdpdUuticatlyesfieotvel arpbant efcatioiipourgtobibearrier. Ina

[ ion. ' ind method of treatment comprisin
e R, B pand of e
insenipound ohther imven et dgetipentidthgents andnsienathentosr apeptisitions
-agents, Fy{éﬁecrodiggl%gegsh%reig(i)s nglethogl of treating a disease.or

Condition associated 20 With B2 Adrencrg e rd Pt ALetit PH A Frappound

acoefipedisighac aridistesingoienthe:] cord Ma dlthrRmpaY ey elifie @& o-difluoro-
la ount of a pharmaceutical composition of the invention. The

TREBGRY AR s Ve hiroh Eancthsd-be teisgale-rocwshranionid; Texgoandrosta-
1 36 DIOIBALA HRIRITS O SHBRIG AL IR AISCONR KDY FA AdrerRIgiS

receptor agonists. 25 Accordingly, in one of its method aspects, the

furaeitishoryilicacietl - bydrethotbof nagbrizing:a-RiawterietgiterecEffior in

ca%lpi&llocgécgéﬁy _ﬁ&rggfewpg%tctpe method comprising contacting a
|o(fog|cal system or sampYe comprising a (32 adrenergic receptor with P2

adrengigibbseddpteinag @izt AoTapiiitaCikepQURLOh daTINUa (208 dawith B
. %harmaceuticall accggrt{able salt or solvate or stereoisomer thereof. 30

%@@%&ﬁﬁ%ﬁw et Ry iR ashBhediatBedes Smeric
oberebnwBidh e apkisiHLRISBHI Nt S COMARUNESA I1RHMERUARIIR Bisorder,

fifth aspect, there is provided a process for preparing a compound of
ORSRMEIRME) e b FORSRIEhBRETIE iy deennpotsamontershuta (1)
tRABQRL N R3ak mR2a: éf%%mrg%{ﬂ@ s A PWHIOXY RISk ed herein is

group, L is a leaving group, each of Ria, Rza R3a, and
a method of treatment comprising administering a therapeutically effective amount of a

combination of a compound of the invention together with one or more other therapeutic
agents.

Further disclosed herein is a method of treating a disease or condition associated
with B, adrenergic receptor activity in a mammal, comprising administering to the
marmmal, a tlierapeuticaliy effective amount of a2 pharmaceutical composition of the
invention.

The compounds of the invention can also be used as research tools, i.e. to study
biological systems or samples, or to discover new [B; adrenergic receptor agonists.
Accordingly, in one of its method aspects, the invention is directed to a method of
agonizing a 3; adrenergic receptor in a biological system or sample, the method
comprising contacting a biological system or sample comprising a B, adrenergic receptor
with f3, adrenergic receptor-agonizing amount of a compound of formula (I), or a
pharmaceutically acceptable salt or solvate or stereoisomer thereof,

Disclosed herein are synthetic processes and intermediates described herein, which

are useful for preparing



R4a is independently defined to be the same as R, Rz, R3, and R4 in
Claim 1, or -OPz, wherein P2 is a hydroxy-protecting group, with a
compound of formula (IV): Rrl HzN Rr R6 /N Rio (IV) HRs 10 NR5R6

R "are deflne s.in Claim
HBERLSS: e TR D SRS RN R Rs rpreparing
cRepreRio(prRtdHIR HRHR6edSeemrving:the protecting group Pl to

provide a com ound off gla §VI2 @4a OHHR11N R3al/R2aR7
R6 1/ T\T’ﬂﬁﬁ € ?\ql] z;(t when any of Rla R2a R3a or R4a
is -OP2, removing the protecting group Pz to provide a compound of
formula (1), or a salt or stereoisomer thereof. 20 3a In a sixth aspect, the
invention also provides a compeund of t RPinvention as described herein
for use in medical therapy. In a sex spett, the invention provides the
use of a compound of the inventid he manufacture 6l formulation or
medicament for treating a didRase 0 con%ﬁﬁon associated with R2

5 adrenergic receptor 5 activity, e.g. eRpuImonary disease, such as asthma

WRGBIOPIC O DFHHEY f;ﬂld{@&%%%o%eﬁ%@a%%\;%@%}%#ﬁhe LAGHIRIOGeRIR % g

dJsorder a cardiac disorder, of mflammatlon In a
is independently defined to be the same as R', R% R?, and R* in Claim 1, or —OP?,

wherein P* is a hydroxy-protecting group, with a compound of fornuta (IV):

wherein R® , RG, R’ R® R, R, and R" are defined as in Claim 1, to provide a compound

of formula (V)

1a

NR5R6
15 removing the protecting group P' to provide a compound of formula (VI):
(VI)
1a
NR5R6 ; and

when any of R** R® R® 3, or R* is ~OP?, removing the protecting group P to
provide a compound of formula (I}, or a salt or stereoisomer thereof,

20

3a



10

In an eighth aspect, there is provided an in-vitro method of agonizing a'2

adrenergic receptor in a biological system or sample, the method

comprising contacting a 10 biological system or sample comprising a (32

adrehergitctie esptor, ththiav B 2i anlrése rgicvides ptosraganidiog tamauaitfaas
decgnnﬂ{)eg%gldeas defined aboye. aﬁb WO 2005/030678 PCT/US2004/030833

EriLt DASEHIOR O TR E DN IR TRERN e bRSETtSTRESH By oMb vides

ththesastampapying dfandngvetich ishowmamawderoorayreiffiastion or
pattern of N-{2-[4-((R)-2-hydroxy-2- ) ) _

MR R HAASS Ry ARIA 98 (PR dsaristed- 1k Randeraergic receptor

achivslixvphemheivaming 2y dierhloddenieirlal HeseurtioR Rl ithonary

Invention The invention provides novel amino-substituted ethylamino P2
dlmgy@@m@d@b@éf agg@fﬁg@g@ﬁkéﬁﬁqy@mg,qgrdiac disorder, or inflamnmation, in a
mPhasmaceutically-acceptable salts or solvates or stereoisomers 10

thereof. The following exemplary and preferred values for radicals,

substinantighihdspangcberr ésfproilidstdatiomenilyo thethod afatgexdtiges B,

a é%&%e{ de}‘jnedu\)/a{ue ?518th§a[}vagtges v¥itsg§g olgfi&ed ranges for the radice%ls i

and’ ﬁ%s?ﬁﬁ%nfs.n@xamp%s of Eaﬁi%fﬂar Variss of RTare RAPEppopactne a
biahgrddHOD: srciudislg cohteitsing | POirane MHEHG Wil ethetdrenergic

particular value for R1 is -CFI20H or NHCHO. A particular value for R2 is
reR SRS SN F R ARG B STBIR IR BT8R RBIE R2 taken together

are -NHC(=0O)CH=CH- or -CH=CHC(=O)NH-. Examples of particular

values for R3 are hydroxy and amino. 20 Examples of particular values for

R4 are hydrogen and halo, including hydrogen and chloro. One group of

compounds of formula (I) are compounds wherein R' is -N}ICHO, R3is

hydroxy, and R2 and R4 are each hydrogen. Another group of compounds

of formula (1) are compounds wherein R1 and R2 25 taken together are

-NHC(=0)CH=CH- or -CH=CHC(=0O)NH-, R3 is hydroxy, and R4 is

hydrogen. Another specific value for R1, R2, R3, and R4 is R1 is -CH20H,

R3 is hydroxy, and

3b
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R2 and R4 are each hydrogen. Yet another specific value for R, R2, R3,
and R4 is R1 and R4 are chloro, R3 is 30 amino, and R2 is hydrogen.
Examples of particular values for R5 and R6 are R5 and R6 are each
independently selected from hydrogen, Cl.6alkyl, and C3.6cycloalkyl,
w‘ﬁé&?ﬁj ¥4¢h c1 6allcyl is optionally substituted with one orfbilEs2004/030833
substituents independently selected from heterocyclyl, -OR', 4 WO

2005/030678 PCT/US20BrAglieR33 iand NiRIRaw@ther examples of RS
and R &%ﬁt?&ﬁ%ﬁ&&%‘?&ﬁ%ﬁ? eréﬂc‘?e“'“c%gs% #P Rishihey,are
Clic i at

attached form a heterocy aving from ms an

' W&W@%K?@@ﬂéﬁ@&t@msaﬁ%@ﬁ&éﬂ? fdledtbpdion-dxygen,

PHEQA&Ry AREHS\ I JABRM S PQ%&%&%%‘?&%&!@@““

mdependently ydrogen or C 3alkyl, 5’'wherein each Cl.3alkyl is
W@ﬁ?&]&?@d}%@ﬂ&@@lﬁ/ﬁﬁ%@@ﬁéﬂtuem independently selected from

hydroxyl, amino, piperidinyl, and pyrrolidinyl. In another embodiment, R5
and R6 together with the nltrogen atom to which they are attached form a
morpholinyl or piperidiny! H#k 3iled Lcseription pEkpBYRREAR R5 and R6 are

each |'I@@E&ﬁ@@lﬁ@ﬂ)ﬂ%@@%&%&%@gub%ﬁ{lﬁéd@%%@BV%@I}@@&%&@NW
hydr ggsen A partlcular value for R8 is hydr % Examples of particular

rirese iRy ar shamninssisHly-2oral frreliRariso hylrdytrtseisomers
&rem kyhekaumﬂgegxemp}eﬁ& pritiguBrIalyes i RAIShysrxmandd

er particular valye for R9 is hydrogen. Examples of

methox
TR GRS TP 0 B, g R T AR A R beRe hr valus
Wyilingefnod @h_g%alkyl ﬂi&l’l@&’ﬂ@ﬁﬁﬁg&l‘@ﬂ}@tﬁi@@ﬂlcmar values for R10 is

hydro and jme other articul ar va, or R10 is_hydrogen.
Examplés ot p: pa?g] Uﬁﬁ‘ﬁ% aré ﬂToé%%éﬁalﬁngan@ﬂngmo
oo, h@éﬁ@é,mml QHI%IH@[ Another example of particular values for R11
s hydrantﬁer palzﬁlcu AYathd ng)rhﬁrg c[,‘ﬁ“ﬁﬁfl‘é?'iﬁﬁ%@l 's hydrogen.

A particular value for R? is hydrogen.

A particular value for R’ and R? is R’ and R? taken together are
-NHC(=0)CH=CH- or -CH=CHC(=0)NH-.

Examples of particular values for R are Irydroxy and amino.

Examples of particular values for R? are hydrogen and halo, including hydrogen
and chloro.

One group of compounds of formula (I) are compounds wherein R' is -NHCHO,
R is hydroxy, and R* and R* are each hydrogen.

Another group of compounds of formla (I) are compounds wherein R' and R?
taken together are -NHC(=0)YCH=CH- or ~CH=CHC(=0)NH-, R® is hydroxy, and R* is
hydrogen.

Another specific value for R R? R3, and R isR'is ~CH,0H, R¥ is hydroxy, and
R?* and R* are each hydrogen.

Yet another specific value for RY, R%, R?, and R* is R' and R* are chloro, R? is
amino, and R? is hydrogen. _

Examples of particular values for R® and RS are R® and R® are each independently
selected from hydrogen, Cisalkyl, and Cs¢cycloalkyl, wherein each Cy.alkyl is optionally

substituted with one or more substituents independently selected from heterocyelyl, -OR?,
4
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25 In one embodiment of the invention, a compound of formula (1) is a
compound of formula (II): OHHHO I/R2N\ H R NR5Rs wherein: 5

WO 2005/030678 PCT!1JS20041030833 Rl is -CH20H or -NHCHO, and
R2 is hydrogen; or Rl and R2 taken together are -NHC(=O)CH=CH- or
“@H‘“‘é%f%)NH each of R5 and R6 is independently seleck&d/ i dp4/630833
hydrogen, Ci.balkyl, C2.6alkenyl, C2_6alkynyl, and C3.6cycloalkyl,

Mwihemlefaﬁbtﬁé& Calirhids 440allcenis (2 RBalYRYtoghdeR GinGaY SRkl Bom

optionally substituted with one or more substituents independently

@e‘i"éaf m%wh@té?aa@b%f&wwg @ﬁﬂ%ﬁﬁmﬁé‘bﬁ%%ﬁ%ﬁ and

@ﬂﬁhﬁﬁ% ki bmef@aﬁﬂé&ﬁﬂiﬁt&iﬁd @ﬁﬁiyl éagammaﬂwo&ygaﬁltmﬁg&m@m Suliir.

more stituents, independently selected from -OR' NRbR’, 0

and RZ*&Sge%H@P%mﬂh ﬁ%&smaﬁs{ﬁﬂ% ?ﬂ&y gf%%%h?r% BT

ﬂzﬁelnmewﬁyéhgamg 1l§awﬁgaﬂgmtﬁstﬁtﬂtdsmﬂt@mamﬂlmntMae;mhdmﬂy
ter de endentl select fro 0X 0 and su 5

se i ?n (lg: HAT Rf ipert cfz{m A &n&n Xﬁ% %%or%her S, (§1menh,R

erein’su with one o Wo oxygens; and eac
mi Hémmﬁvzth ihclejpence mdyrhmdmmtm&t@aikg&eélfmn a morpholiny] or
%%?Hl‘ﬁ% Hﬁ ally-acceptable salt or solvate or stereoisomer thereof 15

e group o compounds of formula (11) are those in which each of RS
and R@nyeiﬁd@bmm@&mm ydroganddpaneetidy hadugen or
§§ ggyploallcyl wherein each Cl.6alkyl is optionally substituted with one
or more substituents independently selected from heterocyclyl, -OR’, and
NRbR* grmiekindals fogRiHehydtare nitrogen atom to which they are

attached form, ahelaroeyqlic;fingiiydng from 5 to 7 ring atoms and 20

containing | or 2 heteroatoms indepé dently selected from oxygen,

n.troge‘%ﬁ%ﬁ&%@ﬁﬁwwﬁﬁﬁw&é% deduitisstmds errstmdR (ragedac

Qj,(ﬁ%@a@@gﬂ@@slmgﬂependently hydrogen or Ct.3alkyl, wherein each
Cl-3allcyl is optionally substituted with one_gubstituent mdependently

selectddPHER FERBYGAT ARt asisakeRpr, Ban’& Byrosramm gthoxy.

Another particular value for R® is hydrogen.

Examples of particular values for R'” are hydrogen, halo and —OR® where R? is
hydrogen or Ci.zalkyl.

Another example of particular values for R is hydroxy and methoxy.

Another particular value for R™ is hydrogen.

Examples of particular values for R are hydrogen, halo and —~OR® where R? is
hydrogen or C;.zalkyl.

Another example of particular values for R*! is hydroxy and methoxy.

Another particular value for R is hydrogen.

In one embodiment of the invention, a compound of formula (D is a compound of

formula (1I):

NRER®

wherein:
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R5 and R6 together with the nitrogen atom to which they are attached

form a morpholinyl 25 or piperidinyl ring. In yet another group of
compounds of formula (11), each of R5 and R6 is hydrogen or CI_3alkyl.
Particular mention may be made of the following compounds: 5-((R)-2-

WA Y39 5 mino-2-phenylethylamino)phenyl]lethylamino} - PSHyHaY#030833
ethyl)-8-hydroxy-IH-quinolin-2-one: 6 WO 2005/030678 PCT/Ii
S2004703083% @HpHNHEBO, | 4Nd R Nk o@en; or R! and R? taken together are

Nt ) @tdd- (R)-Braminer2; ylethylamino)phenyl]ethylamino}-1-
hydréxyéthylgg-hydr%)xyphenyQ]fo mamide: OHH H"Y v N\/HHt (( NH2
05 ¢achof R’ and R’ is independently selected from hydrogen, Cr.salkyl, Csalkenyl,

6: (2 t2ul tS)-2-RmiBe-RRRERRIV aming Rhenylgivdamio):d-hysr
Xy- ethyl)-8-hydroxy-IH-guinolin-2-one; ) .

‘ﬁ?zf%‘«’%ﬁ?ﬁyk“zl{’é-fm?saﬂz- HBUsdoHE hyRkiey sl SybrHERyistderidodtly-

seyebiox yetnyd)y2 -hueroayheryliocrpanisie; 3HdRMR R®, wherein each arXIO

-[4-((R)-2-methylamino-2-phen Ietﬁylamino)p.henyl]ethylamino)-_l-
%%%P&%gﬁﬁ\“}:?&%?ﬁ%@%%ﬁﬁﬁm ifubsiied itk )ope or more substituents

HRidde((RB- ditoethyiaminoi2-phenyiethylamino)phenyllethylamino}-1-
(2 2 R RSt rCH o Bt e o
Hethyenokyethy iy draxyphenyiifosrmamide;containing 1 or 2 heteroatoms
independently selected from oxygen, nitrogen, and sulfur, wherein sulfur is optionally
substituted with one or two oxygens; and

each R®, R®, and R%is independently hydrogen or Cy.salkyl;

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

One group of compounds of formula (IT) are those tn which each of R® and R%is
independently selected from hydrogen, C;salkyl, and Ca.scycloalkyl, wherein each
Cy.salkyl is optionally substituted with one or more substituents independently selected
from heterocyclyl, -OR?, and —-NR"R®, or R’ and R® together with the nitrogen atom to
which they are attached form a heterocyciic ring having from 5 to 7 ring atoms and
containing 1 or 2 heteroatoms independently selected from oxygen, nitrogen, and sulfur,

In another group of compounds of formula (1), each of R and RCis independently
hydrogen or C;.aallcyl, wherein each Ciaalkyl is optionally substituted with one
substitnent independently selected from hydroxyl, amino, piperidinyl, and pyrrolidinyl; or.
R® and R together with the nitrogen atom to which they are attached form a morpholinyl
or piperidinyl ring. In yet another group of compounds of formula (11), each of R® and RS
is hydrogen or C; jaliqyl.

Particular mention may be made of the following cornpounds:

5-((R)-2-{2-[4- ((R)—Zwamino-,’Z—phenerthyl amino)phenyljethylamino}-1-hydroxy-
ethyl)-8-hydroxy-1H-quinolin-2-one:
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15 N-[5-((R)-2- {2-[4-((R)-2-dimethylamino-2-phenylethylamino)phenyl]-
ethylainino} -1-hydroxyethyl)-2-hydroxyphenyl]formamide;
5-((R)-2-{2-[4-((S)-2-methylamino-2-phenylethylarnino)phenyl]ethylamino)
-1 hydroxyethyl)-8-hydroxy-1H-quinolin-2-one;
‘g-(((éﬂ‘%’ié'][ﬁ-((syz-dimethylamino-2-phenyletliylamino)pheﬁﬂfé%#ﬂﬁﬁn
}-1- 20 hydroxyethyl)-8-hydroxy-IH-quinolin-2-one; N-[ 5-((R)-2-
{2-[4-((8)-2-methylamino-2-phe|®y¢etnylamino)phenyl]ethylamino }-1-

hydroxyethyl)-2-hydroxypheay/}fermaknide; and N-[5 -((R)-
{2-[4-((S)-2-dimethylaminhenyleten -
ethylarnino}-1-hydroxié y ) droxyphenyljfornmamige; O

2005/030678 PCT/US2004/030833 where the chemicghgomenclature

conforms to that of the automgtic naming program AutoNom, as provided

by MDL: Information Systems, GmbH (Frankfurt, Germany). Asillustrated
aboveMiig-gairpdeuids(aj-thenmvedtigirecdatajnone prhargtethiahino } -1-
[S. rdingly, the invention includes racemic mixtures, pure
ésffg%% |gt§¥1 _%%’%g}e}é.%%ﬂﬁd@%aﬁ%ﬁ iomers or diastereomers), and
stereoisomer-enriched mixturesift sych isomers, unless otherwise
indicated. When a particularstereqisdmeris shawn, it willle.understood
by those skilled in the art gomers
maybe present in the 'd8mp#sitions of this inventioﬁ unlgss otherwise
indicated, provided that theéNutitity of the composition ast,whole is not
eliminated by the presence ofsuch 10 other isomers. In particular,
compounds of the invention contain a chiral center at the alkyléne carbon

in formful@8)¢B) et ((UY)te-swhictr Theh byd etxyglagnowpiplssapfdehedmiviog i -dydroxy-
gﬁiégﬁyg@h%ggs;_@g%%- %ﬁﬁ}_?_gégployed, it is advantageous for the amount
[ ith the

of the stereoisomer wit R) orientation at the chiral center bearing

the hy&FoSy @otpdbérearainmarmtivayishuirsinmohene lsdrispinding
ESSlE RIS PR WhERGOMPRKINg;giereoisomers of the same

compound, the (R) stereoisomer is preferred over the (S) stereoisomer.
DefinittoH&ntnhenl td hibimghrépirepbuheryy ebmpsnaahenritrmdmyase) -1-

RfdRR-IBus Mo, the: L Orfallawing tepms have the following meanings,
unless otherwise indicated. The term "alkyl" means a monovalent

satur aée-g%&%g%gﬁ—&rgﬁ ethil aﬁl%%Bgenylethylamino)phenyl] ethylamino}-1-
hydroxyethyl)-8-hydroxy-1H-quinolin-2-one ;

N-[S-((R)-2-{2-4-((R)-2-methylamino-2-phenylethylamino)phenyl]ethylamino} -
I-hydroxyethyl)-2-hydroxyphenyl [formarmide;

N-[5-((R)-2-{2-[4-((R)-2-dimethylamino-2-phenylethiylamino)phenyl}-
ethylamino} -1-hydroxyethyl})-2-hydroxyphenyl|formamide;

5-((R)-2-{2-[4-{(S)-2-methylamino-2-phenylethylamino)phenyljethylamino}-1-

hydroxyethyl}-8-hydroxy-1H-guinolin-2-one;
S-((R)-2-{2-[4-((5)-2-dimethylamino-2-phenylethylamino)phenyl]ethylamino} - 1-
hydroxyethyl}-8-hydrox y-1 H-quinolin-2-one ;
N-{5-((R)-2-{2-[4-((S)-2-methylamino-2-phenylethylamino)phenyl]ethylamino } - 1~
hydroxyethyl)-2-hydroxyphenyl]formamide; and
N-[3-((R)-2-{2-[4-((S)-2-dumnethylamino-2-phenylethylaminoyphenyl]-
ethylamino}-1-hydroxyethyl)-2-hydroxyphenyl] formamide;
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linear or branched or combinations thereof. Representative alkyl groups

include, by way of example, methyl, ethyl, n-propyl, isopropyl, zz-butyl,

sec-butyl, isobutyl, tert-butyl, n- pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl,
8the like. 25 When a specific number of carbon atoms is

-d
VR]?@?’\%@@ a particular term used herein, the number of carb O HEHL g3

shown preceding the term. For example, the term "CI_6allcyl" means an
veikid trochphasingfremldite 6ocdobon tatdriso fTthe demuittenyligpeansma

I f y I containing at | ne
A B Byt R TR A B .
bondsAadtsizsich shayb diinemponitant hedwreotmbipaitibnenthereofe chiral
RRBESRRLBHYE ,Qﬁ@mwﬁfm%ﬂeﬁ!&@sﬁa%W%BIr&eéarﬁms s’éé%}ﬂ!is%mé"s

isopropenyl, but-Z-enyl, n-pent-2- enyl, n-hex-2-enyl, n-hept-2-enyl,
(heotrdprisival sramGAmITE Y| dinsitasrcmany and gisepizonirersyrishes trectikes of
MR EI0RHOIARES i SRARHOBORAR n NG IREM 2 A S RE A S Gm, it

monovalent unsaturated hydrocarbon group containing at least one
el BoRndarsndhp @ wsrkilgbie ARy At Hidnieer Ben s Iel 58I siaReisomers

HA}iBB pRayiIen e 6AL BN SR soreRinalianssthrreali K eResRAlJIN G ded
alkynyl groups include, by way of example, ethynyl, propargyl, but-2-ynyl
i PRETEIRIPIERS AR I S IRl P RtGrsRETo Such

otiebieyelie. group which may be monocyclic or multicyclic.
Representative cycloalkyl groups include, by way of example,
cyclon Ty B e SRR RS e BT BRI LSBT Ysotlens
cartebntheftikenbhéterd (Tand whiehnsecpdenovalent arsmetiel hydiecarmonure of
having.a single ri (i.e. phenyl) or fused rings (i,e. thalene). L
D e R R SR S o By SR b e
(BarbomdhgratbiimsciRepeesientatiiegihyd fydupy incluge tyzweayt dfan the
saample-pheny andnapibalencdoyl pantalens s andine ke, The
term "heteroary eans & monovalent aromatic gr%up ﬁavmg a singlering
semeworfasendrifigs Andecontairin g iprefarrhg et adfostertratensatom
(typically 1 to 3 15 heteroatoms) selected from nitrogen, oxygen, and
sulfur. Unless otherwise defined, such heteroaryl groups typically contain

L 10 atoms total ring atoms. Representative heteroaryl groups

includey i, Wy 9b X ABRISa QY] ci50¥880M s SAIHREQINL MMRAMntion, the
By er equvalerty, pyndiny), oxacol oxatiazely, tadiceoly

The term “alkyl” means a monovalent saturated hydrocarbon group which may be
linear or branched or combinations thereof. Representative alkyl groups include, by way
of example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, teri-butyl, n-
pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, r-decyl and the like,

When a specific number of carbon atoms is intended for a particular term used
herein, the number of carbon atoms is shown preceding the term. For example, the term
"C.salkyl” means an alkyl group having from 1 fo 6 carbon atoms.

The term “alkenyl” means a monovalent unsaturated hydrocarbon group
containing at least one carbon-carbon double bond, typically 1 or 2 carbon-carbon double
bonds, and which may be linear or branched or combinations thereof. Representative
alkenyl groups include, by way of example, vinyl, allyl, isopropenyl, but-2-enyl, n-pent-2-
enyl, n-hex-2-enyl, n-hept-2-enyl, n-oct-2-enyl, r-non-2-enyl, n-dec-4-enyl, n-dec-2,4-

dienyl and the like.
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imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl, thienyl, pyrimidyl,
pyridazinyl, 20 pyrazinyl, benzoxazolyl, benzothiazolyl, benzimidazolyl,
benzofaranyl, benzothiophenyl, quinolyl, indolyl, isoquinolyl and the like,
\%1% Co pé)lnt of attachment is at any available carbon or QICLI’TO en rlnn%J
atom. The term "heterocyclyl" or "heterocyclic ring" means a mo [
saturated or partially unsaturated cyclic non-aromatic group, which

mayb @ﬁ@cﬁim’hm&%ﬁ@mzﬁf@e@t ypsEdreed Hrdedy acwhich

Lankaings ﬁtiﬁéﬁ&l%@&%ﬁ%&%ﬁ%/ Wﬁy&ﬂc%lﬂ?i%&%&%%b%ﬁ'ﬁfﬁ%doond

from nitrogen, oxygen, and sulfur. Unless otherwise defined, such

AW BIY Srolfsstysibangted MesARURIEPRS tiptenhl Rapreaiagye alkynyl

dRepasentalive vb@%mﬁmeg iNGbises By way of SXanRR like.
pyrrolrgp@rg)% piperidinyl, |pera2|nyl |m|dazoI|d|nyI morpholinyl,

indoli R v S/Fniaﬁssﬂ R L Ow%cﬁmup which
TﬂWWCﬂdimdy&ﬁtdoﬁh@ﬁﬂ@yﬁfﬁe Rffeshalov m@@ﬁtﬁaﬂ@@ k2o GH QEOBEORIGAY of

iodo., The term m|n " me ns -NH2. (?@ /030678

B sS85 R e AP ﬁgﬁ? drevbeao o
thnlgmount suff|C|ent to effect treatment When admlnlstered to a patlent in
need %tr%eatmentl,]'he tesrranmtgl%agln pt as ul erei %an

ma TOCAT n asm le rin
treatment of a ease or medica COI’] |0n n aypa 1ent, SUC 303 g g

(irtaphmazli)(pafumdaﬂgga(h Emﬂl)aWh&Hanhxdﬁ:hBﬁv(aé qb@‘ﬁn&htmgxthl@l groups
ical n from oc urrin h t|c treatm

G R T BRI e AT [ BRIREARLe, by

‘émﬁ@xﬁﬂ@éﬂ, pherihgrbmebsion df thedidedses of Yhenh'bfabddmdltlon ina

pat'enh@%ﬁﬂ%@%é%ﬁ%ﬂ&%%ﬁ&%%@@%‘M@% O iR QWING Ofino o

arresting the 10 develdopment of the disease or medical condition ina

Wafasd singg)ealeriiiynnsn dyniptoadeatithecdiseactioon (Hwdieldy ddndition
H@t@f&@&ﬁ@tse?_c;}a‘f’e@W@ﬁ%t@dﬁ@@%ﬁ;ﬁeﬁoﬂﬁ%’fﬁﬁﬁ@ﬁlgggtﬂ‘&t@@ezdefmed such

adrenergic receptor activity' includes all disease states and/or conditions

Reistosrst sERRseirgdy savriniemad ded foipmsitp i iiagiento Bepresentative
RsSesIA e Wit R2.a8rePergic FecaRiay, LY. @4@&%6@5&@5@&% PRazolyl,

include, but are not limited to, pulmonary diseases, such as asthma and

RO TopERATE h Rk eieealsh prdiriycivatzbdndmadnd

eriabysgmakas wellaaslyl, furanyl, triazinyl, thienyl, pyrimidyl, pyridazinyl,
pyrazinyl, benzoxazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl, benzothiophernyl,
quinolyl, indolyl, isoquinolyl and the like, where the point of attachment is at any
available carbon or nitrogen ring atom.

The term “heterocyclyl” or “heterocyclic ring” means a monovalent saturated or
partially unsaturated cyclic non-aromatic group, which may be monocyclic or multicyclic
(i.e., fused or bridged), and which contains at least one heteroatom (typically 1 to 3
heteroatoms) selected from nitrogen, oxygen, and sulfur. Unless otherwise defined, such
heterocyclyl groups typically contain from 5 to 10 total ring atoms. Representative
heterocyclyl groups include, by way of example, pyrrolidinyl, piperidinyl, piperazinyl,
imidazolidinyl, morpholinyl, indolin-3-yl, 2-imidazolinyl, 1,2,3,4-tetrahydroisoguinolin-
2-yl, quinuclidinyl, and the like.

The term “halo” means fluoro, chloro, bromo or icdo.

The term "amino” means -NH,.
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neurological disorders and cardiac disorders. P2 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 20 WO 99/30703 and
Wity Sthtds Patent Number 5,290,815). The term PCT/USZ004/030833
"pharmaceutically-acceptable salt" means a salt prepared from a base or
acid whickeimteeptabiedy efenivstratontompatierapsuchsasiaient to effect
eAmmEkIHSNSAS 520 bF derved flom BharmAcsuticall-acceptable
inorganic or organic bases ahd from pharmaceutically-acceptable
inorgakiie srorgeninenidss 26:Ehitsiderivad fhemeatment of d disease or medical
RNAHBATLYIGALARARIARIE AGIS [PEHER.RYLHGNAS InitsdniRcetic,

benzenesulforric, benzoic, camphosulfonic, citric, ethanesulfonic, fumaric,
glucodie, gluREFTHEtiRgAREISTEHIE OF Jehdiem GrRdTHeREOmaerRringlE -

mandelic, n%@ggﬁ?ﬁggy%mggaBgﬂ'@mpamothenic, phosphoric,
succinig, sulfuric, tartaric, p-toluenesulfonic, xinafoic o i
(1-hydfaxy-ZREPAHBIE REidiser thericabehtitiiony-so Pratapting gr&ausing
salts deriveddsaasisinsite Bydrobiomisi N dachipiGnacetitnsulfuric,

methanesulfonic, xinafojc, and tartaric acids. Salts derived from ] :
o S SRS G AL RIS G pr atesing e

ammonium, d¢aleiopmenppéls Bsescformedclihiviinagnesitont; or

manganic, 10 WQ.2005/030678 PCT/US20041030833 manganous, .
otaotti, SOURTANE VR SRl ) Pronse g on B & patiet.
ammadTi iphrcaltiisrgsmagnesidon petassidwan @ setitnmn daliscpaltsictivity”
derived fram pharmaceutically- acceptable organic bases include salts o
e o LSt S S AR R B b e ouna
ioytbhcameneshnalirelisdedir fngdamnings andyifoe dkaisucuch dsarginties
betaine, caffeing,.choline, N,N'-dibenzylethylenediamijne, diethylamine, 2-
I Ry e o Aoy ehomie <
atfiyletmetiainimeXd sthyh (iocphiblin ehidsathylpigetidime, glpbaming, as well as
|‘l111§{2})?05 algzgllrh%o%%%j g[]'l ’(2&}[ 15%%{?&!851’5..Isgzpell‘gpeﬂg}'gycnz%bI ?{I)Q%btivity is also
met ng ucaming, morpholing, piperazing; piperadine, pélyamine -resins,
Iproaindicpussmes cdhetbmmine, thieth (deaiindctiBrethBamin®pmber 5,872,126)
HRORAmING AL AMSANING AN NG e ThE AGTM. 0N BIR L MARNS Buer
complex or aggregate forme eby one or more  molecules of a S0 ute, I.e. a
BEHROUNG Dinh é/mieshticieoP aqph Niumdce GikMII§Laeceptable salt thereof,

and ORG OFMEHNAISHIRS AL ARANENE AHORSONAET AT MRIEHNM a base or

acid which is acceptable for adntinistration to a patient, such as a mammal. Such salts can

be derived from pharmaceutically-acceptable inorganic or organic bases and from
pharmaceutically-acceptable inorganic or organic acids.

Salts derived from pharmaceutically-acceptable acids include, but are not limited
to, acetic, benzenesulfonic, benzoic, camphosulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pantothenic, phosphorie, succinic, sulfurie, tartaric,
p-toluenesulfonic, xinafoic {1-hydroxy-2-naphthoic acid) and the like. Particularly
preferred are salts derived from fumaric, hydrobromic, hydrochlorie, acetic, sulfuric,
methanesulfonic, xinafoic, and tartaric acids.

Salts derived from pharmaceutically-acceptable inorganic bases include

aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic,
10
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crystalline solids having a substantially fixed molar ratio of solute and
solvent. 15 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
WEREREIER “or a pharmaceutically-acceptable salt or solvAterdfS2004/030833
stereoisomer thereof" is intended to include all permutations of salts,
reoiganess, 20tasstisteyabisomers psdidh: dsa Solvatdaolygpreferred are ammonivm,
&Qﬂ&?%&%&%ﬁg}({gc%ﬁﬂﬁ%ﬁ%ﬁé&% sinleQzomer.oL & £OMPOHAL Qi calty-

formufa (1). [ m eaving group” means a functional group or atom
agfisicrbdanr reidisptadedusle sitsthEpforetioresbgfenpipd &gt irageines,

iR tanEeRAGHONRKCH, A58, AHcleoRIIlG S UPSHHO B HERCTIRR BYM@Ysuch

of example, representative leaving groups 25 include chloro, bromo and
FRUSHivupelnsionitcimsicholisags, N udhae dayrmel e dicBrlayiate >
GasylatarReMRe. e AE ISRV BIRYDSLSHE AR BCaIhediamine, N-

trifluoroacetoxy and the like. The tens "amino-protecting.group” means a
Protactily Godh Rt yetting SHoSHEEfe SRBATRS
iRgeRnRePIfSen Al AN teeting 130, GpuRs g perdaua R Bakhine
limited to, formyl; acyl groups, for example_ allcanoyl groups, such as .
"HEBtyITaES B e e R B R R U EAHSBRY T BRE§PY famine,
iesylenehoeyearbemiigroups, such as benzyloxycarbonyl (Cbz) and

9-fluorgnyhnethoxycarbonyl (Fmoc); arylmethyl groups, .such as benzyl
(B SR G OB OS0Rs  HEC P TS Hd or
rholeciéd sfiveibiaxy pleayhmettyd siylegroapsosuch pisatrimetitydsityl {ddefHble
and.tert- butyldimethylsilyl (TBS); and the like. The term .
A e e B e SR S e v
prewdinting luhdesirerredctions bt Sxejoroley growpf RéEpresentalieat.
-protedl i e imi ! oups,
ket ARG S AL e S
igrppreneh epeiie addtghdaiyhieth Yo dpssaueh &swblenAjke @iyate formed is a
Rrpgthoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and diphenylmethyl
(benzhydryl, DPM); silyl groups, such as trimethylsilyl (TMS) and
te rt-bl}ﬁmj hb@tmg;pypt?tt @@,’9 thenigripn e dikephamaceutically-acceptable salt or

solvate of stereoisomer thereof” is intended to include all permutations of salts, solvates

and stereoisomers, such as a solvate of a pharmaceutically-acceptable salt of a

* stereoisomer of a compound of formula (D).

The term “leaving group” means a functional group or atom which can be
displaced by another functional group or atom in a substitution reaction, such as a
nucleophilic substitution reaction. By way of example, representative leaving groups
include chloro, bromo and iodo groups; sulfonic ester groups, such as mesylate, tosylate,
brosylate, nosylate and the like; and acyloxy groups, such as acetoxy, trifluoroacetoxy and
the like.

The term “amino-protecting group” means a protecting group suitable for
preventing undesired reactions at an amiro nitrogen. Representative amino-protecting
groups include, but are not himited to, formyl; acyl groups, for example alkanoyl groups,
such as acetyl; alkoxycarbonyl groups, such as tert-butoxycarbonyl (Boc);
arylmethoxycarbonyl groups, such as benzyloxycarbonyl (Cbz) and

O-fluorenylmethoxycarbonyl (Fmec); arylmethyl groups, such as benzyl (Bn), trityl (Tr),
11



10

15

20

25

30

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

resent invention is illustrated in the schemes below, those skilled in the
'gﬂ Wil Ecognize that all aspects of the present invention RaRH2004/030833
prepared using the methods described herein or by using other methods,
ashénis(dhcsiantigmalienals keivinieuhoselshiltethinliyieibit TME) and rers-

[ hat where typical or preferred process conditions
BlRaBEARRLEG ?2%%}” alyersly

(.e., rea atures, times, mole ratios of reactants, solvents,
pressurestersc ydre giventcotinergpeopé ssoondjiiorsioangisy beéubedor

I mum iog conditl ry With....
e Ao e b
%@@ﬁﬂﬁ@d%?%ﬁ&ﬁ@ﬁ lepiidtie aﬁsiﬂmmp euolpﬂﬁmmh e@ndg@@r@@butyl;
Adcionalioas il R RRRYEALIRINGRR SKUIRH INde b RGO o
protecting groups may be necessary to prevent certain functional groups

‘?F&F@Mﬁ&%d@-@ﬁ% ribesnd dPYBre Sdimenvime bpbiabraddipisrymethyl
ERLBGHRG, IroMD; far,a particWasfuRctionalgaun iy el e SUlabigmethylsilyl

conditions for_Erotection and deprotection, are well known in the art. For
) et ous protecting groups, and their introduction and removal,

are described in T. W. Greene and G. M. Wuts, Protecting Groups in

rganic, Synthesis, Third Edition, Wiley, New York, 1999, and references

et < ethod of synthesis, compounds of formulas (1)

and (ITarpareparetainidustiatad s Sepaaeidn Thaisy bsiilyents.atdy
va é%glglsl %tiwot n %élﬁ)hv% fgllowin?% sc%eg es Lgave the deﬁéﬂ jons. [i)rovaigjtedI
above UNTess Bthendise SidiaR &y 575308 78 1housh a particular
RETIUSROPAE080883tBoheiliesia@R inlthéNcR2Es R gw\ iHaskl ddtHzd @PHe art
\HI?I%QO &%zeNthﬁlaﬁ algplélcqlszof 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 prefetred process
conditions (1.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures,
etc.) are given, other process conditions can also be used unless otherwise stated.
Optimum reaction conditions may vary with the particular reactants or solvent used, but
such conditions can be determined by one skilled in the art by routine optimization
procedures.

Additionally, as will be apparent to those skilled in the art, conventional protecting
groups may be necessary to prevent certain fimetional groups from undergoing undesired
reactions. The choice of a suitable protecting group for a particular functional group, as
well as suttable conditions for protection and deprotection, are well known in the art. For
example, numerous protecting groups, and their introduction and removal, are described
in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition,
Wiley, New York, 1999, and references cited therein.

In one method of synthesis, compounds of formulas (I} and (IT) are prepared as
illustrated in Scheme A. (The substituents and variables shown in the following schemes

have the definitions provided above unless otherwise indicated.)

12
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OHHP20 R2RI4HNH2 OHHHO R2 Ri HNH2 where PI represents
a hydroxy-protecting group, P2 represents a hydroxy-protecting group,
and L represents a leaving group, such as bromo. As shown in Scheme A,
C of formula 1 is first reacted with (R)-N2-[4- 5 ,
@-g’%%%%’[ gyl)phenyl]-l-phenylethane-l,2-diamine (2) to pro(F/'l(ag
intermediate of formula 3. Typically, this reaction is conducted in a polar,
aprotic solvent in the presentehanihAse with heating. The protecting group
P1 is typically a silyl protecting group, which is typically removed from the
intermediate of formulg3t using a fluoride or acid reagent, to provide an
intermediate of formuld 4. The protecting.group P2 is typically a.benzyl 10
protecting groug : i ; s
formula 4 by? ¥e. '
provide the produgt. 13 WO 2005/030678 PCT/US2004/080833 The
compounds of formula 1 employed in the reactions described in this
application are reédily prepared by procedures mown # the art, and
described, for example, in U.S. Pateht Nos. 6,653,323 B2 and
6,670,37613 1, which are incgrporated herein by reference, and
references therein. Intermégliatei2 is prepared from readily 5 available

starting materials, for Byepf es illustr {n Scheme B.
P% NO2 N 67 NHP4 P3HN O
R N
3 Ho N,

Scheme B NH2 NH

8~N\ HNHP£©
OM H
O
R1 i H NHg

OH S
| NS \/\©\
HO N Rr2 N
R NHz

where P' represents a hydroxy-protecting group, P represents a hydroxy-protecting

%(104/039833

R‘l

group, and L represents a leaving group, such as bromo.

As shown in Scheme A, a compound of formula 1 is first reacted with (R)-N-[4-
(2-anunoethyl)phenyi}-1-phenylethane-1 ,2-diamine (2) to provide an intermediate of
formula 3. Typically, this reaction is conducted in a polar, aprotic solvent 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 or acid reagent,
to provide an intermediate of formula 4. The protecting group P? is typically a benzyl
protecting group, which is typically removed from the intermediate of formula 4 by

hydrogenation using a palladium on carbon catalyst, to provide the product.
13



9H2N O N HIHTNH2 101-H2NTi N 2 NH2 In Scheme B, P3
represents an amino-protecting group and P4 represents an amino-
protecting group. As illustrated in Scheme B, a protecting group, P3 is
amino nitrogen 10 of 2-(4-nitrophenyl)ethylamine, 5
ﬁgg\ﬁj@é%r&%termedlate of formula 6. Protecting group P3 |§%%%%1S94é03"833
tent-butoxycarbonyl (Boe) group, which is typically added by reaction of
di- terﬂbammmanbbrlﬂtﬁfﬁmha&)nﬂmdbam comtitiondesthiecithte thiediate

SN0 Z00SIGR0TB G TIS2004030055, s trchiseriorovids an

intermediate o duction o e mterme iS typically
estfaptedbl-Rydeiye Ao, ¢S] ﬁ!@h&iﬁﬂaﬁ by @ﬁ%elﬂdowmtawstnmomted

weRineakdnternediate is coup! %%Wméﬂﬁem&@ft@ iﬂ‘%? el glycing .o

provide an intermediate of formula 9. The coupling of the intermediate 7

At et b ometad uSng anmdptierseeitiphn i ageriedior Sshample,
1-[3-(dimethylamino)propyl]-3-gindeatpodiimide (EDC), and may employ
a catalyst, for example, 1 hydroxybenzotrlazole hydrate (HOBT) or

of formula 10 |s reddced, t 3 eductant, to
form (R)-N2-[4-( thyl) phenyf4=phenyl- 10 ethane Fplamlne (2).
The preparation of interniediate 2 is further described in Example 1, parts
a-e, below. Alterrfatively, compounds of the invention cdn be prepared as
illustrated in Scheme C.

0
HO

o] O
5 NH,

In Scheme B, P? represents an amino-protecting group and P* represents an amino-
pfoteeting group.

As illustrated in Scheme B, a protecting group, P°, is added to the amino nitrogen
of 2-(4-nitrophenyl)ethylamine, 5, to provide an intermediate of formula 6. Protecting
group P is typically a rerr-butoxycarbonyl (Boc) group, which is typically added by

reaction of di-ferf-butyl dicarbonate (Boc,O) under basic conditions. The intermediate 6

14
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n 15 WO 2005/030678 PCT/US2004/030833 Scheme C OPI Br H2N p20
IRZ+'/N\R'HOH 111 OPIHNN/Ip20R2N R112HOH OP,HI
N/~P20R2N R-"13N3 OHH\NI~/ p20R2R'HN3 140OHH N

wiGRZ fs(;eN \ I R1 H NH2 According to Scheme C, intermediate 1 is |
CoupladWith (5)-2-[4-(2-aminoethyl)- phenylaminoS-l-phenyléthArat{ye3ess3

‘to provide an intermediate of formula 12. Typically, 5 this reaction is
Igeptigetda mcaigokar ieprotidigelvéfitiniad pitsbrterod hasénatndieatings

HAMO &@&549%9%%%5’%%%%%%%%Qg%”ﬁm%?{ %‘?ﬁ&at&éa%y‘s% "6 ine of
with a reagent such as diphenylphosphoryl azide, w ich
intermediate 7 is coupled with the protected phenyl glycine § to provide an intermediate
of formula 9. The coupling of the intermediate 7 with § can be effected using a peptide
coupling agent, for example, 1-[3-(dimethylamino)propyl}-3-ethylcarbodiimide (EDC),
and may employ a catalyst, for example, 1-hydroxybenzotriazole hydrate (FIOBT) or
1-hydroxy-7-azabenzotriazole hydrate (HOAT). Intermediate 9 is deprotected, typically
under acidic conditions, to provide an intermediate of formula 10, which is reduced,
typically using a borane reductant, to form (R)-NV -[4-(2-aminoethylyphenyl}-1-phenyl-
ethane-1,2-diamine (2). |

The preparation of intermediate 2 is further described in Example 1, parts a-e,
below.

Alternatively, compounds of the invention can be prepared as illustrated in

Scheme C.

13



converts the alcohol to a leaving group and provides a nucleophilic azide
anion to provide the intermediate of formula 13. Alternatively, two-reagent
systems can be used to convert intermediate 12 to the azide 13. Next, the
otect| oup Pr, which is typically a silyl 5 protecting group, is
v?érﬁ%'\%/gaigﬁtg%ically by use of a fluoride or acid reagent, to prgé?ggsé B/030833

intermediate of formula 14. The product can be provided by simultaneous
hydrogenation of the azide a¥d@@sdotection of the protecting group P2 of
the intermediate of formula 14, when P2 is a group, such as benzyl, that

is removed by hydrogemation. If the protecting group P2 is not labile to

hydrogenation, an.addittens#rdeprotedt quired.
Intermediate 11 iin prepared by thﬁm&w
aminophenylféfhyla1 in&with chiral styrene oxide, asidesgribed in
Example 3, part a, "below. Further djjils regarding spe(ﬁijc reaction

condition and otherprocedures for pfeparing represeiitative compounds
of the invention or intermediate therefo are described 15 in the Examples
below. Accordingly, in a method aspect, the invention provides a process
for preparing a compound @fffosmula (1), or a salt or stereoisomer or
protected derivative theregf; theNprecessgomprisingzreacting a
compound of formyla Rég‘a OZherein Plisa
hydroxy-protecting group, L' a leavipg groufi, edch of Rta, R2a, R3a,

and. Rd4a is independeritly defined t6 be the sam8as Rt, R', R3, and R4
in formula (1), or -OP2, wherein P2 iia hydroxy-protecting group, with a

compound of formula (IV): Rat H2N + R7 Rg i N : I Rio (IV) HRs
NRSR6 25 wherein R5, R6, R7, Rs, R9, R10, and Rtr are defined as in
formula (1), to provide a cor@pbynd of formula (V): 17

L
on Rz N/\p
R 13 RN,

O

H
N\/\@
P20 R? = E
R’ N
14
OH
N\/©\
HO R2 N’YQ
’ H
R NH,

According to Scheme C, intermediate 1 is coupled with (5)-2-[4-(2-aminoethyl)-
phenylamino}-1-phenylethanol (11) to provide an intermediate of formula 12. Typically,

5 this reaction is conducted in a polar, aprotic solvent in the presence of base with heating.

16
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WO 2005/030678 PCT/US2004/030833 R42 OF1 HR11 N (V) R3al
R2a R7 Ral/N R10 Rla HR NR5R6 removing the protecting group P’
to provide a compound of formula (VI): R4a OH HR11 (VI) R3a(R2a R’

WR8 Nsﬁ%‘?{% gR Rla HNRS5R6 ; and when any of Rra R2', R3a or R4a is
-8&’?, emoving the protecting group P2 to 5 provide a comf)%UHa%(f”%%ﬁ

formula (1), or a salt or stereoisomer thereof. Pharmaceutical
IgempdsitidddsTheind entionredgenprovidesipianylabestiveycartpositions
Lisi . inventio ordi the .
B e Ry provi
theriniaraxatisforod fysuitalie fdtvmotvatintinstaton, systamasaorhe gped to convert
iﬂ@fﬁ_ @Eﬁ&@ 1’5‘9@'&&@5@89 3 .of\l@gﬂ' H&'&!g;%@&'ih@%@&@ﬁ‘Qﬂﬂcﬁlfs"é&%‘icgﬁy a sityl
illustration; The compound can be admixed with conventional

PENEFHISCE R el dsiterel abyiieatbipie ves by sl Pis ifbipReshh dwgarile an

iARI85; S8 BEHERuIR I STRYSREDSI QRS bE YR BEEEn ARt I8s iKRro¥dahtion
pharmaceutical compositions will 15 contain from about 0.05 to about

od tfon, 55 s HicaralsstmmRERaorIBting EREPRord BerBiamefieinh ferrula 14,

whidnt0’abeut AN/ au NEsMRAFINAGEUN GBI ERBPGSHHRARS AU GO NBIRL protecting
commaon carriers and excipients, such as cornstarch or gelatin, lactose,
SeHBRedtn Lhitae Trigresion spardiional dusaterliehotr dtmsared:
cellulgsgrikaalite MapriekgisaciuibPiesehales sedigm chloride, and

al i%%%aci_ %t%iﬁintegrat_ors commonly used in the 20 formulations of this

A R ST B s S A B e &

waglium starch glycolate and alginic acid.

Further details regarding specific reaction condition and other procedures for
preparing representative compounds of the invention or intermediate thereto are described
in the Examples below.

Accordingly, in a method aspect, the invention provides a process for preparing a
compound of formula (I), or a salf or stereoisomer or protected derivative thereof, the
Process comprising:

reacting a compound of formula (I15):

op!
R4a

(1)
R33 . RZa
R1a

wherein P is a hydroxy-protecting group, L is a leaving group, each of R™, R* R* and
R*%is independently defined to be the same as R, R%, R, and R* in formula (D, or MOPZ,
wherein P* is a hydroxy-protecting group, with a compound of formula (IV):

i1
VO, QL
7 8 ! I\
R R N S 210 vy
9
H R
NRPRE

wherein R°, Rs, R, R% R®, R, and R!! are defined as in formula (), to provide a

compound of formula (V):
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A liquid composition will generally consist of a suspension or solution of

the compound or pharmaceutically-acceptable salt in a suitable liquid

carrier(s), for example ethanol, glycerine, sorbitol, non-aqueous solvent
ethylene glycol, oils or 25 water, optionally with %

\ggggl%q%%%%bmzmg agent (such as a cyclodextrin), 18 WO g%)ﬁ'?/%%ﬁ gx 3

PCTIUS2004/030833 preservative, surfactant, wetting agent, flavoring or

coloring a%gglt Alterrm'\/ﬂy a liquid formulation can Q&prepared from a

reconstitutable pawde exampie.a powder gof gihing active
' n% can bé&Y)

ent, & se and a
reconstltuﬁéd Wlt walket to form a SUsp@insiof; a gup%an be prepared 5
ugrgse and a sweetener. A

from a powder c&’ﬁalnlng active ingredient,
composition in the form of a tablet can be pf@%gi‘ed using any suitable
pharmagsgwiicalieaiFiRE(sh 4IRS WS Beb ol DRRRATHIELROlEBAMPOBILIPNS.
Examples of such carriers include magnesium stearate, starch, lactose,
alllnﬁ cellulose and binders, for Ei(’ample
. The tgbl also be @- 10 with lor film
coating,Fggr ol mw ash het )y addition, %}g?l’ve
compound ca Srmulated in a cohitroll d reledse dosage form as a
tablet comprising a hydrophilic or hydrophe®ig matrix. A composmg&lln
the form of a capsule can he prepared using routine encapsulatlon

procedUiesatsréRamble By iRerpotaifh-ceartiredbrpstatiog o’ to
Ruoipientsipeuadarebaalminncapsule: Altesnativeh: asampi-solid matrix of

active compound and high molecular weight polyethylene glycol can be
prepared and filled into a hard gelatin capsule; or a solution of active
compauachincpaivelltdenegiveel or a suspension in edible oil, for
exam |i%§Id paraffin or fractlonated coconut oil can be prepared and

filled | SRHGBIARA NS MR TS B SR P RS OB IS A gpe und
@fthe imvmﬁmylee&hdﬂsﬁg@pﬂtmmn@mbmwmaﬂwmmme)m of &

oly-vin rrolidone (Povido drox I meth II lose, sucrose,
b S R Rl A A e e
z@agnﬁsa&ﬂnn,steeﬁabeomi otherametall Iadmsﬁeal:atasn sbe admmmdaisdmbyu afflalidion.

tale, vigxGa, alls and.aollolal slica, 20 Elayon 5D on
pepperr}r’nnt ol Wlnterg’reen cherry I%lvorlng or th VTJke can also be
phesaiapuditi satyerit mapive dotiraidle ol anltha Gotoridgagbm:, towikeapsules,

elixirs, suspensions, syrups, wafers, and the like. Such pharmaceutical compositions will

contain from about 0.05 to about 90% by weight of the active compound, and more
generally from about 0.1 to about 30%. The pharmaceutical compositions may contain
common cartiers and excipients, such as comstarch or gelatin, lactose, magnesium sulfate,
magnesium stearate, sucrose, microcrystalline cellulose, kaolin, mannitol, dicalcium
phosphate, sodium chloride, and alginic acid. Disintegrators commonly used in the
formulations of this invention include croscarmellose, microcrystailine; cellulose,
cornstarch, sodium starch glycolate and alginic acid.

A Tignid composition will generally consist of a suspension or solution of the
compound or pharmaceutically-acceptable salt in a suitable liquid carrier(s), for example
ethanol, glycerine, sorbitol, non-aqueous solvent such as polyethylene glycol, oils or

water, optionally with a suspending agent, a solubilizing agent (such as a cyclodextrin),
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the dosage form more attractive in appearance or to help identify the
product. The compounds of the invention and their
pharmaceutically-acceptable salts that are active when given parenterally

\‘?895,9?‘,(,“3%%“&% for intramuscular, intrathecal, or 30 intra\{,%[%ﬁﬁo 030833
administration. A typical composition for intra-muscular or intra ecal

administration will consist of a suspension or solution of active ingredient
pipseiaivefondeiamleveitahis o, dlavsesgme wlougseal colpasition. foquid

rdRIAVEDP IS Ye ig%%%&?@&ﬁ'o%?m&%%@&ﬁbw L9440 2005/030678
PCT/US2004/0

0833 consist of a sterile isotonic aqueous solution
contalisftf SBPIE e picheavia TR adiBift o YB B SR BB sucrose and

2Ghladde, onfraixtyieaf daxtiass andsadiim shiatdenOtherexalepiespared

are lactated Ringer's injection, lactated Ringer's plus dextrose injection,
BrREEr SHa e ARG EaC [BETsHeR:, SRR AMRMEEFETAfEction, and the
like. Qpitonsdliibracasayenis forsxarple: prlystaiene ghycalitdle

chelating. agent, for example, ethylenediamine tetraacetic. acid; a
D B OO RS S eRICRALR R SRS BN R Rles Of
sextacaplesssodiuin imegtakist phitestanayibl inclusedunrdbe foimulatiatine
t rnativg{}/., ftjhe splution 2gﬁln b? fr.eelze dr{e&i an epalg%(%%ggté{ug%d vgg‘r}l ded
“BSUIEABME SO [UsTITiaT {8 adiiiniStration: 1o The ¢ompounds of this
withentider dhd theingharndecutinaliy-aceaptalile saitienehidh addiiastjveton

topical administration can be formulated as transdermal co tion or
e D R e B B R ARSI omRns iy Bne o
hgsenpiple, @ hdckphghaatiagizompound reservoir, a control membrane,

liner 32983%9%%‘?9%?'Vf%nnso%ci‘cﬁrgas%??d&%“:?é ?%CJ}QS’ 0RY R dized to

provide continuous or discontinuous infusion o the compounds of the
cpeasuitiinvemindirceciroliadratounestrhiatieormstaabie s wybanst

apRIma) Qﬁﬁ?&‘g@ﬁ%%Q&éi@!ﬁ’eﬁiaﬂ@@fﬁ‘Q%&H&i—%ha%ﬂfﬁc iSeu&lve
Imown in the art. See, for example, U.S. Patent No. 5,023,252. Such

coBmRpiEy! s\ hish: seniserlaterr g eoleihulsns, hunehere hsrrsepasAwddiled into
Jdehven-alRhgmaceulicalagentscRre prpisrrd MRanReRhe elycol or a

adminjstering a compound of the invention_is inhalation. 20 Inhalation is
sy epriRbchiBls R sdPRtraris g A R A R IR e Rath R fakbe
plagresareithies generRityeeasiRtaharmaceutical inhalation devices:
nebulizer inhalers, dry powder inhalers (DP]), and metered-dose inhalers

(MDI) TEUFVERAEH Bt ren it 88 Sra Gt 8 8 SHEAM B A Bl ocity
aibthahetisegialltbe ppguliaaseriittoapi@y Adade), hydroxypropyl

methylcellulese, sucrose, starch and ethylcellulose. Lubricants that can be used include
magnesium stearate or other metallic stearates, stearic acid, silicone fluid, talc, waxes, oils
and colloidal silica.

Flavoring agents such as peppermint, oil of wintergreen, cherry flavoring or the
like can also be used. Additionally, it may be desirable to add a coloring agent to make
the dosage form more attractive in appearance or to help identify the product.

The compounds of the invention and their pharmaceutically-acceptable salts that
are active when given parenterally can be formulated for intramuscular, intrathecal, or
intravenous administration.

A typical composition for intra-muscular or intrathecal administration will consist
of a suspension or solution of active ingredient in an oil, for example arachis ol or

sesame oil. A typical composition for intravenous or intrathecal admimstration will
19
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mist which is carried into the patient's respiratory tract. The therapeutic
agent is 25 formulated in a liquid form such as a solution or a suspension

of micronized particles of respirable size, where micronized is typically
defined as having about 90 % or more of the particles with a diameter of
YE2SWMARYBbut 10 m. A typical formulation for use in a convERTGREF04030833

nebulizer device is an isotonic aqueous solution of a pharmaceutical salt
cohtiw dctivedgoloat c.geaasnisation obihenidQ, dctiverageniafehyedint and
bout 0.05 .tg/nrl, and about 1. mg/mL...Suitable neb Iizerg%vj es are
e oo S EoEy AR G o S RE O
Gunrleny): [Othed Rahuslizénjdaitochttarnd Beemthsbieskediricr &dactiple, in
A2 batent 6 068. 2005/030678 PCT/US20041030833 DPI's
typic%ﬁﬁl/ adm?n%geﬁegem%@zi%\é%ﬁ?gg&é% ?‘rﬁ%%r ?(%rl ec(t)1 ﬁ’f?‘é“i%gaﬁ‘n‘“’g (Pptlonaﬂy’

PRowabcthaot arabieldispéysboll inaghatid shalristeegent fongcimspieation.
&lﬁéﬂ%&%i@ﬁé%%@?&a&é’@&@oﬁ@ %@n?ggsgek&r@{ﬂm@,%gcﬁg I3PEIS8d an

the powder are also being deve 513 . In "order to achieve a free flowing
Pihvrretth o rerapdatie dgenmetiseibinunebevnmiug ol duilzpfermulation.
SNSHIANLILE He SAGIRTERR SIAFCR e Ay RAWRS! {QURYIRHEDN $AR DeMmBee.

for example, by combining dry lactose particles with micronized particles

SR dnpiesiea pharmaceutically-acceptable salt, of a
compauRdafihemventionti-gadbe -Aiva3aRRR80H: BN IRBdINSe salts

Alternatively, the agent can be formulated without excipients. The

YORMARASTVE 1540863 HErareiny Htidar SR FERM g i teraabippositions
aartidgendrieapsylasiord S uibsa) dsh PR dalive eRMIE Gor example, a
EXP.rﬁglest,of DPI deliyery devices prﬁ)&ﬂdeﬁdg%omme,rcially include i

BRI AP (B IO RRETRRARIFTEO TR ASERFEH FABRGINPAR. RGPt adheslys.
FatemidNderinf a2E )in HiskusdGlapoSitbidineb(ser, dsguntihboRaienion of

0.6,378 %19' E%rb,uhale.r AstraZeneca, Wilmington, E)cge , €.4.,

RS S oy R F S ARG [l e
. gansiiSmPlatenb i dod(353:86&)y sipthanaxxamplegaftsiitablekidRi in the art.
devi es.are ge%:_ 'p){g,\,c{int S..P. %/#[\)‘ . 5,415,162, 5,239,993, an

o U N B D e e S
comfpurefiteralse aticradramndsicl veymprbesee-progd| kesngas.
For_mL@%%&@%MPA@@F}#{PEHI%%E‘tﬁHﬁ%’Q‘8%28%%0&?1{&9\%% BEQE'iRﬁa%fﬁon.
active ingredient in a liquefied propellant. While chlorofluorocarbons, suc
Inbabtiane wohlrshtio memphive dsnnsutagsys bsiiriesthguestiratory tract.
TRACGIBHFEIREAR types of pharmaceutical inhalation devices: nebulizer inhalers,
dry powder inhalers (DPI), and metered-dose inhalers (MDI). Conventional nebulizer
devices produce a stream of high velocity air that causes a therapeutic agent to spray as a
mist which is carried into the patient's respiratory tract. The therapeutic agent is
formulated in a liquid form such as a solution or a suspension of micronized particles of
respirable size, where micronized is typically defined as having about 90 % or more of the
particies with a diameter of less than about 10 pm. -

A typical formulation for use in a conventional nebulizer device is an isotonic
aqueous solution of a pharmaceutical salt of the active agent at a concentration of the
active agent of between about 0.05 pg/mL and about 1 mg/mL. Suitable nebulizer
devices are provided commercially, for example, by PARI GmbH (Stazuberg, Germany).

Other nebulizer devices have been disclosed, for example, in U.S. Patent 6,123,068.
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adverse affects of such agents on the ozone layer, formulations using
hydrofluoroalklases (HFA), such as 1,1,1,2-tetrafluoroethane (HFA 134a)
and 1.1,1,2,3,3,3,heptafluoro-n- propane, (FIFA 227) have been developed.
Additional components of HFA formulations 25 for MDI administration

YR 8% Ivents, such as ethanol or pentane, and surfactBRTEUS3EP3S33

sorbitan trioleate, oleic acid, lecithin, and glycerin. (See, for example, U.S.
PatenDRN® tipR 20y 18k R0 A1HO8 0 anshWORARA86: B WSmang powder

itable farmulation for MDJL administratjon can include from about 1,
B S T S A S G VLGS devioe
whiahost BE2084! byanmighirethanidipand threpraldotird sddabgdeteiipby. In
SNEOLY RIRCR e e JSMAN el REntEine bl POREIANG 8N i o
approach, to prepare the rmufatlon, chified "ot pressurize
jidbdficieroHitane.issaide drtgaachinl sohapvingdh@preként caypshaltinge, for

J%ble?%&%b%t%ﬂfﬁ%‘@c@d%@ é@ﬁi%fé"sf%{ﬂ‘?ﬁﬂﬂﬁ%%% %&E? RY§tBie form,

suspension, the 21"WO 2005/030678 PCT/US2003/0308 _
tipisnihat ehiescsiivaliyrendertabies witcns nizetprimid ishT ey éotivn (At othds
doaded ni9An SEIRSRLsRANIRIRIWHVER famsa,portien RiamMRLavige-

Examples of MDI devices developed specifically for use with HFA
FropEntntd e PproAied nlerdsd piteh N RO W O EETAS ST Brp4siniation

diveR ARINAlVRIRI RPN A BYSRANEIPRLRrIY@tian:is prepared by
spray drying, a coating of surfactant on micronized particles of a

pharmEEEBRESLSAT bFEIRTE deBitiiauRtidps e BicExali s i iskhaler
(@433 90 1Aty R:Q0/64 10819 dRop addiionalexamples phRHOBRSSE®0037);
ﬁr?%az%%recgfir@%g pg{ticles, and formulations agd devices suitable for
nhalation JoSIRG: SEEUE Pafertl oL E268 5337 5983 98851874 063,
(And 40622 W3REngiod, WE) 8265319 BhdWat0043062 4,780 lddR otahaler
dersto 1at. any form of ompou of the invention, (i.e. freg .
R R O ) S e T e bt
Y dewofeadmilustiation Tak Betasadomn She phatmmpesfieal sehipadsidnand
@ﬁ?&%@?%@%&ve' The active compounds are useful as (32 adrenergic

receptor agonists and therefore 15 are useful for treating medical
diseasdd)6s condifiodisdmsgiateccbynRe adeentoditrepeptiorssat using

R T T
TEPSpisaRfosiste SgetrirdicalicorudiorpiitiudPuterelmoflliminettitons, such
RUIBOPAEY AISRR3E1IF HEDAR AP HRBR OB IHAMSSs, due to concerns regarding
adverse affects of such agents on the ozone layer, formulations using hydrofluoroalklanes
(HFA), such as 1,1,1,2-tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3,-heptafluoro-n-
propane, (HFA 227) have been developed. Additional components of HFA formulations
for MBI administration include co-solvents, such as ethanol or pentane, and surfactants,
such as sorbitan trioleate, oleic acid, lecithin, and glycerin. (See, for example, U.S. Patent
No. 5,225,183, EP 0717987 A2, and WO 92/22286.)

Thus, a suitable forroulation for MDI administration can include from about
0.001 % to about 2 % by weight of the present crystalline form, from about 0 % to about
20 % by weight ethanol, and from about 0 % to about 5 % by weight surfactant, with the
remainder being the HFA propellant. In one approach, to prepare the formulation, chilled
or pressurized hydrofluoroalkane is added to a vial containing the present crystalline form, :

cthanol (if present) and the surfactant (if present). To prepare a suspension, the
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obstructive pulmonary disease, pre-term labor, a neurological disorder, a.
cardiac disorder, 20 or inflammation. The active compounds are effective
over a wide dosage range and are generally administered in a

\t}pegﬂ %%ticaslly effective amount. It will be understood, however, that the
AMBURL 81t compound actually administered will be deterf§rdSByp4o30833

physician, in the light of the relevant circumstances, including the
Wonitionticabe tregtedidbé chosemP2bd putecdfsadinimistiationedtie lasidalinto an

&%ggp&gg inistered and its relativ ivity, the. age,,wei d .
R M A O e
¢avalenediseecEisnbib flordps o thiid therapenticagentidot inkbfafatent Nos.

g}g@@iﬁgrﬁtjp@ @repthe general range of from about 0.05 pg/day to
about 1000 pg/day, preferably from about 30 0.1 g/day to about 500

sg/day™IEhalipeativelarenant dhat thetrattivfrondetive Bgematedierauapdrying
dhedungstharacierisiic flrasticy %ﬁa@g%&ya%%x}ﬁ%%éﬁﬁe&%ﬁr@a%siGQUHt

in determining suitable doses for inhalation administration. 22 W

SHRBAD 6P P TR0 ESS R o YoUPEARTSe abimmiriditipaglin
S REFRIErIASRWeSK LIPS HMBR: PRFIVRS Ku Al RIMHIRISI IS RS

%(]e(zr day, The treatment regimen ma re%gre administration over

EHEET PERGHSLINTRE, SR5rERahiiifa! RitssEvdP WeekSSPrtorthEt 85 thend

drestmes) ta £ e/ ARy segaivechipsie gdministration. Suitable doses for
oral a minIi tration are in 5 the general range of from about 0.05, pg/day to

about OB M G/ERY BRI IABISY S8 Yob Gy KHSHG bR Brp ertiesce
leom phamits aftihe imveattioh ay e idesdemne o he patenil.andselgctive
agonists of the (32 adrenergic receptor,. In particular, compounds of the
R e R nr R e T S e
as corfiparet dOcwithothe f3ranc:03 aobe bargierpHceptons: brrthesmal eherefore
com ds of the invention have been found to possess surprising and

R akERL R R LSRR e et sy reoeptors
helew:iemh potirtisdkthesio venfion demensirateshdusation ab@ciDibnditions
‘%{E ter than 24 hours in an animal mode] of bronchoprotection. The .
IVERACTIREC SVt S S MBthI T freatiTg S<EBE B EBMg oA Berieal
coaditinal antediaadiwiib: @diadrenergicnmeepibicact \FhICMPMSIAGT chronic

dminjstering to the .mammal a therapeutically effective amountofa :
féa%srtﬁ%% ﬂfre]: %gl%ﬁxéaltﬁ \%ﬁﬁ%ﬁ %rre'é?‘%l Ia%or, anew ologma{ disorder, a cardiac disorder,

or inflammation.

The active compounds are effective over a wide dosage range and are generally
administered in a therapeutically effective amount. It will be understood, however, that
the amount of the compound actually administered will be determined by a f)hysician, n
the light of the relevant circumstances, inc]udihg the condition 10 be ireated, the chosen
route of administration, the actual cornpound administered and its relative activity, the
age, weight, and response of the individual patient, the severity of the patient's symptoms,
and the hke.

Suitable doses of the therapeutic agents for inhalation administration are in the
general range of from about 0.05 pg/day to about 1000 ng/day, preferably from about
0.1 pg/day to about 500 pg/day. It will be understood that the fraction of active agent
delivered to the hing characteristic of particular delivery devices is taken into account in

determining suitable doses for inhalation administration.

22



10

15

20

30

pharmaceutical composition comprising a compound of the invention. The
present active agents can also be co-administered with one or more other
therapeutic agents. For example, the present agents can be administered
[ 0 ination 20 with one or more therapeutic agents selected from
“ﬁ,ﬁ%{ﬁ é?r%atory agents (e.g. corticosteroids and non-sterofdal’US2004/030833
anti-inflammatory agents (NSAIDs), antichlolinergic agents (particularly
muscérffiereseptondtadonists)dithe S ddrdrergiccrite proltipigonistsper
WRRIREEHNG RARIR (8- 301 RIOGS 01BN R AL BN ISR BushliStration
invention thus provides, in a further aspect, a co INAtion ¢ prising a
o¥shsparel sl siiivenfismtogethaonstyonbreksorenhatizapenths treatment

r@geeh ALy eXanRlenAnia RN ammALoR:A8EN a0 ANtIGHIQlNGIGIG A8EN . in

another (32 adrenergic receptor agonist, an antiinfective agent or an
i gimeriine aHeosbetheRipenderdgertdAlaiden sl fo

19@@u@,@g§,utically- acceptable salts or solvates. As appropriate, the other
therapeutic agents can be used as 30 optically pure stereocisomers.

SuitabHE SR AR RRRSIEE): gl afite dryenktorbids berat KeSad Bsbe potent
aRUHARIEvEQRiGRsieraiRs pvhich, i Pipati Jigh
_compouxds%gf the%%gﬁﬁg%&ﬁ%@ O%@%3&%%%%@f0%%égﬂ%§é 3
H&f@?ﬁﬁ@é@wsﬁﬁ@ ﬁﬂffal_@dtédﬁ?éb’éﬁé f_grdbéaﬁﬂ amenem‘b—m@@vmwhﬂmed
v PR IR A P BRI I RIIRPRIO RS ention have
prednisolone, dexamethasone, fluticasone propionate,
begn daunsisopesires Kot Acd sryhorg]durm{Buhytaokya. As described in the
ARSI 3% Q1RdEasiRsdnds diene h{ G 10i6, 269 &x APEH
gﬂeosg%er, 6a,3§-di1£ﬁ%r091 (?l?nhé;gr%%g%ﬁ%ﬁ%@x%%%%%%%%n{ﬁ%@&

1 Ebegenie-ayisteal Beeb ri Revadqprysetitstrahydro-furan-3S-yl)

ester,m@qmﬁibﬁmﬁﬁlﬁéé a@x&hﬁ?ﬁo%?r‘ﬂ%%%ﬂﬂggagétﬁrc%ﬁéﬂ?on ina

17,21-dipropionate ester), budesonide, flunisolide, mometasone esters
mEynhasiaried Bt HEmREIRSAe HECTHY cROTEpY R didis o de the
nilxere thargRianals KRR 3td STrbet.Prelaed saiticastarpids

éo include fluticasone propionate, ) .
P A8t G TR A P TS RSt AR g o hietpyntion.
1,3-thigzqlecSgahnRypexicanox e 8a ¢k stRnidienti d{3rearbathiolther

tacid S-.fluoromethyl ester and . ) Lo
A B RO 7 PRy R TSRy RBE S L syia i steed in combination
witketind-@-oxoeahdrpsiard A-ie sl rarbathioig asid Sflugramethy)

o B IR A e SRS R Mo e
agents (particularly muscarinic receptor antagonists), other B, adrenergic receptor
agonists, antiinfective agents (e.g. antibiotics or antivirals) or antihistamines. The
invention thus provides, in a further aspect, a combination comprising a compound of the
mvention together with one or more therapeutic agent, for example, an anti-inflarnmatory
agent, an antichlolinergic agent, another B, adrenergic receptor agonist, an antiinfective
agent or an antihistamine.

The other therapeutic agents can be used in the form of pharmaceutically-
acceptable salts or solvates. As appropriate, the other therapeutic agents can be used as
optically pure stereoisomers.

Suitable anti-inflammatory agents include corticosteroids and NSAIDs. Suitable

corticosteroids which may be used in combination with the compounds of the invention
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15 androsta-l,4-diene-17(3-carbothioic acid S-fluoromethyl ester. Suitable

NSAIDs include sodium cromoglycate; nedocromil sodium;

phosphodiesterase (PDE) inhibitors (e.g. theophylline, PDE4 inhibitors or
Wr% 2ed €]I:3>'PE3/PDE4 inhibitors); leukotriene antagonists (e.g.

MontaleUkast); inhibitors of leukotriene synthesis; INOS inhiBitgHS2004/030833

protease inhibitors, such as tryptase and elastase 20 inhibitors; beta-2

ﬁnﬁégsmomitagbimha%amdrﬁm&mmmpm@tmmmms (e.g.

ts tokl e |sts che agonists
1suc(ﬁ?ﬂ gﬁlg‘%ﬁtgﬁetﬁm a%tlsbma r%? dj%lspoe%?ﬁ f?/’,lar% A%L 4

dﬂﬂr@naq@brassmealﬂl_umsaﬂwnapypmnasao@ﬁmaﬂonrmé?eemdmmmmoxy}

t ynthesi table other, [32-adrenoraceptor. agonist lude
ﬁﬁ i g%egr? {g }% s‘Igjjmnafoat({t%-:‘ tsgl’%l?tlg%eo? gz%s ?aé%% e sifﬁg%og}ethﬂ
ctitve, f@e&?@ahﬁpdwﬂtﬁdmh@mglé&ﬂmmmmte) 7ﬁemntprmhyin>t§flaud}a¢mei A
d%rﬁ% sthbe of Also tere tls Use the ép nt ac elal%e{,gla este
com RS 26 mc‘f’ 4%%?6 2§)¥ TBIGT OF & ixad - *Hers
(@@E@/Paﬁdpwmbﬁ@mﬁeptbséhmumi miosphaediestérakeotifff TRd)solide,

ixed P E PDE4 ors.include, but ar ot [imited to
cis % }10%5%06346?3 C)gclope te esiahqnt oi?p?fL%nr?y C(?y% %fgfr? rTcﬂ)bxyllc
CWOQ%MWWnMKQ%@@mo@M%MeHBd cortlcosteroids
e n c
oL s o Gy o Loty

19@%@2@9@03@833x¢]f&10xommwwehybcw BrexariHiol];acid S-
iS- 4 ~CYA

HoTor es%e%:%argﬁyé: lo&o? Iat}ll g}rc irany naébt%rg/m?éc?%% 1p-hydroxy-160-

oxy enyl]cycloliexane- car
mhhymmﬁaﬂwadg@ﬁiaiﬂéel zalmrﬂmem @ﬂdeﬁ‘-t‘ememhativm? Rodeor

NSERN G A00H I BeL B A SPGB T oxe

1RDe3 R8I B-AidrHzET]:- mwtbﬁb@@iﬁ S‘@Iﬂ@ﬂiﬂﬁ&iﬁ)@ll&ﬁﬂsed |n W099/ 16766

By A AL CONRB AP ARG BEL I OBAM AL

piBykhGlitdendsc PR erttibnie By k- Gistgdn] lnewPAltdha) byl bneixed

P V 554 M565 li 440
R e e S E R e et
laﬂeom@se othposndtéh aﬁab:utcas, arzgoristsiavthesuriugsanipicseeodplesiase
IM?[&@%%{&BQB%%%H‘&%OH&%M’ Qﬁ%h?&!ﬁo%%a%% DI85 9 %&H‘%M %Q%%O%ESM e
Inati the

receptofs, or of co thereof Exemplary omp unds inc
agisieitpsZa agonists); cytokine antagonists (e.g. chemokine antagonists such as, an

interleukin antibody (odl antibody), specifically, an oIL-4 therapy, an oIL-13 therapy, or
a combination thereof); or inhibitors of cytokine synthesis. Suitable other
Po-adrenoreceptor agonists include salmeterol (e.g. as the xinafoate), salbutamol (e.g. as
the sulphate of the free base), formoterol (e.g. as the fumarate), fenoterol or terbutaline
and salts thereof,

Also of mterest is use of the present active agent in combination with a
phosphodiesterase 4 (PDE4) inhibitor or a mixed PDE3/PDE4 inhibitor. Representative
phosphodiesterase-4 (PDE4) inhibitors or mixed PDE3/PDE4 inhibitors include, but are
not limited to cis 4~c:ya;no—4—(3-cyclopentyloxy—4-methoxyphenyl)cyéiohexann1~oarboxy1ic
acid, 2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-
difluoromethoxyphenyl)cyclohexan-1-one; cis-{4-cyano-4-(3-cyclopropylmethoxy-4-

24



10

15

20

25

30

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. 15 These drugs, particularly
“t%ezgoas!,tggg_}ngs, are readily available from a number of commercial sources

b £an be hade or prepared from literature data via, to wit: RErGigede30833

CAS-51-55-8 or CAS-51-48-1 (anhydrous form), atropine sulfate -

1{DAGeHROB-OPiEralFORINR GXifle -0 AS-4438:22-630(cHsIblEhisdlty)-4-
CAS-4574-60-1 and methylatropine nitrate ; CAS-52-88-0. 20 ..
O A oy B LS e g ol
arvgtiaylbrothiteresit OBRSGPed9H HyRREammizdd PDEACAS OhiBites;
: i t - CAS-30603: lfate, sal
R SR el e SR B A (pidped
Sgheﬂmgr&ﬂemi@e%ﬂ%&t-@%@%@@bfb@@d@ﬁ@ﬁ%@@éﬂmwwd
i RERERP UL (6490% ﬁ'ﬁ(@«gﬁ rﬂ%@ﬂ%?&@é’ﬁﬁﬂ:&ﬂ%ﬂ@%ﬁt(ﬂ}{%ﬁ Crio flumilast

oxitropium (e.g. as the bromide) and tiotropiumi (e.g. as the bromide)
(RonSuidsosgibabzinopgeewpmtededisalesemeNeRA RO R Bt 2ulsra)
preRaiihelieschremide 234: S0y BRSQUIRRINE. MedaykRromide or
PValpin 50 S- 80-50’-;2{2%12\3%1;[id?2iu§%r0mide uarzan, .
Vé%?é‘*é@gﬁé‘- GAGTEdisYrrotite (FRoBRF Tabpropan e Sodmebe Seiyaku).
(CASS (ka8 8)+iPMRBRBZOAERIPIAIAREY canteis 291 A @8)ntagonists at the
tridihexethyl chlqricligé\l?athilone, CAS-4310-35-4), and hexo_c%/clitum
PHTSEHYISUIFAER PF A REME U Shg s i th gt iopanibtamests of the M, Mo,
ohyareehiesid col GAG BB ARHRAsLk drami CRRIER 6EASIERRSIS @BuMéGhe alkaloids
05/030678 PCT/US2(104/030833 4), trihexyphenidyl hydrachloride, .
TR 8 AR HE TR B & AP NG PERR e Pmatopine
HOAFBRE30ER-Mmhb:iiX dtaoaniiethboininire sanddhchedrppatingsmines.
isclgsed in WO01/04118, the disclosure.of which.is hereby incorparated
B SR RS AR R
camagonkishios vdearhe fHiwkeoprapereldidhelnunierodsantagonists
known which inkihit HI- t re saf r hum I
rever%%?%&%&%&é?ﬁfﬁ%ﬁsﬁ g?gt]gé&iﬁ?tg?gﬁﬁono% %oig% h%%gepi\?/\lv%tﬂrﬁme )
(S S0EP1ITS; Themngjoxigeof Cidsddmhibitore; Tisddth st §ereriiigrO0-1 and
rg&f@gi%ﬁ% e chyracterzed,based on their core structures, as

ethanolamines, ethylenediannines, and allcylanines. In addition, other

first gEeteftnEntRistaRTesSideidebivese slicl éante>6-9, methylbromide
salt - CAS-80-49-9.

Hyoscyamine (d, [} - CAS-101-31-5, hydrobromide salt - CAS-306-03-6 and
sulfate salt - CAS-6835-16-1.

Scopolamine - CAS-51-34-3, hydrobromide salt - CAS-6533-68-2, methylbromide
salt- CAS-155-41-9,

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

9). See also cyclopentolate hydrochloride (CAS-5870-29-1), tropicamide (CAS-1508-75-
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10 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 allcglamines) or mimic a tertiary amine group with piperizine or

pRNRE B xemplary antagonists are as follows: EthanolanfihdiSz004/030833
carbinoxamine maleate, clemastine fumarate, diphenylhydramine 15

DHhychochinsidey andraintentydinate 4 Ethylpnediandpes (pylaniss-97-1),
mleate, fripel ' , ripelennamine citrate, Alkylamines:
e A st ERcH e e S e S
di2@Rggera? 083 /(d )ty idieckdGlydyftrbicrzin @ qvelm dateypoyaiizibg teli@ience.
cyclizine lactate .meclizine HCI, and.cetirizine lIC!, Piperidines: . . 7. .
notort R o St 15 et BERRERY inctude any
oignel ogwe P terfemoi matmmmfmmdadwmﬂmh Hr'rd@@ﬁ‘aﬁmwéﬂm safe
e IRIMASEL" 98l e ae0ERIBAIS Sl A iR IMEARANHE S ek amine

another HI receptor antagonist which may be used in. combination with a
webriboeerpiorshélipveaitohy Exbeapiakibtprefandly SrH-gisesiincdinRes.
2fDERRARKIIZ0E BREY! QMQ%_IQEQQCW{%E]E@&ﬁQH&Qﬁ@:Yég.eéh%ﬁbﬁﬂﬁicﬂ%@S, and

aspect, a combination comprising a compound of formula (1) ora
afplaniaeJicifjiseceapiesameiaton s iataissismds Sothalag can be
cRheasutiaesigraigh ngadistlal: e dnrention PR RCembiNaiibnists,

wherein the corticosteroid is fluticasone propionate or wherein the ,
whirh dseroRRgdatieg. diave a similar structure-activity relationship in that they retam the

cSiflvarpddasifymnyirarhenyniblic: ivEranmhia metb S reeandser
sta-1,4- diene-17(3-carbothioic acid S-fluoromethyl ester or

PSS ir S FEIPEFS AR RO e (KA B805/030678
PCT/g 5206440208 33 bimethyhidcaxeichia deapiamd Gxymarate, diphenylhydramine
androsta-1,4-diene-1 % -carbothioie acid S-(2-oxo- tetrahydro-furan-3S-yl)
h@%?‘é?ﬁ?ﬁglem@nﬁgﬁ?é ?%nb]i%?/ides, in a further aspect, a combination
compliigiglysdeontpaunddihioknatalébtqrdppharmacediCalhrd copptabimine
s{al% or solvate or stereoisomer 5 thereof and a PDE4 inhibitor. The
CILTate, . . . . . ..
Invention thus provides, in a further aspect, a combination comprising a
Alkylamines: chlorpheniramine and its salts such as the maleate salt, and

acrivastifie.

Piperazines: hydroxyzine HCI, hydroxyzine pamoate, cyclizine HCl, cychzine
lactate, meclizine HCL, and cetirizine HC1

Piperidines: Astemizole, levocabastine HCI, loratadine or its descarboethoxy
analogue, and terfenadine and fexofenadine hydrochloride or another pharmaceutically-
acceptable salt,

Azelastine hydrochloride is yet another H; receptor antagonist which may be used
in combination with a compound of the invention.

Examples of preferred anti-histamines include methapyrilene and loratadime.

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
thercof and a corticosteroid. In particular, the invention provides a combination wherein
the corticosteroid is fluticasone propicnate or wherein the corticosteroid 1s 6a.,9u-
difluoro-17o-{ (2-furanylcarbonyl)oxy]-11p-hydroxy-16c-methyl-3-oxo-androsta-1,4-

diene-17p-carbothioic acid S-fluoromethyl ester or 6, 9a-difluoro-11B-hydroxy-16a-
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compound of formula (I) or a pharmaceutically-acceptable salt or solvate
or stereoisomer thereof and an anticholinergic agent. The invention thus
provides, in a fur ther aspect, a combination comprising a 10 compound of

formul_a} él or a pharmaceutically-acceptable salt or solvate or |
WRIGIEMME: thereof and an antihistamine. The invention thYSTA/GHAGKE0833
in a further aspect, a combination comprising a compound of formula (1)

wethypitarmatButicalipyteoptailesalt grdohaté braterdoisonat Stz reot

t&?ﬂﬁ%%,ﬁﬂm%@[ﬂ?@@lhibitor and a corticosteroid. 15 The invention thus
provides, in a further aspect, a combination comprising a compound of

formu I_Ehe)h@’reaﬁph dhiagevifcalip-adushtabiesalb croblivatipocomprising a
c%‘i%fz%%ﬁ?Hf%mﬁ!ﬁé?ﬁf&%ﬁﬁgﬁﬁﬂg@t@&@@&@ﬁﬂﬂ% Qi APERLAND Asiercoisomer

corticosteroid. As used in"the above combinations, the term, "a compoun
Bt OPER&hERea compound of formula (1) and preferred groups

thereofpamel amoNANd iaiie< Qliselorgd CRMPO UL SAURRGHAASInG 2

Accordingly, the pharmaceutical compositions of the invention can '
BptrstaP Bearh BB alEsrsiRle SYGPRRGINAS @ siereoisomer

tphRbhacesticaliheleeapiablensalt or solvate or stereoisomer thereof with
one or_more other therapeutic agents, as described above. 25 The

indivialisi EERIHETANS BrSes BADHEED AP AT BRI ferer S R 2
seguentialfansiinilaneoushhiRGLRANHECOE RANDITRG PRV MAcLHEERl somer

tB%I;Ig] %tiié)ns. @@gp riate doses of known therapeutic agents will be
readl y ap%?ea@lé }H%Fﬁﬁose skilled in the art. Methods of treatment of the

inventiBin, ithereforeninghocheiad mainisirako aspaicthe dadivichtal compaings of
S5t sombisatons giter seauentally o smulaneotoly 30 separale o
combined pharmaceuticaPtormuistons. Thus, according 18 RyGrth&reosomer
theyse€totsthimvatitioRIPEdvidesimmethocbofdreiativid.a disease or condition

associ e \(y' . renerqic receptqr activity. in a al, comprisin
i B R R o R
aprapEe510B08Y8 BT AIS2004/080888-combiration of @ivetmposrtabomer

dRrausa Ak 3 Rharmacantisalyaccepiahle sal ol selyate or

stereoisomer thereof with one or more other therapeutic agents. Since

compatiesbints mashtonbinn(9psathetveryicrevaptond o syl bl
includes a compound of formula (IT) and preferred groups thereof, and any individually
disclosed compound or compounds.

Accordingly, the pharmaceutical compositions of the invention can optionally
comprise combinations of a compound of formula (I) or a pharmaceutically-acceptable
salt or solvate or stereoisomer thereof with one or more other therapeutic agents, as
described above.

The individual compounds of such combinations may be administered either
sequentially or simultaneously in separate or corbined pharmaceutical formulations.
Appropriate doses of known therapeutic agents will be readily appreciated by those
skilled in the art. Methods of treatment of the invention, therefore, include administration
of the individual compounds of such combinations either sequentially or simultaneously
m separate or combined pharmaceutical formulations.

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

comprising administering to the manmnal a therapeutically effective amount of a
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compounds are also useful as research tools for investigating or studying
biological 5 systems or samples having (32 adrenergic receptors, or for
discovering new R2 adrenergic receptor agonists. Moreover, since
8m£]o%9%s of the invention exhibit selectivity for (32 adrenergic receptors
Y E8harEY with binding and functional activity at receptord b BIRAMK{50833
adrenerglc subtypes, such compounds are also useful for studying the
ceffbotstai s€keativecagdpisimah (32 adre @h@iﬁateﬁamnpsam@ﬂalﬂmm ak
S 181D A SAMBIE AN LG ;H%%Leo?'x?:lo I3l Syptem %%%amﬁqle having (32
renergic receptors may employe(?ln Stich Staes Winich® may be
condudted eithpeindsitrbtior v eivonRepfe sentativéc biokpyicaksystemschr
gsuitable for uch studi de but.are not limited t
ﬂ’[ﬁljlar esxtracitjss0 % asma memggjﬁglcss tléé%%ei%tnfg o m& %Is C{S%Igﬁlas
spiemsratsugnlpekapigs Pradbitsr glogsspigss. eicf):nﬁdcﬂveﬁnkgnaﬁhéﬂﬂems:rgc
rgcf %?cna nlzltngI\Ji]c?l" ogeza dsgenerglgﬁrece(gtog ‘%r%gv%@z{g;ig %blgsﬁgec vﬂy for B,

ven nal procedures and e ment, such as ra
aés%@y@amdpmmlmxaﬁsa@wlfbﬂ)axhngpﬂadlfmcamydmmhgamdemgubmeﬂ

n |ntrac ar cyclic adenos ne mq A|v
gﬁ 39 gd’}é be %)cvguob’ggség%{/gﬂofo Semilar nature @i ﬁgadren B cg‘%ggﬁ: 6i° £
salgoimizi lagoammumi?s@faérmmmomndp@ﬁﬂm mnbEibiginahdlistypi caliynphg eAfigm
suRqH QLN Iar to aboyt 1000 rbg g@olar When compounds 091 th%1
INvVention afe %1% TGRS SR FiR P (B SR Gred i
srehe}mdreagmmhtmaghbelcmeimmm alderinclude sy asseparate embodiments,

both t!&e ﬁene tlor\fch)&gt%m arl o{% (Izlaat ”{’(ﬂﬁes ﬁ?t%b?% rijatglases ;Xﬁ but

and the fy8|s 0 compoun s ot fiterest
aTmmtdih@mdgmoﬁlmm@%mm$:lﬂmstratemépne$ema¢wmnples manmals

@A mgsRutcl g@%@‘% onBRILNR. I fn“oé‘t Adaitignay suitaple cag

for formulations’ e corﬁ o o the present invention can
agiopeefivrit iRemingtorThe: ﬁiﬁ@ﬂ@&lﬁdd{sﬁ@@ﬂﬂ@ﬁfﬁh&pmmﬁ@mﬂd

a, PA. 2000. 30 28
SRS I A AR
ﬂésé?afrﬁ?ﬂélmmétrmé@fﬁﬁedpﬁmnatm@ﬁﬁui@pmshﬂmesph:anmanémﬁaﬁe
Jtiondos praladminis %k% A:L9MBuUNG Of this nyention: .

Ingre ients Quantity per tab et, (mg
agonizing amount of a compound of the invention will typically range from about

I nanomolar to about 1000 nanomolar. When compounds of the invention arc used as
research tools for discovering new 3, adrenergic receptor agonists, the invention also
includes, as separate embodiments, both the generation of comparison data (using the

appropriate assays) and the analysis of the test data to identify test compounds of interest.

- The following non-limiting examples illustrate representative pharmaceutical
compositions of the invention. Additional suitable carriers for formulations of the active
compounds of the present invention can also be found in Remington: The Science and

Practice of Pharmacy,20ih Edition, Lippincott Williams & Wilkins, Philadelphia, PA,
2000,
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40

Compound 1 Lactose, spray-dried 148 Magnesium stearate 2
--------------------------------------------------------------------------- 10 The above
@ggggj%n3§7?re mixed and introduced into a hard-shell gelatin caﬁsule.
grmulation Example B This example illustrates the preparalioly SF ARSI
representative pharmaceutical composition for oral administration of a

compound of this invention: 15 Fegredia da@piif\Aper tablet, (mg)

"""" “This example 1llusirates the preparaiion of a representative Aﬁ%%? jcal
Compound 1 C%Fnistgsfc% ‘?O %%rfpfé%ose 145?r I@Iraa%neglhvr%?stearaact%u
composition for oral administration of a compound of thig inventiofhe above

ingredients q«;%lrgg&qsintimately and pressed dﬂ{&\ﬁ %3—%&&5@‘{ ! lets.

25 Formulation Exainple C This example illustrates the preparation of a

representative.pharmageutigal composition for oral gdministration of a
compound of thigdnvueption:&n oral suspension is pregared having the
following compRsitiony ingredients 30 5

----------------- mmsmssszossssssssssassssszzzossoomsemmmmm—mm—o= ACTVE Compound 3
mg Fymarc acid 0.5.9 Sodium chloride 2. ethyl.naraben 0.1.9 35
Cranu i it SR S G S RRGRET B St

(Vanderbilt Co.) 1.0 g Flavoringizo.0315tr_’nLE B
ormuaton oxXamnie

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

Ingredients Quantity per tablet, (mg)
Active Compound 1

Cornstarch 50

Lactose 145

Magnesiom stearate 5

The above ingredients are mixed intimately and pressed into single scored tablets.

Formulation Example C

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

An oral suspension is prepared having the following composition.

Ingredients

Aetive Compound 3 mg
Fumaric acid 0.5¢g
Sodium chloride 20g
Methyl paraben Olg
Granulated sugar 255¢
Sorbitol (70% solution) i2.85g
Veegum K (Vanderbilt Co.) i0g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water q.s. to 100 ml

29



2005/030678 PCT/US2004/030833 Formulation Examle D This example
illustrates the preparation of a representative pharmaceutical composition
WOHEHIAY & compound of this invention. An injectable preparSigir2004/03v833
buffered to a pH of 4 is prepared having the following 5 composition:
Actve, Compound 01 mg 10 STURL IR <o 04 w20
ctive. Compou .1 mg odium, Acetate Buffer Solution (O. :
e e e i
composition containing a compound_of this tovention. ___________________ 15
FormalafigecEknppiedmihideftample dhidtodtes thepprepanatigriiof @llowing
5 cIep&sesative pharmaceutical composition for injection of a compound of
this invention. A reconstituted solution is prepared by adding 20 mL of
sterile waten{g-damrgof the compound of this invention. Before use, the
solution is then diluted with 200 ml_of 20 an.intravenous fluid that.is. ..
compatible withdheagtivagompound. Such fluids are chosendigom 5%

10  dextrose sokuinR:0Q%:sodiumrcintide, (oxaMmixture of 5%0daxtrose and
0.9% sodiurnitianige. Other examples are lactated Ringey's tajgkiion,
lactated Ringests: phisied stextepse injection, Normosol-MpndoS%mL
dextrose, Isolyte-E,-and-acylated-Ringer-s--injection.-25-Formulation----
Example F This example illustrates the preparation of a representative

15 Ppharmaceutical composition fogtonigaliappicatinn @f a compound of this
invention. Ingredients grams _ ) )
This example illustrates the preparation of a representative pharmaceutical

composition for injection of a compound of this invention.
A reconstituted solution is prepared by adding 20 mL of sterile water to 1 mg of
the compound of this invention. Before use, the solution is then diluted with 200 mL of
20  anintravenous 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 Ringei's plus

5% dextrose injection, Normosol-M and 5% dextrose, Isolyte E, and acylated Ringer's

njection.
25
Formulation Example F - _
This example 1ilustrates the preparation of a representative pharmaceutical
composition for topical application of a compound of this invention.
Ingredients grams
30
Active compound 0.2-10
Span 60 2
Tween 60 : 2
Mmeral oil ‘ 5
35 Petrolatnm 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.01
Water g.s. to 100
40
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compound 0.2-10 Span 60 2 Tween 60 2 Mineral oil 5 35 Petrolatum 10
Methyl paraben 0.15 Propyl paraben 0.05 BHA (butylated hydroxy
agisole 0.01 Water g.s. to 100 40
WO 0S030es BETH2004030853
2005/030678 PCT/US2004/030833 All of the above ingredients, except
Wfate AT %@%@Mg@%}%ﬁ%@wﬂa §yﬁm%ﬁ§@ﬁ%a§a§$ YRty
of water at 80.C is then added with vigorous stirring to...emulsi e .
S S e T Sl ot s A TRl Mo
i dhpipraciisatracad wspibpnrdteh ot 4 Pasresentative
pharmaceutical composition containing a compound of the invention. An
agueous aerosol formulation fdtousslmtisrietulizerGs prepared by :
dissolvir 0,1.mg;of harmaceutical salt of active co HHQQ& 049 %
sodiu%%%l%rl elesgcl)%%%#esl eﬁ?ﬁﬁ?&%% it rg%?gtﬁfﬁgmlxtureré%zi%&rred
ceindostivieatedaomi theongtivabafitths divsalived. The pH of the solution is
adjusteglQ g ualie (s iARARTIAm 1o Snihe ioiau addUPR Qhiving

NaOH. Formulation Example H 15 This example illustrates the preparation

- Odf maied peRdterorival sl ot shpraues apdif d ofatiehveiaten eition

2H3G RhRlaten Laltridges  Gelatindnhalalie.carridoss: pis filgd with @
pharmaceutical composition having the following ingredients: Ingredients
dggolved. The pH of the solution is adjnsted to_a value m the range of from 3 to § by the

sIHQ/ERIHHFOSE NaOIL

Formulation Examnle 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 ave 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 pg of

active drug ingredient per dose.
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Pharmaceutical salt of active compound 0.2 Lactose 25

The pharmaceutical salt of active compound is micronized prior to
\p}?%m&%w lactose. The contents of the cartridges are admCi[E)jstered
using a powder inhaler. Formulation Example T This exampll)e' Hitidtatagosss
the preparation of a dry powder formulation containing a 30 compound of
the invention for use in a dry pdederixaldiiomdedce. A pharmaceutical
comp. 0 :
e o o g
ofif)e powRiEmifTaletibnadesivedcdpgbid®dedelivering between about 10 g

and aRALA00 Aol AGHHe BRURILPEI SR Wihownd, 0.5 %
2005/030678 PCT/US2004/030833 Formulation Example J This example
lnifsirated the Hrephriameit sraTsdh dioa EastamMHG e Y6 BT GFthe

HRMEREEA SoR AR Id Melsrer 4se iRl A SHERRRRION SARRITNGS Hom
pharmaceutical salt of active compound, 0.5 % 5 lecithin, and 0.5 %

Orehafdedaboprapdied HydesHbiRg s adf0adonh JoTHFRY A SreifTzelde
sPediciRe WithMartSal l8ssdhambindA-a Goliridalsalutipafomed fam
0.5 g of trehalose and 0.5 g of lecithin dissolved in 100 mL of . i
RAhHRPATT e | PrignsUdsansisieissplenialiade e e adthipg surized
Imaterialiginigranizgd to particles having a mean diameter less than 1.5

m. The particles are loaded into canisters with pressurized 10
1,1,1,2-tetrafluoroethane. Formulation Example K This example illustrates
the preparation of a formulationFegntaisingrxeampeund of the invention

for use.in a metered dose inhaler. 15 A suspension containing.5 %
pharmEs GHEAP e BH AR L CBIFSERIRG Gha BTSSR ARR T Bre Aaramp By
dlifparsingidl Prafsadhivereosrydalase iakaivicronized particles with mean

size Iegs than 10 min a sol%ti&n ormed f{ocn} Oa. gfggtlg%i}éhirrﬁdilslgglvec{joiq o
200 mit Sordemineralized water e ascl%ﬁe%ssion IS spray fed and the - 7
leeshitti igpnepberiblh yaiippiarony Zéd:tal jpeiticlesuyaving @ meamdiehyettrlessith
IH%%Q s%z'g l@s’s -Jt-}pa% %l r;.&'r%'%? aasfo L!L %‘Q %irmed from 0.2 g of lecithin dissolved in 200 mL

of demineralized water. The suspension is spray dried and the resulting material is
micronized to particles having a mean diameter less than 1.5 pm. The particles are loaded

mto canisters with pressurized 1,1,1,2,3,3,3-heptafluoro-n-propane.

Biological Assavs

The compounds of this invention, and their pharmaceutically-accepiable salts,
exhibit biological activity and are useful for medical treatment. The ability of a
compound to bind to the 3, adrenergic receptor, as well as its selectivity, agonist potency,
and intrinsic activity can be demonstrated using Tests A-B below, or can be demonstrated

using other tests that are known in the art.

Abbreviations
SR % efficacy
ATCC American Type Culture Collection
BSA Bovine Serum Albumin
cAMP Adenosine 3”:5°-cyclic monophosphate
DMEM Dulbecco’s Modified Eagle’s Medium
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35

20 into canisters with pressurized 1,1,1,2,3,3,3-heptafluoro-n-propane.
Biological Assays The compounds of this invention, and their
pharmaceutically-acceptable salts, exhibit biological activity and are
L dical treatment. The ability of a 25 compound tg bind to the

V@; %‘d ggwbé?gic receptor, as well as its selectivity, agoiust po eékw,&%‘#b 30833
intrinsic activity can be demonstrated using Tests A-B below, or can be
demonstrated usidgMiker testshmaethyd salswiden the art. Abbreviations

30 %Eff % efficacyERIAC Ameddhriangdeieticaasiiecsih BSA Bovine
Serum Albumin cAMRAdenosifea3iBasiéif@sionophosphate DMEM
Dulbecco's Modifidd¥Sagle's Mt SZAr#8051030678
PCT/US20041030838 DMSO DBibiglityl sulfoxide EDTA
Ethylenediamineteti&ctt acid ERMbERRNPRE BteaicyPBS Fetal bovine
serum 5 Gly GlyciR@HEK-293 Blitpiliiempriisricdibhey - 293 PBS
Phosphate buffere@P&4line rpm FOIERGRPFErMifitite Tris
Tris(hydroxyinethy&¥hinomethaH&s A ERET R BT RIER3 From Cells
Expressing Human (31 or N2 13Adrenergic Receptors BEK-293 derived
cell lines stablynl\gfﬂéyﬁﬁ‘@ SRR NI B RIS PSR I R L ptors,
respectively, were grown to e KoniEERREIR f1%%ith 109% dialyzed
FBS HFK-#96 fuesahedioibOpdinmipteatint clonddiuasth Momofaydravagic
lifted with Versene 1:5,000 (0.2 g/L EDTA in PBS) using.a cell s¢ [
o R S e S A AR

. inithepstered G0N @imB0GntivieMbrasidiswverdayer was lifted with Versene

1:5,000 (0.2 g/l 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 lysts 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-fifting Dounce glass
homogenizer (20 strokes) on ice. The homogenate was centrifuged at 20,000 x g, the
pellet was washed once with lysis buffer by resuspension and centrifugation as above. The
final pellet was resuspended in membrane buffer (75 mM Tris/HCl pH 7.4, 12.5mM
MgCl, 1l mM EDTA @ 25°C). Protein concentration of the membrane suspension was
determined by the method of Bradford (Bradford MM., 4nalytical Biochemistry, 1976,
72, 248-54). Membranes were stored frozen in aliquots at -80°C.

Test A

Radioligand Binding Assay on Human
B: and P2 Adrenergic Receptors

Binding assays were performed in 96-well microtiter plates in a total assay volume
of 100 pL with 5 ug mernbrane protein for membranes containing the human 3,
adrenergic recepior, or 2.5 ug membrane protein for membranes containing the human
adrenergic receptor in assay buffer (75 mM Tris/HCl pH 7.4 (@ 25°C, 12.5 mM MgCl,,
1 mM EDTA, 0.2% BSA). Saturation binding studies for determination of K, values of
the radioligand were done using ["Hldihydroalprenolol (NET-720, 100 Ci/mmol,
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prepared immediately. For preparation, cell pellets were resuspended in
lysis buffer (10 mM Tris/HCL pH 7.4 @ 4C, one tablet of "Complete
Protease Inhibitor Cocktail Tablets 20 with 2 mM EDTA" per 50 mL buffer
wh 8&%5%9? 1697498, Roche Molecular Biochemicals, Indianapalis, IN
% homogenized using a tight-fitting Dounce glass homogenlzgr %%m;s) 833
strokes) on ice. The homogenate was centrifuged at 20,000 x g, the pellet

PahaRlashbifoRssnmmingsiSoueri)res i géiisiont epreeirmiiug impgdion

030oue T MabRelsl Nas asusPRrded iR MemPEMR IMiRE(EP
TrisIHC1 pl—i 74,1 SW?%/IQ%%I%?CIZ 1 mll\{/lﬁEDTA @ 25C). PrS(})teﬁ]ml%oundS

VBt b DI SrealnpTacie wid o sfsh WAk Maewe pmrsatEione of

5@&9@%@@%@1@' Mo—r@d\ﬂM @‘ﬂ%ﬁﬂﬁ@g QJ%@@M ta%z,@nczgtratmn
024%‘85%4% Membranes were stored frozen in ah% uots at -80C. Test A 30

FafigsaininGuAks 435 AL G Claahe vt Ale RAIGIRbeR dibyigd to
1 Binvding assaysiwerel perfouned noabvell SGIoH R RIa RS AsdalotaRE -

volume, of 100 L with 5. g membrane protein for membranes containing

SRRETUNRe I s died randied B Eisressres ST mbhiabrled el Rssays

WHEMRGBRRE LATAIRAINGLH ati}um&ﬁ;’pkra@l@d Eﬁﬂ@i@@d@%@t&bé&a&sﬁnmd by
éoﬁ ‘é75 mM T sIHCI pH 7.4 @ 25C, 12,5 mm M%CIZ 1 mM EDTA

RS QU IS AT SRR et Ror G Datissdie )
Piﬁ@mﬁleﬂm petreriiane:using [Sididinyerantprenclold MEE-726s 400

il | 1 TIUS20041030833 Perk fe
LR B DA LG et BB SURTE ta o
r@r@izethoﬁﬁ)ﬁ) m&b@:ﬁptg@mw@aﬁs@yﬁfdmmmamm picivatiesiafion

oynd re don H]dihydroalp nM and 10
ﬂé‘légrear%aggr%e tf&tion %‘ﬁ‘?ﬁ%‘& %r‘gng r%]eﬁ} j{%ﬂﬁﬁwﬁﬁﬁ\ﬂ”ﬂmd ma
P@@mp&mpd&mmduqsmmmamﬁmﬁmeemmm BoStmd/ o dissoleingT).

%}Fg?%ﬁ'\%% 3'?%' S {5%?@3%50 BeR e 2o ga'gnsm

form there senafty diuted | o asSy
Smﬁ‘mm@p@cﬁﬁg@(ﬁ’dﬁﬂ@ﬁw§dﬁwﬂmim ﬂmﬂélmes@ﬁt)emﬁg@lmmkabwedmodel

f&‘ BIENQIOL ARRAYS VeRE ineubated.(an %5%!"%%8&%% Al 00 E%?}P‘%;s%%&r

binding reactions were terminated by rapid filtration over GFIB gla
biittbngpleaisttPabicalrth Bio Suiemce €4 Mém&eﬁnﬁiﬁl) 10 paémékeebm@@%

RGNS IFIRE, ﬂ:sl&%@ %éjY?J?aW@ t%ﬁ%&} 6 Wi y&ﬁﬂt{%ﬂqg the
buffer (75 mM Tris/HCI pH 7- Cl2, 1 mM EL‘)T

Cheng-Prusoff equation (Cheng Y, and Prusoff WI*I Bzochemzcal Phar macofogy, 1973,
22, 23,3099-108). The receptor subtype selectivity was calculated as the ratio of
K,-(Bi)/Ki(Bz). Compounds of the mvention demonstrated greater binding at the B,
adrenergic receptor than at the §; adrenergic receptor, i.e. Ki{:) > Ki(B2) with selectivity
greater than about 100,

Test B

Whole-cell cAMP Flashplate Assays With Cell Lines
Heterologously Expressing Human B; Adrenoceptor, B; Adrenoceptor,
and P; Adrenoceptor, Respectively.

A HEK-293 cell line stably expressing cloned human B, adrenergic receptor
(clone H34.1) was grown to about 70%-90% confluency in medium consisting of DMEM
supplemented with 10% FBS and 500 pg/ml. Geneticin. A HHEK-293 cell line stably

expressing cloned human B-adrenoceptor {clone H24.14) was grown in the same medium
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remove unbound radioactivity. Plates were dried, 50 tL Microscint-20
liquid scintillation fluid (Packard BioScience Co., Meriden, CT) was added
and plates were counted in a Packard Topcoumt liquid scintillation

&8%?&%5?%"61” BioScience Co., Meriden, CT). 15 Binding data were
analyz

yze gy nonlinear regression analysis with the GraphPafaclgr{Htﬁ'%ﬁ"o4”'3“’8:"3

Software package (GraphPad Software, Inc., San Diego, CA) using the
3l eaniiteron b EHadohesBitme stalpe titipresThe domed bninim fmedragoceptor

. &9&'@@W{)%@@%SP&%%@W%%IQ?&%HQ&Mistill RLERANGEH

O&M alprenolol. K, values for compounds were calculated from

of
18sERRErCEGAIY ee arld Grackein alideddp hecra Hidh gana arsibbetiey gfore the

ashgnares Al e aHAtan (e 3Rgl/arssall M BiopRBIBILR!
Pharmacology, 1973, 22, 23, 3099-108). The receptor subtype selectivity

was cHEHA ST EETRE RAEGBRR i 3 KA eSS dHasb PIHE ihyditibRlate

Anmonstiaiact gremien Rining ak el 3dmderepsrgicressptantban abthaEmer
I%:’%r d%drener%ig receptor, i.e. K;((3 t) > K;((32) with selectiyit){mgr_eater than
Ut TH6° 25 TESHEPW Ot TENTCHRGE HS SRS RESS YRRt B8 Lines
Heteralogoudly Expeessing ddiinaid 3nadeneceiitdBBliAcienacepiamne

' r or, ectively. 30 EK-293 cell Jine stab) )
o A e P S PR o it et
IgrotvpioaaloetuiZP2d80% abnillasioebitien eeiunanaod sisHTy o EMEMexpressing

lemented with,1Q9 500 glnrL Geneticin. A HEK-293 cell li
e U M ey e o e A N
wWrewrribdisd Sarhe lniedilﬂﬁ"SMM mw@anamm@ama@ﬁmwawm
Ahoonlssn SEHO ERING Skl SXPessing coned. AN o e o,

03-adrenocéptor was grown to about % Co ﬁhency In"Ham's
reEpgptten prtrRed e eS8V EIB S ampavitHsS00 gitistoSedhatigispncentration

Addstho YR BH.0255308 1] NS AR PRITRARS, AREAYHCUBULES WSHShere

switched to the same growth-media without antibiotics. 5 CAMP assays
SRreypEREIhiBE Rt MG TURDAdsisfHElmbt Ty AR Flashpide1sCl, 1
renyivh O/ etasssAG B O RS AYerYSIRE Mt heals GAMR RN,

SMPO004, PerkinElmer Life Sciences Inc., Boston, MA), according to the
SNSRI FeRsEtEAEENY BM to 9.5 pM. Reactions were incubated for 10 min at

37°C and stopped by addition of 100 pl ice-cold detection buffer. Plates were sealed,
incubated over night at 4°C and counted the next morning in a topcount scintillation
counter (Packard BioScience Co., Meriden, CT). The amount of cAMP produced per mL
of reaction was calculated based on the counts observed for the samples and cAMP
standards, as described in the manufacturer’s user manual. 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 sigmoidal dose-response
(Hill slope = 1). Agonist potencies were expressed as pECsy values.

Compounds of the invention demonstrated potent activity at the f, adrenergic
receptor in this assay, as evidenced by pECsg values greater than about 8.5. In addition,
the compounds tested demonstrated selectivity in functional activity at the B, receptor as
compared with functional activity at the §; and B; receptors. In particular, compounds of
the invention demonstrated ECso(B1)/ECso(B2) ratios of greater than about 50 and
ECso(B1yECso(P-) ratios of greater than about 600.
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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 10 1,000 rpm and resuspended in stimulation buffer
‘ﬁéevﬁya_mg{e’)(d]go 37C. For cells expressing the 131-adrenoceptor, 10 nM ICI
885" PWeélte added to the stimulation buffer, and cells werBGReBAt#430333
for 10 min at 37C. Cells were used at final concentrations of 30,000,
40,000 and 70,000 cells / well for thEsg8L-adrenoceptor-, the

02-adrenoggRiQl: A FAna R %ﬁﬁpariﬁﬁi%% ?t'ﬂ%ga} Cell Line

respectivel 0 entration 15.0£ 10 mM

i VIS0, (o &%‘% MR A %Fp%?%ﬁ%?ém there

serial§raiRSE B o chassETetanisy RIS effispririgrinsic aqHigain a
cbi98% dxprddb I 0:-400 B8R0 HQNRALRESWeLERstethiRARg Rasa¥iRletial

11 different concentrations, rgggin from 10 M to 9.5 pM. Reactions were

HLipatBE A5+ 18 At Bred it BeeP po marRrme TP Gl enlatgon,
Metestionvouffesnitiates were sealadoefhineyralied avelpighd e 4G3and7o: -
%imugt d the next mornin Olqn agc])f%cgount_ scintillation counter (Packard

0SCIENEE TR MErider TP e BN OR e RN otitceaer Mo
MEantiov was:tdiguiniedihaise dranheneuntsbservier faydhei samples

nd CAMP standards, as described in the manufacturer's user manual, .
R ST 5 e P A B E o1
(RoispinSpiitivarer paickagec{G raptiRat- 280 SefbsmrecBtenSaodAegon&al, CA).
usingé ; graal;sneglgé maodel f%r.sibg oidal dose-res?ons% Hi{I’I 1%Iogie ol
1). Agonis po%e%c%s v?g?eoren;‘(%reﬁslsaeg é%“BEE%Ba\S/%e%@Eo‘r‘nﬁlm gs6¥p ate
ABeniylyb6itidnsd emovsteatddspp antaactivity 'allithalP adrehekgook degdtorEimer
[ i > as-eVvi by pEC50, values greater than about 8.5. In
Pt R S T R
activitiathph d o fdeepienyasc B wompaset wilth HBS ctidind bactvagyinat thih SmM

3% 200 ML receRIars AN AAlIGIAT, SOMAAINAS G NG INEIRD rom and
demonstrated EC50(3n)/EC50((32) ratios of greater than about 50 an
reesonds) e e BapaN y Aubstareneanraditai/ ab ot e ol smymeration of 600,000

o20PRBAGLR RELAUSZACANIRIR 165t &n VY RaBoealbEAMRIHASIPaLS,

Assay With a Lung Epithelial Cell Line Endogenously Expressing Human

(Rpnturshiargie feesbiororomreriademm atondria eteniad HaM
@fieaTies (MirinscsactVNeSOINBaPERINNS HREESSINYRNAGELA0USH 3.0, and
R i et e e G N M SRR, 4 @ 25°C, 125 mu

MgClz, 1 mM EDTA, 0.2% BSA). '
Compounds were tested in the assay at 10 different concentrations, ranging from
10 1tM to 40 pM. Maximal response was determined in the presence of 10 pM
Isoproterenol. Reactions were incubated for 10 min at 37°C and stopped by addition of
100 pl ice-cold detection buffer, Plates were sealed, incubated over night at 4°C and
counted the next morning in a topcount scintillation counter (Packard BioScience Co.,
Meriden, CT). The amount of cAMP prdduced per mL of reaction was caleulated based
on the counts observed for samples and cAMP standards, as described in the
manufacturer’s user manual. Data were analyzed by nonlinear regression analysis with the
GraphPad Prism Software package (GraphPad Software, Inc., San Diego, CA) using the
4-parameter model for sigmoidal dose-response with variable slope. Compounds of the

mvention tested in this assay demonstrated pECso values greater than about 8,
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cell line (BEAS-2B) was used (ATCC -CRL-9609, American Type Culture
Collection, Manassas, VA) (January B, et al., British Journal
ofPharmacology, 1998, 123, 4, 701- 11). Cells were grown to 75-90%

€ in complete, serum-free medium (LHC-9 MEDIUM containin
@%%Agﬁlﬁﬁ%égand Retinoic Acid, cat # 18 1-500, Biosource 107 H@?ﬁ@ﬂé’ﬂg’l’f”
Camarillo, CA). The day before the assay, medium was switched to
LHC-&(Werupiedfhiing BEMBting cacidatedtipnghesaty Bidkoobeerved Emax

(WG%%@W'L%&%%&M@%%%% s 1&?{&%?; iﬁ roterenot and

radioimmunoassay format usin ate Adenylyl Cyclas
WREtRtiIeA S8 gy stlakiv oviehispRBTeribl P TNENTSMPOB4c st RinRinsbeted a

ok ifer BEABCRS NG Be5toN, MA), according to the manufacturers
instructions. 15 On the day of the assay, cells were rinsed with PBS, lifted

by scraping with 5mM EDTA in PBS, ah@td8unted. Cells were pell.eted by
centrifuf%%tion at 1,000 rpm and resuspended in stimulation buffer

prewarEA$s REORERORRalccHRB Al se b obbe dufugsh Brenghospasm
were used at a final concentfafbfF6P$d B/ well in the assay.

Compbunds widFendlsspived tpa(Dancantiatitey G &P oahDin) dissaelving
25,M 20.Gly-HC| .0 with 50% DMSQ)..then dilu 1 mM
P D o B S A e ey e
cEr8smMITHghaC sy @56 v oke My @IS, tb fohd BEITO.294ibitun.
BSA). ompayndsierateaisdin e aeaavaldQ differsnt sancenyations,
ranging from 10 M to 40 pM. Maximal response was determined in the
Prekebrdy R Ne2Bseioteshen OR &bl dnsSareradeeub Afe dior ddingin

@5&%&@&}%%%9&% %&L@'ﬁl%@sol%@éiﬂﬁﬁf&%ggl%ﬂ9&m5%rnﬁ’a&%&ﬁﬁal

were sealed, incubated over night at 4C and counted the next morning in

RaphesUEcstRbras e HPleraer B DEsife it fiederd ety
18RO RIRAMRI UG RE5M &EB@&@WB,@Q&;E@{% plaleeRasedd o
S

on the counts observed for san;gles and cA tandards, as described in

Thacse Phahisr crire e wiane ANV Bhlta Wete sarnaR/s stris eRpmRiddFom
degassionanrIvsisomitT s CraphPagd SHismodefovar PALkaG@spiratory

éG ra hPag%Software,_ Inc, San Dieggcn CA) using the 4-parameter model

SPIE%‘.% -dbellorbigpo K da diPuavABEIBRA! EBRpounds of the

(0oertitn tested it thig Bssapitgmonsisaied pERSRValieg 4y eateniRagh the

a?(\)gjt 8. %lys\lo 2_095/030678 PCT/USZOO4/030§3}§3 Comp% nd effi_ca(@/

TR Was CalR TR RO e YAty B G SIS e B éil‘éﬁﬂ%fafﬁ

dutedisuver) dndihetmaxithahbespongesithvtainedder. T0disaproterenehised
n‘qug the delivery of aerosolized solutions. During the 10 minute nebulization,

approximately 1.8 mL of solution was nebulized. This was measured gravimetrically by

comparing pre-and post-nebulization weights of the filled nebulizer.

‘The broncheprotective effects of compounds administered via inhalation were
evaluated using whole body plethysmography at 1.5, 24, 48 and 72 hours post-dose.
Forty-five minutes prior to the start of the pulmonary evaluation, cach gunea pig was
anesthetized with an intramuscular injection of ketamine (43.75 mg/kg),
xylazine (3.50 mg/kg) and acepromazine (1.05 mg/kg). After the surgical site was shaved
and cleaned with 70% alcohol, a 2-5 em midline incision of the ventral aspect of the neck
was made. Then, the jugular vein was isolated and cannulated with a saline-filled
polyethylene catheter (PE-50, Becton Dickinson, Sparks, MD) 1o allow for intravenous

infusions of a 0.1 mg/mL solution of acetylcholine (Ach), (Sigma-Aldrich, St. Louis, MO)
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was expressed as %Eff relative to isoproterenol. The compounds tested
demonstrated a %Eff greater than about 50. 5 Test D Assay Of
Bronchoprotection Against Acetylcholine-Induced Bronchospasm In A
igModel Groups of 6 male guinea pigs (Duncan-H
(HsdPoc%l?lgl\)/I Harlan, Madison, WI) weighing between 250 gﬁ?ﬁ%ﬂgﬂ”%%
were individually identified by cage 10 cards. Throughout the study
inanimalsie rechiowed ticoelstodddoantiwateniatkfibiiting. 13@deflon tube

i 2 inhalat s i m
e A R e M ey

adibing! sremberslwenEcivangtisaithanariarrd sobsestisitntitatedbsigepth
ofiglied 1o & indhidpal .coAMRELS fram a.6antal maaifeld pﬁl‘ell%i%ﬁié £y

minute acclimation period and a 15 10 minute exposure to hebulize

onhtbs FevnisfbicaTrRIPW Sratimdepitedberethsipbsed to an aerosol of test

compopngkas ¥ehieSNR:d. &ﬁﬁﬁl@z@rﬂ%&%[%ﬂ?ﬁ@%tﬁ%m
ueous solutions usnpf? an LC Star Nebulizer Set (Model 22F51, PARI

Pf% e Eelipreit, Ruecafidtetmiss g ety Bt uphassd

pk€s6d2e< B0 3 ZhUpraNE NMeasufdahREARFAESUE RESARHENR/GASThe
flow through the 20 nebulizer at this operating pressure was A .
L BT S UGt T R G RETRGP ABF GLETS RS e IR R evines

phhabhamBdyRasi ol essuretN oliitbian Aiavasmisedvauringstatd. A
delive% of aerosoljzed solutions, During the 10 minute.nebulization,

beRl M IRRALR) 1580 L LTRSS U SRS 0 FH S Rigadiney™ere
igftaveiivietiionl ity 4 eoingadingipper dndriositie iz afiomn@isins eéibe Hans
fill ulizer,.25 ronchoprotectiye effects of co unds

R e R A R s an
th ethyrsindid nap sy it 6 2pdB anda¥idrhours post-dose. Forty-five

minut rior to the start of .t ulmaonary evaluation, e uinea pig
was. D S M R A R SR LA %

Ord g G byt iHe() 305 0omy kg el acdprofimarings(1.05 mg/kg). After the

oSHI @'q@bst!}ﬁ ﬁ%@xﬁﬂ%’e‘? Qc:c%gdf’%g &@&Q&&M@ pZ&%bﬁzl:?? bolnBdor G0 initiated.

midline incision of the ventral aspect of the neck was made. Then, the
ARjnes velmovaissikiEdEmd carmifarR@soh adaih &sitebepioy et deration

SIS A 2R B §&m£iﬁ§51%g{.hl§ AR 49%@41%&@[ HRFBVENRIRIata

infusions of a 0.1 mg/ml, solution of acetylcholine (Ach), (Sigma-Aldrich,
cgltl_eg&ms,%mk@qges m velume over time that occured within the plethy_smograph
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,
together with the pulmonary driving pressure changes, which were collected using a
Sensym pressure transducer (#TRD4100), was connected via a Buxco (MAX 22?0)
preamplifier to a data collection interface (#'s SFT3400 and SFT3813). All other
pulmonary parameters were derived from these tweo inputs.

Baseline values were collected for 5 minutes, after which time the guinea pigs
were challenged with Ach. Ach was infused intravenously for I minute from a syringe
pump (sp210iw, World Precision Instruments, Inc., Sarasota, FL) at the following doses
and prescribed times from the start of the experiment: 1.9 pg/minute at 5 minutes,

3.8 pg/minute at 10 minutes, 7.5 pg/minute at 15 minutes, 15.0 pg/minute at 20 minutes,

30 pg/minute at 25 minutes and 60 pg/minute at 30 minutes. If resistance or compliance

had not returmed to baseline values at 3 minuies following each Ach dose, the guinea pig’s
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WO 2005/030678 PCT/US2004/030833 in saline. The trachea was then
dissected free and cannulated with a 14G teflon tube (#NE- 014, Small
Parts, Miami Lakes, FL). If required, anesthesia was maintained by
itional intramuscular injections of the aforementioned an C}D ic
\gggléttééi;ﬂﬂ'ﬁ%e depth of anesthesia was monitored and adjustseé |§ é%ggw?"m”
animal responded to pinching of its paw 5 or if the respiration rate was
lgrestereiafielBBiaathsihihutk oOric&eheacKhmilatibhsiiereydogepBteprded

s animalwaselaced.ing @esﬁk%g%smaggaw BERIYA It B UG ntiance
CT)anda [ I

Electronics, hie., Sharon, CT) n esophageal pressure‘camiula was

(InbéacHQ) rrbrutapamosagnesidng bfésadre qpreanddGifise? tidA7D).
dracheal tupewasratiached e he,onenng eezﬁqﬁe@éﬁtm@m%r%ftgaj@%?&ocol,

the guinea 10 pig to breathe room air from outside the chamber. The

(en g IE AhEHea afion el ey saamara dndeheir fain body

genpgBiirgand the guinea pig's lungs were inflated 3 tines with 4 mL of

air using a 10 mL calibration syringe (#5520 Series, Hans Rudolph,

Kansa ERY NG F P LR AT R Aonaye hAePrse Bl petiarand

ctjb\ﬂiliﬂ@@ﬁﬁﬂﬁ?}ﬁb%&ﬂ@?&lﬁwfﬁlfyfmﬁﬂm%%'h 10ted 2ERGRIhbWlaRnary
etermined t aseline values were within the range 0.3 - 0.9 mL/e

AT OB T B G 6. 198 GO b s

wegoihd foll resigtanes]dhe frilmandsyl edliati e wasativtialed. A Sinse

Imopary measurement computer, pr enabled the collection and
gfivation I%U%h%%ﬁﬂ%%gg#aﬁiﬁ%%ﬁs program initiated the

experimental protocol and data 20 cqliegtionogtie@ranges|in volume over
time that occured \Eﬂiﬁﬂ’i@ﬁ[&?ﬁ%ﬁgfgﬂph ;gmgfeach br)S ath were
measured via a Buxco pressure transducer. By integrating this signal
over tifisI® measurement of flow was calculated for each breath.. This
signalc tegetheiawith.tha RUlnReANAHVIDGRIESSHES Shabgss (hich were
collected using a Sensym pressure transducer (#TRD4100), was
connectetRiie e Bt {MAXI 220y 28 prisetmopliffew o a idat 3-60i detiopse in
igﬁ%ggce :Se#sf’ Sg(;lﬁé%% and SFT3813). All other pulmonary parameters
were defive tﬁom e two inputs. Baseline values were collected for 5
minut@s, -aftesalvhick, timedhe guinea pigs were challenged with Ach. Ach
was infused intravenously for 1 minute from a syringe pump (sp210iw,
wWorldradsidirdtishients, Inc., Sarasota, FL) at the following doses 30
and p@zsgrj@egaﬂ@gﬁg{@n the start of the experiment: 1.9 g/minute at 5
minutes, 3.8Lg/minute at 10 minutes, 7.5 g/minute at 15 minutes, 15.0
kghnirﬁj@éi%i[cgbanﬂ}yai@g,f the data was performed using a One-Way Analysis of

Variance followed by post-hoc analysis using a Bonferroni / Dunn test. A P-value <0.05

3,

was considered significant.

Dose-response curves were fitted with a four parameter logistic equation using
GraphPad Prism, version 3.00 for Windows (GraphPad Software, San Diego, California)

Y = Min + (Max-Min)/(1 + 10"((log EDsp-X)* Hillslope)),

where X 1s the logarithm of dose, Y is the response (PD;), and Y starts at Min and
approaches asymptotically to Max with a sigmoidal shape.

Representative compounds of the invention were found to have significant
brenchoprotective activity at time points beyond 24 hours post-dose.

The following syhthetic exaxﬁpies are offered to illustrate the invention, and are

not to be construed in any way as limiting the scope of the mmvention.
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30 g/minute at 25 minutes and 60 g/minute at 30 minutes. If resistance or
compliance had not returned to baseline values at 3 minutes following
each Ach dose, the guinea pig's 38 WO 2005/030678
PCT/US2004/030833 lungs were inflated 3 times with 4 mL _of air from a
WO e Sfibtation syringe. Recorded pulmonary parametersP TntLRragosusss
respiration frequency (breaths/minute), compliance (mL/cm H20) and
pulmonary resistance (cm H20/ mL pgerasadend) (Giles et all, 1971). Once

the pulmonary.function measurements were_completed. inut

o ST, R UTFRS e A e e S v
pek:gﬂam mw?n@@@yas pimpliatio mrmagﬂ:?gyaﬁﬁmmﬁf@@ﬁrw@hﬁ - T.

t nt,of A ee to a ' thehasell W%@% d
B%sf?@“r?@@%%é ’?:Eab-lgu agtgg)ﬂa%n%quﬁeu%fr%on%c resigance \%es ci'e_rivede
whtbawitethowaiftbatempressivesover SranyeoiiAeRee HENORRs e 0ca%ing

nihe.following sauation., Tﬂlﬁw %ﬁ%@g#%}?ﬁlﬂuﬁ%%%%ﬁgﬁ%l high

calculate PC20 values in the clinic (Am. Thoracic Soc, 2 0gC2-
PRBHONDRGRIY PDPsingier oGy RELR) QHBRes eI GREbHd Tor iost
M&Q%%B%IH&(&WMQ{ CERANG: frdhnkB &dpFiyFdR@klica gel, or by

concentration of Ach (concentration resulting in a 2-fold increase in
PEIRFGANE A PaSiSteRa dhgaenered eramssb s e d Arlew iRNMR sYRRissaHP C
dBH R knvRierafie s Sv-R0 Sisitsticaanalysipoisbeidptanwaspeiteared

using a One-Way Analysis of Variance followed by post-ho Sis

c anal
G BBRIEABHI PR 1080 BB URTIL Y 08 b Esh SIS parameters;
SigpiicaptcRosariesponsR A esyRidtitied with alteubgataieieation

logistic_equation using. GraphPad Prism ' 0 Indows
R S S A TS AR, SOty s M2 (S My +
10"((log ED50-X)* Hillslope)), where X is the logarithm of dose, Y is the

respopoe (PRT) Rdntsiaits AN 8N4 ((#)-2-amino-2-phenylethylamino)-
phenyl]ethvlamino}-1 -hydroxyethyI)-S»hydrﬁxy-lﬂwquinolin-}oqe

a. Preparation of [2-{4-nitrophenyl}ethyl]carbamic acid fers-butyl ester

Di-tert-butyl dicarbonate (20 g, 92 mmol) was suspended in saturated sodium
hydrogen carbonate (200 mL) and cooled to 0°C. Dioxane (10 mL) was added. A
solution of 2-(4-nitrophenyl)ethylamine hydrochloride (20 g, 99 mmol) was prepared in
water (150 mL) and added dropwise. During the addition crystallization appeared to
occur, After addition was complete the mixture was stirred at 0 °C for a further 15
minutes, then at room temperature for 16 hours. The product was collected by filtration

and washed with 500mL water, i was air dried.

b. Preparation of [2-(4-aminophenyl)ethyl]carbamic acid fert-butyl ester

To the partially dried cake of the previous step was added palladium on carbon
(2 g, 10% Pd) followed by methanol (250 mL, under nitrogen). The atmosphere was
replaced with hydrogen and the mixture siirred at atmospheric pressure for 24 hours. The
palladium residue was removed by filtration and the solvent removed under rg:ciuced
pressure. The title intermediate was obtained as an off-white solid (20 g, 85 mmol, 93%

over two steps).
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approaches asymptotically to Max with a sibgmoidal shape.
Representative compounds of the invention were found to have significant
- bronchoprotective activity at time points beyond 24 hours post-dose. 30
WT&e Eg}(l}g(\,/y%ng synthetic examples are offered to illustrate thePiElverSEio%g 030833
Ghdare 6t to be construed in any way as limiting the scope of thé
invention. 39 WO 2005/030678 PCT/US2004/030833 Examples General:
c.Untpssinoted GihErgecrebgentsadtantihgimattndirndysoikantsyiphenyl-
mueitivhsgdsfromcobreniibutyabseppliers, for example Sigma-Aldrich (St.
LouispoMEdimbp BRRSEADMUIBSR SN Ty ARG T cRte W !l Bupdich a0 ®)-zers-

Jackson (Muskegon, Ml), and used 5 without further purification; reactions
byjerscAP RIS SR RO SHREPR O B c A hmmpl vt Wik FrdgrEgzole
(dno thin sy archismatearaphy (iliea filbonanahiieaidigh peyfermanceogen

liquid chromatography (anal. HPLC), or mass spectrometry. reaction.
Hicooied (e r@-c%-ﬁfnﬁgﬁ}ﬁ%ﬂﬁlﬁ%%mﬁéﬁ%‘iﬂ%ﬁ?f‘&%mﬁo‘gvr%P&@O&hﬂe (830
nﬁg'!ilaaz g@hly Vs M?&ﬁﬁﬁﬂ'w@eﬂﬁigﬁrﬁlﬁiﬂ%e&lﬁd gwmau% ﬁ@iﬁi@ﬁh,dﬁsmdbﬁﬂm

elow; NMR samples were 10 dissolved in deyterated solyent (CD30OD
BT PR SO0) o B DR RO B S G A
2RO instilceents(3AGVHE ) bndari stantahpardmetiens; hadhdgnasshonate and

spectrometric identification was performed by an electrospray ianization

R eh CEeS Tt » LR B e rm i S SO AR
etdpiah pleldnSynthiesiglefintermediate was used without further purification,
5-((R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)- phenyl] _
defhytarmtivo}of (Rydrexyisthihi-8-Byarogetbiflidisilh 2rdgeviecrtiapdtation of
p'“'%@&ﬁ@%%&%'lﬁ@ﬁ@ T gt&@@\?@é-’@ﬁ!;&%ﬂ@ﬁ Ridaribivkthane (10 ml)

dicarbonate (20 g, 92 mmol) was suspended in saturated sodium

Rgdrherraetforate OBt | Hheeboldy TBryErerisx sHEeaLP ARy gy then the

vauged Kerldsalian i -Unitophenybhetivdamneshyinabloriglen(2 gothane
99 mm%gowas repared in water (150 mL) and added dﬁogwise. Durin
b BEoR Sr iR IR B pEred 5 BelsroRREPARBROR WaSEEhBte
stheomixile-was Stifseck @l GoQriateas fuither e tinutesntiamatPoany, 2.6

temperature for 16 hours. The product was collected by filtration and
%%ﬁé{&aWﬁg I’fﬁ%‘ 0 é)élﬁﬁcéﬂg%’. 25 b. Preparation of

s(4-arnino Yy g_tay{l carbami i%_t -Qutyl.ester To the partially
szrf;é %Egignoagﬁgypre (o) Sag%gg) e\;/%l% gfg %13{11%— Eaﬁé?ﬁl m on Ca’rb0|1'1
The crude product of the previous step (690 mg, 2.6 mmol) was dissolved in

tetrahydrofuran (7 mL) and treated with borane-dimethyl sulfide complex (1 mL). The

ate,

mixture was refluxed for 5 hours and cooled to room temperature. Methanol (30 mL) was
added and the mixiure evaporaied to dryness. Methanol (30 mL) was again added, and
the mixture evaporated to drynéss. The title intermediate was used without further
purification.
f. Preparation of 5-((R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)phenyl]ethylamino} -1-
(tert-butyldimethylsilanyloxy)ethyl)-8-benzyloxy-1H-quinolin-2-one

Under nitrogen the crude product of the previous step (330 mg, 1.3 mmol),
8-benzyloxy-5-[(R)-2-bromo- 1 -(tert-butyldimethylsilanyloxy)ethyl]-1 H-quinolin-2-one
(490 mg, 1.0 mmol), sodium iodide (150 mg, 1.0 mmol) and sodium hydrogen carbonate
(250 mg, 3.0 mmo}) were treated with dimethyl sulfoxide (2.5 mL) and heated to 140 °C
for 15 minutes. The mixture was cooled o room temperature and partitioned between

water and ethy! acetate. The organics were washed with saturated sodium chloride, dned
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(2 g, 10% Pd) followed by methanol (250 mL, under nitrogen). The
atmosphere was replaced with hydrogen and the mixture stirred at
atmospheric pressure for 24 hours. The palladium residue was removed
‘Q}é%t‘g% n.and the solvent removed under reduced 30 pressure. The title
intermediate was obtained as an off-white solid (20 g, 85 mrﬁ&?@é%’%&?@?ﬁ
two steps). 40 WO 2005/030678 PCT/US2004/030833 c. Preparation of
ofRY-{pdiv bl wiskycaretelaminoethy  itanylbatbue pylifted iyl reverse-
pREtsarhamic acit Wiﬁgﬂt@&%ﬁ E@ Ay napsohethvligathamic

acid tert-butyl ester(1 g, 4.2 mmol), ((R)-tert-

tpttsygRsstasiAfamino) phenylacetic acid (920 mg, 3.7 mmol) and
1-hydroxybenzotriazole 5 (600 mg, 4.4 rnmol) were dissolved in .
%\fmﬁﬁ@%?érﬁ%%d@'&dﬁ%t%&ﬁa%?ﬂT%@E@FMP%%@é@*f‘&%Wamm%"1-
TV PRy SRR PR RS i t¥iimide hydrochloride (850 mg,

4.4 miftedpyedscadtigd predithe stextsse dtisoddkatOEHaiiDafmautEss thenaatl
ro t erature for 2. s. The mixt artitioned between
B R R R B R B A S
sattiatettetdiam! iy dodgenbadbondtewahdit satoratdthsodiuncchlordeied

o I@Pa%f%%&?s\év EDeR.Aried oyer sadium u”east&‘?ftgngveet %Q‘%f@f&(ér}g%dim (42

ryness. The title intermediate was used without further punhcaﬂon. .

Pk paiehivnsofser v fiothef @ ratiomethyl)phenyl]-2-phenylacetamide
The crude product of the previous step was dissolved in dichloromethane
hadyrkssiaAtPn#ftiotoacehid B mascatigbenyiaiviapimarhsndlediagino) -1-
shvrEertsitoRk bk e thevinsislafies were removed under reduced

pressurg: &hig-ilottas taeapvididichioomeathans andwashediwitbrddethane
sodium hydroxide. The dichloromethane phase was dried over sodium

 hdehbemmpistieeg s dhiaedigharstante et aiisso Mgr 15
Hiful@inelidhatigssseskviieut duthanRutication.fd Rregrraiemehane
(R)-N2-%§2-aminoethyl)phen []-1-phenylethane-1,2-diamine 20 The
TR B GEOReRL RSB US %Bf?%gm@%%mwésbaig%\’cﬂvsaﬂ?ﬁse
ratrahyiclr ofolas (% Rk ArddseatedwithiospnateimeathVizsuite soonpiex

. The mixture was. refluxe r urs and cooled 0
RN et b i b A A R
(any BIE3S7. AL AN &L 1B 3 - wiasag i), skl a0 d-~thein) Xt e vap dratezkz),
fo,q5ynetsy, Fherills niermeriqts as pac oy Bahes 25 puieaten;
13.5Hz), 2.8-3.0 (m, 4H), 2.6-2.8 (m, 2H). m/z: [M+H"7 caled for CarHsoNsOs: 459.2;
found 459.4,

Example Z: Synthesis of N-[5-((R)-2-{2-[4-((R)-2-amino-2-phenyl-
ethylamino)phenyljethylamine}-1-hydroxyethyl)-2-hydroxyphenyl}-
formamide

a. Preparation of N-[5-((R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)phenyl}-
ethylamino}-1-(tert-butyldimethylsilanyloxy)ethyl)-2-benzyloxyphenyl formamide

Under nitrogen, crude (R)-N*-[4-(2-aminoethyl)phenyl]-1-phenylethane-1,2-
diamine (BExample 1, step ¢) (320 mg, 1.3 mmol), N-[2-benzyloxy-5-((R)-2-bromo-1-(tert-
butyldimethylsilanyloxy)ethyl)phenyl]formamide (450 mg, 1.0 mmol), sodivm iodide
{150 mg, 1.0 mmol) and potassium carbonate (550 mg, 4.0 mmol) were treated with
dimethyl sulfoxide (2.5 mL) and heated to 140 °C for 15 minutes. The mixture was

cooled to room temperature and partitioned between water and ethyl acetate. The
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f. Preparation of
5-((R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)phenyl]ethylamino}-I-
(tert-butyldimetlrylsilanyloxy)ethyl)-8-benzyloxy-1 H-quinolin-2-one Under

W[Btrz%ggf BQ% crude product of the previous step (330 mg, 1'39%3904/930833
8-benzyloxy-5-[(R)-2-bromo-

I-(tent-butyldimethylsilanyloxy)ethyl]-1H-quinolin-2-one 30 (490 mg, 1.0
onghmigoly csouiireiodithe (16Gh g diiomahiotiden dris‘;édmen Wémg%#ate and
PRRAR @g@e&lg fl%é)é%mﬂp%\é‘éEﬁﬁﬁﬁ@&q%;%%g%ﬁﬁmwé@ﬁ@i%ﬁed by

ated to 140

mL) and heate 0 C for 15 minutes. The mixture was cooled to room
Iypnibsptian o ik ha titlsiigedirie is Watefluprpetijicaddtate. The
organics were washed with saturated sodium chloride, drie

1W
b SRIEROR T TG IO Das B S A Ae BO8orated
(TR -Fha RSty WA pRri e By FetHPsE iidse HPLC and
isolat@dehyrdytaghiti #atigr o g veshetitisioienb adiatetashitsuran (2.0 mL) and
trifluoroacetate salt. g, Preparation of 5-((R)-2- X
o Y A NS BTN Ve LA ot o4 B o was
plryiticenegicibiphSr hen zyloy-bydgotidd and-ethel Theaprodiictcogthiepreviolizd
step was dissolved in.tetrahydrofuran (1.5 mL) and treated. with . .
o ST S R R M T it e
(Yartitjombcbbetwesed WNtsodifimilivy groxideimnd ethyl acetate. The organics
were dried over anhydrous sodium sulfate and evaporated to dryness to
cghvathreisinbintendediate (B L Awg)inhicn vy eBawita e RyHRkylamino} -
dorifiatiseih)-Syindresiplgnyliformamide

5-((R)¥é-43ul4 (4R y2tR1pivener pheryieshiaming)pheny)atbyamiiel bn carbon
hydroxyethyl)-8-hydroxy-1H-quinolin-2-one_The crude product of the
(B0 B kN 10 8 B FEand (4 By EREF 6T
stiieilafidedil MdadieitoraathagmheFouttgswap adzietohdte T cdtblyst was

e T e e T
Thas i stiesbhyd exe [neifitibe rdidBk&ranc:isHtae dnasdtdatrfluoicacetate

It by lyophilization. ' : ‘ -d6): , 9.
PR SN B USRI N B0
(4 HIB, ZHz();ra,&Iﬁ)_QB(Brme,-iﬁ)&&(éE, zm,&e.@%)ﬂfl{éf’rm, JHID @HA], 2H,
TR A G SR A S S G e B s o
1EBICH FEmCITHAONZRO BHAZR S (fouHd)4B9-2.7 (n, 2H). m/z: [M+H'] caled for

CasHaoN4O3: 435,2; found 435.3.

Exampie 3: Alternative synthesis of 5-((R)-2-{2-{4-({R)-2-amino-2-phenyl-
ethylamino)phenyljethylamino}-1-hydroxyethyl)-8-hydroxy-1H-quinolin-2-
one

a. Preparation of ($)-2-[4-(2-aminoethyl)phenylamino]-1-phenylethanol

To a 1000 mL 3-neck flask was added 20 g (147 mmol) of 2-(4-
aninophenyl)ethylamine and 30 mL of 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1 Hypyrimidinone (DMPU). The reaction flask was fitted with an overhead stirrer and a
thermometer. The reaction flask was purged with nitrogen and placed in a cold water
bath. The reaction mixture was charged with 165 ml (165 mmol} of 1.0 M sodium

bis(trimethylsilyl)amide in tetrahydrofuran (the temperature remained below 30°C). The
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Example 2: Synthesis of N-[5-((R)-2-{2-[4-((R)-2-amino-2-phenyl- 25
ethylamino)phenyl)ethylamino}-1-hydroxyethyl) 2-hydroxyphenyl}-
formamide a. Preparation
-[5-((R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)phenyl]- ethylamino
\Q{J\éte&%{%%; dimethylsilanyloxy)ethyl)-2-benzyloxyphenyl] foaprﬁg’ el 93333 3
Under nitrogen, crude
PRI Pipfiimeinisdistinpiigh eriyton-phe agdsthinend e ddiariinés(Examipiang.
The$i@RBh FEHMG J %J&%ﬁ@ Rl bﬁazﬁ?z%{g%(%ﬁfg el }RL];'&%rEmoi) was

butyldimethylsilanyloxy)ethyl)phenyljformamide (450 mg, 1.0 mmo
addefhunhhie eatfco{adbting weseonhly it pitiasiansonssnwbeis50-hig 4. The

0adel) wareiiseried Wﬁﬁn dimetoyl sHoXKIe (Zup Mlp.ARd DeaIRd 1 eiﬂpstgrene

for 15 minutes. The mixture was cooled to room temperature and
opiititTerddsetdenilhincitaniathy The stat o e oW e ROUH 0306 78:s

qegzﬁ%%p@%méﬁédmw% wergyiashead with:satyeated sod it!#ﬁsferred toa

chloride, dried over sodium sulfate and evaporated to dryness. The

SEREEHEY WaE Puffiee by evérsephasembrtaidisoragydyith 90 mL

shreRRiizatientosaive.tng titig ntgImediale @pdistiflypaceite ol Bun »
Preparation ofN-[5-((R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)phenyl]-
oG RN BL YA G, QUyh ipatiA fergprerrdjrsarrkloide apﬁ@%?&iweﬁh
180 the. pieiinLS SfeRwas Hisseleddn teHabydiafurae (¢4 Bkl @Rdied under
treated with triethylamine-trinydrofluoride (200 L) for 23 hours. The

Vit WS PAHRRHEW e AeBR R 0 RO HoBrendae! AHY sthyrtiepsiend
Hheatigaries Weike sitipthopymvanhy siaiis:sed mosulfaialpnnavanosatestrated
R o L i e S cAgover M el A2 ke was
alefBe(( R)e2oldd (iR yInpeninwe 2rpheinyde toylamina)pb eredisths@prit was
15 xyethyl)-2-hydroxyphenyl] formamide To a mixture of the product
P B R TR, B SB C e  Dr v
dmstivarel (2omln) was added wmdebalirbger. shieheushension was 45, water

e e e T
sadiatic laclcbaidd Cifuteld Withnwiath rveThedtidé. cohepopadinasipnnfiedk syaken
e JETNIR oo B R oo ot
sy F1PHoegIB e8I IR (Bhel44)id. o¢s: dpcke andithmfiBi)s 8 (d,
oBhibentrated. The residue was twice reconcenirated from toluene to afford the title
ntermediate as an oil (14.7 g, 59 mmol, 40%).
b. Preparation of 5-((R)-2-{2-[4-((S)~2-hydroxy-2-phenylethylamine)phenyl}-
ethylamino}-1-(fert-butyldimethylsilanyloxy)ethyl)-8-benzyloxy-1H-quinolin-2-one
Under nitrogen, (S)-2-[4-(2-aminoethyl)-phenylamino}-1-phenylethanol (1.7 g,
6.6 mmol) and 8-benzyloxy-5-[(R)-2-bromo-1-(tert-butyldimethylsilanyloxy)ethyl]-1H-
quinolin-2-one (1.5 g, 3.1 mmol) were treated with dimethy! sulfoxide (4.0 mL) and
heated to 120 °C for 40 minutes. The mixture was cooled slowly to room temperature and
partitioned between water and ethyl acetate (after removal of some insoluble gummy
residue by decantation). The organics were washed with 0.9 M sodium acetate/acetic
acid, saturated sodium hydrogen carbonate and saturated sodium chloride, dried over

sodium sulfate and evaporated to dryness. The title intermediate was used without

further purification.
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20 J=8.0Hz), 6.8 (dd, 1H), 6.7 (d, 1H, J=8.2Hz), 6.5 (d, 2H, J=8.2Hz), 6.0
(m, 1H), 5.6 (m, IH), 4.6 (m, 111), 4.2 (m, IH), 2.8-3 (m, 4H), 2.6-2.7 (m,
2H). m/z: [M+H+] calcd for C25H30N403: 435.2; found 435.3. Example

“’7% 2At}e Gr}%tlve synthesis of 5-((R)-2-{2-[4-((R)-2-amino-2- phen
?h a?m no7)phenyl]ethylam|no} I-hydroxyethyl)-8-hydroxy-IH- q Tﬁoslzﬁuy 030833
one a. Preparation of (S)-2-[4-(2-aminoethyl)phenylamino]-I-phenylethanol

c. PocaadAR6 ofls JcRpck fiaek(rae adidied? 2 enfidiiamnly ph2efdlcthylamino} - 1-
aﬂnﬁmﬁdﬁyb}bm&amﬂm}aﬂﬁym%bm&mmmmww%@detrahydro 30
20R)pyimiinons (RUBLY, J0e dastion skasdiiadithamverbeadved

stirrer an rmometer. The reaction flask was ptirged with nitrogen
indinigiapledcetiuimd Colt)waddreedrwithdipbartihaphriviezides(Eharded withnol)

ar}é ? %é%??ﬁlﬁ’%tﬁul%f ungeléz/l?S glgé %t‘%%t(}i%&mﬁg”ypﬂmrﬁ%e Vv\\;%)s refluxed

tetr? perature 0C). The 4
feGobh080 678 RORIUSR004/080833rs&ihmtsitrimddiyisif)amide

O T e D R o
(Wasuaddédnithd rete: efldctitidrihwas dortrofled«d forairitathe iémw@r_éh@ﬁte
c %%V}/ §Jt|o§er%?k]§3“%gv na1‘181{§1r0X|§9 I}M%ﬁ‘@dt%&&e%n a%@tcmi yies

after the a styrene reaching 28 C withiri 30 minutes.
White rébeticgavieisraroledsts 081, Ghdheadivguerrtretiesidesplyisgiated
s&ﬂg{ﬂ% g?e @h\é@att%r T&ﬁt@%ﬁ%@dﬁ%%ﬁo‘ﬁ@é Haesiare gotﬁtél sulfate and
u

separa ory funnel, diluted with 100 mL isopropy! acetate and washed with

comemicdindansssaqhieonm dedivies EREIRID IR csTeahrstdyRE (vaad isolated by
uashedHlies Jivaas vl 2hiuia iS4 miawaiecand 9 kosalrated

aqueous sodium chloride and finally with 10 180 mL saturated aqueous

dspgipurnehiaride Rhe grganicRinyer Wa S GoResRiaiathiHgevdtabvinnTihe; - 1-
mﬁ%@m)twmﬁgmcm@tgd}ﬁgmiﬁopropanol (100 mL portions) and

then r iISSO so ropanol (5 nd heated t rlng

Concenﬁgieé{“f? c?r S Ao ?79 H]m?%? “far%(r?rllso f\%/’veags adi g%yo%

(Mnule)mﬁ[lnemﬁ(ttm wam}aﬂ@medrthsmnﬂmomd@ (ﬁﬂémub}afataﬁ’eband sﬁ"ired
for 14 h. The recipita ed pr soI ation .and.wash

ml pre was b e@c}) vaeg ? ace%a]flé %¥%T dan?t ﬁa AN q" eao§ grgcs

ISOpr pano and 1sopropy e pro re
wacdunt over aBRicwateniratvfiorelaidavdnimed ESWMQ NO&)WI tlnwa‘ﬁer

i%@%%%%%éggﬁ%éﬂ’, ARV AN JUNAE ! SORFAPYAGRIHE; (80 ML) and 10

e. Synthesis of 5-((R)-2- {2-[4-((R)-2-amino-2-phenylethylamino)phenyl}-ethylamino-1-
hydroxyethyl)-8-hydroxy- 1L H-quinolin-2-one

To a mixtore of the product of the previous step (50 mg) and palladium on catbon
(10% Pd, 10 mg) was added, under nitrogen, dichioromethane (500 pL) and ethanol
(500 uL). The suspension was stirred vigorously under hydrogen (atmospheric pressure)
for 23 hours. Additional catatyst (10 mg) and N, N-dimethylformamide (1 mL) were
added and the suspension stirred for a further 24 hours. The catalyst was removed by
filtration and the mixture was concentrated under reduced pressure. The title compound

was purified by reverse-phase HPLC and isolated as its trifluoroacetate salt by

Iyophilization.
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sodium hydroxide (40 mL, 400 mmol) were added. The separatory funnel
was shaken and the phases separated. The organic layer was washed
once with 40 ml, saturated NaCl 20 and dried over magnesium sulfate.

W@ﬁ}%%'&%%gvere collected and the filtrate was concentrated&[lp&gg%ﬂys% 433

was twice reconcentrated from toluene to afford the title intermediate’as
an oil (14.7 g, 59 mmol, 40%). b. Preparation of
5-((RE=a{2pid 4 SR tmpdincgy@tiphsenm e (Ar2) (PaER(IR)-2-amino-2-phenyl-

ethylathidahinthehebylieidiniotiyisiamyloxgyedty e Beridsamatisrdhinolin-
2-ondop8agnder nitrogen,

b

rnL) afiiensitegcr( 2ol ¢ Gorubesihvieserramivior P ebord slowly
(EQ&HQ@?,%QH%?W%?&@ rﬁﬁm?m?ﬂ REN-YWALRS-andstay] aeeiaigy-

(after removal of some insolub 0 residue by decantation). The

e e R AP P e AR
(B0¢ium KMy aen SREkanAe RNYctal atethsadiymephiasigel HHindiatyl

sodium sulfate and evaporated to dryness, The title intermediate was

spERR AR S TR B Sn Cal i oBBist 0 g Fatxture was cooled fo room
1o It 52 0P A3NBRS] BeRieparalipanaf 50% ethyl acetate/isopropyl acetate (after
5-((R)-2:{2-[4-((R)-2-azido-2-phenylethylanuno)phenyl]ethylamino}-I-
O AT A LT G AT Re B AR Lk SRS e
wiitregen, theNiredinholthedgueriousidtem{bia goith hytoPeweasbonate and
issolyed..in tetrahydrofuran (9 mL) and treated with di Iphophor :
R 5o T P S Do o S A BB M e

niteSomadno ) Whk e salxtutewds tefhyxedidaid®.5 hours then cooled to room
temperature for 16 hours. Additional diphenylphophoryl azide (160 L,0.75

e DBV AA R db{8-A Bldntedo2 arenyltByianimamiendl) were
atiderdnet the reibuisl denetketriondorinpidy B-RdursyirgrrheaslHarocradm
temperatidresthha:mixipeWas Raniticead Rejwean ety acstairgRdslo

water. The organics were washed with 0.9 M sodium acetate/acetic acid,

disnlvated SRR R cab st At Shapsnsdpioatory AFigR e 0 Rl
kigehayenaadiumsifalednd: eyaRQsated QHy Ness sTs Ao ARt Wagire was

purified by reverse-phase ITPLC and isolated by lyophilization to give the

reie it EPmbaRETa g RS tRALGSC8TAIS BRI D 1i1g)0 doPre pAfaLBR AT
RN entldriR)14:33 1802 Rhenyiethvlamincapheryleiiylamintied -7-ene
(210 pL, 1.4 mmol) were added and the mixture refluxed for a further 3 hours, then
cooled to room temperature. The mixture was partitioned between ethyl acetate and
water. The organics were washed with 0.9 M sodinm acetate/acetic acid, saturated
sodium hydrogen carbonate and saturated sodivm chloride, dried over sodiwm sulfate and
evaporated to dryness. The product was purified by reverse-phase HPLC and isolated by
lyophilization to give the title intermediate as its trifluoroacetate salt (180 mg).
c. Preparation of N-[5-((R)-2- {2-[4-((R)—2-azido—2—pﬁenylethyiamino)phenyl}—
ethylamino}-1-hydroxyethyl)-2-benzyloxyphenyl}formamide

The product of the previous step (130 mg) was dissolved i tetrahydrofuran

(2.0 mL) and treated with triethylamine-trihydrofluoride (200 ul.) for 23 hows. The

mixture was partitioned between 1 N sodium hydroxide and ethyl acetate. The organics
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15 hydroxyethyl)-8-benzyloxy-1H-quinolin-2-one The product of the
previous step (110 mg) was dissolved in tetrahydroftiran (2.0 mL) and
treated with triethylamine-trihydrofluoride (200 L) for 23 hours. The
i partitioned between 1 N sodium hydroxide and ethyl acetate.
éﬁ%%%}%’{ﬁ%s were dried over anhydrous sodium sulfate and %1\%55(2)?%?33’833
to dryness to give the title 20 intermediate (50 mg), which was used
withiigt! ferreh enlpurificatishive. sgifmthesisoiporated to dryness to give the title

iPs -((R)-2-aminQ-2- IQH]P(!%E{E -ethylamino}-1-
ﬁy%é%feét 9#@@?%%0%§§3§-S-hy r %Hral?)%%%é of the product of

ath .%W?R(ﬁ@%mg)@fézp@l'ﬁﬂfﬂm%e@%zﬁrﬁ%ﬁﬁa T08)WaS o} -
a

edennitiaen. ickioremethane (500 L) and ethanol 25 (500 L).

The suspension was stirred vigorously under hydrogen (atm 1eric
presohley 1 5 HAP ARV ON AP SREAI9LE F1E 8)%%%8113 pallidiumm on carbon
(I Fdim e thylferm addicls ¢hdalgivere, ditledandithe SuspEnsidrestindd forl).
Tgefurther 24 hours. T catalxslt was r%mé)ved ZX filtrafion and the I‘Q&gture
A S R e e T T R e P s P B R S S B S ey “ivAd
2pbirifiesd Byididvens eapligsd RIS anddvVidbthted lndfitsrtaifiidr ¢h ostatecsatddyd
30.Jyophilization. 45 WO .2005/030678 PCT/US2004/0 ;
R S s R R e G AR oy
figithitaraido)shenyiire thigtarmine) ththy droy etiyte® tgsinoy pheriyille compound
& LN TR afed as its frifluoroac s

SRR B o gmonia it
hepyigainl-1- (tert-butyldimethylsilanyloxy)ethyl)-2-benzyloxyphenyl]forma
mide Under nitrogen

(S)-2-[4-(2-aminoethyl)phenylamino]-1-phenylethanol (Example 3, part a
(1.7 g{im@mwﬁj|)@m[aa;5@ﬁ%nw5t]sﬁmﬁm4rf&eﬁmi -Y*)Phenyﬂ-'?“
dimetRYrEEsRBSfoth}iERBKy I formamide (2.4 g, 5.2 mmol), potassium
aCPIBORAIG, (45 9420 NIAL-3NARIelLELIOAIdeE 880. MGy Rfmmol) were

treated with dimethyl 10 sulfoxide (4.7 mL) and heated to 140 C for 12
minuté8 aPHeEPpBiareffainmbensndurineét Jetatf e EHY padiftnegnethane

(DStyERD WalpkaRdA0N0 St Sralalalisar aRybacelate @igraremoval of

some insoluble gummy residue by decantation). The organics were

dighkpreacime WL mblehopsdeiuhbsceliomeat slasily Wattttdd €88um

tOHPERgan sarhonstaand saltyateasadvigherdedgkied Ovairsadigm
sulfate and evaporated to dryness. The title X
evaporated under reduced pressure to a vohune of approximately 1L, the aqueous and

organic layers were separated, and the organic layer was washed with water (200 mL)
followed by saturated agueous sodium chloride (100 mL). The organic layer was dried
over anhydrous sodium sulfate (40 g). The solids were filtered and the filtrate
concentrated to give crude title intermediate (100.7 g) which was suspended in a mixture
of hexanes (745 mL) and ethyl acetate (150 mL). The slurry was heated until a clear
solution was obtained and then the solution was slowly cooled to room temperature. The
resulting cystals were filtered, washed with 10 % ethyl acetate/hexanes solution (100 mL)
and dried under vacuum to provide the title intermediate (55.1 g, 48 % yield).
b. Preparation of (R)-{[4~(2-tert-butoxycarbonylaminoethyl)phenylcarbamoyl phenyl-
methylcarbamic acid zert-butyl ester
A 1L flask was charged with the product of the previous step (30.0 g, 1.07 equiv),

((R)-tert-butoxycarbonylamino)phenylacetic acid (30.0 g, 1.0 equiv) and a solntion of
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15 intermediate was used without further purification. b. Preparation
ofN-[5-((R)-2-{2-[4-((R)-2-azido-2-phenylethylamino)phenyl]- ethylamino}
-1-(tert-butyldimethylsilanyloxy)ethyl)-2-benzyloxyphenyl]fonnamide

der pitragen, the product of the previous step (900 mg, 1.4 mmol) was
V'(lafllgsoF\fetg[ﬁﬁﬁgatetrahydrofuran (9 mL) and treated with diphenﬁghbquﬁgﬁr\g S1833

azide (610 L, 20 2,8 mmol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (420
1-hy@ S mmahbdaetriixtir €1 WA, reflleqdifo kB8 Mdurs tid focooiadet G2 Adont.).

_ tor 16.1 et - .
T R A e A PRORR Bo B R Bl vk
arpigd bdthafiet ivarmixies endildtetifetlyuminepRhblfscindrrreodiiedd® room

nJERRRERI B Te midureas Raritioned,betuesn atvlagstale and280

water. The organics were washed with 0.9 M sodium acetate/acetic acid,,
minisatdde sEHiR Wdpagtivralbetae arics andratad asdatrmeeaibrgegzenic

pIHE G QVRLSRAIUT.SHIAIS ANd ByBParaieduie divhess:d ReuRRLLENES
purified by reverse-phase IIPLC and isolated by lyophilization to give the
saftiEnhE RO te R ﬁ%ﬂ%m%flss%@faﬁéf&aw@‘%m%)%&ersrgﬁa?&ﬂ%ﬂﬁ Bies dried

ot BnlifRiods Rdidni( Rirazite: 20mas Rdetiviaminainhe milatd3@oncentrated to
ethylamin)-1-hydroxyethyl)-2-benzyloxyphenyllfomramide The product of
S st SO LR R 3 8% 9 WS DB SBITEHAN R AIY JFBIEH Y (58 ity Al
firgatesndthioethylanune-trihydrofluoride (200 L) for 23 hours. The
mixture was partitioned between 1 N sodium hydroxide and ethyl acetate.
¢ Theporganicd 46-WVEn2005/0R06 78 RGTIVIBRe0MI0B088% wererddied over

a”hyqrﬁ’é!&éé%%%&l%y Hﬂﬁe?gﬂgv%?sps?ést(%q 1§ gounessiRdive NG 'g&omethane

intermediate (90 mg), which was used without further purification. d.
(19PriHasidhfmixture was cooled to 0 °C and and trifluoroacetic acid (150 mL) was

M3 4B 1342 4 (R Rz AN ZsRREAYIR Y ABNRCINBE AVl S HRYIA IR the
1-hydmxyethyl)-2-hydroxyphenyl]formamide 5 To a mixture of the product

vekiHes prev éﬂ%%‘%b“@@ﬁf@la‘?épﬁ%%u hbsHERRL 096 PlenBRTY)

dwaRRHdehnoes Atrogen sichipremsthanad nlhand athaaal, (bmekkd by

The suspension was stirred vigorously under hydrogen gatmospheric

1B ssrren Rl mbditdialUEa S AR G the basic aqueous Jayer
wWsNxaieihyiersmanidetiahd weremdees Bndtaenstibgensianwasbined and

GRIeS1o A a0ducnel 24 ot T Feipes emeied Bt i s
tiitl6loate pottadirwvas tp ufified thy reverserphiise BBLBG, andriseiatediakl)tthat was
utsgf l{vxcr)lrtgggte %e?%gr?ﬁ[cation.
d. Preparation of (R)-N-[4-(2-aminoethyl)phenyl]-1-phenylethane-1,2-diamine

The crude product of the previous step (33.3 g, 1.0 equiv) was dissolved in
tetrahydrofuran (250 mL) and cooled over an ice bath. Borane-dimethyl sulfide complex
(45.5 mL, 4.0 equiv) was added. The solution was heated to 65 °C, stirred for 2 hours,
and then cooled to 0 °C. Methanol (650 ml.) was added, followed by trifluoroacetic acid
(5 mL) and the mixture evaporated to dryness. The residue was dissolved in methanol
(200 mL), followed by trifluoroacetic acid (5§ mL) and again evaporated to dryness. The
residue was dissolved in methanol (150 mL) and 1 N sodium hydroxide (150 mL) was
added, followed by 10 N sodium hydroxide (40 mL). The solution was concentrated to
remove the organic solvent and the residual aqueous layer was extracted with

dichloromethane (400 mL, followed by 3 x 100 mL). The organic layers were combined
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lyophilization. Example 5: Alternative Preparation of

(R)-N2-[4-(2-aminoethyi)phenyl]-I- 15 phenylethane-1,2-diamine a.

Preparation of [2-(4-aminophenyl)ethyl]carbamic acid tert-butyl ester To a

S ion of 4-aminophenethylamine(65.1 g, 1.0 equiv) in

\gké:ﬁ?ggr)g?ﬁgﬁane (1.5L) at 0 C was added di-tert-butyl dicar%%ﬂéf?é"(%’ﬁ’sr’

g, 0.95 equiv) in dichloromethane (300 mL) dropwise. The solution was
agibdvlydwarrmeditdroooro@Ontendfecatiine e stircedrforov8dinuidirWenend the
4708 Wl s APHeH QN ENISaNe TS SYaROFRIEA yler reduced pressure

to a volume of approximately e aqueous and “organic layers were
separabsdragrdthéuctganidisayrediasvasi ol ihlvaners(zod piI8p °C for

stPHwed by Saikviales AGHARUS ROJUINCRIBE UG L 00 Whkier [BE BEJAE added,

f!ﬁ?{@er was dried over anhydrous sodium sulfate (40 g). The solids were

Yisd bnetereckGaterdn dumedstratéd mgive vasddad 3hidhdaiatd minutes
abt0fef WOGHCRWAS SHSPEPILH IR MhdWEE 19TREXBRES Ly Mluand

ethyl acetate (150 mL), The slurry was heated until a clear solution was

[tk daitd tHEhithe: sorricH S SRR dsakthes rodhriampidiaftpel). The

chRGsesuling-gYsials warshlikeret - avashad Math @ %0 ethwlle intermediate
acetate/hexanes solution (100 mL) and dried under vacuyum to provide

(e tile MteHRAEE §issa Gty a6 n B ard s omethane
(R4 (Rdestdediorye arhamylaminaatayaharydatarmadipteoy sodivm
methy| amic acid tert-butyl ester A | L flask was charged with the
lgéaﬁg%?ﬁﬁ’gﬂgr‘@% &é@e&eg‘ﬁ{%gxﬁg \ﬁeng%ﬂ}fg am{' t%e aqueous layer was
eé(ﬁ)et.en‘n tvhititéixyachoniiamine) prenylactlie agith{30:(:0, Web:equivinaddrsl
T M
{hNillimbe toyplferméantidey/ (@4 thmiile mhemsalitio?dag stirretPD it adlahelorless
lids had dissolved. The solution was cooled over an ice bath for 15
minutes and 1-[3-dimethylaminopropyl]-3-ethylcarbodiimide hydrochloride

(26.9 g, 1.18 equiv) was added. The reaction was stirred at 0 C for 80 5
minutes. The mixture was partitioned between water and ethyl acetate,

and the,QkapRi6: ANRSENAS YYAThask S A enliat) 2t M(R). 2L Mhino-2-phenyl-
hydrochigiitaaisiphakyIiag REHRGUS-IRAIRYdIGarhoRAdes tYithearated

agueosmadiign chloride. The organic layer was dried over anhydrous
sodium sulfate. The solids were filtered and the filtrate concentrated to

HVERARH R ShiErmEdihte Ed 4B @y -duaisid v i wWiieHvas

LB lamRs ] -(fert-butyldimethylsilanyloxy)ethyl)-2-benzyloxyphenyl]formarnide
Under nitrogen, (R)-N"-[4-(2-aminoethyl)phenyl]-1-phenylethane-1,2-diamine

(Example 5) (22.4 g, 1.4 equiv}, N-[2-benzyloxy-5-((R)-2-bromo-1-{fert-
butyldimethylsilanyloxy)ethyDphenyllformamide (29.2 g, 1.0 equiv), potassium carbonate
(34.7 g, 4.0 equiv) were combined with dimethyl sulfoxide (35 mL). The resulting shurry
was stirred at 100 °C for 85 minutes. The mixture was cooled to room temperature and
water (200 mL} and isopropyl acetate (200 mL) were added. The layers were separated
and the organic layer was washed with water (200 mL) followed by agueous saturated
sodium chloride (150 mL) and dried over anhydrous magnesium sulfate (20 g). The
solids were removed by filtration and the filirate concentrated to yield crude title

mtermediate as an amber colored oil.
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10 further purification. c. Preparation of '
(R)-2-amino-N-[4-(2-aminoethyl)phenyl]-2-phenylacetaniide The crude
product of the previous step (57 g) was combined with dichloromethane

“/](f% JI}E‘;?%CFe mixture was cooled to 0 C and and trifluoroaclg(t:icﬂa}cid gfloggsss
ni ;)'w‘as dded over 15 min. The mixture was stirred for 1.5 QTS 4
room temperature then the 15 volatiles were removed under reduced

bpPeggupdioNné VesStititeZoPvas(kenupmin? dibtisidhdsnanerBotinl-) and
| KiksGenuine hydrokicley¢200 drbpwvatpavdedyidhowetidsy 10 N sodium

hydroxidena@um b DE-RYRIS Ve s8naratee aRg he basieegueous

layer was extracted with dichloromethane (3 x 200 mL). The organic
RO PP e AR SRR E S S TR b ).

hegeplidswenatemewasddipeation anthe @ iheilisipie-conceniatesied and
afford the title intermediate (33.3 g, quantitative yiel%) that %?s used
it AirRRE parhiEitioAT ABte paRAR G 1o Which was added isopropy!

AR 22 - (Framineeib yhohe Rylglephemdathonenbdddi groine L f helerudeture
roduct of the previqus step (33.3.9, 1.0.equiv) was dissolved.in . .
AR e e soma s aaTices A B s oo
eul fiteanam phex R5J4 TBapmbylkO-eetii Fvas_aodeci dEddstiutignwadayer and
heated . stirred for,2 hours, .and.then cooled to et 0
S PR S & o Rl e
resapol atgdnio dygnetbe Tayersosite eeprastd ssul vierhirsimathars! 1{2G0vasldgain
foll trifluoroacetic. acid (5 n | e 1SS . ¢ -
B e B N A AR ucied
Gvpd eonkigl (UE@dni) wwaE80 Beidedidoiowadtbyved by Sdditinn ipdririsd vl

Jhorhf ROMHOWETGONSEMIAEH. 13 sreTioNedDS.rganfRRIYERkANd

the residual aqueous layer was extracted with dichloromethane (400 mL,

followddhyraix modusi asThsided anfie thipeeaiohee dBmBREgaEyEDatch, crude
#B02403Q01 8) RLsTHR2 09411030833 1and fried oy st ARV RHRd)idMted to

sulfate. The solids were removed by filtration and the filtrate concentrated

dovasrord Brideditreatelinidiaih 29187 df OrRb)citieiepiaiiuct fdg» and acetic
sizsalved)inethanal B0 ami-ard stifred 8l 3eufelar30IPINULRS. Aean fractions

solution of L-malic acid (16.6 g, 1.06_equiv) in water. (90 mL) was added,
BHSIRROPE) Stharmacssieihy rabiitetopde meidrebids tieraersrso s of

fiar 30 Mirkitei AN themalbaens teImpeTathreitat 2 oty dailthesspligs
ere callected by vacuum filtration, rinsed with 10 % water/ethanol (130
LY dfic then with ethanol (2130 mL). The

¢. Synthesis of N-[5-((R)-2-{2-[4-({R)-2-amino-2-phenylethylamino)phenyl |ethylamino} -
1-hydroxyethyl)-2-hydroxyphenyl{formamide

The product of the previouns step (16.0 g, 1.0 equiv) was dissolved in
tetrahydrofuran (640 mL) and palladium hydroxide on carbon (3.2 g, 0.2 equiv) was
added under a stream of nitrogen. The solution was stirved under hydrogen for 3 to 5
hours. The reaction flask was purged with nitrogen and the reaction mixture was filtered
through celite (30.0 g) and washed with tetrahydrofuran (100 mL). The solvent was
removed under vacuum to yield crude title intermediate (16.0 g) as an oil. .

The crude product was divided into three batches. In a representative batch, crude
product (4.0 g) was solubilized in water {10 mL) and stirred for 10 minuotes to dissolution.

The solution was filtered, purified by preparative HPLC and clean fractions were
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crystals were dried under vacuum to afford the L-malate salt of the title
intermediate (38.6 g). The L-malate salt was dissolved in water (150 mL)
and dichloromethane 10 (175 mL) was added. The mixture was stirred

\?89{)%% 97§0 0 C and 10.0 N sodium hydroxide (50 mL) W%C%&%%QMIE&%S
a

yers were separated and the aqueous layer was extracte
dichloromethane (2 x 175 mL). The organic layers were combined and

carbirederdreRrtronted duiberkilitatogo piovide holidBwereetinor@bie title
iitration.and fheflaie.concenvatgd {qyislddhe itledntermediaio 949 9,

C.C. >99 %) as a colorless 15 oil. Example 6: Alternative Synthesis of
N-[5-(EX)rEnd ke TA-64R 1123 B INO R tRNBIWN-[5-((R)-2-{2-[4-((R)-2-amine-2-
ethylagniag)Riaenxiathyjamingthynyarmsyettydirobyeipnphenyl]-
formamydec2PpachyRRratainniehydrochloride
N [5 ((R)-2-{2 (R)-2- amlno 2 henyleth lamino)phenyl]- ethylamino }
% fEﬁé% I)aE“B@ FeRIRBTE-
aﬁ?m?ge]n zﬁr)omt H ﬁqﬁ,y @ﬂ;@ ﬂz_qanude e?ebase
-phenﬁhﬁhﬁﬁ&ehﬂe&bﬁ%ﬂedﬁv@m@ﬂ@&)(ZQA(QRJL%MHM
2-b -2-bromo-I-( sila
R R B o o M otsamenie
(W}Qﬁ: 4 @sﬂth\ﬁwea&xcombb@wmmmmbﬂuﬁexw (x%) mid) 1 Dhe
was stirreg.at for 85. mjnutes, The was
S A e D Rt B WA M ona
(208 mugone redidd dodmhilddyetswigr dodopardbadvand(1i96 miganibdayegmic
(s waskier Wi MAIREIROD A J&L@gﬂ% %&%@ysm%%%ﬁa%(}v& Wfleted

loride (150 mL) and dried over anhydrous magnesium sulfate
%é@@”@@)lﬁ%ﬁﬂ@@éﬁéﬁ@é‘@@ erﬂt@amfaﬁéi thelfiddahe @@ﬂe@ﬁqrm@é@%as an
Jield crude title intermediate as an amber colored oil. 49 WO
20051030698 PCTUUS20041030833 h. Preparation

W NS Ron2-£2:%-((R)-2-amin@:3-phenviethyinpinalphenyisteylamino }
-1eﬂmmﬁs}hy%&bwuwﬁm&wmmaﬁaﬁ@ﬁ@%&eof the

previoys ste uiv lved i rofyrap (300

mL) ar11Il fh wﬂf%tne l%l%éoﬁll(lg gr%iluof'la% &ﬁ X‘% L%yg (ﬂ(v f%?%

mmmmm m;fe]ﬂawéb? hd ﬁrmﬂwﬂmﬂmmwmmﬂhmdmamdnm.
nd ed| 135% 1EJI Ie%\élsntg raduct- c%nta rﬁ%%mmy §g}|}|}(§ icha\{v?  was
cfdre |soﬁrop aceta ]tm%z%}é m‘I_J)'5 ollowe Fo* aqu ous sodiu )

Haydroxide (1680w ind He Mixttereoncentrated under vacuum to afford crude title

product (1.2 g).-

c. Preparation of seed erystals of N-[5-({(R)-2- {2-[4-((R)-2-amino-2-
phenylethylamino)phenyl]-ethylamino } -1-hydroxyethyl)-2-hydroxyphenyl] formamide
hydrochloride

In a round bottom flask, the freebase product of the previous step (120 mg) was
stirred with isopropyl alcohol (3.6 mL) at 50 °C until the solution became homo geneous;
followed by the addition of 0.5 N HC1 {0.58 mL) and the solution was stirred for an
additional 5 minutes at 50 °C. The solution was gradually cooled to room temperature
over a period of 1.5 hours and then, stirred overnight. The resulting crystals were filtered

and dried under vacuum to yicld the title crystalline product (78.0 mg).
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was stirred until most of the solid had dissolved. The top layer of the
biphasic mixture was decanted and saved. Isopropyl acetate (150 mL)
was added to the aqueous layer and 10 stirred until all solids dissolved
and then the biphasic mixture was combined with the reserved organic
\Ya(l)yze{’rq‘\ﬁuﬁ{é(’fgyers were separated and the basic aqueous Iayngggg’dﬁ} 833
extracted with isopropyl acetate (150 mL). The organic layers were
Comheeld ahenghidinoVds dhydrBublis@Bitiresutfate piitry sthidsmieriphenyl]-
refHOleERY} fil tatiorcseibyine-Sotienyphvay tfenvensigedrrelderitte
intermadiaia {38exah ARRURMRESLRIGH eSS d.T1THe) b Rneust,

was divided intg three batches. In a representative batch, crude product

B PY) Wt ddRbmzeat itoaletohithe YARE R by e hmQseRroNs: followed by
tey apdtaiedito. sanyness 4 Bheire siua sasodilWie thouita Waterad ehithiss and seed
acet})nitril “ézé%mlﬁ% and, acetic acid (4 ,mL%;[IIThe %?ution \é\/ﬁ%s filtered, .
BB 5r A I SR S RECRbA S IS E EiThetPa sl tion
eongenttode 850 yop bittzat o 2a pheyidaéhelitfiuoraackiale sall«aftddddha

e R R SR oy BBl W SR RNy i

MNLEBIRY- Ei'f]@ﬁi@((ﬂ@ f@miﬁmﬂﬁwmm@nﬁs@mbghﬂ@?ag@mwmd water
- iy X | ormamide ctoft revi S
B e e R RS
Wlﬂﬁ%@@ﬂmﬂ@m@aﬁ@ﬁ &2 QQQ:Z EMV)IWES vaddagnyidesled to room
t'ﬁ?ﬁ‘ﬁ%%ﬂfa QIRAEED reEQ?t%oAPE@ BVER d?\}vﬁgﬁlg Llinder hydraaen E%\%g?(]x?oied 10

ours- The reaction flask was purged with nitrogen and the reacti
R irEPRAS Rt ditmbghneghite 18O @ygiadmt anmishited/ith filtration and dried

fekaby R4 08 Mklnd RERONRMYES E@%%gﬂ under vacuum to

yield crude title intermediate (16.0 g) as an oil. 30 The crude product was
divided into three batches. In a representative batch, crude product (4.0

g) was solubilized in water (10 mL) and stirred for 10 minutes to
dissolitiampld®: shisiinmeviasidicseci-puifiad M ERMBVeHPH angino-2-
clean frhetigdiathwensi sV ARRHAZHE0HB RIS ZAAHP30833
combihgdrargbbengBhtraiealidy hyahlotiziaiiate to provide the trifluoroacetate

salt of the titl %ﬂ rmediate as.an.amorphous solid. Total yield for three
batch :S%‘TEPE o By EY 005%%5#&&1@%%1@ Example 7,

M (R RefRedr{R) 2 -ihine: ZHRemy (S topamino)plie i), 8.2 (s, 1H), 8.0 (br
SRk RS RY 2 Y FPUPRSATIoRanids REEPeras .,
1H), 3.1 (br 5, 2H), 2.6-2.8 (m, 4H), 2.3 (m, 5H); m/z: [M~§~H+] caled for CosHigN4Oy:
435.4; found 435.5; Elemental analysis (wt %) caled for CsHaoN4O3-HCL C, 63.8, H, 6.6,
N, 11.9,0102,C17.5; found: C, 63.7, H, 6.8, N, 11.8, O, 9.7, C1 8.1; Water content by
Karl Fisher analysis 0.9%. _

'The differential scanning calorimetry trace (TA instruments model DSC2010,
equilibrated at 30 °C and heated at 5 °C per minute up to 300 °C) exhibited a sharp peak in
endothermic heat flow between about 185 °C and about 200 °C.

The powder x-ray diffraction pattern obtained with a Rigalu X-Ray Miniflex
diffractometer using Cu Ko emission (30 kV, 15 mA) with a scan rate of 3° per minute

and a step size of 0.03° per point is shown in the figure.
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a. Preparation of N-[5-((R)-2-
{2-[4-((R)-2-amino-2-phenylethylamino)phenyl]- ethylamino}
-1-hydroxyethyl)-2-benzyloxyphenyl]formamide freebase The
rifluoroacetate salt of N-[5-((R)-2- {2-[4-((R)-2-amino-2-
v{)(#wgdr%@e?%ﬁ?fgmino)phenyl]-ethylamino}
-1-hydroxyethyl)-2-benzyloxyphenyljformamide 10 (Example 6, part b)
was parimed: Sentheis sEMdPoldbtiaiel @8 hiaptng-2-piNmdueous
sodiufttriarsRrberod] ehtylamHa O ridridneseatinds et virhsil-
additiHAF*REN aqueous sodium hydroxide (100 mL), followed by water
(309, Ikdor] HESHIIRNIS -AD¥ ' M{?ﬁ@% Enlr
al@%{w{%%%% %%%W%Egg%%%%gﬁéﬁﬁuum iItra%iﬁon an d%%ﬁ\%}enltgg

were evaporated to afford the title intermediate as an 15 ail. b.
prepe{%&gﬁwﬁ{%ﬁe@%ﬂ- berycsdhiriGBigherigidthytamito) pranhnd
(@hwam{mfz}g&am&mxy@ﬁb)ﬁh@zﬁ( y@iﬁxu@fﬂ%%wz@crrha@idﬁlﬁ@gaaes@&@}gae with
roduct of the previous step (1.5 g) was adde adi roxide 20 %
A5 A STy T HBELB 515 e ST GG 176 )
it wie {6 mid) codlRd fedfesultidgDatieyweasisiirresh igottyslybndanide
hydragen overnjght. The catalyst was remayed by filtration.and the.filtrate
prii e R RGeSO

a
oncen e r vacuum-to afiora cru itle pro

1P reparaticheofssehcrystalaiofdeSH (R 2 e ((R) iRraminpaRationed botween

PhenYlethY]laminp)PhenYl]-ethYlamin . .
R e A Lo Neda with 1,0 N HICL sauraied sodiom
holegehotiomataskdtiruiaebastprotimidt tsqpravivos step (LaGHeg)ver
RS SlHES WithpoRORY R1GNALI3 B, M) 2620, G #nfl %a%g%ggh%uﬁ)mm

became homogeneous, followed by the addition of 0.5 N HCI (0.
raRdieaéegolution was stirred for an additional 5 minutes at 50 C. The
solution was gradually cooled to room tem%erature 30 over a period of 1.5

hSErREHE I RS s tredevTHIg Rt sl b iy smle s iefsd and
dried undervaguibiadooyigldiiaeititesesy stadliniespraduiet (it810rog)nadc\M® ml)
2Q05/030p678,PC, 7US2004/Q30833. d. Synthesis,of crystalline o
REEREH5-(2a- (lg}yﬁgg?ﬁ?ﬁl&%‘gr‘ég%iﬁ-?(}’fg‘rﬁ%&{p%lgnty Jmixture was stired
fettiylamirnn b 1chytie xyhttiyh) s2rhydravedih eoyhif crmigemithechydradiddride Il hour
round bottom flask, the freebase product of step.b. (1. vas dissolved
AR R R
horwgentous afidligusbadbyith 1 N sodium hydroxide. The organic phase was dried

over sodium sulfate and evaporated to dryness, giving the title intermediate (4.3 g,

PCT/US2004/030833

16.2 mmol) that was used without further purification.

c. Preparation of (§)-N*-[4-(2-aminoethyl)phenyl]-1-phenylethane-1,2-diamine

The crude product of the previous step (4.3 g, 16.2 mmol) was dissolved in
tetrahydrofuran (50 mL) and treated with borane-dimethyl sulfide complex (5.7 mL). The
mixture was refluxed at 65 °C for 2 hours and cooled to room temperature. Methanol
(50 mL) was added over a 30 min period followed by the addition of trifluoroacetic acid
(3 mL) and the mixture was evaporated to dryness. It was taken up in methanol (50 mL)
and frifluoroacetic acid (1 mL) and again evaporated to dryness. The resulting oil was
then dissolved with methanol (30 mL), 1.0 N sodium hydroxide (30 mL,) followed by the
addition of 10.0 N sodium hydroxide (5 mL}. The solution was stirred for 10 min and

then diluted with water and extracted with dichloromethane. The organic layer was dried
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5 the addition of 0.5 N HCI (4.8 mL). The solution was heated for a few
minutes and seed crystals produced in the previous step (approximately 5
mg) were added. The solution was cooled to 35 C and stirred for 2 hours.

whssoluion Was_slowly cooled to room temperature over a]#qr_ /l%%% 0833
hours. The resulting crystals were isolated and dried by air filtration to

give the title hydrochloride salt (690 mg). Isopropyl alcohol (7 mL) and
uidaeiofimsalats et evaraietiadomees chrsiaradrdidcraremedias @0/ @

1lsapiaRy] alcaheh ddmidl wasaddeshand dheslymyawasstirsed for | AeGtion

The sqlution was slowly cooled to room I§}emgerature and then reheated at

AT SHLrd OBnd SHRMRANIRS SR BboIRaBIIsd M taihsaisstaption
felnshstirgdne\amight of BeeIstals werglisolated by didiatian andatiesoin
air to give the title crystalline hydrochloride salt (550 mg). 15 Example 8:
AR S B oL (LoD Y R LSRR e boven
vphenyléthyldomimelpinenytl ebb\damine hdigdreidetliyl-RaOH and saturated
hydroxyphenyllformamide hydrachlaride A sample of the title crystalli

R R S e e e e S S s A
dagufisl dnsive BRNIMRI(BO0MKER): (9.6 £s7.2H)®1. (S, IH), 8.0 (br s, 1H),
7.1-7.4 (m, 6H), 6.7-6.9 (m, 5H), 6.4 (d, 2H), 5.5 (br s, 2I-), 4.5 (d, 1H),

U Ry earpHyn 2 AND S (DM, 2-844(8) (thzaniay-2-Bhny Sy Lanrindviaad]-calcd
6P T2BHMRONAB3 - UBE drietindi kes oo mdmbridicandysiviw i eatsd dor

C2SHBANAORR: (e Gl ol ohtnd RO LA T fOuUNdnof T -
,N.11.8,0,9.7, C18.1; Water content by 25 Karl Fisher analysis

H, 6.8 0 > I

RS9 Uttt LA iRy RidmeHats At PR R bR RioRdr
BBGZYIM nﬁﬁtﬂiﬂ@i@i@fcﬁﬁxﬁ@ﬁ@&%ﬁé@%? (56% BEY, mmﬁﬁl?dlpv&@r@%a%h
exhihited a sharp.peak in endothermic heat flow between about 185 C
BN SO CS AR PRy ahbrt B L Gt P
digalne 1ohaycidisttiaxe I0itfractapddieresing £at Kal emigsiana(@01hE 15
mA).with a scan rate.of 3 per minute and a. step size of 0.03 per point is
B R TR RSB b S o
SaRyathibs siohdid 5-{R)H2d 2+{d:((S) a2 smined-phidnyt-further purification.
ethylamino)phenyl] ethylamino}-1-hydroxyethyl)-2-hydroxyphenyl]-

forrapariigen of N-[5-((R)-2- {2-[4-((S)-2-amino-2-phenylethylamino)phenyl }-
ethylamino}-1-hydroxyethyl)-2-benzyloxyphenyl {formamide

The product of the previous step was dissolved in tetrahydrofuran (5 mL) and
treated with triethylamine-trihydrofluoride (823 ulL.) for 8 hours. The mixture was
partitioned between 1 N sodium hydroxide and dichloromethane. The organics were
dried over anhydrous sodium sulfate and evaporated to dryness. The product was purified
by reverse-phase HPLC and isolated by Iyophilization to give the title intermediate as its
trifluoroacetate salt (150 mg, 0.2 mmol).

f. Synthesis of N-[5-({R)-2-{2-{4-((S)-2-amino-2-phenylethylamino)phenyl]-ethylamino} -
1-hydroxyethyl)}-2-hydroxyphenyijformamide

The product of the previous step (150 mg, 0.2 mmol) was dissolved in ethyl
alcohol (5 mL) and acetic acid (5 mL) and 20% PA{OH); (24 mg) was added under
nitrogen. The reaction flask was purged with hydrogen gas under atmospheric pressure
and stirred under hydrogen for 20 hours. The catalyst was filtered and the volatiles were

evaporated. The title compound was purified by reverse-phase HPLC and isolated as its
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a. Preparation of
(S)-{[4-(2-tent-butoxycarbonylaminoethyl)phenylcarbarnoyl}phenyl- 5
methylcarbamic acid tert-butyl ester [2-(4-Aminophenyl)ethyl]carbamic

acid tert-butyl ester (3.95 g, 16.7 mmol) and
Yéﬁ‘-’f'&%ﬁﬁ%xycarbonylamino)phenylacetic acid (3.97 g, 15 A HRGH K3
dissolved with a 0.5 M solution of 1-hydroxy-7-azabenzotriazole in

- NN ATl Heiraimitei{Batins: (R mlérl Aitrogdh ant: cidted 1o0at for

éﬁg@ﬁ@%@é’@ﬂ)?&ﬁﬂé@{%‘. 3-ethylcarbodiimide 10 hydrochloride (3.57 g,

18.6 nnnol) was added and the mixture stirred at O C for 10 minutes, then
at room temperature for 1.5 hours. The mixture was partitioned between
water pachRifavia e A6 19 RIGRMIOSH WAShEL] B-%-%Eﬂé!ﬂilﬁthylamino)-
SRk AN YA OIORGA A afln ADALAEH-SASHIR, I

ium

The organics were then dried over so sulfate and evaporated to
dryne$SREEewRRImedidtesivas diseandikied decfurtte O, k8 stitifitution. b.

ﬂ@r&%ﬁ@ﬂ@@-R&g??ﬁﬁ%@ﬂ%%%ﬁ%ﬁm!&ﬁ%m@hﬁ%%}?ﬁ?f‘%lﬁﬁ@fﬁ@i@ﬁe

The crude product of the previous step was dissolvéd in"dichloromethane
forVrkd-Peantogsold b obrommifluérodeatil eahyisimylonas s ait
fhesniibie wpsistirad aler3Ramin a0 F mEhRisebiHipR. e WamRaTLtP

room temperature and stirred for 1 hour 20 then, the volatiles were
TP eV Uraki i GoatlphkSaifa Ph @B das taken up in

dichloromethane and washed with 1 N sodium hydroxide. The organic
phase was dried over sodium sulfate and evaporated to dryness, giving

the‘t?tlﬁ’m}ggm I en(t%gsig ‘o g*%(ﬂﬂpﬂﬂl)-m-‘a(td%u -rlﬁ%?lgym%%%qy rther

puUrificaign, Gy fﬁﬂy%?}'%”x?%l_ lylaminol-1-hydroxyethyD-S-hydrosy -

(S)-NZ 4 (42 _H}?%et prﬁean -pﬁleny’le ha?ﬁe-I,’é- iarine 25 THe

crude product of the previous step (4.3 g, 16.2 mmol) was dissolved in

acitrapyrdiiofus AR50 miy)l and dieateldieitilhoranehdimietbsti sutiide complex

(5.7 m@h he mixture was refluxed at 65 C for 2 hours and cooled to

room "“&é%??’é‘?’ﬁﬁé‘%ﬁ%ﬁ%ﬂ%@?ﬁﬁ?%ﬁ%eﬁa&%‘8(8&&5@0%%‘5%@5”1@

foflowethpirdheadaiiembfdsfiuaio scatienasidridd mid.anchtheomixiuiarasil,
orated to . dryness, | s taken in metha L) 30 and

B e R P S D R Ao h ks

. wiiedamdibrreissohvedswitran éthaAohiBOerL Y <D (\ mddives hydroxdad 30

Akrdalawed Pl dgonofA0.0 Mot buaoxie (3 Il LNE ppese

solution was stirred for 10 min and then diluted with water antl extracte

KhiA{ gietisrtnied thaherThietigamigieyde itls ttiet &5 Ol 2005/D306%8).

PCT/US20041030833

b. Preparation of {(R)-[4-(2-fers-butoxycarbonylaminoethyl)phenylcarbamoyi}-
phenylmethyl} methylcarbamic acid benzyl ester

[2-(4-Aminophenyl)ethyl]carbamic acid terz-butyl ester (1.31 g, 5.6 mmo}), the
product of the previous step (1.66 g, 5.6 munol), 1-hydroxy-7-azabenzotriazole(1.46 g,
10.5 mmol) were dissolved wifh N, N-dimethylformamide (10 ml) under nitrogen and
cooled to 0 °C. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.02 g,
10.5 mmol) was added and the mixture was stirred at 0 °C for 10 minutes, then at oom
temperature for 1.5 hours. The mixture was partitioned between water and ethyl acetate,
and the organics washed with 1.0 N HCl, saturated sodium hydrogencarbonate, and
saturated sodium chloride. The organics were then dried over sodium sulfate and

evaporated to dryness. The title intermediate was used without further purification.
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under sodium sulfate and evaporated to dryness. The crude title
intermediate (3.7 g, 14.4 mmol) was then dissolved in ethyl alcohol (105
mL) and heated to 80 C. A solution of D-malic acid (2.16 g, 16.1 mmol) in
H20 (5.3 mL) was added to the heated solution followed by the addition
ve? é'fﬁ}/l’%%@hol (45 mL). The solution was cooled to room 5 FErh{E4HE#E0833
and stirred for 15 hours. The precipitate was filtered and partitioned
chBtepestiowafd(/Anp! dizhiotorabiiphen dod ithegrjpntogiweasiytonsitylda®baic
Nadbtand sdéturated sodium chloride. The organics were then dried over

SOd'“Thé‘dEﬂi@;ﬁB@u‘éYé‘P& ?ed,{t&sds&x?% (GGG UHEBIBHHRARIRIES L)
(2.0 %«7 .8 mmol). d. Preparation of N

apgl_ ileapocetifiing DR eAdtetty rainbyp ﬁl@mj‘lﬂrq_@fas stirred for 30 minutes, then
tedhpiaminQlels tenbRutyicimeliyiztianyiond eth)sd-Ras aylexyphgnyllform

arnide Under nitrogen the crude product of the previous step (431 mg, 1.7
dll\(ﬁ]l]i(a.l?‘ﬂ’ﬁ lrgne and washed with IN sodium hydroxide. The dichloromet hanc phase

VRENEZMO XY R {R)nd-Riaine nitetifouhiddin athylsiamyimsdet iylipherylldiate that

fonnamide, (471 mg, 1.0.mmol), and sodium hydrogen carbonate (300

5“%"%%%0&5 SrtPé‘ﬁ‘t%ﬁ‘t\Rﬁth dlmethyl sulfoxide (1.2 mL) and heated
5?10%13 1for0]f %Elur%}[lﬁﬁ ieﬁ led % gfg{g t%mpl aface aﬁllg

one bet eran e OI’ aniCcs er
Wlth sahgretets yo@ﬂum Qﬁiﬂm&t@vmedt@v@%dmrh%mfaté)awds éwsqﬂméf@dh

rh%tﬂﬁ%gﬁégsm?:? &Eﬂ«ﬁdﬂf%ﬂl%‘ﬂ{%% i’i( 3RY3ed Y‘GBP%% GG RWIHGATORo 1‘?1]%)

Preparation of N-[5-((R)-2- {2-[4-((S)-2-amino-2-phenylethylamino)phenyl
véih%ﬁﬁﬂ%4@&%@%@@3‘%@azkb’é%ﬁgnw@ybﬁéﬁm@mamw@emémwheﬂc

predrctefthe %&Yﬂ%%&%ﬂéﬂéﬁ%ﬂ&?ﬂ abydrefsuan (aphandy
treated with trieth eﬁﬁhalmlne trlhydrofluorlde ( tL) for 8 hours. The mixture

GRS SR RIS It EEFON %&Wﬂ%@%@m&f@r&%ﬂn%ﬁéﬂ%e
rganigswere dried over anhydrous sodium sulfate and evaporated to
dryness. The product was purified by reverse-phase HPLC and isolated

&?ﬂwﬁﬂ&mm}m@y@@@rﬂﬁl@dniﬁymﬁdia}evé&i&shﬁ51t§ﬂmmtatezs@anﬁne
(150

th f
{2-[4- r(?g? %m?r%- -pﬁ%ﬁ%é’?fg%rﬁm p(lgu yﬁgé%yiiefrrﬁm Olf was dissolved in
ttehirgdodyethyHe2ehydrekiypitedh ydifo bmauntdeniEiy prd ddetcofthlexpi@Viods. The
ﬁ%% {499, ezd%@@? ((*(“jta ﬁ? %9"’9% RS a%g%’% M ANARGREG
d I—b dded un

aC| (5mL) a 20/o P was a O nitrogen. The

&%@ﬁdmﬁasﬁdﬂéﬁlﬁwg@dem@ W@eﬁ @Mh@émﬁmﬁ étid pﬂe)s@méhe
ARG Uad Hpderdy diogendan.al ey Jhecaw! M@ f*ﬁ%’ﬁﬂ ARIRE wp

volatiles were evaporated. The title compound was purified by
s isansHse i el dnaddofuermensigacid (1 mL), and evaporated to dryness.

The resulting oil was then dissolved with methanol (10 mL) and KOH (10 mL of 20%
solution in H;0) and stirred for 10 minutes. The solution was diluted with water and
extracted with dichloromethane. The organic layer was dried under sodinm sulfate and
evaporated to dryness. The title intermediate was obtained as an oil which was used
without further purification.
f. Preparation of 5-((R)-2-{2-[4-((R)-2-methylamino-2-phenylethylamino)phenylj-
ethylamino}- 1 -(fert-butyldimethylsilanyloxy)ethyl)-8-benzyloxy-1 F-quinolin-2-one
Under nitrogen the product of the previous step (250 mg, 0.93 mmol),
8-benzyloxy-5-[{R)-2-bromo-1-(tert-butyldimethylsilanyloxy)ethyl]-1 F-quinolin-2-one
{454 mg, 0.93 mmol), and sodium hydrogen carbonate (234 mg, 2.8 mmol) were treated

with dimethy! sulfoxide (10 mL) and heated to 100 °C for 3 hours. The mixture was
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54 WO 20051030678 PCT/US2004/030833 trifluoroacetate salt by
lyophilization (79.0 mg, 0.12 mmol). rn/z: [M+If'] calcd for C25H30N403:
435.2; found 435.8. Example 10: Synthesis of
( 4-((S)-2-amino-2-phenylethylamino)- 5 phenyl] ethyl
vg(r}n%ﬁoﬁ %édroxyethyl) 8-hydroxy-1H=quinolin-2-one Using p(r"o{:UeS Jragiues
similar to steps d, e, and f of Example 9, substituting
cs%tmmwwy@m@m@mémmmmanwwywm%ﬁnnm

20RO %11%@?%%%@6@& &Péﬁmﬁae dried over sodium sulfate and
[-(tert- butyldlrnethyIS|Ianyloxy)ethyl)phenyl] formamide in step d, t

SHMGETGAce st Sherdl HiRiBIppRGTRVEES OBtdRaH rder elr[’rwmq

ch fgg{éﬁ? N403: 459 2: found 9.4. QEéargFFf)i‘li)?}Sll %;énwtg%%s %
1 3 i en
eff mm%}} @m@m DS -H%P&‘k’y-%ﬁqg} iH-9%ne 15 a.

Pre pa’fancpmdﬁQRc)ﬁ @ﬁlelpzmqmep(m@mlgmymmmo)mmylsmh’m acid
lam n tlc acid 2 a
dE &%I af%%‘y%ro urgrzfp Rh ?{rogen ancy ?{1 @ 02' ﬂggs %
ijrspersrﬂna |$DMﬂmarwbe &va@éﬂmommm ﬁrtdiwt Westheriseltitipreverse-
& 4 ol) was adde reac IOI”I was, stirred
i b o SR S R R

W@Mﬂwm@@wporated The product was purified by reverse-phase

HPLCand isolated by lyophilization to give the title intermediate (1.66 g,
15 Bypiessiy 05Sﬁ@@baré%r&ﬁ@R)w’?»methyiznnmo—2—phenyiethylammo)phenyi]

{ﬁfi)yiw%ﬂ Bt re sty IR RcEmS Moy ]
phenyimethybimetiyvicarkamie acidbenzyl watafissolved in ethyl alcohol (2 mlL)

2-(4-Aminopheny I]car amijc acid tert-but I ester (2.319,5.6m
a{ %1%@ B?B&%‘E%?‘grf@% %@g}éﬁatf% uBdst %%en The Teaction ﬂas)k was
phefpydroiy ﬂy&i%bﬁ pzotrdzolatb4hgic bi:bimmal) wereidissalwedrvdeh for
d|m amide (10 m er.nitro oledtoOT
B R SRy SO AR T GG ossed. The
ﬁi@:ﬁmmmﬁ)&va&eadd@hdhgd thvenuxte: \Hﬁié‘twnédsm&abnsl@lﬁummme

f
f’i?{;' tl‘r1C)wa &r anggé%t;g Zocg zlltes ?Jar?gﬁ@ggamcs ashed |?he%% Rlz (br

d—l@ﬂ)sét& (atat! TaHitm (Hytlfo gehcafbondt;7antnsatDratéd s ddiubriiz), 6.9-7.0
@hlogiges. E%%C(d i Sgvefs: hepy fgeg el %ﬁdwﬂﬁﬁ%ﬁfﬂ@ﬂy 15D, 3.6 (00,

evaporated to 5. The tifle i term afe was used without furt
Harikichfioht.0Hz), 3 3 (dd, 1H, J=6.3, 14.0Hz), 2.8-3.0 (m, 4H), 2.6-2.8 (m, ZH), 2.4 (s,

3H). m/z: [M+H] caled for CagHanNOs: 473.3; found 473.3.

Exampie 12: Synthesis of N-]5-((R)-2-{2-[4-((5)-2-methylamine-2-phenyl-
“ethylamino)phenyijethylamino}-1-hydroxyethyl)-2-hydroxyphenyl}-
formamide

Using procedures similar to steps £, g, and h of Example 11, substituting N-[2-
benzyloxy-5-((R)-2-bromo-1-(teri-butyldimethylsilanyloxy)ethyl)phenyl}formamide for
8-benzyloxy-5-[(R)-2-bromo-1-(teri-butyldimethylsilanyloxy)ethyl]- 1 H-quinolin-2-one in
step £, the trifluoroacetate salt of the title compound was obtained. "H NMR (300MHz):
10.0 (s, 1), 9.5 (s, 1H), 8.5 (br s, 2H), 8.5 (br s, 2H), 8.2 (s, 1H), 8.0 (s, 1H), 7.2-7.4 (im,
5H), 6.7-6.9 (i, 4H), 6.4 (d, 2H), 6.0 (m, 1H), 5.6 (m, 1H), 4.6 (m, 1H), 4.2 (m, 1H), 3.6
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55 WO 2005/030678 PCT/US2004/030833 c. Preparation of

{(R)-[4-(2-aminoethyl)phenylcarbamoyl]phenyhnethyl}methylcarbamic

acid benzyl ester The crude product of the previous step was dissolved in
M@gﬂgp&@&% (5 mL) and trifluoroacetic acid was added 1(?51(71}5?20-@7930833

mixture was stirred for 30 minutes, then 5 the volatiles were remov

under reduced pressure. The oil was taken up in dichloromethane and

(YfadRedriditn W BERIAA Mhdkidad PnédditidrdmatimuErage 1 died-3
(Quensosbinmautinie andeyeneraieio syness,aiving she title
intermediate that ‘was used without further purification. d. Preparation of
(R)-N-[4-(2- amlnoethyl)phenyl_] -2-methylamino-2- phenylacetan7|d¢ 10
The CiyfgRIRINGLA! HEPEEY LS BISRIEG% 00y 1o Amab.- Waf digRelyed

with methanol (5 mL) and dichloromethane (5 mL) and 10% palladium on

cplirbRerEdhngy hviled e b unisetent Sydho sk iad inihe Uk daRRAS
e aaRaR,ORSHIEeR AURRSRRAINGHRYERSHIR AREARAFBACHGNMAS BURRAS. truc

under hydrogen gas for 2 hours. The palladium catalyst was removed by

SPHLRRSheSRRE TBEelt BHEoRatedyitiAg Heatrms Etv ey

pertRigpasiatienginaterial, comp031t10n of matter, process, process step or steps, to the
Q%Jﬁ% N2-[4-(2- amlnoethy henyl]-N1- methyl -l- phenylethane -1,2-diamine
8“c"r?1c§8(BF3868{"6?€‘tﬁ ?é\/?é B3 My s %W&%%ﬁ% are miended
talissoefited ihe @Hp@yﬂtﬁﬁu{@m@@meﬁﬂ%ﬁé&at@dmﬂtbnbnyamepﬂamewhs
%Jlflde C m lex cgo .7 mL mlxture was refluxed at 3/% r2 ho
PARE" c’oaﬁec? e‘i‘é ?Erﬁfé%‘ﬂ%‘ﬁ TS0 BRAE e 8% idEe e hérein in
Fidl) wvebahilgyh el aidd it d6rNcH GV infdiexane (1.4 mL) and the mixture
was stirred for 10 minutes and then evaporated to dryness. The oil was
taken up again in methanol (50 mL) and trifluoroacetic acid (1 mL), and
evaporated to dryness. The resulting oil was then dissolved with
methanol (10 nL) and KOH (10 mL, of 20% solution in H20) and stirred
for 10 minutes. The solution was diluted with water and 25 extracted with
dichloromethane. The organic layer was dried under sodium sulfate and
evaporated to dryness. The title intermediate was obtained as an oil which
was used without further purification. f. Preparation of
5-((R)-2-{2-[4-((R)-2-methylamino-2-phenylethylamino)phenyl]-
ethylanrino}
-1-(ter-t-butyldimethylsilanyloxy)ethyl)-8-benzyloxy-1PJ-quinolin-2-one 30
Under nitrogen the product of the previous step (250 mg, 0.93 mmol),
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8-benzyloxy-5-[(R)-2-bromo-I-(tent-butyldimethylsila
yloxy)ethyl]-1H-quinolin-2-one (454 mg, 0.93 nmmol), and sodium
hydrogen carbonate (234 mg, 2.8 mmol) were treated with dimethyl

wanifeside€1O mL) and heated to 100 C for 3 hours. The mixtpre vashaH0833

\We 2005/030678 PCT/US2004/030833 cooled to room temperature and
é ‘%{Wﬁg‘? yuater and ethyl acetate. The organics were washed
with saturated sodium chloride, dried over sodium sulfate and evaporated
to dryness. The title intermediate was used without further purification. g.
Prepayation gf 2 of formula P)
{2-[4-((R)-2-methylamino-2-phenylethylamino)phenyl]- 5
ethylamino)-1-hydroxyethyl)-8-benzyloxy-IH-quinolin-2-one The product of
the previous step (80 mg, 0.12 mmol) was dissolved in tetrahydrofuran (5
mL) and treated with trlethx)lamlne trinydrofluoride (21 gL) for 5 hours. The
solution was evaporated to drylhiess and the product was pléﬁn‘led by
reverse- phase HP iSofated by @ ilization & giwé the title
intermediate as i X i SIS Ok 10
5-((R)-2-{2-[4-((R)-2-methylamino-2-phenylethyla ino§phenyl]-
ethylanino}-.I -hydroxyethyl)-8-hydroxy-IH-quinolir}T sqpe The product of
the previous step (70 mg) was dissolved in ethyl alcohol (2 mL) and 10%
palladium on carbon (14 mg) was added under nitrogen. The reaction
flask was 15 purged with hydrogen gas under atmo§pheric pressure and
whitreg under hydrogen for 2 hours. The catalyst was removed by filtration
and the volatll evaporated The title compound was purified by

revers@as‘f:?h%t‘cs% @ el Bolatadasndsnilisslraed fege bedrdspn, amitio, halo,

Ny Lyp-
T ey

@Hrrﬁécéﬁ% 9. WQEF SM@Q(B‘@W 3H), 6.2 (br s, 1H,), 53 (br d,

1H, J=hd g} 1P 3R hd Ba & idehly! Ebiokida GrokA 1820 o 3 dd b, J=6-83RY,
14.0Hz), 2.8-3.0 (m, 4H), 2.6-2.8 (in, 2H), 2.4 (s, 3H). 7n/z: |vT+H{] calcd '

For e SmANaB R RS B Gerr A4 L 4D SyrtbebiSorleny.
(- [BHERY 2afd-(4-((Sor@amath\ahiing 2 Rbaiwked Yrith one or more substituents

l}ethylamino}-1-hydroxyethyl)-2-hydrgxyph
AR G LU LA o B8 sty Pt Hheren
&fhﬁt’gﬂllﬂ@eﬁb@?yl and heterocyelyl is optionally substituted with one or more

sueb 1)1% mégRgn%entg/ sglecgtﬁr}rm%ty&methy%@!Oxy)ethyl)phenyl]form

or R5 and R®together with the nitrogen atom to which they are attached form a

heterocyclic ring having from 5 to 7 ring a%oms, wherein the ring eptionally contains an
additional heteroatom independently selected from oxygen, nitrogen, and sulfur, wherein
sulfur is optionally substituted with one or two oxygens;

each of R’ and R%is mdependently hydrogen or Cysallcyl;

each of R%, R™, and R"! is independently selected from hydrogen, Cy.salkyl, aryl,
halo, -OR?, and -NRR®;

RYis hydrogen or Cy.salkyl, optionally substituted with one or more substituents
independently selected from -OR®, ~NR'RF, piperidinyl and pyrrolidinyl; and

each R, R®, and R®is mdependently hydrogen or Cyjalkyl;

or a pharmaceutically-acceptable salt or solvaie or stereoisomer thereof.
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8-benzyloxy-5-[(R)-2-bromo-I-(tent-butyldimethylsilanyloxy)ethyl]-1H-quino
lin-2-one in 30 step f, the trifluoroacetate salt of the title compound was
obtained. 'H NMR (300MHz): 10.0 (s, 1H), 9.5 (s, 1H), 8.5 (br s, 2H), 8.5
WA S00246BheSs2 (S, 1H), 8.0 (s, 1H), 7.2-7.4 (m, 511), 6.7-6.9 @orAH)e&A30833
(d, 2H), 6.0 (m, 1H), 5.6 (m, 1H), 4.6 (m, 1H), 4.2 (m, 1H), 3.6 57 WO
2005/030678 PCT/US2004/030833 (dd, 1H, J=7.1, 14.0Hz), 3.3 (dd, 1H,
J=6.0, 14.0Hz), 2.8-3 (m, 4H), 2.6-2.7 (m, 2H), 2.3 (s, 3H). in/z: [M+H+]
calcd for C2aH32M403nd49 AafaLmo 448ib Mhite RieRiiaseahdR/eition
escribed with. reference to th ecific 5 e ents
e R P Y R A
mﬁaymkzmadetagmﬂhequaﬂéﬁﬁﬁ?ﬁa@me@ﬁbsﬂtmﬁémmmamng from
the true spirit and scope of the invention. In addition, many modifications
may be made to adapt a particular situation, material, composmon of
matters.procéds, propessisteplansieps? whmlmﬁfe&w,@,tsﬁn% acatope
dgt&geggesent invention. All such modifications are intended 10 to be
within the scope of the claims appended hereto. Additionally, all
publications, patents, and patent documents cited hereinabove are

incorpgrated By IISIRRGE herRind Jeth ashoual indidduaiyng R are each
incorporated by reference 58 WO 2005/030678 PCT/US2004/030833

kyiiperns CLAIMED IS: 1. A compound of formula (I): R4 OH Rv7 R3 R2
R7 R6 /N R10 R1 HRs NR5R6 5 (I) wherein: each of R1, R2, R3, and
R4 is independently selected from hydrogen, amino, halo hydrox
-CH20M and hserovuet | GraR 2% gﬁ%g@fﬁ}é?%o formula
-NHC(=O)CH=CH-, 10 -CH=CHC(=0O)N-H-, -NHC(=0)S-, or-SC(= O)NH-
each of R5 and R6 is mdepenr}i*ently selected from hydrogen, C1.6allcyl,

vy @h e

NRR®

(D

wherein:
R!is -CH,0OH or -NHCHO, and R? is rydrogen; or R' and R? taken together are
-NHC(=O)CH=CH- or —CH=CHC(=0O)NH-;

- eachof R’ and R%is independently selected from hydrogen, Ci.qalkyl, Ch.salkenyl,
Cogalkynyl, and Csscycloalkyl, wherein each C, gallcyl, Cpgalikenyl, Cogalkynyl, and
Cs-scycloalkyt is opticnally substituted with one or more substituents independently
selected from aryl, heteroaryl, heterocyclyl, -OR?, and -NR'R®, wherein each aryl,
heteroaryl, and heterocyely! is optionally substituted with one or more substituents
independently selected from -OR® and -NR'R’, |

or R® and R® together with the nitrogen atom to which they are attached form a
heterocyclic ring having from 5 to 7 ring atoms and contain.iﬁg 1 or 2 heteroatoms
independently selected from oxygen, nifrogen, and sulfur, wherein sulfur is optionally
substituted with one or two oxygens; and

each R, R, and RC is independenily hydrogen or Cy.aalkyl;
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C2.6alkenyl, C2 6allcynyl, and C3-6cycloalkyl, wherein each Cl-6alkyl,
C2-6allcenyl, C2-6alkynyl, and C3-6cycloallcyl is optionally substituted

with one or more substituents independently selected from aryl,
waiapositgsieterocyclyl, -OR a, and -NRbR", wherein 15 eaclk@nis2o04/030833
heteroaryl, and heterocyclyl is optionally substituted with one or more

Substiye s BURREALRIL SIEFIE. O SO, ATELNI . 8E DA O

together with the nitrogen atom to w ey are attached form a
heterocyclic ring having from 5 to 7 ring atoms, wherein the ring optionally

contaigs an agldilignahnaleranILiDAeREARaNY-SEIREIGAHAM OXYBEIR S g

nitrogen, and sulfur, wherein 20 sulfur is optionally substituted with one or
Yderorgeahs st drarhyfeeses. iS inelkpl rae Sy tphrdlieh wharis andy

€aaiof RopidHaiasehRididd M@?Q&@Q?Méﬁiﬁ&ﬁ%ﬁf@ MdYERaG8M selected
Ct-6alkyl, aryl, halo, -OR’, and NRbR; Ra is hydrogen or Cl-3alkyl,

BpmoiraHy Sibdied WirdReRor thEreatibstiteshe whhibrpinaenaym to

salertadytamuaRed-NbRistpipgridinyhand pysraidinyloang.eachR algb,
and R’ is jndependently hydrogen or C1_3allryl; or a .
PR E ﬁﬁﬁsr@éé%&‘&%’gﬁ%%ﬁf‘@%g SRS e PR Eb S gulfur.

WO 2005/030678 PCT/US2004/030833 2. The compound of Claim 1

wherein each of R', R2, R3, and R4 is independently, selected, froms 6.
hydrogL%n, anhwri%eo??@a]i)é}}lﬁ%é’ IRy, RS2 ﬁ‘g?‘f’dl-ﬂlrgig%{?%re 8%% gyl Ris
faferogeth bydresNotC=a)gHwtikiopQHECHBHO)MHnBsubbgtted with
com d of Claim 1 or.2 wherejn.R9,.R10, and R" are.eac drqgen.
GRSt ARt b i R
rorejidiogen: B’ Fekéompibenetitf Gaintdgahichnisiavebivipbandrofttached form

TopmHR A QLR RZ N R HNR5RE 15 (1) wherein:

8. The compound of any one of Claims 1 to 7 wherein each of R’ and R® is

independently hydrogen or C;aalkyl.

8. The compound of any one of Claims 1 to 8 wherein the stereochemistry at

the alkylene carbon bearing the hydroxyl group is (R).

10. A compound of Claim 1 which is selected from: _

5-({R)-2-{2-[4-((R)-2-amino-2-phenylethylamino)phenyllethylamino }-1-hydroxy-
ethyl)-8-hydroxy-1H-quinolin-2-one;

N-[5-((R)-2-{2-T4~((R)-2-amino-2-phenylethylamino)phenyl]ethylamino} - 1-
hydroxyethyl)-2-hydroxyphenyl} formamide;

5-((R)-2-{2-[4-({5)-2-amino-2-phenylethylamino)phenyl jethylamino } - 1 -hrydroxy-
ethyl)-8-hydroxy-1H-quinolin-2-one;

N-[5-((R)-2-{2-[4~((S)-2~amino-2-phenylethylamino)phenyljethylamino }-1-
hydroxyethyl)-2-hydroxyphenyl] formamide; .

5-((R)-2-{2-[4-((R)-2-methylamino-2-phenylethylaminc)phenyl Jethylamino }-1-
hyda‘oxyethyl}S-hydroxy— 1 H-gmnolin-2-one;
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Rl'is -CH20H or -NHCHO, and R2 is hydrogen; or R" and R2 taken

together are -NHC(=O)CH=CH- or -CH=CHC(=0O)NH-; each of R5 and

R6 is independently selected from hydrogen, Cl-6allcyl, C2.6alkenyl, 20
WOLBMRWIP8AS and C3_6cycloallcyl, wherein each Cl_6alkyl, CRGalkerwly30833
C2_6alkynyl, and C3.6cycloalkyl is optionally substituted with one or

more supstitlentsindgpeprentysairceom aANlelsee Jethylamino}-1-

heterocyclyl, -ORa, and NRPR’, wherein each aryl, heteroaryl, an

Reteroaiodftuptsall-sopglintd@Rih one or more substituents
indepexdenth)-seleqted pmm@iRanchMeW2r.af R Rash b F0eeHefino} -
/ith the nitroger a%)m tQ Whl(]”.h they are attached form a heterocyclic ring
m‘\% eRits, qg%]“?' Ry RS SEeBHEining 1 or 2 heteroatoms
indepe]flilcﬂérQ(Mm{ee[tecj(Rpmeﬁmégeﬁaxﬁm@geph@@ﬁﬁyiﬁﬂﬂﬁwm{@émwgur is
oRtiona stituted, with qQne or two oxygens; and each Ra, Rb, and R
i%gfﬁ%“é%‘éxﬁggﬁﬁérﬁx %gggﬁ:}zgr}y%pgig\ﬁlgwﬁ{%w@ £51030678
PCT/USZED2/930833) ar-mphvimmacedtidatyatséptabigpsaliyf-solaimey-1-

sleregisamk _rgm?éfg%gg The compound of any one of Claims 1to 5
' n

erein each o B8 hdeperidently selected from hydrogen,

Ci_6altty);2afid €3 6eyctoatityllavherdipeachct GiBalkidismpkktndiyino}-1-
EHEH% Nt r.more substtuents independently selected from
Ellg?erocyc%}, O@g&a%éﬁl%{ggéﬁ %?éggénd R6 together with the nitrogen
atom teV-{wHich-the3 eré(8itachedi formira-Ratbropirtlidamighiabmg Hedmlstow ) -1-
Ylﬂi?&%%?—@%?dﬁ%@&-ﬁgﬁf&ﬂ{aﬁqﬁ%t toms independently selected
rog

from oxygen, nitrogen, and sulfur. 10 7. The compound of any one of
Claims’tito(6Rivkdrelt-Sact? sirRglutRe id-theapehtentipdipbragen or
Chlkhoheigineash, Slpbis anionaiy-subsiiuted with one
substituent independently selected fromi hydroxyl, amino, piperidinyl, and
pyrroliciRYIar RS il caigtirerlfittptheo insha ateirrterwaenbaiestare
attached form a morpholinyl or piperidinyl ring. 15 8. The compound of
any one of Claims 1 to 7 wherein each of R5 and R6 is independently

hydrogéh or GRS G e L pHuRkiSr Wiylerieddiaims 1 to 8

whereir e Sterepehemistiiab 20 808,alln)enseAHHeR DRBHIGHRS) 1 hydroxy-

heYi%;S—Xé( &%u —iZS R %inoiinwzﬁone;
N-{5-((R)-2-{2-[4-({R)-2-amino-2-phenylethylamino)phenyllethylamino }-1-

hydroxyethyl)-2-hydroxyphenyl]formamide;
5-((R)-2-{2-{4~((:S)-2-anuno-2-phenylethylamino)yphenyl]ethylamino } - 1-hydroxy-

ethyl)-8-hydroxy-1H-quinolin-2-one;
N-[5-((R)-2-{2-[4~((S)-2-amino-2-phenylethylamino)phenyllethylamino}-1-

hydroxyethyl}-2-hydroxyphenyl] formamide;
S-{(R)-2-{2-{4-((R)-2-methylamino-2-phenylethylamino)phenyl|ethylamino}-1-

hydroxyethiyl)-8-hydroxy-1 H-quinolin-2-one; and
N-[5-((R)-2-{2-[4~-({R)-2-methylamino-2-phenylethylamino)phenyljethylamino} -

1-hydroxyethyl)-2-hydroxyphenyl]formamide; and

pharmaceutically-acceptable salts and solvates and siereoisomers thereof,
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10. A compound of Claim 1 which is selected from: 5-((R)-2-
{2-[4-((R)-2-anuno-2-phenylethylamino)phenyl] ethylamino)-I-hydroxy-
ethyl)-8-hydroxy-1H-quinolin-2-one; 25

N-[5-((R)-2-2riAt4{liny-2-aminRy 2-Ahenyter)yrmingdphenyllethylamino}-1-

droxyethyl)-2-hydroxyphenyllformamide; _

R A A R R ey T ety esry Rl B ryaide
hoXyeBIGNHe8-hydroxy-1H-quinolin-2-one; N-[5-((R)-2-

{2-[4-((,S)-2-amino-2-phenylethylamino)phenyl] ethylamino}-1- 30

hydroxyethyl)-2-hydroxyphenyl]formamide;

SRz 2 T (Rirgmelhuanarzhepusipiaminlpbendietomingk.

1- hydroxyethyl)-8-hydroxy-1H-quinolin-2-one; 61 WO 2005/030678
ameupd oS Seoeyomoessd of any one of Claims 1 to 12 and a pharmaceutically acceptable
c2kdR)-2-{2-[4-((R)-2-dimethylamino-2-phenylethylamino)phenyl]

ethylamino} -1- hydroxyethyl)-8-hydroxy-IH-quinolin-2-one; N-[5-((R)-2-

{2-[4-((R)-2-methylamino-2-phenylethylamino)phenyl] ethylamino } -

1-hydrgxyethyl)- I rmamide; 5 N-[5-((R):2- . ...
{2-[4-%2)-2-%@%%%%@%%%@%@%|n(g‘)a6ﬁ[‘§1ré/1]§‘hé?ﬁ§/‘l%i‘%‘ﬁm% mposition
futthdrorymthyty 2-thedzprypbahy Bfertinamident (FR)r2-or more other therapeutic
a'J%%%}Asf-((S)-2-methylanino-2-phenylethylamino)phenyl]ethylamino}-l-
ydroxyethyl)-8-hydroxy-1H-quinolin-2-one;
5-((R)-2-{2-[4-((S)-2-dimethylamino-2-phenylethylamino)phenyl]ethylamin

0}-1- 1Q hydrgxyethyl)-8-hydraxy-IH-quinolin-2-one; i _
N-[5-(J{g)-2-{%ﬂf€§§{;??ﬁ}ﬁ}?§a%ﬂ gﬁ%%ﬂ;fn‘éf%%Pﬂ)ﬁﬁ?@hﬁl}fe%ﬂﬂéﬂé\?fapww
apelt1s hysrexyatiyli 2 ydipxphernidfosmanside pad: inhibitor,
N-[5-((R)-2-{2-[4-((S)-2-dimethylarnino-2-phenylethylamino)phenyl]-

ethylamino } -1-hydroxyethyl)-2-hydroxyphenyl]-formamide; 15

- pharmageuticalyassaptabie sadinaodiaslyaiem A Rd SIETe QISR $o 15, wherein

thereof. 11. The compound of Claim 10 which is selected from: 5-((R)-2-
the sampRYIvoRHABrD RS fRtrdmnisBRsRethgiatiamo) -1-hydroxy-
ethyl)-8-hydroxy- IH-quinolin-2-one; 20
N-[5-(SR)-2-{2-[4-((R)-2-_amino-2-phenylethylamino)phenyl]ethylamino}-i-
7. A combination comprising the compound of any one of Claims 1 to 12 and

one or more other therapeutic agents,

18.  The combination of Claim 17 wherein the other therapeutic agent is a

corticosteroid, an anticholinergic agent, or 2 PDE4 inhibitor.

19. A combination comprising a compound of any one of Claims 1 to 12 and a
compound selected from fluticasone propionate, 6, 9a-difluoro-11p-hydroxy-16a.-
methyl-170-[(4-methyl-1,3-thiazole-5-carbonylyoxy]-3-0xo-androsta-1,4-diene-17B-
carbothioic acid S-fluoromethy! ester, and 60, 9ct-difluoro-17a-[(2-furanylcarbonyl)oxyl-

11p-hydroxy-16a-methyl-3-oxo-androsta-1,4-diene-17B-carbothioic acid S-fluoromethyl

ester.
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hydroxyethyl)-2-hydroxyphenyl] fonliamide;
5-((R)-2-{2-[4-((S)-2-amino-2-phenylethylamino)phenyl]
ethylamino}-1-hydroxy- ethyl)-8-hydroxy-1H-quinolin-2-one; N-[5-((R)-2-
{2-[4-((S)-2-amino-2-phenylethylamino)phenyl]ethylamino}-1- 25
hydroxyethyl)-2-hydroxyphenyllfomiamide; 5-((R)-2- {
2-[4-((R)-2-methylamino-2-phenyl ethylamino)phenyl] ethylamino } -1-
hydrexyethy):8- -H-quinolin:-2-qne.; -[5-((R)r2-
2 e e e et Ror e i s
compiairgkyethyl)-2-hydroxyphenyllfonnamide; and 30

phar ically- t salts f@i_solvates and stereoisomers
there%?&%i}%%%y%% f?efb%r(\gf'[’%“f?@ “(2-[4-((R)-2-amino-2- -
phenylethylamino)phenyl]ethy_ﬁ!amino}-]em’/droxyethyl)-2-hydroxyphenyl]for
mamide hydrochloride. 5 18."A pharmaceutical composition comprising a
therapeutically effective amount e compound of one of Claims 1
to 12 and a pharmaceuticalif&cce Hgzcarrier. 14. The pharmaceutical
composition of Claim 13, wherein ge composition 10 further comprises a
therapgutically effective amount of one or more other therapeutic_agents,

whegeill R HeERRIHRS SEtienlof Cidnav e SHeminattecRE; R™, R™, and

R*theranepticiAaentds R LAY ! ntighglinerol PREHp?
inhi.bitc;?? 15 16? The pharrrtgléi:)(gltftigc%.jﬁj %%?n%ds%ié%é?%ﬂﬁ%%%@olf %Efgr’n(glgo "

wWheraig Ry fiepdmidtpieyconetsentos i Po ivitliasa faroaddhotiStration GY):
inhalation. 17. A combination comprising the compound of any one of
Claims | to 12 and 20 one or more other therapeutic agents. 18. The
combination of Claim 17 wherein the other therapeutic agent is a
corticosteroid, an anticholinergic agent, or a PDE4 inhibitor. 25 19. A
combination comprising a compound of any one of Claims 1 to 12 and a
compound selected from fluticasone propionate, 6a,
9a-difluoro-11(3-hydroxy-16a-
methyl-17a-[(4-methyl-1,3-thiazole-5-carbonyl)oxy]-3-oxo-androsta-1,4-die
ne-17(3- :
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carbothioic acid S-fluoromethyl ester, and
6a,9a-difluoro-17a-[(2-furanylcarbonyl)oxy]- 1 | [3-hydroxy-I
6a-methyl-3-oxo-androsta-1,4-diene-17(3-carbothioic acid S-fluoromethyl
30 ester. 63 20. A‘_pkpcess for preparing a compgiind of formula (1), the

process comprising: mpoun sfmula (111): R42 OP1 L
R3a Rza (ll) 5 Ry&WheRSik.Rxis a « te%ting GF8up, Lis a
leaving group, each of Rh, R2', RI& ang

S0iS iﬁ’dependently defined to
be the same as R', Rz, R3, and R4 in mpd, or -OPz, wherein Pz is a

hydroxy-prptecting group, with a.compound of formula (1V): 64 H2N R11
10 whefen égr\%\géfé @ﬁ%ﬂh Bgﬁ%ﬁeﬁg 3 definethers RBimY, RerRedRA compound
of 8hehieh' @rp defined as in Claim 1, to provide a compound of formula (V):
R4a OP1 HR11 N R R2a RK R6 N R1lo (V) RlaH R9 NRSR6 removing
the protecting group PI to provide a compound of formula (VI): R4a OH
R11 N\R3a/R2a %FRGA/ N Rio (VI) RlaH R9

Aa 11

R N R

R R2a R7><R8\©\N . R e
. R H R

a
NR°RE

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

OH
4z H 1
R N R
VI
R3a R R7><R8\©\N R10 VD
R‘ia H Rg ,
, 5ro6

15 NR'R ; and

when any of R', R*, R*, or R** is ~OP?, removing the protecting group P? to

provide a compound of formula (I}, or a salt or stereocisomer thereof.

21.  The product prepared by the process of Claim 20.

20
22. A compound as claimed in any one of Claims 1 to 12 for use in therapy.
23.  Use of a compound of any one of Claims 1 to 12 for manufacture of a
medicament.
5 24, The use of Claim 23 wherein the medicament is for the treatment of a

i
disease or condition in 2 mammal associated with B, adrenergic receptor activity.

25.  Theuse of Claim 24 wherein the disease or condition is a pulmonary

disease or condition.
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15 NR5R6 and when any of R1a, R2a, R3a, or R4a is -OP2, removing
the protecting group P2 to provide a compound of formula (1), or a salt or
stereoisomer thereof. 21. The product prepared by the process of Claim
20. 20 22. A compound as claimed in any one of Claims 1 to 12 for use in
therapy. 23. Use of a compound of any one of Claims | to 12 for
manufacture of a medicament. 5 24. The use of Claim 23 wherein the :
mediédmentiicrBrant Galithientberinifvasdwesendlitsasnc maditivl is asthma
or@%ﬂ@%ﬂ@i@%ﬁﬂ{gﬁ@r@iﬁg@d@@mor activity. 25. The use of Claim 24
wherein the disease or condition is a pulmonary disease or condition. 65
26. The use of Claim 25 wherein the pulmonary disease or condition is
asth or | ructive naky, disease. 27. The use of any one.
of Clraai?r'ls 2%(? %é V%E%g% 8Pm&gn|c§m%r?? .§§&‘1 A }én%? BT F’éyfi ns"mta‘b}e
fobpdntialstiaoiPBy fifhelaserof claim.24 wherein the disease or condition is
selected from the group consisting of pre-term labor, neurological
disorders, cardiac disorders, and inflammation 29. The use of claim 23
wheréi the Thedigaofiehtiia 2ditaliecia be: aidseigiste@Mavith QNeRLBO Bom the
other therapeutjc agentsg&o. The u§e af clajm 29 wherein the other
SR SO B BT OB iCR B eSS B TP
inifdaiaitatiopl. An in-vitro method of agonizing a R2 adrenergic receptor in a
biological system or sample, the method comprising contacting a
biological system or sample comprising a (32 adrenergic receptor with a
R2 adrenerginseaeRioiaaonz NHANO WY 9feai GHBRONRi A, Y% 8hinistered

Claims 1to 12. 66 )
with one or more other therapeutic agents,

30.  Theuseof claim 29 wherein the other therapeutic agent is a corticosteroid,

an anticholinergic agent, or a PDE4 inhibitor.

31, Anin-vitro method of agonizing a B; adrenergic receptor in a biological
system or éample, the method comprising contacting a biological éystem or sample
comprising a B> adrenergic receptor with a B, adrenergic receptor-agonizing amount of a

compound of any one of Claims 1 to 12.
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