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Bl PHENYL COMPOUNDS USEFUL AS MUSCARI NI C RECEPTOR
ANTAGONI STS BACKGROUND OF THE | NVENTI ON Fi el d of the
WO pwengizes The present invention relates to NnORE/US2005/007988
bi phenyl conpounds havi ng nuscarinic receptor
ant agoni st or anticholinergic activity. This invention

also relates to ph ' 196’3%. i ons conpri sing
such bi phenyl com%@@%%g‘ggges an(?{i nt er redi at es
for prepsERU ASMVMIUSGARINYIC REGEPTOR ANTAGONISE Sof
usi ng such bi phenyl conpounds to treat pul nonary

di sorders. State ofthe Art Pul nonary or respiratory

di sorders, suc i i nar
Bgﬁigg(ﬁ@nlg’ﬁ gyﬁﬁﬂqmﬂdm y

di sease (COPD) Ict many mllions of

FiepkoitheInventiehvi de and such di sorders are a | eading
o R T S R b i

recBptbL&itSeoniitlof TR MBgic AVEVILE OTROHRER Al BsousRiddlto f or
treating respiratory disorders, such as COPD and

phaymepgwtica\geaositiars eamnprising sush bihgnd seappandspprocesses pad

. I, | .
RS AR 8L 3 B LIRSSl Y ipheny
comphaldatd tpeat palnsingni diserdars. anount of the nuscarinic

receptor antagonist is often absorbed into the

systemc circulation resulting in system c side
stafd §8RL &yt SUCh as dry nouth, nydriasis and

cardiovascul ar side effects. Additionally, many

i nhBhletnaryswaedpiiatry disepleoy, swhtaagbringt abstrastivepulmonary disease

tively short duration of.actjon yrequiring that

(chRbf it A ahd ol BERSr T FPHeSRpla T gne e fprders are a
lealittl chitle®1 dvirbiity arsd ﬂﬁrﬂ’aﬁ?’l me is not only inconvenient

but al so creates a significant risk of inadequate

t r eddusesiiniaigecnter pdagoaists e knewnis pravide bynchoprpisctive effects
and &191%?&@ dsuEﬂ & V\f(ﬂ}ndg 9 AT ‘f"g}etgelétlﬁg rﬁglga%rgr’ cﬁ]&l gers,asdgﬁ%g COPD

exi’ sts for new nuscarinic receptor antagoni SLST
andastlirha UWaen u@rc]lne aﬁat@uicﬁ dBofdets, peiscdrinsCigtéptorantaonidtonre

ant agoni sts t hat vi ng_hi gh potency and reduced . i
tYPé‘;?LWé misterge by pphalation, Koy ey gheKes Y pisterhatnhgiption, a

sigh@dhdd 208k ¥ th@nﬁ@@ﬂin?ﬂeﬁ%péog Q{taéoﬁﬁgls%@teﬁﬁﬁ&%éﬂh% the

recept or antagoni sts havi ong duration of actlion
systdneic elygulatidnowsulgng in systemic side effects, such as dry mouth, mydriasis and

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. Such a
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
inhaled 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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for once-daily or even once-weekly dosing. Such
conpounds are expected t o be particularly effective
wo 0051085388 | ng pul nonary di sorders, such as COPBCENS2005/007988
ast hma, whil ereducing or elimnating side effects,
such as dry-nouth and consti pati on. SUMVARY OF THE
red AN b RIS o] AR h@nmeﬁ@lvganﬁ%fsna{fo\ﬁ&n.
b1 pheny conp fng muscarinic receptor
ant agoni st or ant| cholinergic activity. Am)ng ot her

properties, conp Y tlon have been
found to possessg%ﬁl‘%’g}@ﬂ@)} msystem’ C
Si derRfpk&ehtSnyvdieiBn Vs ERSp ll&-)ﬁ 1% s yﬁ‘a\@rggjmﬁ&a

have a | ong duration of action. ACc one O
reqeptor @nm@fgz?ttqr @ntlds»ﬂmcngsc actiivitg. Amoagioiten pmp@med,e@nqaounds of this

f 1
in SRR KN 5, R B nlBBibionl sk SR it ifys when
adﬁlhnléltéi)ea|bkf)ihhalz(tﬁm‘hﬁ)1@d) k&ewnyd long durkbid@bRydtvh,
(3-60) cycl oal kyl, cyano, halo, -OR a, -C(O ORI Db,
h SR|Atccordg(gly,p31 gne o@(cmcgmltlonmppqctsg mlggmvempqnmr,g'@)im compound
O R k; wh h of R Rb, R R d,
of | A R R hergliacmo Cand Rk is

|ndepen Ml y hydr ogen -4C) al kyl or .
phenyiR’g; al kyl ; S or an int ege?R CONROR
4; each is |ndepend ntiy sel ected fro -14C) al kyl ,

(2-40) aIknyIH (2-4 I b, cCyano,
hal 0, , GROay" " quS( )R2d.t - S(0) 2R

R g S( O)2R2| and NRZJ C(O R2k wher e each
of R2a, , RZC R2d, R2e R2f, R2g, R2h, R2i Rz} ,
and R2k is mdependently hydrIogen (1 -4C) al kyl
oreg)henyl (1-4C) al kyl; Wrepresents O or NWa, where W
hl ydrogen or (I-4C)a| kyl; c is 0 or an integer from

1 t@1§00ﬁ&9&té§%rbf@&ﬁqu@%n“y represents (I-4C)alkyl
or two groups are joined to form (I-3C)al kyl ene,

(2- STh lémdeemienﬂy @sawt@shﬁgnﬂldh@alkyhfz 4Chulleanyll (2-AE)alkynyl,

G- @%@&0?‘&&? Sy PRI SR QIR A ISR 'y NRIR ™
NR S(@)ZR m@r@m«ﬁ@g@)ﬁ“(&h&@ka@t @frfol&rﬂﬁPqn‘e RIF RIP, R R'E, R RY,
1iC ikning 1 or et eroat ons i ndepen ently sel ect ‘ed

R SRR B aendenthugikosn. Co @\t driaheayil Hesalky

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

each R? is independently selected from (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
(3-6C)cycloalkyl, cyano, halo, -OR?, -C(O)OR®, -SR%, -S(0)R%, -S(0),R*, -NR*R?%,
-NR?™S(0),R?, and -NRAC(O)R?; where each of R, R®, R%, R, R%, R¥ R?, R% RZ,
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;

c is O or an integer from 1 to 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;

misQorl;

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

sis0,1o0r2;

Ar! represents a phenylene group or a (3-5C)heteroarylene group containing 1 or 2
2.
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phenyl ene or heteroarylene group is substituted with

(R5)q where g is O or an integer from1l to 4 and each
wR2oses8778glependent | y sel ected from hal o, hydr oRgT/US2005/007988

(1-4C al kyl or (l-4Calkoxy; t is O, 1 or 2; nis 0 or

an integer froml1l to 3; dis O or an integer from1l to

; . ' e ar .
heftrof 358 rRp WREAATREER forh SRR Bl Db HPLIRE, wherein the
phemd eperrdetdrdaryleye groge s mbslﬂﬁhtedg)idi @l;iq wlgzite qeRé,Z 0 ogsmee?%er from 1
| kyl l. k [ , a , a ; ,
to gl YRR il Sefpate i imdione Lt Aoy 1 6
(1ad)hiuexp substituents; or a pharnaceutically
acceptdbl e salt or solvate or stereoisoner thereof. In

anottied, lodr 3;t s conposition aspects, this invention is

di r%%%dor%ﬁgﬁﬁf%?r&g?gﬁ#g cal conposition conprising a

pharnmaceu ble carrier and a

t herdaip oWk iaf adtbger gfohectd 4.6 anount of a conpound of
formula | or a pharmaceutically acceﬁit abl e salt or
sol wasteR ofndepeadentiyeisnissenthBrarefor (lsd€)elialar naceut i cal

co bti.en y optionally contain other therapeutic
aggﬁﬁgbto gi:%}dgﬁngl y, in one enbodinent, this invention

i s ®'radREdrd indspentierlythydrogesn en(i-¢@)alls@nposi t i on

wh in.the.c osition further,conprises,.

t hordiSERiR Pl aRd Ry BoRRER Rr- P.S‘?HQRE,;% % B R’,R%, R’ and R®
is @ftfonally §RATBIAOK ¥h 2965 HuodUaBsRtierfls;COr L1 costeroi d; a

b2 adrenergic receptor agonist; a ﬁhosphodiesterase-4
i nhiob pbarmageutizally atrieptablesalt bheoledt or Sarepsomes thefeof.hi s

act 10 R e B 5 RS G o Britiedie 4 p gharmaceutca

copptdeebrisidg Apirtbcdudtally R3EHtREe PARPRR] ¥ therapeutically
di sorders, such as chronic obstructive pul nonary

effpgtiye saounhef aeanprand af fsmglaiginy, phapmansutieslyi acseptaitlrandt or

| S| ti ' ' d to a.nethod for .
solFE8E Lbrl B0y WBKEP, S0 S A Bn BB Y gy comi
othatthierdpstiar agegtst Acaoligly it ofe &MBsdipent, tigaldventedd e airboted to

nt of a gonmpound of forrmula | or a )
suchie %WF%%PB@%%%WEW@ thg cpmpepsition {uther epmprises a

RRINING 56k of MR b B s
corticosteroid; a B, adrenergic receptor agonist; a phosphodiesterase-4 inhibitor; or a
combination thereof.

Compounds of this invention 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 aspects, this invention is directed to a method for
treating a pulmonary disorder, the method comprising administering to a patient a
therapeutically effective amount of a compound of formula I or a pharmaceutically
acceptable salt or solvate or stereoisomer thereof,

Additionally, in another of its method aspects, this invention is directed to a method
of producing bronchodilation in a patient, the method comprising administering to a patient
a bronchodilation-producing amount of a compound of formula I or a pharmaceutically

acceptable salt or solvate or stereoisomer thereof,

-3-
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of producing bronchodilation in a patient, the nethod
conprising admnistering to a patient a

whe@sosmas | at i on- produci ng anount of a conmpouneiCDiS2005/007988
formula | or a pharnmaceutically acceptable salt or
sol vate or stereoi somer thereof.This invention is also

directed tq a,nmethgod of treatin hr ani ¢, obstructiyve

pul TEHARSFIEPS e Greclein Ao hoEo B CRBRS LSy Ve
puldfoihf) déabd Sihstth2 tRAhEHA c&n?ﬁﬁﬁé&ﬁﬁﬁﬁs@éﬁﬂg}’to @fpafi&itiave

amount of a conpound of formula | or a _
thepsipanticatly effectisiel amant efr edyhpovsdlof fermudap] e phasmaceutically

st eélgoi F9nen tthersgof . ln anot hgr one of its method
AccERIZRES , CERTEE RVEBREPBRTFS Ei®Pected to a method for

ant BOdiir Bfle 8f HHHEMbH RbfectsCBEhOEntion 18 dHEIIREBIo a method for

conprising admnistering to the mammal, a .
antpgravzipe anfusedrinjc wretet invenammgheoraTisteadnsRsiuig tothe mammal,
o AR BRGE AR BRIl 5 R, o1 posoeos

conpingadsmpsindabf thigimeéntlong®sseas ﬁmscmlninid’]@bqator antagonist activity,

Accordingly, in yet another of its nethod, aspects, ..
SuchEPEPPHIBTS B0 PSTth i Sereun iP5 #eeqﬁag%o}n Y& by ofits
meRURSHERE Bis f9liiYnas Hirbfte@ioRNREMBE BtshRl d é/onﬁﬁﬁﬁ@t)?ﬁ;ﬁ&ula Ior

salt or sol vate or stereol soner thereof as a researc
a pharolacéuwsically acbgptiablezaltion balyite at stsxesisementhesmiips @research tool for
far discover,i ng new chem c onpounds havi n
stig & PRIPE ST SUUBRar SHE Ayt oS SoRDETOE fig™ ppLal compounds
havifly Sfkdeiid r%c@it&%nﬁﬂgbﬁﬁt 8Hivit). processes and novel
i nternmedi at es useful for preparing cong_ounds of

f or Fhisanyengpn & hsediregtediie Peasessps adrqyichitemediates gpeful for
o

stetbisenicethetedf.aApeaadiagly, of arptlepaf it method@sjpeets) thioinvention is
.forpula I, th rocess conpri sing: reacting a ..

iR oS PERRRTEIE 3 RN OF g%wiﬁiﬁﬂ@rprpﬁs PEPT§RE:
or ) C - ; it .
contaund a5 Pe OBt [T, SorhDouheh fopula T or
f or )l a wuphing b cempowpbeffdrofilaflyrwith acathpoungrof(fehmula V; or

for il o wrrid heame et SRyt yitha souheg SABERRRuBVI: or
(e) gd)e ac{rd'aeml%aa EHNPARA G Bornfu®@d M4yich 4 SordbduhdDFESHHROANVHI in the

of tormula VIl in the presence of a reducing agent; or
(f) reacPicagncs of & rpagE agent &F nul a XVI 11 with a

Corgun 8l l il 30 B0 TR MR s iin e
of for nub&séncewﬁei*@iuniug@rgpmunﬁs’ of formula I-1X, XVIII
and Xl X, re%gt?ngag coq%];gugg%f oergnﬁlile? XVIII with a compound of formula XIX;
and then removing any protecting groups, if necessary, to provide a compound of formula
I; 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
invention is directed to the other processes described herein; and to the product prepared
by any of the processes described herein.

This invention 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.
4
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In one enbodi nent, the above process further conprises
the step of form ng a pharnmaceutically acceptable salt

wo@oosg/ogmapound of fornmula |I. I n other enbodi nePCHUS1005/607988
invention is directed to the other processes described
herein; and to the product prepared by any of the

Pr OCGRHERA Hi iil'ﬂ%ﬂti@xg fse(.%iﬂefpteﬁ% $e Lf% P bpbthddrOrmula I or a
directed to 'a conpound o ormul a or a
phainzacaetvelly raaplapleaelt eptallbite os aleteotmonmothesdo for the manufacture of
t [ .th f, f i.n thera r.as a
o R ERE RO P TaoHiE of honerice s OF i desaimagat pga

pulthéhads @istierfor GO BRI Ahg b Aluitrehid re@Eptr in 2 mammal,
pharmaceutically acceptable salt or solvate or

st ereoi sonmer thereof, for the manufacture of a

redi canent PFarid PRSCRIE G T SHEREY 0N, o,

or fiebnadliagoRipokitien AspBEE thid hventiddGS Bir&dted 1 rdvERIHRNy1

DETAI LED DESCRI PTI ON OF THE | NVENTION In one of its
copass iof fmulpiraaharmaqeptcallyaspentane salts or peliateyion stereoisomers
theAfe IThb i i

AR LR AR the LER Bl By g v, i
inventerisidieoted $ tahemechixtifbe parcsiepoisodsrs ifiey, eanti@hérs one

.0y nore.chiral center nd therefore, this invention,

dl%Sﬁﬁf??meéset 5@6@8@%%@6@%@?@@@ pifrdkeaindse gihsprsy dicated.
Widn £parti @il RtdrQi%inger 3§ sHvASS&IBRIBIeRin, it will be understood by those

stereoi sonmer-enriched m xtures and the |ike unless

skiffedh & the e¢ thah sisenasehuniyefiotherptaredisumers mey be puissgne the s

1 Qr rei it, will .b nder st t hose, ...
co R DA RR Rl lehlise RTEalPE B Geoatind 058 wiy
of gle@bBPbsititRisSa Whylehendr isdhited By tHSreRAVOSH dublp BePisomers.

this_invention unless otherw se indicated, provided

t hat!he AemprIgyds effouminia kajsagontaa sevsh) esie BEMPRES & WRIBPErOUDS)
and thePPbre i Pb AL G Y gﬁgrﬂﬁflﬂ Lecﬁleé}F a? fneHG a9 §8h various salt
The Se] mul a arn ‘

| SOmers. onpoun or al’'so cont al
forgsy dvlbduch aslt origs ergasclpidedywithmnthe scope ofi fisy ingagtion. Furthermore,

therefore, the unds qf formula. |l _can exist as the _.
solfige St Ruoutdy o/ T0MRIE 107 eilithercy pacs inghidod yadrothe foope of this
inveRfieds are included within the scope of this invention.

Furthernore, solvates of conpounds of formula | or

sal Aslditieaalbe Whareapphicthleled] aif-trivinnot K& ismmagre (gsbmetricsisomers),

' tdon, i t.ional | wher,e appl i cabl al, |l .
AR Eh AR b ER BRRe & Tfite o nctudea
withrlithe 8&pe ©f {10 i e@tivh W@ oB@i®ise Gpdcafigss of the

corm%ﬁunds of formula I _are included within the scope

of t

¢ sompRyeds PhieraHlads 3s welhas osecapraunds used il synthesis, may
S AN AU I G, ied 35 OB v
entiched epthatdrhy/hdvadpdreaionidnmpassntifferent fom thdr@tomicmeassgiredominately
found it ngrhr%%xgr%\ﬁﬁzs %? 1esrc1)topes that may be incorporated into the compounds of
Formula (I) include, but are not limited to, 2H, *H, *C, **C, N, *0 and 0.

The nomenclature used herein to name the compounds of this invention is
illustrated in the iExamples 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-ylcarbamic acid.
-5-
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enriched with atons having an atom c mass different

fromthe atom c mass predom nately found in nature.
wEx@s08E38 of | sotopes that nay be incorporat edPCTUS20051@7988

conmpounds of Fornmula (1) include, but are not limted

to, 2H, 3H, 13C, 14C, 15N, 180 and 170 The

nonmencl ature used herein to nane the conpounds of this

invention is illustrated in the Exanples herein. This

Refresmbgiva B dhamideen derived using the
conmerci al['y-avail abl e Aut oNom software (MDL, San

LeaRbl fllowing fubstiipents arbyalessaipinsended tpraiigs reyfresentative

f or, . i i . i b .
xRS ho MBSl o ABNE of M 0L SR ARGt
valaes dile eqides enfuathevdsfinehadilimatr sitieadpedts aid agbodiments and are

substituents and values are intended to péfo%ggvention. In this

notipispdedeneasindroBsiAadments 9hiq lnid tesisers _
regSIIP A B 0cRtaBbn 1kt § phAERE VARe of RRREESNS BRIGEAL S W6t intended
L PRl R

val ues are | nten urt [

er define and il lustrate

in syornyds pecitide ather eltms dir verstisncatsdream chinoiventiireurdesd spesifically
. _excl.ude other enbodinents or to limt the scope of

1n Cﬁfe “invention. In this regard, the representation

t hath@vAladstfof 4 bl b ¥R iH@epRhISHRSY, il 218NY o S; ParBbEAdyed i S
~ not intended in any way to exclude other val ues, or
indgpandenthyu@rita % pesheveninore pedisniasky Aot leds onp embplisent.poth a and
ba%ngicated. The values for a and b are independently O,
, 2, 3, 4 or 5; particularly independently 0, 1 or 2,
andwahea pravertcedel R imtasl b dtyhd2,@, 415 ot 6-positior obdiphemtl ring to

whithet is ataghed. ESCHeR 15 moPRdcuy sFictA LoRcyICRTah (¢ 4C)alkenyl,
' if A ) NS la o 1d
B R T N
—S(onRdE:mR:kfyuH%/ I-Nlélkhs((6)@\8ymgloglﬂaﬂ(p)lk&lfmmpﬂml;ldy:‘mmhdude
- OR - - (@) -S(0.2R1 - NRI. )
el P o080 rority YERGRD) bR an dnelnno. figpyamino

and A6 6 epaEbit valfidsubf R} aleHlRi®or dIQED, hydroxy,
nmet hoxy, am no, t hyl am no, di nethylam no and the

| i kwhen@msmtumh@ame&e tdhe R, &ros 6fpagition oprthe phesylsne ring to

0B ESER SR e o rthe b R BBl to the nicogen
atoat is peition ( WEick R*heindepdidoniayd seleotdl fidie (pEIkEn@-4Chatkenyl,

- Fo s ehBeIDripalieh srmy PhRor R Rep IR S SOR™,

SOER - RRRBay MR B, SN COR G RHRA e
metiyRFiaRy chloNRDBOQ)IBBRIXY, BuethoxMRENIG.Oh &Rkl amenxg wihetbylafmino
ana/\{?lie ?itlle.i pgrltilélglgr values for R? are fluoro or chloro.

Each R'%, R' R'® R' R'® RY, R'¢ R™ RY RY, and R' and R?, R?, R%, R,
R%” RY R% R? R% R¥, 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, ferz-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

RZ a-2k

alkyl and alkoxy group in R}, R, R?, and is optionally substituted with 1 to 5
Y p

fluoro substituents.
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met hyl, fluoro, chloro, brono, hydroxy, nethoxy,

am no, nethylam no, dinethylamno and the |ike.
wo0osigBar val ues for R2 are fluoro or chl or oPCEESIN0FA07988

a, Rb, Rc, RRd, Re, RR f, Rlg, RRh, R11, Rj , and

RI k and R2a, R2b, R2c, R2d, Rze, R2f, R2g, R2h, R2i,

Oﬁg %W&Iﬁ%ﬁ%&ﬁﬁg lh\l;b(nlﬁgﬂzréyqf ? | In aﬁgtﬂgrcémﬁloedn%entl W 1S NW

|ndependen

Genbently] 1 hasﬂlﬁéeﬁlf&yid, thmnnioaﬁdsaﬁ Wbﬁdzh:W tepfdsetde Ohyrtiitigeticularly

t et h i-propyl, iso ) . )
h1${§ fJ@éFW %‘ERW Fecepiobhy u‘%%PPT ?@V{ln@tﬂawcuéﬂr eghediment phthis
g ﬁl’qu}brlg% othese groups are independently
lnﬁﬁh?ogen or (F 3Q al kyl . I n anot her enbodi nent, these

gr oUpBermWeisiNWG ﬁ?égnls émltqgetn ydtle@@)alkyﬂrmhmples of aﬂﬁth inclhde

ddi t d
e sSES . P e B SH 0 FeenBh B gt
ont bh®binuh SV i W§aioged 6r ANSCRMKIL A BRtheP EmbBdignent, W? is hydrogen,
i nvention, Wis O In another enbodi nent, Wis RV,

metiayl@x hyls particulagly hiydeagen oumathvhaln Yeb apshercembiodinagritc W

ibit particularly high affinity for
hylFl]%%carlmc regégtors Accordingly, in a particular

enbdthievahie fof c isi0] $, 2 m/emn 5 partilaglProe $.661t23 ahll mdkepariéularly 0
WA i.s -4C) al kyl , exanpl es_of which

or !1 S ’EFepEH'E}?:ngy B o%ﬁg?rﬁy? Is QatIHﬁPOth@r erplAsiiment; ¢ isgt-opy | |
- b UtRAkh R® SiRfer é}i&teﬂﬂl%feg)%%ﬁ k1- @@%lﬁ {EW(ERIB %‘fouﬁg thal Qx‘t;é éomed to

enbodi nent rogen or
fOl@nﬁo@i@}aﬂMeney@ ?p@)aﬁgbdylcg@m; oximfy3-dorl. Bt dmd e;mbodlment each R is

LR T A N A

1sdbﬁfy1 génd ferObutH, 12 additiod, cabli al§y1 {115 iR A o{pﬁo@ally]subﬁftut%d with 1
nmore particularly ‘0 or i cul ar

to 3 Piseth Hbrnerss. B e emboanmmee@cleﬁﬁwmdmrﬁergm @-3L)aligh andin
an G b ARLEA 800 b ERERR Bl odtl |0 O 1

( 2 $1C))md= srabydimaet, each®iis antha 334 of 5—:p051t113n en ﬁlel pk1p?r1d1ne r11r1]g
h dent -4C) a suc

(Wgngg]g%qqggéeneaﬁﬁgno ft ;ﬁpgﬁype g]ﬁé]@&%gé%p(l Irbadp%rflgular embodiment,
R35i§§t d%m b tbﬁ'%’%ﬂeyﬂ &find &4 L By -

al kyl g%boﬂlr; In |ls opt% onéa 1@}%51}3% erstrlﬂltjﬁc?e H R th %%@1
pogitipn abihe pmbdmetl‘lmgnm; o1l the mltmgrrtatmhn nfthe ,plmdhleﬂfhg thus forming

|nd endent | 30 al kyl, and in another enbodi nent,
a aﬁémpgllﬁ%ependently nethyl or ethyl. In one :

e”bmyﬁ%ﬁbtheﬁ@ﬁﬁbdﬁ%ehtstv% R? BRuBs ard jSlhePtPReh tal (@fB (Bﬂlkylene or
the piperidine ring (V\/nere e nitrogen atom of
28€ ??é‘?ffnd’iqlié grqupg Fos expaaple. toie RD)groyns aéttpa?r %nd&;pa‘ﬂtlons on the

I n ridine 3

plp%ﬁﬁ%g Q:tgrrl] 8&01}?&1&%&%& fn étih@f%ﬁé %h&ge @ _Berﬁ? ine 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[2.2.2]octane 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**|nonane ring). In this embodiment, other R groups

as defined herein may also be present.
-
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position of the piperidine ring, i.e., on the nitrogen

atom of the piperidine ring thus formng a quaternary
wa@pioseszast. | n yet another enbodi ment, two R3PQI/US3985/007988

are joined to forma (I-3C)al kyl ene or

(2-3C)al kenyl ene group. For exan‘pl e, two R3 groups at

the g a%gﬁe?oﬂﬁ%%?p nf&het &{t 1%' 8. “ ng can be

j oine orm-an et’hyl ene i e,

pi p&‘irefirantsiHydrayes, (ﬂhﬂl)EikgI ougMC)myahoalkyl Examples of (1 4C)alkyl

zablc cl o] 3.2.1] octane ring); rou

CE meth e@y{a 6sﬂrf’li’iédéol?fﬁplt’lh’é'bﬁgyﬂréﬁf é}lﬁvgfg 1'fqbwgvl @aﬁ f%ébutyl-
ExJaﬁ’l gr@gfltjggég:'ygbafkgﬁgﬂaﬁf)maum bgcQpr?%yl%nd cy&¥8butyl. In one
erﬂboémwmt BY oetpm@sﬁn@ h@frogermoe(1¢3 (h)g)kyl [im pgrticslachyxydgene niethyl or

her Q ed herein may al so be present.
ethIyﬁ1 ]S’tarnlor{ﬁ1 gﬁ‘@#ﬁ@pe&‘&)dﬁ ?2°0%t wo R3 groups are joi ned
to fraERuRe®H ¢ 1§‘0 2082 dA);Shrti@ﬁﬁHf@aluE ®fr s8X 81BN € In bi¥WerfRodiment, s
&roups at the 2 and 6-positions on the piperidine ring
is

ahﬁaé@ﬂ}ebﬁmbddlmnf,@rl&ﬂa 3-oxatri cycl 0[3.3.1.0

T e Y

hefefoafory 1nﬂepdnﬂerﬁ@%eﬁﬁhﬂd’rdﬁe Bkygem nlﬁo@en (R‘lsulﬁaﬂr ‘Eaeplichylene or
hydr ogen 4C¥§)al kyl , .or cycl oal kyl ., Exarrgl es .
he@;gctaIry 21 gpklg/maiy €Iuﬂﬂ@5%‘fWﬂ 1s cpfyqu stﬁutﬁa 8\691 1,2,3,0ord4(qis 1,2,

3, b@%ﬁﬁ%%éuméht? %IMJ: ar? %ﬁ%&%&ﬁ flg&iﬁ HbmaAth thgﬂ:ioxg (1-4C)alkyl

es o groups i
or CyéCIqﬂmxgy In adrﬂtmly, chdbalkyll a.ndlaikoxm@r@l]hndl e nptidlly substituted

wifigloco B sEbpERGr T8¢ KPS T 8l e aat by Ol 2 or 3. Tn

onb emBYAKREL Q-is ONEoNVAITH pofit of aﬂta%hﬁlentlfo? AIQIS aﬁany available carbon
articular value for sis 0 ) one enbodinent, s

or hefe@atonnring gﬁomgrlneqqﬁ@jmen@ﬁdlmqms, Aris aphenylere group attached at the

oup or a (3-5C) heteroaryl ene group
me?oﬁl{]al nPgSl@OP or 2 heteroatons independently sel ected

frofim Gm/@ﬁbbdlmleﬁtf AP esnplﬂih ISBJJyIde .or phén-p heﬁM{e&ﬂl@er@m the phenylene
het er oaryl ene group 3/ unsubsti t ut ed g is 0)
SrURHS tm%uaﬁ%tateﬁnor ﬁu@tlthée Ys’lth dr2 ar 3 & jsubstituopts. ﬁepaffsem}itlwsR

sulﬁajﬁarceh{s 1§§P§)§i}uc‘ﬁ?1 (:Clﬁo i lﬁrklﬁ%, i ﬁ‘l(if?,_ 1Y Eﬁ?gf: tlﬁ%%r(;ﬂyp Moutyl,
lsoauun tseehytygaeh batykyhethord, athlomx,yiscg:ropqmy; difiR6ronsethyl,
ey ot o et ngprp@efhony. Pifontar gramples of Ar

(ﬁ@'é 'iﬁ s &ﬁﬁdﬂlﬁent]mclgdé)l flRordphe2N@-ABROALMRASphed- 1, £ yline, 2-
or 2. The point of attachnent for Ar 1 is at any

chl@mhleaﬂl,ﬂeylsa@, Bothlenophest bf-odenen?-mhatigylphanni, 4Wilen@e3mthylphen-1 4-
yleﬁ%‘%ﬂ%ﬁ%&@gnﬁ%&p{leﬁg& —%ﬁq@f{klﬁ%@l— 9,4%Illlgle?ﬁ-&gﬁuoq’gm%{ho%yp%en- 1,4~

ylene, 3-trifluoromethoxyphen-1,4-ylene, 2,3-difluorophen-1,4-ylene, 2,5-difluorophen-

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-ylene, 2-chloro-5-trifluoromethoxyphen-1,4-ylene, 2-chloro-6-
trifluoromethoxyphen-1,4-ylene, and 2,5-dibromophen-1,4-ylene.

In another embodiment, Ar' is a (3-SC)hete;oarylene 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.
-8-
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hi one enbodi ment Arl is phen-1, 3-ylene or
phen-1,4-yl ene wherein the phenylene group is
wa@p®shst7sg ut ed or substituted with 1, 2 or 3 RBCT/US2005/007988
substituents. Representative R5 substituents include
fluoro, chloro, brono, nethyl ethyl
Re{n%;s rﬁ%%&eﬁﬁa&{dﬁ@%%ﬁw&ﬁg e d}v§1gaﬁ1 gtk%ggﬁ o?pyrro e, 1}{11c’lazole
thléjéoflé QB triuh thfobhéﬂeugr@ﬂﬁ& N¥dxazdle Zusgt'hla%blfeI Mcﬁ’&t Bylazine,

d’trifl dor omet hox ticular exa

pylgqia@mndm)ynm1@ngmjm$ thepoirit of pitaphment 1s at any avallable carbon or

uor o )
nitfigeh PR ARAT, Mgt bR Syatitet PERRRIG el el 2 Furytene, 2.4-
thidmyl&iehy) Isnh@ﬁylbmél 2)5 ?ﬁﬁiyléire@ﬁ%ﬂb&ﬁc land-2,3/p piifélylene.

2- met hoxyphen- ene nmet hoxyphen- |, 4-yl ene,
Rtheﬁ‘?mﬁltl‘@dg é%tﬁ@tsfmﬁéhld? orOyPI@ﬂ@, methyl, ethyl, n-propyl isopropyl, n-
g SO NPl GRS pppoga doromet,
tnﬂuo@emlemyb 2,202 6‘tﬂi10i‘¢aﬂkbyl apd anfliordmythexy, Particular examples of

sulizﬁ 1@,“@:1 Xg" o0 h . q@(}ieb%_ﬁlé%)‘r%pi Z—_téfpgi&}gli’le(,: gl-c%li(g‘gg?glfﬂién%f_lene, 3-methyl-
2 52t'h?éﬂ1|yféﬁ19 ﬁm@ﬁfoQ?&?’ﬁﬁﬁéhylené'éﬂd@lﬁleth%xg;m-&ﬂ&b@ 5-pyridylene.

met hoxyphen- | ene
2-ch omnpestwuiarfelmmdungtthbk yrppresents, Iihe;l’r lehegleng nhiah-drdoylene, 2,4-
tri.fluar th
i PoRBTIR, Sy PR eaBBh trowiams arammi oigrply
subistitied With C)da Qtléfsﬂﬁitﬁhﬁfﬂ@ BrRudetpartioalat éiﬂbo'ﬂnﬁéntZAr represents
heteroatons i ndependent |y sel ected from

rhep-1 Aodeie &2, %thigylenegptipially suhditpled é‘flﬁlalr o %ﬁe s@stigniss
unsuE ke 00, SUPStA TR Ee Jotis 2 RO
substituents. Representa eteroarylene gr oups
i nclhhdealde ‘f(ﬁ‘h.‘ElBiO $,0x or 8s Pafticplar values for miagalk ot 2, In one
%hlazole Sxazole furan, thiophene, pyrazole,

empedment, nds 2i sot hi azol e, pyridine, pyrazine, pyridazine
and TRY Khigk GiEis 0VNEL 8, b8 PAtiBi1a0Yal@dsIBEN IR, 1108 281N one
any avail abl e carbon or nltrogen ring atom Rbre

embpéipieni,cl ieRanpl es of such Ar 1 groups include

5+ ur yb hi 2.,5-
2. st KeEtedglepyR o o P COMERY o RGgn feicn nclude
meBﬁ}ﬂ f@ﬁﬁnﬁ-@fdpFrF ﬁ%’ér@yb St-biityie Bé@butmc isadetyt bndoer.bugyll qmi 8ddition,
, eth Qpyl , 1so opyl nbut I i sobuty

eacgleq;lkﬁ@pg |a1k01q§ gro_ug dp ﬁ 18 cp@{oﬁ bé‘{lwgg@yw gbﬁ él,yg;@}pubsutuents
h 6 f thyl:

o G40 BT et MBS oo s B UL CAIOR i ot
embudistdnt, bR s iddependepdy iselettud &om fluoro, methyl, ethyl or

fluoro 2, 5-t hi enyl ene, 3-ch|oro-2,5-thieny|ene,

- 2 5-t hi enyl ene, 3-net hoxy-2, 5-thi enyl ene,

an d T%e RiuB 20 8 0%k 101R o%e émﬁxﬁvmda&hs&ﬁmehﬂ p6.
partlcular enbodi nment gresents phen-1, 3-yl ene,
pheR’ land Ry Ie@qlnsndea)enderttlbn remwmh ydrpgeh, &-(1 iﬂﬁ@mlwle pemples of

| t hi

willinEiule 0t RSB PRI oIRGB P isobandgre-butyl

In @ﬁ@érﬁ'@cﬁdnﬂ@ﬁt‘; REuhER® &dth@ﬁ’ddﬂi%ﬁﬂanﬂ%eplreieﬁphﬁﬁ@g&ﬁor (1-3C)alkyl. Ina
phen- | | ene_or 2, 4-thienyl ene optionally g .

pa@@b@f Pmb@%alew fn lqhwognﬂge@b sthl.uepiogyl or'isopropyl, and R” is

hydrogen. In another particular embodiment, R’ and R® are both hydrogen or both ethyl.

tri

In addition, each alkyl and alkoxy group in R’ and R® is optionally substituted with 1 to 5

fluoro substituents.
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The value for t is 0, 1 or 2. A particular value for t
is 1. The value for nis O, 1, 2, or 3. Particul ar

W 20060877B0r n are 1 or 2. hi one enbodi nent, nPCEHUR005/007988
The value for dis 0, 1, 2, 3, or 4. Particular val ues
for d are 0, 1 or 2. In one enbodinent, d is 0. Each

0 BRIt TR RS R! RS Sl b Ch Pl foomsom on

the ORI R EkamPlebwhyd n iSEhO@ONR RS@buS ydn B @cated at the ortho, meta
tert-bntyl. In addition, each alkyl and al koxy group

or pgraResifigi.o Bt orsyrmbogimenssthe tGOMR'R £rpup 13 locaied i B reta or para

R e LR

poﬁﬁbmdlnent each R6 is i ndependent |y sel ect ed from
fluoro, or tr fluoroneth vaI .
f or %pqrg 0&10 0% 5%19 infegesh pre avﬂ%%ﬂ om a1 jyherein a,
b, BZn@@ Qreﬂ? n‘%@@haﬂdﬁ‘%%}&%@&ﬁ Y¥ndtR{A 67 2. hydr ogen or
C) al Kyl', "exanpl es”of ~whi ch 1 nclude methyl, ethyl,
f - pr/’ox@we:f Pswpubpyﬂoup iof bernpdynds of utbmgtlare ¢ca;1anmm§1$ ofifermula I

ter ut yl | di ment

e e it e SRR g o5 B B pyarogen.

par AR hatiebas] gmap lof chinpSurldly OF RH&Bst af@édih’x’ﬂoun&i byformula I

-propyl or iso and R is hydr I'n anot her
théﬁm R.culcand grfise Bi lﬁreﬁthydmelan@ethzsl %ethygd’e Hs hydrosefe masihyl, ethyl,
ach al kyl and al kox rou

”'é}gﬁgﬁt&%@g{ r‘%‘?ﬂgﬁgtﬁ %’ﬁﬂ??e;?l substiiuted with 1to 5

f | uotmotisw padtictilae ptosip A corapachds lof frerastlage dampidu@ds of formula I

CON be | d
WHEFEA i g g e Doy e e o clipfigmd SR R
can PQﬁtﬂe? 5%@91319?05{3 ®f e&ﬁ&{s&nd@r%&” st AR QuiBRinlé Sffoltla 1

one enbodi nent group ocat ed At t he
wheetimadr, cpada qo8j R| shydmgdn,imethylya rethyd:tR "aandRfroelhydragen; and s
he -CONR R group is |ocated at the para position. A
articular group of conpounds of interest are

C oML paiftichiRf Broup of coRBE @IS oflintdtest Greddtingbuati€ofFormula I
is 2; and R4 is %flro gen, rrethglor et ther
¥

hy]
wheEgin p.dycand grasep; B isdoriosemdsctbyl arihyl; égtanérl% are hydrogen; s is 0;
an§Ppounds of formula | wherein a, b, c and d are O R4
I S hydrogen, methyl or ethyl; and R7 is hydrogen.
AnotAiexhep patticalak g:roug rocﬁ umnpcﬁund@ mﬁﬁmasrelg aed cdnm(ﬁmésbf faraula I

GSIROUD 1 LN LML B O Rt OB
t isef,%h m is O.

is

Representative Subgeneric Groupings

The following subgeneric formulae and groupings are intended 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-



-propyl or isopropyl, and R8 is hydrogen. Another
particul ar group of conpounds of interest are

w@oropositas of formula | wherein a, b, ¢ and d BCEUS005407988
i s hydrogen, nmethyl or ethyl; and R7 and R8 are ethyl.
Anot her particul ar group of conpounds of interest are
compounds of fornula | wherein a, b, ¢ and d are 0; R4

nmet hyl or ethyl; R7 and R8 (R, hyd
Anot her par t(Rdul ar groop of co Qﬁ%&

i nterest are conpound formul a )| whgrei a, b, c
and d are £; i , £ &hyley, R7 and
R8 ar (:‘szen\[gN' -/and t i& | . Another
parti cul’ax, gt oupoof conpounds of interest are

conpounds of formula I vvherelIn a, b, cand d are 0; R4
i s hydrogen, nethyl or ethyl;”R7 and R8 are hydrogen;

wherdig: 0; t is 1; and mis O. Represent ative Subgeneric
Groupi ngs The fol | ow nlgfsubgene{l ¢ fornul ae and

gr odgf Ags 2@ indegen o8 fgau! to3;srefyRais indgpeadeatly selected from
(LBEHIRED -6\ Y2 RSRRELS, QI EMROMTEO) S0 ofaid, DR,

-C@MRBB,eSRﬂhe%((BMfoeS(@leéam NR)“RllgmabhbﬁR“stpr“oRm Rl RM

ang R s DP sy P O e By G BRGPHI-SCHI e ¢ nose

di s¢Ji998H ah ’Pntle%e? of B"o%’l %d S”E%h ﬁp Fg 1h§éﬂeh@éhtl'§'%elected from
60/ 552, 443, fi . 'This group

(1434l - éG)ﬁBcﬁumb@éC)ﬂbmm,l (a’acacycaomr &sjano, hald,sOB or

AT SRR SR TR T an TR iy gF RECROCRE R, e,

and &Zﬂi@hﬁdtépyﬁu/dnﬂ Gl@rdﬁ)@bﬁ)gll@hlﬂtyl or pheAyIOL-40RieL; - ORl a,

, -S S(O 2R1 and _NR fR X
eacﬁ)z/éPPrP&en&s ORFBTWRI"‘((‘l1 @Ng 13 lgdgsogemor](l &ﬁéﬁlk&dg i s .

d )
phenyt DI Aty araty Ompe o 4ot 0 MndBhny sprosegs (40t
eadd0 621;i s i ndependently sel ected from (I-4C)al kyl,

3;

Q). (é’ I ynyI (3-6C)cycl oal kyl, cyano,
halg‘ g}éggen @2@( L2 sroc, -S(O R2d, -S(0O2R2 and
- NR2fifR8gr 1each of R2a, R2b, R2c, R2d, RZe, Rz2f and R2g

i s i ndependent|y hydrogen, (I- 4C) al kyl or
pher\l f¢presEhislakphienylene group or a (3- SC)heteroarylene group containing 1 or 2

heteroatoms selected independently 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 selected independently from halo, hydroxy, (1-4C)alkyl or (1-
4C)alkoxy;

tisOorl; .

nis 0,1 or2;

d is 0 or an integer from 1 to 4; each R° independently represents fluoro or (1-
4C)alkyl; and

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

wherein each alkyl and alkoxy group in R}, R'*&, R%, R**? R® R’ R® 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-
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1 Wrepresents O or NMa, where Wa is hydrogen or
(I-4Calkyl; cis O or an integer from1l to 4; each R3

w0 pabepgriaent |y represents (1-4C alkyl; mis O PCT/LS20081007988

is hydrogen or (1-4Calkyl; sis O or 1; Ar 1
represents a phenyl ene group or a (3-5C)heteroaryl ene
group containing 1 or 2 heteroatons sel ected

y from oxygen, nitrogen or sulfur; wherein
ehe or heteroaryl eng* gr gap~yS 3 ituted

with (R5)Y re q i or an'intfrmlto4and
each R5 j ec @ﬁ@rﬁﬁd@ﬁt dm halo7” REONBRY
or [[1- 46yl koxy; tgis O ; nis 0, 1

0 orOCan integer from1l to 4; each R6

i ndependently represents fluogo or (1- 4C)al kyl; and

R7 is hydrogen or (l-4C)al kyl’” wherein each al kyl and
wiedréiox®’, g BOpnd R7 Bk, askdefide] for RxmuRREr; 8pa pRRBmaBauticRiby acceptable

7 is optional |y substituted with 1 to. 5 fl uar
sal{ O Q1V#15 QR PlgreOloMeT Bk Hra SeRATHEHM %@@é‘éiﬂtéﬁlé‘?ﬁ‘é &pypgpnds of

T e e ae BT ] & e el R B0, (1-4Qalkyl o
(1 ehfalRTxy veheasin dedh alkyl dndrallfoxyrandwp is @ptiomally substituted with from 1 to
3 har cg. tically acceptable salt or solvate or

YUP &Y Slﬁﬁé’%&t hereof. A particul ar enbodi ment incl udes

CONMIAkAESi 0] pdr@EUTRY RripdundEer Prifiulag thht afe SHintérestidlude:

is independently selected from hal o, g_-;%al kyl or

(| - Aaphanybylcagpranieiagidelath {4 (ydarkampyapireridindrdumsthybbenzoyl]

SRR MRS T Lo L 2 er

S n ron, particular conpounds of
f or raipleenl-2-hddarvangic atid 13{2ef [@sW-dafsaAmuddpiperidin-1-ylmethyl)benzoyl]
bi phenyl - 2-yl car.bam ¢ aci d
eﬂm&%@g%@m@%@@&%% §§ter i di n-1 - yhnet hyl ) benzoy! |
et hy I;gélﬁyg?{/ﬁa?ly%ﬂie!agﬁrl & Bndmyl-[ LELRE hylcarbamoylpiperidin-1- -

i
bi phe carbanm c acrd
yihehghpénkoyYamnmod ety pipepdinidyestet; yI met hyl ) benzoyl |
eth X)ll}?hrgn?fﬁi-eyrlc%‘tl) a?n%lc R&ld 1q kj] { [ﬁ:(%l- etﬁﬁgaer{) dmoylpiperidin-1-ylmethyl)

benzoyl]methylamino}ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2- {methyl-[4-(4-propylcarbamoylpiperidin-1-
ylmethyl)benzoyl]amino } ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-isopropylcarbamoylpiperidin-1-ylmethyl)
benzoyl]methylamino}ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[4-(4-carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylamino]ethyl} piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{[2,5-dibromo-4-(4-carbamoylpiperidin-1-
ylmethyl)benzoyl|methylamino } ethyl)piperidin-4-y1 ester;

biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylmethylamino } ethyl)piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-{2-[4-(4-diethylcarbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylamino]ethyl} piperidin-4-yl ester;

biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-diethylcarbamoylpiperidin-1-ylmethyl)-2-

fluorobenzoyllmethylamino } ethyl)piperidin-4-yl1 ester;
-12-



10

15

20

25

30

bi phenyl - 2-yl carbam ¢ aci d

| - (2-{met hyl -[ 4- (4- met hyl car banoyl pi peri di n-1yl nmet hyl )
whenwzoyl7pam no} et hyl ) pi peridin-4-yl ester; PCT/US2005/007988

bi phenyl - 2-yl carbam ¢ aci d

1-(2-{[4-(4- ethyl car banoyl pi peridin- 1-yl methyl)

BFB%? y%lﬂgi 9 Ca RO 8H Y 22 ﬁ4R§ rdﬁe‘!flﬁcﬁbé(ﬂmﬁ% p%lfldm-l -ylmethyl)

carpamcC a

berizlowrrl{qeﬂ]%ﬂ&mint)}ét}a&léplpémhnmcﬁlrdmﬂoyI pi peri di nI 1-
o e B A R P Sl ety e 1.

sk B, Ly )

bi phighehyl2-yl-cablait awidti(2 {14-(2- carbamoyl-plpendm-l ylmethyl)

4-carb i dj | met hyl
be%%bﬁ?&@ﬂ zﬁfﬁﬁpgﬁiw‘fﬂeﬁ% di n- Zf g/l ester;
bi pl&@pnéhyﬁz yl-eabha ébldiPJ(Q- 4-(4- carbamoyl-plperldm-l ylmet P,D -2-
| -(2-{[ 2, 5-di brono-4-(4-carbanoyl pi peridin-1yl methyl)
me@mwbquowﬁm@yéamm}@hﬂwlpm®Mﬂumwm yl ester;

bl b 1;?%2ylg%l-¥/ Ccéa bam q%b g é? {éS E4 Farbwlﬁ%e?dlf 1-ylmethyl)thiophene-
2- d‘akbt@;@rqhﬂlmathinﬁpéthylblﬁpfeﬁmh deylhegtey;pi peridin-4-yl ester;

phenyl - rbam c_ acid

| { blr[lwnrm-dl @%rhypw%hé%{bﬁ (B 3aigthylegrhsgonipiperigin-1-
yl étﬁglzméﬁ’é' ? < gﬂ%ﬁ#ﬁﬁ@ﬁ%ﬁgﬁlﬁg}'&ﬁ};ﬁﬁpéﬂdlﬁ itﬁ ester

a

1- (hﬁl{eﬂylé%—yﬂcz&bhmimnd)m@é){[fp&((ﬁeﬂkcﬂeﬂnylcﬁrbaknm{mpdri)dﬂﬁl-

ylrg?tﬁ}ﬁléﬁwpﬂéﬁ b o Y D RS s Y! ester
L ( BidHoflyl gﬂbﬁbmﬁc%&cbw@x{tﬁt@@abahsylpﬂpeﬁhﬁaef Hithethylythiophene-

ani no} et pi peridin

enzo
2- d@mﬂiﬂé’ﬁﬂnnm}whafaptmndm-%l ester;

' di et h \pi per i di n-1 vl net hyt
pen STFHEHGARARE, S AFERH Bl RS e Fis a1
YIrﬂéth?BﬂH-p?I‘ng 5?@2'@”?}1”@}?&%?‘?3}% etlhyl)?lpendm -4-y] ester;

beni’&bl@ﬂe%ﬂ&ﬁﬂhﬁﬁﬁ’}@f 13(27{[35 ﬁbﬁarbarﬁosdpmené@rbwmethyl) 1H-

e e
nmet biphehplRZz-gl-tarbnhtydcadr -r@}{[ﬁ((le}B}cﬂm’qhgtuarhamoﬁj{lmﬂ)endm-1-
henyl arb
SISt o F R M BB AP B TR GPFE i ophene-
2- C%ﬁ;ﬂféﬁ&’ﬂ-i%&ﬁ%hﬁ{@ 04 € R@-ﬁﬁ -4-BR{Hy I afs A oA pRseidn- 1 -
henyl = 2-yl - car bam ¢ aci
ylmetgzl)EU[r& %(cm)boayldmeﬁlwmaakéhwwlmﬁm -Aail wstess| et hyl )
tels It g;?@%relﬁe Si- aa}%anqlncyac]iﬁ E-X{l[é Eﬂ nar%)a ylp p%nemr-i 9f]r'r}1éh3}ﬂﬁlran-2—
carbonyl}-amino}ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2-{[5-((R)-3-diethylcarbamoylpiperidin-1-
ylmethyl)furan-2-carbonyl]amino} ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-[2-({3-[4-(3-carbamoylpiperidin-1-
ylmethyl)phenyl]|propionyl } methylamino)ethyl]piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-[2-({3-[4-(4-carbamoylpiperidin-1-
ylmethyl)phenyl]propionyl } methylamino)ethyl]piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-carbamoylpiperidin-1-
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bi phenyl - 2-yl - carbam ¢ aci d
I -(2-{[5-((R)-3-di et hyl car banoyl pi peri di n-| yl net hyl)
W@ hiospsmse- 2- car bonyl ] am no} et hyl ) pi peri di n- 4-BET/E8S1065/007988
bi phenyl - 2-yl -carbam c acid
-(2-{[5-(4-carbanoyl pi peridin-I-yl nethyl)thi ophene-

yl etﬁﬁépti}/ X’Ql’gﬂploo %ﬁlg ét%@-rgeéﬁghﬂ:ﬁ-%{e'r_ester;
- ( Biphlehyk 2-)-cabeingd duid ¢ 4o b@n@ylndip@yicaibamboyipipiia-) -

rrol e-2-carbonyl ] net hyl am no

ylr@%thylﬁlr)l}ﬁnpfﬁpmmﬂmmo hlélaplpwfbﬂégﬂdl estely| - car bam ¢
aC' d; ré‘t ﬁgll' %Iy? }_ér‘ﬂ’)r : glf Q&&"PY&%E’[‘T (8HiBthylcarbamoylpiperidin-1-
ylrﬁethﬂbmmmyl]bmﬁcmyﬂmn be}thylbpapérpdlpdwlchsm 4-yl ester;

b' pgm?ﬁﬁ?%% a%l?l"é‘? |1c§ g‘b%wbiﬂ%@wmeﬁd}wl iaant
beﬁzb?ﬁtﬁnﬁo}“eﬁ;%ﬁ@?éﬁd{ﬁmhmléﬂ no} et hyl ) pi peridin-4-yl

R car bam c aci d
1-( prp[egyf’A yl;nadzamyp eeidbaPe{I4-(@i qaeranah yipipdridin- 1-ylmethyl)-2-chloro-

f ur an- 2- car bony! ] et hyl ami no} et hyl ) pi peri di n-
be Ogﬁ Q}égﬂl&%ﬁﬁﬁgﬁ@{pe@&% gﬁ Sg%mag' gg:fg yl ) pi peridin
- ( Brph[eﬁ?myﬁﬁfﬁmmb@ PE-{[di@- darbfdm@lﬁméﬂdmnaﬂn%thyl)-z chloro-

car bonyl am no} et hyl) pi peridi n-4-yl ‘ester;
-rg@tbpp@mnzqy tethadipgperidin-4-yl ester; and

fur SposES ?&ﬁﬁ?aﬁ*@?‘h&ﬁ& BT EARR ot ET Bty Dptenyl)
acdmyly})meﬁWIarﬁmbethﬂﬂﬂlpmdlnaeylcéster

ooyt PFOCGRAAGER R W) ST SBREdi n- -y

ester bi phenyl - 2-yl - carbam ¢ aci d/
| -] 2- ({3 [ 4- (4-carbanpyl pi peridin-1ylmethyl)
] propl onyI }rret hyl am no) et hyI ] pi peridin-4-yl

oS! SRR e M SRR RSk e kot and arpcergs i
1mz|gﬁﬁ%ﬁ ane flﬂ]}oﬁtﬂﬂg’ ‘ce)‘%hls Bevd t‘ﬂﬂe lf%l‘ﬂthg@ﬁéaﬁfngs unless otherwise indicated.
i pheny car bam ¢ aci

- (Zhe Berfm“g({mld TRSERy p xneEM ARt sepiged hidrcarhometonp whlch may be
hn%[}%ﬁﬁﬁxﬂﬁgcp Pélsé‘ Ql%lseeaé%‘le?ip%@ﬁ '118)1 E‘ro%pg yp?csétil? contain from 1 to

-Carpam C acl
10 {3&-b[)14 a(o’insd i Iééﬂryéenﬁﬂtlbaﬁﬂwl piopes irtlute] bfj' Way bﬁ b))ample methyl, ethyl,

”‘IE?@H%%% rog?fyp%ﬁ%@ﬁﬁ@@%k&&ﬁ%ﬁ utyl n-pentyl n—%exyl n-heptyl, n-
octlyt, frdiobd, (,fldg,:fl[ hadBylifeper i di n-1 -yl met hyl)

enzoyl am noJ et hyl } pi peri di n-4-yl ester;
bi pAbaygrnp=al 3damd5’an¢ansaci1v:a1ent saturated hydrocarbon group which may be

lm%ar&ﬁ;}%{rﬁbé(f glal%}?ﬁ (gf?%@gﬁg%%f ﬁedn%Jtch? Kylsng SFoups typically contain from
1 t€t 0 ¥drbph RESrhdli Reptedthtatist @lkylene groups include, by way of example,
methylene, ethane-1,2-diyl (“ethylene”), propane-1,2-diyl, propane-1,3-diyl, butane-1,4-
diyl, 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, zert-butoxy and
the like,

The term “alkenyl” means a monovalent unsaturated hydrocarbon group which may
-14-
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bi phenyl - 2-yl carbam ¢ aci d
| -(2-{[4-(4-carbanoyl pi peridin-I-yl nmet hyl)-2-chl oro-
WG 2008081038/ benzoyl ] met hyl ami no} et hyl ) pi peri di n-BEcHUS2005/007988
ester; and bi phenyl -2-yl carbam c acid
| -[2-({2-[4-(4-carbanoyl pi peridin-I-ylmethyl)phenyl]

cetyl hyl am_ng).e [ | dj. nz4- S '
o T A BLPEE Tl 5, o
doub®f honids.i Uhkes\beirwiies defitdd) gudhhedkenyirpmups sypically contain from 2 to

conmposi tions, nethods and_processes. of this inventiop,
10 garory HomavR e s aiptav et BEOUPS i1 %}engy W g ERlfy LR, #-

W3 6heh P L8 en iNB hEEBRnyR kY the 1182M%e ferm “alkenylene”
pmﬁ%%\}%pzﬁ]tehggt’ﬁ%t egnﬁ’ydrocg;pglg? groSp whi cﬁ nrgly abéeny one
medrisraahivalent alkeant pedp. Unl ess ot herwi se defined, such

al kyl grou typically contajn fro 0 carbon .

2t obe e kP s i s sSisied Redroefifon Afpugmhich
maP 8RR or BRAEMEd Rl Which has B €8 lone, a'iﬁﬂfqﬁ@é’ﬂy 1, & ¥hrbon-

sec-butyl, isobutyl, r -butyl, "-pentyl, n-hexyl, )
carpprhigipteydonds ongss otherwisy definedd sesh alkiyvy] graips tracallyipentain from

BRI e e -
n-pedpyayIvh Hat-28iiyie d-heg e inyd lakiy kienigkeg ritiensrmt Yalkgm}iéne” means a

.contain from1l to 10 carbon atons. Representative
divalepballomy] §o8Bps i ncl ude, by way of exanple, methyl ene,

et hane-1. 2: disyl. .(" ole 1

s e R e e
(i.eapHentyiieor! filded. rifgsa(i.t o naphthdlkwe) y Uniesaosheawiso dofiadde such aryl groups

roup of. the formul a_.(alkyl)-O, where glkyl is as.

nflafy Frfeindoa 6 o RbsPeba TR 08 A REBF U v G fibductude, by
waP ¥f ¥@hpH, pREAARINE naPRhBRNY-1-1A! Miphvhalene-2-yl, and the like. The term

r a- pr opoxy, 1 sopr opoxy, n-but'oxy, sec-butoxy,
“arylep®umenty a divalentauylestguand the |ike. The term

"al kenyl " .neans, aapnoval en nsat dr. .

sy i e G T R B R S
nitdog@sitoMNEs., ABYclbyRyLably inlwhidh@ne 3arboa b hasbdeaieplaced with a

. doubl e bonds. Unl ess ot herw se defined, such al kepyl )
nitigeEemy \pvless) qtheradsa defined. ygh azacycloplkyhgioyns gﬁ)&qﬁy contain from

2 tdgg gﬁrﬁﬁ)?xg ;Qttoﬂltsi Yfey?%sléﬁﬁﬁ{/e Q)Ea;i/‘#}’ﬂés b éﬂ@y(]c;@k}\/l@foﬂ are pyrrolidinyl

et hen npr open | SOpr ope
andpiperidi®yl @nydps. "FHedrm3 “arayyclaalllylehe’ hedm.a divdentezacycloakyl

"al kenyl ene" nmeans_a dival ent. al kenyl group. The.term
srony K SRTon S S PIEg 0 PR O LT 15 Y BB g Bgighe and
pipgﬁgﬂgeﬂ@'g&ﬁpmy be linear or branched and which has at

| east one, and tyfically 1, 2 or 3, carboncarbon
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 fluoro, chloro, bromo and iodo.

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 1 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-



10

15

20

25

30

triple bonds. Unless otherw se defined, such al kynyl
groups typically contain from2 to 10 carbon atons.
woe@se8EB] at i ve al kynyl groups include, by wayP@f/US2005/007988
exanpl e, ethynyl, n-propynyl, n-but-2-ynyl, )
ra- hex-3-ynyl and the like. The term "al kynyl ene
' eterm"aryl"” ans.
e P o B Y BB ol oo Vi ot
thiggole oxazehe fytan, thiofheaedriaioig $>yfazoﬁal, isoﬁ@jﬂ]é,hﬁitﬁ_ﬁﬁ)l«le,lpyridine,
Unl ess ot herw se defined, such ary roups typically
PYREAER PG, BBiolRs Gzt ey bs@@%ganm@r@mhgme
beditldag6le A4 QuindYin¥a¥o findtha "RlifazoRE Wiin & dth
en;%htaﬁal ene- 1-yl, ’ﬁlg}oht ﬁal eonqg1 2-1;15]] Trma{n%m?ﬁe’%rkoe. Hhgc the
like,ayhere theppintef attechmsend ititway ewdilable/¢arlysroomitrd fen gy &bm. The
" a yl" neans .a oval ent heterocyclic ring
ten@o%?%?%ﬂék%nnée%qstaraéﬁ%lﬁmg{%gwarﬁ%rp}lpa cycl oal kyl group

i n The ehmoheteeadyRDN” of HBdIaSyBEe thehfd)h ﬁ{bﬂgvﬁlﬁﬂt@aﬁm’ced or
nitrogfn atom Unl ess otherw se defined, suc

unsahiraiod (Rograemagie hgheyp hyying alsingledng ai muftindercdhdensed rings and

[ ; es. of .a
oS8 Sy BN SREER U0 EVAIRAT 45t s o
nitypgen pygehine: subfum Uakas ymbﬁﬁlsé(&?f_ﬁfea',' sdéﬁ&iéfer@cyg%ié! gfncﬁlﬁiﬁ typically
) tative exa es ) _
co@éﬁ%@i%Eqk%bz«rt%#%wsﬁ%%ﬁ%‘%Bﬁepmspwm”%ﬁ@iomc groups include,
; i T L ., AP n .
e R R
pipejidiag d b elieaens, seombélineg thiomarphotive pdadrivihe, G puasine and the like,

Whésé gljrleg@ eil!;]t%/o ga?t@tcéhalig?}glfi% gﬁ%l atvgiil %ﬂ B ggrij g]g B{I g%%gg@ rigg gtogy. The term

“heterauyplens” RahOP BRI haW Ot AL O het Y& cBP %;J )
cy?whexyl and the like. eylli erm"” Cf/}}d o%ﬁ I ene

mealts'cB 2 dpSafie Armbgielrariop atems ipintentied foermmatiivallay'term used
her&R2ME nfuan&{ @6 catbBiPdtBms B &%n%ﬂtdpageo g%ﬁﬁ-r%%betrdg{ﬁjn’ghﬁ 3§ fFor

“het eroary nmeans a nonoval en ot (
exagpd, tgl terny {°(lg4C)alltydd nfeaseh alkyiggoap Haaas Gk tstg4 tabbA Stoms.

[ ically 1t
et B ET e raRrEiEaLY FrSRiARIa elgaran gele hish is tckpiebl fo
adnlifls@&fonab RgSaNeAL salaf ésnﬁﬂmnﬁfé‘{gé. ?gg'ﬁ{s%a{/f’ﬁl agéegslf'aﬁﬁe mammalian
tal r1ng atomns,

typically contain from> to ( ‘
Safe}t{ég?‘ agtyratdseghesgime)arSoch galtus tiendekived frobyphaeautically

acc%ﬁi?rgg %ﬂ%ggaggcg(gl)zl & :ggl?i% P§$e§ %I}’lg ?ﬁ??%%]ﬁ%’%]é?él&ffcpgg égcgf)gl%al% inorganic or

orgy¢ acidy. Salts RKAEDTOM pIRehRATEIIR adR¥phbic? rgQME Z4eBSnclude
ri dazine, pyrimdine, triazin€, indole, nzof ur an,

amrg Y5t ?ﬁl%\é‘ﬁ’e ﬁ%PPe’_’é:eﬁ@Ef_llCrrfWJél_ lethivgemagrieaino, epanganic, manganous,
pot:it?.%iilelﬂl‘? bddien, £iR09HA AR ke ’Pa?t&’éu?a%yolln"epe%ed%lrjel grgr)l(a%lniurﬁ% ca c?um,

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-
ethylpiperidine, 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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i ke, where the point of attachment is at any
avai | abl e carbon or nitrogen ring atom The term
w0 h@te8138 yl ene” means a dival ent heteroaryl grOUPS200$1607988
term "heterocyclyl” or "heterocyclic" nmeans a
nonoval ent saturated or unsaturated (non aromati c)

ving a sin rin condensed, ri ngs

saif dpoR s i e Ree ety e B e ARk R R e BTl

ber(zteﬂ@uﬁaxhlbybebz&@ AnipAb&iRal & Wiic Sehatkadodis, yaisiiitf MERKC,
xygen or sul fur. Unless otherw se deflned such

gerﬁ@t%glyéwp,u guepronip Llutypice MipnpricoRydipbrontighysredhlayic, isethionic,
1ac{19t194toﬁlbﬁig rﬁgf R"@laﬁ‘é %'i%fleﬁﬁ %@@Sﬂésﬁffbfﬁ‘é ﬁﬁél‘ér ag%ﬁla'le%esulfomc,
ecCl es

I'ncl exa nonoval ent”’
naph_‘thetbgtfelﬁ Iobdésutfenic) ﬂﬂpﬁﬁ:mhe-da @-d1sutf3bnmzmlcbﬁmm,emtnc orotlc pamoic,

i per.idine, 1,4-dioxan por phol i ne,. t hi opor phal i
pafﬁ?t@%m&znmép OBICHSACHIBIC il st Uthaio) Prialuengsilienipranpgic-and the
1ik&f Paﬁ'ﬁ&ﬁgﬁ PBidterted ofd cifHty h?&ﬁibkﬁﬁiceh%f)mﬂné’ rlsé%hltohﬁg%lelc

ring at The term "heterocycl ene® neans ‘a dival ent

napmmey&dgslulfochwpmcwkfurgw ouitartyheacids.speci fi ¢

r. of . orrs|S|nten ul ar
ot 2 Rl BRfbo? R b Sl B D B gf an ecid is
repldded 8y e REAGS 8ScHPdsQGREth NGt bR tad o anf®EatRwME I tRe likd) EPreferably,
term™ (I - 4C) al kyl " means an al kyl group having from1l

thetsglt 2s zphav@aceutiolly, acredahle salt; githan ahy thasisinoa raqyired for salts of

1nt%gfe eg%gngqo%ﬁhg hal 8 NG iflt ﬁ%lle& %d&ﬂnisﬁraﬁl&f%o# 62? fit. for

a patiren
s aI The teamr‘@glvatet m@tuzml @niplerwl laggregaé Ebryneddyy (meg)r\tmre
grgrelrre Such S(Ja can derived fro ni
mo a £a s9lnical 77 ComPOpR %ﬁﬂ phagmaggysicallk agpgpiable salt

thePdo® dnfi QL BP ﬁ{o@ﬁ\l@}&ﬁﬁ%i} ¥ sé‘l‘%ﬁp L A Qﬁmiyglcgﬂy crystalline

organic acids. Salts derived from pharmaceut
solals heping lalsebstam)fa@a fixed mabe gratioof smieteamdmnlmm Rajrcsenmlve

solf ARG RE Y ELe FRPLS bt il Thel SR SOProparo stetic acid

and e ik IWAE 3heRbRERY iE @dteal tReABTRN bitned &l Lhyhte.
magnesi um pot assi um and sodium salts. Salts derived

f r ofhvpHderapiegieieddhat phelewapiosbipbasnasgniieallyaseeptalie saltier solvate
or &@e{n% dﬁa rtBEfegPﬁX nt«?ﬁ%fé@ %dﬁfc‘iuc?enaq% GlutRoNs BFLdMESsolvates and
I NC tl%ue e[IC am nes,

I ng su am nes
stereaisomals), yuorhcas arsoivag ofaiphesmadcwditichiey ddckptablewah ofia stereoisomer of a
ar gi n| n tai ne, caffeine, choline, N,

comP‘HJr %W@ﬁ?’l 1 enedi ani ne, di et hyl ani ne,
2- dirgd a%e@é}ﬁ ﬁ@c{‘lgleff GivEAh bty |n§é£hf‘9ﬁtaﬂ%ﬂﬂ sufficient to effect

et hanol am ne, | am ne, N-ethyl no ne,
treaimen’g/\rvbetpahmdlsteeqd ‘rglalpaamtn'm,negd eftusatmient, hi sti di ne,

mor RO RG CopiD s LS s S By APl B gl dtcatment of

a di¥eRedr Mdvdidalédndafon (5BARICOOPDYin 4 pat@etnlﬂ Vudh b8 mammal (partlcularly
trinmethylam ne, tripropylamne, tronmetham ne and the

a hpmge), thad inelugest i ved from phar maceuti cal |y accept abl e
aci [dcﬁ ' ”Sielégnﬁm%%ﬁé Hﬁeas@gf:ﬁ{e%'l&al condition from occurring, i.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 a 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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benzenesul foni c, benzoic, canphosul fonic, citric,
et hanesul fonic, edisylic, fumaric, gentisic, gluconic,
w@bkwsosss c, gl utam c, hippuric, hydrobrom c, PCT/US2005/007988
hydrochloric, isethionic, lactic, |actobionic, maleic,
mal i c, nandelic nethanesulfonic muci c,
hale 5- m

P SRR S BBR ke &7 el ifion n  ptint

or otTihe Ierﬁﬁ'l@&vﬁmg gi@ﬁlﬁ O BAR LR PGP BRI upGor afdt Wh'i't!hcoan be displaced
sul furic, tartaric, p-toluenesulfonic, xinafoic and

by @aRethpy fugctiqnal groep PRatoy: iprefubstimtonreacion, rsiu@h as a nucleophilic

ORI VSR Rph SRS ey g ntion,

brdrae tuat iodo gmuﬂs; sulfbic lestengronps, tsuélhar eefylarasylate, brosylate,
gl rmed when the hydr ogen of an_ acid is
nowgifﬁ 24 ek%&eaan@aaﬂﬂ@ﬁy KPR, Hshas Aestaxy. dHtligsRacsioxgipnd the like.
or gafi @erﬁlatphg 1@ GertAfvid F@reo? r ﬁgﬁ{saep éﬁva&b@ Bkt éc?ﬁ@d
pharnaceutlca y acceptable salt, alt Ris i
Compqlmdladvlﬁdr orsairmsorefﬁmcnbnamduwaf the nq&npmdﬁl dré p;totemt@j from
I nt epnded . m.ni st on to a patient. The term
e FoEhORaufics m3tHBE B0 Bkt s Suf B PR sroRpsoHBLt nay be
pr&éoté’@h@luﬂ@'b@%ﬂ}&ﬁ' RbmPles @c{l%bfe}'hd ackd grdupsHAAHS grd%l‘i)s hydroxyl
formula | or phar maceut i cal accéptabl e sa
gravpayrthiol grodpy C@rhenﬂrgrﬁﬂns@ndﬂh@ hé@ eBemtS@tattyle\pemctH&grhups for
caI%S%%ﬁ%t & dsqllﬁcﬁu&e]}’e%&eg% s'uéﬁ? oy ?trﬁétu)x efl egtser)a%gl({é ran% Hydramdes

forReyine gmmpatcanbenmmb Y&arhss t‘dﬂﬂbuﬁdﬁycefwc\im) afd exidey|fer hydroxyl
wat er hanol [ sopropanol acetic acid

anol and
STQURS, qth%an%@ffﬁ @Wé 1) gravis- thioefhsreand thinsstery é%ncerbonyl groups,

|
Lk T T S
thegart mdaredmnbmir farkearmple, insTi Wi €vekaet dnd G-.rdl Wales, drbrecting

RGBS e 5 el N 1 TR0 rence

thebatht of a stereoi soner of a corrpound of formula |I. The
term "therapeutically effective anount” neans an
aro ke tesif Mncemotqcan@groe@f naqad B peetectitigegroup suitable for
] e Lreat nent
pre@gﬁ'ﬁl{g Lfi‘lrdgéfeg rga%tlgnfﬁt ea% ind %{Qﬂ% Ci{e Les nﬁ@y%fuﬁm}%rﬁgectmg groups

1nchhie butedd hdl Gindted ttd &aﬁﬁlﬁfﬁxy@ﬁrbanﬁll Cﬁ}@)@ trixkl g&ﬂ ibeAtyloxycarbonyl
a pati ent Suc

ndi tion (such as
(Cmﬁn?rélvowawr@ewwbwé (%Fﬂﬁ%fow&tmpﬁéhﬂﬁbé (T, rerr-
bmg,[ ENeMAsNg ¢ )%ﬁ?ﬁ‘éﬁkelo medi cal condition from
ccurrfng; i.e’, prophylactic treatment of a patient;
( b) Thﬁmnmd‘paboxbgptdu@tntiggaag:é meansediro@ttinpgdiip saitgble for

el ating or
preventuig undesureﬁ reactlgns at a ca xyggroup Representative carboxy-protecting

groups include, but are not limited to, esters, such as methyl, ethyl, tert-butyl, benzyl (Bn),

p-methoxybenzyl (PMB), 9-fluroenylmethyl (Fm), trimethylsilyl (TMS), tert-

butyldimethylsilyl (TBS), 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 including tri(1-6C)alkylsilyl groups,
such as trimethylsilyl (TMS), triethylsilyl (TES), zert-butyldimethylsilyl (TBS) and the
like; esters (acyl groups) including (1-6C)alkanoyl groups, such as formyl, acetyl and the
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regression of the disease o r nedical condition in a

patient; (c) suppressing the disease or nedical
w@oemdiogizes, i.e., slowing or arresting the devetDpR®N$/007988

of the disease or nedical condition in a patient;

or(d) alleviating the synptons o f the di sease or

T RN TN
(Frel), siprRe Aechety] eirabiglylf DROL) Mdahe Gk« uRdditiordl BMtWO heidroxyl groups

substitution reaction, such as a nucleophilic
cas lpe be pigtacisd as en atkybaenegrowm puelt assxgpgtididine, formed, for example,
by"r@a%ﬁ&ﬁgrﬂh%ﬁdei’o%e]_ ﬁ@ﬂ%?gce%n%yps i ncl ude chloro, brom

and 1Todo groups: sulfonic ester groups, such as

nesyl ate, tosylate, brosylate, nosylate and the Iike;

Gand1 C ﬂlox gr ups, such as acetoxy, trifluoroacetoxy
—&ﬁ@—%ﬁ%—@—éﬂ’%—e ticjELoc Sterm "protected derivatives thereof

nmeange diphehyl ¢abYenRiorileivRRGH ¢ heGRERRINE oh reWllilF My ailable
one or nore functional groups of the conpound are

staping regiteas fisingithgrfddeving generabmetbnds swiditivocedpres erdryi using other

. or bl ocki & r. .. Functi.onal qgr ich e .

infRimehic e s S el ooy Saftnany SRR MOAF ATRpEF  prjoutar

emBbainitat ofit PRsE@t AuMRAtioM Al ®¥¥ho Wi OFdscribddl Hreld, €16RS skilled in
car bonyl gtougs and the |1 ke. Representative

theprbwabiereaizgrtodhndl enehodimes Rx/aspecta of Bs prosentipacriiqnggag be
- . . i
pr%é%‘rc‘iglzsﬁ% élzr! mfﬂg&p@%xgﬁ&lzﬁ’elrmﬁ ot §g}‘%1§gr§°h%?§‘f§ﬂl}g1§= %eggents and

or am no groups, tes
staetinlg thattiiady kaoviao toythpseashd leglrin dheesart. f b withyido be wppractgakthat where

ethers and esters; for thiol groups, thioethers an :
el G BrEd PRRAELCAPIBIOR (g oapaion JopaPres  Hest %P@;raﬁos of

read st glﬁvénl'tsif Slaeséh‘&t‘ eRNOLEEHER %tﬂér%&&s@éo%dﬂ%ﬂfs‘dﬁﬂ QWO HeQised

thosé skilfTed in the art and are described, for _
unksgnotpérevise statdd. VVhe deneptiamun Gastion/garsljtiods otascvarpglepending on

G ou in ani c. Synt hesi s, Thi.rd Edition, . W .
T gs o PP oo poBH i br Rl e by one
skillediid A8 2 b9 r&@iegptieifition padRAsred Protecti ng group

suitabl e for preventing undesired reactions at an

ani Asidgiogally, arupll be appagent @ these slalled srtbe utrpnyesiigngl protecting
- . M s t N .
er R B plior Rl i Bl obioB e gl S AP BLBO R undergoing
un&esired egaetivyis mahb ckyicaobosuitablehroeting grony for a particular functional
trimethylsilyl (TNB), tertbutyl di hyl silyl (TBS)., ..
SOHR S e 38 isﬂlé%ler‘?@dft)é}nﬁwfmd%ﬁ?&?ﬁ ?ﬂﬂe@g‘ﬁ?“r‘i‘ﬁ}/‘g‘?éﬁh‘g‘l }"‘mtlonal
grdTRR AR WelRERvafinl (A9 2! PHRectinb @R ohiRd: (Rh SY6HY ilidGtrated in the
undesired reactions at a carboxy group. Representative

prasadivex ¢espritadderdin gnayrbeuyssd, ifddsirdd, Fonaxample, momerousipreigeting
to, esters. . such. as t hyl et hyl .., e, - benzyl

e, SRR Ao Fendoty 78 B2 RLTD W Crerhe dRc: M. Wats,

Prbfetsimt Gaoupl nyOrdahhDynifiesis | Thitd/EéitioR) Wyles N York, 1999, and

references cited therein.

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

(2 reacting a compound of formula IT:

-19-



(TBS), diphenyl methyl (benzhydryl, DPM and the Iike.
The term "hydroxyl -protecting group” neans a
WEe@smeg178g group suitable for preventing undeBCT/EHRI005/007988
reactions at a hydroxyl group. Representative
hydr oxyl - prot ecti ng groups include, but are not
limted to, silyl groups_including tri(l-6C) alkylsilyl
groups, such as tr}) silyl (TMS), triethylsilyl
(TES), r -butyldineth yl (TBS) and the IiKke;
esters (acyl groups) l'uding (1 -6Ckal kanoyl groups,
such as fornyl, acet y ><aryl ni et hyl
groups, such as benRy ), 7§ netlho enzyl (PMB),
9-fluorenyl nethyl (Fm ,>di phenyl nethyl (benzhydryl,
DPM and the like. Additionallly, two hydroxyl groups

ca | so. be,protecte an <yl i dene group, such as
or?ﬁ%ﬁ&ﬁ?p9$W@ﬂ%ﬂfonﬁgwﬂ€8?f I hpl e, by reaction with
a ketone, such as acetone. Ce S ic
Procedures The bi phenyl 8onpoﬁﬁ Pgéggkinvention
can be prepared fromreafily savailaple starting
mat eri al s usi ng'thesf okt owngegenerat net hods and
procedures or by using&other information readily
avai |l abl e to those of ordin skill in the art.
Al t hough a particul ar enbodi'ment of the present
whiRiteD lepresémya avisi@wsupoor descri bed herein, those
skilled in the art wil| recognize that all enbodi nents
or §pectarbpg prgempperkel formdadyi on can be prepared
usi ng the nethods descri bed herein or by using other
met hods, reagegt @v starting materials known to
those skilled in"theart. 1t WD al so be appreciated

that where typical |or preferred ﬁgqges ondi tions
(i.e., reactionzt Tgp\gs, t} s,”‘rrillH rati os of
H pr

i Ng

r al
d

a

reactants, sol{e sures, etc.) are given, other
process conditions™~Can al so be used unl ess otherw se
stated. Wile the optinmumredction conditions may vary
. [ rticular reactants or solvent used,
10 “mgggﬁﬂggﬁ%??ﬁ%ﬁgﬁggﬁ be readily determ ned by one
skilled in the art by routr’pe o Li g gakion procedures.
Additionally, as wld be app t» tO se skilled in
the art, convention protecti groups may be
necessary or desim@é‘ﬂeg venttoertain functiona
groups from undergoi ng undesired reactions. The choice
of a suitable protecting growp for a particul ar
functional group as well as suitable conditions for
or pregetive desyatyrdthgieph 8F ect i on of such functional groups
are ([ j Ccting groups other
tha‘”?hogg [ %gﬁ?gﬁggqﬁgbtIgggﬁbcedures descri bed
herein may besaiéd, if desired. For exanple, nunerous

prot ect i ng(RYE , and theirG@ptroduction and renoval
are descri bed T.W Geeng afid G M /%:;M 2
r
§ m#—<:féN/A\&ﬁf\$ . %
(F<2)b T R
0
VI

wherein Z? represents a leaving group; with a compound of formula VII:

15
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Protecting G oups in Oganic Synthesis, Third Edition,
Wl ey, New York, 1999, and references cited therein.
w®@goosmg77ed i |l ustration, the conpounds of fornRXCEHUS2005007988

be prepared by a process conprising: (a) reacting a
conmpound of formula Il:11 or a salt thereof, with a
conpound of formula Il(ke 1l wherein Z1 represents a
| eavi ng group; or (b) cane®tpound of fornul a
IV IVvvithaconpoundo formula V: V or a reactive
derivative thereof; or (Z% acting a conpound of
formula VI: VI wherein represents a | eavi ng group;
with a conpound of fornmula vt or (d) reacting a

or conpound of forrmula Il with a conpound of fornula
VITL;: VIIl in the presence of a reducing agent; or i
(e) Deactdeninge eonpomde! Gormfupe Fuvith 4 dompotndiof forenula VIII:
compound of fornmula VII in the,presence of a reducing ,
agent; or (f) reacting a conp(gd OOJNmk"a XVITI:
XVIIl where R is H, % vvlthacon'pound
of formula Xl mHWRSN flg/y
L4
R
VIII
in the presence of a reducing agent; or \
(e) reacting a compound of formula IX;
(R)
‘@N/\(\/)/\N : (CHz)H-CHO
J (R)
X

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

reacting a compound of formula XVIII:

(R%),

Ao
N/\é/)ﬁ\nll S n
(R ) R*
XVIII
where R’ is H, -CH; or -CH,CHj, with a compound of formula XIX:
NHR'R®
XIX

and then

(8)  removing any protecting groups that may be present to provide a compound
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 an acid 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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(g) renoving any protecting groups that may be present
to provide a conpound of fornmula |I; and optionally,
WO 20051087738 phar maceutically acceptabl e salt theeBUS$2005/007988
Generally, if a salt of one of the starting materials
is used in the processes described above, such as an

' ddition .salt, salt is i neut.r.alj.z.
sahg\gfrﬂg ro@e rgpia(rj Sﬁlblu}@e thog alr?)ggecﬁqlr g%chprpé%g g@#ﬁ}t So% UL 3bSH salt.

neuln @bteka(d)Ofhe k&REOH Betwiesn the Rbpbliydsadderinila sihed Iiythe
cpntactin%@theqalt wi th one mpl ar equi val ent of a base
leayigg rgpaesenied by L €quPedPeerampre, alog sudids chipro.dagmo of jpdo, or a

) e ;

sul ST sffel, sl AR DS STt DR RATD Uiy porformed
in the prebarrce®X avpieg forteahmplesatintiag antihosuch abdisoprapylétihdamine.

or a sulfonic ester .group, such as.nesyl ate, or. .
ContssifnE fvert i lids ity 16 ed SRFLAMIENT | Jhcreptisrs govamiently
corlddteR S BRGRredn Bﬁsrﬁn%efdfrfro?ﬂ( a@teiorct ertiary am ne

such as diisopropyl et hyl am ne. Conveni ent sol vents

i ncConpowidsrif ffermulzlcike generedlytkanivnsin the, artT e cancecnrepared by

i.S,_conveni ent | gﬁ%?nd%%%d at a tenperature in the

e
deprofeeiing g cqpign OC. Conpounds of formula II
are generally known inthe art, or can be prepared by
deprotecting a conpjuh formula X: X wherein P1
represents an am no-p ting group, such as a benzyl
group. Benzyl groups ar¢ canmvenient| yrhenmoved by
reduction, using a hy Vi hum formate and a
Goup VIII metal d&dga s%/h pal | adium \Wen W
represents NWA, the hy genation s cBnveniently
performed using Pearl man' s Katal yst (Pd(OH)2).

Compounds of fornula X can be prepared by reacting an
Whereark) JRBeEeTEOHBIING-DEP st giPEP, Rich 45 4 bengylgape LRenzyt groups
arefcgﬁ%h&él§lréﬁlo% AuRs, ﬁgin% QB%HJO geﬂ 4 anfiAPniPE: dformate and a

prepared”starting froma cortespondi ng conpound in
Graupi CHI Dktal epalystentch aa phadlivomyWhegn & peprdsonts @i ythehydoggenation
. reacti of . a hal ogepati ng, agent, s thionyl
is coRy Sy Perigringd Btk be T PHRRR 11 T whi o

Z1 CeRhesRRilot fhidila Xk Be PRepaRtdVydeadiRBRA iHIGarale Mifolind of

Z1 represents a hydroxyl groupmay be prepared, for

foraw ‘e, by reacting a conpound of fornmula V with an
appropriate am no-substituted al cohol, such as
2- am noet hanol or 3- am'( -l-ol. In process (b),
a conpound of formula I'V4 §_reacted with a conpound of
formula V or reactive derivative thereof. By "reactive
derivative" of conmpound V, ik _isNOfeant that the

R*;

with a compound of formula XII:

HW—CN P’
X
Compounds of formula III can be prepared starting from a corresponding
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 III in which

Z' represents halo, such as chloro. Compounds in which Z' represents a hydroxyl group
29,
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carboxylic acid is activated, for exanple, by form ng

an anhydride or carboxylic acid halide, such as a
w@200b0%wyB8 ¢ aci d chloride. Alternatively, the PCT/US2005/007988

carboxylic acid can be activated using conventiona

carboxylic acid/am ne coupling reagents, such

. Yo 2 _

o3RG S AR S sty iy v

amamndsubkigtutddieicohdh sichras @sdrhidnethandl on g eamiasproyarpbof. or med
under conventi onal an1de bondf rn1ng ondi tions

pr oCBRIOcess (Blof eRPRHI §f fepitia Y duregpted Wi upcéoﬁqnnulav
or ltea@m}'eadégﬁfal?sfe th&R8t -4 ehQive @elivariRmRe LA L&;d v, 9{ é%.nt that the

can be prepared By reacting a conpoun
carbd)xymtdwlchls @thmﬂln ﬂ)rwf(ammen’mj' forixiing an @HEIGHE @)am&ﬁuﬁtﬂd

XL wh ro
i i AARAB R GEREERSES ShSAGIRE B oot scidca b
actPaRIRGR déﬁveiltlbﬁﬁlé@f%g yBOLAY/amSMEdbupiing RALLHR, such carbodiimides,
trlacetoxyborggydrlde follomed I f hecessary

O-¢7 e%?ﬁb?ﬂi@ﬂ'taﬁ@l NGV pr.ot é@tarrw@h}@mr@upurplze@ﬁuomhosphate (HATU)

s EETRE AR5 UL B3R5 SS00R8 5B hepons

fommlg)mjﬂmcﬁnﬁ The piekess s vérdvenianity omaluodd af a fdh{p’ﬂdtae)ﬁi Wie range of
Xry %erf n _P3 represents hydrogen or a
fropplf @r@t ecting group, such as methyl or ethyl,

d
an Cgﬁlgg)ﬁﬂds%?diﬁrﬁﬂ@l\l’ @%Kgé?ggég@&' By rdeli %@??ﬁgguﬂd of formula II

necessary by renoving oxy prot
Witﬁf&.comnoenmaffomau}ﬁXLﬁJch corrpounds can be prepared by

reducti ve ani mati on ﬁ%é ,formula XV: XV
with a conpound of fo ( ?F conventi ona
reacti on conditions, such a ghosedescrlbed for

Wh@treﬁf:ﬁ%l%ﬁl%s&@s) hﬁﬁ‘&’geﬁ%)r an BRfifS-pidashting gPJLfﬁC slﬁrﬁ ab ‘Bénz I?ﬁ the

| eavi ng group represented by Z2 can “be,
prepetice of ¢ weducing agentosush ap sorlmndnaaewwbomhyén@m Ifdltm\red 1f necessary

by PRl Brin e B gD 5o ity ie; hiirpaeaedona ty presence
of pulla@ken. for exanple, a tertiary am ne such as

di i sopropyl et hyl am ne. Conveni ent sol vents include
ni t Epmpeunds of Roramlay cas b prapeeed bitgagtimae qoswpopsd of formula VII

Wltﬁ%%%ﬁgkgg&b%&ggﬂ%d at a tenperature in the range
0 rom

Al 78
PSOj\(\/E %

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

3 iMA‘J\
P°0 s “(CH,),,CHO

XV

with a compound of formula VII under conventional reaction conditions, such as those

23-
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0OC to 1000C. The conpounds of formula VI can be

prepared by reacting a conpound of fornmula IV with a
wa@eovposntas of fornmula XVI: XVI or a reactive dePCwHS1008007988

thereof, such as an acid chloride or anhydride. The

reaction i f] convcra]ni engl y performed follow ng, for

t he t of process (b) described herein.
%ﬁ%‘?ﬁ% rpﬁgce(ﬁ?es@arﬂ%? VIl are genezally known or can be
pr Mﬁﬁﬂﬁ Eeaeh, the 1eaangd glouip rqi‘rasrehﬂed by TAcen bglfar example,

usi n nown synt hetic pethods. cess
halq, ﬁ@clya@@mgr%é)rggg RF 1adgy onesulfogic @%,%qug, gﬁg&ﬁ g&*éél ?erpr tosylate.

Thil %%ft?déﬁg %&%%Pﬁgtlﬁggf@ﬂﬁefgh Itlép eﬁpég ke 684 Bds¥Sor eSbhle, aStertiary

UC|ng agent, such as
amide bhak idsdpdepyléthglbmitien CCoveiient Soﬁveatsenazlu@dmtrdh%; awéhoas.
Conveni %nt sl vents i ncl suc

aceiopiHian gihe ropRBoR SHERTHROT CaRUERI Shh FyBHERF SR g rapee gf from

O°dt§m@§‘@t WhEcdnibdull& 61%% RiVIidaap ted bhQR&tinghe d of
conpounds of I111‘11)or rru? a }1 may abee??iégar bgqu lggl dlogr:pr?gn °

formuladkfpm&n@lcmqwdmﬁlﬁwmn@amlf ormula Il in which Z1
represents a hydroxy! grogp. Such oxidation reactions
can be conducted, for exafple, ,usijng sul fur dioxide
pyridine conplex in dipg s ide in the presence
of a tertiary amne, such as dii sopr opyl et hyl am ne. |
process (e), the reducing agent may be, for exanple,
hydrogen in the presence ofX¥IGoup VIII netal

| h
or s g g v RtRY e 2B oridistidnes sGEe Al Be parian i
contVEﬁlﬁﬁgﬁ 1%?31‘%‘%‘15@ hMQWn‘iJéE fo Ih‘%ﬂ@ltlllé/m%ﬁéi of Pro6&R by tRbériied

tani um t et raal kox such as titani um
hertiat CairpopndspdXontaila ¥dhare rgamrallys Iharemeorscap e puapered from readily

| cohol s, ch.a th d
aVﬂ?@PS@ﬁF‘@dﬂé{em@ﬂﬁﬂggye ané’ﬁ@’[ haneﬂl%%l%e reaction is
Conl‘ﬁeiﬁ‘b&@i @} @@Eéd&&ﬁgdt aht rﬂa}f S BE xhbhpRe, hydrb fen malihgﬁesence of
of from Q0 éo ounds of fornmula I X pa

a Gmmﬁﬁbmewycat@a@t w@ ag p@l&%@nn@r ameipbhydidg rqch}cwgtqgelg such as
a b%rgggtg‘%(d;/ér in g{ud ng b @ékéto@’golroﬁﬁrfdg €bh @e%ﬁéﬁ? ?ol%rtt?mclude

acl am ne cou a ent
alc@iidl@ 5ot Ao PYhe react&hhy Icomdmmlhlthylpeﬂemﬂﬁ%)a tempkerature in the

drox benzotrlazole hydr at e d the like
- Cite 19°6c et qompoup H ST BB by
oxﬁﬁ;’/ %’r&}f)oﬁ(ﬁﬁg td foPma1CPNRIch 2F repRkEMS ahldfoxyl
oun formula VIl in the presence of a

groupd Sm}n@(lda’uon 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 sodium triacetoxyborohydride, optionally used in
combination with a titanium tetraalkoxide, 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 IX may be prepared by reacting a compound

of formula IV with a compound of formula XVII:
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agent, such as sodiumtriacetoxyborohydride, simlar
to that done in process (e). As will be apparent to

wo bwseswBs | | ed in the art, conpounds of formul BCT/US2005/007988
prepared by any of steps (a) to (f) herein may be
further derivatized to form other conpounds of fornula
| using nethods and reagents well-known in the art. By
way of illustration, a c ound of fornula I may be
reacted with brom ne t A orpgspondi ng
conpound of formula I Iﬁ] whi ch %{?)“Fgrg exanpl e,
represents a brono group. Asdirti onally, a conpound of

_ formula | in which R4 represents a hydrogen at om may

in e prgsriqef agathexpliq enidfamineroupingeganh guetbaplo(id of

. [ - - Ar

cing G Mo obyd DS b Eh R ERRTI oo 1 i B bR R arate

(HOBIT) endthetlitebe novel and accordi ngly, such conmpounds

are_provided as further aspects of the invention )

i ncRGHTTHYE 1OfRBPCas HinSOBIPOPH %fé%lt}ﬁé%\%&m% HRAcRarpq py reacting
a comp&l o thimuId T vid! 4 SorhMAYF foritid Voin WG Sedehice of a reducing

regardi ng specific reaction conditions and ot her
agqt,cuchl as seslivinp trigsetopphdrolyydrisier sigelat tatthatalope irpproness (e)f

this inyention gr i.nternediates thereof are.described
i e P e e i MRS B (B ahiiitan O FfSl 1 Brépored by
an &3l (h) 181D tRPdn Rk el fadth@iSrivAtEed kdRemydth & RERPUNEE of

of this invention are typically admnistered to a
forguylg leysing methads gndrigagentsavelhknone i fhp edl Byonpoef itlpsratien, a

| nti ) _ e .

co A 2% PHSY 10RO RN LAl SRR B8 TR Eppound
of foetmiixtai Tsih (vt hORY, iforcaeshipieg repibesents atbrormoigta. tAalditionaliy,ed,

oral, sal, topica i ncl udi ng transdermal ) an
CO%?%OE?%W%@@SW@F §(éﬁ?mr35§918a% YOrRgeR AioR mayihe alkytated to afford

HREP6AERS SohPéind eunds, Qfadyhiisyl .
aci nssgnt ilo% °(P€‘Ie“. W?@lgggwhfgﬁg %eut i%?aqil yé)hdl‘éy group

acc jpttaiblof thedhtermedihtes tlescribedchoreintaag béleveditot tetxloyef ad

th articul ar e of adm.nistration cap.be used in. ..
soqppifingRerish Culibp s A BELt f Rt apges Bl dpispfion inttuding,
forAKE@PR] Melc¥mpbitndaE femili BI,00MRASITI iy s @edrof, t hi s

invention is directed to apharmaceutical conposition

conpritherrigtads preardvg eecificarrgfioncenditions anduharipspcedyres for
preg Dl bk AL ARAE s By bR AR Wit ar
desacibepinaht Exanples sot fadth eldbw. or st er eoi soner t hereof.

Optional Iy, such pharmaceutical conpositions may

contain other therapeutic and/or fornulating agents if
Phalfsbofal CRE AMARBEE WohhRliGRTPOSI tions of this

rnvention typically contain a therapeutically

ef f &be bipberyoompowidsaf tlusrpoentiondre typecablyedemistered to a patient in

the form rO]%Ia Bﬂar?n%cg}ltical composition or formulation. Such pharmaceutical

compositions may be administered to the patient by any acceptable route of administration
including, but not limited to, inhaled, oral, nasal, topical (including transdermal) and 6
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 administration can be used in the pharmaceutical compositions discussed herein.

Accordingly, in one of its composition aspects, this invention is directed to a
25-
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pharmaceutically acceptable salt or solvate or
stereoi sonmer thereof. Typically, such pharmaceuti cal
W@ vpo8i788 ons will contain from about 0.01 to BODUS2095067988
by wei ght of the active agent; including, from about
0.01 to about 30% by wei ght such as from about 0.01

(No) ht . e _acti agent .. JAn . ..

phcon%g{rf#(lgacl) %é)ﬂ{f’%%t%"ﬂ cé’?ﬂ Byjs n&?cl? BTER euﬁgg)@gagcgpggtge ?é?hl“rlleﬁgr excipient

anfl hahaap@ﬁbalgeéff@an@mbﬁm@m 8 cOpbidof MBI a pHa@naceutically
choi ? artl cul ar carrier or_exci Fl ent, or

aceepigh enﬁﬁ QSr‘FQ Ble & stergaisomes thessadi GIndienally, wieh phaspaceytion
co ©sifib ﬁlﬁh r&'ﬂ&} bRdd %ﬁtlp?dcﬂ& dfd a{ng%%é ??Stlf Qesired.
medl ca or

rticu ar pa ent or type o
dl s € ehstnadceutidah cdrhpcslt[celg af this inventjvretypically contaih aa

t . t n for a particular
BB L T S ANt h “eCPRBIN 94 TR PTGt B 0B

phbﬂ@&@ut%‘ll?r |a§t§épta‘Blet A8 R REKHR &S WeldoBonf HRreof, Tinlcally, such
Addi ti ona the i nﬁredl ents for such conp I ons

phamace@tmb mnmsﬂ;onava lcatihia fromo ﬁbOIIt@rOlet)oaihptl@Sf"/Sbg mt]ght of the
S t
seffy e TpeE ol R B PR o el oAbt 0.1

todbrﬂﬂﬂ()%ﬁl@rﬂvélglﬂ&fﬂth@&@ﬁeagm Sci ence and Practice of
Phar macy, 20th Ed|t| on, Lippincott WIllianms & Wite,
Bal tATRSTORY eAQRYl CafrieT 0 ebuipientinay be used/ip §as pharmagentical

R N
com.[rgatlamjof(cﬁﬁf%s or Rejyiase N\tlﬁtdiepvalde)natha hede of admintytiadbs being

us%@i"?t?eéfan 2‘51\613@?% hl’qﬁgﬂ?nf‘ggﬁg dl?zﬁ %{cggglg glp (th?q:pée state. In this
reda@d, | tRYHrRParafidn ofSHERGBle pﬁh&%{hc@lﬁléaﬂg&ﬂﬁcﬁmcgf fof Qg@m%ﬂﬂr mode of

sucrose; (2) starches, 'such as corn starch pot at
adl@ltﬂaiitéﬂﬁlon(lsyvelé wiithirl b ecopsrod thase sld@pcﬂ usmhe phmnamutcahsﬁs

A8 RGBT oo nd Bynd bl ey 85 R om, o

ex{riplegSilaial P.O. Bok 1480R;;St.(1fouik MO BBETY. SBy S4§ b f AsitHed HRRtratiorn,
butter and suppository waxes; (9) oils, such as peanut
coryqntiopal fergnuation teghuiques pi| d@Weé iin Rewingtans The Sciensd and Practice

of Ph«!zrma%?ribt dltlé"\‘F ilﬁ?{%&% &( WA egﬁXlﬁfHo?e ﬂé{ﬁﬂnﬁizoom and

propy!| ene suc
H.€oAbsd el gl., ﬂ’émmdo@htzm] @op@@]éiﬁmla@d@@gﬂwﬂvely(@gf)ems 7™ Edition,

h | th | t 13
LigfgagRi YRR e it Morkhid Cellhmgnes; um
hy diRexidentand chipics BM&%&BWQ& cérﬂ@v@ds%h@hﬁadgﬁﬁ%ﬂy

6) pyrogen-free water; (17) isotonic saline,;
acqnv?vébrcasn%mtud@rbut eteot émmsﬁld tal th@ﬁdlownqg @)) pigesphimhas lactose,
o ULl B R R) BRSBTS s, an

its daldvz(ti'&ﬂé s@ctlhfsrsoﬂmﬁ‘r é@%d))@nfeﬂ{m@élﬂthb@ St%?ﬁée’ﬂ%ﬁ%é and cellulose
I%ed [ necghar maceut i cal conpositions.

ac‘-’ﬁ‘ﬁﬁf pevidsrechiragagaBs(sy msks (D relakins(7) ﬁﬂ\l‘ér(ﬁ) @WIIEP@S such as
codoiufie! 4 RPSRABEAwERes; (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;
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thoroughly and intinmately mxing or blending a

conpound of the invention with a pharmaceutically
Wwae®spszbs e carrier and one or nore optional PCT/US2005/007988

ingredients. If necessary or desired, the resulting

uni formy bl ended m xture can then be shaped or | oaded

Jb'oﬂ‘lﬂr@é%&bl%pel%ﬁ) §é‘§e§ %uclpbé dtorofRBotiBbis ?r{ﬁaﬁrsﬁdgdtgx%%sc’arbons

ensers and thé ke usi ng conventi on oce
ang) I@fB@(ﬁlﬂﬁr mRBTiexic Wmmtéﬂfembetanmrﬁmplmyw ip bhmautcamimposmons

f ti table fo
o prafiisiicel Sorvngsicior B BN Ewii re Dirvoatiprepared by
th@ougl0g ahd Dilisndkddy niixia beBleadink B o%hfp@ﬁmpaftwe hﬁvehm& &hhlLy
be in the formof an aerosol or a powder. Such

phampasesiiqally necentadleariarantl pne arineteepsiosal ingiedipnts. If necessary or

deé’i{féﬁl Tﬂé'}gélﬁfﬂu%%ﬂer gxéﬁfdﬂgﬁéde:&ﬁzﬁlxr Wi & hl‘w%li]’)l Be gheagagg} oB&mlmo tablets,

capsutea) witls,(d@Ris)ers) caréridposti digensies arldé‘ﬂh}i! lideusifg convenflonal procedures
eci fic enbodi nent of this invention, the _
aniﬁ‘é‘ilﬂ@&]éht i cal corrp05| ti on conprising the active agent

is %@Hhé‘élﬁi)@dﬁl@ntb&e' LhQ U&h@&l@or{g%k?lﬂjug fif entlon are suitable

i nhal er. Such nebul |zer evices t pr odu
forgpha;_lghacbmnmhghom ebwtsbtephaimadentital camsp esatldnhﬁfor mhaled

{. it r|S| t he tive, agent
RS Wil BiTSPRRR e Blin SRR hesfoal B b POMASH ieh Apmgositions
arel @Aplal g tatinynisteRE usinfSRALIORE dbliviiaTevices, TUERAEIndbalizer inhaler,
use in a nebulizer 1nhaler, the active agent S

a W%??}F%ﬂpwnbalérs@{ﬂ?ada vy povesier inkisles (EBI) roir erSlmrbarfd@hmra device.

t
o oo o S e S RSP P ppton

corhpmsmgt}&lmtjwsgenﬂlsQﬁmﬁlﬁl@té&ﬂlb&ﬁﬂhdlﬁ[dnl wlirSa #dbulizer inhaler. Such
Sﬁta abl e si z where mcronized is typically defined .
ne

Vi Sy opovss 2 span of bighaelosity pigiteas consenths
phﬁiréﬂ&ﬁféﬁl QmpoR#dn tc@%ﬂnﬁﬂ e 2£8y n?'tU %@@ & 411%?5[{ g-la% f&'carried

devi ces are provid rC|aI or ‘e
inteARIpatiatif r@Stlthm éa‘ﬂq, Aepriamgly, \thmﬂ)rmellawldlféﬁﬁsed@\i ineegizer

1nh8f<l:? tﬁdecélgfeesaggl}qaseqé hgﬂs? Vod i ngel h@ﬁ?alp{%? dq3 o%%sgesgg)élon
Alte@atiVelydhehctdle. ag@lﬁ‘wpbg ?dléi%ﬁﬁ@d bfd ERBinSI with-2)suitddle camer to

representatlve pharnaceutlcal COﬂDOSItIOh for use In
forpetuspension; of meirionized ppiticles of easpirahie sige,ovizge emrsmzed is typlcally

Io8é m-about ol to
deﬁ%&inﬁhgﬂng%@ft 9B n% r£§r8 f ﬁl 1ciqes Vyltlgg 8}?&}%00 fl:SF i‘tg‘np)l;out 10
uma cSa:lﬁpbla lnb‘mlfzaf dievﬁxfes af ptahded) EorBinefciys RifRkat PR B}ﬁPAR![ GmbH

t he i fic enbodi ment of this invention,
(St g“rr AT el Hﬂa’i@?‘i dsivices isiydsi Regpionns (Reehiripgetlgesthoim)
and tﬁo%jd'{bc%s%ﬁ efo? Exdp1é, M &) BP0kt W& B928 085 Yo Eﬁ%ee(t al. and WO

i nhal er.

97/12687 (Elcher 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 or a 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~
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dry powder inhalers typically adm nister the active

agent as a free-flow ng powder that isdispersed in a
WE2105/08173% air-stream during inspiration. Li oPCEDS1005/007988

achieve a free flow ng powder, the active agent is

typi cally forrrul ated with a suitable excipient such as

e or. resent t|v armceut i ¢
aisp@REE ARt D AR Bhe i PORLPRRRIEYS g fgwine
powider, the Gbseadeaik fgpicullgabinhiihed Sithes histabReRciplatifuch asTactose or

and about 100 nm and m croni zed particles of a

Sta]@brrpound of formula |, or a pharmaceutically
L RPEBRLA AR A AL o A PSR ) KA e

commpudsep ey labpsclovibagna p@-ut]hemleamt\m ashomtm prhendaboutd 00 pm and

ent .and thep dry bl endi.n onent s,
miGRREH RETIGEF of 2 (AR A O 46 6 PUSTZg e ical foggatable salt o

sol{ Rk BHLdtcBloMket hetbran exci pi ent. The pharnmaceuti cal
conposition is then typically loaded into a dry powder

* di sPecsedry pwdenfaymuldtiehgan bﬁmadc,tfpr eipely Foycsaps@uu@the lactose

i B35l RO Lok R, SRR B, e

act{v@ a@&ﬁﬁﬁh L N)rhﬁﬂ?atecRﬁf&ﬁ&it%h ekti gﬁﬂg' ’Ehé:’pﬂdfmad\ﬁhcz(l%emposmon is
Pat ent . 035,237 to Newel | et al)

themtmgg@ly(l@@gdgmatqqxppwéyr c{lg@@sereorgmto 1ghz§,at1qnaqa§1ﬁ1figqsqd3r capsules
for\%?@%lg%%ﬁ&’g@ (%eglggg,tde@ le); Turbuhal er (AstraZeneca,

e.g., US Patent No. 4,524,769
t o Re&hiplek bfidry pestdaehalheler {€Hvaxodevides Khalme)Digkleder e. g. ,

(GhaemHaK Bre. Rssiarit TRl R NED 6 St U PRI SO 57 to
Ne%lltef"s’ll )gD@ﬂlS gl‘ék&ﬁﬁltﬁl(ﬁnéﬁ%r ¢ ge@' $ PadnPNof @@?g‘Mé\lRﬂaaVles et
2 to er et al ., 9,993 to Evans,

al. )STTdrblﬁaEr (L‘DstltaZemCﬁBthnggten, BE) (sea ek @S Patrnid¥o. di,i?éld7 69 to

wABEE, Ryl B DROrRP B L, FOOMHIERD £l B s

et d1h@nadtahiBaRE@YehtifigddAEdh&ing! Bortht ekilipleabf QitabRIDII devices
met er eddose i nhal er. Such netered-dose i1 nhal ers

arerdgpgriher iy Ue. Piakemi Yoo Meak?r te € asps ok el 0% 239093 de Eivees, and
5 7"1‘9%@{)tc9AnﬁstPJh r ffea!ﬁh' gﬁké&e@&&ﬁ%&%‘e salt or solvate

or’’stereoi so usi ng conpr essed propel | ant
gas In petanoiticngleyific phtiodinea bf thid incentivns thie IphEnSnaceutlcal

adm ni stered, using a netered-dose inhal r typi ca
COBRHOLEOTEPTHIEIEF 711 5race s AHBIETCTSE O by idlaioh e g gdngtered-

doée'lnﬁalfn{ GHeh 'n?e@er@& 8p&! 1hﬁ£15rs tﬁﬁé’alﬁil{lﬂiéﬁgllg% alth&deleli @fhount of the

propel Il ant nay be enpl oyed i'ncl udi ng
actoel agenﬁdrumh@umcb@@ly@gcﬁpt@ie m @Rolvatecbristeggagsomer thereof using
fl uorqgal ka BDRAsS

comptes Ipl’j%R’e e%ﬁ&g@i ?a%eutlcagcomposﬂlons administered using
a ndetdred-d3sedinBaldr hpiRhRY boiap@setr P@iohaR Suspetlién 82k actiagent in a

liqltle?ﬁed propellant. Any suitable liquefied propellant may be employed including
chlorofluorocarbons, such as CCI;F, and hydrofluoroalkanes (HF As), such as 1,1,1,2-
tetrafluoroethane (HFA 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
HFAs are generally preferred. Additional optional components of HFA formulations
include co-solvents, such as ethanol or pentane, and surfactants, such as sorbitan trioleate,

oleic acid, lecithin, and glycerin. See, for example, U.S. Patent No. 5,225,183 to Purewal
-28.
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concerns about chl orofl uorocarbons affecting the ozone

| ayer, fornul ations containing HFAs are generally
w@e@bmes17egl. Addi ti onal optional conponents of PEEXUS2005/007988

fornul ati ons include co-solvents, such as ethanol or

pent ane, and surfactants, such as sorbitan triol eate,

o . 3Pty ARkl PSS B e B

92/228b\(Miigsesta MinftighdavishufbdtufiaeC %)ﬂgr)Con‘pany) andV\D
92/ 22286 (M nnesota M ning and Manufacturing Conp
Ar eApF%%ﬁﬂ@flV@BhW?%éhﬁOmﬁﬂ@a AP i1 @meﬁqwd-é@ﬁ@ uﬂhaler

COﬁjgoutse%&@o %\?ﬁ?lgtzt 0 0%%&%& 0 fo?%ﬁl%@?gogré %fg‘i, ora

phphascraelityi acedpitabl asadiegrtsablate @atdredisonsay b, ﬁ'bm about 0 % to

st i,soner. thereof; fromabot 0 %to % .
b D RGN <timng s SRl D6 0 #9905 S06Y ety Sortdetant; with
th@@n%ﬁdéueﬁlg%mA pipbiladthe remai nder being an HFA
propel | ant. “Such conp03|t|ons are éplcally prepared

by ddighegmpbsitibrschro typiradly pueparasicbshaddmegf dhiltedouipkesserized

hhotoh e S0 F SR R el bl R0V B Fbgl G presemt

and Ghe¥uefdfaft @f SieSeN STditepdrb @ sagiehdien, &E@ﬁﬂtwb% ent is micronized and
m croni zed and then conbi ned with the @qfi) ant. The
e

thengompriagd Wﬁh ithe RrpRellant abesdformulgtign 1845%@ dcigtel ax asgosol canister,
I 0] r
i S Q50T 8 00l TR B 0B SobE0) Htrd-dose e
deulmesadimemj)ed ppmﬁaadi&lfbxyusé mn}uHEAvpirbﬂselllaEA aprmpeidedint ©.S. Patent

Nogn 0@6 %%% g(élg{-ﬁqurz]:guggihq, f%{ 5‘27‘ to'a\% 'umt F‘éar n ?‘ég«@}ﬁelyga[ s(?ucsgé:nsmn

foRa PEEISE R RESIE B GRaF&Ries BSFRR6E glrpa)éta%{?f)ﬁ}fu&f)ﬂﬂz&gpart1cles

a coating of surfactant” on mcronized particles of
of ghst dofige agtmﬁt Sesder, exmplee MAOIOH3IND(GRk & S9aup Lid)and WO
. ) and 00/ 61108 (d axo Group Ltd.). For
00%%35?(%— (% $ of processes of preparing

I es fHofr a@dhﬁoﬂé:lrekarﬁ pIRS of Fridbess @y dAPradarian sespiabld @uHIERS, and
suitable for inhal ation dosi ng see U.S. Patent

fopgnylaisons and dgvigegsugablg for 1n13,alg‘r3cgl doseng sg¢ T oiBasent Nl?)ks) S6 268,533 to
4 98800 B 1ORRES Gl Bt o U234 T80 g i

al.amd] WO 99753@1@1(431@&5@@15@&9 and\BJO 00306 AstiaZeneca AB)

di t, the.pharpaceuti cal sitions_of fhis,
v JRER LD SR P R e PRSI GEHiCoL TR PAF B Imvention are
su@éﬁl& a2 oBal PR ABE RN &Riitalsle ESHQI%JCE@L%I EhipdR{tfns for oral

adm ni stration maybe in the form of capsules t abl et s,
admlmlstsatldnanan@cem the ﬁumeqfs:apsixl@t:g@ékts, pdlsdbzmgegrqadmt% dragees,
ension in_an a

powgﬁrsa%{%lzlgg, qr; aa ﬁl @utlg? 01“3% Uspension in an agpea s 8F non-aqueous liquid; or

as WA bHiniwht@l dr wat€ttihbiEigHi® eR0lsidd; 0PS Areligir ofisyrudl and the like;

syrup;. and the |iKke;
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
pharmaceutically 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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each containing a predeterm ned anmount of a conpound
of the present invention as an active ingredient. Wen
WO paosssias f or oral administration in a solid dBGHUS2005/007988
form(i.e., as capsules, tablets, pills and the |ike),
the pharnmaceuti cal conpositions of this invention wll
o0 i p SIRALS FocfbsE NTBANA b los, M GF Gl of AHELLLA]2)

bindeay meistcatbakymemmnﬁlabé alg(hwtd&s gelstm &pbt}lvlrﬁys psadiidone, sucrose
citrate or dical cium hos Ogtjonally or

and{p¥ aqark (dugnectapisns @l &) HisTiegTHHp ageuls, such as agar-
ag SrOBRE R arlohhatd, gbﬂa o t 1%54 &Q‘éﬁreﬁ%lrl&%m Asrtath §ﬂ1%9t€§ :and/or

hct ose, sucro$ ucose, mannit and/or silicid
so<humd;ar‘t{<ﬁ1)1teb (ﬁdeMpnsetaﬂdlmagBatsbmhrate’pblyffue (6 Abseuption

i hates, gelatin, polyvinyl rrali sucr
oS SR s capry B so PR LS BRwREh S (gt os oo
alc@hsl dﬁ*d% e deRl nRHRBledrates (S hbasrba8a sabldhs kdofih Ghd/dt bentonite clay;
carbonate,” potato or tapl oca starch, al gi ni c_acid,

(9)Jubricants, sidhi asaelescaleiwey straraie dhagnesiumisinazte solié polyethylene
t tar
oo IEL AR, BRFE iy e DA EaOP i il w11

buﬁ‘emi)@wgeﬁg (7) wetting agents, such as cetyl al cohol
and/ or glycerol npnostearate; (8) absorbents, such a
kaolReheash AReHHS, BSHINSASCRIScPoRIng pents, SKPTLERIAG1aveTih

I
ol A T I Bl enl s

comprgitiogsoft thisrigadiog. 1E)(amplesx of plipragesutisgllyoavderftalily antioxidants

R T st e A

so@UBMBiSul e, %@&iﬁﬁﬁhbﬁéﬁﬁuﬁﬁt@ sédlimxifia aﬁ@tr@qmea@ Qlll%ﬁluble
pr esent i n t he p ar maceut i cal conposi tions o

anfieridants,srch @@Sﬁ@ﬂbylspaimltpt@abmlaéﬁtﬁlthydmmwma@lé éBHésbJ @tylated

iy @RS Eh ATy IR R R E AR Be bR Ime

mdlsihicfating agaslisuch aedigtyl &id, feﬂiyﬁ:nﬁdldmum tshdckticadd EDTA),

oi | -sol ubl.e antioxi dants, such as ascaorbyl
sor&aqoht@%ar@ acistyPhoSpherc AGer Bk o] CoqmeRents nrblpEcapsules,
pllghly%{] ﬁéét mcﬂﬁg ?lgfs@ldg%d dfo{r %{éﬂeflp Ecgatm%%,grﬁ%llé S\&Q@éllluﬁ;sg acetate phthalate

-tdco
(CA@D,qiole\thflalt:eﬂa@ Mmhats (P‘s'APD; hydraxiypropyl methgllcellulose phthalate,

it S BB PGSO SHRTamet (FILAe FRRes cesliats (CAT)
ca®B@ Phnsthly PEhyBRIIBlcse (CRIETY) Eﬁiroﬂﬂr&p%fl a¥ehyll cltulodeHebidféSsuccinate

t hose uSed tor enterlc coatlngs, such as cellulose
(HBM@ASE aphthedikst e (CAP), pol yvi nyI acet ate phthal ate
PV, | i
( ﬁgé?syliex dthg M%Tﬂ%@%{lﬁla(:gféqt}x%osﬁ g o?ﬁ}% g?@gegtgigﬁénﬁrgp Snilay also be

fomaﬂhteﬂ @@proaizi%tsaive of mnmﬂlled rélee OCHE)acticainlgtedyone usiyg, by way of
eth cellul ose (CVEC), hydroxypropyl nethyl cell u{ ose
exg@g%ahglrgwpmtnéethyl cellulose 1n 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-
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(HPMCAS), and the like. If desired, the pharnmaceuti cal
conpositions of the present invention may al so be

wo ooosased to provide sl ow or controll ed rel eBSEUST005/007988
the active ingredient using, by way of exanple,
hydroxypropyl met hyl cellulose in varying proportions;

en Ape ke Pt HRFOBTAIT 1T 01 0n AT FUCABEY F Eaferibed excipints

COMuQRhBIL %Q§1deoin£H~:‘fo%§ $RYrall a@l’rﬁfh*sﬂr&[bnqﬁé’lu@@ ) toly QA dMilustration,
contain opaci fyi ng agents and may formul ated so

phatzaceutivally nedepteble ethelsns, m@meﬁgﬂedmse mlummysusgensmns syrups

f.er in a.cer ortion
an 5P b il 40P SBS BTRRh P le g inprogient and au iner
dilgan)ich abfenples16fwashadihdgobenRowlibivsing wgeneémﬂaamulmﬁers
be used i ncl ude pol yneric substances and waxes,

sugcasi ﬁﬂa-yha#@h@d isepronyhplcahalocth Gapbamptsy ?}Bﬁ]d’&ﬁ’@{ﬂ» ats%ﬂ alcohol,

o S BRRORS B, MBS0 PRt ey, s

coffn(,) genn, fotive,arastor ankisasame odb), gtycenmd;ltemmlydmfunyhylcdiol polyethylene
ust.ration har utically. acceptable, emul sions

Pl e AR RSB aorouH, LB BrESt SR e addition o

theea{c'tl’&e iferedPoNmhY, GHﬁtglndéﬂanfgoc{g@ﬁtstsM&i &afdr)éx&ﬁmér etﬁgxylated

the active | ngredl ent and an 1 nert dil uent, such
isoftgaryd a]@nmle polteethyteng tspbitob aid/soniitan estsrsu mltnozm@llme cellulose,

t h
PR G ERR G bl SRl e Ry M isuges horeor
benzyherdin€pled for b)@zﬂza)dhnﬂl@ﬂﬁ(lﬁi, ¢he Iﬂfaﬁﬁadeﬁlm@l génip@itions of this
1, 3-butyl ene ?chol oils (e.,g., cottonseed,

invghtiom asureferbbhpackagsd ind W‘édoseeefoen A teyms awi dgsass)form”
meﬂkéf g gflgélcallé{%srg?%w q%fgr %HSI? gclrrglggﬁgh 2 g‘ﬁg{er%f :iﬁ]eh yéa@lg finit containing a
preﬂetehmr&d qubnetite off actﬁtfsa[@n’séalmﬂated to @ddudeitheddsired teerapeutic effect

ctlve i ngredj ent.,, may contain s en in. ents such
either algngord A L’é‘a“%‘il ROR(APEOCE A 6@‘? E g%’ﬁ&%mple such unit

&%Mﬁhmee@pﬁe& hibiels, MY, Srde iR est ers,

mcrocrystalline celluloSe, alun1n|un1netahydrOX|de
be ntTélnlcpmpoalgkrofa@la nneenton petgdee\he hd:rnmmderﬂd wransdegnally using
t her eof e nt ended for or.a tion, the .
kST O BT SRR 4 F ROAHRIP Lo of this
inyiebe talby a ALK eM JoimBatiél dnhei@ag SudhQis Prophiishelgdydal,
"unit dosage fornl nmeans a physically discrete unit
polyigthyiameelycol mopglangte apagyickoatkani2-enes agd ghe like; and incorporated into

t ai m
O B P S B e i A BB B
enmildi fiers and bm@‘ers,rmaynbe osddi inati¢ctotmansid édmab nempassmmrséf desired
addﬁggog uni ts., For exanple,. such . unit d sag
phgpasewical comppesitonspfithis invertion pay plsR &t an other

thé-fé’;f&iﬁb‘ ﬁge%té){hai ReToldanBRitctd wAR a bRl UBIRIIA T esred
transdefmal 'y using known transdermal delivery systens

phamhcewtiiaply enteptabipsaltearasaplats, orstaeeipmurdhatoft fog example, the

pharmaceutical compositions of this invention may further comprise one or more

therapeutic agents selected from other bronchodilators (e.g., PDE; 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, inhibitors); other muscarinic receptor antagonists (i.e.,

antichlolinergic agents); antiinfective agents (e.g., Gram positive and Gram negative
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i nvention can be adm xed wi th perneati on enhancers,
such as propylene glycol, polyethylene glycol
worshsarsat e, azacycl oal kan- 2- ones and t he | i keCT/E82905/007988
i ncorporated into a patch or sinilar delivery system
Addi ti onal excipients includi ng gel ling agents,

i ﬁléjhl(zsl felr %réll%lr Sﬂ_ﬁgﬁliutsﬁgﬁ%es %ae dlto':fs:]1 émclf anerent blockers (e.g., D

agPiiss AA¢ auiirokiain moawlairs)i Qﬂ%n@f)aﬁlbul&r aspeardfitgdint@tioal the
contain_ other therapeutic agents that are

coppoufhihs insieatomistor-asmaiistsserhvyitb e fe adrenergic receptor agonist and a
stepctlﬂﬁl%ﬁ‘%Hhhﬁﬂj &yﬁ%@ﬁpgﬂg |0ﬁ1e§ ﬁ{eﬁa %ﬁ'{lﬁ "E‘st &nYe used in the form of
theredi. For é’ ?

st ereoi soner exanp armaceut1 ca
pharameostidallgrascaptabidisadts ion gelrhienn Addiyiohaiit, Ini@rpp&q:mte #e other

one ar nore therapeutic ents sel ected from ot her
thegansEn 86‘?%1?36’?‘%5 ‘(%8 gs OP‘F%%Q RUESRRCPSPEeISadenosi ne 2b

MDA | RHQE StaBRAR LA A 8EcGhtor hEGRAL Hat @591068 k& 1n combination with
anti-inflammtory agents (e.g., steroidal

theacmlpqmiﬂs aﬁﬂm igrgntmgancelade, dut treast Guited tmsaleretires salbutamol,

fo%si ?lg?enobetrﬁlei;er i géréer ¥1lll‘[>u eqt %&}F’%}M n?etapror%erenol

bitanéray @Jliﬁbﬁte‘ﬁol( lev&butesd) ah& Melild) 6f ﬂhaﬁ*m@@&fﬂﬂc@]ly acceptable salts thereof.
antiinfective agents (e.g., Gram positive and G am

Otherdhefliragigiq see @rca:goarstSa f Qﬁinrb&IUe";?d inggemtinaioanyifethe compounds
of 8{19 fn%ltﬁt?oﬂ ﬂlgfugle U4 Sr ale R Finft dq{) 631[; ? 6O¢{Kﬁ{ {qg%rrg%(}l szlﬁ Iydroxy

S2and ‘neur okl nin  nodul ato
3- (hym@«xymfhyl)hﬂlenm\]ahy]l} am;nd)hﬁxm@asmbm@l)bénzteh@ulmﬂa&mﬂe and 3-(-3-

AR B ELE R o rom e dhae oy SHg Drmingieptylloxy)
préfyBEntdshidRakhide a%a%ltaﬁed%ﬁlp%ﬁn&éscﬁsjclbéédm W(f) @b/B68422 (Glaxo

phar maceutical ly acceptable salts or sol vat

GrogpiLtd. bﬁd]ﬂ(y’r {[6([(3BpRdpydirenyel-[4- hEdrot(héF(hw@Kmpeﬂwl)phenyl]61‘11}’1}

R Ry T

in BAD o.bmmw(m@lax@ CRRip Bl O B- (1 {{dsl( {(QR)—QgHHﬂitﬁ%nﬂﬁo Y4 s

i nvention include, but are not , sal meterol,

hywwwpheéwﬂﬂ-hwpml&lbmmr@mm]amlbutyﬂ)eb@vémwlfonamlde 3-(4-{[6-

R i Lt
bemﬂmesﬂfoﬁgﬂnldeaB-l(y- {BECHPREDI B[ Seﬂﬁhﬁylhimﬁ{cf)mf hycﬁibtﬁihelhbﬂ] -2-
by QRS PP DR LD (O OE eI TOTRTISS; NG PR)3-4- [6-
({(%B?ng{@[e%‘oﬁwlarﬁfn% ﬁ{yél%%){?ph&%d} QJhydrox;{ethyl} amino)hexyl]-oxy}butyl)
e&e@hf}ldfo@mm W(W@m‘ﬁ)‘m(ét ﬂﬂ(l(@&)ﬁdﬁ (ﬁﬁmqrmn?}@ut yl)
Py S e T Sm i g ar Iy B P LR -
buf}&'j 3-@4-"{%6 I{'(@IUS)Q)—I;B‘E@BMHIQMM}@ -4-hydroxyphenyl] 2-hydroxyethy1} amino)
r opy enzenesul f onam de and rel ated conpound
hewlkexbﬁé@y ljhenggnesfagsidoandaelpiest @umaynds @ssloseéi{l VQL2/076933
(G%a%/(ﬁ](ﬁex%% ﬁ}d.)% AR 1R 4N A B o en DY S AEKERS R R fno)-1-
hyduox pethig a1 ydxoxyim ety )phphelrml related azmipodidsatist]ebed irD WO
03/%3242596& ta)%g G%gurf)p]?t%n df[— {Cg-E4c3&(ﬁ?—ggnydroxy-z—phenylethylamino)phenyl]
ethyl}-(R)-2-hydroxy-2-(3-formamido-4-hydroxyphenyl)ethylamine and related
compounds disclosed in U.S. Patent No. 6,576,793 to Moran et al.; N-{2-[4-(3-phenyl-4-
methoxyphenyl)aminophenyl]ethyl}-(R)-2-hydroxy-2-(8-hydroxy-2(1H)-quinolinon-5-
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in WO 02/ 070490 (GE axo G oup Ltd.);
3-(4-{[6-({(2R)-2-[ 3-(fornyl am no) - 4-

wohyasosyphenyl ] - 2- hydr oxyet hyl } PCT/US2005/007988
ani no) hexyl ] oxy}butyl)-benzenesul f onam de, 3-(4- {[6-
({(2S)-2-[3-(fornyl am no) - 4- hydroxyphenyl ] - 2- hydr oxyet

I L EUIEE

al.; #nd dpharmaceutlcally acceptable salts thereof In a particular embodiment, the B-
roxyet hyl } am no) hexyl ] ox but){1 - benzenesul f onam %
adrenomc(amtgr agopigt ys 9013/s(al|hr{e[rgon ydroc Joride salt of N- {2-[4-((R)-2-hydroxy-

e L

ethyﬁhginyl Wlﬁ:n(eﬂ?ﬁlbﬁec(, {tl(ﬁj&@}acﬁeri&ec(dpﬁjrmgbmm wid) bedpresent in the
DR S PPRHPBE & RTPer S ot poyee. Tibeatty. od b
adrén%réc%ﬁtgﬁ oohist v{n)ﬁ'l{e éﬁ‘éé&ﬂ AN vt BymHcRxy R BYIdE frdnhysbut 0.05

oxyethy am no oxy}butyl') benzenesul f onam de
ng tambouteﬂOQtug@ecdwp@unds d| sclosed in WD 02/ 076933 (d axo

G Ltd.);: X . ) L
4- ?’f‘é%ﬁﬁspﬁt?%‘(% stespidal sngi-nflammalosy 2RIy RkSARaES Phegryfmation
with 818 BRlpolitid G aKsehvonkibn inclfdyy Bty et hinktpd iy Atthyd petdnisolone,

rel ated conpounds di sclosed in WO 03/024439 (d axo
predisnipne; dekamethasone, fluticasone propionate, 60, 9a-difluoro-17a-[(2-

b A S s el i

acid &ﬂu@fﬁn[&hy&edtei‘ eﬁo@@@-dlmmrmo Uprtig dnbixg €ll6asmethiii3-0x &1 70-

nt No. 6,576, 793 t -
proplg[qflgx{/ gn(trgstaﬁeﬁyizeng-ﬂ% cl\{atr)lgoa‘}ﬂio(lect ac% S-(2-oxo-tetrahydrofuran-3S-yl)

est&?é&%i’%@% SR8 '@9 hewi. Eﬁo?i/dn}ate( dstor of tHVIA DXy Ip?opﬁ&ratb ester),

qui no ’non- 5 l'ami ne and refated
budesomide, fAdsisalids; hosedasome Gst8rs (Pa ,éh@ finoate @steB3{riBRRINOdONE

el R, SR TSGR AECHER 382 o e

like2©F ﬁ%ﬁ@@e@ﬁ&ﬂu -A8RPtable dafts BcREAS Wthér éiﬁplo ed, the steroidal anti-
AONO ydrochlorlde salt of drox

mﬂzmm?@fy peanh W itlhermapysnimythy eélﬁm@etha cognpgﬁépwpﬁthrgpquucany
e o5 T 5 ST B o VA St o
am@?fﬁ saEficRut ﬂo@ﬁbvmrﬁmﬁ abmlctlm) OSnugtot dteunpelupg pal doge.

ef fective amount, ica - t

agoftS¥eTRImy eRInpipg 8B R oring it oh A § Pep B gitically
accBhaM 481 b B4R Ete%o%%rﬂ@y tHePeAPQHEImPtEBA Reth sdRSRerol as the B,

presentative sterol ant1 -1 nflammatory agent s t hat

adrexmnglb eeceporiagonisahd fAaticaspnapiopidniate asdhqasigu@d‘@l entf-inflaingnatory
oxchf oRRTLTSHBPIEY SORPLBEORE: ¢ SRRt Tdangue Fity Memessyically

acc@ﬁt@ﬂ'e QRIRbEsol PR e B8 sl dolise@iep tﬂe?ecﬂ‘ ¢d-ddministered with a crystalline
f'uranyl car bonyl ) oxy 11b-

monekydeshiryide 32 w%&lnﬁ%{@) 21@@&@%@6&%%&?%@@@%1ethyl} -(R)-
2 hggrr?xgé {%l fd %%QHE&J] X-lhy?f %%hen%:ya‘gﬂﬂhlfng YOt ﬂz-aldrenoreceptor agonist,

a-neth

andlﬁ@@dt-ﬁﬁldoﬂ%}f?@-rﬁm fAstgdcatbehydjoryp1 1 A-Apdioayt6timehyl-Boxehndrosta-

5 oxo-tetrahydrof yran- 3S-yl .
1,4- dlerge—l7[3 carboth{o?c ggd .S'f f&luoromeﬂ%y}/ es)ter as the steroidal anti-inflammatory

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

e.g., NSAIDs (such as sodium cromoglycate; nedocromil sodium; phosphodiesterase
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ester, becl onethasone esters (e.g., the 17-propionate
ester or the 17,21-di propionate ester), budesoni de,

w0 bawsiogoBs de, nonet asone esters (e.g., the furp@r/Es2005/007988
ester), triantinolone acetonide, rofleponide,
ci ¢l esoni de, butixocort propionate, RPR 106541,

_.1286. he 1 . Qr - nRCeUL ical: |+ ercr .
ST i PRSI BEB N AR o
leukotf lemenras gnista@ed) | mohieleukestp igsibitdrs ioff 1dulketriene synthesis; iNOS
BT oL B0 L, ] LRSS g
i S QTS K e PR I i

cytaiginpentagusss (oA, eanglioe yntegomistnsudhas, arsinterieokipomhitiody (aIL
el o L CRRBEE 5t TS BB 2P biRap o o

inheHonPd RfyRkimsSsyh@gesi2 adrenergi c receptor agonist, and
fluti casone propionate as the steroidal

ant For expmatersapsesentaiiea phoshotissierasadriBPady inabitars ax mbted
PD'E%/E%E?&@F]%%& tﬁ&t Ja%rb’é‘ﬂsécti b co%biﬁgt?&{%ﬁﬁ Wid &o@#&ﬁnd% of this

acceptanl e sal or solvate or Stéereol soner er eort,
investi@dintindsbat &€ nwt liitkedas yatatyanoel-(Boyiyithodbtedd de

me?@g?ﬂfe%m'}%cl@eﬁwlos@bozw&iﬁ afigh ereathomathrypheyaporstiy| )

160 pyImethoxy-4-di _1-one: cis-T4-cyano-d-(3-
°y°2-@y%yr RS MG e L S R R S A S S B e T e LSyt
cydldpeomdmathospdrd flaptometagophsiyl)canibheendboll; isvecyond A-[3-

- - | b I -1l b-hyd - 16. )
R o e PR R pm tp ke, or
phafilaeuichll HAIOEb IRl Hefio faD it &mPItHBIPDE4 or mixed

anti-inflammtory agent. Ot her suitable conbi nations

PDEAGRRfeinhibiforsdnalige & Wht h-28 h(albion i N Ghrrd3 WE’@MME-A:H 8
. | j v i
o H IR S LHE 5 PRV BT [ gbE e A

cothpamdindistioss], in RO/ 18T66 (K96 wa BTakkd )s K3 POEAWDHAkK0); V-11294A
[ nSLi biitors); | eukotriene antagonists (e.g. .
(Nepppreflanias (Byk-Gident ehalaginpag cempeuens disglosedin WO99/47505
A e S 1] .
(B el PR R inPUAEAR Rl oy Q1R aroffile Bmivan
Pragiesfago)j $MVS SAATVEGS (¥ simabis); dedfit (@lanatgpoSeigdksr);omd T2585 (Tanabe
g aﬂglggoni sts (e.g., adenosine 2a agonists); cytokine
“XftHgoni sts (e.g., chenoki ne antagonists such as, an
| Nt REprBsHatativa v deRehic GtakomiBlsi (RO IMtichs BE&G bicl agBhtsVtha®dn be used
. alL-4 therapy, an allL-13 therapy, or a conbination
in qomehvieasion: wigh, and i addibes top thecgpmapioungs efjthisagengionfaglude, but are

/ , resent.ati v h hodj.est er -4 ((PDE4
nof RS BoplooBler DAL ol BuPARRRR S BT Rl
homisteching hyzlpsirbmid s, dRrosdytmmind @, Ddydeobaciaidef sdobbBmine hydrobromide,
. invention jnclude, but are not Ijmted to cis )
IpTRIQIHA Hroruide, axia PRIFERIONHGS, Higtropium bromide, methantheline,
HAERRGMe) LSS Eh%& | dfetinde i lat
profjfntie E%met od)?ﬁ/- it Cy(gﬁﬁ_e A By ! it bromide, copyrrolate
(Robinul), isopropamide iodide, mepenzolate bromide, tridihexethyl chloride (Pathilone),

hexocyclium 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.
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cycl opropyl nmet hoxy- 4-di f 1 uor onet hoxyphenyl ) cycl ohexan-
| -one; cis-[4-cyano-4-(3-
W@ ywbogTepy| met hoxy- 4-di f1 uor onet hoxyphenyl ) cyrdD820851007988
| -ol]; cis-4-cyano-4-]3-
(cyclopentyloxy) 4- nethoxyphenyl]cyclohexane | - car boxy

sl REb PR bl Fres o, LU ARPEH hZ K PACEEBE o in

confthbrhi DA {heltbkipbanids dftieik ittheenfdRidctn 3 bui( @b Bbolixhited to,
NCS- 613 (I NSERM ;. D-4418 (Chiroscience_and
ethapahapingy smfwgqasbm@al%q@akﬁatqaBlex@étmﬁwatfethhenﬂhydralmne

A TG L B PRt

tripetehhamink aydroclayﬁde Gul m@nl)enngmhw airatapalkylominEsysudl as
chl%@f)%%%e%%hg KRS RRS ke P AR ey drotfloride,
hyhRUAR pale, 0TS %SL@%&%&%@ A Arochloride
andraetigizine iydroghloride mirarislines, sich asmsteghetle.devagrbastige hydipchloride,
1orz£tl?<ﬁ£? ﬁlgl“[‘sc%ﬁﬁ%é% ghé:@f a%?ﬁ%h@ actﬁ#g% dl“{léef] Ma t%?&'fgh&‘dlﬁéjﬁ&&ro&ﬂonde

azehBtind hydrbcdoride; ald the pikesor aapmamaa@tmulw actoeptaatersamm@eof or, for
oxi de, nethylatropine nitrate, homatropin

thop@gqn&gugﬁﬁ hied pnaiadly altgrpde paanggceﬁggﬂlb(kﬁce?ﬁt%Me salt thereof.
SC Oﬁl%aﬁ’ﬂ@ s Mbﬁj 'El‘gatgtﬂép tﬂ@ra é&[@&g&ﬁﬁ'aﬂ?lﬁ%@f@dﬁﬁ 'CO natlon with a
OX|trop|un1 rom t1ot r% um antﬁ%
conppme of tel invention erd idéhe mnps of rloqit e Sned/Hast tobarboui }:[E) mg/day

cli ro C rrol ate |so am de. .
" oat et s Dmates ST e e et s Ry SRR rampositions
Qﬁﬁggkg@hQ@@%hmpexocycllun1nethy|su|fate cycl opentol ate
hydrochl oride, tropican de, trihexyphenidyl
hydrochl ori de, pirenzepine, tel enzepine, AF-DX 116 and
met hoctram ne and theghhkor——i%ﬁgﬁgosnaCGUtICally
accept abl e salt ther% fitioR Fx Ae compounds
|i spefily ESWaersrai ddmialstretiaby ifttdtioade ptaparilay follows:
accepta | e salt thereof Representative antihi stan nes
(i.e., in
conbi nat i &@nmound oftbe dwrepbonds of this ihYamion

i ncl ude, battosre not limted to, ethanolZhningnes, such
as car bi noxam ne nal eate, clemasti ne funarate,

O e O e D e O 0285 and tren
bleﬁdléd%'ﬂ?fh@t%@% ey a6 @l thdeis 3 TohdREhR 8Tkt inhalation
citrate; al kylam nes, such as chl orpheniram ne and

cargrisige Tbe pordentpphibe aaitrides, arg admiristeteyldisngarpaveder inhaler.
hydr ochl ori de, hydroxyzi ne panoate, cycli zine
hydr ochl ori de, cyclizine |actate, neclizine
hydrochl ori de and cetfofhdlafion Fxdir@tdBor i de;

pi peridines, such as astenj zole, l[evocabastine
hy df\sEH pgwd@eformulatlon 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.
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| oratadi ne or its descarboet hoxy anal ogue, terfenadine

and fexof enadi ne hydrochl ori de; azel asti ne
whyasoghBori de; and the |ike, or a pharnmaceut i B&l/Dg2005/007988

acceptable salt thereof; or, for those conpounds

listed as a salt, alternate pharmaceutically

acceptable salt therenf. Suitabl oses for the other

t herapeutic agents agﬁmﬂP%J%¥§§jgﬁgé§nblnatlon with a

ConpQiH @o@tiert dLadhmefbiioNbAialatiohlie amenged dbseinbuler is prepared
0.05 ng/day to about 100 ny/day. The follow ng
as follpysi ations illustrate representative pharmaceuti cal

LG QStel PR Bodelfi p%e?ﬁﬁﬁéns%o%"%%% H.ﬁa]]?iSE \g{)é'yk@tcbfﬁﬂound of the

invlenﬁtﬁ:i aidi DN wit% 1poithixais eeepageditol digpegsing Qresdi the tempomdndf the
nmpound, of .t he |n ent.i.on

mveétbqneeéﬂmm anr@ﬂew%gﬁﬁ%&%e T R Solytion faspped from

0.21 Sof TLGIHRN Hl%?djvéﬂﬂ be &Mt bt fAdRL M- LD whRE! Tﬁ@ suspBhsion is spray
bl ended m xture is then |oaded into a gelatin

dri¢chéral the resnltingmaténii é mitheizedrio pattécles having coreen dgeter less than

LSS PE PR Lot o PR P Rorriged T4 i florocthane,

powder inhal ation device is prepared as foll ows:
Representative Procedure A pharmaceutical conposition

i s prepared having afl la rati o of
;_n: gr gcegggg?gSI ?(I)sgt];l]oé @?Uéé’%%&i’l &:?ecf @osgql‘ﬁ{a?&qs glfepared as

ﬁﬂhmhalatlon deV|ce capabl e of del i vering betmeen about

10 and abouyt 100 t he conpaund of the
i nvgg@&@@—%a&i’wg_&g%ﬂsamw ERAFHPING SCW&} o gPyrpBRiel the
1nvt319t‘ior?@'§' WioB ﬁercﬁﬁﬂnomo 5 Wl t?eth'aBQe { SpRpiRl 85 RELpEARSE: 5 g of active

i nhal'er 1Is pr epare OWS Repr esentative
ingPydaend ds necromzsdnsqmdss Wﬂh oman aizp ilerfg; tBat Opuofina coblnplalisadution

of he j ve i and hi | S. prepared . by. .
e S T e TS o RS S eBMineraiea
wafér, cmampelsﬁaffe bﬁﬂa? Srivd &r¥l ﬂﬁemuﬁiﬁgemheﬁsl s ngiBrokidzed b ipBrticles

a solution formed fromO. | ecithin dissolved in

havigga glepn giamedsyiless dlani 1224 rpartwies yadgrsiediima cpaisters with
pﬁ%&ﬁ&Xd?ﬁ egt ﬁugﬁgﬂ&&§ultlng material is mcronized

av ng a rean dianeter |ess than

Formulation Example E

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 ofa 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 administration are prepared as follows:

Ingredients Amount
Compound of the invention 250 mg
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1.5 mm The particles are | oaded into cartridges with
pressurized 1,1,1,2-tetrafl uoroethane. Fornul ation
we2@spsE3D A pharmaceutical conposition for useCT/HSE05/007988
net ered dose inhaler is prepared as foll ows:
Representative Procedure: A suspension containing 5

0 [0)
\(/)w?\?\fgf? ,f tt he i nventi on, O 5V\I|ﬁ%lmln gpd
active in Stﬁf‘ee? xedriglh Coni zed partlcl 008 h mean
si ze | ess M4EHRSYD SHRHES a col | oi dal sol UiB& for ned

from0.5 g of trehalose and 0.5 g of lecithin

di Sﬁ%}!;r\égeqlta{tﬂfe POt 8 Tﬁeefggfk‘a{ kéhe r e%\t‘%ﬁ?ﬁ pldag hfled and then loaded

inm 8 haidagetaninzapsuld(4panig @:ﬂcxbmﬁmmn@eacapaan)dl arret er |less
than 1.5 nmm The particles are |oaded into canisters
with pressurized 1,1,1,2-tetrafl uoroet hane.

5 Formul ati on Exanpl e E.AxphasiBesHbicc@l conposition for
use in a nebulizer inhaler s prepared as foll ows:

Re pAwepﬂnaton\f@f Palodieduistationns acppemsﬂ&safeﬂ@wsxl
formul ati on.

1L of &%®Pe lﬁ}ﬁ?rglﬂnorlde solutlgamdlfled W|th
citric E‘EP@“C@HE mxture is stirred ald &oni cat ed
unti| tPedivechlesidengr edi ent is di ssol ¥8& The pH of

t he soIMeﬂn'hpfarsbfandj usted to a val ue ifl1flge range of
from 3 Pwp8l gayabehe sl ow addi ti on of NaOBlg Formul ati on
Exanpl eGfandied sggdrat i n capsul es for ogfbg

adni ni ssds@ﬁblqmo%rs@hmbﬁpar ed as foll owg, 85 Bgredi ents

Amount  Gesmatin gy afdettiie conventi on 250 pglhgredi ents

Amount £@e¢d (spray-dri'ed) 200 ng MygResijum stearate

10 ny % tative Procedure: The ipgredients are

t hor ou ended and then | oaded infQ rdLgeI atin
F%E:) ;

capsul e f conposition per ca sutl01
Formul ation Exanple G A suspension for or aI
adnRBpekdnddtive PrdceditePRE B@redfentdrk Aiked td M@ RBHehsion

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

10
Formulation Example H
An injectable formulation is prepared as follows:
Ingredients Amount
Compound of the invention 02g
Sodium acetate buffer solution (0.4 M) 2.0 mL
HCI1 (0.5 N) or NaOH (0.5 N) 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 + 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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Conpound of the invention 1.0 g Fumaric acid 0.5 g

Sodi um chl oride 2. g Methyl paraben 0.15 g Propyl
w@2008/0&71139. 05 g Granul ated sugar 25.5 g Sor bi t BCT/UF06/007988

solution) 12.85 g Veegum k (Vanderbilt Co.) 1.0 g

Fl avoring 0.035 nL Colorings 0.5 ng Distilled water

meﬂlcsal ccgfalt g%da?e%r g&%ﬁhﬁ%@?&? q%r ?nemclafecontdltlons wéuch are

I'ngr edi en are m-xe a Suspéensi con
amﬂaﬁﬁmgaddfy teeatrhane withgr ddcarihicpedepldd amagoiisis Bapiensdienl conditions

. Fo | ation Exanple H An injectable fornulation is
m%lfff@nﬁy w3y 95 eﬁaamlmglmqw @ap@ﬁfssor%aw ineidies thasepssociated

wimh@vérm&raﬁmw stfych ROGCH 13 aiBhitldp @wtfv@N;,uﬁmngfy Bfase (c.z.,
(0.4 M 2.0 COBR) “or NaGH {

chiaiceand (vdieszy bﬂoedﬁtiswdnhmysqns) astthmﬁ,(puiﬂnonary fibrosis, allergm
i f R AR A P b Ot aiienl cpgtiont et PR Sy BE Hiem
muiskdrir@é r&eﬁoﬁn%sts%é béditoufing yRiehEByders GBIR G erfive

this invention are expected to be useful as nuscarinic
bladderegstdstruson hprsetivity and theitrromptons casiiaintesimaboant disorters, such

as ﬁ*ﬁ%%f gve% nyr%riu? otHe %lwrtléu%r dide ?&t 'g&gal”fsga Qgtrogl?&gpal I%Bgrtmotlhty

scarinic recep

disonde dnidatiarheh; clndiac a'rl@gﬂﬁiniael siicRds biyiué bRaydariii; Parliifsod s disease;
nmyscar.i ni_c receptg1 ant agoni st. Such nedi cal
VA

s disesrersi syeh audlzhgynena lissrscetismsnerrhesiandoha Hie.
T T
mugbls disgoders/ia mﬁmélﬂanylumngémmné end;thelr@bmpamcn amichals (e. g., dogs,
cat%%ﬁé&u?h gtggcp hfr@ssgle I'clhso? sh Ml%ﬁlgg,) By v%g}t, ofn?lust%ltjion overaPc/:tlve
bladder, chronic obstructive pulmonary disease and irritable bowel syndrome.

When used to treat smooth muscle disorders or other conditions mediated by
muscarinic receptors, the compounds of this invention will typically be administered
orally, rectally, parenterally or by inhalation in a single daily dose or in multiple doses per
day. The amount of active agent administered per dose or the total amount administered
per day will typically be determined by the patient’s physician and will depend ona such
factors as the nature and severity of the patients condition, the condition being treated, the
age and general health of the patient, the tolerance of the patient to the active agent, the
route of administration and the like.

Typically, suitable doses for treating smooth muscle disorders or other disorders
mediated by muscarinic receptors will range from about 0.14 pg/kg/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 mmg 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 treating a pulmonary disorder will range froam about
-38-



10

15

.20

25

30

rhinitis, rhinorrhea, and the |ike. Oher nedical
conditions that can be treated with nuscarinic

WO 2@e8788 ant agoni sts are genitourinary tract PCT/US2005/007988
di sorders, such as overactive bl adder or detrusor
hyper acti vi ty and their synptons; gastrointestinal

0 5 (UL R0k SR43EL m R SE Offmcve

brohyhits sl ¢ﬂ1plt}5se1ﬁa $4RE, dfer smmﬁle dd @nes) €aronta@bstactive Pulmonary
arrg&t hm as, such as si n@)br adycardi a; Par ki nson' S

Disgpsgel/dae! {%ﬁ‘ﬁ%ﬂl—@é9d78§39 such as Al zheiner's
d' S R usc t% %”tﬁ (%rﬁéar {HekBmpbiindR¥® this invention are
I ment, npoun this |nvent| on are useful

optfcmalljz a«kaimsuqed; rm@mhbmatmml itllbther therapeiitiv agamtsrana as a -

I ncl udj humans nd t hej r conpani.on s (e. Q.
o e Ao 2 o RO G O SR G L BTy afbat,or
corhbiahtisig thedyofway of illustration, overactive bl adder,

chronic obstructive pul nonary dlsease and irritable

bowdThes pdainistered g drhalalion, the compaundsed ik inygaiinetypically have
t t
the:%gf%(gt %qg)rdc'du% gorglgcﬁn%g?%g; . Bﬁfcgﬁﬁﬁggq# ﬁ@ﬁ t?%rnc{f]\;imlt% l%?gtflcm acspects, this

inveytfincia diryctbdtcadiicthod bepducing Ibkqnchmﬁtahah lirya patient, the method
parenteral |y or by |nhalat|on i.h a single daily dose
COTRPTISIRE 3PS %qn@gd%@étl@é Ia 10&7?691‘%{“%3%111? 9&‘ compound

of A8 EVenaG" ALRLANE gleaﬁér ﬁf’ﬁﬁaﬁ’y eff VE Qb fo@fﬁ%ﬂﬁ&n% by

adm ni st ered per typl ca be determ ne
bronbiedplatiorewill sanghﬁrsmbant Hhglg/day to abep‘emﬂ) u:gﬁdasfuc h

factors _.as the._ .nature d

b ART ehEdEhbE SRRSOk hisiPestiof af UspE W fep
ov@siiRedladagal Whe@ﬁsehh@ treatdvericiivd PRddeR) BE afrEFowids bhhis

patient to the active agent, the route of

ana@ﬁﬁan\iVlélt typichlinbesrminiseered qually Ty piingleldaily doserasiin audtinie doses
S e .
per b P B P PR Yo el TP PRI, B P Wihine et

blafide@rvitlbage febrl 4bet/1ktoddyut 3D0abhgdhy. mg/ kg/ day of active
agent; including fromabout 0.15 nﬂﬁk g/ day to about 5
g/ Ry ayot hersmbodimen; g €ompowrgising WHVFIPH@ B Hpeg to treat

it} ? actlve aggﬂrﬁ *ﬁ‘ﬁﬁg‘sﬁ@c% C en‘geglg)l%‘I el?ﬁ{h&h& tBEEorfiibhinds of

thm:mmﬁwnd&lldpplbddbsba atneinistenet! enaBy osetullyfima singleatailpdose or in

RS ey A er P IR o S v s PRl T rome vl

rankf 83 a?déﬁhl dits apsieB80 n{glwdycorrpounds of this invention
will typically be adm nistered by inhalation in

rmul Smpp eorgipewsls pé thigiayention age muﬁ@qr@wdr&fsmorcwwomstsﬁnsuch
corgh{&dg ar%?ég) &’seﬂlg isefese%?{he{ §n' fér %%gg@%?{sg&%ﬁ%

Syseddesr ﬁﬁ@leﬁ&éﬁ@g mL@Sarﬂﬁ@fkcl?{ﬁbﬁl Suckblodidat kystkass or samples may
chronic obstructl bronchitis and enphysena_(see,
corgRiaehYle Maiindd: %, anifor O TEURBERITESSPURES. PATY BHED biclogiedl 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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D sease, NEngl JMed 343: 269-78 (2000)). Wen used to
treat a pul nonary di sorder, the conpounds of this

WO pwengizes are optionally adm nistered i n conbPCEHUSINS/007988
with other therapeutic agents such as a b2-
adrenoreceptor agonist; a corticosteroid, a

et . . C o e . .

recpRg S PO AT B At R BB M R L of

thicmnpdiond SThefeffiebis 9 f bmugantizioy theypuscatihiy rétepor bfeghaf detainined
.0of prodycing bronchodj!l ation. Accordingly, in_another

usi oqrvenfighah Beps et equipnaent.ryeh oy giofigand biadipgasseys apd

fun@BE009safs. PSRAUGH DB RRGRGAIL AL T g%ﬁdlnﬁbd?at&ii%ﬂag Bdsinififacellular

met hod conprising admnistering to a patient o
cydbicadetmsitiel monophogphottu(cANP) ahgrndtmertiated cliamgesindictifity dicthe

i.nventian nerally, the.ther uf.i cal | y..ef tive.
endy BRI GTHRE (Rl sottbinee C AR b SFngh o
incakpetHtioh O f FAhRIhetO-GLpRiHi 0 Y2 GshosEH 8 > S TG TRYH) e fisolated

enbodi nent, the conpounds of this Invention are used.
meppranes yia rg¢aptarcetalizes exeinage ol SIGEBeY farIPY digand-mediated

ACE |\ t he: I S 1 pyenti
U AR oAU ARCROTRAAIAS, B cUikse BHEE i SRacnce
linletali imygihagdate readar sRETIPRP drotho Mxdeqnéir Diaices,Ine]. eA @abmpoumd of this
. a single daily dose. Pr eferablg, ‘thgwe dose for treating
invGR Yl PEeImlzaAE Aot et PhhTABAENIS repeplgrsip gy of the
fung?&%aﬁ'gés@%’ tistbd'aBde, ANRERS O § TR0 MBMte. A RisCRROHRL S or-

his invention are used to treat irritable bowel
antggandringremowittexf awsegpotund of thistinvantion abll éyrhcally|rangerfibmo requt 0.1
thelcotrrpgulgg% of this invention will typically be
nanoRlgG e ARPW A V3 MaP9HOBE rectal Iy in a single daily dose
or Addiehhlly kit SRFRINBEES HRYInvIREBh 84rebd Ysedtab Coselt81E tdod for
treating irritable bowel syndronme will range from

disegysting pew compapeitthgdovemaeyinicsieppiorratgonttiactizity + i dis

. . I r . q.
o YA S CSERE OISR, PUBHIEA 47y 5ot
displaveasdnt gssays)Jood test coaypongd bi e lagipaditess yerhpomdols compared to the

sanpl es having_ .nuscarjni c receptaqrs.. Such bi ol ogi cal
MUSGRENISRECTROANTNS SalA4r 2 eaPpRqued ,lmvm}moaﬁiﬁa%& fogse test
I . . »
co SR U VA0 O i ABEL LG il HURT, T
aspieet oftlehinsentbingsclwiiése s sepgrate entwolidents, dothethe lgeneratipn of

oy Sl Pl 2 SERESRSLBRLYE. B AL LR e
test dofigoReldd @6 infedst.s, cellular extracts, plasma
menbranes, tissue sanples, manmals (such as nice,

r at B angthes embpdigeent. thpeanpoundsgithisgnyentioaare ysed mantagemize 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 determined 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

(K) for the M; receptor subtype of less than or equal to 10 nM; preferably, less than or
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like. hi this enbodi nent, a biological system or

sanpl e conprising a nuscarinicreceptor is contacted
WQOWGk/0877881scar i ni ¢ recept or - ant agoni zi ng anouneCDUSA05/007988

conmpound of this invention. The effects of

ant agoni zi ng t he rruscari nic receptor are then

ek i r oce ure
eqtgaghol fb %ﬁﬁ?gs cis‘%u rme (?Qgrha gbr?aglbfn viira éadzglégj\?g dlsﬁglcement assay).
fun @Hﬁﬁim@hllﬁ%sﬂm&uncﬁl&hhlﬁ Hﬁ@hﬂl@ﬂﬂdvemajéén ifd@ld 46l Possess

| i.gand- nmedi ated_changes in intracellular cyclic
suraaélﬁa SR BnerpRph Suatan ef z(%lmp)‘\cwrﬂww Jwtbqréaemﬂc
e bangse gygtl Rehtil i M Hﬁ?ol‘?ﬂ s BERRALK'T HaY{3E 8 ration of
acthmcgrcaparthunmthl@wmnmszﬁmuﬁé O( g t hi o)tr| phosphate

Cat E/Fclﬁ%v& gipghg@l %0 {u?t el s aéref 2n | adr‘cg gg stesosrreduced side

effbdtg 306k AEEy R Reh, G éﬁﬁﬁ&oﬁé’ﬁcfsé@%héﬂ‘&cﬁﬁ‘ﬁ?sltéréﬁ & ifh@lafib Hi‘)mpared
ions (measured, for exanple, with a fluorescenceli nked

to ¢th9rglnwgfnpnmcennleamptom ANEZOIRS fadmmlmé bylizhaldtieni(seh as
tio 51 1uI)rl A conpound of this invention will antagonize or
d&¢r'ddse the activation of nuscarinic receptors in any

of Thesefpudisdriianad wals saphs utilist ethebeMpounds oﬂﬂﬁw‘&erﬂfonacan be
simlar nature. A nmuscarinic receptorantagoni zi

dera%iﬁrﬁte J.ing VagapoiETe And i 18vq ssseystwEhkagwn tqtbpsecsgmegl in the
1 |
Bl h ekt S s BROD ioribfa P Rber (R AR B ving

Examp]@sas research tools for discovering new conpounds
that have muscarinic receptor antagonist activity. In
thi s enbodi nent, nuscarinic receptor binding data

(e.g., as deternmined by gxAanNiPL§s adi ol i gand
di spl acenent assays) for a test conpound or a group of

t estlhe &lloviingiBroparationypenddikatplesiBustiatespetific cmbediapnts of this

. ata for ven

im By PR Bl R BRS Heorviietnh B s Bl megpines:
sup@id or muscaddnlye cheeept or binding, if any. This
aspect of the invention includes, as separate
enbobibnent s, petYchdigegeneration of conparison data
(usizggt he apQCFQ {e assays) and the analysis of the
test ata to 1dentify test conpounds of interest. In
anoBBAr embodboent sertieltamnpounds of this invention
are dto aSI g,gon ze a nuscarinj eceptor in

bi ofdtftcal nyYCHf gdepopiaRRgnop OSﬁg?tFl cul ar, such as

m ceqc at s, gtijhﬁﬁ@eﬂings‘ierd'véﬁb' ts, dogs, pigs, humans
and so forth. In this enbodi ment, a therapeutically

ef f eldlsi ve aanlnne<b¢himmn2®oMﬂlgmptmf for mila | is:

an?‘gg’l fgfﬁg %hl?fg ” . Effe ihen

det BIBAREd us dﬁ@)butylalummlum hydnde

._g

DIPEA N, N-diisopropylethylamine

dPBS Dulbecco’s phosphate buffered saline

DMF dimethylformamide

DMSO dimethyl sulfoxide

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EDTA ethylenediaminetetraacetic acid
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conventional procedures and equi pment, exanples of

whi ch are descri bed above. Anong ot her properties,
waeeovposites of this invention have been found tBCDES2005/007988

potent inhibitors of M3 nuscarinic receptor activity.

Accordingly, in a specific enbodinent, this invention
is ditected to.cC nds of fornmula |I having an
inhgg§§?on digéggggﬁﬁbn constant (Kj) for the M3
recBfol@r subt yipgndlf | ess than or equal to 10 nM
preferably, less than orequal to 5 nM (as determ ned,
f or FBRanpl e, BaldQVing sy o r adi ol i gand di spl acement
ass Addi t P his invention have
alsgtgg%n fouﬂg&?gkgggseg§%§gggfgg?%g and unexpect ed
dur HIATANh of alk({7eazabezoimiadelrglylV, NIV ' AHottreanetbyiewnfunt
enbodi nent, this_inveption is directed to conpounds of
formula | havisigyowa ﬁ?gﬁﬁ of action greater than or

equARSKO aboul s BaERd sPERRN&! . conpounds of this
i nvention have been found to possess reduced side

ef f BEPES such443-hydspxpeshylh-|-piperefiheathariesulfoniosnd when
adninj st ered i.nhal-atipn ¢ ared to other known
nus fﬁnic rei%%@gwy'ﬁ?g'%ﬁpgggogdninistered by

i nhahvgt i on ( sulehedBurhdrOMY feptidy . These properties, as

wel| as the utility of the conpounds of this
i nveMei on, caﬁloﬁédg‘é'ﬂ%h@lﬂ%é@fusi ng various in vitro

anthg Vi VO a§@ﬁ¥§h&ﬁ£iN%?§%?kﬂo those skilled in the
e, a

art. r exanp represen I've assays are descri bed
i n hMizt her detlantéd humael, faeptoni ng Exanpl es. EXAMPLES
The Il owi ng Preparations and Exanples illustrate
spelMei ¢ enbolPRERRLELET Me FrcP iRy ent | on. |n t hese

exampiEess, - ne1fighiyhagoRhbEHhalions have the
foll ow ng neani ngs: “AC adenyl yI cycl ase ACh

aceHPLEnol i nehigtipesfosnase ligidechBSnatbgraphe ser um
al by n cAMP 3' -5' cyclic adenosi ne nonophosphate CHO
Chi iése hanst EPPEPEIY oV cl oned chi npanzee Mb
recpmtipor DCM gicgichonnet hane (i.e., nethyl ene
chl oride) DI BAL diisobutyl al um ni um hydri de

MTBE methyl z-butyl ether

TFA trifluoroacetic acid

THF tetrahydrofuran

Any other abbreviations used herein but not defined have their standard, generally
accepted meaning. Unless noted 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
Alto, CA) Series 1100 instrument equipped with a Zorbax Bonus RP 2.1 x 50 mm 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
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DI PEA 7\ 7V-dii sopropyl et hyl am ne dPBS Dul becco's

phosphat e buffered saline DVF di net hyl f ormam de DVSO
wa@l2ovssnBs sul f oxi de EDC PCT/US2005/007988

1- et hyl - 3- (3-di nmet hyl am nopr opyl ) car bodi i m de EDCI

I -(3- dinethylaninopropyl)-S-ethyIcarbodiinide ~

hydr ochl TA di am pet. et |
o BERRS oA e DR SO BIeP B aROR M BEORE el bovi ne
ser Emuaélﬁ&nadog%ﬁyrﬁ{agg @eb@&ﬁeﬂw (IDCTRLSY db@aeeE otitdihbl with an

O (7-azabenzotri azol -

Appled Bigeystans Gioeteh it A MiodFbABH 1505 prsspivat 4 GBG0-90 date

5'8‘%1%(1% ée[ ‘?cﬂ 9(?‘%'1\;1(11?1% Pﬁa‘sé’ B '{lﬁfﬁ minute ad1ent
yI)- pi perazi nee SRESTIHFEATC aci d
HOABmbilkxysle pmfiaatmgaﬁs raaductAZBie: MPIP:] 1 SI)E?PJh:p IWdl?]rthtion
rec pt or cl oned hu receptor hM3 cl oned hunman
Sysmm IQN%rﬁ\mSYéreaﬁeﬁ?w%%le 2368 CBLBYedrviEe &9 "%b
volIHIER R‘@Vﬁt&cﬁﬂt(%?ﬁ@% Iad 335 %h)@’l‘@gﬂc? Qb’S‘Vaﬁ@A ng'lyﬂfa‘% Btypically

HPLC hi gh- performance ['i qui r omat ogr aphy
abqu$ 8 pio 6p mgjieccbmd'ﬂamm o) ltha®lIVMBEE ¢m1dit5dns Jwtm:ﬁ lya‘ledetlﬂ erl/min

f l. THF t
LS R R e B S R I
parfbRE (P dmo FBRFsALK &y sffe SRS RIorTE 3A Y) For Uitk 6S8al8 phiBfcations

otherwise, all materials, such as reagents, starting
(typically greater than 100 mg crude sample) the following conditions were used: 60
mL/min flow rate; 30 minute gradients and a 41.4 mm x 250 mm Microsorb BDS column

with 10 micron particles (Varian, Palo Alto, CA).

Preparation 1
Biphenyl-2-ylearbamic Acid Piperidin-4-yl Ester

Biphenyl-2-isocyanate (97.5 g, 521 mmol) and 4-hydroxy-N-benzylpiperidine (105
g, 549 mmol) were heated together at 70°C for 12 hours. The reaction mixture was then
cooled to 50°C and EtOH (1 L) was added and then 6M HCI (191 mL) was added slowly.
The resulting mixture was then cooled to ambient temperature and ammonium formate
(98.5 g, 1.56 mol) was added and then nitrogen gas was bubbled through the solution
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
HC1 (40 mL) 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 extracted with ethyl acetate (2 x 150
mL) and the organic layer was dried (magnesium 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 C1sHoN,0O3, 297.15; found, 297.3.

Preparation 2
N-Benzyl-N-methylaminoacetaldehyde

To a 3-necked 2-L flask was added N-benzyl-N-methylethanolamine (30.5 g,
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mat eri al s and sol vents, were purchased from commerci al

suppliers (such as Sigma-Aldrich, Fluka, and the |ike)
w@eahsner7es used wi t hout further purification. UnCEES2005/007988

ot herw se indicated, HPLC anal ysis was conducted using

an Agilent (Palo Alto, CA) Series 1100 instrunent

o E Ao BERE LA PR sRE 5 b ot PGS O B B8 o
UsM@%n e Ui, asa@e s @boléd fb abvut THoeCrmbishiguitiasids pyndlne-
ed were as follows (by volune): Ais ACN

comﬁmef%(@@o%%w) veaaddsd 1 ,poams BVFISS mENtg ieeryal \AE/%%#%C“OH
n
vl g 4 T ) o B S Bps gy SRt i
by addngwaiet @.9LadTraiqucons llayetriveasrsepaated end theiargandy layer was
mlarly, HP PLC, 10- 90 dat a

weShoR Sty SHELS 215) F im0 3 b Gy SRRyl teand
filtFed ]I’frogfd@ thEiMie cduhysHuhd whihoONRS QA 3RMbuiSther purification.

spectronetry (LCMS) data were obtained with an Applied

Bi osystens (Foster City, CA) l\/bdel APl - 150EX

i nstrument. LCMS 10-90 ci;at a of)t ained using 10 to

90% Mbbi | e Phase B over :fegalfﬁ H’Eh e gradi ent.

%ggﬁﬁl&rMicfAﬁatlL[QE(Béﬂﬁylﬁﬁﬁﬂylﬁhﬁﬂ))b&Wl]gq&mdﬁPH-yl Ester
Prep Workstation system from Applied Bi osoyst ens

TheTas3r} Bagh seesiniefhe progugisiPreparstin Lipd ¢, (0.5 L) was added
ST e e -
(45r & o0 mesl). s Egpteactidnzaix turb g/aﬁ shﬂred/\ovm(ghtmhdtthmn@mmh@i by the
addypd ENGG I PrioirB 3ol wih vikorats st dRNslE T B
obé}_\hﬁ 8 Y RRESES la%;‘f')(&%ts &Rovede! A drQsBing FAlh 1TENadI—P{(D§L) a

scale purifications (typically greater than 100ny
hompgrieus argphie Yayet fes bbﬂain@wwrhgcfr:‘(vmﬂjﬂlﬁn vashedeyigh %IS?é@FﬂteéGOMUOH

of SRV B PR At S P B lmove

unc(e\@édu@&i p@@du@e Al TieDresi@hy waPp@ddely dissolving itin a mlmmal amount of
phenyl -2-yl carbam c Aci d Piperidin-4-yl Este

IPPBnapqh ecm}mgzhlis seletiomta & CtoFomn g solip whighgyas CQH%Pted and washed with
0 9 +
codt X B 20 € 87 Bls Rl Bl yh o yieI MR IMEE B caled £
forrﬂfzmgN@Oy)ﬂa4Bhﬁ:mmd oblder] R0=5300 mird(1Bt70HA CIV: HyOywserse phase
.zigged and then 6M HO (191 rnL) was added slowy. The
ulting mxture was then cool ed to anbi ent
tenperature and ammonium formate (98.5 g, 1.56 nol)
was added and then nitrogen gas was bubbl ed through
the sol ution vigorously Prepapdtion 4ut es. Pal | adi um on

act h qltenyl- %flicggﬁalgx Agﬂ 11&-lweth3%z)t ﬁ/oealyi ;))er\‘\(?iﬁ -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% wt/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
condensed 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% yield). MS m/z: [M + H'] caled for CzHz7N302, 354.2; found,
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then added and the reaction m xture was heated at 40C

for 12 hours, and then filtered through a pad of
w@e005087738The sol vent was then renoved under r eRPCIES005/007988

pressure and IMHCO (40 niL) was added to the crude

resi due. The pH of the m xture was then adjusted with

a 0. > ueous | ayer. extracted
35%‘/\‘%\'#}2_%‘{; H’élg@togl‘foeAique';ﬁ@SEVﬁ@f pﬁ%sg Iﬁi{:@é)or gani c | ayer
was dried (magnesium sulfate), filtered and the
sol vent renoved under reduced pressure to give 155 g
of the title internedi at BreppoationSel d). HPLC (10- 70)
a f
f oun d%i@é?yg&%f ra[égg%{lﬂggﬁz 2:&4 P%rm%éﬂ%gyg%thﬁ%m%?

i V- Benzyl -i V- net hyl aahm}pipe‘rﬁhdelwmte}'o a 3-necked 2-L
- et hyl et hanol am_ne

0. 0 L Te ok (G5 125 A ETpOS AR RS0 ) 5.
31%% Ak i &340 rﬁl%élgnﬁUBT g 30 ﬂfLFl%l baﬁd‘Dcwgzoo mlL).

m xture was cooled to about -1 ur’trioxid
Wingr thelimstwonwheoni@engys, 8 seldafomof ﬂle\pasiuatjd@tepa:ratﬂon 4(10g, 31.8

B8 B PSR 5 5 Rl s oo

.term%i’atﬁﬂi for 16 RBurk QAE tHeARvAWRS] RHE RaRed1 RY oaaei)) gN\Mle(s X 60 mL),

. The ueous | ayer was separated and t
INGNeHICh 3 HIPTEMBrorev T AL GedmtpoqomBuLiyicaitond pa
|
co By PRI, 51600 BRIEERAN ) 5 A peghon
HREBA)hodas ;h/urMe{HﬂwalcﬂlfMjgﬂalNgeﬁ S8 tfingnd, 386.4. Ry3.12 min (10-

2-yl carbapi ¢ Aci d
70%& l{féﬁf\}‘?rﬁ"eﬁ ) et hyl ] pi peri dm 4-yl Ester To a

2-L flask, contai ni ng the product of Preparation 2 in
DCM (0.5 L) was added the product of Preparation 1 (30
, 0.101 nol ) fol |l oned byEseoiplen t ri acet oxybor ohydri de

45 g, Th 1
bver ot HpRS T ykirbiatn ARRE 5 T G B @erigiu- T
hydr ochl @ﬂﬂn@th@gb@ni@ualeltﬂyl%ﬁﬁb}u@%wuﬁﬁm 11 e

Three | ayers were observed and 't aqueous Iayer was

renmoved. After washing with I|N
honobgenous or c day ed H:was t hen
washed with a ur/lat oI uti , of aquegus NaCl (0.5

L), dried over na neglun1sulfate filtered and the
sol vent renov nder reduced pressure. The residue
was purified issolving it in a mniml anmount of

e T RS R T -
acif r(@‘éSV 6’1&)4 dodiurel sﬁffatta I(@M b} Jnﬁl g 'i‘&L)( 95%r¥d B hnix MR was
M+ H+] calcd f for 8H33N3O2, 444.3; found

coeia@t%(g -10§C with agicapath pada wiu%@\pf thp produehafsepastions (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. Sodium triacetoxyborohydride

(15.16 g, 68.5 mmol) was added portion wise and this mixture was stirred at room
temperature 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 1N 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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HPLC). Preparation 4 Bi phenyl-2-yl carbamc Acid

| - (2-Met hyl am noet hyl ) pi peridin-4-yl Ester To a Parr
whyasogrssat | on fl ask was added the product of PCT/US2005/007988

Preparation 3 (40 g, 0.09 nol) and EtCH (0.5 L). The

flask was flushed with nitrogen gas and pal | adi um on

T TR NI TN I A

Ia}m'sX\tfeté evaphsd WeRtwaddt (1 0EmBPAbrinky 2 kGWEAB), Aficd BO&T sodlum sulfate
drogen at nosphere (~50 psi) for 3 h. The m xture

filighdrpgicppeaniaicsiol sHashidkS &pf Metitleqomphend (306 skl (S mz: [M +
h SS
}FEQQQ&EB%Q&%%& b 9%?,2% ﬂacet atk ?8&%6&%?9%@{1@20 reverse
phaddERPL.S).oM y to form a solid whi ch was collected to
provide 22.0 g of the title conpound (70% yield). M
mz: [M+ Ht] calcd for C21IH27N3C2, 354. 2;
found, 354.3. Rf = 2.96 mpmy e 4Q ACN. H2Cbr ever se

phase HPLC). Preparation 5 Biphenyl-2-ylcarbam c Acid
| - { Bipi{enyFaryigdrbramiz agid) Inex {{ﬂ’r(&fﬁalha}noylplpendm-1-y1methy1)benzoy1]

e R B S Pt Sl ran laf kbt o) S Uiifouptite piRMng the
folld¥an r&édﬁe 34.7 mol ), HOBT (1.91 g, 31.8 mmmol ), and
DCM . When the m xture was honbgenous

a
sol &Q fé)ﬁf @r« m@cbeﬁﬁwp ofl vas spabinedovithis( mbgf IPAAGN (1:1). 4.0

ml'Q a)cer'vgbs%%cg P 1{(%@6%@&%6(9 5513@ \Mnéfer sﬁpr?nga gcﬁ:’ﬁthjeﬁ?g clear
mxture was stirre roomtenperature for hout s

solatidn.t e thisvask addad drhpme etr SA°C, ¥6 tdAMrphosphdtiddid.( Bhecresulting

cloghu FOieR Nid SUrTEie 1% SR A Aliedis caglih aibient
terfddrROFL, hhad sgav@gtnjﬁtﬁ% éx}ek/ﬂsghtc @E@‘i’é&‘ﬁﬁlr{g%%}/ Céélb g&Je‘r% cobedfed by

purity based on
filtea@m3mN@4driefigior 2 hofio dred, und%kuum’imsl 811201m=,rﬁo gm@ihe7<ﬂlphosphate

salg%&%? cgrrn%f)er @aﬁg A/& P’]& as aE)iu{m cryst'cglhne solid (98.3% purity by
HHAL)2- { [ 4- (4- Car banoyl pi peridin-1yl met hyl)

benzoyl ] met hyl am no} et hyl ) pi peridin-4-yl Ester To a

t hree-necked 2-L flask was added |son| pecot am de (5.99

g, 40.0 mml ), acetic amﬂx#ﬁ% , sodiumsul fate

(6.44 g) and | PA (400 nl) reactlon m xt ure was

c 00[Béphdng1-2-y1&hashicacln -(26 €[4k(atdar‘tﬂtnﬂ)yh)1§ﬂidﬂﬁ-ll grimethyt)benzoyl]

uct repar at on 5 22. 7
me@hyqamﬁlo}etLprlpgr?dm- -yl ester as aI%o 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 taken
up in 5 ml of H;O:ACN (1:1) and 1.45 ml of 1N 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 suspension 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
-46-
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mol) in IPA (300 nL) was slow y added. The reaction
m xture was stirred at roomtenperature for 2 hours
w@nwsnsmes cool ed to 0-100C. Sodi um PCT/US2005/007988
tri acet oxyborohydride (15.16 g, 68.5 mmol) was added
portion mﬁse and this m xture was stirred at room
mibRRBSCA'ifg; héed“e CFLHZ) dﬁt@saof‘ﬂeorﬂat@ti&(l%ﬁh%ﬁeawa%@40°C for 2
conc ntrate pressure to a vol ume o
hoatspait3 580 fnt3@1rrdnuths sanalrthehm 20%br 80iminfitee dTii¢ héut Indk tdthed off

00 to 3. , The r sul ing mxture was_stirred a
anﬁ ﬁbﬁﬂlt@?ﬁ p efl 88 S RotRo PO ETDEsR g F Be sqlid as then
filiokdd dnd dﬁea%.@l vacﬂ[ﬁ‘tﬁ RH$ hBhRRSIVEGe H@Bs@%’é &8t Irhe title
0-5C with an |ce bat h“and 50% aqueous NaOH sol ution
copppeundiddd mg 734p wisld)t he pH of the mixture to 10.
Thi sm xture was then extracted with i sopropyl acetate
(3 x 300 nL) and the conbined organic |ayers were

washed with water (100 nmgxalpiene (2 x 50 ni), dried
over_sodiumsul fate, filtered and concentrated to

af f Giphenyl-8-casbamiceacid (% {dopentbrmqdoipstydiatldylmethyl)benzoyl]

méﬁgéa%l M&?th&'ﬁém%ghﬁ% &g%be%%%gdga%eavcg?gagﬁe %alt lésmg the

folHFam@gprcE)edml e | A Bi phenyl -2-ylcarbamic acid |- (2-

et AP a8 WoREPHRARs b perain] X095 Béedlor HED heke gateria) wes taken
uplh 8 m&&%@m@m(mtb%ahai g8 é:dﬁlb?& ffic {a&h lv@a‘é"aﬁ&d slowly,

procedure : t he product” o
wl@bwmm@@nwthmpﬁo Tﬂﬂ? prWflt%W o Bppiox. IdHG O Tlmc clmisellutmn was

s R IR

lyophilped setérial WA diskblved id 4. phSBbAvIIEA &¢41,0. TR mixture was stirred
resulting cloudy solution was stirred at 50C for 5.

in #Btericated Rl Cavateuieah fs 2eobours.o Therbeas as tusnprbeffend te mixture
L I d,
oS AT g, 90T Uy FESULAARS) SR
an bﬂg maﬂmcﬂ wag a)bsmrm:cf with $hahappesced t®bgh ¢ystahén the side of the vial.
e title compound (5.8 g, 75%

f
T T 78 D 1S o o FomepeEmeaii g lsperpt ety (yhesi
deédﬁbga bel FRkEaddRd %h@ haswed t% i foR @ag&f I this t1 eT more

s {[ 4- (4-car banoyl pi peri di n- enzoy
cr Srw¢r&mbﬁ@‘}/@d mo)nym @aoff dolntidn. yTh@sﬂﬁrwaﬂahemﬁBﬂed and dried using

Y T TR AT —

yietﬂ)pl of 96% pure material) was taken

Seed Synthesis

510 mg of the product of Example 1 (0.853 mmol of 96% pure material) was taken
up in 5 ml of H;O: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
salt. 31.5 mg of this dioxalate salt was dissolved in 2.76 ml 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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up in 5mM of HZO ACN (1:1) and 1.45m of IN sulfuric

acid was added slowy, while nonitoring the pH The pH
wor®sagi7est ed to approx. pH 3.3. The cl ear sol BCT/US00EE607988

filtered through a 0.2 mcron filter, frozen and

| yophilized to dryness. 161 g of the |yophilized

[ ' ed 4i 1PA: )
R 5 RS A T B 0 A s
bepokd,adived ob&ECedval tey cripstdlling ondel abnieenscspe. Gitle sdlidphetten -

forme jthin 5 mnutes. The heat was | owered to. 6
filigrrg 4 Heige Y?@a%@wf%ah%aaﬁﬁotgl&%@ﬁvg%@?wté% mg, 63.5%
yidl@).| oned by heating at 50C for 40 m nutes, at 4Q0C for
40 mnutes, then at 300C for 45 mi nutes. The heat was
turned off and the m xture was allowed to slowly cool
to roomtenperature. The pext F?gﬁ% the materi al was
vi ewed under am croscope Hymp at ed needl es and

pl atBipheniNe-yIBdrBirhR aciBs-(2-NRP(4b&ab 880 AhipdHdinf 10yInkthyl)benzoyl]
hours, at 35C for 30 mi nutes, and then at 30C tor 3},0 i
meth gmen } ethiyBpiperdingdy] estariveas abforpreprded #ea Fpsbesy @ysiglgising the

fol@g‘l,ﬁ gocte? lowy cool to roomtenperature. The
sol | S enh filtered and dried using a vacuum punp

f or 2BOhmgiof the pepduet dfExample$ wdsatisgsokal in 0L nhlrud H,OtAEN (1:1),

usi%%gﬁgﬁtu%gé w%@%%sﬁhgr{ﬁgakd% %r%l%e, v&act:er bath for 2 hours. The heat
wis thrded bfr & tRAfPaiRW Al BWedit E:Jl)dl)ﬂ) &SR Yérﬁﬂ%?alﬁgl‘g}’ﬂh]:n refrigerated

nmet hyl am no}et hyl ) pi peridin-4-yl ester was a
at e parlebuas 58 ptiobwateatves frhtadded (iled bat)f follbwed bythe addition of 40

B REEH S5 Bt Bt R PLOGE saRla IR aednftbgeiim) v
ad & QfeNs 0% sh)‘n%ﬁit rbofintemPératuivt QRIS sta¥al toFoe ladd WaSmixture
added sl ow vy, ile nonitoring the pH The pH was

wagdilowed & sibovgspiehk wigtslay etirringe Thieawkt dayt ahpas goglepycle was

i i i |t .
ool S8 FYEHARE, B0 B Il SEEORE 0 B, The e
wasatneed aff anashajin@sm{jevaemwieﬂ td aocﬂ mve@%g}ﬁmlﬁﬂﬂb@w%ﬂqgh% next day,

m xture was stirred in a - heat ed 60C wat er t or _ .

aszwdﬁt?m/gqosf?ﬁ@e RS @p @5&58& lghqurawahfiﬁéolrﬁnﬁp seEvegt 70°C).

| tur iial -
BN A0 SRR ol U S g The
newadayp brystalseveraiptdsemiteant] adpipd headodlcyste wascapplied (60080 forhkhours).

TR0 PR B kB SR G, B ing e
neRE&ET b Best cosl &dle WY £Hphidd eshoandr ahbemesdowosl, theh @0°A éor 3

days. During this tinme, nore crystals were observed to
hog@&eTb

eheaswas dpraed off andthe wiiting allawed frepd pveraighl wathgslow

L SR, BT Lend D857 Bt e o v

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 HO: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
-48.
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yield). Seed Synthesis 510 ng of the product of

Exanple 1 (0.853 mmol of 96% pure material) was taken
waipoosisB3si of H2O ACN (1:1) and 1.7m of | M apCEUSR05/007988

oxalic acid was added slowy, while nonitoring the pH.

The pH was adjusted to approx. pH 3.0. The clear

I 4! I

plsE L B A B el M i) bl Bl o
Quaisikativedbcoveny, %S%mu&birHRBCate salt was dissolved in

2.76 m of 94% PA/ 6%12g. The m xture was stirred in a

pre-heated 600C water bath for 2.5 hours. After 25

mnutes, all of the sanplgypgagleltk sol ution. The heat

was turned off and the nixture was allowed to cool to

r ooBmTeaneZ-azlqart@m1¢heldr1e62t-{[és(9r -cagbagnrgiipipenidiomr tylaethyl)benzoyl]

I SCOUS ter.ial,. sent .
melfp g AR R ARSEF S s BFerii a5 Bshese vt jugine the
folld@EnShlkdrhatB pesRbre. The vial wasthen pl aced at room

tenperature and observed one nonth | ater. The

mat al
appé@msotithe produet ofcExagmde haws disselodin 9.4 e ACN. Kheraddition
t
of ¢ YRR e Riflon gL EESSRURE: AbMR4ABh SIS MIN vas added to
clargﬁy\thetshmudn ¢k mpanisaCN:NIBHrg 1:53 Themyjikiatyas lEkanfieeial and
ar bam c  aci .
canpet; 2A{5[°i1r‘]1(aﬂpﬁaé?%§¥r8}ﬂ 5@y df p solidyyasdben il ped gyl plpoed on a
highPAENLA TnB @3 Rlifke)dl BeFehflhdtt divyh fRebAE ci‘&%ﬁﬂ @f 1 title compound.
prepared as a freebase crystal using the follow ng
procedure. 230 ng of the pr oduct of Exarrpl e 1 was
dissolved in 0.2 mM of H2 léé usi ng slight
heat. The m xture was the xﬁ&‘ﬁ in a 70C water bath
f oBiphBRHL By 1th§>anﬁqucluﬂ5(2t{{mm:@%n@@qnpmdnmcymahyl)

was aIIovvedto cool to roomte erature

refri ger at ed henzaylethylamingjethylgripenidigr4 'Mhl‘:%tﬁr was t hen
added (oiled out), foll owed by, the addition of 40 m

of ACN to get the sanple back/ nsoF\'utl on. Seeds
(synthesi s de i bed beaw | adde s ow
stirring at r erat'ur e. ystals started to form

,and the m xtur was “al Towed to sit overnight, with

sl ow stirring. e next day, a heat cool cycle was
appl i ed (300C 10 m nutes, 40C for 10 m nutes, then
50C 0 m nytes). The heat

t f
AR IRy G SR e
eth{l@ﬁmﬁﬁ%ﬁa&mﬁé‘ﬁl pl@cé@ﬁﬂ%@n%}@@\ﬂlﬁﬂg‘letﬁyﬁlﬁnﬂ@Sthé‘ fak ced ound was

hour i ssol ving observed at 700
prefdredhdd$ més[Mere]obamdffoaﬁekH4lsi§s% 2t uBefoand.ied- t o
cool overnight, with slow stirring. The

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

MQ”YG Uy
0

To a three-necked 100ml flask was added methyl isonipecotate (344 mg,
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next day, crystals were present and a third heat cool
cycle was applied (60Q0C for 3 hours). The heat was

wao eooses7ed f and the m xture all owed to cool ovReHUSI5/007988
with slow stirring. The next day, a heat cool cycle
was applied (600C for 3 hours, slow cool, then 600C

L s

mi)dm;eswast tvlsdioi (34 1 S with lahéceclshila anld plsalotidn ofitha phadyht of Preparation
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e
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10 foriBgbnB s, A2. $%1|mﬂ 61hy.)EDPLC. Exanple IE
Bi phenyl - 2-yl carbam ¢ acid 1-(2-{
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met hyl am no} et hyl ) pi peri dilszﬁﬁp/lk zester was al so
prepared as a freebase crystal using the follow ng
aBipremyll-3-ylrabaanic dcid 1421} leshyk He(dsmethydearbameyipipdridin-1-

e They 'Xliqmﬁ%wzgzs@tw@e@ym P o 50,
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ACNMIBE = 1:2), The m X ure v @%%Nw al and
capped. A sol @* ar ed Noy t next day he solid

was then filtéxedy ced off a hi gh vacBum line to
remove all solyent and give a freebase crystal of the
title conpoun Exanpl e 2 Bi phenyl -2-yl carbam c Acid
15 | - (2-{[ 4- (4- Carbanoyl pi peri din-1-yl methyl)-
ben I 16l
o ei‘g)réo% EI E¥éé W%s Q&&&ft‘% E}&i’ue fdt‘i’ieﬁarét;lééﬂ g I‘i‘g} ?o néﬁi #imol) and
methybmninel [ntigZM\intMﬁ@HD Mee¢ tﬁﬁbh?d)mamnhmwusehaatedmk 6Q% fufr 72 hours

and ¥ reted REPTP P oA SEh e 18 A dhe el SorSRmes, IS H: [ +

H' Pdetodor @aN:61,%18.8; Ragas et ign 6

20
Example 4
Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Ethylcarbamoylpiperidin-1-
ylmethyl)benzoyl]methylamino}ethyl)piperidin-4-yl Ester
0 N

JLT T o

H
25 Using the procedure of Example 3, and substituting ethylamine (1 ml, 2M in EtOH)

in place of methylamine (1 ml, 2M in MeOH), 17 mg of the title compound was prepared.

-50-
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Bi phenyl - 2-yl carbam ¢ Aci d
| -(2-{[4~(4- Met hyl est er pi peri di n-|yl net hyl)
whenwzoyl7psret hyl am no} et hyl ) pi peridi n-4-yl Est epCTTOSR05/007988
t hree- necked 100m flask was added net hyl
i soni pecotate (344 ng,2.4 mol ), acetic acid (136 m),

ORI g e B BN B S BoaR R ot fnd o
solution of the product of Preparation 5 (600 ngy, 1.24

mmol) in IPA (10 mM) was slowy added. The reaction
m xture was stirred at rodiwamgdpérature for 1 hour and

S5 25t % PO B BE G BB percin
stirring at yﬁmﬁyml@éﬁiﬁﬁl@iﬂmﬁ)}f:myl)iaﬁ)dmﬁﬁsdf-yltEﬁer
reaction m xture was then concentrated under reduced

pressure to a volune of aboyt any” dy | uyed with DCM
(50 mM). The rgagi c e SN S it -6.5N HC
(2 x 30 M), teff (2 xJ 30 , brine (2 30 m),

dri ed over sodi il tate, filtered and concentrated
to afford 7 of the title compound. (92%yield. M
mz: [M+ al cd for C36H44N4ACH, 612.8; found,

613.5.) Exanple 3 Bi phenyl-2-ylcarb amc Acid

1- (2o &Ml yal wad aldedié Prdear drameydricies i(@1.2vlg, 0.1 mmol) and
yl met hyl ) benzaoyl ] am no} et hyl ) pi peri di n-4-yl Ester To a
propyleming d| mpasthededionieixpre tige heged W@Bé?r%r Pdho@s @ad was

; t i isN . he+
pufBod B roB TR RLATIHR 01 SR Sty S P P90 catea
forvgH pNEO L, 630. &) Yourdep40#).C to afford 46.9 nmg of the

title conpound. (Ms mz: [M+ H+] calcd for

C36H4A5N504, 611.8; found, 612.4.) Exanple 4
Bi phenyl - 2-yl car bam ¢ Aci e &
[ 4- (4- Et hyl car banoyl pi per?%%an-lﬁf/l net hyl )

benBiphiehyrk2yl¢abaniie Akid )-2-k{ddlsopdepylcarbhmoyljiperidin-1-
th Exanpl , d ttut]
et byl an Ny pensi et ok iRiRe Sl ok Bsteri ne

(1M, 2Min MeOH), 17 ng of th ' onpound was

prepared. (M ld{z: [M+ I—H/]\%:blc r @tll%?,j\ls ,

625. 8; foundGﬁ. )/@‘an‘p el |phenyl-0-y carbam c
N o}

Aci d

| - (2- { Met hyl - [i4- ('4- pr opyl car banoyl pi peri di n-1yl net hyl)

benzoyl ] anmo yl ) pi peridin-4-yl Ester To a 4 m vial

was added the“product of Preparation 6 (61.2 ng, 0.1

M7 1L . . r .

g RSB Bl b THRERATSoATSHHERs W8S e
of propylamine (1 ml), 27.8 mg of the title compound was prepared. (MS m/z: [M + H']

caled for C3sH4oN504, 639.8; found, 640.4.)

Preparation 7
Biphenyl-2-ylcarbamic Acid 1-(2-Boc-aminoethyl)piperidin-4-yl Ester
To a 1-L flask, containing the product of Preparation 2 (25.4 g, 85.6 mmol) in
DCM (0.43 L) was added DIPEA (29.9 mL, 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).
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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purified by prep HPLC to afford 39.5 ng of the title

conpound. (Ms mz: [M+ Ht] calcd for C38H49NSOA4,
wG3®s5887780und, 640.4.) Exanple 6 Bi phenyl - 2- yl pEr/ 08200007988

Aci d

| -(2-{[4-(4-1sopropyl car banmoyl pi peri di n~l yl met hyl )

o SRR B SNBSS fy ot 1o

i sopropylamne (1 m) in place of propylamne ( 1 m),
27.8 ng of the title c%ound was prepared. (M5 m z:
[M+ H+] calcd for C3sH/Brep@ratigne8. 8; found, 640.4.)

I Co. o AR a2 QBT A Bbfberigin4pyl Eater

f | a¥ke prodnttaif Prepgratioe 7HBosIACS. 1 mmar) epardlédn 121 D2}M4FFA (50

L) dded PEA (29.
mI_gd_ang SIWe?LCt’I?ﬁ'B‘Taf agﬁwegto(ség&t ﬁ@ﬁn\é\%‘)sm&rﬁt)‘eﬁ © 1%)’? é%‘@@“"@% 1U@n
corfiplefdn, 4hé"f§9&t?on va_a{%%lﬁlﬁeﬁ%itﬁ D188 ﬁﬁ, heal mtl)&ul%%&({xzashed
e

overnight ( 18 hours). After overni g reaction
withe N Na@hl (@ﬁ@tnéd The @p@ic dayemdmséhemwashpdmath watenf200 mel), NaCl

(oo LD R e N g R Tt S lamy 82 e under
reddt et pr[eé%hi“é""ﬂhe%ﬁidé%itéﬁal G RRhkidhily pdd o Bse WH&Q further
440.4. Preparation 8 Bi phenyl -2-ylcarbam c

id
purifiqapigns Hisdtipooypoped was abipinad igditly yivkie(2gr adb@ mngdl). MS m/z: [M

+@§%£@?€§@pﬁ?9 e B o el owed to

stir at roomterrperature for 30 m nutes. Upon
conpl etion, the reaction was diluted with DCM (125 nlL)
and the mixture was wasHREEBAFRHOR & NaoH (200 ml). The

organi c | ayer wasj,t 200 nL
Na% I(sat 3/ (200 rrL ﬁ(Hrél’rl ?gﬁgl&}/’er %a(%g%ifdagd then) _
fi | Asttiped sdingors of 4-eynoviadluoesteneaic aniddR. s £ diQammol) in DCM (100
ressure. teri s sufficient ure to 0
L SR SRR iy PGP R4S et areorae DER ALY oo oL, 25%
in tORSnOPLFhH eshtibA 1846 M) & Slutién. 6THis WasQlIBWRH ko stift U’/@”C for 4
[M+H+] cal cd for C20H25N3O2, 339.2; found, 339.

hovwp.¢therraadtion vas gueiched va-additio We@aﬁeumLA@smgAautlon due to H,

evo%tiic{frge]gqesoq #1;6 ﬁger%%%%gj}g%%f v\yvl;ti% lfg)lg??gl Lf’; %%%: g?@d& mL),
NaCD(shh) @ 0vvasl) adlikeichvdr DIRBIC.cand tBéd fi(teRd)MiThe 451vénﬂﬁm=] removed under

reduce(f 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-ylearbamic Acid 1-{2-[4-(4-Carbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylamino]ethyl}piperidin-4-yl Ester

H
N

Ty 5

Using the procedure of Example 1 and, in Preparation 5, substituting the product of

=52~
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in toluene), using caution due to H2 evolution. This
was allowed to stir at -78 OC for 4 hours. The
WO e@sn8s8 was quenched via addition of MeOH ( 1BCTiI$2005/007988
usi ng caution due to H2 evolution.. The organic |ayer
was then washed wwth IN HJ (100 nL), water (100 ni),

Prepiiapiad B3 ot SGe DEkb I Faii G Y d G stb Pl product of

PrepbRSisH D en plhBEo£4-dal8oteps AlabhRstheuitlel cohpothd wRas pephfed. MS
use wi thout further purification. The title conpound

m/zbM o Bt heakesbior f3HBeBNQs) @01.2; Bugd, @02.3 mol ). Exanpl e

7 Bi phenyl -2-yl carbamc Acid | -

{2-[ 4- (4- Car banoyl pi peridin-1-yl met hyl ) ~2-

fluorobenzoylan1no]ethyI}Ex@ﬂqﬂasn 4-yl Ester UBing

t he, procedure of e_1 and, in Preparation

S UBBRERYIcE Hisar S AR T ARSI PHA 3 kmeyD-2-

the produ ta

pr oduct o;ﬁu o?é%egl:zgﬁ on g Olegglgﬁ) iﬁ%ﬁ&l“ 4 ﬁ%stt&e

of 4- car boxybe dehyde, the title conpound was

prepared. M5 mz? [M +H+] cal cd for C34H4A0FN5O4 601. 7;

found, 602. 2. ampl ¢ 8 Bi phenyl -2-yl carbanmic Acid
sampyNpi per i di i | -yI met hy| Ne:2-

fl uorobenzoyl] ret Y1 am N piper i di yl Ester

Usi ng the procedure of Exanpl ¢ 1land n_Preparation

5, substituting the product ofFPreparatlon 9 in place

of frmat rb@%%@&ﬁ%@bﬂ@ihﬁﬁﬁe 1tan@, fnl Birk arﬁ@cB'H)S’Lb‘ﬁgstY’eﬁﬁn the product of

prepargd m%M +H+] cal cd fo? C35H42 SHeP
Prepagitign 9fipplage obA-carboprbepagldelysie, the title compound Was prepared. MS

TR Y] O8eLpb R BRIINIGE, 6948, Rushideayr de To a stirred

- but oxycar bonyl pi peri di ne-4-carboxylic acid (5 g, 22.0
mml) in DMF (100 nl) was added di ethyl am ne (4 6nm.,
44 mmol ), triethyl am ne (gpqramgn]@a 0 mml)

(22,0 L, 0.5 pihdoiifbB.cag BoRlREM Bl

(8.4g9, 44 mol) I'S was to stir or 14 hours
at foamntitredrpaenadniol - tefhmwxyWMnylplpemchﬁeMF@rM@ﬂc acid (5 g,

2 e BN oo ot B e LRt ot Famin
0. Wﬁﬁe 66 @%O%HOAN?.Q‘@ mi 1@@ Mhﬁ DMP% é %ﬁﬁol} and BRaIBEDCI

dried over SO and th Itered. To the organic
(B fayidmmel. Huswes aﬁwe(dag sm;for ItHeoure aloopriemasratiire.olbelsolvent

t r .2 ho
Waéﬁlseﬁtr% bR AR B A bR pdtpEaa e APRE R Lt00 mo)
ThyvazahieKeyer s thenDENhédWh Mgter (The mL), 1N HCI (100 mL), 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 1IN NaOH (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

title compound was obtained in 86% yield (3.5 g, 19.0 mmol).

-53.



organi c |layer was then washed with IN NaOH (100 ni),

water (100 nL), Nad (sat.) (100 niL), dried over MySO4
wanasosmss filtered. The sol vent was renpved unP@r/us2005/007988

reduced pressure. The crude material was sufficiently

pure to use without further purification. The title

conpound was obt ai ned inlgv?%%l §| d (3.5 g, 19.0

nmmol ) . Exanpl e 9 Bi phenyl &r'bami ¢ Acid

ﬂlPﬁgn}[l-@'-ﬁléa@aﬂhhwcﬁlqmﬂémﬂchﬁbdhbybﬂl%aﬁmm- Hnethyl)-2-

uorobenzoyl am no] . eth eridin- 4- ter | ng

the pr ocedurﬂu@fObEnmiﬂl@mPﬁﬁgﬂl}Plﬂ)ﬂrlﬂmeﬂaﬂdisit@h 5,

substituting the product of Preparation 9 in place

of 4- car boxy al dehyde and substituting the product

of Preparatioy 8, in place of the product of

Prepar ati on 4-~and anpl ep 1, substltuilngthe

product of ar atiQn 40 _in k| age of jpecot am de,

the title conpound was prepare f z: [M+ H+]

cal cd for C38HA8FNSO4, 657.8;F 8. 4. “Exanpl e 10

5 Bi pUsiay khe%rﬁbddﬂf&@ﬂ@n@é tahd, (i P{epeu;atlon 5, substituting the product of
" [4-(4-Di et hyl car bai n % pi peridin-]

met hyl ) - 2-
Prepargend @hﬁlaw ?fr(’ef:ﬂw weldshprge s %%ﬁtrrdatwéﬁwjpr@gﬁ&f
preuith § BFp L COCRY PR (RIAIRERioh S8 in) PRERAL Sl Blluing the
prodiiet-of Brdparayiori 2 ah giby dfisamipecotamikiz,gheptitle tompound was prepared.

s e G B Dbt R S 6 ORI cpar o6, hE

10 mz: [M+ H+t] calcd for C39HSOFNSO4, 671 9; found,
672. 4. Exarrpl e 11 Biphenyl-2-ylcarbamc Acid I-(2-{
[ 4- (4-Di et hyl car banoyl pi feamplel10 ~

benzo et.hyl erhdi n-.4-
Bégﬁ'&y%’lﬁag A BFRL GG DDA B R s gpy-2-
t he pr odugluopdbenzeyfhéthiyRiniho} dthyl)siperidin-4-yl Ester
i soni pecotam de, the title conpound was prepared. M
mz: [M+ HH gal cd for C39H51IN5O4, 653.9; found,
654. 4. Exanp 12 Bi phenyl 2-yl carbamc Acid I-(2-{
[4-(3-(S)-Dieflhylcasb yl pi peridi n-1yl net hyl)
benzoyl ] net h mhif)} thyl) pi pgridin-4-yl gEster Using
t he procedur f st GBI peri
di ne-3-(9S) - carboxyllc acid dle deln | ace of
|son| pecotam de, the title c

ared.
15 zUsingithe mepedugg @if¥agp! @é@p@. RBesparaion,  supgiie theproduct of
Pregér%tlén 9 in place of 4-carboxybenzaldehyde and, in Example 1, substituting the

al

product of Preparation 10 in place of isonipecotamide the title compound was prepared.
MS m/z: [M + H+] calced for C30HsoFN5O4, 671.9; found, 672.4.

20 Example 11
Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Diethylcarbamoylpiperidin-1-
ylmethyl)benzoyljmethylamino}ethyl)piperidin-4-yl Ester

C
QNILI(@ANC&OWNQ

Using the procedure of Example 1 but substituting the product of Preparation 10 in
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The preparation of piperidine-3-(S)-carboxylic acid

di et hyl am de was done according to Chirality 7(2):
w@®00968773995) . Preparation 11 PCT/US2005/007988

N-{2-[ 4- (Bi phenyl - 2-yl car banoyl oxy) pi peri di n-1-yl]ethy

'} -2,5-dibronmo-N nethylterephthalamc Aci d To a 100nL

plagzeI (itsi?r?‘}:ﬁ%r}:to I n%;gh% E@ Eq_rs(l)pdglféﬁé w%fa Bg%gpe%r O/ [1(42+ I5I+P¢alcd for
Q;;gﬁa@@gmtm&pkgghal ic acid (6.88 g, 21.2 nmol)
followed by DI PEA (1.6 nL, 9.2 mmol) and HATU (3. 23 g,
8.5 nol). The yell ow sl urry was stirred at room
tenperature for 3 hours hp rial in solution
foll owi ng conpl etion of reacti on%e The reaction
m Hlph@yMSyldaﬂbahﬁd A\Md I\-(D{Z[M(G-?(S&méthylc'ﬁﬁrbhimeylmpeﬁdmm-
was added I N NaOH ( la m ni_mal anount
added |ny’<5’t"?fgyl)'?‘3‘78y'sl§'6ﬂ\)’ IF’f‘i'@}qtpWéPWﬁHdé“'ﬂr)élcESﬁ‘?rt at e
that was observed follow ng the additio base). The
solution was transfexyred to a separator)nL,\f nnel and
t he aqueous | ay arded. The_orgapic layer was
washed with IN (1 x 150 pL)[ dqri ég?vep sodi um
sulfate, filtered and re ed under
reduced pressure § de 70g of the title conpound

(>100% yield due to the presence of residual QS% o
Thi Usinattles praicedyas ofiEsemple L Huwy sulistifutinarpipeniding-8«)-earboxylic acid

f. 1
dle%?(la%czlé 8{5%{'&%@ %omﬁ‘%%%émde ?he( %@%%HS% prg}Z%r%(? slé/IS m/z: [M +
mm{ F%%&sifmp%39lmmﬂ§544 | ) di ] eth
N-{2-[4-(Bi phen | car banmoyl oxy) pi per i di yl]ethy
1} The preppgh %rhﬁf( lﬂ??ﬁ&%\gRW&P&ﬁﬁdcdlﬁ@b’@“%f Wpp done
tai ning the product of
accgﬁiéﬁ |rat|lg:)}ﬁﬂn%%‘c%)7bg@%lt %%%m nol ) was added a sol ution
of toI uene/ MeOH (9:1, 70 ). AUof the solid materi al
did not dissolve, so an addlt 3 mL of MeCH was
added. The sol ution was FERAE O‘E Q0C over a n ice
bat h andNt{zLﬁfS{#iyhéM ztﬁéﬁ%Qﬂie&m{agnﬁ&lﬁm-f@h]uiuy@p in
hexanes

nmol was ad via S rlnge he
reaction m xt t?ﬁirdwlu@nm-Nanghytt@rmhthnlamw Asld

r After 2 .hours
b S 2t ot o madit e ebeSleh bl PRpaiBi 2399 A5 1 mpmol in
DM¥IdothDyahs dddedet S1libsorhytti@pabatieicid@ (s g $02 102 mmodsilowed by
added and the reactjon was stirred at _room.tenperature

DIFE (126 mhlo -5 mmgl) mféﬁTHF@é%&w §|5yI§P§ &g yeHe shrgpwas stirred at
roo‘h{]gﬁn\ﬁtaefh?mﬁ 3&? hQRs Qt@ltlal GRORLELE foll%@fih% E(t)lﬂglegoﬁ %?reactlon).

tot eactlon m xture an
The seaciiidn mixture was d11uted Wlth DCM (200 mL). To the solution was added 1N

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 aqueous 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 (>1009% yield due to the presence of
residual DMF). This material was used without further purification. MS m/z: [M + H']
calcd f for C29H20BraN30s, 659.4; found, 660.3. Ry = 3.39 min (2-90 ACN: HO, reverse
phase HPLC).
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sol ution was concentrated under reduced pressure. The

crude product was purified by silica gel
W@ boosisi7egyr aphy using a gradi ent of 2% to 5% MOHMUB2905/007988

DCM as the eluent to provide 2.32 g of the title

compound (49% yi el d). I\/S mz: [M+ I—H] cal cd f for

C30H31Br 2N3G5, 673. 4; Oﬁﬁg g 4.26 mn

(2-90 ACN. H2O reverse ]ﬂ . Preparat|on 13

Bi phenyl M{M‘L cmphamylcz yﬁfl«h::ud)almul'yio:[y()%,plénaﬁﬂa1-tyl![gtlf?;rl}4 |

hydr oxynet hyl benzoyl ) met am noj et hy eridin-4-y

E>s/t er ¥o 2> {‘Ubﬁ?_mf"l ety %l?lﬁpﬁi?n%lﬁé%ffb&ﬂﬁ

Prepar )

Ly ORI AL AR Corfa et TR o PRPaRIORH L LG 25-6 mumol) was
ad@dmﬂohﬂ@nalfdﬂuﬁmdﬂmm&@lﬂﬂﬁ uomh. o yAllE Dffhe (sdh(DMaBemiaUdiﬁmnt dissolve,

so piadiipne) 3anfior phocdh s pddedc Tug SHSEAN pen panied tr ST am ce
bafh: anI@frmEﬁ?fsﬁl Rﬁ‘az%ﬁn%tlﬁﬁ@&é@\‘i@omﬁoﬁ%g &&ngé\'e"%?ﬂ {19%mo1) was

The aquéeous | ayer separate ‘the of gani ¢
adcﬂ@y\ea smew&hh @ehctipl tmictmermas(a‘ﬂbwwﬂ Yo wadrm éairconetenpeituray  After

If oncentra nder .r educed
2 s e, HaG Rt M Rt & RRLBP Erbtat R comptrae
Additﬁﬁlupﬁmymylﬁlﬁﬂﬂlﬁtcﬁﬂetﬂéhem ®O MR WIaddEd fnd RO réRti A Was stirred at
H2O, reverse ghase HPLC) to afford 317 ng of the TFA
TOGY fqpETHUreTpn /& hpyrs oAlthmghdé%W edalpsio byt ndigated that the reaction

wag abt éo[rfgﬁgttg gacgg ﬁ@ﬁ 21 SE%%% n{%@deﬂﬁé tlge;1 g%&%%l%{ll%hg @1‘6 lfI(L,nsultlng
solwasﬁm/ds eoricbnipatod endeb retluped iessace. OMeY cro@dirgdud wak putified by

f "the
Slhff’il"‘ %%@%ﬂ%ggrﬁgﬁynﬁ%ﬂ% glt’a%den% C(])f ﬁé](‘gc\{ | %eMé(z)%—bg D Moas the eluent to

rdetdd3 E‘@Q"t 6
Pt (10- 7%?%% CN: lﬂe%ﬁl ?/)grr1 ?@%WC@HBESC Ingepar tl onff E1
ngﬁz‘«;u]hlaNe@yIWaA; ﬁ)uAd; @4.3. Rf =426 min (2 90 ACN: H,O0, reverse phase
wurt: {2-[ 4- (Bi phenyl - 2-yl car banmoyl oxy) pi peridin-1yl]

yl } met hyl car banoyl ) - 2, 5- di br onobenzyl Ester To a 25
nmL flask containing the product of Preparation 13
(223.6 ny, 0.346 mmol) was added DCM (10 nL) foll owed
by DI PEA (135.5 uL, 0.77geparotipnddd met hanesul f ony!

hl ori d 1) s i t d
For "30° i nonptibnk- BRI Aif P RS RRoRR > (" ©
m xt ur aymwﬁmmyladmgl)mtm@mm]aagll}ptpebid@mtwm@

LT R T R
add?:\ieFHls ?3‘ M. SUJsﬁlgtaﬁ ice Bt BRHixARd w6618 [Pl BRESId 1ithium

reduced preSsure
aluminum hydride (1.0M solution in THF, 6.6 mL, 6.6 mmol) was added via syringe. The

resulting slurry 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 sodium 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,O, reverse phase HPLC) to afford 317 mg of the TFA
salt. The TFA salt of the desired product was partitioned between EtOAc (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'] calcd for CpoHz Br,N3;O04, 645.4; found, 646.3. Ry =
-56-
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to afford 229 ng of the title conmpound (91 %yield).
M mz: [M+ H+] calcd for C30H33Br 2N306S, 723.5;
wo owadg77324. 3. Rf = 3.11 mn (10-70 ACN. H2O, PEWESRE5/007988
phase HPLC). Exanple 13 Bi phenyl -2-ylcarbam c Acid
| -(2-{[2, 5-di brono- 4- (4-car banoyl pi peridin-1yl nmet hyl)

] i hdi n-4-yl Est T 25
3 e e R EO o "o epar at 1 on 14 (225

ng, 0.316 mmol) was added i soni pecot ani de (48 7 ny,
0.380 nmol ), DIPEA (110.2 uL 0.633 muol), and ACN (4
mL). The reaction mi xt utdepgationild ed at” r oom

MBS 5 S e AR PRI

and washed yldﬁtﬂlbrl}nwlthurlaamﬂml)ebﬁshbnﬂmhmbymtho nat e

oy Bl B e B S bl 3032 2O 346 mmor
wabagdaasORH(10idkh) f@ﬁMvéc?-by DIﬁEPﬂ(BSiS' ALt 0979 HnYGPand

adj ustedto 10-11 us his m xture was

mefiiepsuiony el HLIDtgm 31113@1)2 oThﬁ_Ijea@tm Wasestignedrfir#@dninutes at
o S 3SR T s Rl o
solpﬁm/(l(ﬂ)emLh €Tlid atdueowsdﬂjm e disvlrded and E}M oi'gal:rl'k} layétl vt Washed with

No4, 756.5; fou
bri )R CHsod it 1G4, e A Cogcenireigihgipdersauced pressure
to @f&ﬁ?@? Im%ofythe ﬁgam)y &uérlaggglﬁ Ylﬁlq) NS nﬁ/z [)M+H+ ] caled for
CsiibaBndbPsfh t 123 15a fiund} B3403/| Bo pET lndnlﬁl@ﬁg IACEEé'tIézO Téverse phase
HPEQ' e conpound was prepared using the procedures
tribed in Exanple 1, and substituting the

appropriate starting rrateri als. M\s mz: [M+ Ht] calcd

for C35H43N5O4, 598.3; found, 597.8. Exanple 15

Bi phenyl 2 yI car bani c A(EX'?HIPIGZZ?’{

B iphe S DI Bl DEl 11 @2 YT OB parbamoyipiperigin-1-

To a stl Wlm@thygbeﬁmmnmthﬂanhmi}&h&l)pmdmmy 41 (4 el C
acid (15.0 g, 58 mmol) in DV5Q (150 rrL) was added

NaHCO3 (20.0 g, 230 mml) Thls at dto 80C for
18 hours. The_trwRacty o Nb*om
tenperature a h/él\s [ vent ved under or educed

pressure. The drule Peatti on m xture was then
di ssol ved in @‘ (200 n.) and

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 aqueous sodium bicarbonate solution. The product was extracted
into the aqueous 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'] caled for C35H BroNsOs, 756.5; found, 756.3. R,y =
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washed with IN HJ (100 nL), water (100 niL), Nad

(sat.) (100 nL), dried over MgSO4 and then filtered.
wab@segilsent was renoved under reduced pressurBCT/Ukm®05/007988

crude material was sufficiently pure to use w thout

further purification. The product, 4-fornyl-3-

. I [ t , was obtained in 79%

263?%?g@@&%@'%égvrﬁg%l@gﬁllgﬁéegti rred sol ution of

4-fornyl - 3- met hoxy-benzoi c acid nethyl ester (5.0 g,

26 nmmol ) in tert-butyl al cohol 200 nlL) was added

NaH2PO4 2H20 (3.6 g, 26|]?:H‘3 ter (50 n),

G P E A bdh ﬁ‘%md%ihél ea%%%lﬁgﬁg Lffbint,
stir at yhoethyBbgeogtj methylaminb} éthyl)pipefidin-4¢l Esterr was

then renoved upnder reduced pressure. The_crude
reaction m xt was then di ssdj [ 200 ni L)

and t he produ vvagme : I @H (200 nil).
The aqueous | aygeowa wi\t h "BCM (206-val) and
then neutrali =@» tR 6N HO (~40 niL) &hd the product
extracted with DCM (200 nL). The organic |ayer was

t hemh)agiesmydund Wi éﬁé patelQRinH the phéeluresddscibddlid Extinble 1, and

dried over SO and then filtered. The solvent was
subsEiib0e &lqmampnﬁ@oﬁwéag pratesiglsr S T (B tdk] paledfor §13sHwalysOs,
f y pure to use without further purification.
59%@50%1?&63 ' Y 2- met hoxyt erephthalic acid 4-nethyl
ester, was obtained in 47%yvyield (2.4 g, 12.3 mol ).
To a stirred sol ution of 2- net hoxyterephthalic acid
4- et hyl ester (450 ng, XExa ¥ in DMV (10 nL) was

Oﬁg@ﬁa ﬁ P%l%%ﬁ’ @é‘ilﬁ%@ﬁ-ﬁﬁ%ﬁ%@ﬁﬁﬁm@@%ﬁl@ﬁggm_
m xture mhhmEOBthethglasnihu}dtbyi)pibelﬁdin-cpybﬂuet of

Preparation 4 (830 ng, 2.4 mml) was added slowly. The
reaction mxtfirée was stirred at roomtenpgyature for

16 hours and thén Fyvash vvlth water (10 o |N HA
(100 m.), IN ) I iJRe oom_, dried over
MySo4, filter ndoco t”ed af ferd an ester

product in 89%Vvield (1.04 g, 1? nmol). Msmz: [M+
H+] cal cd for C31H35N306, 545.6; found, 546.6. To a
stifp %@tnsf@dl bBlhﬁ’cSh &f 4- Ban?o S &hoBLC 19éi|ii6fc akil @5 9g, 38 §1mol) in

nmol ) THF (100 i) Q0C, was added rret anol
DMSQ (I_L508nhbW)as ad@ﬂlwwoﬂ 21280 rlQImola frhis was gleatml)to 80°C for 18
add

oo e Bac el FE Lt 0P RS Bt ST Sy uner

rediogd pl‘ed%ﬁtbr Tha' beide @@@ﬁm@mm& wakehen eﬁsmddhn IDEMIC 0 ﬁm) and
at 0OC until no nore bubbling, stirri was conti nued

waghed with 1y HQI&OO ke, EHeRAd AP nﬂe)sNﬁ@h{?a 1008, dricg pvepMeSO4

ogtg%ﬁi{cglgd rﬂbe g%aﬁ?eg&)tv'eg AnfirtbdicRa PRsstr@k R LRad 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 a stirred solution of 4-formyl-3-methoxy-benzoic acid methyl ester (5.0 g, 26
mmol) in tert-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
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with water (100 nL), Nad (sat.) (100 nL), dried over
MySO4 and then filtered. The solvent was renoved under

WO e@sogti3pr essure. The crude material was suf fPCT/E81005007988
pure to use without further purification. The al coho
product was obtained in 89%yield (831 ng, 1.6 mmol).

(ZWéde%md ctrvyée:sgelx%‘q?t(e{f ﬁétﬁgrﬁ?gﬁ?o? ?rﬁé 61"he aglg&)q? layer was

wa$héd with DCM (3000hl)) artd tBéiMle(Uﬁaﬁzéﬂ.x)nthlBN-HGQ%SnIa)Chﬂlddhe product
DI PEA (13

m., 22.5 , , 1.5 Y. T
extf%%s}wrf]ihpﬁ% (Msm%}j Elaﬂ @Pl?la ﬂaYPF Wésﬁ!a@ “ﬁthddmﬁgevazer (100 mL),
Na@P B oné %ﬁ%{ H8ed dver Qs anfd Bé?f ﬁlﬁé}e&n T‘l%’et %ﬁ’vﬁe{:; Gf@s removed under

ure was enche
redheqdaprsssw dhes epde ammal thae smﬁﬁgantly, ptnayce msms‘.h@lrtlferﬂher

. A, filt dt d t
puhepieRy1s Hrodifb HERhoReqePPBATe BE Agne R Rt MABe In 47%
yiefx@mpé. e 2B Rulorsubsti tuting this al dehyde product in
pl ace of the product of Preparation 5, the title

conpoeantirmgé solpteper ety yierephtijajie acmm@@% epter (450 mg,

2 R Eun el A B o 1

mnagd 0. SIpF inddIFS tued DIIFIGA (BB (ﬁiIL 87| (5?5. mhiﬁﬂé) fWhérothie dgixture was
conpounds were pr.epared:
oer%qng:g, 2 sgltmon@g ﬂg}dﬁp@uc‘éef Breparatlon 4 (830 mg, 2.4 mmol) was added

l¢
o o A RO A YA oo 6 s sy g
wasgtlorith WBen(100 iV, +NH{q:1 (dao a:mL)t N Nmmmqaﬁns bri6©¢1(8;mL),

crd 33 M By Wi BodimiaPo B ep ot i £9% el
(.0 ¥R tpﬂsqmem mqmarm st R skl b e

ridin- 4-yl ester. cal cd

c37PagNEmassolgton af thfscﬁﬁ'mi p@@@cul OB drfpimenogin- THF (100 mL) at

0GB R PRRORST BBt Farred Gt i R a1 Sappgt, 1M

in THF) wid sielee! Mk 1dRItae Wek Rufbvid, 88418 readyRnthigturk Wad stitdd at
cal'cd for C36HATNSO4S, 646.3; found 646, 4. Exanpl e 19

room RipREatyE for yhogaﬂbgma@tlg@ M@s quenched with 1N HCI (aq) at 0°C until no

mo%%ﬁlﬁ)bﬁggsglglﬁlgg&rg?w B&P Birh y{n%éé nﬁl@é’o&‘)cﬂt Xlas Femoved under

am no} et pi peri
redl\‘(&drﬁréssufel\/ﬂ‘ te thdde G:ﬁicﬁdn ﬁﬂxm@%ﬁﬁ%ﬁ&ﬁn 3O0L (300 hayndd washed
20 - en | -2-yl - carbanlc

w1t}51 vzaier{(E@O )(ng&) N%C]o(ls%tt)lﬂr |ov5; O4iepd t ailen filtered. The
solveny lvﬂ@tréiﬂ&‘)edl dQlylre ?&eﬁ ﬁes%@ﬂ'eb@ﬁB’&ﬂlﬁc?{;‘méh%mv?@;ufﬁcie tly 1?ure to

et hyl') pi peri Ms m z
useGRiTE0 Neher pﬁﬂﬁcatl,onf "Bhenadc @ poduct was obtained in 89% yield (831 mg,
1.6 mmol). MS m/z: [M + H ] caled for C3oH35N30s5, 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 MgSOQy, filtered and the aldehyde product was
used directly 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'] calcd for
-59-
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Exanpl e 21 - Bi phenyl -2-yl-carbam c acid
| -(2-{[5-(4-carbanoyl pi peridin-1yl nethyl) -

wO bbopywsT7e8 e- 2- car bonyl | net hyl am no} et hyl ) pi perPdi/ns2005007988
ester. MS mz: [M+ H+] calcd for C33H42N6O4, 587. 3;
found 587.2. Exanple 22 - Biphenyl-2-yl-carbamc acid

Q%{% d [ gﬁl"@oﬁn({é%?g hyl car banoy!|

furan- 2- car bonyl ] net hyl am no} et hy
l) pi pel‘ldln 4 yl ester. Ms mz: [M+ Ht] calcd for
C37HAONS(B, 644.4; found 644.4 le 23
Bi plkisingth Qp@pe%@%& beddiegpin and substr;q%tmg the appropnate starting

mal)tﬁri(r?%f E{fﬁ?%?%?%%ﬁ%’grﬁ@%WﬁeePﬁfyﬁzm glo;?let hyl ) pi peri di n-

4- yExawplerl 6 -NBphdiyi-2FWcarbeiic aad ¢ 2§ {§5-(£a3zbdabdipipperidin-1-

ylrﬁﬁwﬁhvpﬁ eg? 642}?@@%%2@@810%ethyl)p1per1d1n—4 yl ester. MS m/z: [M +
kﬂ@dﬂ%}ﬁmﬁm{@ BOY.5 Pioped 664.9- | yI met hyl )

ur an- 2- car bon -am no}et hyl ) piperidin-4-yl ester. M
m z Expmple 1F7|+]Blph¢1b’b-2f3610a@3121&13mm2 B5-4(R3-3-f ound

dle&}?ﬁlﬁar@%r%r_%ggg f%?}%;@@gﬁ%%hngs%l catbon 0 ﬁme%ly{i‘ammo} ethyl)piperidin-
A-ypiegrer, iMB nmlz: anﬂhydalédtfoﬁag72f4M|p@6d /o 630/ ) pi pe

ridin-4- ester. cal cd for
CSGFHWINE]@S @}Bh%lyl @;agﬁﬁqb@m%amd H(BHEMUR )23- yl - car bam c

B

estas tMS mA MzE ][cMcd %@36&1&}1‘{‘5@45,(:646@ Td:ﬂlﬂl‘ﬁm 626 4;

2t B OBl R e bRy i1

|
y1nﬁeaglteyelr hﬂoﬁsaﬁ@aa&béﬁsq}aﬁmh@}g%ﬁ%gg - Cg 7yp His;téla\% Icl)\gs 4%)% [M +H"] caled

forf(geipagNeQ &, §90.8x ﬂé9Q8 Bi phenyl - 2-yl - car bani ¢ aC| d

pneR TR o8 RART RS st sRlL A E R g pparbpo
plpm‘ldm-][ Mmdﬂh}l) @Hl-p;droﬂ@Q-c%ﬁh&ﬂWIanﬁﬂ@} é%hymplpélﬁﬂlﬁﬁlyl @ster.

carbanmi ¢ acid

M BN ] el gt g s oumd 65,2 |
pi pE&érﬁbl'él'leeé%l@?%n@b?}ﬁ?%%ﬁfi&%j{@%’#&?—@%@%&%&gyﬁﬁh}eﬁhﬁﬁ-

ridin

yln@lﬁbﬁbsB]’ll:i@m;olelﬁﬁ&axb;ony@matﬂlyﬁﬁﬁnﬁ.et@mipﬂidh%yl ester. MS m/z: [M +
PSR AN SERg) Barb i
pl pEkélﬂblB 2b - ipRdnky). b)}@Q%ﬁf[rﬁcpﬁc‘i’(PﬂQQM'[?-@H)@}-@iE{HyYJa}th{b%I

ridin-4-yl ester.

plpgmd)pmmg@ahyl)f@gnﬂ carbemyd]nediryl@nino jethyl)piperidin-4-yl ester. MS m/z:
[M + H"] caled for C37HyoNsOs, 644.4; found 644.4.

Example 23 - Biphenyl-2-yl-carbamic acid 1-(2-{[5-(4-diethylcarbamoyl-piperidin-
1-ylmethyl)furan-2-carbonylJmethylamino} ethyl)piperidin-4-yl ester. MS m/z: [M + H']
caled for C37Hg9N5Os, 644.4; found 644.4.

Example 24 - Biphenyl-2-yl-carbamic acid 1-(2-{[5-(4-carbamoylpiperidin-1-
ylmethyl)furan-2-carbonyl]-amino} ethyl)piperidin-4-yl ester. MS m/z: [M + H'] calcd for
C32H39N505, 574.3; found 574.2.

Example 25 - Biphenyl-2-yl-carbamic acid 1-(2- {[5-((R)-3-diethylcarbamoyl
piperidin-1-ylmethyl)furan-2-carbonyl] amino}ethyl)pipeﬁdin—4-y1 ester. MS m/z: [M +

-60-



10

15

20

25

30

Usi ng the procedures described herein and substituting
the appropriate starting materials, the foll ow ng

W@ vp8nTes can be prepared: Exanple 31 - PCT/US2005/007988
Bi phenyl - 2-yl carbam c aci d
| -{2-[4-(4-carbanoyl - pi peridin-Iyl nmethyl)

Wg%%%ﬁrg%ﬁ%@yhiﬁgegt%n4yl ester; Exanple 32 -

I - ( Bxdthpte 06-BipRagPylyRicA®hinet 4tid Y[ DE{hyd|3- carbamoylplpendm—l-
2-chl oro- benzoyl | met hyl am no} et hyl) er|d|n 4-vy
ylrw,lnsé)phel&ydmgnplenﬂ Cnglopriengiy BpipEN A estesc S vz M + H'

di n- | yl net hyl
caléqfcoﬁl%£%7 t%%oxy n‘%%’ ?Imalt Eyl )allm'mso} )ét %yl ) pi peri di n-
4- yExiﬁﬁj[ileQ,Z{ ﬂ?hdﬁ)(j{?ﬂpdl-eaﬂ}émic & ﬂ]&{ﬁ-%j(l{3-¥4 (ﬂll-cabhmoylmpendm—l-
acj - 2- C i per.i di me
yl%‘@amhflaé&r9mpw§%lﬂ9ﬁha ﬁpa%ﬁps@r ! %lﬁt% W dpdM +H']

168 RA '629@”&1@&6215 @9 Assay A. Menbrane
- rep)e(ljfg_tlﬁgg@?rom I's Expressi ng hMu hM?, KM and KW4

l\/UsEaatrnpﬂleQSReBlplmntyt-Z-sﬂrbmﬂopmsc D1 «24{3- Mr(ﬁegrlmtrwtylpypendm-l-

oD b P RS Y YRR ik s A it EF b gied or

C3dRsNER! 6 T08f foligned1 8.0 medi um consi sting of HAM's F-12
suppl enent ed with 10% FBS and 250 nmg/ nL Geneticin. The

cel Example@dgritphenyh2yl-sotbami aadd b2 {ﬁc[é}t(&t(h@thﬁ]ﬁ@bamoyl

plpgh&%elg?’ e{ﬂgyl%) ffl%p %Q?ﬁ%ﬁgg? é&gﬁ eﬁdlﬂeigl cel'l  BAS 56 [M-+

H p@lld&fos Q&&Iﬁl(\j&ﬂut 5&4%@11@6679 ozenngt -80C or nmenbranes
wer e prepared. i media For .nenbra r r at
cel Exﬁél’llee”los' Righeayt-4 ﬁr %wécdaqlﬁklt@sﬁﬁ b(gfdg%tﬁy]éﬁ ambyl
p1p?ﬁl Ao Pinfcl IyAﬂh%Hyl rS}%é%}ﬂ@ﬁﬁlo?ah%l)é’lggn@hﬂs(—;leeg%SMﬂosﬁf. M +
H hwl@ﬁn@sofﬁy@NEI)@é@ﬁ 4;i ougrk@oAm®. 40,000 x g for 15

o HepR e ST e e b it RS ing M mptsurrs atpring

ma@ﬁﬁlsnthwmnwmgct?@l iid@ta bS BHParbis upter . The protein
concentration of he menbr ane Susp ensi on was

det Bxapled 1 byBiphrayhatyiesebagas @pndbleéll A(4-espgmoxdpipgridin-1-
265 (1951
yln%]qn%l}pgeﬁ% e%hmv\gieﬂ%,slfpog%l(;& ligogie%[%llan al i <(quot s) at -80C or
us ﬁgx:hlﬁ]ﬂe ($I2atfﬁblyeny¥\lz+ydmﬂi elém@ faox{d{lep? { [@et@ﬂﬂi(amggip @idin-1-
menhr a rc irec r.om Per ki n El ner
ylr%ﬁslawl)s{lvﬁiavg@ ﬁﬁ@ i%mmkﬁé@/l)mge%@ﬂl i§&hd Bi ndi ng
ﬁiﬁﬁﬁﬂle N4S GRph iy E 2 BRGERAE actdOL ¥R g2 AMAM Gy UM 1-

ylmethyl)-2-chloro-5-methoxybenzoylJmethylamino } ethyl)piperidin-4-yl ester; and

Example 34 - Biphenyl-2-ylcarbamic acid 1-[2-({2-[4-(4-carbamoylpiperidin-1-

~ ylmethyl)phenyl]acetyl}methylamino)ethyl]piperidin-4-yl ester.

Assay 1
Radioligand Binding Assay
A. Membrane Preparation from Cells Expressing hM;, hM»,, hM3; and hM,

Muscarinic Receptor Subtypes

CHO cell lines stably expressing cloned human hM;, hM,, hM; and hMy muscarinic

receptor subtypes, respectively, were grown to near confluency in medium consisting of
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Radi ol i gand bi ndi ng assays were perforned in 96-well

mcrotiter plates in a total assay volune of 100 ni.
WERHO5/0&17B8 menbr anes stably expressing either tPer/os2005/007988

hve, 11MB, hM4A or hMb nuscarini c subtype were dil uted

in assay buffer to the follomﬁng speci fic target

H%Ot fﬁ Pcen% at I o ifb }%er@?nel(;)Elﬁl\ﬁlh %chléere
grow@-idd 599 CUQ r 37‘?@5ncu'ﬂaﬁ‘)r ﬁﬂ@ﬁft&hﬁ&th\mhﬁd BDiTRf 1|ny:1PBS Cells were
honD%Fnlzed usi ng a Pol tron ti ssue disruptor

COU§_§'@@ arsﬁ)mwmemen galiony 6-‘?%1{ & aRelli RsHets e, fﬂéheff 6fﬁred frozen at
'8O$¢d % L an g'v&%?e eﬁr@éar?@ hl%‘hgéhgﬂeﬂg Il%r\f?éf@ﬁ% eﬂéﬁeﬁ{}%wn cell pellets

orned usi'ng L-
wehpsspgmuled m lyels rhiafihydtnddidnmgedﬁed fw3tH] & PdVByor{ FRRGGG issue

84.0 / sh Ph [ [ h .
isegiR R EIEHER A6} SRAGIORR LR tn SOt RERBHESS HgcAprifused a
40,66 oG LELmMtR 22 @MrhDnsRIbBGRTRNE: RESBYSrebWpended with

‘determ nation of K values of test conpounds were
resyspehgombefienant hp@epempE agpinwithviterRpleran tgasueldisfuptesnThe protein

G e RO e Ol SR
Loy, @.iepal., Dld{ufnal ofBYdcAdNanSEI3: 285 (1981 ). L1 thebratict fere stored

diTution buffer to f| nal concentrations rang from
frozqn ipfitents ol0-3A@ ompred dmanediatahy - oAB@POt&ﬁﬁPWBWG%g’ISF‘??ePWé

megl%?aq%ée? Fet eﬁlt'icﬁ’xgéc?dl?e%c}gr %gklglﬂ%lrﬁ%lﬂgr ﬁ%&l dopld aWC vartil Ble.

conpoun ranes.
pl ates were incubated for 60 m nutes at 37C. BI nd| ng
reaction .et.m.natedb 2 |d.f.i tral n,. over
G/ B g aRadicligand Hipying AsconMuseaginic R eqeplor b HM. hM,
Vel | esl ey, NN, PHERNE eated in 1% BSA. Filter plates
were rinset ee mes w th wash buffer (10 nM HEPES)

t o Redioligandiduding md}'so\acre ipeifoymedinAtewcihareotilseplates in a total

d SC|t20I uid scintijl
o<ty Yotime R 07 bt FRE e sieb S Pug ShRs e i Ak, mnes
hvE A4 W hMs nfltearBlia et &eldllerRdee uhe Guffér 18 the followmg specific
Per ki nEl ner Topcount liquid scintillation counte

targqb@rqzeln Epn@mratil@ls (MIV\IGEM 1@wg flonh Mgl Ord ig @rahl\éz,vwr?é} ng for

aﬁ%@’gg ri s Qiéc'i ? ? 5ggﬂ? @é?p @ae of t méé‘f&gm,omogemzed
usih@ g PolyGien tiskeglisrufiay (1lﬂ)8§et:tg1dbh}mmrrte -asday latoagrbtiorn. | Saturation
W Sl i N o
me’f pﬁ:[écggsﬁl;&jmﬂé g oc}ﬂ'@ﬁlogag gh HPNASS {Tl@@&@ 80 dl@ﬂﬁﬂg Afiersham

uso H. em cal ar macol ogy 22(23):
Phalrﬁﬁtc(alwmpl) BuckmhamshlmeEeglawﬁé coreEntratiqi; ram&mgjﬁfgmt(bOOI nM

o 508, BB SO PR 2 SRR S honmas e

persimeartiad HaoRvs at KhM/ﬁidL@@veﬁ@ﬁff@i‘@ﬁt&eit%bﬂlﬁ)buﬁlﬂconbentratmns
this assay, a |lower K, -value indicates that the test
The taspesumrpungds wereHnigiaBy db*pqlrmqq@ a concentration of 400 pM i 1n 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 pL 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 plates (PerkinElmer Inc., Wellesley, MA) pre-treated in 1%

BSA. Filter plates were rinsed three times with wash buffer (10 mM HEPES) to remove
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affinity for the receptor tested. For exanple, the

conpounds of Exanples 1 and 2 were found to have a
wK2walse3of | ess than about 5 nM for the M3 NMUBCHDS2008007988

receptor subtype in this assay. Assay 2 Muscarinic

Recept or Functional Potency Assays A. Bl ockade of

t C :

un@%%ﬁ rE&mMﬁQf t?h ﬁﬁgéuc,% ?'g,ﬁr?g%ﬂp%[ ghé}{%’%@fg N@Ell ?&h{’é’o ﬁ!elmg
scMﬁBatIﬂ;ﬁthﬁdh’(FBﬂdnEknéfﬂﬂS HWeetlgsleyh MA})WM fddedfto tivh vtzeﬁlstThe plates

conpound t o, bl ock oxotrenorine-inhibition of
WeFehER PYIFF M AR R E g @@ewﬁﬁ ?laﬂdoﬁqmtwa@@wnteamr?ﬂmer

IncS, )W nggglllé?h 931%{% GG SO bnal G204 ﬁﬂéar‘i’@é‘r@sshog analysis with

per a radrol mrunoassay f ormat using t
theRBthﬂthﬁmmﬂeﬂvhmlpa&agb #6mphPed Saftwam, lass Syn ByegogMA) using

th.125] - l.\/P NEN 04 ki nEl Li fe, Sci
they e it GRirpEOm TR, Ryt o 15t cmaoni et B S
obéeﬁ*ﬁédrm% VAN an@@lllé B, WEILE of tﬂé&ﬁtﬁoﬁgﬁﬁ w4 bthéj ERS@Phsoff equation
lifted with Té% psi n- EDTA sol uti on 5A)try S|n/0 53

(ChausBO iRy scft Wi && &ipdhenridah Phiwenaoeldgy (2338908 M})aﬂﬁevalues
wekd &ﬁl@g%%d t%’clplé SELOf b ?ne 8 gecﬁ‘ﬁé@g 81egn 8&# b?%"éﬁhﬁdence

centril at I'0 or T
intefvalgl EheSen;uﬁﬁidxﬁ @‘ﬂaﬁ&lcs'ﬁhﬁe theh |coﬁ)fdrt|e&ﬂoa&1@1$) K;Ratues for data
re-suspended in 10 nL dPBS, and the cells were counted
IepRFiNg- a Coul ter zI Dual Particle Counter (Beckman
Coulf &g ask a%&z&‘k e indiBfeS Blat the \f\%'ﬁ @orﬁgainrd' Hat'd g)&her binding

again at 650 x Ive mnutes an uspende
affgiifyrfot theirenepton tefsmd tFor exangysdhe congamids af Emmpifss 1 a6d X were

foutylte pafy yKaraRee e Bt ot bk i 457 U FUPCaG: foprytar subtypein

thiglhdsty.i on buf fer (dPBS supplenented with 1 ng/nl BSA
(0.1%), and then serially diluted with dilution
buffer to final nolar concentrations rangi ng from 100
mMto 0.1 nM Oxotrenorine i}lllutedlnasnmlar
manner. To measure oxotrené? Re” inhibition of AC

activity, 23ViikcafriniéRetdplox Ebnétidnial PatenepAGSs}isr at i on
diluted in dPES) 25 L d| I ute _oxotrem)rl ng and 50

nL éel | s Blrgkadeofyd e R L)

t he g&g,tm

oxothﬁl;'Jl {e?ﬁngbésltsgré’é hﬁlﬁ%t?oé%l ﬁ% activity, %@&ﬁ{d ‘%V%Sr% erfnlmed br?,d
measuoingeh® ab1h15/ f2be tei cntpoBndrid Tblbciabxatmmmbﬂambmms of forskolin-

r.espect. ute 25 nL ted t

UEBS Simelation PP LBl exirstine e tescrini:

ass @Wﬁés@s were performed in a radioimmunoassay format using the Flashplate

Adenylyl Cyclase Activation Assay System with '*’I-cAMP (NEN SMP004B,

PerkinElmer Life Sciences Inc., Boston, MA), according to the manufacturer’s

@

instructions.

Cells were rinsed once with dPBS and lifted with Trypsin-EDTA solution (0.05%
trypsin/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 dPBS, 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.
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Reacti ons were incubated for 10 mnutes at 37C and

st opped by addition of 100 niL ice-cold detection
whedokes7739| at es were seal ed, incubated overni ghCT/ES2005/007988

roomtenperature and counted the next norning on a

Per ki nEl mer TopCount liquid scintillation counter

P ' E
or ot Bat Bt Pt RS S 2. B ARATb, flo AR diluton
bu@UaPBS @gpﬁémaﬂeﬁ @iiththag/AENBEAS 0AN) cAANRhat seniddy ditutedwvith
descri be n the manufacturer's user nmanhual . Data were

dilion bufiea toyingl anelprreacetagpasianging drom V&) EMottl pie
OX%QIBBE@QWE{]&M&@RI (%/{@,{hlgr lﬁgﬁ%ﬁg e (G ap hPad Sof t war e,

e non-1linear regression,
oneTsinheaswe mgetréehomime @bibétidnoof AT hetivitye 2§ pPrioskélin (25 pM final

uat i on s.us o, calcul ate the usj he. EC50
CO PO DR T L0 250 PP DY TS isr 68! Ll EETliere added to
agdﬂi‘& al ?Rﬁé?l@b 'T‘o'?ﬁea@éx%%{e ARG 8 CORpasnd tB%l&kQﬁ@trEﬁabnne-
respectivel The K val ues " were converted to pKj

inhititedeAC tacindm ap nererSkhlm g@mmtmmrlneé% 1cind50sM final

i.dence interyval. r tics re
cofepBe RSt e e R BT 300 Rl 0 i
cellshtf@e@&@ét\h’to r&nh@t&@rast@ywatsue i ndi cat es that the test
nggund has a hi gher functlonal activit
rec

pgsiong @\@teemcut@teétﬁ@r P ivEesdFrds apd s ﬁ@d l?wmtl%of 100
uLttgba{zl Mﬁgﬁct{@fﬁtﬁﬁe att&%yv%rgg o, i Bét‘e‘ti‘b{réé‘mg% ?t rBQMrtgmperature

ave a ess an about
andtaokaidbe néxtommmgmmra PekinBhhdyi Tapdlouof liquid scintillation counter

(PociipPbSe . FRUCHE M avc BRGRoM AL GNPt BN

cal@tftlat%ﬁ %H@d%n%h!‘%uﬂt@%b@rvte@ fOAUE s }%ﬁes ¥ é@\d@fsta{nﬁﬁsta{%%scnbed
about 5 nM B. Bl ockade of Agoni st-Mdi at ed

in the 8MGHRYSeBi wagh manbal. é)asaewcm andlynet bwmhna@sragresmteanalysw

wig e bGP BMR ety 1R GBS T 1og e €
usif¥ g 1RIMDlineaLregtdstibh adre i3 e Sinfdiitbnedahtich. "hhd ChéagPrifboff

cell s expressing the hme receptor. At the tine of use,

eqyatien aves vepibiosaloalajpibe KiHminedha BE st ofdhe erqtramee sonesaiption-
resgbltlis%%ﬁr\)@ anfl tRe &dhaekno&ﬁfe 9&%¥%bl§c%ﬁﬁ- FANGAAL kata'ng ITIIJE Ir?s;t/)ectlvely.

protein per K& renbr anes were
Thé Krm@tm; \Zfﬁﬂ cusver@dao PRI wiluesmo BFeRdile thel geptretrib meanpdnero5%

then added to the assay plates, The EC90, val u
co P E TSR o bR ERETIER RO B s FRTver e B%ﬂilfsté%i f/gjues for
dat8trbfstigs i on of [35S] GIPyS binding by the agoni st
oxot rendri ne was determ ned in each experinent. To
det & thinessahe lawel Kt\gahwfm@catesthatthnwu pempaeundrias bihigher

For b1 SORYitySH 1S 1Y

receptor teged Exemplary compounds of the invention that were
tested in this assay, typically were found to have a K; 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 [*°>S]GTPyS-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
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[ 35S] GTPyS binding, the follow ng was added to each
well of 96 well plates: 25 nL of assay buffer with
W 39SHEETEBYS (OAXM, 25 nlL of oxotrenori ne( EC 9pQT/EH82H05/007988
GP (3 M), 25 nL of diluted test conpound and 25 nL
CHO cel | nenbranes expressing the hve receptor The

ST o MO IR SR A T eds B °1

BSA-Airtat tiemtofaiséHfoBerf inehdraies sictegthaw et akd theh ditiited in assay buffer
N T O R —
bri\éﬁ}? HeRogEAies udMES P@lﬁﬁﬁﬁe F?Ql R di (Lﬁh#)t%f‘aﬂd L Qdc{eﬁQo the assay

was "added to eac eac ate was seal
pladerd r adi oactivity counted on a topcounter

Per. |
F eordtediten vl (B Fork ok 0o B el e digpo) dprstimulation
of PASIGIEy S(K3hdink By %ei@%hmmre&ﬁ&me VR el BaRd iCAchsh&nent,

t he non | i near regression, one-site conpetition
equaka dternmethenbitigy ¢ uisei fomnguad foimhikisonegermoripe-stimulated

3 > gg(lri{glblh&tafrngﬁlﬁgethgfollo%h Qab IQc?de:dct:o %a(%fﬁ!v&f 3f ?@; WEP lates 25 Hld of

res ons curve for
assalyauﬁﬁeomhrﬁES]@rEPmnmmx 25 pﬁmfuoaoﬁmommgo@snd GEPP@ pM),

25 3ol ihied o meP e 25 M G108 ] RIS GXEspsing the hM,
receBBROURE 1125 tpiaatéé' Ve fhetllfﬁ&ﬁo'aﬁﬁ at 3’7’?;0\‘ i6h Ynifthtel e assay plates

receptor tes Exenpl ary conpoun e I nvent
werd filtengd owert ES$tBSA-pretrettied GH¥B diterst gsplg:?an:rkmEdmer Y6oweld harvester.

N T I T —

dri&d bAekioBEni-P0 Sdikdiltahion Elyhidl (S PLY Sk a&detdhs ehdWPwEle %ﬁ@%&&h plate
For exanpl e, the conmpound of Exanple 1 was f ound

wap sealechand spgiageti Gty qousted oRarioptswagter PavkinElme). deaiazv}f@recﬁnalyzed
' R
o A5 L 3 ) P i R e
Soﬁeﬂa@t[mr ,SSa,n ]Délag@,fcm)awi.ﬂgethé aofilinpdratgiesiion, aﬁ&-ksNélécﬁnlielﬂlﬁon
osp pat hway upon agoni st__bi ndi ng
eqk%ﬁlémr 2@@ e- )sgso qqégteﬂqwa%e@flmaé eHlate thenlia Peing HiegCap values

|
of Edﬂlég:?st}%il:t%/é%girl ('i)‘@sf)b%% éuijﬂ}aeﬁiﬁpﬁﬁtf@stt Bothbbifd) arki%he oxotremorine

coprieotrpliert ndhé aSLsayl aﬁthb Kippdndg phdigand b@iﬁ:)entraﬁum i'espesctltvelhyn

gen rat.escal ci,umr ase fromintra ul ar ore
o T T S e Bt Cipispien L 86t cotyPowd 44 & eher
ﬁuﬁhbﬁ’ﬁ Atibitestthafechinyl €88d. BYANYMA)} OmPfedhdASSRY invention that were
capitalizes on this increase in intracellular calcium

testpgd indhin gssay.capiepllnyvesfend ipcayy e K wrlug of Iang thiop labewi|1@mM for
R g e o e A

hMbiraeephyt. Foe exdohi?&, thevborapoushd o Bixambleel whafodad tdhave a K; value of
quor%scence froma nonol ayer of cells cloned with

lesp homrrbRitt 1AMMVB, and chi npanzee M receptors.
Ant agoni st pot ency

C. Blockade of Agonist-Mediated Calcium Release via FLIPR Assays

Muscarinic receptor subtypes (M, M3 and M;s receptors), which couple to Gq
proteins, activate the phospholipase C (PLC) 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 (IP3), which in turn generates
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can be determ ned by the ability of antagonists to
i nhi bit agonist-nedi ated increases in intracellular

w@ a008/0877188 For FLI PR cal ci um sti nmul ati on assaysPCTZHE2005/007988
cells stably expressing the hML | 1MB and cMb receptors
are seeded into 96-wel | FLLPR plates the night before

the sa eeded cel |
calbiif FOERY ol ALY B S8 [ ooflEmiti ShrohteFie Hijgptom.
TheWMUHRER olqebllar Divices, [Skhalatd, @N) Rk dapitaliz@s bn ﬂhé\dncrease in
probenecid in HBSS w t hout cal ci um and ma%nesn u

intrasgibilar Qe YHSHISR edumssnsitive & (il Molgau qvlﬂrobes
P, ) 1S4 20, SR S 0B s

in réahtitne dyahe B]ZIP,R St ched dieits e okarde.in Eﬂbﬂeﬁnﬂnﬂgfrbimea mywolayer of
re washedq two tine

celﬁﬂﬁws \{vﬁﬁe @Q@Pﬁ@% apd CmRgRTE s BECmrS quist Rfency

catlBé ﬁétgﬂn'ﬁﬁe@mf AROBIRY oPAEYsts Eo"iﬁlﬂﬂ)ﬁ%%oﬁ@lﬂﬁ@&iﬁﬂ%ﬁ increases in
stimul ation of intrace Iu ar Ca2+ rel ease for

intepcollwlenenl¢inm. i s first determined so that antagoni st

S0 P B AN P RS R0HEER CHE] TS GBI BRI EFhegpar v

and BFM Rédeptbri\hre RecteiRay 199-wik11 BIL. latek ﬁ%fnvl\%llﬂ lbeﬁﬂe the assay is done.
m.nutes, followed by agoni st addition

SepsisidrcsHsraig washedwirg. Pﬁeﬂwﬁh@%x\lﬂbﬁb@tm h@ﬁd&’lﬂéﬁ%mqbuffer
O BMERETR, Bt REERL S0 A0S S B i il o

calciumy amtmiagwesivnt)to térrofeogrowilambdik and (dakingGO-HL) Wil beFILIPR buffer.

o5 B R S SRS SR G ton vas

ma‘a@)“ﬁﬁ 2b m@hiR a3 7°0X e GBI d36xilS POHRANS §e@BE MndiBhtiod Period,
he antagoni st inhibition assay pl ates. “The "paraneter's

cellss&rd waghed e tEn¢sPRilaFBIPRekpiferulcaving ndinal wilu@e 4f 50 pL/well.

S eC d%&?ﬂl?%fegl %té’{l}%ﬂ?&g?}cgj g}%@g%@tﬁﬁ%\[g ﬁﬂiél?a:‘ﬁ Ioglf%f intracellular

Caﬁhﬁeleﬁ@éﬂr oRErdrBorétR!ie Fifdt deEriedea shak m&ggdnm p6teasgean 18ter be
fluorescence for 10 seconds prior to addition of

meggEad ggalnst@wp@qmwgwas@@m@tonsqt 2l Cae PaNeentraiieny Ceprare first
inc Bl Db NRERiRh it RIPAR os, toHRLES 6P BB 84O ion,

whiidluie pesfomnaibctha FEPR. Tha Kvangee 6dr d‘xbtremeﬁmeells (genersted according
Xpre na uor escence nus baselin

to P o BRb AL B R R BT TeryRRY pa A e S gy agdows in

cojaattbHwiifhe! 0RRYIL @HIH?{(F/@ DOGTONaERIEE) | AR o%tremoréne

nonlinear regression with G aphPad Pri'sm (G aphP _
coiBshtraiereof 3 nECr iSampaded gostin@Aytiansplatgs sueh thatiahtEGonconcentration

of \g)gﬁ%ﬁeléggr%eeig Iag({n?il g%achdvgécﬁem e gtggc?mstARhlﬁ‘%%H ag’say pﬁates

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 in 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 change.

The change of fluorescence is expressed as maximum fluorescence minus baseline

fluorescence for each well. The raw data is analyzed against the logarithm of drug
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determ ned by Prismusing the oxotrenorine EC50 val ue
as the K and the oxotrenorine ECgO for the |igand
W@ orvsesit7sst i on according to the Cheng- Prusoff BQI/ES$100$1007988
(Cheng & Prusoff, 1973). In this assay, a |ower K
val ue indicates that the test conpound has a hi gher

co SRR St it e CRATPAEPRICF RIS e, s

Dias@W) ukingithablilt-inmaaclel fousignioidd dves-@sgényal Aﬂtagf)mbtdélsvalues are
t han about, 10 M for bl ockade of agoni s ﬁ

deterpiged; hy Paspdsmgthe exeyerring Eesapiye é%(}%‘F g%ﬁlﬁgt £ AEOtHAROTIne

EC?O%‘F E{e?%ga i %nc%ﬁﬂgtﬁ’éne ccBHﬁr*gct%eré)@H&golf’ru@@%’ﬁa%oﬁ (MRéhg &

oun ave a K | ess than about 5Mfar the
PrushE, 1 %8ept or . Assay 3 Det er mi nati on of Durat| on of

B t
A o IR 0 Ko BHTEA Gt R Te PORPAMIADaF 4 ishst

furRE 6 JW@SitHAeEs feleRESREERd.! Bﬁerbm@gcdmo@hmw@ 1rﬁffeﬁt@<ﬁi that were
of test conpounds ‘exhi biting nuscarinic recep

testgdtin §uin pssey.drpicalh yeredpwbio heve 8Ky vatap ef lgss 'ili’éﬁ ab@lgé 0 nM for

blo QA L DR gIeR T el PO <P bpfing e v

receptont Fér ex@dniple, dagengainds of Kkampighowds foinel sthasy aﬁ([} ivaiak of less
were allowed access to food and water ad i bitum Test

thag shpwiuherd fRethe hidrierseter ed via inhal ation over 10

m nutes in a whol e-body exposure dosing chanber (R&S
Mol ds, San Carlos, CA). The dosing chanbers were
arranged so that an aer osolAsy®s3 si nul t aneously

del ivered.to, 6 individual . chanbers oma_centr

i Detegmitstiotef Wiepeloniar paR g hol i Gipadfe afode
test conmpoungfdcetsdtlidlin®-Iniiéed BldiREBcaRt@&HnS Wer e
gener ated from aqueous sol utions using an LC Star

Ne bFhisziavivaessayMseised Srsssess rrpropehopiqtentioe pifects of test

[ y a mxture of

com %@%@“ nggg)l%&gtrgdf %%QA%&S& aﬁ%})at a pressure

of Blops of sikhialgasirfa @igst(DuacghRH ey (idHoc Z8H) Hbrld)i s
operating pressure was approxi mately

h
Vgl At i e Vo gveigetisaly cege cards.
h&'lt\’tﬁe P&? anthfais Megﬂllﬂ%& 20ed th f&‘@@aﬂ@@ﬁ’teldw !zE‘zQurh he

Ivery of aerosolized solutions. During t
m nTest costpolindsayerendmiapiptesd ivivainbblgtidn Svedr lﬁfmmoﬂe& iti @whole-body

e R S5 sTR SERATSAR Lo L0 Ay ver
arrhihdeld®@ tRRRHIab®861 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 aerosols were generated from aqueous solutions using an LC Star
Nebulizer Set (Model 22F51, PARI Respiratory Equipment, Inc. Midlothian, VA) driven
by a mixture of gases (CO; = 5%, O,=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 via inhalation were
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The bronchoprotective effects of test conmpounds

adm ni stered via inhal ati on wereeval uated usi ng whol e
whowy/ogil7eg hysnogr aphy at 1.5, 24, 48 and 72 hoReBUS2005/007988

post-dose. Forty-five mnutes prior to the start of

t he pul nonary eval uation, each guinea pig was

ovRES] A, Yo L RTS8 224 35358 1B st
ac eponydive mengtes phong/the étart af ttmrpuhhenas}a egaluaionseetch guasa pig

shaved andg {leaned vv|t 70% al co?lg é i I | ne
wag pgstielgecoyit ﬁ%l%\wsav TLLYseien 8 Saims Ak
xylmﬁﬁ G. S(ﬁ‘ﬁlg/l&ggfé]b?%c 61Ha2ﬂﬁ§¥l' Grhahes Aner 1@1@@ c@l ﬁﬂs was shaved

a sall d pol yethyl ene "cat het er
andBdeared v@ﬂck@%s@mholsp@r&sm nviB)ing mcaidnmﬁth@ventmi asm@mf tlee neck

wat e PR s Pt S aes et Bpug B vl St fvea

pol%@tﬁ?léh@t:ﬁﬁeﬁét (HE-80, 1BdetdreDicRimsdn) (9 afid NED) @d 4110v3H& ihtravenous
arts, Mam Lakes FL | f reaﬂl red, anesthesia was

infysgns ofi Al (Yigmachiidriclyidi Lovis. M) gcwling. Thg adhcaas ten
dlséé}‘?ed?% W&Lﬁﬁ%ﬁﬁ&ﬂi@‘té&& (?N%) Op? IHQPP&SOf

anesthesli a was nonitored an e ani mal
Miams palced cBLY. df pequired regesthedid Waspmmrmennecfby akthilmcﬂmbmtrammmlar

. .rat t th 100 b t hs/ te. th
in SRR b L S BT UP1E0 B FORE TE R B BEeR Sl BICSBERE Pt o
moﬂlt&leﬁtaﬂﬁ C%ﬁgtrea REthE ARG }e gﬂnde@l% ShcEng Ui @h@%r i A€ respiration

har on, an esophageal pressuré cannul a
ratQWEsg@teertl@ﬁbDadﬂm/mmm Sparks, MD) was inserted to

ure drivi n ure Th
o R IR LY L0, PR R R § Hsthysmograph
HHINE3 UeBhvEIgE@RRtcs, Inodl dHaver, 0F) gnid aueaso@h@gerappﬂamaa H@nula
roomair fromoutside the chanmber. The chanber was

(PE-H 60, Bestgneickmspibainars Nﬂ?apwmasea@éao measvEe RelaonatygHiyving
pre%ﬁﬂp ?r%&?lﬁe? 4‘%@% té t%&'hgﬁq‘ulpé \gasiaé gﬁ&iita Lt {)g%énﬂgncﬁ{tﬁéj 3

alr using
pleshysimogeph#s 5R@w$1&r giitea ﬁ:@lterﬂam@le g aikdromasutside yhe dﬁé])nber The

to ensure that the | ower airways, did not collapse
chanml W Ehes oAl 4G HRE a7 a8 Iord BnapEE b P RErRBRC and the
guiBg ﬁ1g” d luﬁ}gsswgﬁet 1ﬁﬂ£‘9e@ 8 %rﬁé%%lt}p@ﬁﬁ 6frh@r Y€ 30 W' &libration syringe
wthint range 0.3-0.9 nL/cm H2O for conpliance and

(#5820 ISieriey, fEans Rudelpd, Kal@sa& @gydvﬂ&()ﬂzobmur@@at thedowet aiways did not
esi st t he l eval yation S|n|t|ated A '
collze 3 e e apyr oSl oAby arRighm enabl ed
t he Omek it864sl dfermiibddRAL DaRdline VaRies PétdWiTkikhe al u es
Starting this programinitiated the experinent

range §to@ Simbisen Ha? dorcompdienseomd wikdn geaianges0.i 1. ch?l GiE20/mL
pergsaeg nci)r ea?s#@ﬁ CC Ot?lg ﬁln% ég;’ Qva'ilpclﬁo kﬁts %ﬁﬁg@r g@m&% tp'ﬂlmonary

asured via a uxco pressure
measiameitcipuby plrdsgaﬁgél&bierdghé bolcdogaal devivation bfpylmanary 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 via a Buxco (MAX 2270) preamplifier to a data

collection interface (#’s SFT3400 and SFT3813). All other pulmonary parameters were
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measur enent of fl ow was cal cul ated for each breath.

This signal, together with the pul nonary driving
wWEe@smsn7as changes, which were col |l ected usi ng BCBESXYFV07988

pressure transducer (#TRD4100), was connected via a

Buxco (MAX 2270) preanplifier to a data collection

d Fﬁ'ﬁfoﬁ{:ﬁeée#t'\x%ﬁﬁﬂ—é‘loo and SFT3813). All ot her
pu

nonary paraneters werederived fromthese two
i npuBsscliBasdhieneereabliesedvor & minlites cifted whinh thneriheguiaea pigs were

CHUHTEAHT Ok 7! TRElnE B B R M § GFnite rom a

sy?i'n@é‘b&mf) r(éﬁ@l@w@ WbAg Priididh nSRehOhY, m&MsMaso?& &6 3t 88 following
I nStrunent's, Sarasota, FL) at the follow ng

dagosesl mn@rqbﬁéslmes leoeh thierstsst dfrtbmxﬁwnmart 9 gi/mpihete at 5 minutes,

3. gtugf rﬁ5t18 gnlm,}te /% Vgénﬂﬁ g} L N []R é i4;tg/11%%1ug:' at 56 minutes,

307ed/Aimite 6t 29 maslites dhdt@%g/lﬁ&u@étmmmﬁte@t Tf45siahdé @ Lompliance
and 60 ng/ m nute at 30 m nutes. resi stance or

hadgiph retemed thbaselieg valags at A aginitss @fdlmm& eadah gl dosgy thg guinea pig’s
YL TaEb) SHIEAIERACH AR 4GP B, Resored

pulﬁhondury(paifanba‘ta's |11Mucke¢rremt@tloﬁ{ﬁeqmeﬁeyl (yrodtheymante), compliance

| uded f
(o S ar st n PRC) B BB ERooaAl Qs aplgnonary
ﬁlﬁ@@dlﬁh@&ﬁ?engéiﬁ% el cofflp16d aﬁﬁﬁlﬁféd_’)ﬁ of this ‘f)rétb&l,ptﬁle gﬁ’%l}:e’é Yig was

function neasurenments were conpleted at mnute of
retoved ot the plethyshwgraphrand epthgnma(é by esrbordiokiderasphyesiation.

pl et.hys h a d uthanlz by...C on. di_oxi de

Doy R s Rl h SREpE ST RBOPIRSRGT bt n

of t(ﬁf fOPlltlﬁlanﬁgr regiyEncd @), (HIHTOMRAL Ypef @@oﬁa)aﬁgseca(dalat@dﬁrom the
per second) was calculated fromthe ratio of

raﬁ@ ﬁﬁn@?@ngwrmrég%lm do “thg oh@m&e lerﬂm‘g Tihg R responsertoeA @y (60 pg/min,
f
Hi\)gﬁ 1;11%5%6 ﬁﬁh e eﬂltcf%ﬁ' tg% tef ﬁg@o%nﬁ %ﬁﬂ@& of ¢ rﬁiaa{b@h response

1nmehmmﬁeated1ammls(; hteeath pa:t—teehtmamtrt’&hes waatcaleakated and used to compute
pre-treatnent tine, s cal cul ated and used to conp

Voo OB Afi Al ERSPORER> 3 %geéporgeng P&-tEe3iRent ngdatﬁ@ch fet
co% uhdl %@Eerr%hbtlﬁd}?dosétresgeﬁ& dudwds 60000 Wéﬂa GesBwith a f%ur parameter

hi bition dose-response curves for "RL' were fit
logastlh equaftion msmgr@aplul%ad Rrivgi, szbrsmreiqﬁ@fqrdﬁmdswn gG@thtd:&nftware

0.1 d_Sof t
REP. SRR P ST AS B RELE Db [N FGrELq plibit the
Aé & figase) Bl%ﬂwc%ﬂsth@mf R b H209ACTIE BT s o

bronc oconstrictor response by The equati on used
follawsas follows: Y = Mn + (Max- Mn)/(l + 10 ((! ogl D50

'S the responde: Mo BT VBTG LG haused Pnor case
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 calculate PC,q values described in American Thoracic Society. Guidelines for

methacholine and exercise challenge testing - 1999. Am J Respir Crit Care Med. 161: 309-
-60-
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in RL) . Y starts at Mn and approaches asynptotically
to Max with a signoidal shape (b) The quantity PD2,
waiosksi73s def i ned as the anount of ACh or hi stBei/ng2005/007988
needed to cause a doubling of the baseline pul nonary
resi stance, was cal cul ated using the pul nonary
32§?2§j oofyance val ues derived fromtheflow and the
esstre over a range of ACh or histam ne chal | enges
using th llo i an (oghCeHog € BRI VR ffom a
equat i onelrjfé)gd t%ﬁdg&% gﬂ)gg%eQPCZO val RgsRrgescr i bedT| n
whéygeri can Thoracic Society. Cuidelines for nethacholine
and exercise challenge testing - 1999. AmJResplr Crit
Car EeEong@iiratign of qrhopenine prEedingdnt i log [ | og Cl1
+ (109 doAcenttafion 6L ACHRY hist&thine Resultirfg inwhiasta Z;fold:increase in

concent l?ﬁﬂo‘ﬂgr s1 %CEO@LEI stam ne preceding C C2 =

congent on 0 istam ne resulting in at
| ea B?B‘Ll tfease in pul nonary resistance (R)
RO R Ba%levaln@aﬁ@_rchal ue RL = RL value after C1 R2 = RL
val m@—ar{gealu&ftﬁrc ef fi caci ous dose was defined as a
dose that limted the bronchrestriction response to a
50
pul PaaicAlRa dthe AialiBich 23 A8 B BoickMhe ARSI Riction
respénstehe adat e/mhsiopeof AChBaa deublglga)ftthmbetsa]nﬂeqdﬂlﬁbuﬂg m¢s$stance
%g A P-val ue <0.05 was consi dered significant.
® faIIy, test conpounds having a PD2(50)! ess than
abo @Eat%ﬁ@al R4l ?&15 b Phe AR WAYBRrREPRGHOS Rﬂé—%le@@ﬂ%nﬁtt—test
1.5 hours post-dose in this assay are preferred.
Alé—)val‘ané) 0% wes cowpleredgignificantinpl e 1 was found to have a

ess than ab t 200 g/ for ACh- i ce
br o SRR ErBRPaRRG: iy A0k Tgtscber it 0L EGH, for Ach-
1nd|u68cﬁbl®hblﬁboﬁ%th6@@1 i1 Ealrk ﬁ@dtld%le ASBRYséA REFrefird. For
(Charles Rive W | m ngt on, wei ghi ng 200- 350

exaEple the spmapwRdoRExafe | Wﬁﬁéﬂg’é tg fpvRaPBigy) test @ﬁyglv%&t 200
ug)%L kG38EnFnHRYS biAEARBhAH A 4428 ho&?fﬁ&st—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 solution. 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 treatment.
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conpound or vehicle were dosed via inhalation (IH)
over a 10 mnute tine period in a pie shaped dosing

W@ b@sgr73§ R&S Mol ds, San Carlos, CA). Test sol BCT/O805/007988
were dissolved in sterile water and delivered using a
nebullzer filled with 5.0 nL of dosing solution.

for @gg’xemlp% %ﬁtﬁ&@d ﬂfegidu? bERR R Pk ARG ar (IM)

ring t t1me, guin€a plgs were .
injectioh i @ hﬁﬂitura)oﬂ{etamma 48175 axnykg),myﬂwmel 35 fnptkes gnd agepromazine

Lo Py BR e o bt SRt S e
3 75%51% A9t 290 '&E%Péé fif] iRE wABGhéiFREAIAN o dBWNRSRI fab}ges NRLSy 2 x 2

osed to an oso generated froma LS Sta
inchighutte mdr(NBe(ﬂax(zk/@babraBﬁmongmﬂolﬁassrpmhtobnwn Arlington, TX) was

. Equj, I M dlI by h
insgf e BB pingA Dig’s R BpGriodieb iy R TR HaDa Apatpyfcarpine
3. @Hig;l?g; g? Ues WBImEhiG¥Rl WAl Bt @ahzép&i wh inkdediAdly dstardet and

ter treatnent. Qi nea plgs were anesthetized
reptaced hy lamewefrmlg@étgan@ padt (Bakiva Was eclleatsd foratO minyfes, at which

ection a . xt k 4
poipP Sl by oA o e BPRLARE i i EBlni i dperpine the
amBuRtf! I’ﬁbédﬁﬂllétt@ﬂ gilbza (ANingR| Phowesn phacrdf ya&ﬂhfc&llecﬁd:cﬁbr ummals
on a heated (37C) blanket at a 20 degree incli

ne wt
recetying thp ¥aliclering cadvingg of test eppapound yvag cyleplateds Thg cY\r-%lcﬂ3 group
RSN TB 54 SE,ROOARR S MRS, Qmans
= 3porgreatenpu Cbnﬁcﬁ'eme intenvalis Q%S %optvere, calduinterfor eadhrdose at each time

agoni st piloc was ad ste
poighgotee vy A s prolHl i dup RS BER B roefitre
desrcﬁBE@ﬁﬁ@eclBYera“Eﬁ%ﬁfo% HRhAORAneRHZ&up %ﬁfectssﬁi ¥R B&@ﬁltagomsm
lected for 10 m nutes, at which point the gauze 86)

agamt piletagping-iadiged milvanom”eﬁt@rw@rmcaxéfogml 2:_49%%&%(119

d h
The ThEaitn T TEH et v @SR P a). o ki Wdment e,

wak egleh it And hSedueRbfipatectn dnlﬁaﬂiaandﬁ sdlivafior, s thewonpsponding pre-
was cal cul ated. The vehicle 8rou mean _was copsi de[ﬁgfd
our

treqtgegbimeoakeae @Qﬁat iTHA Inhiition flesepepronealaty Maretersto
palpfEl oI Bup o ACrAhPR B, 190 SR0TR: PAE Raphipad
Soft%mag Shﬂ@ie@yCﬂﬁ\ﬂﬂia) tﬁlesismmtedﬁtl siglagagnodd$ i(dube vequsiedio inhibit
of ocedu e descri in chter Est tion of
ot mReRP RErgP KAy ur P o s SRR e by B
agai nst pi |l ogaLpiipe- %\mgym /Qad i iy e A" AfigrePhar macol
Toxi col 24: 243-254 (1 he mean wei ght of saliva in

wheshK ¢¢ thetlogsaithyd of doslests thet regnogbe f% énhibiim pbsalivetion), Y starts at

was ,cal cul.at ed an % ition of
Mg SR P SRR aE e At SR Samh Bttt ' pe.

eaclThdega ofthe ahtibialigh e T ‘&ﬁbl’bﬁﬂt@@ﬁﬁﬁztﬂaﬂ]ﬂso\fv&:{selsed to

fitted to a four paraneter Ioifgl stic equation using

compyi§imueppRrIng }ﬁng\ﬁélegilww indeok e tepy erBREINA G‘%?ﬁﬁlﬁ%l& compounds

having an apparent lung selectivity 1ndex 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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Software, San Diego, California) to estimate

anti -si al agogue I D50 (dose required to inhibit 50% of
w@RrI0sosH7p8 ne- evoked salivation). The equati on PGEUS285007988

as follows: Y =Mn + (Max-Mn)/(1 + 10

((loglD5-c)*Hil I sl ope)) where X is the |ogarithm of

dose, Y is the response (%lg‘gj |ti on of salivation).

Y starts at Mn and approa asynptotically to Max

Wi t hh@tﬁﬁfcﬁﬁﬂhd&hdﬁd@&ﬂkpré’d@@r lh{aﬁp(ﬂls@s‘ int @énscious Guinea Pigs

ant|-3|a a e | D5Q o bronchoprotective JDo5OQpas yse

391%@%15 |§a¥aéH% WYy sErecisy{Hayl aPnH@a@naﬁoLiishﬁV)
Wef%ﬁﬁggl? Eﬁéus&?iﬁﬁﬁ A% dy V'tﬂ&leﬁﬁoﬁ%ﬁé Bifsthesia
ect|V|ty|n ex greater t an about are

(topuffet By andals Foare exsammperted Wmthtchnﬁn@fsmqt;d artmy endipgulad veif

cotF B BE- TH AR EbCUIE BURGERYS VEREEHLN HEhg hittsuigneous tunnel o

theQ%Bgﬁﬁﬁmf a1d8S RIS cdl InFRRSCH Qe %u@f%crw;m Figsthidalsiltand the
adult, mal e Sprague-Dawl ey guinea pigs (Harlan,

catheigisdnelsd] wigh mﬁpﬁlﬁm@ﬁs Yo sk eninzd o/2a admigergd saline (3
L S o B B SRR R SOt SO I AR N, i were

allewed @ reC@redbh d hahtigy p‘ad&j&fbrb bginbastumeiino drintieldng rooms.

(PE-50 tubing). The catheters were exteriorized
ut i PPIEmatel bt i b tollgriing surgery Hee aupdseieayeighed and

B G R e e o

artéri 4 PPessumict Hrtrripl picsswie @l reatt rave svag dedond st wesireh BaiphaRIP-100

at . the _end of surgery..as well . .
A oPRt A BTSN A4 By SCCHRTHAATS SiRizedpr isipd of20
mih@e§ €cover on a heating pad before being returned to
their hol di ng roons. gﬁ?{p proxi mately 18 to 20 hours
f ol [Faoh ﬁlgn@mvgs plsallen witlh hﬁﬂls(%m/lm Lghadmiaisteredidrough the
rotid rte eter neac C
g el ol b Bl Pl 3B Bpor PR GF I6 lffes. The

anifidlewer thed placed 1ﬁtoalﬂé mewﬁodyalbanmﬁamwwﬁeﬂ vuaslcagneated to a
Bi opac MP- 100 Acquisition System Aninals were allowe

nebléllﬁ&%qntﬁatné thmtpsisqommpiorng ar Yehiclg selution d Tl sopgian ‘m&@buhzed for
Gile@0ki g‘ﬁ@ﬁm‘&ﬂ df%ﬁ&%b‘f@ %paﬂ@%(cgrb%P@éﬁ@e tP{h flow rate of
rough t t he

a m ni ste e jugular venous line an
3 ltensaniovias dile animds weresthen/\mmaveah ftoor the whoie lidllymhambe:sand

et G TR SRS Aeas B RLLORS Pog hsHEp e Jiapals were re-
cha%g@d RitAMERgo B @ﬁg/kg qv?) e @fem‘bﬁ?ﬁé&ﬂu@ r&%ﬁéel »% deIéf»ﬁmed.

tion was nebulized mnuesusmga
Thnieﬂft@n; thegmials scheeithaniged mﬂvsoslwn acnobarlitalyl

f ORrER prodouces a decrease in mean arterial pressure (M AP) and decrease in heart
rate (bradycardia). The peak decrease, from baseline, in MAP (depressor responses) was
measured for each MCh challenge (before and after IH 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 ANOVA 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 vehicle.

The ratio of the anti-depressor IDsg to bronchoprotective IDso was used to compute
72-



3 liters/mnute. The animals were then renoved from
t he whol e body chanber and returned to their
WO e®pOg1B8/e cages. At 1.5 and 24 hours post - doRCTYS20051607988
animal s were rechall enged with Mch (0.3 ng/kg, 1V) and
the henodynami c response was determ ned. Thereafter,
t.he na r
ap;tai% ?Lﬂn”ﬁ/ §<e ect&@ §¢ t%%hgé?&réﬁcglél\g gﬂe é%ﬂg %@g&bﬁ)ﬁhﬁ%ﬁﬂé ﬁl apparent
lung@rdebctidity ides gieaRr (H%B)arﬁpféf&ﬁﬂ &as exdntpledariis aghg, the
(bradycardlaL% The peak decrease, fron1baselln§l i.n
hassanompoatent Nag-selesivineadeogrease ha
cha t
br acy i RS cRth s tn Ekcieq threlGitics o spocific aspects o
embbdisentsahgrooss gsvilldeandestood byshosand ordapnry didtedinsthe T ghat

effects of t eat nt on re .
g5 a3 oo DS R PP pe A DERRRY VEoRtleparting from the
trué Opitit fhd SBPE 65HEinVeRERLNAESition NN, Vithe AN pepnitheditieapplicable

appropri ate post-hoc test was used to test the effects
patehit statecst andnegdatipngradl nubdigetinnst patenisandméend epplicgtions cited herein

res onses. to were I
are RSt o B et B Bl AP BR otho
do¢ahdr® hed bédnandinidualte picesdeited lﬁxéfbﬁrenda:r}mmiﬁlo protective
| D50 was used to conput eapparent |ung-selectivity of
the test conpound. Generally, conpounds having an
apparent lung-selectivity index greater than 5 are
preferred. For exanple, in this assay, the conpound of
Exanpl e 1had an apparent |ung-selectivity index
greater than 5. Wiile the present invention has been
described wth reference to specific aspects or
enbodi nents thereof, it wll be understood by those of
ordinary skilled in the art that various changes can
be made or equival ents can be substituted w thout
departing fromthe true spirit and scope of the
invention. Additionally, to the extent permtted by
appl i cabl e patent statues and regul ati ons, al
publ i cations, patents and patent applications cited
herein are hereby incorporated by reference in their
entirety to the sane extent as if each docunent had
been individually incorporated by reference
herein. CLAIMS WHAT IS CLAIMED I S: 1. A conpound of
formula I: | wherein: ais O or an integer of from1l
to 5; each Rl is independently selected from
(1-4C al kyl, (2-4C)al kenyl, (2-4C)al kynyl,
(3-60C) cycl oal kyl, cyano, halo, -ORla, -C(OOR b, -SR
c, -S(ORd, -S(O2R1, -NR fRg,

CO!
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-NRI hS(O 2RH, and -NRIjC(O R k; where each of R a,

Rib, RR. ¢, Rd, Rl e, R f, Rlg, Rh, RH Rj , and
woRdosig77Bsdependent |y hydrogen, (I-4C)al kyl orPCT/US2005/007988

phenyl (1 -4C)alkyl; b is O or an integer of from1l to

4; each R2 is independently selected from (I-4C)al kyl,

(2-4C) al kenyl, (2-4C)al ky%Ml\(Ig 6C) cycl oal kyl, cyano,

hal o, -OR2a, -C(O) OR2b, -S( O R2d, -S(O)2R2, :
WHNRISRAIGAIMEBARS( O) 2R2i, and - NR2j C( O R2k; where each

of R2a R2b, R2c, RéWP e, R2f, R2g, R2h, R2i, R2j ,

dRG Y

and 1R2k |As°qni’¥d3é’ﬁ ydrogen (1 -4C) al kyl or
phenyl (1 -4Q) al kyl ; Wrepresents O or NW4, where Wa is
hydr ggeu (1- 4C) alkyl;, c is 0 or an Rk RiR8
to 5; € i ndepend

'?nly reprm (I?%%ﬁa: kyl
- 3l Ly
[ M i yIv mids 0 or 1, R4
en, 4l€5al kyI and
(3-4C) cystaal ky‘P; s is 0, 1 or 2; Ar 1 represent”™ a
phenyl ene group or a (3-50) hqteroaryl ene group

containing 1 or 2 heteroatons independently sel ected
whieretirn oxygen, nit rogen or sulfur; wherein the phenyl ene

or heteroarylene ! substituted with (R5) g where
q i 89 8¥a%ﬁl?g’?f% 8%’1 to 4 and each R5 is
i nde@@mla@ﬁﬁdepslﬁieﬁﬂy eﬂecftécoffmlﬁa(ll mC)butglr agMC)a(lkerM;)(aJ@zukynyl
| -4C) al k Q. organ integer ;. 1s
(3n6€éfmck>a11<dl,3‘»yam,§1a1@ &Ran‘J(Qb%er XY nSﬁOXI% 45(QaRkh RR R
e BN i % 1b- 4C) plakygle; prs @ Rl
ﬁéﬁ 65}@7 af{gﬁ?ljﬁ g%{eﬁf en’cIIé ﬁ dﬁogjetn %r RS R R,
11( land!lE)kak mdlependbmnphydrem(lam)ank}andpmwm@amrp in

R1, R I k R3, R5, R6, R7, d R8
opt dﬁQ%Fﬁn%WPF%?@gl ®%h 1 to 5 fl uor oan 'S
subghdy RRERLSdepBlideatlP Bﬁééf@@ﬁyﬂ (ixaic?m@p ‘{E-ﬂt%lkéhy% e(h14c9£1kyny1

sol vate or st er eol sone her eo oun

(- GCymonllybimnes hale, -OR 4 0(0)@REh -5 fr-86@ ,GS(Q)zR ORI,
NﬁWB%ﬁd d gl@jd[b%RZk wﬁcr:rglegch of RRI &S eﬁics " R% R% R% R™ R*,
R3, 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;

c is O or an integer from 1 to 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;

misOorl;

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

sis 0,1 or2;

Art representg a phenylene group or a (3-5C)heteroarylene group containing 1 or 2
heteroatoms independently selected from oxygen, nitrogen or sulfur; wherein the
phenylene or heteroarylene group is substituted with (RS)q where ¢ is O or an integer from 1
to 4 and each R’ is independently selected from halo, hydroxy, (1-4C)alkyl or
(1-4C)alkoxy;

tis 0, 1 or 2;

nis 0 or an integer from 1 to 3;
T4
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4. The compound of Caim1l1, wherein mis 0, s is O and
t is 1. 5. The conpound of Claim1l, wherein the

WO QOBIRFR3 group is in the para position, d i s PCHOS2005/007988
is 2. 6. The conmpound of Caim1l, wherein Arl
represents phen |, 3-yl ene, phen- 1, 4-ylene,
2, 4- th enyl en 5 thi enyl ene; wherein the
pheny? e%rol Xn ?érﬂl?/ll ene4hgr oup is optionally
subsidhtRFtmdep&naéhﬂgriepregentsvmo% oBUbsCjallugnt s. 7. The
conpound of CI aim6, wherein Arl represents
pheRi$ 02t {18de or 2,4- thienylene, optionally
subgti e f u ents. 8. The
con‘g{o&%%kog reﬁ%@é}gﬁiﬁg h&Pf'&eB@r?l £€}allﬁ}{ll/vher ein R4 is
sel edibrih éachrmiltyy dndbajkoxy gty Réddaa‘;a%RZaﬁ‘ RERS, RS, R, and R®

d. of 6, wh R7
is GReRa e R Do o eprethy i F o pr opyl and
| SOBF 9PNArmad@flichBy AxeptyBleRER Br sclute Ehae&emame%f any

one of Clains 1 to 6, wherein R7 and R8 are ethyl. 11.
The conmpound of A aim1l wherein a, b and ¢ each

represent, 0 re mls 0; ' Arl
' epPosentbe SHERSRFTSREL S s o el ehfedn g
one or two R5 substituents; dis O; nis 2, the
-CONR7R8 group is in the ara p03|t|on and R8 is
hy dPogen The sompopnd.af ) g%her@%ﬁ]ﬁ‘?ﬁis‘mMr ein R5 is
i ndependent |y sel ect ed from hal o, (I-4C)al kyl or
(1-4C)al koxy, wherein each al kyl and al koxy group is
opt #onal Mhe sodnpourtdutf€aini t hwhiereimnd ist@® s3s 6 hoabtis 1.
substituents. 13. The conmpound of Claim 1, selected
from biphenyl-2-ylcarbam c acid
|- (3; H*[‘hé'c&ﬁ%&ﬁﬂ%f'(ﬂﬁﬁ?f 'le'lé}ah‘tHé mmyﬁ&ﬁ‘ﬁﬁlpbéhﬂl the para
nmet hyl am no} et yI)plperldln ester;
Poﬁtlpmeiriylo-a.‘@dyllls:&r bani ¢ aci d
1-(2-{[4- (4-car banoyl pi peridin- 1-yl methyl)benzoyl ]
et hyl am no} et hyl ) pi peri di n-4-yl ester;
bi plieny| TBe ybiepsAGfClaiai U wherdin Ar' represents phen-1,3-ylene, phen-
{met hyl - [ 4- (4- met hyl car banoyl pi perj di n-1yl met hyl)
1,4de8% |,4] &fﬁtﬂ%ﬁﬂ@pﬁ%ﬁ)tb]e gl,ep@,xﬁhqelwthee@}tegy ene or thienylene group is

op?&r?a??ﬁ(ﬂ)st%% h%ﬁgb AR Ysybstituent

ylcar armyl piperi | n- 1-yl et hyl)
benzoyl ] met hyI am no} et hyl ) pi peridin-4-yl ester;

" O3° et FOmROTAL g LB Ear el resessent AP ARvIRgA gt 24

th1enylene, optionally substituted with one or two R’ substituents.

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.
10.  The compound of any one of Claims 1 to 6, wherein R” and R® are ethyl.

11.  The compound of Claim 1 wherein a, b and ¢ each represent 0; W represents
-75-



10

15

20

25

30

benzoyl ] am no} et hyl ) pi peri di n-4-yl ester;
bi phenyl - 2-yl carbam ¢ acid 1-(2-
wd@ pabspgrrss opr opyl car banmoyl pi peri di n-1 -yl met hyPQT/US2005/007988
benzoyl j met hyl am no} et hyl) pi peridin-4-yl ester;
bi phenyl - 2-yl carbam ¢ aci d

A={2-[4-£4-carpbann L diny hvl,) - 2- .. :
s i 1135 S35 Pt ROF P Bt ey ARl it with one or
tw® RP betyitueBtsydl 620; hasD CthaCCONR7R9 group is in the para position; and R® is
éy[ 2, 5-di br ono- 4- (4- car banoyl pi peri di n-1yl met hyl)
hydregeiby| ] met hyl ani no }et hyl ) pi peridin-4-yl ester;
bi phenyl - 2-yl carbam ¢ aci d
1- (2-{[4- (4- car banoyl pi peri di n- | met hyl) - 2-
f | ue2.obedhe yd)mpzﬁtﬂd)df a]hum)} em;erem és independently setected; from

nalp. QoA Oblohoth e e et oo spgbrieh and slsqyiappy fspptionally
sulfs'tlHﬁ’&P@ﬁHﬁ%}ﬁ am ﬁﬁh&%@ﬁt&t%eﬁﬂ idin-4-yl ester;
bi phenyl - 2-yl carbam c aci d
| -(2-{[4-(4-diethyl carbanoyl pi peridin-I-yhnethyl)-2-

L! gﬁgobe%o%l@m%@y{#ﬁ% tf‘e‘é%eh%‘o%%” di n-4-yl ester;

nyl
1-( Blp{hbﬂyl(%ﬁlda@hlﬁw &ad by @ﬁbarﬁbﬂplp%n&inﬂﬂyﬁﬂdtﬁyl)benzoyl]
benzoyl 1 yl am no} et hyI p| peridin- ester;
oHi ethyliperidi e cster; d

e L a——
ethgkahmno}eﬂlyp)pwld}ﬁ4-yfl esiag banmi ¢ acid

pen PEYPTHE HF AR s ol ratedeyipiperidin-1-
yl étﬁg?&%koﬁ 1n6}%ﬂ8%1p’énﬁﬁi ALy ester;

L carbanoyl™-p perldln f yl nmet h

met hmhymelf?zwlyal]amtcrmchtn@rdyb(%yﬂhybaqbemoﬁﬁmpemdm lobmethyl)

be‘?Z-OS'Q- 1 }485%%@' ﬁg‘inﬁ%@?rbgry a?tﬁf 2| -yl met hyl ) t hi ophene-
2- C@{ﬂh@ﬂyﬂﬂ meaﬂbmﬁmdiw}@J{meﬁgﬂ(wﬂugtdpyfcawanﬁgﬂlﬁpendm-1-

henyl - carbanic acid

yln{lftgyl eR;ﬂO}élammmya@maﬁwﬂﬂ pEPE di n- | yl net hyl)
SOOI PSS e
beﬂz[o_&l]ﬁ(eﬁh)ylﬁmdo}ﬁﬂmﬂ)mmﬁm@ﬂl pitper i di n- 1yl met hyl )
teQIt hlglgy 2= a@l%&%i%g%(gt %a%ﬁ)yi)pquelnd i1 ?' ethyl) 2-
udrobéncen bonnﬁ‘f*%]?ﬁ%??i%“%@ T vl ester: e
bi phmhyn))l/lgzry]lcalbambaa&/dﬂz&%ﬂz 5- d1bromoy4 (4- carbamoylplpendm-l-
ylmetfly%)l;e[n }glfnﬁgth}%amﬁn%t} Q%yﬁ&%gg myél 91' & r,l din-Tylmethyl)-
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)-2-
ﬂuorobenzoyl]methylamino}ethyl)p.iperidin-4~yl ester;
biphenyl-2-ylcarbamic acid 1-{2-[4-(4-diethylcarbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylamino]ethyl} piperidin-4-yl ester;
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-diethylcarbamoylpiperidin-1-ylmethyl)-2-
fluorobenzoylmethylamino } ethyl)piperidin-4-yl ester;
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-diethylcarbamoylpiperidin-1-ylmethyl)
benzoyl|methylamino} ethyl)piperidin-4-yl ester;
) -76-
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1H pyrrol e- 2- car bonyl ] met hyl am no} et hyl ) pi peri di n-4-yl
ester; biphenyl-2-yl-carbamc acid |-(2-

waQ p@spgr7atr banoyl pi peri di n-1 -yl nmet hyl ) -1 Hpyr r oP&F/US2005/007988
2- carbonyl ] met hyl anmi no} et hyl) pi peri di n-4-yl ester;
b| phenyl 2-yl -carbamc acid

fur S B ol b S PR RIG Dh AB R -
yln@ahﬁbb enbd I hestlylamind} emgf)b@ml@mabyl(.bs’aer
peri di

di et hyl carb
yl nb%pflwwlf%:ylac'fﬁ?@%a%%@ds{m %’Eér(ﬁ;ﬂamrw} étmyﬂanpl -pengthyl).
d1-(2-
edpilipsthamablphapetpyiotenpan o s d 1o (2
car biphghyl- Qayh-ml}eemmytbl)ddj @e{[ﬁe{ﬁmaﬂaayioyb@tp&ndm-l ~ylmethyl)-2-

mq%({g‘ig?‘{yzsy’j@%“y% WI)QH%GB‘Q}PO YWHESE i di n- 1yl net hyl )
fur aphényan- ?pmdmle%ﬂq}-@t g:%l-()lmaﬂﬁ&ﬂdiﬂlﬂipéhdiﬁ 188Methyl)thiophene-

bi phen |- 2 -carbam c aci
2- qarl{ozyl(]l{r@th[ylm@ao}@émdmdm pet egtem- | yl net hyl )
ggteg}r{oth%{I gp%ééxl”%fa@ég?@am@& L1 gl&hﬁ?&bghgyléfp%hdm-l-
ylﬂlethﬁ)th{o%hérfb Mamansh?zﬁﬁwlammf}edl:yr)pipyhammyl dster;

phenyl ] pr.opi onyl } net hyl am no) et h pi peri yl
est g}phe%ylrﬂzglngﬂrbazmy lacida-Ea i C((%};g -(glllethylcarbamoylplpendm-l-

b B LD SR T ecter
bi phgphyhyl2-ylearkannarcid 1a¢i-¢5-(4- carbamoylplpendm-l-ylmethyl)thlophene-
vl pi peridin-1ylnmethyl)phen

2- Cﬁfé"ﬁ?’@%@%‘ﬁi%ﬁﬁﬁl g%rg ”lﬁffl? )}1%%%8’“ di n-4-yl ester;
b' pBﬁih)éﬁ 122? LcHnRie ke 1_Q-f5- (I(R) -3-dieth: dylcarbamoyl%nrl])endm-l-

{1 3- di et hy| car banoyl pi peri
ylr@ﬁbyiyl Hopyaps @rﬁ;qadmnbfﬂm}e%whml)lp} gl pdpp eidin- 9+y1 e@@rer

bI pg%%n%lfg % agba?ﬁ«magldaﬁ?dg[é (4| Ca{ﬂ%c}yllplmndm_l -ylmethyl)-1H-
waslﬂmwrwﬁymmdeﬁyhmhm&aﬁylpﬁpmﬁnwymte@r

phenyl - 2-yl car bam ¢

1 (blppplay (%Yk%arlkﬁélﬂﬂwm& 1p@r{[ér(£iR) -3-diethylcarbamoylpiperidin-1-

yl%?%%ﬁ%%%%l% l'r;?hfq étﬁgestﬁﬁ)? L:t]hgﬁgﬁg%{hl?rﬂ QPe%sEeér bam c acid

1-( B}p{hﬁaﬁyl(%y]c@ﬂhmmo)ab@ lp(% {[dr@- dléthyllcalrbtaulny)1,/1}1913enmhhd|C 0-
A R R

|- [ Biphtey1ld 1(&%1@%%' aec Cﬂafbakndyhmﬁéﬂmﬁhqhﬁemlyi)ﬁnan-z-

acet yl }rret hyI am no) et hyl | pi peri di n-4-yl " ester;
carbh@ylﬁam@m}ctbal)plyela@l@ébylaﬁstea salt or solvate thereof

biphenyl-2-yl-carbamic acid 1-(2-{[5-((R)-3-diethylcarbamoylpiperidin-1-
yimethyl)furan—Z-carbonyl] amino} ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-[2-({3-[4-(3-carbamoylpiperidin-1-
ylmethyl)phenyl]propionyl } methylamino)ethyl]piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-[2-({3-[4-(4-carbamoylpiperidin-1-
ylmethyl)phenyl]propionyl } methylamino)ethyl]piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2-{3-[4~(4-carbamoylpiperidin-1-
ylmethyl)phenyl]propionylamino} ethyl)piperidin-4-yl ester;
biphenyl-2-yl-carbamic acid 1-(2-{3-[4-(4-diethylcarbamoylpiperidin-1-
=77-
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14. The compound of Claim 13 , selected from
bi phenyl - 2-yl carbam c acid 1- (2-

waQ povspgr7atar banoyl pi peri di n-1 -yl net hyl ) benzoyl | P&t/big10a51007988
no} ethyl)piperidin-4-yl ester or a pharmaceutically
acceptabl e salt or solvate thereof. 15 A

I
v e Spn SRR Esb b SetRRA 2iRrs |
t hepippemilizcyl daybagfid £l 1ve- {a tdiethyRabamplpiskridin-any
one of ains 1 to 14. 16. phar maceut i cal

yimegpp byl iopienydaingy e.lﬂ%ﬂ)ﬁ%ﬁ%‘@ﬁﬁ‘l’lﬁéteéonpo& tion
f
of AR A S et AP LB Bl LRy
bermgpllanﬁﬁcqethyl}prpendiam gindsterj nf | ammat ory agent S,

e PR Loy corh el e i e EpOSPERD T efiafg-chloro-

be&@yl]fff@@&l%hﬁn& Qﬁly?)?{ﬂéﬁainul 9DeKQIPri ses a
therapedtically effecti ve anount of a b2 adr ener gi c

r ecbmhmyldgﬂmrbmmdldal 63~ éﬁ%ﬁ%@rbmylplpﬁmdlafﬁmkr@twl)& ~chloro-

18. A ces or ri,n ound of an
siEypedidy ety RS RS A S R UDE oBefaiR ol ne. %™
I eabiphbrgy12-plesrbanizcicd 1-{( %43(4Ldarlbdm(§3ﬂp1§eﬁcﬁh11 -ylmethyl)phenyl]
thereof, with a conpound o ormula |1 1l wherein

acefyl methylssene)sthyl] plealvqhﬁgl yrestes; or (b) coupling a
conpoy! facéu(?l%w e?caé \{abIE al‘(\'blt %bh@atg gnd of formula

V: Vv O react rlva ereo or (c) reacting
a corrpound of formula VI: V\herel n 22 represents a
wi t h oun

QIR LI R Hlo%s&fq%ﬂé{ PRy ivlinsiig acid 1-

(2-9fa- (4008 Hnb yWibdridith 1311111ethyl)benzoyl]methylamlno}e’thyl)p1pe1r1d1n-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 3,
adrenergic receptor agonists, steroidal anti-inflammatory agents, phosphodiesterase-4

inhibitors, and combinations thereof.

17.  The pharmaceutical composition of Claim 16, wherein the composition
comprises a therapeutically effective amount of a B, 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 II:

-78-



in the presence of a reducing agent; or (e) reacting a
conpound of formula I X: I X wth a conpound of fornula
wo/kdosiosr7stre presence of a reduci ng agent; or (PQT/US2005/007988

reacting a conpound of formula XVII1: XVIII where R

is H -CH3 or -CH2CH , with a conmpound of forrmula XX
NHR7R8 Xl X to provi de a.conpound of fornmula I. 19. The
process of aim thi ¢h further conprises formng a
phar maceut i caIIy acaé ble salt of the conpound of
formula I. 20. The prod t prepared b%{; t he process of

Claim 18 or 19.21. A neihodNof W lea bi ol ogi cal
system or sanple comf g rruis\E?\E@‘nl c receptor, the
met hod conpri si ng: ont ac?i ng tbi ol ogi cal
system or sanple with a conpgund of any one of Cains
1 to 14; and (b) determ ning the effects caused by the

or g satptharedf, ovitlt heorbp@indgif fatmidyBi:em or sanple. 22. A
conpound of any one of Clains 1 to 14 for use in
therapy or as a nedicanment. 28)A conpooneRf any one
of Clains 1 to 14 for tr atmegt &Z%WSUI nonary
di sorder. 24. A co of mny f Clains 1 to 14
for ant agoniziﬂﬁ%ﬁiarl b C eceptgr in a manmal .
25. Medi canent contai nRhg a conpound of any one of

5 Cains 1 to 14. 26. Use of apgonpound of any one of

C“?“”E 1 to 14 for the manufacture of a nedi cament.
wheein Z @ptﬁgent@ﬁlezavmgrﬁm@,omer ein the nedicanent is for

t he freat nent of a yrder. 28. The use of
d al(b 26 l\lﬂiléllgér”cﬁ ﬂggféﬁlﬁg ‘i's for antagoni zing a
muscarini c recepterdn a mamal .

(R1>a

R,
W@NAM;\NHR"

A%

R*);

10  with a compound of formula V:
R, —CONR'R®
O .
Ar1 m_ﬁ
Ho/U\VYs % h

or areactive derivative thereof; or

reacting a compound of formula VI:

\
R O R,
Ar 72
@N/\M/\N i
(R; O

VI

wherein Z* represents a leaving group; with a compound of formula VII:

15
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6
(R )d%ﬁ—}ECON R7R8
N In

H
Vil
or

(d reacting a compound of formula II with a compound of formula VIII:

6
R —CONR'R’
0
OHC /MMA” N—t¢)
T N7 LR "
R4

\"2111
in the presence of a reducing agent; or

.

reacting a compound of formula IX:

R’ )
—@N/\(V)/\N : (CHz)H -CHO
R )

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

reacting a compound of formula XVIII:

€@

RG
(R’ ) R, o (R ~COOR'
Ar! Nﬁ
N/\(V)j\N/U\% o b

]
(R® )b R*
XVIII
15 where R’ is H, -CHj or -CH,CH3, with a compound of formula XIX:

NHR'R®
XIX

to provide a compound of formula I.

20 19.  The process of Claim 18, which further comprises forming a

pharmaceutically acceptable salt of the compound of formula I.

20.  The product prepared by the process of Claim 18 or 19.
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21. A method of studying a biological system or sample comprising a
muscarinic receptor, the method comprising: (a) contacting the biological system or sample
with a compound of any one of Claims 1 to 14; and (b) determining the effects caused by

the compound on the biological system or sample.

22. A compound of any one of Claims 1 to 14 for use in therapy or as a

medicament.

23. A compound of any one of Claims 1 to 14 for treatment of a pulmonary

disorder.

24. A compound of any one of Claims 1 to 14 for antagonizing a muscarinic

receptor in a mammal.
25.  Medicament containing a compound of any one of Claims 1 to 14.

26. Useofa compound of any one of Claims 1 to 14 for the manufacture of a

medicament.

27. The use of Claim 26, wherein the medicament is for the treatment of a

pulmonary disorder.

28.  The use of Claim 26, wherein the medicament is for antagonizing a

muscarinic receptor in a mammal.
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