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WO 20051087738 PCT/US2005/007988 BIPHENYL COMPOUNDS

USEFUL AS MUSCARINIC RECEPTOR ANTAGONISTS

BACKGROUND OF THE INVENTION 5 Field of the Invention The present
winuentigriaelates to novel biphenyl compounds having musearniricz¢05/6007988

receptor antagonist or anticholinergic activity. This invention also relates

to phannaceutical compositions comprising such biphenyl compounds,

processes and intermedidREEdIrapaibg8iBDiphenyl compounds

and meth S ﬁﬂ%@%ﬂ CRPPRN Egﬁ{ﬁé}{fgonary
disordersggtﬁal?éj%#%}e rtPu mona)tér{.yl%gr resplrg%fg/ﬁailg%r ers, such as

chronic obstructive pulmonary disease (COPD) and asthma, afflict many
millions of people wagdwidesnNBUsh ¥ dRREAg RS leading cause
of morbidity and mortality. Muscarinic receptor antagonists are known to
i i protective effects and therefore, such compounds are

usefthdgn-dseatingetakpinatons tsaradansiphuehl asnipoRids Andnastiinsarinic
reciie e 10 Leat such disorders, muscarinie teceptor aptagonists are

t)?plca y Sdinistere %y Rrraiaton. owever, even vhen administered by
phinhatatiors! ac2@sigmifisantamonpsofitherhtostavinioredeptorcastaganist is
int ORI AP S IR NG BNFISIBICI LGB HRR SRHHOG R YIS BY G hipheny

effects, such as dry mouth, mydriasis and. cardiovascular side effects.
compRItidhEIerhR MIEYe RTd8 Earinie receptor antagonists have a

relatively short duration of action requiring that they be administered
several :[&rges per day. Such a 25 multiple-daily dosing regime is not only

Sl A8 ANt but also creates a significant risk of inadequate treatment

due ralpakient srarspomaliadicerddtt) thehregehredfreloieati dopingr onary disease
(Cégfﬁ%%l%ést C‘Fu?,rgfﬁ%ly azinner%gﬂleo)(lg’tgf foeropfeewwrg]rydsv% @%drgu%%pélosforders are a
antagonists. In’particular, need exists for new MUSCANNIC receptor
leagdnig gorised weabhhtirg higirsbitency and reduced 30 systemic side

effeqimwhenadeunisisrad by dphalation, Addtional s aharp rXigR I Ofrects

inhaled muscarinic receptor antgaonists having a long duration of action
angHBFEROr & RO I8P URESHT IR O ETdrPyRtaIfBERg Y dirdesuBHeh as COPD
anCaRipeUNUSareR¥pecied adaiipaticylanyelianlive debiaatingists are

ulmonary disorders, such.as COPD and asthma, while WO _2005/087738
o S B T P et e e TR Bt e gabaton, o
siggir§iaant athoantht drstipationsic receptor antagomnist is often absorbed into the

systemic circulation resulting in systemic side effects, such as dry mouth, mydriasis and

Fi

cardiovascular side effects.

Additionally, many inhaled muscarinic receptor antagonists have a relatively short
duration of action requiring that they be administered several times per day. Sucha
multiple-daily dosing regime is not only inconvenient but also creates a significant risk of
inadequate treatment due to patient non-compliance with the required frequent dosing
schedule.

Accordingly, a need exists for new muscarinic receptor antagonists. In particular, a
need exists for new muscarinic receptor antagonists that having high potency and reduced
systemic side effects when administered by inhalation. Additionally, a need exists for
irhaled muscarinic receptor antagonists having a long duration of action thereby allowing
for once-daily or even once-weekly dosing. Such compounds are expected to be

particularly effective for treating pulmonary disorders, such as COPD and asthma, while
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S 'Y OF THE INVENTION The present invention provides novel biphenyl
compounds having muscarinic 5 receptor antagonist or anticholinergic
aotpeityogkmong other properties, compounds of this inventioRRavEeak7oss
found to possess high potency and reduced systemic side effects when
administered by inhalation and to have a long duration of action.
redeondingfininaifstids RERst erehsPiepige@ samuauashefformula I

(R") (R6)d coNR7 8 a/(R3)oa NYW-(N m N) M7ArKttN )n (RZ2)b ~ ~/

R" 10| wherein: a is 0 or an integer of from 1 to 5; each R1 is

independently selectecﬁtﬂm{@:ﬁ@ﬁkm ICYArEh2-4C)alkynyl,

(3-6C OR; " -SRI’, -S(O)R",
-S(O)?gtem?gl%é%n%gﬂ%l%%%% e é%ﬁgﬁé BRI FSGRERiE
Ymﬁﬂ}ﬁ?r RSt Rtfant@mtsmwcnmd R%tnmgldﬁqﬁepﬂg!&tbfeb,wﬁmg&mnds of this

ik4nalk-osRhsBwA 4 om 1104
EZ is.inde ggééehntly seIectgéig%(ré(’)sr%1 %%%re)% §qg&&9 A i3 ects when

HoBERd PWW&%\QM C(O)ORZb

-SRZ@cc&@W a%@a 28, NRARZG R and
-NR2jC(O)R2k; where e?cgh of Rea, 2b1 EQZ Rc%ﬁjé%%%%{ léé R2',
R2r, R2j, and R21" is independently hydrogen, (1-4C)alkyl or

l; W represents 0 or NWa, where Wa,is hydrogen or

(i-4C)all§ ;e is 0 or an integer tgem 1 to 5; 25 each R R/ R®
represents (I-4C)allcyl or tw gfoups arej |ned tp fo
(1-3C)alkyle C) Pexira " aigBoTI R is

hyidroggn, (1- lkyl, and (344C)cycloalkyl sis0,lor?2;

s a pHenylene group or a (3-5C)heteroarylene group
containing 1 or 2 -2 WO 2005/087738 PCTIUS2005/007988 heteroatoms
‘ivr}l%?é)ig_ndently selected from oxygen, nitrogen or sulfur, wherein the

ais 0 or an integer of from 1 to 5;

each R is independently selected from (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)eycloalkyl, cyano, halo, -OR™, -C(O)OR', -SRY, -S(O)R", -S(O)R, -NRURE,
-NRS(O),R", and -NRUC(O)R'; where each of R, R™®, R**, RY R RY Rie Rl R
RY, and R™ is independently hydrogen, (1~4C)alky! or phenyl(1-4C)alkyl;

b is 0 or an integer of from 1 to 4;

each R? is independe:iﬂy selected from (1-4C)alkyl, (2-4C)alkenyl, (2-4CHalkynyi,
(3-6C)cycloalkyl, eyano, halo, -OR™, -C(O)OR®, -SR, -S(O)R¥, -S(O)RY, -NR¥R*,
-NR¥S(O),R%, and -NRAIC(O)R™; where each of R%, R®, R, R R* RZ p% R R
R, and R™ is independently hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl;

W represents O or NW*, where W* is hydrogen or (1-4C)alkyl;

¢ is 0 or an integer from 1 to 5;

sach R® independently represents (1-4C)alkyl or two R® groups are joined to form
(1-3C)alkylene, (2-3C)alkenylene or oxiran-2,3-divl;

misQorl;

R*is selected from hydrogen, (1-4C)alkyl, and (3-4C)cycloalkyl;
§is0,10r2;

1
Ar” represents a phenylene group or a (3-5 Cdheteroarylene group containing I or 2
.



phenylene or heteroarylene group is substituted with (RS)G where qis 0

or an integer from 1 to 4 and each RS is independently selected from

halo, hydroxy, (1-4C)alkyl or (1-4C)allcoxy; tis 0, 1 or 2; nis Ooran integer
WEEMSH0%3738 d is 0 or an integer from 1 to 4; each R6 indeperdemityess/oo79ss

represents fluoro or (1-4C)alkyl; p isO or I; and R7 and R8 are

independently hydrogen or (1-4C)alkyl; wherein each alkyl and alkoxy
helermaomRndeneticnty Ricol ReR%RERAitarpd RS si&@@,ti{ﬁ?aléyu the

st tadwith drigen ' ol %1 l§ar aceutic :

ptgd??e table salt or 30|§§2[§r%§§§:§£§nﬁﬁﬁe§% £ %r%%é%%é/ Tpaigeer from 1
o fand rephdvidmdepmdanic atleriar dbmabeltohydompriSintgelky! or
(1pfaEnasstitically acceptable carrier and a therapeutically effective amount

of a Gompqund, as disclosed above. In a third aspect, there is provided a
proceslss or B? aring a compound as disclosed above, the process

comprisifigr @) ireegtirfgpa qampound of formula 1I: -3 WO 2005/087738

PC 14S$289p qglg gr ﬁR;}ﬁE%\%(RI 2 (R)b NH 11 or a salt thereof; with

a compound o orfula in P CONR'Rs OZ~CiImNs~)n (@RIl
wher&igiZR réptermdantiesviragy dumpiron() ealipting;a compound of
formuas iy or (R (R3)

R’ and R® are independently hydrogen or (1-4C)alkyl;

wherein each alkyl and alkoxy group inR', R™*™® R?, R*%* R3 R® RS R’ and R®
s optionally substituted with 1 to 5 fluoro SuEstitucnts;

or a pharmaceutically acceptable salt or solvate or stereoisomer thereof,

In a second aspect, there is provided a pharmaceutical composition comprising a

pharmaceutically acceptable carrier and a therapeutically effective amount of a compound as

disclosed above.

In a third aspect, there is provided a process for preparing a compound as disclosed

above, the process comprising: (a) reacting a compound of formula II;

-3



/ N~ (RZ)b\ O IV with a compound of formula V: R }d1 P CONR'RB N )
HO s ~t" V or a reactive derivative thereof: or (c) reacting a compound of
formula VI: s\ (R)e/(R)~0'xl Zz N~W NN MSAr (RZ)b 101 R4 VI

WEHBPH 129 represents a leaving group; with a compound JfdBiseas\piTess
3a Rs H)n VIl or (d) reacting a compound of formula Il with a compound
of formula VIII: OI" OHC~,~~ JL, Ar' N) Ra VIII in the presence of a
reducing agent; or (e) reactipgacompound of formula IX: (R")a (R3 O~ N
W N~ ~N11'(CH2)1_ 1Ay (RZ)b-~~y Ra IX with a compound of

formula VII in the presence of7 g
compound of formula XVIII: N\n/w R,
-
&% o \G\:H
or a salt thereof, with a compound of formula II:

[ .
. R —CONR'R’
At l ﬁ .

21/\(\12\?)\(_,): WN )n
R4

m

wherein Z' represents a leaving group; or

{b)  coupling a compound of formula IV:

®* Yo
‘CN/\(")/\NHR
& }b

with a compound of formula V:

® )dﬁy—com R
HQ’”\M’

v
or a reactive derivative thereof: or

reacting a compound of formula VI

(R 3 0
Arl o2

/\(‘.’ﬁ\i;ifu\i‘ﬂ Ao

(R* )., r*

wherein 72 represents a leaving group; with a compound of formula VII:
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or

s (Ri 1/ (Rs) - P O (R)(COOR'N~W NJm IV. 1 Ar(N (RZ)O''Ra
XVIII where R'is H, -CH3 or -CH2CH3, with a compound of formula XIX:
NHR7RB XIX to provide a compound of formula I. 3b In a fourth aspect,
there is provided a method of studying a sample obtained from a
biological system comprisin F@afnuscarinic receptor, the method
comprising: (a) contacting, in vﬁﬁ*&, gRfyfeRvith a compound as
disclosed above; and (b) determining the effects caused by the
compound on the sample. In a fith a péct, there is provided a compound
as disclosed above for use in therapysgfas a medicament, In a sixth
aspect, there is provided a compound as disclosed above for use in
treatment of a pulmonary disorder. In a seventh aspect, there is provided

a copound AGRISCLRsahaROYE fOrRYSE N HAONIZIRGR ?ﬁ%&?&ovm:

receptor in a mammal. In an eighth aspecﬁt, there is provided a
medicament containing a compound ast@

aspect, there is provided the us& of a com
manufacture of a noedi t e a pulmonary disorder. In
a tenth aspect, there is Eﬁﬁvitﬁ;d the*use of a compound as disclosed

above in the manufacture of @ medicament for antagonizing a muscarinic
receptor in a mammal. In another of itélEbmposition embodiments, this

- riN @ ninth
as disclosed above in the

—r

in #isplestieds tirreled o ggbg}gagpaceutical composition comprising a
ly acceptable

pharmaceutical le carrier and a therapeutically effective -
amolfit of &ashnsasamrAYBfRiteTara Pharmaceutically acceptable salt

or solvate or stergoisomer thereof. Such pharmaceutical compositions
may optional in other therapeutic agents. Accordingly, in one
embodiment, t ]

sdisclosure is dire ng to such a Bharmaceutical
composition wherein the compgsifi herco is
P /K/tn e NWC\N s lel(c:t-tﬁ,_)t_fm—so
(R ; T/ é‘*
I

X

with a compound of formula VII in the presence of a reducing agcnﬁ; or

(H) reacting a compound of formula XVIII:

m . N
F‘Qé
XVIIT
where R’ is H, -CH; or -CH,CHj, with a compound of formula XT{:
NHRR®
XX

to provide a compound of formula 1.
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therapeutically effective amount of a steroidal anti-inflammatory agent,
such as a corticosteroid; a 02 adrenergic receptor agonist; a
phosphodiesterase-4 inhibitor; or a combination thereof. Compounds of

this djsclagyre Q@ﬁe’%@,sﬁé}@%%%'ﬂ&‘e&eac?xpé%é‘%a%ﬁéélﬁé%aﬂ W1e obrmined from a

Accordingly, compounds of formula | are expected useful for treating
biBloriTah SR Ri SERIEINS A cRUseRiFoTfeRIBs D theiedIneoTRsknaideasenteating, in
viasthilmasmptordinglyoipane of dscmethabembdip eatsmiRis HKCIOSHE S sed by
thgigg%%qntgo%gggg%dlgpr treating a pulmonary disqrder, the method

comprising a mlnlsPerlng to a patient a therapeutically effective amount of

a conipaiifitl BPfertisra soreipibasracenidalb/disdoegtaisie Saltuer soheatpy or as
a Alesieregisomer thereof. Additionally, in another of its method

embcﬁgimen{#s, this djsclosure is directed to a method orfﬁ%oducing _

broncASdA AP & PR E R T A tRBB LB BHUR R s ARAIS M GEL R geatment of
a peltientradimodehodilation-producing amount of a compound of formula | or

aph icall C b . Iv. [ stereoisomer.thereof. 3c .

B A S A RUR S N
AEARTBIHOE DT REATRG CRTBRICobBHIEtRle pulmonary disease or asthma, the

method eongptisisg:adiuristerngdta a patienhantbarapaulicalivneifasiveisciosed
@nount of a compound of formula | or a pharmaceutically acceptable salt

or solvate or stereoisomer thereof. 5 In another one of its method

emboklirh 8, thRscdidetosiireriydrechedito afmettronbior entigbniingaae in the

mAHIEGARD F FEERIMEN G AN RALRAMPISIAIMQISIRILNg to the
mamﬁal,tayeéggeu ically effective amount of the compound of formula 1.
a _1en S

Since 2SMPBLATE Br L disEIBEdre PstisSir raunming ravdistlised above in the
mantégonistiactivitgansuc focamporinds anaaisinitsefuhas iessarghalools.
Accordingly, in yet another of its 10 method aspects, this disclosure is

diregied iaa spethod fonising, E%Qxﬂ%?%ﬂi%' gl fprmula Lor a

co haorsrlrglaceutlcallg/. acceptable salt or solvate or s ere0|somerdtﬁoe%é’g?‘ra%acaemjca}
regearélﬁ1 (OB FRARTATBIBICR I AcsyRtRhe GEarh B diiFerpentically
effigcovennghefe cheminakiod ipannds o a YRGS CEHRIE, R salt or

ﬁ%@%‘i’@{é{ ivit his disglo ure is also directed to processes and novel
Sointermedia%g%%%g?l% o 'S%)%‘ﬁpé}m%%er%%% SER BRI FhpRyionally contain -

otiphairenaceutieailysasceptidis salbercagivaiaar, icwisamas thereefio
subcaquiglyeiRanelies s Mahod BRDSUMeNS, s diclosre s

thdirecte_d to a process of preparing a compound of formu Al ;C the’ B?S%aess

CORTBHERY: 5L AMG oA isinid b psinflarmelomaagsmipaghdsof
coftivmuiifolid; OB, adrenergic receptor agonist; a phosphodiesterase-4 inhibitor; or a
combination thereof.

Compounds of this disclosure possess muscarinic receptor antagonist activity.
Accordingly, compounds of formula I are expected to be useful for treating pulmonary
disorders, such as chronic obstructive pulmonary disease and asthma.

Accordingly, in one of its method embodiments, this disclosure is directed to a method for
treating a pulmonary disorder, the method comprising administering to a patient a
therapeutically effective amount of 2 compound of formula I or a pharmaceutically

acceptable salt or solvate or stercoisomer thereof,

Additionally, in another of its method embodiments, this disclosure is directed to a method
of producing bronchodilation in a patient, the method comprising administering o a patient
a bronchodilation-producing amount of a compound of formula I or a pharmaceuiically

acceptable salt or solvate or stereoisomer thereof,

3c
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(b) coupling a compound of formula rV with a compound of formula V; or
20 (c) reacting a compound of formula VI with a compound of formula VI,
or (d) reacting a compound of formula Il with a compound of formula VIl
Wit HhE/WE&nce of a reducing agent; or (€) reacting a comp®Giia1005/067988
formula 1X with a compound of formula VIl in the presence of a reducing
agent; or 25 (f) reacting a compound of formula XVIII with a compound of
formulaisxdiXslaand thelsoréransying anyiproteeiingrgraupsc ibnecessary, to
Mol{olV] . f ~wherein. compounds of formula 1-]X,
P XVIII%?]glg(%%Dg%?%& c}é%%%{%éégin.xﬁ%ﬁlﬁ ?n‘%‘b‘ﬁ???]%”rﬂ, t°ea§%63v“e§ s
therneatisaliyeidectimpranst ofe steppotfshofifgrmubhbenmpeaurtivatiytically
acBepaRlable sall.efAcRMBRURH Al fRlpLda |. In. other embodiments, this

30 disclosure is directed to the other processes described herein; and to
the protiggtprepared bytemenbtidenproc dssdsdescribatirieséin a Tiigod for
arthigoldziied malsertitecieshter ameampemar-ohipryPiaiMstering to the mammal,

%harm ce ica& acceptable salt or solvate or sterepisomer thereof; for
a ctape 1C3 Be chive %‘H}Egﬁﬁé
usein therapy or as a

ST RS 20 8T8 s s
PCTAiB208b00R88 adaibionalpotbiss disslasdieris ke alashbtaithectisey of

ﬁt?@éﬁ%ﬂﬂgsq}@ﬁigaqlf? prapharmagsitically %&ﬁr}?gt?‘%e SAlL Q1 solvate
or stereoisomer thereof, for tﬁe manu?é)c ure or a |caP§1eﬁE especia Iy

MEheResreatiUfe divd st indisicaftentriohtidefereatmerronbaunsudffomany 1 or

2 PIREKARE IR ARIRNOMIEI 0 R URGR INGHR EERIPE AP ARARITN AR arch tool for
DETAILED DESCRIPTION OF THE Fsb((]ﬁ\!/éE NTION In one of its

SRR RIGH SPeEth ¥ Yo TRbecpyariBaRIErBAsHERhgompounds
hadngpourdant fessputa dresiohasmaseytically acceptable salts or solvates

or stereoisomers thereof. These compounds may contain one or more

chiral BItRSIaRt thakerdiaciico Tochwenton e dirstatkiiareosniic for
pmﬂmwpgoe@goéﬁmﬁe lisofi ephemantcomeitycicdiftatdeaamersjlvate or
aSEfeQlsomeren iched mixtures and the like unless qtherwise m_dmatpd..
“When a partiecouIa%cg(t)égr%!m{g’o?n%i}c’%esrﬁoanc‘?rthﬁgr%g() SHETh: o iesare is
digiRst SooRrespIhesercerirga sameamdtaftfminoladnibe pteastothmprising:

stere@ipomeeadmay NORIRIRR PRGN RIFUICAARS IMERHOA mmr; or
unle;@otherwwe indicated, provided that the desired utility 15 of the

compBLitiorF AP ERERSRTONBE A raEa 1) Yith grevwnesnsraifermmingf; or

isomées. Theavimps voes@hiomulah bSO comaiR GayeRHRATERUVE or
.g.,.ami d therefore, t ds of f la | ist
(o.3. gmino giouns) and (herelore, the pmpounds of formulz L can st
presence of a reducing agent; or

(e)  reacting a compound of formula IX with a compound of formula VI in the
presence of a reducing agent; or
(f) reacting a compound of formula XVIII with a compound of formuia XIX;
and then removing any protecting groups, if necessary, to provide a compound of formula
E wherein compounds of formula I-IX, XVIII and XIX, are as defined herein.

In one embodiment, the above process further comprises the step of forming a
pharmaceutically acceptable salt of a compound of formula I. In other embodiments, this
disclosure is directed to the other processes described herein; and to the product prepared
by any of the processes described herein.

This disclosure is also directed to a compound of formula I or a pharmaceutically

acceptable salt or solvate or stereoisomer thereof, for use in therapy or as a medicament.
e
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forms. All such salt forms are included within the scope of this invention.
Furthermore, solvates of compounds of formula | or salts thereof are
included within the scope of this 20 invention. Additionally, where
WaBMIRAIERES all cis-trans or E/Z isomers (geometric isomers) PEAHSIHEYI® 7988
forms and topoisomeric forms of the compounds of formula | are included
within the scope of this invention unless otherwise specified. The
compéditieraby favaditalosers weicasdhote sanopeundsausedfitvittula T or a

pfﬁyﬁﬁlﬁﬁt&aﬂyaaécgﬁuﬁiﬁ%m&l%ﬁﬁggﬁ g3l 308ledeABP IS nhEmfacture of
wh iere one or morﬁgﬁofrﬂﬁhave een enriched with atoms having an

an on%?é“reﬁ‘és%*‘%f*ﬁ‘é TREURSHTE mAQsHisamhieiye fosmept of 2

pubaturey Bisardples b isatgpazititas maycherikceeprated niataa.
compounds of Formula (1) include, but are not limited to, 2H, 3H, 13C, '4C

'5N, 180 and 170. The nomenclature used herein to name the compounds
of this inventiSHEEAZDER REGERIP TIOENGH JIEEHFFRNTHON

nomegpelat Hﬂ@éﬁﬁ%ﬁ@fﬁ&? ﬁ@ﬂ%gty 09 SR %[Pé@ll@é ‘%Vx?ove? I%phenyi

AutoNom software (NML, San Leandro California). For exa

CoRRPRAR RIS ArPhaarsitivetiE arpeniabip el I?ﬂ?@b’ﬁ%ﬁﬁé@@gﬁﬂm@m
thesiel 'ﬂﬁg&aﬂmmﬁlaﬁewmgﬁeo@%%%@d@@@f@é&@&ﬁ&\é&re this

Embodlm The following. substituents and values are intended to

m‘ﬁ%t\%? e repres SriaGEms ES I RbTeERes (i eAnsomese fts of
dithisraoventjosteiEoesempee prepbatitivenvaluas arelintanded tombnihensalined.

spects and embodlm s and.are 5 not intende
exclugﬁ{ &%O imen Sssgr%mllml%atlﬁle sCope: ot tiif g”: PRAIRSTIOR Ch%lghose
skiHedid thp ér?@pﬁ@@mammnapé hetistdmoiainens meylistituesehisn the
c Su%&fﬁ%ﬁs'@f@ﬁ’irs IEDARH JR AR NAY 10-8X8 Egt%ﬁ) St T%S demfed utlhty

stituents from this invention unless s ecifica icate eva

ofithe pomposition as 3 whale ﬁdiﬂ%ﬁﬁléfw%eq t?%ﬁ@?@?émfﬁm pfheticsstandys.

100 'onelcommﬁu offirnifd lsc2ochli s RAUCHIRIL LD L%éj(e?g aﬂﬂu‘?a/ gfbuns)
e pa rt| 0 or O£ onelﬂembodlment both a and b are 0. W

present, e’ac?l WPEE A2 4 can exsstas sy baster b%éﬁ%"r‘ﬁf@%
foxmacm mktm@wbmﬁadnmusm defien dﬁﬂbope letadsl itremdn 4 Cdatioanore

SO@Q%QC?JR" RI%S%S? O)R", 1&53%?%3) st Xﬁﬁ?@&%)%gs?%oo fthis

mYIQW%(O)Rk examples of which mclude methyl fluoro, chloro, bromo,
hyd r%dlﬂb%ﬁ?@%ﬁé@'gﬁblﬁ‘ﬁﬁ&’ laing,- Sinatyia Egﬁ%ré@%&pn%ﬁ%%somers)

Particular values for R' are fluoro or chloro.
tautomernic forms and topoisomeric forms of the compounds of formula I are included

within the scope of this invention unless otherwise specified.

The compounds of formula I, as well as those compounds used in its synthesis, may
also include isotopicaliy-labeled compounds, i.e., where one or more atoms have been
enriched with atoms having an atomic mass different from the atomic mass predominately
found in nature. Examples of isotopes that may be incorporated into the compounds of
Formula (1) include, but are not limited to, *H, ’H, 13(3,, e, N, Y0 and 0.

The nomenclature used herein to name the compounds of this invention is
illustrated in the i%‘,xamples herein. This nomenclature has been derived using the
commercially-available AutoNom software (MDL, San Leandro, California). For
example, compounds of formula I wherein W is O have typically been named as ester
derivatives of biphenyl-2-ylearbamic acid.
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When present, each R2 may be at the 3, 4, 5 or 6-position on the
phenylene ring to which it is attached (where the carbon atom on the
phenylene ring attached to the nitrogen 20 atom is position 1). Each R2 is
independently selected from (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3 6C)cyc|oa|ky| cyano, halo, -OR 2, -C(O)OR2Db, -SR 2c¢, -S(O)R21,
B{EON RAMRPEES-NR2bS(0O)2R2i, and - NRZJC(O)RZk examples of
Whl | I
e §%?%W%ﬂ‘“¥ T M e R R e
exa‘mpl@i off ghtisres @@@&thﬂﬁl@r@mﬂmm {1his nwgnmm RTRegmndRikeatdive
vaﬁ&aafé%m%%cﬁs ﬁﬁ%r inB&t Rol R <Gal A QCB?%%@#&&M%& and are
and R2, respectl ,Isin ependently ydrogen, (1-4C
m&nﬂeﬂm;a@ﬂwﬁwm@ﬁ)@ﬁ\mm mdmbmﬁy&iﬂﬁ}epe wicdhylineghiibn. In this

reé’elrﬁ@iﬁ’é’l«elg?%?é%&oﬁ‘%ﬁh‘%‘ RO ﬁQ%P%bE?{ﬁJQﬁM fek?&%é)’ 'Ho?ﬂﬁended

bodiment, these groups are independently hydrogen or (1-3C)alkyl. In
in ot Brretistsdithent abesergrisp s anes ifidapdns antiyrtya togess, specifically
indRE1hy! or ethyl. In addition, each alkyl and alkoxy group in R1, Rla-ik R2,
and R2a-2k is optionally substituted with Ito 5 fluoro substituents. -6 WO
2005/be 7738 Ty 82005/D07988; partmelamtibdimeht aikkikeinventiparticularly
0 oWl'S’Ehé @Qﬂ@%‘?%@g@oﬂ@%% Wﬂﬁrﬁé%m%?@efac”y?.,'EH@%@%%J%ﬁculaﬂy 0

that compounds in which W represents 0 exhibit particularly high a

or for masesrmiedeeepidrethxcestdinghyp)-in a particular embodiment of this
INveRiinD, WoLBRIESRAR Onpy¥iaeh MY i AIWas Wasis ydraqem @ shenyt x‘lmg to

(1-4C)alkyl, examples of which include "hydrogen, methyl, ethyl, n-pro

Whétbpiowrtmﬁtﬁgltyﬁéétlbu@iﬂ%@ﬂﬁﬁ%@@&ﬁ@@t&p%(bﬁ@)@}hbbﬂaﬁ’&)alkenyl
Q2 W?)é&?%( %‘?%t%@r@ﬁl k¥§a‘ﬁbaﬁkﬁH‘%Rmbc@d@ﬁb‘hlwasﬁhﬂf@ﬂﬁm

methyl o |, particularly h;{dro gen or methyl In yet another

-SEModi rﬁ@ﬁt a-NRAVHOLRN aid NVB IS (R Toernmplsruef fohishsiostade
mefhy; ﬁuefécﬁﬁ%c%ﬂooh%dﬁ{x% AREBNS eaﬂﬁﬁ%c%%ﬁ}&ﬁn%& Aﬂx&@}‘?ylammo

particular embodiment, c’is OB(? another embodiment, ¢ is 2. Each R

aﬂ%@@é&%é’rﬁﬂ?@‘é‘ﬁfé@é\ﬂ% fac )’éﬁ(@ﬂl@?ot\ﬂibqi%@@oups that are Jomed to
formiidQalkienec2relalkenyl 305105'@%%3%9%}1 Y 0€phenylene ring to

embodiment, each R3 is independently (I-4C)alkyl, such as methyl; ethyl,
whichrid iy Rtiaghsd fyherig basbensiep a5 hsphepyine terestiaphed to the nitrogen

tOR; al R d
b

(2-4haatkvabiifer Sinpearton cxarn ks i?ﬂepeﬁ&a}(ﬂ&% me
-S(O)R™, -NR™R, -NR¥S(0);R%, and -NRPC(O)R?, examples of which include

methyl, fluoro, chloro, bromo, hydroxy, methoxy, amino, methylamino, dimethylamino
and the like. Particular values for R? are fluoro or chioro.

Rach R™ R® R!¢ R R'® R RIE R RY RY and R'% and R2, R?, R, RY,
R* R* R R™ R¥ RY and R* as used in R and R?, respectively, is independently
hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, examples of which include hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, fert-butyl or benzyl. In one
embodiment, these groups are independently hydrogen or (1-3C)alkyl. In another
embodiment, these groups are independently hydrogen, methyl or ethyl. In addition, each
alkyl and alkoxy group in RY R R? and R# s optionally substituted with 1 to 5

fluoro substituents,
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In one embodiment, each R3 is at the 3, 4 or 5-position on the piperidine
ring (where the nitrogen atom of the piperidine ring is position 1). In a
particular embodiment, 20 R3 is at the 4-position on the piperidine ring. In
waamothsrsmbodiment, R3 is at the | position of the piperidinsmings:hesoomvss
the nitrogen atom of the piperidine ring thus forming a quaternary amine
salt. In yet another embodiment, two R3 groups are joined to form a
(1-3@)allcydemedmda- 3O atkienyieiva, hoid . For axahaplesbadiiRaiQaupsiay®.
GeHc]:?aﬁ EHEJ% Qgﬂtﬁﬂﬁﬁﬂyco%%&gg rldln%'ﬂg\«‘?an 1%%@'1%'5”8(1 4 LO{ ma%ﬂ:uiaﬂy
ethylene bridge (i.e., the piperidine ring and the R groups form a
hl@affabﬁéw@{laszaﬂ@@tmm) deavdiRdygloapedicthe trebrltnpositichis
inventihe m&@@gtgi@g can be joined to form an ethylene bridge (i.e., the
plperldlne ring.ang the, RSF%oups form an 1-azabicyclo[2.2. 2]octane rng).

In thi$ ¥hBothniEnt, e PrsogrB aps! K ot e renales by o pdode
hy@manmaﬁymawm@tbpmm@ﬁeﬁﬂemb&m B&@wﬂp&aﬁ&wmﬂt&w&m. In
on%em)ga?r:) n%%d%ﬁl ggﬁoggor sz (rg?r XP'}}%‘?@! E]r%eznta is hydrogen,
me@lﬂ)@tn&y@ @@@ﬂ@@dﬂy@ngﬂemn@m th:ssatrdmdimemb@mﬁeﬁmm ps

hy &%C%% inedRereingmay also be present. -7 WO 2005/087738
/US2005/007988 The value for mis-0 or 1. In one embodiment, m is

0. RENGFRSARES B Brdgdnd (- 20 amticalarBr AC) cotis kg Bseepapioslaty 0
or (1 H@%@hﬁm&%ﬁlﬁz@g&n@m?@ o g%)&?@%@ul?&pw asec- 3utyl

isob nt xamples 0 cycloalkyl groups include

cycl éﬁk}g@d‘gﬁ %%‘Hh’tﬁﬁpiﬁs‘a‘?fé% B%Méﬁ‘ffﬁeﬁ rSpSPEsH Wd%fgféhw
foror ((u—zmaﬁdkwmn(fpmwlwnmedm@ejmmwmyl etb)dnérmaeﬂﬂ;@ént each R’ is

t, ydr enTev forsis 1or2
ST SRR RSL ST R0 el by
18015312’1 Angiger- bﬁéhyléﬂé(bf@@}p%ﬂaa@%@W&I@dﬁr%m@g@b&aﬁmﬂt@%wﬁh I
to 9f1dokd Jﬁ%&%ﬁﬁ%&mﬁ'gﬂg%@ggﬂﬂéﬁ?%ﬁtﬁj E%Elé?}%%@ﬁ‘ﬂ gfoﬁ 11, and in
stitu

sulfur. The phenylene or heteroarylene group may be unsu ed(qis

angihgg oipadimRRt ARk, B indgeadeily meshyBopstRyR5 substituents,
whidh anie indegendenthcsate @geﬁ OB HaiG-hydrryed Ind Gladkutneing

1(11 4{%@{ %>§ I%‘%%fd'%%ﬁ] Belra%gh ﬁliggr%gg%%xg % Léﬁrln R5.1s optlonally o,
ituted Awith 1 1o eV Srigiucylaf esbgdgp
R’ zs pahictizndition op2hepdpdnditeons.embodinee atnipisiBerdt, Gt s Thqbint
poSlialaE HOERLIRG AV IS AE 2N, AR lﬁ{%!)%&r?ﬁ?&ﬁ st gx%?nrg N9 Biming
In certain embodiments, Art is a phenyfene group attg he
a quaternary amine salt.

In yet another embodiment, two R* groups are joined to form a (1-3C)alkylene or
(2-3C)alkenylene group. For example, two R’ groups at the 2 and 6-positions on the
piperidine ring can be joined to form an ethylene bridge (i.e., the piperidine ring and the R
groups form an 8-azabicyclo[3.2.1]octane ring); or two R> groups at the 1 and 4-positions
on the piperidine ring can be joined to form an ethylene bridge (i.e., the piperidine ring and
the R? groups form an 1-azabicyclo[2.2 2Joctane ring). In this embodiment, other R?
groups as defined herein may also be present.

In still another embodiment, two R® groups are joined to form a oxiran-2,3-diyl
group. For example, two R? groups at the 2 and 6-positions on the piperidine ring can be
joined to form a 3-oxatricyclo[3.3.1.0°*Jnonane ring). In this embodiment, other R> groups
as defined herein may also be present.

e
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meta or para position. In one embodiment Art is phen-1,3-ylene or
phen-1,4-ylene wherein the phenylene group is unsubstituted or
substituted with 1, 2 or 3 R5 substituents. Representative R5 20
wesbistitgremts include fluoro, chloro, bromo, methyl, ethyl, n-prapyt2oes/0e7988
isopropyl, n-butyl, isobutyl, sec-butyl, tort-butyl, methoxy, ethoxy,
isopropoxy, difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl and
triflu@rﬁmﬁtﬁqunﬁamautar"[ammaiﬁsoa&ﬁem g’fﬁum}s in this embodiment

| 2-fl -1.4 fI
I(:nh(ioropI%’%mlélgé%%q1 il Ikoror}ﬁ%k rﬁo len Ié%eamp}le ?efrgi AC)alky
mc&adweﬁvﬁlthethjﬂ#ﬁﬁqﬁﬁqe;opmmihmmﬁm lmtydhmbutyl and fer t—buiyl
Exgn[fﬂﬁQ E@ﬁfc’]%ax o%ﬂé'ﬁk&&ﬁ‘a Qngi cX&%ﬂ@yl In one

3- trlfluororgethox hen 4-ylene, 2,3- uorop en- 14 yleng,
e@%%ﬁ%ﬁﬁ%ﬁﬂdﬁ%ﬁ&ﬁ@s@ﬁ@é@&%@ﬁ@@gﬂéﬁéhydmgen methyl or

othgi3-HichiarephaBolifrmene, i Sydisidarophen-1,4- ylene,
2,6-di hIorophen 1,4- ylene 2-chlaro-5- m?thox yphen-1,4-

2_chigrYel %%%B&%Hew % L{k)ﬂgﬁlgular value for s1s O or'1. %:?one embodiment, s
is @-dhlenodetsflivortimathexyphen-1,4-ylene, 2-chloro-6 30

triflu @met hen-1.4- ern 2.5- dlbr mo hen-1 Iene In
anothor B RS SR AR e 88
heigeeioatondsimitpdndelstipd diottedizommukpgenonintgenlbegalidnyiene or

{19
G B B R 0 2

5, ek BoSH o EHE B TS TR S O AR PSSP0
or iidazaiexth [@zazi@nmaa@iﬂ afs@andhinpReReoRyIaROIR, dgaisazmubsmuted

rid (di h i
RS U e AT dr it ”m%ﬁi%?g%ﬁ 5 BorS.
ongpedifidiexalpie$,0f w@hma@mu;:émmm iy |ene aﬁﬂa‘jaﬂable carbon
01‘ %?gé i T}%r?ami‘ﬁ ”Yﬁ%@mﬁx%ﬁ%‘&%ﬁ‘@ gfﬁ Y %%%l%i e B up attached at the

2,5-pyrrolylerie. Representative R5 substituents i o} ch oro,
mﬁ?e?h?ﬁféwﬂﬁnpropyl isopropyl, n- butyl, isobutyl, sec-butyl, tort-butyl,
metheshLIRBXISAPIP Y siflorametby bh&ﬂfm@fﬂ@?ﬁ:twerem the phenylene

2,2,2- trlfluoroethﬁ}/l and trifluoromethoxy. Particular examples

f 5
e Qi AP G S SR S0 & Hisiihagnts- Reprosentative R

suBSﬁN@ﬁ&&ﬁtﬂH&hﬂﬂnehﬁfmeﬂwﬂliﬁﬁiﬁyﬂhEﬁhyﬂ,en@mpyi isopropyl, a-butyl,
thox h| e ethoxy-6-chloro- r|d ene. In one

s e SR S AR A A B

mﬂm@weﬁvkﬁé@ﬁ@@ﬂnmﬁylbm wiareimtibophie ﬁyt@nelmmeéAr

g9y Hq'ﬁ:ﬂ%%b%ﬂ%eﬁ't‘ BRites Mg?o!{)ﬂ&? 3P ﬁ&?étﬁt @Q%'}%ne 2-

hg(ﬁrtlcu ar embodiment, Art represents p en-1 -y ene or ,4-th ieny lene

sy duneerutoehloRIPhetRY Qb StiaRPReS- T#ey\‘z%’}&éfﬁﬁtf%\’b’hfn 14-
yike 2 AnBRIdiS IRV S e ISethoxyphen-1,4-ylene, 2-trifluoromethoxyphen-1,4-

ylene, 3-trifluoromethoxyphen-1.4-ylene, 2,3-difluorophen-1,4-vlene, 2,5-diflaorophen-
1,4-ylene, 2,6-difluorophen-1,4-ylene, 2,3-dichlorophen-1,4-ylene, 2,5-dichlorophen-1,4-
ylene, 2,6-dichlorophen-1,4-ylene, 2-chloro-5-methoxyphen-1,4-ylene, 2-chloro-6-
methoxyphen-1,4-vlene, 2-chloro-5-irifluoromethoxyphen-1,4-ylene, 2-chloro-6-
trifluoromethoxyphen-1,4-ylene, and 2,5 -dibromopohen-l,&ylene.

In another embodiment, Ar' is a (3-5C)heteroarylene group containing 1 or 2
heteroatoms independently selected from oxygen, nitrogen or sulfur; wherein the

heteroarylene group is unsubstituted or substituted with 1 or 2 R® substituents.
&
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The value for nis 0, 1, 2, or 3. Particular values for n are 1 or 2. In one
embodiment, n is 2. The value ford is 0, 1, 2, 3, or 4. Particular values for
d are 0, 1 or 2. In one embodiment, d is 0. 20 Each R5 independently
WoSPeg-HS fluoro or (1-4C)alkyl, examples of which includeP@iéeiR0BehiHss
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl and. tert-butyl. In addition,
each alkyl and alkoxy group in Rs is optionally substituted with 1 to 5
Reflusratstdbstituetisyldre@nevpsiboilidaditaleackpRécinspende nthidazole,
milSRIESEARIRIS AR and i another, smbodiment,each ROJ3
In eﬁenﬁzently s%llléc}%e roni fluoro, me?ﬁg’/‘?, ethyl or %tlflﬁ%?ome’tﬁ%azllﬁé
pysdiaenfonyg iyGrodibel wbere Bertieinbe eisbodering, ab d8yOrRiz2bled- R eAaEh
nitfSYEPEAGGREY. fﬁﬂﬁ%%%@éi%&é%@gﬁﬂéaro@mﬁcﬁﬁpck#om@% ofs WihiABhe. 2,4
.include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobuty and
thigmlggisn 3.5 1 SRS S BotiBAY ge?: %f@mdéfé%ﬁaéﬁéﬁwﬂﬁ@ﬁresem

Rebyéi;@%th ﬁz@l{luuséi?@uﬁuh ilxlibﬁl&)ms%fﬂl 'Q%M@mi@ﬁtﬁgn@myfﬁ;lﬂ&byﬁﬁ@@ﬁﬁpyl, i~

m , ethyl, n-prqpyl or isopropyl, and R8 is . rogen. In anothe

e S R S

trifietitiontbea cheskyithndbatkpikyndroifninRE body R Basiogtionatyples of

sué&ﬂﬁ%t@%d %%L Egc‘?uécl:l'l?—rﬁugy —§Eg%ﬁﬁﬁlége\,/\éc~)cgigpos—éo ?—le;gl? lene, 3-methyl-
0 al,the gy

PCP/US20 7988 As noted in form -CONR7R roup can
2, pthiprdeng. dtascarBonthionileretredhgcHsrexafiie-dharyndylaehe

-CONRAR 8 SenR: G311 B& IRGALOd Al Hhe; Aith 81 oneta -ALRAH BRSIHONEAR, 2,4-

.one embodiment, the -CONR7RS$ group is located at the meta or para
OISO e T S PSRRI Bt e R O~ EXSRIREPR §TgHBUH B Horatd
sugdttheepavaibl peSitioRubsparitslan grotof conpatnds ohinterest agesents
compounds of formula | whergin g, b, C a ate Q; nis .2 and.R4 i
ke ek e NS R i S
interéstarduedmmpouhdsoofZformutditulgheskia @y bjcland d are 0; R4 is

hydregen. el ar &thyl and Rz is hydrogen. 40 Another pasticular

roup of compounds of interest are compounds of formula | wherein a, b,
emdgiiEPEnhrR 8:2R4 is hydrogen, methyl or ethyl; R7 is hydrogen, methyl,

ethylrhe-piRBYbPA ISEPIORYL, ad Bi¥aiadurgronass Anatheriparicran erup
f compounds. of interest are compounds of formula | wherein a, b, ¢c and
engjg‘ilg]é,glhg ]igs(hydrogen, methyl or ethyl; and R7 and R$ are ethyl.
Each R® independently represents fluoro or (1-4C)alkyl, examples of which include

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl and teri-butyl. In addition,
each alky! and alkoxy group in R® is optjonally substituted with 1 to 5 fluoro substituents.
In one embodiment, each R® independently represents fluoro or (1-3C)alkyl, and in another
embodiment, cach R® is independently selected from flucro, methyl, ethyl or
trifluoromethyl.

The value for p1s 0 or 1. In one particular embodiment, p is 0.

R’ and R® each independently represent hydrogen or (1-4C)alkyl, examples of
which include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl and rert-butyl.
In one embodiment, R’ and R® each independently represent hydrogen or (1-3C)alkyl. Ina
particular embodiment, R is hydrogen, methyl, ethyl, n-propyl or isopropyl, and R® is
hydrogen. In another particular embodiment, R and R? are both hydrogen or both ethyl.
In addition, each alkyl and alkoxy group in R’ and R® is optionally substituted with 1 to 5

fluoro substituents.
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15 Another particular group of compounds of interest are compounds of
formula | wherein a, b, c and d are 0; R4 is hydrogen, methyl or ethyl; R7
and BY are hydrogen; and s is 0. Another particular group of compounds
WSSt are compounds of formula | wherein a, b, ¢ andP@ HFS DR 1888
hydrogen, methyl or ethyl; R7 and BY are hydrogen; sis 0; 20 and tis 1.
Another particular group of compounds of interest are compounds of
formétanbtechierfinsl, dant ANRES; gRutpschy irdgericdre tingt crreohydidRi7on

theAMLRE A IYAIO980 S5 9; tﬁés-bo?‘l(!ﬂﬁﬂd%r%uﬁ%a@ia@%’é%?&i’éﬂﬁ’eeorgho, meta

Subgeneric Groupings The following subgeneric formulae and groupings
or BRERREHEd 16 ProvitieodersEinatitiNBX BN R oF arisd sbp et angara
posimhndimentsRfdbisinyeriionandms-sushr ey ale Ratdpiensaddfara

exclude other embodiments or to limit the scope of this invention unless
POt Ehwise indicated. 30 A particular group of compounds of formula | are

thosa giaciadedaing. & cHirpuisidnal Applicoiior Mg E52, ddufdddvbarein a,
March 11, 2004.,This gsoup. includes ounds of formula la: -10 WO

b, SR 58 Bl uhoeas SRy o 10d CONHRY Ar
H N 2netenpadostpn @opke Rigtannwivedeirt: intisest ereaneimeyedsoiifformulad

. ISl | 4 nyl,
WSS LS U

-S(OIROEG EIBRIB AN T RPWAIH YRR RIFR ORIV REOSAIRE
whsrigapendenrtly fydradan nilirdSaalkdiayiphemy(1rA &) alkib fds Heaianethyl,
integer of from 1 to 3; gach R2 is independently selected from (14C)alkyl,

R )%rlﬁé)ﬁ’f/‘ﬂpé’-&g&kw, B&)cycloalkyl, cyano, halo, -OR2a,

Another particular group of compounds of interest are compounds of fornmla I
wherein g, b, ¢ and d are 0; R* is hydrogen, methyl or ethyl; and R’ and R® are ethyl.

Another particular group of compounds of interest are compounds of formula I
wherein a, b, ¢ and d are 0; R'is hydrogen, methyl or ethyl, R’ and R® are hydrogen; and s
is 0.

Another particular group of compounds of interest are compounds of formula I
wherein a, b, ¢ and d are 0; R is hydrogen, methyl or ethyl; R’ and R® are hydrogen; s 15 0;
and tis 1.

Another particular group of compounds of interest are compounds of formula [

wherein a, b, ¢ and d are 0; R* is hydrogen, methyl or ethyl; R” and R® are hydrogen; s is 0;

tis 1;and mis 0.

Represemtative Subgeneric Groupings

The following subgeneric formulae and groupings are infended to provide
representative examples of various aspects and embodiments of this invention and as such,
they are not intended to exclude other embodiments or to limit the scope of this invention
unless otherwise indicated.

A particular group of compounds of formula I are those disclosed in U.S.
Provisional Application No. 60/552,443, filed on March 11, 2004, This group includes

compounds of formula Ia;

-10-
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10 -C(O)OR2i, -SR20, -S(O)W', -S(0)2R2e and -NR2fR2; each of Rea

R2b R2c Red Rte R2r and Reg is independently hydrogen, (1-4C)alkyl or

phenyl(l 4C)alkyl; W represents 0 or NWa, where We is hydrogen or
wlaSyalltid; c is 0 or an integer from 1 to 4; each R3 indepeqaaisityos/o67938

represents (1-4C)allcyl; misOorl; 15 R4 is hydrogen or (1-4C)alkyl;

sisOorl; Art represents a phenylene group or a (3-5C)heteroarylene

group containig 1 or 2 heteroatoms selected mdep{:-aafjently from ox¥gen

nitrogeRoes ; wherein the gla}enylene orégeteroary
substituted (R5)q wherg-g.is 0 or an intefger from 1 20tp 4 and each
RS is selecte |nd en@e Iy frouri hiakg, h %yg yl or (1-

;d.is0o0 an integer from 1to 4; each R6
mdependen y preéénts fluoro or (1- 25 4C)alkyl; and R7 is hydrogen or
(1-4C)alkyl; wherein each alkyl and alikoxy group in Rt, Rta-1g, R2,
Rea-29, R3, R5, R6 or R7 is optionally substituted with 1 to 5 fluoro
%uﬁghtuents or a pharmaceutically acceptable salt or solvate or
steremis@memhm@af B0rFhid gréupastsB’ |m:iudm$mim¢mn1dsedfﬁmmula

(1”21 ? %ﬁg‘%@ﬂgﬁ gacé:v%lﬁe%ealﬁo@fé §&l%4’R aélpe %%mde th for

%?Ma laSBr a‘§%ac§®b&yiﬁ&éﬁa & satbo Solvake ok > R

mﬁt@\r’e%%%&%5&%{@9&&@géﬁcala:fcggmbﬁdﬂ%hmuﬂgazﬁ?m pounds Of 5
formula Ib, where qis 0, 1 or 2, and RS @lndependeniﬁ}gelected from

halo t{iﬁﬂ@fﬁﬁ%ﬁﬁfﬁ@w&ﬁ SR i S lrRams padhessiRdss Bestp is

(loptipiadly (mmmmwamtrmw @imwaummum,lnaa@dmaﬁ,

Cg t&giarr %‘é& 20f gzgylﬁ@el tgaﬁﬁRlen [legﬂpelﬁde:ch’ RY R R
eny- -ylcar

angh %MJ@WF@&WWQQMNHMMWWMEW -4C)alkyl;

W represents O or NW*, where W* is hvdrogen or (1-4C)alkyl;

¢ is O or an integer from 1 to 4; each R” independently represents (1-4C)alkyl;

misOorl;

R* is hydrogen or (1-4C)alkyl;

sisQorl;

Ar' represents a phenylene group or a (3-5C)heteroarylene group containing 1 or 2
heteroatoms selected independently from oxygen, nitrogen or sulfur; wherein the
phenylene or heteroarylene group is substituted with (RS)El where ¢ is 0 or an integer from 1
to 4 and each R’ is selected independently from halo, hydroxy, (1-4C)alkyl or (1-
4Cyalkoxy;

tisOorl; .

nis 0, 1 or 2;

d is O or an integer from 1 to 4; each RS independently represents fluoro or (1-
4C)alkyt; and

R’ is hydrogen or (1-4C)alkyl;

wherein each allyl and alkoxy group in R', R?™'¢ R?, R%?% R’ R* RS or R is
optionally substituted with 1 to 5 fluoro substituents; or a pharmaceutically acceptable salt
or solvate or stereoisomer thereof.

This group also includes compounds of formula Ib:
-11-



10

15

20

25

30

10 methylauuno} ethyl)piperidin-4-yl ester; biphenyl-2-ylcarbamic acid
1-(2-{[4-(4-carbamoylpiperidin-1-yImethyl)benzoyl] ethylamino}
ethyl)piperidin-4-yl ester; biphenyl-2-ylcarbamic acid
wolrdiaeshyl-[4-(4-methylcarbamoylpiperidin-I- PCT/US2005/067988
ylmethyl)benzoyllamino}ethyl)piperidin-4-yl ester; 15
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-ethylcarbainoylpiperidin-1-ylmethyl)
benzoyllmethylamino}ethyl)piperidin-4-yl ester; biphenyl-2-ylcarbamic acid
4 -(4-propylcarbamoylpiqgridin-
ethyl)piperighn-4-yl ester; hi enyI-2-yIcarb
1-(2-{[4-(4j ylcarbd@moyipiperidin:

ethy nzoylJamino}
cid

etyl) 2 GONHR'
ster; Biphenyl-2-y1carbamic

piperidin-4-yl ester; biphenyl-2-ylcarbgmic acid

1-(2-{[2,5-dibyomo-4-(4-carbamoy|piperidin-I-. | . )
Wt By Behe BT et B R THBH 2y egpngggatially aceeptab
salbiphehyd@dylcarbaisvimacitkied - {Mpitcathamaypiperidinelixddsmethytids of
fo ﬂ“i%ol%?@v ylimethylam %?&Wl@'ﬁ%@géﬁzﬁz}}ﬂﬁé Lted from halo, (1-4C)alkyl or
iphenyl-2-ylc rbarnic ach

(1 4n ke, didthyioadshralbylsiné atliexigiaephiglipptionally substituted with from 1 to
3 Alugrehgrzedaqino]ethyl}piperidin-4-yl ester; biphenyl-2-ylcarbamic acid
1-(2-]3[4&%-(;1iethylcarbamoylpiperidin-l-ylmethyl)-2- 30 . .
fluorSbadfiBgnnmsEHgIifR FReNEIRT IRy thd aye of snjgrest include:
20054186432 RGchib2200000. (98 B1-piphebynd yisachanic-aeidthyl)benzoyl]
1-(2-{[4-(4-diethylcarhamoylpiperidin-1-ylmethyl) benzoyllmethylamino}
m%hﬁyi%i{i@%’iﬁ%iﬂe& s ;{)ﬁge%ﬁlw-z-ylcarbamic acid
1-(2-jphEr(B)-slethyloaroandOy(Bidétidincdrbamoylpiperidin-1-ylmethyl)benzoyl]
Vi amipa}.ethyl)piperidin-4-yl ester; 5
el%ﬁ%ﬁ%ﬁﬁégﬁiﬁga%%é-{[4-(2-carbamoy|-piperidin-1- Imethyl)
ben Ry piperi NBYBHEMVRIASAIEE
ZophemattiyiaamieTistagiydigeriantasi dstérpiprenprp Khrd

yiRgiskybnilde fsasbpingy)minatising pilsseshy))-2-
R LT a—
behybvigtattinephenek il Haddhomylrmetylamino } ethyl)piperidin-4-yl
i_s(t g _r%[ig;l%%g %}ﬁ%@%ﬁ%{%@r{ﬁo% 5?— p{&%llw_ll—_[éi—(é—propylcarbamoylpiperidin—1—
yhmethyDbenzoyljamino} ethyDpiperidin-4-yl ester;
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-isopropylcarbamoylpiperidin-1-ylmethyl)
benzoyljmethylamino} ethyDpiperidin-4-yl ester;
biphenyl-2-ylcarbamnic acid 1-{2-[4-(4-carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylamineJethyl} piperidin-4-yl ester;
biphenyl-2-ylcarbamic acid 1-(2-{]2,5-dibromo-4-(4-carbamoylpiperidin-1-
yvimethylbenzoylimethylamino} ethyDpiperidin-4-y1 ester;
biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoyljmethylamino }ethyljpiperidin-4-vl ester;
biphenyl-2-ylcarbamic acid 1-{2-[4-(4-diethylcarbamoylpiperidin- 1-ylmethyl)-2-
fluorobenzoylaminolethyl}piperidin-4-yl ester;
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-diethylcarbamoylpiperidin-I-ylmethyi)-2-

fluorobenzoylmethylamino } ethyDpiperidin-4-yl ester;
“i72-
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yhnethyl)thiophene-2-carbonyljmethylamino} ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2-{[5-((R)-3-diethylcarbamoylpiperidin-1
ylmethyl)tluophene-2-carbonyl] amino) ethyl)piperidin-4-yl ester; 15
wbiphenykZyl-carbamic acid PCT/US2005/007988
1-(2-{[5-(4-carbamoylpiperidin-1-ylmethyl)thiophene- 2-carbonyllamino}
ethyl)piperi,din-4-yl ester; biphenyl-2-yl-carbamic acid
1-(2- &%ﬁé@r&g—ieamﬁﬁmwﬁw@qﬁimmlcthyzcarbamoylpipendm~1 yimethyl)
me 2 carbanyl] amlno} ethyl)piperidin-4-yl ester;
b%zp%é%% Pé)gﬁﬁrigé%j[gf% carbamoylplperldln 1-yImethyl)-I H
20 pwmimﬁwm@mwemmmm@mwmpmmmmmmdm 1-
|- | carbamoylpiperidin-1-
yl%%eiﬁéﬁ}% é' %Ea%dg%ﬁgn ﬁ%amll(rll(tg}agt‘h I?g?%qendm 4-yl ester;
b|phéwh@%%aﬂbmwﬁlaaac@(@i@[ﬁi&@r@@%ﬁé&ﬂm%ﬁ}pbﬁmmﬁ)
bégmgpygw%%%lﬁ%i,;MM|eg&ethyl)plperldln -4-yl ester; 25

biphenyl-2-yl-carbamic acid

1-(2- R o M BB - TS P Y RS sy b-2-
meﬂwmw@mbmﬁﬁﬁn@wnﬂb&ﬂﬁﬁrbhmaamd

1-(2-{[5((R): 3 dipthylcarbamoy]
yimethy %%‘“g : -I(;Far)[!(j)cn(’j;r :rrr?l%}@)ﬁg/l\?dg pel’ld:#]n ﬁyﬁlgs?dm_ ~yimethyljthiophene-
2-bighemil:Rejidanvantietadidipef2d i3l @tearbamoylpiperidin-1 30
yimehuhphanyiprapianyli %‘?&W?’T{F X‘ﬁﬁﬂﬂ@ﬁﬂ@ﬁ?&%ﬁ%;ﬁﬁﬁémdm—l—

biphenyl-2-yl-carbamic acid 1 4 carbamoylpiperidin-I-
Yinstbybinsnesmmpropinipinsthy gﬁfﬁﬂif&ﬁ% Hirftapeer;

biphenyihes 1Q%Fb@dfﬁgxﬁﬁldcld@'@{fbf(@ajbﬁﬁﬂ@ﬂwwﬂﬂm&%WQ

2005/ 87738 PCT/US2005/ 07988 meth % ﬁﬁer} ropionylamino }
e ¥§B%‘?P8ﬁ‘i‘e’ SRR BRSPS AT -

{3 [4%dbbatiyicarbadremylp imedi dHR2H [ S-(4-carbamoylpiperidin-1-ylmethylithiophene-

blp eetrr:y %ﬂ é%lom?ipam Q(%}f?%h%) rzlslmsl|rqu[Ir?yIA(f:a)llrlb(?alsr;(:)c:yIplperldln 15
JImeBERar reptonyiRsidc) G o yicagapoy piperdin -
yRIRBEM A eRERAMIS, 86! iﬁn{l%tﬁﬂﬂﬁﬁlﬁ@m%tewﬁrﬁ@m yimethyl)
benzoylamln ethyl}piperidin | ester; biphenyl-2-ylcarbamic acid
1-(2- ,glplgnér gw]ﬁlﬁléqlm MF&%) ahathorgpiperidin-1 -yimethyl)-1H-
ﬁeawlbmeﬂmlgm%hﬁ)gmﬁﬂ@ﬁpé@h@&t@ﬂ @hiphenyl-2-ylcarbamic
acid ]bghé[l 1(3 y?ca?bam)/cp ag %r dtﬂ'ﬁ%’ Qﬁf)tgyc%e%hytﬂcargmnoylpzpmidmﬂl~
yimethyl)furan-2-carbonylJmethylamino} ethylpiperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2- {[5-(4-dicthylcarbamoyl-piperidin-1-
yimethyl)foran-2-carbonyljmethylamino } ethylpiperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2- {[5-(4-carbamoylpiperidin-1-ylmethyl)furan-2-
carbonyl}-amino } ethyl)piperidin-4-yi ester;
biphenyl-2-yl-carbamic acid 1-(2-{{5-((R)-3-dicthylcarbamoylpiperidin-1-
yimethyl)furan-2-carbonyllamine} ethyDpiperidin-4-yi ester;
biphenyl-2-yl-carbamic acid 1-{2-({3-[4-(3-carbamoylpiperidin-1-
yhnethyl)phenyl]propionyl } methylamino)ethyl [piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-[2-({3-[4-(4-carbamoylpiperidin-1-
yimethyDphenyl]propionyl }methytamino)ethylpiperidin-4-yi ester;
biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-carbamoylpiperidin-1-
213
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5-methoxybenzoyllmethylamino}ethyl)piperidin-4-yl ester; and
biphenyl-2-ylcarbamic acid
1-[2-({2-[4-(4-carbamoylpiperidin-I-ylmethyl)phenyl]
wanetytimeihylamino)ethyl]piperidin-4-yl ester; or a pharmagetitigainsionress
acceptable salt or solvate thereof. 15 Definitions When describing the
compounds, compositions, methods and processes of this invention, the

yinieHolne:tetpsprRvE thsifol ewing meanings,upigss otherwise indicated.
The,term "alkyl" means .a monoval urated. hydrocarbon group which
mabeje i) I"?}/é%frc %ﬁ@ﬁbdl'@g&gi%gﬁﬁ%c ERY eRe k)T

yingethyPshiypidhitpwonidamfrofethid)pifecdibanydtentes, Representative alkyl
groupsHRcikde, by f ples-methyls. -propyl, isopropyl,
R v R e e S P

vipethahpharddeprieny treiréstieneendiattyldseterneans a divalent

satusgiechhydroearbanierRup Whiqh ma Hnpak ah Ronehady Unless

otherwise defined, such alkylene groups typically contain from 110 10

bR B LY B FESL Il & ey lene groups include, by way of
exaﬁiplﬁ:lrlfﬂaeﬂs?deﬂﬁnﬁﬂ‘laﬁtﬂlq%{{wl(@!eﬂﬂ?lﬁm@yd "?pipédﬁlﬁﬁflieés@ngﬂﬁﬂyl)a—chiom—
ropane:l. 3-divl, butane-1,4- di ntane-1,5-diyl and the like. The term
ber%?@%fﬂﬁ%%ﬁ}ém %@&?ﬁ?@rﬁlgﬁdgpﬁf&fhe formula (alkyl)-O-, where 30

alkybigtenvletiybeuferain A& prEseitdtivendlioony igipupiinclidetnveaghifo-
54&%&@8&9{%@9{]}9@%}%%3@59{%& di{;g%gga%gﬁaﬁbutoxy, sec-butoxy,

isobutoxy, tert-butoxy and ‘the’li e ter "means a

monsareni-dridstubateld aydrbtarargfdursvhriesyiningridin-Idmethyphenyl]

acetPORIRB 38 RSHMURARARIB07988sibe linear or branched and which has
at least ope, and tygé?ﬁg'% 1, 2 or 3, carbon-carbon double bonds. Unless
1

othe e el MG Bihse fobvekmiPersitain from 2 to 10

carbon atoms. Representative alkenyl groups include, by way of example,
Deﬁ}ﬂﬁ@g' n- propenyl, isopropenyl, n-but-2-enyl, n-hex-3-enyl and the like.
T Theterm "alkenylene” 5 means a divalent allcenyl group. The term

"alkyhiyerriessbmeibp ovaienndasenmeasid o rocdxborogt popeshich  this

inv@iRiRedingsn ok Ranched ARdnyhigh has abieastQne R0 hRicRUYHi 24,

3, carbon- carbon triple bonds. Unless otherwise defined, such alkyn

|
grould¥ &&Egmgh%?ﬁfﬁ@rﬁm?Q@W%ﬁ%@tbﬁ%?WM§mmcg may be
linadkynitgiehias Tsluceothy:wiay @fmxample, gibinybups typically contain from 1 to

10 carbon atoms. Representative alkyl groups include, by way of example, methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, fers-butyl, n-pentyl, a-hexyl, n-heptyl, n-
octyl, n-nonyl, n-decyl and the like.

The term “alkylene” means a divalent saturated hydrocarbon group which may be
linear or branched. Unless otherwise defined, such alkylene groups typically contain from
1 to 10 carbon atoms. Representative alkylene groups include, By way of example,
methylene, ethane-1,2-diyl (“ethylene™), propane-1,2-diyl, propane-1,3-diyl, butane-1,4-
diyi, pentane-1,5-diyl and the like.

The term “alkoxy™ means a monovalent group of the formula (alkyl)-O-, where
alkyl is as defined herein. Representative alkoxy groups include, by way of example,
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, isobutoxy, tert-butoxy and

the like.

The term “alkenyl” means a monovalent unsaturated hydrocarbon group which may
-14-
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10 n-propynyl, n-but-2-ynyl, n-hex-3-ynyl and the like. The term
"alkynylene" means a divalent alkynyl group. The term "aryl" means a
monovalent aromatic hydrocarbon having a single ring (i.e., phenyl) or
Win2edg3s (i.e., naphthalene). Unless otherwise defined, stER/ERPETo#RIS3
typically contain from 6 to 10 carbon ring atoms. Representative aryl
groups include, by 15 way of example, phenyl and naphthalene-I-yl,
befiaphthalenslRd/hrahd it liike aTlvestarm, tad/lgpicilindadsondicahent cpon

doFF R AR eURI, " BARNSOYK hMERNS a@wgﬁzgkn QYRIEOENBLSIREYGHG R 2 to
loalky h b

containing one nitrogen atom, i.e., a cycloalkyl group in which one carbon

10seshemalspe cherssreasd Rl ger Rt Rrssvtismaslastieyl »-
préMehazas sk graupsitypisalb, coptgin O Mk tO1R caoRIRIgME”

Representative examples of an azacycloalkyl group are pyrrolidinyl and
SR B LY T8 rm "azacycloalkylene” means a divalent

azacyiciaaky groupl Reghese niativeakxamplasefarhpdacydoaligylemerhich
roup are pyrrolidinylene and, piperidinylene. gr - The term gy kyl"
B R B G IR e The St R,

catihremibebdedindd ninsslo ypetvatkys Grodaepitaiyceiaa frovrRyterptrin from

2 BAPOHUR MR eR@%ﬁ@M%@&M@%F&&I?QE&MQ?Q?W %8{1[?1@, ethynyl,
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. The

”"P&W&@@é%ﬁﬂéﬁ: ritelipfe sy il angbe liBalkiP (ot p HHBHERT *Hishbs 2

divaRangiteigreforo, bromo and iodo 30 The term "heteroaryl" means a

mong, alent gromatic group havin% atsinqletr.in r tw% fu ed.rings.a .

contai %‘Eﬁh ffié riﬁﬁe fehS BREetetoa 8&“&%%’88?@ PrgAyine @ smele ng

(1. nepdroatbmsysdlevted frennapindgdmepxygdaso pduifursd dintssdothdnaigbgroups

Jdefi heterparyl ar ' |1
SRR IR SRSl R ARSI R g e

wieeé e amigrpbgyihaddupbiholeseor sk aamhitaiaendvdicnddpe dles dhe term
“ Pyt ndazeledhiazalerqxazole, furan, thiophene, triazole, pyrazole,
isoxazole, isqthiazole, pyridine, pyrazine, pyridazine, p)ﬁrimidine, triazine,
indolEabERRofiFT B o BthIBpHE e BRAZ N AZTE BEHS fitfi g unne one
niguiealinenjsequinetineligyinazglineyhisinonaliathand: the imdikeewhpke dherith a
.point of att ent '}':;. at any.available carbon or rT'trP en i atom, Th{a.
. 3 Qi d N 1< - fro
R LIRS oS o DS S Ay e o
2 th Stenboyciipther Fatmsmyaice eremndca rhenovalenioshtvatevpoye pyrrolidinyl
artd ARG {0002 rPMACh 970U DRV BRINGIEHNG AL MUHIRIScycloakyl
condensed rings and L
group. Representafive examples of an azacycloalkylene group are pyrroiidinylene and
piperidinylene groups.
The term “cycloalkyl” means a monovalent saturated carbocyclic hydrocarbon
group. Unless otherwise defined, such cycloalkyl groups typically contain from 3 to 10
carbon atoms. Representative cycloalkyl groups include, by way of example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and the like. The term “cycloalkylene” means a
divalent cycloalkyl group.
The term “halo™ means fluore, chloro, bromo and iode.
The term “heteroaryl” means a monovalent aromatic group having a single ring or
two fused rings and containing in the ring at least one heteroatom (typically I to 3

heteroatoms) selected from nitrogen, oxygen or sulfur. Unless otherwise defined, such

heteroaryl groups typically contain from 5 to 10 total ring atoms, Representative
-15-
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containing in the ring at least one heteroatom (typically | to 3 heteroatoms)

selected from 10 nitrogen, oxygen or sulfur. Unless otherwise defined,

such heterocyclic groups typically contain from 2 to 9 total ring carbon
WwWOgltF e R¥presentative heterocyclic groups include, by waBL8iesapasie8s

monovalent species of pyrrolidine, imidazolidine, pyrazolidine, piperidine,

1,4-dioxane, morpholine, thiomorpholine, piperazine, 3-pyrroline and the
hetgroaryfgrarpirchiint ot wenohnrentis.ananyvalailapteicadfanyosijtioieaole,
it Aot RRASELCTAGHIENS SR AdNAIeN helerocydor,

r nde

heterocyclic group. When a specific number of carbon’atoms is |

PYIEEHIS, 1SS HER e i plsniseresaromzntiesisrshown in
berpamsitheads predesing dnmien, EauRsanp guhedeH #h%ﬁgﬁh@&ﬁd the
e term

N ns an alkyl group having from 1 to 4 carbon atoms. |
e B e e e S L o R e P The
terp Chedimipigratiomtorss palienitnsticterasrgl mamnal (e.g., salts having
acceptab [FzTa e r a given dosage regime). Such salts can
be derive?f%%{%%%g?nﬂgc?éﬁ?g%og%%gptgﬁ%nlsn%Fﬁ%%fgagg%P&%W% Fes
WS&HEFP&@%%FH%&M&@ heteptasiesoryaicrml iplganiolacids mBajtand
contigrivgdikpe h'ﬂﬁi%?ﬂﬁ@ﬁgbéﬁ%@;ﬁté%ﬁc qau's B&%?éalgﬁ%?ds%lected from

.trammonium, calciym, copper, ferric, ferrous, lithium, magnesiu
o ﬁ%"ﬁg%’%ﬁ%?“n?éﬁaﬁﬁ&u&{%sp%*%&ggiﬁﬁﬁ%%mﬁnw%mm lggeups typically
conpa:a:tfauiaﬂlyome@eﬁeﬂl@m@mmwﬁmmR@pﬂ@é@ﬁﬂmMﬁ%&%%%@@%%ﬁé%lude,
i alts. Salts derived fr harmaceutically acceptable organic
by B R Yo s AR s iy el
Pipgibgttiddicnnireseypblidiamines mptolally-ppemring, aminesiandidhen like,
hdtkanSYeIhAsT ARG R RLANG, SHIEING ENOINS, Nrrogen 1
- N'—dibgnzyjethylened_iamir?g,]a%%%ﬁggdﬂi%n(é% Sk iesen ine stgpn » Thgterm
helgiAtHyIEmimEEth AT alstdssErnT] etiremesiaksigeoup.
N-ethigtmorpbolinenhhetiipipesiding Slusaming. gkr asamin. Nislifng
her@ﬂd{}%bﬁu%'@e%é %%r%%lamlne, lysine,. methylglucamlne,_morphollne,
Diperazine. piperadne, HAN R ie YadmaseirersGriias haksprokene,
exatiiay theriime, timEthyliayiimesnipsopitaminaytiemiathasing srocihBolikgoms.
-16- MY 20 CT/US20 07988 Salts derived from
ph armaceu?%gﬁzgaggﬁgg%(}é %((:ﬁgs%glén%lﬂ b S aa%%‘b?ﬁ?b‘ffh is acceptable for

adnjghgafesinfoRmiwbrisitatamposifogic seltsibpeimnespitanianedisylion
safdiyMARTiCs @8 SIS SRS, GIHGOIANC.QYIRMIG, i %M?hr%mz{ oh iy

. . . i h [+
ace?h# rochloric, isethionic, lactic, lactobionic, maleic, malic, mandelic,
e

gﬁggmﬁi&r Rige hgﬁg%é‘%@m@uﬁcaﬁy acceptable inorganic or
orgavaphtiialefetd Godiadloie phaphibalanar? &-eisubRiGoRieRiniSs ittt de
N A T e
polasgidFabiesia, BidrauhitkidiisePidiiclanhalgicterred are ammonium, calcium,
magnesium, potassium and sodium salts. Salts derived from pharmaceutically acceptable
organic bases include salts of primary, secondary and tertiary amines, including substituted
amines, cyclic amines, naturally-occurring amines and the like, such as arginine, betaine,
caffeine, choline, N, N’-dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethylmorpholine, N-
cthylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine, lysine,
methylglucamine, morpholine, piperazine, piperadine, polyamine resins, procaine, purines,
theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine and the like.

-16-
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naphthalene-|,5-disulfonic, phosphoric, sulfuric and tartaric acids. The
term "salt thereof' means a compound formed when the hydrogen of an
acid is 10 replaced by a cation, such as a metal cation or an organic
wocationsard the like. Preferably, the salt is a pharmaceuticaltyraccepisbiess
salt, although this is not required for salts of intermediate compounds that
are not intended for administration to a patient. The term "solvate” means

Saltd GamMplaxea fogregsiadammneddntane idnarciumoleadessebmisplute, i.e.

b acomﬁzoun of formula |.or harm c.euti%zilil%%igggtabe stfalt 5 thereof,
R oNe B more e cties or 4 Solvent: guc oA gseaﬁgy§%ica ?ﬂ e

gentisystghinen sy lifis bavingeiusubsidripplly dhtadiriolamiativydf ebloré amehionic,

tacRONE N BARIERERIAMA SO UG BB L ARl NARIBTesuitonic,

methanol, ethanol, isopropanol, acetic acid and the like. When the solvent
naphihatens ihelisul{enis. rorphén e BykRidisa ROiRH Heckpisratizie s threnoic,

pani6fifenie! MhohAINacetinalanaeptahiarsa b ab RRIMMAIAAOL HARO BRI
thereof' Is intended to include_all permutations of salts, solvates and

likegSptisabmle e lmed 48 St EPLBH G AR ICE Ry SRR B of
napAtBitseoisomrtithdc gdmyphoned etifarmulad tdineiterciditherapeutically

effective amount’; means an amount sufficient t e“%e]ct treatment when ...
e g S S T e M B acid
replaredivmentiime.uwel Heveigirhesisothe augayorttioatandriholike dRweéably,

the QHMEFIGRL CORANRRISHCL AT QBRI BURAIGIL SHA Y AR A LM BB of

. (particularly a human) that includes: (a) preventing the disease or medical
mt%ﬁﬂiﬁ%%?ﬁ%&h%ﬁ?i?@?,lﬂéﬁ%@ﬁ‘ﬁg}@e&&?ﬁ%ﬁﬁgh%%a@éﬁ@ﬁ& 30 (b)
amdi@f@diﬁg‘ﬂa?ﬁg@ea@g&% W@%Qﬁ%@gﬁ_@@aﬂ_&b&{@ iﬂﬁﬂ(ﬂ@ S 188KSING
egression of the. disease or medical condition in a patient; (g) suppressin
ol R B B LR AT BT, (2 T AP ATERTYGHL SeCapiabts
thegle¥elop nienirafithentdibeass of nredicak cSnditiarivate patignipdiy tryWine

ot NR(R/ {3 ELT 2

Ip001088: (dralpialina e AYMelame.afing
Isease or medical condition in a patient. The term “leaving group” means
soleefihuwdii §rotpyef sremiivhicateamiséaiod steady isprtmanflnasdaarid
andMQURLI WMk W%%Q&I@ﬁgﬂ@ﬁamwﬁ@%! |_' c
substitution reactlon.FE%way of example, representative leaving groups
incIdtREE AP IS HBAL AL 685 g B R ASHSAIY e AP piRL sirthop solvate
or Res)latectaytaie, ibiasyldie bsyllade ahgoinautikesand agWmohareuns]
ste%%%s%naicsarsa,cs%tc%xgé %rgg V%Eg%?g%ﬁggéu ‘i:"clalﬁg'acceptable salt of a stereoisomer of a
compound of formula 1. '
The term “therapeutically effective amount” means an amount sufficient to effect
treatment when administered to a patient in need of {reatment.
The term “treating” or “ireatment™ as used herein means the treating or treatment of
a disease or medical condition (such as COPD) in a patient, such as a mammal (particularly
a hurnan) that includes:
(a) preventing the disease or mnedical condition from occurring, 1.e.,
prophylactic treatment of a patient;
(b) ameliorating the disease or medical condition, i.e., eliminating or causing
regression of the disease or medical condition in & patient;
{c) suppressing the disease or medical condition, i.e., slowing or arresting the
development of the disease or medical condition in a patient; or
17
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The term "protected derivatives thereof' means a derivative of the

specified compound in which one or more functional groups of the

compound are protected from undesired reactions with a protecting or
wobleskgsg roup. Functional groups which may be 10 protedte€d/irrehadeyd 1998

way of example, carboxylic acid groups, amino groups, hydroxyl groups,

thiol groups, carbonyl groups and the like. Representative protecting

groypp foraltarannyliseasisigtinaludebsitissdsuchnasing-dortieyhenpyliont.

est mides and hydrazides: for.amjno groups, carbamates (such as

o 2 e SR A AR G B Bipocea
by foprthiofigreinms] thivethestaria thivbstdrsoforesativongddrosipsntBadetials

subRRRHGISARY BE G oP M@E%E%&EQHP? 1@5@1&@\%&%&%‘(&&8&9 Offoro,

skilled in the art and are described, for example, in T. ene and G.
brogowdrodoFrmsng SFRpRSherTIRRhi Sy AtHBSHE 2t hiles Baitidr oinds:,
nosyRW Y0¥ K:elIBR0 sk tedR1EN6aF:CItRE: H%%ﬁ&ifbx}h@ifﬂf@o&cetfoxyz%nd the like.

"amjpo-protecting groyp”. means a protecting group suitable for 20 .

orev B RIBSREE TEELHSHS doaiod Mg B R RE R fed
corgpoinal protechinggooupse ificictitey H wraupsrdtthmitedpond are protected from

Jert-buic carhonyl (BQC). trityl {11),, benzyloxycarbonyl .(Chz .
bl e S (AR e oy be
profiesigidlinsders Siryr ¢ BEyx ampleheaiikex Tivertedngrsuh oxyuor seitin g xhoupt
grofjR2RA PHISCURS HPURHLaRIE i B PrevSRUNG-WHE 9%&&%&@@%%

B8 for
at a carboxy group. Representative carboxy-protecting groups include,

car PRI A GNP £5'RS{SPED i cPa PRy BB EER- B b Py e s
forPamMethasyps REPaiAB ) s &l usoenybmeiRyhbam)y rimethyilshy 1 FoT MR)oiant-
butyldimethylsilyl (TBS), diphenylmethy| (benzhydryl, DPM) and the like.
SR o S Lt
aceipis30pletanting thadiésir vl reatticng arahydroxytiGimopn to those skilled in

e RRREPEN AN YRIRIE NG, rouRSCluA’s ! R0 Uplaggio,
silyl groups including tri(1-6C)allcylsilyl groups, such as trimethylsily )
Groppigy, Arismiaswyriats) hist Edtigm iilﬂ ey i (RIS ) L3RG and mikerepeta pited
thet@gyl groups) including (1-6C)allcanoyl groups, such as formyl, acetyl and

the -18 WO 2005/087738 PCT/U52005/007988 like; aryhnethyl groups,

[

sucht 88 5ER 20T BN P B FRERS SO BRn ST BN BY O SRS SRS M),
pretiphienyimiethyli (beanmcyinRRMbamcuih eRikecAaditonathinoyadydiogyroups

. %guscana{obe rotected as an alkyli rQu h.as .
I Y B R B BT 8 viovessbonyt

(Cepetbfivomnylmethoxycarbonyl (Fmoc), formyl, trimethylsilyl (TMS), fert-
butyldimethylsilyl (TBS), and the like.

The term “carboxy-protecting group™ means a protecting group suitable for
preventing undesired reactions at a carboxy group. Representative carboxy-protecting
groups include, but are not limited to, esters, such as methyl, ethyl, ters-butyl, benzyl (Bn),
p-methoxybenzyl (PMB), 9-fluroenylmethiyl (Fm), trimethylsilyl (TMS), tert-
butyldimethylsilyl (IBS), diphenylmethyl (benzhydryl, DPM) and the like,

The term “hydroxyl-protecting group” means a protecting group suitable for
preventing undesirable reactions at a hydroxyl group. Representative hydroxyl-protecting
groups include, but are not limited to, silyl groups inchuding tri(1-6C)alkylsilyl groups,
such as trimethylsilyl (TMS), triethylsilyl (TES), tert-butyldimethylsilyl (TBS) and the
like; esters (acyl groups) including (1-6C)alkanoyl groups, such as formyl, acetyl and the

~18-
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General Synthetic Procedures The biphenyl compounds of this invention
can be prepared from readily available starting materials using the
following general methods and procedures or by using other information
waeagiygansailable to those of ordinary skill in the art. Althouglraysakisislanss
10 embodiment of the present invention may be shown or described
herein, those skilled in the art will recognize that all embodiments or

hkéi?@ﬂﬁlﬁtﬁ)ﬁtﬂﬁuﬁifﬁ%ﬁﬁﬁ IRVRAREI(BaY) penam@beﬁzys@pmy mgthedsyimethyl

T G T T -

carvelierbe Wpt@abdmpaafaﬂfﬁmﬂmemmmemsc@é yhdacmoﬁnmempéwaumzesple,
by PQ&%M!E Jﬁpo%gfsﬁ&rggggg@@ solvents, pressures, etc.) are given,
other process conditions can also be used unless otherwise stated. While
the optimum reaction conditions may vary depending on the particular

Geﬁ@@&t@(}}i&g{éﬁp‘l&%yéed such conditions can be readily determined by
one_skilled in the art by routine optimization procedures. Additionally

will BES PP PRSI RA I R YRRHSR CRBhvan et S‘FB‘FéE‘fﬁ‘ib‘YzftY aﬂable
staglogipasiaysheine testilynonglesices adiiede alcprdadtivnctonalisiouEscr

ffromt%nqrgggﬁ ?gr L#r%qegr?k%srga '([)IIO 1151 Th H’lOIﬁI%Of a ll%abr%’ otchqg
inforpat 1% icular functiona grou dwell'as stitahle ¢o |t|c}hs
emppdtmfw@ nﬁh@;dwmmmﬁzpofrwchefamgmld@mbp@ Imeewethkmskrilmi in
melBf Bfh Rigleeinagrarnneisi:iRan hoselustelsdin e RSP d SR

described herein may be used, if desired. For example, numerous

prepasedaing S5 gielipds dnarthes iprrideicibHsiREOrbsRBvAR e Heserpeadn

stadtind/mGAESRRAANGe Modd/iliBleLrOtBEHRY (PKOUREHLO E@a&@ﬁéath@s ighere
Third Editjon, W|Ie New York, 1999, and references cited therejn. 1y
Fg t;aai os of

YRIAY B %‘P’r%ﬁu%rr? %088% SUhds- o?%%ﬁl?‘in@ﬁﬁtﬁ‘éesp GRS

reaptogeseloomppisizgre3(a) mgimg,a)ﬁmrrmomd @hfibtionsach Hi0 W oked
géll 8773 TI 5/007988 x( a NTWC%R3 (R%%l o NH II

e B Gl ot St M R oh A bt on

the particular reactants or solvent used, such conditions can be readily 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 or desired 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 of such functional
groups are well-known in the art. Protecting groups other than those iHlustrated in the
procedures described herein may be used, if desired. For example, numerous protecting
groups, and their introduction and removal, are described in T. W. Greene and G. M. Wauts,
Protecting Groups in Organic Synthesis, Third Edition, Wiley, New York, 1999, and
references cited therein.

By wéy of illustration, the compounds of formula { can be prepared by a process
comprising:

(a) reacting a compound of formula I:

-19-



ZI)mNsI/(a R5I wherein Z' represents a leaving group; or (b)
coupling a compound of formula 1V: (R")a (R3), NyW NNHR (Rz)b\10
~~~JJJJJJ IV 10 with a compound of formula V: s IR )d P CONR7R6
WOt N )n HO' 1st V or a reactive derivative thereofpOr/{&yzoesiotiregs
a compound of formula VI: (R)a/(R3)c OHArZ2 NW N ,v,aN' Ms
(R2)b y R4 15 Q VI wherein Z2 represents a leaving group; with a
compound of formula VII; O 2005/087738 PC'T/US2005/007988 H
VII or (d) reacting a coﬁﬁﬁo )if formula Il with a compound of formula

VIlI: 6(R )d CONR7R6 'Ol R
W (R,
T

or a salt thereof, with a compound of formula HI:

[
(R ~CONR'R"
8]
4 JL(V)(M1 sz)
Z/\f/)g\r‘l\! 8 \(\/): n
4

5 I

wherein 7! represents a leaving group; or

H
N

GRS

(b) coupling a compound of formula IV:

R’ ) R 3
CN/\M/\NHR
R )b

10 with a compound of formula V:
G
(R —CONR'R”
0]
y Nﬁij’h
HOJ\MS % )

or areactive derivative thereof or

{c) reacting a compound of formula VI

R,
A 2
T
®* ),,

Vi

15

wherein 77 represents a leaving group; with a compound of formula VI

-20-



OHC"~ J~, ,.,Fr~~N )" m N s \"/( 5 Ra VIII in the presence of a reducing
agent; or (e) reacting a compound of formula IX: (R )a ~/ (R3)s O xIl ~
~Art (RZ) NvW NN-(CHZ). CHO b\ 1 O 10 I}; with a compound of formula

wodasisitespresence of a reducing agent; or (f) reacting a composrdsaR7988

or

formula XVIII: s (R)z (R3)~ (R )d~~1 COOK' HAr NNW N~~~Ns ~"
(R2)b\ 11 R4 XVIII 15 where R'is H, -CH3 or -CH2CH3, with a
compound of formula XIX: M8R7R %?él\&mgathen (g) removing any
protecting groups that may be t fo provide a compound 20 of
formula I; and optionally, formi lharmaceutically acceptable salt
thereof Generally, if a salt of ofie of the starting materials is used in the
processes described above, such a&lhn acid addition salt, the salt is
typically neutralized before or during the reaction process. This
neugralization reaction is typically accomplished by contacting the -21 W
200%%87%%%CW6%%¥%8%§§H%£%%§% DREAAEH ob A Gk
base for each molar equivalent of acigrggditiq S&BF}{?FQFOCGSS (@), the'
reaction between the compounds of for and ll, the leaving
represented by Z'san. be,for exampte, halo,-gych as chloro, bromo or

iodo, or a sulfonic ester groﬁp, eh \§§Trnesylate or tosylate. The reaction
is conveniently performed R

VI

in the presence of a reducing agent; or |

10

{e) reacting a compound of formula IX:
oo

R1
R); (Ra)c o
H /\M/\ J\M/Ari
L N\ﬂ/w N m N s (CH,) -CHO
R, < [ i : R

IX

with a compound of formula VII in the presence of a reducing agent; or

H reacting a compound of formula XVIII:

6
(RY); O ", o R )dﬁ i ﬁﬂ; COOR’
“ W._CN/\(V);\ ;]\J /U\(stAr\b’);/N dn

XVIII

15 where R’ is H, -CHj or -CH,CHj, with a compound of formula XIX:

NHR'R®
XX

and then

{2 removing any protecting groups that may be present to provide a compound

20 of formula I; and optionally, forming a pharmaceutically acceptable salt thereof.

Generally, if a salt of one of the starting materials is used in the processes described

above, such as anacid addition salt, the salt is typically neutralized before or during the

reaction process. This neutralization reaction is typically accomplished by contacting the

21
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5 in the presence of a base, for example, a tertiary amine such as
diisopropylethylamine. Convenient solvents include nitriles, such as
acetonitrile. The reaction is conveniently conducted at a temperature in
wothesasgesof from 0C to 100C. Compounds of formula |l arecyeremalps79ss
known in the art, or can be prepared by deprotecting a compound of
formula X: (R) NW1R3) IRZ)o\~ON 10 P X wherein P' represénts an
salt FNNGPINEETNEITH0LID 0SHEAATR BRAZVbUOL LB\ f3Iad padiaid salt.

conveniently removed by reduction, using a hydrogen or,ammoni

o TSR G R e L e S T e Wy
leaviepregentstiVBy thechytieoferationlaSidc envieniahilyrpdrfommed indingr 2
smflé’&é@@e%ggogﬁ}a%ﬁt4@%&%&)@)@&&@39@9%9&4&{&%@&9@&%@%@%&%

~ byreacti Isocyanate’compound of formula XI: NCO (R2 %
in theiteacaepficUrrdcofee frrmaix p ey anipe iehes fiseurpyistirdammg 1

CorfRNiBe RRRAEA SIRIIIBGHAMALURIRANGINY TRMBE 1D diNehiditly
represents a hydroxyl group, for 2xamp|§ by reaction of a 25

condustedet adARayaTe & d 20858 W&%Eﬂ@ {8%¥ord a compound of
formualapgtuiniywichrnzin sdpres ganischiikrswahiashehinyor Carbpotupds:dby

de W?Ei%n Z' re&rgesent _ %&qx&_group -22 WO 2005/087738

PEETUS 60510 mayabe'prepared, for example, by reacting a
compound of formula V wit appropriate amino-substituted alcohol,
such as 2-aminoethandt &r nopropan-l-ol. In process (b), a
compound of formula IV is re& tedqvith a compound of formula V or
reactive derivative thereof By *readtive meif; :f; “6f compound V, it is
meant that the 5 carbexiilieracidlis séfivat d, fgr example, by forming an
anhydride or carboxylic acid fatide, stch as carBoxylic acid chloride.
Alternatively, the carboxylic acid cankbe activated using conventional

wh&RIR PG ACHAMNG GO YRURGHSAGRNE «TUEN CRAERRANBIARS: Benzyl groups

are conveniently removed by reduction, using a hydrogen or ammonium formate and a

Group VIII metal catalyst, such as palladium. When W represents NW?, the hydrogenation
is conveniently performed using Pearlman’s catalyst (PA(OH),).

Compounds of formula X can be prepared by reacting an isocyanate compound of

(R1)r
NCO

XI

HWCNP1
X1

Compounds of formula III can be prepared starting from a corresponding

formula XI:

with a compound of formuta XII:

compound in which Z' represents a hydroxyl group, for example, by reaction of a
halogenating agent, such as thionyl chloride, to afford a compound of formula Il in which

7! represents halo, such as chloro. Compounds in which Z' represents a hydroxyl group
27
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O-(7-azabenzotriazol-l-yl-N,N,N;N'tetramethyluronium
hexafluorophosphate (HATU) and the like. This reaction is conveniently
performed under conventional amide bond 10 forming conditions. The
womesassTis conveniently conducted at a temperature in the ramgswhsfeormss
-10C to 100C. Compounds of formula IV can be prepared by reacting a
compound of formula Il with a compound of formula XIlII:
ma i Q{2 NnGHINRAE Dy Ibaxil g whengindRd of fisesahty Withagaposainte

iR B-RIAEC G Ps”&h%‘é%a%ﬁxﬁ)%ﬁlzﬁl'aj%t SpllSoRTOR qf g reducing
agent, such as sodium triacetoxyporohydride, fo OV\PegI necessary by

remererae(Bhrroprotactivigarous P2ibycdeiedsethpleompovodehftiominy
or HHBIRESENERHOHRAUAEI Y <20 GOMRANAESL FOEIHRMERN:PR RISRAMET the

by reacting a compound of formula VII' with a compound of formula XIV:
carborylic agid Fach e SRR PIoERENE B3 dbYaEdn & rRIaRSY R 3R
hal'ﬁﬁi[bﬁ&ylapEQiﬁBtij];{]g"ig@?ﬁﬂdﬁﬂ@sﬂﬁeﬁéﬁﬁﬁlﬁtﬂwcaﬁfﬁo&@%@@i?&ﬁmms

a legving group, followed.if necess remoying the carbo .
o TGP DL B A AN LR BB M eRB e b s
0—(%meomﬂfpialiahféﬁ\éﬁéﬂm pocmaktifyioromitan vz ShorBpidsphate HATU)
and BEANI CHIQ 20130 W Eﬁn%&ﬁ;@ggg Wod R IQimia, Ul uader Conveniona.

reaction conditions, such as -23 WO 20051087738
forpmgqqydidions 1 Bormeseyds sapuaiailyrenudsded @) disorapimefarisgaase of
froRrogResHCladhe leaving group represented by Z2 can be, for example,

halo, such as chlagro, bromo or jodo, or a sulfonie ester group, such as

me<yPRR BRI IRE Y RARRITREBH DR AR PR tHermula I

withresenpevafll aifasenfogNample, a tertiary 5 amine such as
diisopropylethylamine. Congﬁ@(a&t{ ol 'Zf;iude nitrites, such as
acetonitrile. The reaction is convénightly tonducted at a temperature in
the range of from OC to 100C. The compounds of formula VI can be

whﬁr@@ gﬁé@mgsgggmge@dm poardnefprotecting group, such as benzyl, in the

presence of a reducing agent, such as sodium triacetoxyborohydride, followed if necessary
by removing the amino-protecting group P* by, for example, hydrogenation in the presence

of palladium.

Compounds of formula V can be prepared by reacting a compound of formula VII

Ar! z*
P"ojLM; %

XV

wherein P represents hydrogen or a carboxyl-protecting group, such as methyl or ethyl,

with a compound of formula XIV:

and Z* represents a leaving group, followed if necessary by removing the carboxyl
protecting group P°. Alternatively, such compounds can be prepared by reductive

amination of a compound of formula XV:

1
3 LA!.
PO s “{CH,),CHO

XV

with a compound of formula VI under conventional reaction conditions, such as those
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formula N with a compound of formula XVI: 1 Z2 HO LAr 10XVI or a
reactive derivative thereof, such as an acid chloride or anhydride. The
reaction is conveniently performed following, for example, the method of
wpraeass7@s) described herein. Compounds of formula VIl areigesmoalp79ss
known or can be prepared from readily available starting materials using
well-known synthetic methods. 15 In process (d), the reducing agent may
descﬁ@eﬁ%%@ﬁl’%@s (wdrapen.in the presence of a Group VIII metal catalyst,
su s palladium, or etal hydride reducin ,
bo%ﬁ%gfﬂfet? iR m&C%S dr%? utfi%‘fﬁlgc%rﬁj‘?yﬁg ol ﬁ%yngﬁggy ?g%%\?e%%é% se ())( Ia\?é%lfé
haldyeicides dikohdisysoch mdmethantbiinestenstion. isiebayarmedalp or tosylate.
Thid r%ga{é?ﬁg c%%?eo gﬂﬁ? E?é%%ﬂ%&'iﬁ tﬁéﬂ%éﬁfcg%% @%épfaio%n-ﬂé?a tertiary

_compounds rmula VIII may be prepared by 20 oxidizing a compound
amioAspe iRy er TérhdraTmn WhRFPZTFSPRESHA B AHG NEXSP SHota®
acet%hﬁ%lid_ _"dlé?x’iqﬁt_ig_ﬁbﬁ%ﬁ(ig(é%v%ﬁl _ i&dﬁﬁy%ﬂdw’&ﬁnf@&mﬁlﬂl@a Lisingrangfucf from
,dioxide pyridine complex in dimethylsulfoxide in t resence of a tertiary .
0 G RSB B A AE T S L) i S St
forrmdy INey forssxamppledrofdiogeii e presence of 25 a Group VIII metal

catalyst, such as palladium, or a gnetal hydride reducing agent including
borohydrides, such as sodium trigceto&éyb%@hydride, optionally used in
combination with a titanium tegpda Idg;ysuch as titanium

tetraisopropoxide. Convenient solvents include alcohols, such as
meth.anoll and halogenated hydroca}@ﬂns, such as dichloromethane. The
reaction is conveniently performed at a temperature in the range of 30

or noAvtDE de B0, TumBoustisoiTomduhioddnay BEadard Uy rditig

corR GRR ya@oﬂéﬂmw@ih@w&b S EOMBAYP eI BR XM P Ded
2005/087738 PCT/US20051007988 X ... Ar HO (CHQ)t.,CHO 3(%/(!}11 inthe

herpieseArR RS BERle XU daAmeTaly SRS AR SGHEcRE 4B
avAlmRtbylami napsapy rdretmdic annodi it dEOD e antd.

R e SR B e o
a Group VIII metal catalyst, such as palladium, or a metal hydride reducing agent, such as
a borohydride, including sodium triacetoxyborohydride. Convenient solvents include
alcohols, such as methanol. The reaction is conveniently performed at a temperature i the
range of from 0°C to 100°C. The compounds of formula VIl may be prepared by
oxidizing a compound corresponding to formula ITL in which 7! represents a hydroxyl
group. Such oxidation reactions can be conducted, for example, using sulfur dioxide
pyridine complex in dimethylsulfoxide in the presence of a tertiary amine, such as
diisopropylethylamine.

In process (e), the reducing agent may be, for example, hydrogen in the presence of

a Group VIII metal catalyst, such as palladium, or a metal hydride reducing agent
including borohydrides, such as sodivm triacetoxyborchydride, optionally used in
combination with a titanium fetraalkoxide, such as titanium tetraisopropoxide. Convenient
solvents include alcohols, such as methanol and halogenated hydrocarbons, such as
dichloromethane. The reaction is conveniently performed at a temperature in the range of
from 0°C to 100°C. Compounds of formula TX may be prepared by reacting a compound

of formula IV with a compound of fornmla XVII:
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a compound of formula IX with a compound of formula VIl in the presence
of a reducing agent, such as sodium triacetoxyborohydride, similar to that
done in process (e). As will be apparent to those skilled in the art,
waorpounts of formula | prepared by 10 any of steps (a) te(fyvsreds/ wiags
be further derivatized to form other compounds of formula I using
methods and reagents well-known in the art. By way of illustration, a
compound of formula | may be rgacted with bromine to afford a
corresponding compound of folﬁl$ gﬂlﬂn which R2, for example,
represents a bromo group. Alititio Iy, g‘%brﬁﬁ@und of formula I in which
R4 represents a hydrogen atom m@y\h@ alkylated to afford 15 a
corresponding compound of formula | in which R4 represents a (1-4C)

in DR OIGFo6R OLe SRR B Tre Hasne erari v g aserb atrhardinire believed to
dirhaliytwalrapebpatcsreaingdyisithireoasipou) dadrehymyidednasfintbrhydrate
fﬂﬁﬁﬁm g%qﬁ(lnventlon including, for example, the compounds of formula
‘and salts thereof. Further details regarding specific reaction
condRbmdngrid pivespiOcedurestds of opregradng lleprz dentepaeed by reacting
a cSHﬁEMRMQH%&HQ@IE@%ﬁEﬁ'9@&&%@%@%5@!&9&%%9&89 Bed ihiNGng

Examples set forth below. Pharmaceutical Compositions and
agbrHEtoRd TR RipHeRshissdRdawithis HoedtrsmPEosasicEly

admirysined igRRalienhine 2kitha iRiake Aliasmace WitaheMPRRIBSRI by
ormul élon Such, harmalﬁ‘g&Pcal com osmons &#lbe administer

d
a%f &e%sa i B%eﬁi) &R0 P ARG ean ThERRRAER ot
foﬂnmitaeﬂxmngmal&nﬂsm;raamatsmmbmﬁmﬁlmamamyj@mabiﬂndmﬁon a
of administration, "mwza'l'n?&unﬁ%;atoogf}&at any,form of nd
lﬁl‘Pe compoun sc?f Invention, (l ree 3 ase pﬁarm ce l)t(gaﬁ? P

of fusuptdore aih %l@f@@@ﬁ@h@pf@@@tﬁeﬂaﬁ@e@pmwrﬁ@&m@m& of
coﬁgaﬂﬁaséﬁﬁlﬁﬁﬂu@ﬁﬁi?%ﬁﬁ%ﬂ%?em@g RCEHICALEAMRIS HORRAIREH 85 G ford

herein. Accordingly, in one of its composm9n aspects, this |nvent|on is
a CRFERAECBECOBEOWAS SBIsY Y BRI R ) SvEisin 29 B4C) alkyl group.
phammeu&mbciﬁmmm aemﬂmn@zalﬁx has Brareulicaly aseapiable
ac #’ler Lor exc |ent a dathera tlc eﬁectlvi rP%unt of a.compoynd
FO

ﬁﬂﬂ’la Ol'c}g1 arrﬁé'ilf:‘aé |ca y accep]%alb?eps or SO|\1/%‘{%n(t)mn mtlucing,

fozstembomemhm@wﬂ@ﬁtﬁ@maw 1§ ch phbviihceuticdls tempbsitions may
contpip,pINGLIAETARSHIS @9&%&%&1&1@{'E&&Ql%ﬂksaﬂcﬂ&ﬁg@&oéem%s for

pharmaceutical compositions of this invention typically contain a
PTEpIFBp ERRTEEN AR AU IOt AT B slesmisurIrsrmedrissdheriattion or

degtripRanmacauticali Sesepiableisalt or solvate or stereoisomer thereof.
Typically, such.

Pharmaceutical Compositions and Formulations

The biphenyl compounds of this invention are typically administered to a patient in
the form of a pharmaceutical composition or formulation. Such pharmaceutical
compositions may be administered to the patient by any acceptable route of administration
inchuding, but not limited to, inhaled, oral, nasal, topical (including transdermal) and “
parenteral modes of administration.

It will be understood that any form of the compounds of this invention, (i.e., free
base, pharmaceutically acceptable salt, solvate, etc.) that is suitable for the particular mode
of admimstration can be used in the pharmaceutical compositions discussed herein.

Accordingly, in one of its composition aspects, this invention is directed to a
75
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pharmaceutical compositions will contain from about 0.01 to about 95% by
weight of the active agent; including, from about 0.01 to about 30% by
weight; such as from about 0.01 10 to about 10% by weight of the active

wRgeRbgANy conventional carrier or excipient maybe used inethEus260s/607988
pharmaceutical compositions of this invention. The choice of a particular
carrier or excipient, or combinations of carriers or excipients, will depend

phmﬂae;m@dfdﬁfl@@méﬁﬂ531%1&@?@@%%6@?&%@@1%5&{@6?%%%%Te%ipient
o1 meaqical C Iitlon or disease state. thi regar ,t e .
T AP A USSRk & A ey
acgfplabimmistratidvais wvelbwithintheiscope (fithiosdigkitet ghiheaccutical
_ ical it lly..the ingredients.for such ¢ ositions
Seiiaes ot i
Louid hvmhemeraitipy opaypet e ihistragsHonconiastiionat formulation

thdRpRRIRURS ave-Arsarbar iR eminatan: cFhe-Srienrs ARdRastice 20
ofPharmacy, 20th Edition, Lippincott Williams & White, Baltimore,

PORFRANEH DD APEPERY sEoTsRbRi e pafiomsAsmsE Siesl DogislEonR
phamtkEiuidDebiveoyiBysiemscditindiianabbipuineat Witieoss@byubdignt of the
act%va&‘al tallge%g'einlgi% |an§0g 921%8 i @8?&8 Sa%%;[éai)t]l’

¢ examples of materjals which
can serve as p Srmaceutical accep \éﬁa:\%(ié?g%&ﬁﬁc,%gg?é%gfuom

to fheived A%, thieviodiwinge (tfisagarsi.such as lactose, 25 glucose and
SUCTaSE: (S)IAGNE SaHER ASERIBRIAS, BRdRAIR Iﬁ@ggaé@t%%h'ulosa

and its derivatives, such as sodium carboxymethyl cc_—:-? , ethy
CORRFIHEBS A dhEeyRRdionacetadoiay plowishsy ersatanth cESIisalion)
co@iatinohd biAleiit8) &XSipisRls SMINGRFcRPEANRUHEL AN SHAROSHY being

axes; (9) oils, such as peanut oil, cottonseed alil, safflower oil, sesame
“S%ghF%ﬂ'&ééﬁ%?%ﬂﬁ%ﬁ%ﬁ%&%@sﬁ%ﬁ? B GRBHOSICHSeass piste fothis
regiy ohe3fefiiitpalydlssidudicatgiyaesinicabobitglo sitbnnite laangticular mode of
ol:.(12) esters, h as ethyl oleate and ethyl laurate;
B e e T
Adslisionalivia thy dnoxidentsliSy alginteraniiies) pyrogendreeliyaterl{iz)iom, for

exbSRMNNIG SANNE (1 18):.R1Ng6S Ssealuliani B auw| alcahol, (40l RN9sA Ron,
buffer solutions; -26 WO 2005/087738 PCT/US2005/007988 (21)

coRsrpragbEaptsHendriigites Suerad cris fsrsiatn b Snce and Pracice
of Pydrefliupraciihhnis:, angiRd)othdnRenariceoRatidie, SURSIRRETS000); and
mployed i armaceutical compasitions. T?ﬁfg%r%ace ical th e anes
R O UL SR B B ARREDy TR MBI aricion
LipmimaaticW i ol bien tingaceivpouhd o tPeoinvention with a 5
Pharigteltieai seaaplanle sartieendane ' dmore opliRRaLgEsonts
If necessary or desired, the resulting uniformly blended mixture can then
acaifé;tghgzp@arﬁq FudteiR dEpheidimited to, the following: (1) supars, such as lactose,
glucose and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and
its derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as
cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, such as propylene glycol;
(11) polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such
as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17)
isotonic saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer solutions;
26-
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capsules, pills, canisters, cartridges, dispensers and the like using
conventional procedures and equipment. In one embodiment, the
pharmaceutical compositions of this invention are suitable 10 for inhaled

wasimpistration. Suitable pharmaceutical compositions for inh@degk2os/067988
administration will typically be in the form of an aerosol or a powder. Such

compositions are generally administered using well-known delivery
(211])&0‘333;3&&0@@@@34&&@ut&esﬁnﬁaﬂhl&@ﬂﬁ@r@ﬁxﬂ@ﬁ@aﬁw&%&ﬁ%@i&%@éﬁs

0 r.(DPI or a, il eliver vice, In ecific embodiment
R e s Bt e eragyone
agenths ﬁhﬂﬁm@’@ﬂe@l wnnmmmﬂmmlwmuwtmmuy @e;med by

th&@@@%%ﬂﬁﬁ%é@@ﬂg@%ﬁﬁ@@ﬁﬂb%%@% elogiy.air hat ,

causes the pharmaceutical composfon comprising the active agent to

p %B%eﬁg%%%?%ﬁ‘?&%}ﬂ@oﬁqﬂt@%@ parerdivashirarsdjentsctlf necessary or

defnchEinghunhanimmylaiesior Hag R aREREHER iRl f&%&%‘{@ tablets,
lﬁ% nt |s plcaJlgedlssol 1§d mt(? suitable carrier to form a solution. 2

CARRET AtV e R U S8 Eh b%’ﬁ%&rﬁﬁﬁﬁoﬁﬁ%HEW&WH@&%‘W&C@(‘WS

andwitalpmadrrier to form a suspension of micronized particles of respirable

smemv&;;ggml&g izedis aII ef ned as havin out 90% or more
of the partlclles %L gb r?getero ess ﬁ%lr? u(frf(? %Wf‘gﬁféam suitable

Oﬁébﬁﬁﬁéfmisé@iawe %w@hi@alwmmanyomp@mpl@x byhE&RI GmbH
adbSHRERRRSE wE TR BHRRACRIHIZBF JENIEESHING YIS RESPIEA, compomtwns

BoehriNger Ingelheim) 25 and those disclosed, for example, in U

TR NG B D Rk S g a ey risssarciEe ﬁé*ebwaw inhaler,

a mepredefiativephdViEgeutisaheRmPositian fDPussin AmeRuizgkipRIgk..
com&nses arhlsot n@ﬂ}g&{ 2QUs. solution cor rising from about 0.05 g/ml,

to about 10 mg/ML of & compound of 16T ?W@?ﬂ‘?&?ﬁ?&(f@ﬁ’t?@éﬂif’n
coppeispiabie siive amvataiunn&@emé teoisbaheiolh esanf a inchndibenbpesif®uch

neGMBAAIIERE of SisinyaIien, eBﬁ%rﬁ}?% eutic o%:{tc%'i? a§|t|on(§_;é:%mprlsmg

the active agent is administered by inhalation usin ry powder iRhaler

PhERAGHGA) SRRISHAR RIS RTISTRE Yﬁ.@@mm@mwesagm meis carried
mtﬁ’ﬁ&ﬁ@t&ﬂﬂ@sﬁ%ﬁ@ﬂbf?ﬁh‘at& XZCW@%W%EE%@&EW%%Q@Q 004088 er

- sedtln atlents air-stream during in tE)lrann In order to achieve a
ree Owing’ DEtddr MR AbiFssadwt 18 BN rsrRfTRderminsalution.
AIW@M@EXhmH?@u@mH&Mﬁ@Sﬁmmﬁarﬁm SofigifRaemiativasitable carrier to

T T
defipeql as having about 90% or more of the pamcles with a diameter of less than about 10

pm. Suitable nebulizer devices are provided commercially, for example, by PARI GmbH
(Starnberg, German), Other nebulizer devices include Respimat (Boehringer Ingelheim)
and those disclosed, for example, in U.S. Patent No. 6,123,068 to Lloyd et al. and WO
97/12687 (Eicher et al.).

A representative pharmaceutical composition for use in a nebulizer inhaler
comprises an isotonic aqueous solution comprising from about 0,05 pg/mL to about
10 mg/mL of a compound of formula I ora pharmaceutically acceptable salt or solvate or
stereoisomer thereof,

In another specific embodiment of this invention, the pharmaceutical composition

comprising the active agent is administered by inhalation using a dry powder inhaler. Such

dry powder inhalers typically administer the active agent as a free-flowing powder that is
27



10

15

20

25

30

micronized particles of a compound of formula I, or a pharmaceutically

acceptable salt or solvate or stereoisomer thereof Such a dry powder

formulation can be made, for example, by combining the lactose with the
woakkivesaggnt and then dry blending the components. Alterngtivglyadés/nooss

desired, the 10 active agent can be formulated without an excipient. The

pharmaceutical composition is then typically loaded into a dry powder
displSPER S p Mt Inhalatinn Gl HgEs Ao R AR Wies: DhuseWa i wing

powder delivery device. Examples of dry powder inhaler delivery devices
Povidetutis BdkRaRsPt (e iuRs bttt Sdlnr S Habkngle B ekt iy Lasdose or
star€hg., U.S. Patent No. 5,035,237 to 15 Newell et al.); Diskus

(GlaxoSmithKline) (see, e.g.. U.S. Patent Nq. 6,378,519 to Davies.et al.);

N R R U e
conthB24, ABOl4ciowvditeniny Rulekaler ([GlaxoSatitnKline) {séeheuy] 00.8n and
nﬁc?cﬁltﬁgﬁ %J&é}ééé’f §Qérﬁ%cﬂﬁﬁ\g?fg}m%'iaai;)o@g?)ﬂ%g@@ﬁ@ﬁ§ %@ﬁ%@é salt or

Ingelheim). Further examples of suitable DPI'devices are described in
solygis oPYeesRieBs T SS1 62 to Casper et al., 5,239,993 to Evans, and 20

- 5, TER@HLD d8 AENEHORE:RT Al o PR RS AIENCES: GRS ISR oA ET2RREN E 0se

. specific.embodiment of this_invention, the pharmaceutical _compoa%;[ion
with (B SR 50 AR B AR CISbng e SRR MR h o RREERY & Asstsddhe
actitosgdnhale beJughumeie red:case inhapesst iy pleatyadischarigsl acmeasitired s

amount.of th ctive agent oy a pharmaceutically.acceptable.salt or
e & B S e M AR SRR caponies
for pescondirrolyy phardeaddingcatieviempositions administered using a

metpredinse iRARRYRICAIM SOMRFSE SSRILIQRIRISHRRGARION Of the

active agent in a liquefied propellant. négsuitable liquefied propellant
(Glﬁﬁ?’lﬂééﬁfﬁro%‘dqﬁemaﬁ@g&]ra%f|§m PG, St 2t 3r03p7 1o

Nexi}}éli r@fmgf%aék@l@@@gég%%ﬁmﬁﬁs) @@é,,&dé.,zj.m(atammgh,ane,ﬁm Davies et
n 1 ,9,0" tafluoro-n-propane, . Due t

e A S L e s e b 482869 0

Wd@wﬁiu}aﬂot&ﬁen(ﬁhk@:ﬂfﬁ@mb(mme@Iwmdferfﬂdﬂﬂdwﬁaﬂéﬁdpﬁmwoﬁh

et a%@%ﬁ?ﬁﬁ&&&%ﬁ%%é%%%%%@ﬁwﬁ% éPQi\éS({e}) s%?ﬁ&t%ﬁz@ﬁﬂﬁf;?é\%es

ntane, and surfactants; such as sorbitan trioleate, oleic acid, lecithin,

are ghsergRrsbiin) SeBatort dleandptd S 108 tpatsnensd 2k, 225 8%3tlp Miypawvands

5,7Y¥Q R0RAB 38, RERURPRISIQREIBR. eliRbeiEP 0717987 A2
(Minnesota Mining and Manufacturing Company), and WO 92/222]86

(MinRSSS PRSI G S RO FRER AT S B EMRAn A phaTRfaiieg
cofppeIIaC eviigakRRNAROSIHON def sedm@mmdydﬂmdmm{amgamw&e&
dosfaéonrﬂlﬁggl'g&:}? & 19,ARQUL 2 2P R RNt 9f 2 COmRoUNd O IR b Ahe
active agent or a pharmaceutically acceptable salt or solvate or stereoisomer thereof using
compressed propellant gas. Accordingly, pharmaceutical compositions administered using
a metered-dose inhaler typically comprise a solution or suspension of the active agent in a
Hauefied propelant. Any suitable liquefied propellant may be employed including
chlorofluorocarbons, such as CCI3F, and hydrofluoroaltkanes (HF As), such as 1,1,1,2-
tetrafluoroethane (TIFA 134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane, (HFA 227). Due to
concerns about chlorofluorocarbons affecting the ozone layer, formulations containing
HF As are generally preferred. Additional optional components of HFA formulations

mclude co-solvents, such as ethanol or pentane, and surfactants, such as sorbitan trioleate,

oleic acid, lecithin, and glycerin. See, for example, U.S. Patent No. 5,225,183 to Purewal
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5 pharmaceutically acceptable salt or solvate or stereoisomer thereof;
from about 0 % to about 20 % by weight ethanol; and from about 0 % to
about 5 % by weight surfactant; with the remainder being an HFA

woigpelank Such compositions are typically prepared by adging shill©chosss
pressurized hydrofluoroalkane to a suitable container containing the
active agent, ethanol (if present) 1.0 and the surfactant (if present). To

et HrEPREY %95%‘%@&@M%&§%@ME@H&%@H@M ARMpmed
with thePBropeIIant. The formulation is then loaded into an aerosol

P2 anrad MR R E B ER Yr e R HOBHEE inhaler device.
Examplescseéineies ptatasesinkalepmieies: develoned speeiicddly fahalse
with HEA prapel are provided.in U.S. Patent Nos. 6,006,745 t0

e R e B e ST oS O iRy or o

phionmseiiicily archptpriesaliedt bglgeay siryingsantvdliengodt Surfettonit®h to

ab&ﬂ{q@%z%dvpé%l'ﬁ IE8.REtNEAEINE RUENE 2¢6 FRLEXIMRYSr ¥R MBI with
(Glaxo Group Ltd.) and WO 00/61108 (Glaxo Group Ltd.). For additional

thegeniaiead BeprobELEs BIPPFEHtring respirable particles, and formulations
and ggicesrpaliniie: ot inhalatipprgastithsa’dih g cRataniNess§:i268,533

0 20 Gag et al., 5,983,956 to Trofast, 5,874,063 to Briggner. et al., and
by oo B A S oD 6 e O U0 e
andVi2 68/30644({Astrsehen ctapikpludrn angttieri emibodiientgtine is micronized and

har ical itions.-af this | ntion. ar itable for oral .
B

whighhiiaiss adortemyanaters éren whelep dandec dbienplpilrd lsurgelose inhaler
deFREDALSHRIESR AR ARNEEES. FRANHER: HHANBROME QR PTIRSHSIRN$IABN:

in an aqueous or non-aqueous liguid; or as an oil-in-water or water-in-oil
N IO B or 2= e e bl BB EBin RGO
fopiepatarnined puwiaunt ©f speonapaupd eidhespeseniciavemianicasaded particles

.active.ingredient. When inte g o]l istration i oli age
o e R e B S A R e Bl S0
Oo&iﬁﬁﬁ)@lm@qmsﬁhh)entiqn will typically comprise a compound of the

presept JAUaRHeR &%ﬁﬂ:ﬁe@%ﬂé‘?o&%@glﬁ%%ﬂiﬁé‘ i articles, and

pharmaceutically acceptable carriers, such as sodium citrate or dicalcium
forgmyapritendstishamy B ateriaiairstersolrs HoSdydamhins Aap s to
Gaomrise €3 Jollers 1628, W L0050 8438 dr 6 bil) 2200205888 Takupovic et

ext r\% S J}) tarches, lactose, SUcro lucose, mannitol, and/or
o S S T R s

gelatim apotyad rylipydirobico tie, [gucnoseutind/csrapadiamE3) i astanis) are
su%@ iy QJ‘XP%RJH}(]%&QII%IEteﬁtg?gﬁqu%gg%bagg & ¥fions for oral
administration may be in the form of capsules, tablets, pills, lozenges, cachets, dragees,
powders, granules; or as a solution or a suspension in an aqueous or non-aqueous liquid; or
as an otl-in-water or water-in-oil liquid emulsion; or as an elixir or syrup; and the like;
each containing a predetermined amount of a compound of the present invention as an
active ingredient.

When intended for oral administration in a solid dosage form (i.e., as capsules,
tablets, pills and the like), the pharmaceutical compositions of this invention will typically
comprise a compound of the present invention as the active ingredient and one or more
phérmaceuticaliy acceptable carriers, such as sodium citrate or dicalcium phosphate.

Optionally or alternatively, such solid dosage forms may also comprise: (1) fillers or
29..
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agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and/or 5 sodium carbonate; (5) solution retarding agents, such
as paraffin; (6) absorption accelerators, such as quaternary ammonium

woCRRRAWNAES; (7) wetting agents, such as cetyl alcohol andfergl¥egroheross
monostearate; (8) absorbents, such as kaolin and/or bentonite clay; (9)

lubricants, such as talc, calcium stearate, magnesium stearate, solid

extRRIYRIRYIENS QYL mediimiru Siiales, anglaRdnixiuressthereia8)

colorlnglb gents; and (11) 10 bufferlng agents. Release agents wetting

bindersHecha5aTY bylemlukessiy g AP PR |H§“Qa°é‘€ﬂ{§" sucrose
andmes&may@&aﬁﬁ@m@)@danbs g@mea&sp(b)admﬁmgnaumgr@qmaﬂmml

osmon hIS |nvent| Exa harm ceutically. a cept le
n“uom dgo qflrl%% a‘f)e an? élﬁlts sé{c aglas(,{co’r 3&?

sodhwid pmﬁ@mﬁe eliydoclwﬂrrbmd@rchﬁgm i Hat@r@ﬁﬁ@sdm ﬁb@@aﬁmmte
accaRGIoR S&U@ﬁ%@@ga&@&&%@a{ O%HQW@MM@ 5eRHMety1

palmitate, butylated hydfoxyanisole (Bilk), butylated hydroxytollene
alopli T B P BBTS AN AIBHSGE AT AR SRRV st clay

) m%a@ﬁf_%{@ﬂ%éi%@f\ﬁl&:@ﬂ @&%ﬁ@%@@g@s@@mwﬁ@k@@ﬁﬁ ;t»letkg,@aé;@@ut:e
sorbital, tartarjc acj id, and the like g
gfyga‘@nig%mi% Seli G R TR G g8 s 6 0D
buinieragoatings, such as cellulose acetate phthalate (CAP), polyvmyl
acetgt hthal ). ydrox thylcelluloseph
??@g (5 fnemm&yﬁ%g (ya%r éopt% s%ggte 11 %, (EIPI%

methacry i ¢ acid est ofymers, ceflulose a etate
pemmmmm%mmemmmtﬁwe@mébe beMEe)t mliralppresytitical
collppibas luipseiarsials sucsingls JHRMGAS BRd the diierRafidesied,

the pharmaceutical composmons of the present invention may also be
inclyden (BB QY SR UBrT ohad TeRFRie IR e e
sodiﬁtﬁ@aéwfwa,mh@ﬁmmasam@mmpmﬂetw aﬁlmﬁsezybuammge

roportons; or other ma r| somes and/o re
A R e G
hy@@)qpmmnaﬁymﬁmalnoﬁm ifyingy bediats, ahdilmyopbd@ﬂmutathdléw,thm (3)
me‘iQFXI{QL‘?&%?aggﬁtg%\éﬁ Angradient 0&!}@&(@9{%@@9&%aﬂcaaaﬁr@ﬁm

portion of the gasfromtestlnal tract, optlona g in a del aye manner.

sombjiaknigrés i PEIMRRMIRR Co AT b HIS WkeH-©ahse st fop Exblgts, capsules,

piIROIMIBES HleRRiaReas and sl astie Jngradientce .ﬁi@ﬁt@%ﬂﬂla}ate
micro -30 WO 2005/087738 PCT/US &%907988 encaps ted E?‘rmE if

(Cah BRI FERTRETTPHR oY tHe: JESRYhES!

mdifateltioaagenferims:{icexad askringiobtionrd ncdaudmsbymyem:ﬂama GOAT),
carboxymethyl ethyl cellulose (CMEC), hydroxypropyl methyl cellulose acetate succinate
(HPMCAS), and the like,

If desirved, the pharmaceutical compositions of the present invention may also be
formulated to provide slow or controlled release of the active ingredient using, by way of
example, hydroxypropyl methyl cellulose in varying proportions; or other polymer
matrices, liposomes and/or microspheres.

In addition, the pharmaceutical compositions of the present invention may
optionally contain opacifying agents and may be formulated so that they release the active
ingredient only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed manner. Examples of embedding compositions which can be used

include polymeric substances and waxes. The active ingredient can also be in micro-
230+
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pharmaceutically acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. Such liquid dosage forms typically
comprise the active ingredient and an inert 5 diluent, such as, for

wEXaayeswater or other solvents, solubilizing agents and esawisiéigisoo798s
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils

en %Ia?&l%%ﬁr%ﬂﬁqu%ﬁ%ﬂe Q?H%TQW%&Q%% 304 S6SPARE AU,

glycerol, tetra ydrofur | alcohol, polyethylene glycols and fatty acid esters

of soTfee hawhﬁseﬁas@sﬁfﬁ@ﬁé%f %ﬂ@&@ﬁ%ﬁ%ﬂ?ﬁ HebiderPiovity afdRetipdon,
hé?s%@@\!ﬁﬁ&é@@&cgﬁﬁtﬁ&eﬁﬂl | ﬂg@lﬂglagc@&ﬁﬂ&isﬁlﬁghsaﬁlté&&fg@ag@ﬁ%ns Syrups
thoxylate sostearyl alcQhols pa et ene_sorpitol an orpita
o B T SRR L PR N PRI e DR S B inet
dﬂagarmghmrfdrteagapmthamdmthﬂnm@vﬁmgemﬂu%mﬁngramdmmmnmhiﬁers
suc%dm' hSt[ ﬁ c%)rgﬁ%%(fcolfgﬁa&%o ROl P‘Pﬁ%ef@@@é@@%ﬁohol
packa é

pre era a unit osage orm. Thé term "unit dosage form

beqzsflnbmfa, m&m@%%%ﬁ%ma@% eidsing acpHaasred.eroapdnut,
cot N SANRARING ABredaiermned: By N4 Of, 3GTME a9ant Lalesiietbifethylene

produce the desired therapeutic effect either alone or in combination with

gl)f&’ﬁé“ shdatiy acidiftiRe fhRbityh ard MBIare BTGl FoRsgEIBiR 3diliee to
theapsid agrtabiatsmaisoanththesbkeliddeseompaibingds of thigipkesiiontand
|st ed tr erma sm know transdermal eliver
AT TS RAT BN Lot B GRILI LA vios:
altpeiEdminethpidhopaien bationien hgreess; suthragspntipydenegiyoes, thercof.
polygihens alveotnaong @dfﬁ%maaﬁyﬁlggm&%a and theikes antlis

incorporated Into a patch or similar delivery system. Addltlonal eXC|p|ents

inyaeiiso At Gerirg iy eatkagsshinafieis dosace drers, Thajcns Gadtdesagrcfern”
mdkaPaGRREIBLEP MRGSHHARS: KiHesKked: 2asTieRhaEmareUbss GOMRARIHANS a

of this invention may also contain gther therapeutic agents that are

ProSGRHSRRHIN e ACEafsetheplse Bl (RaProdrop i Arstiad fReippento offect

cithecslptalie isalbobaohiatevdthsiarani samerdiieren, unis. eKaneplenthe such unit

harmaceutical compasiti fth.l |nv nay further comprise one or
do?ﬁ‘ ?e% esrglf} ut'cfccal E:—:-Orllss ge%é%%éal rom: qli} ronchodilators (e.g., PDE3
inhi b’ﬁbwoadmmdm@f 2l S0 veduiar slambo 3P zitheredficnredepraly using

KBNStk anii alaR A AYsHS (EGienterpidak Atid N aMpARNL £ this

~agents, such as corticosteroids; non-steroidal antj- mflammatory agents

InYREGRPTSE D IDBES WHIRERS RSP arme raTRisRM et 856 Alsts

poﬁ&echywaﬁcgwm efgiHRIENES Al setive ageptsdeig ik amipasitivaandinto
Gram ne ag 1 WO 2005/ 8?1738 F{CTIUSZOOS/ 07988 ]I?ntlblo'[ sor
A DS PR ¥§Fﬁ|ﬁ%s 61E)lro easlemllﬁ%l Ktmplen a ere%t’% HUkErE e’g,

en®sifiers and buffers, may be uged in such transdermal compositions if desired.

The pharmaceutical compositions of this invention may also contain other
therapeutic agents that are co-adininistered with a compound of formula I, or
pharmaceutically acceptable salt or solvate or stereoisomer thereof. For example, the
pharmaceutical compositions of this invention may further comprise one or more
therapeutic agents selected from other bronchodilators (e.g., PDE3 inhibitors, adenosine 2b
modulators and B; adrenergic receptor agonists); anti-inflammatory agents (e.g., steroidal
anti-inflammatory agents, such as corticosteroids; non-steroidal anti-inflammatory agents
(NSAIDs), and PDE;4 inhibitors); other muscarinic receptor antagonists (i.¢.,

antichlolinergic agents); antiinfective agents (e.g., Gram positive and Gram negative
31 '
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agonists and neurokinin modulators). In one particular aspect of the
invention, the compound of the invention is co-administered with a (32
adrenergic receptor agonist and a steroidal anti-inflammatory agent. The
wothardhesapeutic agents can be used in the form of 5 pharmageuiinaliyross
acceptable salts or solvates. Additionally, if appropriate, the other
therapeutic agents can be used as optically pure stereoisomers.

antBREATESENative Y9 atianSEiEas BRILACRIMHISRAL CORRE-HEEEIfers (e.g., D,
__cambination with. the compo ng‘? of this jnvention include, but are not
e R BIo Ca NGRS FRBREUA SSRAF A TRRHGRole
cortgrinitalifeh alhutetioh, iisaetidating et apiiotepe ndlerkdghitedte podr pisbute ol a
levalbuterol.and the like, o rmaceuticall ceptable salts theregf.
st e R G B b o o
phagisaattiedinpocmdshlofehis tnvehvitn. inulddeqrally arbenptdimitiedthe other

thePapali4EaR) coalclioay a%'&éﬂ%ﬂ%fe%t&?&&ﬁ%)@ﬁ?thw-phenyl]ethyl}

amino)-hexylloxy} butyl)benzenesulfonamide and 3-(-3- { . o )

(7RI 2D BAF PR BB B RE S nssbination it
theami@@l)ﬂﬂﬂpﬁghﬁ?(ﬁ}v%xﬁimmﬂﬂ)%mﬁﬂﬁ§ uhﬁ? nm@a@@emgiai@q salbutamol,

co unds disclased in WO 02/066422 (Glaxo .Group Ltd.);

o LIRS RS ST S AESENHER Pl
bitakeiod piebyiboody Houridpete nylithidbize lithyibaRpbdiohe hnderelstdth salts thereof.
' ' 1 02/Q704 | td.); .
Ot%%}%?é?ﬁ%%? g%?é%%&%é%%ﬁ%ﬁ Afgn %Q 1&%51%(19 c%:r{u%lfgalig% lmth the compounds
of fjel Faxsi e adpydirbsaraiay famitddyh X Obe T (A)-bimdevastdibhaudery-
3-Bydeddstud) G %R (farmylaminolide bysiinmietylld chyseay stk 3-

aming)hexyl oxy}butyg- ) .
Uk zBhestimgndtimae! 3drprer R fesysmsted by rnyinokphibagys-
prdpZbtnycemeyeloybandinab exdpllakysbiyb-e tzeresd oA 08066422 (Glaxo
GTN?g? é;ét ?I@i(@é-ﬁ'z -2-hydroxy-2:J4-hydroxy-3-(hydroxymethyljphenyljethyl)
?{'( F??— & }(o myla ﬂﬁg)?-é%-ﬁygro&ph[enﬂﬁﬁq%&ré et%)}ﬁn yuphenyliethy
amggnphoytitrytoRgbulEn Binddmedidiondriden drértlotey hodapp i fiigslosed
in W3 SR RN ZRoup Ltd.); 3-(4- {[6-({(2R)-2- 3-(fonmylamino)-4- _
hydroxyphen I-2-hydroxyethy_l}ammoSl-hexyI]OX}/} utyl)-benzenesulfonami
hygrép?{p(pt@}y_l} -hydroxyethyl} anmino)hexyljoxy} butyl}-benzenesulfonamide, 3-(4-{[6-
({@FM)&(&ﬁﬁyréﬁZiB@)&z@mem%ﬁﬁ%mwmﬁﬂﬁfﬁm@%ﬁgtﬁ)-
aming) hexyl]-o e onamide and related compounds
ool EROULATNO D30 PAOkD e SR LRy - hobenshensif
hydﬂé@?b)tlﬁfll&q{mﬂﬁcﬁsﬁl]Ohidmﬁ?mmﬁsifw@&@hﬁxy%(mmgﬂ)ﬁ_~(4|-{[6~
r -2- 0 relat ounds disclosed
QI D S R
bepggeepal{pronndy (Nog2bphd htéth B iRS b RdAylrmylamino)-4-
yrelat%pd C())%In o%inds gfﬁcﬁéged in q%ﬁé%}?%gb %%%%%??ﬁ%g%qgt@ﬁ
bulyl) R R AS §BTOATBHENS AR B roxyethyT) amino)
hex{fR)-BplngXedAEn byifene - tnd uinahio @8 Byadd W Bs2RRSIA8 TV 8D2/076933
(GE%;I- &a?@pogéﬁp Z—%ﬁq{)—}[(é— {2-f(2,6-dichlorobenzyl)oxylethoxy} hexyamino]-1-
hydroxyethyl}-2-(hydroxymethyl)phenol and related compounds disclosed in WO
037024439 (Glaxo Group Ltd.}; N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]
ethyl}-(R)-2-hydroxy-2-(3-formamido-4-hydroxyphenyljethylamine and related
compoumds disclosed in U.S. Patent No. 6,576,793 to Moran et al.; N-{2-[4-(3-phenyl-4-
methoxyphenyl)aminophenyljethyl} -(R)-2-hydroxy-2-(8-hydroxy-2(1 H}-quinolinon-5-
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yl)ethylamine and related compounds disclosed in U.S. Patent No.
6,653,323 to Moran et al.; and pharmaceutically acceptable salts thereof
In a particular embodiment, the r2- adrenoreceptor agonist is a crystalline
wananniyesechloride salt of N-{2-[4-((R)-2-hydroxy- PCT/US2005/007588
2-phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-hydrox
yphenyl) 5 ethylamine. When employed, the (32-adrenoreceptor agonist

yi)e%ﬂ#ﬂ?ﬁiﬁ eseRiRdhe-RRsIRACeUticAeaMp SsitaridutheraReatiea!Moran et
effective amount. Typicall)%,}the 32- adrenoreceptor agonist will be

al.; ppd SEATISPUSHbURtSHRIE RYS Pratitie HoRPABSHED BROBE T HnBGH

adrHRR-pGPREEANsS: iIReRIesaNIAt veostdrpidaldotidafaimrhatdty [dgéRs thadroxy-
can be used in comhinati ith the ¢ nds of.this.inventi

2 R B LRSS ey e A Gagyplens)

ethdexameiMasonefotichsbe 8:propiarratep B, Sgeuiffushid iz arfgent in the

phJ%r&%x@&&%&?&%ﬂ(iﬁma&im@y Dbyl 3 Rxoardrosindig; diepe-1
/(3-carbothioic acid S-fluoromethyl ester, . )
adrGRITECAURESUET (BB b HL Aot o fpignt to provide from about 0.05
ng BrERienstons padmsta-1,4-diene-17(3-carbothioic acid

S-(2-oxo-tetrahydrofuran-3S:-yl) 15 ester, beclomethasone esters (e.q., the
R e i e s R

withl tini sokidewnde me thsone«asiter SnEhgie, thet furoatelasted teriamrtbiylgiadaisolone,
cetonide, rofleponide, ciclesonide. butixocort.propi eoRERrA06541,
ero e e e, B PR o TP e

furayipholye ey bttt Bidlatlzmi- Ieftameiatorycagentingiblb hréaent Th-gadothioic

aciPRAMAsEHIcAL cemBasiandl Adharansutically SR:aliasliveamonnt.
Typically, the steroidal anti-inflammatory agent will be present in_an

progifB iRt ardERstit-fo préRnae TiorRsbUcs. 89 ¢ T ARt S Py PeratsyD

est@AbEXBMEIRK GO YIRS, iha CPmeeldefdaemitleht, 11,21 -dipropionate ester),
harmaceutically acceptable salt or solvate qr stereoisomer thereof

e A SR S T

acewﬂdﬁuthf@onﬂ@;opibm@a@mgmmﬂi apamiiin AR 46041 28 Tagjemend the

liképe\l‘?g %&3&%%@1’1&%85@?&&@@%1@ B&R0 Wﬂgn%%@%@ th¥teroidal anti-

‘ maceutically acceptable salt or solvate or stereoiSomer thereof,
infleenmataiiaterery Wilhe arerrstdiies PheRBIRSEN ErBROSHIPBIN therapeutically
effé&ﬁkﬂz%ﬁaf%rh xr%r,ng@ @w@igmlmﬁmm}ﬁmfi?@%n( R1 be present in an
2-hydroxy-2-(3-formamido-4-hydroxyphen L% t ine as the
sy TR ORESY AOTEL At B SHEMABPE U0 e por dose.
7a-[(nferanylasromb)axtydd 143 hydimxnd 64-fnethid I3 coxdandrostaGlly
acc]ég?aﬁles% t-g'r7sg;~9a Ebtg)rt Q{Q%go%%%e%{ﬂ%? rgfn ggb&ﬂﬁﬁ}%{&é&?%ﬁg%{%&@}d as the i,
ARt-mTlEmma ory agent. Other suitable Qomblnatlons include, for
adwerergiplgcophergaiifiad Matisspagantpicngs NIx Beradmd et vddumatory
ag&iP %%%?Eﬁéﬁ%‘i‘&l%’%%ﬁ%lﬂ% RNQSRRAIBSILFASE1BS or pharmaceutically
acceptable salt or solvate or stercoisomer thereof, co-administered with a crystalline
monohydrochloride salt of N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl} -(&)-
2-hydroxy-2-(3-formamido-4-hydroxyphenyl)ethylamine as the B,-adrenoreceptor agonist,
and 60,90-difluoro-1 7a-f(2-furanylcarbonyl}oxy]-11B-hydroxy-16a-methyl-3-oxoandrosta-
1,4-diene-17B-carbothioic acid S-fluoromethyl ester as the steroidal anti-inflammatory

agent.

Other suitable combinations include, for example, other anti-inflammatory agents,

e.g., NSAIDs (such as sodium ecromoglycate; nedocromil sodium; phosphodiesterase
33
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WO 2005/087738 PCTIUS20051007988 (PDE) inhibitors (e.g.,
theophylline, PDE4 inhibitors or mixed PDE3/PDE4 inhibitors);
leukotriene antagonists (e.g., monteleulcast); inhibitors of leukotriene
wosymthesisgiINOS inhibitors; protease inhibitors, such as tryptasesand/se7oss
elastase inhibitors; beta-2 integrin antagonists and adenosine receptor
agonists or antagonists (e.g., adenosine 2a agoni.sts); 5 cytokine
(PDan tabniists ((eeg thelpmdkine BiDaYmbidisossioh rax cdrPINEBDIKMH iahiithody);
nti . cifical Il,-4 t -13 thera a.
e e S AR Bt M) Bl e QP
inhisjsrsspiotativeiphodprio diebtes dse @D E 4 asithsbitehb dprwikeld-2 integrin
antdgEHRREA NI AL CARR S A SOMBINBLON MU AR 24 agonists);

compounds of this 10 invention include, but are not limited to cis,
cytokipy ARGt e18p SRESKRE FEBRIRSISERYI 56y RIdRS R srthedy (oL
antiB6ith) ZeaniomeAaxyrB-CYaaand; (@ all-13 therapy, or a combination thereof); or

. clopropylmethoxy-4-difluoromethoxyphenyl)cyclohexan-1-one;
lnhnglé(_)fi _%t?/ %% _Hx_cté)_n%hcsm.

cycFbm@wmieimmmmrﬁmqvhommmd)é@mﬁéymimqm or mixed
PDE%EX%%L?S’ that can be u%ed in_combination with the cor oundg of g‘iﬁqe

(cyclopentyloxy)-4-methoxyphenyl]cyclohexane-I-carboxylic acid an

invepdioronglydon ARtrie a1 dam sl ieptabiey samrdtierysiIOmBRptesentative
melREEAehMBRIIBRES RIES-phibigrs Inciusds AR 2234 dalhinn);
NCS-613 (INSERM); D-4418 (Chiroscience and Schering-Plough);
CYCPTBY ARSI fel T B B RS O A eE B Sl Sty T3
cycwggﬁrﬁiﬁgﬁéy@ﬁsﬁb@ﬂ(?hﬁﬁ%@@w&ﬁﬁkkg)la\?ﬂ-ﬁl dRYdyatiiapp);
roriumliias -ulden,), azinone co ounds.disclose .
e S T B RAR oA R SRR e cr,
phaareisdlinealixlasirertia Plothdistternzol. VMBS 4G 65 e BIIS); oF Magd
PDERANGES RGN BN d A985.(TRRRP RSB YR SRS BTGRRMRNYE D-4418

muscarinic antagonists (i.e., anticholinergic agents) that can be used in
(Chigsoirnetizpl SRbc e PR ERHEN 101 th o TBRIGAANS Gfqe kgarmbiaxole
coﬁiﬂs@_gﬂﬁ,dﬁa‘hlc&[@ iﬁ@@?ﬁmﬁe@ﬁtmmﬂﬂﬂd??jQM SKiaien BHBRINEV-11294A

oxide, methylatropine nitrate, homatropine rohromide, hyo n
S Gae R AR R R S R
{Bydodirdgéuim tnonfidé;itio (igiviiuklamice; Adkbshal thefiyiénepispainstieline

e, ARiSELOn : dini "y |

B e e S AR Trenabe
Seiypigiide (Pathilone), 30 hexocyclium methylsulfate, cyclopentolate

hydteghiesids:jeanicamide, fHhgxpie Gl@&{'aﬁ%f@ﬁ@&)?é?%@%g&&%@ﬂ&ﬁ be used

telenzepine, AF-DX 116 and methoctramine and the like, or a

0 COmRRAOD R 34 SO S e P Brds P BIS I BEHEINGY ekt ae
notdBnat&ath, attepaieatphising aceaiic attyriae eplidb) ensalt thessil nitrate,

homatropine hydrobromide, hyoscyamine (d, /) hydrobromide, scopolamine hydrobromide,
ipratropium bromide, oxitropium bromide, tiotropium bromide, methantheline,
propantheline bromide, anisotropine methyl bromide, clidinium bromide, copyrrolate
(Robinul), isopropamide iodide, mepenzolate bromide, tridihexethyl chloride (Pathilone),
hexocycliom methylsulfate, cyclopentolate hydrochloride, tropicamide, trihexyphenidyl
hydrochloride, pirenzepine, telenzepine, AF-DX 116 and methoctramine and the like, or a
pharmaceutically acceptable salt thereof; or, for those compounds listed as a salt, alternate

pharmaceutically acceptable salt thereof.
34.
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-34 WO 2005/087738 PCT/US2005/007988 Representative
antihistamines (i.e., Ht-receptor antagonists) that can be used in
combination with the compounds of this invention include, but are not
wdimiieskiozsethanolamines, such as carbinoxamine maleatepcleygasiing 798
fumarate, diphenylhydramine hydrochloride and dimenhydrinate;
ethylenediamines, such as pyrilamine amleate, 5 tripelennamine

hydreghlesigairpddiinelanneiTine, Gitfatecplicy lamest sUehAtasn be used in

hlorpheniramine and acyivastine; piperazines, such as hydroxyzi
R i e AR S T A SR
sthdactaienencalihine daysrachlohicden dedicativzinginy duochioeidbplpipehigiresiine
nyzal | r I ' I
by B R R U TR fentn

tripgleatzsaime hydirsthioAdendirdamreioe alprishHirbmieshsaekeptable
chi éﬂﬁﬁﬁf?ﬁe%&g&ﬁ%ﬁﬁe??{p&%ﬁ%,|£\‘ﬁ‘i§¢a%3}?g<§%l£y§iﬁ%fﬂ?éﬁ>chloride,

armaceutically acceptable salt thereof. Suitable doses fqr the other, = |
By G RGeSt SR R s RIS WA BUHINmBYErgRRioride
and R¥ENREIOB Ryeroiheldangp-pidae kD a0isayhiactd) detcbabastiadydrddidoride,
following.formulations illustrate representative rmaceutica c
o O P R e e A RIS e rogploriae
uemﬁmmmswﬁ@nﬁ&ymmmbmpwﬁa&&ﬁ asdpliblessaliifreeiéms for
tho’sbgg&lnﬂ%ug@{'ﬂﬂ%ﬁ%g 9%&%&‘5@&@%%2@&1&%@%&%&% gzﬁt_ thereof.

Representative Procedure: The compound of the’invention is micronized

andnisbIpRaseefuiin shabderapsidtiviareia HminiETs tHe it piovih 2
corfiftatin dhalationeartridaand e sonensfithe GIAHFES ARt 100 my/day.
administered using a powder_inhaler. Formulation Example B25Adr

powbl TOTRTUARE CHIRSH HHeas A 3 p SRt THARYS R e ‘F‘é‘ﬁ’gr"}é&mm
of s phelenysnkRepsasentative Procedure: A pharmaceutical composition is

prepared having a bulk formulation ratio of micronized compound of the

invention to lactose of 1:200. The composition is packed into a dry

powder inhalation device chpaidetpadixannlg Between 30 about 10 gg

and g ? };&@Q&Q‘&faﬁﬁ%ﬁ‘e&&%ﬂ% hihrdayestivsRerdessHsdR: WO

2005/087738 PCT/US20051007988
Ingredients Armournt
Compound of the invention 0.2 mg
Lactose 25 mg

Representative Procedure: The compound of the invention is micronized and then

blended with lactose. This blended mixture is then loaded into a gelatin inhalation

carfridge. The contents of the cartridge are administered usmg a powder inbaler.

Formulation Example B

A dry powder formulation for use in a dry powder inhalation device is prepared as

follows:

Representative Procedure: A pharmaceutical composition is prepared having a

bulk formulation ratio of micronized compound of the invention 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 the compound of the invention per dose.

-35-
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Formulation Example C A dry powder for administration by inhalation in a
metered dose inhaler is prepared as follows: Representative Procedure:
A suspension containing 5 wt% of a compound of the 5 invention and 0.1
WORIBSASCItHn is prepared by dispersing 10 g of the compoufg Bif1e0s/067988
invention as micronized particles with mean size less than 10 gm in a
solution formed from 0.2 g of lecithin dissolved in 200 mL of
demineralized water. The Buspaasionisasnrdy (dried and the resulting
material is micronized to.particles having. n di t t
. T B o B e o R R B bioparea
as follpws2-tetrafluoroethane. 10 Formulation Example D A pharmaceutical
COMPOSHIoR IR L8R B i eierRd dR5e: IDhAISHIS PERIRG AT SRR of the
_ Representative Procedure: A suspension containing 5 wt% compound of
inverHond/RATENe et ermis Brdierstiios LERabls roprpmdaiiye
inveiEpersing &Gt agliNridngigrienihasmissenizedipaticles witbine &hsiFe from
0 2Ies% tha1t .10.m ig{a col&c&?alqo létion for eocllfrom 0.5,9 of trehalose and
2 & 8145 TR FetR A A TR O I T drS SraT e d AR HHRR 19 sbray
drisUsptihsiovidisgraytelid i andringzed gutimgivietdrialig micramibetheter less than
ti ' ' . . tigl
L B D e oroetbane
Formulation Example E A pharmaceutical composition for use in a

nebulizer inhaler is preparegasfallons:Repsasentative Procedure: An
agueous aeroso] formulation for use in a nebulizer is 25 prepared by

dissOIDMGTRRLHIG O LR EBHATIGR G AR THUSHRILIPRT 1 B WG @ as

foile@gium chloride solution acidified with citric acid. The mixture is stirred

and.sonicated. uniil the active ingredient is dissolved. The pH of the
ok g R R S el e
inveulidtitiof. HfnfadEeitigo, aEolrh sigbcreBtesn prepFepraed e kitincesips Hasforctive

ing@ACRIBRIAHON AR RIGRHAT R UIRWS < O HEIS A OMNidal solution
Compound of the invention 250 m(I;; -36 WO 2005/087738

fo gz(b@g/gﬁey@g@o%%gié St A‘Fﬁﬁ%ﬂﬁt dissolved in 100 mL of demineralized

water. The suspension is spray dried and the resulting material is micronized to patticles

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

pressurized 1,1,1,2-tetrafluoroethane.

Formulation Examiple B

A pharmaceutical composition for use in a nebulizer inhaler is prepared as follows:

Representative Procedure: An aqueous aerosol formulation for use in a nebulizer is

prepared by dissolving 0.1 mg of the compound of the invention in 1 mL of 2 0.9 %
sodium chloride solution acidified with citric acid. The mixture is stirred and sonicated
until the active ingredient 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.

Formulation Example F

Hard gelatin capsules for oral administrations are prepared as follows:

Ingredients Amount
Compound of the invention 250 mg

-36-
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Lactose (spray-dried) 200 mg Magnesium stearate 10 mg Representative
Procedure: The ingredients are thoroughly blended and then loaded into
a hard gelatin capsule (460 mg of composition per capsule). 5 Formulation
wEamples® A suspension for oral administration is preparegda@siietimes 7988
Ingredients Amount Compound of the invention 1.0 g Fumaric acid 0.5 g
Sodium chloride 2.0 g Methyl paraben 0.15 g Propylparaben 0.05 g
Granulated sygadidfisb g9 Sorbitol (70% solution) 1248ag@myeegum k
(Vanderbilt Cacjotedgrasiaviaeing 0.035 mL Coloringz00.mgng Distilled
water g.s. toM4arihriRepresentative Procedure: Thdtnggedients are
mixed to form a suspension containing 100 mg of active ingredient per 10

MLyl SUSREASIAN KOG HUNOR FrARAMALE i AL IS GIANIE A AN HIBH B ed

is prepared as follows: Thgredients Amount Compound of the invention

int@hgrdsistiinrcareiaid Bumers srmppsior RIFZWHICIHC1(0.5 N) or NaOH
(0.5N) g.s. to pH 4 Water (distilled, sterile) g.s. to 20 mL Representative
Procedure: The above ingredients are blended and the pH is 15 adjusted
to 4:E 0.5using 0.5 N HCI e : The biphenyl
compaussaahits nvbntinhiarewxpegiagisddausdfonas muscarinic
receptor ﬁ;%%%;%ﬁl@ti _z,;md therefore, such compomg ane expected to be
useful fot-freatn

ompound of the invention i0g
Fumaric acid 05¢g
Sodium chloride 20g
Methyl paraben 0.15¢g
Propyl paraben 0.05g
Granulated sugar 255¢g
Sorbitol (70% solution) 12.85¢
Veegum k (Vanderbilt Co.) 10g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water g.s. to 100 mL

Representative Procedure: The ingredients are mixed to form a suspension

containing 100 mg of active ingredient per 10 mL of suspension.

Formulation Example H

An injectable formulation is prepared as follows:

Inpgredients Amount
Compound of the invention 02g

Sodium acetate buffer solution (0.4 M) 2.0 mL

HCI (0.5 N) or NaOH (0.5 N) q.s.topH 4
Water (distilled, sterile) g.s. to 20 mL

Representative Procedure: The above ingredients are biended and the pH is
adjusted to 4 £ 0.5 using 0.5 N HCl or 0.5 N NaOH.

Utility
The biphenyl compounds of this invention are expected to be useful as muscarinic

receptor antagonists and therefore, such compounds are expected to be useful for treating
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WO 2005/087738 PCTIUS2005/007988 medical conditions mediated by
muscarinic receptors, i.e., medical conditions which are ameliorated by
treatment with a muscarinic receptor antagonist. Such medical conditions
woinolsder 7y way of example, pulmonary disorders or diseagasrinshading 7988
those associated with reversible airway obstruction, such as chronic
obstructive pulmonary disease (e.g., 5 chronic and wheezy bronchitis and
medimphyiséira), asthned, yulmonandierepisrgliergiecdhititisndiionshaaciaad
améﬂgrg%%'bogg]%&rg]e%g{%% 1%01ﬂ95'93?1~r‘1‘1§1£r}§éec%}be Elreoati%{j \gjzlltc Irnne"é%gﬁrtlzglc itions
receptor gntagonlsts are genitourinary Practa&tsgrgers, such as overactive
inclyide by dérraop ypermetivivydsagite irslissptomusigdiog dheestinalcined
with RIS SRy 38 rriaRle ARnek uRdemssAiavicHRh distAdtease (e.e.,

achalasia, gastrointestinal hypermotility 10 disorders and diarrhea; cardiac

chropif R 2y EAnsR i B?é&}%&%‘?g; PhehIBrogE fdEoskogiirRmEc

rhindisQ TSy IseaC Bras Al HRei nmeRéE: diserab: sigmiens thacanandihrelikeitin one
embodimen%bthe com Punds oftthis invention areﬁuseful or treating.

T OBt ST A ESPES: & SR I ALY eI ARG AR SR SR A YR ve
bladdenpashidnsanimals: ¢ vy, Bddbsicatssions;SushrEemsttrlnmasolésord ers, such
| ive r.chronic ...
o e L R AR ey

disggrgis andhiaotivincasdlacaisditerios: oierscintitoadypedin@aigyson s disease;

cogIUSEAIDIALRCORINLS, Ag cpmpogda ofdlis dnventpnilhlypically be
administered aqrally, rectally, parenterally or by inhalation in a single daily

dost S eI o SisCHRPOLYS ThEE GRS s il ipsiireating smooth
musslenifistésedrpataastsphtheliniahanas ahadminisiefadi2 pansdayanitl, dogs,
_typical determined by.the, patient’ sician and will. depend gn such
e Rt B R e Bl R
bia@@ng&r@@i@@b&h@th’g@dn@w disgdsealth i;ﬁt:hb.lpmmi.tsyhérwmar_lce of
the patienti 1DeagIYe 3Rkt (RO AmISHRERN SR ANEIKEy

Typically, suitable doses for treating smooth muscle disorders or other

mugaprierec Pt hbrfteunr i ot drimie verignarillinpicty deretmiabdetol14
oragélﬁgfigﬂmmi&tﬁrﬂliﬂﬂ}fﬁ%ﬂw@foﬁ@i\@sﬁﬁﬁﬁHdﬂ%@ﬁ@&@mﬁﬂﬂh atcﬂaalg'% per
ay to about 5 m ay. For an average 7 uman, this wou
day A L T A S S50y s BB Abhmgnred
perldag _sﬁiétj'ﬁi;:dmm@dimmﬁxﬂmd)gdmpmﬁgnkssqﬁhmﬁ:immﬁiMIMepaﬁéaiuhfmch
fact RS0 RHITONA0L AL SR RIORA SRRy SHE %G ANROL BEUMA e
in mammals including humans."When used 1o ttear suc &sordlégrs,t e
agecwif pevsiakhetithielimvartioRtvic dpeaie pelkripaimstéodbimptinb aivh te

rovfeWiniedeses: pen N single daily dose or a single weekly dose.

Generally, the dose for treating a pulmonary disorder will range from
ab Oa‘typicaily, suitable doses for treating smooth muscle disorders or other disorders

mediated by muscarinic receptors will range. from about 0.14 pg/ke/day to about 7
mg/kg/day of active agent; including from about 0.15 pg/kg/day to about 5 mg/kg/day. For
an average 70 kg human, this would amount to about 10 pg per day to about 500 ¥ng per
day of active agent.

In a specific embodiment, the compounds of this invention are useful for treating
pulmonary or respiratory disorders, such as COPD or asthma, in mammals including
humans. 'When used to treat such disorders, the compounds of this invention will typically
be administered by inhalation in multiple doses per day, in a single daily dose or a single

weekly dose. Generally, the dose for freating a pulmonary disorder will range frotn about
38
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-38 WO 2005/087738 PCT/US2005/007988 10 jig/day to about 200
jig/day. As used herein, COPD includes chronic obstructive bronchitis and
emphysema (see, for example, Barnes, Chronic Obstructive Pulmonary
wdisrase;sblEngl IMed 343:269-78 (2000)). When used to tigatas2005/007988
pulmonary disorder, the compounds of this invention are 5 optionally
administered in combination with other therapeutic agents such as a P2-

10 @dmen %@%@é@g@g@;@i@ﬁ %@@&g@&tﬁiﬁi@éammsm&g@ @a{a;m: dnsﬂammh tory
agent, or. combinations thereof. W, administere inhalation, the
OB AR RTGT UShth G P RRy RSO G o e G poery

Dismmmﬁdgaﬂw&&nwmﬁ))other of _its method as_pe_cts,_this 10_
'”VGM%Q”dgeﬁ'{3911&%%&%%1}9%@5%&%@BQ; gRchosiialion B RAlient

the method comprising administering to a patient a
optisveiotrdaiiairberadrboereniioarmo Uit P BrighBeRMTIC SEEME MPSrTerP2
adrGBRLAI: {henibetanputicaly RifeclivesHesripL I oakNgalEYAgARdHation

will range from about 10 g/day to about 200 g/day. In another
congiiainistetie compounds of this invention are used to treat 15

overggtivadhsdereYthantagedipieaioyenadtivé thiaddentietypically have
neSHEROUdS of this, Inventionuil typlcall. b administered St Bpecie, his

single gﬁy ose€ or inmu |pfe doses per-ddy; preferably in a single daily
invdoss Bdiferadlyy theadoskboftyrtrdating woechotiiletitidad deaiisht Abgadrop

coﬁ&?ﬂﬁéa@rﬁn@%ﬁ%mgﬁ% ﬁ%ﬁ%%&%ﬁw&ﬁbmf a compound

compounds of this'invention are used to treat itable bowel syndrome.
of fgriarenten owertiithp Rl hordsdivhecee MpBIdYSBE this
brdﬁet%;j t’!@ﬁowiwiﬁtlwé%@%ﬁh&a@m{;ﬁatgg%?talg?@sﬁt%a}lm?ya single daily
ose or in. multiple doses_per day. Prefe , the dose for treatin
A BB TERAHBARG RPN A3 L ABOHEL0D oy
ové&iintecdondpaundaef thid ioventioncaret inUsiodiaictiie copienaitagchists,

. such 25 com s are.also useful as.r Is for investigati o

€S naving muscarinic r_ecepto S.
perSuuhrvibtedibainsy stestisdeil s dnspleBrafeiybboihgrissenii MRLREpActive

b1aA08/ Qs MRIRUEEA RIS feCORtOIS ARV GHiLRIE biological system or sample
having muscarinic receptors may be employed.in such studies which

mayBeY ¢ SRoRIEESP RIS SRR BPROURTS. R EHPBEFREAT & BiBTEY fodr "
iSRS Erssamples suitableaDdarauafisibidiBsHaciyadobul, die watpounds of
. limited to, cells, cellular extracts, plasma membranes, tissue samples, .
AR PR gL RO TAROAD B By o in
mthipldikeses per day. Preferably, the dose for treating irritable bowel syndrome will

range from about 1.0 to about 500 mg/day.

Since compounds of this invention are muscarinic receptor antagonists, such
compounds are also useful as research tools for inveétigating or studying biological
systems or samples having muscarinic receptors. Such biological systems or samples may
comprise My, My, M3, My and/or Ms muscarinic receptors. Any suitable hiological system
or sample having muscarinic receptors may be employed in such studies which may be
conducted either in vitro or in vivo. Representative biological systems or samples suitable
for such studies include, but are not limited to, cells, cellular extracts, plasma membranes,
tissue samples, mammals (such as mice, rats, guinea pigs, rabbits, dogs, pigs, etc.), and the
like.

In this embodiment, a biological system or sample comprising a muscarinic
‘ -39-
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In this embodiment, a biological system or sample comprising a
muscarinic -39 WO 2005/087738 PCTIUS2005/007988 receptor is
contacted with a muscarinic receptor-antagonizing amount of a compound
woafghigimsgention. The effects of antagonizing the muscarinee racepiomneres
then determined using conventional procedures and equipment, such as
radioligand binding assays and functional assays. Such functional assays
recdpiolt ide dganddmeédiiatea whanigasdepiniraaedularibcyabomdénesingound of
. monophosphate.(cAMP), ligand-mediated changes in activity of the .
i L B S Pl e
usingeonyestiondhegsdratio amdeguimesih eush @ (pdivbandiospharssays and
funélRm3l %I&Z.SMEFPHEQ@EQI ﬁﬁﬁ%ﬂﬁ% HIAAGARIRL GALIVARE XGRS R ar

of [35S]GTP yS for GDP, ligand-mediated changes in free intracellular
cyclig RAERISER S ipHeRRR s 4F A XHEM pisaudithed ntrdr e dopsthvikedf the
enzﬂﬂ?@?ﬂ@ﬂﬁtmfﬁﬁ@ioﬁlsﬁﬁieﬂi@% M}ﬂl)yl@%aﬁlﬁmeﬁtéﬂ @hfexﬁg@@ mpound
.__of this, invention will aptagonjze or decrgase i lvation of muscarinic
eGP S RO BECRG b ARy b KSR o
meigipratas vt ueecplomusdarinicrebaont ENIGAMEINy et iigphd-mediated

. IS ti i ical e fro out.0.1. r

B ChnE R A S G R L
linkedrimeeipsadadarradense kAol fEpraiedsraimdPrsiwcsopbufidonnumndwd this

invEAHSRAFIN] %@g&ﬂ%ﬂﬁ@@ﬂ%iﬁiﬁ%ﬂ%ﬁ% M%@M@%%t%ﬁ%ﬂ? the
receptor binding data (e.g., as determined by in vitro radioligand

funggionnl AsiARhYSId ADQY S TR SERITE DR Grob B BIBERE SFRESthds
antdg@orhposediint bt cougrandicfecepianbioing daiadoy aeeninowasbat 0.1

nantcm% iQrV%néb%ﬂ J?dﬁ’%&ﬂ%%ﬁose test 20 compounds that have about equal or

superior muscarinic recepf’é’r binding, if any. This aspect of the invention
incliddgamiépiheaenmmipoliinfahisjdyettchegerenatibas ofscorhgasisdnr

disGRIAiNSI0Y UG ARRIAPHAIG ARSAYS) AR e AR Xﬁiﬁg%%&%&ﬁﬁh??ﬁ Ris

identify test compounds of interest. In another embodiment, the”
emboipEtindEssRERS fferaphintig el (8 antagimainedy igeg ftioligand
dispResptor B&@Mﬁ@'&%&f%ﬁ%@ﬂ@ & m%m@%k%a@%&ﬁ?aﬁfwboﬁﬁ;mﬁm the

rats, .guinea pigs, rabbits, dogs, pigs, ns and so forth, In thi
A B I35 A1) EACTUE dTNOLT POPR b Bh G Be st
corfiprmuyla this e irbiste ke dbothapaammatTihée efteptsrdfiaditag dhiaindiine

ini tor.can t determined.using. conventional procegures

s B e, B et e
congpaitnidatadoppbihsdpppinistimasayio aistibe bedysfoohdadepedpiatisnidentity

testehibiars@bMatgargcarinic receptor activity. Accordingly, in a specific
embodiment, this _ o . .
In another embodiment, the compounds of this invention are used to antagonize a

muscarinic receptor in biological system, and a mammal in particular, such as mice, rats,
guinea pigs, rabbits, dogs, pigs, humans and so forth. In this embodiment, a
therapeutically effective amount of the compound of formula I is administered to the
mammal. The effects of antagonizing the muscarinic receptor can then deterrmned using
conventional procedures and equipment, examples of which are described above.

Among other properties, compounds of this invention have been found to be potent
inhibitors of M3 muscarinic receptor activity. Accordingly, in a specific embodiment, this
invention is directed to compounds of formula I having an inhibition dissociation constant

(K5) for the M receptor subtype of less than or equal to 10 nM; preferably, less than or
-40-
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invention is directed to compounds of formula | having an inhibition
dissociation constant (K;) for the M3 receptor subtype of less than or
equal to 10 nM; preferably, less than or -40 WO 2005/087738
wPBEWI205/007988 equal to 5 nM; (as determined, for exarmejobypEnss
in vitro radioligand displacement assay). Additionally, compounds of this
invention have also been found to possess surprising and unexpected
equalitatiaiVhf{ actiapnAiasor dinghnipianstherspaeificdRmpodidisshciignt assay).
nveqan is drecied o, compaunds of forpula Lhaving g duration.of 8
action grea er%h r equa {0 AbOUL | Eﬂnhours oreover tompounas of
surthisigvadtioreireveddentonnfagipesdessrbdglye th stsheffpetsfisuch as
emBB4MAM I AL AEAGIAN S HQFES W DS R AARND ISR RY F RRARIOBuration of

compared to other known muscarinic receptor antagonists administered
action maleriBAneUetakioRiwBhith 90 These properties, as well as the

utilityfefdhecopmniands of HiSHRYRIPR:RARBE FRRRNSIaEREUSINE side

various, in vitro and.in vivo assays well-known to those skilled in the art.
ot é&%ﬁh?ﬁé%%’geﬁ ﬁfé%%%sa%%mgaﬁwasﬁmm PRSP eEpared
to dettowingviExasplies kodoAMBEESt TN follenintbl fapstaiinns@nds
ﬁoggvge}mﬂgs illustrate specific embodiments of this invention. In these
mples, the following abbreviations have the following meanings: AC

adenyigaeayeizestcACH wekad dholinbty2d e rpapatodisiBttBSpvbgiinecan be
deRBIMRRIPWRIDCAME 3 w,oVslicAJ6R081R6 SUNABRIRPRAK & Hcgled in the

Chinese hamster ovary cM5 cloned chimpanzee M5 receptor 25 DC
P GroRh A R A SR EHlBt S ORI arids twéhﬁ%mm
Exhygiide DIPEA NN-diisopropylethylanmine dPBS Dulbecco's phosphate
buffered saline DMF dimethylformamide 30 DMSO dimethy! sulfoxide
EDC I-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EXAMPLES
The following Preparations and Examples illustrate specific embodiments of this

invention. In these examples, the following abbreviations have the following meanings:

AC adenylyl cyclase

ACh acetylcholine

ACN acetonitrile

BSA bovine serum albumin

cAMP 3°-5° cyclic adenosine monophosphate

CHO Chinese hamster ovary

cMs cloned chimpanzee Ms receptor

DCM dichloromethane (i.e., methylene chloride)
DIBAL  diisobutylaluminium hydride

DIPEA N, N-diisopropylethylamine

dPBS Dulbecco’s phosphate buffered saline

DMF dimethylformamide

PMSO dimethyl sulfoxide

EDC 1-ethyl-3-(3-dimethylaminopropyDearbodiimide
EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

EDTA ethylenediaminetetraacetic acid
-41-
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EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride EDTA

ethylenediaminetetraacetic acid -41 WO 2005/087738

PCT/US2005/007988 EtOAc ethyl acetate EtOH ethanol FBS fetal
whdaiasseum FLIPR fluorometric imaging plate reader 5 Hgehldisroos/007988

O-(7-azabenzotriazol-l-yl-N,N,N',N'-tetramethyluronium

hexafluorophosphate HBSS Hank's buffered salt solution HEPES

4- (ZEIg@grcoxyethyg)hg,IgW@mneethanesulfon|c acid HOAt

I-hydroxy-7- azabenzotrlazole 10 hM1 cloned human MI receptor hM2

clo@@%man vl ptor hM3 cloned human M3 receptor hM4 cloned

hunfa]{BM4 receptani bMsnelesmes human M5 receptor 15 HOBT

benzot azole Mdrate | PLgp 9@ erformance liquid

chroma ography PAS |so rop RICHh met ylchollne MTBE methyl

t-bulyhdter 20 W@mm@n@la«e}d WREMeN atvdsofthshaniother

abbreviations usgd,hargin fiy lﬁl%éjeﬁ”ed have their standard, generally
accepted meaning. Unless noted otherwise, all materials, such as

readBeS startindlenknidndiiars sH496MAeRLs, were purchased from

commgreial suppligpsHyuskyemAmapdlgrichettkaipad: thedike) and
Wer%ésed without further purl a;gtlon Unless otherwise indicated, HPLC

analySt&lvas contteBasiF TR ClPalo Alto, CA) Series 1100
instruviient equpbdaMHmaaZMbawcaﬂms RP 2.1 x 50 nim column

(Agilent) havmg mlc rticle size. Detection was by UV

abs {Sﬁénce at 21 R)? P(;}S phases employed were as follows
(by WWdfame): A |SMW@%M@N@8‘%) and TFA (0.1%); and B is ACN
(0% yvater (10%)2adJih @alr‘g{g)gp%ELC 10-70 data

hMis cloned human Ms receptor

HOBT I-hydroxybenzotriazole hydrate

HPLC high-performance liquid chromatography
FA isopropanol

MCh methylcholine

MTBE methyl #-butyl ether

TFA trifluoroacetic acid

THF tetrahydrofuran

Any other abbreviations used herein but not defined have their standard, generally
accepted meaning. Unless notfed otherwise, all materials, such as reagents, starting
materials and solvents, were purchased from commercial suppliers {such as Sigma-Aldrich,
Fluka, and the like) and were used without further purification.

Unless otherwise indicated, HPLC analysis was conducted using an Agilent (Palo
Alo, CA) Series 1100 instrument equipped with a Zorbax Bonus RP 2.1 x 50 mum column
(Agilent) having a 3.5 micron particle size. Detection was by UV absorbance at 214 nm.
The mobile phases employed were as follows (by volume): A is ACN (2%), water (98%)
and TFA (0.1%); and B is ACN (90%), water (10%) and TFA (0.1%). HPLC 10-70 data
was obtained using a flow rate of 0.5 mL/minute of 10 to 70% B over a 6 minute gradient

{with the remainder being A). Similarly, HPLC 5-35 data and HPLC 10-90 data were
42
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was obtained using a flow rate of 0.5 mL/minute of 10 to 70% B over a 6
minute gradient (with the remainder being A)- Similarly, HPLC 5-35 data
and HPLC 10-90 data were -42 WO 2005/087738 PCT/US2005/007988

wohiednedrissing 5 to 35% B; or 10 to 90% B over a 5 minutegrackents/oo7988
Liquid chromatography mass spectrometry (LCMS) data were obtained
with an Applied Biosystems (Foster City, CA) Model API-150EX

obtgaﬁ&mme@ts k&%? EO&Q@at@g%aa g&g@trﬁgauﬁ@%ﬂa@}tfm%% Mobile
a, r a 5 minute gradient mall-scale purification was
coniﬁ%t&hctvraﬁ*@%ﬁ%r TESER IS Rt d&?&%%ﬁ He;% ﬁ\%&f&&aﬁ
Apamaymmymﬁhafmmb ittphaseseduploped 50aTE astioftans (YMI]OR6)dAa
ater nd 0 IS A and .05% TFA, arrays

ui? o é@rﬁagqe%hase overa T ttﬁé ? ﬁ)

ty |ca g recovered sample size wing
conﬁmﬁsﬁweremlé@dﬂ%\mmﬂnﬁuﬁtﬁﬁ raites 16 AhUSSIHFdtenSaakdedi a0

system #ovl) RYRiET1B10s exﬁ@lum@ WERR PHEANA) BIEUCIRF SIS (by

ypersil-Keystone, Bellefonte, P e% For larger scale purifications (ty |caII

oK RAEDETH S AN WA & B e daprcally
ab&@ 3rttL5rmraufmbrzetect Mmute)gied‘tatﬁaa@baﬂﬂnaﬁmw 250 mL/min

Micros b BDS c mn w mlcro partr Palo A
o e PABlT E TGRS 1.3 ST RO DL Egh Ehy e
palﬁqbbﬁaﬁyieﬁﬂsdwté(@rﬁtﬁlg, Bﬂlefumm I AndFor larger scale punﬁcatlons

oy - ishavpiRedie (105, B4 Al sigal slogeliengt

ours action mixture was t en coo ed to 50C and EtOH

mIgpipflaw aelectP apauereeimisend rodl hiywas sliaee Miswiprvdbheomn

wifleSUIRa MixiHeIas than sorladito @mbient temperature and ammonium
formate (98.5 g, 1.56 mot) was added and then nitrogen gas was bubbled

through the solution vigorously for 20 minutes. Palladium on activated
carbon (20 g, 10 wt. % dry basByepasatiben added and the reaction

mixture was heﬁteﬁl at 4g)C forl;LZ hoyrs, .and th n fi te through a pad

of Celite. The solV en}fi/vag% & ?é‘%ﬁ%vé"‘ Her re%uc% pressure and 1M
25 HEplaayh-lsowasratio@d . foetHe trode Desid deh hexpiy-Obthglpmgtidae (105

hAURSEH MIBHLNNAULR PI b arsT PRAIMEHSHAYEE YRS then
extracte with eth%/l acetate (2 x 150 mL) and the or anlc layer was dried

cogtfihimedi B (kilreveas addedrand divaritveriidvdd! aHderaersiedplowly.
ThRheseNTS:IRgvE: Kk Baf dheiditle W@iﬁ%@&lﬁ@%ﬁﬂ%}nﬁﬁh@f&ﬂr&@)

@ &é 5%5?.2 é’rhgli/ vzva£ I\;{rldgegvz]ncﬁkggn %&%&ﬁgﬁg \N;v%so %ixb%)%e?dlt oLl 0 nt e%t?l%t?onso
vigorously for 20 minutes. Palladium on activated carbon (20 g, 10 wt. % dry basis) was
then added and the reaction mixture was heated at 40°C for 12 hours, and then filtered
through a pad of Celite. The solvent was then removed under reduced pressure and 1M
HCI1 (40 m1L) was added to the crude residue. The pH of the mixture was then adjusted
with 10 N NaOH to pH 12. The aqueous layer was exiracted with ethyl acetate (2 x 150
ml.) and the organic layer was dried (magnesinm sulfate), filtered and the solvent removed
under reduced pressure to give 155 g of the title intermediate (100% yield). HPLC (10-70)
Ry=2.52; m/z: [M + H+} caled for CigHaoN2O4, 297.15; found, 297.3.

Preparation 2
N-Bepzyi-N-methylaminoacetaldehyde

To a 3-necked 2-L flask was added N-benzyl-N-methylethanolamine (30.5 g,
43-
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N-Benzyl-N-methylaminoacetaldehyde To a 3-necked 2-L flask was
added N-benzyl-N-methylethanolamine (30.5 g, .43 WO 2005/087738
PCT/US2005/007988 0.182 mol), DCM (0.5 L), DIPEA (95 mL, 0.546
wamesasdBMSO (41 mL, 0.728 mol). Using an ice bath, thecmixépsesmvarsss
cooled to about -10C and sulfur trioxide pyridine- complex (87 g, 0.546
mol) was added in 4 portions over 5 minute intervals. The reaction was
0.184Ee0,abcid@ o2 hoers, Beiole (eInovig) thel DR1SatY thelrda?lidmwias
.quenched 5 by adding water (Q.5L). The us, layer was separated
USRS SR TR Al R e i B R i
conthiel (fiegl 06 malyvesiaddsUiiateanidnfibered oipreviclertads titldie reaction
com e icakio
v .a%%%%ﬂ%“yﬁ?;f%?%?ﬁsb%%*:’%%%%%%%@%%%E&%%ﬁaﬁ%%&%%hf’d
by Eistoe Tele (115 flasEhesatamin i yse o ercearhrep tha oesis v .5

wadheWasRdded (nempradugtef Breparalionch BReofidhgmehuialiowad
sodium triacetoxgborohydride (45.9, 0.202 mal

. The reaction mixture was
il SRTBEHA A A TEPPHRCHOIRAE 5 e AU B E R Ry i oric
acid (0.5 L) with vigorous stirring. Three layers were 15 observed and the
agueous layer was removed. Alfg,er \é\é%%{‘liﬁ] with IN NaOH (0.5L), a
homogenous organic layer was obtained which was then washed with a
Bipheadel sohaibamié aqisebiil- (aeiyiousthy ] anier siby ipdepridientryl Ester

sulfate, Bierpaland e SONROLISHQVGDb HPAST SR JURTINERSYTS) Wieadded

residue was purified by diSsolving it in a minimal amount of IPA and

thequefing afilrspitism @t ad ithine SR Witk wiedivahEtesdomhorisiiege
(430t 2626061 | P deeadidadiR gvaf thaditleveammound (RhYuyieled MShe

niz: [M+ Hl caled f for C28H33N302, 444.3; found, 444.6. Rf = 3.51 mi
a5 A SN RS BT AR b Y e Ao D e rerd
obdBiphe ayl 2y learkmmicydcicd rétdtedhyidrainveetiyd) pipk ANMNAGH Esfel)To
Parr hyd tion {l | :
ho%o aﬁr%%%og 0%%‘ t%#ﬁ%%%@%fﬁvﬂ% h& E’ﬁﬁ%ﬁ' WetRL AR Qzﬁgﬁéééghgtmn

ask was flushed with nitrogen gas an

of pakitrOh(GE ) aleddartionaasginoswse, g eshans) A mhierpaed

undd9eshalanguiih-aaglicaside @8 ks dheymidureyasikephRndhedannt of
hydrogenator under a hggdrggen atmosphere 30 (-50 ps%;for 3 h, The}[1 d with
TP il FRANAS s AoRERR P dhtr 10SHBA At BYtER R pHiFake Rk washed wi

cosIOmdensadandane g&ﬁdmimdiﬁsmwwmmmsmqm_@mcd £
ronf OREERGSIALS, OB ke IR T SR ORI e

ted t6 provide i
HPLC).

Preparation 4

Biphenyl-2-ylcarbamic Acid 1-(2-Methylaminoethyl)piperidin-4-yl Ester

To a Parr hydrogenation flask was added the product of Preparation 3 (40 g,
0.09 mol) and EtOH (0.5 L). The flask was flushed with nitrogen gas and palladium on
activated carbon (15g, 10 wt. % (dry basis), 37% wi/wt) was added along with acetic acid
(20 mL). The mixture was kept on the Parr hydrogenator under a hydrogen atmosphere
(~50 psi) for 3 h. The mixture was then filtered and washed with EtOH. The filtrate was
eondensed and the residue was dissolved in a minimal amount of DCM. Isopropyl acetate
(10 volumes) was added slowly to form a solid which was collected to provide 22.0 g of

the title compound (70% vield). MS m/z: [M + H'} caled for CHarN3 O3, 354.2; found,
44
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the title compound (70% yield). MS in/z: [M + H+] caled for C21H27N302,
354.2; found, -44 WO 2005/087738 PCTIUS2005/007988 354.3. Rf =
2.96 min (10-70 ACN: H20, reverse phase HPLC). Preparation 5
wBiphanryl£-ylcarbamic Acid 1-{2-[(4-Formylbenzoyl)methyleainspebsoe7oss
ethyl}piperidin-4-yl Ester To a three-necked | -L flask was added
4-carboxybenzaldehyde (4.77 g, 31.8 mmol), EDC (6.64 g, 34.7 mmol),
3540BF €29 enis 118-mmaih-andDEM (2083 Jphen the mixture was
homogenous, a solution of the product of Preparation 4 (10 g, 31.8 mmol)
in DCM (100 mL) was added slowly. The reaction mixture was stirred at
room 10 temperature for 16 hoéfrspmdtieerswashed with water (1 x 100

mL), | L {21% Q9. L)y 161,100 ml-) brin XML, dried
over s%é?t%%@&ﬁgqég#ﬁ)érew ‘glr%g {Ié%lég‘!nltl?g%géy gggal ge?}(i‘l Tﬁt%% g}gﬁ? title
compound (92% yield; 85%istitiptridiadion E#arC). MS m/z: [M + 1V]

calcgdarErARANBOA 86 wasfauinch A%Q&&B&%ﬂd&k?c{é@aﬁgéc!\' :
H20, reverse phase HPLC). 15 Example 1 Bip enyI-Z-}/ carbamic Acid
31 .f_wﬁj(g_ré&g%ﬁ&gé%m HOBT (191 g,31.8 famol), and DUM (200 mL).

Wbﬁméﬁbyl)b&mw#%?ﬂmmﬂ@eﬂgwwwf dsltﬁrgbﬁbr_a@@iﬁﬂ\{ 1&?23 1.8
"V three-necked.2-L. flask was a Isonipecofamide
e T e S, B et

tengempiurEhol 16 Jours ygiithen-washgd fidtheauoflmik0ren Ly rENEEC] (b al66 tol),

N0 itk mbiﬁﬁgaﬁ%%l@{%tﬁ)ﬂﬁj onaf $he-REdstalReRaLalP,g (11

g, 22.7 nunol) in | 0 mL) was slowlg added. The reaction mixture
congRIiprEte attred it SerbEratitte TomponBt kS narieldndSdo ity lBsrden
mi@giumgrbﬁ@emwbm by aggf-@ig@g AG8. 2. 106H) z;fsa&g%pgimmqmo-
ise_and this mixture w irred at room temperature for 16 h. The
70%§§3#91&?ﬁ?§9\%f?%2% lzél;ﬁmentrated under reduced pressure to a
volume of about 50 mL and this mixture was acidified with IN HCI (200

mL) to pH 3. The resulting mixtulg%wasisgrred at room temperature for 1

. ampié
hour and then extracted with
Biphenyl-2-ylecarbamic Acid 1-(2-{[4-(4-Carbamoylpiperidin-1-

yimethyDbenzoyljmethylaminolethyl)piperidin-4-yl Ester
I N
L O
: oo o} 0
<)

To a three-necked 2-L flask was added isonipecotamide (5.99 g, 40.0 mmol), acetic
acid {2.57 mL), sodium sulfate (6.44 g) and IPA {400 mYL)}). The reaction mixhure was
cooled to 0-10°C with an ice bath and a solution of the product of Preparation § (11 g, 22.7
mmol) in IPA (300 ml.) was slowly added. The reaction mixture was stirred at room
temperature for 2 hours and then cooled to 0-10°C. Seodinm triacetoxyborohydride
(15.16 g, 68.5 mumol) was added portion wise and this mixture was stirred at room’
femperature for 16 h. The reaction mixture was then concentrated under reduced pressure
to a volume of about 50 mL and this mixture was acidified with 1IN HCI (200 mL) to pH 3.
The resulting mixture was stirred at room temperature for 1 hour and then extracted with
DCM (3 x 250 ml.). The aqueous phase was then cooled to 0-5°C with an ice bath and

50% aqueous NaOH solution was added to adjust the pH of the mixture to 10. This
45
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DCM (3 x 250 mL). The aqueous phase was then cooled to 0-5C with an
ice bath and 30 50% aqueous NaOH solution was added to adjust the pH
of the mixture to 10. This -45 WO 2005/087738 PCT[US20051007988
woBisiewas then extracted with isopropyl acetate (3 x 300pty: eda0sine9ss
combined organic layers were washed with water (100 mL), brine (2 x 50
mL), dried over sodium sulfate, filtered and concentrated to afford 10.8 g

mi@iibetiigeompaund (B0YisyipltyMectzizaM3bohl faRdHOEombined organic
C35H43N504 59%3; found, 598.6. Rf= 2.32 min (10-70 ACN: H20,

fay PR SR VeI SB L v teE (LR Bt ArBeny P Bk Arisd R divm sulfate,
{iltdrd@ #{} 4 -¢4rcanbatadidpiffordin-4 sybndthylb eczpylindn@hylgiiih AYIS m/z: [M +
thyDpiperidin-4-yl.es )as also.prepared. di a : in
e S o oo o LA . herse
phasedBiEd with 80 ml of IPA:ACN (1:1). 4.0 ml of water was added and
the mixture heated to 50C under stirring, forming a clear solution. To this

was added dropwise at 50C, 16 ml IM phosphoric acid. The resulting
cloudy solution was stirred at 50 #8#eHdkrs, then allowed to cool to

o O
r als were cotluec IHtration and air-arie or 1, ur, en yunaer
e A RUTAC T b S R e e B e A g the
foll®8ng, prb86dyieid) as a white crystalline solid (98.3% purity by BPLC). 20
Exampl Bi - r ie aci . . . .
S REG AR GrECURN & Blbined with 80.m) of IPAACN (1:1). 40

m! efiyisiperiimdded rad ibe was e prddardll egadmchosetideasag ashey

soliRnf Ot WIRORIOEESH 8r s Si-be1RrRdlYsk of bRt Gda(Or73 . mumak
of 96% pure mate,rlagl\?vgas taken_ 25 up in 5 ml of H20:ACN (1:1) and 1.45

clopiotalgtianmae steradihs Géden shows, Wnlionsriteing! ihéphicathe pH
termpasafail statdielappimingtbdedidine Tleaecaatinion was Hlkered khiteagh a
0.2 micron.filter, frozen and lyophiljzed to drypess..161 g of the, .. .
A S R IS e o o iphosphac
salsobperiticrwaihddiba by placiclithe viehite arpsellisated7OC Watenity by
P& for 1.5 hours. Oil droplets 30 formed within 5 minutes. The heat was
lowered to 60C and the mixture heated for an additional 1.5 hours,

followed by heating at 50C for 40 minutes, at 40C for 40 minutes, then at
30C for 45 minutes. The heat wasgspedi@ff and the mixture was allowed

Biphenyl-2-ylcarbamic acid 1-(2- {{4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl]
methylamino} ethyl)piperidin-4-yl ester was also prepared as a monosulfate salt using the
following procedure.

442 mg of the product of Example 1 (0.739 mmol of 96% pure material) was faken
up in 5 ml of HyO:ACN (1:1) and 1.45 mi of IN sulfuric acid was added slowly, while
monitoring the pH. The pH was adjusted to approx. pH 3.3. The clear solution was
filtered through a 0.2 micron filter, frozen and lyophilized to dryness. 161 g of the
lyophilized material was dissolved in 8.77 ml of IPA:ACN (10:1). The SUSPERSION Was
heated by placing the vial in a pre-heated 70°C water bath for 1.5 hours. Oil droplets
formed within 5 minutes. The heat was lowered to 60°C and the mixture heated for an
additional 1.5 hours, followed by heating at 50°C for 40 minutes, at 40°C for 40 minutes,
then at 30°C for 45 minutes. The heat was turned off and the mixture was allowed to

slowly cool to room temperature. The next day, the material was viewed under a
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slowly cool to room temperature. The next day, the material was viewed
under a -46 WO 2005/087738 PCTIUS2005/007988 microscope and
indicated needles and plates. The material was then heated at 40C for 2
wdhausaisaisd5C for 30 minutes, and then at 30C for 30 minutesr/Tksdsantoss
was turned off and the mixture was allowed to slowly cool to room
temperature. The solid was then filtered and dried using a vacuum pump
mifosstdpeumtbi giventod neahasuifopisalt Didheatitter] Syeompohngeld 40nQ for 2
%.yield). le |C Biphgnyl-2:ylcarbamic aci
ho%(’%—%?ﬁﬁ-%%ﬁ?#&}#&% ea}rli) i%a%{_ afﬁﬁpﬁltﬁsbenr?&}ﬁes. The heat was turned off
andriberpliziminoyestyiympd tiitpwlylcostde veamdigonpreware d s salifi osaltiten
A1SAl UG- I0e u ARG FARE AN S kP8GR theniadushel ExarRiethe

(0.853 mmol of 96% pure material) was taken up in 5 ml of H20:ACN
coypayng{] h7 e BHaMiddlieous oxalic acid was added slowly, while
monitoring the pH. The pH was adjusted to approx. pH 3.0. The clear
solution was filtered through a micgon filter, frozen and lyophilized to
dryness. 150 mg of the 15 lyophlfiZ®&#fat&tial was dissolved in 13.1 ml of
Q4G22 Pl cTtvemmiixaaid WAS{ il dardmanpylpipeatia BOEwaibbhbaity1]
- he mixture. was allowed to
O G e
foligving prraetiiPwas observed with what appeared to be a crystal on the

side nfthgy\iatheThsddal yras dhen-alleywed IRdepERIPR PR RN Sadlal
which p(?igngt se_e({:ilg16 gs(g_nthesis Z%%Et:'-:-scribed below) wererguél%ed and AR

U i iRiPtd el s biifgledd ¥haguensseafistald waraddpdsiely:
whideanonét @itigpfhsqlbli onhdihie wediddvasdhengitiese @zlam;bc;l] ri&iélblsﬂﬂ go ﬁtiondwas

mp.for 14 h to.give the di late salt.of the title.com n
T oS TR e B A s s
lyphiinplenp(@i 858andirsbbled 684 pdnmimatdiiall dvasutake nTprixbim vas stirred
in HH2RACNGR1ARY s M 9fsIM AQUPRUR QxaliG AGIL AT %Qigtﬁg?_ %&\4&%

while monitoring the pH. The pH was adjusted to approx. pH

was| e IR A TBSERRSBEh 4 tr Y i eiteEnisdeh 4hd After 6 days,
an lyophilizethie/ae\Hess ¢a wldaaionaiate ealle 32:9smooaflthisigioraiateal.

salt was dissolyed in 2.76 ml of 94%IPAI6%H20. The 30, mixture was .
T e o0 AP SR A2 % Foe A S8 fakesin

degfriblad selmplevems:ikisbiutiotioFhé toedt fakotdsnedinifiapdiib emixivie
crﬁa@%s%gg%%%égg@eﬁp@ﬁ%%g;;ﬁhz 0SSR HRDY AT wsing
a vacuum pump for 14 hours to give the dioxalate salt of the title compound (105 mg, 70%
yield).
Seed Synthesis

510 mg of the product of Example 1 (0.853 mmol of 96% pure material) was taken
up in 5§ mi of HpO:ACN (1:1) and 1.7 ml of 1M aqueous oxalic acid was added slowly,
while monitoring the pH. The pH was adjusted to approx. pH 3.0. The clear solution was
filtered through a 0.2 micron filter, frozen and lyophilized to dryness to yield a dioxalate
salf. 31.5 mg of this dioxalate salt was dissolved in 2.76 mil of 94%IPA/6%H,0. The
mixture was stirred in a pre-heated 60°C water bath for 2.5 hours. After 25 minutes, all of
the sample was in solution. The heat was turned off and the mixture was allowed to cool to
room temperature. The next day, a small amount of viscous material was present. The vial

was refrigerated at 4°C. After 4 days, the viscous material was still present. The vial was
47
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was refrigerated at 4C. After 4 days, the viscous material was still present.
The vial was -47 WO 200 5/08 7 738 PCT/1JS2005{007988 then placed
at room temperature and observed one month later. The material
woappeeredsto be solid, and was observed to be crystalline wodarsases/ooress
microscope. The solid was then filtered and dried using a vacuum pump
for 1 hour to give the dioxalate salt (20 mg, 63.5% yield). 5 Example 1D
theBiphenyk2ogcarhamiatagidnd observed one month later. The material appeared to

be of dddS: Caré’am%é{'Po%e“?éﬂ ]laﬁ” A ) %c DEUYIAMIRCY a5 then -

et yI)plpen in-4-y| ester was also prepared as a ase crystal using
filtgpred mﬁcsim?gupmedamum@@@ fay Idiahetpredadhofiexalapiell (Wbms, 63.5%
yiefligsolved in 0.2 ml ofH2O:ACN (1:1), using slight heat. The mixture was
then heated in a 70C water bath for 2 hours. The heat was turned off and
the mixture was allowed to cool to room temperature, then refrigerated at
4C for 1 hour. 50 | of water Wasm@ghgu»dgd (oiled out), followed by the

addi of4 Io ACN to back | ntos Iut| n, See

(syn'%%% yc&es ed bEiS we(gl ?ga(aw%i é?lgledjwlgtl g %‘%%?Hzoyﬂ
methmpemﬁjcéxy@wa@mm& cstor fam&nd)th@amd(w refrechgsaltoyved teistthe
folf%‘(zﬁﬂy%% g&w slow stirring. The next day, a heat cool cycle was applied

0C6r 10 minutes, 40C for 10 minutes, then 50C for 20 minutes). The
heaﬂmﬁasfﬁb@mﬁdaﬁa%ﬁmmlﬁé Hﬁ@dﬁé@o@@eédel%%@rh@ LANIWS A )

usiBUTENG: RO8. NEXE Havind SRSONTh Reatisopheysle wasanphiesd (OQ%aforthe heat

hour, with dissolving observed at 70C). 20 The heat was turned off and

W%@fﬁﬁ&%ﬁﬁ%ﬁ%ﬁﬁ&&éﬂ%ﬂé&m@&mﬁﬁ%&ﬁ TSR T enier gefyigerated
at £1¢Siald wene poesest emdrathi xﬂdneﬁﬂe@@ﬂyalaﬂvﬁ&mph&dy(ﬁﬁ@dman of 40

eat wa ed o the owe l,overnight
e g e S S R
ad i ieloWne bl o 68D fomehure) CrhHesttabieUior o svdhiure

wal IV AUPWEA IheaR! %@lﬂb‘%ﬁﬁ’ﬁt{gg%’&éﬁt%@% légﬁ{o%lq;?}{ﬁs 08

solid was filtered and placed on a high vacuum line’to remove all solvent

appiiRd P alre b adavgrystar oritne YitkitsrrpbisRd 05e & SYAtute 1 db5hgat
waehine:@urdnct glemxamplatiyvas %saﬂiyedemg}ﬁ &mh@idﬂzaueﬁ@d (d hext day,

oSS RSP LA Ao HUG. RIS DR ot L s oy O
Theheronnsdnalibidugh themntrogetionas notuded-don givapdiation, stntinforfhe
ne@ﬁa‘?ﬁxpﬂ%ﬁg% '%ﬁ %ﬁkpaﬁ%tg &3 Hé?i’tb |§01 cyele was applied (60°C for 3 hours).
The heat was turned off and the mixture allowed to cool overnight, with slow stirring. The
next day, a heat cool cycle was applied (60°C for 3 hours, slow cool, then 60°C for 3
hours). The heat was turned off and the mixture allowed to cool ovemight, with slow
stirring. After 3 days, the solid was filtered and placed on a high vacuum line to remove

all solvent and give a freebase crystal of the title compound.

- Seed Synthesis
109 mg of the product of Example 1 was dissolved in 0.56 ml of HoO:ACN (1:1).
The suspension was left in a vial (cap loosely placed on top) to allow for a slower
evaporation time. The vial was placed under a nitrogen flow environment, although the
nitrogen was not used for evaporation, only for the environment. A precipitate was visible

within 1 day, which was observed to be crystalline under a microscope. The solid was then
4R



within 1 day, which was observed to be crystalline under a microscope.

The solid was then -48 WO 2005/087738 PCT/US2005/007988 placed on

a high vacuum line to remove all solvent to give the freebase crystal.
woQuianiitative recovery, 97.8% pure by HPLC. Example 1E BCT/us2005/007988

Biphenyl-2-ylcarbamic acid
1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl]
placeaeshylanyne ket piperidionbyt eSterivastalgyprapatetas afsedbase
crystal using the Jfollowing alt procedure. 70 mg of the product of
Quaéxfr%‘ﬁ&f%ﬁ?ﬂéié%ﬁ%ﬁ%%%& m %ACN. After addition of 0.3 ml MTBE,
the solution appeared cloudy. An additional 50 p1 of ACN was added to

10 clarify the solution (155 mg/ng,AGNIMEBE = 1:2). The mixture was left
in the vial and capped. A solid appeared by the next day. The solid was
5 theR mhsrat- e el 6a14 LHigH Mathebrme viresmdie LanlesthaRberre vl

mefBf¥RAd0eRase pial-at fhestiiecemponsharbkanipie ebdde crystal using the
Biphenyl-2-ylcarbainic Acid 1-(2-{[4-(4-Carbamoylpiperidin-1-ylmethyl)-
Do gy N RRRE IRy 1) piperidin-4-yl Ester K N ' O N-IN \ (NHz / NO"~
O HHidsifth¢he pratedieafixamplalibsacivednPrépaiadiol 2 After addition
bstifuti -penzyl-N- ethyl n ine |
o e R IR O o i ded o
10 claripShersotian{ H7F cesbafo(DRBHBING 042) 6 hamisting vepdes, in the vial and

deparalinn HRRRe Y ARRIRBMICIACKIid was then filtered and placed
Gaplg.)-(Z-{[4-(4-M%%yleslt?éxgpiﬁelridin-l-m id was then filtered and placed on a

high raetigh Ban s grmmemibtAlvaTRtRg s felass st /f ek esrmqund.
O~ NOO,V O 0 H 25 To a three-necked 100ml flask was added methyl
isonipecotate (344 mg, FExample 2
15 Biphenyl-2-ylearbamic Acid 1-(2-{{4-(4-Carbamoylpiperidin-1-yimethyl)-

henzoyljethylamino}ethyDpiperidin-4-yl Ester

e N
O 0 O/\/N\“g\ O\H/NH.?
N/U\_ o o} 0
<)
Using the procedure of Example 1, and in Preparation 2 substituting N-benzyl-N-

cthylethanolamine in place of N-benzyl-N-methylethanolamine, the title compound was

20 prepared. MS m/z: [M + H'] caled for CagHasNsGy, 612.3; found, 612.6.

Preparation 6
Biphenyl-2-yicarbamic Acid 1-(2-{[4-(4-Methylesterpiperidin-1-
yimethyl)benzoyl]methylamino}ethyl)piperidin-4-yl Ester

ﬁfaoﬂ’””fg e
s

25
To a three-necked 100ml flask was added methyl isonipecotate (344 mg,

-49-



-49 WO 2005/087738 PCT/US2005/007988 2.4 mmol), acetic acid (136

), sodium sulfate (341 mg) and IPA (20 ml). The reaction mixture was

cooled to 0-10C with an ice bath and a solution of the product of
woRmepasatian 5 (600 mg, 1.24 nnnol) in IPA (10 ml) was slowty adaedsTioes

reaction mixture was stirred at room temperature for 1 hour and then

cooled to 0-10C. Sodium triacetoxyborohydride 5 (763 mg, 3.6 mmol) was
2.4 acddy poctioncdde 3AftBr siittimg sl figo il 4émpe ratdifé Ao206nholits; twetion
mixkGRNEE DN, %%&‘E%Q'ﬁ%}?%%%@%ﬁ‘g %Bﬁﬁ%‘éc$t%r glsé&i{& [@ Breparation

volume of about 5 ml and Jlluted with DCM (50 ml). The organic layers

5 (6l reswhsenwithio BN KOIR walanxvséed 2 Theoeastiprorpdure wagtined

at 1B t@f}%%ﬁ\‘ﬁre?t@g i sulfeiendiltessarfo aereenirates ieialerd KO M aride
of the title compound. (92%I%{|eld. MS na/z: [M + H+] calcd 10 for

5 (T6TmgHaanuinal 815 39968 R IPPESF ELAIRRE SRS ShERRML SRl for 16
homméﬁﬁ%ﬁ@ﬂﬁgﬁmﬂiwlwmmmﬁf?fdﬂgimml ) l)liwnmwlmne of
amin ety.l Il -4- r tococ 0 a4 mi vial,was e
sboffd B MR AT, SHESEEe 19 ik Yaas A6 o e
(2 x2M inMe@H) (T hé GanblidminiXxRse (ra) hézesco werBOd o FofHoLfilicrmichnd
condB8-RUAAGA LY RHaR HELE IR 8l A8 M0 @hihs il %@&%l@ ér’\gﬁlecalcd

nz/z: [M + H+] calcd for C36H45N504, 611.8; found, 612.4.) 20

10 for L ghprdaiis X0y fediiank Add 1-(2-([4-(4-Ethylcarbamoylpiperidin-I-
ylmethyl)benzoyl]methylamino)ethyl)piperidin-4-yl Ester N~*MA 1/ v if /~jO
NN OO NP\H H 25 Using the procedure of Example 3, and
substituting ethylamine (1 ml, 2M*fA in place of rnethylamine (1 ml,
2Bipndd e DAy ich Fvmgriaf AkRItRI@civipbyh iivwdaptbphrathanbf Ipiperidin-1-

vimethyDbenzovilaminolethylypiperidin-4-yI Ester
] N H
SUNORE !
H

15
To a 4 m! vial was added the product of Preparation 6 (61.2 mg, 0.1 mmol} and
methylamine (1 ml, 2M in MeOH). The reaction mixture was heated at 60°C for 72 hours
and was purified by prep HPLC to afford 46.9 mg of the title compound. (MS m/z: [M +
H'] caled for CashlsNsOy, 611.8; found, 612.4.)
20
Example 4
Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Ethyicarbamoylpiperidin-1~
yimethyl)benzoyljmethylamino}ethyDpiperidin-4-yl Ester

'Y©ﬁ Oﬁ(

Su S AR 7
H

9

25 Using the procedure of Example 3, and substitoting ethylamine (1 ml, 2M in FtOH)
in place of methylamine (1 m}, 2M in MeOH), 17 mg of the title compound was prepared.

-50-



WO 2005/087738 PCT/US2005/007988 (MS ;n/z: [M + Hkj caled for
C37H47N504, 625.8; found, 626.4.) Example 5 Biphenyl-2-ylcarbamic
jd.1-(2-{Methyl-[4-(4-propylcarbamoylpiperidin-1- 5

w@%%ﬂﬁ%ﬁg%\clzoyl}amino} ethyl)piperidin-4-yl Ester N O O( ﬁ(ﬁl\%%) B

To a 4 ml vial was added the product of Preparation 6 (61.2 mg, 0.1

mmol) and _propylamine (1 ml). The reaction mixture was heated at 60C
(MR pida %Cﬁ&ﬁ‘%%‘%ﬁﬁ?ﬁ% orep - fRERE- £15rtH39.5 mg of the title

compound. (MS Hi/z: [M + H'] calcd 10 for C38H49N504, 639.8; found,

640.4.) Example 6 Biphenyl-2-ylcarbamie Acid

1-(2-j[4-(4-Isopropylcarbamoylpip%f]f8??1'—‘1?SB %

| iglin ) Srrbujrheubigl drrith 1M pibeH@in(4-pr St b Ao N @I D-1-

] gopHrc%Syleri]rilr?e% %jﬁi%ﬁ?’?ﬁ’%ﬁ%ﬁfﬁ%‘?@%ﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁ%f the title

compound was prepared. (MS m/z: [M +g¥;C G381149N504,
639.8; found, 648:4.) 20 Pr ' nyl- cid
1-(2-Boc-amin bpjherj@-yl Estér To a 1-L flask, containing the

product of Prepanation 1?25.4 g, 85.6 mmol) in DCM (0.43 L) was added
DIPEA (29.9 mk; 1§1.1 mmol) and 2-(Boc-Amino) ethyl bronude (21.8 g,
94.4 mmol). The¥eaction was then heated to 50 C overnight (-18 hours).

25 Adten quainglithe sRas iR WRR PSP IRl dHe.QC I AHED 1 mmol) and

precipitation of the product. The precipitate was filtered and collected to
PromdRE R Wit dorhioisaetipranbi yie Ny Beated st i oioe Sfokprrsgnd was
puB it ByopREFOA (98Bafford 39.5 mg of the title compound. (MS m/z: [M + T caled

10 for CaghlagNsQ4, 639.8; found, 640.4.)

Example 6
Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Isopropylcarbamoyipiperidin-1-~
vimethyDbenzoyljmethylamino}ethyl)piperidin-4-yi Ester

. mﬁ\om“”“!’p Uiy
15 O

Using the procedure of Example 5, and substituting isopropylamine (1 ml) in place
of propylamine (1 ml), 27.8 mg of the title compound was prepared. (MS m/z: [M + H)
caled for CagHaoN5O4, 639.8; found, 640.4.)

20 Preparation 7
Biphenyi-2-ylcarbamic Acid 1-(2-Boc-aminoethyl)piperidin-4-yl Ester
To a 1-L flask, containing the product of Preparation 1 (25.4 g, 85.6 mmol) in
DCM (0.43 L) was added DIPEA (29.9 mI., 171.1 mmol) and 2-(Boc-Amino) ethyl

bromide (21.8 g, 94.4 mmol). The reaction was then heated to 50 °C overnight (~18 hours).

25 After overnight, the reaction was then cooled to 0°C to induce precipitation of the product.

The precipitate was filtered and collected to afford the title compound in 42% yield (15.8
“51-
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g). MS nr/z: [M + HI calcd for C25H33N304, 439.3; found, 440.4.
Preparation 8 Biphenyl-2-ylcarbamic Acid 1-(2aminoethyl)piperidin-4-yl
Ester 5 The product of Preparation 7 (3.5 g, 8.1 Hanoi) was added to 1:1

WOHBMSERT50 mL) and the reaction was allowed to stir at rBoRS2005/007988

temperature for 30 minutes. Upon completion, the reaction was diluted
with DCM (125 mL) and the mixture was washed with IN NaOH (200 mL).
2)- M2 et ot Al & coledson &nhesNednRe diaferudofthvt), NaCl (sat.) (200
mL), dried over Na2S0O4 and then filtered. The solvent was removed
under 10 reduced pressure. The crude material was sufficiently pure to
use without further purification FFFBA#& e Apound was obtained in 94%

yield (2 BighZu§lpyiebrMiio alziiM -Ehmlcalebyiopp 20 HaSNA@21339.2;

foixud, 339.6. Preparation 9.15.2:-Flugro-4-fo | Benzaic Ac i

conds i PR e o S e e SR B T MR RR oo
mlghphdvhs toolse wos r8cvaddotetinist wasndddaatopiss DB Ak S Qpin
cofs lé'ti%rm@e ?&%ﬁo@%&%ﬁ@d Hﬁﬁgﬁﬁ'mgﬁyﬁg tﬁg%ﬁ% E_Qé%(ﬁ%d

allowed to stir at -78 C for 4 hours. The reaction'was quenched via

WithqHitiDia GFINGSS el o s e J sttt Hira iy asied v b otatis i 26the L), NaCl
(sa@rqanicdaye s the N ywaehadnith) Nidteh(190:-n0d Diwatak (2R VBE iinder

aCl (sat.) (10Q mL), dried qver MgSQ4 and then filtered. The sglvent
eWas r%(’i*?% g’d%ﬁ%@?&&ﬁé%ﬂ“p%%%ﬂ%%% PR At EIgs turther
pustitficient(Jlpuiteteougewithostdbitiesd pubficaiiond The fiffecompOuMs m/z: [M
i in 78%. Vi 2 1.9.,mmol). 25 Example 7
N Iﬁ%@%ﬁ%@?@ar Dg?r%g’%gdg ’1@&91@[(3 -%r%'rbamoylpiperidin-l-ylmethyl)-z-
fluorobenzoylanaino]ethyl}piperidin-4-yl Ester /' bYo N H . bj Using the
procedure of Example 1 and, inggy, fin¢p, substituting the product of
-52 WO 2005/087738 PCT/i1S2005/007988 Preparation 8 in place of the
product of Preparation #4348 sufstatmmd Bseisabeidor Preparation 9 in

place clidebsbionyhenzaldahydeftbecitia-campauitsvas prapaias iMsCM (100
m1Y &M aoldd SR R O N 3 O SR MH5F B0 ., 45.4 mmor, 25%
in toluene), using caution dus to H, evolution. This was allowed to stir at -78 °C for 4
hours. The reaction was quenched via addition of MeQH (10 mL), using caution due to Hy
evolution. The organic layer was then washed with IN HCI (100 mL), water {100 mL),
NaCl (sat.) (100 mL), dried over MgSQO,4 and then filtered. The solvent was removed under
reduced pressure. The crude material was sufficiently pure to use without further

purification. The title compound was obtained in 78% yield (2.0 g, 11.9 mmol).

Example 7
Biphenyl-2-ylcarbamic Acid 1-{2-[4-(4-Carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylaminoclethyl} piperidin-4-yl Ester

< .
TS o

Using the procedure of Example 1 and, in Preparation 5, substituting the product of
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5 Example 8 Biphenyl-2-ylearbamic Acid
1-(2-[[4-(4-Carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylmethylamino}ethyl)piperidin-4-yl Ester ~I NyO o NH, F 9i l/
woGldsimgthe procedure of Example 1 and, in Preparation 5 psulns$iterting thss
product of 10 Preparation 9 in place of 4-carboxybenzaldehyde, the title
compound was prepared. MS nn/z: [M + W] calcd for C35H42FN504,

Preﬁﬂ;@&nf@u_xmgla@é6ﬂlﬁr@@aﬁaﬂi@irlpl@pﬁiﬂaﬁdimsﬁa&b@mgtﬁqdodua of
Dieth 15T rred solu
PR SRS e T G e i rpouss TR bl

m/z 80N m&ddd@dqﬁlﬁmmrﬂﬁh’(ﬂfﬁmﬂ 492amol), triethylaniine (9.1
mL, 66.0 rnmol), HOAt (22.0 mL,'0.5 M in DMF, 22.0 mmol) and finally
EDCI (8.4g, 44 mmol). This was allowed to stir for 14 hours at room
temperature. The solvent was thei#mifo¥ed under reduced pressure.
Theymabd ABkeE- fd ﬁ;g@ﬁg | D
thenlg\!)}\/as&rll{fdwvﬁ?h Watergﬁif)%ir)n%%q ?Ngﬁg% Ir},é%g rlﬁ; L ?a? ;éﬁ(él%!ggmzu
dried over MYSBAPSREH #ﬁ@@&%%@i@aﬁf iR g dded TFA
(33 mL). The rea was allowed to stir at room temperature for 2
hours. The solventwas then removed under reduced pressure. The
mixture was taken up m?l Dg:M 100 mL). The organic layer was then

washed with IN @ )i water {100 mL , NaCl{sat.) (100 25 mL),

dried over MgS04 &nd thenf \d/ﬁre s s remeved under

reduced pressure. The crude material wds-st pure to use without

further. pu |fé tlo tle com bt % g(‘%% |elg#l

0.0 PR R SR B AR 66%“ R obE e ot of
Prepiptiem- mﬂ]@gﬁbé‘ﬁn@awwnzaidehyde the title compound was prepared MS

m/A i L DigineRrbaInaYIBRYAIR: IniHie E)a2-
fIuorobenzoylammo]ethyl}plperld|n -4-yl Ester N~O \1 O N~\H NA \

Preparation 10
Piperidine-4-carboxylic Acid Diethylamide
To a stirred solution of 1-fert-butoxycarbonylipiperidine-4-carboxylic acid (5 g,
22.0 mmol) in DMF (100 mL} was added diethyl amine (4.6ml., 44 mmol), triethylamine
(9.1 mL, 66.0 mmol), HOAt (22.0 mL, 0.5 M in DMF, 22.0 mumol) and finally EDCI
(8.4g, 44 mmol). This was allowed to stir for 14 hours at room temperature, The solvent
was then removed under reduced pressure. The mixture was taken up in DCM (100 mL).
The organic layer was then washed with water (100 mL), IN HCI (100 mi), NaCl (sat.)
(100 mL), dried over MgSO; and then filtered. To the organic layer was added TFA (33
mL). The reaction was allowed to stir at room temperature for 2 hours. The solvent was
then removed under reduced pressure. ‘The mixture was taken up in DCM (100 mL). The
organic layer was then washed with IN NaOH (100 mlL), water (100 mL), NaCl (sat.) (100
mL), dried over MgSQy and then filtered. The solvent was removed under reduced
pressure. The crude material was sufficiently pure fo use without further purification. The

title compound was obtained in 86% yield (3.5 g, 19.0 mmol).
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5 Using the procedure of Example 1 and, in Preparation 5, substituting the
product of Preparation 9 in place of 4-carboxybenzaldehyde and
substituting the product of Preparation 8 in place of the product of
wdigRaatian 4 and, in Example 1, substituting the product e{-RrepasatieRss
10 in place of isonipecotamide, the title compound was prepared. MS
nz/z: [M+B11] calcd for C38H48IN504, 657.8; found, 658.4. 10 Example
10 Biphenyl-2-ylcarbamic ACId gy pp
-(2-{[4- %4 Diethylcarbamoylpiperidin- 1 ylmeth )-2-
B}a FEBk zsawhémw\%é}égrfﬁrﬂ&r&ﬁﬁmlmmielmvb"éﬂmﬁw 2-
\ N~\'" N 15 Using:theraestihenefdxamme ddand i Breparation 5,
substituting the product of Preparation 9 in place of
4-carboxybenzéldghyde and, in Example 1, substituting the product of
Preparation 10 inyplace of isonipecotamide the title compound was

prepared. MS : Mjmlcd for 391150FN50 6719 found,
ale’ 11 Y2<ylg

672.4. 20 Exa
1-(2-{[4-(4- Dlethylearbamoylplperldfh -

5. YRIUR ) QH&?&%%%‘&B}QWM'&%L% %E%t%&u&m% rolldt of

"yN O the procedure of Example | but substituting the product of
PreppeafapatisnrloaribLaior doozaldenizspohyseons domedugiiate of

ProiSRRiREcPiARIde dhedife apmayndwasiienared tadpe 1 [ Misstild ealate
for C39H5IN504, 653.9; found, 654.4. Examgﬂle 125

ProgSh R P AR, KL PSR Of 2o RN SR IS RIS BamRApi RRRMRepared.
Myylmetiyl)berizoylimathgiamiroyetihyOpise isiind 64 Eater
10

Example 10
Biphenyl-2-ylearbamic Acid 1-(2-{[4-(4-Diethylcarbamoylpiperidin-1-ylmethyl)-2-
flucrobenzoyljmethylamino}ethyDpiperidin-4-yl Ester

N0
SRS
¢ N\/\?)n OJ\N/\
AT T
15 Using the procedure of Example 1 and, in Preparation 5, substituting the product of

Preparation 9 in place of 4-carboxybenzaldehyde and, in Example 1, substitating the
product of Preparation 10 1n place of isonipecotamide the title compound was prepared.
MS m/z [M + H'] caled for C3oHsoFNsOq, 671.9; found, 672.4.

20 Example 11
Biphenyl-2-ylearbamic Acid 1-(2-{[4-(4-Diethylcarbamoylpiperidin-1-
yimethyljbenzoyljmethylamino}ethyl)piperidin-4-yl Ester

O
Q/\,,LE/@A (JWQ

Using the procedure of Example 1 but substituting thie product of Preparation 10 in
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~N- ~/N O NH *NI~N Using the procedure of Example | but substituting
piperidine-3-(S)-carboxylic acid diethylamide in place of isonipecotamide,
weeztitkeoeompound was prepared. MS m/z: [M + 10 H4] calcgd®rus20es/c07988
C39H51N504, 653.9; found, 654.4. The preparation of
piperidine-3-(S)-carboxylic acid diethylamide was done according to

placd 6L HaPratl 990N B EeRARIRNWA hepared. MS m/z: [M + H'] caled for
N%ﬁéBi henyl-2-ylcarbamoyloxy)piperidin-1-yllethyl)

Caolis &rﬁﬁf@ﬁ?@ﬂ%l@‘r&eﬁhthalamic Acid To a 100 ml- flask containing

the product of Preparation 1 (2.5 g, 7.1 mmol) in DMF (20 mL) was added
2,5-dibromoterephthalic acid (6.8&3@, 2@.2 @mol) followed by DIPEA (1.6
mL, 9.2 nunol) and HATU (3.23 ¢~ 8*5Ri&h“The yellow slurry was stirred
at 20Bipduen 1éiphratureioadit duik {(BH i Eerakik salutiondojipipacdin-1-

) To e LA e A R M Bl

amount added in order to digsolve the fine white predipitate that was
observed following the ad @ of base). The solution \)#\as transferred to

a separatory funnel gandithe’aqueous laye ca“T% organic layer

was washed with 25@1 ( &M odium sulfate,

filtered and the solvent E_ﬁ‘l!ﬂ nder ¥educed pressure to provide 7 g of

the title compound (>100% yield dye to the,presence of. residual DMF). .. .
s SR AR S S R B RS R avic acid
dgahgdafritie GRERM298 203051 6H81¢ ; tteuith, 660BuRA w3 3Peprired2-B18 m/z: [M +
HCNiHEQ emMerssn PiRase. ) 55 WO 2005/087738
PgTIEJSZOO%_7§g§ E’re%’al_ﬁ}t?ghﬁfg ﬁl-{Z-[4-(Bi.phe.nyl-2-yl_earb

amoyBig pripatatim efyinstdie-> (S disnrrdinanié digteyphideateanitoneid

aMg;mﬂgﬁgt%};gggg;LﬂQ)@gﬁgs(lfggmtaining the product of Preparation 11
(7.0 g, 10.6 rrmol) was 5 added a solution of toluene/MeOH (9:1, 70 mL).

All of the solid material did not dissolve, so an additional 3 mL of MeOH
was added. The solution was coalgshiafés quer an ice bath and

ety g G (PSS iane D " ™)

-2,5-dibromo-N-methylterephthalamic Acid

To a 100 ml flask containing the product of Preparation 1 (2.5 g, 7.1 mmol) in
DMF (20 mL) was added 2,5-dibromoterephthalic acid (6.88 g, 21.2 mmol} followed by
DIPEA (1.6 mL, 9.2 mimol) and HATU (3.23 g, 8.5 mol). The yellow shurry was stirred at
room temperature for 3 hours (all material in solution following completion of reaction).
The reaction mixture was diluted with DCM (200 mL). To the solution was added IN
NaOH (150 mL) and MeOH (minimal amount added in order to dissolve the fine white
precipitate that was observed following the addition of base). The solution was transferred
to a separatory funnel and the agueous layer discarded. The organic layer was washed with
IN HCI (1 x 150 mL), dried over sodium sulfate, filtered and the solvent removed under
reduced pressure to provide 7 g of the title compound (>100% yield due to the presence of
residual DMF). This material was used without further purification. MS m/z: [M + H')
caled f for CaoHaeBraN3Os, 659.4; found, 660.3. Ry = 3.39 min (2-90 ACN: H,O, reverse
phase HPLC).
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added via syringe. The reaction mixture was allowed to warm to room
temperature. After 2 hours stirring, HPLC and MS analysis indicated that
the reaction was not complete. 10 Additional trimethylsilyldiazomethane

wd 26h§ekigwvas added and the reaction was stirred at roomplefpeiBtuwieoss
for 70 hours. Although HPLC analysis had indicated that the reaction was

not complete, acetic acid (15 mL) was added to the reaction mixture and
the resulting solution was congggiragsnder reduced pressure. The

crude prodyc s purified by silica gel chromatography using a gradient

o1 2% 10 59 (AU SN 2 HE BB T I Y DT e e

compound-@ﬂ%ﬁﬁahﬁ)am&mmrj{éﬂepﬂﬁﬂlﬁﬁ{wfﬁm M3 382N 30s,

it e ok By B ol 70 B B o) v
added 2 edviqnipféetesae/MeOH (9:1, 70 mL). All of the solid material did not dissolve,

so BydiaiysnstbyliepzRymetiylaminolethyipipetdinAys B8 obe S0k

flask containing the product of Preparation 12 (2.2 g, 3.3 mmol) was
bathgd drrprthy b viiyzenaiepem(eM selitipe imbarreew £s3dubidd hretsenl) was
ad@4 ﬁiaq)lﬁhééi“(;rﬁw&%ﬁén H]Y%%Th Zgiﬂﬁﬁlt.&H%ﬁl' Té"i%oﬁl?emgm%t@e. After
mmol). was ed vig syringe. The 25 resulting slurry was stirred at room
2 h&%@%ﬁ%ﬁ i P@%&&%ﬁ%@% B SPCURIUYAS IRLeRIFEE00
AdditipnTheaeihebily Idiyesmak:se parate prddhédodgadichlapeii@syas stirred at
washed with_hrine.(50 mL), dried dium sulfate, filtered,an .
oo T A e R L et emgfon
wagfith e anpdidep rodic rovd §1 pumifipadspdded pa ihtorsa¢tioh G R0:4 Gnd @N 1¢420ing
soll VAR RRAse R BAHOR LT g ef %ﬁeléfﬁ%égr%ﬂ%‘%%n%ﬁﬁ@wf

the desired product was partitioned between EtOAC (10 m

siliga R AR BB NERPBIRIBS s SIS A @ Hito) Mer IgryR R ay thehient to
provRBIEShWItT tinatd Sdmbhuddethoyerrndivg swfate. filterediandsor

ngentrate rovid 6 mg of title c und. MS nz/z: [M
o 7 Lot AN 30N, 6458 A BRSO, Hieimse
HP2@0)5/087738 PCT/US20051007988 3.56 min (10-70 ACN: 1120, reverse

phase HPLC). Preparation 14 Methanesulfonic Acid
4-({2-[4-(Biphenyl-2-ylcarbamoyloxy)piperidin-I- 5
yl[ethyl}methylcarbamoyl)-2,5-&isesriunt§l Ester To a 25 mL flask

containing thepgpadugt-efyriapssation &d ﬁ%@ﬁ@z@%&%‘%ﬁﬂmol) was
added DCM (10 mL) followed by DIPEA (135.5 uL, 0.778 mmol) and

methandSifirasyPsibiberay et dominmieshy ¥ R reidibchxl Estetired

for 3lominesiafiask containing the product of Preparation 12 (2.2 g, 3.3 mmol) was
added THF (35 ml.). Using an ice bath, the mixture was cooled to about 0°C and Hthium
aluminum hydride (1.0M solution in THF, 6.6 mL, 6.6 mmol) was added via syringe. The
resulting shury was stirred at room temperature for 4 h. The reaction was quenched by
adding IN NaOH (100 mL). The aqueous layer was separated and the organic layer was
washed with brine (50 mL), dried over sodinm sulfate, filtered and concentrated under
reduced pressure (80.2 % pure by HPLC). A portion of the crude product was purified by
preparatory HPLC (20-40 ACN: H,0, reverse phase HPLC) to afford 317 mg of the TFA
salt. The TFA salt of the desired product was partitioned between EtQAc (10 mL) and
saturated sodium bicarbonate solution (10 mL). The organic layer was washed with brine
(5 mL), dried over sodium sulfate, filtered and concentrated to provide 223.6 mg of the

title compound. MS m/z: [M + H'] caled for CogHs 1 BrNaOy, 645.4; found, 646.3. Ry =
-56-
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room temperature. To the reaction mixture was then added saturated
sodium bicarbonate 10 solution (10 mL). The aqueous layer was
discarded and the organic layer was washed with brine (5 mL), dried over
wosailiarysigfate, filtered and concentrated under reduced prassukeoé@o0798s
afford 229 mg of the title compound (91 % yield). MS m/z: [M + H'] calcd
for C30H33Br2N306S, 723.5; found, 724.3. Rf= 3.77 min (10-70 ACN:

3.56120, (B sLNagsD | 1ERkE)pABERMple 13 Biphenyl-2-ylcarbamic Acid
1-(2-{[2,5-dibromo-4-(4-carbamoylpiperidin-1-
ylmethyl)benzoyllmethylamino)ethyl)piperidin-4-yl Ester N O N*~N r \
'HrNH, gNIOCO H 20 To a 2% rehaftatikcdditaining the product of

P ' 9 : isoni ' 8.7
N e L e e e S e
reaction mixtiiletdinehstrathyoayieibdibnmadbeedhbues under a
nitrogeR BIMeSPREIS nINsi gt pR st e as-then dilkied with BEM fhror)

mL) and washed with saturated aqueous sodium bicarbonate solution.
waldgdofuld (G4 elidelioeadyiitt tie dduedts Ryéf HEneY £99 N HCl (2 x
melRradulidiie agustud layeroas washye divithc oG 2xstad randdhtes at

was adjust 10-11 using, 1.0 N NaOH. This mixture was then
roo A T C A T e e e A R e gnae
solyymshd @ with Bhneg(kousldyaricd disenrdodiami thelfapfittbred wasdvashed with

bﬁ%%%ﬁﬂf%%é%&@&ﬂ&%ﬂﬂ& BROMDOMNA M i 7 M e d K GRIG S Qe

H4lBr2N504, 756.5; found, 756.3. Rf -57 WO 2005/087738
to ghond 32buexrbly G8is corsrormA (A0 oirldN NP o feldt sethhededimLC).

Csdesaspled Biphenidudd/0arhamic Aol dntZ-fibdr (Racarbanmybire idie-

I{Piélmethyl)benzoyl]m--et/hyyllam|no}ethyl)piperidin-4-yl Ester H~Nj /\ N
=~ l‘/N~’\ NH O O The title compound was prepared using the procedures
described in Example 1, and

Example 13
Biphenyl-2-ylcarbamic Acid 1-(2-{[2,5-dibromo-4-(4-carbameylpiperidin-1-
yimethyl)benzoyljmethylamino}ethyl)piperidin-4-yl Ester

i

To a 25 ml. flask containing the product of Preparation 14 (229 mg, 0.316 mmol)
was added isonipecotamide (48.7 mg, 0.380 mmol), DIPEA (110.2 ul., 0.633 mmol), and
ACN (4 mL). The reaction mixture was stirred at room temperature for 63 hours under a
nitrogen atmosphere. The reaction mixture was then diluted with DCM (15 mL) and
washed with saturated aque.ous sodium bicarbonate solution. The product was extracted
into the agueous layer using 1.0 N HCI (2 x 10 mL). The aqueous layer was washed with
DCM (2 x 15 mL) and the pH was adjusted to 10-11 using 1.0 N NaOH. This mixture was
then extracted with DCM (3 x 20 ml.) and the combined organic layers were washed with
brine (10 mL), dried over sodium sulfate, filtered and concentrated to provide the title

compound. MS m/z: [M + H'7 caled for CasHyBralNs04, 756.5; found, 756.3. Re=

-57-
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substituting the appropriate starting materials. MS m/z: [M + H+] caled for
C35H43N504, 598.3; found, 597.8. 10 Example 15
Biphenyl-2-yl-carbamic Acid 1-(2-{[4-(4-Carbamoyl-piperidin-1-ylmethyl)-2-
wgneibaxylenzoyllmethylamino}ethyl)piperidin-4-yl Ester { Hidrhi€200s0h79¢3
N--Z~"N O 1 15 To a stirred solution of 4-bromo-3-methoxy-benzoic acid
(15.0 g, 58 mmol) in DMSO (150 mL) was added NaHCO3 (20.0 g, 230

2.6 Chisavas rsatadveBEAetH81 Opurs. The reaction was then
cooled to room temperature and the solvent removed under reduced

pressure. The crude reaction mixture was then dissolved in DCM (200
mL) and washed with IN HCi (I2amp)e fvater (100 mL), NaCl (sat.) (100

L), dgthaNeh YR Andien dleret TG SRlsT AR RTeYed

under reduce ressure. e crude was su y pure to use

without furtireethyificadorilmathploning AiphpigesidinetidBaienh zoic acid

methyl ester, was ghtained in 79% yield (8.9 g, 45.8+mmol). To a stirred
solution of 4-for -methoxy nzoicgcimg ester (5.0 g, 26 mmol)
in tert-butyl alcohol 20@?) asiaddet{ N 4-2420 (3.6 g, 26
mmol), water 25 (50 mjL), 2-methyl-2-butene (11 mk, 104 mmol), and

finally NaClO2 (7.02-g, 78 mmol). The reaction was allowed to stir at room
tempgsatissedapdhRuiss Theselveahwas thebedamnauesuedel reaweed], and
pressure. The crude reaction mixture then 'e}sﬁﬁed in DCM 38
s S8R TN SG LA IO b ) BN the] GPUOLEE o
598X raotei] 308 IN NaOH (200 mL). The aqueous layer was washed with
DCM (200 mL) and then neutralized with 6N HCI (-40 mL) and the product

extracted with DCM (200 mL). The organic layer was then washed with
water (100 mL), NaCl (sat.) (10B3¥atpldriéd over MgSO4 and then

NG nd e HRMEDAMRSAEM NG MOLeE R BSAHGRY DT RAULS-yTRGRIIAS.

material was sufficiently pure to use without furj[her.&:gurification. The
product, 2-Hethessherdpriimsie varpingrdhyieigicab Ydistted in 47%
yield (2.4 g, 12.3 gamol).

HN
H o) a 18]
O i @»4\/\»4)%@\),()/K
© i
I

To a stirred solution of 4-bromo-3-methoxy-benzoic acid (15.0 g, 58 mmeol) in
DMSO (150 mL) was added NatHCQO5 (20.0 g, 230 mmeol). This was heated to 80°C for 18

hours. The reaction was then cooled to room temperature and the solvent removed under

reduced pressure. The crude reaction mixture was then dissolved in DCM (200 mL) and
washed with 1IN HCI (100 mL), water (100 mL), NaCl (sat.) (100 mL), dried over MgSO,
and then filtered. The solvent was removed under reduced pressure. The crude material
was sufficiently pure to use without further purification. The product, 4-formyl-3-
methoxybenzoic acid methyl ester, was obtained in 79% yield (8.9 g, 45.8 mmol).

To 2 stirred solution of 4-formyl-3-methoxy-benzoic acid methyl ester (5.0 g, 26
mmol) in fert-butyl alcohol (200 mL) was added NaH,PO4-2H,0 (3.6 g, 26 mmol), water
(50 mL), 2-methyl-2-butene {11 mL, 104 mmol), and finally NaClO, (7.02 g, 78 mmol).
The reaction was allowed to stir at room temperature for 4 hours. The solvent was then

removed under reduced pressure. The crude reaction mixture was then dissolved in DCM

58~
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To a stirred solution of 2-methoxyterephthalic acid 4-methyl ester (450
mg, 2.1 mmol) in DMF (10 mL) was added EDC (630 mg, 3.3 mmol),
HOAt (2.4 mL, 1.18 10 mmol, 0.5M in DMF) and DIPEA (1.3 mL, 7.05

woBighs-Miéken the mixture was homogenous, a solution of g Rrodyciebss
Preparation 4 (830 mg, 2.4 mmol) was added slowly. The reaction

mixture was stirred at room temperature for 16 hours and then washed

(20@‘@&)"@@@ el POk M%k&b(é&& RLINTNAOHOGLA® N iehoriRedkO8yer was
I(_S‘), dried ovzr MgSO4, flll_éered and concentrated to afford an ester
weBFg

RGP 27d BT ERRb e Wi o' b eadebegroduct
ext@3¢HIENBOBIFA806n IO LIMT: DdfabicToyar stiikatlesolulibed ofithis st€n 00 ml),
d 04q,.1.8. )i 1 t QC dded th
NaG B g0y e Mk A e e R AR under
redypad praskede. THe wedsathiwis yemsvddicady thecrbastionithoduietheas
purBi 02T OB ISP S doROUN LRRIRRGHAN VRS AWaNAReA IR 479

_ IN HCI (aq) at OC until no 20 more bubbling, stirring was continued for 10
vielth{@ités | 78BNt was removed under reduced pressure. The crude

PR g e e s e R i
100 mL sat.) (100 L dri ver a iltere
21 A s e e Sl A i T
moslfficidfh iy PMFE) tordIBEHIHO R folltH 26 pomifich tioMhdhéatcaiokpraduct
ined.in 89%.yi : M - My H+] gal
ror R SRR R fachuB et M R A
sloyshpdhbe (racHE: B IR DTNt (2Emseppgransdend § beledp s
wadie0uit2k are TR P PRAHEBR bo Ynﬁ}mmql)aﬁﬁ ﬁ'ﬂé’e ﬂy,tmwm@gﬁ%g
e

- sulfur trioxide-pyridine complex (240 mg, 1.5 mmol). After 30 m(i,nut_es t
G M B 575 HeksERERtRe [92EwS A 5o Rg g S s
(1.6eparstetntie Mganic [ayerivasdeiethovarVoBO4sditereouandstises.
aldehyde, product was used directly.in t ext reactiqn. Usi
o e SR i P % o
0°GheprotiedtoéReepai@tiph, 3, merifle Tdiowpedibd WiAthreparet, MSnnial, 1.0M
. for, - (087738 .PCT1 005/007988 .
i R S o O e A b L R0 0y stre
roofefenpentsutostihiing (Ree apisitoptians ausnahgd ndbeth B GhadplibWihgntil no

moFOMBIHAESYRIR RIRRR TR TPIE MR« BiRReRylgmisarhanvcaasiter
-(2-{[5-(4-carbamoylpiperidin-I-

1
redyaerb RSO PHG USSP B ARHEHRG AT S B BEAGH A it drand jprashed
with2ézrdM 1o0HA] caled feaG IBbMALND Q1lidd 604: 31 8N dR0%e. filtered. The

solvent was removed under reduced pressure. The crude material was sufficiently pure to
use without further purification. The alcohol product was obtained in 89% yield (831 mg,
1.6 mmol). MS m/z: [M + H+} caled for CypH3sN3Os, 517.6; found, 518.6.

To a stirred solution of this alcohol product (78 mg, 1.5 mmol) in DCM (2.5 mL) at
~15°C was added DMSO (130 pl, 22.5 mmol), DIPEA (130 pl, 7.5 mmol). To the
solution was added sulfur trioxide-pyridine complex (240 mg, 15 mmol). After 30
minutes, the reaction mixture was quenched with H>O (~3 mL). Two layers were
separated, the organic layer was dried over MgSQ,, filtered and the aldehyde product was
used direcily in the next reaction.

Using the procedure of Example 1 but substituting this aldehyde product in place of

the product of Preparation 5, the title compound was prepared. MS m/z: [M + H'] caled for
-59..
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Example 17 - Biphenyl-2-yl-carbamic acid 1-(2-{[5-(($)-3-
diethylcarbamoylpiperidin-1-ylmethyl)thiophene-2-carbonyljmethylamino}
ethyl)piperidin- 10 4-yl ester. MS nz/z: [M + 1-I+] calcd for C37H49NsO4S,
wbaRsistound 660.4. Example 18 - Biphenyl-2-yl-carbamic a&idgsz00s/0079%8
1-(2-{[5-((R)-3- diethylcarbamoylpiperidin- |
-ylmethyl)thiophene-2-carbonyl] amino } ethyl)plperldln -4-yl ester. MS
CaaP2T L Hsbird .cRlad fep £36H47NS504S, 646.3; found 646.4. Example 19 -
Biphenyl-2-yl-carbamic acid 1-(2-{[5-(4-carbamoylpiperidin-l 15
ylmethyl)thiophene-2-carbonyl]aniino) ethyl)piperidin-4-yl ester. MS nz/z:
[M st} dadedofotiG3 243N EDUSeHIDB sdbutinkhYD.: Epproypiaid Btarting

ma{%ﬁ’glgqxt: %o}i t%%%%gﬁ %]Né&e{ggel%ﬁgd?e diethylcarbamoyl

piperidui-1-yhne onyllmethylamino}
ethyisipeils-4Bipbenst-2 miscarpantiv aciv] €At oG BoihS4idba3-4;

Eﬂ%@@tﬁﬁ%}%&@%ﬁ@%&é@@ﬂhﬁd}%ﬂbﬁﬁmlﬁ Adber. MS mz: M +

1-(2 %[5 (4-carbamo eridin-1-
"' Lt @F)%W@égzQ:Béﬁ'ﬁoﬁm%g%ﬂamino}ethyl)piperidin-4-yl ester. MS

n/zE[:MmleiF] Cﬁ@dé@l%ﬁ%ﬁ%@a&&l@ﬂpﬂm@w 2. Example 22 -

T s T T—

A-ybestar. VS mifz: [26 TN bﬂ]odaﬁmdﬁﬁﬁ@slza@moa Eahdi6fouhd 644.4.
Example 43 rBipany2 yLeURAMIC 86 1 -(2- {{5-(R)-3-

1-(2-{[5-(4- dlethylcarbamoyl piperidin-
dieq BRfTifoletAIspéHainclcidmmenid-4-yi
esté}z/mhwzllmaiqiw&amﬂﬁsé% éaséoméu@ﬂ%% Example 24 -

S oS B g

yinihtHihiopleehdan- @Bamamiﬁ&a cBidFptattia-534 Rtdrxansple/23M + ') caled

& ﬁe g 1- (2-{[5-((R)-3-diethylcarbamoyl
Orp?lf%er‘f' ﬁg in%%ﬁg )T?Jran- -Carbonyl]amino}ethyl)piperidin-4-yl ester. MS

m/z %@WW@Q@D&/@%@@M #08 2005 /08710883 Hiefloddetbforoy!

I@éﬁg’gY)M%%%af?%y?ﬁ?%%@_nﬁﬁ'@&ﬂﬂ&%ﬁkf@(I’Pﬁ%iﬁe@ﬁg\%-ﬂ ester.
Msylﬁ"{léti[&f ﬂﬁﬁ%&b%ﬁ?ﬁ@h@ﬂaﬁﬁﬁé}éﬂmﬂﬁﬁéﬁ’dm 4-yl ester. MS m/z:

[M +Eibrjplealtd mplﬁﬁﬁhmib@%ﬁz Ma fD@BC[ Wd&ﬁx@mﬁ{ﬂmb
ylm? %ﬁ??%{p?%r 3 rpr%gfc():nac ‘iilz amln ?h’?amo glg%%étM@l &M+
H _'[Ivalad—fej‘ Cs3HpNgQy, 587.3; found 587.2.

Example 22 - Biphenyl-2-yl-carbamic acid 1-(2-{ [5-((R)-3-diethylcarbamoyl
piperidin-1-yimethyDfuran-2-carbonyl}methylamino } ethyl)piperidin-4-vl ester. MS m/z:
[M +H"] caled for Ca7HggNsOs, 644.4; found 644 4.

Example 23 - Biphenyl-2-yl-carbamic acid 1-(2-{[5-(4-diethylcarbamoyl-piperidin-
1-ylmethyl)furan-2-carbonyljmethylamino} ethyDpiperidin-4-yil ester. MS mt/z: [M + H']
caled for CsrHysNsOs, 644.4; found 644.4.

Example 24 - Biphenyl-2-yl-carbamic acid 1-(2- {[ 5-(4-carbamoylpiperidin-1-
yimethyl)fuoran-2-carbomnyl]-amino} ethyl)piperidin-4-yl ester. MS m/z: [M + H'] caled for
Ci32Ha19N505, 574.3; found 574.2.

Example 25 - Biphenyl-2-yl-carbamic acid 1-(2-{[5-((R)-3~diethylcarbamoyl

piperidin-1-ylmethylfuran-2-carbonyljamino Yethyl)piperidin-4-yl ester. MS m/z: [M +
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calcd for C37H47N504, 626.4; found 625.8. Example 28

-Biphenyl-2-yl-earbamic acid I-(2-{3-[4-(4-carbamoylpiperidin-1-

ylmethyl)phenyl]propionylamino} ethyl)piperidin-4-yl ester. MS m/z: [M +
woHdisamtedgor 10 C36H45N504, 612.4; found 611.8. Examplei2®s2005/007988

Biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-diethylcarbamoyl

piperidin-lI-ylmethyl)phenyl]propionylamino}ethyl)piperidin-4-yl ester. MS
H e EdMric ki) satsd §8p @40H53NS04, 668.4; found 667.9. Example 30 -

Biphenyl-2-yl-carbamic acid 1-(2-{3:[4-(3-diethylcarbamoyl 15 = = .

R R R SR A (R
yimietiw] iphenytiiroaloayiomeaQisaNEaty GH8 ot daundI66%0 . MSingAHas + 1)
cal C%r%q,e@%fﬁzsﬁ%g%cg%g;Qgﬁggqéagﬁ_substituting the appropriate starting

S,

materia llowing compounds can be prepared: Example 31 -

BipﬁéﬁW@W&aMﬁ@é@d’mfﬂnw@Mﬁamdjﬁp{i@éﬂiﬁmhmlpipcﬁdim1-
ylm)éi ﬁen Ig Icar%@ﬁﬁyﬁ deinrdeRtaru B XRmnlents ma: (M + H

Sy e
9 4-(4-carbamoylpiperidin-I-
Ca‘%ﬂr’fﬂ’étﬂ#ﬂ’ﬁ?@éré@éﬁﬁm tamino}ethyl)p)i/pelridirll-gf-yl ester;
Elxaﬁa@iﬁ&él ﬁfiamwﬁhzyjﬂ&t@;@am@clwﬁ 1=(2={B4{@;L(¢aﬁliaaﬁnﬁwlpd ipaﬁi@f@-&
m -2-chloro-5-methoxybenzo et mino}e iperidin-4-
o e ARV Ay B ] & to
Cs HA2{{D: [41 M4 chvbrahdayiBiperidin-1-
| henvl . eineridin 4
Rod e AR e e L A
priperidireksibecAnDoirm e rmivekdhrbrimRedepoySststy 0ds axsd et

HHingsstally expressinasionsshiwaas hM1, hM2, hM3 and hM4

muscarinic receptor subtypes, respectively, were grown to near
conEREIF A e R RS B SBE WO a6 hvicatbomoyl

pipEHITHU SZ0HOIOABS1 Ihtbhibbyiarhzhstgplaipaitiediwity 116% FBS anel 260+
mL.G icipn. Th s wer nina5% C02, 37C incubator and
ﬁ%é%?&%%ﬁ&%ﬁ%ﬁid %‘é‘?&%@wsre collected by 5 minute
centiifngationare80ck gearibieddiFpsatietslwebetititineg Gomprntnsiting
matG 9 QLS IR WEEBRERABL fapargiately. For membrane

preparation, cellﬁellets 5 were resuspended in lysis bufferand
homogei¥ed withrkewslytrslsprasioerisive -tdtptebaravémipgrdink;
yinZfhsEBengs dibuTats)l \piudaimenbeanes were centrifuged at
Example 32 - Biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
ylmethyl)-2-chloro-benzoylimethylamino} ethylpiperidin-4-vyi ester;
Examiple 33 - Biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoylpiperidin-1-
yimethyl}-2-chloro-5-methoxybenzoytlmethylamino }ethyDpiperidin-4-yl ester; and

Example 34 - Biphenyl-2-ylcarbamic acid 1-[2-({2-[4-(4-carbamoylpiperidin- 1~

 yimethyl)phenyllacetyl}methylamino)ethyllpiperidin-4-yl ester.

Assay 1
Radioligand Binding Assay
A Membrane Preparation from Cells Expressing hM,, hM,, hMs; and hvi,

Muscarinic Receptor Subtynes

CHO cell lines stably expressing cloned human hM;, hM,, hM; and hM, muscarinic

receptor subtypes, respectively, were grown to near confluency in mediom consisting of
-H1-
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40,000 x g for 15 minutes at 4C. The membrane pellet was then
resuspended with resuspension buffer and homogenized again with the
Polytron tissue disrupter. The protein concentration of the membrane
westimpessien was determined by the method described in 1G-LemRgnék/@toss
al., Journal of Biochemistry 193:265 (1951). All membranes were stored
frozen in aliquots at -80C or used immediately. Aliquots of prepared hM5

HARGEPID! sHSIBREMESWYE! 0oy FIRasd THiaeiinr o Retkin Elvesandere

o RELLb o Sy ek TS AT A EH LR Blaca BT
coilastsa)tgzwggrmperéemmﬁmgmz&eamom|g,ramlerqﬂl @hékaﬁmxwretathasﬁaged frozen at

80?/](%' f mﬁ: %1%% 3L7 E%H%BE% %&bixe%ﬂ‘a?x ﬁgﬁgﬁ t&?} %Mljets

muscarlnlc subtype were di n assay bu

Werm@h@smnévmgigyé@ﬁ&emgﬁw@%méhtﬁmm%mwOQG%Qefor
distiMd dQaln eI M L0285 D Ton 2N 3, dOselichfes M4 canfldBed 2t

for 1IM5. The membranes were briefly homogenized using a Polytron

40,984 x& s rtpieipies abddnddPpmsmibrass as st sanit e stdrdguin
resﬁkﬁﬁiﬂgﬂuﬁlﬁsafﬂﬂdﬁi@mm&a@ﬁ walh s aidhersadigtigatichwese The protein
conpe%@g“égd %Lfnﬁmég%h ;f;“ Scopalamine 1 g¥é§£‘48t%d§ SBHENMS)

arm aC|a tech
Lomcanqr@,m@amlﬁﬁgm@mm d@ém@ét(d)aé Pandyihgdndrreged 0tmmazed

fro 94 é’l‘f#&@%‘@‘%“(‘?@} asArmonideiernin g% A o ’%ﬁp\c@&ﬂ%ﬁﬂ

compounds were performed quqg and eleven di erent
meRHEPBSHEtPISkTed diFstibngo i Ebnmondaordad Rginpatil use.

dissolved to a concentration of 400 pM in dilution buffer and then serially

diluted 5x with dilution buffer to flnal concentratlons ranm from 10 pM

to 150 pMERHO L E SRGTER ASsy DMK S SRl Biach APl M.

foIIows 25 M3 sadsokidaviel, 25 L diluted test compound and 50 L

nes. AsSs Glates were incubated.fo nutes t Blnd ng
gl et el s A ST

asspyatekifRarkifE nter (HEQ Wéméyammmtﬁrbf frepresaing E%GBMMIHQME,

hvR 86 WALK IRRSCLHHRS ! Wih WasbWiRE L1 BuaM I BREIMRing specific
remove -62 WO 2005/087738 PCT/US2005/007988 unbound

targef LR AP RO (e Al O it A s 0L Rt SLiE 3 G i for

nvscintiflatigrrdnd(PatkinEmer e Iﬂﬁéelmﬁéaﬁeﬁg&hﬂ%a&raﬁdﬁ&ﬂ@ R&EBgenized
well Tpeglates erethe ount klnEIm rTo unt lj

s P S Rl | i PTGy Ry Bt Saiuan.

bmdn@yﬂ@ﬂebfmdntmwmajﬁesa@mf&h&admﬁg&@w@apﬁﬁa&@mng L-[N-

meas}rtvgﬁf Jg%%ﬁ%%ﬁ% %ﬁ@mﬁrw BRI (AMRINIANE sham

one- mpetition mod K: values for tes compounds were calculated
Pharpwpia Biotech, Buckmghamshlre England) at concentrations ranging from 0.001 nM

to 20 nM. Displacement assays for determination of X; values of test compounds were
performed with ["H]-NMS at 1 nM and eleven different test compound concentrations.

The test compounds were initially dissolved to a concentration of 400 pM in dilution buffer
and then serially diluted 5x with dilution buffer to final concentrations ranging from 10 pM
to 100 pM. The addition order and volumes to the assay plates were as follows: 25 pL
radioligand, 25 plL diluted test compound, and 50 pl. membranes. Assay plates were
incubated for 60 minutes at 37°C. Binding reactions were terminated by rapid filtration
over GF/B glass fiber filter ﬁiates (PerkinElmer Inc., Wellesley, MA) pre-treated in 1%

BSA. Filter plates were rinsed three times with wash buffer (10 mM HEPES) to remove
-62-



10

15

20

25

30

observed IC50 values and. the KD value of the radioligand using the
Cheng-Prusoff equation, (Cheng Y; Prusoff W. H. Biochemical
Pharmacology 22(23A:3099-108 (1973)). Ki values were converted to pK;
wovaltestagetermine the geometric mean and 95% confidengerif3iniensadss
These summary statistics were then converted back to K; values for data
reporting. In this assay, a lower K; value indicates that the test compound

mﬂb&&cﬁrhﬂ@?&ﬁbﬁﬁd i Bgmiag‘wiy fiosmthie aseapian Jﬁﬁlﬁdi\/ﬁ@h@éﬁﬁﬂ’lﬂﬂ Giqihe
. ounds,of Examples 1 a were found to have a K; yalue, of less
s b R o L AT aF e S e iy

werkdbay @WiisscarinieReddpioriepnotigiguRbsemtii Az saysuAleB{Betkanitlafr

m&%@éﬁé&bﬂ?%%ﬁdﬂﬁﬁ%? 8&%%@65@@&%‘9%%&% %Q%QSQ?& Qﬁ?%&stl}%h

functional p cy of a test compound was determined measuring the

the ST e sestebmaponrrk gt feer ket reptoraie-lnpibleifgorsiolwsing
theSRAineehEHME ACaIdN ARONIRE HOHH salis SRressing i bM2 from

rece i r. CAMP as?says were performed.in a radioimmungassay format

obsqEvRE e EINMSHAtd P alenpivecl s dadiirrnigtRe s (Srdgfusolt equation.
(Clwith 25 PGANIFWNE i SMBQ0AB idbinedlint ppee Wi SEIRTas 18y, K; values

Boston, M cording to, the manufacturer's. instructigns.,Cells.were
e R TS S RN O DEIREETA S 0eh (ODagRCe
interyplsinh&8 snivinRD) Tyt gt od osurted iotiver@d b@ltark aathdd émbersme
repbfigigaration section above. The detached cells were washed twice by
centrifugation at 650 x g for five 30 minutes in 50mLs dPBS. The cell
pelld? {isaian AdosRidentdit indicetat s B1s, s gemposaidaser Bisherhigling
affitith &GauttRedbBaklP ariclextanpniend BasknaRlauliampielarton.2 Gade

T ells were centrifyged agajn at 650 for five minutes and i
fod G e VS R D TRAY 1 M L3 OB 6794 g
this &8x 106 cells/mL. -63 WO 20051087738 PCT/US2005/007988 The

test compound was initially dissolved to a concentration of 400 M in

dilution buffer (dPBS supplemented with | mg/mL BSA (0.1 %)), and then

serially diluted with dilution bufferAésfiidl molar concentrations ranging

from 100 pM tq@&a%@eee&ww%m&%&%&i%%§§aykar manner. 5

To measur oxotremorine inhibition of AC activity, 25 gL forskolin (25 M
ATiWery SN .' i) ) A o 391

) (i

final*concentration : aly
cellgmiie asdethtofunctional potency of a test compound was determined by

measuring the ability of the test compound to block oxotremorine-inhibition of forskolin-

s

F1 b by Iy £ 1] =V Y
CITO C C i (D CHTCh OO0 >,

mediated cAMP accumulation in CHO-K1 cells expressing the hM; receptor.

cAMP assays were performed in a radicirnmunoassay format using the Flashplate
Adenylyl Cyclase Activation Assay System with "*I-cAMP (INEN SMP004B,
PerkinElmer Life Sciences Inc., Boston, MA), according to the manufacturer’s
instructions.

Cells were rinsed once with dPBS and lified with Trypsin-EDTA solation (0.05%
frypsin/0.53 mM EDTA) as described in the Cell Culture and Membrane Preparation
section above. The detached cells were washed twice by centrifugation at 650 x g for five
minutes in 50mLs dPBS. The cell pellet was then re-suspended in 10 mL dPRBS, and the
cells were counted with a Coulter Z1 Dual Particle Counter (Beckman Coulter, Fullerton,
CA). The cells were centrifuged again at 650 x g for five minutes and re-suspended in

stimulation buffer to an assay concentration of 1.6 x 10° - 2.8 x 10° cells/mL.
-63-
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agonist assay wells. To measure the ability of a test compound to block
oxotremorine- inhibited AC activity, 25 L forskolin and oxotremorine (25 .M
and 5 gM final concentrations, respectively, diluted in dPBS), 25 L diluted

wéeabsamprund, and 50 L 10 cells were added to remaining @spay ki ross
Reactions were incubated for 10 minutes at 37C and stopped by addition
of 100 L ice-cold detection buffer. Plates were sealed, incubated

overpight ALRABIG MR AIHALANL AR NS08 MOTINGIBNRY in dilution

PerkinElmer TopCount liguid scintillation counter (PerkinElmer Inc., .
bulfe RS, sl erted ik ror eV el tptiomn el eed with
dilatteitais hosed eotheaaunimohsengthiontthe samplesand MaMP

standards, as gx?s%gbed in tli1e manufacturer's user manual. Data were
Oxoire ona 'was d1 Ft i1l A similar manner, . : .
analyzed by nonlinear regression analysis with the GraphPad Prism

SoftiWarespaukagettGrahP diSiiwefe) Irm:tiBan Tegofoth)ingR g iHefinal
coftUNHIRRA JRAERSH! 81913@5}% e, GamPeLugR Aol I §§ E%hgaﬁ'ﬁ&lé%ed to

equation was used to calculate the K;, using the EC50 of the oxotremorine
2z HcEatishs2( pasptse he ARl aith Y xesramErht Rliegk oxotremorine-

inliBREEAICALANBS M KRR ikl ak8 SREEUHRIVinT 08 KiVAMSSIVEIRal
converted to pK; \(aI?es to dgtermine the geometric mean and 95%

conesIGERES: TRTRFTRIS M lned i ER) s idndl iRt éctherrusndrang s

cellie Werealdbsi forretatmireportiygvdisthis assay, a lower K; value indicates
thatfgeet st compound ha igher 25 f ional acftivit th cept
.aggons erg 1nm~1gated's fa(éjrq muzxes é{"%ﬁb‘?ﬁ:%% \sN %gg\é(fe%;[ és%(ilﬁl #I) 391’100

teste Xemplary compounds o e Invention
nldssap)dysicatigniariéeto felte havealkd, vatub ¢ dass thight abovin emipkfamre

an@ l&&ﬁﬁgﬁﬂé Qé@tﬁ%f}ﬂﬂggﬂ rérp@fﬂﬂﬂiﬂﬁgp Eﬂ%‘&im ?ﬂ'@l@gcﬁﬁiwﬁ%on counter

accumulation in CHO- Ki cells expressin hM2 receptor. For example,

(PeRdddmpdiRe WeRssmpd Y whee remrriofitfd B moduged GmekysHawas

caRbRi DAY 3 Be Blaskasin @i Agenist %%M@%&M@E%@aﬁ@ :jilﬂ’kﬁké@ribed
second functional assay, the functional potency of test compounds can .
i Qg rasal 5

in e RN bR T IR iy B YA CoragBURG T piGER™ wavsis
witx e rapiRedSRimsul stedivade pAH 20 (A 8IPASS PG4 S200 SG07RE8, CA)
nsHR BE b YRR NG LG %Qé-'élté"éﬂﬁlfé%&fgé %gl%&&l%? h‘i% @%‘?%%&%P“e
time of use, frozen membranes were thawed and then diluted in assay
eqpiffaY Wasthsediinaielavdee thake eonedmitiorrbis-oRof protEia pucordlption-
respORsE QMR ANEH VIS QHSHYNRMQIeRIZRG N gsaRatyieR [, 24 ctively.
tissue disrupter and then added to the assay. 5 Plates. .
The K;values were converted to pK; values to determiine the geometric mean and 95%
confidence intervals. These summary statistics were then converted back to K; values for
data reporting.

In this assay, a lower K; value indicates that the test compound has a higher
functional activity at the receptor tested. Exemplary compounds of the invention that were
tested in this assay, typically were found to have a I; value of less than about 10 nM for
blockade of oxotremorine-inhibition of forskolin-mediated cAMP accumulation in CHO-
K1 cells expressing the hM; receptor. For example, the compound of Example 1 was

found to have a K; value of less than about 5 nM.

B. Blockade of Agonist-Mediated [>°S1GTPyS-Binding

In a second functional assay, the functional potency of test compounds can be

determined by measuring the ability of the compounds to block oxotremorine-stimulated
64
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The EC90 value (effective concentration for 90% maximal response) for
stimulation of [35S]GTPyS binding by the agonist oxotremorine was
determined in each experiment. To determine the ability of a test
wgaposnesto inhibit oxotremorine-stimulated [35S]GTPYS hipgingdihioross
following was added to each well of 96 well plates: 25 [LL of 10 assay
buffer with [35S]GTPyS (0.4nM), 25 L of oxotremorine(EC90) and GDP (3
[35Hﬂﬁﬂ&ﬂbﬁﬁﬂi§1ﬁe¢m§ﬁ@péﬁnﬁém@£ﬁgélé IRQeegllorembranes
expr Eé;tthe hM2 ’T% or The assay pla"ﬂ s were then anubated at
37C 10r'60 IR S TR Sh I PRIRRSS W&t angyBrm gyuied in assay buffer
Mp@%ﬁ%@ﬁ@ﬁ%@m@ a-Pepigpebnar 96-well Narvesigbrahbewere
ffer f r3x3se ds he air
s P B L R S ey
plggeh well, and each plate was sealed and radioactivity counted on a

topequater{Perido Eimehl Qe Wk anaY 389, uann %@%ﬁ@@)@&%ﬁ&uxmn
o fgg%mwnh the GraphPad Prism Software package (GraphPad

Tehindag byihepecnis ﬁ’é?ﬁ'ﬁ%l%?ﬁﬁf%%?%@eé’s’ﬁ&ﬁ%ﬁ@l@’t@eﬂf
comlatifietarmeiny mm&blﬂm%ﬁ&aﬂpsaﬁda@uam WasiesReiie saleklate

|n the C values 20 of conc ntratio e curve for
[ Sgﬁte& compo%fn %xc?tsrea%onn ﬁﬁ?fﬁéﬁ“ﬁﬁﬁi"& s%@/*gs‘)f
anthEb(wﬁfmi{n]; @W%&m%nmwﬁﬂd@@ﬁm GIp@erM),
ugrindicaiesibal %58%58% 3%ﬁ‘ %Qﬁngr Lsnghonal achvigy at
poun s of the Reﬁ

e receptor tested. xemplary Invention that were

re‘i%%‘i‘é"d saElRfctypEaipeabatsddtd A Bnik nvaniesoT fesstaplates

wab@tc1&l A for BE Alaekase PEexRtRmeiing s iPUBIBY mer 96-well harvester.
@5? GTP S binding jn, CHO Kl cells expressm the hM2 receptor. For
Thepla b”gfj

eﬁé"’ SRS R AT %SCHa%a&W%mé%fvawum
drie@sMnamama(ssnihtﬂﬁnaidﬁi(ﬁdesofﬂgwshﬂded intestCalan %B@k&ﬁﬁﬁw
ia F Mus a, |n|cr to MI
wal @eai’egi aBd'?’ i %Xém co"n% NG R R, L@%?ﬁ)% %’\Qﬁ f?Wé erg @alyzed

receptors), w |ch cou Ie to prote s “Achv ep o
bymarbpertrgRysiprom alyenisttbitity e fted &émpt‘ﬂwﬁwseepmkm (GraphPad
sma&@tqgcpg%még jmegsamsxhlmém ﬁpaﬁées{tp'é%?r) Mitjon

dlacylgicerol (DAG) phosphatidyl- 1,4,5-triphosphate (IP3), WhIC
¢ S TE R ef A00Rf08 Ty e 19135900t O bR B euhart s values

ofltblea:smémmmtr&@ﬁdih&abﬁt%&& iie 1 RPEORIRAMICANhEJELARRIINE
retic FLIPR vices, Sunn ale, CA) assay

On T lﬁ ( CU|
¢ cg?)l}# o &?gsﬂcrség{lsel ﬁ({r!alij P SRs Bglzoﬂsfﬁﬁpgcﬁ‘é{?&?’um
senshtivbisiyesdFladedag; MdlednicReoies thE tgeoenfaftydiak fall]ﬁ»gﬁst:es

ﬁlﬂl’:ﬁ%ﬂ&fi@aﬁﬁfgﬂ %@E@ﬁt&%&@&' t%?e%ﬁﬂﬁ%'e { Ignrcpseoaﬁﬂéeldven 0rr(1a alat were

time b IPR, which detects in ffluorescence from a
tesigd A N pssay. typmally were found to have a K; value of less than about 10 nM for

blockade of oxotremorine-stimulated [*° SIGTPyS-binding in CHO-K1 cells expressing the
hM, receptor. For exaniple, the compound of Example 1 was found to have a K; value of
less than about 5 nM.

C. Blockade of Agonisi-Mediated Calcium Release via FLIPR Assays

Muscarinic receptor subtypes (M, M3 and Ms receptors), which couple to Gy
proteins, activate the phospholipase C (PL.C) pathway upon agonist binding to the receptor.
As aresult, activated PLC hydrolyzes phosphatyl inositol diphosphate (PIP,) to
diacylglycerol (DAG) and phosphatidyl-1,4,5-triphosphate (IP5), which in turn generates
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cells cloned with human M1 and M3, and chimpanzee M5 receptors.
Antagonist potency can be determined by the ability of antagonists to
inhibit agonist-mediated increases in intracellular calcium. For FLIPR

wgoalgitimrstamulation assays, CHO cells stably expressing thedwlshlvkiotés
and. cM5 receptors are seeded into 96-well FLIPR plates the night before
the assay is done. Seeded cells are washed twice by Cellwash (MTX

ca]cﬁbﬁysmﬁhiﬁ%Wiﬂ&iﬁilzlf’é?owﬁﬁé.,(&Q@Mdﬂﬁf@sﬁ%ﬁl&nﬁé@%ﬂcﬂm.
calci id mM probenecid in HBSS without calcium an )
T T S YAl AN a3 i BOHE B R Roge o
inttmeﬁaniai_rb@mu@amm driculyatedsivitie B9 (Wed-6AMPNIbIELLID Prabt(a
EgS OO I 2 MR ARG ACLINANIER: A3 P PHOSRLLONYS: mcasured
. Following the dye incubation period, cells are washed two times with

In m_aiﬁﬁlﬁgﬂélil? iRy vehed sientites shoee i fetieRsepstioniranonolayer of
celERGRAISHDORaRE. WQdloss;danendaptsiinnationnbintracelilal: GaRicy

release for oxotremorine is first determined so that antagonist potencCy can
Gaﬁlg'fs?s%er%%@meta%&&msmmﬁn@ SiRifAeoR R nereases in
intcartehratiCells are first 20 incubated with compound dilution buffer

for 2Q mi followed by. agonist addition, ich,is performed _
R (Rl i e SR e i N VS
andrdvhogcgpterscue segdedHnte Rormeldth 8MRapintasdhd atighticfotioths estigris done.

Sebelawein a?@wé@% oTa %&@@1&9 ﬁi%ﬁ Iigbg%t@lgg ﬁ?&g?%%%%é?ar

oxotremorine concentration of 3 x ECF is prepared in’stimulation plates

(1M {AEPES- B It cOntdiiinn S sidsxaremirietienseidda HPEacrithent
caignl'_alheaaPR DR ORISR mtbiimﬁgwf ok lﬁiﬁ&igﬁﬁl@f%@mgtﬁﬁlﬁﬁﬁfig%ﬁﬂ@PR buffer.
are: exposure lengt .4 secaonds, laser. strength of 0.5 watts,
TH G A S E o AR I ek i s
maBak it imtetes i AGh§ easomidptlide ciRatige inpfiie dscenas: fmiRriod,
I it] ist.. EFallowin onist,stimulati he
e B A S R RSPl R

1 sedérisRPins singreistmotastirdeteserdsomndantfhiiorabdiomoef dicavgBular
CathRehange HliNaeSeen0s i RXRIRRRAL AN TN YBIERSPOR  ater be

minus, baseline fluorescence for each well. The raw data is analyzed

measUiRd PERTL GRPHIFFRCEP I  BE SR B Jtfomy Ggeraation. Cells are first
indiGINI SAADSIOPH BB dtoneebirEiodNONERINEATIBIREHOR Mkt addition,

wGES R GRERS Sy e 0, B0 SRR
to frarptind doigiRdisnihgdihiPih enoxotremvti ned@B fodalimasaiimkBeland in
coleHal PG FEAPICL INAUABO%FAHT RSN AGCGIGIRGIRIN
heng-Prusoff equation (Cheng &

concentration of 3 x ECy is prepared in stimulation plates such that an ECqy concentration
of oxotremorine is added to each well in the antagonist inhibition assay plates.

The parameters used for the FLIPR are: exposure length of 0.4 seconds, laser
strength of 0.5 watts, excitation wavelength of 488 nm, and emission wavelength of
550 nm. Baseline is determined by measuring the change i fluorescence for 10 seconds
prior to addition of agonist. Following agonist stimulation, the FLIPR continuously
measured the change of fluorescence every 0.5 to 1 second for 1.5 minutes to capture the
maximum fluorescence charige.

The change of fluorescence is expressed as maximum fluorescence minus baseline

luorescence for each well. The raw data is analyzed against the logarithm of drug
(56—
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5 Prusoff, 1973). In this assay, a lower K; value indicates that the test

compound has a higher f nictional activity at the receptor tested.

Exemplary compounds of the invention that were tested in this assay,
wdypiealyrwere found to have a Ki value of less than about 18dMid@s0s/e679s

blockade of agonist-mediated calcium release in CHO cells stably

expressing the hM3 10 receptor. For example, the compound of Example
conk¥as ol ny iRdavaradiiaaive wilessatheadaout EaMHPEdIRRMESe, Inc., San

.receptar. Ass Determinatign af Duratjon of Bronchoprotectian i
Dl B 66 P REE A AL LB BTER oA AL s o
detienvivodiss &yl wassuseididoagsassrthe e chop estéetiie affbitis abtestiorine
ECGOmPA A X URAG AR SRUS B S O AIAdAEl AL RS, of

¢ male glinea pigs (Duncan-Hart?ey Hsﬁ%c:DH) Har%ﬂl\él, I\?I% |son,%WI)
PrygaifHifébetween 250 and 350 g were individually identified by cage

cardg, 18 JBEOUORRKE Revaindmarimalawere riowethacseaadle iaadand

water ad libjtum. Test compounds were administered via_inhalation over
Rneh R G 2 e REIBETy R o Sorre S GO, YRR NiIHen S were
tes@dnoshi€ sy erdadipgrehainber s\liere adiiangecthsteih danbarosd hivibsr
simyltaneously delivered to 6 individual bers f a_central
B e S R RS S B et
recBtophitsiecpnmpieTthe seraprasbly Weraplerderatelddndiicdgueods sdlutiohksss
thslﬂkﬂg\@@ W Mﬁﬁ@u}%ﬁépt (Model 22F51,_ PARE Respiratory
Equipment, Inc. Midlothian, VA) driven by a mixture of gases (CO2 = 5%,
02=21% and N2 = 74%) at a pressure of 22 psi. The gas flow through the
nebulizer at this operating pressurg ywag gpproximately 3 L/minute. The
generated aerosols were drjven into the chambers hy positive pressure.
No diloEiSHAP P 8L DRERT ARt FRE heR als o CmEn et
During the 10 minlide¢tgvlibliniscind aqor BrionaialyohBrinticaf solution was
nebulized. Thi imetrically, by _compari rezan
ost L5 i S SR AU eSS ee e erae
comfeppsipprhivtaaipeinstisiadvamistceredsspishpeiaiion were -67 WO

2009083 BEMAHSANR/ BREIBRneYARIRE UEIRE WD) R8dYan,
plethysmlggraplhy atl.5, 24 94% Sz;llnd 72 hours%gst-dose. Ifcf))rty-fi\z;él

MidiiRie ¥ DhBF i it betireor4hE Bidinsharyesvdator badriirb iy faee cards.

Thwaglene sthatizedulithBrviay amysal izt dyaotiodaindeiaming: (3.
mg/k.ggiitx lngIQl?n '\%(e)rtren Ill(lglzlgtglde(? %Ezp{rﬁa%%%g]neo ]él“OIBO Tn%/x%ggs éfge\{rltlg?ewbody
surgical site was shave

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. Guinea pigs were exposed to an aerosol of a test compound or

vehicle (WFI). These acrosols were generated from agueous solutions using an LC Star
Nebulizer Set (Model 22F51, PARI Respiratory Equipment, Inc. Midlothian, VA) driven
by a mixture of gases (COz = 5%, O2=21% and N, = 74%) at a pressure of 22 psi. The
gas flow through the nebulizer at this operating pressure was approximately 3 L/minute.
The generated aerosols were driven into the chambers by positive pressure. No dilution air
was used during the delivery of aerosolized solutions. During the 10 minute nebulization,
approximately 1.8 mL of solution was nebulized. This was measured gravimetrically by
comparing pre-and post-nebulization weights of the filled nebulizer.

The bronchoprotective effects of test compounds administered vie inhalation were
-§7-
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5 and cleaned with 70% alcohol, a 2-3 cm 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
wDinlkinsong Sparks, MD) to allow for intravenous infusions pf#&gdrees/eo7983
(Sigma-Aldrich, St. Louis, MO) in saline. The trachea was then dissected
free and cannulated with a 14G teflon tube (#NE- 014, Small Parts, 10
evaMidivsBkeshble)bditaslumeshanasiiiesia syas maimaineddiysadditianal
intr scular injections of the aforementioned anesthetic mixture. The .
o T AN GRSl R e e e e
wasteipsibbingdovith pawmtomiftieel respiciion fiattewis ¢8 atemlEn).100

xy}%ﬁ@t@é@ PHQ}EF %&%&é}gﬁo‘iﬁﬂ?ﬂ&?%%ﬁf CoRRSie: -@Qi_g?@l WRShaved

placed into a p gthysmo raph 15 (#PLY3114, Buxco Electronics, Inc.,
andsiransnd, WOih) ‘Hid deobebprag ca prdbiseiecésan glihprripbametishthe neck

wal GBS AReSRAEKS MP) WAS/ RSSHIAEd A eassR RH e ARG d
pressure (pressure). The teflon tracheal tube was ttachﬁdt the og{ening
8@ !

polypRdNA YT RapH (o SIRWHHE S IeR B 10 B IRACTE S B HSH
infiidsidel thelclsimben Bheh hamhdy, WEG) thenldealdtie Arhvbatingdahep was
. US ) maintain b temper. nd.the i i9's Wngs were
dls?ﬁ?%%eséoeg ﬁlr]ﬁec%lt’%g} %thgg a%{gs%%%tf%ehéﬁq(% i@féa?’t%rg@y%ilngé (#5520
Migweirfeskdsidiis) Rifdoipirek anssibaSinyy ¢ O anstby tdditihpaldnismatismays
injélitbnobalanse.angihalheanimalaid.not priigsfiopr lypagntiation.

Once it was determined that baseline values were within the range 0.3-0.9
mopiorsihang eslivsted i Pramimalfasprmipliteriankjanct i vay enifithrarmgiraton
rat@fReirsaepndanesisianragidie. pulmonary evaluation was initiated. A

Buxco pulmonary. measurement computer progam enabled the collection

SRS BT ST AR BRatFar I & (g ograoh
(FRXpEY irheitakp idtadoeider Idatd bateg 1), aidencisapigesahpreisumecovesla

[ t c within. t t i ..
L, Mo E) a'%%%?ﬁé%%%‘ﬁﬁ%%%?éﬁ%“?ﬁ@%ygiarg*&er
pregpues @raostiehstibertdlondrnborlivle came altachride dhe Arspegel s
plcRigaabegathesuihiR e dmRRans AHHP GBS SRUASANAREES 1Y RIEY& e The

collected using a Sensym pressure transducer (#TRD4100), was

chapbiF TS dhoin S o ARR E%)"ﬁ?&é‘?ﬂ rSﬂﬂ%?‘fBaﬂl&’&@’ tEoiRsEriwe and the
guiide FRCe IihgsSI3Hibirnd Ghd38ikB) All othedr pulmandrnpatdithetérs syringe

sl N i e T U B e
coliprismangidetiteranhaldidget switkr ACHh. aBhentiiatgimL) was infused
intrayGROHSHALQYt JIIRKE H{RM:Retine values were within the
range 0.3-0.9 ml./cm H,0 for compliance and within the range 0.1-0.199 cm H;O/mL
per second for resistance, the pulmonary evaluation was initiated. A Buxco pulmonary
measurement computer progam enabled the collection and derivation of pulmonary values.
Starting this program initiated the experimental protocol and data collection. The
changes in volume over time that occur within the plethysmograph with each breath were
measured via a Buxco pressure transducer. By integrating this signal over time, a
measurement of flow was calculated for each breath. This signal, together with the
pulmonary driving pressure changes, which were collected using a Sensym pressure
transducer (#TRD4100), was connected vie a Buxco (MAX 2270) preamplifier to a data

collection interface (#’s SFT3400 and SFT3813), All other pulmonary parameters were
-68- ‘
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syringe pump (sp2I0iw, World Precision Instruments, Inc., Sarasota, FL)

at the following 5 doses and prescribed times from the start of the

experiment: 1.9 gg/minute at 5 minutes, 3.8 gg/minute at 10 minutes, 7.5
wgaiRRtiesat 15 minutes, 15.0 pg/minute at 20 minutes, 3@HgiRiIbEREbss

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

had not returned to baseline values at 3 minutes following each ACh dose,
defhRgatiganei@ swiungswvere inflated 3 times with 4 mL of air from a 10 mL

calibration syringe. Recorde monary parameters.inclyded. .

oA R o ) PR Pes R CRE G i e by s were
chpiidnpedavitie’sidiaaeh(@in H20hbjlwpe rdesoholr Oaseishefpulmonaty from a

sﬁﬂl’%%}‘l{}n?@%Eﬁ@]%&?l&’%@c&%ﬂ%@ﬂ&h@] e SR Ah ISPy POk WSiving
guin€a pig y

as removed from the plethysmograph and euthanized b

dogaysah pRsRIded Ssp i Hiemhal gathsranreanaiated ropEYEe BoiHmaputes,
3. 8Ne/RlRwing YiRwsnhes(3)sRidmanand esisianes: (-0 Gy b0k Refinutes,

second) was calculated from the ratio of "change in I|%res_sure" to "the

SOoAEET Hotw, MFHERE LS BHERY AR RSBy, IifBSWﬁE"(‘?o‘?ﬁﬁ?HEﬁi?BPe
hathgovehtigiecans sheliastvatmpodndigiayFsiidvinmesn AChdespdrsguiitea pig’s
vehicle-treat imals,.at each pre-treatment time, .was.calculated and
R SR R
puretrep et daeinaiead epste A0rcbrpowrd(bicshsinhibitidrrompliance

(RIS FERPPRRF RGP Rl e EAEbIYR, ?eﬁoéérg&?c{ﬁ ({E’é tﬁ%%&al%ﬁonary

equation using GraphPad Prism, version 3.00 for Windows (Grap )
fungliopanress Semmie Jorouimpiaiel raksate trEHeREP6cFEISe Pig Was

refSisR RaHinedirdnRibithen At (EQ8aIransheesnal isigrrashense
by 50%). The equatign used was as follows: éf Y = Min + (Max-Min)/(1 +
10 ((I fﬁ‘éd‘-’%?‘? EHESL e R?é?’tﬁ RIS RS, v is the
respasse (%odhdnitignesistaie iducadiftied seerseBinl) YrataribabMintom the

_and approaches asymptotically.to Max with a sigmeidal shape. (b).T .
09 AARIECRERASKIP ARG IS SATIRISZ0R0% 1D g/,

Iheedcnputedsoraiyoinblisly TdHe trs ctimp pufeieany. riEkiseete) Watesponse

inCRlpIRREaHRINGihAs 30 QriMpaaLfssiniaRce vAluaRserveR dramdtifcompute
flow and the pressure over a range of ACh or histamine challenges using

YO SHBAPARHCH S ETRPOU Hn P S e ke 2t63Ch kifate
cdipdindalues deseitiaddasdragieancihemakic ‘BoTietye Srddetities folr parameter

mmgéhach%lgne asnd P@er ise __aIIer?l%e tesir}%)- _19§,9.,4m J&%%%@Céié%%& e
fet TBE1904°88 Weras 16877 58 BE SIS H0d8rI6 75 12660:
SeD3egqtibipfioy G bstilalg BencHogr@dji2REDsR@Pse required to iphibit the
ACh (60 pg/min) bronchoconstrictor response by 50%). The equation used was as

Y = Min + (Max-Min)/(1 + 10 {08 1PS0X)" Hilslope),
where X is the logarithm of dose, Y is the response (% Inhibition of ACh induced increase
in Ry). Y starts at Min and approaches asymptotically to Max with a sigmoidal shape.

(b)  The quantity PD,, which is defined as the amount of ACh or histamine
needed to cause a 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 or
histamine challenges using the following equation (which is derived from a equation used
to caleulate PCyq values described in American Thoracic Society. Guidelines for

methacholine and exercise challenge testing - 1999. Am J Respir Crit Care Med. 161: 309-
-G~
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R2-RIl where: C1 = concentration of ACh or histamine preceding C2 C2 =
concentration of ACh or histamine resulting in at least a 2-fold increase in
5 pulmonary resistance (RL) Ro = Baseline RL value R1= RL value after
woGdsRezRL value after C2 10 An efficacious dose was definggdas.asoss
that limited the bronchrestriction response to a 50 jig/ml, dose of ACh to a
doubling of the baseline pulmonary resistance (PD2(so)). Statistical
3295@9{)@'_ of the data was performed using a two-tailed Students t-test. A
P-value <0.05 was considered significant, 15 Gene lest compounds
having a PB2¢56) lesidebdogaut-200% M- f8EA :
bronchoconstriction at 1.5 hours post-dose in‘tf ay are preferred. For
Wheggh mple, the compound of Example | was found to have a PD2(so) less
thart; ahout&ffitiginl AT histatpegisredolnConstriction at 1.5 hours
postgesgnéhdasay o AbalationdaitiraasRigngat vatientAsfylditineae in
pigs (Ch@ﬂ%ﬁw;éguihﬁ&ew, MA) weighing 200-350 g were
acclinatadste;theinshause guinea pig colony for at least 3 days following
arrival Jkest camaounad or vehicle were dosed via inhalation (IH) over a

10 mihutg™t ioqun a pie 25 shaped dosing chamber (R&S Molds,
San Carlds, Ly e

est solutions were dissolved in sterile water and
deliveregiising e fepulizer e
in the in

SelgishugnoashuiaL el 0 s o desge sl e

a . ) uring this

resipnes uirfdargint dsecofesticied dodhinged GEdpprinermutelgnanoreaystanse

(Pﬂ'%i()§)§pace was adequate for the animals to turn freely, reposition
tﬁemse]ves, and allow for grooming. Following 20 30 minutes of

acciisisBer gamedsnbliniia srpssdaBedi sty s RN Aors
A BlaubebulizesssehiMadel22iakaPART Respiratory Equipment, Inc.

Midlgthian, VA) driven by house air gt a prtessure of 2 I, Upo

e Ty e e U
ind48cdbroddhreaftbidtivaten érithonds WE-208510 817 38 BCTI S Re68/007988
exd lﬁ,eélg &?gﬁﬁkﬁ?ﬁ%ﬂﬁep&&efm Beie J%'{g . )W:gg' 1Ak about 200

INtramuscu
pg/mL for ACh-induced bronchoconstriction at 1.5 hours post-dose.

Assay 4
Inhalation Guinea Pig Salivation Assay
Guinea pigs (Charles River, Wilmington, MA) weighing 200-350 g were

acclimated to the in-house guinea pig colony for at least 3 days following arrival. Test
compound or vehicle were dosed via inhalation (IH) over a 10 minute time period in a pie
shaped dosing chamber (R&S Molds, San Carlos, CA). Test solutions were dissolved in
sterile water and delivered using a nebulizer filled with 5.0 mL of dosing solutionn. Guinea
pigs were restrained in the inhalation chamber for 30 minutes. During this time, guinea
pigs were restricted to an area of approximately 110 sq. cm. This space was adequate for
the animals to turn freely, reposition themselves, and allow for grooming. Following 20
minutes of acclimation, guinea pigs were exposed to an aerosol generated from a LS Star
Nebulizer Set (Model 22F51, PARI Respiratory Equipment, Inc. Midlothian, VA) driven
by house air at a pressure of 22 psi. Upon completion of nebulization, guinea pigs were

evaluated at 1.5, 6, 12, 24, 48, or 72 hrs after freatment.

TG
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injection of a mixture of ketamine 43.75 mg/lcg, xylazine 3.5 mg/kg, and
acepromazine 1.05 mg/kg at an 0.88 mL/kg volume. Animals were placed
ventral side up on a heated (37C) blanket at a 20 degree incline with their

wdhgaddgragownward slope. A 4-ply 2 x 2 5 inch gauze pad gNpfeazR07988
General-use sponges, Johnson and Johnson, Arlington, TX) was inserted
in the guinea pig's mouth. Five minutes later, the muscarinic agonist

pilocAkRIAG: £3 VRAKGIREIT 3B SRkIHTSiaNe thang tighgalme-packvas (IM)

. . immedjately discarded and replaced by a new pre-wejghed gauze pad.
i AR KT IS e 5 S b IR e e
1.05veighedtand $remdiffegandete. weighteeerdptiteddetsrmisidanpg difa heated

nt of acc lated saliva (i .Ih an amount of sali :
o7 SR SN B 8 TR PR Aoty 232
inckgrugo uad Wad calot{atectalFhee vpbricks.gdumsonredr ebascoohsliwied. (6 Pevas
insé@e%%%ﬂéic\éﬂﬂ%g é)%esf‘ Wiaers ralciaied usingd ﬁﬁﬂ@i@ﬁ@@%&ﬂisﬁ? A Rarpine

greater). Confidence intervals (95%) were calculated for each dose at
G.Caeiani)pasedainstwedand thaews rrh v sascdiadhgtimaisd rddn
repgbtﬁa%% HoE&H 5&@%%@&9@@% @B@ﬂiﬁgﬁfﬁi&ﬂ@&@@ fot aé)tiﬁmm;mi@mch
.drug effects in mice by antagonism. against pilocarpine-induce .
POl e K BETFAUET FOM S R SERF PRI B A et b
amsatival icmehitiest eslied (am'm@lsjl‘hb_ ewah mreaiﬁ_nﬂi}tatimﬂescwd&or animals
recSAGAAE S And usad 10 compute 2 Inhibitian of saliafion: 3G chicte group
corrégsponglng pre- treatment time, at éach dose. Tﬁe inhibition
megio3asr espridrieddatbelr fitedicl aboa. R asils erarrdcatdtsgissimp isalioneans (n
= 45IRg AP RRAE RHSMnIEISIO (3R f Mindews: (GrariR e ROMRISne

San Diego, California) to estimate anti-siala, %%ue IDsciﬂ%dose required to
POiHHBRESH9: BHpIOES ;ﬁheT@%‘Pi’@éeéé?ﬁM% ESnHIRUREBEFNES as
des‘@ﬂsaah | Sh‘Rﬁ‘cﬂYHﬂ +Kblizbedibin gfflmﬁam)ﬁ@@@i?waﬂrg)smmap@}aewpamﬁdﬁsm
the logarithm of dose, Y is the respopse (o/ inhjbition ofsalivati
St ST SRl Ao TR T it S
shafite Thenatioaht tfeait sialegoguecHBSainpienaraphgiactivetiBbtime,

wal BRI, SRR NG, RRAATERIHAY SEIGRIMINNAe Al dREBRking pre-

compound. Generally, compounds having an apparent lung selectivity
reghent Graater s abbul Bearbipiate fess-rep s eV S s d i afome
paeaiBiReWLEE Bxampladhiadraphapparant vagise ot ity WHRK GseatephPad
S 30 than about 5. -71 WO 2005/Q87738 PCT/US2005/007988 Assa%? - hibit

ofrtacBIteEm d R Bap I ST RE EpdHLE S CaEs Pyt

50Hedlflipcagiit-aaleSpidgiied)abieguitiea pigbyHardhlbwlianapolis,

IN), Y = Min + (Max-Min)/(1 + 1) (o IDS0-X)* Hillslops)
where X is the logarithm of dose, Y is the response (% inhibition of salivation). Y starts at
Min and approaches asymptotically to Max with a sigmoidal shape.

The ratio of the anti-sialagogue IDjo to bronchoprotective sy was used to
compute the apparent lung selectivity index of the test compound. Generally, compounds
having an apparent lung selectivity index greater than about 5 are preferred. For example,
in this assay, the compound of Example 1 had an apparent lung-selectivity index greater

than about 5,
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weighing between 200 and 300 g were used in these studies. Under
isoflurane anesthesia 5 (to effect), animals were instrumented with
common carotid artery and jugular vein catheters (PE-50 tubing). The
woCallaleragvere exteriorized utilizing a subcutaneous tunnepia iReses/eo79ss
subscapular area. All surgical incisions were sutured with 4-0 Ethicon Silk
and the catheters locked with heparin (1000 units/mL). Each animal was
administered saline (3 mL, SC) aggggyegad of surgery as well as
buprenorphine (0.05 mg/kg, IM). Animals were 10 allowed to recover on a
heatM§hachplins-dnirg REBFEWISEerHsIn G rIsHRs ApHrstitigtery
18 tpeihguimliohandipsyigedyrihy aninoalsi wareweighekansiE)eN),
weietd arens salnelesan.cach animalyas connected o a tansducer (et
coraing’ artérial pressure. Rreha pressure ANd heart rate was recorde
(to effing) ceBiopaowiP itgoutatrdsititreSysteme et attyyens! dilpwed e

catﬁﬁswﬁe.ﬁlﬂ@agpi WL (LR BRTPGOL Al d2 TNES n E A SORRIMBL YRS nnel to
challenged with MCh (0.3 mg/kg, IV) administered through_the Iéligular

theysheusiabaeid th BHBiRA\ASHIPAES MELESHEE HFE bt and the

catfRiBHIRSITAQ iANB RIS WETeOt i RIAge P AgwiRele LReividesiaGaline (3
chamber, which was connec(:?ﬁt?d to a neb%@ontai%ﬁ test, i

mle ShpFURE ARSI SO o, FHREBTRB Rt Joggrals were

alldniaiite scasing @ gdsating el bEforeditiabketaimat ch3héichobdinglioxdde with

a floy rate .of 3,lit inute. The animals were then removeg f‘rhp. ﬁh@ d
o P e FEOH R ARG A SIOVRR, HRIS

 thexathtidrstpustadosimgntinsia sl wis eonsceid le aduasdipe Mot qeraling

artéﬁg{'fs%éé@-@nﬂr{@ﬁab?f@&q}/@ﬁm&5%&@@%3%&&@@ BibPRI&AS IR0

the animals were euthamzed with sodium pentobarbital (150 mg/kg, 1V).
Acguiffion preiaiicebnirgdt e alinHeddn athmatpred stalilirsAp) psgiod of 20
migkgesease in heart rate (bradycardia). The peak decrease, from baseline,

in MAP (depressor responses) ) ured. for each MCh challen

(Dol A RRTBeH A AR AR Lo T T g te
jugahalysipsirioe thdsba esgonsesiiue resp@a@wstmﬂtwwﬁmmm@bg The
anf?ﬁ;%e?é Hé%é\ha%%%a M B8ROSER LG R S ARLANONONo o

mean +/- Sk of the control depressor responses. Two-way ANO\ :
neliliraneonispropribtdosbeshrraser Walclsirlubaesihrseltder wis nebulized for

10%ealmetARY RAS HERIRRLINGTIRQIHSRISSRQLISSPAIRSES: WY hovatie of
relatively unchanged at 1.5 and 24 hours after inhalation dosing with

3 Hiension e Hae g P R R D Fgs P b SR S b bt sEd
retitdsdisatldio eepopite caggsWAQ 260hl08 haa8sesHidSAGOEHEQRTAAS were ro-

BT L 0 SO, S S s
ThEmetxatpleiindiverssafhapiged with sodivm pentobarbital (150 mg/kg, TV,
MCh produces a decrease in mean arterial pressure (MAP) and decrease m heart
rate (bradycardia}. The peak decrease, from baseline, in MAP (depressor responses) was
measured for each MCh challenge (before and after TH dosing)., The bradycardic effects
were not used for analysis since these responses were not robust and reproducible. The
effects of treatment on the MCh responses are expressed as % inhibition {mean +/- SEM}
of the control depressor responses. Two-way ANOV A with the appropriate post-hoc test

was used to test the effects of treatment and pre-treatment time. The depressor responses

. to MCh were relatively unchanged at 1.5 and 24 hours after inhalation dosing with velucle.

The ratio of the anti-depressor IDsp to bronchoprotective IDse was used to compute
12
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compound of Example | had an apparent lung-selectivity index greater
than 5. While the present invention has been described with reference to
specific aspects or 5 embodiments thereof, it will be understood by those
wPigesdisasy skilled in the art that various changes can be npaga:9500s067988
equivalents can be substituted without departing from the true spirit and
scope of the invention. Additionally, to the extent permitted by applicable

appafdENLaaldRsANG realdationsnphrublicriensiyPaiamis.ansRI8 kN apparent
applications cited herelfrb ghereb mcor(?orated b ref%'gnce |nt eir

Iuﬂgﬁﬁ}%“ti}‘ﬂﬁyti{@%?ﬁ%a‘& 877 BEIREY JSR AR Rl BRER Tt HSually
n@mmmamdzhyleefemmﬁ@mm Iuﬂgw@taﬁaam&i‘.ga&ter than 5.

forw%f} %5 /007%)1%&%{6%%@% be?& éc%bgé;'s‘vkm e er Rf? to R?)%rqﬁg %%&I: o1

emBROBtBeeinL, ﬁwlbwr@ﬁqmegébmﬁmm@ﬂlf@mﬁ@q@ imthspehtehtly

varsSS 1Rl o LA Fs AMRIKY L @rIRlkeny b d S CHRMN MW &3: BESYEIo @M the
cyano, halo -OR a, -C(O)OR", -SRtc, -S(O)RId -S(0)2R1e -NRtfR1 10

mﬁﬁﬁﬂ#@%@ﬁ@@%&hﬁwww) Reiitinal.dadiestient RIBTIIS RtaPRiGable
patEHf sRAJRIM RbuRdem) @fﬁ&iﬁdﬂﬂﬁﬁeﬁﬁ%ﬁMﬂ%EEpﬁﬁcéﬁﬂd lfledrherein

&4C |300ran|n ero 0 4; eac

S CR R R e R ]

doc(@aﬁﬁphydlbedicyi;inzymﬂyhamrp@azébﬁﬁ&m@mr@mc -S(O)W!,
-S(O)2Rze, -NRzfRzg, 15 -NRzhS(O)2Rzi, and -NR2JC(O)R2k; where
each of R2a R2b Rze Rw Rze R2 Reg 821' R2. 0, and R21 is
independently hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl; W represents 0
or NW, where Wa is hydrogen or (1-4C)alkyl; cis O or an integer from | to
5; each R3 independently represents (1-4C)alkyl or two R3 groups are
joined to form 20 (1-3C)altcylene, (2-3C)alkenylene or oxiran-2,3-diyl;

73
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misOorl; R4 is selected from hydrogen, (1-4C)alkyl, and (3-4C)cycloalkyl;
sis 0, | or 2; Art represents a phenylene group or a (3-5C)heteroarylene
group containing 1 or 2 25 heteroatoms independently selected from
wPNERByAAErogen or sulfur; wherein the phenylene or hetegqagyien®-areuRs
is substituted with (le), where q is 0 or an integer from 1 to 4 and each .R5
is independently selected from halo, hydroxy, (1-4C)alkyl or (1-4C)alkoxy;
tis0,10r2; 30 nis O or an integer frpRukE3; -74 WO 2005/087738
PCT/US20051007988 dis 0 or an integer from 1 to 4; each R6
ptﬁésents fluoro or (1-4C)aikyl; pisOorl;and R7 and R8
are ndepeadenthohydlcdgamola(-4C)alkyl; 5 wherein each alkyl and
alkoxy group in Rl Rta-Ix R2, R2a-zk, R3, R5, R6, R7, and R5 is

optiorz@l7 tituted with 1 to 5 fluoro substituents?) 7lﬂflcally
accepta l6.sadt or solvate or/&tekeoisomer ereofT. 2.{Theélcompound of
Claim 1, wherein, b and’c’e 8 \g,.)/'ﬂ mpound of

Here ’\{ang\bre enss 0. 4."Thelgompdund of Claim 1, wherein m

R dlt is 1 155. The compourﬁi of Claim 1, wherein the
-CONR7R5 group is in the para position, dis 0 and nis 2. 6. The
compound of Claim 1, wherein Art represents phen-1,3-ylene, phen-

whtréiylene, 2,4-thienylene or 2,5-thienylene; wherein the phenylene or

thien Jea% SgrouI%_i A I%QQ%opaJlg.substituted with one or two R5

substituent e compound of Claim 6, wherein Art represents

phersachiR/|émiadspendentiicsejteied fopudhdfy slpbittaatlmr dne doatynyl,

€ -@)%ﬁﬁilgﬁg@aﬁé Fail h@R@mg??@?@Rmﬁ %g@@ﬁiéﬂms(@)m, mg:éfmﬁ,
SO e RN o ATy S g R L e A
R')-propy anddsepianyly Britdgsns hydragien or phenyl(1-4C)alkyl;

b is O or an integer of from 1 fo 4;

each R? is independently selected from (1-4C)alkyl, (2-4C)atkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl, cyano, halo, <OR, -C(OYOR®, -SR”, -S(O)R™, -S(O)R™, -NR¥R,
NRZ'S(0),RY, and -NRIC(O)R?; where each of R?*, R?, R*, R, R, R™, R?, R™, R”,
R%, and R™ is independently hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl;

W represents O or NW*, where W is hydrogen or (1-4C)alkyl;

¢ is O or an integer from 1 1o 5;

each R? independently represents (1-4C)alkyl or two R? groups are joined to form
(1-3C)alkylene, (2-3C)alkenylene or oxiran-2,3-diyl;

misforl;

R is selected from hydrogen, {1-4C)alkyl, and (3-4C)cycloalkyl;

sis 0, Lor2;

Art represents a phenylene group or a (3-5C)heteroarylene group containing 1 or 2
hetercatoms independently selected from oxygen, nitrogen or sulfur; wherein the
phenylene or heteroarylene group is substituted with (R® }q where q is 0 or an integer from 1
to 4 and each R® is independently selected from balo, hydroxy, (1-4C)alkyl or
(1-4C)alkoxy;

tis O, 1 or 2;

n is 0 or an integer from 1 to 3;
74



30 10. The compound of any one of Claims 1 to 6, wherein R7 and R$ are
ethyl. 11. The compound of Claim | wherein a, b and c each represent O;
W represents -75 WO 2005/087738 PCTJUS20051007988 0; mis O; s is

w®2ddSeh7As represents phen-1,4-ylene optionally substitutg@-yiik.efngeffoss
two R5 substituents; d is O; n is 2, the -CONR7R8 group is in the para

position; and Rs is hydrogen. 5 12. The compound of Claim 11, wherein
RS ig {pdependantly: selactes from halo, (1-4C)alkyl or (1-4C)alkoxy,

wherein each alkyl and allcoxy group is optionally substituted with from |

to 3 $R58R dudredstly Earepthtsimpeind < i 1, selected from: 10
biphgnyily 3rylcasiamic acid

1-(2-{fA-(4-carbamoylpiperidin-l-yhnethyl ], methylamino}
AT A e T
5 1-(2flbelncadboriiyy hpipebidin: trylmestB) BeRZoRT, R*7, R, R, RS, R7, and R®

. ' iperidin-4- 10 ]-2-ylcarbamic acid

* ‘5:‘%“%%&? 4#%%@2?%%5%%?%&%%@?&%&% 15 ylmethyl)benzoylJlamino)
ethyPpiddemeriediercephblaieli-gieatpames sisigeiseper thereol.
[4-(4-ethylcarbamoylpiperidin-1-yhnethyl) benzoyllmethylamino)
ethyl)piperidin-4-yl ester; biphenyl-2-ylcarbamic acid
1-(23(methQ“bﬁGt)&nB?aﬁ?rb%ﬁ?EﬁmiyrﬁmﬁaM YithefighBERs SR dmino)

10 ethyl)piperidin-4-yl ester; 20 biphenyl-2-ylcarbamic acid
1-(2-{[4-(4-isopropylcarbamovylpiperidin-1-ylmethyl
benz%yl]méﬁ%?/pé}m %Jf('a(?ﬁyl p%%%r?dm’gﬁﬂn%)d{%ﬁp 6¥p netsnycﬁ'-Z-ylcarbamic acid
1-{2-[4-(4-carbamoylpiperidin-1-ylmethyl)-2-

fluorgbenzqylamingletyBriaHoin ek 516 2P b ey hdaylearbamic acid
1-(2-{[2,5-dibromo-4-(4-carbamoylpiperidin-I- 25

ylmethyl)benzoyl]methylanno}ethyl)piperidin-4-yl ester;
15 ﬁiphsgyl-Zwtiw&@F]p@&?ﬁﬁ{%%&a_ _ gbazaogmmwrgrbuﬁmmbgm

uorobenzoyllmethylamino} ethyl)piperidin-4-yl ester;

oo D S aci
1-{2-[4-(4-diethylcarbamoylpiperidin-l-ylmethyl)-2-
fluorgbenz i peridin- ter: ' -2-y [
acid 8i’-(2-{[4- A I%&@ﬁ%gé%ﬁnﬁ%g%%%ﬁg%&x SRAR Shenf

L Aturésesh exfr Sy tpsis i Sstesipeheinutys aeaplene or thienylene group 1s

20  optionally substituted with one or two R’ substituents.

7. The compound of Claim 6, wherein Ar' represents phen-1,4-ylene or 2,4-
thienylene, optionally substituted with one or two R® substituents.

25 8. The compound of any one of Claims 1 to 6, wherein R* is selected from

hydrogen, methyl and ethyl.

9. The compound of any one of Claims 1 to 6, wherein R is selected from
hydrogen, methyl, ethyl, n-propyl and isopropyl; and R® is hydrogen.
30

10.  The compound of any one of Claims 1 to 6, wherein R7 and R® are ethyl.

11.  The compound of Claim 1 wherem a, b and ¢ each represent 0; W represents
“75-
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biphenyl-2-ylcarbamic acid
1-(2-{[4-(4-diethylcarbamoylpiperidin-1-yImethyl)
benzoyllmethylamino}ethyl)piperidin-4-yl ester; -76 WO 2005/087738
W@@jﬁ/&é%905/007988 biphenyl-2-ylcarbamic acid POT/US2005/007988
1-(2-{[4-(3-(S)-diethylearbamoylpiperidin-1
ylnxethyl)benzoyllmethylamino}ethyl)piperidin-4-yl ester;
0; RiRhenvlsmisarbamigasichd-fRefl4- @ rarbameapiparidinuleynativl or

beglzoy imethylamino}ethyl)piperidin-d-yl ester; 5 biphenyl-2-yl-carbamic.
v Ricfby %&*&4%%m%%rp&wl%|ﬁﬁaw§% {iie pard position; and R-is

hydrgoxybenzoylmethylamino} ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid
1-(2-{[5-(4-carbamoylpiperidin-l-ylmethyl)thi Phene-
2-carbonyfirethylpenind € thiyipipbridiardin/Re ssandeisnd ety sylecterbEnmic
hal@cﬂg AC(}%I@? SRy- @%&%@X@%ﬁé@ﬁ%@ﬂ%ﬁ@%ﬁa Hoxy group is optionally

ylmethyl)thiophene-2-carbonyl methylamlno}ethyl)plperldln -4-y| ester;
S“béfﬁh@ﬁﬂlﬁlﬁ%rb&ﬁ|@‘5&’I‘dsﬂb€2“{{5‘¥%R) 3-diethylcarbamoylpiperidin-1
ylmethyl)thlophene -2-carbonyllamino} ethyl)piperidin-4-yl ester;
blphenyl -2-yl-carbamic

1-215-(4- rﬁﬁﬁ?%‘%pog %mlyl?ﬁlgﬂ%%%?gbhene 2-carbonyl] amino }
ethyjplpeyidinyieybestieradd bighgAyld2:ytbearbgipijeddio-1-ylmethyl)benzoyl]

me)%éfmﬂ i%%kﬁggr%% 82{ m(g l%peiﬂs;grr%l-no}ethyl)plper|d|n 4-yl ester;

bipH@ﬁWiﬂé‘P@’bﬁﬁﬁc@@i@ 1 @{[5 (drccabBavodplpipiHictiretiyhhathm ]
ethPMHERIR Y iﬁ lineitylagmino}ethyl)piperidin-4-yl ester;

yl'fn%%% gh%%%%%%%‘ﬁ'%i@ém%aﬁ%d'%%y"}arbih?ﬁy'ié‘éfeﬁd'&' 2

yhmp{yemyghg@d}mb@mmy@@@eh&&{@y{wEthylcarbamoyl plperldln -I-
o e oy A ot R R A A Y imennyy
bemﬂ]@f&tm&@anba}nﬁwlbmeﬁmﬂ-ylmﬁmyl)furan -2- carrbonyl]-amino}

ethy&?t&ﬁ fjwyf’cgllb%ﬁ{ﬁsr 2 @R p'@h?ﬂ Egyly{l]&cﬁ{ lf)?gﬁkﬁdaa%g.moyipipendm—l—

)-3-diethylcarbanioylpiperidi
WW%@HW?HE} -EtNBiBeridin-4-yl ester;
blphﬁwh%yybqaémmmm @ ({3 {4-(2198navR BRI lin-1-yimethyl)

thyI ino ethyl]piperidin -4-yl ester;
be’%ﬁﬁ emRsiyin J?%%I%ﬁpg«%% g’l‘ %¢4-carbamoylpiperidin-1- 30
yIméﬂpgnl@pjrla}yl]mbmmn;ak}xmbtw[ar(ﬁn@)éﬁayﬂpip@ﬁﬂmrmyylemmy}

fluorobenzoylaminojethyl} piperidin-4-yl ester;

biphenyl-2-yicarbamic acid 1-(2-{{2,5-dibromo-4-(4-carhamoylpiperidin-1-
yimethyl)benzoyljmethylamino}ethyl)piperidin-4-yl ester;

biphenyl-2-yicarbamic acid 1-(2- {{4-(4-catbamoylpiperidin-1-ylimethyl)-2-
ﬂuorobenzoyl]methylamino}ethyl)pfperidin—dr—yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[4-(4- dlethylcarbamoylpmendm—i-ylmethyi)wzw
finorobenzoylamino]ethyl} piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-diethylcarbamoylpiperidin-1-ylmethyl)-2-
fluorcbenzoylimethylamino}ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{{4-(4-diethylcarbamoylpiperidin-1-ylmethyl)
benzoylmethylamino}ethyl)piperidin-4-yl ester;

-TH-
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biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-carbamoylpiperidin-1-
yimethyl)phenyl]propionylamino}ethyl)piperidin-4-y1 ester;
biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-diethylcarbamoylpiperidin-1 -77
woN§dsARBRI87738 PCT/US2005/007988 PCT/US2005/007988
ylmethyl)phenyl]propionylamino}ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(3-diethylcarbamoylpiperidin-1-

yimgthyizhenyidpropieaxiaminolethyBpmetidingtabesieyipiperidin-1-
b -[4-(4-earbamoylpiperidin-1-ylmethyl) 5

iphenyl-2-ylcarbamic acid %sz
Y*“"t?ﬁi%&ﬁ%ﬂ?ﬁhﬁl@fh%ﬁlﬁ@%&‘i YRR S5y Y- 2-yIcarbamic acid
1-§l%{bﬁe&&?ia%ii:®ﬁbipegﬁg-{%Fff(?wéfga@mgr@r@mﬁmd Hyhattyyamino}
et iperidin-4-yl ester; biphenyl:2-ylcarbamic aci
benff)( i%F - Xf?é{g}%o r%togﬁé)?f})eeﬁ@fﬁﬁ—}g r%%?ﬁyl)-z-chloro-
5.-m@@i@ﬂybérﬁﬂgﬂﬂhﬂeﬂ%&iﬁh@*ﬁﬁﬁﬁ@ém&mgﬁwwg@ﬂ%%
meﬁi@ﬁﬁ)@}{kgyﬁ{ﬁ‘@fﬁ%ﬁ%%@?%yl)piperidjn—ékyl ester;

1-[2-({2-[4-(4-carbamoylpiperidin-l-ylmethyl)phenyl] .

acelyphsarhdrihmdamgnsiddidird-f saternrspipmssditabalmetiyjthiophene-
g-caml gl%hf@ﬁm(g@m?;@i?@{@ﬁulyﬂeg}%g compound of Claim 13,

selected from: biphenyl-2-ylcarhami id1-.1 C

(2-{&@&%‘@%&’%% fi 'ﬁﬁ&%ﬂ%@@h‘%&%ﬁ%@}%ﬂ%ﬂﬁ%perid
yimnﬁlzﬂygt}éspéfmmamgt_n@ﬂm alyna _ @emptﬂhimﬁaﬂnﬂpig@ls;tate therez:ofb I15. A

arm C ition. Go [ a uti G e
car e D e o

yingihirh$ippbens-2 zarbeotenpivasthabeimediednpesition of Claim 15,
wheggin:the SQMpesition J4eheh conprises Albaraneidicallyeliasiytiophene-

amount of an %%znt selected from (32 adrenergic receptor agonists,

Z-cerbpgd Hrame.i Ag8rf€Bhosphodiesterase-4 inhibitors, and
comijiRiipns-iherebink ddThe Rhamaceiticeycampasiigpeiiciaim 16,
IR Semosn, SR se N heplenl lprpie amoun of,
30 18plemyb2eds-ioraprapanih -6 cdfrfioeartanicayipmiliof Ciamdiid 114,

py e BIOGESR FRIAANT N6 ES G ifirATpPeyRd of formula IT:

biphenyl-2-yl-carbamic acid 1-(2- {[5-((R)-3-diethylcarbamoylpiperidin-1-
ylmethyl)furan-2-carbonyl)methylamino } ethyl)piperidin-4-y! ester;

biphenyl-2-yl-carbamic acid 1-(2-{[5-(4-diethylcarbamoyl-piperidin-1-
yimethyl)furan-2-carbonyl jmethylamino} ethylpiperidin-4-yi ester;

biphenyl-2-yl:carbamic acid 1-(2- {[5-(4-carbamoylpiperidin-1-ylmethyl)furan-2-
carbonyll-amino} ethyDpiperidin-4-yl ester;

biphenyl-2-yl-carbamic acid 1-(2- {[5-((R)-3-diethylcarbamoylpiperidin-1-
yimethyl)ﬁjran—z-carbonyl]amino}ethyl}piperidin—4~yl ester;

biphenyl-2-yl-carbamic acid 1-[2-({3-[4-(3-carbamoylpiperidin-1-
ylmethyDphenyllpropionyl ymethylamino)ethyllpiperidin-4-y! ester;

biphenyl-2-yi-carbamic acid 1-[2-({3-[4-(4-carbamoylpiperidin-1-
yimethyphenylipropionyl } methylamino)ethyllpiperidin-4-yl ester;

biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-carbamoylpiperidin-1-
yimethylphenyljpropionylamino} ethyl)piperidin-4-yl ester;

biphenyl-2-yl-carbamic acid 1-(2- {3-[4-(4-diethylcarbamoylpiperidin-1-

77
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-78 WO 2005/087738 PCT/US20051007988 (R') Ny W (R3)~ (R2)b\O
NH Il or a salt thereof, with a compound of formula lll: s IR )d' CONR'Rs
OArN Z'I)mN'Ra 5in wherein Z' represents a leaving group; or (b)

wCalkpAigg s compound of formula IV: 1\ (R )a / (R3)0 H NHR&/IRZ@Pbss
10 with a compound of formula V: R dP CONR'Rs s'N-"(HOs ™V ora

reactive derivative thereof; or (c) reacting a compound of formula VI: (R )a

yim@ﬁ)@q%ﬁﬁ%1%w&ﬁw} Q&@ﬂn@eﬁ@ﬁmﬂ lester;

biphenyl-2-yl-carbamic acid 1-(2- {3-[4-(3-diethylcarbamoyipiperidin-1-
ylmethyl)phenylpropionylamino }ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[4-(4-carbamoylpiperidin-1-yimethyl}
benzoylamino jethyl } piperidin-4-y! ester;

biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)-2-chloro-
benzoyllmethylamino} ethylpiperidin-4-y1 ester;

biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)-2-chlore-
5-methoxybenzoyljmethylamino}ethyl)piperidin-4-yl ester; and

biphenyl-2-ylcarbamic acid 1-[2-({2-[4-(4-carbamoylpiperidin-1-yimethyl)phenyl]
acetyl}methylamino)ethyl|piperidin-4-yi ester;

or a pharmaceutically acceptable salt or solvate thereof.

14,  The compound of Claim 13, selected from: biphenyl-2-ylcarbamic acid 1-
(2-{[4-(4-carbamoylpiperidin-1-yimethyl)benzoyl jmethylamino} ethyl)piperidin-4-yl ester

or a pharmaceutically acceptable salt or solvate thereof.

15. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and a therapeutically effective amount of a compound of any one of Claims 1 to 14.

16.  The pharmaceutical composition of Claim 15, wherein the composition
further comprises a therapeutically effective amount of an agent selected from B
adrenergic receptor agonists, steroidal anti-inflammatory agents, phosphodiesterase-4

inhibitors, and combinations thereof,

17.  The phanwaceutical composition of Claim 16, wherein the composition
comyprises a therapeutically effective amount of a 8, adrenergic receptor agonist and a

steroidal anti-inflammatory agent.

18. A process for preparing a compound of any one of Claims 1 to 14, the
process comprising:

(a) reacting a compound of formula I

18-



wherein Z2 represents a leaving group; with a compound of formula VII:
-79 Rs ()d\CONR'R8 H)" VII or (d) reacting a compound of formula I
with a compound of formula VIIl: R dCONR'R8 IOl OHC X ...Ar'N N's
woSeodsa75 V1Nl in the presence of a reducing agent; or (€) §ealiged 007088
compound of formula IX: (R )a (R3)s 0 H J~...Ar; CH CHO O (R)b-R 10
IX with a compound of formula VIl in the presence of a reducing agent; or
(f) reacting a compound of formula XVIII: (R6)a -1PHJ,/ArN z N~W N
N4 Ns (R)b O R XVIligp @ R'is H, -CH3 or -CH2CH3, with a
compound of formula XIX: NHER
formula 1. 20 19. The process of Clﬁim Jv§ whichHlrther comprises
forming a RY):

O NH

or a salt thereof, with a compound of formula IT:

B. .
R - CONR'R’
0 .
1 )'\‘\/)/Art ﬁ:
7 /\Mg\i?x A 54
4

5 m
wherein 7! represents a leaving group; or

(by  coupling a compound of formula IV:

Q -CN/W\NHR
(R )t,

10 with a compound of formula V:

(R CONR'R?
o W |
Ar! N~
HO’H\MZ Rt Jn

v
or a reactive derivative thereof; or

reacting a compound of formula VI:

1
(R)" GO 0
2

/\/)Q\N/U\(\’)QATTTV’J?Z

®); O &

wherein 72 represents a leaving group; with a compound of formula VIL:

15

79



pharmaceutically acceptable salt of the compound of formula I. -80 20. A
method of studying a sample obtained from a biological system
comprising a muscarinic receptor, the method comprising: (a) contacting,
in vitro, the sample with a compound of any one of Claims 1 to 14; and
(b) determining the effects caused by the compound on the sample. 5 21.
A compound of any one of CRi QrYse in therapy or as a
medicament. 22. A compound o he of Claims 1 to 14 for use in
treatment of a 10 pulmonary di .)23. A compound of any one of
Claims 1 to 14 for use in antagonizing a muscarinie receptor in a
mammal. 15 24. Medicament contain%ﬁé a compound of any one of Claims
or 1to 14.25. Use of a compound of any one of Claims 1 to 14 in the
nmnMadumcﬁa memcmnemmeheUemnmnnﬁapuanmydBOMer
0 38) Use GeHROATSEERRIBS QhyBRY BEMIRE $HgAR K iformula VIIL:

manufacture of a medicament for anta@@plzm a I’T{];USC@I'IQIC receptor ina

mammal. -81
OHC\M/\ /LKMAF )

5
VIl
in the presence of a reducing agent; or
reacting a compound of formula IX:
(R, 0
Ar'
- N/\(\/)ﬁ\rgJ\% "(CH,),-CHO
U 3
e

10 X

with a compound of formula VII in the presence of a reducing agent; or

H reacting a compound of formula XVIIT:
(R%), .
R, 0 ﬁfj)a COOR
Ar. N I
w N N C e
N
= R
o
XVIHI
15 where R’ is H, -CH; or -CH,CHj;, with a compound of formula XIX:
NHR'R®
XIX

to provide a compound of formula L.

20 19. The process of Claim 18, which further comprises forming a

pharmaceutically acceptable salt of the compound of formula I.

-R0-



10

15

20

20. A method of studying a sample obtained from a biological system
comprising a muscarinic receptor, the method comprising: (a) contacting, in vitro, the
sample with a compound of any one of Claims 1 to 14; and (b) determining the effects

caused by the compound on the sample.

21. A compound of any one of Claims 1 to 14 for use in therapy oras a
medicament.
22, A compound of any one of Claims 1 to 14 for use in treatment of a

pulmonary disorder.

23. A compound of any one of Claims 1 to 14 for use in antagonizing a

muscarinic receptor in a mammal.

24, Medicament containing a compound of any one of Clammus I to 14.

25,  Useof a compound of any one of Claims | to 14 in the manufacture of a

medicament for the treatment of a pulmonary disorder.

26.  Use of a compound of any one of Claims 1 to 14 in the manufacture of a

medicament for antagonizing a muscarinic receptor in a mammal.

81-



