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WO 2005/070872 PCT/US200S/000810 Aryl Aniline Derivatives as 132
Adrener_gic Receptor Agonists |0 Field of the Invention The invention is
P8"hovel (32 adrenergic receptor agonists. The inveRE&YS3#igoosto
also directed to pharmaceutical compositions comprising such
compounds, methods of using such compounds to treat diseases
associated with f32 adrenergic receptor activity, and processes and
intermediates useful for preparing such compounds. Background of the
Invention 20 f32 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, Amgl dreiipotdhtiaiiyiivesfat forAdbatingziraRicotpgical gonists
disorders and cardiac disorders. In spite of the success that has been
achieved with certain 25 (32 adrenergic receptor agonists, current agents
possess less than desirable duration of action, potency, selectivity, and/or
onset. Thus, there is a need for additional N2 adrenergic receptor
agonists having improved properties, such as improved duration of
action, potency, selectivity, and/or onset. 30 Summary of the Invention

The disclosure provides novel compounds that possess f32 adrenergic
receptor agonist activity. Among OM%B%&%pounds of the
disclosuradiavenias isfoitetob adqvetgnt aneh Seleflivp i3 2adianenti€ invention
receptor. agonijsts. In addition, compounds of the 1 WO 2005/070872
S e e e e e L
andinnaxpeciadhhasgodisatinnakaction much g expestes taabpw: fafivity,
once-daily, or even less frequent, dosing. Accordingly, in a first aspect this
R F 7D 0N BERPOLPRE B oTCTRSTE BEFCFRORRs Ro { /N

\IRs RtH 5 wherein: each of R', R2, R3, and R4 is independently

SeleCted from hyd rogen’ hydé%)é%:‘lr()llﬂd of the Invention

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

action, potency, selectivity, and/or onset.

Summary of the Invention

The disclosure provides novel compounds that possess 3, adrenergic receptor agonist
activity. Among other properties, compounds of the disclosure have been found to be potent and

selective B, adrenergic receptor agonists. In addition, compounds of the
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amino, halo, -CH20H and -NHCHO, or R1 and R2 taken together are
WIS im -NHC(=O)CH CH-, -C1=CHC(=O)NH-, -NHC(= -
“SC(=0)NH-; one of R5 and R6 is -[X-C_6alkylenylin NR1océaciT%)é"{’951"%8]‘0
orC.balkylenyl-NR'2Rt3, 10 and the other of R5 and R6 is selected from
diwtragensve ydeaxukd aafkRiss aRGphiAaliod WdhsEeitify JoilkdBon of action, which

.optionally supstituted with.halo, wherein, each X is independently selected
B o 53 i N ) ot GO 15
each dfeRrdirly R 2 fasidsRecBtissididelpame entiyday drogexuwd Gf fatioyljoff):
R10 and R11, together with the nitrogen atom to which they are attached,
or R10, together with the nitrogen atom to which it is attached and a
carbon atom of thex&djacent € I-cﬁ]kyl [, or Rig and Rt%k5together with
the nitrogen atom to w hey W@ gether with the
nitrogen atom to whiéh it4g raftadhel and-# cagbion atonssof the adjacent
Ci.6alkylenyl, form a hetegbcyclic or beteroaryl fihg having from 5 to 7 ring
atoms, and optionally containing an additional heteggatom selected from
9 %/%%er], nitrogen, and sulfur, wherein nitrogen is optionally substituted

Wi %(O)Z-CI alkyl; and nis 1, 2, or 3; and 25 each of R7, R8, and R9 is
independeotl hydrégemoRCis Galkylndeaiphatradduticaldragas piablsy,
salhorsplve %ﬁ‘%ﬁ%ﬁ%ﬁbt%@ of, 1,2 sgcond aspect, eg'e%ﬂ;%%”e
provides @ pharmaceutical composition comprisinga compound of the
EHUSMEERTA-phEHratEltcAlFaceBabOa i & HOEspect,
the disclosure er. 2 7087 1US2005/0008 tavides
a com%%ea%:)% (%ér;%rig%ﬁ 51& é‘é%n%é%‘#ﬁbﬁﬁﬂﬁs&ﬁ?g{ g r??jngjrﬁ%}gr%dre
other theddseaitier agRnesdRiphenaddiicdiydorgpuditions cdimprising, and
ucheannalions.dna DU ASRPSluRLE IS Ricyifled a combination as
defined above wherein the other therapeutic agent is a corticosteroid, an
antichotit@egic agent, or a PDE4 inhibitor. The disclosure also provides a
method of tre@a@agzqmz}méwim&@@%ﬁ%&%ﬁl&ioﬂ, aypaeiated o, N.,

with R2 adrenergic receptor activity (e.g. a pulmonary disease, such as

asthma S ehiovicasbstiaé@& bulmonary disease, pre-term labor, a
neurological diggreler,'a gardidt ghaqrtif Hdependentty hydrogen or C)aalkyt; or

R'®and R", together with the nitrogen atom to which they are attached, or

R together with the nitrogen atorm to which it 1s attached and a carbon atom of

the adjacent C;.galkylenyl, or R and R", together with the nifrogen atom to

which they are attached, or R”’, together with the nitrogen atom o whach it 1s

attached and a carbon atom of the adjacent C,.¢alkylenyl, form a heterocyclic or

heteroaryl ring having from 5 to 7 ring atoms, and optionally containing an

additional heteroatom selected from oxygen, nitrogen, and sulfur, wherein

nitrogen is optionally substituted with -8{0),-C, 4alkyl; and

ris 1,2, or3; and

each of R, R®, and R® is mndependently hydrogen or C, salkyl;

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

In a second aspect, the disclosure provides a pharmaceutical composition comprising a
compound of the disclosure and a pharmaceutically-acceptable carrier. In a third aspect, the

disclosure further



inflammation), the method comprising administering to the mammal, a
therapeutically effective amount of a compound of the disclosure. The
disclosure further provides a method of treatment comprising
WadmiMistEting a therapeutically effective amount of a combiRaiiarza000810
compound of the disclosure and one or more other therapeutic agents.

Thegisclosine also provides a method of tafi
A dition 8 tedhwi f’§ 23R8I

%a ammal havin %} )
disease or condition associate ergid e%?p%‘?%{%ﬁm%, fapeutic
agfethod pmpisitigabeimipristenng pthagmeahvombizatioerdpedtiotlyspect, there is

gilesdiveamannt AR AN ACRLAR-CRMHRQRIP 'Eh%HéﬁtQ@%% ré?coﬂi]gosteroid,

compounds of the disclosure can also be used as research tools, i.e. to
et

OMSTRLELT Y RSP LIRPISS, or for studying the activity of other

chemigal GRIRAINAS RSRAICNGS (PRSI BIOMIES.A MEINOG Bluiion
using a compound of formula (1), or a pharmaceuticafy acceptanie saft or
asefiviatel orithferediverae revpreotialyd vesepythoren! frestudyihgsasthma or chronic

HolpgicalsyRiem grsample. a5 faldiscovering.n %Yxo'f\]h%r%ﬂsaerﬁﬁg%rd@. ¥

receptor agonists. The disclosure also provides synthetic processes an
termEtkdle deseoirunpvesriwisirndoubeforforgbre farigptically effective

SRMRAIAISHIRR SSRGS erdISEIONUE RISRTQVIERS A GABRPHAE ment

as described herein for use in medical therapy. In a fifth aspect, there is

(rERiigeE Wb sHag AohspBE BT tiactiscBstPEair e hinorataenppend of the

decmulation He BesicampphelhRumagicament may be used for treating a
mammal having a disease or condition associated with [ 2 adrenergic

receptoP LRI RA° AU AT U SEERE N dcReR AL 1AYI bisehFdHigondition
sbsiuetivehp fenapicdisensecprasterahlahed cameelogical diserdenea
cardiac disorder, iné}ammatio&ﬁ.(gf In a sixth a,sgect, there is provided a
A sl AR S BRI ) A e BB i
process comprising: (a) reacting (i) a compound of formula (111): Raa OF

.H RBaﬁ]@ goSmAOLE%E <\3lt¥ Iﬁt]e %.1[5% OTJI)'&?O uaq%lgf ﬁ% rur?_elél %s le\:égi%zrléﬂ; t&}iz(,,Yi\.Q toas;u-&y I§i%10gical
in the presence of a transition metal catalyst; or

systems or samples, or for studying the activity of other chemical compounds. Accordingly, the
disclosure provides a method of using a compound of formula (), or a pharmaceutically acceptable
salt or solvaie or stereoisomer thereof, as a research tool for studying a biological system or sample

or for discovering new B adrenergic receptor agonists.

The disclosure also provides synthetic processes and intermediates described herein, which

are useful for preparing compounds of the disclosure.

The disclosure also provides a compound as described herein for use in medical therapy. In
a fifth aspect, there is provided a use of a compound of the disclosure in the manufacture of a
formulation or medicament. The medicament may be used for treating a mammal having a disease or
condition associated with [3, adrenergic receptor activity (e.g. a pulmonary disease, such as asthma or
chronic obstructive pulmonary disease, pre-term labor, a neurological disorder, a cardiac disorder,

or inflammation).



(i) a compound of formula (V): OP' Rca Il. p (V) Ras-- ~2e eta with a
compound of formula (V?) _Rs Hz R. R"\j]\Re H 2 wherein P is a
hydroxy-prétdainsgreup iepiekididR areRFor papdrRgs comippeddd hittyula (1), as
&ither gg{ﬁ}geg{@t% Q@@@ogﬁmg@s R', Rz, Rand R in formula (I) oris -Or",

ein p is a hydro--y-projecting gooup; one of A and B is a leaving
gro?ﬁ% 5#GHHe other of A and B is -NF ; Lis a leaving group; and R. R6, R/,
R8, and)R&cangpdefingdasiuhidinula (I), to provide a compound o f
ormula (VII); DD1 R4aHg RRsn~yll pl2 H 3a (b) removing the
protecting group P’ tqja,nowde a compound of formula (\11H) OH H 4a ar

Ra Fe s (Witf)_4a H and Q%@/wofK Rais -0, r moving the
protecting group p2to Brovit \poﬁqound of fdﬁiﬁula (1), or a salt or
o

stereoisomes oz RURT N,

|
R‘&E

with a compound of formula (TV):

5
@R \
i {IV)
57T b
in) the presences of a wansinon metal catalyst; or

(i) 2 compound of formula (V')

with 2 compound of formula (VI}

“ )

b ! 2 48 .
wherein P! 15 & bydroxy-protecing group; zach of R, R®, R*, and B*
independently either defined to be the same as R, RE R, and B in formuta (T)
oris —OF, wherein P* 15 2 hvdroscy-protecting group; one of A anc Bis 2

ieaving group and the other of A and B it -NH;; L it 2 leaving group, and R,

4 4 . . - ~ 1 < N ~
Ré, R, R} and R are defined 2s in formute (T, to provide a cormpound of

formuia (VI
ap’
YNYETY T
!a = B =8 | i ‘ il
R:‘B/\\////\Pz; =4 LS %N/\/\QE 8 fm
‘ Ry :-% i



In a seventh aspect, there is provided a product prepared by the process
as defined above. In an eighth aspect, there is provided an in vitro
method of studying a biological system or sample comprising a f32
adrféf{rgic receptor, the method comprising:, (&) contacting the biolo%licall
systEnOFEEmpIE WRIECSRESHNd &S BEieuABRRo P Hymute (VI

determining the effects @qu_g by the compound on the biological system

or sample. 3¥*WQ.2Q05/Q70872 RCT 2005/0008%0" Brief Description
of the Drawings FIG. [is ar&x-mmffrqctioﬁ pattermofithe product
of Example 1%5.%’?%23 differentiat&canning calorietry trace of the
product of Exampled™b. FIG. 3 is an x-ray powder diffraction patjgrn of
the product of Example 17c. 5 FIG. 4 is a differential scanning calorimetry
trace of the product of Example 17c. FIG. 5 is an x-ray powder diffraction
pattepn-pidhe-product ekExample:iid _BIG. Sis-q;difereptial seanaing, v «
calorimetry trace of the product of Example 17d. Detailed Description of
DrafErieERBE0CT FROmvEifio S prHIES HEvEIRRERHIFFRET32 adrenergic
receptor agonists of formula (I), or pharmaceutically-acceptable salts or
solvﬁees or stereoisomers .thereo({ The fcallotvvin SL#)tjsgi%Hents and vgllyes
are inteGSd o BREI GRS b Rt P OR P RIELSE PaHG R SE i e
abimeention. These representative values are intended to further define such
aspegls and.arepok intended R exelids Athehyales RlimitdheSreRs Asem
the 15 invention. In a specific aspect of the invention, R1 is halo,
Or EHPIOMTHF ST e RGeS PRI H B ENS PR IR RBro, -CH20H, or
;]NEBCH%%&@m@HaQﬁcQ kyMNERCH %ﬁﬂfﬁﬂ%mﬁx@%m&sﬁ&ﬂ&f above; and
ydrogen. 20 In.a specific aspect, R3 js roxy.or aminp. In.specific
it S e e s R G R
saagpect, R'is -NHCHO, R3 is hydroxy, and R2 and R4 are each hydrogen.
In another specific aspect, R' and R2 taken together are
-NHC(=O)CI-I=CH- or

3b
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25 -CH=CHC(=0O)NH-, R3 is hydroxy, and R4 is hydrogen. In another
specific aspect, R1 is -CH20H, R3 is hydroxy, and R2 and R4 are each
hydrogen. In yet another specific aspect, R' and R4 are chloro, R3 is

wanoiriay7astd R2 is hydrogen. 30 In still another specific aspect/BSzngidRii 10

taken together are -NHC(=0)S- or -SC(=0O)NE-, R3 is hydroxy, and R4 is

hydrogen. In a specific aspegteRSeipBds olPiteDaakyieNyIIn-NR10R" 1,
where n, X, RIO and R11 are defined as in formula

; (1). 4 WO
2005100472 BETRY 8IWOETIHOETHORP A BThar t&ﬁ@éﬂ%e'%fsopfe%{,ﬂﬁ%‘%}ﬁa
is -[O-Ei5 6alkan-NRIQR Hiny bekeiR @ antRifltiar prdeficad Bsample 17b.

formula (1) and n is | or 2. In angther specific aspect, R5 ar RE is

o R R RT CERR TRIS: DsET lepeimaledge
hydrod®d. dri€d ddfkydnfre presentathiorRSiogr Revafubs pneludeyEhamate ! 7c.
not limj Q, -=O(CH2)2NH2, ~Q(CH2)3N(CH3)2, -O )ANH2, and

oCH GO e da A S Bl N 7o
-O-C|.BHkylény i @Ryl sohers RidainktRiscogetepradirtiof Fitogn! 7d.
atom to which they are attached, form a piperazinyl ring. For example, R5
or R6 is -O(CH2)2-I-piperazinyl. 10 In yet another specific aspect, R5 or

R6 is C1.6alkylenyl-NR12REBNGHAIESRIA NI RS B PRUNAY] i
formu'?l@in%ﬁ(t% mgéssxﬂﬁ%'f '5{?5‘91%\3 'ﬁ? &fr&@?c receptor agonists of
Cl.6alkylenyl-NRt2R13 where eac is independentl
foyenda &b, oF Phanaieph Repraserriahe RIS oF RBYALH es%mﬁomrgsagsﬁeé The

IB15 0 BHCAIRD crGHRARNZp ISR ARG s of
-CH2C(CH3)2NH2. In still other specific aspects, R5 or R6 is Cl-4al

. _In still othe . yl
BN SRR ST B I SPESSSRIBIY e B IR B SPes 19 Eaqther
4datkexvcholpxanmpleaQeHBi-an R OERRde HNErogans 6F RBIONR& e of the
hydroxy. In a specific aspect, R7 is hydrogen. 20 In a specific aspect, R8

18%9HP3gen. In a specific aspect, R9 is hydrogen.
In a specific aspect of the invention, R is halo, ~CH,OH, or ~-NHCHO.

In other specific aspects, R! is ¢hloro, ~CH,OH, or -NHCHO; or R’ is —-CH,OH
or ~NHCHO.

In a specific aspect, R” is hydrogen.

In a specific aspect, R’ is hydroxy or amino.

In specific aspects, R*is hydrogen or halo; or R%is hydrogen or chloro.

In a specific aspect, R'is -NHCHO, R*is hydroxy, and R? and R* are each
hydrogen.

In another specific aspect, R' and R? taken together are -NHC(=O)CH=CH- or
-CH=CHC(=O)NH-, R’ is hydroxy, and R” is hydrogen.

In another specific aspect, R'is ~CH,0OH, Ris hydroxy, and R? and R* are each
hydrogen.

In yet another specific aspect, R and R* are chloro, R? is amino, and R is
hydrogen. ,

In still another specific aspect, R’ and R* taken together are -NHC(=0)S- or
-SC(=0)NH-, R? is hydroxy, and R* is hydrogen.

in a specific aspect, R’ or R is -[X-C 1_5aikyienyl]n-NRwR] ' where n, X, R" and

R"" are defined as in formula (J).



In one aspect, the invention provides a compound of formula (II): OH N/ |

R HOR2N~6 RiH(ll) 25 wherein: Rl is -CH20H or -NHCHO, and R2

is hydrogen; or R' and R2 taken together are -NHC(=0O)CH=CFI- or
WROEE=0)NH-; one of R5 and R6 is -[O-C1 6alkylenyl] RIS 08ps 10

Cl-6alkylenyl-NR12Rt3, 5 WO 2005/070872 PCT/US2005/000810 and

the otherofiRE sprd Reupasel B tedRfosm 10T ogdnléndioNR 'tRL-Olieosd®, © and

Ig\md e%éﬁﬁ‘gﬁyﬂs Ymg;%igl Cé%m;?iissﬁp&opally substituted with halo, wherein
each ofR1, R", R12, and 13, is independently hydrogen or C1-aalkyl; or

5 R10TaAdoRer mgethersith (Re oo derafonaligndiNRER are haraerdgf R

DhR10;stogetbes i 13@&5@&99@&@@1!%@&%&&@%@ BERANHAs include,
carbon atom of the adjacent C.6alkylenyl, or R12 and Rt3, together with

5 UHGITRELER bR (9 HioR Hey a6 ArtatHel: br R HalSiHerWkn the
“ptrpgeratpmie which it is attached and a carbon atom of the adjacent
C1.6alkylenyl, form a heterocyglic of 10 heteroaryl ring haying from 5 tg 7
ring 2B AR BRI CortaRht i ilieREPRYSatom YaRERq
HONLeMYeER: thitre gers @nchsuius Wiier gisy BiFegechia gpHanaiperaziny ring.
substituted with -$(0)2-Cl4alkyl;.and nis 1 or 2; or a
Ep skt ARaltiasERBPE5i04te or sterecisomer thereof 15 In

10 anothéi aspeecththepryaatigiear®ide R onmpquitgiof vt WhéreRcind

];;5(#?6 Ei[:%'ccil 6a|k0|§Q\}’;ﬂ @RlOR or C,yalkylenyl-NRt2R13 and R6 is

I a5 113 . A .
ydrogen. In another aspect, the invention provides compounds of formula

(1) in WhijchaR&lisr @edéikespeanl’RE R ag@:ﬁ@sgwénw‘,wﬁmammaoh of R
S AR e S D S o
s S Elkytbidgl NRTORA i @16l len IR (CHRIN(CH:),, and

15 -CH,C(CH;);NH,. '

In still other specific aspects, R or R® is Cy_salkyl, optionally substituted with
halo, for example, CF3; or R or R® is C4alkoxy, for example, ~OCH;; or R® or R® is
hydrogen; or R® or R® is hydroxy.

In a specific aspect, R’ is hydrogen.

20 In a specific aspect, R® is hydrogen.

In a specific aspect, R® is hydrogen.

In one aspect, the invention provides a compound of formula (I}

HO R? N R®
H

(I

25  wherein:
R is -CH,OH or ~NHCHO, and R” is hydrogen; or R' and R? taken together are
-NHC(=0}CH=CH- or -CH=CHC(=0)NH-;
one of R and R® is -[0-Cy.galkylenyl],-NR R or C,_salkylenyl-NRR ",
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and R6 is hydrogen; or R5 is Cl.aalkoxy and R6 is
-Cl6alkylenyl-NR12R'3, wherein each of R10, R", R12 and R13 is
independently hydrogen or Cl-aalkyl, or R10 and R' 1, together with the
Wwiiggemsatom to which they are 25 attached, form a piper&8ZinyISeg/oaes10
specific group of compounds within this aspect, is the group in which R

and Radtakentiagatiéaad RINHEIEEIGHRGHdoEs HFEHE( EQMKKy, and
nqther specific.group.of compounds within thi ect, is the group in

Wﬁ%&ﬁ?&&%?ﬁ%&ﬁ&l3%?/?%%6@%%6 B 1T:Eshaf;ﬁ;%)l’ogen. 30 In still

other spesific aspects, the invention provides compounds of formula (Il) in

which the varjabl ), 2, RS, R6. I i |n, Tabl .

pelon, 6 WO SE0E70875 b A 200 BOO T aHe Baronte Nk

and R RS R&'{ anH (Zopaiegith tROHREET MR AR they are attached, or

“NHCO)CHFGHs Pkt oM 21bin %o MG T SeicieliantPh ChikaR Mbla of
H 4 -NHC(S0)CH=CH- -O(CH2 %NHZ H, 5 -NHC(=0)CH=CH-

13 : .
O(CHYwatrr) SivrkHeny LgHE (FoydH = tgstha witpix i RRsAR SR/ PH
7 -NHE QM 2eHr NG HRIR 2 RIRgHeZiDithith B NG GONGE T it is
-OCH2-1-pyridinyl H 9 -NHC(=O)CH=CH- -OCII2C(CH3)2NH2 CF3 10
NHC S et ooy 05 s el st Jom o heferocyeli or
-NHC (i) 6drit Gty rAGRZFN2t517 32 g srls QEbprGHty(6ni)2iNg Gl 3) 2
H 13 -NHC(=O)CH=CH- -CH2C(§H3)2NH2 H 14 R =- I:é O%=H
-OCHR(ER SiEroa s e CosReiy. nitsesers A BN 78 R =
TCHGiRogkh 1©6pH3nAGH RIS Ratig (@ rkntitniaay be made of the
following compoyndi:
nis [orZ;
or a pharmaceutically-acceptable salt or solvate or stereoisomer thereof.
In another aspect, the invention provides compounds of formula (I} in which R®is
4O-Cygatkylenyl],-NRR" or Cjsalkylenyl-NR'¥R' and R® is hydrogen.
In another aspect, the invention provides compounds of formula (II) in which R’is
C; 4alkoxy and R® is -[O-Cysalkylenyl],-NR''R'! or C)_galkylenyl-NR'’R*.
In another aspect, the invention provides compounds of formula (II) in which
R’ is selected from -O-Cp_galkylenyl-NR'R'" and C, galkylenyl-NR'*R "
and RS is hydrogen; or
R’ is C) salkoxy and R® is -C, salkylenyl-NR "R ",
wherein each of R'?, R'!, R'? and R" is independently hydrogen or
Cialkyl, or R and R", together with the nitrogen atom to which they are
attached, form a piperaziny! ring.
A specific group of compounds within this aspect, is the group in which R' and R’
taken together are -NHC(=0)CH=CH- or -CH=CHC(=0)NH-.
Another specific group of compounds within this aspect, is the group in which R*
is -O-C)_galkylenyl-NR'R! and R® is hydrogen.
In stilf other specific aspects, the invention provides compounds of formula (II) in

which the variables R\, R?, R®, and R® take the values listed in Table I below.
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5-[(R)-2-(2- {4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl } - 5
ethylamino)-I-hydroxy-ethyl]-8-hydroxy-I1H-quinolin-2-one;
8-hydroxy-5-[(R)-1-hydroxy-2-(2-(4-[4-(2-piperazin-1-yl-ethoxy)-phenylami
wWOGphensr3 -ethylamino)-ethyl]- IH-quinolin-2-one; 5-[(R)-2HQ1/U52605/006810
{4-[4-(2-amino-ethyl)-phenylamino]-phenyl}-ethylamino)-1-hydroxy-
ethyl]-8-hydroxy-IH- quinolin -2-one; 10able I
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Particular mention may be made of the following compounds:

5-[(R)-2-(2- {4-[4-(2-amino-2-methyl-propoxy)-phenylamino}-phenyl}-

ethylamino)-1-hydroxy-ethy!t]-8-hydroxy-1H-quinolin-2-one;

8-hydroxy-5-[(R)-1-hydroxy-2-(2- {4-[4-(2-piperazin-1-yl-ethoxy)-phenylamino]-

phenyl} -ethylamino)-ethyl]-1/-quinolin-2-one;

5-[(R)-2-(2-{4-[4-(2-amino-ethyl)-phenylamino]-phenyl}-ethylamino)-1-hydroxy-

ethyl]-8-hydroxy-1H-quinolin-2-one;

5-[(R)-2-(2- {4-[4-(2-dimethylamino-cthyl)-phenylamino]-phenyl} -ethylamino)-1-

hydroxy—ethyi]-&hydroxyf1H—quin01in-2~one;

5-[(R)-2-(2-{4-[3-(2-amino-ethyl}-4-methoxy-phenylamino]-phenyl} -cthylamina)-

1-hydroxy-ethyl]-8-hydroxy-1H-quinolin-2-one; where the chemical nomenclature

conforms to that of the automatic naming program AutoNom, as provided by MDL

Information Systems, GmbH (Frankfurt, Germany).
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The term "alkyl" means a monovalent saturated hydrocarbon group which
may be 20 linear or branched or combinations thereof. Unless otherwise
defined, such alkyl groups typically contain from | to 10 carbon atoms.

WRWHFEFTEative alkyl groups include, by way of example, nR€TRYASeHmf00810
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n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n- pentyl,

n-hexyhsiihsptytdienty) ik nanphundies/ihandhei ke tenmotaticoxghiral

gﬁ‘? e %‘E‘:QPd‘%&’é'f IR %l‘f%gjé’g Q%&?ﬂé‘)é}u‘%%%@,“ SHAT. 28 ARoNE-
epresentative alkoxy groups include, by way of example, methoxy,

6thorgi viduap exgntumersyoadidstiredikersT o datmcaicaryremishes mixtures of

Eﬂ&g%ﬂl@ﬁ{ HERAIERLCH; Y ACAIROREIOLR pSASURIIRA RLIEARLOR S hown, it

car

on-carbon double bond, typically I or 2 carbon-carbon double bonds,

i boriederaiagdey theserssillsdamche droribg mbinatioraitteps ofheyslegpisomers
pifeswises30 defiredasiishi sl er nREIRIGAIN CORLAIN £aMIRARd] Brovided

carbon atoms. Representative alkenyl groups include, by way of example,

Ay haniiissproperypastiton- sy iepen st enpinatebiyshemypsence of such

BeheRiogneryl, n-oct-2-enyl, n-non-2-enyl, n-dec-4-enyl, n-dec-2,4- dienyl

and the like. 8 WO 20 0510 70 8 7 2 PCTIUS2005/000810 The term

“alkynyP PREEHES FREMGYARS A (s Baien FRIAR & BUR Grotie ebHiaingme

ahdeasiropentia e o -aar ondriphech anch pieal i hgarbamaahowéple mixture of

bond, and whichp?a e linear or branched or combinagl
ne

OMIRL, 18 advantaceous for the amount tlgg Stépeer“ggr];i ith the
CRTRUE BB R D 4 SASAIRYAVE (FOUPSTRICAR Eontani om0

1®) caihmatiatomheRbjpresantativaialk yinyhyS igsoupsincluble gloytevalzaofthe

RSy @%hé{é‘ "sgéo&%%xns'?gté%%%@ﬁ’\%@% Ik The G AIVICONF he
means a diva en? aPura ydrocarpon group W%I(ﬁ’] mgy Be Inear or

Issarvchvachonieh ihisitfgtidrrs therewfis Priéss:dthemnise(defined] ssosi.

alkylenyl groups typically contain from | to 10 carbon atoms.

Representative alkylenyl groups include, by way of example, methylene,
shens-propylene, n-butylene, propane -1,2 10 diyl

(1-methyethylenedi s MethyipronanedAxdv idnd Aimativietdanshadfion, te

the like. The term "heteroaryl" means a monovalent aromatic group
Hellemgng Sy AR tes faleriredasinteana eoneismgsi N RS at least
one hetgoatom-{iypiealbatda Bohslaraatomahealsciestiapn BIFQYMhich may be

oxygen, and sulfur. Unless otherwise defined, such ,heteroaévl groups

{preany UanthRd AOTAEABMIONHIAFTIRG ABIFRES plpvese deitned. pych alkyl groups
hatemBrybaEak PSINGluden byvuayRhexateplesaMay aisoXa@al, include, by way

ics) g@%&'&' ’rrPgt/}rl%iz,%%l)’il, n-propyl, isopropyl, n-butyl, sec-butyl, 1sobutyl, tert-butyl, n-
pentyl, n-bexyl, n-heptyl, n-octyl, n-nonyl, n-decyl and the like.

The term "alkoxy" means a monovalent group —Q-alkyl, where alkyl is defined as
above. Representative alkoxy groups mclude, by way of example, methoxy, ethoxy,
propoxy, butoxy, and the like.

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. Unless otherwise
defined, such alkeny! groups typically contain from 2 to 10 carbon atoms. Representative
alkenyl groups include, by way of example, vinyl, allyl, isopropenyl, but-2-enyl, n—'pent-}l-
enyl, n-hex-2-enyl, n-hept-2-enyl, n-oct-2-enyl, n-non-2-enyl, n-dec-4-enyl, n-dec-2,4-

dienyl and the like.
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pyridyl

(or, equivalently, pyridinyl), oxazolyl, oxadiazolyl, thiadiazolyl,

thiazolyl, imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl, thienyl,

pyrimid

yl, pyridazinyl, pyrazinyl, benzoxazolyl, benzothiazolyl,

wWoapiigazolyl, benzofuranyl, benzothiophenyl, quinolyl, in@6lik)S26065/600810
isoquinolyl and the like, where the point of attachment is at any 20

availat

lereaibanpiyiftiegns dingatoen] hestetratcdeiaiaeuaivh Soup

"heterocyclic ring" means a monovalent saturat r rtially unsatyrated
S T e R e
arfdisédcbmiprjdgeiilcarne whichadontemnshatdeast tee:tietéhdatonmbiypicaliyfined,
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other
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sucﬁ]gikmg(f%gﬁﬁsé tpica lﬁ cé%nilaértle%rlgrélyc?l% ] atoxgﬁy ggzﬂresen];alwe gl%cafnyl

, SUC yl groups typic tain from
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examﬂlg»t&éﬁ“%li@i‘é’dyp‘R@JAHHB’MA&%&%&@Y&H‘W&&MW'%WWE?&M@‘ be

indolin-3-yl, 2-imidazolinyl, 1,2,3,4-tetrahydroisoquinolin- 2-yI, quinuclidinyl,
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medical condition in a patient, such as a mammal (particula

uman)

mgIHg It e crayievastingeite dvkase bPraRdRRS cditiiens meprane —1,2-

dQECLERgylehy1EHOPhYIRsHGIIegiment ofiit patieiin AR AR AL like.
PCT[US2005/000810 (b) ameliorating the disease or medical condition,

i.e., eliffifahd S Eanding cREg AOSIAY U th 8 grRaus e g ey iRa PerIRiBRe o

o0 et

h%é%éﬁ%é?%ﬁ(%tea% velopment of the disegse ar medical condition in.

s EXssppRssing therlisaakapbmadicrbaonditipneals. 1 stowing

a
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Isease states and/or conditions that ar
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such as

k&ﬁﬁﬁ@i§&§tﬁﬁdﬂwﬁﬁmwﬁ<§fwﬂ&% liuted fo. PHHRARRLY Jiseases,
asthma and

available carbon or nitrogen ring atom.

The term “heterocycly!” or “heterocyclic ring” means a monovalent saturated or

partially unsaturated cyclic non-aromatic group, which may be monocychic or rnulticyc.lic

(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

heterocyc!

heterocyct

vyl groups typically contain from 5 to 10 total ring atoms. Representative

yl groups include, by way of example, pyrrolidinyl, piperidinyl, piperazinyl,

imidazolidinyl, merpholinyl, indolin-3-yl, 2-imidazolinyl, 1,2,3,4-tetrahydroisoquinolin-

2-yl, quinuclidinyl, and the like.

Th
Th

¢ term “halo” means fluoro, chloro, bromo or iodo.

¢ term “treatment” as used herein means the treatment of a disease or medical

condition in a patient, such as a mammal (particularly a hurnan) which includes:

(a)

preventing the disease or medical condition from occwring, i.e.,

prophylactic treatment of a patient;
9
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chronic obstructive pulmonary disease (including chronic bronchitis and
emphysema), as well as neurological disorders and cardiac disorders. (32
adrenergic receptor activity is 15 also known to be associated with

WOR87As 1mbor (see United States Patent Number 5,872,12P6Yarsdosynaes1o

types of inflammation (see International Patent Application Publication
Numb@y WO 29120403 andditpiiet Stal¢is /P ateidi M Re bk idbh): ddieing

term "pharmaceutically-acceptable salt" refers tq.a salt prepared from a
base or acicﬁe\%ﬁﬁéﬁo%ga@ag i%ﬁ?tg@ P&r’%ﬁﬁ%gﬁ%g&lﬁ%nagﬁﬁﬁgwﬁ such as a

mam r@l. SLmﬂp;sai_;tSnQﬁledisdfmaieﬂuedicfibmxpﬁa't_ma@e,lﬂicaﬁyganmmiln@the
inorganic OVQJ%%Q'%%%PePtgg from pharmageulically accortable
inorganic or organli]c SCids. Salts derived from
pharnfdreutidédijatiogshtadyioraeidsdfitiadscbst araenpdichivitodition moetiejent.
benzepesplignit, DERARIC) SARRARRUIIANGC HiSnE ARSI JUR A rtect

gluconic, glutamic, hydrobromic, hydrochloric, lactic, maleic, malic,
trerimgetlivhes senitersdifo aipatinticie nardief reatETénic, phosphoric,

Succmli‘ﬁe %Wéﬁ@cﬁd@é@g%r e%ﬁgﬂ‘f&p 9@6%&%& %kﬂ@ﬁ%igdrenergip receptor activity”

(1-hydroxy-2-naphthoic acid), 1,5-naphthalene disulfonic, cinnamic, and
itieblkealSuiedickdrigadifrom Flenstisl by teebromiicviRyel fooklsrierpeesisptor

s, methanesyianis.LapaRIenR fisHianiC, K 0afRIS R¥RlIf now, or

tartaric, and 4-methyl-cinnamic acids are of particular interest. 30 Salts
tb@rw_edomrﬂha@tamm@ibawsaemﬁaﬁté ﬁm@&m&é@@’@_nﬁma@i@iw Such
AU RN KR  LAIGUThi CARBES u R ifa P QUS IO Ys asthma and

magnesium, manganic, manganous, potassium, sodium, zinc and the
drenis ahstusHve aoanphatssarelindaocchepiabrewyinr d ggwdysema), as

R Qgﬁe%%tl%zﬁﬁzﬁrgﬁgﬁfeé%ﬁg-%gﬁfi)é@tﬂgoﬁg@.ry[?{Héﬂ_@ﬁeré& W&ptor activity is
2005/070872 PCT/US200S/000810 including substituted amines, cyclic

Arnikiesyhitamiudaghivg sl s nggd P tassdrgpnhumber
Petaings cafieinge ¢haling iNdindibenzdeticnadiaminadicihyreming, 2-
diethylaminoethanol, 2-dimethylaminoethanol, ethanglamine,
RathiyraHemRHmRe N BRI Pl R SRy R AR ARRGE APTNS ! 5)
glucospipiRantigkidinecdydrabaigeabidsaRropRaninesdigingared from a base
methylglucamine, morpholine, piperazine, piperadine, polyamine resins
B BURAE PR 0 I AR A iRt A rfgemmal. Such salts
dhipbepidasihfony phaathaminaidna-thetlike. Tiledetincisalyate meansdarom

orlr#‘l)lex ar re%alie rmed b}/ one or more. molecules of a solute, i.e. a
pharmiaceut c(z:iig{%ac n]e/ élb

€ inorganic or organic Acids,
compoun € invention ora &arn%ceuﬁcé’lfy-acceptable

Salts derived from pharmaceutically-acceptable acids include, but are not limited
te, acetic, benzenesulfonic, benzoic, camphosulfonic, ciiric, cthanesulfomc, fumarnic,
gluconic, glutamic, hydrobromic, hydrochloric, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pantothenic, phosphoric, succinic, sulfuric, tartaric,
p-toluenesulfonic, xinafoic (1-hydroxy-2-naphthoic acid), 1,5-naphthalene disulfonic,
cinnarnic, and the like. Salts derived from fumaric, hydrobromic, hydrochloric, acetic,
sulfuric, methanesulfonic, 1,5-naphthalene disulfonic, xinafoic, oxalic, tartaric, and
4-methyl-cinnamic acids are of particular interest.

Salts derived from pharmacentically-acceptable inorganic bases include
aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnestumm, manganic,
manganous, potassium, sodium, zinc and the like. Salts derived from pharmaceutically-

acceptable organic bases include salts of primary, secondary and tertiary amines,
10



10 salt thereof, and one or more molecules of a solvent. Such solvates are
typically crystalline solids having a substantially fixed molar ratio of solute
and solvent. Representative solvents include by way of example, water,

wnettewok7ethanol, isopropanol, acetic acid, and the like. WWHexitih#05/600810
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solvent is water, the solvate formed is a hydrate. 15 It will be appreciated

R4 105 JQNBs Rk BaPRABACSHHC i RE CRmtRRIF SR UIPANEQINMESANd the like, such

stereoisomer thereof' is intended to include all ermutatlons of salts,
soivasir e S EBR Rhaliich MV dsars tp lpnediamine, diethylamine, 2-

?h@ﬂﬁ;ﬁ%ﬁi;ié&%ﬁ@@@?&h{m%%@%@mraﬂmf i0f am@mmmxm N-
ormula (1). The_ term "leavi means, a function r

i e A e e S
Sisbstiipyiamireabtitm, suahyeghaanicte apinjiioSubspiptierineaitiend By, wayamine
of exam Ie representat veéeavm%I t'ﬁﬁ? |ncIu QILoro bro mo %nd15?n1ne
JFSUtips PTG ES eersgroel?pgorgﬁr%: eaéglmté rdsy at é’ Y
nosyletesaic the tikeliland acyloxy groups, such as acetoxy,

trifluoroacetoxy and. the like. 2 % ?gpr %%v%fﬁg IRAIESUD By BOMEY more

means a protectlng group suit undesired’reactions at
amarsirosnifrogentcRepresanpativg of fiqcnproteaning2 ghaapacinticlb-tsgeptable

ag%ﬂﬁémtiﬁd%é%w&émd19591&9%2%%{{1%al%%myéﬁ&%pﬁnﬁgph

as acetyl; alkoxycarbonyl groups, such as tert-butoxycarbonyl (Bee

apwméimw@a\qd@ﬁmg powbstastieHya-Sxed sty BhFRINEHY) sm@o

pigerenyimaiionveariemdd5neg): A meiy | SiRk e calabiashang Y|
(Bn trityl (Tr), and 1,1- dlr&l methoxyphenyl)methyl silyl gﬁgups such as_

triPRBEARASIA 39oRSACkh e i diles ARSI IS RALF PRIGS PERI-THIE fRkyaiprlqRRsd is 2
2Q08/Q40872 PCr/US2005/000810 The term "hydroxy-protecting group”
means a protecting group suitable for preventlng undesired reactl

hydroxy b8l SerRereirtAhobths gy O PoRSERRE CHPLHbY FERRTE F%Eﬁ ¢S
nesNmied deraikyhaiatpeosuriiasnmahy Inethyd, aambtermmziyl; oﬂs:;lks solvates

groyps, for example alkanoy| grou uch as a l; ary a%m X

SRR HEEERMS - (%’ﬁ? 6%13%&0 En %F'l aﬁ?{ AR hy

alﬁhdtﬁhmilgdﬁfeathy}n()beﬁdbftﬂmymwm) S|IyI groups such as trlmethylsnyl

(TMS) a'?g tt%rrtmb L‘Q/I%I@%@d S’u¥negn aS Pihnct%ﬁg? %gp 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, triflucroacetoxy and
the like.

The term “amino-protecting group” means a protecting group suitable for
preventing undesired reactions at an amino nitrogen. Representative amino-protecting
groups include, but are not limited to, formyl; acyl groups, for example alkanoyl groups,
such as acetyl; alkoxycarbonyl groups, such as tert-butoxycarbonyl (Boc);
arylmethoxycarbony! groups, such as benzyloxycarbonyl (Cbz) and
9-fluorenylmethoxycarbonyl (Fmocj; arylmethyl groups, such as benzyl (Bn), trityl (Tr),
and 1,1-di-(4’-methoxyphenyl)methyl; silyl groups, such as trimethylsilyl (TMS) and tert-
butytdimethyisilyl (TBS); and the like.
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General Synthetic Procedures 10 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
WHreEEoRi®ention is illustrated in the schemes below, those’SKiNSaoiry/tlaesto
art will recognize that all aspects of the present invention can be prepared

usinglieesrethodsxsqnotdaddaieipr ondaysingtottiog g‘ﬂeﬁb@dﬁaﬁﬁbﬁ@e nts

2 statina materleknoun to,45 those sklled n theart il Ao be,
PSP HEG AT ere yplca rPreferr8y process Conditions (re., £

groepiimtenipe Mmimmmmlrgtmsoﬁwhatanmhﬁowbﬁtand tert-butyl;
ressure tc. given, other proces rlgtlon
oo RS e A R SR ERTSR Sonl R EOS Wi
bepmh(ﬁmam@mt@m@mb(Péch%ﬂum@m@hEbﬂﬂiﬁommhmhmthﬂ
Silagkindbe At RvciaUn S’PM§Z£&{QQJ—9 REGAHASHy1

Addltlonally, as W% bgle ag[s)arent to tho?sg}lgkllﬁ! in the art conl\%elntlonaryei 7

(TBfoteeHye diksups may be necessary to prevent certain functional groups
from undergoing undesired reactions. The choice of a suitable protecting
for a partlcular functlonal group, as well as suitable conditions for

8He2tion, are well known in the art. For 25 example,

num@"&ﬁﬁdafﬂf@@tlﬂﬁ greumRaaRd Elaqafewaﬂ BeHORANY ECRTRYRA) s@kfng
described in T. W. Greene and G. M, Wuts, Protectln%éGro sin Org n|c

MY RIS P ENTBR SRATRL KBRS B PTG Iy Pl %g%ﬂé

asfleereinhpanentigteatdonlisynibesisd compailideobiismulasd(bkard l)iarart
lrr1 ared a |Iluf?trated |n hemeA The. substituents an varlaql

ST the¥ot r‘r’{“"é@n Lo I B HOR G R SR F O e R isghods
dﬂﬂﬁﬂ%ﬁ behgnwiseyindigateik) Hh2thG, 260507 08T ARG LSR5 009810

those s rﬂedA nQPl t Nt@ifl%%o%ggpgr%c?a{éﬂ%ﬁ 5§ercR{y%ic FS% p'?'e?e?red process

conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures,

bi *)hl

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 functional groups from undergoing undesired
reactions. The choice of a suitable protecting group for a particular functional group, as
well as suitable conditions for protection and deprotection, are well known in the art. For
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 (If) 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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P20IR2N3(/HR6 RiIOH1NR P20RR24H\R6 OHONR HOJ
R~ where P' represents a hydroxy-protecting group, P2 represents a
hydroxy-protecting group, and L represents a leaving group, such as

WOAIE 7B ARs shown in Scheme A, a compound of formula PisHuseeerdesdo

with an aryl amine (2) to provide an intermediate of formula 3. Typically,
this reaction is conducted in argeigiaais solvent in the presence of base
and a transition metal catalyst and arylphosphine ligand with heating. A
useful catalyst for coupling ef an aryl group to an aryl amine is

tris(dibenzylidenaeetone ipaﬁadium(O) together with rac-Z,Z'é‘p
bis(diphenylphosp ' eated at a

- I=binapthy: reaction is typicatly
qj en.about 50 C out 127%2% ot betwaen about
0.25 and about 12 h@urs. The 13 WO 2005/0708 CT/US2005/000810

temperature qof
protecting group P’ is typically a silyl pri:ecting group, which is typically

removed from the infermediate of formyla 3 using a fluorfde or acid
reagent, to provide an intermediate of férmula 4. The protecting group P2
is typically a benzyl protecting group, which is typically removed from the
intermediate of formula 4 by h§8rogenation using a palladitgm 5 on carbon
catalyst, to provide the praduet-ArNalternative, methetqf Breparing
intermediate 3 is illustra n S_zgheme B. meir\l‘g Rs + P20 2

where P! represents a hydroxy-protecting group, P? represents a hydroxy-protecting
group, and L. represents a leaving group, such as bromo.

As shown in Scheme A, a compound of formula 1 is first reacted with an aryl
amine (2) to provide an intermediate of formula 3. Typically, this reaction is conducted in
an organic solvent in the presence of base and a transition metal catalyst and
arylphosphine ligand with heating. A useful catalyst for coupling of an aryl group to an
aryl amine is tris(dibenzylidenacetone)dipalladium(0) together with rac-2,2"
bis(diphenylphosphino)-1,1-binapthyl. The reaction is typically heated at a temperature
of between about 50 °C and about 120 °C for between about 0.25 and about 12 hours. The

13



The conditions for the coupling of intermediates 5 and 6 in Scheme B to
produce 10 intermediate 3 are typically the same as those used to couple
intermediates 1 and 2 in Scheme A. Yet another alternative method of
WO RIpHNMY7Itermediate 3 is illustrated in Scheme C. Schen®E CUE/R060810

H2Nsp20'R2+1jN R6 3 R 7 8 15 The reaction of Scheme C is

prypicialy wonp Btedyiricalpolailgbpesicslyentup, thdiphdsendealbf laseed from
Typi 0 olvents include,dimethylsulfoxide, dimethyl formamide, ..

D B R S P

ofefmpuratiird bt isetwwbensubauPb6 Gricdlnbdinzi( Ofatibgtwegn abiehtis

t)%%?lwmtiﬁ)nlolﬂ% n@ﬁe‘%ﬁﬁ‘@gfj %%.HUQ 'i)mllllladrloaenn%tz)g QI]SQIllO aedaWadium
the reactions described In this 20 applicatiorT are readily prepare bf

> opisEbelureRpoiorPiavide Gie pestielescribed, for example, in U.S. Patents

6,653 32BN BTG 3F BB WMDIBRAR DGR P ARAARIEI Rl eme B.
reference, and references therein. Intermediate 5 can be prepared %y
reaction of intermediate 7 with 2-(4-aminophenyl)ethylamine in an aprotic
solvent with heating. 14 WO 200&R8%2 PCTIUS2005/000810
Intermediates 2 a&g, 6 are available commercially or are prepared from
readily available gtartihig materials. For example, when R5 is

-[O-Ci.6alkyleryl]n NR ' 6 is hydroge fhediate 2', of
forfayan2, can be pr b tFlY_e pro %chemé’D Sch%me
DLOR 5a #HO'Rsa f14 02N 02N*® 910 R

s 6
The conditions for the coupling of intermediates § and § in Scheme B to produce
10 intermediate 3 are typically the same as those used to couple intermediates 1 and 2 in
Scheme A.
Yet another alternative method of preparing intermediate 3 is illustrated in

Scheme C.
Scheme C

op!
L HoN RS
e ee o
P?O R? N RO
R H

7 8

15 The reaction of Scheme C is typically conducted in a polar aprotic solvent in the presence
of base. Typical suitable solvents include dimethylsulfoxide, dimethyl formamide,
dimethylacetamide and the like. The reaction is typically heated at a temperature of
between about 60 °C and about 140 °C for between about 0.25 and about 4 hours.

The compounds of formula } and 7 employed in the reactions described in this

20 application are readily prepared by procedures known in the art, and described, for
example, in U.S. Patents 6,653,323 B2 and 6,670,376 B1, which are incorporated herein
by reference, and references therein. Intermediate S can be prepared by reaction of

intermediate 7 with 2-(4-aminophenyl)ethylamine in an aprotic solvent with heating.

14



ORsa H2N \ 5 2' where R5a is defined such that -ORS" is
-[O-Cl-6alkylenyl]"-NR10OR". As one example of suitable reaction
conditions for Scheme D, the reaction is conducted in dimethylsulfoxide in
wohepresence of sodium hydride. When, for example, R5 is PCT/US$2005/060810
C1l.balkylenyl-NRi2Rt3 and R6 is hydrogen, intermediate 10 2", of general

formulacgneanbePispe ad Ruinsipeanseficheme frpale @&rﬁ&&ﬁy\
Rsb L sb R12RIs OZN/+HNR 13 O2N,11 11? R'Z 5b_~R13 AN s

availaflesarhapmaieralsidae Sy PRlenIdEn it e G- ormlindandlnhiR K

isHfRRares Mideasting 20 dnesmedimal leanls: 2upiia phangifydamire
substituted with a leaving group at the 4-position of the 15 phenyl ring, for

e, 4-bromophenethylamine. Further details regarding specific
reaction conditions and other Srbesges for preparing representative
compounds of the invention or intermediate thereto are descrlb d inthe
Examples below. 2005/070%72 PCT/US2005/Q0808 F3’6\ccord|ngly,
in a method asp e inventié Brow €s a process eparlng a
compound oPdrmula (1), orasalt or stereoisomételr protected derivative
thereof, the procegs comprising: (a) reactin 16

HoN

5 2
where R* is defined such that —OR* is —{O-Cy.¢alkylenyl],-NR'’R"". As one example of
suitable reaction conditions for Scheme D, the reaction is conducted in dimethylsulfoxide
in the presence of sodium hydride.
When, for example, R’ is Cy.¢alkylenyl-NR*R" and R®is hydrogen, intermediate

10 2", of general formula 2, can be prepared by the process of Scheme E

Scheme E
12
RSPy i RSb-Ni .
+ AR R

HN\R13

Oz O,N
11 12
R'2
5h_1 )~
HuN
2"

where R is Cr.salkylenyl.
An intermediate of formula 8 can be prepared by reacting an intermediate of
formula 2 with a phenethylamine substituted with a leaving group at the 4-position of the
15 phenyl ring, for example, 4-bromophenethylamine.
Further details regarding specific reaction conditions and other procedures for
preparing representative compounds of the mvention or intermediate thereto are described

in the Examples below.

I5



5 (i) a compound of formula (ll): R48 OP1 H R3a RzR R8 Rg A R1a with
a compound of formula (IV): R (~ (IV) B Rs in the presence of a transition
metal catalyst; or 10 (ii) a compound of formula (V): R4a OP1 L (V) R7R
weaRdad;R1a with a compound of formula (VI): Rs z (VI) fea/RSd¥sloRB 160
H wherein P1 is a hydroxy-protecting group, each of Ria, R2a, R3a, and

Réa ig 13 indenendenily e SefinethiRRR s SAME 25rR:eR TRl o

R4 in formula(l) or is -OP2, wherein P2 is a hydroxy-protecting group;
csnRoBRMCA Bk D1 OAFYIGYOU AP INE BiTEPSFad e By e hgeeof, they

pllgé\ggr@,mgand R5, R6, R, R8, and R9 are defined as in formula (1), to

provide a compound of formula (VIl); OP1 4aHRR
(a) reacting

5 (1) a compound of formula (ITT):
op’
H
R43 N
X 2{;@\ (m
R3a R23 R R A
R13

with a compound of formula (IV):

R5
Zr, o
B

RS
in the presence of a transition metal catalyst; or

10 (i) a compound of formula (V)

with a compound of formula (VI}:

5
H,N R
S L,
R N RE
H

wherein P' is a hydroxy-protecting group, each of R, R* R* and R™ is
15 independently either defined to be the same as R, RZ, R3, and R* in formula I

or is —~OP?, wherein P? is a hydroxy-protecting group; one of A and B is a

Jeaving group and the other of A and B is -NHy; L is a leaving group; and R’

R® R7 R® and R? are defined as in formula (I), to provide a compound of

formula (VII);

op’
H
Rda N Rs
R m VI
R‘Ia H .

(b) removing the protecting group P’ to provide a compound of formuia (VIII):

20

16
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RrRs Rs/\s (VIl) R3a Rea N R 20 R1a H (b) removing the protecting
group P1 to provide a compound of formula (VIII): 16 WO 2005/070872
PCT/US2005/000810 OH R4a N RS R3a R28"R R9/N R6 (VIll) Rla H ;

woands(@)perhen any of Rya, Rea, R3a, or Raa is -0P2, removinig As2005/600816

protecting group P2 to provide a compound of formula (1), or a salt or
steremsomer thereof. @ﬁharmaceutlcal Composmons The invention also

pharmaceumé y=gccept 13 sat caf M af for any suitable form
of 10 administratiget? such as oral or paréi’\teral administration,-@#
administration by inhalation. By way of illustration, the compound can be
admixed with conventional pharmaceutical carriers and excipients and

used ) the-fosny of ROWREIR tablat$’ sapselermeliiisteyspRRSIANSoup P to
syrups, wafers, and the like. Such pharmaceutical Cﬁ@%ﬁfltlons will

PRl RBIRCHBO Of BB bk VAL R ive compound,

and more 15 generally from about 0. 1 to about 30%. The pharmaceutical

compgositions maX ntain tcongmon carriers and excipients, such as
corn@%mqeﬁh%ﬁo—%ﬂmﬁmagnesmm sulfate, magnesium stearate,
sucroske miexocnysiad m\aéﬂutﬁmnkemﬂtwamwﬁtm@atemmsmmmmd
of BN kAN AR A BRI SARRIR, AT AR ped 1 the

0] tlon |nc

rmu atlons of thisin de cf scarme lose, microcrystalline
pb@ﬂuﬂosm@@xmmmidh ssbdiambetarchigipcoloranraitdbinieaeief A liquid

LSRN willge %@5@%@9&&@%&&%&9&3}9 R:Qlasaltionieh WEnhatation,

compound or pharmaceutically-acceptable salt in a suitable liquid

carrieRs)y s ot dsipEoat i romgRrest e ke ririkcdorithgaavisiesient
EMQ&HQM@M@%Q{%&% Q4 Vel tn QR ety il desussgiBghsules,

agent, a solubilizing agent (such as a cyclodextrin),
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
contmon carriers and excipients, such as comstarch or gelatin, lactose, magnesium sulfate,
magnesium stearate, sucrose, microcrystaliine cellulose, kaolin, mannitol, dicalciom
phosphate, sodium chloride, and alginic acid. Disintegrators commonly used in the
formulations of this invention include croscarmellose, microcrystalline cellulose,
cornstarch, sodium starch glycolate and alginic acid.

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 such as polyethylene glycol, oils or
water, optionally with a suspending agent, a solubilizing agent (such as a cyclodextrin),
preservative, surfactant, wetting agent, flavoring or coloring agent. Alternatively, a iquid
formulation can be prepared from a reconstitutable powder.

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

from a powder containing active ingredient, sucrose and a sweetener.

17
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25 preservative, surfactant, wetting agent, flavoring or coloring agent.
Alternatively, a liquid formulation can be prepared from a reconstitutable
powder. For example a powder containing active compound, suspending
woagesibretrerose and a sweetener can be reconstituted withrwatesx@foons @
suspension; a syrup can be prepared from a powder containing active

ingredientpsHEas e ANBRWEALBIRRS chh WY Gréped U8 4ay suitable
PCT/i1S2005/000810 A composition in the form of a tablet can be ‘
PhEFEACHUIFTHIGIEHS) SOREAIAE Brest nBERRERE SIS FRITROTHIRRYy baammss of
sugiepatingisciid compesitionserxaspies, oicsoiehsoarsiersrineleeia alline
magnesi earate, starch, lactase, sucrose, migrocrystalline, cellulose
e T e L IS O O A AR BT ided
wigiavidied fiwithasigglor fithardoaliided v walorfitichsdatkds) partadfide, active
carrier(s). In additio tive _cqmpoun n he. for i e
cof R A S A o R e R RO I LRl o
hydrapiiddicocomipergitibie imatie form of a capsule can be prepared using

rOU“%eco‘?ﬂﬁésﬁ’ﬁ%aﬂ%ﬁ&ﬁ?gf‘&%péﬁfe@éﬂ’BQﬁ%ﬁkgﬁi alignof active

compound and 10 excipients into a hard gela sule. Alternatively, a
cngepaitiabiit preaeiurisatahex voripbY HISARETATH AGIEtTIarIegRe and

oReNsioyiens giveolcan beRiePare Anddiled into-aharmkaslalingarsule;

or a solution of active compound in polyethylene glycol or a suspension in

cospprabAnddrigl s I ong praely B ieae gdrrled e Be rinetif caf Plked into
a2 RIRPaRdeasdilledinfecseil aeketit.carspiand niRNelRiBseEs tiabean

be included are acacia, methylcellulose, sodium carboxgmethylce,l ulose,

SuSBRISRY IS Bl hd T RIBI S I RN By PR TSRRIRETRATIAH o4 b 88,
prepareh afdaethyiesllulesegdisriegniadhat can be used include
i st h ic st tes, st i id, silj fluid,
magne?;!um sf?ara e or otnher meﬁsc%hc Stearates ef’:llé:lﬁ[ ?CI %Id%%‘le ul

talc, WAREEPBIE A SBNSEHICLHHER BT ARY RGeS &

SSeias
capeppeiedintcdiubfsyipteygreemychddyidPorinyonthedtikeeanydlso be

used. itionally, it may,be desirable to add a colorin ent to make ,
T BB I A Aot e Tty e el
mpgoekictn Tlersompauntsahiiiesinwattiostcans tealy silicone fluid, tale, waxes, oils

mp&w%rri%ia‘i&?glq?%lIy-acceptable salts that are active when given parenterally
can be ormulated for intramuscular, intrathecal, or 25 intravenous
admifitevertimmagents 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 o1l or
sesame oil. A typical composition for intravenous or intrathecal administration will
consist of a sterile isotonic aqueous solution containing, for example active ingredient and
dextrose or sodium chloride, or a mixture of dextrose and sodium chloride. Other
examples are lactated Ringer's injection, Jactated Ringer's plus dextrose injection,
Normosol-M and dextrose, Isolyte E, acylated Ringer's mjection, and the like. Optionally,

a co-solvent, for example, polyethylene glycol; a chelating agent, for example,
18
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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 oil or sesame oil. A typical composition for intravenous
woannssatkecal administration will consist of a sterile isotoni@@UeBYS/ 000810
solution containing, for example active ingredient and 30 dextrose or
etiSASHARANIRY 8 RAI MBI EsOhBRHASS:aNd BR AR FBIQIEeI0RER; and an
examples are lactated Ringer's injection, lactated Ringer's plus dextrose
anfiea’s RICRAGEIRNPARP JBRIBISU LTy T DS PRt aRIhhE QTR S,
ARG e lkenQplinnalban dchesatviridd toidexamplanpolyethylizhe gtk a
helating agent, for example, 18 WO 2005/070872 PCT/US2005/000810
50 ‘fﬁ%é‘ffégaférmﬁél PESE R cid; a solubilizing agent, for example, a
cyclotiexékimpanddamf diitiioxisiiot; fod exanpplepsedivivaihetatxistaghitelts
W igly atr)ee Icrl?\lfug)xelgdnléa af r@%@cg{(})on.célltggqg}%%!) tet gs%?a!ﬂé%%ﬁ@&g ositions
reeze dried and then reconstituted with a suitable solvent just prior to
orgcimidistnatidedi B idedorn fpatedissOr: thigcheemiiosi g theisde, for example, a

bﬁgﬂig&qw&?ﬂ%ﬁﬁﬁ%@m@é@'&%%ﬂﬁ&mﬁfgtﬁﬁ&%a&mm adhesive.
aamin

istration can be formulated as transdermal compositions or =~
Surdrietteforaiadieniabn Huvibes{eAAOEYYe SerHEeHTSEslRPRtipNIEE fHsion of
S BIPIGEs HERK PN SRBPRHAA S BBV EhEONTIR DRIMREADS and use

liner and contact adhesive. Such transdermal patches may be used to

ofjFavsderaghuritbiiso thrsteify sl EPL BeRSs o IHPb BRSO 2t

streseRkinupatior ipaentiaied @mnosntsthg sensiuelion aidtstedfor
transdermal patches for the delivery of pharmaceutical agents is well

CRHBURI RES2AE, S 48%%%%%%?%@%%?%@2&}%52. Such
patchegsepayhecansktciacinitaningausnmsallef B ondemandnhalation.

elivery of ph@rr{aceutical ??%:és One grefegrte manner for . tory tract

RO IS AR G e RhS SOTRE ST BRTSUBRASAESTHRAFSHSHC B8 TRRArREn A

Tharefiective praans fgres eliybrngpesutge ntldifadily doevibesraspubitoryithakts,
There renl]%ree ral types of pharmaceutical i’gﬂ?etion devich: .

? > ) { b
T R O i ks oty G R Rae Moz
déMEad) pfodnaentioemh nébidizeclddyieadptoducs a Swapaof hght (e Rpeiy as a
nﬁ% PRALEAUSES & TRIARS ﬁFe%%}%Eﬁﬁa?&Wf& aTﬂH%&%&EGHé %ﬂé &d into

e patient's respiratory tract. The therapeutic agent is 20 formulated in a
formuithfotin sligndSamokmor aselwippensiBiTrshanerehiziseopafkestistes of
r gﬁp,fs@é)é?zé,'%\t@lﬁf&&ﬁt%ﬁ@gzc@giéaﬂyra@@%dﬁfm%g%mvww%&9 of the
% or more of the particles with 'a diameter of less than about 10 m.
particles 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 ug/mL and about 1 mg/mL. Suitable nebulizer
devices are provided commercially, for example, by PARI GmbH (Starnberg, Germany).
Other nebulizer devices have been disclosed, for example, in U.S. Patent 6,123,068.

DPI's typtcally administer a therapeutic agent in the form of a free flowing powder
that can be dispersed in a patient's air-stream during inspiration. Altemative DPI devices
which use an external energy source to disperse the powder are also being developed. In
order to achieve a free flowing powder, the therapeutic agent can be formulated with a

suilable excipient (e.g., lactose or starch). A dry powder formulation can be made, for

example, by combining dry lactose particles with micronized particles of a suitable form,
19
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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 25 active agent of between about 0.05 pg/mL and
woahosittaarg/mL. Suitable nebulizer devices are provided comrmarsiatiypdasio
example, by PART GmbH (Starnberg, Germany). Other nebulizer devices

tyf1eMB, Re@a:HiSeeedi At @RIHRIGal) I s JnRIB B Pk A% GRFEnEIR (B.c. the

typically administer a therapeutic agent in the form of a free flowin
acBGRRER TN ‘E}@l&i@&e@%W%Vﬁﬁti&ﬁ%g&ﬁﬁgﬁ%aﬁfﬂmmwﬂgﬁf?& n.
exAbemnatiTadRhaevitRss 30wl chiel S HEXI@H Ak paREGY B oRtE bl ation
disperse the powder are also heing developed. In arder to achieve a free
CATOUATG POAIBEAE HEAPB A LB B T itiEed with & sutable
excipiemnfieg of| BED ioerstaseie sAvainyidedwdeneramilptiorhcrDikinkde,
r example, by combining dry lacto rticles wi icronized ' .
R R S D B D o P oty 0
Digkas ((Hwerftivailasdptabte saltSoP atadNpoaiid s tBeTinsathigbn (i.e. the
(HARRIEWRNA AR, TRNRG ACTIRIYEN NG ANSHH 58 DenlPRTIRler

without ekcipients. The formulation is loaded into a dry powder dispenser,

(@mintonitiblagdseearttid JeS Breapdlaes 303 368wt dherryxaswisodetiehie

DEEYISReR FXAIRIBEOHRPS delivhrnde Wons Rwyidedcossmarciaiysinel st
Diskhaler (GlaxoSmithKline, Research Triangle Park, NC) (see, e.g., U.S.

refesgaefs ST81035,237);  Diskus (GlaxoSmithKline) (see, e.g., U.S. Patent

No. &yg78 ahallyBuaRiRk (RiERGRRRERUM bR MSIaRuRE SR Y-
U.S. Patent No. 4,524,769); and Rotahaler (GIaxoSmlthKllne%q;see, e.g.,
capeepseddieelant 853 ey uintiens (MR sERipdnE i SRR

RRMRSCHNREE e dRale A NgE e fed Poob6R afr. 288180 nRRsHRNSaHs, such
and. references therein. MDI's typically discharge a measured amount of
o h e SR S o PRI <SSR GRS 8MD)

addmtnigtationsingl udenss saltiios:one SuspeRsian] afastivénggydeidinbinatkianes

iquefi llant. While chlorofl 13F
AT SRR et el e s e S Ry P e nerenn
p@guecs@iRiierl?)dfasu bacagentiopadha ddtnedbyenpiorentd afi (i \uSimgulations

h I Ikl IFA h 1.1,1,.2- fl E
formﬁg%%f}goe%n@? do SURLAR Likid agHégéazovg;ﬁs%E?a% Rt

a ,-heptafluoro-n- propane, \227) have been
suidvas| epbilanididiienab timapish desishdf, RPefonsritaidpe forenmpiple, U.S. Patent

NAITIISHRIQp g CRoSAINERE §368,3% Gthanol or pentane, and
S

urfactants, o ‘
- Thus, a suitable formulation for MDI administration can include from about

0.001 % to about 2 % by weight of the present crystalline form, from about 0 % to about
20 % by weight ethanol, and from about 0 % to about 5 % by weight surfactant, with the
remainder being the HFA propellant. In one approach, to prepare the formulation, chiiled
or pressurized hydrofluoroalkane is added to a vial containing the present crystalline form,
ethanol (if present) and the surfactant (if present). To prepare a suspension, the
pharmaceutical salt is provided as micronized particles. The formulation is loaded into an
aerosol canister, which forms a portion of an MDI device. Examples of MDI devices
developed specifically for use with HFA propellants are provided in U.S. Patent Nos.
6,006,745 and 6,143,227,

In an alternative preparation, a suspension formulation is prepared by spray drying

a coating of surfactant on micronized particles of a pharmaceutical salt of active
20
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20 such as sorbitan trioleate, oleic acid, lecithin, and glycerin. (See, for
example, U.S. Patent No. 5,225,183, EP 0717987 A2, and WO
92/22286.) Thus, a suitable formulation for MDI administration can include
wdrmny/emsut 0.001 % to about 2 % by weight of the present erystaline/oossio
form, from about 0 % to about 20 % by weight ethanol, and from about O
cd¥apouaows & Yo Pyxwaight wasfastsado wikitheboremaingerheaipgitbsaiFA
ellant. In one approach, to prepare the formulation, chilled or
YRR P RGFO ALBTSRRERA P HANE RIS SraP B TR B daKiecs
sxﬁt’gﬂﬂﬁ&fbﬂﬁﬁﬁhﬁﬁorﬂjhaﬂglsélé praseatyranibine,susfastaniu@bpresentidl@3, and
, al salt is provided as micronized
6 Béﬁr?‘%r ’s;i'ﬁari{ﬁ%)rm at}%gé%@%”éﬁ%ﬁ%ﬂ %n aerosol canister, which forms
a porﬁomd)banrﬂﬁﬁsit@tamnet dydinpled dieMbhpewide o 3bdavelopad(i.c. fice
bR &%'Ca” 475 l{\/%u;l:%t QRsiaaisane Royded 0. i oalent Nos.
ternatlve preparation, a suspension
admﬁﬂlatn@n, @pmn@dlbylspmyrmg c contogiadnsutfemtznatichove.
mmroﬂ'\%%@t%r& Qxflcfﬁ M%@%H%%%‘Fe%%wa %QvYMQdosa e ra:n ¢ and
2005/070872 PCTJUSZOOS/O 810 compound. (See, for example,
toduy3du0TsiFIet\WE @erea%e:allmff&a@mdmlekaﬁwﬁé'sbeﬂwmggeé@wever
RIRAEINGUR IPTRDIS ARSI S BRG, MmIRLQRS @Hgﬂé%&%n?éﬂt@;bbegi%sman,
inhalation dosm see U.S. Patent Nos. 6,268,533, 5,983,956, 5,874
inftig lighs o1 t§98€ RIS RIS Ee) ’éﬁH‘“W@ 6@/8@6‘1‘40“5% Wﬂfﬁéed the chosen
ronsler sipeidithatian o snal hapemralmndsRidhe yentienil Ladiety, the

base, pharmaceutlcal salt, or solvate) that is suitable for the particular
a8fiowe - ANTRIFSESH am e ided P ehk Pty afds RattpLsRIGIROmS,
agligbusked above The actlve compounds are expected to be effective over
a W|dg dosa to.be administere 5% r%a thera(g(jutlcaiﬁ eﬁectlve
amount; ‘1{“\% e un ““%I‘S%we{} PG At thE an pifige times per
weoknpaily) dactuatis adsmrpstemd WHE e detennirphddnynaap h;tgtmadnmtfs&ation
ht fthe relevant ireumstances in¢luding the ¢ dltlon t be treat

¥tgeeé%osen routge o{c r:%slgtex?mgi t’h%e ac'?f% I’lcomogtsjun a mlnls?elr

r@lﬂdat&meﬁﬂﬂmaﬂivﬂyﬂh@mge@%:gh&aﬂab@pmnQe“ ofahstimulisidiain are in
a“%@%a]tpgenée?e"i B:ClG Baye %% SRS o O@”%ﬁ%ﬂ:?&é@ 0.5 to

poun e administered  a periodic e fimes
1p¥elr ngdek, daily, or multiple doses per day. The treatment regimen may

requ'@uﬁ%ﬁ' %'é’sté%?ﬁae therapeutic agents for inhalation administration are in the

? defitment

general range of from about 0.05 pg/day to about 1000 pg/day, preferably from about
0.1 pg/day to about 500 pg/day. It will be understood that the fraction of active agent
dehivered to the lung characteristic of particular delivery devices is taken into account in
determining suitable doses for inhalation administration.

Among other properties, compounds of the invention have been found to be potent
and selective agonists of the B3, adrenergic receptor. In particular, compounds of the
invention demonstrate excellent selectivity for the 3, adrenergic receptor as compared
with the B; and B; adrenergic receptors. Furthermore, compounds of the invention have
been found to possess surprising and unexpected duration of action. As described in the
biological assays below, cornpounds' of the invention demonstrated duration of action

greater than 24 hours in an animal model of bronchoprotection.
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over extended periods of time, for example, for several weeks or months,
or the treatment regimen may require chronic administration. Suitable
doses for oral administration are in the general range of from about 0.05
wogideyntesabout 100 mg/day, preferably 0.5 to 20 1000 g/dayc3uitabie/c00810
doses of the therapeutic agents for inhalation administration are in the

genefglraRefief R ALAHL O0naidaY forahoi 1800, 6/ daxopigierahly
from about 0.1 g/day to about 500 g/day. It will be understood that the

MFRBG ASSPAETdeviidhiadiancersdaes Y ity Ehdhscrstharboraitiesiar
adfiaiveRy SeM RS dmiakan e Asseeal R delermyning siiahip dressifer
_inhalation administration. Among other properties, compounds of the
INHSPERTGR PR BERIFFBUFR] tOMBROPSRINE O SR AR RO MRS B tRucpsion-
adrengkgickeseRiave Kphatticularscaspasipgs of thenibiRAtARomprising, in
demonstrate excellent selectivity for the (32 adrener%eceptor as

addiRaRAP8E WA BHARS G ARSI g T SEAMY e TR RIRSHHFEnts can be
adeeimipeuts gftbevithenian heve Berhearidagactdadqasse aomungiising
. and unexpected duration of action. As described in the. hjological assays
e e o Bt e e e
(NP A8le) thedt 26 lheuk inpants(pirtahidgehofdarbrichappote aticigoREtY) Other B2
$2051970872 ECTIUIS2005(000810, The Invenin fus pravides, g method
ACFUE t‘fﬁﬁcgpd‘fseése OF CONAILON 1R 2 Mmamal associsted wﬁ’h @
araithietaeriic réeptorcattivithusipeovidthook edmprisimgpeeid ministerirgto the
cJAAmmal AdheraneHueall slseive.AmaUnkal 8 EATRRUIG AL for cxpmple,
invention or of a ﬁharmaceuﬂca composition comprising a cogmpound o?m
arthetinwdiatiomatbr T heephesenttsblnleragenigaanaattben feddasnpart of@ptor

2SMPInALoR compasing, il AddilipR. gL more other therapeutic
gagen’[s. For example,the present agents can be administered together
with drte otherdherapentipeatietaforhs vedd dncdidrionmarthinfracritely-

a&ggaﬁc(@aﬁs 6P @&@9&&@%@%&&@@&%&%%&5@@@ MRAREY AAUSed as
(N S

NSAIDs), antichlolinergic agents (particularly muscarinic receptor
optifAGOPISEHEBPISP 8510 adrenergic receptor agonists, antiinfective
agenig{e:gleantiniglicsRiantideale)ifiApidisiarvasshe NyaNoNghiusie

provides, in a further aspect, a combination comprising a compound of

cRFERNAAISTAI 81 b WBtdrremipetirayh e Rl hA mvention
arntdeflammalony ageaiad asishcliaargic paemtuanother (32 agrenergic

ir{f%gr%%gt%g%gt%sigﬂna}gx%g ef:? f:nté\{\?dggserg}tl}?lrp?gd%psﬂ?(ﬁggjrier}l%isoione,
dexamethasone, fluticasone propionate, 6a,9a-difluoro-17a-[(2-furanylcarbonyljoxy]-
11f-hydroxy-16u¢-methyl-3-oxo-androsta- I ,4-diene-17f-carbothioic acid S-fluoromethyl
ester, 60, 9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy- androsta-1,4-
diene-17B-carbothioic acid S-(2-oxo-tetrahydro-furan-3S-yl) ester, beclomethasone esters
(e.g. the 17-propionate ester or the 17,21-dipropionate ester), budesonide, flunisolide,
mometasone esters (e.g. the furoate ester), triamcinolone acetonide, rofleponide,
ciclesonide, butixocort propionate, RPR-106541, and ST-126. Preferred corticosteroids
include fluticasone propionate, 6a,9¢-difluoro-113-hydroxy-16c-methyl-170-{(4-methyl-
1,3-thiazole-5-carbonyl)oxy}-3-oxo-androsta-1,4-diene-17f-carbothioic acid -
fluoromethyl ester and 6¢t,9¢-difluoro-17a-[(2-furanylcarbonylyoxy]-113-hydroxy-16c-

methyl-3-oxo-androsta-1,4-diene-173-carbothioic acid S-flucromethyl ester, more
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15 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 stereocisomers. Suitable
woanisifieaTematory agents include corticosteroids and NSAIRBST$Saeisleoes1o
corticosteroids which may be used in combination with the compounds of
priR&dDMNERE0n- A0 @ tTrepamtantinbalod carticosiayaidsanstthihyl-3-oxo-
pro-drugs which have anti inflammatory activity. Examples include methyl
andratiaid Sihenepl brivbrhiviceithBYRsNBREMI G ¢Rsone propionate,

6a, 9z ¢iflyRres A i ZrifiandaarBanyhlcate; nedocromil sodium;

11(3-h droxy-lGa-me_thyI-_3-oxo-androsta-1,4-dPi ne-,l?(%:carbothioic acid
p@gﬂha bc?ﬁg’f?ﬁﬂ (Iélg{:e\rn@ébggr_ﬁfﬁ%'taggqhyﬂme, E4 inhibitors or mixed
P hydBxynhGareng! i oa: kAtgropio (yieXponnthiasiaylih®htors of

diene-17(3-carbothigic acid S-(2-oxo-tetrahydro-furan-3S-yl) ester
BTG CLURE AR A L IO e PR o clasase
inhhi2drgipraplanateiestenp daiiesohdendtinisolidpiomgonetasonsiasierds (¢.g.

e.g..the furoate stzfrt) triamcinolone acetonide . roflepgnide C"%%S%n' e,
a%&ﬁ%}g?r f %’B%%a? ,%Bﬁﬁ%@ﬂ%ﬁ,Saeif'§O$ﬁ]§lg¥%lree?§%%%u§)srécos?e?(%?(ljs
intedidénflutitasgrielprapibodts specifically, an all-4 therapy, an afl-13 therapy, or

6a,9a-dijfluoro-11£3-hydroxy-16a- d}\ % -me
ai{,)gl%t)ﬁ?gézig et- “car é)r%/} ;?y- -gigo%?lg r%gﬁaa- %ﬁ%img%?%%ggg?bothioic
B asiti-Sortueromettnisestetaiadalmeterol (e.g. as the xinafoate), salbutamol {e.g. as

6a,9a-difluorp-17a-I(2-furanylcarbonyl) oxyil- Nydroxy-16a- butali
e R e P S A 08 o spbpraine
argbtaltsrihereof2 WO 2005/070872 PCT/US2005/000810 preferably

6a, 92y e [ U AMIGHROARNL LR VIR Yelion with a

6a-methyl-3-oxo- androsta-1,4-diene-170-carbothioic acid S-fluoromethyl

peetphodestatsre N EABY inbibitler soditrixed SHRUIGKRIAES inBthdsroRrIsHiFive

phhosRhrdissiera s EBEHMNIQSHS:8s heeapiineiRBiEdd PRIt H 6 are
mixed 5 PDE3/PDE4 inhibitors); leukotriene antagonists (e,

neh GHTERSURED AR S oh R ORE NN L MERGEYRINBYE 5 l%rféPél;l-cabeW‘w
280IEFDIMNUDIERES 4 Byahods ByRiassraphetaptasesinhibitors; beta-2

integrin antagonists_ and aden95_ine _recepto_r agor_lis:tswor antagonist ée.?g_aﬁ
RSP GE BEaRT B oOE  AAH ORI MBS
d%ﬂiﬂ?@ﬁetﬁﬂx}ﬂ%ﬂ?ﬂ#&ﬁl&w@ﬁ' d%daibzarngpﬂw,@ﬁemﬁﬂaﬂyn@rﬁawm f
therapy, an glL-13 therapy, oy 10 a combination thereof); or inhibitats o
LSRR G I i e R b R S
asadpustier edi(e therasithOthinatp ste)tsallp B eng x e PIDE4SRI P tehdn thes

il TSR PSRRI {5 TR SO RO LRI G
Schering-Plough); CI-1018 or PD-168787 (Pfizer); benzodioxole compounds disclosed
in W099/16766 (Kyowa Hakko); K-34 (Kyowa Hakko); V-11294A (Napp); roflumilast
(Byk-Gulden); pthalazinone compounds disclosed in W099/47505 (Byk-Gulden);
Pumafentrine (Byk-Gulden, now Altana); arofylline (Almirall-Prodesfarma);
VMS554/UMS65 (Vernalis); T-440 (Tanabe Seiyaku); and T2585 (Tanabe Seryaku).
Suitable anticholinergic agents are those compounds that act as antagonists at the
muscarinic receptor, in particular those compounds which are antagonists of the M, My,
or Mj receptors, or of combinations thereof. Exemplary compounds include the alkaloids

of the belladonna plants as illustrated by the likes of atropine, scopolamine, homatropine,

hyoscyamine; these compounds are normally administered as a salt, being tertiary amines.
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and salts thereof. Also of interest is use of the present active agent in
combination with a 15 phosphodiesterase 4 (PDE4) inhibitor or a mixed
PDE3/PDE4 inhibitor. Representative phosphodiesterase-4 (PDE4)
Whih#sieavs7ar mixed PDE3/PDE4 inhibitors include, but are POT/Hisaoesitgysie
cis 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-I-carboxylic
TREE IR Paeneti0)ihd seHa0end; (Beayalngropyiarettrgi-4 number of
coafgn[%dlﬂ_uorcg aetgi%,é{pg;erggg%%y?rggﬁ%é@?%f %n literature data via, to wit:
difluosormgtzoxgpiSediySyictoiekdf1-dh: | (anhydrous form), atropine sulfate -
CS\I§:%§8¥~ O 36§?P{§E’:HSQEV 438226 or ijs HCI salt - CAS-4574-60-1 and
methoxyphenyl|cyclohexane-1-carboxylic acid an the like, or
mptigiaapativaile aCéehtabié-falts thereof. Other representative PDE4 or

mixeg,PDEAIRDE 3.inRiDHOES i -12:281,(glbiory); -
NSRRIy Lo o e T ey G fomide
s4p Qa8 7874P%zer); benzodioxole compounds disclosed 25 in

W09%%§Zc@%k§pégw;83h'@%@)i d5-3f- ShymebHaklsR)kH-1E2344NaRPInd
roflumi I

ast " (Byk-Gulden); pthalazinone compounds disclosed in
siifo SM7HOAIB9R A Gden); Pumafentrine (Byk-Gulden, now Altana);

arofyljpg,6himmial-eseresfarma); awdaddd Mt S s psdiss sTo4 A thylbromide
Tanabe Sei%/aku); and T2585 (Tanabe Seiyaku). Suitable anticholinergic

S b&ﬁé‘e}r@’t bde compounds that act as antagonists at the 30 muscarinic
receppesfinepantictianibese campeundsiyhiah(@ie antagasisiadf b Mider the

M2, or M3 receptors, or of combjnations thereof. Exemplary c oun
R AR RTIB e AT R B A TG AGer B PR o
(anspireEropalanite, diomatio pinemdiyasbyiini (E ARSI 60)) porrdthaliee
normal inistered as a salt, beipg tertiary, amipes..
B e e s e A
cletimsyarer naiddilQ earaialA B a-aLHb ermpfrrobrer(Rebialt Bpurpespemedm
i E)recz:f it 1 ian.: . idihexe
D B B ety
cIABIS e dons; GBS HREIN3EdB, 2B 3giRm methitlsMi@leddiral, CAS-115-63-
'g%%e%ﬂﬂo—g&a%&maé H}ﬂmw]%m@%@,{&t@%@éﬁ;%p@&ﬂ;@w@é@@ms_
- CAS-87-00-3, hydrobromide salt - CAS-51-56-9, methylbromide salt -
46 nhsorbondyiypdephintive (6516 AS-90 pisrasp AiefeBshit L,
t%zs.é&qg'(%?}igwﬁﬁ@(ﬁgﬁgf ﬁ@ﬁ)’)@ﬁ%{ @ggié'tiligéﬂramine, and the compounds

disclosed in W(001/04118, the disclosure of which is hereby incorporated by reference.
Suitable antihistamines (also referred to as Hj-receptor antagonists) include any
one or more of the numerous antagonists known which inhibit H;-receptors, and are safe
for human use. All are reversible, competitive inhibitors of the interaction of histamine
with H;-receptors. The majority of these inhibitors, mostly first generation antagonists,
are characterized, based on their core structures, as ethanolamines, ethylenediamines, and
alkylamines. In addition, other first generation antihistamines include those which can be
characterized as based on piperizine and phenothiazines. Second generation antagonists,
which are non-sedating, have a similar structure-activity relationship in that they retain the
core ethylene group (the alkylamines) or mimic a tertiary amine group with piperizine or

piperidine. Exemplary antagonists are as follows:
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10 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,
WOKHGPNETe (e.g. as the bromide) and tiotropium (e.g. as the*bronsagej/ 006810
(CAS-139404-48-1). Also of interest are: methantheline (CAS-53-46-3),

propamhelinmkadremisn (fis: Badde Xl AHUsOlORING M iRphbroRdesiine
Valpin 50 (CAS-.80-50-2), clidinium bromide (Quarzan, CAS-3485-62-9),
hydsaSHidte TRbBME Y8R 5pamide iodide (CAS-71-81-8), mepenzolate
bromisigy{bhé&lipatesst 51808 hnlitidifeckfibdnchlonda (Pathilofielennamine
.CAS-4310-35-4), and hexocyclium methylsulfate (Tral, CAS-115-63- 9).
AR also cyclopentolate hydrochloride (CAS-5870-29-1), tropicamide
(CASATIBN8+iihe20ck)otpinamnapkienhd ity shitchiotide ¢EABIdad «hlt;6hd
a j{,endzﬁaéoine (CAS-29868-97-1), telenzepine (CAS-80880-90-9), AF-DX
flg, or methoctramine, and the compounds disclosed in W0O01/04118,
the dRiploetireofiwhichysoiéByinbonysretauibyatefersheme Sifilabyelizine

la%@mﬂ%s[@%gﬁ@@gggggﬁéﬁ1-receptor antagonists) include any

one or more of the numerous antagonists known which inhibit
H1-rédepidicuntistreisale loprebastintdiCdsioranding peiierdgptarbocthoxy
b REBRETHAE RIS Al RS JMBRAFIAN ALRIEHING Wil gRaaRIAS RN

majority of these inhibitors, mostly first generation antagonists, are
agKBBte¥ed, based on their core structures, as ethanolarnines,

ethylepediamingaaioadeyiarsinasthie BdiiepoetheidistoenrIAHAN be used
~antihistamines include those which can be characterized as based on

I AR ALORNE B RRR AN 8L S AREHY Yhneration antagonists, 30 which
are ngrasgfladiofpbRYedBiliRtsielwehadtivitaiatins hipl ivtiatiey

reainfhe core slyiene groun (thg alylamines) or (i tetiary amine
group With piperizine dr- Opfé)%r’i b EXEipaRy AAgoNsIE b R foNews:
c@APARATbAARH 2 P(PhAdSREO6460P 316 pEiblanelamnisudsite or stereoisomer
tr}%?%?{”a%aa@'“ wﬁ‘s‘(’f]‘f':%?ﬁ?'lﬁ'@%ﬂ?é&i?r? “err?r?vrg‘&%gg k%%%{‘ Ay AmING on wherein
yarochnioriae, an imen rinate. et ylene lamines: pyrilamine
tiemdettesttnpid énfiamasent @hramdiripetdnmemihe coitiatetcb il ks/fanfmes:
d@ﬂ%&’ﬂ?&'{?{? bty o %Eﬁg}?f%?r%aﬁ inepaleate éﬁ'gr-i‘.%%o%c%?%'ﬂ? -
iperazines: hydroXyzine , Hydrox zme%amoa e, tyclizine )
doyelizitfecarbothioic acid S-fluoromethy! ester or 6¢,9a-difluoro-11-hydroxy-16a-
methyl-3-oxo-17o-propionyloxy- androsta-1,4-diene-17p-carbothioic acid §-(2-oxo-
tetrahydro-furan-3S-yl) ester.

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

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

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

thereof and an antihistamine.
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lactate, meclizine HCI, and cetirizine HCI. Piperidines: Astemizole,

levocabastine HCI, loratadine or its descarboethoxy 10 analogue, and

terfenadine and fexofenadine hydrochloride or another pharmaceutically-

w@eogeptable salt. Azelastine hydrochloride is yet another H, reo@pter0s/600810

antagonist which may be used in combination with a compound of the

inventigaidvsanoples opratriad antitistampioes nshideiatbapyrilenea

and Ior%t gﬁye. 5The inylention thus provides ln a furthe{ aspect, a .
cImRouRdo Ebﬂlﬂga R Wﬁ%ﬁﬁal f%c[;ﬁ%:‘\g ‘(31 agro soivate or sfercoisomer
ipharmagshticalll-aeDaptakiieRaltand salvatecatestdieoisomer thereof and a

corticxP teroid..In Qgrticular., the.inv?nH'on rovides a ompination wherein
1nve 08 l%ﬁRI‘OVldGS ina er aspect. a com {ﬂa 10 COIMPTIISin .
the corticosteroid is Icasong propionate or wherein the corticosterord is

cGa@ad 6itmauly 6 (2 -Ffutemylasnbonllly-acceptable salt or solvate or stereoisomer

RS ROV MaR:Maus R ANt elfbelichla.

ene-I7t3-carbothioic acid S-fluoromethyl ester or
6a,9aldifisestr Ikg=hy vl sryriGeativrstHik SoRe “Irenprspiah gfdieymula (1)”
ARdiesta AR S Y ABEARPINIOE RGIL Skt QndRIERNYRsY individually

Iran-3S-yl) ester. The invention thus provides, in a further aspect, a

disstasnf sABIR QB prisigPaLSmpound of formula (1) or a
pharmacsiiinailyRe¢RRIARIE SALQINEIERE SIIRVISRANES eantbsreatily

and a PDE4 inhibitor. The invention thus provides, in a further aspect, a

. ; P
CEBRIR &ﬂ@ﬁl&é[ﬁqaﬁ g%cgnwﬁ{wrfa rﬂ;m&am}&lnaaceutlcaily-acceptabla

sRparRacaYiicaliRccrMable salhanhsalyatairsieIreisempitioerealand
an antbcholinergic agent. The invention thus provides, in a further aspect,
dgseHPsHiANSh comprising a 30 compound of formula (1) or a

pharnaedutizaliysbcoeptaints sdlhersobviateionstdhoisymeiotherebé and

n antihistamine, 25 WO 20051070872 PCT/t7S20051000810 The ...

OB e s A A e sl e lal ecifoon. The
indivipoaircopdondiiayl porduphiarsics Utic sty aote Jiabl eisaltorsoinie

s2p s:gi%%mcs(g)nrp i éh%raer%‘ag%gg QFFO%%&EIBEﬁﬁm)?#%EGa&%& of known
C%EI”{ICOS eroiq. eplnventlon thus provmfes, n ur e_r aspect, a
therapsiniticas o mplsimgadily eppigoaind f faessualipdon ghe art. Methods of

Rharmacewicall:acsenialie saltonsovateRLsiera e aluihgieLlompounds

together with an anticholinergic agent and a corticosteroid. )
of such combinations either sequentially or simultaneously in separate or combined

pharmacentical 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, the
method comprising administering to the mammal a therapeutically effective amount of a
combination of a compound of formula (I) or a pharmaceutically-acceptable salt or
solvate or stereoisomer thereof and one or more other therapeutic agents.

Since compounds of the invention are ; adrenergic receptor agonists, such
compounds are also useful as research tools for investigating or studying biological
systems or samples having 3, adrenergic receptors, or for discovering new B, adrenergic
receptor agonists. Moreover, since compounds of the invention exhibit selectivity for 5,
adrenergic receptors as compared with binding and functional activity at receptors of

other B adrenergic subtypes, such compounds are also useful for studying the effects of
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As used in the above combinations, the term, "a compound of formula (1)"
includes a compound of formula (Il) and preferred groups thereof, and any
individually disclosed compound or compounds. 10 Accordingly, the

wpbasmasentical compositions of the invention can optionallyaoospris@oesio
combinations of a compound of formula (1) or a

saharasshticAly mcerniakie rééémwm%ﬁ)mg%ﬁgwm@%ﬁowf}h |
vidua

one or more other therapeutic agents, as_described above. The indi .
SHERIS MBSO SretenmbiambhBasTE S Rdemfsamase R SR Hsuiaigyed in
sagPaaiaAlormyipied ioasthesdnf s NgIs HharRAL eRLCRLGRMRE P ical

The individual compounds may be administered either sequentially or
SYIFDR AR EBURISS Hiklafone oh eBiEHBEI RaPHERE R AIMOIEA (Rafiis collular
5  eARRIOYIAIBCAERS QLK) MW IRERPRAUNIGASRINT th Re FRe s, guinea pigs,
preciated by those skilled in the art. Methods of treatment of the

a
rAHAHASRS thEre it ARG X ministration of the individual compounds 20

of suchembtantipnsethamsaduenifiiyngraspydianegusiydep se pacateaofed
combined pharmaceutical formulations. Thus, accordingto a further

Al B ARG ARG DB B ERED! Of R ESTIRY WAL A& YT WSRAifBR

HESQC ARSIt (B2 ROUeRAERiG REePIGT A i MAmEmainthRatisaethod
comprising administering to the mammal a therapeutically effective

10 iR SBHEBRABIrSRiO T DY CURTBE GRS GRRTCY Brgfional essays, for

eRhppRacestiealyraccaptabiasal darsebattmessinitaispriendassat and
one Qr more other therapeutic agents. Since compounds of the invention

TROPRIRIREHEE LSt SS MO TRERY T BT HA AP S KrsditingEee
réesfarchdeiols famavesiiatingponsiushing hielagiaahisygituit onsaniiolas
Favi R2 a reneg%ié:g @Btors, or Lor ' covering new I3t2tadrene ic 30 d
a@&é@ PRGBS FASYeover "aEL B mpoinds SPIE AVE Ao exnibit™™® ¢
15  aseteeitvitydels (BdBcsendigicere ¢epiotaasicompatiedywiiisiojnbkrigvamdon also
fupctional activity at receptors of .other (3 adrenefgic subtypes, such
SR AT B SRS o P g B R e S B s (g he
apPRpHATRC8TY ) G U8 20054000810 1kt ve sigotfgtestt(dD adrénef gitrest.
receptors in a biological system or sample. Any suitable biological system
or sample having R2 adrenergic receptors may be employed in such
studieBhw bl wingyrive-tontioe edephsnivsitas ortiresivatiRephesesnaival
20 &L%?ﬂiﬁ%s%ﬁ?f‘e’ﬂ?v%ﬁﬁlm918&&%%{&%&&9&%&%@?&%%%?HF Mactive

not limited to, cells, cellular
compounds of the present invention can be found in Remington: The Science and Practice

of Pharmacy, 20th Edition, Lippincott Williams & Wilkins, Philadelphia, PA, 2000.
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5 extracts, plasma membranes, tissue samples, manunals (such as mice,
rats, guinea pigs, rabbits, dogs, pigs, etc.) and the like. A biological
system or sample comprising a (32 adrenergic receptor is contacted with
wa¥R/1Badrenergic receptor-agonizing amount of a compourcrofstees/000816
invention. The effects of agonizing the 02 adrenergic receptor are
determined using conventionalidhprecRaueannd gquipment, such as
radioligand binding assays and functional assays, for example the asI':,ay
for lighHd FHEBRATd “éﬁé??@é‘éeiH"Frﬂ?%?é@ﬂﬂ&P&Efﬁ?%ﬂi%‘h‘é?sﬁ’n’?épmacw“Ca
conpRepidasphata AMR)deseifadhat@umndoastals eftosimilar nature. A
(32 adrenergic receptor-agonizing amount of.a c r§{)oundbféft t%g igvention
will typically PAFGEHSm about 1 nanomolar t& &80t 10000 hanGrIar.
When compggtril\gs:g%f ntlhgui]qxention are used 15 as r?search tools for
discovering Eaec\%Ze argrg er ic receptor agonists, t@gginvention also
includes, asjﬁggn%rsgimes egrgggments, 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
n|ustr§/fée FOBYEJBRREIGRI RIS TR CE ARAATSB- s B RS AR aREe
Additional suitable carriers for formulations of the active compounds of
the present invention can be foé L3 he Science and
Practice, of Pharmacy, 20th Edition, Lippincott Williams & Wilki .
Phlad ST SRS NS SOATOY ol 72 ISP R aceutica
crppeilEIoRTE NS TR RA et sl RE S B raiRitation of a
representative pharmaceutical composition for oral administration of a
compound dhthiglieeention: Ingredients Quanfibapey tadslediénGhed

A~tin

&

SHVELS

EnA ERdb

"""""""" ACthe----
Compound Ataetddepppunast-dried 148 Magnesium ktearate 2
---------------- Gormstareh - 30 10 The above

ingredients dretwiged and introduced into a hard-shéftgelatin capsule.
Formulation MagmaplersstEaiaiexample illustrates the preparation of another
representative-pharmaceutical--compositiorn for-orat-administratiorrof a
compauadieivthissiddamtione mixed intimately and pressed into single scored tablets.

Formulation Example C

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

An oral suspension is prepared having the following composition.

Ingredients

Active Compound 3mg
Fumaric acid 05g
Sodium chloride 20¢g
Methyl paraben 01g
Granulated sugar 255 ¢
Sorbitol (70% sclution) 12.85g
Veegum K (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilied water ¢.s.t0 100 mlL
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15 Ingredients Quantity per tablet, (mg)
------------------------------------------------------------------------ Active Compound
1 Cornstarch 50 20 Lactose 145 Magnesium stearate 5

R R a3 Thecalammes/000810
ingredients are mixed intimately and pressed into single scored tablets.
25 Formulation Example C Thliexanqp,le iIIustratES the preparation of a
representative pharmaceutical i dministration of a
compbuis¢ehls ilveraierihaRTeraraligspeisisAr ispteb e eHFRoIeY

chatiowitoncempisitoncolngresierittddnvention.
“-= AT TijEcTAblE preparation buffered o a pI of 415 prépalMeHrATIPRR TS Bwing
%E‘(PJ Fumarlc acid 0. gg Sodium chloride 2.0 g Methyl paraben 0.1 g 35
BATIRRY sugar 25.5 g Sorbitol (70% solution) 12.85 g Veegum K

(Vanderbilt %1%) ch .0 g Flavoring 0.035 mL Colorings 0.5 mg 40 Distilled
water g.s. to

28 W0,
20051070878 3 DR D00 s ERBH PG ample D Ffis gxample

illustrates th%@{ H@fatlon of a representative pharmaceutigal gagpposition
containing agQ isi{pyention. An injectable preRarglion mi
buffered to a pH 0 4 IS Dreoare having the following

Formulation Example E

k]

This example illustrates the preparation of a representative pharifiaceutical
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 1s then diluted with 200 mlL of
an intravenous fluid that is compatible with the active compound. Such fluids are chosen
from 5% dextrose solution, 0.9% sodium chloride, or a mixture of 5% dextrose and 0.9%
sodium chloride. Other examples are lactated Ringer's injection, lactated Ringer's plus
5% dextrose injection, Normosol-M and 5% dextrose, Isolyte E, and acylated Ringer's

injection.
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5 composition: Ingredients

Compound 0.1 mg 10 Sodium Acetate Buffer Solution (0.4 M) 2.0 mL HCI

wdMdpsos pH 4 Water (distilled, sterile) g.s. to 20 mL PCT/ES2005/000810

Formulation Example E This exampigidastiaias e preparation of a
representativ Bi)ha\rmaceutlcal composition for injection of a compound of

this inVEHTEHPRAeAUSHR R PEEA IS hRRFEP I YRR B8R GF
cortpuilpHeRIRE teplemappfichi cempaunsbahdnis inantieniddefore use, the
solution is then diluted with 200 mL of 20 an intravenous fluid that is
compatible WRIFHE S ctive compound. Such fluids are choS&n from 5%
dextrose so}y on, 0.9% sodium chloride, or a mixture of 5% dﬁ(trose and
0.9% SOdI c rlalé’ Other examples are lactated Ring rs Injection,
lactated Rl ers s 5% dextrose injection, Normosol-M,and 5%

dextrose, Is d acylated Ringer's injection. 25 29,WO
2005/0708 2 00510008 10 Formulation Example F This
example ill B{eparatlon of a representative phgymaceutical
composmo%{% égggé?pphcatlon of a compound of this igugntion.
Ingredients g@m&;uﬁylated hydroxy anisole) 0.01
"""""""""""""""""""""""""""""""""""""""""" qs: geqt@()e

Methy] lPaﬁEe zg)o Ve mgredlents except water, are combined and heated to 60°C with

stirring. A sufficient quantity of water at 60°C is then added with vigorous stirring to
emulsify the ingredients, and water then added g.s. 100 g.

Formulation Example G

This example illustrates the preparation of a representative pharmaceutical
composition containing a compound of the invention.

An agueous aerosol formulation for use in a nebulizer is prepared by dissolving
0.1 mg of a pharmaceutical salt of active compound in a 0.9 % sodium chloride solution
acidified with citric acid. The mixture is stirred and sonicated until the active salt is
dissolved. The pH of the solution is adjusted to a value in the range of from 3 to 8 by the
slow addition of NaOH.
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Propyl paraben 0.05 BHA (butylated hydroxy anisole) 0.01 Water g.s. to
S S — All of

the above ingredients, except water, are combined and heated to 60C

woMibhs/tigging. A sufficient quantity of water at 60C is then addadigitihs/ecosie

vigorous stirring to emulsify the ingredients, and water then added g.s.

100 g. 20 Formulation Example: G ThisiexaRpis,lystrates the preparation
of a representative pharmaceutical composition containing a compound.

of thelwivenamnlcalusiues s Resouaiif o mesdas TR MR ARpRINE 2
Hiarad Pikdiscalingid)- g pfaiphainaceuiical salt of active

compound in a 0.9 % sodjum chloride solution 25 acidified with citric acid,
The riie rakiion e s T the BRRASEP R LHETRRRHO T Hev ne
tHeHoPbba Saiptianissadjusted to a value in the range of from 3 to 8 by the
slow addition of NaOH. 30 WO 2005/070872 PCT/US2005/000820
Formmgffﬁlheﬁﬁample H This example illustrates the preparation of a dry
powdeér formulation containing a compound of the invg?{f\ti n.for use in
[

it e \%ﬁfha

|nhalafglg)ar1]rg%g{llgcgd?s. Gelatin inhalation cartridges ape;

salt of ach

pharrggggggcaf composition %ea(i/(frl}]émgq e following %gredients:
Ingredients

o . e e e g,

h tical salf of active compound is micronized prior 16 blénding with
mg/c%?cfgé‘rglﬁ%?‘rlnlaceutlcal salt of active compound O.2p10 Lactose 2%

lactose--The-contents of the cartridges._are administered nsing a powder inbaler.. The

pharmaceutical salt of active compound is micronized prior to blending
with lactose. The contents of the cartridges are administered using a
powder inhaler. 15 Formulationtesarksien Exgnglainple illustrates the

prepagHop of 318 MRS iHOpRYIREGM AT @RI RBWAler 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.

Formulation Example ]

This example illustrates the preparation of a formulation containing a compound
of the invention for use in a metered dose inhaler.

A suspension containing 5 % pharmaceutical sait of active compound, 0.5 %
lecithin, and 0.5 % trehalose is prepared by dispersing 5 g of active compound as
micronized particles with mean size less than 10 pum in a colloidal solution formed from
0.5 g of trehalose and 0.5 g of lecithin dissolved in 100 mL of demineralized water. The
suspension is spray dried and the resulting material is micronized to particles having a
mean diameter less than 1.5 um. The particles are loaded into canisters with pressurized

1,1.1,2-tetrafluoroethane.
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35

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
wpaokedito a dry 20 powder inhalation device capable of delivesmags/ooes1e
between about 10 pg and about 100 pg of active drug ingredient per
dose. Formulation Example J his,axainwielikisitates the preparation of a
formulation containing a compound 25 of the invention for use in a
metedip gsammhiliesiraics (pBRBRAUCBMATRG S B5ph Pt AR g SPERP
o ABHVEeAMRAUNE: 0D Y erithids@nghfler. % trehalose is prepared by
dispersing 5 g of active compound as micranized particles with eag Si%g/
less thaHPEBIRiRCH HONBR Al SBIHTBABINRISHOR 65 G BMPERAGEY dnd "
1c0ifhig Rijagitaio shssepeashin IH0DTicHt desmiperalizadniabtedzdhealRles with

suspension is spray dried and.the resulting material.is micropized tq .
mgapRFEdRBIY L %gha&%{}ﬁ@féqu’ggé[ﬁﬁmé&ﬁ? R i 200 mL
ofQrdeskiatp bwistersinithupsassoni zegriylid < tetrafle cradtihgneat@taO

2005/070872 PCT/US2005/000810 Formulation Example K Thjs example
R A BT APRBR L PEb A RSl i 2 o B SR ed
infventiaerferitiseréssarineliered dose irthplefludsuspension containing 5 %

pharmaceutical salt of active compound and 0.1 % 5 lecithin is prepared

by dispersing 10 g of active compound as micronized particles with mean

Size |@dsidlanl i Epys in a solution formed from 0.2 g of lecithin dissolved in

200 i, O JETINGAIRT WAlkkoING SURRPARIN IS ARAN HEd AN g,

resulting fhaterial is micronized to particles having a mean diameter less
eghalnt bidlpgical haipdyticlé srans¢bd detmieds daimsterenivithp abikbridey
St S SR AL RIANAREe A 0-BIOOGIFRl ASSAYSTE aganist potency,

compounds of this invention, and their pharmaceutically-acceptable salts,
apgtitbitnsio logividy eaibitgemensiratebetingdremedidabelosinee sarhisaiapitigtrated

ug{n% Oqggp%g&qgapﬂtgi RAtQ e 32,adrenergic receptor, as well as its
18 o !

selectivity, agonist potency, 15 and intrinsic activity can be demonstrated
using Tests A-B below, or can be demonstrated

Abbreviations
S%Eff % efficacy
ATCC American Type Culture Collection
BSA Bovine Serum Albumin
cAMP Adenosine 3°:5’-cychic monophosphate
DMEM Dulbecco’s Modified Eagle’s Medium
DMSO Dimethyl sulfoxide
EDTA Ethylenediaminetetraacetic acid
Emax maximal efficacy
FBS Fetal bovine serum
Gly Glycine
HEK-293 Human embryonic kidney - 293
PBS Phosphate buffered saline
pm rotations per minute
Tris Tris(hydroxymethyljaminomethane

Membrane Preparation From Cells Expressing Human
By or B2 Adrenergic Receptors

HEK-293 derived cell lines stably expressing cloned human §; or B, adrenergic
receptors, respectively, were grown to near confluency in DMEM with 10% dialyzed FBS
in the presence of 500 pg/mL Geneticin. The cell monolayer was lifted with Versene
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using other tests that are known in the art. Abbreviations %Eff % efficacy
20 ATCC American Type Culture Collection BSA Bovine Serum Albumin
cAMP Adenosine 3":5'-cyclic monophosphate DMEM Dulbecco's Modified
wieagigsktedium DMSO Dimethyl sulfoxide 25 EDTA PCT/US2005/000810
Ethylenediaminetetraacetic acid Emax maximal efficacy FBS Fetal bovine

1 Sefbin 0B ly/Ghvsing B3 93 hpunan fmpeyorinikiderype29ad 8) REBfugation

Phosd)hate buffered saline rpm rotations per minute Tris
a7 QR BP Ah EE TP et ARE (AR DD Ar 8 G RIS SifEe
plesRIeEBNG:HMNAF 3Rt AdreralgicvRec epinie K12 93 dbriffecl(10

ILJin a essing clo an (31 2 adrenergic . _
L AL Core A e emter b e ookl Taplets
wiialy zed EBBAIhpikre prebencerdRs0begianl GépietitinRétie dddllenanolayer

was lifted, with, Versene 32.WQ 2005/070872 PCT/ [
BB o LB R P D] TS B el U IR D iy
hosmigiigatidf sabie§0ennom Tandaetigsalimsvacrentitiverd i RH000 28 Hie

- r ¢ I [ ' Ear i

B B B ARRlIoR v, The

fionkpdister of roampiées iproesazany il (ol rHblets With!2-rmM
TAT BT DT @5@@?&@8%@1’%@%@%@59 & B@%&M@ﬁ&éﬁ%ensim was

ilochemicals, Indianapolis, IN)) and homogenized using a tight-fitting
dpsemmicegradhe RistiogehBed for showéayidiide ArmbficthByshatdsiias 976,

epiifugrdrimf00a drdristvasyasies quewith lysis buffer by
resuspension and centrifugation as above. The final pellet was

resuspended in membrane buffer (75 r’r%MtTﬂs/HCI pH 7.4, 12.5mM
st

Radioligand Binding Assay on Human
B and B; Adrenergic Receptors

Binding assays were performed in 96-well microtiter plates in a total assay volume
of 100 pl with 5 pg membrane protein for membranes containing the human ,
adrenergic receptor, or 2.5 pg membrane protein for membranes containing the human §,
adrenergic receptor in assay buffer (75 mM Tris/HCl pH 7.4 @ 25°C, 12.5 mM MgCly,
1 mM EDTA, 0.2% BSA). Saturation binding studies for determination of K, values of
the radioligand were done using {*H}dihydroalprenolol (NET-720, 160 Ci/mmol,
PerkinFlmer Life Sciences Inc., Boston, MA) at 10 different concentrations ranging from
0.01 nM — 200 nM. Displacement assays for determination of pK; values of compounds
were done with ["’H]dihydroalprenolol at 1 nM and 10 different concentrations of
compound ranging from 40 pM - 10 uM. Compounds were dissolved to a concentration
of 10 mM in dissolving buffer (25 mM Gly-HCl pH 3.0 with 50% DMSO), then diluted to
1 mM in 50 mM Gly-HCI pH 3.0, and from there serially diluted into assay buffer. Non-
specific binding was determined in the presence of 10 uM unlabeled alprenolol. Assays
were incubated for 90 minutes at room temperature, binding reactions were terminated by
rapid filtration over GF/B glass fiber filter plates (Packard BioScience Co., Menden, CT)
presoaked in 0.3% polyethyleneimine. Filter plates were washed three times with

filtration buffer (75 mM Tris/HCI pH 7.4 @ 4°C, 12.5 mM MgCl;, 1 mM EDTA) to
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10 MgC12, 1 mM EDTA @ 25C). Protein concentration of the membrane
suspension was determined by the method of Bradford (Bradford MM.,
Analytical Biochemistry, 1976, 72, 248-54). Membranes were stored
wdmzenisaliquots at -80C. Test A 15 Radioligand Binding ASSEYOM0S/006810
Human 01 and (32 Adrenergic Receptors Binding assays were performed

relic¥6 Wl iGKRtaE Al PInG 10t a88a)suqluMeicRfsRR- Bl-1ilfa Scadillation

membranelzg?g)teln for membranes contalnlngg the human Q2 adrenergic

Ay dptrrdPrSudeprridmbAsa bl {575 A ﬂ%rﬁ%&‘%&%féﬁmﬁﬁ‘tﬂ‘@d na
Pelwmm&&&aﬁq&m&iﬁm@mte@datmymmi&E&fmw ﬂfﬂsiM&iqahl T8

5C, 12.5 mM 12, 1 mM EDTA, 0. 2%
SR ATl e
Séﬁiﬂ]ﬂ&pﬁd@g@@ﬂ@l@i&lﬁ:ﬁ%ﬁfh, 100, Sain'lln@gp, E?e‘rklmﬁimee BifeuStiencesdel
Inc., Boston A at.10 different concentra r\%i< v%i!fofnr 0.01n CI\/hc

foﬁBBE'Me Bmiyg’lageor%en %%‘éaysn?lor[au%‘r?ﬁilsna on 0 values ofn spect
biedinpeuddedhmwadie deneadticdSifl]di hmmpipnelmdldl(atfélmwﬁammﬁounds
dlﬁer entrgtions ompound o
€ ca?cu‘iz& rom (%serv 8 fI Ues an r?P:g%%? adxéﬁgsanﬂl using the

Sivipouinds were dissoived-to & conce Ing
Cberi@?x(%ﬂ’m;{lu@iyd-{Ch@ig 3 mmws&pmm Red rarctloghd 1973,

220 MGy fdégﬁ %%giﬁfegg t@af MQ&M&%{@&%@&%%R%&H

on-'spécific ete |ne e presence of 10 pM unlabeled
Kdhodhofa). A@@@B&Wéwlmbaw&mmtmm@msamrﬂmmmﬁ@r&ture

%nd%?crregg Hl'ac ;:Ceilrg e égmn ted bpé f””%“%'t[g’ & ol I?»Q!ﬁ??efé@ﬁhty

ates cience esoakéd in 0.3

gpolyetwyieheinife. Filter plates were Washed three times with flltrat|on
buffer (75 mM Tris/HCI pH 7.4 @ 4C, 12.5 mM MgCI2, 1 mM EDTA) to 33
WO 20051070872 PCTIUS20051000840., igmove unbound radioactivity.

~ Plates were dried, 50 L Microscint-20 liquid scintillation fluid (Packard
BioScience CaYhvleriglire ADTE Washadakechasayplttil velldddtinted in a
Packafetopmeusbli§uid esing HiomaduidrmaciatarBosdrencecer:
Meriden, CT). Bindinguthfs wdrenssepjendispprstivebar regression
analysis with the GraphPad Prism 5 Software package (GraphPad
SoftwarHER Q9 Sen Diegaatihpsiagripeldpaiamatep modetriir eepsite

SRANG o ETGRHLR TV e oh RPN ROt RIS rpMEM
seppPeiEswith 10% FBS and 500 pg/mL Geneticin. A HEK-293 cell line stably
expressing cloned human f,-adrenoceptor (clone H24.14) was grown in the same medium
to full confluency. A CHO-K1 cell line stably expressing cloned human f3;-adrenoceptor
was grown to about 70%-90% confluency in Ham’s F-12 medium supplemented with
10% FBS and with 800 pg/mlL Geneticin added to every fifth passage. The day before the
assay, cultures were switched to the same growth-media without antibiotics.

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

On the day of the assay, cells were rinsed once with PBS, lifted with Versene
1:5,000 (0.2 ¢/L. EDTA in PBS) and counted. Cells were pelleted by centrifugation at
1,000 rpm and resuspended in stimulation buffer prewarmed to 37°C. For cells expressing
the By-adrenoceptor, 10 nM ICI 118,551 were added to the stimulation buffer, and cells
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were calculated from observed ICso values and the 1Q value of the
radioligand using the Cheng-Prusoff equation (Chong Y, and Prusoff
WH., Biochemical Pharmacology, 1973, 10 22, 23, 3099-108). The
waegepossubtype selectivity was calculated as the ratio of kCHE3ERHI(O2F10
Compounds of the invention demonstrated greater binding at the 02

wadigharaic 18eg iRk ihan Aithe.iid AdeqReiaic fReERIRed @atfsHs B 30,000,
K1((32) with selectivity greater than about 30. 15 Test B Whole-cell CAMP

0698 At Mk erlls (AN s i dEraRsRBISo Haf PERETERSTRI Rt o /-
adﬁﬂ%ﬁ@%@g@i@fﬁﬁﬁmmQﬁ.@@&ﬂ%@@o@&vﬁfﬂfW@ﬂtﬁoﬁ@ﬁﬂ&ﬁb@&nﬁ?ﬁmn
- cell line st ressin n m enerqi
o LB 1SR Sy bV SR OOt ol Eot gLy i there
seFi ummwsm@pbmﬂvs suyTevidOlqdnith @245 ERS. AmshEB:CL,, |
%{BE K 293 ell |In? Stt?lb|1¥ LXpressing,c ftg,ed ft]uman
m% re?nocep clone ’I’-?i'ﬂ SOFov e%s’aga T

Was grown'in me medium to full
cmaihnm A@H@ﬂéhd@]lﬂtﬂe{sﬁabmmng whoned ihamedror 10 min at

enoce or2 was oabo 0%- 900/ nflyency in Ha
3 7Q% aﬁﬁ)m t’ipp ethoéln 1&%8? ii—é SH WI?%Ogthr%yf eesnee |C|h
mﬁﬁldﬁfﬂb@v&\/ﬂlghflﬁﬁ’ﬂﬁﬁmgﬁuﬁﬂ&é dlaypdbeforaitheg zass@ppcmmﬂfestmauen

comnt g]:‘ o c]]() ith r%’“%ﬁge \@@oﬁlantlblot{ S[hm?s ¥ per mL

were er ormed in & radisimmunoassay format using the
oﬂdmﬁ:ynhyh@yc@sda@h@&@dmmswﬁystéscmﬂ fDZS’nECSMMﬁWNEd\PAI\/LP

sti 04, REKIBEI e &5@%&&&@99%@%&@] 25190 A Aca0sding to

e manufacturers Instructions. On the day of the assay, cells were rinsed

ngieawiteRSRN ety skt elseHephing @0 10 2w EpIskirEP S Syritad
SERHIEANL %@Vﬁéﬁooﬁﬁf%gi@% HERUIALRR Abati 900 PRbL AR dose-response

resuspended in stimulation buffer prewarmed to 37C. For cells expressing

. (Wb sigpeattenHSE PSP AORINE (057¢ PRI cd Sf Hiae¥ptesthe stimulation

bmfe@&%?oﬁﬁ&@ %hWQv%QQéJ—Q&Q&?%ﬁ&BH@%QQ@W% M%@nergxc

incub for 10 min at 37C. Cells were used at final concentrations of

regERbEan his 08BYaAT Sl L BNP FlvelY 1Bt e aisr shire A ol ddition, the
cARFANEBNCSER RN AN 1RR B3 ANENRGERIALENNIQRSIPHABEP, receptor as

respectively. Compounds were dissolved to a concentration of 10 mM in

compger widnfenriieeriG il i Ho P oraRy-reeanyss by, RisicHEm apepaunds of
t%%ﬂ%@waqd%eﬁéé@ﬁc?o'fﬁf,%é%(mwﬁél bHGk RlE Tith BRRE1 (.28 MM

ECs0(B3VECso(B,) ratios of greater than about 50.

Test C

Whole-cell cAMP Flashplate Assay With a Lung Epithelial Cell Line
Endogenously Expressing Human [3; Adrenergic Receptor

For the determination of agonist potencies and efficacies (intrinsic activities) in a
cell line expressing endogenous levels of f; adrenergic receptor, a human hung epithelial
cell line (BEAS-2B) was used (ATCC CRL-9609, American Type Culture Collection,
Manassas, VA) (January B, et al., British Journal of Pharmacology, 1998, 123, 4, 701-
11). Cells were grown to 75-90% confluency in complete, serum-free medium (LHC-9
MEDIUM containing Epinephrine and Retinoic Acid, cat # 181-500, Biosource
International, Camarillo, CA). The day before the assay, medium was switched to LHC-8

(No epinephrine or retinoic acid, cat # 141-500, Biosource International, Camarillo, CA).
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mM EDTA, 0.2% BSA). Compounds were tested in the assay at 1 |
different concentrations, ranging from 10 M to 9.5 pM. Reactions were
incubated for 10 min at 37C and stopped by addition of 100 | ice-cold
wodmieatiosy buffer. Plates were sealed, incubated over nightPAITAG 240000810
counted the next morning in a topcount scintillation 10 counter (Packard

BioSgiguge, &%ﬁy? Mf%@%gfgo@?%d mﬁmm@@mb &E?Qu%%@w}:l‘dshpfatc
reaction was calculate ase 1ont e COL]QIS opserved. for.the S
A AP S A A SRS T the oS ALY SV e Elmer
LiRataiwiese mpalzednhyi Annlioeaing gressinmanalysissmithrtee GsaphPad
Pri sin Software package (GraphPad Softwar .~oan Diego, CA
il i A L NS s R
B AGOrEs, potenciesdyErdl expre pstckashyE €80 fugities. *C bATSopndandf

O Y A U B oo

resuspended 1n stimulatl
In tis assay, as eviaence an out 9. In

calidditidn Ctils wompadrds festeuemionisnatease iy Mellitclsmaray-
ng?]l %g&%&t&lé?e RRJAEEPIFL AT HEAMRRSEAMIENIWAGHANaL RELY HY AL 1S (Bm

receptors. In particular, compounds of 20 the invention

Giie Hiohett 6 ECES DYECh 8tea 2 iebio df eidare? dmaM SBsi Gl Ent0: and

bt PUCERARERR RS of sheriqy iham ahaulibf piiest @ \Welerealinm
CAMP Flash;p ate Assay With'a Lung Epithelial Cell Line 25

IV TESré%sBRyPruman N2 Adrenergic Receptor For the
deterpipalinnRfagenisi-aotancies4nd afficaeient(totiasifacHyiHagiip fom
cell line expressing endogenous levels of (32 adrenergic reC(éptor, a

19uMdn 1075 & Mweimal wenanse \BEALeomyHLHE eyt cicR Y600,

1DPGHENA I TRER fosiwrer-Salasiien foMENASSas 3 V) Ldendppy Boyeiddition of
British Journal of Pharmacology, 1998, 123, 4, 701 30 11). Cells were

19Pair e - duortioarmibncd aice Srrisistalede firnbaisd aeiiaRt i cgnd
HMERIIM contairngERNePIING angiiiainoinAtial (Paiitird8hidtnce Co.,
Biosource International, Camarillo, CA). The day before the ass

MBI Whd BeAmAEH B FAMLPdBcahReE SRHRE PN BRS SaI" igd pased
o4le 200ntBivsetcerintarmpiioaal Qavitasiing £dy). a3 BA40b20@5(87 0872

PC%USZO’OS-/OOOSJ'O ¢ N%th) assaﬁ%% VYZ%Eﬁ) er(l;gkmgag rin’?' sion analysis with the
R O REE IS n P BT GAR A [ﬁ dle Adenyiy cyclase™
GhaphvidibPridiastyiSystenriuih ((25hCANPIINES IS0 Ba0 DB KiiE Insarg the
4%%%5:&%%?%%@%1& BOSIOaMAY. 25EIING: IR 118 MBMACHE S ounds of the
instructions.

invention tested in this assay demonstrated pECsq values greater than about 8.

Compound efficacy (%E(ff) was calculated from the ratio of the observed Emax
(TOP of the fitted curve) and the maximal response obtained for 10uM isoproterenol and
was expressed as %Eff relative to isoproterenol. The compounds tested demonstrated a
%ELT greater than about 50.

Test D
Assay Of Bronchoprotection Against Acetylcholine-Induced Bronchospasm
In A Guinea Pig Model

Groups of 6 male guinea pigs (Duncan-Hartley (HsdPoc:DH) Harlan,

Madison, WI) weighing between 250 and 350 g were individually identified by cage

cards. Throughout the study animals were allowed access to food and water ad libitum.

36



10

i5

20

25

30

On the day of the assay, cells were rinsed with PBS, lifted by scraping
with 5mM 5 EDTA in PBS, and counted. Cells were pelleted by
centrifugation at 1,000 rpm and resuspended in stimulation buffer

wppevsarmed to 37C at a final concentration of 600,000 cell$ ¢S Deig0s10
were used at a final concentration of 30,000 cells f well in the assay.

Compesndmpsnaidisselvestiiosteeanaa ifaiionoafoler mMrmeissalwing

pbuffer (25 mM Gly-HC1 pH 3.0 with 50% SO), then djluted to,1 mM in
BN EHE P ST: SR S e R i Mty Bfon
cHathbmb/WerisddiG @ o tMa@n2Eehsd DebissivhugE a2 deivicD TG thdBadual
BSA). Compounds were tested jn the assay at 10 differe ncentragions,
cHBH b O L0 A o hracs e AL PRI

1(preisencexpdsibeid neogdintd reatot. Reaptitons WER)imubategforeiOominsad to

37C and sto ition. 0 ld.ice- i i
pierctfth Panpsd i AEl AROIGAED fhice ol eteationulfer flaics

aqueopeseintisnintiiegion Lo StreNebutrer A S entd To P ARERGEHTADTY.
ERSAML R MroAME.Lrodyced serlnatdarciQagas calculated based

on the counts observed for samples and cAMP standards, as described in

(GRS MRtk tsnddh mAAURI2 BRE e AiAPsed By Brimuproush the
ndB OSSR MANRANSImY iR 22 CaRbRad Risnbafiwaranagkagered

(GraphPad Software, the., San Diego, CA) using the 4-parameter model

aqEselg IETRIAT B B LS HER R R RIS SRIBE U o B SR s used

diRRNteRJRGIBEIN NS ABRAY slatleeshaieanECHOnvalue s gra ptarohian

about 8. Compound efficac ‘%%Eff as ulated from the ratio of the
RBSEHTEL Eho FRSP B itat RRAS an SIS Bty by

sponse
cobjainegferdisaptaibrenal asih2boite dleresdedias. YEff relative to
isoprqterenol. The compounds tested demonstrated. a %Eff. er than
ot PRI O Bioh e B b ey siyod vid ARG Ve
edtetydcholinewhdubedyBletshosgeiny i ASGUnéRaRiy7/belat 30sGdoeps
of 6 male quinea pi u -Hartl X . '
i e T B Rl LA
aperitistiTht oudirountrengsaulprdninssicnwékstaitnred héeaas)food and

X %E%&‘%HB'H%M& %WQ@%Q%AQ?&%?%? 8%@&%@9@%@@?&& was shaved
ompounds were administered via Inhalation over 10 minutes in a
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) to allow for intravenous
infusions of a 0.1 mg/mL solution of acetylcholine (Ach), (Sigma-Aldrich, St. Louis, MO)
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
additional intramuscular injections of the aforementioned anesthetic cocktail. The depth
of anesthesia was monitored and adjusted if the animal responded to pinching of its paw
or if the respiration rate was greater than 100 breaths/minute.

Once the cannulations were complete, the animal was placed 1nto a
plethysmograph (#PLY 3114, Buxco Electronics, Inc., Sharon, CT) and an esophageal
pressure cannula was inserted to measure pulmonary driving pressure (pressure). The
teflon tracheal tube was attached to the opening of the plethysmograph to allow the guinea

pig to breathe room air from outside the chamber. The chamber was then sealed. A
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whole-body exposure dosing chamber (R&S Molds, San Carlos, CA). The
dosing chambers were arranged so that an aerosol was simultaneously
delivered to 6 individual chambers from a central manifold. Following a 60
windgetselimation period and a 5 10 minute exposure to ridBilize P48
for injection (WFI), guinea pigs were exposed to an aerosol of test
heGAAYIaNRARE veliclent¥thin FHeP RApEPa0lS W thg guRkalpl i dis were

BRI PR APE A ORI B HrdLh 2l e
Rl Kosa O2ity, MYotanckN2 thal 486 )@t @ phessureadhalcpBapibagdshat
thflow thrlo gth tpe Elg Egb‘h'izeh at miﬁiggeraﬂng pressure was
gﬁﬁlrn&%lmh 3&/ Fiminute The generated aerosols were driven into the
chambers ibyposittvaiprddbet bagdbndilertiors aiexwad thsede duriag the
o.9eliygryof I%e}ri%égflé%%ggi%ﬁlqgg&p‘wmg the l:lag(ggunute nebulization,

approximately 1.8 m olution was nebulized. This was measured
0.grefilAg eindihyOppLavmisanndfor ecaintipsssthrabimarsonRargHes sfhgitiated.
Afﬂﬁggg %Q%Eﬁ%ezgﬁ&ﬁ%m eeffents el QUUBALALS and derivation

administered via inhalation were  evaluated using whole body
ofmatmpssiogripry Strtingshis progriniviigsrsthosintsssnepipiagd and data
coniRutes Atecialbe siadiehihe pulmRnas Q\akiatinmifashpluineAdligph

was anesthetized with an intramuscular injection of ketamine (43.75
Wiy PRE), B HEF T S EFPHEIG) ARUXSCSFSPHEG IO TALERH niy Ky ERAas this
sigHADISR) SitRVas &RaNREN2 Ofglel claa Reduitei AP eric Bralha Bhis effnal,

midline incision of the ventral aspect of the neckhwg\s madeHThén the
(e i P P R RO ARS A AR A SERA o LA R SATS IR e
SeaihetprctRirebnRreto (HDRRININD), SparksnddiB tazalBuxtor(vitkal/22it)s,
“infusions of a 0.1 mg/mL solutian of ac ine ' ~Aldrich,
PEPTIG o R o R Lo 10K et e R e
peanlatedrywithess WME teffondlivenabageiEe OatSmall Parts, Miami

Lakes, FL). If required, an es} . maiptaj iti : :

e e B s

vatepthaidérmed sthbgiahw s hrisetoviised i adfnsresiyifon é mime fies sondeac
pﬁ@;@mﬁj Wo AP0 Ib iNRLRRRLAUOR ! . Wa5 Oiaater dRaR ik Wng doses

minute. Once the cannulations were complete, the animal was
apdavseriifeldiBoyiomyba Ry theppyinent: Buk e/ misstrah e Shiptes:
3%*1%!19(@1@@@9@&9 @Iﬁggﬁlir%‘é%ﬁm?rﬁﬁfﬁ%lq VR INSEIRI®0 minutes,
measure pulmonary drivinfﬁ 6Bressu_re (pressure). The_teflon tracheal tube

3 e/ EAEREH 16 THRUS RN GIot RHRBIRRY S BYRSA 1L ZHRVAIRE QunpRRliance
hRiGniR REGATEE iR e FamoMtsidednesabambias e sbiamRerwasthepig’s

h?negasl(\av%}énﬂated 3 times with 4 mL of air from a 10 ml calibration syringe. Recorded
pulmonary parameters included respiration frequency (breaths/minute), complhiance
(m1/em H,0) and pulmonary resistance (crn H,O/ mL per second) (Giles et al,, 1971).
Once the pulmonary function measurements were completed at minute 35 of this protocol,
the guinea pig was removed from the plethysmograph and euthanized by
CO; asphyxiation.

The quantity PI);, which is defined as the amount of Ach needed to cause a

doubling of the baseline pulmonary resistance, was caleulated using the pulmonary

resistance values derived from the flow and the pressure over a range of Ach challenges
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37 WO 2005/070872 PCT/US2005/000810 heating lamp was used to
maintain body temperature and the guinea pig's lungs were inflated 3
times with 4 mL of air using a 10 mL calibration syringe (#5520 Series,
wHansIRerdolph, Kansas City, MO) to ensure that the lowerrifAiEzaoiamps0
not collapsed and that the animal did not suffer from hyperventilation. 5
usEpeSTMBSsetesmingd that haselinesmites Wekwibinude raegena:s -
0.9 mL/cm H20 for compliance and WiBhin the range 0.1 - 0.199 cm
Plaprsinfs BePsstiid Aon rébRasIfea0 e Bimonary evaluation was
initiated. A Buxco pulmonary measiguslogOn)R e am enabled
the collection andf géﬁ%%’r& bebitmonary glugs. Starting this program
initiated the experimental protocol and data 10 collection. The changes in
volurwdaver time that occured within the plethysmograph with each
breath, were, MAASWEIRB RINEABIAEIHEHARSH & iatggrating
this signal over time, a measurement of flow was calculate§ for each
breai, FHisdigmaientogethef Adth(thecpuiradpmrysuliniaipprédsigencrease in
ﬁhan%%[s, which w&r;)lcollected using a Sensym pressure transducer
p"(#:'ﬁﬁ i‘f)ﬁt,a\’/{faes cennected via a Basco (MAX 2270) 15 preamplifier to a
data Rgl;legﬁmﬁgatg@‘amé#'s SFT3400 and SFT3813). All other pulmonary
parameters were derived from these two inputs. Baseline values were
colle&ed Forsinlia<; after which time the guinea pigs were challenged
with Ach. pch.was dfysed intravenously for 1 minute from a syringe
pump (sp210iw, World Precision Instruments, Inc., Sarasota, FL) at the
follovBtuy diosbsn2yanof pre setibess raréairoduting st oae Axpensmdnt:
1.9 pa/minute inutes, [palnut i 5 pg/mi
VB b e g S (e A AME .05
wan b8 ¢sgedhinmrdier80 minutes. If resistance or compliance had not

retu fﬁf&é%@ﬁ%%m@%@%éa ipsies folPyingheRFN Aichcd9atidh ising

guinea pig's lungs were inflated 3 times with 4 mL of air froma 10 mL
GeantitediBR St oR 2088 IV ippmiGranthisdrapiiatais fhedtiesp. California)
respirptiogyfrenuanenipath ymneiekisoRyHanesiogah/em H20) and

pulmonary resistance (cm H20/ mL per second) (Giles et at, 1971). Once

the puithisharis fhiadusmieatsesnenis hereseampbia-rminatatastdfin and
aiPiS RAIRIOEGAn TR GNP RANDIE WAR seiBRvedirampthe plethysmograph and

euthanized by CO2 asphyxiation. 30 The quantity PD2, which is defined

as th& SRFSEREEY ATReBaPidpygryon were Tound to have significant

bronchoprotective activity at time points beyond 24 hours post-dose.

The following synthetic examples are offered to illustrate the invention, and are

not to be construed in any way as limiting the scope of the invention.

Examples
General: Unless noted otherwise, reagents, starting material and solvents were
purchased from commercial suppliers, for example Sigma-Aldrich (St. Louis, M(), 1. T.
Baker (Phillipsburg, NJ), and Honeywell Burdick and Jackson (Muskegon, MI), and used
without further purification; reactions were run under nitrogen atmosphere; reaction
mixtures were monitored by thin layer chromatography (silica TLC), analytical high
performance liquid chromatography (anal. HPLC), or mass spectrometry; reaction

mixtures were commonly purified by flash column chromatography on silica gel, or by
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doubling of the baseline pulmonary resistance, was calculated using the
pulmonary resistance values derived from the flow and the pressure over
a range of Ach challenges 38 WO 2005/070872 PCT/US2005/000870
WO8Hg W ¥ollowing equation. This was derived from the edifatibrPAfsa o
calculate PC20 values in the clinic (Am. Thoracic Soc, 2000). 1 (logC2-
prépg@ixe RBLRNsBPthe antitod jogGtelRezscRbadhehew SNME=s@upsntl teelast
aSSNEPICRIIERNR (SRAseRiisisn, Riseediiai e, RlREangaiiation
of Ach (concentration resulting in'a 2- old increase in pulmonary
acquistarte R3)iRd eBas i@ iraryake (GHON2) apistdar pparptes;

anglna'&'g&?eaﬁ%&&é&@ﬁﬁﬁ%ﬁk&@y&%@ém&@}m&%5%955%@1;y;ﬁieg a

ne-Way Analysis of Variance followed %éspost-hoc analysis using a
ek EHOHS) D Bk B s eSSt (PSR APA Y gcant

Dose-response curves were fitted with a four parameter logistic equation
using 15 GraphPad Prism, version 3.00 for Windows (GraghPad
Softlnmes L TTeRe am‘o’?ﬂ@?f@"&ﬁrﬁﬁ%ﬂyﬂ\mﬁé@fﬂa 115’"(%2@". ,
ED5@h Y iRmuIglEf e A AR B AL S g ame T pamagtin-
(PD2);°84d Y starts at Min and approaches asymptotically to Max with a

a. ?&E&?&%h%?@@fﬂ%ﬁg%@%ﬁ@%@m@@lﬁﬁéﬁmmwHymﬂmlaﬁ\ﬂare found
o have significant ronchoprotective activity at time points heyond 24
o JORIAEN SRE BT RG SgHFCH R AL SPE S BV tate

1 the Q@fﬂlﬁﬂ@ﬁﬁ%@&htmmmtmemmm asailiirightieo this
scope of the invention, Examples 25 .General: noted otherwise, .
SRR AR 2 AT e SN, ISP BLhepecog FOL bt

efé pu fibi commercia
matpRliess, arsedia e Sidgema-itbecto(Sid ko ais M0 pnlcd baBakdrluoro-4-

mg{%%gggé%u{% g’;\!‘]l) ’ec%?ig/)l_'jvoag NS Is o yi,Crga%Q i%xaﬁcgk OGQE('M}}%§E§S%%%EM)BO °C,
and the resulting dark red solution was stirred at room temperature for a further 1 h. The
reaction was quenched with water (1000 mL), extracted with dichloromethane (500 mL},
and the organic layer washed (1:1 saturated aqueous sodium chloride:water, 1000 mL).
The product was precipitated by addition of 3M hydrochloric acid (400 mL) to the organic
layer. The resulting orange solid was then filtered and washed with dichloromethane until
the filtrate was colorless.
The solid material was immediately transferred to a hydrogenation flask.
Palladium (10% w/w on carbon, 50% w/w water) was added, followed by methanol
{500 mL). The sturry was shaken vigorously under 3 atmospheres of hydrogen gas for
16 h. The catalyst was then filtered, the solvent removed under reduced pressure, and the
resulting solid dried by azeotroping with toluene (3 x 150 mL) to afford the title
intermediate as a white solid (4 0g, 0.18 mol, 65%.
b. Preparation of 5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-phenylamino}-phenyl}-
ethylamino)-1-(fert-butyl-dimethyl-silanyloxy)-ethyt}-8-benzyloxy-1 H-quinolin-2-one
A mixture of the product of step a (23.2 g, 1.1 equiv), 8-benzyloxy-5-{(R)-2-[2-(4-
bromo-phenyl)-ethylamino-1-(tert-butyl-dimethyl-silanyloxy)-ethyl} - 1 H-quinolin-2-one
hydrochloride (66.0 g, 0.1 mol), and sodium fert-butoxide (54.0 g, 5.5 equiv) in toluene

(600 mL) was stirred at 90 °C until a homogenous solution was obtained. Palladium
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without further purification; reactions were run under nitrogen atmosphere;
reaction mixtures were monitored by thin layer chromatography (silica
TLC), analytical high 30 performance liquid chromatography (anal. HPLC),

w@ratasssspectrometry; reaction mixtures were commonly prerifiectdoy/élasino
column chromatography on silica gel, or by 39 WO 2005/070872

1@ HHS200RAQ081S (Prepas ke iiRh Galsiidaarna@bpratocor

described below; NTMR sam les were dissolved in deuterated solvent
biEEP BT RSl o0 kBRI Gkl Epa SRS At e R Ve
stfaeinh200qdnstimena 3R Miizdinder sindardRarashetarih aadr (100
mass, spectrometric identjfication was perfa d n electrospray ..
e LB ARt S SHIP AR EILP s b SHE (PSS
sulNRle1 PhelX) erit xampimdved ymihe sishafed pressure to afford the title intermediate
5-[(R)-2-(2-{4-[4-(2-amino-2:methyl-propoxy)-. . .
B L FatRP ) hy R R SR hinoln
¢ G AR FEeRATaNeN of (r(3-amine 2 DRI RIRROX R ARSI AT BReny1} -
%Mﬂ%gﬂ?&wﬁ%;‘?vﬁggﬂ%g%&gwrm i (o peny

dispersion in mineral oil; 11.32 g, O. 8 mol) in dimethylsulfoxide (400 mL

was HESBEHASERSPreriord tRR War R b thdr dbifenine sghydrofluoride

(H aminRRoRelby(stpepaemhtd? 3@ hejui\bhohhengRE IR MINBIFS THS
warmed to 75 C for | h then cooled to 20 C in an jce bath. 1-Fluoro-4 15
RSB ERSSABRTY o BB WAL AT ERIR BP TR A gTagal volume. M
adasape satiinen hstrexa Gomnd thesedalin thtlarketad, aottsicmilea (Bt atl
.room tem era{%ﬁ f?j;a,{%rther | h. The reaction W%S chut%nched with water
15&’(56@%%?}%?( PACIEL \)Ni n aiHfBTEmethane (gg'(?vn% )m and ﬂﬁ%mélrpg%nﬁ%e
wiagped witthietl (dtsatuwrptecagueousidodilmwatdofdé. whdcheh GOQraed .
115 ProdHet e RreciRiiptad biaddition.of 8N ik achlorie A6 00k
e organic ayer. Theresu tinggorange solid was then Hltered an
sobeshechwitbddichorortretffond thatiti¢hetdimadéawdScoloHégssPHE Gwlidohd,

aterial was i qgiﬁﬁg%ggﬁpﬁ{gg{%q_to a hydrogenation flask. Palladium
10% wi/w on car%on, 50% w/w walter) was added, followed by methanol

d(50RmL Jiher sty WS- sakem Mg IRKEYIURAEE:S RIRASRNEHRS Bheny!} -

hydraggRogasHiRlredy kenh1 T8IR aasaly stmashianilesed, the solvent

removed under reduc%d ressugre, and the resullgéu(g solid drieib
ee(‘i

N i A I b B e T R R

thehptedsotith¢dh Og, Pl B metatiisn, followed by ethanol (500 mL). The slurry was
stirred vigorously under an atmosphere of hydrogen gas for 8 h. The catalyst was filtered
and the filtrate concentrated under reduced pressure to afford the title compound (40 g),
which was purified by reverse phase HPLC and isolated as its trifluoroacetate salt by
Iyophilization. 'H NMR (300 MHz, DMSO-dg): 10.4 (s, 1H), 9.3 (br s, 1H), 8.7 (br s,
1H), 8.15 (m, 2H), 7.8 (br s, 1H), 7.03 {d, 1H, J = 8.2), 6.76-7.01 (m, 10H), 6.42 (d, 11, ]
=9.6), 6.1 (brs, I H),5.33(d, 1H, J=9.1), 3.8 (s, 2H), 2.7-3.1 {(m, 6H), 1.21 (s, 6H), m/z:
[M-+H"] caled for CagH34N4Oy, 503.3; found 503.5.

Examples 2-8: Synthesis of Compounds 2-8

Using procedures similar to those described in Example 1, except replacing the
2-amino-2-methyl-1-propanol with the appropriate alcohol in step a, trifluoroacetate saits

of compounds 2-8 were prepared.
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b. Preparation of
5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl}-
ethylamino)-1-(tert-butyl-dimethyl-silanyloxy)-ethyl]-8-benzyloxy-1
waHogsvoline-2-one 30 A mixture of the product of step a (23r2 gukzboequivi)
8-benzyloxy-5-{(R)-2-[2-(4 bromo-phenyl)-ethylamino-I
-(te”c%%gﬂb%@ﬁt@ﬂ(ﬁﬂaﬁ Jouy) £ ik HBINg e pRmifydpaskipride
(66.0 g, 0.1 mol), and sodium tert-butoxide (54.0 g, 5.5 equiv) in toluene
ctyEloe L) (oAt b RO A HOHBERR G €l it Hd dSELAdeY
challadom49 W@,2R021970872 PCTIUS2005/000810
tris(dibenzylideneacetone) (1.4 g, 0.015 equiv) was added, followed by
rac-m'mbiﬁ(ﬁﬁmetﬂm@g{m@%—?knhmgﬁtbyb@)aﬁxg}%aﬁﬁﬁo@qrhh@rfwhe
eaction mixture wa ir, t or 3 li. then allowg T
e A N e A SHEs P S D e o
Cghlghidoudie2(100midEBen dried over sodium 5 sulfate. The solvent
was removed under reduced pressure to afford the title intermediate as a
dark Sromaeuslih GOR)Ered-WHitnwas- btk vithsuyrardmel-phgmtition.
Shayat . -8 -1 H-quinolin-2-one: - [M+H7] caled for
etgyggﬁﬂg-%ﬁxﬁ%ﬂ%%ggyrcrl]rg'zﬁyIl-grg%lg%})l}pzhgﬁillanrﬁng)lfpﬁe%yl}-
CaltyRifinsfd-hy! 28thyl]-8-benzyloxy-I1H-quinolin-2-one The product
of the previous step was treated with triethylamine trihydrofluoride 10 é?}G
g) in SrEpRHbP (S0 ML létaAbIl (g0 mP PSS tArRE L RR Y FEP IR R,
RSB URMES CoREeRraled undedkegurAt preshuE docone/thikd-ef Tsalcd

original volume. | M aqueous_sodium hydroxide (500 mL) was added,
f%?’?&?ﬁ%%@%éé?o%tfﬂé‘(ﬁ ‘r%L) and isopr_opyl acetate (500 m_L). The
2queoUs RN A8 Lomoxed ANLING GI9ANe @F‘fﬂﬁ% WAL cthoxy)-

saturated agueous sodiu e:water (400 mL) then saturated 15
planybuvs Soeliony triduiten{10)octhyl)- ThawngdindsanerandridNibtel goerday
CEE’;‘L@R‘&]% &@%,%lly&pg 5§r@oved in vacuo to afford the title intermediate

0 de)as’ oli

g crude) as'a brown solid, which was used without further purification.
d. Sy'@mﬁg!ﬁxﬁ)& 7: 8-hydroxy-5-[(R)-1-hydroxy-2-(2- {4-{4-(2-piperazin-1-yl-ethoxy)-
5-[(R)-2-(2-(4-[4- 2-am|no-.2-methyl-propoxy)-phenylgmmq]{%ergl}-
-pheRyIaRing PRyt sEetRn ey i & aw PRl 2 f6el Yo B al g T
chydraxide €4Q.9, 20%uqveay on carbon, 50% w/w water) was added to the
product from the previous reaction, followed by ethanol (500 mL). The

slurryGuasyostin @c sigaron sy -HiRdar anhatmasihddel dfyydiogengaddoy)s

. The catalyst was filtered and.the filtrate concentrated.u r.reduce
BN SO T B ROt (10 ) W e By o
elerSe(phazd HPb@dhzBigolated as its trifluoroacetate salt by

Example 9: Synthesis of 5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-3-
triftuoromethyl-phenylamino}-phenyl}-ethylamine)-1-hydroxy-ethyl]-8-
hydroxy-1H-quinolin-2-one

Using procedures similar to those described for Example 1, except replacing the
1-fluoro-4-nitrobenzene with 1-fluoro-4-nitro-2-trifluoromethylbenzene in step a, the title

compound was prepared. m/z: [M+H"] caled for C3oHa4F3N4O4, 571.3; found 571.3.
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25 lyophilization."H NMR (300 MHz, DMSO-d6): 10.4 (s, IH), 9.3 (br s,

111), 8.7 (br s, 1H), 8.15 (m, 2H), 7.8 (br s, IH), 7.03 (d, 1H, J = 8.2),

6.76-7.01 (m, | OH), 6.42 (d, IH,J =9.6),6.1 (brs, 1 H); 533 (d,1H,J=
woRdgs/&&1(s, 2H), 2.7-3.1 (m, 6H), 1.21 (s, 6H); m/z: [M+Hpcalesfas/000810

C29H34N404, 503.3; found 503.5. 30 Examples 2-8: Synthesis of

Compgingie 208 é{amm@%&ﬁﬁa%mim -iRga-descripetindample

1, exGeRhiRRIARH 'E),‘Pﬁ)ega%m'@% -BReSRY|-pBIRRNAI V¥ the ApRBREaimo]-

alcobglyp-3eRdifbiikoeacetate salts of compounds 2- 8 were prepared.

41 WO 2005/ 070872 PCT/U82005/000810 Com oun

a. Brf(Ryapo(pof A{aeyizyianine- OXY)’Z ~(2-{4-[4-(2-
mwa:mﬁyheﬁyw@»%nﬂwgﬁﬁw rﬁ‘@dﬁ%‘mﬁ’)ze B-HAviRphnip-one
Cj";‘i}%‘?ﬁg %Z&@;&J4%EA§5 t%ﬁ)f;@%ﬁhﬁ@&&‘oelﬁmﬁqﬂﬁd , 3tcps] (RN H Zxcept

amino-p enylamino

R TR B PR S TN SRR I 1 &

thealesifored8it3siN4ReA#80.2; found 489.5. Compound 4:
5-[(R)-2-(2-{4-[4-(4-amino-butoxy)-phenylamino]-phenyl}-

b. Btleptamirod! B-hpdrglorethy{Rs- hy@rokyrﬂ-iiqnﬁti@nrﬁlia@ﬂéxmﬁ[ﬁxﬁ%ﬁ%(4-
cateithfosu B9 1-E8SNAGA - B3 BoxsLinbespiarBinmg -CmydgHty gmino]-ethyl} -
SLHR MBI {Z-gre[ 2- (2 amino-ethoxy)-ethoxy]-phenylamino)-

phenypsetiaiamingls t@x&&mwm %Eiﬂﬂé@@iiﬁn@t@ﬁ%ﬂd&z
[M+H'] calcd for C29H3 N4O 5193 found 5195 C

(19%9@30;(9@[@@} 3 m%yg;(?f 211@3{:&0?4! Eﬁlﬁlﬁmjﬂﬁ Wegmﬁztrahydmﬁnan

Rhenyiapainekapaayiativiamine stk kigminokivapoaned m/izcMntite
calcd for 15 C3jH37N40s, 545.3; found 545.6. Compound 7:

IngerRRAEI&/-5-[(R)-I- hydroxy 2-(2- {4 [4-(2-piperazin-1-yl-ethoxy)-

phe 'amcg g’ieﬁnﬁé el f.“'” ﬁz GYInoln- g oG MgohM Hibetazin-
%r%x?/x fﬁﬂ ?ﬁr}djr hfn( a %lnyr% Eﬂ’g?réneth%iyo} 5gone '
phenylangm@qqgaemmmmhmé@pmﬂbm faulreRmRE: én%el?ﬁfza'[}ﬁ/ldmﬁ

%f(%gg%{e S@ﬁéﬁ%&'ﬁ%ﬁ?&&e&% ek 34132y anRI e, JXMPE S CRY for

4-[4-(2-amino-2 methyl propoxy)-3-
C1pHyoNs06S, 622 3; found 622.5

Example 11: Synthesis of 5-{(R)-2-(2-{4-[4-(2-amino-ethyl)-phenylamino}-
phenyl}-ethylamino)—l-hydroxy—ethyl]-s-hydmxydH—-quinolin~2»0ne

a. Preparation of 5-{(R)-2-(2- {4-[4-(2-amino-ethyl)-phenylamino]-phenyl}-ethylamino)-1-
{tert-butyl-dimethyl-silanyloxy)-ethyl}-8-benzyloxy-1H-quinclin-2-one

Tris(dibenzylideneacetone)dipalladium(0) (0.028 g, 0.031 mmol), followed by
rac-2,2-bis(diphenylphosphino)-1,1'-binapthyl (0.057 g, 0.092 mmol) was added to a
solution of 2-(4-aminophenyl)ethylamine (0.100 g, 0.740 mmol), 8-benzyloxy-5-{(R)-2-
[2-(4-bromo-phenyl)-ethylamino- 1-(tert-butyl-dimethyl-silanyloxy)-ethyl} - 1H-quinolin-
2-one hydrochloride (0.393 g, 0.612 mmol), and sodium tert-butoxide (0.265 g, 2.75
mmol) in toluene (20 mL) at room temperature. The resulting mixture was heated at 90 °C
for 2 b, then allowed to cool. The solution was washed with water (100 mL), 1:1 satorated
aqueous sodium chloride:water (100 mL), then dried over magnesium sulfate. The solvent
was removed at reduced pressure to afford the title intermediate as a dark brown solid

(0.473 g), which was used without further purification,
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trifluoromethyl-phenylami nol-phenyl}-ethylamino)-1-h ydroxy-ethyl]-8-
hydroxy-1H-quinolin-2-one 25 Using procedures similar to those described
for Example 1, except replacing the 1-fluoro-4-nitrobenzene with

woléhsarmsdznitro-2-trifluoromethylbenzene in step a, the title rcavuppusdoss16
was prepared. m/z: [M+H1] calcd for C30H34F3N404, 571.3; found 571.3.

b. 2294 RO0F1ID[(ES 22 PG W E2605100082 PphetamaplméQ-phymhiesisytimino)-1 -

SNYrORUBY R drOX R (A r(el-
methenesHIRRY RIRSHREI LS8 473 ¢, 0.714 mmol) was freated with

oxyl-pheoylamino}-phenyl)-ethylaminol- ethy 1}-1 H-ql in olin-2-o n e a.
tnﬁl@ﬁgfaﬁ%wgydm luonide (0.173 g, 1.07 mmol) in tetrahydrofuran (20 mL) at room

teBIRSRAYNY & K@h@'ﬂﬁ{&ww&ﬂmﬁm%§ﬂ%%W%&%(W%ﬂ%} and water

iperazin-l-yl-ethoxy)-phenylamino]-phenyl}-ethylamino)-ethyl]-1H-guinolin
15 Usigpistetireesianaits fhise aedyapé ande baepipid 11 Qrbpshe
addiaog & exagptoteRlasing Merexalninte uRetlyIshRtORARN WHEI with water
(2§p§%%%%@é%%%%%ﬁ%ﬁ@?ﬁn?aiﬁegqﬂéohgesgg&;? E:%Iig]n%% %;_%(;N Igf) The
oraabﬁﬁaWﬁfﬁd(iR')Bﬂﬁ(igﬂiehutyI;difﬁﬁtbhy&&;%aﬂ%w)r&d&;éﬂiﬁ%&ﬁ%@essure
methanesulfonyl-piperazin-1-yl)-ethoxy]-phenylamino}-phenyl)-ethylamino
L G o (B b e Gt s
punéthagnesulfonyl chloride (15.3 mg, 1 equiv) in a mixture of
diisopropylethylamine (0.14 nrL) and tetrahydrofuran (2 mL) at room
< fayRpepigfe AR A (Frididhtdponivasstheirdvepybreied] tphieft) thid titeikg-1-
imtekioretirdiallS-ByhtresidiotBneiard:aps- {(R)- | -hydroxy-2-[2-(4-
{4-[2-(4-methanesulfonyl-piperazin- 1-yl)-ethoxy]-phenylamino}
-phen é@hylaminO)-etW -I H-quinolin-2-one Using procedures similar to
thosd BEAHABA 150 Exh bl OR g Ledardomevantkindinaedrtigapighe

prabg frenbigrraeduostbe titie Icampaun ditiig: dMetinnk ¢20ad i TRO slurry was
xample 11: Synthesis, of

shg{:%él\_;égéoy_y ?%g?ig%i%%%g%ggg%ggﬁﬂé?ﬁIﬂcgl_l6 h. The reaction mixture was
ﬁmemw}mtytamm)dmy@mweemwmmm&e%qﬂml itk @npound,
e B SRRy Ao LR erowceae sty
ly(eertHpatipkdil HOtVRS(RO0yIAHY) BMBHSHhen2Plexy; DH)RInGHin:2HNes 25d,
2%)3%(9' ReazyiengRs e YR AHHM U O K28 9. 0L SRy Ugu e,
H), 5.19 (d, 1H), 3.0-3.2 (m, 2H), 2.8 (br 5, 2H), 2.72-2.75 (m, 2H), 2.62 (m, 2H); m/z:
[M+H"] caled for CpHagN4Os, 458.56; found 459.4.

Example 12: Synthesis of 5-{(R)-2-(2-{4-[4-(2-dimethylamine-ethy])-

phenylamino]-phenyl}-ethylamino)-1-hydroxy-ethyl]-8-hydroxy-1H-quinolin-
2-onie

a. Preparation of dimcthyl-[2—(4-nitro-pbenyi)~éthyl]—amine

Dimethylamine hydrochloride {0.390 g, 4.78 mmol) was added to a solution
containing 4-nitrophenethyl bromide (1.0 g, 4.35 mmol) and N, N-diisopropylethyamine
(1.69g, 13.05mmol} in anhydrous dimethylformamide (20 mL). The reaction mixture was
heated to 60 °C for 5 hours, then allowed to cool. The solution was diluted with 1:1
water:dichloromethane (200 mL), then added to a separatory funnel. The organics were

collected and the product was extracted with 1N aqueous hydrogen chloride. The
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rac-2,2'-bis(diphenylphosphino)-1,I'-binapthyl (0.057 g, 0.092 mmol) was
added to a solution of 2-(4-aminophenyl)ethylamine (0.100 g, 0.740
mmol), 8-benzyloxy-5-{(R)-2- [2-(4-bromo-phenyl)-ethyl ami no- |
wortee«atyb-dimethyl-si lanyloxy)-ethyl) - | H-quinolin- 2-one tytioehésmices 10
(0.393 g, 0.612 mmol), and sodium tert-butoxide (0.265 g, 2.75 30 mmol)

ordAdRUGBR (2RNE] Ald ARMJEDREIAY Qo RS BALID Y MMINIR WRS R
at 90 C for 2 h, then allowed to cool. The solution was washed with water

hygrer i) BrediishatatiodtaseLY o HiENPERRT NG/ oGy theh it

saflfi@eiQipicmaghasiihiHiaihaspIVeRtovasicemeaveltiat wdusagdnesium
ressure.to a ford the titl |nter ediate as a dar,

4713 .9),
sof AL SRR MR FHE A EBrE S5 W S0 G
{0 BETHWRAD Q0T 01h vF?ﬁebarailmd)fwzthout further purification.
5-[(R)-2-(2-{4-[4-(2-amino-ethyl)-phenylamino]-phenyl}-ethylamino)-1-
b. Ryelrayietioy -2 sbmeiliglaminptaybobihevbini®he product of the previous

step itk ©.644 )gnmﬁyi)\wa&xtaeate@ewﬁbmsm@m@e Sinvdrefbiosdme
(0.173 g, 1.07 mmol) in tetrahydrofuran (20 ml-) at room 5 temperature
PG PA DTSSR e ok AP GICHIGRSHRERAAI (2Db B MG s

stivvateri L AAMLnd e ISariiBE MidsFBnasSH rr@@lwrmbaam chagewas
basic (pH >10? by the addition of IN agueous sodi 'Eailhrox de. The

e e, S WOSEEHTS e ERBTPHRL P LA HE e

(OSHImRkecianmERHSVao divavakie it fRePpmtificatien. organics were dried
over magnesium sulfate and the solvent removed at reduced pressure 10

c. Bvaffesis st 8)idted nid daale- ustytanas e dhglinpsobtinihidro by lised
veithduhfusihbhydurificetiot:- Bhgymmthedi-gfinolin-2-one

o [(Rb%r(% Addalecamnesihb N eRYUABNRL BRGR l}a?ﬁh%mpi‘am the

hydroxy-ethyl]-8-hydroxy- | H-qu inol in-2-one 15 Palladiu
2+-2oringelirardis thalaony whBxamne tb st ritisihohaeodisiridhermutous

stEFEMOUSIRIGR APt mmﬂeki@r@m@mﬁ]%@ FRD) TN i mOWREH 2,

stirred vigorously under | atmosl%é» re of hydrogen for 16 h. The reaction

DMSRrsInh 0 &R QUG it S RoncdhtrArdaereHid Sredd@®-

7io@ffauhihe 4ie, ceampoupd s, whishs was purified by reveses, phase P RE);
and |solqted as its trifluoroacetate salt by 20'1%/ ghllrzatlon 'H NMR (300

°d*6‘3>fé31961a4’z{1 Osp #8508 PSR 8.0 (d, 214), 7.7 (br s,
3H) 1,696 (d. 4H ,.5:45 ( 08 (s
H) 5% rﬁr/l?m o]- Qé‘l }(e)tfhg;fgén %)- § %y-ge‘t 128 rbxﬁl}’%qumolm-

a. Preparation of 1,1-dimethyl-2-(4-nitro-phenyl}-ethylamine
a,0-Dimethylphencthylamine hydrochloride (20 g, 108 mmol) was dissolved in

concentrated sulfuric acid (40 mL). The solution was cooled to —10 °C. Nitric acid

(31 mL, 90%) was added dropwise over a 30 min period while maintaining a reaction

tempurature below —5 °C. The solution was stirred an addition 45 min then poured over

ice and allowed to warm to room temperature over night. The product was collected via

filtration (13.7 ). Aqueous sodium hydroxide(l N) was added to the filtrate and the title

compound was isolated as a clear oil.

b. Preparation of 4-(2-amino-2-methyl-propyl)-phenylamine
Palladium (0.136 g, 10% wt. on activated carbon) was added to a solution of the

product of step a (1.36 g, 7.0 mmot) in methanol (20 mL). The slurry was stirred
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[M+H+] calcd for C27H30N403, 458.56; found 459.4. Example 12:
Synthesis of 5-[(R)-2-(2-{4-[4-(2-dimethylamino-ethyl) 25
phenylamino]-phenyl)-ethylamino)-1-hydroxy-ethyl]-8-hydroxy-iH-quinolin-
wo2aa@asPreparation of dimethyl-[2-(4-nitro-phenyl)-ethyl]-a@iriEs2665/000810
Dimethylamine hydrochloride (0.390 g, 4.78 mmol) was added to a

vi %M@u%tﬁwgsﬂﬁ@%% E&M‘ farQmiderid -Q&tiﬂrﬁﬁiWQMter and
,N-diilsopropylethyamine 3 é1.69g, 13.05mmol) in anhydrous
thejfHeinrracenifpiee vt rreducrl @Ry Aftd o iiein et 64 0o

crRIOONESHRER allivehiacapihihasalition. was diluted with 1:1

water:dichloromethane (200 mL), then added to a separatory funnel. The
c. Syganrids werg(Ralertetand-theiprodnethyhpepygtechwithiid]aduwepls
ydiagenodtidydexTheh gl -Bg ROOYOERTPIBIF2A82005/000810

°rgaﬂfﬁﬁg"%ﬁ%‘&ﬁ%@%ﬁ%ﬁ?%‘&%&%‘E&lﬁ?&w&fﬁ%ﬁ&ﬁ@gﬁ Dasic Wit the

agueoussodium hydroxide. The product was extracted with

2-dichionophethAnthyoone pf Bremplsshbdianth, Shlutremdatiad teguerips
str{%:' lRHdEAZ00 Mk TR QFW@GGB‘%&H%%‘&%?%%?SWMM@ R,

e solvent removed at reduced pressure to afford the title intermediate 5

D546y erlftié (b el i(@is WHS #2160 se 4Nt B Ut faHhel plrfERBF7-0
(n¥3-sg-’geBﬁreéi,quéx(asﬂém@ig,xémm}@}wop@,edm?mnﬁ,a@ijaﬂi@r@, 89480

g, 10% wt. on activated carbon) was added to a solution of the product of

(s ABpradiddd depaoddor &-FbNRal P HbtaRet (36-mL). The slurry was
q]ereé)r 6,hoErs. The reaction

R e e ﬁ%?e?f??mﬁ% TG b
mixt i a

to affPPanHaTiRoRRbSRY Tg?é’%m59 'g%“ E‘}Wﬁ‘g%' &S gglsg’ 'Riglllﬁl i
furth&PIE#Sion. c. Synthesis of

a. PR 26346 i fHimethylamingrepox)-phenyiaminolrpineayh gty
amiie)- | -hydroxy-ethyl]-8-hydroxy- | 17-quino lin-2-one Using procedures

imil . th ibed far E le 11 laci h 5
pEeNVIdigSn a 2
d.'H NMR (300, Mk SO.46):6.10.
i ég @;%nd ﬁ#@?ﬁ%t ;lc_%t% é% %ﬁf@é‘%g fbl(?en%g@e) %8y (RLS s b at

S, 1 8- 7.2 (m, IOH), 6.4 (d, 1H), 6.2
SBEHH)2 Banteehd)s2@uBan (Wes GBiRiRed-2.7(m, 8H); m/z: [M+W] calcd

T&%{&%%Eﬁ%é&%eéﬁgﬂﬁfaal@m%ﬁﬁ%ﬁ2 mg, 0.05 equiv) was added, followed by
rac-2,2'-bis(diphenylphosphino)-1,1-binapthyl (516 mg, 0.015 equiv). The reaction
mixture was stirred at 90 °C for 16 h, then allowed to cool. The solution was diluted with
ethyl acetate (100 mL), washed (1:1 saturated agueous sodium chloride:water (100 mL),
then extracted into 6 M hydrochloric acid (100 mL). The aqueous layer was washed with
ethyl acetate (2 x 100 mL), then diluted with isopropyl acetate (100 mL). The mixture was
cooled to 0 °C and neutralized with sodium hydroxide (13 g in 20 mL of water). The
aqueous layer was removed and the organic layer washed (1:1 saturated aqueous sodium
chloride:water, 100 mL), dried over sodium sulfate, and evaporated to afford the title

intermediate (1.3 g crude).
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20 Example 13: Synthesis of 5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propyl)-
phenylaminol-phenyl}-ethylamino)-1-hydroxy-ethyll-8-hydroxy-IH-quinolin-
2-one a. Preparation of 1,1-dimethyl-2-(4-nitro-phenyl)-ethylamine
woeriimethylphenethylamine hydrochloride (20 g, 108 mmak) mas005/000810
dissolved in 25 concentrated sulfuric acid (40 mL). The solution was

b. egled e 1O N- (Nt adie. (3 mb. M0 WaRAJHS S LPIYIRE OMEHiAJ0
iR Reyied Mg S AINIRNNG R JRRCION TR FLUB PRI fox - pRenyl} -
qgm%gcygas stirred an addition 45 min then poured over ice and allowed
to warm 1o ro eo ht Th d II
a1 B ARUCAL SR RS RBEN s BASE ey 2
befiltybdeyaptekdyt -fithen 80ido (2901 Iﬁd%ﬁ\/ﬁsneblatmiaaﬁwckﬂ"ahc)ﬂrdmous step (1.3 g,
Pre araton of4 th l diy
AT S TR e S
daswbyas(xlﬁ%@ (3.0 rwed) lienterb thAAO I Qi) n¥hel biumixives vatirrdldwsl to
COW%?QQEQZR%P& 5200 AR, Mipermsleniierd AmesPRRLe of

rogen for 6 h. Th tion mixture was filtered and the filtrate
org@mgewmecﬁdwdewbd@i@enesresm@ fodBrdsadriethemadediever.04

sofifhUdehWNich Wagdred. witb %muétbeg BHHEE@ ee@mgesre@t to
5-[(R)-2-(2-{4-[4-(2-amino-2-meth propHZ henylamino]-phenyl}- 5

affasl AberiiHe yrt Ry S8 ms-H ér’@i@ﬁﬁ/ ﬁdﬂ!ﬂlﬁ }2-one Using
procedures srmllar to those descrlbed for Example 11, tre
c- g At e ol prapaio R e i G-

oerﬂf‘ﬁg‘ﬁr‘ﬁe?ohgyﬁ%ym b 85&5 wWhic Brpantie compound was

prepaieidg prb&MR£306i oz thBNGEed5d &wmqmze H)5808 ¢land A1 143,

rs I 3 ),
mf%rme s%éf) by v{ﬁ %fomﬁs lf-)a’ Eﬁg %pgq%(rr(? H)[lgli%ﬂf Scjagc&)gll
Cffizfzslﬂ\w{}H4]7@a]cddmm9H34N403 486 61 found 487.5. Example 14:
Synthesis of N-{5-[(R)-2-(2-(4-[4-(2-amino-2-methyl-propoxy)-

1?0 r;nﬁhm;ﬂyﬁmf%p@gag oﬁiﬁ%&%y-eﬂ?ﬁ]ﬁ —E%%X;g-lff-qumohm

[4-(2-4#TH60-2-methyl-propoxy-phenyl]-[4-(2-aminoethyl)-phenyl]- amine

a. Preparation of 5-{(R)-2-[2-(4-amino-phenyl)-ethylamino}-1-(fers-butyl-dimethy!-
silanyloxy)-ethyl}-8-benzyloxy-1H-quinolin-2-one

A mixture of 5-(2-bromo-1-(tert-butyl-dimethyl-silanyloxy)-ethyl)-8-benzyloxy-
1H-quinolin-2-one (5.0 g, 1.0 equiv) and 2-(4-aminophenyl)ethylamine (2.8 g, 2.0 equiv)
in dimethylsulfoxide {10 mL) was heated at 100 °C for 12 h. The reaction mixture was
cooled to 20 °C, and the resulting red oil was diluted with ethyl acetate (200 mL) and
extracted with two portions water (200 mL). The organic layer was washed with two
portions of (1:1 10% aqueous acetic acid and saturated aqueous sodium chloride
(200 mL). The organic layer was basified by carefully extracting with two portions of
saturated sodium bicarbonate (200 mL), followed by saturated sodium chloride (200 mL).
The resulting organic solution was treated with anhydrous sodium sulfate, and the solvent
was removed under reduced pressure to afford the title intermediate (5.1 g) which was

used without further purification.
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A mixture of 4-(2-amino-2-methyl-propoxy)-phenylamine (1.0 g, 5.5 mmol)
(the freebase of the intermediate of Example 1, part a),
4-bromophenethylamine (1.1 g, | equiv), and sodium tert-butoxide (1.9 g,
wB2B0equiv)2n toluene (30 mL) was stirred at 20 90 C until apldOisY®HOLES10
solution was obtained. Tris(dibenzylideneacetone)dipalladium(0) (252

b. MEpAHeqniv)waszadded; fqliaueeblythyl)-4-methoxy-phenylamino}-phenyt} -
ragyaiis(diphenylphaspbing)siihyhingpsnyy (546 mgi 6k 01F/agiiv)inlhene
eacton MiLENas Sled 0 S L IR R lpwecin etk e,
solution was dﬂu{ed%wt eﬂ1y GREHALR fls %%1 , wis ’e(ﬁlizl’saturate

methoemisssitamciel brideiwated{ 1004 g), | 25 diem) exirbstdainter Gbtoxide

O GRIOUGAL AR o ThE SRS AT AT Bl Wi

acetdte 0 mL), then diluted with isopropyl acetate (100 mL). The
winisbtresdad Bedive to gdibemalivsneasiiene Wi e iund Hyerokibiec131d¢.

fofigwBk &f y&@lﬁ,@a&&%gﬁ%l9@uaslax%)m@§_%ﬁHagugq @b HAS; OFYANIGIRY  he

washed (1:1 saturate teous sodium chloride:water, 100 mL), dried

regRIgUSHINtT i ethet 0apdrie d-theriiawsd reesoimtrinedistelytion
ik CHUE 8l o WiEh RPORITOR (208 T HRe 0RRIQAASHO waiR reRrasatian). The

ofN-{5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-phenylamino] phenyl}
Ofﬂﬁﬁlﬁi&&!ﬂ%‘)-}l’({\%ﬁﬂﬁﬁﬁﬁ-“di?ﬁ%‘fﬁyli‘é‘i‘lﬁfﬁﬂf&?ﬁ megﬁ@ﬁﬁ?d the
sd%[ﬁtaﬂ((ﬂmr%o%mk&:iﬂe@fe%ucecf %!‘CSSUI}"? tlo g:'we t}lm tit)le ir;::elr)mediatc (1.0 ) as a dark

N-[5-((R)-2-bromo-I-(tert-butyl-dimethyl-silanyloxy)-ethyl)-2 5
IR OO A BRBE PR RGN, the procuct of the

evious step (1.3.9, |e t\é) potassium carbonate (2.4 9. 4 e uigp nd,, .

TH %ﬁ% L RS A RS e ARG,

i e e

min. ure ed to cool, diluted with water

(20 niibeanelexahié @ d\eitfrathificasetates(@sp2owipivhy 1 igEieRae
HOSRBRANIR fRYY AIEfiAURAYa-SRAMT siaride &%QMJ)@%Q@M%%Q The

sodium sulfate, and evaﬁorated. The residue was purified by reverse

mpHaEaptitute! withrdichlommethtar st Y3t FHged 3ifhibl, MAROH

oAb it ) StonesisL9fshtntel Bjnéchd sodium chioride (100 mL). The organic layer
{4-[4-(2-amino-2-methyl-propox %—Phen lamino]-phenyl) - ethylamino)- |

SRR B AR S SR L DG S LRSS S €0

pibRee: deseribattios oxmmpleptiristensyGanekdptase P itternnedintedafsitep

s anslomed o (e e compound gy ML S22l
d. Synthesis of 5-[(R)-2-(2-{4-]3~(2-amino-ethy!)-4-methoxy-phenylamino}-phenyl}-
cthylamino)-1-hydroxy)-ethyi]-8-hydroxy-1H-quinolin-2-one

Palladium (10mg, 10% w/w on carbon) followed by methanol (5 mL) was added
to the intermediate of the previous step (50 mg) and the shurry was stirred vigorously
under a a hydrogen atmosphere for 5 h. The reaction mixture was filtered and the filirate
was concentrated under reduced pressure to afford the title compound (42.0 mg), which
was purified by reverse phase HPLC and isolated as its trifluoroacetate salt by
lyophilization. m/z: [M+H'] calcd for CpH3oN4Oy, 489.3; found 489.5

Example 16: Synthesis of N-{5-{(R)-2-(2-{4-[3-(2-amino-ethyl)-4-methoxy-

phenylaminec]-phenyl}-ethylamino)-1-hydroxy-ethyl]-2-hydroxy-phenyl}-
formamide

Using procedures similar to those described for Example 15, except replacing the

5-(2-bromo-1-(fert-butyl-dimethyl-silanyloxy)-ethyl)-8-benzyloxy-1H-quinolin-2-one
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Example 15: Synthesis of 5-[(R)-2-(2-{4-[3-(2-amino-ethyl)-4-methoxy-
phenylaminol-phenyl}-ethylamino)-1-hydroxy-etbyll-8-hydroxy-1H--quinolin
- 2-one 20 a. Preparation of

wb2((R)-B8f2-(4-amino-phenyl)-ethylamino]- 1-(tert-butyl-dimeBalASp05/006810
anyloxy)-ethyl]-8-benzyloxy-IlI-quinolin-2-one A mixture of

wigh (R-RrompA-fiHutylrimathydisiamylemnnati)-SHyenzyeryioxy-phenyl]-
IH-quinolin-2-one (5.0 g, 1.0 equiv) and 2- 4-%mmopr%§g¥2§th%|?@iqe %ﬁs

fognamda il it HRINIStRORIGR B0 MiF) WASThd st GReE I X

foleaaction mixture was 25 cooled to 20 C, and the resulting red oil was
diluted with ethyl acetate (200 ml-) and extracted with two portions water
(200 Exhjeflha Drishse SRS bt @rathite -potiohpofipdx1)10%
aquephs ploatia alejth emyl ety ktmdnad doubrssptietiny Hfohivér (290 Hrigpinolin-
The @rgamic layer was basified by carefully extracting with two portions of
aturated sodiym, bicarbgnate (200 mL ). folloyved ba&?a_t ratad sadic -

a 1 2xamino-Zénethyl-pro enl o |-phenyl}
R S T T
anhydrous’ sodium squfta e, and the Solve t was removed under reduced
presg\rectysfforapttismfricitbonsie didfe s lugpnme mivhyas sdded iterg

pdHIBAGE B%HF&%@% ftd PO 2 RO TR 229Q2(0008 1R -2-methyl-

Preparation of ) o
proeR) PlienyipEngl-RhsmdctHyieminuhdmrariythfidn gme il -quinolin-2-
oSt RmIRR gty bdinaatbyssikamenye-sthy R Renademeslstined at

H-quinolin-2-one A mixture of the product of the previous st g.SOO g,
ropD ETRS 1o T PAETREIBREA ST I el e St 5
pres2 Rl sHadisadidoiapblaiaride § ((b3Mnghi488%RY uiv) yellokiengl(10

mL) was stirred at 90 C until a homogenous solution was obtained.

b Fafaisinoltis(dihan@/liddra@eatine P {084 2rgeh 08 eheiy) avascdatieay} -
faliylediin)-iabyd2xpistdidHehylhosp himplblininaptwf4@.0086 g, 0.15

equiv) The SERClon AUIENGS SRR G 950 . e AQuedBoivea

cool to olution was diluted with dichloromethane (100 mL) and
inveastsotinigtv a0 rlo60ml) ke 16 srddiliersd iqrsmovsd aRmaivg eplid
paRdinsidigte. L kel castioRdwhdyre was fiterashand dbgpahentuasic acid

removed under reduced pressure to give the title intermediate (1.0 g& as a
1{)}3 €d to cool

(imto Bresmiondiite: watreK Waal o sd-WitrdtdafnErisamtiaRsas gllow
tFERABLRBRhre over 2 h, then cooled in an ice/water bath to 10 °C. The solid was

A e oo e pellon rerEmn el e 2, e
material (5.70 g) was re-dissolved in acetonitrile:water (120 mL:410 mL) at 90 °C, and
again allowed to cool to room temperature over 2 h. The slurry was cooled in an ice/water
bath to 10 °C, the solid filtered and dried under reduced pressure to afford a hydrate of the
title salt (4.40g, 63% overall) as an off-white powder. The x-ray powder difiraction
(XRPD) pattern of the product is shown in FIG. 1. The differential scanning calonmetry
trace of the product is shown in FIG. 2.
¢. Synthesis of 5-[(R)-2-(2-{4-{4-(2-amino-2-methyl-propoxy)-phenylamino}-phenyl}-

ethylamino)-1-hydroxy-ethyl]-8-hydroxy- 1 H-quinolin-2-one napadisylate

To a solution of the free base produced as in part a (23 mg, 0.046 mmol) in

isopropanol:water (1.8 mL:0.2 mL) at 60 °C, was added 1,5-napthalene-disulfonic acid
tetrahydrate (33mg, 2 equiv), affording a white precipitate. The temperature was raised to

70 °C and another 1 mL of water was added to afford a clear solution. After cooling to
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15 The crude solid (1.0 g) from the previous step was treated with
triethylamine trihydrofluoride (0.70 mL) in tetrahydrofuran (10 mL) at room
temperature for 5 h. The mixture was diluted with dichloromethane (100
womndgsangextracted with 0.1 M NaOH (2x100 mL), followedHer Ssaoidtessie
agueous sodium chloride (100 mL). The organic layer was treated with

roSYERER S0 sHYalasaneEe Sl ekl Waathig thu iele sEeqUS @6 203 %) as
pressure. The resulting solid was purified by reverse phase HPL

C.and .
a YaplaeRy e itd RS AR AN GBS 1 e i terenta
schntgrmediniad20amgdf tharathrsis town in FIG. 4.
5-[(R)-2-(2-{4-[3-(2-amino-ethyl)-4-methoxy-phenylamino]-phenyl}-
d. sthytestind 53 (Rydrdxy)tdthyll-SHiyeometi-mainotif-hondaRaiispbomyl} -
(éByhaniboy4 Widroxyeahlytg-Tolivowere! b quiethlandt(Bemtiistas added 25
to theinfermagiale Rt Be RISYIpHINER 50 B AnbHasbiayas siired

vigorously under a a hydrogen atmosphere for 5 h. The reaction mixture
isqpeepineragter(d thakif-4dtmivasortcarratsdd ot X meed s9Hvo
atfffond theditle rampanng K4 M Reluhich MasiRyrified hid axelse phasef

HPLC and isolated as its trifluoroacetate salt by lyophilization. m/z:

wiigrrpsjaddretacenbrdon s igB o dleneRR HE & 5 oS ERARTHE e he slurry
w§%@ﬂt@%§'§ﬁ M}?ﬁd@?ﬁo?ﬁ&%ﬁﬁt[@%&@ﬁllg&,&m%}#ﬁmﬁﬁmz o ite powder.l The
enylamino]-ph enyl}-ethylamino)-1- [OXY- -2-hydroxy-phenyl}-
XRJ A éﬁ?gv S BT Tt %‘2@3@%{&8& A P&%}‘Y
trRXCENhEPRAGH st wn in FIG. 6. '
5-(2-bromo-I-(tert-butyl-dimethyl-silanyloxy)-ethyl)-8-benzyloxy-1
e. I95q)tlingtind 3-G{R-3 4 200 200540108 220RATI LB ARG 5088 e mNit-phenyl } -
Nei[BAIR)@)-B roydoskytetitsbliBhatimethy Hsiamabryd-enh ¢hrzthshowragahe
nyl]- formamides the. il 0 £ rech M EER d for
o1 NPT 1 S oA AL e e o
ety d-hyduxp-ei i dderyil fropigjns2-one (0.21 g) was dissolved in a
mheRylzeeingkeheni-athian e vahydroxme i@ thycepmrdiit auinediog g,

2-one a. Preparation of

PscpRnpI (e | AR D ERSHIFTO SORABRE A FRBIHHE R 1
dRtbyamingdrlbyeraxyaRipyD Sy droxiHaguinebionRedneHeatihaseas stirred

Aqueous ammonium bicarbonate (10%). solution (50 I_))dw%§ ad(qe]d in
BBy B U ol B e B B b e erorer
TEA (R} (2 +{4-Mn(R;aming-ghimeathyfford the title compound which was dried

overnight under vacuum at 45 °C (yield: 0.207 g). "H NMR (400 MHz, DMSO-ds;
DMSO-d; as reference at 8(ppm) 2.5). 8(ppm): 1.22 (6H) s; 2.30 (3H) 5; 2.64 (2H) t
J=6.6Hz; 2.72-2.86 (4H) m; 3.74 2H) s; 5.09 (1H) m; 6.43 (1H) d J=15.9Hz; 6.49
(1H)d J=10.0Hz; 6.86 (4H) m; 6.93-7.03 (SH) m; 7.06 (1H)d J=7.8Hz; 7.17 (2H) d
J=7 8Hz; 7.34(1H) d J=15.9Hz; 7.45 (2H) d }=7.8Hz; 7.75(1H)s; 8.15 (1H)d
J=10.0Hz. The crystalline product was characterized by XRPD and DSC.
f. Synthesis of 5-[(R)-2-(2- {4-{4-(2-amino-2-methyl-propoxy)-phenylamino}-phenyt} -
ethylamino)-1-hydroxy-cthyl}-8-hydroxy-1H-quinolin-2-one 4-methyl-cinnamate
5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl} -
ethylamino)-1-hydroxy-ethyl]-8-hydroxy-1H-quinolin-2-one (17.77 g} was dissolved m a
mixture of tetrahydrofuran (89 mL) and water {89 mL). 4-methyl-cinnamic acid (6.02 g,
predominantly trans) was weighed out and about one-quarter was added to the free base
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propoxy)-phenylamino]-phenyl}-ethylamino)-i-hydroxy-ethyl]-8-hydroxy-I
H-quinolin-2- one trifluoroacetate, (1.80 g, 2.1 mmol) in ethanol (6 mL).
The solution was stirred at room temperature for | h. The resultant solid
wownassfittered and dried under reduced pressure to afford th@dikigs2e05/6068160
compound (0.84 g, 1.67 mmol, 80%) as a yellow solid. 15 b. Synthesis of

solﬁ;iéﬁ:ﬂt&aﬂé;ﬂﬁsg%m&@h@ﬁ@ﬁﬁﬁﬁéh wwﬁwwgwmmrr{memwm? was
e yamlno - -,y_ roxy-et y -0- roxy- -QU|n0 n-Z-one.su e 1ree
St B B R P TSN G oS Bey o efimsint 3 S Uy

wahsaaetbhitrleiaies (A0 tik:6M it 98 G knddifarechko vemevshed with
remaining solid partjc he filtr s re-heated t nd a splyti
S T B S s ) e i AR e o
mlyas etgddheline: sotufiomd agahowsditied ovkrogho amite racevatatal O\Wef 2
h, the oled, ] j ath 19,10 C.The solid was, filtere )
SRR fS e QR s i o
1.3oh@Hmaterizl (86,9} Rag2ie) dissoRied in. 22St0nitde watdB{120Thst : 420
L ) C.an in al tQ £C Q0 ' [y er2h.he
(g urr()}?ftv(\?%%%o ed8 %quﬁ |§£%N\,§lg? %gﬁtﬁﬁg 1 é {he5 éﬁc?ltljég ?ﬁ%%yreg%éﬁgm
(4Hjied Gritfefl FOdLIEERIPresSuiR-T0ATID mhydta Bl the Tl sal 34y d
Jmé?z‘i{fzwﬁ;%'t)l @Mﬁgzggew@ﬁ? Jepstay Roywdendifffastion, CKRPD)

patte_r’n of the product own in FIG. I. The differential scanning
cresiim emfusaresshirecbeddysSHOWth IRSG. 2. c. Synthesis of
5-[(R)-2-(2-(4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl}- 30
g g Bgﬁih‘?f%lroxy-ethyl]-8-hydroxy-IH-quinolin-2-one napadisylate To
a solytion phiae-fiee-hans produeast axin pas, ank?8 wige Ouldfemwialjaligaku
_isopropanol:water (1.8 mL:0.2 mL) at 60 C, was adlqu lvsi formed
difrRCIRIPEHRRINTRE AEUND RO QY - R AR 83T & SEERYS SRR A
witthitR psenipitaierubhpiamparaiummiaan aisdd 6 37T amchathotiseplsing of
Wwater was adg d to.afford a clear solution. After cooling to 493 WO
O R ST 10 45005 TORB 16 SRR ot 6 The Diarmy s =
thiiitered e ddeddmaféord. tHbdittetsalt@5wmgsBB%4rdwith ssilicoponatidr.
St;l_'nrhear)éRPD pattern of the product is shown in FIG. 3. The differential
scanning calorimetry trace of the product is shown in FIG. 4. d. Synthesis
of 5-[[RiZe(@ifUsfaniiugredigi mes tydes JoNH-Bhbripid MirdE pRBRALL with a
TRINMRIIAR L Y SN AU W e 0N QRGP s For
solution of the free base produced as in part a (100 mg, 0.2 mmol) in
analysis with an empty pan serving as the reference. Samples were equilibrated at 30°C
and heated at 5° C per minute to a temperature of 300° C. The instrument was calibrated
with an indium standard.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention, All such modifications are intended
to be within the scope of the claims appended hereto. Additionally, all publications,
patents, and patent documents cited hereinabove are incorporated by reference herein in

full, as though individually incorporated by reference.
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isopropanol:water (3.6 mL:0.4 mL) at 60 C was added oxalic acid (50 mg,
2 equiv), affording a white precipitate. The temperature was raised to 70
C and another 4 mL of water was added to afford a clear solution. After

wEoaingogyroom temperature, the slurry 10 was filtered anddrigdsayefioed: o

the title salt (82 mg, 65%) as an off-white powder. The XRPD pattern of
wia prodiaeidsMiEmasin FIG. 5. The differential scanning calorimetry trace
of the product is shown in FIG. 6. e. Synthesis of
5-{(R)-2-(2-(4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl}-
ethylamino Al 4wyafroxgdethigizBubs/ioxy-1H-quinolin-2-one
4-methyl-cinnamate 15 OH
5-[(R)-2-(2-{4-[4-(2sgtninQ;2- f-propoxy)-phenylamingpphenyl)
ethylamino)-1-hydroxy @ olim (0.21 g) was
dissolved in a mixtige etra 1 n)-arre-wates (1.2 mL).
4-methyl-cinnamic acid (@07 g, predominantly tfans) was added to the
stirred solution at room temperature and it dissolved. After approximately

10 min, crystallization occurred. The slurry was stirred 200Vvernight and
whillefed. The cake was washed with aqueous tetrahydrofuran (1:1

THF:water, 2x mL 9.2.m|-) to affard the title.compqund which was
i e e ol e s T e
arIMSTRIAG:C BIEQndS HE Eferendt’ an Ritad)ed. Gr8ippm) sd @& dkns;

- 264 26 6Hz: 2.72:2.86 -3 - 5.00 (IH

it T R RO 2> 9 ()

6.93-710 3 BNt R? 66[{19) ehleyresiil: WRIIR Ity 61 salitvdey-KRAREY) d

J=15 942, /o Anda R Salg R8REZeibcl @bl %ﬁé&ﬁlg} ox};:,kq-ﬁiﬂéxl%d
D and DSC. 1.

crystalline product was characterized by XRPD . f. Synthesis of
CrafiRyL2v{ e G2 iuhinemtipsethyhoesd) wHehdamino]-phenyl}-

ethylgming);I-hydroxy-ethyl]-8-hydroxy-IH-quinolin-2-one

4-methyl-cinnamate 30

5-[(R)-2-(2-EAqn XI5 dRdrnsisARUSASHEH S pRerTaningl-pHdR(» -SO2NH-,

ethylarrg)-dnhyeheoxyetyles; hydroxy-IH-quinolin-2-one (17.77 g) was

dissolved in a mixture of; tetrahydrofuran (89 mL) and water (89 mL
4-methy|-ciﬁﬁghﬂéfi‘giﬁé.Bzgg?n&%%‘amnf&my?aa%}%m@@dgéﬁh or

and about orE-gidartes iaaatredet thdhatigenhasa (50N OO0 IRRTRd, or
PCT/UR2005/000810, solution followed hy seed crystals, ohtained by the
procdar BB PR HRRTBASES CSRN A R Perh i eha e of
addechinagpriians QuikytheyfotioRlfgnil. B 'R, Bhelstumithwasitiored forma to

furtheg & § 38 e g sk, JRred G SRl RS AR is

attached and a carbon atom of the adjacent Cyalkylenyl, form a heterocychic or
heteroaryl ring having from 5 to 7 ring atoms, and optiénally containing an
additional heteroatom selected from oxygen, nitrogen, and sulfur, wherein
nitrogen is optionally substituted with -S5(0).-C;4alkyl; and

nisl, 2, 0r3; and
each of R7, R®, and R’ is independently hydrogen or C,.¢alkyl;

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

2. The compound of Claim 1 wheremn R, R®, and R’ are each hydrogen.
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aqueous tetrahydrofuran (1:1 TI-IF:water, 36 mL) and then with
tetrahydrofuran (2 x 18 5 mL) to afford the title compound which was dried
overnight under vacuum at 40-50C (yield: 16.916 g). 'H NMR (400 MHz,
WEDEODBTMS as reference at S(ppm) 0) S(ppm): 1.39 (6H)GH/B2B206B1H)810
S; 2.79 (2H) t J=7.2Hz; 2.92-3.03 (4H) m; 3.87 (2H) s; 5.25 (IH)d of d
J=3.9.and &BHzjrtpddn(led ) dadm U5wAid®z:i 6 6 3s(Hd)-d J=9.8Hz; 6.86-6.93
(4H) m; 6.96 (1H) d J=8.3Hz; 6.99-7.05 (4H) m; 7.15 (2H) d J=7.8Hz; 7.19
(1H) d 10 J=8.3Hz; 7.36 (111) d J=15.9Hz; 7.38 (2H) d J=7.6Hz; 8.34 (IH)
d J=9.8Hz. Thecanpstaiind Produttwhasheharawterzed oy otREB @Nd DSC.
g. Analytical Methods X-ray powder diffraction patterns of FIGs. 1, 3, and
5 were obtained with a Rigaku- diffractometer using Cu Ka (30.0 kV, 15.0
mA) radiation. The analysiso\ﬁas performed 15 with the goniometer
running in continuous-scan ooﬁ of 3 per min with a step size of 0.03
over a range of 2 to mptés wéregrepared artz specimen
holders as a thin wdered .l epah. 1 Ument was
calibrated with a siliconimetal standard. Diffetential scanning calorimetry
5 traces of FIGs. 2, 4, and 6 were obtained with a 20 TA instruments model
DSCQIO. Samples were placed in sealed aluminum pans for analysis
with an empty pan serving as the reference. Sampl&8 were equilibrated at
whl&rnand heated at 5 C per minute to a temperature of 300 C. The
instrument was calibrated with an indium standard. While the present

inverffioit Had6BERAradUEHBY MithRrefeRuftRetd ERpakt tolken logether are

gnederishereefitchodqmnderstood by those skilled in the art
that various 5chanﬁgs may be made and equivglents may be subsfituted
0

10 withoRRRIpArRG Froth 1hE Gred Y drdfScdbe O thehvisib in R
additig danyenedificatiatsimarhedhaderiodasianpt RyqakicUantitatiand
majerjal, compasition of matter, process, process, step or steps, to the

Cbbﬂaﬁ(é(Jn/"e"h‘érﬁf tdﬁa?@df)gp&oﬂll%%%ggﬁ‘tufVevﬁtl ]ﬁ'fﬁ,&ﬂ such modifications
are intéwadéed 30 to be within the scope of the claims appended hereto.
Additionally, all publieations.z patents, and patent documents cit .
hereinaboveb aacgleol!f:\%o f%%réfﬁed’ @%gefé?ﬁ!cnép eer!gﬁiﬁ% Eﬁ’l "4E thou g’h“an{yl’ o
individually Renddtitedssiheefertribe ii1oge0 2OO5OFHRAZhey are attached, or

PCT/ H@t@@é&?%&ﬂhﬂ%@énﬁ SRR is attached and a carbon atom of

the adjacent Cysalkylenyl, or R and R"?, together with the nitrogen atom to

1

W

which they are attached, or R'?, together with the nitrogen atom to which it 1s
attached and a carbon atom of the adjacent Cy salkylenyl, form a heterocyclic or
20 heteroaryl ring having from 5 to 7 ning atoms and optionally containing an
additional heteroatom selected from oxygen, nitrogen, and sulfur, wherein
nitrogen is optionally substituted with -S(0),-C, salkyl; and
nistor2;
or a phanmaceutically-acceptable salt or solvate or stereotsomer thereof.
25
5. The compound of Claim 4 wherein R® is -[O-Cy.salkylenyl},-NR'°R"! or
Cy.ealkylenyl-NR"R" and R® is hydrogen.
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1. A compound of formula (1): OHHRs R3R2R7R8RON(R6 R1H 5

wherein: each of R', R2, R3, and R4 is independently selected from

hydrogen, hydroxy, amino, halo, -CH20H and -NHCHO, or R' and R2
waakemorogether are selected from -NHC(=O)CH=CH-, -CH*CHE$2@®jN¢4816

-NHC(=0)S-; and-SC(=0O)NH-; 10 one of R5 and R6 is -[X-C1_6alkylenyl]

NR7&R1' orie dohpdkytesyCNR12Rer-andkthe gtheekRmamt B6 is

elected from hydrggen, hydr ClAalkexy; and Cl4alkyl, wherein

"[%ﬁ‘éﬁ@y’( Ilcsn% i allgs S Itfja(t:fggi\%gllfﬁgc?ﬁwherein each X is

independently selected from -0-, -NH-, -5-, -NHSO2-, -SO2NH-, 15
-NHC}(:O)- nd -C g&)ﬂﬁ\lolfl%eacq oflleo R", R12,and R1 3 is

indepéndentj ﬁ%‘ ogen or i“ﬁall%r/ ;ef)erml'?lo and R' 1, together with the

nitrogen atdnisceldvich fhey eCatalliedyoNRIR! toyé thenikitenfleNR ‘R
nitrogg@lgﬁqgh%lxg ich i is attached and a carbon atom of the adjacent
Cl.salkylenyl, or R12’and R", together with the nitrogen atom to 20 which

they are attRched; iR, asbRher Gigs indenirtddan Biom to which it is
attached anghg-carbR gia™ gt e Bdiaeent Claloenly 1HMeden or

heterocyclic or heteroaryl ring having from 5 to 7 ring atoms, an

optiohatRFesrERIngER adescdisa gt atrnesa demdarshichgete

nitroggRerRadsHfupherain Mikogen is optionally substituted with
-S(0)2-C.4alkyl; and 25 nis 1, 2, or 3; and each of R7, R8, and R9 is

independently hydrogen or Cl-6alkyl; or a pharmaceutically-acceptable
salt & solvateeapaipsenisanienheretbrdn Rieaompauadofdiainid

NERCHse ot 4 RN e of iaim 1 wherein X 9 0.

9. The compound of Claim 8 wherein R”is ~O~C;.531‘kylenyi-NRmR” and R®
is hydrogen.

10. The compound of Claim 4 wherein the stereochemistry at the alkylene

carbon bearing the hydroxyl group 1s (R).

11.  The compound of Claim 4 which 1s selected from:
5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-phenylamino}-phenyl } -
ethylamino)-1-hydroxy-ethyl]-8-hydroxy-1H-quinolin-2-one;
8-hydroxy-5-[{R)-1-hydroxy-2-(2-{4-[4-(2-piperazin-1-yl-ethoxy)-phenylamino}-
phenyl}-ethylamino)-ethyl]-1 H-quinolin-2-one;
5-[{R)-2-(2-{4-[4-(2-amino-cthyl)-phenylamino}-phenyl } -ethylamino)-1-hydroxy-
ethyl]-8-hydroxy-1 H-quinolin-2-one;
5-[(R)-2-(2-{4-[4-(2-dimethylamino-ethyl)-phenylamino}-phenyl} -ethylamino)-1-
hydroxy-ethyl}-8-hydroxy-1H-quinolin-2-one;
S-[(R)-2-(2~{4-[3-(2-amino-ethyl)-4-methoxy-phenylaminoJ-phenyl}-ethylamino)-
1-hydroxy-ethyl]-8-hydroxy-1H-quinolin-2-one; and

pharmaceutically-acceptable salts and solvates and stereoisomers thereof.
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4. The compound of Claim 1 which is a compound of formula (II): OH H
HO RZ N N-aR RIH 5 (I} wherein: R1 is -CH20H or -NHCHO, and R2
is hydrogen; or R' and R2 taken together are -NHC(=0O)CH=CH- or

-CH=CHC(=Q)NH-; 10 one o .and R§ is.-[O- I, R0 4 _
or 1. & tky e Y RRTEIRIS 4 R oLAGH B ST 1 SUBeq P2 methy
husdagepHaMdr L GG bhakOxyiandncd) aalkylirshesein 58 -Aadiykis L H-quinolin-2-
optionally substituted with halo, wherein each of R10, R11, R'2 andiRlS,

Rin QB SRABREEAVERNY TSP ED AR 10RO 158 6 SR RIA BB AT with

the nitrogen atom to which they are attached, or R10, together with the

nitrogen atom to which it is attached and a carbon atom of th

C1.6alkglenyiThe RappsaRAS- tgedrer Witk %ﬁé“ﬁﬁ%&e@%—iﬁ& ?e?w,e%ﬁ%methyl*
RE¥ 38 BHaANER: S %nf@g%m?{aﬂ’ﬁ%ihﬁﬁggﬂ@ﬂé?ﬁéﬁ?[ﬂl@hw&i@hyﬁﬂﬁquinoﬁn—z

attachéd and a carbon atom of the adjacent C1.6alkylenyl, form a
heterd8iclic or 20 heteroaryl ring having from 5 to 7 ring atoms and
optionally containing an additional heteroatom selected from oxygen,
nitrogen, and sulfur, wherein nitrogen is optionally substituted with

-S(0)2-B-4alkhearvanipishdp P Citim pAarmabdefcHiR)-4cCeptatid Tamio-2-methyt-
solvate or stereoisomer thergof. . The campaund.af;Claing 4. wherginuinelin-2-
B R B oy gt R S e g inoln2

byedtogadisyBid/O 20051070872 PCT/US2005/000810 6. The compound
of Claim 4 wherein R5 is Cl-4alkoxy and R6 is _

-[O-Cl-6alkylenyl]"-NR10ORI1 or Ci_6alkylenyl-NR12R13 7. The compound
of Claims4 wheteinompound of Claim 12 which is 5-[(R)-2-(2- {4-[4-(2-aminc-2-methyl-

propoxy)-phenylaminol-phenyl} -ethylamino)- 1 -hydroxy-ethyl}-8-hydroxy-14- -quinolin-2-

one oxalate,

16. A pharmaceutical composition comprising a therapeutically effective
amount of the compound of any one of Claims 1 to 15 and a pharmaceutically acceptable

CarTier.

17.  The pharmaceutical composition of Claim 16, wherein the composition
further comprises a therapeutically effective amount of one or more other therapeutic

agents.

18.  The pharmaceutical composition of Claim 17 wherein the other therapeutic

agent is a corticosteroid, an anticholinergic agent, or a PDE4 inhibitor.

19.  The pharmaceutical composition of Claim 17 wherein the other
therapeutic agent is selected from fluticasone propionate, 6a,9d~diﬂuor0—i]B—hydmxy~
16a-methyl-170-[(4-methyl-1,3-thiazole-5-carbonyl)oxy]-3-oxo0-androsta-1,4-diene-1 75~
carbothioic acid S-fluoromethyl ester, and 6a,9a-difluoro-17e-{(2-furanyicarbonyl)oxy]-
11p-hydroxy-16a-methyl-3-oxc-androsta-1,4-diene-17p-carbothioic acid S-fluoromethyl

ester
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5 R5 is selected from -O-Cl-6a]kylenyl-NR10Rt 1 and
Cl.6alkylenyl-NR12R13 and R6 is hydrogen; or R5 is Claalkoxy and R6
is -Cl-6alkylenyl-NRI2R13 wherein each of R10, R", R12 and R13 is
independently hydrogen or ClAalkyl, or R10 and Rt 1, together with the
2mitroges glemateurbichihaase (1 attached farm apiperazinyl Y8 positon
iSThe com ound of %glm 7 wherein R1 and R2 taken together are
N’ﬁ@?: )%ﬁ%w— or -éﬁl% (=O)NH-. 15 9. The compound of Claim 8
wherein R5 is -O-C1-6alkylenyl-NR10Rt t and R6 is hydrogen. 10. The
comppund. of Claim 4 wherein the stereochemistry at.the alkylene carbon
e T R B e RS IS Bt ST of St Gghmor
RURES T K e
5-[(R)-2-(2-{4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl}-
sethylaminelsi-Rydseey-ethh8-yvaroxysd BEAuiRen2:on8e : i » conicosteroid
8_-.|E’]V Irox ,-5-[(1R)-1-hé%rﬁ)xy-_2-, 2-{4-[4-(2-piperazir%l-i}l-eﬂ%rcl)tf)sl)%p?}renﬁ?ﬂ?rmolm’ w
AT %@E%%?%ﬂ?ﬁe‘fﬁﬁ‘/l ASTEBEYA]-IH-quinolin-2-one; 5-[(R)-2-(2-
{4-[4-(2-amino-ethyl)-phenylamino]-phenyl}-ethylamino)-1-hydroxy-
Bty l]:8-Lydraxyeh HeHinalin20neuRd R):as Bre of Clai !
{4-[4-(2-dimethy?am?r%é_th%—phénqumingﬁphgngﬁggﬁlﬁlgr%ﬁnlcﬁ))imiq # compound
Sﬁ&?{}?@@g{ﬁm’]l%ﬁqyﬁ RERD R Bh it IS e Afrhydroxy-160-methyl-17¢-[{4-methyl-
153{&5%)5@) ﬁ(zdﬁﬂﬁfﬁ%&mmh%@fbﬂd d}cérdﬂl lﬁm#ghsw@mma -pheny!-efyaMeny
no)- 1-hydroxy-ethyll-8-hydroxy-IH-quinolin-2-one; and o
“6ﬁérmaa(1:}gijtic§ﬁ§2%“c 5?5%?‘&%%&?5%&8[\‘?8%9 Her Steragres ngpsmethyl-3-oxo-
thizogefl, Bdch2- ] Thecbmpoundict Gtaiomdthwhieh is
5-{(R)-2-(2-{4-[4-(2-amino-2-methyl- propoxy)-phenylamino]-phenyl}
-ethylamino)-i -hydroxy-ethyl]-8-hydroxy-1H-quinolin-2- one, or a
Hharmacetisaiiprarcepiable: saRrord Kaey omsteiSbisoner thend6f:,a@difluoro-
The compueheh @laim- 12 whichis Sel(RndA3-{4{4:(Z:amings2:methyl-

ropoxy)-phenylaminol- henyl}-ethylamino)-1-hydroxy-ethyl]-8-hydroxy-IH
R SR e =

23. Use of a compound of any one of Claims 1 1o 15 in the manufacture of a medicament.

26. The use of Claim 25 wherein the medicament is for the treatment of 2 mammal having a
disease or condition associated with i, adrenergic receptor activity.

27 The use of Claim 26 wherein the disease or condition is asthma or chronic obstructive

pulmoenary disease.



14. The compound of Claim 12 which is
5-[(R)-2-(2-{4-[4-(2-amino-2-methyI-
propoxy)=phenylamino]-phenyl}-ethylarn=no)-i
-hydroxy-ethyl]-8-hydraxy:IH-quinqlin=2- napadi T{ghe ~ o
2% o G C S e s 2 A e Syabe for
admpropexy)-phedmgamino]-phenyl} -ethylamino)-1-hydroxy-ethyl]-8-hydroxy-
IH-quinolin-2- one oxalate. 16. A pharmaceutical composition comprising a
therapeutically effective amount of the compound of any one of Claims 1

29. to [Bhancabhzmaibuticatiy decapdishm eariern i THe phafmadagticar it

oneﬁ%?%&%@ﬁu@%@}ﬁ@1a‘§’§ﬁ£@94&%§?¥89@§@8ﬁiJH&Q%‘?&,O;EHpiﬁ%i%ﬁcﬁinergic

erapeutically effective amount of one or more other therapeutic agents.
agerfigarthe PHatimdéeitical composition of Claim 17 wherein the other
therapeutic agent is a corticosteroid, an anticholinergic agent, or a PDE4
inhibitor. 19. The pharmaceutical composition of Claim 17 wherein the
30. oth@hatyerapcciiragent 1S saIdote aS P RIARASSMEBRbpiditats.-difluore-17a-
[(?.wﬁ%&%%}giﬂ%q{\g;%%%: PV@&R?@H)XV-_ 16c-methyl-3-oxo-androsta- 1, 4-diene-17B-
1ba-methyl-I7a-[(4-methyl-1,3-thiazole-5-carbonyl)oxy]-3-oxo-androsta-|,4-
cartgfitmeicl #(8-Seroottieit aciics-fluoromethyl ester, and
6a,9a-difluoro-17u-[(2-furanylcarbonyl)oxy]-
11(3-hydroxy-16a-methyl-3-oxo-androsta-1,4-diene-|7p-carbothioic acid
51, S-fldorsRsethyice SEEPEEI2(E TREHSHAAMBRICADTRRIC O pSRIsING Bnyhgnde of

C}a%gqjm%‘]tﬁggr%geyylggﬁ%ﬁstﬁ@zcomposition is suitable for administration
by inhalation, 21. A combination comprising the compound of any one of

ClaithsF#6!1S and one or more other therapeutic agents. 22. The
combingtion-gfGlrima dirwhereinthe other therapeutic agent is a
corticosteroid, an anticholinergic agent, or a PDE4 inhibitor. 23. A
combination comprisingFa compound of any one of Claims 1 to 15 and a
compound selected from flgticasone propionate,

6a,9a-difluoro-17a-[(2-furanylcarbonyi)oxy]-11(3-hydroxy-l6a-methyl-3-oxo-
androsta-1,4-diene-17G-carbotnioic acid S-fluoromethyl ester.
with a compound of formuia {IV):
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24. A combination comprising a compound of any one of Claims 1 to 15
and 6a,9a-difluoro- 17a-[(2-furanylcarbonyl)oxy]-11(3=nydroxy-16
a-methyl-3-oxo-androsta-1,4-diene-|7P- carbothioic acid S-fluoromethyl
ester. 25. Use of a compound of any one of Claims 1 to 15 in the
manufacture of a medicament. 26. The use of Claim 25 wherein the
medicament is for the treatment mal having a disease or
condition associated with F'2 ad ic receptor activity. 27. The use of

Claim 26 wherein the disease or conditicﬁ% is asthma or chronic obstructive

pulmonarydisease. 56 28addeoHsa:-04a0v.0ne of Claims 25 to 27 wherein
the medicament is suitable for administration by inhalation. 29. The use of

Claim 25 WHetERTIPRMRTLRfidarmrt I& suitable to be administered with one
or more other therapeutic agents seiected from a corticosteroid, an
anticholinergic agent, a PDE4 Inhibjtor. 30. The use of Claim 29
wherein the other therapeutiqt agent isR a,9a-diffygro-17a-
[(2-furanvicarbonyl)oxyl-g#s(3-~"" 22
hydroxy-l6a-methyl-3-oxo-andrgsta-1,4-diene-17(3- earbothioic acid
S-fluoromethyl ester. 31. A process for preparing a compound of formula
(1), accBifirig Rnaay e S ewdah¥lto 15, the process comprising: (a)
reacting (i) a compound of formula (Ill): RyaQ3p HR3a RZR7 R8 Rg/ A

R1a with a compoufigh ufa(IV): 57 RAN) R6 Lnﬁ%we presence of a
transition metal catalyst; OgY i at orzn eund of gorm (V): Raa Ol R1
R

H

wherein P' is 2 hydroxy-protecting group; sach of R, R¥® R* and R*1s
independently either defined to be the same as R', R*, R®, and R* in formula s
or is —OP?, wherein ° is a bydroxy-protecting group; one of A andBisa

ieaving group and the other of A and B iz -NH;; L is a leaving group; and R,
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R3a R2a Rta with a compound of formula (VI): HZN Re R6 R (Vi) N R6
H wherein P1 is a hydroxy-protecting group; each of Rla, R. Rae, and R4a
is independently either defined to be the same as R', R2, R3, and R4 in
formulag(t) z0r 18 - ' ' -protecting group; one of A -
and B ise? Ieblﬁﬁgg%?épgr%ﬁ%gegﬁg}@g A%;f%/ ﬁ%?f\?ﬁ‘;ﬂ% SRR ‘ﬁ\
group; &rrrRis (84 R6, Rr, R8, and R9 are defined as in formula (1), to
provide a compound of formgHa (VIl); D1 R4a H ea R Rs (VI) R3 R Rya
H (b) removing t¥e_protectin grgup P' to provide a com%)und of formula
(VIII): OH R4a Fi RN R"RsgR2R R8 | R and (c)
when any of R. R22; ~arR4XRIs R 22V »@2 otéctihy group
P2 to provide a compq[yad of formula (.1), or a{ialt or stereoisomer
thereof. 32. The product prepared by the process of Claim 31. 58:33. An
in vifro rerethokahsdyingra bislgaicabsysiam erceampRle.£MBrising &/132.
adrenergic receptor, theér;gtr;od comprising:
Rz | N 5
Ry S R
Rm SO 1 ow
R'Ia : g R

;and

in 2a 3 4z 2 : :
(¢) when any of R'*, R*, R™, or R* 15 ~OP, removing the protecting group P to
provide a compound of formula (I), or a salt or stersoisomer thereaf,

32. The product prepared by the process of Claim 31,



(a) contacting the biological system or sample with a compound of any
one of Claims 1 to 15; and (b) determining the effects caused by the
compound on the biological system or sample. 59

33. An in vitro method of studying a biological system or sample comprising a B, adrenergic

receptor, the method comprising:

(a) contacting the biological system or sample with a compound of any one of
Claims 1 to 15; and

5 determining the effects caused by the compound on the biological system or
sample.
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