DIHYDROPYRIDONE AMIDES AS P2X7 MODULATORS This invention pertains to compounds useful
for treatment of diseases associated with P2X purinergic receptors, and more particularly to P2X,
modulators usable for treatment of autoimmune and inflammatory diseases. P2X parinergic receptors
are ATP-activiated ionotropic receptors having sevgn subtypes. The P2X7 receptor subtype (also
known as the P2Z receptor) is a ligand-gated ion channel found on mast cells, peripheral
macrophages, lymphocytes, erythrocytes, fibroblasts and epidermal langerhans cells. Activation of
P2X7 receptor on such immune system cells results in release of int-rleukdn-lbeta. (Solle et al., J. Biol.
Chemistry 276,125432, (2001)). The P2X7 receptor is also found on microglia, Schwann cells and
astrocyte,s within the central nervous system (Donnelly-Roberts et al., Br. J. Pharmacol, 151, 571-579

(2007)). Antagonists of PIXARBROBYSIRADN ARSI sk EXMAHERASPRS Ibeta release and
P2X7-mediated cation flux (Stokes et al., Br. J. Pharmacol. 149, 880-887 (2006)). Mice lacking the

P2X7 receptor_show a lack of inflammatory.and neuropathic hypersensitivity to, mechapical and
thermal stimUIi%ﬁ@é@élﬁne?céﬁnﬁgﬁoﬂlﬁ)}l (gfél%é% %81%@33133 SRS Ogﬁéé\?ew %nopr‘?gve arolein
inflammatory resporses(Rerrartstade pamrariolc £75; 387r8e8 308 rateiiat te onset and

persistence of ghrpnicRain:GHeRMeealisedsdgharmacol. Ex. Ther. 319, 1376-1385 (2006b)).
Modulators of the P2X7 receptor thus nﬁy have Ldtyiy in the treatmﬁnt.of diseasg states such as
jasi

rheumatoid arthfiS GEEEARITILE, Beotiasis, Sletglc darmalitis; Sothma.

ma, csﬁ‘r%nr]‘fg %Ds?tsr'uctive pulmonary
disease, airwaseip@rreesponsivandsiso soprie stbeR2Grsnmpicione phridssakitiis elswiwel disease,

diabetes and Gyohiis disease. R2Xl-mosiainsRamaler ha Usaiuhiokirgsimeant ehpain, including

chronic pain, neuropathic pain, anqﬁpain_associaé%%nﬂammatoralcgr.ocesses nd degenerative

conditions. Th&TETL A EBFARGR A Need toH B MpotndE TRAT Zot5E HEHTNSTE B P2X receptors,
including antagesuisténotR2XE scdpton- Hewdélcds ¢ HeddBiol (ethibts BiGtidatiAg ti8eRses, conditions

and disorders mgdialed Dy R2X LI RESER ?ﬁ!f?%bﬁ%ﬁﬁ%ﬂ@%n@%@%@%@ﬁ well as others. In a
first aspect, there is provided compounds of the for ua%a IJ glr phar?zgfug?%lig gi}%zﬁtable salts
thereof, whereiffI 8 8 £Y5ER B8P E 54 ‘?‘gﬁfiélr]‘r S GBSHATS Arn> optiohally Sibstituted
heteroaryl; or attamaritd pR2K IpptidbaallyhswbstinubdetlaPRl Optidivadt Biibstittdethhatéroaryl;
C3_teycloalkyk ar,Ga, £ branshesalleuand B3sR4 png Roach Rdesendsaly sibycrogen: or The

disclosure also provides and pharmaceutical composition comprising the compounds, methods of
using the compBHha At hERBHS BPBreBar NG HEESHRRG TR DREE S Miere is provided
a pharmaceuticatctenpbsiticrosiprisinCape pherRaieSitcadl Fedaptable’ediiethand (b) a

compound as dn%ﬂg%g é;l%ﬁ}/@a Bﬁfmigﬁﬂﬁmatmy responses (Ferrari et al., J. Immunol. 176, 3877-3883
{2006)} and in the onset and persistence of chronic pajn (Honore et al., J. Pharmacol. Ex.
Ther. 319, 1376-1385 (2006b)).

Modulators of the P2X7 receptor thus mey have utility in the treatment of disease states such
as thenmatoid arthritis, osteoarthritis, psoriasis, aliergic dermatitis, asthma, chronic
obstructive pulmonary disease, airways hyper-responsiveness, septic shock,
glomerulonephritis, irritable bowel diséase, diabetes and Crohn's disease. P2X7 modulators
may also be useful for freatment of pain, including chronic pain, neuropathic pain, and pain
associated inflammatory processes and degenerative conditions.

There is accordingly a need for compounds that act as modulators of P2X receptors,
including antagonists of P2X, receptor, as well as a nead for methods of treating diseases,

conditions and disorders mediated by P2X; The present disclosure satisfies these needs as

well as others,

In a first aspect, there is provided compounds of the formula It



Unless otherwise stated, the following terms used in this Application, including the specification and
claims, have the definitions given below. It must be noted that, as used in the specification and the
appended claims, the singular forms "a", "an," and "the" include plural referents unless the context
clearly dictates otherwise. "Agonist" refers to a compound that enhances the activity of another
compound or receptor site. "Alkyl" means the mono¥alent linear or branched saturated hydrocarbon
moiety, consisting solely of carbon and hydrogei{a ato g from one to twelve carbon atoms.
“Lower alkyl" refers to an alkyl group of one to six carbon atpms, i.e. C3-C6alkyl. Examples of alkyl
WO 2010/072647PCT/EP2009/067404 - s but are not limited to, methyl, ethyl,
propyl, isopmpyl, isobutyl, sec-butyl, tert-but In’“pe [, n-hexyl, octyl, dodecyl, and the like. "Alkenyl"
means a linear monovalent hydrocarbon radi®al of twgs té Bigtarpon atoms or a branched monovalent
hydrocarbon radical of three to six carbon atoms, containing at least 5 one double bond, e.g., ethenyl,
propenyl, and theplikeatAtkyril eoereaisc adindzrarfonovalent hydrocarbon radical of two to six carbon
atoms or a bragghed monovalent hydrocarbon radical of three to six carbon atoms, containing at least
one triple bond, e.g., ethynyl, propynyl, and the like. "Alkylene" means a linear saturated divalent
hydrocarbon radical 8 ’éﬁé’ﬁé;six_carbon atoms 10 or a branched saturated divalent hydrocarbon
radical of three to sixocatheri atoms, e.g., methylene, ethylene, 2,2-dimethylethylene, propylene,
2-methylpropylene, bytylene, pentylene, and the like. "Alkoxy" and "alkyloxy”, which may be used
interchangeably, mean a moiety of the formula -OR, wherein R is an alkyl moiety as defined herein.
Examples of alkoxy moietié%’ﬂ‘i’@ﬁ?élé}ﬂi%*tbﬁ? &F&: not limited to, methoxy, ethoxy, isopropoxy, and the
like. "Alkoxyalkyl" means ad¢nibietiofublsetbodmatadRaiOnRb-, where le is alkyl and Rb is alkylene as
defined herein. Exemplary glkoxy ;yl groups include, by way of example, 2- methoxyethyl,
3-methoxypropyl, | -methyl-2-methioxyethyl, 1-(2-methoxyethyl)-3- methoxypropyl, and
1-(2-methoxyethyl)-3in&thoxypropyl. 20 "Alkylcarbonyl" means a moiety of the formula -R'-R", where
R'is oxo and R" is alkyl as geftmetyheseimiddeyisulfonyl" means a moiety of the formula -R'--R",
where R'is -SO2- and R" iso Iaﬁ‘f‘sﬁ@ﬂﬂ&gdfﬂ@{ ] I "Alkylsulfonylalkyl means a moiety of the
formula -R'-R"-R™ where where R'"Is allcylene, R" 25 1s -SO2- and R" is alkyl as defined herein. 'Amino
means a moiety of the formutaCiRRHyFerein R and R' each independently is hyrdogen or alkyl as
defined herein. "Amino thusinokiges:dalikyl;aamino (where one of R and R' is alkyl and the other is
hydrogen) and "dialkylargino (whker ) poth alkyl_ "Alkoxyamino" means a moiety of the
formula -NR-OR' Whéﬁr{e{r}% Fgﬂ}é y%gr%g%cr%%%g%ﬁg@hd 30 R'is alkyl as defined herein. "Alkylsulfanyl”
means a moiety of the formi¥&osR Wherein R is alkyl as defined herein. "Aminoalkyl" means a group
-R-R" wherein R' is amino agg¢Rkig.alkylene as defined herein. "Aminoalkyl" includes aminomethyl,
aminoethyl, | -aminqpropyl, 2-aminopropyl. and the WQ 2010/072647PCT/ERP2009/067404 - 4 - like.
The amino ot St RS AP M PR S e e i oAt

"allcylaminoalkyiezheds e aHegI i FABANG RS & BEROER P AR RE SRR udes methylaminomethyl,

methylaminoethyl, methylaminopropyl, ethylaminoethyl and the like. "Dialk: Iarsni oalkyl" includes
dimethylamino %ﬁfiﬁoa%(rﬁsé‘fﬁ%a{%rﬁfggge?ﬁ%’%%?&%%%%C(%?SﬁiﬁS 1—%8&% N-¢ hylaminoethyl, and
the like. . (a) apharmaceutically acceptable carrier; and

(b} a compound as defined above.
Definitions
Unless otherwise stated, the following terms used in this Application, including the
specification and claims, have the definitions given below. 1t must be noted that, as used in
the specification and the appended claims, the singular forms “a”, “an,” and “the” include
plural referents unless the context clearly dictates otherwise.
“Agonist” refers to a compound that enhances the activity of another compound or receptor
site.
“Alkyl” means the monovalent linear or branched saturated hydrocarbon moiety, consisting
solely of carbon and bydrogen atoms, having from one to twelve carbon atoms. “Lower

alkyl” refers to an alky! group of one 1o six carbon atoms, i.e. C;-Csalkyl. Examples of alkyl



"Aminoalkoxy" means a group -OR-R' wherein R' is amino and R is alkylene as defined herein.
"Alkylsulfonylamido™ means a moiety of the formula -NRS02-R wherein R is alkyl and R is hydrogen or
alkyl. 10 "AminBR&HBHEkyalkyl" or "carbamylalkyl” means a group of tREHEFIIACHLD-C(0)- NR'R"
wherein R is alkylene and R', R" each independently is hydrogen or alkyl as defined herein.
"Alkynylalkoxy" means a group of the formula -0-R=R* wherein R is alkylene and R’ is alkynyl as
defined hereingdbptAmiado histireefarsnosd compigindhthatrdiviinishesbripriavdniscthesaction of another

compound or reeeRigr sitey Ayl MEAYS & RARAYaI8RLkYClic aromatic hydrocarbon moiety consisting
oGt YL, ' .

of a mono-, bi- or tricyclic aromatic ring. The aryl group can be optionally substituted as defined herein.

Examples of argtifioiefaeh AtRReT BOrardabiHintad e Hokehof RaphtiiaBreHARITA 20 fluorenyl,
indenyl, pentaleayihaizutenydaxirdipiverpgh bipbe oy thraethyileaebbpheny, @minociphiayl,
diphenyIsug‘id%mqmmlgq;y&hgm%g%%%gxﬂgg@d, benzodioxanyt, benzofuranyl,

. .

benzodioxylyl, benzo "yranyl,'fi nzoxazinyl, benzoxazinonyl, benzopiperadinyt, benzopiperazinyl,
benzopyrrolidiry < BEhZBrAGTBHBRTHY %Vlb}i%jﬁ%?&ﬁﬁ alRSa R ETSETPHEHTRHAE the like,
including partiatyntivd mogenaked lgerozative sah eriedfiheach @bdagingaaniionadlyisnp stittated. "Arylallcyl”
and "Aralkyl", which,may.he ysedpierchangeablymgan a radical-RaRb where Ra is an alkylene

group and R1'js an aryl group as defined herein; e.g., phenylalkyls such as benzyl, phcnylethyl,
3-(3-chIoropher‘%}’@ffﬂ%e’iﬁﬁﬁéﬁﬂﬁ?&ﬁ%ﬁdlﬂ?@ﬁ%b@%ﬁ?ﬁ@g BsA) RfiRRG st RANSASHS | means a
group of the formitan@elsRuvutrd binlRi$aiytabcdefidied dfehedn 1 Aindatyh means.a,group of the
formula -0-R wherein,R i acyl as-defined barein. | loxy: gﬁé%ﬂ e formula -0-R-R"
wherein R is alkyle?rjle and%‘ isagb:?yl as %%fing,d heﬁr@%ﬁv%éﬁl / 7%)&%{#%%%%%%009/067404 -5-
"Cyanoalkyl" "HHBARE LHBEN ST the formula -R'-R", where R’ is alkylene as defined herein and R" is
cyano or nitrile’ARyldaikykirpleay's whmb ney dlewned attratied: carpooyalie motetyfabngisting of mono- or
bicyclic rings. Cyglqalicyhsan apfienally,be SusHL AWtk one. ot oG SVRRINERIS A Wherein each

substituent is independently hydroxy, alkyl, alkoxy, halo, haloalkyl, amino, monoallcylamino, or
dialkylamitio, FHEEs SHEHL & <SP b AR A SR P ExRbds 5F cy cloalkyl moieties include, but are
not limited to, &ydlopraikyl, myolebumylstrydltrdomtylic REIGh&Ry] weyeidtiepiitylamd Hieslike, including
partially unsatyigles deruHiR AR eaENEIOAGAY LoIRane A IRNLOT bR fprula R-R', where

R'is alkylene and R" is 10_cycloalicyl as defined herein. "Heteroalkyl" means an alkyl radical as

defined hereinMiHSFEHTEhe THECSTHITRS RVdFSYer BEbine Hive lHedheripisctd)With a substituent
independently selectedofirdracth &-GrowthocontistidgefoRhredRbRe, and -S(0)ORd (where n is an
integer from O Rk witkhihenungerstandingdhat the Laint of e}ﬁmﬁ%efaﬂaq{h?ﬁﬁ%@ﬁgv' radical is
through a carbé)%% at m, wherein Ra is 15 hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyk Rb and
Rc are indepe & y%%lgach other hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyk and when n is
0, Rd is hydrogaiyaikitn vy cheaitoy inor vy tal kytatiey L RanR whigme RS sk %502 aRRisiadkyl, sycloalkyl,
cycloalkylalkylgamin@eRgylamino, monoalkylamino, or dialkyl amino. Representative examples

include, but arg not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxy-1- 20 hydroxymethylethyl,
2,3-dihydroxypfbc‘)lﬂﬁlsf,urii‘l-or%)/%1 éﬁﬁlmp’ %f%ﬁ%%ﬂgg ATHSTarET Gy altylene, K
2-hydroxy2i-meth@progyi," 2s ativheretbfic@ fmmimopropyl, 2- methylsul fonylethyl, aminosulfonyhnethyl,

aminosulfonyleiyi minasiiioryRieRy omathwamineswionmathylmeibylaminosulfonylethyl,
methylaminos%l‘ronglgrop l, anc;]iége gke. 25 "Heteroaryl’ means a mono?(r:]églic or bicyclic radical of 5 to
12 ring atoms RAVIEG'&F RSO ABFE AFAHE ring ishiaming gRt, AdaBarsiertg it A¥toms
selected from N, 02lbylSndiberatheniningrigg sohidibeitgn@o \withethB amiderstabaingltiiat the attachment
point of the hetareandHadicakllhe L @Lamalic Hee.or e haler panyingmay.ngiqpionally
substitutegloasﬁefiq L he etiiné&).(am les of heteroaryl moieties include, but are not limited to, 30
optionally substituted iMidaZbiyT GXazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl,
pyrazinyl, thieridkiier fotiansdythiookeny e famyll pPRanibreyidisl s byl eslgtfipsd azeiyl, pyrimidyl,
quinolinyl, isoquinglipulybenaiun.henrzrthionheiyts Renzolicow aryl.ReRziRidazolvh.

benZOovaOIyl”‘Pn%ﬁ%gl%Q%%%%lhr%%r{])xzn%gmr?,za%llyllbethyl, l-aminopropyl, 2-aminopropyl, and the



WO 2010/072647PCT/EP2009/067404 - 6 - benzothiadiazolyl, benzopyranyl, indolyl, isoindolyl,
triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinolizinyl, naphthyridinyl, pteridinyl, carbazolyl,
azepinyl, diaz&$YE04E#dNyI and the like, including partially hydrogenat&dr @mpatiEE4hereof, each
optionally substituted. 5 Heteroarylalkyl" or "heteroaralkyl" means a group of the formula -R-R' wherein
R is allcylene and R' is heteroaryl as defined hereint “Heteroarylsulfonyl means a group of the formula
-S02-R whereiikR Eibeteroanyiasotefinadadigtetmy be tdeietoarwosor meansia gigup of the formula
-0-R wherein R js heteroaryl fined .10 herein. "Heteroarallcyloxy,',means a group of the formula
-0-R-R" wherel rrlbxlfill%i g:%?ﬁ:aﬁﬁgn eIanlg r%é%le oaairrlil Oggyc}te in. ‘éfrfl]‘ééri in.%%?r%asﬂ%ﬁalo", "halogen” and
"halide", whichHi{&FHe inepeRAhgeapiymiansiy webyaminereRtlortyEmaisibicab, or iodo. 15
"Haloalkyl" meaasialkybas-dedfnedibarem!itwyhichioneaiomets hysiaaaahasbeen replaced with
same or differ I , | Q¢ Ingl - -CH2CF3, -CH2CC13, perfluoroalkyl
%%Q%%ﬁgﬁ]o%%%gﬁ ﬁ{é’tﬂ}"ﬁ"}@%%ﬂ%ﬁm%é{ﬁ'ﬁé éﬁ'%%&ke

(e.g.,-CF3), and th : oxy" means a moiety of the formula -OR, wherein R is a haloatkyl
moiety as defindBRRHKHTY AREReHISPAR HRIGaES IR diiesihiediol1g0err atdedaséioamino” means
a saturated ring:tatherein at least one ring atom is N, NH or N-alkyl and the remaining ring atoms form
an alkylene group, ibRIRIARNENL IR A ORRVARAlsARIE A alabn /AOSIRANG L one to three
rings, incorporating one, two, or three or fouf heteroatoms (chosen from nitrogen, oxygen or sulfur).
The heterocchFiFﬂgﬁ“r%f’;}kb’b optionally substituted as defined herein. Examples of 25 heterocyclyl

moieties includantuicafesnoliviteld to, epianaily stbsiiytedqiperidinpnpiperagiayh)homopiperazinyl,

azepinyl, pyrraliginy lid] imi ligyl, imi idinyl, pyridinyl idazi imidinyl,
oxazolidinyl, |%g§z&%ﬁﬁgé%iﬁﬁ%i%t ia%%ﬁﬁ%,%%%ﬁf&’cﬁg%%ll,%ﬁign% .%%f?%é%%%ﬁonnw,
benzimidazoly]EefFﬁ‘hdiazolylidinyl, benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl, 30
dihydropyranylAikiraidsepyraaw, « biain ofpiofiumyh thiamaphicdiay sulfexidend htdimorpholinylsulfone,
dihydroquinoliggg‘]zn%h%%gﬁg%ggﬂnyl, tetrahydroquinolinyl, tetrahydrisoquinofinyl, and the like. WO
2010/072647PCTIEP2009/067404 - 7 - "Heterocyclylalkyl" means a moiety of the formula -R-R'’
wherein RS alkyi@RMShd R idmeternayen ias amibes Re P beigtiei Bheans a moiety of
the formula -Ofdnipbetein Resetarocyclyl as defined herein. 5 "Heterocyclylalkoxy" means a moiety of

the formula -OR:h#L b eI R.aalane sl isBetsiopvcithee danerbherei, Hvgromalicoxy

means a moiety of the formula -OR wherein R is oxyalkyl as defined herein.
"HydroxyalkyldHiHEe AREERE Hiholdfy Y e Fatfaon Ry witsae R reblyesior alkyl 10 and R’ is
hydroxyalky| aB:deiitedheyeiriétbydiokyalkylammodilkitd meping a, mpiekylofithedarnula -R-NR'-R"
wherein Ryjs aliylene) Rids ydiagen oratkyl anddRiis kool psdefined herein.
"Hydroxycarbonyl al%/l" or %é%boxé%l?l" me%hs%g)rou)go?}%hé}g%rma@?&g 0)-OH where R is
alkylene as defiPagdibeam. diphenylsulfidyl, onyl, diphenylisopropylidenyl, benzodioxanyl,

benzofaranyt, benzodioxylyl, benzopyranyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl,

diphenylsul

benzopiperazinyl, benzopyrrolidinyl, benzomoerpholinyl, methylenedioxyphenyt,
ethylenedioxyphenyl, and the like, including partially hydrogenated derivatives thereof, each

25 being optionally substituted.

"Arylalkyl™ and "Azalkyl", which may be used interchangeably, mean a radical-R*R® where
R"is an alkylene group and R” is an ary! group as defined herein; e.g., phenylalkyls such ag
benzyl, phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, and the like are examples of
arylalkyl.

30 "Arylsulfonyl means a group of the formula -SO,-R wherein R is aryl as defined herein.
"Aryloxy" means a group of the formula -O-R wherein R is aryl as defined herein.
"Aralkyloxy" means a group of the formula -O-R-R" wherein R is alkylene and R' is aryl as
defined herein,



15 "Hydroxyalkyloxycarbonylalkyl" or "hydroxyalkoxycarbonylalkyl" means a group of the formula
-R-C(0)-0-R-OH wherein each R is alkylene and may be the same or different. "Hydroxyalkyl" means
an alkyl moietyV3sHefR&dl herein, substituted with one or more, preferaBIGREHE d4hree hydroxy
groups, provided that the same carbon atom does not carry more than one hydroxy group.
Representative examples include, but are not limitedl-to, 20 hydroxymethyl, 2-hydroxyethyl,
2-hydroxypropitya-balyDxypeapyd noiday af eaeyimetiny 2 - rethylp oyl Ryhid exaghny|, 3-hydroxybutyl,
4-hydroxybuty11 S i &dr. XYPro yl.. 29 hydroxy-1-hydroxymethylethyl, 2,3-dihydroxybutyl,
3,4-dihydroxyl:g‘l{}tf‘/ﬁar?gI Z(Efy ro{;<§n1|1gtrh§il)-3-hydroxy rop)él "Hydroxycycloalkyl" means a cycloalkyl
moiety as definedClélsih RIfarsi oM 2 RIb oM S HGHFCBHUEF AEERNS TREPIEISpeIRAIky| radical have
been replacedbivittiiahidr @ isulastitueniiRepreseataieexamplesrinchidesduiate not limited to, 2-,
3-, or 4-hyc§rox\¥@4g h& vl b%Pﬁil tﬁe Iikg Mreay Ei gid neans a f.the formula
-NR1-C(0)-NR"R" WL%%réi[gluR',] R?' and Rff!n'}eeacllil ?gr)lgg#egd%%ﬁy %ﬁgdrr%ggé&r% 108Fl %ﬁgﬁm 30 "Carbamate"
means a grouf SR HE RGP GRETRNRE R IRAT SFRTHIIF aifg o by BN isdp E5daPy 96 hydrogen or
alkyl. "Carboxyydregpsmaigteupafdhadosranta ot {Q); OldiopMe 1200 2044 RpdatP2009/067404 - 8
- "Sul fonamidg" 205 2958 ?f ﬂ‘o[ u{g %QZNE'IID%RH wherein R',.R" and R" each independently
is hydrogen or“%ifgl%% %oqg%f)gyshaé[s&ﬁtﬁté " V\%enn%geda;inyéjgs%%%gevr\llﬁ%wgsrf/ i e|c§j§_enyl", "heteroary!"
"cycloalkyl" or “REté I raaheapiesof fsremtindeibanyhessRidamtiysrameRodyclyl 5 which is
optionally substitidedyvingddpendanthmwith one to four substituents, preferably one or two substituents
selected rom sy xloqleul, reiealivaly el el arvallo, lowifgecyano, hycrox

alkoxy, amino, acylamiho, mono-alkylamino, di-alkylamino, haloallcyl, haloalkoxy, heteroalkyl, -COR,
-SO2R (where?RTS FartsgR rPaksA Y Rerbs e Hirkntads pOR®RIh ICO HRIHSREYFEaN integer
from O to 5, R' ARORR -BREREC:independéntlyehydrogeantqeatiyh @t Risthydiogenaliog, cycloalkyl,
cycloalkylalkyl {CR'R)R-CON re nis.an integer from 0 to 5, R’
and R" are indﬁﬁ%ﬁ%ﬁ@%ﬁ%&%&f %ﬁéﬁ%ﬁ%&%ﬁg}g{ %%%%‘é%ﬁ%%@%é@%;}"’ %?%élgc 1c%ther,
hydrogen,lalkyTY &perdatkit, Ayeicamormd osrelapiasieppb Ry sy asdrdsmeitarérrigsptional
substituents fostharidirphandy, hiege weakyltiitya oalloxli-slkheterxdeyey inc)ede: bodalled, halo,

haloalkyl, alkoéﬁéy%?&&i ,Q%W&@}?XW!@WMMQ{% proerf%rr}gqss?ﬂ%igiw%ﬁ&re methyl, fluoro,
chloro, trifiuoromefh&l, methoxy, amino arid methanesulfonyl. "Leavirig group” means the group with

the meaning ¢ ly2HERpE I RHIPIAE) I RRESe Sy akitaeHemiBERCIE S atom or group

displaceable undepkusbsfiittidnreaatioimdedditiohgdibxanmplesoileawnggrouparinslude, but are not

limited to, halogan,alkang:a1:29 ﬁﬁﬁlﬁ&}%%i%??{hlﬂ%ﬁb‘)%&% y, gthanesulfonyloxy,
ien

)

_ sfenssienir, & _
thiomethyl, benzenesulfonyloxy, tosyloxy, an yloxy, dihalophosphinoyloxy, optionally substituted
benzyloxy, isof PSP HeyBYIFoard- THEIRIOPKhoRTEEF i R IACHNEk dte that interacts with a
target. The inta@hﬂbﬂﬁ;ﬁﬁﬁﬂ_ﬂe,a’mintcﬁﬂﬁ?mtaﬁeﬂ:i;edﬁﬁncagmﬁﬁtf;tﬂyuagﬁrm_sﬂfaqﬂbtb@yljke_, as defined
herein. 25 "Opfjonal. . ORKVAN: MERNS AL Lae SHASRAURRHY dRscHbRTL et PLAirgUMStance may

but need not occur, and that the deScription includes instances where the event or circumstance
occurs and inst&fices in which it does not. "Disease” and "Disease state” means any disease,
condition, Bymfiempaigdroenos indicatitin of Meytierganid stivent ror inest soliment'imeans the solvent

is inert under tﬁ&ﬁ&%ﬁg@&&ﬁé&&&%,rmqupaggm% fasgiRed meaniungligndhgrewith, including for

example, benzene, toluene, acetonitrile, terrahydroturan, N,N-dimethylformamide, chloroform,
methylene chi6TEPSIEdIRRRPBINRARE fe Vit Hib FOBtRAREibI IctiRTramcaEs, acetone, methyl

heteroaryi radical will be on an aromatic ring. The heteroaryt ring may be optionally
substituted as defined herein. Examples of heteroaryl moieties include, but are not limited to,

30  optionally substituted imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazoiyl,
thiadiazolyl, pyrazinyl, thienyl, benzothienyl, thiophenyl, furanyl, pyranyl, pyridyl, pyrroiyl,
pyrazolyl, pyrimidyl, guinelinyl, isoquinolinyl, benzofuryl, benzothiophenyl,

benzothiopyranyl, benzimidazolyl, benzooxazolyl, benzooxadiazolyl, benzothiazolyl,



WO 2010/072647PCT/EP2009/067404 - 9 - ethyl ketone, methanol, ethanol, propanol, isopropanol,
terr-butanol, dioxane, pyridine, and the like. Unless specified to the contrary, the solvents used in the
reactions of th¥PrE&EHEMYention are inert solvents. "Pharmaceutically 26G6ER215RMEans that which
is useful in preparing a pharmaceutical 5 composition that is generally safe, non-toxic, and neither
biologically nor otherwise undesirable and includes éhat which is acceptable for veterinary as well as
human pharmaegiticaliasgyl, bRhasmaceutically aseapiabie.sals ol agompoundineansysalts that are
pharmaceutically acceptable, as. defined.herein, and.that possess, the desired pharmacological activity
of the 10 pareﬁtlyg%)quc%h%l}@z}?ﬁyzﬁ?ﬁ%&ﬁ%ﬁa@%@%‘n%ﬁ aézaijsé]’f%zre e \/\%ﬁ%%r){g}rg]anic acids such as
hydrochloric aéfa{dﬁvgﬁﬁﬁfb?ﬁi@aféfﬂ?‘gﬂ%ﬂﬁ%imﬁﬁﬁ@%@eﬁﬁ%ﬁhéﬁ@%ﬁ{:hﬁﬁiﬂm@ﬁke; or formed
with organic acidstiuteh as acetic acid, benzenesulfonic acid, benzoic, camphorsulfonic acid, citric
acid, ethangsulfoni id, fumayic acid..alucoheptonic aci uconic.acid, glutamic acid, 15 glycolic
acid, hydroiyrﬁ%ﬁ%%?%%%é, th%/ﬁ%%(aﬁut%gn%%au ofmc dci , % %1g&§%§é%éegc%fsr%§q§r§cid, malonic
acid, mandelica¢i, FristefapektifsiReabfEPauconic acid, 2- naphthalenesulfonic acid, propionic acid,
salicylic acid, sueeiris-asithigrtasinacie ploldenpaulianioacidyvisierethylacetic.acid damedhe like; or
salts formed vvéwe%glmqn acidic proton present in the parent compound either is 20 replaced by a metal
ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an organic
or inorganic basE AEEETE b sIyARIUP SRS fRERIR-BiBHAaBIAR ik dcetproisalefined

N-methylglacamsisia, triethanolamine, tromethamine, and the like. Acceptable inorganic bases include

aluminum hydroxide jun.hydre )g%g qQtassium hydroxide, sodiump carbanate sodium
hydroxide. 25 'I?h'e p?ae%zlﬁeg yphaf:rm%_ac gﬁﬁgﬁ/ﬁgtﬁ%%%b e sa%téw Zl%e{ﬁe Saf s%%??naé%rﬁ‘{rjésm acetic acid,
hydrochloric aéicreeipIe FefaeidicraBthanesulfonic acid, maleic acid, phosphoric acid, tartaric acid,
citric acid, sodirhmicpataasionthepligitianainaliacviR Res kst shovidheundersieod that all

references to Qg@r% c ﬂ‘xﬂa Ilé{l cceptahle sal&s include solvent addition forms (solvates) or crystal
& t L3 ) 5 . . .y . .
fol (polymotphs as ?eﬁneﬁergﬁ), %?Otxﬁ% 30 sarne acid addition salt. "Protective group" or "protecting

group” méans tHa 6D Rl et doingbiecks b b segvesme hrdosmaititatetioivalaseinpound such
that a chemicakgaetioncasi-ba tamied. qi-aereivabsayianoines Wwmatected reactive site in the

meaning COnV@eﬁQ&@JJM@ﬁQS(?@La%%%W&Qaﬁ{/\{(%?FO1_%(9332&%&%45'320091067404 - 10 - it in synthetic
ntio ) ;

chemistry. Certain processes of this inve ely upon the protective groups to block reactive
nitrogen and/or SXQYERxatEIFE T EsERY i thiefrentamrt®. phesidhiprbahelEmigierrtino-protecting
group” and "nitieiiyen lpteie CHAGxEIEY AiRdlsed intEmbangaakly herein and refer to those organic

e dedin aiglaghine MR ARSI L RN RIRRE KA Ie S e

procedures. Exemplary nitrogen protectmgFg s include, but are not limited to, trlﬁudroacetyl,

acetamido, beASyl tBhRIEmsBR RS HERS fTERBHeMAAEIEPCBZ), p-methoxybenzyloxycarbonyl,
p-nitrobenzylosiearborij tertoutoxyaarbemdaBa&)male thendikengldteariisarednitae art will know how

to chose a groypdorihe £ase Qb sMveLARA LIRS ARl WEARG (g Rlowing isagtions.

The heterocyclyl ring may be optionally substituted as defined herein. Examples of

25 heterocyelyl moieties include, but are not limited to, optionally substituted piperidinyl,
piperazinyl, homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl, oxazolidinyl, isoxazolidinyl, morpholiny!,
thiazolidinyl, isothiazolidinyl, quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl,
thiadiazolylidinyl, benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl,

30  dihydropyranyl, tetrahydropyranyl, thiamorpholinyl, thiamorpholinylsulfoxide,
thiamorpholinylsulfone, dihydroquinelinyl, dihydrisoquinolinyl, tetrahydroquinolinyl,
tetrahydrisoquinolinyl, and the like.



10 "Solvates" means solvent additions forms that contain either stoichiometric or non stoichiometric
amounts of solvent. Some compounds have a tendency to trap a fixed molar ratio of solvent molecules
in the crystalliféPS8fitf0sEaté, thus forming a solvate. If the solvent is watdiCHEFS8H/Ateférmed is a
hydrate, when the solvent is alcohol, the solvate formed is an alcoholate. Hydrates are formed by the
combination of one or more molecules of water with’15 one of the substances in which the water
retains its moleguian staltesAs! HaEkns uchokoyaihatiomiieirgrakiectad erm Mine:6¢ mMore Kydrate. "Subject”
means mammgé,?.e%gdcp?%-fr@%rlg %IT%iHMammals means any member of the mammali a class including,
but not limited to, U ns; non-human primates such as chimpanzees and other apes and monkey
species; farm aRfEISSiEadestte migised lihBeprls o Bouts el sWiecastitstie&iithals such as
rabbits, dogs, anditats; laboratory animals including rodents, such as rats, mice, and guinea pigs; and
the like. Exam f nan-mammals.includ re not limited, t irds, .and the like.fhe term
"subject” (;?esp%%%g}g ,¥§%ar§‘%‘gm%%§% anéj{él% gg%%%%%ﬁradgse(g Eﬂﬂee%lr?naai%atr c%seo&}n%rrlﬁéspathy" used
interchangeab‘VWﬂW“Wﬁ?ﬁW?\%iBFrﬁ%’é 25 urinary tract” means the pathologic changes in the urinary
tract. Examplegiglitstinaky drasi-aisaneeiesy ntibel@rpulkaoR natelisnite o t9dingantiienaeihanign prostatic
hypertrophy (%@Elpn_prostatitis, detrusor hyperreflexia, outlet obstruction, urinary frequency, nocturia,
urinary urgency, overactive blaq!der, pelvic hypersensitivity, urge incontinence, urethritis, _
prostatodynia, CHSEHSHRSHAAACRIARIdEPNGD ISR &R -AfRdRthEbRrdn Boshriegarosediss associated
with the utimarynti &8 bydiosindiny aridiseasanstates” or "uropathy” used interchangeably with
"symptoms of g HNAN. IAGT.MEP e RAINAIRYIE ANANAES In. e inARART afdysfunction of

urinary bladder smooth muscle or’its innervation"causing disordered urinary storage ‘or voiding.
Symptoms of theSUNHESF B @S 51 Ly AsEa e FEBPOO 87404 - 11 - include, but are not
limited to, overattivexblastidey: {ado criown ag el usanhypemaiiviy fooutle trohStucidrhadtlet

insufficiency, afg%]wg%%gﬁﬁ%%gﬁgggy. "Overactive bladder" or "detrusor hyperactivity" includes, but
is not limited to, the changes symptomatically manifested as ur?ency, frequency, altered bladder

capacity, ihtontiierEsasatarhmH tHd Aoy dirstalbre ysrbrsrdontaetnsirephiidieric spasticity,
pletrusor hypgrf@ﬂﬁxfiaf_(riﬁonagezn@b&&dfwr)agdeku§ﬁikjnimtﬂhiﬁtymﬁadtﬂaedikeof_'®ﬂﬂehpbstruction"
includes, but 'S‘ﬁ#&ﬂ%&gﬁ%@ﬁﬂg DRIPSIANS LyRsHig B%i@ﬁ%&itﬁ%‘ﬁtwj%‘ ﬁ%%%&&'sease’ tumors,

low flow rates, ditficulty in |n|t|at|nﬁ urination, urgency, suprapubic pain, an e. 10 "Outlet
insufficiency” iRGIGERY! M5t TEhot Uy eiRa PR IG S TRETIEIe PR dtstisdeficiency,
mixed incontinexcenstselss medntinengeyan the dikedie ehaartty perses Sifinity ntn chudesobut is not

imied to pehig gel nigrsoh(SE Gtz BosaloriaBieSAls MvRGMA, Ha s,

orchidalgia, overactive bladder the like: "Respiratory disorder” fefers to, without limitation, chronic

obstructive pulfoHARPBISeasE P8y e PDY Hetia s aR LS EyEEh? At THeEor G dstrointestinal
disorder” ("Gl tigioseet hrafergniohywithdut inditatiaxybiriia5e-Boyded:Symgrende (IBS), Inflammatory
Bowel Diseasg Q%@CQQKQH@%QQ@? gﬁf biliary disorders, renal colic, diarrhea-dominant IBS, pain
associated with Gl distension, and the Tike. "Pain" includes, without limitation, inflammatory pain;
surgical pain; VIStV BER 2N RFSH b@fﬁ?ﬂ@ﬁi@ﬁ%ﬁ&éfiﬁﬁﬂﬁ? BERIPATRFETH BV R B urns;
migraine aisclusténheadachashneriealijliryding hritisharautalgiabwibisbringyisdhenic:injury; interstitial
cystitis; cancerpain Viral. RAASIIC:ALRACKRTIALINERN0: ROSt- Yaumaticipiuty. RrAgIN.asociated with
irritable bowel syndrome. "Therapeutically effective amount” means an amount of 8 compound that,
when administéfd#®5 to a subject for treating a disease state, is sufficient to effect such treatment for
the disease stdt&:=d"he"itherdpeaticaly effetiiveoamouiR Willjaxg tepehding o Rtheicarnpound,
disease state QE@H%H&%E%% e ﬁ?&é@{;@( Sr.ihe disease treated, the age and relative health of the
subject, the route and form of administration, the judgment of the attending medical or veterinary
practitionel’ an& BIBPRIACHSES 36" MR IE Ae™ IHbsE Eﬁ%ﬁ)ﬁ@a{gbmméhﬁ e“8&fined herein" when
referring to a vatiahielendpipbydtesdy séiference the broad definition of the variable as well as

preferred, morepieferred.and t&ﬁ-ﬁ@%ﬁ%ﬁ@@[ﬂﬂ@ I5,df any. "Treating” or "treatment” of a disease
state includes: WO 2010/072647PCTTEY2009/067404



- 12 - (i)preventing the disease state, i.e. causing the clinical symptoms of the disease state not to
develop in a subject that may be exposed to or predisposed to the disease state, but does not yet
experience or Hi3ptE & ftptoms of the disease state. 5(ii)inhibiting the dis&48&4t4td*Ye., arresting the
development of the disease state or its clinical symptoms, or (iii)relieving the disease state , i.e.,
causing temporary or permanent regression of the-disease state or its clinical symptoms. The terms
"treating”, "contatinghianthiseactinginwdien fefering M-SR Remicalingackivamd @ Meeans adding or mixing
two or more re%%%@ﬁe%}g%rhgegorg%gré% nditions to produce the indicated and/or the desired

e

product. It shol appreciated that the reaction which produces the indicated and/or the desired

product may nothieeabsshRiifaedl Hhre s AR St atish: BPERD reddBAtE Which were initially
added, i.e., therecimayboneabmadrd ineusediaiepichicharecproduced! i thehaixicrayl 5 which

ultimately leadg;to, the farmation.of ihe: indicatad.andior theislesired pioduct, Nemapalatyre and
Structures 20 In general, the nomenclature used in this %%Egcatlon is based on AUTONOMTm v.4.0,

a Beilstein Insfitatebsinptitersgaddmiabrisededergioriosrion kecrdhiicngihclature.
Chemical strumﬁndseﬁﬁd]@mdn&y@im@t@py&qﬁmdmimgiﬂ&%m&ﬁ:&pm, Ainykophetinsalency appearing
on a carbon, oygaR pylikERLBASARTBNS SRS erRiR pdicaise fhepresence of a

)
hydrogen atom unless indicated otherwiseé. Where a 25 nitrogen-con alnln%gheteroaryl ring is shown

with an open EIEHGISH £ AirBglrt-SBfdiser Pariabirestdrmad 8 Sdtoi1é Bré&hown on the
heteroaryllfjngmgmdé@{}j@%@%é@%ﬂ%%mk% igineskto dihe opeRYRIERRYAIkRgeR. Where a chiraj

center exists in a structure but no specific stereocherrgistr is shown for the chiral center, both

enantiomers aB¥@iEl Wit iR dhter bR orfipae sds By et fromibife Svinard a structure

shown herein may exist in 30 multiple tautomeric forms.. alf such tautomers are encompassed by the
structure. All p%ie%?éngﬁpﬁnp%%ﬁ{zgﬁ% ‘i) %%}?da R‘Iﬁmd% iNCOrporate égn%{ e

: OTHET, . .
ations identitre erein are mcérp e rein %y re?érence in their

entirety. - 13 2@bpapbakob orthdkrvaistrehy e imbsption Providbsitompeimesrehe formula I: R3
or pharmaceufégaﬂﬁ(aaﬁﬁﬁmﬁ@:htg f'éalfﬁrﬁ“%fyl@ WH@f&iﬂil" "cycloalkyl” or "heterocyclyl” include

15 alkyi, hale, haloalkyl, alkoxy, cyano, amino and alkylsulfonyl. More preferred substituents
are methyl, fluora, chloro, trifluoromethyl, methoxy, amino and methanesulfonyl.

“Leaving group” means the group with the meaning conventionaily associated with it in
synthetic organic chemistry, i.c., an atom or group displaceable under substitution reaction
conditions. Examples of leaving groups include, but are not limited to, halogen, alkane- or

20 arylenesulfonyloxy, such as methanesulfonvloxy, ethanesulfonyloxy, thiomethyl,
benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted
benzyloxy, isopropyloxy, acyloxy, and the like.

“Modulator” means a moiecule that interacts with & target. The interactions inclade, but are
not limited to, agonist, antagonist, and the like, as defined herein.

25 “Optional” or “optionally” means that the subsequently described event or circumstance may
bt need not occur, and that the description inchudes instances where the event or
circurnstance ocours and instances in which it does not.

"Disease" and “Discase state” means any disease, condition, symptom, digorder or indication,
“Inert organic solvent” or “inert solvent” means the solvent is inert under the conditions of

30  the reaction being deseribed in conjunction therewith, including for example, benzene,

toluene, acetonitrile, tetrahydrofuran, N, N-dimethylformamide, chloroform, methylene

chioride or dichloromethane, dichloroethane, diethyl ether, ethyl acetate, acetone, methyl



mis 0or1;nis0orl;R1is: optionally substituted aryl; 10optionally substituted heteroaryl; or
adamantyl; R2 is: optionally substituted aryl; 150ptionally substituted hetemaryl; C3.6cycloallcyl; or
CL6 branched*4lI4¢4R3, R4 and R3 each independently is: hydrogdi& G288 1G4 ty1. In certain
embodiments of formula 1, R3, R4 and le are hydrogen. In certain embodiments of formula I, m is O.
In certain embodiments of foiruula I, n is O. In certdin embodiments of formula I, R3 is hydrogen. 25 In
certain emboditing itsoa foathiatell cRdntd, bydrage isotmopertdireambadimenis offotdme addR5 is

hydrogen. In qgtaln sgnediments:ol farmulal, RL isontonalivsybstitisd sl . certain

embodiments .oéfor_mula 1, R" s optionally substituted phenyl. - 14 - In certain embodiments of formula
1, Rl is phenyBREHHH-AR SGBSHAES one, two, three or four times with a substituent or substituents
each independenthynselectely fromibalomeibs tmaliiriCHalitoxy halestialkybrhaleGil 6alkoxy;

C1_6alkyisulfony, Gl sl land; ChCallsuifiog shenvisulfonyl whergin e phenyl porton is

optionally substituted with Ci_5 6alkyl; nitrile; hydroxy; alkylcarbonyl; aminocarbonyl; alkoxycarbonyl;

alkoxycarbonyRRGEMIr BerdssobHyR I dy 8557 SN FRy IR naR gl BRE B ony lalkoxy;
alkoxyalkoxy; fryarexsyalkadas: alkylaminoalkoxy; allcylsulfonylalkoxy; hydroxyalkyl;

C3_6cycloalkyb(-haalk@xyami %ﬁ%ﬁ@é@ﬁ@ 5¥l; Sahp Sl S GG Rlle AL QLIS Q1 fwo adjacent
substituents may form a C1.2alkylene |oxf¥l or _ } i .

acceptable, as defined herein, and that possess the desired pharmacological activity of the

10 parent compound. Such salts include:
acid addition salts formed with inorganic acids such as hydrochloric acid,

hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with

organic acids such as acetic acid, benzenesulfonic acid, benzoic, camphorsulfonic acid, citric

acid, ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid, glutamic acid,

15 glycolic acid, hydroxynaphioic acid, 2-hydroxyethanesulfonic acid, lactic acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic acid, nyeconic acid, 2-
naphthalenesutfonic acid, propionic acid, salicylic acid, succinic acid, tartaric acid, p-
ioluenesulfonic acid, timethylacetic acid, and the like; or

salts formed when an acidic proton present in the parent compound either is

20 replaced by a metal ion, e.g., an alkali metal ion, an alkaline carth ion, or an aluminum ton; or
coordinates with an organic or inorganic base. Acceptable organic bases include
diethanolamine, ethanolamine, N-methylglucamine, triethanolamine, fromethamine, and the
like. Acceptable inorganic bases include aluminum hvdroxide, calcium hydroxide, potassium
hydroxide, sodium carbonate and sodium hydroxide.

25  The preferred pharmaceutically acceptable salts are the salts formed from acetic acid,
hvdrochloric acid, sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric
acid, citric acid, sodium, potassium, calcium, zinc, and magnesium.

It should be undersicod that all references to pharmaceuticatly acceptable salts include
solvent addition forms {solvates) or crystai forms (polymorphs) as defined herein, of the

30 same acid addition salt.

“Protective group” or “protecting group™ means the group which selectively blocks one
reactive site in a multifunctional compound such that a chemical reaction can be carried out

selectively at another unprotected reactive site in the meaning conventionatly associated with



10 halo-C1_2alkylenedioxy. In certain embodiments of formula I, R." is phenyl substituted one, two,
three or four times with a substitucnt or substitucnts each independently selected from: fluoro; chloro;
bromo; iodo; nee#toET¥E? methoxy; ethoxy; trifluoromethyl; di fluorometPox§PEHtE#MEsulfonyl;
methanesulfanyl; methanesulfinyl; toluenesulfonyl; nitrile; acetyl; aminocarbonyl; 15 methoxycarbonyl,
methoxycarbonylmethoxy; carboxy; hydroxycarborylinethoxy; methylaminocarbonylmethoxy;
methoxyethoxyi Rygraxyrthenitnetiamineetiexy nrethanasuignyp apyexysRydiggamethyl;
hydroxyethyl, c%%lioeé(])‘g%gmetht?g; amjno; or nitr(t); or two adéa ent stubtsti ents m? Jorm
methylenedioxy, € ylene1 i%‘)lgy0 eai?fluo%omxgﬁri/fie%%s 6%%?3.1 It CBAIN enfbSHiMeTits'of formula 1, RI
is phenyl substittie dagHes-sc e eropTowd fipee ow thoesuistiore erusebsitivb mecelich
iéldepli nIdeTtly 5;&&%@ i‘-éﬁl?(i’f’sb laﬁllgs &&@ﬁ@@%ﬁ;@&ﬁ@ﬁ@f)ﬁﬂa@%@zﬁfﬁg@éﬁlatﬁﬁﬁdﬁggﬁmﬁ(allkoxy;
I-salkylsulfony!: nitrile; alkoxyalkoxY; raxyalkoxy; alkylsulfonylalkoxy: roxyalkyl; or
C3.6cycloa yl-}{é%eégﬁ(l%xrﬁ.a H‘%@ﬁ%ﬁﬁ%ﬁﬁ%&%ﬁ&%&% ?ogr%ﬁlinf ‘ %Iitéoﬁﬁny %‘/’f\és"a%%é?ﬁ? tl one, two, three
or four times 25:¢ids- 2 sttt Biviest SubStivTemeseachiniép berfehiBns dkwetderfrarhoritioro; chloro;

bromo; iodo; meiRdsethybxmetoxy.eihexys oot Hiflveramethayssngthanesulfonyl; nitrile;
methoxyethoxy; hydroxyethoxy: hydr ethyJ; hydroxyethyl; or.cyclopropylmethoxy. In certain
embodiments >c{)gfl %‘ Cﬁ%??@écgh‘%‘r@%%%%@%u%ﬁ}ﬁ?é" %\ﬁ’g%\ﬁ?g‘%ﬁ) ¥%né3%ﬁ%8'§pwith a
substituent or $eiF5titienes waeHrae perberhil s adtedendie filloroagrivirnbromo; methyl; ethyl:
methoxy; ethoxgotvifleiorarmethyh dfidaremethexyh aitdleimethoxysthexsydrsyethoxy;
hydroxymethyl; hydroxyethyl: or cyclopropylmethoxy. WO 2010/072647PCT/EP2009/067404 - 15 - In
certain embodisr1?1(}§>eéri1 g%%%r#ﬁl?ﬁ ﬁf‘%ﬁbré’%ﬁ %U-%%ﬁ%ﬁﬂ-tﬁ éﬁlﬁf tﬁ-%ar%?n%xfg motar
chloro-5-methdsyestheptyEnpopsresnissacitho et il sisise iyl Runidichiolns-Mdthedtyphenyl;

2-bromo-5-metaxy-difeifuoremetivl iphenii2-breme:4odrdichlararphenysiRate formed is an
bromo-4-chlorgsa-jodo-phenyl; 2-bromo-d.-chloro-S-trifluoro etr%lr-rphen%l; 2-bromo-5- oh
methoxy-4-metahﬁ-p eny . -|sop|¥opylﬁlff‘ls-ﬁimeect?]nc')ixli}-apI %Hyﬁnﬁ- FOMo-22CRIOT oo et Wit
methanesuffan§lasHésAubsiBrernt-aiitl he WBuriatHae Sufo agilpréts s 216k owrd-2ehlortes-
methanesulfinylphenyd e te-¢-ghierg kaflioro-phenyl; 2-bromro-5-methoxy-phenyl; 2-
bromo-5-methqxy-4-methoxycarbonyl-pheny1:2-br -4-chloro-5-hydroxy-phenyl; 2-
bromo-4-chloro- P&%‘%ltr?ﬁénr%}}ﬁ%?énf}g%@y -Or%“e%?iryl/%nﬁf/)%agﬁnﬁﬁl "ie %’f—%%}l?lfﬁ}g%%xy- 10 phenyl,
2-bromo-4-chlicraBopkiatiesseeind sy pheiniEdio Mo meehdnesufoppEsSushéthoxy-phenyl;
2-2r0m0-4-rnkﬁt¢h&ﬂnﬁaiaaaéh%/oma§méslMﬁmé@ar@@iﬁnﬁmmamwememmmenyh
2-bromo-4;¢hloro-5- roxyearbonyl-methoxy)- nyl; . -

2 bromo- oG (o s S AN PET cogs s s oty animals
2-fluoro-4-chloftBsieindsysphish s Pibrirtod giampRzs atbb iy 1ls- Bsampltiokpghenyl;
6-bromo-benzaflualdioxalnfeyhit 2rbronmendchl Rdb 42 mydrexy ety « pibseay! does not
2-bromo-4-dif|ucglrlo%1etha9t>l< -151;211%%}% -phenyl; 5-methoxy-4-methyl-phenyl;
2-bromo4-ch|oro-§-(§-%1et ylanmiino-ethoxy)-phenyl; 2-bromo4-cyano-5-methyl-phenyl;
2-fluoro-4-meth{ASsRsEt RE%G- PRy It b s RREHIcKGragebsReEny vV b fetsysaffethyl-phenyl;
2-bromo-4z26hlararb(F-rethanesyd bamidsRrapexs) md-pigmyliract. Examples of urinary tract
2-bromo-5-met -4-(tert-huto rbonyl)-phenyl: 5-methanesulfonyl:-2-methoxy-phenyl;
-bromo-4-chio B R A o o B
2-bromo-5-methesizsafRire s pHE S MG R, 20 G eaY ST B ORERIB-y 1 ;
2,6-difluoro-phesyic?; bremer-spane; beimetheaephenyl, o dimethaxy -abank,

3-methoxycarbony e Oy RSB s DS sy persensitivity, and the like.
30 “Disease states agsociated with the urinary tract” or “urinary tract disease states” or
“uropathy” used interchangeably with “symptoms of the urinary tract” mean the pathologic
changes in the urinary tract, or dysfunction of urinary bladder smooth muscle or its

innervation causing disordered urinary storage or voiding. Symptoms of the urinary tract



25 phenyl; 4-methoxy-phenyl; 2,4-dimethoxy-phenyl; 4-chloro-5-methoxy-phenyl; 4-fluoro-5-
methoxy-phenyl; 2-bromo-4-methyl-5-(tert-butoxycarbonyl)-phenyl; 3,4,5-trimethoxyphenyl;
2-bromo-4,6-diffigttipaetiyl; 2-ethyl-4,5-dimethoxy-phenyl; 2-bromo-4-RietHRHRER;
4-chloro-5-(2-hydroxyethoxy)-2-methyl-phenyl; 3-methoxycarbonyl-2-methylphenyl;
2,5-dimethyl-phenyl; 2-bromo-5-methoxy-phenyl; 213-dimethyl-phenyl; 2-bromo-4- 30
chioro-5-hydraxyimetbyt-phesylndirame - idimnetty {phe Rybwh-0 @dhxr-Rypeaihyliphenyi;
2,4-dimethyl-phenyl; 2-iodo-4.5-dimethoxy-phenyl: 2-chloro-4 5-dimethoxy-phenyl; 7-
oromo-2.3- A ety pheny
2-bromo5-ethoky A2fiHes %’h%ﬁiﬂ?%“ﬁfé%@rﬁ@é‘fﬁ&?@lﬁﬁétﬂék@/ﬂﬁh@ﬁ%‘iégb%ﬁﬁ%e%o
2010/072647 R&lpR2069/004424 016 urepelpirapyine trowy-dlameihaxye ph enkitinence,

2-bromo-4-cyclopropylmethoxy-5- hoXy- ' 2- =4 B-di : :
2-bromo-5-3difIﬁ%%%%%%%ﬁérfﬁg%%%ﬁ-g%ﬁg??%?%%@%?ﬁ?ﬁd%ﬂ%%ﬁﬁgﬁgphenyl;
2-bromo-4-fludrassEdereiiassastHo R he AT FbRS IR AOIRS-BYe2-hydroxyethoxy)-phenyl; or
4-fluoro-4,5-dinteinexyspheioyt. ibcldes tains anhatisn entegtiairaued hiedstophy (BPH),
2-bromo-4,5-dimethoxy-phenyl. 2-bromo-4- chlorg-5- -phenyl: -

> bromod. e ERE e HARD o RS e M B weinaon.urgeney,
2-bromo-5-metHsRBt ARt oFhiettif-phenyl; 2-bromo-4,5-dichloro-pheny1; 2-
bromo-4-chilorochtiedespticnyty 2 Hinateq-surckahor it flulare et hybahe iy 21arosio-5-
methoxy-4-methyl-phenyl:. 2-i opyl-4,5-dimet - : 2-br ~4-chloro-5- 10
methanesulfarié%nﬁg%{/]ﬁég%% ({Jn%é(/c:lﬁ g%%‘%iﬁ%%ﬁlﬁ%%%ﬁ%gnmﬁhgl romo-4-chloro-5-
methanesulfiny{HE AP T BIBHEYA BAISIS- 5 dford-BREs 10 YRR LS oREtHgk (P eT 2 -
bromo-5-meth@oyt«&eﬂyam@mafbgwkmwkﬁmﬁmm@ﬁﬂgﬁr@whem}d;@like.
bromo-4-chloray:metlylamie-carbonykmeihyashend: 2 meltvt:Asdimahaspheny'

2-bromo-4-chloro-5-methoxycarbonyl-phenyl; 2-bromo-4-methane nyl-5- 15 methoxy-phenyl;
2-bromo-4-methPEEnietHesPIprRARI2I Db FBHIBeAlEhIoro-5- (nethoxycarbonyl-methoxy)-phenyl;
2-bromo-4-ehlorasbs(hgcrax vioatanylaneiaates) phenyl, without limitation, Irritable Bowel

2-br0m0-4-ch'@%ﬁ%;}f&%é}%@%%@%%%@%:%ﬁyﬂengnygn%ﬁufmﬁy

chloro-5-methoxy-phe -bromo-4-miethoxycarbony1-5-methoxy-phenyl; _
6-bromobenzof ESf§iOXEEISSIE: SassHe RGeS s e RS IFAEIHEX - HRERP22pt R dlE- 20
difIuoromgthoxyﬁnma&hﬂxywmyﬁ;ﬁimaﬁhmmmmyﬁpmmbazpiajmrﬁeeéked:bémrde&fﬂz-
methy'amﬁbo"%}ﬁgfg%%ﬁ&%{mi 8&8%%%‘?%}4899&5&5@%'M%E‘ﬁ%ﬁi&@%&féﬂ%kéhE‘Px%th oxy-phenyl;

2-bromo-4-ehloro-5-acetyl-phenyi; 5-methoxy-2-methyl-phenyl; N o
2-bromod-chlog U5 BEHHEth AT EHSRLBRSo AT IME LT BIERIG S Sttt osarar @ais: viral
butoxycarbonyda)ashieny haburdthdnesu fanyl-2:mathojyyptrgr; sRstiriarmbwddchtoebiE (<25
hydroxyethyl)-[ :.2-fluoro-5-(2-hydroxyethoxy)-4-methyl-phenyl;
2-bromo-5-methoxy4-aminocarbonyl-phenyl; 6-bromo-2,2-difluoro-benzol[1,3]dioxo1-5-y1;
2,6-difluoro-pheryFRBHebO A HB B e tRTRS PHERYP S5 etk P nhp 2dminiscre
3-methoxysarbonyidbRarfethyhohe ayisSanatin xyswplieiayt rdefethootysphenyt, f2; d+dilsatioxy-phenyl;
4'Ch'0r0'5‘me'é?%ﬁ@@ﬂ%&é%&%ﬁ%ﬁ%%ﬁ@&@%%aeﬂe Qyl; vary depending on the compound, disease
2-bromo-4-methyl-5-(tert-butoxycarbony1)-phenyl; 30 3,4,5-tr|methoxly-phenyl'

2-bromo-4,6-ffifb P HEHAC S0 15y PRI RS R o220 PORTS 4 R B g ny
4-chloro-5-(2-hytraxykthey i fnethyflspiméniytaBenrethoiopcantd hela@:methylkdhadny|;
2,5-dimethyl-pb&mﬁ‘a&-p&g{n&éi@g&@%-ﬁp{gml; 2,3- WO 2010/072647PCT/EP2009/067404 - 17 -
dimethyl-phenyl; 2-bromo-4-chloro-5-hydroxymethyl-phenyl; 2-bromo-3,5-dimethyl-phenyl;
d-methoxy 2-RiGTEHHYE 2% HIFER)oHER 1 HACLRE SHBBEFIERED! FaFAA I, R is
2-bromo-4,5-dimethaxgsiiyesitRebiorhod clilotiosS-iriethoiapiphenyl! as preferred, more

2-bromo-4-flugisb:methoxysPReRY LabEAmAR RN OXy-4-

“Treating” or “treatment”™ of a disease state includes:



5 methyl-phenyl; 2-methyl-4,5-ditnethoxy-phenyl; 2-bromo-4-chloro-5-(2-methoxy-ethyl- phenyl;
2-bramo-4-chloro-5-(2-hydroxy-ethyl-phenyl; 2-bromo-4-difluoromethoxy-5- methoxy-phenyl,
2,5-dimethoxy¥$h@isA#72648thyl-4,5-dimethoxy-phenyl; 2-methy1-5-(2- hyEFdE G 4-chloro-phenyl;
2,5-dimethyl-phenyl; 2-bromo-5-methoxy-phenyl; or 2- bromo-4,5-dimethyl-phenyl. 10 In certain
embodiments of formula I, R1 is: 2-iodo-4,5-dimethidy-phenyl; 2-chlom-4,5- dimethoxy-phenyl;
7-bromo-2,3-dihydrobenz@|1,4]diaxiany fe4ibchmeb axy dndhiiues omesh ¥i-pheaylof the
2-bromo-5-ethoxy-4-methexy-phenyl: 2-bromo-4-ethoxy-5- methoxy-phenyl: .
2-bromo-5-cyclopro pylmecﬁﬁggfg-sﬁ%y%?égxéfy%}% r{ﬁ)llla %l?ﬂ%étr%hc???% %Ieo?o %Oéf/%ée%gg%if?%egthoxy-phenyl;
2-cyano-4,5-dimethoxspHei 4986 sitesbul Saghed sEhsstREsA4CheN ks pRERFLf the
2-bromo-4,5-bis-difluoromethexyphenyl;2-bromo-4- fluoro-5-(2-methoxyethoxy)-phenyl,
2-bromo-4-fluoro-5-(2-hydroxyeth -phenyl; or 4- fluoro-4,5-dimethoxy-phenyl..In certain
embodimeéts of formula ?,ugil islﬁgﬁﬁlpg%%%ﬁ?%&%%ﬁlbaﬁgﬁ% gI]trg eccg:r‘t]g}idolélm ygf iments of formula l,
Rl is 2-bromo-4-chloro-5-Hfeto¥iheiaiyilipier] fyeurans: émbodiments of formula I, R.1 is
2-bromo-4-fluoro-5-methay-pheeydvin: Gertairserslandine eisseffeimputary, dRbdsmanent
2-bromo-5-methoxy-4-mertrié[tjzé%geg}(][hIndggar:&gjlir,;laugergrbi Sdiﬁ}}f"” s.of Q%rmula I, R1is
2-methyl-4,5-dimethoxy-pﬁ nyl. fn'certain embodiments of d%nlg)lalf],sRl IS
2-bromo-4-chlGks 150 -rivatisxy -ERRPRE P (FEAERa TR Freaefs ShToilrsericr 1 is
2-bromo-4ghlaians{2rhy draxy ety ph ety r2iditscedaiappropatineidis ot fafridad 4R1 is
2-bromo-4-diflugromethoxy-5-methaxy-phenyl. In certain embodi ts of formula.l, R1 is

2 o dimetoxy IR e e et e R e R ey pheny. I
certain embodiitéies SRR R e dasiseR produeoumydys Rgcstrmsiy yeaviitreripiemban certain
embodiments effermida If RbiedodivathwWephami3Qdsdcesiatirembosinentsaitormula 1, R1 is
2-bromo-5-meltlrlltol%%ahen%iéﬂ certain ergpnotg!ar%%sr of formula I, R1 is 2-bromo-4,5-dimethyl-phenyl.

. 1 d . . .
In certain embodiments ot formula. r10, Ri‘ls'is optlgnafly substituted heteroaryl. In certain embodiments

such hetetdarythishplEmmprsedppiamprnata-oiiic neentd goarotbs fesipdproduct.
2910/072647PCDEP2009/067404 - 18 - thiophenyl; benzimidazolyl; benzofuranyl; dihydroindolyl;
tetrahydroquinolinyl; each of which may be optionally substituted one, two or three times with a
substituent or substituents independently selected from: fluoro; chloro; bromo; methyl; methoxy;
ethoxy; trifluoromethyl; difluoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl; 5
hydroxyethyl; oleyalepseim@ihaxisIn certain embodiments of formula I, R1 is optionally substituted
heteroarylJn Gerialn. eTRAdIMENS JUE e RroAMAY.SomBlise: Rydivvindazaly): indoly:

quinolinyl; or benzotfuranyl; ea which may bé optionally substituted one, two or three times with a

substituent or SGBEEHUBHIE H avPRHEERthy sETBdRE P efRcTIiRIT Brfdro SBYsHRSCmethyl; 10 methoxy;
ethoxy; trifluor@m&tﬁ}d@@ﬁﬂummmalhmuﬁﬁeﬂewm&ﬂamxyeﬁmxyarbydmwsm%wﬁsrmyjdmxymethyl;
hydroxyethyl; qr eyglonrapyimeinoxy, I ¢eriain emRoniments ol mwal R sadamantyl.

herein indicates the presence of a hydrogen atom unless indicated otherwise. Where a

25 nitrogen-containing heteroaryl ring is shown with an open valency on a nitrogen atom, and
variables such as R?, R” or R® are shown on the heteroaryl ring, such variables may be bound
or joined to the open valency nitrogen. Where a chiral center exists in a structure but no
specific stereochemistry is showm for the chiral center, both enantiomers associated with the
chiral center are encompassed by the structure. Where a structure shown herein may exist in

30  multiple tautomeric forms, all such tautomers are encompassed by the structure,

All patents and publications identified herein are incorporated herein by reference in their

entirety,



In certain embodiments of formula I, R2 is optionally substituted aryl. In certain embodiments of
formula I, R2 is optionally substituted phenyl. 15 In certain embodiments of founula |, R2 is phenyl
optionally subg}tﬂg?éwa?%? two, three or four times with a substituent or ELBEIEANE Ecn
independently selected from: halo; Ch 011(34; C16alkoicy; halo-C16alkyl; halo-Cl6alkoxy;
C1l6alkylsulfonyl; C16alkylsulfanyl; 6alkylsulfinyl; p%nylsulfonyl wherein the phenyl portion is
optionally subSktopenhdsitd Ghideididn nitrile; alkylcarbonyl; aminocarbonyl; alkoxycarbonyl;
alkoxycarbonyfalkgxyn:2 fydrxyearRanyds fydrogaibonylalkoxy; alkylaminocarbonylalkoxy;
alkoxyalkoxy; hydroxyallcoxy; alkylaminoalkoxy; aIkyIsquonyI%koxy; hydroxyalkyl; C36cycloalkyl-C1
6alkoxy; amino; aminoallcyl; or nitro; or two adjatent gerents may form a Ch 2alkylenedioxy or
halo-Chhalkylenedioxy. In certain embodjmentg of fofmula ll, R2 is phenyl optionally substituted one,
two, three or 25 four times with a substimc stStitents each independently selected from: fluoro;
chloro; bromo; iodo; methyl; ethyl; methoxy; gthoxy; trsifl oromethyl; difluoromethoxy; methanesulfonyl;
methanesulfanyl; methanesulfinyl; toluenesulfonyl; nﬁtnle;“ﬁetyﬂ; aminocarbonyl; methoxycarbonyl;
methoxycarbonylmethoxy; carboxy: hydr arbonylmethoxy; methylaminocarbonylmethoxy;
methoxyethox@?%@%%%@%ﬁo%ﬁ? %{?ﬁ}étﬁhﬁél){r&?ﬁeggthoxy; methanesulfonylpropyloxy; hydroxymethyl;
hydroxyethyl; sjiefeiropylmethoxy; amino; or nitro; or two adjacent substituents may font
methylenedioxy, ethiydgnegioxy or difluoromethylenedioxy. WO 2010/072647PCT/EP2009/067404 - 19
- In certain embodimen? oflformula I, R2 is phenyl optionally substituted one, two, three or four times
with a substituent or'substitients each independently selected nom: halo; Cl_ salkyl; Cl-6alkoxy;
halo-Ci.6alkyl, halo-@lliéalkoxy; Ci_salkylsullonyl; nitrile; alkoxyalkoxY; hydroxyalkoxy;
alkylsulfonylalkoxy; hydroxyaladionessiheyaaalkyl-Cl6allcoxy. 5 In certain embodiments of formula I,
R2is phetpgl optionally sut())sﬂtutrﬁd %%eﬁa\%(a, tear%e or {f)our times with a substituent or substituents each
independently selected frorﬂ:?}]uo?{d; cHoro; ro“m%?lbéo; methyl; ethyl; methoxy; ethoxy;
trifluoromethyl; difluorometdesgatiethanesulfonyl; nitrile; methoxyethoxy; hydroxyethoxy;
hydroxymethyl; hydroxyethyl; or cyclopropylmethoxy. 10 In certain embodiments of formula |, R2 is
phenyl optionally substituted one, two or three times with a substituent or substituents each
independently selec ed’from: fluoro; chloro; bromo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl;
difluoromethoxy; nitrile; mentoRgEtREEHTHIBKYethoxy; hydroxymethyl; hydroxyethyl; or
eyelopropydmethoxy. In cestaishambadimentseffatoula |, R2 is phenyl substituted once or twice with a
substituent 15 or substitue{%tsceagg mldglpendently selected from: halo; methyl; methoxy;
trifluoromethyl; difluoromet 306x§/; nltlrcﬂé; or methanesulfonyl. In certain embodiments of formula I, R2 is
phenyl substituted once ordvsig@n#igd al'stibdtituent or substituents each independently selected from:
fluoro; chloro; methyk® meéthaxy; @emikdlpetneaaitain embodiments of formula I, R2 is phenyl substituted -
once or twice with fluoro. %i(%dpoce%[tq;in embodiments of fommla I, R2 is: phenyl; 4-fluoro-phenyl;
3-fluoro-phenyl; 2- fMoro-phen ;’2qchloro-phenyl; 3,4-difluoro-phenyl; 3,5-difluoro-phenyl;
3-methyl-gRenyl; 4-methyl{pk@h¥; or 3-cyano-phenyl. In certain embodiments of formula I, R2 is:
phenyl; 4-fluorp-phanytrddiiaceritanyts 2-1filrbmot pheryi-Znehlegarphenyl; 3,4-difluoro-phenyl; or
3,5-difluoro-ph§rn 1|~ta12n5 Itrrﬁi)g%rt%inq %?@89& nents oJ formula I, R2 is 4-fluoro-phenyl. In certain
embodiments of formulal, VAR Iuoro-ph’e’nyﬁ. In certain embodiments, the compounds of formula |
may be more $peiREARHISfHATIURE formula L n s 0.

In certain embodiments of formula I, R? is hydrogen.

25 In certain embodiments of formula I, R* is hydrogen.
In certain embodiments of formula T, R” is hydrogen.
In certain embodiments of formula I, R' is optionally substituied aryl.
Inl certain embodiments of formula I, R' is optionally substituted pheny!.



WO 2010/072647PCT/EP2009/067404 - 20 - wherein: p is from O to 3; R6, R7, RB, R9 and RI
each independently is: hydrogen; halo; C1..6allcyl; Cl_salkoxY; halo-C16alkyl; halo-Cislkoxy;
C1.6alkylsulfof{}:28RE8R Isulfanyl; C1_6alkylsulfinyl; 5 phenylsulfonyl WhEEFR¥EBHENYI portion is
optionally substituted with C14alkyl; nitrile; hydroxy; alkylcarbonyl; aminocarbonyl; alkoxycarbonyl;
alkoxycarbonylalkoxy; hydroxycarbonyl; hydroxycaddonylalkoxy; alkylaminocarbonylalkoxy;

alkoxyalkoxy; hyetnoaiyatkiondimatiytdmines RoxYisalkatsUsfaroykak oxtysitiyelr oxy atiey| 1183 Geycloallcyl-Ci.

Galkoxy: aming;, aminaalii ARy 5 WA ALACCILEURSHLIENT MRXTR.A. ftho 40, 2akylenedioxy or
halo-Ci_2alkylenedioxy; and each R11 indep endentlé is: halo; C1 6a|k2é Cl 6a|koxy

halo-C1. 6a|kylﬁaH<é’I]®C€1"f‘“§3§ﬁ%W Ercelidy RalprSrgpkorhi e Il e :Siformula Il, the
subject compwaﬁ@sﬂfmylbﬁ;mﬁmlﬁm@wmm dicfairenyil adriaonk tgriond avitibstitkbiHait oy, wherein p, R6,
R7, Rs, RY RI¢ ;ﬁicllﬁ{lo‘?&? Q@Qgg&%emuﬁ@c%g&w gm%&m%s of the invention, the subject

compounds are ormula Ha. In certain embodiments of ’Ehe invention, the subject compounds are of

formula Jib. In%‘@r’fﬁ%@?ﬂﬂ@&ﬂ’ﬁéﬁ?@@?@ﬁ?%‘?%ﬂi‘ﬂﬁﬁ‘é’cl?“"qi?%)@rq@’ﬁb at least two of R6, R7, Rs, R9
and 20 Rth arelhgthjdragenylbikceyiaikoeratiodinisdts:oiianyy odkormidasiftxkla and Jib, at least three

of R6, R7, Rs, ] ﬁgi@gaﬁ%%%g%ﬁ\ﬁn gergngg]mp%q &gfom%ydgjufg lgs II, Ha and Iib, R6,

R7, Rs, R9 and Rrn each indépendently 1s: hydrogen luoro; ro; bromo, iodo’ methyl ethyl,
methoxy; ethosiKes i B EPIGH B RISHSTALRTSR, SR BB g2 fetaensstoms
methanesulfinjkldaluertiegettdivdy nitrile; acetyl; aminocarbonyl; methoxycarbonyl;

methoxycarbopyimeth oxy.aaBexy: Rudinysaroanumetirmetaminecariaaymethoxy.
methoxyethoxy; hydro get oxy; methylaminoethoxy: methanesulfonylpropyloxy; hydroxymethyl; WO

2010/072647 P EBS BB 0% DS SATHRSEPERATIIE SERSHO BN BHSERF SRR BO 8P nitro; o two
adjacent subsiitdentsthyhetoinmmistiylehedioxifivethylehddidhkyondifuoromeédtimdeinoyaxy .
methanesulfanyl; methanesulfinyl; toluenesulfonyl; nitrile; acetyl; aminocarbonyl;

15 methoxyecarbonyl; methoxycarbonylmethoxy; carboxy; hydroxycarbonylmethoxy;
methylaminocarbonylmethoxy; methoxyethoxy; hydroxyethoxy; methylaminoethoxy;
methanesulfonylpropyioxy; bydroxymethyl, hydroxyethyl; cyvclopropyimethoxy; amino; or
nitro; or two adjacent substituents may form methylenedioxy, ethylenedioxy or
difluoromethylencdioxy.

20 In certain embodiments of formula 1 R’ is phenyl substituted one, two, three or four times
with a substituent or substituents each independently selected from: halo; C;.¢alkyl; C,.
salkoxy; halo-Crealkyl; halo-Cisalkoxy; Ciealkylsulfonyl; nitrile; alkoxyaltkoxy;
bydroxyalkoxy; alkylsulfonylalkoxy; hydroxyalkyl; or Csecycloaliyl-Cy salkoxy.

In certain embodiments of formula 1, R} is phenyl substituted one, two, three or four times
A?_S with a substituent or substituents each independently selecied from: fluoro; ¢hloro; bromo;

iodo; methytl; ethyl; methoxy; ethoxy; trifluoromethyl; diffnoromethoxy; methanesulfonyi;

nitrile; methoxyethoxy; hvdroxyethoxy; hydroxymethyl; hydroxyethyl; or

eyclopropylmethoxy.

In certain embodiments of formula I, R is phenyl optionally substituted one, two or three

30 times with a substituent or substituents each independently selected from: fluoro; chloro,
bromo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; nitrile;

methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxyethyl, or cyclopropyimethoxy.



In certain embodiments of any of formulas I, Ha and llb, R6, R7, R8, R9 and RI each independently is:
hydrogen; halo; Ci.6alkyl; Ci.6alkoxy; halo-C16ally1l; halo-Ci_6alkoxy; Cl 5 6alkylsulfonyl; nitrile;
alkoxyalkoxy; H’W%‘Q% 67xy alkylsulfonylalkoxy; hydroxyalkyl; or C3_6&GTERRMLETB4Ikoxy. In certain
embodiments of any of formulas Il, Ea and Jib, R6, R7, R8, R9 and R18 each independently is:
hydrogen; fluoro; chloro; bromo; iodo; methyl, ethyl}fmethoxy; ethoxy; trifluoromethyl; difluoromethoxy;

methanesulforiyleamitilemimainorisathiormymiaoRdiey et Fmonyp 105 kipd echoygtibngi: yetroxyethyl; or
cyclopropylmegh@xy.s I&&@&@@h@@p%mﬁ@t@ 9&0@@5 %1959}{#3&% E2. 300 dIR.sRQR 6 R8, R9 and R.1
me

each mdependently is: hydrogen; fluoro; chloro; bromo; methoxy; ethoxy trifluoromethyl,
i A

difluoromethoR it FifGUTATRY %@ﬂﬁ%’x@”ﬁ%’@%g’tﬂ&@nﬂy&%ﬁ% CWQH?QQW%%T or
cyclopropylmethomy-4 46 limoee reeirpeenjdodlivnentst athimy- Bifdnorutashi -Hemghd Jopi-5-and 12'8 are

hydrogen. in el cmhodmanls of A0k e mBMas ke Ao a.Ris:yslegen: nalo: or methyl. I

certain embodlm nts of ar‘g/ fommlas II, Ea and_|Ib, R8’is: hydrogen: methoxy; halo; methyl; or

difluoromethoxy’ a’ﬁ‘?uégaﬁ RSB G RT: YRy &?@ﬁ?ﬁﬁ]ﬁ@wiﬁ %@ﬂdzﬂﬁoﬁ‘g‘fscmﬁ@tﬁoxy hydrogen;
2- 20 hydroxy-stitoxysi2inyéiioxykthoxyg-2-thdmexyfethyihortyblioprapyimethylybheertan

embodiments of apysaf.forsmulas.dndig.and R RS G. I t %’Zﬂgf}ﬁ! nts of any of fonnulas
II, Ha and 'Ib, R"OIS }8% Ir(lg%%rtamhem?go mir%g{ﬁglangﬂ%&%rr%ﬁgsg@ Ha andgHI b, §Rll is fluoro. In

certain embodMiEHE" 'Ry W%ﬁ%@oﬁaﬁ%{l e@l?f‘%ﬁé‘?gyhﬁd%@%‘} ﬁ&l’&lefh%’fﬁyl or ethyl; R2 is
hydrogen; fhethhhiathory-bcivettonptarhonyhiRSpisnhy drogen: 4metthaxssntfalgl-saethyl; or
dlﬂuoromethowemaxyff?%ewwf&g@a RN vdragen: 2 iydrRy-giBRxy; 2-methou-ethoxy; or 1

hydroxy-ethyl; and 3012,18) is %gro en or halo. In certain embodiments of any of founulas Il, Ha and

llb: R6 is: halo r%elrk?ﬂ@f%woﬁ‘f’ige BE’?’F“V@/@%&"@/@@%@@WW@@@@%@? 122 - leis: methoxy,
halo; methyl; ahdiftlSrommthbriyloRS i€-metheyoh @=hyrdkoxiz-ethoxy; 2-methoxy-ethoxy; or

1-hydroxy-ethyl sailethoxy-phenyl; 2-fluoro-d-chloro-5 -methoxy-phenyl; 2-bromo-4-methoxycarbonyl-3-

15 methoxy-phenyl;6-bromo-benzo[l,3 Jdioxol-5-yl; 2-bromo-4-chloro-5-(2-hydroxyethoxy)-
phenyl; 2-bromo-4-difluoromethoxy-5-methoxy-phenyl;

S-methoxy-4-methyl-phenyl; 2-bromo-4-chloro-5-(2-methylamino-ethoxy)-phenyl; 2-bromo-
4-cyano-3-methyl-phenyl; 2-fluoro-4-methyl-5-methoxy-phenyl; 2-bromo-4-chloro-5-acetyl-
phenyl; S-methoxy-2-methyl-phenyl; 2-bromo-4-chloro-5-(3-methanesulfonyl-propoxy)-

20 phenyl; 2-bromo-5-methoxy-4-(tert-butoxycarbonyl)-phenyl;
S-methanesulfonyl-2-methoxy-phenyl; 2-bromo-4-chlore-5-(1-hydroxyethyl)-phenyl; 2-
fluoro-5-(2-hydroxyethoxy)-4-methyl-phenyl; 2-bromo-3-methoxy-4-aminocarbonyl-phenyl;
6-bromo-2,2-difluorc-benzo[1,3}dioxoi-5-yl; 2,6-difluoro-phenyi; 2-bromo-4-cyano-5-
methoxy-phenyl; 2,5-dimethoxy-phenyl; 3-methoxycarbonyl-2-methyl-phenyl; 3-methoxy-

25 phenyl; 4-methoxy-phenyl; 2,4-dimethoxy-phenyl; 4-chloro-5-methoxy-phenyl; 4-fluoro-5-
methoxy-phenyl; 2-bromo-4-methyl-5-(tert-butoxycarbonyl)-phenyi; 3,4,5-trimethoxy-
phenyl; 2-bromo-4,6-difluoro-phenyl; 2-ethyl-4,5-dimethoxy-phenyl; 2-bromo-4-methoxy-
phenyl; 4-chloro-5-(2-hydroxyethoxy)-2-methyl-phenyl; 3-methoxycarbonyl-2-methyl-
phenyl; 2,5-dimethyl-phenyl; 2-bromo-5-methoxy-phenyl; 2 3-dimethyl-phenyl; 2-bromo-4-

30  chloro-5-hydroxymethyl-phenyl; 2-bromo-3,5-dimethyl-phenyl; 4-methoxy-2-methyl-phenyl;
2 A-dimethyl-phenyl; 2-iodo-4,5-dimethoxy-phenyl; 2-chloro-4,5-dimethoxy-phenyl; 7- |
bromo-2,3-dihydrobenzo[1,4 Jdioxin-6-yl; 4,5-dimethoxy-2-tri fluoromethyl-phenyl; 2-bromo-
5-ethoxy-4-methoxy-phenyl; 2-bromo-4-ethoxy-5-methoxy-phenyl; 2-bromo-5-



RI is hydrogen; or halo. In certain embodiments of any of formulas I, Ea and Jib: 5R6 is: bromo, or
methyl; R7 is h dro%en; R8 is: methoxy; chloro; fluoro; methyl; or difluoromethoxy; R9 is: methoxy;
2-hydroxy-eth @?(E-Wéﬂ%xy-ethoxy; or 1-hydroxy-ethyl; and Rl is hydrBﬁ@@%‘)%@é?ﬁain
embodiments of any of formulas Il, ha and llb, pis 1 or 2 and Rn is halo. In certain embodiments of
any of foimulas Il, Ha and Jib, p is 1 or 2 and Rn is!ffuoro. In certain embodiments of any of formulas
I, Ha and a, peig:ibraog Ritiofjubres thoxgertaiylcihibodivieritsafanyjretforyitasttEahand; 1113, p is 1

and RLL s fluarg glhe 4 HOsiigm o0 serale. embadiments.die 6orpeLds fapmuia | may be

more specifically of formula 111 herein R6, Rs, R9 and R" are as defined herein. In certain

embodiments BIF1‘8ﬂ%‘t}féﬂﬁ?}%ﬂ%ﬁ%&t‘?&?ﬁﬁ%‘bﬂﬁﬁg'ﬁﬁ%ﬁb%h%@%ﬁéa%’éﬁfﬁ?&?ﬁﬁa llia or formula
111b; WO 201667262 ARERAER200IB6 Y4 0vi-RB rodh Seditaihcemitadiments of any of formulas 111, Ina
and Ill, R6 is: halg, meshvl ahetvk HhaeHaiR'embodinents olameof ipemsas,fhdna and I'M, 12.8 is:

methoxy; halo; methyl; or diflupromethoxy. In certain embodiments of any of formulas DI, ha and
111b, R is: m@tASxy "SRy BRTE b diBRy 2 rHethoxy et oRP P i oks &thiii* i 86 tain
embodiments plicaply Hbfonmdlas thiixtHataficbtiipe RE-ibeirio Mbroorcm ethidhitmoegrtayh 2mbodiments of
any of formulag; i, Maiand. MRaRehisMEoXK-CEHRRG: AT ML AE A U QreMEHOoXY.
methoxy-4-methyl-phenyl; 2-isopropyi-4,5-dimethoxy-phenyl; 2-bromo-4-chloro-3-

10 methanesulfanyl-phenyi; 2-bromo-4-chloro-5-methanesuifonyl-phenyl; 2-bromo-4-chloro-3-
methanesulfinyl-phenyt; 2-bromo-4-chloro-5-fluoro-phenyl; 2-bromro-5-methoxy-phenyl; 2-
bromo-3-methoxy-4-methoxycarbonyl-phenyl;2-bromo-4-chloro-5-hydroxy-phenyl; 2-
bromo-4-chloro-5-{methylamino-carbonyl-methyoxy)-phenyl; 2-methyl-4,5-dimethoxy-
phenyl; 2-bromo-4-chloro-5-methoxycarbonyl-phenyl; 2-bromo-4-methanesulfonyl-5-

15 methoxy-phenyl; 2-bromo-4-methyl-5-methoxy-phenyl; 2-bromo-4-chloro-5-
{methoxycarbonyl-methoxy)-phenyl; 2-bromo-4-chloro-5-(hydroxycarbonyl-methoxy)-
phenyl; 2-bromo-4-chloro-5-(2-methoxyethoxy)-phenyt; 4,5-dimethoxy-phenyl; 2-fluoro-4-
chloro-5-methoxy-phenyi; 2-bromo-4-methoxyearbonyl-5-methoxy-phenyl;6-bromo-
benzoll,31dioxol-5-yl; 2-bromo-4-chloro-5-(2-hydroxyethoxy)-phenyl; 2-bromo-4-

20 diflucromethoxy-5-methoxy-phenyl;5-methoxy-4-methyl-phenyl; 2-bromo-4-chlore-5-(2-
methylamino-ethoxy)-phenyl; 2-bromo-4-cvano-5-methyl-phenyl; 2-fluoro-4-methyl-5-
methoxy-phenyl; 2-bromo-4-chlore-5-acetyl-phenyl; 5-methoxy-2-methyl-phenyl; 2-bromo-
4-chioro-5-(3-methanesuifonyl-propoxy)-phenyl; 2-bromo-3-methoxy-4-(tert-
butoxycarbonyl}phenyl; S-methanesulfonyl-2-methoxy-phenyl; 2-bromo-4-chlore-5-(1-

25 hydroxyethyl)-phenyl; 2-fluoro-5-(2-hydroxyethoxy)-4-methyl-phenyl; 2-bromo-3-methoxy-
4-aminocarbonyl-phenyl; 6-brome-2 2-difluoro-benzo|1,3]dioxol-5-y1; 2.6-difluoro-phenyl;
2-bromo-4-cyano-5-methoxy-phenyl; 2,5-dimethoxy-phenyl; 3-methoxyoarbonyl-2-methyl-
phenvi; 3-methoxy-phenyi; 4-methoxy-phenyl; 2,4-dimethoxy-phenvl; 4-chioro-5-methoxy-
phenyl; 4-fluoro-5-methoxy-phenyl; 2-bromo-4-methyl-5-(tert-butoxycarbonyl)-phenyi;

30 3.4,5-trimethoxy-phenyl; 2-bromo-4 6-difluorc-phenyl; 2-ethyl-4,5-dimethoxy-phenyl; 2-
bromo-4-methoxy-phenyl; 4-chloro-5-(2-bydroxyethoxy)-2-methyl-phenyi; 3-
methoxycarbonyl-2-methyl-phenyl; 2,5-dimethyl-phenyl; 2-bromo-5-methoxy-phenyl; 2.3-



In certain embodiments of any of formulas Ill, Ma and 111b, R9 is: mcthoxy 2-hydroxy10 ethoxy;
2-methoxy-ethoxy; or 1-hydroxy-ethyl. In certain embodiments of any o I ,A%a and In,is halo.
In certain em%%@ﬂ@g any of fonnulas HlI, Ina and nth, RIl is quoro.E%%?g}%@& él]%{ R6 R7 Rs R9
Rio or -11 Where any of RI, R2,R. is alkyl or contains an alkyl moiety, such alkyl is preferably lower
alkyl, i.e. C1-C6alkyl, and more preferably 01-C4éﬁgy1. 15 The invention also provides methods for
treating a disetiseti-cheriitidrhemelhtiipoySdrvétremate aseriatduomnits 4-PXRPYatspidr, the method

comprising admipistaring.ieaissiiast inneeshtasigatan effective amount of a compound of the

invention. The invention also provides methads far treating an inflammatory ,respirajory or diabetes
Condition,the]ﬁ]%efﬁ%ae IF%% tsog{armrglaq]ﬁ 1s.%bro .ngsaénlme&m (R ro%o .

™ 0 yDIC
sy Adiiniétering t0 2 Subjett ih need-thereof an effective 20 amount of
a compound chitrethuetitestbgsthebwie-drfleffeciveteronhist a PPRS-MEHBRST The disease may

be an inflajmatary disaase. sualiassartheisxapebmorepaiculay Feumataigyastiyitis, osteoarthritis,
psoriasis, allergic dermatitis, asthma, chronic obstructive, pulmonary disease,.airways
hyper-respondVaess. Eoélﬁ?fé"gsﬁgrc(%é%%rﬁ@ﬁ%%%ﬁ%ﬁﬁgﬁ*r#f%ﬁgotﬁf\glv% %%ngts%?%% Crohn's disease.
25 The diseasesthesy pbeasiicii-Somtivar-pherch asinfldnrimelppamicstrdietpaitr&isceral pain; dental
pain; premensiiya)paine S50 AP RIM duete R PENIQLBine 05 alustaryheadaches; nerve injury;
neuritis; neura%i’gias;_dp?_i Onitg,%" iﬁg}_p?mic injury; interstitial cystitis; cancer pain; viral, parasitic or
bacterial infec |6’Hl;opdst-{1rl}aeu akie ||¥J'ury; or pain associated with irritable bowel syndrome. 30 The
disease nidy be artEssirbmipdisorermslidafidschroficiehdimsdive pharibRak/Urster (COPD),
asthma, or bropch@spashenQr Agasoinigstinabieh digexder-such asilntiable-Bowel Syndrome (IBS),
Inflammatory Bowel Disegse (LBR), biliary colic gnd gther hiliary disorders, renal colic,
diarrhea—domiﬁfglt]il‘[0 ,ypb ?ﬁ&gg‘?dglrg\?é(ﬁé\liﬁ 0@%&% %ﬁé'éﬁ?sﬁy 'hﬁoﬁ%) gigteﬁgéggmay be diabetes.
Representativegberpobedd hbaeeerdayieni et onthbemlieniomars shown in Table 1,

together with RICROMANESHON R2XAa ki Bhdayl: 24 ueiure- Niasie PHABOP2 X6, 0 0 CH,
15 difluoromethoxy-4-methoxy-phenyi:2-bromo-4,5-bis-difluoromethoxy-phenyl;2-bromo-4-

fluoro-5-(2-methoxyethoxy)-phenyl; 2-bromo-4-fluoro-5-(2-hydroxyethoxy)-phenyl; or 4-
fluoro-4,5-dimethoxy-phenyl.
In certain embodiments of formula I, R is 2-bromo-4,5-dimethoxy-phenyl.
In certain embodiments of formula I, R' is 2-bromo-4-chloto-5-methoxy-phenyl.
20 In certain embodiments of formula I, R is 2-bromo-4-fluoro-5-methoxy-phenyl.
In certain embodiments of formula I, R is 2-bromo-5-methoxy-4-methyl-phenyl.
Tn certain embodiments of formula I, R’ is 2-methyl-4,5-dimethoxy-phenyl.
In certain embodiments of formula I, R’ is 2-bromo-4-chloro-5-(2-methoxy-ethyl-phenyl.
In certain embodiments of formula I, R' is 2-bromo-4-chloro-5-(2-hydroxy-ethyl-phenyl.
25 In certain embodiments of formula I, R is 2-bromo-4-difluoromethoxy-5-methoxy-phenyl.
In certain embodiments of formula I, R is Z,S-dimethoxy-pheny.l‘
In certain embodiments of formula I, R’ is 2-ethyl-4,5-dimethoxy-phenyl.
In certain embodiments of formula I, R' i 2-methyl-5-(2-hvdroxy-ethoxy)-4-chloro-phenyl.
In certain embodiments of formula I, R’ is 2,5-dimethyl-phenyl.
30 In certain embodiments of formuta 1, R' is 2-bromo-S-methoxy-phenyl.
In certain embodiments of formula I, R' is 2-bromo-4,5-dimethyl-phenyl.
In certain embodiments of formula I, R! is is optionally substituted heteroaryl. In certain

embodiments such heteroaryl may comprise: pyridinyl; indazolyl; indolyl; quinolinyl;



142-(2-lodo-4,5-dimethoxyphenyl)-acetyl]-2-phenyl-2,3 - dihydro-1H-pyridin-4-one 6.984 2 CH 1300
CIH, H 1 42-(2-lodo-4,5-dimethoxyphenyl)-acetyl}.-2-0-toly1-2,3- dihydro-1H-pyridin-4-one 5.963 Br
HO, CH 0 1 42498140844 5-dimethoxyphenyl)-acety11-2-phenyl-2,3- &h{&f3M ¥ din-4-one 7.03
CH,1001

- 18-

thiophenyl; benzimidazolyl; benzofuranyl; dihydroindolyl; tetrahydroquinolinyl; each of
which may be optionally substituted one, two or three times with a substituent or substituents
independently seiected from: fluoro; chiore; bromo; methyl; methoxy; ethoxy;
trifluoromethyl; diflaoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl,
5 hydroxyethyl; or cyclopropylmethoxy.
In certain embodiments of formuta I, R' is optionally substituted heteroaryl. In certain
embodiments such heteroaryl may comprise: pyridinyl; indazolyl; indolyl; quinolinyl; or
benzofuranyl; each of which may be opticnally substituted one, two or three times with a
substituent or substituents independently selected from: fluoro; chloro; bromo; methyl;

10 methoxy: ethoxy; trifluoromethyl; difiuoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy,

hydroxymethyl; hydroxyethyl; or cyclopropylmethoxy.
In certain embodiments of formula I, R is adamantyl.
In certain embodiments of formula 1, R? is optionally substituted aryl.
In certain embodiments of formula I, R? is optionally substituted phenyi.

15 In certain embodiments of formula I, R? is phenyl optionally substituted one, two, three or
four times with a substituent or substituents each independently selected from: halo; C,.
galkyl; C;.qalkoxy; halo-C,¢alkyl; halo-Ci.alkoxy; Ciealkylsulfonyl; Cysalkylsulfanyt; C;.
salkylsulfinyl; phenyisulfonyl wherein the phenyl portion is optionally substituted with Ci.
salkyl; nitrile; alkylcarbonyl; aminocarbonyl; alkoxycarbonyl; alkoxycarbonylalkoxy;

20  hydroxycarbonyl; hydroxycarbonylalkoxy; alkyiaminocarbonylalkoxy, alkoxyalkoxy;
hydroxyalkoxy; alkylaminoalkoxy; atkylsulfonylalkoxy; hydroxyalkyl, Ci.scycloalkyl-Cy.
salkoxy; amino; aminoalkyl; or nitro: or two adjacent substituents may form a C;.
salkyienedioxy or halo-Cjsalkylenedioxy.

In certain embodiments of formula 1, R? is pheny! optionally substituted one, two, three or

25  fourtimes with a substituent or substituents each independently selected from: fluoro; chloro;
bromo; iodo; methyl; ethyl; methoxy, ethoxy; trifluoromethyl; diflucromethoxy,
methanesulfonyl; methanesulfanyl, methanesulfinyl; toluenesulfonyl; mitrile; acetyl;
aminocarbonyl, methoxycarbonyl; methoxycarbonyimethoxy; carboxy,
hydroxycarbonylmethoxy; methylaminocarbonylmethoxy, methoxyethoxy; hydroxyethoxy;

30  methylaminoethoxy; methanesulfonylpropyloxy; hydroxymethyl; hydroxyethyl;
cyclopropylmethoxy; amino; or nitro; or two adjacent substituents may form methylenedioxy,

ethylenedioxy or difluoromethyienedioxy.



CH, (5)-1 -[2-(2-lod0-4,5-dimethoxyphenyh-acetyl]-2-pheny1-2,3- dihydro-1H-pyridin-4-one 7.418 Vi
1CH,100 ICH, I1P 40 (R)-142-(2-lodo-4,5-dimethoxyphenyl)-acetyl]-2-phenyl-2,3-
dihydro-1H-pyW&iptu$iaedss.425 -25-6 CH, 10 * PCT/EP2009/067404

-19-

In certain embodiments of formula I, R* is phenyl optionally substituted one, two, three or
four times with a substituent or substituents each independently selected from: halo; Ci.
salkyl; Crealkoxy; halo-Ci salkyl; hailo-Cysalkoxy; Ciealkylsuifonyl; nitrile; alkoxyalkoxy;
hvdroxyalkoxy; alkyisulfonylalkoxy; hydroxyalkyl; or Ciscycloalkyl-C;_galkoxy.

5 In certain embodiments of formula I, R? is phenyl optionally substituted one, two, three or
four times with a substituent or substituents each independently selected from: fluoro; chlore;
bromo; iodo; methyl; ethyl; methoxy; ethoxy; triftuoromethyl; difluoromethoxy;
methanesulfonyl; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl, hydroxyethyl; or
cyclopropyimethoxy.

10 In certain embodiments of formula I, R? is phenyl optionally substituted one, two or three
times with a substituent or substituents each independently selected from: fluore; chloro;
bromo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; nitrile;
methoxyethoxy; hydroxyethoxy; hydroxymethyl: hydroxyethyl; or cyclopropylmethoxy.

In certain embodiments of formula I, R? is phenyl substituted once or twice with a substituent

15 or substituents cach independently sclected from: halo; methvl;, methoxy; trifluoromethyl;
difluoromethoxy; nitrile; or methanesulfonyl.

In certain embodiments of formula 1, R? is phenyl substituted once or twice with a substituent
or substituents cach independently selected from: fluoro; chloro; methyl; methoxy; or nitrile.
In certain embodiments of formula I, R* is phenyl substituted once or twice with fluoro,

20 In certain embodiments of formula I, R? is: phenyl; 4-fluoro-phenyl; 3-fluoro-phenyt; 2-
fluoro-phenyl; 2-chloro-phenyl; 3,4-difluoro-phenyt; 3,5-diftuoro-phenyl; 3-methyl-phenyl;
4-methyl-phenyl; or 3-cyano-phenyl.

In certain embodiments of formula I, R? is: phenyl; 4-fluoro-phenyl; 3~-fluoro-phenyl; 2-
fluoro-phenyt; 2-chloro-phenyl; 3,4-diflucro-phenyl; or 3,5-difluoro-phenyl,

25  In certain cmbodiments of formula I, R? is 4-fluoro-phenyl.
ﬁl certain embodiments of formula I, R? is 3-fluoro-phenyl.

In certain embodiments, the compounds of formula I may be more specifically of formula II:
o



F 2-(4-Fluoro-phenyl)-1 -[2-(2-iod04,5 -dimethoxy-phenyl)-acetyl]-2,3- dihydro-1H-pyridin-4-one 6.97
7BrO-OHC 0 1-[2-(2-Bromo-5 -methoxy-phenyl)- acetyl1-2-phenyl-2,3 -dihydro-1H- pyridin-4-one
6.765 Br la 0 WO B¢y PCT/EP2009/667404
220 -
wherein:
pisfrom0to 3;
R® R7,R® R® and R'° each independently is: hydrogen; hale; Cy.salkyl; C).calkoxy;
halo-Cy.galkyl; halo-C;salkoxy; Cgalkylsulfonyl; C;.ealkylsulfanyl; C,_salkylsulfinyl,
5 phenylsulfonyl wherein the phenyl portion is optionally substituted with C;_salkyl; nitrile;
hydroxy; alkylcarbonyl; aminocarbonyl; alkoxyearbonyl; alkoxycarbonylalkoxy;
hydroxycarbonyl; hydroxycarbonylalkoxy; alkvlaminocarbonylalkoxy; alkoxyalkoxy;
hydroxyalkoxy; alkylaminoalkoxy, alkylsulfonylalkoxy, hydroxyalkyl; Ciecycloalicyl-Cy.
salkoxy; amino; aminoalkyl; or nitro; or two adjacent substituents may form a Cy.
10 calkylenedioxy or halo-Cqalkylenedioxy; and
each R" independently is: halo; Cyalkyl; C_ealkoxy; halo-Cy.ealkyl; halo-Cy.
salkaxy; Ciealkylsulfonyl; or nitrile.
In certain-embodiments of formula T, the subject compounds may be more specificallty of

formula Ha or formula Ob;

o)

R’ = ° R® =

R’ N RY N
o) o i
B 10 B 10

R R y R R y

Lo R, Lo R,

Tia; Ih:

wherein p, R®, R, R®, R®, R™® and R" are as defined herein.

15

In certain embodiments of the invention, the subject compounds are of formula ITa.

In certain embodiments of the invention, the subject compounds are of formula IIb.

In certain embodiments of eny of formulas T, Tlz and ¥b, at least two of R®, R, R® R” and
20 R™are not hydrogen.

In certain embodiments of any of formulas 1, Ha and b, at least three of RS, R, Rg, R’ and

R are not hydrogen.

In certain embodiments of any of formulas II, Ia and Ib, R, R7, R®, R and R" each

independently is: hydrogen; fluoro; chiore; bromo; iodoe; methyl; ethyl; methoxy; ethoxy;
25  wifluoromethyl; diflooromethoxy; methanesulfonyl; methanesulfanyl; methanesulfinyl;

tolenesulfonyl; nitrile; acetyl; aminocarbonyl; methoxyearbonyl; methoxycarbonylmethoxy;

carboxy; hydroxycarbonylmethoxy, methylaminocarbonylmethoxy, methoxyethoxy;

hydroxyethoxy; methylaminoethoxy; methanesulfonyipropyloxy; hydroxymethyt;



1 42-(2-Bromo-4-methoxy-phenyBacetyl]-2-phenyl-2,3-dihydro-1H- pyridin-4-one 5.685 Br 01 0O |
CH3C2LCH N........... -..". H3C CH3 1 -[2-(2-Bromo-4,5 -dimethoxyphenyl)-ae,etyl]-2-isopropyl-2,3-
dihydro-1H-pyR&iptH6HES.45 10 Br 0 | CH,0,CH, 0 1 -[2-(2-Bromo-4§T/EP2062/067404
-dimethoxypheny1l)-acetyl]-2-eyelohexyl-2,3- dihydro-1H-pyridin-4-one 7.193

hydroxyethyl; cyclopropylmethoxy; amino; or nitro; or two adjacent substituents may form
methylenedioxy, ethylenedioxy or difluoromethylenedioxy.
In certain embodiments of any of formulas II, ITa and Ith, R®, R, R®, R and R"" each
independently is: hydrogen; halo; Cyealkyl; Cy.ealkoxv; halo-Cy galkyl; halo-Cigalkoxy; Cp.
3 alkylsulfonyl; nitrile; alkoxyalkoxy; hydroxyalkoxy; alkylsuifonylalkoxy; hydroxyalkyl; or
Cageycloatkyl-Cy galkoxy,
In certain embodiments of any of formulas II, Tia and Ilb, RE R7,R®, R and R each
independently is: hydrogen; fluoro; chlore; bromo; iodo; methyl; ethyl, methoxy; ethoxy;
trifluoromethyl; difluoromethoxy; methanesulfonyl; nifrile; methoxyethoxy; hydroxyethoxy;
10 hydroxymethyl; hydroxyethyl; or cyclopropyhmethoxy.
In certain embodiments of any of formulas If, 11z and IIb, R®, R”, R®, R” and R™ cach
independently is: hydrogen; fluoro; chloro; brome; methyl; ethyl; methoxy; ethoxy;
trifincromethyl; difluoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl;
hydroxyethyl; or cyclopropylmethoxy.
15 In certain embodiments of any of formulas 11, Na and Tib, R” and R" are hydrogen,
In certain embodiments of any of formulas 11, 1la and ilb, R®is: hydrogen; halo; or methyl.
In certain embodiments of any of formulas 1, Ila and 1ih, R¥is: hydrogen; methoxy; halo;
methyl; or difluoromethoxy.
In ¢ertain embodiments of any of formulas Ti, fa and Ilb, R%is: methoxry; bydrogen; 2-
20  hydroxy-ethoxy; 2-methoxy-ethoxy; 1-hydroxy-ethyl; or cyclopropyimethyl.
In certain embodiments of any of formulas I, Ha and T, pis 0, 1 or 2.
In certain embodiments of any of formulas 11, T1a and Iib, R is halo.
In certain embodiments of any of formulas T, Ta and Itb, R' is fluoro.
In certain embodiments of any of formulas 11, 1la and Ilb:
25 R®is: hydrogen; halo; methyl; or ethyl;
R’ is hydrogen; methyl; methoxy; or methoxycarbonyl;
R’ is: hydrogen; methoxy; halo; methyl; or diftsoromethoxy;
R’ is: hydrogen; methoxy; hydrogen; 2-hydroxy-ethoxy; 2-methoxy-ethoxy; or 1-
hydrexy-ethyl, and
30 R® is hydrogen; or halo.
In certain embodiments of any of formulas H, Ha and Iib:
R®is: halo; or methyl;
R’ is hydrogen;



Cl01CH,0.,.. CH, 40 1 -[2-(2-Chloro-4,5-dimethoxyphenyl)-acetyl]-2-phenyl-2,3-
dihydro-1H-pyridin-4-one 6.806 - 26 -12/0is 0 Br
142-(743romo¥ 034 Merbbenzo[1,4]clioxin-6-y1)-acety1]-2- pheny1-2, FHITRRE1441#ridin-4- one 5
305" 13

2.

R®is: methoxy; halg; methyi; or diffuoromethoxy;
R’ is: methoxy; 2-hydroxy-ethoxy; 2-methoxy-ethoxy; or 1-hydroxy-ethyl; and
1% s hydrogen; or halo.
In certain embodiments of any of formulas 11, Ha and Ilb:
5 R® is: bromo; or methyl;
R’ is hydrogen,;
R® is: methoxy; chloro; fluore; methyi; or difluoromethoxy;
R’ is: methoxy, 2-hydroxy-ethoxy, 2-methoxy-ethoxy; or I-hydroxy-ethyl; and
¥ is hydrogen.
10 In certain embodiments of any of formulas I1, Ta and ITb, pis 1 or 2 and R is halo.
In certain embodiments of any of formulas H, Ha and b, pis 1 or2 and R is fluoro.
In certain embodiments of any of formulas H, Ia and IIb, p is 1 and R is fluoro.
In certain embodiments of any of formulas T1, Tla and T, p is 1 and R'! is fluoro at the 4-
position.

15 1In certain embodiments, the compounds of formula I may be more specifically of formuta 1L
O
R® =
N
O
R®
=°
R’
wherein RS, R¥, R® and R"! are as defined herein.

In certain embodiments of formula ITI, the subject compounds may be more specifically of

formula 112 or formula 1b;

i

20 1ib;

wherein R, R®, R and R™ arc as defined herein.




1.1 0CH,0,GH (S)-142-(2-Bromo-4,5-dimethoxyphenyl)-acetyl]-2-phenyl-2,3- dihydro-1
H-pyridin-4-one 7.22 14 CI0 S I CH,0, CH, (S)-142-(2-Chloro-4,5-dimethoxy -
phenyl)-acety|PXp#éy1e273- dihydro-1H-pyridin-4-one 6.705 5 CH, | 0 2CO/BP@BH/ 7O F

10

15

20

30

-23-
In certain embodiments of any of formulas T, 1Ta and Ifib, RS is: halo; methyl; or ethyl.

In certain embodiments of any of formulas 111, Ila and 1b, R® is: methoxy; halo; methyl; or
difluoromethoxy.

In certain embodiments of any of formulas 111, Illa and IiIb, R is: methoxy; 2-hydroxy-
ethoxy; 2-methoxy-ethoxy; or 1-hydroxy-ethyl.

In certain embodiments of any of formulas 111, la and 1Tlb, RS ig: brome: or methyl;

In certain embodiments of any of formulas HI, Iffa and Iib, R%is: methoxy; chioro; fluoro;
methyl; or difluoromethoxy.

In certain embodiments of any of formulas III, Mla and IIb, R’ is: methoxy; 2-hydroxy-
ethoxy,; 2-methoxy-ethoxy; or 1-hydroxy-athyl.

In certain embodiments of any of formulas 11, IIa and Ib, RY is halo.

In certain embodiments of any of formulas 111, [la and I[{ib, R is fluoro.

Where any of R, R%L R, RY, R? R, R, RE R®, R or RY is alkyl or contains an alkyl moiety,
such alkyl is preferably lower alkyl, i.e. Cy~Cgalkyl, and more preferably C;-Cjalkyl.

The nvention also provides methods for treating a discase or condition mediated by or
otherwise associated with a P2X; receptor, the method comprising administering to a subject
in need thereof an effective amount of 2 compound of the invention.

The invention also provides methods for treating an inflammatory, respiratory or diabetes
condition, the method comprising administering o a subject in need thereof an effective
amount of a compound of the invention together with an effective amount of a P2X3 inhibitor.
The disease may be an inflammatory discase such as arthritis, and more particularly
rhenmatoid arthritis, osteoarthritis, psoriasis, aliergic dermatitis, asthma, chronic obstructive
pulmonary disease, airways hyper-responsiveness, septic shock, glomerulonephritis, irritable
bowel disease, and Crohn's disease.

The disease may be a pain condition, such as inflammatory pain; surgical pain; visceral pain,;
dental pain; premenstrual pain; central pﬁin; pain due to bums; migraine or cluster beadaches;
nerve injury; neuritis; neuralgias; poisoning; ischemic injury; interstitial cystitis; cancer pain;
viral, parasitic or bacterial infection; post-trawunatic injury; or pain associated with irritable
bowel syndrome.

The disease may be a respiratory disorder, such as chronic obstructive pulmonary disorder
(COPD), asthma, or bronchospasm, or a gastrointestinal (GI) disorder such as Irritabie Bowel
Syndrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and other biliary disorders,

renal colic, diarrhea-dominant IBS, pain associated with GIT distension.



F40 1 -[244,5-Dirnethoxy-2- trifluoromethyl-phenyl)-acetyl]-2- pheny1-2,3-dihydro-1H-pyridin-4- one
5.39516 ? CH, OCH,40 (S)-142-(2-Bromo-5-ethoxy-4- methoxy-phenng)- I%% 4-
quoro-phenle&iQ,@-1(9{%?8?(8-IH- pyridin-4-one 7.7 17 CHL. SO ,0 H,C §%%%% - F‘gﬁ”lo-4-ethoxy-5-
methoxy-phenyl)-acetyl]-2-(4- fluoro-phenyl)-2,3-d%f‘%ydro-1ll- pyridin-4-one 6.535 -27 -

The disease may be diabetes.

Representative compounds in accordance with the methods of the invention are shown in

Table 1, together with plCsy values for P2X7.

TABLE 1
# | Structure Name plCso P2X7

0
s =
O N
| 1-[2-(2-Todo-4,5-dimethoxy-
o) phenyly-acetyl]-2-phenyl-2,3- 6.984
O i

dihydro-1 H-pvridin-4-one

1-[2-(2-lodo-4,5-dimethoxy-
cH. | phenyli-acetyi]-2-o-tolyl-2,3- 5.963
dihydro-1 H-pyridin-4-one

O
g
0
4 (S)-1-[2-(2-Iodo-4,5-dimethoxy-
O phenyl)-acetyi]-2-phenyl-2,3- 7418
(ID I dihydro-1H-pyridin-4-one
CH

(R)-1-{2-(2-lodo-4,5-dimethoxy-
phenyl)-acetyi]-2-phenyl-2,3- 5.425
dihydro-1 H-pyridin-4-one

=
N
0
Br =
N
3 1-[2-(2-Bromo-4,5-dimcthoxy-
O phenyl)-acetyl]-2-phenyl-2 3- 7.03
CP dihydre-1 H-pyridin-4-one
s Osey
~
N
~
N




18 H3C, 0101 o0 (S)-1-[2-(2-Bromo-5- cyclopropylmethoxy-4-methoxy-
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TABLE 1
Synthesis

Compounds of the present invention can be made by a variety of methods depicted in the
illustrative synthetic reaction schemes shown and described below.

5  The starting materials and reagents used in preparing these compounds generally are either
available from commercial suppliers, such as Aldrich Chemical Co., or are prepared by
methods known to those skilled in the art following procedures set forth in references such as
Fieser and Fieser’s Reagents for Organic Synthesis, Wiley & Sons: New York, 1991,
Volumes 1-15; Rodd s Chemistry of Carbon Compounds, Elsevier Science Publishers, 1989,

10 Volumes 1-5 and Supplementals; and Organic Reactions, Wiley & Sons: New York, 1991,
Volumes 1-40. The following synthetic reaction schemes are merely illustrative of some
methods by which the compounds of the present invention can be synthesized, and various
modifications to these synthetic reaction schemes can be made and will be suggested to one
skilled in the art having referred to the disclosure contained in this Application.

15 The starting materials and the intermediates of the synthetic reaction schemes can be isolated
and purified if desired using conventional techniques, including but not limited to, filtration,
distillation, crystallization, chromatography, and the like. Such materials can be
characterized using conventional means, including physical constants and spectral data.
Unless specified to the contrary, the reactions described herein preferably are conducted

20 under an inert atmosphere at atmospheric pressure at a reaction temperature range of from



5.843 410 CH, Br-.4'CH (S)-1 4242 -Bromo-4,5-dimethoxyphenyl)-acetyl]-2-(3-fluoro-phenyl)- 2
,3-dihydro- 1H‘>6>(¥r|d|n -4-one 7.94 42 ...CH,011-040 1-[2-(2,5 Dlmethox hen

ety1]-2(4-fluoro pzher‘{yff 5 3- dlhydro4H pyridin-4-one 5.995 43 F ..----.0.. OP—'W é}ﬂ
(2[2-Bromo-4-fluoro-542- methoxy-ethoxy)- phenyl]acetyl} -2- (4-flu

oro-pheny1)-2,3-dihydro-1Hpyridin-4-one 7.89
about -78 °C to about 150 °C, more preferably from about 0 °C to about 125 °C, and most

preferably and conveniently at about room (or ambient) temperature, e.g., about 20 °C.
Scheme A below illustrates one synthetic procedure usable to prepare specific compounds of

formula I, wherein X is a leaving group and R®, R, R®, R®, R' and R"" are as defined herein.

base

11 ”

SCHEME A
In Scheme A, arv! acetic acid compound a is reacted with aryl dihyropyridone compound b
in an amide coupling reaction to afford dihydropyridone amide compound I, which is a
compound of formula I as noted above. Leaving group X, in many embodiments, may be —

10 OH, and the amide coupling reaction of step 1 may be carried out using EDCL, HU, BOP,
PyBOP or the like. In many embodiments compound a is an acid halide which may be
prepared by treatment of the corresponding aryl acetic acid with thiony! chloride,
phosphorous oxychloride, oxalyl chloride or the like. corresponding arvl nitro compounds, as
illustrated in the experimental examples below.

15 Aryl dihydropyridone b may be prepared by reaction of the corresponding aryl Grignard
reagent with 4-methoxy-pyridine, which may be protected to prevent reaction at the 2-
pOsition.

In the embodiment of Scheme A, aryl acetic acid compound a is shown as a phenyl
compound, and aryl dihyropyridone b is shown as a phenyl compound. The phenyl moieties

20 ofthese compounds in many embodiments may be replaced by various heteroaryl, such as
indolyl, indazolyl, pyridinyl, and the like, as demonstrated in the expermental examples
below, |
Many variations of Scheme A are possible and will suggest themselves to those skilled in the
art. Specific details for producing compounds of the invention are described in the Examples

25 section below.

LUhility
The compounds of the invention are usabie for the treatment of a wide range of inflammatory
diseases and conditions such as arthritis, including but not limited to, rheumatoid arthritis,

spondvloarthropathies, gouty arthritis, osteoarthritis, systemic lupus erythematosus and



44 H3 0, 'CH3 (S)-1 4243 ,4-Dimethoxy-phenyl)- acetyl] -2-(4-fluoro-pheny1)-2,3-

dihydro-lH-pmgi%ﬁ}-%g%6.003 -32-45 O0CH,0, 42-(3,4-(3,4-phen ﬁéghe%%ﬁgsyl
acetyl]-2-(3-f|uoro-pf/'nen'yl)-2,3- dihydro-1H-pyridin-4-one 6.006 46 01\ ' &é‘} 42

-Bromo-4-fluoro-5-(2- hydroxy-et_hoxy)-phenyl]acet%lg -2- (4-fluoro-phenyl)-2,3-dihydm-1Hpyridin-4-one
7314701 CH,0,cH3 e
juvenile arthritis, ostcoarthritis, gouty arthritis and other arthritic conditions. The subject

compounds would be useful for the treatment of pulmonary disorders or lung inflanumation,
including adult respiratory distress syndrome, pubmonary sarcoidosis, asthia, silicosis, and
chronic pulmonary inflammatory discase.

5 The compounds of the invention are also expected to find utility as analgesics in the
freatment of diseases and conditions associated with pain from & wide variety of causes,
including, but not limited to, inflammatory pain such as pain associated with arthritis
{including rheumatoid arthritis and osteoarthritis), surgical pain, visceral pain, dental pain,
premenstrial pain, central pain, pain due to burns, migraine or cluster headaches, nerve injury,

10 neuritis, neuralgias, poisoning, ischemic injury, intersiitial cystitis, cancer pain, viral,
parasitic or bacterial infection, post-traumatic injuries {including fractures and sports injuries),
and pain associated with functional bowel disorders such as irnitable bowel syndrome.
Further, compeunds of the invention are useful for treating respiratory disorders, including
chronic obstructive pulmonary disorder (COPD), asthma, bronchospasm, and the like.

15 Additionally, compounds of the invention are useful for treating gastrointestinal disorders,
inciuding Irritable Bowel Syndrome (IBS), Inflammaiory Bowel Discase (IBD}, biliary colic
and other biliary disorders, renal colic, diarrhea-dominant IBS, pain associated with GI
distension, and the like.

The compounds of the invention are also useful for the treatment of muscular sclerosis.

20 Administration and Pharmaceutical Composition
The invention inchudes pharmaceutical compasitions comprising at least one compound of
the present invention, or an individual isomer, racemic or non-racemic mixture of isomers or
a pharmaceutically acceptable salt or solvate thereof together with at least one
pharmaceutically acceptable carrier, and optionally other therapeutic and/or prophylactic

25 ingredients.

In general, the compounds of the invention will be administered in a therapeutically effective
amount by any of the accepted modes of administration for agents that serve similar utilities.
Suitable dosage ranges are typically 1-500 mg daily, preferably 1-100 mig daily, and most
preferably 1-30 mg daily, depending upon numerous factors such as the severity ofthe

30  disease to be treated, the age and relative health of the subject, the potency of the compound
used, the route and form of administration, the indication towards which the administration 18
directed, and the preferences and experience of the medical practitioner involved. One of

ordinary skill in the art of treating such diseases will be able, without undue experimentation



(S)-1 -[2-(2-F1uoro-4,5-dimethoxyphenyl)-acetyl1]-2-(4-fluoro-phenyl)- 2,3 -dihydro-1H-pyridin-4-one

6.448 1P 0| - S)-1 -[2-(2-Fluoro-4,5-dimethoxyphenyl)-ac. =23z -phenyl)- 2
3-dihydro- | &%%%!’nﬁ?‘é’ne 6.55 49 CH, F 001 O\ OH (S)-1 - PR

{244-FIuoro-5-(2-hydroxyethoxy)-2-methyl-phenyl]%getylI -2- (4-fluoro-phenyl)-2,3 -dihydro- |

Hpyridin-4-one 7.12 WO 20101072647PCT/EP2009/067404 - 33 - 50 Br
and in reliance upon personal knowledge and the disclosure of this Application, to ascetiain a

therapeutically effective amount of the compounds of the present invention for a given
discase.
Compounds of the invention may be administered as pharmaceutical formulations inciuding
5 those suitable for oral (including buccal and sub-lingual), rectal, nasal, topical, pulmonary,
vaginal, or parenteral (including intramuscular, intraarterial, intrathecal, subcutaneous and
intravenous) administration or in a form suitable for administration by inhalation or
insufflation. The preferred manner of administration is generally oral using a convenient
daily dosage regimen which can be adjusted according to the degree of affliction,

10 A compound or compounds of the invention, together with one or more conventional
adjuvants, carriers, or diluents, may be placed into the form of pharmaceutical compositions
and unit dosages. The pharmaceutical compositions and unit dosage forms may be
comprised of conventional ingredients in conventional propostions, with or without additional
active compounds or principles, and the unit dosage forms may contain any suitable effective

15  amount of the active ingredient commensurate with the intended daily dosage range to be
emploved. The pharmaceutical compositions may be employed as solids, such as tablets or
filied capsules, semisolids, powders, sustained release formulations, or liguids such as
solutions, suspensions, emulsions, elixirs, or filled capsules for oral use; or in the form of
suppositories for rectal or vaginal administration; or in the form of sterile injectable solutions

20 for parenteral use. Formulations containing about one (1) milligram of active ingredient or,
more broadly, about 0.01 to about one hundred (100) milligrams, per tablet, are accordingly
suitable representative unit dosage forms.

The compounds of the invention may be formulated in a wide variety of oral administration
dosage forms, The pharmaceutical compositions and dosage forms may comprise a

25  compound or compounds of the present invention or pharmaceutically acceptable salts
thereof as the active component. The pharmaceutically acceptable carriers may be either
solid or liquid. Solid form preparations include powders, tablets, pills, capsules, cachets,
suppositories, and dispersible granules. A solid carrier may be one or more substances which
may also act as diluents, flavouring agents, solubilizers, lubricants, suspending agents,

30 binders, preservatives, tablet disintegrating agents, or an encapsulating material. In powders,
the carrier generally is a finely divided solid which is a mixture with the finely divided active
component, In tablets, the active component generally is mixed with the carrier having the

necessary binding capacity in suitable proportions and compacted in the shape and size
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methods by whigh iig,com BQ&ABHE&LEL%B@%E@H%‘EQ%% a‘%ﬁé‘a%p%m?ﬁ%a{%&%@Qé%ix‘/ea“ous

modifications to these synthetic reaction schemes can be made and will be suggested to one skilled in
the art having YT S tHe U B e Eon A IRCI BYAFsREiBhich & Thissseartiply Tithterials and the
intermediates $ithelgyridteticiie detiofesaheniegdam id:isqlatedardpieipdlif deb#ednising
conventional tfi‘:&g{g&“{?ﬁy including Hutnetimited 1o filtration, distillation, crystallization,

chromatography, and the like. Such materials can be characterized using conventional means,
including g%ys%ﬁi‘rc%ﬂ%iéﬂ@bé%@rs‘if@&?ﬁl“b‘éﬁ?‘??ﬁf@@%B%‘E:‘ﬁ‘i@(ﬂ“i@%‘é@)‘?ﬂ?’éﬁ?}?ﬂ%‘% reactions

described heretmuptederablypact:conduetedsolutions, aqueous suspensions, or solid form preparations

which are intended to be converted shortly before use to liquid form preparations.
Emmulsions may be prepared in solutions, for example, in aqueous propylene glycol solutions
or may contain emulsifving agents, for example, such as lecithin, sorbitan monooleate, or
15 acacia. Aqueous solutions can be prepared by dissolving the active component in water and
adding suitable colorants, flavors, stabilizers, and thickening agents. Aqueous suspensions
can be prepared by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gumes, resins, methylcellulose, sodium
carboxymethylcellulose, and other well known suspending agents. Solid form preparations
20 inclade sohations, suspensions, and emulsions, and may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners,
dispersants, thickeners, sotubilizing agents, and the like.
The compounds of the invention may be formulated for parenteral administration {e.g., by
injection, for example bolus injection or continuous infusion) and may be presented in unit
25 dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers
with an added preservative. The compositions may take such forms as suspensions, sclutions,
or emulsions in oily or aqueous vehicles, for example solutions in aqueous poivethylene
glycol. Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include
propylene glyeol, polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic
30 esters (e.g., ethyl oleate), and may contain formulatory agents such as preserving, wetting,
emulsifying or suspending, stabilizing and/or dispersing agents. Alternatively, the active

ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by



20 under an inert atmosphere at atmospheric pressure at a reaction temperature range of from WO
201O/O72647%%1’24%5@,(2)%3/067404 -34 - about -7_8 C to about 150 C, mMQI&, %B%r%{lg%f‘{om about0 C
to about 125 C, and maost preferably and conveniently at about room (or ambient) temperature, e.g.,
about 20 C. Scheme A below illustrates one synthetic procedure usable to prepare specific
compounds of foiniula I, wherein X is a leaving gréa%"and R6, R7, R8, R9, Rl and R11 are as defined
herein. 00 Rel@rjpgation fygaolutiop by synstitution before use with a suitable vehicle, e.g., sterile,

pyrogen-free water.
The compounds of the invention may be formulated for topical administration to the
epidermis as ointiments, creams or lotions, or as a transdermal patch. Oinfments and creams
5 may, for example, be fornmiated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an agueous or oily base
and will in general also containing one or more emulsifying agents, stabilizing agents,
dispersing agents, suspending agents, thickening agents, or coloring agents. Formulations
suitable for topical administration in the mouth include lozenges comprising active agents in
16 aflavored base, usually sucrose and acacia or tragacanth; pastilles comprising the active
ingredient in an inert base such as gelatine and glycerine or sucrose and acacia; and
mouthwashes comprising the active ingredient in a suitable liguid carrier.
The compounds of the invention may be formuiated for administration as suppositories. A
low melting wax, such as a mixture of fatty acid glycerides or cocoa butter i first melted and
15  the active component is dispersed homogeneously, for example, by stiming. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool, and 1o
solidify.
The compounds of the invention may be formulated for vaginal administration. Pessaries,
tampons, creams, gels, pastes, foams or sprays containing in addition to the active ingredient
20 such carriers as arc known in the art to be appropriate,
The subject compounds may be formulated for nasal administration. The solutions or
suspensions are applied directly to the nasal cavity by conventional means, for example, with
a dropper, pipette or spray. The formulations may be provided in a single or multidose form.
In the laiter case of a dropper or pipette, this may be achieved by the patient administering an
25 appropriate, predetermined volume of the solution or suspension. In the case of a spray, this
may be achieved for examplie by means of a metering atomizing spray pump.
The compounds of the invention may be formulated for aerosol administration, particularly to
the respiratory tract and including intranasal administration. The compound will generally
have a small particle size for example of the order of five (5) microns or less. Such a particie
30 size may be obtained by means known in the art, for example by micronization. The active
ingredient is provided in a pressurized pack with a suitable propellant such as a
chloroflucrocarbon (CFC), for example, dichlorodifluoromethane, trichloroffuoromethane, or

dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may



SCHEME A In Scheme A, aryl acetic acid compound a is reacted with aryl dihyropyridone compound b
in an amide ¢ i ion to afford dihydropyridone amide compou ich js.a compound of
formula | as n%%[%gé(% ﬂg%%?Leaving group X, in many embodiments, ma;r}%g/?@l%b%%fgﬁd the amide
coupling reaction of step 1 may be carried out using EDCI, HU, BOP, PyBOP or the like. In many
embodiments compound a is an acid halide which may be prepared by treatment of the corresponding
aryl acetic acidORiRiAIHAICHIBHEE %ﬁ%@ﬁ?ﬁ%h@sdwgﬂ%r%@,d@&%ﬁl@#ﬁé’?ﬂé’%ﬁﬁé’m@
correspondinghagtheireicamponnssatasiiinstiaiedptieexpesmental exampiesiagiowy| 5 Aryl

dinydropyridone, 13y, be. SPRIEG B 15RGHRR LIRS coeshANIING. e Glanaydeagent with

4-methoxy-pyridine, whi ay be protected to prevent reaction at the 2- position. In the embodiment
of Scheme A, 'é?iﬂséc%ﬁféha%%&ﬁﬁéﬂﬁ 58 A aHBFHY CSHGRad and aryl dihyropyridone b
is shown as a@mmﬂ;pgmp@m@ﬂhephmﬂm@eﬂasﬁ@ fofithege mamp@umd@i@maay embodiments

may be rep'acfo%ﬁéé X&ﬁ%&%ﬂ&?ﬁ%%&&ﬁt%e Jpgald mdrzalvl.Ryidinv,and ihe.dilg,as

demonstrated'in the expermental'examples below. Many variations of Scheme A are possible and
will suggest thefhéeRri5 BBLeEkiES fiathebish. tseemer qutahs For Bttt Mg esmsbahds of the

invention are desesibed in the Examples 25 section below. Utility The compounds of the invention are

usable for the ieaimenttawide ange anlamatonydiseases and sndionaiauey as arthrits,

including but not limited to, rheumatoid arthritis, spondyloarthropa hies,jouty arthritis, osteoarthritis,
systemic RpusBRlrFateS S EREToer s6P6 AT IbHRRETED 20DEI08 7400 8By R arthritis,
osteoarthritis, greushyt arthiing esmchboftendsthr it crandditions:. stharsubjectaguyeundswoild be useful for

the treatment f ALPENANY AISALRIS ARG Ilammation.neluding adulikGspikatory distress

syndrome, puhnonary sarcoidosis, asthma, silicosis, and chronic pulmonary inflammatory disease. 5
The compoun8EEFRETVERTTH Y SEBERFe b P HTFITE S SratgekicemPiad &atment of
diseases and cendiionsdabsagigtechyite paincirdmiasvideovarigiy-afresusesidncppdingiizut not limited

to, inflammatory pain sUER A% pain Associatast with arthritis fncluding.sheymatgid arthritis and

osteoarthritis), surgical pain, visceral pain, dental pain, premenstrual pain, central pain, pain due to
bums, migrain® SCEE e BRI HEE hre ity 16 AlBs HETRIGid%Peisoning, ischemic injury,
interstitial cystdﬁquaj_aq@p'mim,tlwérajbmmsm@obmgeﬂairihfjgcﬁimn,Timst;bt.aumaﬂnpiajmries (_inpluding
fractures and spos ilesh AR Assciatedhiihioctionatibpwelisordgrs such as irtable

bowel syndrome. Further, compounds of the invention are useful for treating respiratory disorders,
including chroRi BBt ARSI onar dSEFdSid cOPD), asthma, bronchospasm, and the like. 15
Additionally, cohepbemdscofithiepinvenion areuetulyfor ungatingzgastrairitesthabdisdrders, including

Irritable Bowel,2yndrome dblidzledHiammatery Bawehbisease 4BRL-RIRA0F fligard other biliary

disorders, renal colic, diarrhea-dominant IBS, pain associated with Gl distension, and the like. The

compounds of RPN ISR WHL IS USBR AT PIA@ HFE A BB B B SR8 98I€ P R$A dministration
and Pharmaceiiticat Gemitesitiomnefireiny erdion ircludé s:pharmasdetiead pomipositioals comprising at

least one compauRgLof i RILSBRUNUENERR @ B BYIMIAUBLISO e (R EIIELT DN Faeemic mixture
of isomers or a pharmaceutically acceptable salt or solvate thereof, together with at least one

pharmacettic&fl§ XcR8 SPRER EL PUP P BBtEANIS BeRde8atd¥8htic and/or prophylactic 25
ingredients. InQyenerahbiheleompoundsofitherimvbet onmmilkpeadarmstere duif e eeapeutically
effective amount ky;any plibs.ascepedmedes el agministatieniaturaenis ihataerye similar utilities.

Company, 19th edition, Easton, Pennsyivania, Representative pharmaceutical formulations

containing a compound of the present invention are described below.

30 EXAMPLES
The following preparations and examples are given to enable those skilled in the art to more
clearly understand and to practice the present invention. They should not be considered as

limiting the scope of the invention, but merely as being illustrative and representative thereof.



Suitable dosage ranges are typically 1-500 mg daily, preferably 1-100 mg daily, and most preferably
1-30 mg daily, depending upon numerous factors such as the severity of the 30 disease to be treated,
the age and réﬁ’gtl\?éo YCaTth of the subject, the potency of the compound %%Te%l,’zt%}g%?ﬁ?é and form of
administration, the indication towards which the administration is directed, and the preferences and
experience of the medical practitioner involved. on&sf ordinary skill in the art of treating such
diseases will B& B ehEATisUt tiedGE ERpeRivehatiBim o Pr D orX62 7HEHE P2BEBHA67404 - 36 -
and in reliancedpen-pgrsonabknavilesgeand e disdiosytmeh hiApPIikagR. e ascartain a
therapeutically cfieclive. amount,of he.compeunds, ot e, Arssent inention for & gjven disease.
Compounds of the invention may be administered as p% rmaceutical formulations m%?ucilng 5 those
suitable for orai{ikciseRriyislic earehdcsubringiabs sacrampsdarIapisd: phisioraprrivaginal, or
parenteral finglugling;iiranmise ulamdRitaade tiohd Trathpealf suhcutaneens @ infaaEnous)
administration,of i, form sullabls for.administagon. by inhelaton.ec insuffiation, The preferred
manner of adrhinistration IS gen alfy ora uéingya convenient dﬁgify osage regimen which can be
adjusted according to the degree of affliction. 10 A compound or compounds of the invention, together
with one or more conventional adjuvants, caxR&BE VL diligemms, may be placed into the form of
pharmaceutical compBSRIONES and unit Zosagethotheiheyiiaeduticehecompositions and unit dosage
forms maythe compk$8d of conventioral-ihepadizriesSid- eundemtiorral proportions, with or without
additional active co nds or principléé apchentpitysayeifss may contain any suitable
effective 15 amount active ingredi R FTEEPSLe with the intended daily dosage range to be

employed. The phargjggeutical COMpOg I s may-hbe e e?’é?/%d as solids, such as tablets or filled

capsules,;semisolidsgyppwiders, sustai B %ﬁn@@gi@%ﬂ% ligiids such as solutions,

suspensions, emulsigng;celixirs, or fillegtlggﬂﬁtg@%mgoral use; or’'in the foini of suppositories for rectal

or vaginal administratigapor in the forn-afust@siledmestadile solutions 20 for parenteral use.

Formulations contaitifi§labout one (I ) insifligr2:03 afiactvémigopdigriicahamiangdbroadly, about 0.01 to

about one hundred %@%Cmilligrams, pethyhdslettare accordingly suitable representative unit dosage

forms. Thé%compourdS™f the inventio§h#2§} be formulated in a wide variety of oral administration

dosage forms. The aceutical co@ﬁéﬁ@?ﬂ%%ﬂ%osa‘ge forms may comprise a 25 compound or
f 1111

compounds of the pﬁ%ﬁpt invention owﬁ%m%i%ﬂéﬁ(ﬁgoﬁcceptable salts thereof as the active

component. The phaypaceutically accgpiaRlgrater sipaYReLithgssrlid or liquid. Solid form
preparatigns includegpowders, tablets, ipilisGagisules, cachets, suppositories, and dispersible

granules. A solid catfiBantay be one oismpargsubstancaddyhietvmaytalso act as diluents, flavouring
agents, solubilizers, hWiBifizants, suspendiidoagerisiZ80 wikders, preservatives, tablet disintegrating
agents, or an encap3ifiating material. I#PBWEErs, the carrier generally is a finely divided solid which is

a mixture v%sith the fi “divided activeﬁld?ﬁ AR ‘fiblets, the active component generally is mixed
with the cafrier havi necessary bindi A s proportions and compacted in the

I itable
shape and size W O/O?2647PC'@%&? ﬁ; Qé1 %H}J?n esired. The powders and tablets
preferably contain freprabout one (1) RRBeubsexenty (70) percent of the active compound. Suitable
carriers include but amanot limited to magnasilkspeahanate, magnesium stearate, talc, sugar, lactose,
pectin, dexdrin, starchiBpsiatine, tragacanthymidihylbeliiuioselosddium carboxymethylcellulose, a low
melting wax, cocoa Bifter, 5 and the liken Biyer throsiorgpeiration” is intended to include the formulation

of the active
Preparation 1

(1R.25.5R)-5-Methvl-2 (1 -methvl-1 -phenvl-ethvl}-cvclohexanol chloroformate

40  The synthetic procedure used in this preparation is outlined in Scheme B.



compound with encapsulating material as carrier, providing a capsule in which the active component,

with or Withou\%’%azrﬁrligs%g%surrounded by a carrier, which i_s in associati%ﬁﬁiztg%.glgmj}lgrly, cachets_
and lozenges are included. Tablets, powders, capsules, pills, cachets, and lozenges may be as solid

foul's suitable for oral administration. 10 Other for isuitable for oral administration include liquid form
preparations including emulsions, syrups, elixirs, ?:1% eous solutions, aqueous suspensions, or solid
form preparations which are intended to be converted shortly bgfore use to liquid form preparations.

Emulsions may be prepared in{Ebtstigris, for example, in aq Cppg@ylg,mae glycol solutions or may

contain emulsifying agents, f 4ch as lecithip, sorbitanjmongoleate, or U acacia. Aqueous
activehessenponent i T a f diing suitable colorants,

solutions can be prepared b )

flavors, stabilizers, and thickeh#ig agents?Aqueous suspeani an be prepared by dispersing the
finely divided active component in water with viscous materia(f, such as natural or synthetic gums,
resins, methylcellulose, sodium carboxymethylceliieses and other well known suspending agents.
Solid form preparations 20 include sglutions, ions ulsio ay-gontain, in
addition to th(ZPz?l(?ti’\(/)g1 ¢om popnf eﬂ»r‘]d’ﬁg%%?gﬁ%? ﬁz%%g;g%sﬁtggfﬁg%?sg n%ﬁ#é?s %?%ﬁgi%@hd%atural
sweeteners, digpebdaiiensiekdiaks a6 iGmiia ebelitd bans th &IREEIHA B SETAEDF the invention
may be fornuiaietiaaparenterad adnMinisiatiande gndy ivjectomdianexampladslubinjgttion or
continuous infugion) And ey, Be RIEIENIERTHAILAR, 956 Jaumdn AmRCYIRS. predflied syringes, small

volume infusion or in multi-dose containers with an added preservative. The compositions may take
such forms ass@REHEhEHE ‘é‘&ﬁ?ﬁl‘?ﬁé’?gﬁn@ﬁfﬁﬁidﬁ@?{i&ilﬂlé’fa&(ﬁi@@ﬁéhi’@ﬁ(‘ffééflﬁgpéﬁﬁ%ple solutions
in aqueous palyrihyiene glysaksk oo plasipboityios nenagadous:eatriessadilvents, solvents or vehicles
include propyIgne,alyohRRKFHNISAE AX5Ql, N RIFIANS. PR G kR, and injectable organic 30
esters (e.g., etﬁy o] egte), and may contain fommlatory agents such as preserving, wetting,
emuLsifyily or suspending, stabilizing and/or %Bé%ﬂﬂé—ggents. Alternatively, the active ingredient
may be in powder form, obtained byasepitieisotakionoirteiigysalid or by WO
2010/072647RGPERZ00YQ07A04, 5 38 dvopllizalionTom-seun fpr gonstitution before use with a
suitable vehicle, e.g., sterile, pyrogen-free water. The compounds of the invention may be formulated
for topical administration to *t‘hg idermis as ointments, cream$s6 gtions, or as a transdermal patch.
Ointments and creams 5 may, fof example, he formulated with an agueous or oily base with the
addition of suitable thickening ghti®sr gelling egents. Lotions may Uidted with an aqueous or

oily base and will in general algo cohtainingy ¢n&%=thbre emulsi jents, stabilizing agents,
dispersing agents, suspending agents, thickening agents, or colorirg agents. Formulations suitable for
topical administration in the mouth include Iozenggﬁ%@'ising active agents in 10 a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert base
such as gtlatifie aswdbgiycerinacgossergdaaid Geacids andombuthibasHes ldomptisiptpthédactive
ingredient in arguitabie liduidreptirrriinesampoesRdAs:of #e inyentinnimaydeiternwiated for
administration as suppgsitories..A low melting wax.,. as a mixture of fatty acid glycerides or cocoa
butter is first me ‘(ﬁé%da%h%ﬂl&gf%goarg R}léeg:)%%%rg Tﬁé%é%%?s%ﬁgrrﬁ%g&%%ﬁ}é )9,8f‘6’?%eg>§§ﬁﬁp|e, by
stirring. The nioHdke HENg sReBUTHIktEre tsTihdh PHEHIAIGER TRAIEHEBHFEd 1ivdE, allowed to cool,

and to solidify porkheveampaynds oitheinvantionmayrhedommiatedfornaginat adimiaistation.
pessarie tar%ﬁtﬂﬁédt&r%%nmesdr%%'é DARIER,108MS L SRIaYs 80”2%‘&“'P%"ﬁ‘c%%d'B%et?e%%eac“"e
ingredien 30 such carriers as areY<nov§n in fhe ar to be appr%rlate. hé su ject compounds may be
formulated fortydkah sbreimssaatbn Tressirivege S dospessivprssieappliegaieety/#vthe nasal
cavity by convgifipnatireansipaexaimple, slith a dropper, pipette or spray. The formulations may be
provided in a single or multidose form. In the I?,ggracgggen%f a dropper or pipette, this may be achieved
by the patient administering an 25 appropriate; ermined volume of the solution or suspension. In
the case of a spray, this may be-adhiEliesppiaybmpleipdindHryada-friiering atomizing spray pump.
25 The synthetic procedure used in this preparation is outlined in Scheme D.




The compounds of the invention may be formulated for aerosol administration, particularly to the
respiratory tract and jncluding intranasal administration. The compound i ave a small
particle size ?ﬁ%%ﬁ%ﬁggf the order of five (5) microns or less. Such a gélyf%%g%ﬁé%g may be
obtained by means known in the art, for example bg micronization. The active ingredient is provided in
a pressurized pack with a suitable propellant such %"a chlorofluorocarbon (CFC), for example,
dichlorodifluoromethane, tricglorofluoromethane, or dichlorotetrafluoroethane, or carbon dioxide or
other suitable gas. The agy NaY \/(\F[]Q 2010/6'?5667PCT/EP20097@6‘7404 ;.39 - conveniently also
contain a surfactant such as ledjthin) € dose,of dryg may,be contrelled by a metered valve.
Alternatively the active ingredi€nts-maysepyovidefll in g form of ad ndggefor example a powder
mix of the compound in a sujfablepowdegr base su lactose, stakch/starch derivatives such as
hydroxypropylmethyl celfiifose and 5 polyVinylpyrrolidine (PVP). The powder carrier will form a gel in
the nasal cavity. The powder composition may l‘ﬁespresented in unit dose form for example in capsules
or cartridges of e.g., gelatine or blister packs from which the powder may e administered by means of

10 controlled release adminisgration of the aglive ingredient. For gxample, the compounds of the

present invention can be formula tra?ﬂgder al or_.augilgulan

delivery systems arc advantageouys when sustgied releasetaf the e"-- pound is necessary and when
ORW)

are frequently attached to an ski esivd solig-support. The 15 cBmppound of interest can also be
combined with a penetration enhanceg
release delivery systems are inserted subcutaneously into the subdennal layer by surgery or injection.
The subdermal implants encapsulate the compodfHid & kbid soluble membrane, e.g., silicone rubber,
or a biodegradabig.polymer 2q.griRelylascticl ptisk 28 Reppharmasceaticalpreparafionsrare preferably in
unit dp_sage form%i1 Lrg} Xs%hag%rgjmteqle reparation is hSGUbE(I:\{Ede d 'Q}to%éjxnﬁte%%?es containing appropriate

guantities of the activ . uni il aged preparation, the package
containing Yisérete Giiiatdéswstisrepaitirenostehaay prikio s bamets Scapell BSOBARF powders in vials
or ampoules. Alseniheunt Gosagaifedn LanieoaLapssie-tabiehtachiehweinapagaoiisslf, or it 25 can

be the appropriate number_ af.an these in packa fqr. ther suitable pharmaceutical carriers
and ther form T A R e ey 1005,
edited by E. WoNrHiRiack U Aifsoeshspdmrergtadinsrdeadidh 4enmbyifania. Representative
pharmace utica;lniaﬂmwdaﬂ@a_aa contal nmgxaxﬁﬁﬂrkp@wﬁd@famexﬁcegemﬁwe NOAGE e es@f_dbed_ below.

SOEXAMRLES 102 U0 PIFRARIONS A0S CXATRISSAIR AlNRIQ FRANE Mgss,akled In the art to

more clearly understand and to practice the present invention. They sﬁou not be considered as
limiting the ScHPBYSF th VSRR 2bER RPN el e irtstrathd Wik valsrase ftagveittereof. - 40 -
Unless otherwiserstatetl, alltemparatsesrind udingmelting point e {ie. rdiR): asefiinidegrees celsius

CC). It should e Aapieqipted At e 626108 wiGh Pradees fhs,dicgled andlor the desired

product may not necessarily result directly from the combination of two reagents which were initially
bded, .0, (heTEHAYDEBHE o HEHEEPHERLS WHAEH AR DBl S TREhlxiure which
ultimately leadsitaythetioraiatinn=ef theriidicatad and/onthie gdeésired product. The following
abbreviations may,be Wsed in.the Prenarations, and Ex: es, ABBREVIATIONS

BETBDMS2-bromoethoxy tertbuty y o
To a solution of 2-(4-fluoro-phenyl)-4-oxo-5-triisopropylsilanyl-3.4-dihydro-2H-pyridine-1-

carboxylic acid 5-methyl-2-(1-methyl-1-phenyl-ethyl}-cyclobexyl ester (7.78 g, 12.8 mmol)

in methanol {35 mi) was added 25% sodium methoxide in methano! (29.4 mL., 128 4 mmeol).
20  The mixture was heated at reflux for 16 h, After cooling to 1t, oxalic acid (46.3 g, 512 mmol)

was added and the mixture was stirred for 2 h. The solvent was evaporated o dryness, The

crude was partitioned between ethyl acetate and water, The organic layer was washed with



10DBU1,8-diazabicyclo[5.4.01undec-7-ene DCMdichloromethane/methylene chloride
DIPEAdiisoprgpyl ethylamine DME1,2-dimethoxyethane (glyme) DMFN %& hylformamide
15DMFDMAN;, -%%%%Wormamide dimethyl acetal DMSOdimethyl suI?oIEm e %BQMJ%JP
DMAP4-dimethylaminopyridine ECD11-ethy1-343'-dimethylaminopropyl)carbodiimide EtOAcethyl
acetate Et01-1ethanol gcgas chromatography HMliﬁhexamethylphosphqramjde
HOBIN-Hydroxgisedzgidingleveplaigh. lprsfrresrtiricdp shatey rapHiF Wi 88 spanot
WBAPEisopraogpeswiianenic acidmpmacokeasiepmERBAIN-tilaroparien zoichagis NMeGhasetonitrile
NMMN-methyl _moﬁr_ﬂgj' e MPN-methyl pyrrotidinpne TBAFtetra-n-butyl ammonium fluoride
TEAtriethyIamilinOen gﬁaﬁ%ﬁ uér\da'rglU /@Si/ﬁ#ﬁg%v gl?lﬁéacojpropylamine

Similarly prepared, using the appropriate substituted phenyl Grignard reagents, were:

5 (S)-2-(3-flucro-phenyl)-2, 3-dihydro-1H-pyridin-4-one; and
(S)-2-(3 4-diffluoro-phenyl )2, 3-dihydro-1 H-pyridin-4-one.

Preparation 4
{2-Bromo-4.5-dimethoxy-phenvii-acetyl chloride

The synthetic procedure used in this preparation is outlined in Scheme E.

Br Br
O cl
O O O 0
i, | Py 8
3 O ch, Ci Cl CH, O\CHg
10
SCHEMEE

To a solution of (2-bromo-4,5-dimethoxy-phenyl}-acetic acid (833 mg, 3.03 mmol) in
dichloromethane (10 mL) were added oxalyl chioride (0.29 ml., 3.33 mmotl} and
dimethylformamide (1 drop) under argon atmosphere. The mixture was stirred for 3.5 hours
15 at room temperature, then was concentrated to dryness under reduced pressure.
Dichloroethane (15 mL) was added, and resulting solution was back evaporated to dryness to
obtain crude (2-bromo-4,5-dimethoxy-phenyl}-acetyl chloride (917 mg).
Similarly prepared from the corresponding phenylacetic acids were:
(2-Todo-4,5-dimethoxy-phenyl)-acetyl chloride;
20 (3,4-Dimethoxy-phenyl)-acetyl chloride;
(2-Bromo-5-methoxy-phenyl)-acetyl chloride;
(2-Bromo-4-methoxy-phenyl}-acetyl chloride;
(2-Chloro-4,5-dimethoxy-phenyl)-acetyl chloride;
(2,5-Dimethoxy-phenyl)-acetyl chloride;
25 (2,4-Dimethoxy-phenvl}-acetyl chioride;
(2-Bromo-4-chloro-5-methoxy-phenyl)-acetyl chloride;

Example 1
1-[2-(2-bromo-4,5-dimethoxv-phenvl}-acetvl]-2-phenvl-2,3-dibvdro-1 H-nvridin-4-one

The synthetic procedure used in this preparation is outlined in Scheme F.



35TBDMStert-butyl dimethylsityl chloride TLCthin layer chromatography Preparation
1 (1R,2S,5R)-5-Meth methvl I-phenyl-ethyl)-cyclohexanol chlorofonnate 40 The synthetic
procedure usedaA% g f)reparatlon is outlined in Scheme B. WO 2010/%&@%@&%009/067404
-41 - ¢) I-13C CH, phosgene ELC SCHEME B To a solution of (-)-8-phenylmenthol (12.66g, 54.4
mmol) and quinoline (15.88 mL, 134.1 mmol) in toldéne (210 mL) at OC was added 20% phosgene in
toluene (45 mL, @Z g,mmol). 5 Bq&ﬁuxtumaaas_smte;i_am,,c for 30 jinutes angratr&t

5bm temperature
for 16 hours. Diet yI ether and HC1 were added and the mixture was stlrrefor ’ mlnutes The
layers were sed and th@rbmed organjgs weve washed wi '

and concentrated.te' dryness resulting cr methy1-2-(1; =

chlorofonnate (14 43 g) was used without fL[D purification. 10P ation 2
SCHEME C 15 To a solution of 4- methoxyquldme 14.0g, 128. §rrﬁnol)’-3iﬁ@THF 0 mL) was added
at -25 C, 2.0M LDA in heptane/THF/ethyl benzene .9 mL, 153.9 mmol). The mixture ggas stirred at
-25 C for 30 minutes. Triisopropylsilyl chloride ( , 166.8 mmol) was added and the mixture was
stirred at -25C for 15 minutes and then at room té*m”p“é“rature for 16 hours. Water was added and the
mixture was eXactedwitEoac 4 Trhesarardings Waaked oW iratEE Grink)dtigd dver Mg504 and
concentrated t@:¢ ame@ﬁ(ﬁym@a&l@myp&mﬁd@gﬁp@ ayeﬂa;smqhmpgr]p;tagﬁapInyc(éa@fane/ethylacetate

8:2-1:1) gaye 4-met oxY; -tr| opr |SI| idi as.an or I|d reparation 3
(S)-2-(4- F?é/orgﬁf)lﬁéjn %np é%giy pyr XFA&OR@%& %igi?nt eyughen %%egfei%%e ?I?]thls

preparatlon |S @Qﬂ 'ﬁéd}lﬂggéﬁém% (2s’tbbwa‘3 added SlOW]y The mixture was Stm‘ed at-25 C for

12-(4-Fluoro-phenylic4d-ox0e:5t ks epdapmisitany|d3didihycne s aitbnes 1o v Xoemeid 5- rn e th
1-2-(1-metl- phen)é' chyl -&,clonex 1:8516h Rl 2@ PIR oL A methoxy A lisaRiqRysianyl-pyridine
(6.06 g, 22.8 mm (f)rlntou

and the cembmed orgamc axtracts were washed with brine, dried (NaxSO4), filtered and

10 concentrated to dryness under reduced pressure. Purification of the residue by flash
chromatography (hexane/cthyl acetate gradient) gave 1-[2-(2-bromo-4,5-dimethoxy-phenyl)-
acetyl]-2-phenyl-2,3-dihvdro-1 H-pyridin-4-one (742 mg, 57 %). MS (M-+H) 431.

In a similar fashion, using the appropriate phenylacetic acid chlorides and Grignard reagents,
the following compounds were prepared:

15 1-[2-(2-Todo-4,5-dimethoxy-phenyl)-acetyl}-2-phenyl-2,3-dihydro-1 H-pyridin-4-one;
1-[2-(3 4-Dimethoxy-phenyl)-acetyl]-2-phenyl-2,3-dihydro- H-pyridin-4-one;
1-[2-(2-Todo-4,5-dimethoxy-phenyl)-acetyl]-2-o-tolyl-2,3-dihydro-1 H-pyridin-4-ong;
2-(4-Fluoro-phenyl)-1-[2-(2-iodo-4,5-dimethoxy-phenyl}-acetyl]-2,3-dihydro-1 H-

pyridin-4-one;

20 1-[2-(2-Bromo-5-methoxy-phenyl)-acetyl}-2-phenyl-2, 3-dihvdro- | H-pyridin-4-one;
i-[2 -(2~Bromo—ﬁt—methoxy-phenyl)-acctyl}~2-pheny£~2 3-dihydro-1H-pyridin-4-one;
1-[2~(2-Bromo-4,5-dimethoxy-phenyl)-acetyl]-2-isopropyl-2,3-dihydro-1 H-pyridin-4-

one,
1-[2-(2-Bromo-4,5-dimethoxy-phenyl)-acetyl]-2-cyclohexyi-2,3-dihydro- L H-pyridin-

25  4-one;

[-[2-(2-Chioro-4,5-dimethoxy-phenyl)-acetyl]-2-phenyi-2,3-dihydro- 1 H-pyridin-4-

one;



(160 mL) at -25 'C was added a solution of 5-methyl-2-(1-methyl-I-phenyl-ethyl)-cyclohexyl
chloroformate, 26 2mmol) in toluene (140 mL). After 15 minute s cooled to
-78C and LOI\‘/’Fa 2f?uoropﬁenyt magnesium bromide in THF (26.1 mL, 2 g}r?r?r%}o L}\(lgv(?7a‘gY§dded slowly.
The mixture was stirred at -78 'C for 1 hour. 2N HC1 was added 10 and the mixture was allowed to
warm to room temperature and was stirred for addi ibhal 15 minutes. The mixture was extracted with
ethyl acetate, washddivithBiraterand Brifeyarhsabvse Mg SoR itk fetiaAt ¢ 6hedittiated to dryness.
Purification of ¢he residue by flash chromatography (hexane/ethyl acetate 9:1) gave
2-(4-fluoro-pheny1)-4-o> triis r |Ian r%gglrl’ cid 5 -methyl1-2
-(1-methy1-1 - 15 phﬁe[r%?e%ﬁy c%/?:lé) (ixg %?ﬂil)o @z%z%t)'@gww ‘fér?)h C8%24113) :2211-F To
a solution of 2¢{4-fluoro-pheny0-4-oxo-5-triisopropylsilanyl-3,4-dihydro-2H-pyridine-1- carboxylic acid
5-methy1-2-(1-methylfipiepyhaibyl)royslohexyipster (i of8dhed A)8 muighiin ragthadiol495 inL) was
added 25% S()C%i{aum methoxide in methanol (29.4 mL, 128.4 mmol). 20 The mixture was heated at
reflux for 16 h. After cooling to rt, oxalic acid (46. 512 mmol) was added and the mixture was
stirred for 2 h. The sb[@éﬁt“v&%@l@@&’ﬁd?é‘t%ﬂ)ﬁcﬁw}tgﬁ -fpreo-ahsae waks fiaitoiEabdtvéen ethyl
acetate and water. The organic layer was washed with WO 2010/072647PCT/EP2009/067404 - 43 -
water, brine dried ove filter t i sh

chromato raph (hex: [E’%%%?Z%g gt%ﬁélg\?;g‘%@%&ﬂﬂﬁgéﬁ@ tgn(gnylﬁ)l%2§ % E‘gﬁ%ro?ﬁtﬂ%ﬁ%m4 -one (0.886
g, 36 %, e& 99 Weﬁ‘?’éﬁow solid. Similarly prepared, using the appropriate substituted phenyl
Grignard reagents, wereR S{m)rd-{3-Hiordrdxaenyhy D, iy oo dhipy st iasd-onedianto Shr2-(3
,4-difluoro-ph Y, I&%@ qlhxg(rjo 1H-pyridin-4 -one . Preparation 4

2-Brorno-4,5-dimet henyl)-acetvl chloride The synthetic procedure used in this preparation is
outlined in Scheme E“[%r%PTOII’GPéc‘fHERA%’"@*@&%@%HO’!‘?%?]@ BréfE e Bldimedthoxy-pheny1)-acetic
acid (833 mg, Biyddmmalbire dichloromethane (10 mL) were added oxalyl chloride (0.29 mL, 3.33
mmol) and dimethylfonnamide (1 drop) under aggon atmosphere. The mixture was stirred for 3.5 hours
15 at room temperature then was concentrated Q) dri ness under reduced pressure, chhloroethane
(15 mL) was adé eF-re! toR-w e 3te 4
(2-bromo-4,5- dlmethoxy phenyl) acetyl chlondeb§ iImg)

The synthetic procedure used in this preparation is outlined in Scheme G.

N ZnCN
- @4

o

N Ci

Step 3 HNT ™= Step 4 ar (\ =20
NaOCH, o) Br N
: cl
o o
CN ? o é Lo
5 “CH CN
C H3 O\C H3 £
20 SCHEME G
Step 1 1-benzoyl-2-(3-chlorophenyl)-2 3-dihydro-pyridin-4-one

To 510 mg 4-methoxy pyridine in 10 ml THF under argon at -30°C was added 5.25 ml [M 3-
chloro-phenyl Grignard. The mixture was stirred at -30°C for five minutes, and then 0.55 ml

benzoyl chloride was added drop-wise. The mixture was stirred at -30°C for three hours, then



Similarly prepared from the corresponding phenylacetic acids were:
(2-lodo-4,5- dim tg}%( Ehenyl) acetyl chloride; 20(3,4-Dimethoxy- phen -ace gl chloride;
(2-Bromo-5- ‘me OoXy-p enyl) acetyl chloride; (2-Bromo-4-methoxy-phe yi‘j L% ??A Em%rlde
(2-Chloro-4,5-dimethoxy-phenyl)-acetyl chloride; (2,5-Dimethoxy-phenyl)-acetyl chloride;
25(2,4-Dimethoxy-phenyl)-acetyl chloride; (2- Bromé %-chloro-5- methoxy-phenyl)-acetyl chloride;
Example 1 14@%%%6-%%@-8%:&%2@%@M)aaféélﬂmeérph@ﬁymgomIwumr@mepy%ftﬁhA-one The
synth/etic proca@g@uﬁ@d&?ﬂa&s&mg@m&a@@m@ prblineshiniRcheme ﬁyeW@s },vashed with dine (336
2010/072647RCT 09/067404 ME, F To a stifring solution of 4-m 'oxypyridine

mg, 3.08 mmolf m%f-ﬁé) . mSI?S1 at - %ﬁ ev\fl‘ggrg% Ej B c&%@??’r%gn‘%%# S miage (3Mn ether, 1.13 mL,
3.39 mmol) uﬁw%ﬂﬁsﬁf@ﬁﬁwhWﬁé‘i@%ﬁﬁuté%"/a%@lﬁ%hh@*aﬂcs) to Yleld 910 mg 1-
(2-bromo-4,5-dimethoxy-pherybinanetyl ghladdsyROtange 3.08 mL) in THE (2 mL) was added slowly.
The mixture Wgtgsjlrred;a1 %5 C f?r 90 n]lggtg% Zalk\ll | wa afldI %atZ.? F and the mixture was
allowed to warm to room tempe : Wa rred ' nixture was extracted with

ethyl acetate, &%Wl&ﬁﬁm@@%éﬁ%%Qt?aé%w&@wﬁ&ﬁﬁéalﬁlm}b?ﬁﬁé”@ﬁ%@ EN&Z804), filtered and

10 concentrateddoHiyesanenae nedﬂgeatmﬁyrmsaugﬁmsmyp&ﬂ?@tr@&gd@ﬁobmlﬂﬂskp
chromatograpj ne/et cetate gra e ) methoxy- heny1l)-
acety1]-2-phen 1;2 f%l%%?(?%\% pef‘ ||zigr(|:% a(gne %fgé’ 1dé"} %%P H? ipl% éi%lmﬂal’ fashion,
using the ‘é’ppﬂ?ﬁ??&?@ Wil Ao attthatRd eHiBridda ﬁlﬂét ey a‘?@%‘e‘é@@m@ fREMEHORAITG Eompounds
were preparedh&ﬁib&&ﬁ%@d&é&ﬁdﬁﬁ@@@&’ﬂbbﬁﬁw&)ﬂ%tﬁ]ﬁ&eﬂiﬁlﬂﬁ&f&r&a&sdﬂﬂ&‘ﬁgﬁ!-vﬂihh-pyridin-4-0ne;
142-(3,4-Dime n -dih clro IH n-4-0ne,
142-(2-lodo- 4"%“%%&%2&;% %egn%%]tacet hf]“ g 046 §7”1“ 3 }3‘ % AN O
2-(4-Fluoro- pW@ﬁ&l?f)eiﬂ@e{?%ﬂ‘ﬁsdﬁgﬁﬁ?étﬁ‘ﬁiyoﬁh’@hﬂﬁaﬁeé Q B‘IQWG%UEMJ’P‘WHM -one;
20112-(2-Broruararmeihpky-qhienydiraceiylsd-pheny s -gihydro-1H3pyrdindrenStidin-
14242- Br?@oflg%ggé\ﬂ/?%enyl) acety1]-2-phenyl-2,3-dihydro-1H-pyridin-4-one;

142-(2-Brorno oxy-phenyl)-acetyll-2-isopropyl-2,3-dihydro-1H-pyridin4- one; 25 4-one;
( Step 3 2-(3- Vgnonh?:/m?l) 2.3~ glllhvdro—pgrzdirl)lyﬁl one Y et

3-(1-Benzoyl-4-oxo-1,2,3 4-tetrahydro-pyridin-2-y1)-benzonitrite (350 mg) was dissolved in
50 m! methanol at 0°C and 1.5 ml of 0.5 M sodium methoxide in methanol was added. The
solution was stirred at 0°C for 3 hours, and then 25 ml of pH 7 phosphate buffer was added.

20 The mixture was concentrated under reduced pressure and partitioned between buffer and
ethyl acetate. The organic layer was dried over sodium sulfate and the drying agent filtered
off. Racemic 2-(3-cyanophenyl)-2,3-dihydro-pyridin-4-one was crystallized by addition of
hexane to give 131 mg.

Step 4 3-11-[2-(2-bromo-4 .5 -dimethoxy-phenvi)-acetvil-4-0x0-1.2.3 4-tetrahvdro-

25  pyridin-2-yl}-benzonitrile
To 75 mg of 2-(3-cyanophenyl)-2,3-dihydro-pyridin-4-one in 8 mi THF at -75 °C was added
0.2 mi 2.5M n-butyl lithium. The mixture is stirred under argon at -75 *C for 10 minutes and
then 106 mg 2-(2-bromo- 4,5-dimthoxy-phenyl)acetyl chloride in 2 ml THF was added
slowly. The reaction mixture was then stirred at -75 *C for 30 minutes, then allowed to warm
30 to room temperature and was stirred for an additional 30 minutes, To this mixture was added
16 ml saturated agueous ammonium chloride. The mixture was extracted with ethyl acetate,

and the organic layer was dried over sodium sulfate, filtered and concentrated in vacuo.



one; 142-(2-Bromo-4,5-dimethoxy-phenyl)-acetyl]-2-cyclohexyl-2,3-dihydro-1H- pyr
n142-(2-Chloro-4,5-dimethoxy-phenyl)-acetyl]-2-phenyl-2,3-dihydro- | H-pyridin
2010/072647FCTEEYEHS/067404 - 45 - PR e
142-(2-Brorno-4,5-dimethoxy-phenyl)-acetyl]-2-p-toly1-2,3-dihydro-IH-ppidin-4- one; |
-[2-(2-Bromo-4,5-dimethoxy-phenyl)-acetyl]-z-mitﬂyl-z,3 -dihydro-1H-pyridin-4 - one; S1 - [2 -(2,5-D
imeth oxy-phefhyyaeeayicptharepidusrenyhis e By - Smmpdid mabenehenyl)-
142-(2,4-Dimethexyphenyi s acetshldo4sidaro-phapydondddiydia-ti-pyridin-4- one;
142-(2-Bromo-4,5-dimethoxy-phenyl)-acety1]-2-(3-methoxy-phenyl)-2,3-dihydro- | 0 | H-pyridin-4-one;
| 42-(2-Bromo-4,5-dimethoxy-pheny1)-acety1]-2-(3-chloro-phenyl)-2,3-dihydro-IHpyridin-4-one; and
142-(2-Bromo-4-chloro-5-methoxy-pheny1)-acefampladihydro-1H-[2,21 bipyridiny1-4-one.
15Example 2 3@\brgmpe-gendineathehefd-axonh drddteitamirox-gusindwihbenaoritrde The

synthetic procedure used in this preparation %upvtrlfglg%lgngcheme G. 20SCHEME G

The synthetic procedure used in this preparation is outlined in Scheme H.

Ok Ok
/@/\’r Step 1 /©/\f Step 2
O Br O Oxalyl
HC H,C Chiortde

O‘CH3

{;—Q@”

SCHEME H

10 Stepl (2-Bromo-3-methoxv-4-methyvl-phenvl)-acetic acid

To a solution of (3-methoxy-4-methyl-phenyl-acetic acid (6.1 g, 33.9 mmol) in glacial acetic

acid (30 ml.) under argon was added bromine (1.96 mL, 37.2 mmol). The mixture was

stirred at room temperature for three hours. Water (100 mL) was added, and solid was filtered

off, washed with water and dried to obtain {2-bromo-3-methoxy-4-methyi-phenyl)-acetic acid
15 (6.8 g, 77 %).

Step 1 (2-Bromo-5-methoxy-4-methyl-phenyl)-acetic acid chloride

To a solution of (2-bromo-5-methoxy-4-methyi-phenyl)-acetic acid {1494 mg) in
dichloromethane (1.8 ml.) was added oxalyl chloride (0.0535 mL) followed by DMF (1 drop)
uder argon. Mixture was stirred at 1t for 3 h, Mixture was concentrated to dryness.

20 Dichloroethane (ca. 10 mL}) was added, and the mixture was back concentrated to dryness to

obtain crade (2-bromo-3-methoxy-4-methyl-phenyh-acetic acid chloride (151 mg).



Step 11 -benzoy122-1,3zehlotn 1 -2,3-c_ayuddin-4-one To 510 mg 4-methoxy pyridine in 10 ml THF

under argon -3% s, gdded 5 25 ml IM 3- chloro-phenyl Grignard. m XieWas stirred at -30C

for five minutﬁis’?azm fthe?i 0.55 ml benzoyl chloride was added drop-wise. T@eJ mixture was stirred at

-30C for three hours, then WO 2010/072647PCMP%909/067404 - 46 - was quenched with 5 ml 10%

aqueous HCI and allowed to warni to room tem ure. After one hour the mixture was extracted with
B ; INAREE: 24 -2 3.

EtOAc, and thé! avBRseil bdnate Phabted-3nd

concentrated ghgenradueadipressure. The residue was chromatographed (gradient 0- 40% EtOAc in

hexanes) to yigld, %&%ﬁé@ﬁg&ﬂ%ﬁ%@ﬁd SBRRE A AN L AR s - Step 23-0

-Benzoyl-4-oxo-1,2,3,4-tetra o-pyri -y1)-benzonitrile ]

1-Benzoy1-2- (ke Rlof6phaRganZea ik pyEmth b P £6 Mg wab P Rssatrin- ahfardoh filled flask
together with 42nmeg B el{iMibh AR(2108nmg-hibdphitidyhcdibiéntHoui plhosphiing [ @8iniyL gmg)powder, 203.4
mg zinc cyanideand, 43 Il dimeihviaselanide. L soueris A degassedaiargon and heated

at 90 C for eight hours. After cooling to room temperature, the mixture was filtered through glass fiber

filter paper. THEBEHERGPAAP WS B sHEHAGHABRI SRR MHFR sAvedded &y ihg mixture was
extracted with@mmmh&ﬁaabembiﬂedwﬂaeﬂm)_etcamtﬁm@negehiedxwes sodivmisdlfate, filtered, and
concentrated %M@%@d %@@ﬁ}ﬂ%?@%%@é%@ﬁ%qqg cﬂﬁy&%s%g_emgduced pressure.,
3-(1-benzoy1-4-0x0-1,2,3,4-tetrahydro-pyridin- 15 2 -)ﬁl)-benzopltnle SteP _

32-(3-Cya1 Opﬁ@%@f %ﬁw&ﬁi’&‘ﬁﬁf&l?ﬁ chpogratography (hexanes/ethyl acetate gradient) gave (S)
3-(1-Benzoyl-4ipxptied:3-#tethabydroeyyiginRdy-dycné h2ahiftle (350 phe). vdidisstiized in 50 ml

methanol at O%ﬁ&g_;_&gysglffgagl.l\/&/l%o%@)m%thoxide in methanol was added. The solution was
stirred at OC for 3 hours, and then 25 ml of pH 7 phosphate buffer was added. 20 The mixture was

concentrated UhHEPYEaGRE H sl R RS G PR A SGBBIEET buffer and ethyl acetate. The organic
layer was dried over$pedidnt sifate-afdithehdryinbeag e atdijiéfed o Rapemyd-2,3-dihydro-
2-(3-cyanpphgny1)- ig;g_i(l;}%qro-pyridinA-one was crystallized by addition of hexane to give 131 mg.
Step 43- (1 42-(2-bromo-4,5-dimethoxy-phenvl)-acetyl]-4-0xq-i,2,3 4-tetrahydro- [—%5 ridin-2-yli
“benzonitrile To 75 Ml oF 3B EhEpHERTHSY RS %?&g}h%nﬁrﬁ‘%’ﬁ%ﬂhe@ﬁﬁ éﬁ’}{-’m C was
added 0.2 ml 2bMidioutyddithium. The mixture is stirred under argon at -75 C for 10 minutes and then
106 mg 2-(2-bromor 4 Sxgimihgrysahenyhaneh lans g m Tk wasagaed slgwli he reaction
mixture was then stirred at -75 C for 30 minutes, then allowed to warm 30 to room temperature and
was stirred for'&f%dditional 30 minutes. To this mixture was added 10 ml saturated agueous

ammoniug? chloride (Fihe hiktGligoves exiradied witndifyk atklatborahd Ivehodgantt tayéwwas dried
over sodium sylfgte, filtered and concentrated in vacuo. WO 2010/072647PCT/EP2009/067404 -47 -
Chromatography of the residue gave 45 mg_3-{142-(2-bromo-4,5-dimethoxy-phe -
ot 2-oro1 3.3 ANGIH GBS BEHD AT RS o T ¥

dihydro-1H-pyridin-4-one;
Racemic 1-[2-(2-Bromo-5-hydroxy-4-methyl-phenylj-acetyl]-2-(4-Huoro-phenyl)-

a ey AL AV

. D .
Braan U AR AiAa NN I o LD
G1d \/ ¥

25 2 3-dihydro-1 H-pyridin-4-one (the phenol was liberated (BBrs, ciichlorometbane) in the last
step).
(8)- 1-[2-(2-Bromo-5-methoxy-4-methyl-phenyl)-acetyl]-2-(4-fluoro-phenyi)-2,3-
dihydro-1 H-pyridin-4-one;
(8)- 1-[2-(3,4-Dimethoxy-phenyl)-acetyl]-2-(4-fluoro-phenyl-2,3-dihydro- 1 H-
30 pyridin-4-one;
(S)- 1-[2-(3,4-Dimethoxy-phenyly-acetyl]-2-(3-fluorc-phenyl)-2,3-dihydro-1H-
pyridin-4-one; and



(5)- 1-12J2-Bromo-5-methox -4- etlhen 1 -ace 1 -2- 4-fhteill -2 3-dih dro- 1H-pyridin-4-one The
synthetic pro in this preparation is outlined in Scheme H. Br, 10 Step
1(2-Bromo-5ﬁ§tﬁ}g§@ %j]ethyl-nhenyl)-acetic acid To a solution of @T%QM‘EM&M
(3-methoxy-4-methyl-phenyl)-acetic acid (6.1 g, 33.9 mmol) in glacial acetic acid (30 ml) under argon
was added bromine (1.96 mL, 37.2 mmol). The mixture was stirred at room temperature for three
hours. Water (100 mB} Whs@dtiatrohtvsenid-welomitaresa sdrsrabnetd Wittty Aricdried to obtain
(2-bromo-5-methaxy-dimeibp-pbenyl)-acetic acid 15 (6.8 g, 77%).
1(2-Bromo-5-methoxy-4-methyl-phenyl)-acetic g%;g chigride To a solution of
(2-bromo-5-methoxy-4-methyl-phenyl)-acetic & mg) in dichloromethane (1.8 inL) was added
oxalyl chloride (D055t IBRowe U PERIOTI-HASY Y % etpk e OsR iR e

Mixture was concentrated to dryness. Didlilgtbetitaperitia.aléhenl ) was added, and the mixture was
Dack concenE i IAsR I RGBS Aramo REip Qi dpe hyl-pheny)-acetic aci
chloride (151 mg).” WO 2010/072647PCT/EP2009/06 7404 -48 - Step 3(S)-

142-(2-bromo-5-m \ho -4eppethyl-phen _’L)-acetyéll-Z-(4-quoro-p ny112,§-'""3diht.-4-one To a solution
of (S)-2-(4-fluorofphe y12,3-@ﬁ§i£o- Fick -ﬁoaeggo mg)i )

was added n-ltytthium0.1848mL, 2: ingte N of
(2-bromo-5-methpxy+4-methyl-phenyl)-agcetic acid chloride (?16 ) in THF (' mLj was added. The
mixture was stirred at -78 t for 30 minutes, then at room temgé_ir%l%re for 30 minutes. Saturated
aqueous ammonium chloride was added and the mixture was extracted with ethyl acetate. The
combined organic ex#facts wéeswashed withBrine, dried (Na2S04), filtBted and concentrated to
dryness under red Pegsure. $8PUrificatl Fesidlf® By flas Bbraphy
(hexaneslethyl ac radient) gaweH(5)- 0 Oxatyl o
112-(2-bromo-5-hetfoxy-4-methyl-phenyd )-akety 1]-2-(4-fIGEISheRyI)-2, 3-dihydro-1Hpyridin-4-one as
a foam. MS (M+PI!)—'34 R a similar fashigﬁiﬁth%‘fﬁﬁowing compouno%k/\ivcgJ repared:
(S)-142-(2-Bromo-4,5-dimethoxy-phenyl)-acetyl]-2-(4-fluoro-pheny1)-2,3rdihydrol5 1H-pyridin-4-onc;
(S)- I 42-(2-Bromo-4,5-dimethoxy-pheny1)-acety11-2-(3-fluorgsphefty1)-2,3-dihydrolH-pyridin-4-one;

OO RO - M B QX

(S)- 112-(2-Bromo-4,5-dimethoxX§tepltenyl)-acety1]-2-phenyly@,3-dihydro-1H-pyridin- 4-one 20(5)- | -
[2-(2-Chloro-4,5 -dimetho xy-p henylm-ac etyl] -2 - B-diRijy dro- H-p din- 4-one
F ) Q
CH, O
0 Y
F F

SCHEME 1

Step 1 (2-Bromo-5-hydroxy-4-methoxy-phenyl)-acetic acid

10 To 3-hydroxy-4-methoxy-pheny! acetic acid {8 g) in 150 ml acetic acid was added drop wise
2.48 ml bromine. The mixture was stirred 18 hours at room temperature under nitrogen. The
solvent was then removed in vacuo and the résidue was triturated with toluene, filterad,
washed with toluene then hexane to yield 11.1 g (2-bromo-5-hydroxy-4-methoxy-phenyl)-
acetic acid a solid.

5

Step 2 (2-Bromo-5-hydroxy-4-methoxv-phenyl)-acetic acid methyl esier

(2-Bromo-5-hydroxy-4-methoxy-phenyl)-acetic acid {11 g) was dissolved in 150 ml

methanol and 0.8 ml conc. H,504. The solution was stirred at room temperature for 18 hours.



(S)-142-(2-Bromo-4-chloro-5-methoxy-phenyl)-acety11-2-(4 uoro-pheny0-2,3-
dihydro-1H-pyridin.4-one. Racemic TIEP2009/067404
14242-Bromo- -hyoProxy-4-methyl-phenye-acetyl]-Z-(4-fIuoro-phenyl)- 5%
2,3-dihydro-1H-pyridin-4-one (the phenol was liberated (BBrs, dichloromethane) in the last step);
(S)- 112-(2-Bromo-5-methoxy-4-methyl-phenyl)-éc’gtyll-z-(4-fluoro-phenyl)-2,3-
dihydro-1H-py¥iiFgdggeaeous sodiyg)picarbonate solution was added until the mixture was basic and the
142-(3,4-Dimethaxy-pheayhcaeabilbl (@ dider oroieny ii-2-3dibydig-drathpytigited-one;  (S)-
1.42-(3,4-Dimgthaxy-phen é)%%ce -2-(3-fluoro-phenyl)-2,3-dihydro-1Hpyridin-4-one;: and WO
2010/072647 8%%%)&% %8%%&1%%3 _eta!e.c()gxi: orgarycll)aydr Was (M‘xe&) ovep e}ﬁhy TOUS .so il
142-(2-BromosdlfffigofdesiriatoRgeptignd ¥ydse Erplrestio riprsidy e Fosdaigmiyritoei¥Ipyridin-4-one.
Example 45 (S)cddi-{2+bramp-Rdifuer emeibioxthdmeal hpxy-phct-asatydb2nd-fuoro-pheny1)-2 3-
5dihydro-1H-pyridin-4-one The syn _etig ro edltllgq u§ed in this preparation is outlined in Scheme 1.
OH Step 1 0 éﬁoﬁy éﬂ?%ﬁﬁf&%%f S l‘g?céﬁtgbe 2°0M60H 0 &a OH

Step 3 (2-Bromo-5-diflucromethoxy-4-metbhoxy-phenvil-acetic acid methyi ester

A mixture of 1.1 g (2-bromo-3-hydroxy-4-methoxy-phenyl}-acetic acid methyl ester (4.2
mmol), 16 ml DMF (wet), 1.75 g potassium carbonate (12.6 mmol) and 1.6 mi ethyl

10 chlorodifluoro acetate was heated at 90 “C for 18 hours. The mixture was cooled to room
temperature and poured into cold water. The mixture was extracted with ethyl acetate and
the combined organic extracts were dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed using 50%
dichloromethane in hexanes to 100% dichloromethane to yield 400 mg (2-bromo-5-

15 difiuoromethoxy-4-methoxy-phenyl)-acetic acid methy! ester.

Step 4 {2-Bromo-3-difluoromethoxy-4-methoxy-phenyl-acetic acid

(2-Bromo-5-difluoromethoxy-4-methoxy-phenyl}-acetic acid methyl ester (400 mg) was
dissolved in 5 ml methanol and treated with 150 mg lithiwm hydroxide in 1 ml of water. The
mixture was stirred at room temperature for 18 hours, acidified with 10 % agueous

20 hydrochloric acid, filtered and dried to vield 350 mg of (2-bromo-5-difluoromethoxy-4-
methoxy-phenyl)-acetic acid.

Step 3 (Z-Bromo-5-difluoromethoxv-4-methoxy-phenvh-acetic acid chloride

(2-Bromo-5-difluoromethoxy-4-methoxy-phenyl}-acetic acid (350 mg, 1.12 mmol) was
dissolved in 6 ml dichloromethane and 0.1 ml oxalyl chloride and 0.01 ml DMF was added.
25  The solution was stirred at room temperature until gas evolution stopped, then concentrated
under reduced pressure. Dichloromethane (6 ml) was added to the residue and the solvent
removed again to assure that all the oxalyl chloride was removed giving 118 mg of crude (2-
bromo-3-diflucromethoxy-4-methoxy-phenyl)-acetic acid chloride.
Step 6 ($)-1-[2-(2-bromo-5-diflucromethoxy-4-methoxy-phenyl)-acetyl]-2 - (4-fluoro-
30 phenvh-2.3-dibydro-1H-pyridin-4-one
To 108 mg of (8)-2-(4-fluoro-phenyl)-2,3-dihydro-1 H-pyridin-4-one in 8 ml THF (anhydrous,
inhibitor free) at -78 °C under argon was added 0.18 ml of 2.5 M n-butyl lithium in hexanes.

The mixture was stirred at -78 “C for 10 minutes and then 118 mg of (2-bromo-5-



SCHEME | Step 1 (2-Brorno-5-hydroxy-4-methoxy-phenyl)-acetic acid 10 To

3-hydroxy-4-rg‘% %}fépﬂgﬁyl acetic acid (8 g) in 150 ml acetic acid was Mg&&rﬁ&%\ﬂie 2.48 mi
bromine. The mixture was stirred 18 hours at room temperature under nitrogen. The solvent was then
removed in vacuo and the residue was triturated wi E\ toluene, filtered, washed with toluene then
hexane to yield 11.1 g (2-bromo-5-hydroxy-4-methoxy-phenyt)- acetic acid a solid. Step
2(2-Bromo-5- I oRydbarethansie el Hesfica6id fuatidyidespdyed in 2 ml THF was added.
(2-Bromo-5-hydroxndemneihexyephenyl)catetio aoid:éd 1hg) was:dissaluedinrdhOtenipaetiranol and 0.8
mi conc. H2504, T saldian was slived gLinqm (mRsTale for 18R We
2010/072647PCT/EP2009/067404 - 50 - Saturated agueous sodium Sblcarbo_nate solution was added
until the mixtuFE AL HREOAT T THe PHIHFY WEEEERE St StRY HRHED RRTERYTIAEESTRR. The residue
was partitionegriaetwesndhiaashitnatesalitianiand ethylvacetatecd henigariartayaowasdried over
anhydrous sogiym §t%5?§§etlkg?ﬁm9x§ék%)%%O&?@%%%‘?uHfﬁ?z’wﬂ%%% RIESSHER g residue was taken

up in ethyl 5 acetate and crystallized by the addition of hexanes. Filtration gave 8.8 g (2-bromo-5-

hydroxy-4-metRekSEphesyDysssstic ddidurembradier: Stspe tEngint-4-ehiuofSidiHogi24-methox -
hen 1 -acetic acickiméeinylserie ﬁiliboﬁuﬁegoéxipb@c(s?vmemaddydroxy-4-methoxy-phenyl)-acetic acid
methyl ester (4.2 nupgl). 407 E, (a0 A DRIRSSIHOR SAbANRE (17 fOuRaDARd. 1.6 mi ethy

10 chlorodifluoro acetate was heated at 90 C for 18 hour e mixture was cooled to room
temperatdfe at8YgBurEPHITEOENGAR M Flixture was extracted with ethyl acetate and the
combined organic exsielcis-(Rereniriad:osemaniytdedusysodicin sulfateyfiteret-and toncentrated under

reduced pressyrs, 155% _r(%f%g(g Wi &@m@gg@p@gg using 50% dichloromethane in hexanes to
100% dichloromet%an’e to yield 40 rg‘%(Z-brdmo- - lg difluoromethoxy-4-methoxy-phenyl)-acetic acid

methy! ester. Step H2-BrSroE ARATroHREIEKY AREHERPBREtyIRHEsHE Adidt-Tuoro-
(2-Bromo-5-difilnanapicthicheded- niephari-ghenyl)-acetic acid methyl ester (400 mg) was dissolved in 5
mi metharﬂgl and tre@?g—[}%’35‘-&%@1@9&%@-@%@(9&9&3&%—%E@f}ﬂqlﬁﬁugﬁ%ﬂ%ﬁ?ﬂfﬁwas stirred at

room temperature for 18 hours, acidified with 10 % aquedus 20 hydrochloric acid, filtered and dried to
yield 350 mg SFBroRBYE dhrtereEER -4 M ethoxy-phenyp-acetic acid. Step5(2-Bromo-5-di
fluommethoi- henvl {agétie-gcirohtcside {R:BrbmoxSroiilmehometiio dmeathbxyypiehyl)acetic acid
(350 mg, 1.12@9}9&%\(}&%@%@& gQSG(I(yﬁJrgigm%gmethanc and 0.1 ml oxalyl chloride and 0.01 ml

DMF was added. 25 The solution was stirred at room temperature until gas evolution stopped, then
concentrated {S)-1-[242-Bromo-4-cyclopropyimethoxy-5-methoxy-phenvlj-acetyl |-2-(4-fluoro-

20 phenvi)-2,3-dihydro-1H-pyridin-4-one.

Exampie 5
25 (S)-1-12-[2-Bromo-4-fluoro-5-(2-hvdroxv-cthoxv)-phenyl]-acetyl} -2 (4-fluoro-phenvl}-2 .3-
dihydro-1H-pyridin-4-one

The synthetic procedure used in this preparation is ontlined in Scheme J.



under reduced pressure. Dichloromethane (6 ml) was added to the residue and the solvent removed
again to assu%éhz%% %2@5 oxalyl chloride was removed giving 118 mg ()Pg‘cc;gfggg} 2/667404
bromo-5-difluoromethoxy-4-methoxy-phenyl)-acetic acid chloride. Step '
6(5)-142-(2-bromo-5-difluoromethoxy-4-methox_yipheny1l)-acetyl1-2-(4-fluoro- 30
phenv1)-2,3-dihydro-111-pyridin-4-one To 108 mg%f'

under argon was added
for 10 minutes and themi#8 mdg-of (2-lomo-5 y {
difluoromethoxy-4-methoygy-phenyl)-acetic dcid chloride dissolvedfin 2'mIMTHF was added. The
solution was stirred at -78 C-fbr 30 minutes, therPaqun\éved to warm to roorfitemperature for 30 minutes
with stifling. To this mixture was thesradded 10 ml saturated aqaeous ammonium chloride. The
mixture was extracted gith ethyl acatate~th ' led qver sodium sulfate, filtered
and the solvent was re‘r‘r‘é@gﬁ in v ) \'[Z% in:olﬁ%?x%nes) gave 30 mg
(5)-1-[2-(2-bromo-5-difluorometro
methoxy-phenyl)-acetyl]-2-(4-f|uorcaphenyl)-z,3-dihydro-1H-pymigi}-\4-one. MS (M+1) 485. In a similar
fashion, the following compounds were prepared: OTBS

(S)-142-(2-Bromo-4,5- é-difIuoromethgég-ephenyl@;racetyl]-z-(4-fluoro-phenyl)-2,3- 10 dihydro-I

H-pyridin-4-one,MS ( - OH 0. _1Bu Step 7
(5)-1-12-(2-Bromo-5- yImednoTyryﬁbmet -phe) yl\)ﬁlcetyl1-2-(4-Tlu0Foph'ény1)-2,3-dihydro-
IH-pyridin-4-one, MS (M+1) 489; = 00 N

yl)-2,3-dihydro-IH

(5)-1-12-(2-Bronao-5-(é)-met~hox8y ethox@)-4-methWbenyl)-acetylf-z- 4-flfiorophe
(0)'¢ -pheny1)-2,3-

-pyridin-4-one; 15(8)-142-(2-@?0%10-5-eth0xy-4-met ﬁpaenyl)-acetyll-z-m-fio .
dihydro-1H-pyridin-4-one; MS (M+1) 462;
(S)-142-(2-Bromo-5-methoxys4-ethox

2-Bromo-4-fluoro-5- 2-hy L2~(A-flioro-phemy )
synthetic procedure used in Bis prepa e
2010/072647PCT/EP2009/067ﬁ04 - 52 T OH\---"NOTBS

F
OTBS OH
SCHEME I

Step 1 (2-Bromo-4-fluoro-5-methoxy-phenvii-acetic acid

To a solution of 4-fluoro-3-methoxyphenylacetic acid (5.0 g, 27.1 mmol) in AcOH (20 ml)

5 was added bromine (1.5 ml, 29.8 mmol). The mixture was stirred at room temperature for
three hours. Water was added and the precipitate was isolated by filtration. The white solid
was washed with water and dried to give (2-bromo-4-fluore-5-methoxy-phenyl)-acetic acid
(6.21 g, 87%).

Step 2 {2-Bromo-4-fluorce-3-hvdroxv-phenyl)-acetic acid

10 To a solution of (2-bromo-4-fluoro-5-methoxy-phenyl)-acetic acid (6.2 g, 23.5 mmol) in
dichloromethane (100 ml) was added 1.0 M borontribromide in dichloromathane (94 ml, 94
mml). The mixture was stirred at room temperature for one hour, Saturated aqueous sodium
bicarbonate was added and the mixture was extracted with dichloromathane. The combined

organic extract was washed with water and brine, dried over MgSQ,, filtered and



SCHEME J Step 1(2-Bromo-4-fluoro-5-methoxy-phenyl)-acetic acid To a solution of

4-fluoro-3- metho>%5>hengllacetrc acid (5.0 g, 27.1 mmol) in AcOH (20 mIL(Sj Wasﬁ%d&egopromrne (L5 ml,
29.8 nunol). THE Ml Was stirred at room temperature for three hours. WA WaS ddded and the
precipitate was isolated by filtration. The white solid was washed with water and dried to give
(2-bromo-4-fluoro-5-methoxy-phenyl)-acetic acid (65.51 g, 87%). Step
2(2-Bromo4-flaoiesBrasd o spipheryiey séuttd AEduroProfisdohtibfash chromatography gave

(2-bromo-4- flqgr@f&ﬁalem@% p}ﬁemylaygﬁeﬂg)a@&é@@dgﬁ 23:3melhivdichdlagomethane (100 ml) was
added 1.0 M bsororgtrrbro i dj 9 mml),, The mixture was stirred at room
temperature for ore dded and the mixture was

extracted with @@n@r@mﬁ@r@wé @B%héﬁﬂ@?@ﬁ?ﬂ@é&t?&@t%ﬁ@ (n&HRinFHPHNAREEhd brine, dried
over MgSQG4, W@ﬁ@dc@ﬂﬁiﬁi{v@cﬁ@@i&ﬁ?ﬁﬁlﬂﬁ’&%&&@@@&ﬁﬁ&ﬂ%mﬁﬁm@é%@@H@t@dﬂ@ldryness under

reduced pressiie, PUIICaa Y 1) EAMAIROIARNN OBYEora . Tne i

(2-bromo-4- fluoro- )11 droxy -p enyI) acelic acid. as a white so |dur§te6 32-B romo4-flu

oro-54tchc- tiefyapQsistie %F%Petﬁylféﬁtélm‘bpﬁ’%ﬁﬁtlﬁwﬁf@oﬁFﬁﬂﬂ@fﬂ%@%@iﬂwroxy-pheny1)-acctic

acid (5.06 g) igHRHddAhmbRmas axides 1S uHusic asieh (04 iaak, a6 dasyriktute wasstied at room
temperature for, 24 hou gBE,I'I-? mrxglrde was heated at 70 C with stirring for an additional 24h. The
y

eth estc

mixture was eva orate ness under reduced pressure Purrfrcatron of the residue by flash
chromatodfaph : DAL 8D, O BRI atéticacid ethyl ester
(4.66g)asa Sﬁltdetﬂ;g %p 4{2- bromo 542 (tert butyI drmethyl srlanyloxy) ethoxvl 4-fluoro-phenyll

(0.42 19, 1.52 mmol ml) was a onate sodium iodide
(0.228 g, 1.52iABIFAMIPAbIEhTEE GRS weimB saRaredyiétant raeal)g%%iw ffitkst). The 15 mixture
was heated at(3.00:G fosiwenbD L. AfteheaRiingda-FagnaiieanpRiakd e satel wasadiethand the

product wps extacted wilh £10 P, combined exfiacts iere washed ity walepqgbrine, dried

over Mg504, fllne ed and concentrated to dryness udner re press fication of the residue

by flash chronf&t’é@ﬁ&ﬂﬁ%ﬁ m@% @@sg@rg@pé mt}@m The comb:neci extracts were washed with
bromo-542- (teﬂ;x{@uhyrlddrmetbywdwwwgahaxy]aﬁéf&um&@hw kir@m‘sracmerdeaﬂayﬂ ester 20 (0.508 g,

77%) as a While, sqlid a?oﬁs?mféqi el e las AU LR R AgH To.2 soluton o

{2-bromo-542- tert Sl any oxy - acetic aci %y ester (0.508 g,
1.16 mmol) mWF@@HS st%B‘é @?@XEEI%BY@B‘@)QG* ’5@ SeeTRPhPHe - ﬁﬁﬁ?&?@@/\?ﬁgs‘fﬁﬁ@éd at room

temperatwe fgo.8e® dhouts, andvitendidlvent was removed under reduced pressure. 2N NaOH was

added to the regidue, ang the raixdyre was washed Wit disivkeihar e AgkegHs.phase was taken to

pH 1 with 2N HCT and was extracted with EtOAc. The combined EIOAC exiracts wére washed with
water, brine di&# over Mg504, filtered and concentrated to dryness under reduced pressure to yield

{2-bromo- 30 F42:{tentausy i tlivaetnd-gilanyloxy)-dithakyl] by brosphienyl-4abetic-giciay{D. 352 g, 74%)
as a white soligh.:c 014 ethyl ester (0.508 g, 1.16 mmol) in MeOH was added LiOFH,0 (0.036 g, 1.51

25 mmol). The mixture was stirred at room temperatare for two hours, and then solvent was

-acetic acid ethyl e tero&%% olution of (2 d% éP J*‘?é‘4.fl Jhas a)r% Mga%»g g}{ nyl) {@%gt %qcléd ethyl ester

removed under reduced pressure. 2N NaOH was added to the residue, and the mixture was
washed with diethy! ether. The aqueous phase was taken to pH 1 with 2N HCI and was
extracted with EtOAc. The combined EtOAc extracts were washed with water, brine dried
over MgSQy, filtered and concentrated to dryness under reduced pressure to yield {2-bromo-
30 S5-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-4-fluoro-phenyl} -acetic acid (0.352 g, 74%) as

a white solid.

acetvl-2 2-dimethvi-proprionic anhydride




Stea26f2-Eromo-5- 2- tert-butethox -4-fluoro- hen - acety1-2 2-d imethyl-proprionic anhydride WO
2010/072647RCT. /067404 - 54 - To a solution of

{2-bromo-542§zgtéé%{£- 2%%%8; imethyl-silanyloxy)-ethoxyl-4-fluoro-phenyll - aikge%%l)é%(fsgﬁ(%f%Sg,
0.387mmol) in toluene (3m1) was added at OC tr_i%g'\_ylamine (0,062m1, 0.442mmol) and pivaloyl
chloride (0.048m1, 0.3871=01). The mixture was stirred at OC for Ihour. The mixture was filtered and
the filtrate wad @88eHIRIE B aRMESE (5T EiRetyg-sganyloxy)-ethoxy]-4-fluoro-phenyl} -
bromo-542-(testehtityiddionethy b sikampoRy)- ethene/d3d:fluakaphe nyticacetylatidedinethylproprionie
anhydride(0.1 &ﬁﬁg ' .FQS - : .

{2-bromo-542§t%e%%- ufﬁ;/?% mét%{?lﬁs%?ﬁé o>g)dlé%§g>l<’ﬁ;::‘Agjﬁﬁicl)?glr?ﬁ}gﬁﬁf%gt\f/%s-%riﬁlfajtoor%-fgﬂenvl)-Z,3-dih
ydro-|H-pyndiﬁb@%n@w%%w&f&ﬂw@r%@aﬁ#ﬁa%%éﬂw)lﬁﬁitéddm%%ﬁ%%wmahe (0.07 g,
0.387 mmal) IRancFHE-(Bmb)al-dits: GyvdlamitaetZ:6M]r-Bubiolpirexanec(dl-225dimlstBy887 mmol). The
mixture was sgggggog;c-zrﬁlﬁgg&&gﬂ tes; A gglution of the anhydride of step 6 (0.192 g, 0.387 mmol)
in THE (2 ml) was added and the miXture was stirred at -78C for 30 minutes and at room temperature
for 30 minutesY kSl G adEmBostd b A R pRan Rt € 5 extracted with

EtOAc. The e><zx¢a_@nv_s294ﬂ/aash extiatwlm&w Hnﬂmd&&etﬁ o ed ovr MgSO4, filtereed and concentrated
to dryness. Pulicalianhylash ciamalagapty R FIOARhS:Eh0aYR: o o 0.367 mmon
{2-bromo-542-(tert-butyl-dimethyl-silanyloxy)- O

ethoxy]-41f?uoeaidﬁ%w§ii?ac7érﬁ)w%i NoREH-3 Beng ko2 12k PYHdabABS0.112 g, 50%) as
a white foam. mix@tep8 @f_&}arz—m‘-Bmmp@ﬂmfmammmmywmywm@mll
-244-fluoro20 &9@?9@%81)%@“@@{?&%@’5@5&&58%1 ﬁi%&%&%@g%ﬁ&@&&%ﬁ'@ (4891 hhapater (1.5m1)

and THE (1.5m1) was added to a flask containing 142- . .

(2-bromo-542 At FASIEIRRETE St R ARy o0 (%S4 HUHGPE SR chloride was added
acetyl)-2(4-fluetd iphenyiidt 2;3-chilryded-&ith pydiskinTheaone (0. 048g:B08Zhmaty eﬂ'ahéﬁné:xtu_re was stirred
at room tamperale oo Walfrwas Added archile pradurls friextracted with EtOAC. The

extract was washed with water and brine, dried over MgSO4, filtered and concentrated to dryness.
Purification by RSP ORFUIRAtBEFABI~(EiAe) Ghlrs (Epramo->-[2-ert-butyl-dimethyl-silavyloxs)-
{2-[2-bromo-4 diuosd-b42enydhoxylicthoxyzphdhpibadetyl )} 2244k fldorbHpmeiipl-f-2:8-(0.112 g,
dihydro-lH-pygBi}.g-é-QQgi&ofgd%g g) as a white foam. In a similar fashion, the following compounds
were prepared; 30(S)- 1- {2 I-a%e Il -2-(4-

o { ()

VTR Re-exceptths Fromo=2=tetHoXy=etirarte was used as the
p6:i @ R010/072647PCT/EP2009/067404 - 55

.y gt e ple 6 i€
-4,5-Dimethoxy-242:0x0r 244 Q¥R & PR3 &tﬂ&!{lys‘r{&}ﬁk#iygkgivwla@/a]a)a&i%’é%a%nzon 'le The
synthetic procggnl’ggieni%g%q(i[]{Et]‘tl)?oggE)-aifzr?(gi!a%rjblliy?—lzlltilr@e%%llg1' Isagylgg}e—el%oxy]-4-ﬂu<}ro-phenyl} -
acctyl)-2-(4-fluoro-phenyl)-2,3-dihydro-1 H-pyridin-4-one (0.048g, 0.682mmot). The
mixturg was stirred at room temperature for 16 hours, Water was added and the product was
25  extracted with EtOAc. The extract was washed with water and brine, dried over MgSQOy,
filtered and concentrated to dryness. Purification by flash chromatography (EtOAc) gave (S)-
1-{2-[2-bromo-4-fluoro-5-(2-hydroxy-cthoxy)-phenylj-acetyl} -2-(4-fluoro-phenyl)-2,3-
dihydro-1H-pyridin-4-one {0.032 g) as a white foam.
In a similar faghion, the following compounds were prepared:
30 (8)- 1-{2-[2-Bromo-4-fluore-5-(2-methoxy-cthoxy»-phenyl}-acetyl} -2-(4-
fluoro-phenyt)-2,3-dihydro-1H-pyridin-4-one, except that 1-bromo-2-methoxy-cthane was
used as the alkylating agent in step 4,

Example 6



SCHEME K 5 Step I(2-iodo-4 5-dimethoxy-phenyl).acetic acid 3,4-Dimethoxyphenylacetic acid (4.0 g,
20.4 mmol) was dissolved in 100 ml of glacial acetic acid. lodine monochloride %1 35 ed, 1.38 ml) was
added slowly AL A ure was allowed to stir at room temperature ovgrﬁlgﬁ{ F8"H& mixture was
added 300 ml of a 10% aqueous solution of sodium bisulfite. The mixture was concentrated in vacuo
to remove most of the 10 acetrc acrd The aqueoussrsesrdue was extracted wrth EtOAc The organic
extracts were giaed e Sod Hi fa/w ated goitipe residue
was triturated m&h}eresﬂyb%%ﬂmam ﬂﬁé@r&}é@ﬁﬂbﬁ& Bﬂ@ﬁed ﬁ@iﬂiﬂﬁd{to glve (2 iodo-4,5-
dimethoxy-pheny1)-aectic acid (2.94g, 44.8%) as an off-white solid. Step
2142-(2-lodo-4,5-dimethoxy-pheny)-acetyh]2- phe yl-2,3- drg}jdro |H-pytiedii-4- 15 one
1-[2-(2-lodo-4,5-dimeth en -acety!g;‘?ph , 37 ro-1H- pyrrdrnm one was prepared by
reacting (2-iodo-4,5-di y-poenyl)- ace{rc ac 2- )

following the procedlfr)re ofistep 3 of Example f'step 3 20
142-(2-lodo-4,5- dmé%Hex?ﬁ;enyl) -acetyl]- 2% %
0.56mmol), zinc cyanide (1. 5eq, 99mg) and tetrakrs(trlphenylphosphrne)palladlum(O) (0.15eq, 98mgQ)
were dissolved in DMF. The mixture was heated to 80C overnight. Upon cooling, - 56 - the mixture
was poured into water and extracted with EtOAc. The organic extracts were drred over anhydrous
sodium sulfate and concentrated en p&cug. The residue was pHNfred by fiz
live 4,5-gimethoxy-28%p2a:2-(4-
0Xx0-2-phenyl-3,4-dihyd -pyrrin-l \ 1)-ethyl@,em20nrtrll @
Formulations Pharm : i Y Ao
the following Tables. '&AI_FU ye ingredigqt” gr "Active compound” & ]
more of the Compounds’of FoHxpula I.¥0Composition for Otal Q\El@mnrstra

Active ingredient 20.0% Lactose 79.5% Magnesium stearate
SCHEME K

1) viscous oil. 5SExample 7
formulated as shown in
Tables means one or
Ingredient % wt./wt.

5 Stepl {2-i0do-4.5-dimethoxv-phenvhD-acetic acid

3.4-Dimethoxyphenylacetic acid (4.0 g, 20.4 mmol} was dissoived in 100 m! of glacial acetic
acid. Todine monochloride (1.35 eq, 1.38 ml) was added slowly and the mixture was allowed
1o stir at room temperature overnight. To the mixture was added 300 ml of a 10% aqueous
solution of sodium bisulfite. The mixture was concentrated in vacuo to remove most of the
10  acetic acid. The aqueous residue was exiracted with EtOAc. The organic extracts were dried
over anhydrous sodium suifate, filtered and concentraied in vacuo. The residue was
triturated with diethyl ether and the solid was then filtered and dried to give (2-iodo-4,5-
dimethoxy-phenyl}-acetic acid (2.94g, 44.8%) as an off-white solid.
Step 2 1-12-(2-lodo-4,5-dimethoxy-phenyl)-acetyl]-2-phenvi-2 3-dihvdro-1 H-pyridin-4-

15 one

1-[2-(2-Todo-4,5-dimethoxy-phenyl)-acetyl]-2-phenyl-2,3-dihydro-1 H-pyridin-4-one was
prepared by reacting (2-iodo-4,5-dimethoxy-phenyl)-acetic acid with 2-Phenyl-2,3 -dihydro-
I H-pyridin-4-one foilowing the procedure of step 3 of Exampie 1.
Step 3

20 1-[2-(2-Jodo-4,5-dimethoxy-phenyl}-acetyl]-2-phenyl-2.3-dikydre-1 H-pyridin-4-one (269mg,
0.56mmol}, zinc cyanide {1.5eq, 99mg) and tetrakis(triphenyiphosphine)palladium(0) (0.152q,
98mg) were dissolved in DMF. The mixture was heated to 80°C overnight. Upon cooling,



0.5% The ingredients are mixed and dispensed into capsules containing about 100 mg each; one
capsule would approximate a total daily dosage. 15Composition for Oral Administration Ingredient %
wt./wt. Active t’%&%’ﬁ%ﬁbﬂ% Magnesium stearate 0.5% Crosscannell§S&E&dIF 2 Yoo Lactose
76.5% PVP (polylpyrrolidine) 1.0% The ingredients are combined and granulated using a solvent such
as methanol. The formulation is then dried and formd into tablets (containing about 20 mg of active
compound) witheanzapp ropriatecthivletwaiactinex2BtSontioBifidr fdhO ragAdmitistiation Ingredient

Amount Activeigeimpeundytdug SHMAURRRIGnd concentrated en vacuo. The residue was purified
by flash chromatography (7:3 Hexanes/Ethyl Acetate) to give 4,5-dimethoxy-2-[2-0x0-2~(4-
oxo-2-phenyi-3 4-dihydro-2H-pyridin-1-yl)-ethyl-benzonitrile (43 mg, 20.3%) viscous oil.

3 Example 7
Formulations
Pharmaceutical preparations for delivery by various routes are formulated as shown in the
following Tables. "Active ingredient” or "Active compound" as used in the Tables means

one or more of the Compounds of Formula L.

10 Composition for Oral Administration
| Ingredient Yo wh/wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

The ingredients are mixed and dispensed info capsules containing about 100 mg cach; one
capsule would approximate a total daily dosage.

I5 Compaosition for Oral Administration
Ingredient % wiJ/wi,
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP (polyvinylpyrrolidine) 1.0%

The mngredients are combined and granulated using a solvent such as methanol, The
formulation is then dried and formed into tablets (containing about 20 mg of active

compound) with an appropriate tablet machine.

20

Composition for Oral Administration
Ingredient Amount
Active compound l0g
Fumaric acid 05g
Sodium chloride 20¢g
Methyl paraben 0.15¢g
Propyl paraben 005¢
Granulated sugar 255¢
Sorbitol (70% solution) 1285 ¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5mg




0.5 g Sodium chloride 2.0 g Methyl paraben 0.15g Propyl paraben 0.05 g Granulated sugar 25.5 g
Sorbitol (70% solution)r 12.85 g Veegum K (Vanderbilt Co.) 1.0 g FIavoringF0.035 ml Colorings 0.5 mg
WO 2010/07282 78 E%2009/067404 - 57 - Distilled waterg.s to 100 nfl

form a suspension for oral administration. Parentersa; Formulation Ingredient %wt. Iwt.

10

| Distilled water | q.s.t0 100 ml I

The ingredients are mixed to form a suspension for oral administration.

Parenteral Formulation

Ingredient Yo wt./wt.

Active ingredient 025¢

Sodium Chloride gs to make isotonic
Water for injection 100 ml

'The active ingredient is dissolved in a portion of the water for injection. A sufficient quantity
of sodium chloride is then added with stirring to make the solution isotonic. The solution is
made up to weight with the remainder of the water for injection, filtered through a 0.2 micron

membrane filter and packaged under sterile conditions.

Suppository Formulation

Ingredient %o wt./wt.
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%

The ingredients are melted together and mixed on a steam bath, and poured into molds

containing 2.5 g total weight,

Topical Formulation

Ingredients Grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.01
Water q.5. 100

All of the ingredients, except water, are combined and heated to about 60°C with stirring. A
sufficient quantity of water at about 60°C is then added with vigorous stirring to emulsify the
mgredients, and water then added ¢.s. about 100 g.

Nasai Sprav Formulations

H%P%H%%é&?gﬁ are mixed to



Active ingredient 0.25 g Sodium Chloride gs to make isotonic Water for injection 100 ml 5 The active
ingredient is dissolved in a portion of the water for injection. A sufficient quantity of sodium chloride is
then added witfPstifigté’ make the solution isotonic. The solution is m3de GREREHHt with the
remainder of the water for injection, filtered through a 0.2 micron membrane filter and packaged under
sterile conditions. 10 Suppository Formulation Ingrédiient % wt./wt. Active ingredient 1.0%
Polyethylene giycot QO8R4 Rohatmpiene: glyeciO0D023-$ Y peThat ivgrediemisiadezmelted together

and mixed on

Sieambatl grd ROHEBSINC MRIASGANBINIRGiS21Y toflvgight.!S To cal Foio

Ingredients Grams

10

5

20

25

30

ingredients such as, for example, microcrystalline cellnlose, sodivm carboxymethyiceliulose,
dextrose, and the like. Hydrochloric acid may be added to adjust pH. The nasal spray
formulations may be delivered via a nasal spray metered pump typically delivering about 50-
100 microliters of formulation per actuation. A typical dosing schedule is 2-4 sprays every 4-
12 hours.

Fxample 8§
Intracellular Calcium Flux (FLIPR) Assay

Compound and Reagent Preparation

Stock solutions of compounds were prepared from powders as a 10 mM DPMSO stock
solution. These solutions were stored at RT during the two week period of these experiments
to prevent freeze-thaw ofthe DMSO stocks. The DMSO stocks were added to the
appropriate assay buffer at a concentration of 10 pM, and then dilited serially to the final
concentrations that were tested. No observable precipitate was formed at any time during this
process. The aqueouns sohitions of compounds as well as ATP (Sigma A7699) and BzATP
(Sigma B6396) were prepared fresh for each day of experiment.

Cell culture: 1321N1-hP2X; and HEK293-1P2X;

1321N1 cells stably expressing the full length human P2X; gene (1321N1-hP2X;) and
HEK293 cells stably expressing the full length rat P2X5 gene (HEK293-rP2X5) were
obtained from the Roche Celt Culture Facility. 132IN1-hP2X; cells were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM) high glucese supplemented with 10% FBS
and 250 pug/ml. G418, HEK293-1P2X; cells were grown in DMEM/F-12 supplemented with
10% FBS, 1 mM CaCl, 2 mM MgCly, 2 mM L-Glutamine and 500 ug/ml G418, Cells were
gplit such that they never became >70% confluent.

Intracellular Calcium Flux (FLIPR)

On the day prior to the experiment, 1321 N1-hP2X; or HEK293-rP2X cells were released

mto suspension with calcium-free PBS + Versenc and washed by centrifugation with
calcium-free PBS to remove the Versene. Cells were resuspended in growth medivm at a
density of 2.5 x 10° cells/mL and seeded into black walled, clear bottom 96 well plates
{50,000 eelis/well) approximately 18 hr prior to intracellular calcium flux expeniments,
On the day of the experiment, plates were washed with FLIPR buffer (calcium- and

magnesium-free Hank’s Balanced Salt Solution (HBSS) supplemented with 10 mM Hepes,



Active compound 0.2-2 Span 60 2 Tween 60 2 Mineral oil 5 Petrolatum 10 Methyl paraben 0.15 Propyl
paraben 0.05 BHA (butylated hydroxy anisole) 0.01 Water g.s. 100 All of the ingredients, except
water, are combied 4 Heated to about 60C with stirring. A sufficient JUEHRSEYHLYr at about 60C
is then added with vigorous stirring to emulsify the 20 ingredients, and water then added g.s. about
100g. Nasal Spray Formulations WO 2010/072647PCT/EP2009/067404 - 58 - Several aqueous
suspensions céataiviny froeidbslit HX0280u5 phloelt) exdtiye BEMPTUAE drepighasedsasrnasal spray

formulations. The feumudations Apianally cﬁ%’&@?"@“ﬁa@%@ﬂ?gfﬂgl%t%é%&%f:%%ﬁiom acid

microcrystalline cellulose, sodium carboxymethylcellulose, dextrose, and the like. |
may be adde dvlr&slézaﬁg{dﬁp?_ c?ﬂ%“ﬁé"sﬁl%ﬁ? equilibrate for 20 min at room femperature with
antagonist or vehicle (FL.IPR buffer). Agonist (100 uM BzATP final concentration for

5  hP2X5; 5 uM BzATP final concentration or rP2X5) was added online with the FLIPR and
fluorescence measurements made at 1 sec intervals for 60 sec followed by 3 sec intervals for
a further 4 min (5 min total). A final addition of 5 pM ionomycin was made and the maximal
BzATP-evoked finorescence normalized to the maximal ionomyein-evoked fluorescence.

Example 9
10 Human Whole Blood IL-13 Release Assay

Compound & Reagent Preparation

10 mM stock solutions of compounds in DMSO (Sigma D2650) were prepared and used
either fresh or after storage at -20°C. Appropriate (200x) serial dilutions of the compounds
were made in DMSO, then freshiy diluted 1 to 20 (10x) with Dulbecco’s phosphate buffered
15 saline (DPBS; Mediatech ne., 21-030), such that fina] DMSO concentration in the blood
always equaled 0.5%.
30 mM ATP (Sigma A7699) was prepared immediately before use in 50 mM HEPES (Gibco
15630) and the pH adjusted to 7.2 with IM sodium hydroxide.
Blood Donors
20 Human blood donors were medication free and restricted from utilizing alcohol or caffeine
for at least the 24 hr preceding collection. The blood was collected into sodium heparin
vacutainer tubes and used the same day.
Assay Method
The OptEIA Human IL-18 ELISA Sct, OpEIA Coating Buffer, Assay Diluent and TMB
25  Substrate Reagent Set used in the assay were commercially obtained from BD Pharmingen.
Blood was diluted 1:1 with Dulbecco’s PBS, LPS (Escherichia Coli 0127:B8, Sigma 1L.3129)
added to a final concentration of 25 ng/mL and incubated for 2 hr at 37°C. 48 pL of this LPS
primed bicod was added to 6 uL. of the 10x compound in 5% DMSO/PBS in the appropriate
well of a 96-well polypropylene plate. The blood and compound were mixed and allowed to
30  incubate for 30 min at 37°C. 6 ul of 30 mM ATP was added to the LPS-primed blood +
compound, mixed thoroughly and incubated for a further 30 min at 37°C. 96 ul of ELISA
assay buffer was added to each well and the plate centrifuged at 4°C 1,200 rpm for {0 min,



5 formulations may be delivered via a nasal spray metered pump typically delivering about 50- 100
microliters of for er actuation. A typical dosing schedule is 2-4 ry 4- 12 hours.
Example 8 Intglég}ﬁ (’[T %gluum FluxAssay 10 Compound and Reagent %%%a{%a%i)%ny@fock solutions of
compounds were prepared from powders as a 10 rgM DMSO stock solution. These solutions were
stored at RT during the two week period of these eéxperiments to prevent freeze-thaw of the DMSO
stocks. The DRFBEstaERGERS wdded asir &ppoplinte sdsyrhbiekintegwdnednthation of 10 ,uM,
and then diluteghserialyia hadibakbasonganationshatasis: issies No.ohserabiaarecipitate was
formed at any time during this process. The aqueous solutions of compounds as well as ATP (Sigma
A7699) and Bfﬁiﬁ’}?s%ma B6396) were prepared fresh for each day of experiment. Cell culture:
1321N1 -hP2X7 and HEK293-rP2X7 132 1N1 diltsstially expressing the full length human P2X7 gene

(1321NI -hP2X7) and 20 HEK29BIQQ[%%W@RE%@%(;%@M%QW rat P2X7 gene
(IE1C293-rP2X ere obtained from he Roche Cell Culture Facility. L321N1-hP2X7cells were grown
o e o

in Dulbecco's WdEsgie lénf\ﬂlérﬂﬁj M EMERR R BB SISt Wt L0% FBS and 250
jtg/mL 0418. HEKZ9@wP 2 mnuelisixvé i.grokey atbBMEMYALR sypplelmeniedkywithei0%.FBS, 1 mM
CaCl2, 2 niM Mg 1% BemMiks WQ@r@s‘Bﬂz@Q%Vﬂ LGHES Lellg wergdnasplisyeh that they

never became >70% confluent. Intracellular Calcium ‘%}Q_& R) On the da prlor to the experiment,
1321N1-hP2X B ERIes per wdiRd (R e raleadd P %éﬂ%%?ﬁ%ﬁﬁ‘b ¥ithn-free PBS +
Versene difid Washéddipicentriflugedion dayth3oalociin: e BSdo removedfeniersesenietls were
resuspended i, qrowth MBdMOnAL BA0-IENSit At 2R L AR A8IPANL, AR SeRJRM dofochlack walled,
clear bottom 96 well plates (50,000 cells/well) approximately 18 hr prior to intracellular calcium flux
experiments. GrthEA4) Bt 1H%experiment, plates were washed with FL1PR buffer (calcium- and
magnesium-frééHathk 'srBalancead Seit Sekat ibnctHBES Sihsafsplem entedwitli Lnaittepes, WO
20101072647 RETIEPANN06 AR ok AU RINBenErdand A 1M aRIclym ailgride) using 2

BIO-TEK 96 channel plate washer and incubated with 2 mM fluo-3 dye at 37C for one hr. The dye was

then removed BY PIARHTHSAIRG® 8ﬁ@3fﬂ8‘tﬁgI@W@%f%@@?@&ﬁfﬁﬁ%ﬁ@tf@}dﬁoﬁﬁﬁ fh%oom
temperature witheatitagénistl tevetroien{édifl RRouifey heAgeiaist {dPOamdvtiBiAFRufial concentration for
5 hP2X7;5 04,BzAd Pcﬂﬂﬁ’és‘&%‘%ﬁ%ﬁ%f)'&%e&%’ %Mé@’ﬁ% @%gso{&ﬂ'ﬂ@dﬂj&?t?&%f%ﬁaﬁz and

fluorescence measurements made at 1 sec intervals for gﬂsec followed by 3 sec intervals for a further
4 min (5 min tS8AF° X AREFSTHIDREPE ﬁl\a 8D é KA Araleaid ft%gcr%{%ﬂfg? BPRT®-evoked
fluorescence ribrmializegtonthe Imakimal ionomycin-evoked fluorescence. Example 9 10Human Whole
Blood IL-113 Release Assay




Compound & Reagent Preparation 10 mM stock solutions of compounds in DMSO (Sigma D2650)
were prepared and used either fresh or after storage at -20C. Appropriate (200x) serial dilutions of the
compounds were made in DMSO, then freshly diluted Ito 20 (I Ox) with Dulbecco's phosphate buffered
15 saline (DPBS; Mediatech Inc., 21-030), such that final DMSO concentration in the blood always
equaled 0.5%. 30 mM ATP (Sigma A7699) was pr%bared immediately before use in 50 mM HEPES
(Gibe 15630).and the pH adjusted to 7.2 with 1M sodium hydroxide. Blood Donors 20 Human blood
donors WetE MEWEFHH free and restricted from utilizing alcohol or caffeine for at least the 24 hr
preceding collection. The blood was collected into sodium heparin vacutainer tubes and used the
same day sAssaydethddofhal OPtEIA Human IL-1. fi ELISA Set, OptEIA Coating Buffer, Assay Diluent
and TMB 25 Substrate Reagent Set used in the assay were commercially obtained from BD
Pharmingen. Blood was diluted 1:1 with Dulbecco's PBS, LPS (Eseherichia Coll 0127:B8, Sigma

min at 37C. &l of 30 iInM]ATP was added to the LPS-primed blood + compound, mixed thoroughly
and incubategfor &furth mm at 37C. 96 |AL of ELISA assay buffer was added to each well and
the plate centrifuged & 4C"1,200 Ipm for 10 min. WO 2010/072647PCTTEP2009/067404 - 60 -
Supernatant was removed and assayed for 1L-11 using the OptiELA kit according to the manufacturer's
protgcol éS%rum may. b%frozen ,a.ttﬂ-ZO ” %iort assay). ICsos were calculated using XLfit. Example 10
5In Vivo éjsgy?%?%sfﬁ?wf’éagﬁe EiunegS tnction BALb/cJ mice are immunized with a standard
immunizatiersiprotocol. Briefly, mice (N=8/group) are immunized i.p. with ovalbumin (OVA; 10 ug) in
alum Onr(rjl?‘ 0] qnd 14. Mice are then challenged with aerosolized OVA (5%) on day 21 and 22.
Animals'recelve vehicle (p.o.) or a compound of the invention (100 mg/kg p.o.) all starting on day 20.
10 Lungrfém@tion;is evaluated on day 23 using the Buxco system to measure PenH in response to an
aerosol pethacholine challenge. Mice are then euthanized and plasma samples collected at the end of
the study. While the present invention has been described with reference to the specific embodiments
thekof, fpstesally Bebswaesswol by those skilled in the art that various changes may be made 15 and

equivalegis Ay, Renuhsiitird witheus,departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a particular situation, material, composition of

matter, pf&&EEYprocess step or steps, to the objective spirit and scope of the present invention. All
such moglifigations are intended to be within the scope of the claims appended hereto. -61-

optionally substituted aryl;
15  optionally substituted heteroaryl;
Csgseycloalloyl; or
Cs.¢ branched alkyl; and
R®, R® and R’ each independently is:
 hydrogen; or
20 Cypalkyl.

2. The compound of claim 1, wherein m is Q.
3. The compound of claim 2, wherein n 1s 0.
25

4. The compound of claim 3, wherein R®, R* and R’ are hydrogen.

5. The compound of claim 4, wherein R! is optionally substituted phenyl.



What is claimed is: I. A compound of formula I: 5or pharmaceutically acceptable salts thereof,
wherein: mis 0 or I; nis 0 or I; R1 is: 10optionally substituted aryl; optionally substituted heteroaryl; or
adarnantyl; R2 is: optionally substituted aryl; 150ptionally substituted heteroaryl; C3,6cycloalkyl; or
C3_6 branched alkyl; and R3, R4 and R5 each independently is: hydrogen; or 20C1-6alkyl. 2. The
compound of claim 1, wherein m is 0. 3. The compéund of claim 2, wherein n is 0. 25 4. The
compound of claim 3, wherein R3, R4 and R5 are hydrogen. 5. The compound of claim 4, wherein RI
Is optionally substituted phenyl.

6. The compound of claim 5, wherein R’ is pheny] substituted one, two, three or four times with
a substituent or substituents each independently selected fromy: halo; C.4alkyl; Cy.6alkoxy; halo-
5  Cigalkyl; halo-Cyealkoxy; Cisalkylsulfonyl; Ciealkylsulfanyl; Cygalkylsulfinyl; phenylsulfonyl

wherein the phenyl portion is optionally substituted with C;salkyl; nitrile; hyvdroxy;
alkylcarbonyl; aminocarbonyl; alkoxycarbonyl; alkoxycarbonylalkoxy; hydroxycarbonyl;
hydroxycarbonylalkoxy, alkylaminocarbonylalkoxy; alkoxyalkoxy; hydroxyalkoxy;
alkylaminoalkoxy; alkylsulfonylalkoxy; hydroxyalkyl; Csscycloalkyi-Cy galkoxy; amino;

10 aminoalkyl; Cysalkenyl; Cigalkynyl; or nitro; or two adjacent substituents may form a C.
satkylenedioxy or halo-Cyalkylenedioxy.

7. The compound of claim 5, wherein R'is phenyl substituted one, two, three or four times with
a substituent or substituents each independently selected from: fluoro; chloro: bromo; iodo;

15 methyl; ethyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; methanesulfonyl;
methanesulfanyl; methanesulfinyl; toluenesulfonyl; nitrile; acetyl; aminocarbonyi;
methoxycarbonyl, methoxycarbonylmethoxy; carboxy; hydroxycarbonylmethoxy;
methylammocarbonylmethoxy, methoxyethoxy; hydroxyethoxy; methytaminoethoxy;
methanesulfonyipropyloxy; hydroxymethyl; hydroxyethyi; cyclopropylmethoxy, amine; or nitro;

20 or two adjacent substituents may form methylenedioxy, ethvlenedioxy or

difluoromethylenedioxy.

8. The compound of claim 3, wherein R’ is phenyl substituted one, two, three or four times with
a substituent or substituents each independently selected from: halo; Ci salkyl; Cigalkoxy; halo-

25 Cigalkyl; halo-Cygalkoxy; Cisalkylsulfonyl; nitrile; alkoxyalkoxy; hydroxyalkoxy;
allylsulfonylalkoxy; hydroxyalkyl; or Csecycloalkyi-Cygalkoxy.

9. The compound of claim 5, wherein R'is phenyl substituted one, two, three or four times with
a substituent or substituents each independently selected from: fluoro; chioro; bromo; iodo;

30 methyl; ethyl; methoxy; ethoxy; trifinoromethyl; diflnoromethoxy; methanesulfonyl; nitrile;
methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxyethyl; or cyclopropylmethoxy.

10. The compound of claim 3, wherein R’ is phenyl optionally substituted one, two or three

times with a substituent or substituents each independently selected from: fluoro; chloro; bromo;



-62 - 6. The compound of claim 5, wherein Rl is phenyl substituted one, two, three or four times with a
substituent or substituents each independently selected from: halo; C1.6alkyl; Ch6alkoxy; halo-
5Ci.6alkyl; halo-C1.6alkoxy; Ci_6alkylsulfonyl; Ci..6alkylsulfanyl; C16alkylsulfmyl; phenylsulfonyl
wherein the phenyl portion is optionally substituted with C1_6alkyl; nitrile; hydroxY; alkylcarbonyl;
aminocarbonyl; alkoxycarbonyl; alkoxycarbonylatk&xy; hydroxycarbonyl; hydroxycarlxnaylalkoxy;
alkylaminocarbonylalkoxy; alkoxyalkoxy; hydroxyalkoxy; alkylaminoalkoxy; alkylsulfonylalkoxy;

hydroxyadlylCshBe yetduikyl-<hos sl kosdoarminGyi Ghifhinwatiefo Batkenyleixgethamyl; or nitro; or
o adjaganl SubsityaE AN, & o allidenedionarbalgblaliylenedioxy. 7. The
compound of claim 5, wherein R is phényl substituted one, two, three or four times with a substituent
or substituents each independently selected from: fluoro; chloro; bromo; iodo; 15methyl; ethyl;
methox;i;letﬂgp%rgéﬁgggqmgm;5_}|ﬂﬂg{g@gﬁ@&iig}gﬁﬁgg§ﬂmglbmggﬁanesuIfanyl; methanesulfinyl;
toluenesulfonyl; nitrile; acetyl; aminocarbonyl; methoxycarbonyl; méthoxycarbonylmethoxy; carboxy;
hydtoxycarbonylmethoxy; methylaminocarbonylmethoxy; methoxyethoxy; hydroxyethoxy;
methylaminpeihexpomgtbapsuifRylrepyIoxy pRYeIPxymetny: ydrexvathyl; avs'optigpyimethoxy;
amino; or nitro; 20or fwo adjacent substituents may form meth}llenedioxy, ethylenedioxy or

difluorom By TR HEHTERS EERT AR SEORTBETRCE P I fePsndmeetrl esteds Trmaniirein shigredtseaoiwo, three
or four timesyWisthal subsitiugntiarsyhstituesiseathirdepandantly: selaties damyhaleCi_6alkyl;
Ci.6alkaxy; halo-.256alkyl; halo-C1  6alkoxy; Ci.6alkylsulfonyl; nitrile; alkoxyalkoxy; hydroxyalkoxY:; all
Isulfonﬁﬁ 6%%%&%&%%%@%%@?8&%@i?é;gﬁj(?%?p@w}%oéé’mpound of claim 5, wherein le
is pthenyl substituted one, two, three or four times with a substituent or substituents each

Aindepen selected from: fluoro; chloro; bromo; iado: 30 methyl; ethyl; methoxy; ethoxy;
trifluororggae'?g% aitGorom g{r@é%(l%orgﬁgﬁgﬁé%u fé?*r?/n%\;e%ﬁqrifg}j?ﬁie h%x?/ivé(‘t%%(é;v Wd’f&) ?H%W%/m
hydroxymetigkithyohosapbtindsmmdgotbpseipytmictivoxyliue£i3 cinethyléthlytnsathexy: eibioxy;
trifluoromethyl; difluoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy; hydroxyrnethyl; hydroxyethyl;
or cyclopropylmethoxy. 11. The compound of claim 5, wherein R2 is optionally substituted phenyl. 5
12. The kbripocerirstiothirhoiimtereleR B hehyt dptibsuatiyesubstitated oaeyitaiardhree times with
a sybstituent or substituents each independently selected from: fluoro; chloro; bromo; methyl; ethyl;
methoxy; ethoxy; trifluoromethyl; difluoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy;
hydroxyhiethis; et viase dyctbpropyirberampeund i1 81 faweripound of claim 5, wherein R2 is
phenyl substituted once or twice with a substituent or substituents each independently selected from:
fluoro; chloro; methyl; methoxy; or nitrile.

R® = °
R N
RB R'ID O
114
Lo (R,
I

RS, R7, R®, R and R" each independently is: hydrogen; halo; C,salkyl; Cisalkoxy; halo-C;.
salkyl; halo-C; galkoxy; Ci.ealkylsulfonyl; Cl-6alkylsulfanyl; Cy.¢alkylsulfinyl; phenylsulfony
wherein the phenyl portion is optionally substituted with Cisalkyl; nitrile; hydroxy;,

wherein:

20 pisfromOto 3;

alkylcarbonyl; aminocarbonyl; alkoxycarbonyl; alkoxycarbonylalkoxy; hydroxycarbonyl;
25 hydroxycarbonylalkoxy; alkylaminocarbonylalkoxy; alkoxyalkoxy; hydroxyalkoxy;

alkylaminoalkoxy; alkylsulfonylalkoxy; hydroxyalkyl, Csscycloalkyl-Crgalkoxy: amino;

aminoalkyl; or nitro; or two adjacent substituents ﬁ:nay form a C;qatkylenedioxy or halo-C;.

-alkvlenedioxy; and



14. The compound of claim 5, wherein R2 is phenyl substituted once or twice with fluoro. 15 15. The
compound of claim 1, wherein said compound is of foiniula II: wherein: 20p is fi-om 0 to 3; R6, R7, RS,
R9 and RI each independently is: hydrogen; halo; C3.6alkyl; C1.6alkoxy; halo-C1 6alkyl;
halo-C1.6alkoxy, Ci_6alkylsulfonyl; C1-6alkylsulfanyi; C1.6alkylsulfinyl; phenylsulfonyl wherein the
phenyl portion is optionally substituted with Ci.6aléy; nitrile; hydroxyl alkylcarbonyl; aminocarbonyl;
alkoxycarbonyi; alkoxycarbonylalkoxy; hydroxycarbonyl; 25 hydroxycarbonylalkoxy;

alkylamioct &y on@&aﬁndﬁyﬂ}ahmkylaikﬁxyalhyiﬂr%xmqmy halrylariiodlkeky CanayksutfoRylalkoxy;
hydroxy% I@ﬁ lg r?,?yq]%y@él -C1.6alkoxy: amino; aminoalkyl; or nitro; or two adjacent substituents may
form a oxy or halo-C1. ,alkylenedioxy; and - 64 - each R11 independentlyis: halo;

Ci 6a|ky| Calkoxy, halo-Ct.6alkyl; halo-Ci_6alkoxy; C1- 6alkylsulfonyl; or nitrile. 16. The compound

of claim 5 heteinaticasiig of /8K REBR.a0dAliare net Rydingen & it s gampound of

claim 15, wherein R6, R7, R8, R9 and Rl each independently i is: hydrogen fluoro; chloro; bromo; iodo;
methyl; ethyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; methanesulfonyl; methanesulfanyl;

methanesulfinyloiplsenesulfony ritiissaged; @imitoparbonyt réh%ﬁ"%ﬁ@zﬁb%l/}iqs hydrogen,

methoxycarbonylmethoxy; carboxy- 10 ﬁEiiwroxycarbonylmethox ; methylamingcarbonylmethoxy;

methoxyBHE§RIegRBsaTath saP: msthyla BN e SHROHYRROBY IR ARG REthy I

hyd roxyﬁi&mﬁy@faﬁmpmmmﬁwaami@@e@ﬁxfwﬁm@ﬁt\&md&aﬁah?u bistitlseptstonay form
methylenedloxy ethylenedioxy or difl orometh nedioxy, 1518. The compound of claim 15, wherein
Ro, R, R it RPN BB R 5 T EPBHRS RRIS: G %Ay 1. Ci.6alkoxy: halo-C1. Balkyl

Eah@cl l@laﬂf%fym%nﬁﬂélﬂlﬁifds‘@wmmfn%mwmohyﬁmh%%@ﬁ@mmﬁﬁmﬁkwy,
ydroxyalkyl; or C3 oa a of claim wherein R6, R7, R8, R9
and RI 688 y}g&tga %%% Iy j&t %ig?e %éﬂ} k’x E‘?fgfo 33%?#3% OXV &%a ethyl; methoxy; ethoxy;
tr|fIuorommbyfpﬁMﬂthngihmbmﬂmesuﬁ@mymmhﬂesummmnysﬂmxmmydmkybthdMy,

hydroxy%%ym(l Jgdrox I ol gle dX %Imethoxy 20. The compound of claim 15, wherein R6,
R7, R8 n% FEACN in epen esﬁtyls §drogen 25fluoro; chloro; bromo; methyl; ethyl; methoxy;

ethoxy; trlfluoromethyl difluoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl;

hyggoxy%h%l SLE¥S rcf)gty‘l;ﬂﬁ???y\rvheréﬁ Rﬁhﬁvcam&%ﬂg foclaim; 5. igvm@a@ thy?e%géTare

hydrogen. 3 e compoun claim 21, wherein R6 Is: ydrogen or me he

com pouhd@f@a@ﬁiﬂﬁwﬁ%ﬁ@m Bﬁd%.chmikdbéﬁ}ww}i%he% :cahieyisl buiflobidthethoxy.
alkoxyalkoxy; hydroxyalkoxy: alkylsulforylalkoxy: hydroxyalkyl; or Csscycloaliyl-Cisalkoxy.

19. The compound of claim 15, wherein Ré, R7, R®, R” and R"? cach independently is: hydrogen;

20  fluoro; chlore; bromo; iodo; methyl; ethyl: methoxy; ethoxy; trifluoromethyl; diflucromethoxy;
methanesulfonyl; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxyethyl; or
cyciopropylmethoxy.

20. The compound of claim 15, wherein R®, R”, R®, R” and R* each independently is: hydrogen;
25  fluoro; chloro; bromo; methyl; ethvl; methoxy; ethoxy; triffuoromethyi; difluoromethoxy; nitrile;

methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxvethyl; or cyclopropyimethoxy.

21. The compound of claim 15, wherein R’ and R are hydrogen.

30 22. The compound of claim 21, wherein R® is: hvdrogen; halo; or methyl.

23. The compound of claim 22, wherein R%is: hydrogen; methoxy; halo; methyl; or

difluoromethoxy.



-65- 24. The compound of claim 15, wherein R9 is: methoxy; hydrogen; 2-hydroxy-ethoxy; 2-
methoxy-ethoxy; 1-hydroxy-ethyl; or cyclopropylmethyl. 525. The compound of claim 15, wherein p is
0, 1 or 2. 26. The compound of claim 25, wherein RH is halo. 27. The compound of claim 25, where
RH is fluor, 10 28. The compound of claim 15, wherein said compound is of formula 11l 29. 11l 15 20
wherein R6, R8, R9 and RI are as recited in claim&Es-30. A pharmaceutical composition comprising:
(a) a pharmaceutically acceptable carrier; and (b) a compound of claim I. (a)

24. The compound of claim 15, wherein R’ is: methoxy; hydrogen; 2-hydroxy-ethoxy; 2-
methoxy-ethoxy; 1-hydroxy-ethyl; or cyciopropylmethyl,

5  25. The compound of claim 15, whereinp 1s 0, 1 or 2.
26. The compoﬁnd of claim 25, wherein ! is halo,

27. The compound of claim 25, wherein R is fluoro.

10

28. The compound of claim 15, wherein said compound is of formula il

R 10

wherein R®, R®, R? and R'! are as recited in claim 15.
15

29, A pharmaceutical composition comprising:

(a) a pharmaceutically acceptable carrier; and

(b} a compound of claim 1.

20
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