WO 2009/077365PCT/EP2008/066985 NOVEL IMIDAZOLE-SUBSTITUTED ARYLAMIDES This
invention pertdis2§%mpounds useful for treatment of diseases associBfSHERAMSPEBHUrinergic
receptors, and more particularly to P2X3 and/or P2X2/3 antagonists usable for treatment of
genitourinary, pain, inflammatory, gastrointestinal and respiratory diseases, conditions and disorders.
5 The urinary bladder is responsible for two important physiological functions: urine storage and urine
emptying. This process involves two main steps: (1) the bladder fills progressively until the tension in its
walls rises above a threshold level; and (2) a nervous reflex, called the micturition reflex, occurs that
empties the bladder or, if this fails, at least causes a conscious desire to urinate. Although the
micturition reflex is an autonomic spinal cord reflex, it can also be inhibited or 10 mediated by centers
in the cerebral cortex or brAi@VELIHEE) AZHHGERL BRIZTRITED pBAcxdTHEPESTs, have been implicated
as having a variety of physiological and pathological roles. (See, Burnstock (1993) Drug Dev. Res.
28:195-206.) ATP, and to a lesser extent, adenaosine, can stimulate sensory nerve endings resulting in
intense pairt AN EPYORSEMHBYSYERRET LEnddRy Heretisehsrees Aot pitrEHave been
classified inporibrpico artajorsamilisse thetie2Yand PR)XapisimyEceptogspon thebkasis of molecular
structure, tgnadelion mechanisa AnRhamacdledisal dhaipslsteatian. Tl Bay -purinoreceptors
are G-protein coupled Teceptors; while the P2X-purinoreceptors are a fami of ATP-gated cation
channels. PiiABRIaEEMBIESIn particular, P2X receptors, are known to form homomultimers or
heteromultimers. To date, cDNAs for several P2X receptors subtypes have been cloned, 20 including:
six homémérie reventblsidP2X kesRRXPle PEX B FEtaf P Fsicingi RPN tamst thieestetecanderic
receptors PYRLARRXA BRI (SRE: £ niaiotse\ el d19BMNBIN B ATLARB AT bewis. et al.
(1995) Nature 377:432-435; and Burnstock (1997) Neuros)hamacol. 36:1127-1139), The structure and
chromosom&PHRAEp iy GG R gEnD Hie RS Rl csior aupstivat g8 st el icBISEHBRS (Souslova,
et al. (1997)Benectos: #afehifids thewitsddeamexiies ity afiRX2wanc: RéXGab dedeptotsapunits is
necessary t P- n ' : ies.sgen in some sensery neurons (Lewis, et
(1993 N B e S S SRS, oot e
found o affepdirtediivreRiesE Endasrbin KRBT BFsthelium. Data exists suggesting that ATP may be
released from epitheliaUendothclial cells of the urinary bladder or other hollow organs as a result of
distention (Burnstoekif 380):gasaiatornyrbonG38r842ycarmdrFangirstn et lwdyviEkoovriztRHysiol.
505:503-51 1) A 1gieas tmgémme(s@@ﬁmg&e(@5@%@&&@9@\@1@39@&@%@gmﬁ%ﬁ»ensory
a

neurons located in subepithelial components, e.gl., suburothelial lamina propria (Namasivayam, et al.
(1999) BJUHHICEABET BEDY: 1HEWSS FRLEHTONS haRReBLBT G GRARE S Re it BeR 5P eRfBns, including
sensory, symﬁatbmﬁonmmﬁymaﬁheti@omyeMéﬁchagd géﬁtfgiepemsm(ﬁda@mgusﬁﬁat:mw%) Br. J.
Pharmagol. dgSi etk ey studiepindicals, Rahpuegislsespiaia Rlay Aiale n aferent 10

neurotransmission from the bladder, and that modulators of P2X receptors are potentially useful in the
treatment of BRACRFEP Y67 Y Rmare ther gesittotiFm abyantaiadrof HBWEREERIRT EFRdence also
suggests a Ria@tiendageneusRkPraid fuPEIgiciHecRpiars RnorieRPivA TespeaAseasidn mice (Tsuda,
et al. (1999) Br. J. Pharmacol. 121{_3:1497-1 OAI . % -induced actli(vation off P2 receﬁtors on dorsal

- chernels. Purnergic recentors, m 1CILIAr LECEPIPTS, are known 19.10 omonmituner
root ganglioh nerve ermlrf%afs in Pne Spinal cord has een 15 <hown 1o Stimutate Telease ot glutamate,
a key neurotrantritteliineis|vEel i hcBIYEstivessigrrailie (Sanaers vhinDe hawstbeNatime$89:749-753

- (1997)pP2X3irasRptaShaveArsadentfieskonraggieertiveReuroRs indirekoothurip. (Cook et al.,
Nature 387:505-508 (1997)). ATP released from damaged cells maréthus lead tQ 7Dain bé activating
I

P2X3 and/oFE3FTS ESRRERIRG Teedptore brmediceptive SEfssH ndNe ity s’ 7iié 1S Lonsistent

with the indUetitn aokp &G4y Nature 377:432-435; and Burnstock (1997) Neurophamacol. 36:1127-1139).
The structure and chromosomal rﬁapping of mouse genomic P2X; receptor subunit has also been
described (Souslova, et al. (1997} Gene 195:101-111). In vitro, co-expression of P2X; and P2X;

25 receptor subunits is necessary to produce ATP-gated currents with the properties seen in some
sensory neurons (Lewis, ct al. (199%) Nature 377:432-435).



20 intradermally applied ATP in the human blister-base model (Bleehen, Br J Pharmacol 62:573- 577
(1978)). P2X antagupiststiave been shown to be analgesic in animal madglEKDiessess and Starke,
Naunyn Schmiedebergs Arch Pharmacol 350:618-6225 (1994)). This evidence suggests that P2X2 and
P2X3 are involved in nociception, and that modulatdrs of P2X receptors are potentially useful as

analgesics. PG ESRREDRIS DRIl RRX? LSPRRIGIE SXRLERSREINlman colon, and

are expressed at higher levels in inflamed colon than in nonnal co langou et al,

Neurogastréiitefetesresder) imashenicotr diora seibelieafetbelingpisatdansmnxs receptor in
detection ofttigtensiorher HoltauninglRressuie nifeintegtingsaad insntion el safle comractions

(Bian et al., ,/Rhysijal (2003) 551.1-309- and. hayg,linked this tq colitis nn et al., Am 30 J Physiol
Gastrointes i%vgrﬁd%)%%?u(ﬁb&sggggiﬁlﬁ%17(;5.85%85’65 § a‘%ql(%rr??ej ﬁ%’élp({i}é\%@ﬁ%fi&r@%l (2000)
23:52-67) foamd #iakRRX8YitRp IR TATEoap essEt Mupermiorasy ineubasitheliclbpdiess(NEBS),

implicating the reGERIGEIR RaHhe 3roiAReMiss GniR-ihe: WNGsddpratasgnilys sthess hayepmplicated
P2X2 and P2X3 receptors ing(%)lz?éjetectlon in pulmonary NEBs (Rong et al., J Neurosci (2003)

23(36): 1131821 TR T SO iy A e At RS Eh FRSHERE APt TR FHators of P2X -
receptors, ipefaginmgadrtagoristscol R2X 8catrel R2X01L 3dieceptors, (2%98)di-as Phaeeddbr methods of

treating disqases, oRngtians. and:dspirtale medlated M Lesit e et/ egeptors. The present

invention satisfies these needs as well as others. In a first aspect, there is provid]ed a compound of the

formuldf: (BEBPEHarHisiea dtaallr Skddprand thahtaatkditst, YRR eistRofanplstwshithted

imidazolyl; Rtis epiinnally Blubstitaieddphenylooptionady:substiisiadspyridiayioaptionally substituted
pyrimidinyl, optionally substituted pyridazinyl or optionally substituted thiophenyl; R3 is hydrogen;

Ci_6alkyl; hrterar Glidalkwls Ok 200 s Reishydroas s Qﬁ@%&zﬁ&%ﬂ%&h@%%ﬁ% R3and R4
together with the atom to which they are attached may foini a C3 6 carbocyclic ring; R5pis Ci_balkyl;

hetero-Ci_bERIPHAIBEE Gl NLAY A Fryfahiiraiere NLAR:(ET daliir Affirduced

activation: of P2X receptors on dorsal root ganglion nerve terminals in the spinal cord has been
15 shown to stimulate release of glutamate, a key neurotransmitter involved in nociceptive signaling

{Gu and MacDermott, Nature 389:749-753 (1997)). P2X, receptors have been identified on
nociceptive neurons in the tooth pulp (Cook et al., Nature 387:505-508 (1997)). ATP released
from damaged cells may thus lead to pain by activating P2X; and/or P2X3; containing receptors
on nociceptive sensory nerve endings. This is consistent with the induction of pain by

20 miradermally applied ATP in the human blister-base model (Blechen, Br J Pharmacol 62:573-
577 (1978)). P2X antagonists have been shown to be analgesic in animal models (Driessen and
Starke, Naunyn Schmiedebergs Arch Pharmacol 350:618-625 (1994)). This evidence suggests
that P2X, and P2X; are involved in nociception, and that modulators of P2X receptors are

potentially useful as analgesics.

25 Other researchers have shown that P2X; receptors are expressed in human colon, and are
expressed at higher levels in inflamed colon than in normal colon (Yiangou et al, Newro-

gastroenterol Mot (2001) 13:365-69). Other researchers have implicated the P2X; receptor in

detection of distension or intraluminal pressure in the intestine, and initiation of reflex contrac-
tions (Bian et al., J Physiol (2003) 551.1:309-22), and have linked this to colitis (Wynn et al., Am
30 J Physiol Gastrointest Liver Physiol (2004) 287:G647-37).

Brouns et al. (Am J Respir Cell Mol Biol {2000) 23:52-61) found that P2X; rec.eptors are

expressed in pulmonary neuroepithelial bodies (NEBs), implicating the receptor in pain



C3_7cycloalkyl; aryl; heteroaryl; heterocyclyl; C3_7cycloalkyl-C1_6alky% heteroaryl-C1- 6alkyl;
heterocyclyl-C1.6alkyl; aryl-Ci_balkyl; aryloxy-C1.6alkyl; -(CfeRb)111-C(0)-R8 wherein mis O or 1; Ir
and Rb each independently is hydrogen; or C[_6alkgk and R8 is hydrogen; C1_6alkyl;
hetero-Ci_balkyl; C3_7cycloalkyl; aryl; heteroaryl; heterocyclyl; C3__ 7cycloalkyl-C I.6alkyl;
aryl-C1.6atierhii brevaroatiw- b g atlork hetaribeyolb:C hbal kyl pliStatcheabod B3X argteriohetgrOaryloxy;

h lyloxy: C3_Zcycloal -C1_6alkyl; -C1 ; ] -Ci_balkyl;
hgi;gngé%ﬁ‘g@%?_%‘&%@%‘%’%%%% ] g@%%ﬁ&r%%@%%%ﬁ%éﬂyﬁg%)RII is%yﬁrogen;

Ci_balkyl; hetero-Ci_oalkyl; C3. 7cycloalkyl; aryl; heteroaryl; heterocyclyl; C3_7cycloalkyl-C1_6alkyl;
aryl-C1_Baiks/ishecerdsrglyi nbeddar epthpeaisty/digl-ot dsamngdulaors oRR23h teRBwgethdpdiith the
atom to yhigh ey @reatlagnermay (a8 C s O eahoryel g {babis apianall suballuted with
hydroxy; or R4 and R5 together with the atom to which they are attached may foiina C4_6
heterocyshisliiing cardadifipionaedinies hetEroatonds edth¥indesepgent|y e setent iiorantioN and S; or
R3, R4 and.Ra tagether.yith theatomig.which they are attached may form a six-membered heteroaryl
containing one or two nitrogen atoms, and which is optionally substituted with halo, amino or Ci_6alkyl;
and R6, R7 and R5 each independently is hydrogen; C a kyl; C1_6alkyloxy; halo; Ci_6haloalkyl; or
cyano. IH’a@g@'éb??d?%p@?ﬁ%ﬁe%’?@%@i%ﬁp&%%g@e@ﬁ@&%&nposition comprising a
pharmaceutically acceptable carrier; and a compound as defined above. In a third aspect, there is
provided the use of a compound of folgla | a@s gefipéd above for the preparation of a medicament for
treating a pain condition selected fron inflanmalary pain, surgical pain, visceral pain, dental pain,
premenstrual pain, central pain, pali oo bPims, Migraine or cluster headaches, nerve injury,
neuritis, neuralgias, poisoning, ischemuicAqjugy, interstitial cystitis, cancer pain, viral, parasitic or
bacterial infection, post-traumaﬁb injur1, or pain associated with irritable bowel syndrome, or a
respiratory disorder selected from chrbBnic obstructive pulmonary disorder (COPD), gsthma, and
bronchospasm. In a fourth aspect, there is provided the use of a compound of formula | as defined
above farrthieaprepatatanyoieapatieaairnhépsdhe treatment of an inflammatory and/or autoimmune
condition., The disclosure also provides pharmaceutical compositions comprising the compounds,
methods ¢ Beéﬁ‘ig the compounds, and methods of preparing the compounds. Unless otherwise stated,
the folloRing tewpsasdly inbkisviablisation]yhcluding the specification and claims, have the definitions
given belgw. It must be noted that, as used in the specification and the appended claims, the singular
form et S A T e M GLL Y B0 R B PUEL LS B, 4
"Alkyl" meangtheniiindy afenidabeanbstiirant ped Geatiurd tedopyidiedsr bdrs tinoiettheghsisting solely of
carbon ?{gd h{dﬁogren atoms, ﬂ?\{i_r]%tfro Y on%%oitwelve carbon atoms. "Lower alkyl" refers to an alkyl
group of one to SiX Carbon 5toms; 1.6, CI-Coaikyl: Exampigs of alkyl groups include, but are not limited
to, methil* ethyhphopyh;iSopatingtt, dshbteyh:Geediwlyl, tert-butyl, pentyl, n-hexyl, octyl, dodecyl, and the
like. "Alkenyt' means a linear mopovalent hydrocarbon radjcal, of.two ta six carbon atoms.or a
pranche RoRBUAIeR S FDRA b AR PLtBar oY FVALTS &5F AL L& BB A5 B ISR M touble
bond, e.@.s, ethe@ylapiropéntdrafin giktikealo-C, salkyl; N-C; galkylamino; N,N-di-(C, calkyl}-amino;

Csseycloalkyl; aryl; heteroaryl; heterocyclyl; Csseycloalkyl-Cealkyl: heteroaryl-C,.
salkyl; heteroeyelyl-C galkyl; aryl-C;-(,-alkyh aryloxy-Cy_galkyl; -(C?R‘*Rb),.n—c(())—R8

wherein m is 0 or 1; R* and R® each independently is hydrogen; or Calkyl; and R® is
hydrogen; C;_salkyl; hetero-C; salkyl; Csscycloalkyl; aryl; heteroaryl; heterocyelyl; Ca.
scycloaltkyl-Cy.gatkyl; aryl-C.galkyl; heteroaryl-Ci.salkyl; heterocyelyl-Cy.galkyl; Cs.
scycloalkyloxy; aryloxy; heteroaryloxy; heterocyclyloxy; Ci.scycloalkyloxy-Ci.galkyl;
aryloxy-Cy.salkyl; heteroaryloxy-Ciealkyl; heterocyclyloxy-Cigalkyl; or -NR*R'?, wherein
R’ is hydrogen; or Cy.¢alkyl; and R'" is hydrogen; Csalkyl; hetero-Ciealkyl; Cs.
seycloalkyl; aryl; heteroarvl; heterocycelyl; Csygeveloalkyl-C galkyl; aryl-Cgalkvl;
heteroaryl-C;_galkyl; or heterocyclyl-C; galkyl;



"Alkynyl" means a linear monovalent hydrocarbon radical of two to six carbon atoms or a branched
monovalent hydrocarbon radical of three to six carbon atoms, containing at least one triple bond, e.g.,
ethynyl, propynyl, and the like. WO 2009/077365P&T/EP2008/066985 -5- "Alkylone" means a linear
saturated divalent hydrocarbon radical of one to six carbon atoms or a branched saturated divalent
hydrocath®’ radiddl toptiieevitisih caranatdms, ey anathybaoe nethytenca 2.2, durteibytaityiane,

propylene, 2-methylpropylene, putyl ntylene, and the like. "Alkoxy" and "alkyloxy", which may
be used inter@uaérl]%/gp%%ﬁ/l},laﬁ e%%gélé%gﬁy%ﬁ h%é?f%)fﬁﬁula - 5 OR, wherein R is an alkyl moiety as

defined heRdinn& Rampleth @fweiitoty: moistiesvincludeyhut areciadlimitethie, meihoxycetiexy, ing

isopropoxy, and the.like. "Alkoxyalkyl" means a moiety of the foimula RCO-Rb.--, where Ra' is alkyl
it o S TEHE SR B BRGS0 R RRIRST 1 ST THAITOR By VAot exarmple
2-methoxyRIhR} 3achBhoygirapyiti theettyd 43-misitiotyethsd, alt(hadathexyethy k3-methssegpropyl, and
1-(2- 10 methoxyethyl)-3-methoxypropyl. "Alkylcarbonyl' means, a moiety.of the formula -R'-R", where
R'is oxo and t‘gfg %ﬁy?%%m%%?ﬂ?eé% §%ﬁvr‘1’f)' l}io eﬁl%ﬂéﬂs’r%%aﬁf t %%f@%’%?ﬂ?é%&%ﬁeﬁﬁx ', where

R'is -SO2- ahdl& aisiatkyk &5 ddlipediibrein. 15 "Allcylsulfonylalkyl means a moiety of the formula
-R-R"-R;svpere where R'is alkylene, R" is -502- a " 15 alkyl as defined, herein. "Alkylamino means
a moiegR of the g\rl%u ngﬁ@ﬁ:’évéﬁeéﬁel' R %3%@@?1‘"8%‘1%?!}1{?#(1&%3( i’?’aﬁ@f’a H%W@%Z&gfn.

"Alkoxyaminatyareans a moiety of the formula -NR-OR' wherein R is hydrogen or alkyl and R' 20 is
alkyl as defined herein. "Alkylsulfanyl" means a moiety of the formula -SR wherein R is alkyl as defined

herein. 'ﬁrng}o [g "m g -R-R! ein R i ]egq'!g i | s defi erein.
"Aminoalky!" in%liuéc{iléds a%%gr%%e{ﬁ%/fl? a%iﬁgg?wgc{%-a%i oprop%f%ggg?niégp %%%%é?ld‘%ﬁggﬁ%%heg
amino nmbiatpawieiyaitopdtably deisubstirtedropoendrasn eBngitiataikyl to provide 25
"alkylaminoalkyl" and "diallcylaminoalkyl" respectively. "Alkylaminoallcyl" includes methylaminomethyl,

methylaminagthy bsmeihYirRinopronykEthy aminp s thivand:1ae fiksmblialkylaipifialiods Jaciides
dimethylaminomethyl, dimethylaminoethyl, dimethylaminopropyl, N-methyl-N-ethf\{lamlnoethyl, and the
like. WOrSRRIONYR7 S6SPRIIEpRehR /o5 dowiting. 2 pain condition selected from inflammatory pain,

surgical pain, visceral pain, dental pain, premenstrual pain, central pain, pain due to burns,
migraine or cluster headaches, nerve injury, neuritis, neuralgias, poisoning, ischemic injury,
interstitial cystitis, cancer pain, viral, parasitic or bacterial infection, post-traumatic injury, or
pain associated with irritable bowel syndrome, or a respiratory disorder selected from chronic

obstructive pulmonary disorder (COPD), asthma, and bronchospasm.

In a fourth aspect, there is provided the use of a compound of formula I as defined above for the

preparation of a medicament for the treatment of an inflammatory and/or autoimmune condition.

The disclosure also provides pharmaceutical compositions comprising the compounds, methods

of using the compounds, and methods of preparing the compounds.

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.



"Aminoallcoxy" means a group -OR-Wwherein R' is amino and R is alkylenc as defined herein.
"Alkylsulfonylamido” means a moiety of the formula -NR'S02-R wherein R is alkyl and R' is hydrogen
or alkyl. "Aminocarbonyloxyallcyl" or "carbamylabdg- means a group of the formula -R-O-C(0)-NR'R"
5 wherein R is alkylene and R’, R" each independently is hydrogen or alkyl as defined herein.
"Alkynylaidexy” meamaste groupveletitdifemmotd:0:ehdd swhessid RyisalkyienenaidRtisisikkypyl as
defined herein. ~Antagonist’ refers to.a compaound.that diminishes or prevents the.action nother
compour A A B e SR S Tkl
consistimefaf saomondeyherartndyelictammatibaingoiihel and gfoafkghnbxeaptiondlblisihstitpted as
defined herein. Examples of ar oieties,include, but are nat limited.to, phenyl, naphthyl, phenanthryl,
ey Lot b bt e R SR SR
diphenytsifidyh-baalyk mdsdl fdegec diphehtiisitzropylidenyl, benzodioxanyl, benzo- 15 fitranyl,
benzodioxylyl, benzopyranyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl, benzopiperazinyl,
benzopyixelicigyl. penzamarnholinyb metbyisnsdioxyphenvl giwisnsdioxyphspyl and e like,
including partially hydrogenated derivatives thereof, each being optionally substituted "Arylalkyl" and
"Aralkylbraiveedmepoeiss b ydtereHangedbiyl ohdasateadicedrRer RiymgheretoiRnatideast aflig/lene
group andRit i?ofi‘ﬁ‘, g_@(l} g{g&g,g?g)géggp herein;;e.g., phenylalkyls such as benzyl, phenylethyl,
3-(3-chloropheny1)-2-methylpentyl, and the like are examples of arylalkyl. "Arylsulfonyl means a group
of the foula -S02-R wherein R is aryl as defined herein. "Aryloxy" means a group of the formula -0-R

wherein RISAX) Fcaptinddrieramnmovalapbhyienaphag 4pE b s Lise BHvILIOMR R ewherein R is
alkylene,apdiRaisafhakRbrdefipastiarailcCyanealol s masnsameie ol hedormulankare R is
alkylene as defined herein and R" is cyano or nitrile. WO 2009/077365PCT/EP2008/066985 -7-
"Cycloalkitrheat< £ mahyvsteronaiiiamd & h6eyclic moiety consisting of mono- or bicyclic rings.
Cycloalkyl can optionally be substituted with one or more substituents, wherein each substituent is
independently hydroxy, alkyl, alkoxy, halo, haloalkyl, amino, monoalkylamino, or dialkylamino, unless
otherwise specifically indicated. Examples of cycloalkyl moieties include, 5 but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the like, including partially
unsaturated derivatives thereof.



"Cycloalkylalkyl" means a moiety of the formula -1U--12", where R'is alkylene and R" is cycloalicyl as
defined hereit"®R¥&t5atRyl" means an alkyl radical as defined herein W&YBIRU#&68%% or three
hydrogen 10 atoms have been replaced with a supss_tituent independently selected from the group
consisting of -ORd, -NRbRe, and -S(0)11Rd (Where n is an integer from 0 to 2), with the understanding

that the pom@@t&amﬁm Meﬁa%alasa%@a kmleﬁ%t é&mwgﬁa@&%r&qe alompyhergingRa is
hydrogen, ac cy clo and Ri are independently of each other
hydrogen,g éf’hﬁ ﬁt )}Eﬁo‘g‘% h % 8?8 8 RHEAH T& B RS eErdEhy Sy, 15
cycloalkyl, @hﬁy@o&kﬂi&ik%ﬂa&hgﬂwhmqm&ﬂeo? ReRghisoaikyhechaidatkyheeydtoallmdatieyikamino,

acylamino, monoalkylamino, or dialkylamino. Representative examples include, but are not limited to,
2- hydroxyethydoﬁﬂhaadfoaqypmyl vznby@ﬁwyeltﬁy&irﬁ%wmgwﬁmm&smdjmgdameof&aw;a -

1-hydroxy th l,3-h dr but I 2 oxybutyl, 2-hydr, 1meth I 2-aminoethyl,

3- amlnog(prr(?p%il %‘ %tﬁy'lss fon S/ar%sélr{?c(g)]su(id(kgny e Iimé%é fr%’:ﬁr%/%%ﬁlgh%igstﬁﬂ& udle, but
am|nosuIfo%?lm@pylf%ahyﬁmmo@@ﬁmymmykmﬂw%mmosuIfonylethyl
methylaminosulfonylpropyl, and the like. "Heteroaryl" means a monocyclic or bicyclic radical of 5 to 12

ring atoms-dkingeiityi astaone asomyatiehifgreantaihing ine sine; RY thegiering REtRrBioms selected
from N, O, or S41he remainin w%@g%mépgr&p\é\nﬁ?]}%et ng\(fay {)@ndl @h tthﬁlattnﬁm/’ ment point of

the heteroaryl 25 radical will be on"an roaryl rim e opti substituted

rin
as defined %éﬁeé!i’ﬁxwﬁl?ﬁbIb@@#‘ﬁb%é?@ﬁm%bétlbérﬁ&%é}’%hﬁlhﬁemﬁﬁqWﬁ@é%@a@dr&mlIy substituted

imidazalyl, exazolhisoxazahsk-thiggalyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyrazinyl, thienyl,
benzothienyl, thiophenyl, furanyl, pyranyl, pyridyl, pyrrolyl, pyrazolyl, pyrimidyl, quinolinyl, isoquinolinyl,

benzofuryly Renzathionhenyl bengailiopyanv, AgnRimidazalyl, B0.benzaaazRlyl hegzooxadiazolyl,

benzothiazolyl, benzothiadiazolyl, benzopyranyl, indolyl, isoindolyl, triazolyl, triazinyl, quinoxalinyl,
purinyl, quﬁ‘?ﬁfﬁﬁﬂﬁe’&umohzmyl naphthyridinyl, WO 2009/077365PCT/EP2008/066985 -8- pteridinyl,
carbazolyl, azepinyl, diazepinyl, acridinyl and the like, including partially hydrogenated derivatives
thereof, eachloftidhaly sisestitmedkt Heldro SaytalikyR ol hatemsdralkyPOmenth 8 digrburpesf the formula
-R-R' wherginRiigalkylene and R' is heteroaryl as defined herein. 5 "Heteroarylsulfonyl means a
group of the formula -S02-R wherein R is heteroaryl as defined herein. "Heteroaryloxy" means a group

of the farmig Ry@vﬁfcy}{pﬁ RIS B AR RAtOIR- RIE RN R RS f 0roup of the

formula -0- R wh ereln is alkylene and R' is heteroaryl as defined ereln
(- and R™ is alky! as defined herein.

" Alkylamine means a moiety of the formula -NR-R' wherein R is hyrdogen or alkyl and R is
- alkyl as defined herein.

"Alkoxyamine" means a moiety of the formula -NR-OR' wherein R is hydrogen or alkyl and R'
20 is alkyl as defined herein.

"Alkylsulfanyl” means a moiety of the formula -SR wherein R is alky! as defined herein.

"Aminoalkyl" means a group -R-R' wherein R' is amino and R is alkylene as defined herein.
"Aminoalkyl" includes aminomethyl, aminoethyl, 1-aminopropyl, 2-aminopropyl, and the like.
The amino moiety of "aminoalkyl” may be substituted once or twice with alky! to provide

25 alkylammoalkyl” and "dialkylaminoalky!" respectively. "Alkylaminoalkyl" includes
methylaminomethyl, methylaminoethyl, methylaminopropyl, ethylaminoethyl and the like.
"Dialkylaminoalkyl” includes dimethylaminomethyl, dimethylaminoethyl, dimethylaminopropyl,
N-methyl-N-ethylaminoethyl, and the like.



10 The terms "halo", "halogen" and "halide", which may be used interchangeably, refer to a sub
stituent fluoro, YeARKBOBI®MO, or iodo. "Haloalkyl" means alkyl as defined¢®Egad66b46h one or more
hydrogen has been replaced with same or differen}gjalogen. Exemplary haloalkyls include -CH2C1,
-CH2CF3, -CH2CC13, perfluoroalkyl (e.g., -CF3), and the like. 15 "Haloallcoxy" means a moiety of the

formula -OR, wherain. & isanaloalkyl meisty asdefingd herein ﬁqs%?{, Y lagy faloglkoxy is

difluoromethoxy. "Heterocycloamino means a saturated ring wherein at least one ring atom is N, NH or

N-alkyl and.the r ining .ring_atoms form an. alkylene g .~ Heterocyclyl" means a monovalent
caturated MO A EAE & AR e S B AP OFE Ao AL & four
heteroatomiyfehgssen fflarh nitrogen, oxygen or sulfur). The heterocyclyl ring may be optionally

substituted as defined herein. Examples of heterocyclyl moieties include, but are not limited to,
optionally stiostitatedqiperidiyl! pipesazimylz hothopipe sazivg o zepisyh pyrobidingh-rymRzolidinyl,

s Y PG AL Gy, Sy ooy

thiazolidinyl, iso- 25 t inyl, quinuclidinyl,"quino 0 eS_nZ|m| af(r)?yl/;
thiadiazolyljdinyl, zothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl, dinydropyranyl,
et b R AT B e R e b Gk e
dihydroquirslitsyinedihsidnisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the like. WO
2009/077365PCT/EP2008/066985 -9- "Hetcrocyclylalkyr means a moiety of the formula -R-RI wherein

R is allcylenamanghiRiisdeaterosysiypamd efineshbenaino: fleteraoyeliosy omeansradngiaiyof the

formula -OR Whgr%i]ns% is heterocyclyl as defined herein. "Heterocyclylalkoxy" means a moiety of the

formula -OR-R"wherein R is alkylene and R’ is heterocyclyl as defined herein. "Hydroxyallcoxy" means
a moie}ﬁ ofic;{kgé%prm‘ulg -OR wherein R is hydroxyalkyl as defined herein.  "Hydroxyalkylamino®
means'a maigty JPTHE PPN R R R A B R RGO G SPP B ARy sRE 26 %8ty BirgRyalkyl as
defined hereiryclid yeroxyatidarfiineafkgtomeansea phoiatly of thenfodakhaR-NRR" wherein R is

akyiene, RiisRyskagen Shalkyls AR in YAl oo SRTDES AGESIn, Hysiprycarbonyialkytor
"carboxyalkgl"pr#eans e?ygroup o? the foilula -R-(C0)-OH where gﬁgagﬁ%],% %I};an efified herein.
uorenyl, indenyl, pentaienyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl, aminodi-

phenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl, benzo-

15 furanyl, benzodioxylyl, benzopyranyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl,
benzopiperazinyl, benzopyrrolidinyl, benzomorpholinyl, methylenedioxyphenyl, ethylenc-
dioxyphenyl, and the like, including partialty hydrogenated derivatives thereof, each being
optionally substituted. '

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

"Arylsulfony! 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
25 defined herein

"Cyanoalkyl" ” means a moicety of the formula —R’-R”, where R’ is alkylenc as defined herein

and R” is cyano or nifrile.



15 "Hydroxyallcyloxycarbonylalkyl" or "hydroxyallcoxycarbonylalkyl" means a group of the formula
-R-C(0)-0-R-OWMOwhsresirs@ach R is alkylene and may be the same or diffsreme2bbéydsessyalkyl" means
an alkyl moiety as defined herein, substituted with (r)?ne or more, preferably one, two or three hydroxy
groups, provided that the same carbon atom does mot carry more than one hydroxy group.
Representatj ples jncl r L hydroxymethyl..2-hydroxyethyl,
2-hydroxyprgc)%li,%}?(3- d@%&pﬁ%&oﬁﬂ%@%ﬁé&%ﬁ% ‘r-&gcfhr%n%%ﬁﬁ r%)py ?%%?/T rS%b%%?FF §I€liz(§/droxybutyl,
4-hydroxyb s 2835 HWF@%%P(%WiZ-gﬁyﬂ?ﬁ%yi%y’&hﬁéﬁﬁétﬁ%éﬁﬁwi@%iW@F@%ﬂ@&hyl,
3,4-dihydroxylastybandixhadeoxyrnedtly: 3tbyid ey anyl, vdioxysveloatnd-meansia,cycloalkyl
IPgladical have

|

moiety as defined herein wherein one, twaq. or. threg 25 rogen atoms in the cycloalk

been replacge%ﬂ( %ﬁ%l%%%ﬁf tgﬁ%]ﬁ%uggﬁ%&ﬁaé%/rlensdz% tg@?@%ﬁ%ﬁc?ﬁi‘]ﬁ&{ BUFHRR" Bé ithited to, 2-,
3-, or 4-hydboikgieyioiraisd, tanttertivel, W®RODOIETFEEERCTHRR2008/368886 ] 16d thergled,or "urcido”
means a graip akihadanula-ARCENRER thwbgrein R', R" and R™ each independently is
hydrogen or alkyl. "Carbamate" means a group of the formula -0-C(0)-NR'R" wherein R" and R" each
independently. is h n I N ns.a,group of.the farmula -0-C(0)-OH.
"SuIfonamidtgygogg{{ggﬁagﬁrﬁj%%o%h&neglf%%%ﬁgg%o -eiI{%RiiRr'm'}%vh‘grg% '}S (ﬂ{gﬁaeﬁ‘%%cﬁgindependently is
hydrogen of &i¢IkyOiptetnaf bstitistituted”, when used in association with "aryl”, phenyl", "heteroaryl"
"cycloalkyl" or "heterocyclyl", means an aryl, phenyl, heteroaryl, cycloalkyl or heterocyclyl which is 10

optionally siibstitottdlintdepe adelitty radibrbisaitffolihsebstiteentsppreferatly enedosdwmo substituents
selecteqh fromalkuy Cycpal KLy ginakyialing I_R%i&ﬁé alisl YRRl MR, pite L gyano. hydroxy,

I t
alkoxy, amino, acylaming, mono-alkylamino, al-a kylamino, haloalkyl,.haloaﬁ%oxy,E%eteroalkyl, -COR,
-SO2R (whéte® is hifdfodanh -afkrpRERYE S bR AT (ERIRE endmitdiagtiial an integer
- from O to 5,tR md K'aauehindepétidanrthrohbyiydiagen oralkyk amshiRashydreganraikyl, cycloalkyl,
cycloalkylal ] r kyl), or -(CRIR™)-CONRIh (where. n.is an integer from.0 to 5, R' and
R" are indei%llr‘irtéj:)%&r}sfrleé ?grﬁ)og Eer% %ﬁiy’l ,Ogr% %ﬁ(gﬁ% g&ar%ﬁ#déﬁeﬁ%%ﬁﬂ@%& %%(?:%a% rg%ehr?rhydrogen,
alkyl, cyclogﬁfﬁﬁé"}?si’éﬁ FhORERH o prerNTd Ty cetralieprétdhBd o pribaatsabstituents for

“aryl”, phenyjclotieieraandoatysiaalkvnorhhetarocyely Rincude alkialkalebrlgrMelkyalkoxy, cyano,
20 amino and.alkxlSlIJIfon l. Mor lieferred syb&ti&uents gre methyl, fluoro, chlorg, trifluoromethyl,
AN, 40 dmu%% mono?lggz 14 é’ f

methoxy, amino and methanesultonyl. "Leaving group” me: ﬁess?ﬁteﬁéf?oﬂ%r{?\ﬂ?f‘fﬂ% fe MR

conventionail lasksciatedditxirihysyhtydtic manic2eheaimstry;hydro amatbyteibylgPdip displaceable
under substityligngeastion soeriipnsmEraMPies.efJeaving SruRSRcLILe Ut aiR noj limited to,

halogen, alkane- or 25 arylenesultonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy,
thiomethyl,%‘gﬁ)ﬁ'@ﬁ(@?’?ﬂ% B o< TR ORI E Yh e PRGN U HiAS 5 b SRSy IRy e5tEnally substituted
benzyléRy, iswpropidoxitat\doxygsaifontiprdig, methylaminosulfonylmethyl,

methylaminosulfonylethyl, methylaminosulfonylpropyl, and the like.

“Heteroary!” means & monocyclic or bicyclic radical of 5 to 12 ring atoms having at least one
aromatic ring containing one, two, or three ring heteroatoms selected from N, O, or S, the re-
maming ring atoms being C, with the understanding that the attachment point of the heteroaryl

25 radical will be on an aromatic ring. The heteroaryl ring may be optionally substituted as defined
herein. Examples of heteroaryl moieties include, but are not limited to, optionally substituted
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyrazinyl,
thienyl, benzothienyl, thiophenyl, furanyl, pyranyl, pyridyl, pyrrolyl, pyrazolyl pyrimidyl,
quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, benzothiopyranyl, benzimidazolyl,

30  benzooxazolyl, benzooxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzopyranyl, indolyl,

isoindolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinolizinyl, naphthyridinyl,



"Modulator" means a molecule that interacts with a target. The interactions include, but are not limited
to, agonist, altAy8Mi&K "aid the like, as defined herein. WO 2009/07738SPEREPPEHS/066985
"Optional” or "optionally” means that the subsequeptly described event or circumstance may but need
not occur, and that the description includes instances where the event or circumstance occurs and

instances igwhich it8ees Rtk DISAasE, M1 RISRARE sldis: Means A% Yseage. condition, symptom,

disorder or indication. "Inert organic solvent” or "inert solvent" means the solvent is inert under the
conditions BIHRETRERAIGH BTG tecehisathinresm bR & ewith, including e.g., benzene, toluene,
acetonitrile, tetrahydrofuran, N,N-dimethytformamide, chloroform, methylene chloride or
dichloromdtsttiesrgithioroathaise sy mstne . Sty edbedtemulietonie FirmetiyRegnikRetsne, methanol,
ethanol, preparal, iseRIapanaletakt tttanol, dioxane, pyridine, and the like. Unless specified to the 10
contrary, the solvents used. in the reactions of the present invention are inert solvents.
“Pharmaceyficalbi aREARIAPIE AERR AR TGRS SRILIG ALRAAING, A AUATAGRER! composition
that is generally safe, non-toxic, and neither biologically nor otherwise undesirable and includes that
which is ac}!f‘é?}fhble for veterinary as well as human pharmaceutical use. "Pharmaceutically acceptable
salts” of a compound means salts that are pharmaceutically 15 acceptable, as defined herein, and that
possess thdldesrarpivamsasolagionlod ctivityrotlthd ghrdrergo oo Syich defitsinoiude: acid addition
salts formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoricaeiepanikthe like:orstopmesofitte drganic-@ddR subh«s Roetieysie aieRzenesulfonic acid,

benzoic, ¢ g)hg %Ig‘%n' i% %iltric acid, cthanesulfonic acid, 20 fumaric acid, glucoheptonic acid,
gluconic a?ﬁ%a, rg(j)lﬁfélmic":':';l{(%}l%,P glryecdlic acid, hydroxynaphthoic acid, 2-hydroxyethanesulfonic acid, lactic
acid, malei¢ acid, malic acid, malgnic acid, mandelic acid, methanesulfonic acid, muconic acid,
2-napﬂ§uall§heetse n%?gcidg%?gﬁoﬁ%aa%%?%aﬁv&? B P HELME SR SAHAAE H p-toluenesulfonic
acid, trimethykatetic feid), ahidrthérlike; orisdits formed when an acidic proton present in the parent
compound either is replaced by a metal 25 ion, e.g., an alkali metal ion, an alkaline earth ion, or an
aluminum iemi@iso0 iRl elyVithaAmRIgaRNt of {lgtganicobase. heBepiabie Rrganitbases include

diethanolamine, ethanolami - meft:h_l lucamine, triethanolat tr amj d the like.
AcceptableWilltﬁ)%Ig%|{(’:r éga%é%nrﬁglléﬁeé} a u%%ﬁaﬁ?ﬁf/p%l%ge??g%u%%r(%%eé? Eiotgls%lcl?’rff’hydroxide,
sodium caitsoisedd GotlinfathydrésiddikaVO 2009/077365PCT/EP2008/066985 -12-

15  “Haloalkoxy” means a moiety of the formula ~OR, wherein R is a haloalkyl moiety as defined

herein. An exemplary haloalkoxy is difluoromethoxy.

“Heterocycloamino™ means a saturated ring wherein at least one ring atom is N, NH or N-alkyt

and the remaining ring atoms form an alkylene group.

“Heterocyclyl” means a monovalent saturated moiety, consisting of one to three rings, incor-

20 porating one, two, or three or four heteroatoms (chosen from nitrogen, oxygen or sulfur). The
heterocyclyl ring may be optionally substituted as defined herein. Examples of heterocyclyl
moieties include, but are not limited fo, optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, pyridinyl,
pyridazinyl, pysiondinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyi, iso-

25 thiazolidinyl, quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazolylidinyl, benzo-
thiazoiidinyl, benzoazolylidinyl, dihvdrofuryl, tetrahydrofuryl, dihydropyranyl, tetra-
hydropyranyl, thiamorpholinyl, thiamorpholinylsulfoxide, thiamorpholinylsulfone, dihydro-
quinolinyl, dihydrisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the like.



The preferred phannaccutically acceptable salts are the salts foiled from acetic acid, hydro- chloric
acid, sulphuricréemtieianesulfonic acid, malcic acid, phosphoric acid PEFERRSESHEEtric acid,
sodium, potassium, calcium, zinc, and magnesium._ It should be understood that all references to
phalinaceutically acceptable salts include solvent 5"addition forms (solvates) or crystal forms
(polymorphe) g ineefyer 0t figwia s A IOR ol <R RIRGHG QoM ot Protecting groupr
means the group which sélectively blocks one reactive site in a multifunctional compound such that a
chemical re%é?ﬁ?ﬁyé% BELHHIB selectively at another unprotected reactive site in the meaning
conventionally associated with it in synthetic 10 chemistry. Certain processes of this invention rely
upon the profettiverepinyys rrbivekpedetiéniivogdn ARtiidroxydel Etemsyphdsedtimtie reactants.
For examplg,,the tetins "amino-protecting group” and "nitrogen protecting group" are used
interchangeably herein and refer to those organic groups intended to protect the nitrogen atom against
undesirablefeaction ring.synthetic procedures. Exe y nitro rotecting arqups include, but
are ot It b g e S ey ony,
CBZ), pmetkésigbeiryipstsiazbbaginp-nitrobenzyloxycarbonyl, tert-butoxycarbonyl (BOC), and the like.
The artisan in the art will know how to chose a group for the ease of removal and for the ability to
withstand tHE fdtiowahg reantions méiSplvifestbmednOsokentia@ditiorisdorais that cortain either
stoichiometgic9r non stoichiornetric 20 amounts of solvent. Some compounds have a tendency to trap
a fixed molar ratio of solvent molecules in the crystalline solid state, thus fruming a solvate. If the
solvent is water the solyate formed is a hydr hen.th vent is alcohol, the solvate, fol flied is an
coolate. THAFRIe BT B B0 D B o Rch Ere b RO REA At ome of he
substah@esRnisihimelwaedefaridsiimolecular state as H20, such combination being able to form
one or 25 more hydrate. "Subject" means mammals and non-mammals. Mammals means any
member of tHednamikglatladsyincluding HMadttpof initechity UNROS, wherdik akpsimalas such as
chimpanze S Mgl jes; f imals such as cattle, horses, sheep, goats,
and swine;%sggwﬁé%s%:mg%%ﬁléaggcﬁh%%%%%? gg%i,ﬁ%ﬂ?%@ﬁéboratory animals including rodents,
such as rats, . mice, 30.and guinea pigs; and the like. Examples of hon-mammals include, but are not
pre g e M e R e e e e
2009/077 3658y FiE RADEBDBE885 -13- "Disorders of the urinary tract” or "uropathy" used
interchangeably with "symptoms of the urinary tract” means the pathologic changes in the urinary tract.

Examples ofiydrasy tegetgisordetsincivteaut-aeaoidimieddey ineeptineperpkenign prostatic

hypertrophy (R soroglaitie.dleltisarupeielieyia.ullet sheiiuglion, urnary freguency, nocturia

urinary 5 urgency, overactive bladder, pelvic hypersensitivity, urge incontinence, urethritis,

prostatodynia, ystitiE(,lyid,iophatic bjadder hypersensitivity, and the like. "Disease states associated with
|

the urinary tHattosy *vhdRAraeE S Ay A delped opayPREer Nl CRa RGBS By with "symptoms
of the urinapyetragtlyroeamiher pathdiplice hange pinvtkdeduhmaiy tsaectcobaysiuncdienmof wrinary bladder

smooth musigle. o, i NSHYALO Ic_,qau%@g&@&ﬁﬁ%@%ﬁglugg;n@fyd%}%@&% REMRIHG,,Symptoms of the

urinary tract include, but are riot limited to, overactive bladder (also known as detrusor hyperactivity),

outlet GUstrit41BRY BEAIEh rsufrRrerby’ At e et deremvRy PO YefadiverBriider- or "detrusor
hyperactivityicinghdes, bubisorobdimiedi@oheciiangessyyoptamatioaly-manitasted as urgency,
frequency, pltered bladder capagity. INEAMINENC st utyl, 3 .4-dihydroxybutyl and 2-(hydroxy-

methyl)-3-hydroxypropyl

“Hydroxycycloalkyl” means a cycloalkyl moiety as defined herein wherein one, two or three

25 hydrogen atoms in the cycloalkyl radical have been replaced with & hydroxy substituent.
Representative examples include, but are not limited to, 2-, 3-, or 4-hydroxycyclohexyl, and the
like.



15 micturition threshold, unstable bladder contractions, sphincteric spasticity, detmsor hyperreflexia
(neurogenic bRga&y/EBtusor instability, and the like. "Outlet obstructioPCirigiidesseseR is not limited
to, benign prostatic hypertrophy (BPH), urethral st_r'(égure disease, tumors, low flow rates, difficulty in
initiating urination, urgency, suprapubic pain, and the like. 20 "Outlet insufficiency" includes, but is not

imited to, uigfhyat peimopili.gitsle seiRGia o delidepavRerdnsoRlinenrensiigse
incontinence, and the like. "Pelvic Hypersensitivity" includes, but is not limited to, pelvic pain, interstitial
(cell) cystitigidt?}?%%c%%ﬁﬁﬂgf?ﬁﬁ?‘ﬁ%t%t‘tiﬁgﬂvuIvadynia, urethritis, orchidalgia, overactive bladder, and the
like. "Respiratory disorder" refers to, without limitation, chronic obstructive pulmonary disease 25
(COPD), asthrtanbionohospasnvpan dhthiertikda “GALPoNRBlindledisordert RGhdidotder") refers to,
without Iimi},gggg;lﬂ q@@?&@&y@l&yydrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and
other biliary disorders, renal colic, diarrhea-dominant IBS, pain associated with Gl distension, and the

like. WO 2009/07 7363E CT/ER2008/06698 -14- &aﬁh includes, without limitation, inflammatory pain;

surgical pain; visceral pain; ental pain; premenst(ruefl pain; central pain; pain due to burns; migraine or
cluster heagl Fes; nerve injury; neurigs; eL#Ba%L ias; poisoning; ischemic injury; interstitial cystitis;
cancer pain?’é\}}i AP ‘f‘ésfﬁ%?‘%ﬂ%%r&g’r@tl% ¢ g§ "Eﬁ%ﬁm‘gﬁ%r?ﬁilﬂy}{ora’b%&ygg%ﬁg‘féd with irritable
bowel syndroment’ Thekrapeuticalyleffective amount” means an amount of a compound that, when
administered to a subject for treating a disease state, is sufficient to effect such treatment for the
disease statepildigilherepatidicalyaifecdive.amartis withvan'dependingandheicomgeund, disease
state beinga e:fueld,. tg%rggz\é?r{xy ggr,tnrgearggs s&e%re%aﬁ%%rtge age a rlela,}livte healtrf olf].the subject, the
route and f6rm of a mmsl‘f’raﬁo’n, fhe judg%’e% of the at?eﬂfclﬁr%éc%aeﬂcg or %ﬂﬁﬁa% f& Eractitioner,
and oth€r faptionsl Iy Febstivis! itdopendiafitedthlonver Emusulbrdisedafineldriidraing witen referring to a

variable incoaratas Riceferenceitbe Raaddefiniionofibe Riable aswebazrieferrged, more
preferred and most %rgferred dginitions, if any. "Treating” qr "treatment” of a disease state includes:

15 (i)preveRtiFy THE &SRR s L Y- LA ARGAR D % MR TR sI5 P e diiea B4 not to

haloalkoxy, heteroalkyl, -COR, -SO;R (where R is hydrogen, alkyl, pheny! or phenyl-
alkyl), -(CR’R”),-COOR (where n is an integer from 0 to 5, R” and R” are independently
I5  hydrogen or alkyl, and R is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phery! or phenylalkyl},
ot -(CR'R™),-CONRR® (where n is an Integer from 0 to 5, R* and R” are independently
hydrogen or alkyl, and R® and R® are, independently of each other, hydrogen, alkyl, cycioalkyl,
cycloalkylalkyl, phenyl or phenylalkyl). Certain preferred optional substituents for "aryl",
phenyl", "heteroaryl" "cycloalkyl" or "heterocyclyl" include alkyl, halo, haloalkyl, alkoxy, cyano,
20 amino and alkylsulfonyl. More preferred substituents are methyl, ﬁuoro% chloro, trifluoromethyl,

methoxy, amino and methanesulfonyl.

“Leaving group” means the group with the meaning conventionally associated with it in syn-
thetic organic chemistry, i.e., an atom or group displaceable under substitution reaction con-
ditions. Examples of leaving groups include, but are not limited to, halogen, alkane- or

25 arylenesulfonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzene-
sulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted benzyloxy,
isopropyloxy, acvloxy, and the like.

“Modulator” means a molecule that interacts with a target. The interactions include, but are not

limited to, agonist, antagonist, and the lke, as defined herein,



develop in a subject that may be exposed to or predisposed to the disease state, but does not yet
experience or¥{spledsiaGiptoms of the disease state. (ii)inhibiting the diBeasgstar@stas., arresting the
development of the disease state or clinical sympf? s, or 20 (iiirelieving the disease state, i.e.,

L3

causing temporary or permanent regression of the disease state or its clinical symptoms. The terms

“treating”, "cQMaGHPY; ANGo K8 tiﬂl@"ﬂé"ﬁﬁ{‘tﬁ%ﬁ{{i 0ag ical reaction means adding or mixing
two or morg(?}é}agentsrui%e? a&cropr?ate conditioﬁés}qulo ﬁnd%?eﬂ)t%%%gﬁcoart%ﬂ anc 78?%%%@%&% :

product. It SRELIAUSEHP R HEtRE TR BclislsWHTcR B odirEe detreepbomeiieumstaasd/or the desired
product may-net necessacly resultdirgsty-isom the combination of two reagents which were initially
added, i.e., there may be one or more intermediates which are produced in the mixture which

ultimately lepds -theifarpationatthe.indicated-andighine ?ﬁ%&f%%&&%ﬂ%@éﬁhe

nomenclature used in this Application is based on AUTONOMTm v.4.0, a 30 Beilstein Institute

computerized system for the, gengration. of IIPAC systematic nomenclature. WO
S0 1 %4 g

2000/077365PCHEB2008TD6688E 1 50 CRe el o Shas St ids tne condifions SL e Lising ISIS(r)

version 2. 2IAGpTobRe\HefeHESdaip seriHp ionteeaio i dydige 8- gu lferzerenitrvgen atdeniinlthe structures

herein indiQ@cﬁ@ﬁyﬂﬂ@ﬁﬁ@?m%ﬂﬁ@i@Mg{&%ﬂ@@ﬁBrH@ﬁé%@@i@@ﬁ%@%ﬁﬁé‘ﬁﬁﬁcﬁﬁhﬁﬁ%ﬁnea -~
nitrogen-contajning heteroary ring is shown with an open valency on a nitrogen atom, and variables
such as Ie,(glgicf}‘i ofthad ?ﬁg{/\‘/&ﬁg%nettﬁgﬁceettg?%aa?ﬁfoﬁ}ﬁg?l%ﬁgﬁe\%"gﬁﬁ%%c’rﬁ}it B hSUAPr joined to the

QT ., {ic
orfe arefg S
open valenpypratrdgesnrivirereter chitatdediterexistsdma suibtulibeb lfmosypecifiedstetigochemistry is

shown/fr the,chiraheqpianLotbeenantiomarssassacipted with.the.chiral centgrare encompassed by

the structure. Where a structure shown herein may exist in multiple tautomeric forms, all such

e B B D B e e e

epar. armaceutl . .
erein by reference in their entlre_ty.cln certain er%]bg iments of formuia I, Rl is optionally
substituted iPHIBREFGIMIEY] 19 gseeredinseinbodittantane rofriLle lo Sedbtionatyesesstindesddhiidazol-2-yl. In
certain embagdiments ahicinuiad «Rdsaptienabesubstituied iNidazaldanaceutical use.

“Pharmaceutically acceptable salts” of a compound means salts that are pharmaceutically

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

20 fumaric acid, gluicoheptonic acid, gluconic acid, glutamic acid, glycolic acid, hydroxynaphthoic
acid, 2-hydroxyethanesulfonic acid, lactic acid, maleic acid, malic acid, malonic acid, mandelic
acid, methanesulfonic acid, muconic acid, 2-naphthalenesulfonic acid, propionic acid, salicylic
acid, succinic acid, tartaric acid, p-toluenesulfonic acid, trimethylacetic acid, and the like; or
salts formed when an acidic proton present in the parent compound either is replaced by a metal

25  iom, e.g., an alkali metal jon, an alkaline earth ion, or an aluminum ion; or coordinates with an
organic or inorganic base. Acceptable organic bases include diethanolamine, ethanolamine, N-
methylglucamine, triethanolamine, tromethamine, and the like. Acceptable indrg&nic bases
include aluminum hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate and

sodium hydroxide,



15 In many embodiments of formula I, Rl is imidazolyl optionally substituted once, twice or three times,
and more prefePaASRYBIEE with Chéallcyl. In many embodiments of formiGREEIRIsI8sHtazoly!
optionally substituted with Ci.6alkyl or han-Cl4aI“lﬁ>F.“ In many embodiments of formula I, R is
imidazolyl optionally substituted once with Choalkyl'or 20 halo-Ci_oalkyl. In certain embodiments of

formula I, %@m@%qm%mwy&%@%%% &M9&9%&%@&&5&%&5@@%&@&9%6 with
Ci_salkyl, halo-C1. 6a|k¥ hetero-Ci.6alkyl, C1_6alkoxy, heteroc?éclyl C1_6alkyl, h6a|koxycarbony|

Cl4alkylarfHRSEarEErPARES 2csh TR RERRHORAFLBHIH PHH i 9F h R BEYER Aci 3 a8eEs SRidikyl,
C3_6cycloalicd-«cill, Galkyh, grotysinm, 2Bcinmesdtaineadihadiments of formula |, RI is imidazolyl optionally
substituted once or twice, preferably once, with Ci_6alkyl,Ci.6alkoxy, heterocyclyl-Ci_6alkyl,

C1.6alkoxyt %@@Byhﬁsﬁﬁiw@mm&@% %&n@&@é@ﬂ@@&éﬁ%ﬂ@@éﬁs Gsnfcytiealkyl or
C3.6¢ycloal E{le WO 2009/07 [?GSP EPZOO /066985 16 In certain embodiments of

foimulal, R ﬁéo 1% SOt ARy SHCSHHRI 8?5%185’95 ASCRATRY MR- S 1HAKTE #afero-C1_ 6alkyl,

Cl.6a||wxy4¢dh1:&rm}daiheterocyclyl C3.6-cycloalkyl, Cs 6cycloalkyl-Calkyl or cyano. In certain
embodiments of formula I, Rl is imidazolyl optionally substituted once with halo-C1. 5 alkyl. In certain

embodimenpscafctormidag; B isdmitdaz ohrlpsuhstitied-rneenith haloie kdaliok dﬂeQ@&b@%

embodlmeni%‘2 s of forrﬁ}l]( ﬁétlli;]la‘s |m|d%%§ éﬁ(ﬁqmtltu ed 9 Cea‘é‘{'lth her;[ ro- Clsli% ct]%g from
hydroxy- Cis yP Cha OXY- Ve ylamlno ﬂ<yF or% INEG (Efuf i ¢ cer ain embodlments
of formula EnRRes ﬂﬁﬂ@é@&?lfmhallflvlsWG@W%@%E@SWC&WW@mrwnthebgtyl isopropyl,

isobutyl teehahmycy,@@@ﬁqpube@é@lmumn%wpf@mdﬁaﬁw m%aw %{%@f@@%@ywkﬂeoromethyl
fluoromcthyl pentaflyoro- eth)él 1,1-difluoro- %/I 2,2- dlfluoroet oxy-carbonyl,
L,

methylamifiS-aBEI P SETR VIS TSRt BL T SRS pyIBTiKE: 8’r TS A PR3-y,
1-methoxygethyl, dxkthitoogaet nd{c2inpettoogyde (& disthyiatephit Hydrexy-ethyte isogropoxy,

1-methyl-aggtidip gzox&jsmﬁa@ahx@&ua@fﬁém AmEMARIMEI lDseHAR gRoodiments of
formula |, Rl'is |m|dazc%eopt|ona ubstltute once with methyl, ethyl, n- propy isopropyl, isobutyl,

tert-butyl, YBIBBIOBRCTH b G REIOH S RENS I ALORS SRR, P AtaRaTiBISth{R,
ethoxytsarktfudomethly lesinodoasbony(Bilintettylaryiachoddl cardatl &t @Barpino-carbonyl, or

3-methyl-ox ertﬁgxx‘?bgnzyloxycdrbonyi p-nitrobenzyloxycarbonyl, fert-butoxycarbonyl (BOC), and the like.
The artisan in the art will know how to chose a group for the ease of removal and for the ability

to withstand the following reactions.

“Solvates™ means solvent additions forms that contain either stoichiometric or non stoichiometric
20  amounts of solvent. Some compounds have a tendency to trap a fixed molar ratio of solvent
molecules in the crystalline solid state, thus forming a solvate. If the solvent is water the solvate
formed is a hydrate, when the solvent is alcohal, the solvate formed is an alcoholate, Hydrates
are formed by the combination of one or more moilecules of water with one of the substances in
which the water retains its molecular state as H>0, such combination being able to form one or

25  more hydrate.

“Subject” means mammals and non-mammals. Mammals means any member of the mammalia
class including, but not kmited to, humans; non-human primates such as chimpanzees and other
apes and monkey species; farm animals such as cattle, horses, sheep, goats, and swine; domestic
animals such as rabbits, dogs, and cats; laboratory animals including rodents, such as rats, mice,
30  and guinea pigs; and the like. Examples of non~mammals include, but are not limited to, birds,

and the like. The term “subject” does not denote a particular age or sex.



In certain embodiments of formula I, R1 is imidazolyl substituted once with C1_6alkyl selected from
methyl, ethyl, Wip#§HAT BSpropyl, isobutyl, tert-butyl, cyclopropyl, cycloB§iyEFregdieptdpyimethyl. In
certain embodiments of formula I, Rl is imidazolyl_?ﬁ)_tionally substituted once with halo-C1_ 25 6alkyl
selected from trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-ethyl, 1,1- difluoro-ethyl or

_2,2-dif'u0f0?$mdé@s%%@i%@9&9@&@?\%@%&%@%@&hﬁ?&éﬁae By sibstiiuted once ar twice
independently with halo or methyl. WO 2009/077365PCIAP2008/066985 -1'7- In many embodiments
of formula ¥RV E3shemASURSTRtRRSE tharasp Ssitiohr A Histh FremPsfe AHdRaRtsAlly substituted at

the 2- and Gispdsitionuddtbunate nbn lindry Libediments efifermptdaslc RebistphenykBahstituted at the
4-position wij hyl.or halo an tionally substituted at the.2- position with halo. 5 In certain
ebodimen o e T S R PR 8 881 forophenyl,
4-chlord-2-FEsreYpMesative dledepiapetphBYRArsonatgifiiorgsphenyinme-iebiforosrestndvpidenyl. In
certain embodimentsAtfenndia) hipdrisdinetvhphenior 4-chloro-phenyl. In certain embodiments of
‘fo ula I, R2 is 4-methyl-phenyl. 10 In certain embodiments of formula |, R2 is 2-fluoro-4-methyl-phenyl.

In certain esphagiments afamula, B2 is2:chiare-4: fgro-phenyi ln.certain smbadiments of formula

I, R2 is 4-chloro-2-fluoro-phenyl. In certain embodiments of fo tula |, R2 is 2,4-dichloro-phenyl. In
certain emBSHAEHREBET M BILR syorters AldhtubisHENY N the arthticsin BitARHE T formula
1,142 is 2-chiang-daonethysphetiyh doumany eadbadimamsaidprenittidndt2inopiienaally substituted
pyridinyl. Exemplar. ridinyl include pyridip-2-yl, and.pyridin-2-one-1-yl, each optiopally substituted
once, tuicel STy Fhre S R St AR R 8, S R B
C3_6alkyIsiHOrsReeyaHe cTFdfe reip ye d T ite By uyiecmhsangtion fuwed-pyridin-2-y1 and
4-methyl- 2Qspisinc2- ORBrddb hypersensitivity.

“Overactive bladder” or “detrusor hyperactivity” includes, but is not limited to, the changes
symptomatically manifested as urgency, frequency, altered bladder capacity, incontinence,
15 micturition threshold, unstable bladder contractions, sphincteric spasticity, detrusor hyperreflexia

(neurogenic bladder), detrusor instability, and the like.

“Outlet obstruction” includes, but 1s not limited to, bentgn prostatic hypertrophy (BPH), urethral
stricture disease, tumors, low flow rates, difficulty in initiating urination, urgency, suprapubic

pain, and the like.

20 “Outlet msufficiency” includes, but is not limited to, urethral hypermobility, intrinsic sphincteric

deficiency, mixed mcontinence, stress incontinence, and the like,

“Pelvic Hypersensttivity” includes, but is not limited to, pelvic pain, interstitial (cell) cystitis,

prostatodyniz, prostatitis, vulvadynia, urethritis, orchidalgia, overactive bladder, and the like.

“Respiratory disorder” refers to, without limitation, chronic obstructive pulmonary disease

25 {COPD), asthma, bronchospasm, and the like,

"Gastrointestinal disorder” ("Gl disorder") refers fo, without limitation, Irritable Bowel Syn-
drome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and other biliary disorders, renal

colic, diarrhea-dominant IBS, pain associated with GI distension, and the like.



In certain embodiments of follnula I, R2 is pyridin 2-y1 substituted with methyl or halo at the 5-
position. In ceMaM@MHBEdiments of formula I, R2 is pyridin 2-y1 substit®EHERR¥ASHEF or halo at the
5- position and optionally substituted with halo at the 3-position. WO
2009/077365PCT/EP2008/066985 -18- In certain embodiments of foimla I, R2 is 5-methyl-pyridin-2-yl,
5'Ch'0fO'IOY*%'QEE‘*%fé’lhésf!&959&@%9@&18&%@5%&%2%3%%@g&xggéﬂ{?a}é'ecrai pain; dental pain,
5-methy1-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-y1 or 3,5-dichloro-ppyridin-2-yl. In certain
embodimeRTESPFGHHBEY, BB BRSOy LBy RIS TP e SRSl EHiBHHirRem IS OF ABItRGIa 1, 12.2 is
5-chloro-pyiditi2 nguriicteriain@mpasirrentdroifanimetaitia R 45t b: tuore-pyiriditr2 -yirdsitkartain
embodimepis of fallula,. K313 mmayl s Tuoraspuidn 2 inigsriainsmbadiments of formula |, R2
is 5-methy1-3-ehloro-pyrid n-2-y?’. h certain embodiments c?f ormula , s 35. &ﬁfﬂo’ro-pyridin-z-yl.
10 In certajn.embodiments of formula |, R2 is 3,5-dichloro-pyridin-2-yl. In certain embodiments of
formula’l, R2EBBHGH Hﬁ%ﬁﬁ@ﬁﬁﬁ?&fﬁ’yﬁﬁa%ﬁwm% AABBAb I REFhagpRystered to
6-_chIoro-pwkqaizmﬁmﬁ@tmm&qawidmjhykpfﬁémablgffﬁetmmmmﬁmifwlthmmmistaeenb_odiments of
foinluta I, F%%ma&mﬂm%@%g%@a%@m&ﬁ &5&9&&&%&&@9&{5@&'& Re.may.he thiophen-2-y1

optionally substituted with Cmalkyl or halo. Preferred thiophenyl include 3-methyl-thiophen-2-yl,
5-methyl-tRIPREFRSY Ay BIAADI: Hishiidiaes hnastty et %6 is hydrogen.
In certain etWodidnentsooidailntaatidiGiraaypasmethyt atedfiiparydiemboaiments of formula I, 12.3 is
hydro%%n. 20 Lﬁ.ggétaigd%r,%go%%ents of finula I, 124 is hydrogen. In many embodiments of formula I,
R3is |.oeﬁWI. préferre ® .oarIT{yI in such embodiments is methyl. In many embodiments of formula
I, R4 is C1,6allcyl. A preferred C1.6a1kyl jn suchf_embodimgg&is methyl. 25 In ,m?ny embodiments of

formula I, RS %6%‘;88&%dg%w?§ftﬁggmgﬂ%p§ W%t n referrinig {o a variable -

corporates by reference the broad definition of the variable ag well as preferred, more preferred

and most preferred definitions, if any.

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

15 () preventing the disease state, 1.¢. causing the chnical 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 display symptoms of the discase state.

(1)  inhibiting the disease state, i.e., arresting the development of the disease state or its
clinical sympi‘oxﬁs, or

20 (i) relisving the disease state , i.e., causing temporary or permanent regression of the disease

state or its clinical symptoms.

The terms “treating”, “contacting” and “reacting” when referring to a chemical reaction means
adding or mixing two or more reagents under appropriate conditions to produce the indicated
and/or the desired product. It should be appreciated that the reaction which produces the

25  indicated and/or the desired product may not necessarily result directly from the combination of
two reagents which were initially added, i.e., there may be one or more intermediates which are
produced in the mixture which ultimately leads to the formation of the indicated and/or the

desii"ed product.

In general, the nomenclature used in this Applicatior is based on AUTONOM ™ v.4.0, a

30 Beilstein Institute computerized system for the generation of IUPAC systematic nomenclature,



WO 2009/077365PCT/EP2008/066985 -19- In certain embodiments of formula I, R3 and R4 are
hydrogen. In cedamsanibadiments of formula I, R3 and R4 together withriteratom/desvelich they are
attached may form a C3_6carbocyclic ring. In certain embodiments of formula I, R3 and R4 together
with the atom to which they are 5 attached may fora cyclopropyl group. In certain embodiments of

form_ula I, _RCAlhand R gfth r with the atom to whigt&stlplq e attach?%fo m a C3-6, carbocyclic ring

tQ
that is optionaiy S %ﬁ% S8 Wt Y O ThPE LR Eibotimer St formuty TP 4RHFRS together

with the atowpterwhighatbshoareattaehdd formitogyslopromihgremetn hercariadicembiodiments of

formula 1, Ri3gydieasnapsh Rdand Boitagatheshiheatamia whichihe atgnattachediorm a
cyclopropﬁ%ro.up. In certgir%%mbodiments of f,ormul?a 1,R3is hydroge%@gnd R4 and R5 tac§9gether with

the atom to'WhItFHE} "HFE B EREASA 187 LYHI8RENHN T Bih BtRIRRIR S abBtithtet Nitfehydroxy. In
certain émisbaimentdadideiiate HursandRblikgethebatitrtherdtamite which:-theyeare 15 attached foul,

a CA_6 hetgrocygliciingd. containing. ane;qr iwo heteroatams %%%é%%"r?&ﬂ@:%ﬂﬂ% %se?'ﬁoﬁg%qﬁ{om 0, N
ther with t C

and S. In certain embodiments of formula |, R4 and R5 toge he atom to which they are
attached fol?® b EFtF PEIbERBIoEREIARPCHIRS Gristithe chitel ceteiAre mpYAMEstEOMormula I, R4
and R5 togethenwitivite: ataradarehichineyiara G dttachad: e madipat g, vl greup or an
oxetan-3-y3fag{?org§. zlipe%%gé}ar}ln aesggg)gditrfgeqltg c?Jr gormula I, R3, le and R5 together with the atom to which
they are attache than a six-membered %eteroaryl containing one or two nitrogen atoms, and which is
optionally substituted with halo, amino or Ct_oalkyl. In certain embodiments of foiinula I, R3, R4 and
R5 togé%ef*%nﬁt% O RO BRI S B I S RS ATS HP ISR RS P8RS el Hom
2-0x0-1,2-ditwpdtp-pyrimidinyl, pyridinyl, pyrimidinyl, pyridazinyl or pyridazinyl, each optionally
substituted with methyl or amino. WO 2009/077365PCT/EP2008/066985 -20-

In certain embodiments of formula I, R' is optionally substituted imidazol-1-yl.

Tn certain embodiments of formula I, R' is optionally substituted imidazol-2-yl.
In certain embodiments of formula I, R' is optionally substituted imidazol-4-yl

15 Tn many embodiments of formula I, R' is imidazolyl optionally substituted once, twice or three

times, and more preferably once, with C; salkyl.

Tn many embodiments of formula I, R' is imidazolyl optionally substituted with Cy_salkyl or
halo-C;ealky.

In many embodiments of formula I, R' is imidazolyl optionally substituted once with Cy.salkyl or
20 hﬁlO-Ci-ﬁaﬂ{y!..

In certain embodiments of formula 1, R' is imidazoly] optionally substituted once, twice or three
times, preferably once, with C; salkyl, halo-C,salkyl, hetero-C; salkyl, C;alkoxy, heterocyclyl-
Cy.ealicyl, Csalkoxycarbonyl, C;salkylaminocarbonyl, di-C, ealkylaminocarbonyl, phenyl,
heterocyelyl, Cag-cycioalkyl, Csscycloalkyl-Cosalkyl or cyano.

25 Tn certain embodiments of formula I, R is imidazoly! optionally substituted once or twice,
preferably once, with Cj_gallkyl, halo-Cysalkyl, Cisalkoxy, heterocyclyl-C.salkyl, C;salkoxy-
carbonyl, Cj.salkylamimo-carbonyl, di-C;.salkylamino-carbonyl, Css-cycloalkyl or

Csscycloatkyl-Cygalkyl.



In certain embodiments of formula I, R3, R4 and R5 together with the atom to which they are attached
form a heterod¥9lzset@crees from 2-oxo-1,2-dihydro-pyrirnidin-4-y1, 2-oxorLCR2Ed#galeioyFimidin-4-yl,
1-methyl-2-o0x0-1,2-dihydro-pyrimidin-4-yl, 6-methyl-pyridin-3-yl, pyridazin-4- yl, 6-amino-pyridin-2-yl,
2-aminopyrimidin-4-y1 or 2-amino-pyrimidin-3-yl. 51?ﬁ certain embodiments of formula I, R5 is:
Ci.oalky1; Cialkyloxy-Cialkyl: h xy-C1.6alkyl:. Ikylsulfanyl: kyl: . .
1. Galkyis o S Ol L IR BT RE S it i
N, N-di-C1adiR{-amelcicEasaialy yetdaiky Pbpuorsatisst Grad prieryHeteroaryl, or
heterocyclykfhadtkyt: Ingsitairepabodiments of formula I, R5 is N-Ci_6alkyl-amino-C1_oalkyl
substituted with halo. 10 In certain embodiments of formula I, R5 is: Cl_Galkyloxy-Cl_Galky1,;
hyciroxy-Ci,Galkyl Resroant ardieleroeye ly stiliOaliod IR erin emhedimensakiprmula |, RS is
C1_6alkyloxy-Cidalkyl. One preferred CialkyloxyC1_6alkyl is methoxymethyl. In certain
embodifment foimula I, R5 is hydroxy-C1_6alkyl. One preferred hydroxy-C1.6alkyl 15 is
hydroxymethyl. In certain embodiments of formula I, R5 is heteroaryl. In certain embodiments where
R5 is heterbesgitziusntiediorotrgl forgulsd (R ridimyitlasgivhsidistiutey ragmylthoyalid&zinfity pyrazolyl,
imidazolyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, oxadiazolyl, 3-oxo-2,3-dihydro-isoxazolyl,
tetrazolyl, imicazaf2heblthiamely, fimidazp [, 2 ahiRaqbyiridinytiisdidazof4tbHejayrdinikand
benzimida which il ubstituted, prt i Wwith-a group or
QAL SRR MBS ep %ﬁ}{}%xg BRI dAnG I8 elﬁg@ﬁ Yres i

groups independently sélected from N oal oxy,dha 0-Cl 6a , amino,
N-C1,6alkyiziingnaent Nzt C1, alkyl)-amino. More preferably, such heteroarly may be optionally
substituted once or twice with a group or groups independently selected from methyl, ethyl, n-propyl,
fluoro, hloho c&@Brimithubedimetin b drminds Ikt teidimo! vrogimetHy kairshitotdthoveetaith emthgtiiments where
RS Is heteraanly SHEBMGIBRANAIARY ASBUTI Y I PERMsRYTI oz RYTazolyl or

ich ma

thiazolyl, each of wh ﬁ‘/l‘ e optionally substituted once or twice with aﬁ%ou or groups
independerTfy3&IBREBY-fFE %@Eﬁghyleéhfﬁ‘?r@a%wfhﬁm%m@?%ﬁ%%?f ﬂ%yfaﬁrﬁ §B¢-
dimethylanithg:, A¥i20090MT IGERETHHERR008416628ho-2irbindediainsmbodimeniawhere RS

heteroany, sush IEIRRNA Ayt b RYEAIRYLRYITIAI. qrouiaginyL gAGhALbIGh gy be optionally

substituted o r twice with a'group or groups independe
amino,! etRytarhRiBYSrldisEryisfinonopartairBaibdarfdhitsZorlfdriturpby omisreRY 1§ heteroaryl,
such heter@asgtivRynbe-théapnen-2- 5 yl, pyridin-2-y1, pyridin-3-yl, pyridin-4-yl, oxazol-2-yl,
pyrimidin-2-yl, pyridazin-4-yl, pyrazin2-yl, 5-methyl-pyrazin-2-yl, imidazol-I-yl, pyrazol-1-yl,
3,5-dimethy}; pyrazalslsylidemetryiiiazal-a b Se:LeroRheny Mils.ddaoxadiaap ke,
3-(pyridin-4-y1)41,2,41-oxadiazol-5-yl, 2-methyl-pyrazol-3-yl, thiazol-5-yl,

1-methyl-inii4z B PN 6 ORISR S Pt ARy B e BRI P PO RS- B Elo B alyty Ao A Y- py razol-4-yl,
1,5-dimethytifiyseatifdyylpdn@fluoro-cthyl, ethoxy-carbonyl, methylamino-carbonyl, dimethylamino-

20 carbonyl, isopropylamino-carbonyl, or 3-methyl-oxetan-3-yl.

In certain embodiments of formula I, R’ is imidazolyl substituted once with C; salkyl selected
from methyl, ethyl, n-propyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl or cyclo-
propylmethyl.

In certain embodiments of formula 1, R” is imidazo iyl optionally substituted once with halo-C;.
25 salkyl selected from trifinoromethyl, diftuoromethyl, fluoromethyl, pentafiuore-ethyl, 1,1-
difluoro-cthyl or 2,2-difluoroethyl. '

In certain embodiments of formula I, R is pheny! substituted once or twice independently with

halo or methyl.



10 dimethyl-pyrazol-4-yl, 3-(2-methoxy-ethyl)[l.,2,4]-oxadiazol-5-yl, 3-(pyridin-3-y141,2,4]-
oxadiazol-5-ykvietkmzet-8syl, pyrazol-3-yl, 4-amino-2-methyl-pyrimidin-5-¢t;12eprmiso@yssmidin-4-yl,
6-methoxy-pyridazin-3-yl, 3-oxo-2,3-dihydro-isoxazol-5-yl, 3-methyl-thiophen2-yl,
5-methyl-[1,3,41-oxadiazol-2-yl, 4-methyl-isoxazo'|1§:yl, 3-trifluoromethyl-pyrazol-1-yl, 1-

rnethyl-pyrazol-3-yl, 3-methyl-pyrazol-1-yl.5-methyl-3-trifluoromethyl-pyrazol-1 -yl, 5- 1
Cyctopromy L S By G PRa Bt ot o At S gt o o
5-arnino-py#idazipi ssbantingd-pyHdazindbyhogtshioropykidazin-2-yl, 2-amino-pyrimidin-5-yl,
1-methyl-imidazol-4-yl, 6-amino-pyridin-3-yl, 6-aminopyridazin-2-yl, 2-amino-pyridin-4-yl,
2-dimethyl&minospynimidinegsylf Ganinh oy e -HuRt imethyl amingopiict nid-ylethy! or halo
2'dimethy'%ﬂ&iBBﬁBXﬁK{é@@E%&nﬁé@"ﬁ%X]zZ -@ﬁ}%{@{g%@g@-pyridinA- 20 yl, pyrimidin-5-yl,
2-methyl-pyridin-4-yl, 6-methylamino-pyridin-3-yl, 6-dimethylaminopyridin-3-yl,

6-methylamino-pyrimidin-4-yl, 6-dimet ino-pyridin-3-yl, 6-:-methylaminopyridin-3-yl
ooty G 2 R F by oSt PH-RE Ry AT A DD phems. 2hioro-
dimethyl-pyritlinrGayic@sinéttiybroyRidim@-phetybthyhpybzolpBeyl R etfiybpyriaimey 2 -
4-methyl-tml%mzé:ﬂll@tﬁ?;%lﬂgk}midazol-2-yl, 1-methyl-pyrazol-4-yl, 25 imidazo[4,5-b]pyridin-2-yl,
3,5-difluoro-pyridin-2-yl, 6-fluoro-pyridin-2-yl, 1,5-dimethylpyrazol1-3-yl, 5-methyl-pyridin-2-yl,
6-trifluoromethyl-pyridin-3-y1, 5-methyhisoxazol-3-yl, 5- methyl-imidazol-2-yl,

5-methox§q g%fr%lle az0 Eggéyt,s[i{g{fr t‘%/}'%\;(;%z-ﬁﬁfﬁ, 3N yé%lee%tly% ~Iétnryc[:’E}g)rrt%lPnlhee%'!bodiments of formula I, R5
is hcterocyclyl1-Cldalkyl. 30 In embodiments where RS is heterocyclyl-C1 -6alkyl, such heterocyclyl-C
Balkyl may PRSP aHITEHRH &S MTBRdikBRRthyI, piperidinyl-methyl, piperazinyl-methyl,
thiomorpholinylmethyl, pyrrolidinylmethyl, or azetidinylmethyl, the heterocyclyl portion of each WO
2009/0773651tt 058@669%@%2@ bR drfrnay- heneitbhkiny substituted once or twice with a

group or groups independently selected from methyl, methoxy, halo, methanesulfonyl, oxo or acetyl. In
embodime s wiirenfRbdisheterbbyiyik i &thigl? stchoéfrooyphyhylethyl may be morpholin-4-
yl-methyl, 4-methanesulfonyl-piperazin-l-yl-methyl, 4-acetyl-piperazin-1-yl-methyl, piperidin- 5 1-yl,
thiomorphaliredtyit: metbyhnénmetiiyi-piparaZin: A-Hwaethyhdooxampiperazin-1-yl-methyl,
3-methoxy-piperidin-1-yl-methyl, 4-methoxy-piperidin-1-yl-methyl, 4-hydroxy-piperidin-1-yl- methyl,

1-oxo-thiompepholinsykmeivs S exepysrelidinidysmeyl, azetidin-3-ylmethyl,
4-methanesulfonyl-piperidin-1-yl-methyl, 4-fluoro-piperidinl-yl-methyl, 4-acety1-3-

methyl-piperazin-l-yl-methyl, 4-acetyl-35:dimethyl-piperazin-1-yl-methyl, 2,6-dimethyl- 10
morpholin-4%%%-rﬁg%[ﬁﬁr?(ﬁ%n4l¥-egﬁlﬁ%%%%%ﬁﬁﬁ%%ﬁﬁeﬁﬁﬁnéb-piperidinhyl-methyl, 4-

methy1-4-hydroxy-piperidinl-yl-methyl, or 3-flugrq-4-methoxy-piperidinl-yl-methyl. In certain
embo i?nen)ésc %'?%‘r’g&f’ad??ﬁ%gié?l%fﬁ%%ﬂ tﬁ)%%&%% SRS razin-2-ylor 5- methyl-pyrazin-2-yl.
In certain embodiments of formula I, RS is hydroxymethyl, methoxymethyl, pyrazin-2-yl, 5- 15
methyl-pyraeonAmBAHE-pl eyl a8y IS epiordinsbstssed DB 1éim d Fsppian By certain
. embodimenishafefprraly RmiSpindEoEWReInYl; cach optionally substituted once, twice of three

times with any of Cysalkyl, Cigatkyloxy, halo, Cishaloalkyl, hetero-Cealkyl, C;salkylsulfonyl

or cyano. Preferred pyridyl include 4-methyl-pyridin-2-yl, 4-fluoro-pyridin-2-yl and 4-methyl-
20  pyridin-2-one-1-yl.

In certain embodiments of formula 1, R? is pyridin 2-v1 substituted with methyl or halo at the 5-

position.

In certain embodiments of formuta I, R® is pyridin 2-yl substituted with methyl or halo at the 5-

position and optionally substituted with halo at the 3-position.



In certain embodiments of formula I, R5 is methoxymethyl. In certain embodiments of formula I, R5 is
pyrazin-2-yl. Invoerteanressodiments of formula 1, R5 is 5-methyl-pyrazipe2 iyb2@f@4accertain
embodiments of formula I, R5 is 1-methyl-6-oxo-1,6-dihydro-pyridin-3-yl. In certain embodiments of
foimula I, R5 is 6-methyl-pyridaz 3-yl. In certain erbodiments of foiinula 1, R6, R7 and R8 are

. hydrogen. In certain emhod e ts of foimula |; R7 and R8 are hydrogep. In certain_.embodiments of
foiiula I, oné ot éﬁ%&n EIEB i< Séigif%r %%2&2’)%} £ I‘é’gfﬁ%lr'}l!gﬁg ﬁ@&%@’gﬂﬁ?ﬁ"%g ain embodiments

of formula B-RPznpyRErezoh hoethehddhtyoipnalo-rnCdatkdwy:3-Wioro-pyridin-2-yl,

2009/0773@g?@ﬁdgg%g@&{g@_@@gﬁxgh%icl}goqg_g@gicgmg%iments of formula I, one of R7 and R8 is

fluoro, chloro or methoxy, and the other is hydrogen. In certain embodiments of formula I, R7 and R8

each indepgp&mﬂyﬁ?z&%gﬁéglp@ orn ,E@o&%.‘ I!arg: 1:%%rntain : Irlw_ggopiments of formula I, one of R7 and

R8 is fluoro and the other is rogen.. 5'In certain emboc |men¥s‘ of formula I, one of R.7 and R8 is
chloro a§1d %he other i h@rogen n ce[tain e£mbpodiments of formula I, one of R7 and R8 is methoxy
and the oth&r & RYFEEEH S QLT B IR STREBPIBRTLTYR7 and BY are fluor In certain
embodiments of formula |: Rl is imidazol-1-y1 substituted at the 2-position with C16allcyl,
halo-Ci_oalfyicrteiuembssinerts 20Bamyr hidrexylesreamkdiné1vbalkylamino-C1.6alkyl,
N,N-di-(C1_6alkyl)-amino-C]_6alkyl, C3_6-cycloalkyl, or C3_6cycloalkyl-C1 6alkyl; R2 is
4-methyl-phenyta2- fubsdiemetiybiphenyl R2 ic hiowshe L fubrorphenyin-4-ghloro-2- fluoro-phenyl;
2,4-dichloro-phenyl; 2,4-difluoro-phenyhor 2-chloro-4-methyl-phenyl;

In certain embodiments of formula I, R? is 5-methyl-3-chloro-pyridin-2-yl.

In certain embodiments of formula I, R* is 3,5 -difluoro-pyridin-2-yl.
10 In certain embodiments of formuia 1, R* is 3,5-dichloro-pyridin-2-yl.

In certain embodiments of formula I, R? is optionally substituted pyridazinyl. In such em-
bodiments R may be 6-chloro-pyridaziny] or 6-methyi-pyridazinyl, preferably 6-chioro-
pynidazinyl.

In certain embodiments of formula I, R* is optionally substituted thiophenyl. In such em-
15 bodiments R* may be thiophen-2-yl optionally substituted with C;salky] or halo. Preferred
thiophenyl include 3-methyl-thiophen-2-vl, 5-methyl-thiophen-2-yl and 3-chlore-thiophen-2-yL

In many embodiments of formula I, R® is hydrogen. In certain embodiments of formula I, RS

may be methyl,
In many embodiments of formula I, R? is hydrogen.
20 In certain embodiments of formula I, R* is hydrogen.

Tn many embodiments of formula 1, R? is C; qalkyl. A preferred Cysalkyl in such embodiments

is methyl.

In many embodiments of formula I, R* is C) salkyl. A preferred Cr.galkyl in such embodiments

18 methyl.

25 In many embodiments of formula I, R? is hydrogen and R* is C;.salkyl, preferably methyi.



R3 is:-hydrogen; 15 R4 is hydrogen; or methyl; and R5 is Cislicyl; C1.6alkyloxy-Cl.kalkyl;

hydroxy-CallcykdCGisatkydsulfanyl-C14alkyl; Cislicylsulfonyl-C1.6alkyl; aptingseehdrisyk N-C 1 a
Licyl-amino -C1_6alkyl; N,N-diC1_6alkyl-amino-C1.6alkyl; C3_7cycloalkyl; optionally substituted
phenyl; heteroatyl, or heterocyclyl-C1_6alkyl. 20 Inl€ertain embodiments of formula I: Rl is
éposition with C16alkyl, halo-C1_6alkyl, C1.6alkoxy-Ci_ oak’,

imidazol-l-)fl substituted at the 2
hydroxy-C1 BATKHR CTRRIEIFR S L BElR FoA 8 Ry el Bdfe st C34cycloalkyl-C1.6alkyl; R2 is

5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-fluoro-pyridin-2-yl, 5-methy1-3-fluoro25pyridin-2-yl,
5-methyl-3-Enferaipyrbsissatsp Eiematero yrdiR- Zogetbrr 3vBbdhsisro tpyiidintiey areR3 is hydrogen;
R4 is hydrogenrhear methyh ams ,MMeh 209164/ 365PCT/EP2008/066985 -24- R5 is C].6alkyl;
Cislkyloxy-Cisllcyl; hydroxy-Ci.6alkyl; Cislkylsullanyl-Ci_oaLkyl; Ci.6alkylsulfony1-Ci_salkyl;

amino-C1 GGl ingscil etk NNAIC o Gallaming el falky C327cycloalkyt,
optionally substituted phenyl; heteroaryl, or heterocyclyl-C1.6alkyl. 5 In certain em odiments of foinmia
I: Rlis imid#SBRAY P DSh &G P eRY'288Rition with C1.6alkyl, halo-Ci.6alkyl, Ci_6alkoxy-Cl_ 6alkyl,
hydroxy-C1lalkyl, C3.6-cycloalkyl, or C3_60yc|oa|k;/I-C1.6aIkyI; R2 is 4-methyl-phenyl;
2-fluoro-4-niie Ry rplaRyinetoroiaidefobpenii: Weshioro:ish flaerosplenlyihzisdichloro-phenyl:

2,4-difluorOa&E@@yk@ﬁ@a@g@@fﬂsw&Jy{f@h@M;o%%ﬁr s0ydreaen.f4{zydrogen; or methyl; and RS
is hydroxymethyl; methoxymethyl; morpholin-4-ylmethyl; piperidin-1 -y1 methyl optionally

In certain embodiments of formula I, R* and R’ together with the atom to which they are

attached form a cyclopropyl group.

10 In certain embodiments of formula I, RYis hydrogen and R* and R’ together with. the atom to

which they are attached form a cyclopropyl group.

In certain embodiments of formula I, R® is hydrogen and R and R® together with the atom to

which they are attached form a cyclopentyl group optionally substituted with hydroxy.

In certain embodiments of formula I, R? and R® together with the aiom to which they are
15 attached form a Cy heterocyclic ring containing one or two heteroatoms each independently
selected from O, N and S.

In certain embodiments of formula I, R* and R® together with the atom to which they are

attached form a piperidinyl group or oxctanyl ring group.

In certain embodiments of formula I, R* and R’ together with the atom to which they are

20 attached form a piperidin-3-yl group or an oxetan-3-yl group.

In certain embodiments of formula I, R®, R* and R’ together with the atom to which they are
attached form a six-membered heteroaryl containing one or two nitrogen atoms, and which is

optionally substituted with halo, amino or C,galkyl.

In certain embodiments of formula I, R, R’ and R® together with the atom to which they are
25  attached form a heteroaryl selected from 2-oxo-1,2-dihydro-pyrimidinyl, pyridinyl, pyrimidinyl,

pyridazinyl or pyridazinyl, each optionally substituted with methy! or amino.



substituted at the 4-position with methyl, methanesulfonyl or acetyl; 1,1-dioxothiomorpholin-1 -yl;

piperidin-l-yl-rpashyboptignaally substituted once or twice with a group 15e¢gkaunseaigeted
independently from methyl, methoxy or halo; pyridinyl; pyrimidinyl; pyrazinyl; pyridazinyl; pyrazolyl; or
thiazoly1; wherein the pyridinyl, pyrimidinyl, pyrazid{i, pyridazinyl, pyrazolyl and thiazolyl each may be
optionally substituted gnc_e or twice with a I%rroup or groups selected independent%from methyl,

methylamirl8, CHIBHYPART S04 a2 Kot e B e S A RIRCR Yiflazol-1-y1
substituted at:thed Fopositiorwithl €lecdl liyint PataeCl , 26dHgrr Gl hatkoxyyC 1-otuyd/DRikdro-6alkyl,
Ci.6alkylamjpo-C1.6 : - Iy, I-Ci R2 s thyl-pyridin-2-yl,
SR el e L G e A
5-methyl-3-Enforeipymelitlo=yiyB Legimaarspidniys 4 £ oraos-aemists:3opyridin-2-y1; R3 is hydrogen:
R4 is hydrogen; or methyl; and R5 is hydroxymethyl; methoxymethyl; morpholin-4-ylmethyl;
piperi_diﬁ-l-ﬁﬁmﬁylw@éﬁﬁ%ﬁ@@iaﬁéﬁ at ﬁleadkpbﬁti@ﬁmlﬁhyrﬁeﬁaydyhﬂgﬂmméh@h% or acetyl;

L 1-dioxo- joungrRlislio: tykupiperidinivieaienallyisibsiinied onea ot icaihigreP or groups

selected independently from methyl, methoxy or halo; yridin%,ll; p rlmldlnyl;
2000/077365R YEPHO08RIBEUEE 25 BTy X IR T BRI ORI B G4 ab8Ryk wherein the
pyridinyl, pyeirrichinyylppyramoyt yTidaiklyl, pyrazolyl and thiazolyl each may be optionally substituted
once or twice with a group or groups selected independently from methyl, methylamino, ditnethylamino

and halo. Spinseraimesabedinents ah toinla N-C, salkyl-amino-C; salkyl substituted with halo.

10 In certain embodiments of formula I, R’ is: C;salkyloxy-C; salkyl hydroxy-Ci.salkyl; heteroaryl,
or heterocyclyl-Crsalkyl

In certain embodiments of formula I, R’ is C;salkyloxy-C;salkyl. One preferred Cjalkyloxy-

Cisaliyl is methoxymethyl,

In certain embodiments of formula I, R’ is hydroxy-C;ealkyl. One preferred hydroxy-Cy salkyl
15  is hydroxymethyl

In certain embodiments of formula 1, R” is heteroaryl.

In certain embodiments where R® is heteroaryl, such heteroaryl may be pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, pyrazolyl, imidazolyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl,
oxadiazolyl, 3-0x0-2,3-dihydro-isoxazolyl, tetrazolyl, imidazo{2,1-b]thiazolyl, imidazo{1,2-a}-

20 pyridinyl, imidazo[4,5-b]pyridinyl, and benzimidazolyl, each of which may be optionally
substituted one, two or three times with a group or groups independently selected from Cisalkyl,
Cisalkoxy, Ciealkoxy-Csalkyl, halo-C,salkyl, halo, amino, N-C, salkyl-amino, or N,N-di-{ C;.
salkyl)-amino. More preferably, such heteroarly may be optionally substituted once or twice
with a group or groups independently selected from methyl, ethyl, n-propyl, fluore, chloro,

25 trifluoromethyl, amino, methylamino or dimethylamino.

In certain embodiments where R is hetercaryl, such heteroaryl may be pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, pyrazolyl or thiazolyl, each of which may be optionally substituted once
or twice with a grbup or groups independently selected from methyl, ethyl, n-propyl, fluoro,

chloro, amino, methylamino or dimethylamino.



Rl is imidazol-1-y1 substituted at the 2-position with Calkyl, halo-Ci_6alkyl, Cl_salkoxy-C,_ 6alkyl,

hydroxy-C1_6alkssderd;saycloalkyl, or C3_6cycloalkyl-Clslkyl; R2 is 4-rpgth-Rheiysss
2-fluoro-4-methyl-phenyl; 2-chloro-4-fluoro-phenyl; 4-chloro-2- fluoro-phenyl; 2,4-dichloro-phenyl;
2,4-difluoro-phenyl;or 2-chloro-4-methyl-phenyl; 1682R3 is hydrogen; and R4 and fe together foun a
cyclopropyl group. In certain embodiments of foitnula I: Rl is imidazol-1-y1 substituted at the 2-position
with C1_6alRyicTeicerpdigrne i agnBxyssoaphmgh byersal o bnpridppangiandins.er sallcyl,
C3_6-cycloplkytimgt, cdhadycaalkdy®d ot boalk\iiRanisbonetBytaytichn 2-yofyehlgemyridin-2-yl,
5-fluoro-pyridin-2-yl, 5-methy1-3-fluoropyridin-2-yl.. 5-methyl-3-chloro-pyridin-2-yl, .
3,5-dif|uoroi%%/eﬁa?g?ggff%%ég|E%Flo?%g) |dyr1|3 in: ;ﬁrﬁﬁg%ylffgggﬁn e%/n((}jr é]ﬁ"ﬁ%ygiﬁn&rﬁ‘s together form
a cyclopro\%/l group. Ir c%%?in elzngaodiments of formula I: Rlis imidazol-1-y1 substituted at the
2-position W EFBARYPHRRER BEMYE ‘188 Fedi§rEpan sohpsicoery! wands Nitelsne:
_salkyl)samhe@itimeaiky hyOdin6-gychoalkyid-yvbro&3o 62yl psatiyldilAalkylrda-R2is1dpmethyl-phenyl;
2-fluoro-4-meghyl- - 2-chlorg-4- -pl .. 4-chloro-2- £ ; 2,4-dichlore-phenyl;

2 arciuoro phn o e ke yaroacn, Ep I AL
methoxym ??,0hﬁ/ﬁ’ﬂo%?ﬂ@ﬂﬁff?;@%@@%@ﬁ%ﬁ#@%%%ét%?}l‘-lﬁ ittabi 13- oredppyrazih-2-yl. In
certain emiogitagints-of fofitedia-fy e 2009024 B65P CHER 2008066988 2&roro-pyrimidin-

4-yl, 4-cthyl-{1,2,4]-triazol-3-yl, 1,3,5-trimethyl-pyrazol-4-yl, 1,5-dimethyl-pyrazol-4-yl, 1,3-

10 dimethyl-pyrazol-4-yl, 3-(2-methoxy-ethyl)-[1,2,4]-0xadiazol-5-y1, 3-(pyridin-3-yl-[1,2,4]-
oxadiazol-5-yl, tetrazol-5-yl, pyrazol-3-yl, 4-amino-2-methyl-pyrimidin-5-yl, 2-amino-
pyrimidin-4-yl, 6-methoxy-pyridazin-3-yl, 3-0x0-2,3-dihydro-isoxazol-5-yl, 3-methyl-thiophen-
2-yl, S-methyl-[1,3,4]-0xadiazol-2-yl, 4-methyl-isoxazol-3-yl, 3-trifluoromethyl-pyrazol-1-yl, 1-
methyl-pyrazol-3-yl, 3-methyl-pyrazol-1-vl, S-methyl-3-trifluoromethyl-pyrazol-1 -yl; 5~

15 cyclopropyl-3-triffuoromethyl-pyrazol-1-yl, imidazo]2,1-b]-thiazol-6-yl, thiazo -4-y1, 2-propyl-
pyrazol-3-yl, 2-ethyl-pyrazol-3-yl, S-amino-pyridazin-2-yl, 3-amino-pyridazin-2-yl, 3-chloro-
pyridazin-2-yl, 2-amino-pyrimidin-5-yl, 1-methyi-imidazol-4-yl, 6-amino-pyridin-3-yl, 6-amino-
pyridazin-2-yl, 2-amino-pyridin-4-yl, 2-dimethylamino-pyrimidin-5-yl, 6-amino-pyridin-2-yl, 2-
methylamino-pyridin-4-yl, 2-dimethylamino-pyridind-yl, 3-methyl-2-dimethylamino-pyridin-4-

20 yl, pyrimidin-5-yl, 2-methyl-pyridin-4-yl, 6-methylamino-pyridin-3-yl, 6-dimethylamino-
pyridin-3-yl, 6-methylamino-pyrimidin-4-yl, 6-dimethylamino-pyridin-3-yl, 6-methylamino-
pyridin-3-yl, 2-methylamino-pyrimidin-5-yl, 6-methyl-pyridin-3-yl, 4-methyl-thiazot-2-yl, 2,6-
dimethyl-pyridin-3-yl, imidazo[1,2-aJpyridin-2-yl, 6-methyl-pyridin-2-yl, 1-ethyl-pyrazol-3-yl,
3-methyl-pyridin-2-yl, 4-methyl-thiazol-5-yl, I-ethyl-imidazol-2-y], I-methyl-pyrazoi-4-yi,

25 . imidazo}4,5-b]pyridin-2-yl, 3,5-difluoro-pyridin-2-yl, 6-fluoro-pyridin-2-yl, 1,5-dimethyl-
pyrazol-3-yl, S-methyl-pyridin-2-yl, 6-trifluoromethyl-pyridin-3-yl, 5-methyl-isoxazoi-3-yl, 5-
methyl-imidazol-2-yi, 5-methoxy-benzimidazol-2-yl, {1,2,4}trlazol-3-y}, and S-methyl—
imidazo{1,2-alpyridin-2-yl.

In certain embodiments of formuia 1, R® is heterocyclyl-C; salkyl.

30  In embodiments where R is heterocyclyl-Cs galkyl, such heterocyelyl-C salkyl may be
beterocyclyl-methyl such as morpholinomethyl, piperidinyl-methyl, piperazinyl-methyl,
thiomorpholinylmethyl, pyrrolidinylmethyl, or azetidinylmethyl, the heterocyclyl portion of each



R.is imidazol-1-y1 substituted at the 2-position with Ci_6alkyl, halo-C1.6alkyl, 6alkyl, hydroxy-Ci
-6alkyl, C1 -6alkykasningss1_6alkyl, C3_6-cycloalkyl, or C3_6cycloalkylget mballidss522 is:
5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-fluoro-pyridin-2-yl, 5-methyl-3-fluoro- 5pyridin-2-yl,
5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin=22y1 or 3,5-dichloro- ppyridin-2-y1; R3 is hydrogen;
R4 is methyl: and R5 is methoxymethyl, hydroxymethyl, 5-methyl-pyrazin-2-yl, 6-methyl-pyridazin-3-y1
or 10pyrazift 341 b R BB L RS AR AR £ RIS AFRILAN LFONPe GFBRHEY at the 2-position
with C1_6addiyttehibon Gictbllkybtie x v Gallsy nbiyasoxy @iyt Galkyl; £dsticylamino-C1_6alky1,
N,N-di-(C1.6alkyl)-amino-C1_6allcyl, C3_6-cycloalkyl, or C3,6cycloalkyl-C1.6alkyl; 15 R2 is
4-methyl-phgeylhitiuarosdameathyl- phenylicZ chiarotAfluaia:-rRhepylnfehi oo 2= tupsasphanyl;
2,4-dich|oro-phen}ﬁ/};£2,4-%gluolsf-phe£1%hor 2-&h|oro-4- %thyl- henyl; R3 and R4 are hydrogen; and R5
is 5-methyl PP 2 TR EEHATR SRB S aTRents B IBmuisT 2BR T iR BE Y P RButed at the
2-position withl, Glorbadikydinkaid-Gd G ali<yiktBil-Gatkany-Cll-Bethioy] , Jnyxirgy=@dn- 6dioythyC

3 6alkylaming- . N N-di- | ino- _-1-6 6 ¢ i & cloallyl-C3
SR palR i M RSk al b Aol ool A fevcloaly

g-methy1-313?ﬁ518%b%ié@%ﬂ@?ﬁétﬁﬂ-@?ﬁ?&r&}ﬁ%‘iﬂiﬁﬂﬂwy@,"@:éﬁﬂh’é‘%ﬁﬁ&/ﬁéﬁﬂd'ﬁlﬁybr 3,5-dichloro-

25ppyridin-2wyhyl, 4-methanesulfonyl-piperidin-1-yl-methyl, 4-fluoro-piperidinl -yl-methyl, 4-acetyl-3-
methyl-piperazin-1-yl-methyl, 4-acetyl-3,5-dimethyl-piperazin-1-yl-methyl, 2,6-dimethyl-
10 morpholin-4-yl-methyl, 4, 4-difluoro-piperidinl-yl-methyl, 3-fluoro-piperidinl -yl-methyl, 4~
methyl-4-hydroxy-piperidin1-yl-methyl, or 3-fluoro-4-methoxy-piperidinl-yl-methyl.

In certain embodiments of formula I, R* is hydroxymethyl, methoxymethyl, pyrazin-2-yl or 5-
methyl-pyrazim-2-yL

In certain embodiments of formula I, R’ is hydroxymethyl, methoxymethyl, pyrazin-2-yl, 5-
15 methyl-pyrazin-2-y}, 6-methyl-pyridazin-3-yl, or 1-methyl-6-0x0-1,6-dihydro-pyridin-3-yL

In certain embodiments of formula I, R’ is hydroxymethyl,
In certain embodiments of formula I, R’ is methoxymethyl.
In certain embodiments of formula I, R’ is pyrazin-2-y.
In certain embodiments of formula I, R is 5-methyl-pyrazin-2-yl.
20  In certain embodiments of formula I, R’ is I-methyl-6-0x0-1,6-dihydro-pyridin-3-yL
In certain embodiments of formula I, R® is 6-methyl-pyridazin-3-yl.
In certain embodiments of formula I, R®, R” and R® are hydrogen.
In certain embodiments of formuia I, R” and R® are hydrogen.

In certain embodiments of formula I, one of R” and R® is halo or Cy4alkoxy and the other is
25 hydrogen.

In certain embodiments of formula I, R’ and R® each independently is halo or C;.alkoxy.



R3 and R4 are hydrogen; and R5 is 5-methyl-pyridazin-2-yl. In formula 1, R1 may be represented by a
group of formua AjoeWpea2009/077365PCT/EP2008/066985  A; whergin/Ra@nekReach
independently is hydrogen; Cialkyl; Cialkoxy; phenyl; amino; N-C14salkyl-amino;
N,N-di-Ci_alkyl-amino halo-Calkyl; halo-Ci_6alkoxf;: hetero-Chalkyl; C3_6-cycloalkyl;
C3.6cycloalkyl-Ci_allcyl; aminocarbonyl; heterocyclylcarbonyl; 5 Cialkoxyearbonyl; or cyano; or le and
Rb togethef\GRAHAEAIBHEIEIRIEFHEY: 8RS St CRRSLEmisy HFh hpRetTB iR ShpSihidiny
group, eachsaptiogally substituted; and wherein le is hydrogen, Ci alkyl or halo-Cialkyl. In certain
embodiments of formula I, R1 is a group of foirnula Al: Al 10 wherein le, Rb and 12 are as defined

herein. In certain embodiments of formula I, R7 and R® each independently is fluoro, chloro or methoxy.
In certain embodiments of formula I, one of R” and R® is fluoro and the other is hydrogen..
5 In certain embodiments of formula I, one of R” and R® is chloro and the other is hydrogen.
In certain embodiments of forrmula I, one of R7 and R® is methoxy and the other is hydrogen.
In certain embodiments of formula I, R” and R® are fluoro.

In certain embodiments of formula I:
R' s imidazol-1-yl substituted at the 2-position with C;salkyl, halo-C; salkyl, C,salkoxy-C.
10 calleyl, hydroxy~C] salkyl, Cisalkylamio-C,salkyl, N,N-di-(C, salkyl}-amino-C; salkyl,
Css-cycloalkyl, or Ciscycloalkyl-Cealkyl;
R?  is 4-methyl-phenyl; 2-fluoro-4-methyl-phenyl; 2-chloro-4-fluoro-phenyl; 4-chloro-2-
fluoro-phenyl; 2,4-dichloro-phenyl; 2,4-difluoro-phenylor 2-chloro-4-methyl-phenyi;
R®  is hydrogen;
15 R* is hydrogen; or methyl; and
R® s Cursalkyl; Cisalkyloxy-Cisalkyl; hydroxy-C;ealkyl; Cisalkylsulfanyl-Cy salicyl;
Cisalkylsulfonyl-C, galkyl: amino-C,salkyl; N-C; ealkyl-amino-Cy.galkyl; N,N-di-
Cisalkyi-amino-Ci.salkyl; Cs.seycloalkyl; optionally substituted phenyl; heteroaryl, or
heterocyctyl-Crsalkyl.

20 In certain embodiments of formula I:

R'  is imidazol-1-yl substituted at the 2-position with C)alkyl, halo-C)salkyl, Cy satkoxy-C;.
salkyl, hydroxy-Csalkyl, C;salkylamino-C,.galkyl, N,N-di-(C; salkyl}-amino-C; salkyl,
Cg,s-cycio.alkyl, or Cyecvcloalkyl-Cigalkyl;

R® is 5-methyl-pyridin-2-yl, S-chloro-pyridin-2-y}, 5-fluoro-pyridin-2-yl, 5-methyl-3-fluoro-

25 pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-v1 or 3,5-dichloro-
pyridin-2-yl;

R® is hydrogen;

R® is hydrogen; or methyl; and



In certain embodiments of formula I, Rl is a group of formula A2: NN A2 wherein le, Rb and 12." are
as defined hergimadvgerigin embodiments of formula |, Rl is a group of {@rftlshddeders A3 Wherein
Ra, Rb and It. are as defined herein. WO 20091077365PCT/EP2008/066985 -28- In certain
embodiments of formula I, le and le are hydrogen-afd BY is hydrogen; Cislkyl; C, 6alkoxy;
C1-6alkylsulfonyl; amlno N-C3_6alkyl-amino; N,N-di-C34alkyl-amino halo-Ci sallcyl

halo-C3_ 6atkoxF hefdkslc: GamimCs atkybigy #k?ﬁ‘%‘%‘%@bl%ﬁ@‘i’l@é&@ﬁr@}ﬁ%hocarbonyk

heterocyclylcarbonyli-@hibiabsacanbo - Cym@ m@mmmgémmgmwherem 12! or BY
is hetero-C3_6

yI ch he Ima ele ted fe] Ci.e
Ci oalkylamlno |s? and N, Nﬁd&‘(% 358&% aﬂnn al% %{%X&yh %Eel%d%?’rﬁents of formula I,
Ra and Re are WW@@@W&WWS methyl, ethyl n-propyl, n- butyl isopropyl, isobutyl, tert-butyl,
cyclopropyl, cyclobutyl, cyclopropylmethyl, phenyl, 10 trifluoromethyl, difluoromethyl, fluoromethyl,
pentafluorobetiaphid shabifiirocoseshifdr2; 2-1:

R' s imidazol-1-yl substituted at the 2-position with Cyalkyl, halo-C.salkyl, Cigalkoxy-C;.
salkyl, hydroxy-Cisalkyl, Cig-cycloalkyl, or Csseycloalkyl-Csalkyl;
R® s 4-methyl-phenyl; 2-fluoro-4-methyl-phenyl; 2-chloro-4-fiuoro-phenyt; 4-chloro-2-
fluoro-pheny}; 2,4-dichioro-phenyl; 2,4-difluoro-phenyl;or 2-chloro-4-methyl-phenyl;
10 R® s hydrogen;
R* s _hydrogen; or methyl; and
R® s hydroxymethyl; methoxymethyl; morpholin-4-ylmethyl; piperidin-1-yl methy! optionally
substituted at the 4-position with methyl, methanesulfonyl or acetyl; 1,1-dioxo-
thiomorpholin-1-yl; piperidin-1-yi-methyl optionally substituted once or twice with a group
15 .or groups selected independently from methyl, methoxy or halo; pyridinyl; pyrimidinyl;
pyrazinyl; pyridazinyl; pyrazolyl; or thiazolyl; wherein the pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, pyrazolyl and thiazolyl each may be optionally substituted once or
twice with a group or groups selected independently from methyl, methylamino,

dimethylamino and halo.

20 In certain embodiments of formula I:
R!  is imidazo 1-1-y1 substituted at the 2-position with C;salkyl, halo-Cisalkyl, Cyealkoxy-Ci.
salkyl, hydroxy-Cisalkyl, C,salkylamino-C,salkyl, Cas-cycioalkyl, or Ciscycloalkyl-Cy.

calkyl;
R*  is 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-fluoro-pyridin-2-vl, S-methyl-3-fluoro-
25 pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-yl or 3,5-dichloro-
ppyridin-2-yl;
R®  is hydrogen;

R® s hydrogen; or methyl; and
R’ is hydroxymethyl; methoxymethyl; morpholn-4-ylmethyl; piperidin-1-y! methy! optionally
30 substituted at the 4-position with methyl, methanesulfonyl or acetyl; 1,1-dioxo-
thiomorpholin-1-yl; piperidin-1-yl optionaliy substituted once or twice with a group or

groups selected independently from methyi, methoxy or halo; pyridinyl;, pyrimidinyt;



difluoroethyl, 1-methoxy-ethyl, 1-ethoxy-ethyl, 2-methoxy-1-methyl-ethyl, 1-hydroxy-ethyl, isopropoxy,

1-methyl-azetigadayh;isgimethylamino-ethyl or dimethylamino-methyl. Jp-£efaiR smrediments of
formula |, le, Rb and le each independently is hydrogen, C36alkyl or halo-ClI slkyt. 15 In certain

embodiments of formula I, Ra, Rh and Re each in@épendently is hydrogen or C3_6alkyl. In certain

embodiments of fo ula |, Ra and le are hydrogen and Rh is Ci _alkyl or halo-C3_6alkyl. In certain
embodiments oPTEF#LaRy TR @MVH%@WQH& BhersilsaraRiempoHRifNtG of formula |, R

and le are hydrogeaiafiddBaisiBiskme 12043 aeitain embedinenisphitiuwatuRdand.Rp are
hydrogen and BY |s %:}1 6alk Isulfon(}/l In ertad mbodlrp %ts of f%Fr[,nuIa 12 2 and le are hydrogen

and BY is amlno fr dertal eﬁqt% ments e?t?o lﬁ%e?d&% e are ydm8 é/n BNA’BY is

N-C1_6alkyl- anﬂmﬁfhﬁﬁ@@malwéhﬂhbdlments of formula I, R2 and le are hydrogen and BY iso. In
certain embodiments of formula |, Ra and Re are hydrogen and BY s halo-C3_6alkyl. 25 In certain
embodifhettsaffa usbddititandil@anelhydrogen and BY is halo -C _6allcoxy. WO

2009/077365PGJ/ER2D ?%’16@8%11%&{'91%% %kﬁllsﬁfl?ﬁpiff'ormilgl,oﬁ{/%r@] dﬂ&ﬁ o {]19 o REEe hydrogen

and Rh is hetero-C1_6alky1. In certain embodiments o gen and Rh is

C3.6-cycloallcylaiéadinrhbadimets srdomfivier Racxsripptn-Sretiigiogen and Rh is
C3,6cycloaiyl-GL.- @@ilgylpﬁm}gamaﬁnba@tme@t&gﬁiqmﬂ&aommwghaﬁwﬁm&mgen and Rhiis

aminocarbonyl. 5 In c rtaln men s of form 1, R Rh are hydr his
heterocyclylcarg?)ny(f TA°C r"t%?}gem od meﬁ’tlé%lfgné){%ﬁfgqh fjgllhd %Oé?e F]n}}%a’ggél “hd Rh is

Ci. aIkd)%/cd%onylh}lﬁif@:&qltaﬁlndembodlments of foimula I, Ra and are hydrogen and BY is cyano. In

certain empodiments ofdarmiia, LMy ReRfe hydrogen and BY is methyl, ethyl, n-propyl, n-butyl,
isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclopropylmethyl, trifluoromethyl, 10 pentafluoro-ethyl,

1,1- d|f|uorq—ﬂh&&&emi@g@{ﬁg}%%ﬁmow ethyl, 2-methoxy-1-methylethyl, 1-hydroxy-ethyl, or
dimethylamino-methy!
R'  is imidazol-1 -yl substituted at the 2-position with C;salkyl, halo~C, salkyl, C;salkoxy-Cy.

salkyl, hydroxy-Ci.galkyl, C;salkylamino-C, salkyl, Cig-cycloalkyl, or Cigeycloalkyl-C;.
15 salkyl; B
R?  is 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-vi, 5-fluore-pyridin-2-yl, 5-methyl-3-fluoro-
pyridin-2-yl, S-methyl-3-chloro~pyridin-2-yl, 3,3-difluoro-pyridin-2-yi or 3,5-dichloro-
ppyridin-2-yL;
R’ is hydrogen; and
20 R*and R’ together form a cyclopropyl group.

In certain embodiments of formula I
R' s imidazol-1 -yl substituted at the 2-position with C;salkyl, halo-C; salkyl, Cisalkoxy-Ci.
salkyl, hydroxy-Cisalkyl, Csalkylamino-Cisalkyl, N.N-di-(C; salkyl)-amino-Cy salkyl,
Csg-cycloalkyl, or Cyscycloalkyl-Cy salkyl;
25 R* s 4-methyl-phenyl; 2-fluoro-4-methyl-phenyl; 2-chloro-4-fiuoro-phenyl; 4-chloro-2-
fluoro-phenyl; 2,4-dichloro-phenyl; 2,4-difluoro-phenylior 2-chloro-4-methyl-phenyl;
R”  is hydrogen;
R*  is methyl; and
R® s methoxymethyl, hydroxymethyl, S-methyl-pyrazin-2-y, 6-methyl-pyridazin-3-yl or
30 pyrazin-2-yl,

In certain embodiments of formula I



In certain embodiments of formula |, Ra and Ith are hydrogen and BY is methyl, ethyl, n-propyl,

isopropyl, n-byhyl,iseputyk tert-butyl, cyclopropyl or cyclopropylmethyl. C%ﬁpﬁ%&&;@bodiments of
formula I, Ra and BY together with the atoms to which they are 15 attacﬁe faun optionally substituted
phenyl. In certain embodiments of formula I, Re afish-Rh together with the atoms to which they are
attached Mini optionally substituted pyridinyl. In certain embodiments of formula 1, Ra and BY together

with the atdins t6 itdereiney! avestitisshedbiormosistondally Gublimluteld §yrinfighngl.s2Bosortionally
substituted imidazgly hyasysed brigicingludesimidazales ﬁ}ﬁt@g@%@%ﬁ@@%@-membered
aromatic or nitroﬁgep-c?ngﬂi%ﬁ gfater arxgliri ﬁti?ﬁreon. Thus, "optionally substituted imidazolyr
includes benzim'dﬁfﬁfy‘i’ UhoritidaZef1°s- ‘]]pﬁ i ﬁ: as well as azasubstituted derivatives thereof
AccordinghR’in derairtbripediinehid. 6t dolmitaridiherd, Relang-Biidogatyies witththe-fitoms to which

they aresattached fgpm aptionally sybsituiedpieaw; Bl:may.on Be-Aaroupehionpyla a4 WO
2009/077365PCTTEP2008/066985 -30- whereinXl and X2 each independently is C or N, and 12.6

and Rd each ind8FaHB@ntN is hydrogen, alkyl, halo, haloalkyl, alkoxy, cyano, amino or alkylsulfonyl. In
many embadimerttssesfarmula |, R3 is hydrogen and R4 is Ch6alkyl, preferably methyl. 5 In certain
embodimenys Ofisf%{éﬁﬁrllaa! R2 is 4-methyl-phenyl, 4-chloro-phenyl or 2-fluoro-4- methyl-phenyl, and R3
is hydrogen. In certal ’mﬁbodiments of formula I, R2 is 4-methyl-phenyl, 4-chloro-phenyl or 2-fluoro-4-
methyl-pheRyl, R3ghyarerian, Arfdorane ke thiicthyhneesriair dnibseimentsdiformlig |, R2 is
4-methyd-phenybwlaghlorgrphenyl or 2-fluoro-4- 10 methyl-phenyl, R3 is hydrogen, R4 is methyl, and
R6 is hydrogen. In certain embodiments of formula I, 127 is 4-methyl-phenyl, R3 is hydrogen, R4 is

methyl, R6 {5 hydrogen, ardR3,is:,Gibatkyl selected from methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, tertsbutyl, n- entzl and isopentyl; 15 hetero-C1.6alkyl selected from C1_6alkyloxy-- C1.6alkyl,
hydroxy- CF 6alRyPEFbARy 1ebrsHst & the aaryitien BEk{idlidntie 1-6hMy Camiind et 6alkyl, N-
Cis1kylamino-GdliGalkydrdkMNerli-ADiyl6aJsHamitio-Ci. Gadky hardihiclonyy G- bhabky laxyl,
gszs,?ti%fé%?”wl é%l.%%‘?o%ﬁ!%%P&!&?E%ﬂy%ﬂ%ﬁ}%"' cyclopentyl and cyclohexyl, each optionally

15 R* s 4-methyl-phenyl; 2-fluoro-4-methyl-phenyl; 2-chloro-4-flucro-phenyl; 4-chloro-2-

fluoro-phenyl; 2,4-dichioro-phenyl; 2,4-difluoro-phenylor 2-chloro-4-methyl-phenyl;
R’ and R” are hydrogen; and
R’ is 5-methyl-pyrazin-2-yl.

In certain embodiments of formuia I:

20 R' isimidazol-1-yl substituted at the 2-position with Cisalkyl, halo-C.salkyl, C;salkoxy-C;.
salkkyl, hydroxy-C salkyl, C;salkylamino-C, galkyl, N,N-di-(C; salkyl-amino-C; galkyl,
Cag-cycloalkyl, or Cyeevcloalkyt-Cigalkyl;

R is 5-methyl-pyridin-2-yL, 5-chloro-pyridin-2-yl, 5-fluore-pyridin-2-yl, 5-methyl-3-fluoro-
pyridin-2-yl, 5~-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-yl1 or 3,5-dichloro-

25 ppyridin-2-yl;

R? and R* are hydrogen; and
R’  is S-methyl-pyridazin-2-yl.

In formula 1, R’ may be represented by a group of formula A;



20 aryl selected from optionally substituted phenyl and optionally substituted naphthyl; heteroaryl
selected from pyriginyh-pygimidinyl, pyridazinyl, pyrazinyl, thienyl, pyrrolypcpfﬁm%ﬁgﬁgzolyl,
imidazolyl, furanyl, isoxazolyl and isothiazolyl, each optionally substituted; heterocyclyl selected from
piperdinyl, piperazinyt, morpholinyl, thiomorpholinyi74-oxo-thio- morpholinyl, 1,1-dioxo-thiomorpholinyl,
pyranyl, pyrrolidinyl, tetrahydrofuranyl, 2-oxa-8-aza- 25 spiro[4.51decan-8-yl,

2-oxa-5-aza-bic 2.2.1]heptan-5-yl, and 3-oxa-8-aza-bicyclo[3.2.1]- octan-8-yl, each optionally
substituted; &3 loatkyl-C1_oalkyl selected from cyclopropyl-Callcyl, cyclobutyl-C1_6alkyl,
cyclopentylCisliyl aind cyclohexyl-Cislkyl, the cycloalkyl portion of each being optionally substituted;
WO 2009/07?36MDCTT§P2008/066985 -31- aryl-Ci.6alkyl selected from phenyl-C1_6alkyl and
naphthyl-C1_6alkyl, the aryl portion of each being optionally substituted; heteroaryl-C16alkyl selected

from pyridinyl-Cholky!, pyrimidinyl-C] -6alkyl, pyridaziny|Ci_oallcyl, pyrazinyl-C] . 6alkyl, furanyl-C1
s St B e e e s SR RS e R e
heteroary| pbetiph avfisack-Deintdptional i, Sub it to-hmisvdeyeifl-GlkyitadloyUseléoted from

piperdinyl-Gi..8alkyl, jpi 3zéi_ Y, ol alky: i r Inyl6 L,
1-oxo-thiorﬁ§%§¥rfy% ¥ k&%‘z }g %ﬁ%tﬁ%%ﬂ%?%@ Ci%‘}%%?é% 5 ‘é@%&%&@%ﬁl 8%%3%‘?%&

PY rrolidiny CCHURSY CHERARRY GFRARH P & 128 fiy 10 S8R0 IS 24ems S Bluch e ars-aiahet 1 Galkyl,
2-0xa-5-azashidyeloihR-Aiheptadinbiyl- G Gaitkyl)| 3roxa-Brazahicyale [ octan-a-yher&ihvalkyl, the

heterocyclyl ROF ion, of ac&ﬁk?eiqulo ionﬁll substituted; aryloxy-C16alkyl selected from
phenoxy-Cis,6§?f2§/%%1h§ ﬁégp tf?f/lox{f/%f% I¥<yl, the aryl portion of each being optionally substituted; or

or -CHZ-C(X{RS’ wherein.R8 is gs defined herein. 15 In certain embodiments of formula I, R2 is
4-methyl-p ﬁWdHLEW%Ol%‘EB%%&@f‘?%%%-&-am?- gﬁ\% A% is hydrogen, R4 is methyl, R6 is
hydrogen, and R5 is Ci_6alkoxy-C16alkyl; hydroxy-C16allcyl; morpholin-4-y1-C1,6alkyl; pyrazinyl; or
piperazin-1-yl-Ciy6alkyl wherein the piperazinyl moeity is optionally substituted at the 4-position with
Cl.6alkyl, Cﬁlky arbonyl or CI .6alkylsul fonyl. 20 In certain embodiments of formula I, R2 is
4-methyl-phenyK 4-shloro-phenyl or 2-fluoro-4- methyl-phenyl, R3 is hydrogen, R4 is methyl, R6 is
hydrogen, ahd R5_& niéthoxymethyl; hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-yk or
4-methanesu||onyl-piperﬁiin-l-yl.

10 wherein R*, R® and R® are as defined herein.

In certain embodiments of formula I, R' is a group of formula A2:

Rbl
N

N
R? R
AR
wherein R?, R® and R°® are as defined herein.

Tn certain embodiments of formula I, R is a group of formuia A3:

Rb

N
R~ QE R°®
15 N a3

wherein R®, R® and R® are as defined herein,



In certain embodiments of formula I, Rl is a group of formula A, R2 is 4-methyl-phenyl, 4-
chloro-phenyl QrZifld@ses4-methyl-phenyl, le is hydrogen, R4 is methyl, ﬁﬁjﬁﬂié’ﬁ%ﬂ%’ and R5 25 is
Chealkoxy-C1,6alkyl; hydroxy-Cimorpholin-4-yl-C1_6alkyl; pyrazinyl; or piperazin-1- yl-Ci.6alkyl
wherein the piperazinyl moeity is optionally substit@ted at the 4-position with Cl_ 6alkyl. CT
_6alkylcarbonyl or C1 6alkylsulfonyl. In certain embodiments of formula I, Rl is a group of formula A,
R2 is 4-methytphiariprbadisisrsseihamyiedr B fubRo 2rerhedrgdepiahil, Rividdapr6yerk s methyl., R6
S mehanesfor e LY. WO SH00l0T 0ePC TP 20E bCaae o 1 carias embodment
-methanesulfonylpiperazin-1-y _ : -32- In certain embodiments
of foiriiula 1sn Zé?’is irff}lr{? ﬂ-’%@}?‘%‘t&b@%ﬁég 3&?‘5%%%-'555%6%%@18 St Or RS 5AdER s hydrogen. In
certain embotimentsioffonyiufa 42 IRZysqpyeidin@-ghmubstituted at the 5-position with methyl or halo,
R3 is hydrogen, and R4 is methyl. 5 In certain embodiments of foill111a |, 122 is pyridin-2-y1
substituted B dhecdrpesitienwyitilmeiivi«ar kol RRiShadydrogan: Rdds saethydt, ame Re.isHhydrogen. In
certain embadi s of farmula I, R2.is-pyridin-2-y1 substituted.at the 5-paosition with methyl or halo,
3 1 o K S AR e e B Ay S o ST, oty
propyl, isoprdsyi-#oinend; iebislityl, tert-butyl, n-pentyl 10 and isopentyl; hetero-C1.6alkyl selected from
C1 _oalkyloxy- C oallcyl, hydroxy- C1.6alkyl, C -oalkylsulfanyl- C1_ oalkyl,N-
C1.6alkylanhner@it efekdilpdbibledkChdialkyRaminB<Git. Balkytanadgtiiomys], elkylaxy:dpd, 7cycloalkyl

selected fr%&%ﬁ'%ﬁ?@éﬁl, %%Iﬁ?g%h_ggﬁj?g%%gg%% gﬁé@%ﬁyﬁ%@ﬁ% 5)15?1 nt%%ﬁi}gagallmle\ﬁslubstituted; aryl

selected from optionally Substituted pheny ubstit tergéryl selected

from pyidirfA ARGy HENRTaESIRYE IrersiyimenAluslr el dXasijereratzbsiZimidazolyl, furanyl,
isoxazolyl afithisobtiaralyh-aach-aptipnaliysyksiledichatgracyelyl salacted e pipandinyl,

piperazinyl,.morpholinyl, thiomorpholinyl, 1-oxo-thio- 20 morpholin ,1-dioxo-thiomorpholinyl,
1I§8ﬁg%%’y% %ﬁ%}rﬁ%e 1din {'Q,_ iLCP ctﬁ o fﬁ% §8 Anm)é%;}:!lfnmo—me&ye

pyranyl, pyr rofuranyl, -2-0xa-8-azaspiro can-8=y
2-oxa-5-aza-bicyclo[2.2.1]heptan-5-yl, and 3-0xa-8-aza-bicyclo[3.2.1]- octan-8-yl, each optionally

substituted; ST FEyCRERRSIES OB RIGP Seidtrddl it Sl prispy st aiky dpempurytied obikyl,
cyclopentyl@heikyldind. cyclohexyl-C14alkyl, the cycldalkyl portion of each being optionally substituted;

15 In certain embodiments of formula I, R%, R" and R® each independently is hydrogen or Cyalkyl.

In certain embodiments of formula I, R* and R® are hydrogen and R® is C;_salky! or halo-
Cysalkyl,

In certain embodiments of formula I, R* and R® are hydrogen and R is Cy¢alkyl.
In certain embodiments of formula I, R* and R® are hydrogen and R is C;_salkoxy.
20  In certain embodiments of formula I, R* and R° are hydrogen and R” is C; salkylsulfonyl.
In certain embodiments of formula 1, R* and R® are hydrogen and R® is amino.
In certain embodiments of formula 1, R® and R® are hydrogen and R® is N-C;_galkyl-amino.
In certain embodiments of formula I, R* and R® are hydrogen and R” is N,N-di-C;_salkyl-amino.
In certain embodiments of formula I, R* and R are hydrogen and R” is halo-C; galkyl.

25 In certain embodiments of formula I, R® and R® are hydrogen and R is halo-C;galkoxy.



25 aryl-C1.6alkyl selected from phenyl-Ci.6alkyl and naphthyl-Ci_olkyl, the aryl portion of each being

optionally subsfitiigadihgteroaryl-Cl.6alkyl selected from pyrpyridazinylp&l.8alkylsRyrazinyl-C1.6alkyl,
furanyl-C1 -6 alkyl, thienyl-C1.6alkyl, pyrrolyl-C1_6alkyl, oxazolyl-  C1.6alkyl, thiazolyl-Ci_6alkyl,
imidazolyl-C1.6alkyl, isoxazolyl-C1 _oalkyl and ise&§azolyl-Ci. 30 6alkyl, the heteroaryl portion of each
being optionally substituted; heterocyclyl-C1.6allcyl selected from piperdinyl-Ci_olkyl,

piperazinyl K@i, snbrsa pdamsiky Rhisfforpréideen astiky Eesothigiidrpholinyl-Ci.6alkyl,
1,1-dioxo-thiomorpholinyl- WO 2009/077365PCT/EP2008/066985 -33-

pyranyl-C1 Bakkyjtetraimiine ity afi jd:@igiyIR 2a0d & SatadspinofbhiectnSycloallibalkyl,
2-oxa-5-aza-bicyclo[2.2.1]heptan-5-yl-C1_6alkyl, 3-oxa-8-azabicyclo[3.2.11octan-8-yl-Cislkyl, the

heterocyclylpestion wiwashe-beingropticnnlh snbatiwtaegiapdendeisikyl.seleciaditomalkyl.
phenoxy-Ci_oalkyl and naphthyloxy-Ci_6alkyl, the aryl portion of 5 each being optionally substituted;

or or -CH2- Q)38 isEsiRRE s definRhsiein. arrian ambadmsmis Akgimula | R2 s
pyridin-2-y1 substituted at the 5- position with methyl or halo, R3 is hydrogen, R4’is methyl, R6 is

hydrogen, and RS is C1.6alkoxy-Ci_6alkyl, hydroxyC1l Galkyl; moraholin-4-yl-Cislkyl: pyrazinyl; or
Piner L A e e s IS B SO AEARIRY 4-posiion with

Ci.6alkyl, Ch6alkylcarbonyl or Cislkylsulfonyl. In certain embodiments of formula I, R2 is pyridin-2-34
substituted S ¥HEE-FoSRTBATIH M&H%%ﬁ%%&%?@@ﬁ%ﬁ@?ﬁ Ras& el 898y drogen, and
R5 is methoxymethyl; hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-y1; or

4-methaneduiferynsiperdizipntsy’ fmyledriindRbuaimenesoieiiniia¥e R is a group of foimula A, R2
is pyridin-2-y1 substituted at the 5- position with methyl or halo, R3 is hydrogen, 124 is methyl, R6 is
hydrogen, dndeRBis:Ehaditiensse Chsttopla HyBitexg 1C 26 ajikiybamonphBlin-thariy T isheyl nayraziny |, or

piperazin-1yted. g%gﬁwqﬁqﬁ@gl}&%{aﬁ;@ I maaitsISoRiianaly subsiiyigd.atshe 4-position with

Ci.6alkyl, C1_6aikylcarbonyl or C1_6alkylsulfonyl. 20 Ih certain embodiments of formula I, Rl is a
group P oA RO T py e daba A el BSIOR Wi TREAOr RAIBYIR3 is
hydrogen, Réhys Mgtz Rehid, iy diagearylatidoRb:iBvinethoxymethyl;, hydroxymethyl;
morpholin-4-yl-methyl; pyrazin-2-y1; or 4-methanesulfonylpiperazin-I-yl. In certain embodiments of

folmula | the,cRrRELBI AfenMere-sReRiiCRIaRosmBlard demd R is methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropy! or cyclopropylmethyl.

In certain embodiments of formula I, R* and R” together with the atoms to which they are

15 attached form optionally substituted phenyl.

In certain embodiments of formula I, R® and R® together with the atoms to which they are

attached form optionally substituted pyridinyl.

In certain embodiments of formula I, R* and R® together with the atoms to which they are

attached form optionally substituted pyrimidinyl.

20 “Optionally substituted imidazolyl” as used herein includes imidazoles that optionally have a
fused 6-membered aromatic or nitrogen-containing heteroaryl ring thereon. Thus, “optionally
substituted imidazolyl” inciudes benzimidazolyl and imidazof1,5-alpyridinyl, as well as aza-
substituted derivatives thereof. Accordingly, in certain embodiments of formula I where R* and |
R 1o gether with the atoms to which they are attached form optionally substituted phenyl, R' may

25  be a group of formula A4



CH3 II; WO 2009/077365PCT/EP2008/066985 -34- or a pharmaceutically acceptable salt thereof,
wherein: X is GvLNs3H and R12 each independently is hydrogen; CiPé;Elﬁ;% Q/lm yloxy; halo
alo-C1_6alkyl; halo-5Cl.6alkoxy; hetero-C1,6alkyl; Ci_6alkylsulfonyl; or cyano; a‘l}nd and R5 are as
defined herein. In certain embodiments of formula3l-the compounds of the invention are of formula Ea
or lIb: ha;Jib; wherein X, R1, R5, R11 and R12 are as defined herein. 10 In certain embodiments of

formula | th mpoyrds are more specifically of formula or a phaiLnaceutically acceptable salt
thereof, wheter ﬁ/ 5. R11 and R12 are as defined herein. In certain embodiments of any of
1

fonulas I, h%c f is: WO 2009/077365PCT/EP2008/066985
A4

whereinX; and X, each independently is C or N, and R® and R? each independently is hydrogen,
alkkyl, halo, haloalkyl, alkoxy, cyano, amino or alkylsulfonyl

In many embodiments of formula I, R? is hydrogen and R* is Cy.galkyl, preferably methyl.

5 In certain embodiments of formula I, R? is 4-methyl-phenyl, 4-chloro-phenyl or 2-fluoro-4-

methyl-phenyl, and R? is hydrogen.

In certain embodiments of formula I, R? is 4-methyl-phenyl, 4-chloro-phenyl or 2-fluoro-4-

methyl-phenyl, R? is hydrogen, and R® is methyl.

In certain embodiments of formula 1, R? is 4-methyl-phenyl, 4-chloro-pheny! or 2-fluoro-4-
10 methyl-phenyl, R® is hydrogen, R* is methyl, and R® is hydrogen.

In certain embodiments of formula I, R? is 4-methyl-phenyl, R® is hydrogen, R* is methyl, R® is
hydrogen, and R’ is:

Ci.galikyl selected from methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl
and isopentyl;

15 hetero-C,qalky! selected from C;salkyloxy- Ci.salkyl, hydroxy- Cy.ealkyl, Cy galkylsulfanyl-C;.
salkyl, Cjéalkylnsulﬁnyl—c;@aRYI, Crsalkyi-sulfonyl-C;_salkyl, amino-C; galkyl, N-
Ci.salkylamino-Cysalkyl, N,.N-di-C;.salkylamino-C) galkyi and hydroxy-Cisalkyloxy;
Cazcycloalkyl selected from cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, each
optionally substituted;

20  aryl selected from optionally substituted phenyli and optionally substituted naphthyl;
heteroaryl selected from pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, thienyl, pyrrolyl, ox-
azolyl, thiazolyl, imidazolyl, furanyl, isoxazolyl and isothiazolyl, each optionally substituted,
heterocyclyl selected from piperdinyl, piperazinyl, morpholinyl, thiomorpholinyl, 1-oxo-thio-
morpholinyl, 1,1-dioxo-thiomorpholinyi, pyranyl, pyrrolidinyl, tetrahydrofuranyl, 2-oxa-8-aza-

25 spwo[4.5]decan-8-yl, 2-oxa-5-aza-bicyclo[2.2.1]heptan-5-yl, and 3-oxa-8-aza-bicycle[3.2.1]-
octan-8-yl, each optionally substituted;

Csaeycloalkyl-Crsalkyl selected from cyclopropyl-Cisalkyl, cyclobutyl-C,salkyl, cyclopentyl-
Cisalkyl and cyclohexyl-C; salkyl, the cycloalkyl portion of each being optionally subst.ituted;



wherein: nis 0, 1 or2; 12. and Rd each independently is hydrogen or Ci_oalkyl; 5 Rd is hydrogen,

C1_6alkyl, acetyl allcyl-sulfonyl; Wand Rg each independently is hydrogen or Ci_oallcyl; RE
and Reach in e%ﬁmgéi’iﬁgﬁs hydrogen, C1_6alkyl, fluoro, hydroxy or Cl_* aﬂ%%%g??; Ff3Hd Rk each

independently is hydrogen or Ci_salkyl; and R".Rk, W, RP, Rq and Rd, each independently is

hydrogen,C1_6allcyl, halo, Choalkoxy, C1.6alkyl10sulfonyl halo-Ci_6alkyl, or cyano. In certain

embodimentslgfanlicdfstdremd do1h phiay 0, erlidd hpRieidrhyiahierdinl Rk is-daefined daelkein. In certain

embodime@@%fo%%&hg)ﬁgmgﬁea, Ha, lib, or lll, R5 is: WO 2009/077365PCT/EP2008/066985 -36-

Where any of RI, R2, R3, Rd, Rd, R6, R7, R8, R9, RI, RIl, R12, Ra, Rh, Rc, Rd and Re is alkyl or

contains aﬁ%ﬁ@?‘ﬁ%%ﬁ?,ﬂ@ﬁéﬁkz&fﬁ}lffgrﬁ@ﬁ%&qbwgﬂ hyirpdngiCesliky paidznste preferably

Ci-C4alkyl. (ihelipyesticm i<y pibyidesmethods forirasting adisense H-copdiionmadiated by or

OtNEIWISE ¢, i), thiazolyl-C calkyl, imidazolyl-C salkyl, isoxazo Iyl-Cysalkyl and isothiazolyl-Cy.

sallcyl, the heteroaryl portion of each being optionally substituted;

heterocyclyl-C; salkyl selected from piperdinyl-C, alkyl, piperazinyl-C.salkyl, morpholinyl-C;.

salkyl, thiomorpholinyl-C, satkyl, 1-oxo-thiomorpholinyl-C;salkyl, 1,1-dioxo-thiomorpholinyl-

Cirsalkyl, pyranyl-Ci salkyl, pyrrolidiny!-C¢alkyl, tetrahydrofuranyl-C; salkyl, 2-oxa-8-aza-

10 spirof4.5}decan-8-y1--C;_galkyl, 2-0xa-5-aza-bicyclo{2.2.1Theptan-5-y1-C; salkyl, 3-oxa-8-aza-
bicyclo[3.2.1Joctan-8-yl--Cy salkyl, the heterocyclyl portion of each being optionally substituted;
aryloxy-C, salkyl selected from phenoxy-C;salkyt and naphthyloxy-C; salleyl, the aryl portion of
each being optionally substituted; or

-C(OY-R? or -CH,-C(0)-R® wherein R® is as defined herein.

15 In certain embodiments of formula I, R® is 4-methyl-phenyl, 4-chloro-phenyt or 2-fluoro-4-
methyl-phenyl, R is hydrogen, R is methyl, R® is hydrogen, and R” is Cisalkoxy-C;.ealkyl;
hydroxy-C; salkyl; morpholin-4-y1-C; salkyl; pyrazinyl; or piperazin-1-yl-C, salkyl wherein the
piperazinyl moeity is optionally substituted at the 4-position with C; salkyl, Cysalicylcarbonyl or
Cisalkylsuifonyl.

20 1In certain embodiments of formuia I, R is 4-methyl-phenyl, 4-chloro-pheny! or 2-fluoro-4-
methyl-phenyl, R® is hydrogen, R is methyl, RS is hydrogen, and R® is methoxymethyl;
hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-yl; or 4-methanesutfonyl-piperazin-1-yl.

In certain embodiments of formula I, R' is a group of formula A, R? is 4-methyl-phenyl, 4-
chloro-pheny! or 2-fluoro-4-methyl-phenyl, R’ is hydrogen, R* is methyl, R® is hydrogen, and R’

25 18 Cygalkoxy-Cy galkyl; hydroxy-Cisalkyl; morpholin-4-y1-C, salkyl; pyrazinyl; or piperazin-1-
yI-Ci.alkyl wherem the piperazinyl moeity is optionally substituted at the 4-position with C;.
salkyl, Cigalkylcarbonyl or Ciealkylsuifonyl.

In certain embodiments of formula I, R’ is a group of formula A, R? is 4-methyl-phenyl, 4-
chloro-phenyl or 2-fluoro-4-methyl-phenyl, R is hydrogen, R* is methyl, R® is hydro gen, and R’
30 is methoxymethyl; hydroxymethyt, morpholin-4-yl-methyl, pyrazin-2-yl; or 4-methanesulfonyl-

piperazin-i-yl.



5 associated with a P2X3 receptor antagonist, a P2X273 receptor antagonist, or both, the method

comprising adw' 5%%9%59 a subject in need thereof an effective amou a compound of the
invention. The dllzgease may be genitorurinary disease or urinary tract digécz?g%? (F?%z%%egﬁnstances the

disease may be a disease is associated with pain-Jhe urinary tract disease may be: reduced bladder
10 capacity; frequenct micturition; urge incontinence; stress incontinence; bladder hyperrcactivity;
benign prostaticthypentmisyniistatitis, H& ismridyperrbfiesiimerinaty fepudneywitbetatial urinary
urgency; ov&rgggy&glﬁdg%g;dp@égﬁg hypersensitivity; urethritis; prostatitits; pelvic pain syndrome;
prostatodynia; cystitis; or idiophatic bladder hypersensitivity. The disease associated with pain may be:

inflammatory pain: surgical pain Miceral nain; denfal 15 Rain; premensitua) pain, central ain; pain
due to burns; migraine or cluster headac es; nerve |nJu¥y, neuritis; neuralgias; poisoning;-ischemic
injury; interstifialoeystiigy émaenrepai’ ivirthphrasitic or bacterial infection; post-traumatic injury; or pain
associated with irritable bowel syndrome. The disease may be a respiratory disorder, such as chronic
obstructive puleenanyigisorces 2U(GOIP D R dsthmdinar Hiranctinsgasme ora gastreintestinal (Gl)

disorder sugpﬁ%!r@@@@dﬁ I@Mgmaqgﬁq,ig%@%é@gtory Bowel Disease (IBD), biliary colic and

other biliary disorders, renal colic, diarrhea-dominant IBS, pain associated with GI distension
Representative compaunds in accordance with the methods of the inyention are shown in Table 1.
e T e

TABLE 1 NASE (AGTORSMTY B R8Iy O sy i preries sastit acid
(2-methoxyet hifrethiyisdthiyheamRics360n8. BE Zoitnigazotnd §1i4'-methyl-biphenyl-3-carboxylic acid (2-
methoxy-I-maethiyl ethidranidle #O8y1, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl
10 and isopentyl; '
hetero-Crealkyl selected from Cysalkyloxy- Ciealkyl, hydroxy- Cysalkyl, Cigalkylsulfanyl- C;.
salkyl, Cisalkyl-sulfinyl-C,alkyl, C.salkyl-sulfonyl-C, salkyl, amino-C;.salkyl, N-
Cy.salkylammo-Cs salkyl, N,N-di-C; salkylamino-C,.salkyl and hydroxy-C,salkyloxy;
Csaeycloalkyl selected from cyclopropyl, cvclobutyl, cyclopentyl and cyclohexyl, each
15  optionally substituted; _
aryi selected from optionally substituted phenyl and optionally substituted naphthyl,
heteroaryl selected from pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, furanyl, isoxazo Iyt and isothiazolyl, cach optionally substituted;
heterocyclyl selected from piperdinyl, piperazinyl, morpholinyl, thiomorpholinyl, 1-oxo-thio-
20 morpholinyl, 1,1-dioxo-thiomorpholinyl, pyranyl], pyrrolidinyl, tetrahydrofuranyl, 2-oxa-8-aza-
spiro{4.5]decan-8-yl, Z-oxa-5-aza-bicyclo[2.2. 1 Jheptan-5-yl, and 3-oxa-8-aza-bicyclo[3.2.1]-
octan-8-vl, each optionally substituted;
Csacycloalkyl-C salkyl selected from cyclopropyl-Cisalkyl, cyclobutyl-Cysalkyl, cyclopentyl-
Cisalkyl and cyclohexyl-Cisalkyl, the cycldalkyl portion of each being optionally substituted;
25 aryl-Cygalky! selected from phenyl-C; salky! and naphthyl-Ci salkyl, the aryl portion of each
being optionally substituted;
heteroaryl-Cy salky! selected from pyridinyl-Cysalkyl, pyrimidinyl-C; salkyl, pyridazinyl-
Crealkyl, pyrazinyl-Cisalkyl, furanyl-C;.galkyl, thienyl-C; salkyl, pyrrolyl-Ci.salkyl, oxazolyl-
Csalkyl, thiazolyl-Cyealkyl, imidazoiyl-C; calkyl, isoxazolyl-C; salky! and isothiazolyl-C;.
30 salkyl, the heteroaryl portion of each being optionally substituted;
heterocyelyl-Cy salkyl selected from piperdinyi-C_salkyl, piperazinyl-Ci salkyl, morpholinyl-C;.
salkyl, thiomorpholinyl-C; salkyl, 1-oxo-thiomorpholinyl-C;.salkyl, 1,1-dioxo-thiomorpholinyi-



WO 2009/077365PCT/EP2008/066985 -37-3

5-Benzoimida gﬂoro -41-fluoro-bipheny1-3-carboxylic acid
((R)-1-methyl- -morpho In-4-yl-ethyp-amide 493 4
5-Benzoimidazol-1-y1-21-chloro-4'-fluoro-biphenyls3-carboxylic acid
[(R)-2-(4-methanesulfonyl-piperazin-1-yl)-1-methyl-ethyl]-amide 570 5
4'-Methyl-542ssHetlhylsimidtéz edlkylyny-toipheryd-3-batrexylivdadid {24 iettibyly Ztemetkazhethyl)-amide

364 6 4-Mefhyd; @4}%&&%@%1@&@@@ﬂ&@s@@i‘&@%&&z@i A ACIH(Za1icy1, 3-0xa-8-aza-
methoxy-I-methyl-ethyl)-amide 364 7 4'-Methy1-5-(8-methyl-purin-9-y1)- ﬁhcnél -3-carboxylic acid (1-

pyrazin-2-y VA -Arhiefeas 07 B s @itk #ﬁ‘iﬁ&%@iﬁpﬁ 25 %@ﬂ’i’y}?aﬁ?ﬁﬁé EXPBHRIATE acid (2-

methoxy-1-andthyt@takyhreide#8m phenoxy-Cisalky! and naphthyloxy-Ci.salkyl, the ary! portion of
5 each being optionally substituted; or
-C(0)-R® or -CH;-C(0)-R® wherein R® is as defined herein.

PUT/EP2008/066985

In certain embodiments of formula I, R” is pyridin-2-yl substituted at the 53- position with methyl
or halo, R? is hydrogen, R* is methyl, R® is hydrogen, and R® is C;.salkoxy-Cy.¢alkyl; hydroxy-
Cisalkyl; morpholin-4-y1-C salkyi; pyrazinyl; or piperazin-1-yI-C salkyl wherein the

10 piperaziny] moeity is optionally substituted at the 4-position with Ci.ealkyl, Ci ealkylcarbonyl or
Cy.galkylsulfonyl

In certain embodiments of formula I, R? is pyridin-2-yl substituted at the 5- position with methyl
or halo, R? is hydrogen, R* is methyl, R® is hydrogen, and R’ is methoxymethyl; hydroxymethyl;
morphohn-4-yl-methyl; pyrazin-2-yi; or 4-methanesulfonyl-piperazin-1-vi.

15 In certain embodiments of formula I, R' is a group of formula A, R* is pyridin-2-yl substituted at
the 3- position with methyl or halo, R® is hydrogen, R” is methyl, R® is hydrogen, and R’ is C,.
salkoxy-C gallcyl; hydroxy—Cl salkyl; morpholin-4-yl-C; galkyl, pyrazinyl, or piperazin-1-y1-C,.
salkyl wherein the piperazinyl moeity is optionally substituted at the 4-position with C; salkyl,
Cisalkylcarbonyl or Cisalkylsulfonyl,

20  In certain embodiments of formula I, R is a group of formula A, R? is pyridin-2-yl substituted at
the 5- position with methyl or halo, R’ is hydrogen, R is methyl, R® is hydrogen, and R® is
methoxymethyl; hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-yl; or 4-methanesulfonyl-
piperazin-I-yl.

In certain embodiments of formuia 1 the compounds are more specifically of formula II:




9 5-(2-Ethyl-imidazol-1-y1)-4'-methyl-biphenyl-3-carboxylic acid ((R)-2- methoxy-1-methyl-ethyl)-amide
378 10 5-(2-Ethylsimigaggd-1-y1)-4'-methyl-biphenyl-3-carboxylic acid (63):gpkhdkRasysI-methyl-
ethyl)-amid e 364 11 5-(2-Ethyl-imidazol-1-y1)-4t-methy1-biphenyl-3-carboxylic acid (1-
pyrazin-2-yl-ethyl)-amide 412 12 5-(8-Ethyl-purin-34£1)-4'-methyl-bipheny1-3-carboxylic acid
(1-pyrazin- 2-yl-ethyl)-amid e 464 13 5-(8-Isopropyl-purin-9-y1)-4-methyl-biphenyl-3-carboxylic acid (1-
pyrazin-2-yettiypuariecaligeracBiaga stptessset- purin-9-34)-4t-methy1-bipheny1-3-carboxylic acid (2-
hydroxy- 1 whgtayl-ethyl)-amide 430 15 4i-Methyl-5-(8-propyl-purin-9-y1)-biphenyl-3-carboxylic acid (1-
pyrazin-2-y£-(eth¥gl)é%rp1@e

R and R each independently is hydrogen; Cysalkyl; C\salkyloxy; halo; halo-C; salkyl; halo-
5 Cisalkoxy, hetero-C,galkyl; Cysalkylsulfonyl; or cyano; and

R’ and R® are as defined herein,

In certain embodiments of formula 11, the compounds of the invention are of formula Ia or ITb:

Ila; Hb;
wherein X, Rl, RS, R'" and R'? are as defined herein.

10 In certain embodiments of formula I the compounds are more specifically of formula T

or a pharmaceutically acceptable salt thereof,

wherein X, R}, R®, R and R are as defined herein.

In certain embodiments of any of formulas I, Ia, b, or I11, R’ is:



478 16 5-(I-Ethyl-1H-imidazol-2-y1)-41-methyl-biphenyl-3-carboxylic acid

((S)-2-hydroxyslsehylgthyl)-amide 364 17 <
5(3-Ethy1-3H-imidazo1-4-y1)-4'-methyl-biphenyl-3-carboxylic acid PCTEPI00R66983

((R)-2-methoxy--1-methyl-ethyl)-amide 378 18  -33-
5-(3-Ethyl-3H-imidazo1-4-y1)-4'-methyl-biphenyl-3-carboxylic acid (2- hydroxy-1-methyl-ethyl)-amide
364 19 5-(3-Ethyl-3H-imidg@zol-4-y1)-41-methwbiphenyl-3-carboxylic acid 364 WO

2009/077365PL, T/ER2008/ 66985 -38 5 ((S)-2- ydroxy 1-methyl-ethyl)-amide 20

RIDNEN)

H,C CH *NRE'

&J, "“@ ’U %%

wherein:
n 80,1 or2;
R® and R? each independently is hydrogen or Cysalkyl;
5 R° ishydrogen, Csalkyl, acetyl or Cygalkyl-sulfonyl;
R’ and R® cach independently is hydrogen or C@aikyl;
R" and R’ each independently is hydrogen, Cisalkyl, fluore, hydroxy or C,salkyloxy;
R and R¥ each independently is hydrogen or Cy.galkyl; and
R”, R%, R%, RP, R and R’, cach independently is hydrogen,Cysalkyl, halo, Cy salkoxy, C;.ealkyl-
10 sulfonyl halo-C; salkyl, or cyano.

In certain embodiments of any of formulas I, I1a, IIb, or 111, R’ is:

A
1, [j [j *EJ ’Tl

wherein R® is as defined herein.

In certain embodiments of any of fornmias 1, 11a, iIb, or I11, R is:

N ,
7% N Ny
OH O\ | o I -

CH, NT e N e

15



5-(3-Ethy1-3H-irnidazol-4-y1)-4'-methyl-bipheny1-3-carboxy1lic acid (1- pyrazin-2-yl-ethyl)-amide 412
21 5-(1-Ethy1-1H:imi -2-y1)-4'-methyl-bipheny1-3-carboxylic acid
((R)-z-methoxﬁ?ﬁ‘%ﬂ%?éthyl)-amide 378 22
5-(1-Ethyl-1H-imidazol-2-y1)-4'-methyl-biphenyl-3-garboxylic acid (2- hydroxy-1-methyl-ethyl)-amide
364 23 5-(1-Ethy1-1H-imidazol-2-y1)-4'-methyl-biphenyl-3-carboxylic acid (1-
pyrazin-2-yRéthylamide, Kt 2R A4 1RM &fh RLsR(8Rn dtHy RPUR: Ry R RO widREarbbyidic acid (5-
methyl-pyrazin2-yimeiiy hsamids 490 b AnMethyd 15:(E-meihyd -euenntsy st mpheny!-3-carboxylic
acid (5- methyl-pyrazin- %‘ér\fne hyl)-amide 450 26
T-Fluoro-4 &ty 628 #Hthyl-purin-9-y1)-biphcnyl-3-carboxylic acid (5 -methyl-pyrazin-2-ylmethyl)-
am ide 468

The mvention also provides methods for treating a disease or condition mediated by or otherwise

PCT/EP2008/066983

5 associated with 2 P2X3 receptor antagonist, a P2X, receptor antagonist, or both, the method
comprising administermg fo a subject in need thereof an effective amount of 2 compound of the

mvention.

The disease may be geniforurinary disease or urinary tract disease, In other instances the disease
may be a disease is associated with pain. The urinary tract disease may be: reduced bladder

10 capacity; frequenct micturition; urge incontinence; stress incontinence; bladder hyperreactivity;
benign prostatic hypertrophy; prostatitis; detrusor hyperreflexia; urinary frequency; nocturia;
urinary urgency; overactive bladder; pelvic hypersensitivity; urethritis; prostatitits;, pelvic pain

syndrome; prostatodynia; cystitis; or idiophatic bladder hypersensitivity.

The disease associated with pain may be: inflammatory pain; surgical pain; visceral pain; dental
15 pain; premenstrual pain; central pain; pain due to burns; migraine or cluster headaches; nerve

mjury; neuritis; neuraigias; poisoning; ischemic injury; interstitial cystitis; cancer pain; viral,

parasitic or bacterial infection; post-traumatic injury; or pain associated with irritable bowel

syndrome.

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

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

Representative compounds in accordance with the methods of the invention are shown in Table 1.

TABLE 1
# Name (Autonom™) MP/M+H
1 5-Imidazol-1-yl-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1- 350

methyl-ethyl}-amide

2 5-Benzoimidazol-1-yi-4'-methyl-biphenyl-3-carboxylic acid (2- 400

methoxy-1-methyl-ethyi}-amide




27 5-(2-1sopropyl-imidazo1-1-y1)-4'-methyl-biphenyl-3-carboxylic acid (1- pyrazin-2-yl-ethyl)-amide 1
426 28 3-(2-Ethyl- imi 1-1-y1)-5-(5 -methyl -pyri d-2-y1)-N- (1 -pyrazin-2-yl- ethyl)-benzamide 413
29 3-(2-Ethyl-'t‘r5}1}|6 a@%'?q%%-N-(5-methy|-pyrazin-2-y|methy1)-5-(5- metf]}f/éﬁb%o ?ﬁqﬁé—g;gi)-benzamide
413 30 3-(2-Ethyl-imidazo 1-1 -y1)-N-((S)-2-hydro-gy-1 -methyl-ethyl)-5-(5-
methyl-pyridin-2-y1)-benzamide 365 31 3-(8-Methyl-purin-9-y1)-5-(5-methyl-pyridin-2-y1)-N -(1
-pyrazin-2-yil- eth§dBoenizeidicd 451 232hGyic lopropipbad yi2-isoprogid ohid aZoi$3l

-y1)-5-(5-methyl-pyidingemy)-RERARTHIE B8k AR amide

4 5-Benzoimidazol-1-yl-2'-chloro-4'-fluoro-biphenyl-3-carboxylic acid 570

[(R)-2-(4-methanesulfonyl-piperazin-1-y1)-1-methyl-ethyl]-amide
5 4'-Methyl-5-(2-methyl-imidazol- I -yl)-biphenyl-3-carboxylic acid (2- 364

| methoxy-1-methyl-ethyl)-amide
6 4'-Methyi-5-(4-methyl-imidazol-1-yl)-biphenyl-3-carboxylic acid (2- 364

methoxy-1-methyl-ethyl}-amide
7 4'-Methyl-5-(8-methyl-purin-9-yl}-biphenyl-3-carboxylic acid {1~ 450

pyrazin-2-yi-ethylj-amide

8 5-(2-Ethyl-imidazol-1-yl)-4'-methyl-biphenyl-3-carboxylic acid (2- 378
methoxy-1-methyl-gcthyl)-amide
9 5-(2-Ethyl-imidazol-1-yl}-4'-methyl-biphenyl-3-carboxylic acid ((R)-2- | 378

methoxy-1-methyl-ethyl}-amide
10 | 5-(2-Ethyl-imidazol-1-y[)-4"-methyl-biphenyl-3-carboxylic acid ((8)-2- | 364

hydroxy-1-methyl-ethyl)-amide

1t} 5-(2-Ethyl-imidazol-1-y1)-4'-methyl-biphenyl-3-carboxylic acid {1- 412
pyrazin-2-yl-ethyl)-amide

12 | 5-(8-Ethyl-purin-9-y1)-4'-methyl-biphenyl-3-carboxylic acid (1-pyrazin- | 464
2-yl-ethyl)-amide

13 | 5-(8-Isopropyl-purin-9-yl)-4'-methyl-biphenyl-3-carboxylic acid (1- 478
pyrazin-2-yl-ethyl)-amide

14 | 5-(8-Isopropyl-purin-9-yl}-4'-methyl-biphenyl-3-carboxylic acid (2- 430
hydroxy-1-methyl-cthyl)-amide

15 | 4-Methyl-5-(8-propyl-purin-9-yl)-biphenyl-3-carboxylic acid (1- 478
pyrazin-2-yl-ethyl-amide

16 | 5-(1-Ethyl-1H-imidazol-2-yl}-4'-methyl-biphenyl-3-carboxylic acid 364
((S)-2-hydroxy-1-methyl-ethyl)-amide

17 | 5-(3-Ethyl-3H-imidazol-4-yl)-4"-methyl-biphenyl-3-carboxylic acid 378

{((R)-2Z-methoxy-1-methyl-ethyl}-amide
18 | 3-(3-Ethyl-3H-imidazol-4-yl}-4'-methyl-biphenyl-3-carboxylic acid (2- | 364
bydroxy-1-methyi-ethyl}-amide
19 | 5-(3-Ethyl-3H-imidazol-4-yl}-4'-methyl-biphenyl-3-carboxylic acid 364




N-((S)-2-Hydroxy-1-methyl-ethyl)-3-(2-isopropyl-imidazol-1-y1)-5-(5- methyl-pyridin-2-y1)-benzamide
379 34 3-(2-Is -ijmidazo 1-1 -y1)-5-(5-methyl -pyridin-2-y1)-N-(1-pyrazin - 2-y1-ethyl)-benzamide
427 35 3-(2-1&%?(@%}?%%azol-1-y1)-N-(5-methyl-pyrazin-2-yiethyl)-5-( CI/EFP2008/066985
methyl-pyridin-2-yl)-benzamide 427 WO 2009/07A365PCT/EP2008/066985 -39- Compounds of the
present invention can be made by a variety of methods depicted in the illustrative synthetic reaction
schemes shown &Rddestnibe d-belovi-eigh-staiiing materials and reagents used in preparing these
compound AT SANEL S avyatiabie framcommerciat stppliers-such-as Adrieh-Ehemical Co.,
or are prepared byilmeth%ds knéwn to tﬁZse séi’ﬁ%tﬁ }R ﬁwg art | oﬁ%ﬁ?ﬁcga%l?o Yeduﬁe@ set forth in standard
references. The &g SyinHbHEtaction schemes are merely illustrative of some methiods by which

the compaunds of-thepresentiepien ganhe Sy MPRSZEL andNarqsg mod|figglions o these

synthetic reactig emes can be made and wijll be suggested to one skilled in the art having 10
referred td the d.@@g P “(5£n ﬁ?ﬁ%ﬁﬁﬁ%ﬁl&tion.

Sure containe
22 | 5-(1-Ethyl-1H-imidazol-2-yi)-4"-methyl-biphenyl-3-carboxylic acid (2- | 364

hydroxy-1-methyl-ethyl}-amide

23 | 3-(1-Ethy!- 1 H-imidazol-2-y])-4-methyl-biphenyl-3-carboxylic acid (1- | 412
pyrazin-2-yl-ethyl)-amide

24 | 4“Methyl-5-(8-methyl-purin-9-yl)-biphenyl-3-carboxylic acid (5- 450
methyl-pyrazin-2-ylmethyl)-amide

25 | 4-Methyl-5-(8-methyl-purin-7-yl}-biphenyl-3-carboxylic acid (5- 450

methyl~pyrazin—2—y}.methy1}—amide

26 | 2%-Fluoro-4'-methyl-5-(8-methyl-purin-9-yl}-biphenyl-3-carboxylic acid | 468
(5-methyl-pyrazin-2-ylmethyl)-amide

27 | 5-(2-Isopropyl-imidazol-1-y1)-4'-methyl-biphenyl-3-carboxylic acid (1- | 426
pyrazin-2-yl-ethyl}-amide '

28 1 3-(2-Ethyl-imidazoi-1-yl)-5-(5-methyi-pyridin-2-yl)-N-(1-pyrazin-2-yl- | 413
ethyl)-benzamide

29 | 3-(2-Ethyl-imidazol-1-yh)-N-(5-methyi-pyrazin-2-yimethy{)-5-(5- 413
methyl-pyridin-2-yl)-benzamide
30 |} 3-(2-Ethyl-imidazol-1-y1)-N-{{S)-2-hydroxy-1-methyl-ethy})-5-(5- 365

methyl-pyridin-2-yl)-benzamide

31 | 3-(8-Methyi-purin-9-y})-5-(5-methyl-pyridin-2-y1}-N-( 1~pyrazin-2-yl- 451
ethyl}-benzamide

32 | N-Cyclopropyl-3~(2-isopropyl-imidazol-1-y1)-5-{5<methyl-pyridin-2- 361

yl)-benzamide

33 | N-((5)-2-Hydroxy-1-methyl-ethyl)-3-(2-isopropyl-imidazol- 1-yl}-5-(5- | 379
methykpyridin-2-yl-benzamide

34 | 3-(2-Isopropyl-imidazol-1-y1)-5-(5-methyl-pyridin-2-yl)-N-(1-pyrazin- | 427
2-yl-ethyl)-benzamide

35 | 3-(2-Isopropyl-imidazol-1-yl}-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5- 427

methyl-pyridin-2-yl}-benzamide




The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
purified if desg‘gﬂ JHelRgganventional techniques, including but not I|mltelq:%g%@ég@sglsnllatlon
crystallization, chromatography, and the like. Such materials can be characterized using conventional
means, including physical constants and spectral-@&ta 15 Unless specified to the contrary, the
reactions described herein preferably are conducted under an inert atmosphere at atmospheric
pressure at a reaction temperature range of from about -78C to about 150C, more preferably from
about OC to about 125C, and most preferably and conveniently at about room (or ambient)

tem peratur@dﬂﬂa)urﬁ.go;f dequit 201G venGehamse Anbdd bw aHusitateSronie dydthetie! froeedure usable to
brepare spaific.compannds el a0/0ua LberginRdnlaneralol and X, R3, R4S RSO R69 R119 -
12, K le and Rb are as defined herein. SCHEME A In'step 1 of Scheme A, nitrobenzoic acid
compound g is su%ect t? |o |na ion under S Ifurlc acid C{])ndltlons to afford |(ﬁdo nltr%benzmc acid 1). In
step 2 ben & KE %8?’?168 TSRS WItRED rﬂ%or%sﬁlgoén@ §"¢o E%eﬁ%dvg Ththe presence of
tetrakis{triphe hylp iosp hinedpaiE dipmicatabystaso’dfiurd thaawgmd gomysound . Mttkodeid group of
nitro-biphepy},agig, this PLRiRGI AR ASIRKIGAIIOR BHRIEDS: R AW aliesrdacidastere. Nitro-aryl

ester c is then subject to reduction to form arylamine fin step 4. An iodination reactjon is carried out in

step 5 by tr@&ﬂW&%Wﬁﬁ%@WWﬁ?@?ﬁ}ﬂ%ﬁé %?ﬁ?éﬁé%WT(%IYSG’WB%W@’%%%Qodo compound
g. In step lébbuibenesterigrotspeof icomioutng geisyhyeseiyy eddogive acidiftampaunchés:In step 7 an
et AdgYcbracastion obRASIM Jedacomaop il AN 1 lg presence of

carbodnmldsgnto affor compound J. In step 8, compoundTis reacted with imidazole k inthe presence
of coppér @%f@ée‘ﬁdoa%rfﬁsﬁﬁﬁﬂléez@ﬂé%‘ﬂﬁ%tﬁ&@d%ﬁh%whd m, which is a compound of formula I in
accordance with the invention. 15 Many variations of Scheme A are possible and will suggest '
themselvestie ttwosesskittedain thbthr infeonaiemplethn syrigtie mbodinsdro sstem armajetsd watried out
prior to stepg Gianth de<h B8 &L Hing-imidazelsHbsituiRd. GaDRAUBC:HRRLSHOMRYuld then undergoes

ester hydro é is as in step 6, followed by amide formatign as in_step 7, to provide compounds in, 2 or

. WO 2003 SO0 T YSE Y- SEAGR A UGN TR AROhErEHHERC route to
compoundsighghernuentannedie rainiiig jowetabbopktandaXd BR3ctRAdRs, Rs, R11, -12, and Rb are as
defined herein. SCHEME B 5 In step 1 of Scheme B, iodo-bromo-benzoic acid ester n is reacted with

bis(pinasolatel-digarane i the Breasner: ofakalladivheatalyat je Mell pirasaleaiarhasene benzoic
acid ester com‘lgzound 0. Com ound p then undergoes a.Buchwald coup I|n%n n ste 2 by %gécnon with

aryl bromid®§ &3 SHAPEP AR B eaﬁﬁ?fig P BT B PSR SR GURTES Thy TR th &els 3, be
reacted withvighida 2680 mokhenpfesbmfamfab@pp%‘iﬂ@@@ewbiaﬁtﬁmummw@tefewblswbétltuted ester

compound £, 10 Compaung.f; theR HRdEIIaRFEsiRFMAQlSIS andLraasyen with amine i, as shown in

steps 6 and

Scheme A below illustrates one synthetic procedure usable to prepare specific compounds of
20 formula I, wherein R is lower alkyl, and X, R?, R* R® RS RY, R, R*and R® are as defined

herein.



7 of Scheme A, to afford pyrazolc-substituted compound in, which is a compound of foimula | in
“accordance with the invention. As with Scheme A above, many variations are possible in Scheme B. In
one such varidtigr’ %’%??ﬁi’/ss of of compound q followed by ester formabibHE Sgu%Wﬁ Sn steps 6 and
7 of Scheme 15 A, may be carried out prior to stepsg. Specific details for producing compounds of the
invention are described in the Examples section below. The compounds of the invention are usable for
the treatment gf a wide range of,genitpurinary giseases, conditions angl,disorders, including urinary

tract disease stat bladdér ouﬂjf ggﬂ"uctlon and Orinary ififoptinence conditions

such as reduce D frequeng@y O mlcturltlon ur ontifitice, stress incontinence,
ity, benign_prost tlc hyp hzy (BPH) detrusor hyperreflexia, urinary
frequency, noctulia, ﬁgr‘hary ufgen véractlg g%ﬁgdder pIV|c yp;sengftlwty, urethritis, prostatitits,
pelvic pain WO 5009?077365PCﬁEP2008/06§ 2=8&ynutéme, prostatodynia, cystitis, and
|d|ophat|c bladder hyper%ensglwty and other syn%]otoms related to overactlve bladder. The compounds
g‘eesms ghe treatfivent ok diseases and conditions

associated with pain fro wide varety of ¢ Luﬁmg- but ngt-5yjmiteeste@, inflammatory pain
such as pain assogiateg Wiplarthritis (ingludi eumé"fﬁ?ﬁ'“ﬁrt (tislpaip and estEoarthritis pain),

pr me strd‘é'[IZpam (of: palf, pain due to bums, migraine or
cluster headach&s, & ye injurg, neurt éura’fglas fpOISaNig; éheﬁnc Injury, interstitial cystitis,
cancer pain, viral, parasitic or bacterial |nf50tlon post-traumatic |ﬁjur|es fincluding fractures and sports
injuries), and pain asspciaigd Wlth‘ 19 functlonal Qowej disorders such as irritable powel syndrome.
Further, compounds of the inventior-are USSR oh(Featlngebesplratory disg éfey@ including chronic
obstructive pulmonar ‘ F%r%nchoapasm and thedike® Additionally,
d) C m Iudlng Irritable Bowel
Syndrome (IBS | Infxam atoPy Bowel[Disgase[(1BD), biIi Tolicff ' Sry disorders, renal
colic, diarrh&a-domyjnant IBS, painzassodtdted With GI diStepsign agg’the ﬁf<e Yhe invention includes
pharmaceutical composmcms compnsmg"at least one compound of thé presernt invention, or an
individual isomer, racemic or non-racemic-mixture of isomers or a pharmaceutically acceptable salt or
solvate the%@#,f%geﬁwer with at least one pharmaceutically 20 acceptable carrier, and optionally other
therapeutic and/or prophylactic ingredients. In general, the compounds of the invention will be
administerdd e kivé Egpenticalijioffermicasihevmpbiyaays ot instae ceitadomeniss wifadpmpidtration for
agents thatsaayesimilamastiiiesnelitahlsidasage ranges &J&&@i@ﬁ' b6 ApeRiddagsaibcpraferably

1-100 mp dal, s, most preferzbl. 0, ma.daly deRenina uper IR el uch oS the

to afford nitro-aryl acid compound d. The acid group of nitro-biphenyl acid d is protected by
esterification m step 3 to form nitro-aryl acid ester g, Nitro-aryl ester g is then subject to
reduction to form arylamine fin step 4. An iodination reaction is carried out in step 5 by treating
arylamine { with methylene iodide or like iodination reagent to afford iodo compound g. In step
10 6 the ester group of compoung g is hydrolyzed to give acid compound h. In step 7 an amide
formation is achieved by reaction of biphenyl iodo compound h with amine | in the presence of
carbodiimide, to afford compound j. In step 8, compound j is reacted with imidazole k in the
presence of copper iodide to afford imidazole-substituted compound m, which 1s a compound of

formula 1 in accordance with the invention.

15 Many variations of Scheme A are possible and will suggest themselves to those skilled in the art.
For example, n many embodiments step 8 may be carried out prior to steps 6 and 7. The
resulting imidazol-substituted compound (not shown) would then undergoes ester hydrolysis as

in step 6, followed by amide formation as in step 7, to provide compounds 1, o or g.



25 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 is directed, and the preferences
and experienc® Of &’ m&ical practitioner involved. One of ordinary skilffit thE¥# BfF2ating such
diseases will be able, without undue experimentatigi and in reliance upon personal knowledge and the
disclosure of this Application, to ascertain a therapeutically effective 30 amount of the compounds of
the present3shentBbdohagivantisRasam o200 Qé7366RECIT B 200810660804 &- iCompounds of
the invention may,be administered,as,phaimaeeutical fermulatjons including those suitable for oral
(including 38‘8’85?%‘%% aénlﬁ{k?-&ﬁr%ii(jgl)(,jf{ré%é, n[;is?al, O%I%a, %rﬁlﬁ%ogr%?fff%ggfﬁal, or parenteral (including
intramuscular, jntraarterial, intrathecal, subcutaneous and intravenous) administration or in a fowl
suitable for adniifistfation byrinhalation or fisufftation. 5 THé preferred mannexof administration is _
generally oral cording to the degree
of affliction. ; und gt Eo) nvention, [fogether with one e conventional
adjuvants, carriels, qF dirue?%dfpﬁ)rﬁé e fiacef int the&'for of pharmageutical gorﬁbgsitions and unit

- . H s g . X R .
dosages. The pharmaceutical comip 8ns &nd aeinit dosage:formsrivayie, comprised of 10
conventional ingredients in conventiorté! proportions, with or without addifional active compounds or
principles, and the unit dosage forms may contain any suitable effective amount of the active
ingredient commengyrate with the mg
compositions may-be-employed as sq
sustained release fmirﬂylsations, or |
capsules for oral uég;;@r int £ Tor
of sterile injectabl&’sglutigns :
active ingredient or, more broadl# about 0.01 to about one hundfed (180) milligrams, per tablet, are
accordingly suitable representative unit dosage forms. 20 The compounds of the invention may be
formulated mariety of oral administration dosage foims. The pharmaceutical compositions and
dosage forms may comprise a compound or compounds of the present invention or pharmaceutically
acceptable lnatep thefSoficasetReledtibvwworhpanentcid heephaymadgediticdl lyistivoepthable Gberiers may be
either solid igriliopticleRelig {QNM.BISRALBIPAINEIIG -RONIRS HEaRIAIS BillS  LARSY BSnpAGRETS,
suppositories, and dispersible 25 granules. A solid carrier may be one or more substances which may
also act as HilGERES UM EPAGERES ASHHEBHLE FOURIBRARA STESEASHING A ares Pimifers,
preservativessftabletdisintegrating agentspaindn. ehoapselatingamaterialsttp pdwdexsedhatbarrier
generally is; g;fingly diyided,sQld whvelyis.A:mistyre,with e ngly. dVIASS ASHYG SAmRangRt. In tablets,

the active component generally is mixed with the carrier havmg thé necessary binding capacity in

suitabld(30 pREPeHHO A S ENESERACHY drmbvsiiapt SHiS B Resian L thelpBhilieterafdtdblets

preferably cosftaindiiem abasbane fihio abaitea\eniy: (AQxRerErAtof thayactive compoung. Suitable
carriers include hut are, %%g Iimiteg to magnesium carbonate, magnesium stearate, talc, sugar, WO

2009/077365BC T/EPS00BDEETEE ™

As with Scheme A above, many variations are possible in Scheme B. In one such variation,

lids, such as.tablets or filled capsiigs
ds,such as solutions, suspefjsio S 15 emulsions, elixirs, or filled
fagadrinistration; or in the form

hydrolysis of of compound g followed by ester formation, as shown in steps 6 and 7 of Scheme
15 A, may be carried out prior to step 3. Specific details for producing compounds of the invention

are described in the Examples section below.

The compounds of the invention are usable for the treatment of & wide range of genitourinary
diseases, conditions and disorders, including urinary tract discase states associated with bladder
outlet obstruction and urinary incontinence conditions such as reduced bladder capacity,

20 frequency of micturition, urge incontinence, stress incontinence, bladder hyperreactivity, benign
prostatic hypertrophy (BPH), prostatitis, detrusor hyperreflexia, urinary frequency, nocturia,

urinary urgency, overactive bladder, pelvic hypersensitivity, urethritis, prostatitits, pefvic pain



-44- lactose, pectin, dextrin, starch, gelatine, tragacanth, methylcellulose, sodium
carboxymethylcellulose a low melting wax, cocoa butter, and the like. The term aration" is
intended to inctREYHY ﬁ)ﬁnulatlon of the active compound with encapsmﬁﬁﬁﬁ%‘]‘ﬁ gfgﬁlsas carrier,
providing a capsule in which the active componentgwith or without carriers, is 5 surrounded by a
carrier, which is in association with it. Similarly, cachets and lozenges are included. Tablets, powders,
capsules, pifsdeas)pissandyozengassnay B assotindormssuitabie for erabadminigiration. Other
forms swtablgtf%r og%lcaadw ﬁtrc%llon include liquid form preparations including emulsions, syrups,
elixirs, agueous solutlons agueous suspensions, or solid form preparations which are 10 intended to

be convertesthortIy before use to liquid form prep cEat Emulsions may be prepared in solutions,
in aqué %B’d’legg?@tf’éﬁgx&%?%‘? 4 lg’rﬁufﬁfiﬁ’rﬁ?jcéﬁbw&tr‘éa@mgﬁh as lecithin,
sorbltan mahealeated wm&aﬁqmaemwsbmmrcambb preparettbydissdhing.the active

componentNalE! AAAAAINY suishls sclarPs avess, iARlRct. AR iekalRg agents. Adqueous

suspensions can be prepared by dispersing the finely divided 15 active component in water with
viscous matBaisdiihaad ?ﬂﬁ‘fﬁf&%%%?ﬁe%i&g&&hﬁ’él%‘é%ﬁ%“}ﬁ’étﬁﬂé@lfuRs’é‘é PEgBRIHTual pain,

Carboxymet}&y{@&Hﬂiﬁﬁﬁaﬁﬂﬁb@ﬁhﬁﬁﬂﬂ&ﬁ@fﬁﬁﬁ@ﬂlﬁ@&ﬂéﬁd@oﬂh@ﬁﬁiESwésmjlﬁ}fQiéﬁr@fﬁﬂaIﬁl@ﬁkS include
solutions, s Ispen |or1 an %En&s%n%hgnld may, cc%pl in &% %ggftloar}dtg%}the %é:é Ve onent
colorants, favors ilizers fers. artificial and natural sweeteh ers, glspersants t |c ehers

solub|I|z|ngl’&@bﬁﬁ%‘{n&%ifh‘é‘lﬁkém@@dm%f@éﬁ*fﬁﬁ)Eﬁﬁﬁ@ﬁﬁé%@fém@rpﬁﬂaﬁﬁmlﬁéﬁw&ted for parenteral

administyatiQAc(Rda tay iiessias: e ghhe s inie Gliari eu:rpPHEAUOUS infusion) and may be presented in
unit dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with

an added preseryalingo LG GPIMPRASHRRS Mséﬁh?&%ti&é%%pﬁ%té%&?&é@?%&% ns, or

emulsions in oily or aqueous vehicles, e.g. solutions in aquéous polyethylene glycol. Examples of oily
or 25 nonaGiiegliCbsFHgERe ch?@%y%ﬁ%lﬁ%%q)%}ﬂ?ﬂ@?ﬁﬁ@ﬁ%@lﬁ?%?}eﬂ@ g5 polyethylene glycol,

vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl oleate), and may contain
foimuIatory%@ﬁﬁsaé\xcﬁpw?}r@@e?ﬁhfgimmgﬂémfsif@hg%ﬁ%gﬁ@mimﬁ@hﬁmﬂ@gaand/or
dispersing agenfseALespRINRIN ﬁ}ﬁcﬁ%‘é‘%t eHRnhRAPRIRNONERS TR, abtaipediRy aseptic
|solat|o& of s r|I sgl 8@ ¥o h|I|z |oq<hé3m sol tion for cﬁ]gustltutlon before :&8’ 30 with a suitable
vehicle.e.g* e pﬂ% n-free Water” TR OIS b RAUSERTEIRGY BeYbrmulated for
topical adr‘rﬂm@nmwalltd;ﬂwehépldermls as omtments creams or lotions, or as a transdermal patch.
Ointments and creams may, e.g., be WO 2009/077365PCT/EP2008/066985 -45- formulated with an
aqueous on@y@aﬁ@w&m&aﬁmﬂiﬁaﬁe@ﬁ&;i&abi@miskemﬁ@mgg@x gellivgeagentanbiofiars may be
formulated &gﬁn nve %%uér%{l ]oI'!l Vl ?lg'onlgel\flv%‘léliégngg Qrerrxg!l-ar‘acgmlc mixture of sSomers or a
pharmaceutically acceptable salt or solvate thereof, together with at least one pharmaceutically

20 acceptable carrier, and optionally other therapeutic and/or prophylactic 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 mg daily, and most pre-
ferably 1-30 mg daily, depending upon numerous factors such as the severity of the disease to be
25  treated, the age and relative bealth of the subject, the potency of the compound used, the route
and form of administration, the indication towards which the administration is directed, and the
preferences and experience of the medical practitioncr involved. One of ordinary skill in the art
of treating such diseases will be able, without undue experimentation and in reliance upon
personal knowledge and the disclosure of this Application, to ascertain a therapeutically effective

30 amount of the compounds of the present invention for a given disease.



containing one or more emulsifying agents, stabilizing agents, dispersing agents, suspending agents,
thickening agents, or coloring agents. Foimulations suitable for topical administration in 5 the mouth
include Iozend@g %W%F@%g active agents in a flavored base, usually sUGUERA P 4kia or
tragacanth; pastilles comprising the active ingredigpt in an inert base such as gelatine and glycerine or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid carrier. The
compoundsCefihrrinyenhe inmaydae-ior nudaidaifer-adiinisthationas Suppesiariasiudidgw 10 melting
wax, such g il of [ty asid gveerides etqopea dtier s fisimelied and e active component
is dispersed homogeneously, e.g., by stirring. The moften"homogenedu mixture 1s then poured into
convenient gig@alohdsniiieladledies Sliramus s g e tPre. dormsgisoros brugsecimiendion may be
fotutulated farMaging AmiRisieHR HPLSSANARable AAMRANKHRIRADS grlsIPastesutpans. or sprays

' [ ingredient 15 such Gathers as arc know he art to be

containipg Lp%gdigonéo the acg)é%énq d , : > ﬁmn ‘

approprate. FHE SIS & RBr So BT TAY B SRS E P RS S R RS 4o e solutions or sus-
pensions aregapplistidirecthye toliintehasalrdanity thy domvenfidiiatineans, e.g., with a dropper, pipette or
spray. The formulations may be provided in a single or multidose faun. In the latter case of a dropper
or pipette, thisompytheachigpacdyotheepatiertadonmisteritgoan @ppseptiatendéhpredetermined volume
of the solutign.or SUSRENSION. NS, cage.0f A or%bﬁ“}%ar%%é’egﬁcé‘%%fé‘égt%a%- ¥ [hgans of a
metering atomizirig spray pump. The compounds of t  invention may be formulated for aerosol
administratisegsarticiy AP e i ivasisirnewiers cod el defaeligrntrana saraaniisndeation. The
compound vélveenERiy:haved s Raisiclepsése:8es, of the okdesaflveitaimigiens or less. Such a

particle size may be 25 obtained b eansdknow? in the art eg br}/ migcr 1nlzg.tion. The active
. . .comr% uggs GOF&‘)I’K!C]. les, and the unit dosage forms mﬁp} conta ﬂ }{'%m a&e €1 GC‘EIY_ﬁ am(%unt
ingredient iS"provided i a pressurized pack with' a suitable propellant such as a chlorofiuorocarbon

(CFC), e.g.otlishiorodifigarometbamenshitdtorahitorotvedbd deoddicll orate tedftuonpletivdne, or carbon
dioxide or ofhepsuitable 9aTohhe ARRSELMALAARYRRIRNY AISA GONtBINA S HACtaRbaHah as lecithin.

The dose of drug may be controlled by a metered valve. Alternatively the active 30 ingredients may be
provided in STSRHAST 2P WY poMtiiped 151easp SR HIBS o e K5 HSB R P S Su REBRY SR der base such
as lactose, statshpstelichsgeriiatives sichashydsaxypnohy inetoykugyasitories for rectal or

2009/077303ATIERAANABA0HAT A cellse.and nabenyIRlding. (RYY, The powder carrier

will fottu a gel in the nasal cavity. The powder composition may be presented in unit dose foul' e.g. in
capsules of BgRHeEES srEgingaheuhens { birsthigpaerEardrs RerHe e poREer sadly- BRHtministered by

means of an.énhakdbut one hundred (100) milligrams, per tablet, are accordingly suitable representative

unit dosage forms.

20 The compounds of the invention may be formuiated in a wide variety of oral administration
dosage forms. The pharmaceutical compositions and dosage forms may comprise a 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

25 granmules. A solid carrier may be one or more substances which may also act as diluents,
flavouring agents, solubilizers, lubricants, suspending agents, binders, preservatives, tablet
disintegrating agents, or an encapsulating material. In powders, the carrier generally is a finely
divided solid which 1s 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

30 proportions and compacted in the shape and size desired. The powders and tablets preferabiy
contain from about one (1) to about seventy (70} percent of the active compound. Suitabie

carriers include but are not-limited to magnesium carbonate, magnesium stearate, talc, sugar,



When desired, formulations can be prepared with enteric coatings adapted for sustained or 5
controlled release administration of the active ingredient. For example, the compounds of the present
invention can BEEIHUEE in transdermal or subcutaneous drug delivePy HEGREHEse delivery
systems are advantageous when sustained releasgf the compound is necessary and when patient
compliance with a treatment regimen is crucial. Compounds in transdermal delivery systems are
frequently aitastiegctoiqaskin:adhasiye-sabidsydppar, hbenampewdoafubd interest can also be

combined Witl%a en%trat'ﬁ)q enhancer, e.g9., Azone (1:d decxéa%a&: clahe tan-z-onel) Sustained
Lar oxé’?mc{t I){%(X:.uosc, a low CEB ¥vax cOCo bu%erﬁ i d}ée. o term gyrega dt1on e
release delivery systems are inserted su aneously into the subdermallayer by Surgery or injection.

The subdernifndpibiaterdeths dvata: e eonpoimddscatipindolitbiawmsmramersigl silicone rubber,
or a biodegrasRblgrpabimgercHaicPRviaatinackd.  Bapbarmacaubcalpseparaians are preferably in
unit dosagge forms, In such form, the 15 preparation is subdivided into unit doses containing

appropr ateb%%‘ﬁ}ﬁ?gg%’f’ fﬁgl‘éfcﬂ(;%é‘%d% Sﬁféﬁ’ﬁuﬁﬂé" (it do SR GE Yo f AR PR R &Fed preparation,
the package:dositaininbldispretdetpueaptties, ofljprepdratiend surehgas packetedoiabfets;scajpsides, and
powders in yials, o5 ApRQrigs, Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge
itself, or it can be the appropriate number of any of these in packaged form. 20 Other suitable

pharmaceutical carriers.s g eir formulations are described.in Remington: . The Science .and Practice
of Pharma\c?f%ég%l _lge? |1tl(3:1%'B ey%glfﬁ r]a," Mac tré%a%jlisc%]geé U‘rlr%l ggﬂi},%’ﬁ%‘%&ﬁ?o”ﬁ?qﬁda”%%oeﬁ? eicﬁirﬁ'éylvania.
RepresentafiVéplsdia ceipsastiioulatems Contiiiena eormpodima: efareappasetidhvention are

described helawedESAMBhER:d3ndAE RioWinG RIeRAIalARSRPLL¥ANPISS:AiBndMen §o enable those
skilled in the art t mor%clearl understand and to%?cti resent invention. 'L%eyr}éshould not be

e the
considered AL ARHAG AL 8 o HIESHVRBHS H%%fé?é“gg S GRHARNE4RY F8Bresentative
thereof Urigsgsotherwidesstetisbinatbtbap eretoeds i olLrtirg médineup edhtsofisecaViP parerinl degrees
celsius (C).tf shishbeappreciaiaghinat ihe Jepchomwhichipinduses:te fdicated.and/or the 30

desired product may not necessarily result directly from the combination of two reagents which WO
2000/077368PE P REBIOUERIBEIRY AT R RtiSH) Mdtierd &Py ieher gy 5t By idre
@nte_rmédiatasimmmrpﬁodmedﬂinhthiscnﬁxtummhimmﬁin?atehydeaﬂshtﬂi‘t@mr_maiﬂmn of the _
indicated a%%%%@?ﬁzg&?g&&ﬁ(%@%&%&{@é@iﬁ’f&% %9&’5%?5& AT Bﬁg@%‘ﬂg%&ﬁs‘?reparm'ons

and Examples. Abbreviations: DBU: I,8-diazabicyclo[5.4.0]undec-7-ene; -
dichloromefitiHdAeHiIeHE S CRISHHSOBPEA SHRSBHPED A #iy it arVIEY £opigiimiBthoxyethane
(glyme); DIARiNNedimnethytfosmarnide cOMAR; d-cimethylaminopysridine: dgpfand natural
1,1'-Bis(diphenylphosphino)- ferrocene; ECDI: 1-ethyl-3-(3'-di laminopropyl)carbodiimide; EtOAc:
ethyl acetatsgfe%?%—fe:s’efgs %rcs)%?tgs’ct:%%gnceﬁsr’dqr%%gézrﬁalBﬁé?%qﬁfg%ﬁ%éamethylphosphoramide; HOBt: N-
Hydroxybenzotriazole; hplg; high performance liquid chromatography; mCPBA: in-chloro- 10
perben%oic%&?‘ﬁﬁ’é’&ﬁ? SEEORYFIEO R ?’f\l@ﬁ@ﬂ@?‘ﬁfﬁ?Bﬁﬁﬁl?ge,rf\fﬁ%?"i\lﬁmgﬂ’i‘)ﬁeﬁyr?é’lidinone; TEA:
triethylaminiejcttidi; ¢etradiydighermmor Rohtilithinmflissop rodytamingr EbCedhindaydrscisomatography.

ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with an added
preservative. The compositions may take such forms as suspensions, solutions, or emulsions in
oily or aqueous vehicles, e.g. solutions in aqueous polyethylene glycol. Examples of oily or

25 nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, polyethylene glycol,
vegetable oils {e.g., olive 01l}, and injectable organic 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 lyophilization from solution for constitution before use

30 with a suitable vehicle, e.g., sterile, pyrogen-free water.

The compounds of the invention may be formulated for topical administration to the epiderrmis

as ointments, creams or lotions, or as a transdermal patch. Ointments and creams may, e.g., be



Preparation 1: (S)-2-Methoxy-1-methyl-ethvlamine The synthetic procedure used in this preparation is
outlined below in Scheme C. 15 Step 1H3C"-..."./S.,Step 2H3C...,...... ,...""Step 3H,C.."...".",.. D-alanine
—-4.-IOH 4150209967365 | AHIVHBOCAG20, NHBoC CIHHCI:1(1'1-1(PAIFBA8OMel3 MeOH2 -
, SCHEME C Stepl_ -Bo ¢c- m anol D-Alanine (3.2¢. 39.3 mmol) was added in small portions to a
suspension of LiAIH4 (2.89g, 76.26 mmol) in refiuxing THF. Refluxing continued for 12 hours, then the

reaction miiﬁ%lw&ﬁ%@@@lﬁﬁdﬁb @QiWﬁWﬁﬁ%ﬁ%@%ﬁWﬁﬁzw&lﬁﬁrﬁﬂgﬁa@&|galﬂidi_.,ii0n of an
aqueous 15% NaélH SO%%LIQ ﬁ%&?nd w% (9 n’é%zls,g\fte rrlna%da‘tyﬁT for 10 nutes a solution of
(Boc)20 (8. 4.3 (fé mmob in & nijvas acfdpea Pie reacﬁon ure Was stirred at 60C
for 6 hoursP@@@lét& §ORP! fﬂ?é?@d“@hﬂmﬁa%&d iRt sNERSE4E agmlﬁaélﬁma‘#@%once ntrated

under vacuwgemg’%iﬁ@@ii@@agémem@ﬁagba\gékﬁgaﬁg%@i@imrbﬁmmm&%@amﬁﬂm%@ 25
Boc-2-amin pro nol as a white solid, 1eld 63%. MS %Méjg%}s 176. Ste

(S)-Boc2- i“FH* FERRISRARE “i"%“‘ﬁ%&d%ﬁfﬁ‘ %dfdé?nlﬁ dBFo*B&%‘? 8%0 g, 11.4
mmol) was fsuc@esslvgdydad?de@tﬂ@%otﬁpagllgg 26 Zmenopranohivtethyhéodide (26100 gglatih2. 7 mmol) at
RT. The regghionmixiure wass W 2009/Q7 4 3RRGIHEE 2008088 985, ctive ingredient in a

suitable liquid carrier.

The compounds of the invention may be formulated for administration as suppositories. A low
10 melting wax, such as a mixture of fatty acid glycerides or cocoa butier is first melted and the
aciive component is dispersed homogeneously, e.g., by stirring. The molten homogeneous

mixture is then poured into convenient sized molds, allowed to cool, and to 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

15 such carriers as are known in the art to be appropriate.

The subject compounds may be formulated for nasal administration. The solutions or sus-
pensions are applied directly to the nasal cavity by conventional means, ¢.g., with a dropper,
pipette or spray. The formulations may be provided in a single or multidose form. In the latter
case of a dropper or pipette, this may be achieved by the patient administering an appropriate,

20 predetermined volume of the solution or suspension. In the case of a spray, this may be achieved

€.g. by means of a metering atomizing spray pump.

The compounds of the invention may be formulated for acroso! administration, particularly to
the respiratory tract and including intranasal administration. The compound will generally have
a small particle size e.g. of the order of five (5) microns or less. Such a particle size may be

25 . obtained by means known in the art, e.g. by micronization. The active ingredient is provided in a
pressurized pack with a suitable propeliant such as a chlorofluorocarbon (CFQC), e.g.,
dichlorodiflucromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon
dioxide or other suitabie gas. The acrosol may conveniently also contain a surfactant such as
fecithin. The dose of drug may be controlled by a metered valve. Alternatively the active

30  ingredients may be provided in a form of a dry powder, ¢.g. 2 powder mix of the compound in a

suitable powder base such as lactose, starch, starch derivatives such as hydroxypropyimethyl



-48- stirred at RT for 2 days. Solid was filtered off and the filtrate was concentrated under vacuum to
afford (S)-Boc-2-methoxy-I-methyl-ethylamine as a colorless oil that was used without further
purification. St& 32%EtHbmmine 5 (S)-Boc-2-methoxy-1-methyl-ethylantnEFHYH1EEER ed in MeOH
(40 mL) and 3M HCI (10 mL) was added. The reaclign mixture was stirred overnight at RT, then
solvent was removed under reduced pressure and the residue was co-evaporated with additional EtOH

(20 mL) to atiord{Sid pesthoxyyidnathyirethylaminewslightbrawnaikia fydieshiesidedanm (1.42 g,

100%). MS(M+H) = 90. 10 Similarly prepared was ($):2-ethoxy-I-methyl-ethylamine. Similarly
L

(R)-2-ethoxgdlapmethy hlétisy egkin o 1y gl dlio P d@ Es\pe Biiyiistsorp ho eeds phethylainine The
synthetic procedure used in this preparation is outlined below in Scheme D. OHstep 1 NHBocMsCl,
Et3N step 2xhddsichitdBdomotphalinenil GChastepith S kikbMEsBdgied biMethanésualfonic acid

2-tert-butoxycarnenvIamiaQaRIARYIBSIESF the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutancous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen is cructal. Compounds in transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of

10 mierest can also be combined with a penetration enhancer, e.g., Azone (1-dodecyl-

azacycloheptan-2Z-one). Sustained release delivery systems are inserted subcutancously into the
subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

lipid soluble membrane, e.g., silicone rubber, or a biodegradable polymer, e.g., polylactic acid.

The pharmaceutical preparations are preferably in unit dosage forms. In such form, the

15 preparation is subdivided into unit doses contaming appropriate quantitics of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Aiso, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can

be the appropriate number of any of these in packaged form.

20 Other suitable pharmaceutical carriers and their formulations are described in Remington: The
Science and Practice of Pharmacy 1995, edited by Martin, Mack Publishing Company, 19th
edition, Easton, Pennsylvania. Representative pharmaceutical formulations containing a

compound of the present invention are described below,
EXAMPLES

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

limiting the scope of the invention, but merely as being iliustrative and representative thersof,

Unless otherwise stated, all temperatures including melting points (i.c., MP) are in degrees
celsius (°C). It should be appreciated that the reaction which produces the indicated and/or the

30  desired product may not necessarily result directly from the combination of two reagents which



To a solution of (5)-Boc-2-amino-propanol (4.91g, 0.028 mol), Et3N (1.5 equiv.) in CH2C12 at 0OC was
added methanesulfonyl chloride (1.1-1.2 equiv). The reaction was stirred at OC for 30 20 minutes.
Water (5 ml) Wi H8HEd5hd the organic layer was separated, washed WitH’E8t0t&PaeP%queous
NaHCO3, brine, and dried with MgSO4. Solvent was.removed under vacuum to afford
methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester as a white solid, yield: 98%. MS (M+H)
= 254. WO«»EQD@{QJIY)%E’(QT&E %W@r%&m&ﬁcdlatcs which are produced in the

(2-Mctlivl-2- morgh%l}llr}luj ma I ecgls lfaml %%la 1E)ert Ibtj{%l % rTo (%hutd% éhaneﬁlszlfonic acid

2-tert- butoxycarE)ony amino-propyl es er mmo Was added morpholine (28
mmol) and RSO @Brmm@mmwmwmdr@dbﬁarﬁmmmré Wés?«mm@ﬁt to 50 C and kept at the same
temperature overnight. The reaction mixture 5 was cooled and solvent was removed under reduced
pressure, ahdbthexdsiciuigBias, t-eatedivyith [CH2Wh2: (50D «amd; DiiNd: H2Di¢EMnaniivhy miteydeganic layer was
separatgd anl e BibeRuRIRIAR SXIIRNeAWIM CHiatR. ThncomBne BigAnclayer was dried

over Na2504. Solvent was removed urider reduced pressure arid the resi ue was urlfleé by column

chromatography atRyrite e o Lftre rtlampeR)Tidng diitolin @%@ﬂ?ﬁw&&ﬂﬁﬁ?ﬁ}@)amd tert-butyl
ester as VIS@ﬁ’dSeﬂ@ hquod, 1y&1|xt§h &%d{&ﬂl&r@hﬁiﬂbw@ﬁ@cﬁbﬁm&(&) -Briyrathatir- et GA0H:

-4-yl- ethyla ine.To a soI Q -4- a ig.acid tert-butyl ester (0.30
g, 1.22 mmo noi N6 (3118a aLI\J/vg ﬁgéd}?ﬁpﬂ%] g % dé? Ei?ﬁﬁ}rggtactlon mixture was
allowed to W&@?%@W@ﬁ@ﬁ%sﬁ%ﬁrr@@%ﬁf@#ﬁ?q mwmwmmmmdepmum to 15 give
(S)-1- M@thxk%@a%ﬁpla@i%ﬁemem@mﬂm awiqmrﬂaﬂmaﬂm@&mmm&a)ymmm) = 145.

Similarly p are e (5 Meth -thlo olin-4-
b e U R R R R R
(5)-1-(2- Arﬁw@mbpyﬁ}qgnpghwln 3-ol, (5)-1-Methyl-2-(4-methyl- plperazm -1-y1)-ethylamine,
(5)-1-Methy1-2-(4- 20 methanesulfonyl-piperazin-I-yl)-ethylamine,
(S)-4-(2-AnFrg:ptapyll - pperazime-enendhMetwidrZspiperidin-1-yl-ethylamine,
1-(2-Amino-propy1)-pyrrolidin-3-ol, (5)-2-(4-Methoxypiperidin-l-y1)-1-methyl-ethylamine,
(S)-2-(3-MethoxympiRRrigiRdiyd) vk et -SHUIamINg outlined below in Scheme C.
(5)-2-(4-Methanesulfonyl-piperidin-1-y1)-1-methyl-ethylamine, and other 2-amino-1heterocyclyl
propanes. 25 Prepar, 3(B)-2-(1.1-Di lamlkd06*-thiom li Fﬂﬁn} | -methyl-ethylamine The
synthetic pr@@@du&re—?‘ggg»in is rep@tﬁah%ﬁéouﬂnﬁﬂ’@low R \E/V\LD
2009/077365PCT/EPZ008/06698Be60-  A5:C: NHBoc CH HCI NH, (';H

15 2. {Bec),0 Mel MeOH 5

SCHEME C

Step 1 -Boc-2-amino-propanol

D-Alanine (3.5¢g, 39.3 mmol) was added m small portions to a suspension of LiAIH, (2.89g,

76.26 mmol) in refluxing THF. Refluxing continued for 12 hours, then the reaction mixture was
20 cooled to 0°C, and excess reagent was quenched by careful addition of an aqueous 15% NaOH

sofution (3 ml) and water (9 ml). After stirring at RT for 10 minutes, a solution of (Boc):0

(8.3 1g, 38.13 mmel) in CHaCly (40 mi} was added. The reaction mixture was stirred at 60°C for

6 hours, cooled to RT, filtered through a pad of anhydrous Na;SQy4, and the filirate concentrated

under vacuum. Purification of the residue by silica-gel colurmn chromatography afforded (S)-

25  Boc-2-amino-propanol as a white solid, yield: 63%. MS (M+H) = 176.

Step 2 (8)-Boc-2-methoxy-1-methyl-ethvlamine

To a solution of (§)-Boc-2-amino-propanol (2.00 g, 11.4 mmol) was successively added Ag,O
(5.89 g, 25.4 mmol) and Methyl iodide (16.00 g, 112.7 mmol) at RT. The reaction mixture was



0 SCHEME E Step 1 (1-Methyl-2-oxo0-2-thiomorpholin-4-yl-ethyl)-carbamic acid tert-butyl ester To a
solution of 2-tert-Butoxycarbonylamino-propionie acid (3.5 g, 18.5 mmol), HOBt (22.2 5 mmol), NMP
(22.2 mmol) alFEBEY (32 2 mmol) in CH2C12 was added thiomorpholif& YE280§/9%3% mmol) at 0 'C.
The reaction mixture was stirred at 0 C overnight, then washed with 2% aqueous NaOH, water, brine,
and dried over Na2SO4. The solvent was removed under vacuum to give

(1-Methy1-2iaxe-R thignarghelisdxy kethih-eadrmiciackided-uybasiar45dia)yiele:.88%. MS (M+H)

= 275. 10 Ste. 2 2-.1 1-Dioxo-1 lambda*6*-thiomo 1p[co-eth 1 -carhamic acid tert-butyl ester To a
solution of (1 SHeRy s oY £ SAIEr: AL o A I 6.2 romol) i
CH2CI2 wagrtiigdiim-CPBA (11.4 g, 46.25 mmol) at O C. The reaction mixture was stirred at RT
overnight. Solids were removed by filtration and the filtrate was washed by 15 Na2S203 and dried over
Na2SO4. Stikyeht (Fas-renmoved -untled-vaslmmmto give [2-(1,1-Dioxol
lambda*s*-thigmorpholin-4-y1)-limethyl-2-0x0- bamicacidhter : 0), yield
100%. MS Elg\ﬁgl-gl)ggj %%%éﬁ;@@gﬂ%ﬂﬁlﬁﬁ%ﬁﬁ%@ﬁ%@?ﬂ |o%rrj§?)%p él???—tlf-ﬁyﬂl?)l-%ropan-l-one
To a solutidhlof{2: eideDidRo Ia TR TGS ERFONTEANgH 4 Jrlethen 2550 -sawyRreteearbamic acid
tert-butyl estefe(o<ai@:d Srassamab) inGH2CL 2 {7 redapuwas eddeddiifloaroaceticcacid (omL) at 0 C.

The reaction.mi was allowed to warm ta RT and was stirred for 3 h& urs. After removal of CH2C12
and excos T R e R e S SR S A R S 8
lambda*6*-1¥mordhdlihtln $hropan-l-one (6.0 g, yield 100%) was obtained as a white solid. MS
(M+H) = 207. WO 2009/077365PCT/EP2008/066985 -51- Step 4 (S)-2-(1
1-Diox661laSiitatethiondorah@lir4tydiyi-methyetiigamine |

Similarly prepared from L-alanine were (R)-2-methoxy-1-methyl-ethylamine and (R)-2-cthoxy-

1-methyl-ethylamine.

Preparation 2: {(S)-1-Methvl-2-morpholin-4-vl-ethvlamine

The synthetic procedure used in this preparation is outlined below in Scheme D.

H.C step 2
HHC\E/\ OH step 1 3 \\-,/\ OMs
NHBoc MsCl, Et;N NHBoc motpholine
2 a

step 3

Hao\/\ N /w S ——. Hac\/\ N /\
: HCI/MeOH 2
NHBoc K/o iy NH, K/o

SCHEME D

15

Step 1 Methanesulfonic acid 2-tert-butoxvearbonviamino-pronyl ester

To a solution of (5)-Boc-2-amino-propanol (4.91g, 0.028 mol), EtzN (1.5 equiv.) in CH.Ch at

(°C was added methanesulfonyl chioride (1.1-1.2 equiv). The reaction was stirred at 0°C for 30

20 minutes. Water (5 ml) was added and the organic layer was separated, washed with saturated
aqueous NaHCO;, brine, and dried with MgSOa. Solvent was removed under vacuum to afford
methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester as a white solid, yield: 98%. MS
(M+H) = 254.



A mixture of 2-Amino-1-(1,1-dioxo- lambda*6*-thiomorpholin-4-y1)-propan-l-one (6.0 g, 18.2 mmol)
and BH3 (1 M in THF, 110 mL) was heated to reflux for 48 h, then cooled to RI' and quenched by
MeOH. The vol88if@WAE #as removed under vacuum. 2 N HC1 (100 mLY#WHEBSHMEST0 the residue
and heated to reflux for 18 h. Solvent was removeddinder vacuum to give
(S)-2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-y1)-1-methyl-ethylamine (4.5 g) as white solid, yield
90%. MS (Mreht) X ﬂ.%tmeaoﬁﬁmﬂié} ﬂvP&E@ma%thtm@fgﬂp@M@@ynthetic procedure used in this
preparatio s outlined in S eme F. CH390219H% BH3CN 1OONH CHE EF Toa
S it 5%,

. 0 & SoEho) dnesu cacid tox AMINo
solution of 1-pyrazin- anone & 0d YAmmonmum ace a 719, 158.5

mmol) in m@tﬂ;ﬁ%ﬁ(@@mmmaﬁ@e@@ﬁm@@@m@b@ﬁiﬁm@lm@) 1t1RimeH@I)qwm1’e portion.
The reactiopmixtureswas Stire soovespighl el RiL-Afierreroavak ol methansh. waten 1 admL) was

added to the residue and the resulting solution was basified by addition of sodium hydroxide to pH

=13. The adi#e SoREadisnt s axiraeastt widr dietSroREERh b Frs dnitmBerSigaitc phase was
dried over stilam(Sultateaideyoysd ﬁﬁﬂﬁefﬁé)b@ﬁmuweﬂ’mdmﬁdmﬂaaﬁiﬂﬁ afferdedild 6259 of

1-pyrazin-2:y, tth I qu,h75% 124. Similarl ddr he approprlate hetero
aryl methyli(eliaécngs or gf?}eny me?ﬁcf/’ %értlgdn(grsg% CVT/ ere Wf qp‘%/%?c? 59 %hf? asi%%leeﬁg

1-pyridin-3-5poetl apdiacdugsirirasars et A APHIHE, \aawnﬂﬁ@qldup%mn)t@mwmﬁéw (cthyl
1-(3- F'U0roaﬂﬁ%y%)aﬁﬂ}kﬂm&yli%mpﬁbﬁﬁle%ﬂjw phemil)aiviapipessithisnsa-a4-ethylamine,

1- furan1 eth Iam gz% HM] -fur, ﬂ;) -2-ylcthylamine, 1-thiazol-2-yl-ethylamine,
1-thien-2-yl- 3%yl§lm|ne pyfri -2-34%6thylaminc, C(6-methyl-pyridazin-3-y1)-methylamine,

C-(5-methyt- pyrazm -2- y1) methylamlne and 1 25 pyrldazm -4-yl-ethylamine. WO
2009/07736% z : Cprocedure used in this preparation is outlined
below in Scheawi@io®dt (1 methyl~ —morph01m-4 yl-ethyl)-carbamic acid tert-butyl ester (0.30 g, 1.22

mrzol) in methanol (10 mL) was added 2N HC1 (5 mL) at 0 °C. The reaction mixture was
allowed to warm to RT and was stirred overnight. The solvent was removed under vacuum to

15 give (§)-1-Methyi-2-morpholin-4-yl-cthylamine as a light yeliow solid (250 mg, 96%). MS
(M+H) = 145,

Similarly prepared were {S)-1-Methyl-2-thiomorpholin-4-yl-ethylamine, (§)~1-[4~(2-Amino-
propyl)-piperazin-1-yl]-ethanone, ($)-1-(2-Amino-propyl}-piperidin-4-ol, (8)-1-(2-Amino-
propyl}-piperidin-3-oi, (5)-1-Methyl-2-(4-methyl-piperazin-1-vl)-ethylamine, (S)-1-Methyi-2-(4-
20  methanesulfonyl-piperazin-1-yi)-ethylamine, ($)-4-(2-Amino-propyl)-piperazin-2-one, 1-
Metbyl—z-pipei‘idm- i-yl-ethylamine, 1-(2-Amino-propyl}-pyrrolidin-3-ol, (5)-2-(4-Methoxy-
piperidin-1-yD)-1-methyl-ethylamine, (S)-2-(3-Methoxy-piperidin-1-yi)-1-methyl-ethylamine,
{(8)-2-(4-Methanesulfonyl-piperidin-1-yl)-1-methyl-ethylamine, and other 2-amino-1-

heterocyelyl propanes.

25  Preparation 3: (5)-2-(1.1-Dioxo-1lambda*6*-thiomorpholin-4-v1)- | -methvl-ethvlamine

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



Step 2 p-tolylboronic acid Pci(PPh,), NO2 Step 3 EDCI, HOBt H3C 0"... H3 NH2 H2C SCHEME G
Step 1 3-lodo-5-nitro-benzoic acid 5 To a stirred solution of iodine (137.95 g, 0.5436 mmol ) in finning
sulfuric acid (2‘%8 ?ﬁ‘fﬁ’m%:é“added m-nitrobenzoic acid (64.6 g, 0.3866 mrhol S%W(ﬁ%é reaction
mixture was slowly heated to 85 C overs 2 hours aggl stirred at the same temperature for another 12
hours. "The reaction mixture was cooled to RT and poured into ice, and the aqueous solution was
extracted with dichloromethane. §he organic phase was&eparated and washed with water, 2.0 M
solution 10 of 8203 and brin and then dried O\Q)EZS Solvent was removed under reduced

i 0 -
pressure to Viﬁd 3 od'faﬁ_mt enz&ﬁ%ht yﬁiﬁ)\g}\‘skll/ Illg, yield 98%. MS (M+H) = 294.

Step24'L-Met phermHysbc:% “
O .
step 3 \;/[LN/\, step 4 \/\N/\’
— 2 L0 T o
LS G N
o

SCHEME E

Step 1 (1-Methvl-2-oxo-2-thiomomholin-4-vl-ethvD-carbamic acid tert-butvi ester

To a solution of 2-tert-Butoxycarbonylamino-propionic acid (3.5 g, 18.5 mmol), HOBt (22.2

5 mmol), NMP (22.2 mmol) an(l“_EDCI {22.2 mmol) in CH,Cl; was added thiomorpholine (2.29 g,
22.2 mmolj at § .°C. The rcacﬁon mixture was stirred at 0 °C overnight, then washed with 2%
aqueous NaOH, water, brine, and dried over Nap50,. The solvent was removed under vacuum to
give (1-Methyi-2-0x0-2-thiomorpholin-4-yi-ethyl)-carbamic acid tert-butyl ester (5.0 g) yield
98%. MS (M+H)= 275,

10 Sten 2 [2-(1.1-Dioxo-1lambda*6*-thiomorpholin-4-vD)-1-methyl-2-oxo-cthyl]-carbamic acid

tert-butyl ester

To a solution of {I-methyl-2-0x0-2-thiomorphin-4-yl-ethyl}-carbamic acid ter-butyl ester (5.0g,

18.2 mmoi) in CH,ClL was added m-CPBA {11.4 g, 46.25 mmo!) at ¢ °C. The reaction mixture

was stired at RT overnight. Solids were removed by filtration and the filtrate was washed by
15 NayS,0; and dried over Na,SO4. Solvent was removed under vacuum to give {2-(1,1-Dioxo-

1lambda*6*-thiomorpholin-4-y)-1-methyl-2-oxo-cthyi]-carbamic acid tert-butyl ester (5.6 g),

yield 100%. MS (M+H) = 307.

Step 3 2-Amino-1-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yh-propan-1-one

To a solution of [2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl)-1-methyl-2-oxo-cthyl]-

20 carbamic acid tert-butyl ester (5.6 g, 18.2 mmo!) in CH2CI2 (70 mL) was added trifluoroacetic
acid (5 mL) at § “C. The reaction mixture was allowed to warm to RT and was stirred for 3
hours. After removal of CH,Cl; and excess trifluoroacetic acid under reduced pressure, 2-
Amino-1-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl)-propan-1-one (6.0 g, yield 100%) was
obtamed as a white solid. MS (M+H) = 207,



To a stirred solution of 3-iodo-5-nitrobenzoic acid (15.48 g, 52.83 mmol) and Pd(Ph3P)4(1.84 g, 15
1.69 mmol) in 300 ml of toluene and 50 nil of ethanol was added p-tolylboronic acid (7.87 g, WO
2009/077365PC1E¥356%/066985 -53- 58.11 mmo 1) and a solution of CS3EEX8EEY, 58.11 mmol)
in 20 ml water at RT. The reaction was brought to gflux for 18 hours and then cooled to RT. To the
solution was added 2N NaOH, and the reaction mixture was stirred for 30 minutes. The organic phase

was separages, and)the anpends] phase washasidsies itoaRH. T4eging RN Hi6:l. The resulting solid
preciptate was S filtered and washed with toluene to afford 13.2 g of .- .
4'-methyl-5v}l>1%55rl%ﬁ§%ly 3%1%%?&?% |50§%ié815ns% @h y@fﬁ)n\}\?lépo%é t(9473’79 ‘%f.pﬁﬁsl @ﬂ‘fl-ﬁ)oig’zlgé Step 3
4'-Methy1-3umedd abibBERn1-BLenibBx i@ adid 2sivathdsyrafmeihylfdthyinaeitd eRDA(E6.17 g, 84.38
(rrll rg 2 g wag (?Qg@cw@%tméo%s%&ffnygfsggwFaﬁ?oécﬂ{rﬁg&tby&éﬂitdi%q h@ty@&'ﬁi—y%@oxylitbaci?

: . mol), HOBt (11.44 g, mmol) and 2-amino-i- 10 methoxy-1 -propane (7 ml,
66.31 r%noﬁfﬁ?ﬁw(@ﬁgw@ﬁﬂﬁﬂg&%ﬁ%})ﬁ%ﬁég%ﬁ& BSR40 he mixture
was allowedSiewhir iR Tandaias sirredrdbthelsdimerterhperatbamier (4 bpurstifheoidaction
mixture Waﬁy@%%q Wi ZNriCly 2N NaOH, saturated aqueous NaHCO3, brine, dried over

anhydrous Na2S04, filtered, and concentrated under vaccum to give
4-methyl-5-pitro-bi QE Yl -cgg%c_) $ If'%t%glgézemethoxy-I-methyl-ethyl)-amide as a 15 yellow oil (16.5 g,

83.5%). M = . - &1~ eth 1-bi henlic acid 2-methox -1-meth 1-eth 1 -amide
To a stirred solution of 4'-methyl-5-nitro-biphenyl-3-carboxylic acid (2-methoxy-I-methylethyl)-amide
(39 mmol) N SSEP MY BRSHUT WS AR HEPERETS M T PHHTHGIPHP BB PORTBHTat RT. The reaction

mixture was heated to reflux for 3 hours. Solvent was removed under reduced 20 pressure and the

residue was diluted ethyl acetate and treated with satur aHCO3 solution. Solids were
filtered off and the fi was washed with saturgte%ﬁg CO3, brine, dried over anhydrous
Na2504, filterechgadsgatentigledin vageHo Eg\lgTve famjrio-Zhriethyl-biphenyl-3-carboxylic acid

(2-methoxy-1-mathyl-ethyl)-amide s & yellow oil (10.5g, fQ.3 %). MS (M+H) = 299. 25
Step_51052-lodolit acid 2-mthox -1-methyl-ethyp-amide A mixture of
5-amino-4-gietipflipiphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide (5.3 g, 17. 8 mmol),
iso-amyl nitrite (13.5 ml, 88.9 mmol) and diiodomethane (8 ml, 106.7 mmol) was stirred at RT for 1

hour. The mixture was then heated to 65 C and kept for. 8 hours, | C/MS indicated action
completed. %S%%a?qonpﬁﬁ%ﬁ%g?vggg %%%’T(e)ﬁcrt?é{f’ aﬁ%%%ﬁgngg %%C!r;gpgf‘?onﬁuo fBﬁ(%%eg?]%%z om excess
diiodomethaf® ivarscdffacreth iy Hafindn vithédrdaedom misaaherabRTido(8 Strrdd! swhation of

piperidin-CHIGRIHMN Fr08md k0 mikeAMAnrRLS fXRIhsTMIC SARlqR- QNS dha oGRS volatile
reagents WeIg mi T ovesiedh 19 AR SYRRIANAL uting solution was basified by addition of sodiurn

hydroxide to pH =13, The aqueous solution was extracted with dichofromethane and the

combined orgénic phase was dried over sodium sulfate. Removal of the solvent under reduced

pressure afforded 14.62 g of 1-pyrazin-2-yl-cthylamine, yield: 75%. MS (M+H) = 124,

Similarty prepared from the appropriate heteroaryl methyl ketones or phenyl methyl ketones

20 were: 1-pyridin-2-yl-ethylamine, 1-pyridin-3-yl-ethylamine, 1-pyridin-4-yl-ethylamine, 1-(2-
fluoro-phenyl)-ethylamine, 1-(3-Fluoro-phenyl}-ethylamine, 1-(4-methanesulfonyl-phenyl)-
ethylamine, 1-thien-3-yl-ethylamine, 1-furan-2-yl-cthylamine, 1-(5-methyl-furan)-2-yl-
ethylamine, 1-thiazol-2-yl-cthylamine, 1-thien-2-yl-cthylamine, 1-pyrimidin-2-yl-ethylamine, C-
(6-methyi-pyridazin-3-yl}-methylamme, C-(5-methyl-pyrazin-2-yl}-methylamine and 1-

25  pyridazin-4-yl-ethylamine.

Preparation 5: 5-]Jodo-4'-methvi-biphenvl-3-carboxvlic acid (2-methoxv-1-methyl-ethyl}-amide




WO 2009/077365PCT/EP2008/066985 -54- 80 C. The residue was diluted with ethyl acetate, washed
with 10% hydrochloric acid, water and brine. The organic layer was separated and dried over
anhydrous NaB8AWRItEEd and concentrated in vacuo. The residue waBpukRratFsee#Esh column
chromatography (ethyl acetate/hexanes = 10:1) to_yield 5-iodo-4'-methyl-biphenyl-3-carboxylic acid
(2-methoxy-1- 5 methyl-ethyl)-amide as a yellow solid (5.2 g, 83.8 %). MS (M+H) = 410. Similarly
prepared, UBiBG;HR-APProRiiate RBAINEIGOPIRALRINSIeNiSHAUeIS: in Scheme G.
5-lodo-41-methyl-biphenyl-3-carboxylic acid (1-pyrazin-2-yl-ethyl)-amide, MS (M+H) = 444;
5-lodo-4'-methyl- blphenyl -3- carboxyllc acid (2-hydroxy-1-methyl- ethyd;)-armgd.ge MS (M+H) =- 396 10
e agie 1 meth}ll -2-mo ho 4-yl-et
acid [2-(1.1 di8ko- IIambda*G* AIOR orpholln -4-y1)-1-

acid The synthetlc prbcedure used in this prepafatlon is O!_ng pelow Scheme H. OH CH Step 3
H,C
o
Step 3 o NH CIZHS
EDCI, HOBt Step 4
H,C MaOH,
SN N O s;}ca2
NO,

H CH H;
Step 5
CH,1,, iscamyl-
nitrate
O ;
H.C

Step 1 3-lodo-5-nitro-benzoic acid

SCHEME G

5 To astirred solution of iodine (137.95 g, 0.5436 mmol ) in fuming sulfuric acid (250 ml) was
added m-nitrobenzoic acid (64.6 g, 0.3866 mmol ) at RT. The reaction mixture was slowly
heated to 85 °C overs 2 hours and stirred at the same temperature for another 12 hours. The
reaction mixture was cooled to RT and poured into ice, and the aqueous solution was extracted
with dichloromethane. The organic phase was separated and washed with water, 2.0 M solution

10 of Na:S;0; and brine, and then dried over Nap;SO4. Solvent was removed under reduced
pressure to yield 3-iodo-5-nitrobenzoic acid as slight yellow solid 111 g, yield 98%. MS (M+H)
=294,

Step 2 4'-Methyl-5-nitro-biphenyl-3-carboxylic acid
To a stared solution of 3-iodo-5-nitrobenzoic acid (15.48 g, 52.83 mmol) and Pd{(Ph:P).(1.84 ¢,
15 1.69 mmnol) m 300 ml of toluene and 50 ml of ethanol was added p-tolylboronic acid (7.87 g,




CH)2 NH2 H3C SCHEME H %ear 4-Meth 1-5-nitox lic acid methyl ester 20 To a solution of
4'-methyl-5-nitro-biphenyl-3-carboxylic acid (10.00 g, 0.039 mol) in methanol was added SOC12(5.09
g, 0.043 mol) AT eaction mixture was allowed to warm to RT abd WE2HdlhEated to reflux
for 2 hours. The solvent was removed in vacuo to afford 4'- WO 2009/077365PCT/EP2008/066985
-55- Methy1-5-nitro-b p eny1-3-carboxylic acid methyl ester (9.72 g, 92%) as light yellow solid. MS
(M+H) = 2748 SteprdoH-Aminediddomstnd0oha 33T arsex ¢ asidme blhesigkr at RT. The
4'-Methyl-5-nitro-biphenyl-3-carbaxyli id methyl ester r C sing SnCI2 using.the 5
procedure S?agttgé} he aosfbﬁ%{gégrtgt%n% t%ra(féfglr%l %-ﬂ%ﬁ%ﬁﬁ%e&%y -bi?)%éﬂr%%%{é%?%&fﬁ#g %dcid methyl
ester, MS (RN-MyQ240d SeapagtB gt aethyiebiiohhwiinienrBoxpliceasishatetivg exrspted,
5-Amin0-4'#5@{56_/!{@.5&1@@M&é‘%gﬁaﬁ;}é{i&i@&i@{]ﬁﬁtbﬁhﬁm wes ﬂ*ﬁﬁ%@ﬁféﬁ&@gm%tbwat%@tl@%@e and
isoamy pitrate using.the procedure of ste reparation 6, to afford 5-iodo-4'-methyl-

oyt 3. AT BT RERT 1o 3 Gy A PPEA GRS Dheryt-crtoxi s
2-fluoro-5-ies bait-ymishydabip e/ 1-8-bEr bdxylicait. methyl ester, MS (M+H) = 371. Preparation 7:
3-lodo-545-methyl-n din-2-y1)-benzoic acid The synthetic procedure used in this preparation is
outlined befyesih Sehesmells-nitro-biphenyl-3-carboxvlic acid (2-methoxy-1-methyl-ethyl)-amide

EDCI (16.17 g, 84.38 mmol) was added portion wise to a stirred solution of 4'-methyl-5-nitro-

biphenyl-3-carboxylic acid (15.49 g, 60.27 mmol), HOBt (11.44 g, 84.38 mmol) and 2-amino-1-
10 methoxy-1-propane (7 ml, 66.31 mmoi) in NMP (9.29 ml, 84.38 mmol}, CH,Cl, {180 ml} and

DMF (20 ml) at 0 °C. The mixture was allowed to warm to RT and was stirred at the same

temperature for 14 hours. The reaction mixture was washed with 2N HCL, 2N NaQH, saturated
aqueous NaHCO;, brine, dried over anhydrous Na;SOq, filtered, and concentrated under vaccum
to give 4'-methyl-5-nitro-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-cthyl)-amide as a

15 yellow 0il (16.5 g, 83.5 %). MS (M+H) = 329,

Step 4 3-Amino-4'-methvi-biphenyl-3-carboxvlic acid (2-methoxy-1-methyl-ethvl)-amide

To a stirred solution of 4'-methyl-5-nitro-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-
ethyl)-amide (39 mmol) in 250 ml methanol was added SnCL (117 mmol) in one portion at RT.
The reaction mixture was heated to reflux for 3 hours. Solvent was removed under reduced

20 pressure and the residue was diluted with ethyl acetate and treated with saturated NaHCOs
solution. Solids were filtered off and the filtrate was washed with saturated aqueous NaHCOs,
brine, dried over anhydrous Na;SO, filtered and concentrated in vaccuo to give S-amino-4'-
methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl-amide as a yellow oil (10.5g,
90.3 %). MS (M+H) = 299,

25 Step 5 3-lodo-4'-methvi-biphenvi-3-carboxylic acid (2-methoxy-1-methyl-ethyi)-amide

A mixture of 5-ammo-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide

(5.3 g, 17. 8 mmol), iso-amyl nitrite (13.5 ml, 88.9 mmol) and diiodomethane (& mi, 106.7
mmol) was stirred at RT for 1 hour, The mixture was then heated to 65 °C and kept for 8 hours,
LC/MS indicated that reaction completed. The reaction mixture was cooled to RT and the

30 separation of iodobenzene from excess diiodomethane was effected by addition of the reaction
mixture at R7T to a stirred solution of piperidin-CH:CN (V/V = 90ml/90 ml). A vigorous

exothermic reaction ensued. The excess volatiie reagents were removed by rotary evaporation at



SCHEME Step 1 3-lodo-5-nitro-benzoic acid methyl ester To a solution of 3-iodo-5-nitrobenzoic acid
(20.00 g, 0.068 mol) in methanol (50 mL) was added 5 SOCI2(5.45 mL, 0.075 mol) at 0 C. The
reaction mixtuPERAELATi3Fed to warm to RT and was then heated to refllHFPHREGFLThe reaction
was cooled and solvent was removed in vacuo to gfford 3-lodo-5-nitro-benzoic acid methyl ester as
light yellow solid (20.67 g, 99%). MS (M+H) = 309. Step 23-Nitro-5-(4,4,5,5-tetramethyl-[1 3
2]dIOX(abor®en62 %)@?J%Qk&@@iﬂt@?%ﬂ'e@%tﬂ{cé&té salutionof Bskgde d%mtwr@mam@m@ldr})ethyé
ester (10 g, 0.0326 mo Inacolato ro 0.0358 m 9 0.098 mol) an
EaC15(lp o ST o R TSREL TG ) A B0 ARGl under N2
atmospherepidretrixdire wes thotesdd RTS andfextiadled withnEt 20roTiae gophbifetd organic phases

were washedwith brinesand died, Rves NagSOd. e Ralentwas ayapLales iadsk reduced pressure
and the resultln% crude 3- 15 nitro-5-(4,4,5,5- tetrameth§/141 3,21clioxaborolan-2-y1)-benzoic acid

methy! astdPSHAE BEH-tidaat ﬁéi?#ﬂ%ﬂ%fﬁiu{r?ﬁm% fed alep NS Boadit 7365PCT/EP2008/066985
-57- Step 33-(5-Methyl-pyridin-2-yl)-5-nitro-benzoic acid methyl ester To a solution of
2-bromo-5-fretylpyieied moaeghaappirsriate axRHRYAOPS! gt 2. fgrol) and K3P0O4(2.76 g, 13
mmol) in DME/&&MM—HB%W@@MQM acid (1-pyrazin-2-yl- ethy]) amide, MS (M+H) = 444;

3-nitro-5-(4455 etra eLrQl 1di xaborola 1)-benzoi l.ester ( %1 6.5mmol)
under N2 a mosp%ererpg’ t\éen&tu"r(ea%%x 4B Jec gé}‘/ C?mxh’:row%\ve tloélu? E\%@Qf r? 0.5 hours.

The reaction mixfifre was cooled and solvent was evaporated under reduced pressure. The residue
was purified Rysflash:cnmaiealaphy(HECA2NE QI IR AME photin-4-yi-cthyl)-amide, MS
3-(5-methyl-pyridin-2-y1)-5-nitro-benzoic acid methyl ester as a whlte solid e, 00 mg, 40%). Step 4
3-Amino-5-1 -be Bt H |d4f5methyl ester 10 To a solution of 3-(5-methyl-pyridin-2-y1)-5-nitro-benzoic
acid methybdster{4ng:tliv-Fiplangd-Mmeittanpliethid Bedtatdiovas! adddeSn@hnbtdhd bgA58)8 rrumol) at

RT. The reactlogl%ﬁ%ﬁ};ﬁaaenggg%gqur@ h@"r‘ﬁsaﬁﬁd then cooled. Solvent was removed under
reduced pressure and thé residue was dissolved in H20 and basified bvg/%addltlon of Na2CO3 to pH=9.

The mixture W48 éxﬁé@ﬁéd’wﬁﬁ?ﬁﬁ?&‘?‘yélﬁ&%ﬁé%émﬁ sl iaeRade dNGR waRY, brine, and
dried over 15 NaZSO4 The solvent was removed under reduced pressure to give
< ' ; ykdateeyB3.2g, 90%) as white solid. Step

51-lodo-5- 5- methhldth 2meth 1 ester
The synthetic procedure used in this preparation s outlined below m Scheme H.

Step 1 CHy
e g Step 2
MeCOH, .
MeS0,Cl MeOH,
O NO, O No, SnCl
H,C . H.C
C o
0 o “GH,

SCHEME H

Step 1 4'-Methvl-5-nitro-biphenvi-3-carboxvlic acid methvl ester

20 To a solution of 4'-methyl-5-nitro-biphenyl-3-carboxylic acid (10.00 g, 0.039 mol} in methano!
was added SOCL (5.09 g, 0.043 mol) at 0 °C. The reaction mixture was allowed to warm to RT

and was then heated to reflux for 2 hours. The solvent was removed 1 vacuo to afford 4'-



5-(5-methyl-pyridin-2-y1)-benzoic acid methyl ester was treated with methylene iodide and isoamy
nitrate using the procedure of step 5 of preparation 6, to afford 3-iodo-5-(5-methyl- 20
pyridin-2-y1)-BERZBIHE G methyl ester, MS (M+H) = 353. Step 6 3-lodo*sXEHHEHIRIH-2- 1 -benzoic
acid A solution of LiOH hydrate (82 mg, 1 94 mma}sn H20 (7 mL) was added dropwise to a
suspension of 3-iodo-5-(5-methyl-pyridin-2-y1)-benzoic acid methyl ester (526 mg, 1.49 mmol) in THF
(4 mL) at 0 ¥getif1es reaetisiphonxtorewas,all awe ehimwativrte R canebyyas 1sihiredientib B8 thesreaction
solution turaﬁggjnto gar. Solvent was removed under vaccum and the resulting aqueous solution was
acidified b to pH = 6-7. The resulting precipitate was collected and dried to afford
3-iodo-5-(5- methyl p r|d|n 2 yl) ben20|c a(:ld (470 mg, 3%) MS (M+H) = 340. Preparation 8:
RVRE A E358 thriester30-FHe synthetic procedure used in this

pre parat|orﬁlevhmﬁbrhédﬂuekbwhmﬁdwmmwadm%WaﬁﬁB&HEEZ&@&/S%E&&B@&@ SCHEME J
Step T 3 Bramean b paicanai ak 3aid 2xapg some%aﬁlb#?ﬁ(a@ e%%%)@x Fster
3-Bromo-5-iodo-benzoic acid methyl ester (14.16 g, 41.53 mmo s(pihacolato orane 5 (11.60 g,
45.7 rnmol)mF‘B@f?f&ﬁ}gﬁi\(iI@Z‘gz"@ 256 mmol) and potassium acetate (12.22 g, 124.6 mmol) were
addded to 50 mL of DMSO and the reactlon mixture was stlrred at 80 C for 20 hours, then cooled to

:3al, =2V ‘ 2 A aafith diethyl ether, The combined

organic eXt@%ﬁzWﬁ&%ﬂéﬂﬁﬁ %%Mgﬁ%@;glter% %@19%%‘&%@%@@% raeycRANFaRRUrE tO give
18.5 g of 3-bromo-5-(4,4,5,5-tetramethy141,3,21dioxaborolan-2- )-benzoic acid methyl ester,

which was BEEEGIRECHAT i h Erepsp WIS SR RN R B gﬁfgbdégoé?o?ne% ¥5-meth'din-2
-benzoié aditbmethIestbexAlmbdidr M RIBHOME53-methyl-pyridine (10.27 g, 59.68 mmol) and palladium
tetralcis(triphenylphosphine) (1.88 g, 1.65 nunol) in 300 mL DME was stirred at 60 C under nitrogen
for 15 30 minutesyT @rbpie it 2 ivasoaddee-3-hrampoiptdadi 3 2ddetametidlAdudddioxaborolan-2-
yl)-ben20| @merﬂyl ester (18.5 g, 54.25 mmol), followed by K3PO4 23.03 g, 108.5 mmol) in 40 mL
water. The re was refiuxed for eight hours, then cooled to RT and partitioned between water and
EtOAc. The comblned oranlc Iayers were washed with water dried over MgSO4, filtered and
concentratég-HHae: 2adgred ihpppeidines e ARSRZGIGARAY via flash

The synthetic procedure used in this preparation is outlined below in Scheme 1.



20 chromatography (5:1 EtOAc/hexanes) to give 8.5 g of 3-bromo-5-(5-methyl-pyridin-2-y1)- benzoic
acid methyl ester, MS (M+H) = 306. Similarly prepared were:

3-Bromo-5- (2‘8&6%9/ THifgthyl-pyridin-2-y1)-benzoic acid methyl ester, M& TAE|BLo8F:
3-Bromo-5-(2-fluoro-5-methyl-pyridin-2-y1)-benzoiggcid methyl ester, MS (M+H) = 325; and 25
3-Bromo-5-(5-chloro-pyridin-2-y1)-benzoic acid methyl ester, MS (M+H) = 327. Example 1:
5-(111-Imidazel l-)-4'-methy|-biphenyd> - am%xyllc acid (2- metboxy 1- gty Lcethyl) amlde WO

below in Sche
suspended in dry 5 d|oxane and 2 dry DI\/HEdno%pr,eactlon ottI stirred at RT for 5
minutes to férm & hom@geneous suspénsioh. CP{300 mg, 1.5'mmgl), Pd(OAC)2Na:8 mg, 0.0734
mmol), PPh3 (60 mg, 0.22 mmol) and 5-iodo-4'-methyl-biphen{<3-carboxylic acid
(2-methoxy-1-methyl-ethyl)- amide (300 mg, 0.7335 mmol) weré*ddgd to the above solution and
reaction mixture were heated to 150 under microwave irridiation for 45 minutes. The reaction mixture
was cooled, 10 diluted with watey, extracted with ethyl acetate, washed with brine, dried over Na2SO4,
N p‘rma@ratgy HPLC to give 165 mg of 5-

ethoxy-1- meliw(ethyl) amide (65 %), MS
ethyl-biphegyl-3-carboxylic acid (2

j ounds prepared by the above
procedure are shown in ag 1. Example 2. 5-(2- thyl mldazol 1-yi)-4'methyl-biphenyl-3-carboxylic
acid (1-pyrazin-2- yisethyl)-amide H.G

o} o}
CH,
step 6
LiOH, THF/H, o
® ’ >
N =N
H,C H,C

_q/

Step I 3-lodo-5-nitro-benzoic acid methy] ester

To a solution of 3-iodo-5-nitrobenzoic acid (20.00 g, 0.068 mol) in methanol (50 mL) was added

5 SOCL (545 mL, 0.075 mol) at 0 °C. The reaction mixturs was allowed to warm to RT and was
then heated to reflux for 2 hours. The reaction was cooled and solvent was removed in vacuo to
afford 3-lodo-5-nitro-benzoic acid methyl ester as light yellow solid (20.67 g, 99%). MS (M+H)
= 309.

Step 2 3-Nitro-5-(4.4.5,5-tetramethyl-[ 1,3.2]dioxaborolan-2-yl)-benzoic acid methyl cster

10 A solution of 3-iodo-5-nitro-benzoic acid methyl ester (10 g, 0.0326 mol), bis(pinacolato)di-
boron (9.1 g, 0.0358 mol), KOAc (9.5 9g, 0.098 mol) and PdClz(dppf) (798 mg, 0.98 mmol) n
DMSO (40 ml) was heated to 80 °C for 4 hours under N» atmosphere. The mixture was cooled
to RT and extracted with Et;0. The combined organic phases were washed with brine and dried
over NayS0O4. The solvent was-cvaporated under reduced pressure and the resulting crude 3-

15  nitro-5-{4,4.5,5-tetramethyl-[1,3,2}dioxaborolan-2-yl}-benzoic acid methy! ester was used

without purification in the next step.



The synthetic procedure used in this preparation is outlined below in Scheme L. WO
2009/077365PCT/EP2008/066985 -60- SCHEME L Step i
15-(2-Ethyl-imm%'%ﬂ?ffzm4'-methyl-biphenyl-3-carboxy|ic acid methyl Lt RTMRG N E o f
5-iodo-4'-methyl-biphenyl-3-carboxylic acid methylgster (2.0 g" 5.7mmol), 2- 5 ethyl-imidazole (1.1 g,
11.4 mmol), (L)-proline (0.26 g, 2.28 mmol), Cul (0.22g, 1.14 mmol) and K2CO; (1.57 g, 11.4 mmol) in
DMSO (30 sap)vas flaghiedaithN2dihenheatech oG adensipiitfdier cooling to RT, the reaction
mixture was. extracted with EtOAG. T ombine apic layer e.separated, . washed with water,
dried over gﬁhayﬁ?%tﬁ%nggé%ﬁg%%ﬁé ét,l %ﬁ%%%ﬂ a d%%c?enﬁlgrla ég ﬁ%gﬁé%%ggdgp‘%ggﬁiénﬁe residue
was purifie-BPildsih entémaroyiaphghdia0 @ran) was added 3-nitro-5-(4,4,5,5-tetramethyl- -
5-(2-ethyl-imidazab-kapkyidrmethybbipbepulaatkaxytic @cid anathyl asies as amdiig.s0lid (750 mg,
411%). Step 2 5:-(2-Ethyl-imidazql-1-y1)-4'-methyl-bipheny1-3-carboxylic acid ) ,
5-(z-Emfw-ﬁhﬁ%ﬂ?ﬁ%ﬁﬂ%ﬁ%@ﬁﬁﬂ%ﬁ%ﬂf&ﬁyﬁ%ﬁ?ﬂwﬁé)éac%f%%ﬁqwgétgﬁ%f%ﬁtmw%%issowed in
THF (14 mishanshladited (8lvahl) wandviypOkt diydidder¢dRB8dnepsdiie nThotr s addpdifisdas one portion.
The reactiog, mi | fé{ﬁ& ours,thel - \Was remaved under pressure.
Concentrat%%%%%ﬁ@g@gg in'gzo tB @%gnéa%i#g% asq?i%ﬂt%;smgo ut%ﬁ%@%ﬁgﬁ%ﬁ%ﬁ@%&é&? Q.|Iihe solution
was extractBefWittHEtene Vare i ERhBret Srganic layers were dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure to give
5-(2-ethy!-iBtdefz ol-DayilpA-ihrepipivhintiding -d oMint

b ; v -Eth -imidazol 4-meth 1-bi hen
3-carbey licrgGidh(lBY a3 £sWiethyl-pyridin-2-y1)-5-nitro-benzoic acid methyl ester (4 g, 14.7 mmol) in
methanol/ethyl acetate was added SaCh (11.15g, 58.8 mmol) at RT. The reaction mixture was
refluxed for 3 hours and then cooled. Solvent was removed under reduced pressure and the
residue was dissolved in H,O and basified by addition of Na;COs to pH=0. The mixture was
extracted with CH,Cly, and the organic phase was washed with water, brine, and dried over
15 Na;S0O4. The solvent was removed under reduced pressure to give 3-mmino-35-(5-methyl-

pyridin-2-y1)-benzoic acid methy! ester (3.2g, 90%) as white solid.

Step 5 3-lodo-5-(53-methyl-nyridin-2-v}-benzoic acid methvl ester

5-(5-methyl-pyridin-2-yl}-benzoic acid methyl ester was treated with methylene iodide and
isoamy nitrate using the procedure of step 5 of preparation 6, to afford 3-iodo-35-(5-methyl-
20 pyridin-2-yi)-benzoic acid methyt ester, MS (M+H) = 353,

step 6 3-lodo-5-(3-methvl-pyridin-2-vi)-benzoic acid
A solution of LiOH hydrate (82 mg, 1.94 mmol) in H,O (7 mL) was added dropwise to a

suspension of 3-iodo-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl ester (526 mg, 1.49 mmol)
in THF (4 mL) at 0 °C. The reaction mixture was allowed to warm to RT and was stirred until
25 the reaction solution turned into clear. Solvent was removed under vaccum and the resulting
_ aqueous solution was acidified by 10% HCl to pH = 6~7. The resulting precipitate was collected
and dried to afford 3-iodo-5-(5-methyl-pyridin-2-yl)-benzoic acid (470 mg, 93%). MS (M+H) =
340.

Preparation §: 3-Bromo-35-(5-methyl-pyridin-2-vD)-benzoic acid methyi ester

30 The synthetic procedure used in this preparation is outlined below in Scheme J.



ethyl)-amide WO 2009/077365PCT/EP2008/066985 -61-
5-(2-Ethyl-imidazol-1-y1)-41-methyl-bipheny1-3-carboxylic acid was subject to the amide coupling
reaction descrbR&EES"3 of Example 3, but replacing C-(5-methyl-pyraZHEBPERsHE hylamine with
1-pyrazin-2-yl-ethylamine, to give 5-(2-ethyl-imidazgj-1-y1)-4'-methytbipheny1-3-carboxylic acid
(1-pyrazin-2-yl-ethyl)-amide, MS (M+H) = 412. 5 Additional compounds prepared by the above
procedure are shown in Table 1. Example 3: o oL, 05 O~ci

3-(2-Isopropyl-imjdaz6ii -3,19:N-(5-methyl-pyraci -2-yrmethylgtsﬁe(5-methylpyrid n-2-yI)-benzamide

[ gedure Useghinihjs preparati 0 SCHEME M Step
-1 -beﬁjgzm%aqjlg; methy 9 a sqiyition of \ .
3-iodo-5-(5-methyl-pyaidin-2-y1)- eqﬂzagﬁﬁggicg methyl ester (500 mg, 1 I42/mo|) in DMSO (10 ml) was
added 2-Isopropylimidazole (312 mg,;88 mmol), Cul (54 mg, 0.288 mrf0l), N, N'-dimethylglycine
HC1 salt (79 mg, 0.567 mmol) and K2CJ%+(391 mg, 2.83 15 rnmol) under N2 atmosphere. The
mixture Wa§gﬁ§;&g }o 100 overnight. After cooling to RT , the mixture was diluted with H20 (15 m1).
The mixturéWwas extracted with EtOAc. The combined organic layers were washed with brine and dried
over Na2S04. The solvent was removed under reduced pressure. The residue was purified by flash
chromatog %619%9?_@%-( 4.4.5.5-tetramethyl-[1.3.2]dioxaborolan-2-yl)-benzoic acid methyl ester
3-Bromo-5-iodo-benzoic acid methy! ester (14.16 g, 41.53 mmol), bis(pinacolato)-diborane

5 {(11.60 g, 45.7 maol), PdClL(dppf), (1.02 g, 1.256 mmol) and potassium acetate (12.22 g, 124.6
mmol) were addded to 50 mL of DMSQO, and the reaction mixture was stirred at 80 °C for 20

hours, then cooled to RT. The reaction mixture was diluted with water and extracted with

diethyl ether. The combined organic extracts were dried over Mg SQy, filtered, and concentrated

under reduced pressure to give 18.5 g of 3-bromo-5-{4.4,5,5-tetramethyl-{ 1,3,2]dioxaborolan-2-
10 yI)-benzoic acid methyl ester, which was used directly in the next step without further

purification,

Step 2 3-Bromo-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl ester

A mixture of 2-bromo-5-methyl-pyridine (10.27 g, 59.68 mmo)) and palladium tetrakis(tri-
phenylphosphine) (1.88 g, 1.65 mmol) in 300 mL DME was stirred at 60 ° C under nitrogen for

15 30 minutes. To this mixture was added 3-bromo-5-(4,4,5,5-tetramethyl-{ 1,3,2]dioxaborolan-2-
yh-benzoic acid methyl ester (18.5 g, 54.25 mmol), followed by KsPG4 23.03 g, 108.5 mmmol} in
40 mL water. The mixture was refluxed for eight hours, then cooled to RT and partitioned
between water and EtOAc¢. The combined organic layers were washed with water, dried over
MgS0,, fiitered and concentrated under reduced pressure. The residue was purified via flash

20 chromatography (5:1 EtOAc/hexanes) to give 8.5 g of 3-bromo-5-(5-methyl-pyridin-2-yi)-
benzoic acid methyl ester, MS (M+H) = 306,

Stmilarly prepared were:

3-Bromo-5-(2-chloro-5-methyl-pyridin-2-yl)-benzoic acid methyl ester, MS (M+H) = 341;

3-Bromo-3-(2-fluore-5-methyl-pyridin-2-y)-benzoic acid methyl ester, MS (M+H) = 3235; and
25 3~Br0mo~5~(5~ch].or6—pyridin—2-yl)—benzoic acid methyl ester, MS (M+H) = 327,

Exampie {: S-(1H-Imidazol-2-yI)-4'-methy}-biphenyi-3-carboxylic acid (2-methoxy-1-
methyl-ethyl)-amide



WO 2009/077365PCT/EP2008/066 985 -62- EtOAc in hexanes) to afford
3-(2-isopropyl-imidazol-1-y1)-5-(5-methyl-pyridin-2-y1)-benzoic acid methé/l ester as an off-white solid
(270 mg, 57%}5’%%3??’%@-3 -Iso midin-2- -bemnzoic acid PCT/EP2008/066985
3-(2-1sopropyl-imidazol-1-y1)-5-(5-methyt-pyridin-2syl)-benzoic acid methyl ester (270 mg, 0.81 5
mmol was dissolved in 10 ml, MeOH, and 3N aqueous NaOH (1 mL) was added. The reaction mixture
was stirred sitR¥nistih pee ey sistb @nceio pegnimtedundersethicedniassw &, The residue was
acidified to pH 3 and extracted with EtOAc. The combined organic layers were dried over MgSO4,
filtered and concentratedgg@der dugasd pressure to give 234 mg of
3-(2-isopropylimidazol-1-y1)-5-(5-nTethyl-pyridin-2-y1)-benzoic acid. 16 o)
33-(2-Isopropyl-imidazotly LNN-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl;pyridin- 2-y1)-benzamide
3-(2-Cyclopropylmethy1-2H-pyrazol-3-yil)-5-(5-methyl-pyridin-2-y1)-bé¥zoic acid (0.234 g, 0.55 mmol),
C-(5-methyl-pyrazin-2-y f Rgthylarnifje (».044 %, P50, EDCI (0403 g, 0.54 mmo1l), HOBt
(0.073 g, 0.54 mmal), ang M (0.183-g,1.80 m jwere added to|[7 ml] of 15 dichloromethane. The
reation mixture {: Strred~for 48 hours at RT, then concentrated.uac eld pressure. The residue
was purified via flash-.chromatography (5:1 EtOAc/hexanes) @ N
3-(2-isopropyitimidazol-1-y1)-N-(5-methyl-pyrazin-2-ylmethy1)-545-methyl-pyridin-2-y1)- benzamide,
MS (M+H) = 427. Similarly prepared, using the appropriate amines in step 3, were: 20
N-CyclopropyB3v2 fsopropyl-imidazol-1-y1)-5-(5-methyl-pyridin-2-y1)-benza de, MS (M+H) = 361,
N-((S)-2-Hydroxy-I-methyl-ethyl)-3-(2-isopropyl-imidazol-1-y1)-5-(5-methyl-p idin-2- y1)- ~ benzami
ge(,zl\fs (M"i{hlll)ﬁzage%’zﬁmﬂlg, 2.9 mmol) arrlld }\/Ig() &60 mg, 2.9 mmol) were susgendeé 1;:]1 (?.S ml dry do. 25MS
-(2-Isopropyl-imidazal-1-y1)-5-(5-methyl-pyridin-2-y1)-N-(1-pyrazin-2-y 1-ethyl)-henzamide, 25M
(M+H) 542%%383?@% (%r%rﬁfo%%@npdrg%dag}%’g E{if%ﬁgnéﬁgvgdp%{o@g%rrg aFéug%Xé)gv%’riIﬁl Table 1. Example
4: Formulation®sPitamsicenticnl re@afamens Torrdd ey raioums. b 07ed areotdMbidféd as shown

in the followjpgoTables, jAcIveJagredient | Y Ralive corRPMNE Ae Wsarbin e Jablespneans one or
30 more of the Comdoounds of Formula I. ) , ,
armde (300 mg, 4.7333 mmol) were added to the above solution and reaction mixture were

heated to 150  under microwave rridiation for 45 minutes. The reaction mixture was cooled ,

LCH,

10 diluted with water, extracted with ethy! acetate, washed with brine, dried over Na,580,, filtered
and concentrated in vacuo. The residue was purified by preparative HPLC to give 165 mg of 5-
(1H-Imidazol-2-y)-4"-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide
(65 %), MS (M+H) = 350,

Similarly prepared was 5-(1H-Indol-2-y1)-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-
15  methyl-ethyl}-amide, MS (M+H) = 399,

Additional compounds prepared by the above procedure are shown in Table 1.

Example 2: 5-(2-Ethyl-imidazol-1-yl}-4'-methyl-biphenyl-3-carboxylic acid (1-pyrazin-2-
vl-ethyl)-amide

The synthetic procedure used in this preparation is ovtlined below in Scheme L.



WO 2009/077365PCT/EP2008/066985 -63- Composition for Oral Administration Ingredient % wt./ wt.
Active ingredient 20.0% Lactose 79.5% Magnesium stearate 0.5% The ingredients are mixed and
dispensed intc}y&b‘}gfﬁggs&%ntaining about 100 mg each; one capsule W&ﬁ%’ﬁ%?ﬁﬁ?ﬁ??ﬁ?e a total daily
dosage. Composition for Oral Administration Ingregdignt % wt./wt. Active ingredient 20.0% Magnesium

stearate 0.5%
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SCHEME L

Sten 1 5-(2-Ethyl-imidazol-1-yD-4'-methyl-binhenvl-3-carboxvlic acid methyl ester

A mixture of 5-10do-4’-methyl-biphenyl-3-carboxytlic acid methyl ester (2.0 g, 5. 7mmol), 2-

5 ethyl-imidazole (1.1 g, 11.4 mmol), (L)-proline (0.26 g, 2.28 mmol), Cul (0.22¢, 1.14 mmol) and
K2COs (1.57 g, 11.4 mmol) in DMSO (30 mL) was flushed with N», then heated to 100°C
overnight. After cooling to RT, the reaction mixture was extracted with EtOAc. The combined
organic layers were separated, washed with water, dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was purified by flash chromatography to

10 afford 5-(2-ethyi-imidazol-1-yl)-4'-methyl-biphenyl-3-carboxylic acid methyl ester as a white
solid (750 mg, 41.1%).

Step 2 5-(2-Fthyl-imidazol-1-y])-4'-methyl-biphenyl-3-carboxylic acid

5-(2-Ethyl-imidazol-1-yl)-4"-methyl-biphenyl-3-carboxylic acid methyl ester (750 mg) was
dissolved in THF (14 mL) and water (8 mL), and LiOH hydrate (128 mg, 3.1 mmol) was added
15 as one portion. The reaction mixture was stirred at RT for 3 hours, then THF was removed
under reduced pressure. Concentrated HCI was added into the remaining aqueous solutionto
adjust the pH to~6. The solution was extracted with EtOAc, and the combined organic layers
were dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to

give 5-(2-ethyl-imidazol-1-yl)-4'-methyl-biphenyl-3-carboxyvlic acid

20 Step3 5-(2-Ethyl-imidazol-1-vD)-4'-methvl-biphenvl-3-carboxvlic acid (I -pvrazin-2-yl-
ethyl)-amide




Crosscarmellose sodium 2.0% Lactose 76.5% PVP (polynnylpyrrolidme) 1.0% 5 The mgredients are
combined and granulated using a solvent such as methanol. The formulation is then dried and (bulled
into tablets (cc}’g‘fh’rﬂ‘?w&—’gﬁéut 20 mg of active compound) with an approgifat&&4BfEtsiEthine.
Composition for Oral Administration Ingredient Amgunt Active compound 1.0 g Fumaric acid 0.5 ¢
Sodium chloride 2.0 g Methyl paraben

5-(2-Ethyl-imidazol-1-y])-4-methyl-biphenyl-3-carboxylic acid was subject to the amide

coupling reaction described in step 3 of Example 3, but replacing C-(5-methyl-pyrazin-2-yl)-
methylamine with ]-pyrazin-2-yl-ethylamine, to give 5-(2-cthyl-imidazol-1-y1)-4'-methyl-
biphenyl-3-carboxylic acid (1-pyrazin-2-yl-ethyly-amide, MS (M-+) = 412,

5 Additional compounds prepared by the above procedure are shown in Table 1.

Example 3:  3-2-Isopropyl-imidazol-1-y}-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-
pyridin-2-yl)-benzamide

The synthetic procedure used in this preparation is outlined below in Scheme M,

(|3H3 ?Hs
Step 1
s O — 0 . 0s_ O Step2 |
NaCH

N CH,
()
N CH,

10

To a solation of 3-iodo-5-(5-methyl-pyridin-2-yh-benzoic acid methyl ester (500 mg, 1.42
mmol) in DMSO (10 ml) was added 2-Isopropylimidazole (312 mg, 2.83 mmol), Cul (54 mg,
0.283 mmol), N, N’-dimethylglycine HCI salt (79 mg, 0.567 mmo?) and K»>COs (391 mg, 2.83
15 mmol) under N; atmosphere. The mixture was heated o 100 overnight. After cooling to RT,
the mixture wag diluted with H>O (15 ml). The mixture was extracted with EtOAc. The
combined organic layers were washed with brine and dried over Na;SO. . The solvent was

removed under reduced pressure. The residue was purified by flash chromatography (30%-75%



0.15 g Propyl paraben 0.05 g Granulated sugar 25.5 g Sorbitol (70% solution) 12.85 g Veegum K
(Vanderbilt Co.% 1.0& Flavoring 0.035 ml Colorings 0.5 mg Distilled water g.s. to 100 ml WO

2009/077365

$088/066985 -64- The ingredients are mixed to forht X FEPEKETEN for oral

administration. Parenteral Formulation -60-

10

I5

20

235

30

EtOAc in hexanes) to afford 3-(2-isopropyl-imidazol-1-y1)-5-(5-methyl-pyridin-2-yf)-benzoic
acid methyl ester as an off-white solid (270 mg, 57%).

Step 2 3-(2-Isopropyi-imidazol-1-yh-5-(3-methyl-pyridin-2-vi}-benzoic acid

3-(2-Isopropyl-imidazol- 1-yl}-5-(5-methyl-pyridin-2-yI)-benzoic acid methyl ester (270 mg, 0.81
mmol was dissolved in 10 mL. MeOH, and 3N aqueous NaOH (1 ml) was added. The reaction
mixture was stirred at RT for three hours, then concentrated ﬁnder reduced pressure. The residue
was acidified to pH 3 and extracted with EtOAc. The combined organic layers were dried over
MgS0,, filtered and concentrated under reduced pressure to give 234 mg of 3-(2-isopropyl-
imidazol-1-yh)-5-(5-methyl-pyridin-2-yl)-benzoic acid.

Step 3 3-(2-Isopropvl-imidazol-1-vh-N-(5-methvl-

2-v])-benzamide

3-(2-Cyclopropylmethyl-2H-pyrazol-3-yl)-5-(5-methyl-pyridin-2-yl)-benzoic acid (0.234 g,
0.55 mmol), C-(5-methyl-pyrazin-2-yl}-methylamine (0.044 g, 0.36 mmol), EDCI (0.103 g, 0.54
mmoi), HOBt (0.073 g, 0.54 mmol), and NMM (0.183 g, 1.80 mmol) were added to 7 mL of
dichloromethane. The reation mixture was stirred for 48 hours at RT, then concentrated under
reduced pressure. The residue was purified via flash chromatography (5:1 EtOAc/hexanes) to
give 3-(2-isopropyl-imidazol-1-yl)}-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridin-2-yl)-
benzamide, MS (M-+H) = 427.

Similarly prepared, using the appropriate amines in step 3, were:

N-Cyclopropyl-3-(2-isopropyl-imidazol-1-y1)-5-(5-methyl-pyridin-2-yl)-benzamide, MS (M+H)
=361,

N-((S)-2-Hydroxy-1-methyl-ethyl)-3-(2-isopropyl-imidazo-1-y[)-5-(5-methyl-pyridin-2-y1)-
benzamide, MS (M+H) = 379; and

3-(2-1sopropyl-imidazol-1-y1)-5-(5-methyl-pyridin-2-y1)-N-( 1-pyrazin-2-yl-ethyl)-benzamide,
MS (M+H) = 427.

Additional compounds prepared by the above procedure are shown in Table 1.
Example 4: Formulations

Pharmaceutical preparations for delivery by various routcs 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.



Ingredient % wt./wt. Active ingredient 0.25 g Sodium Chloride gs to make isotonic Water for njection
100 ml The active ingredient is dissolved in a portion of the water for injection. A sufficient quantity of
sodium chloria’%‘)@(’fﬁgﬁ%@ded with stirring to make the solution isotonic P¥HEESHEH615E made 5 up to
weight with the remainder of the water for injectiongfiltered through a 0.2 micron membrane filter and
packaged under sterile conditions. Suppository Formulation Ingredient % wt./wt. Active ingredient
1.0% Polyethyiensa:iatyeel Q08 dMiBdeRelyethylene glycol 4000

Ingredient Ye wi./wt,
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

The ingredients are mixed and dispensed mto capsules containing about 100 mg each; one

capsule would approximate a total daily dosage.

Composition for Oral Administration

Ingredient % wi./wt,
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactosc 76.5%
PVP (polyvinylpyrrolidine) 1.0%

The ingredients 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.

Composition for Oral Administration

Ingredient Amount
Active compound 1.0g
Fumaric acid 05g
Sodium chloride 20¢
Methyl paraben 0.15¢
Propyl paraben 0.05¢g .
Granulated sugar 235¢g
Sorbitol (70% solution) 1285 ¢
Veegum K (Vanderbilt Co.) 1.0g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water g.s. to 100 ml




24.5% The ingredients are melted together and mixed on a steam bath, and poured into molds
containing 2.5 g total Weig_ht. 10 Topical Formulation Ingredients Grams Active compound 0.2-2 Span
60 2 Tween 689 Fif&TE%il 5 Petrolatum 10 Methyl paraben 0.15 Propﬁ‘fﬁ?gbeé‘woé?@?

10

-6

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

Parenteral Formulation

Ingredient Yo wi.fwit,

Active ingredient 0.25¢g

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 wi./wt.
Active ingredient £.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 02-2
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




BHA (butylated hydroxy anisole) 0.01 Water g.s. 100 WO 2009/077365PCT/EP2008/066985 -65- All
of the ingredients, except water, are combined and heated to about 60C with stirring. A sufficient
guantity of wale? ?R 3{66’3?3600 is then added with vigorous stirring to entutd @P & Pr%?%’dlents and
water then added g.s. about 100 g. Nasal Spray Fgemulations 5 Several aqueous suspensions
containing from about 0.025-0.5 percent active compound are prepared as nasal spray formulations.
The foimulaﬂonsmpﬁi@malbnﬁpmaipt maetivec agrddiehisdshieh-as, egut miﬂm@ty&tauiﬁ@ @ellulose,
o e R aRPS8 I lise ARt G A IONS Sy DR ARG adlust pH.
The nasal spray%r%u atPens may ivered via a nasal spra‘il me ereénfiump F y delivering
about 50-10@wRtlErtiters wrifatinladitl perabowdfitation. A typical dosing schedule is 2-4 sprays every
4-12 hours. Example 5: P2X31P2X213 FLIPR (Fluorometrie Imaging Plate Reader) Assay CHO-RI
cells were tiass et komed rat P2X3 or human P2X213 receptor subunits and passaged in
flasks. 18-24 hours before the FL1PR experiment, cells were released from their flasks, centrifuged,
and resgspsaded a@u@@ugleabmﬁdﬂsmbaﬁa&ﬁg(ﬁﬂ%a@eusamﬂme weligweredd aiguatac o
black-walled 9% -well Q{ate&s Ormu ens I%/ Oooigelllslwe%_ “Fg%m% ki)na;[eeg cl)‘yei%m%g1 ir 5% COZ at
37C. On th& dﬁa Fofthe Bxperiment, cells were W%lShO a i Ct()) Caloitimesh nswaslléneswm free
Hank's balasceg %ﬂ@é‘lﬂt‘i@hﬂ@ﬁﬁ#ﬂﬁﬁ ERES) Qubyosis! RIssm Wﬁr@ﬁem@bﬂ# ER). Each well

received 1G,pidcBRRANOR & the-Huorapceptidyaikai3MY 2 AMAnal Gened ddfier.a 1 hour dye
loading incubation %t 37C, the cells were, W shed 4 20 times with FB, and a[?flt aI 75 lll/well FB was left
AR

in each well T3t ?Wﬁ%ﬂﬂ%ﬁg TSNS D gﬁr&g WimCahe uF8 '#B5%r vehicle
were atideddoaimch Avelbi@bdob ok ackX sl stibh pamg allowdd tdhegsilibrate for 20 minutes at RT. The
plates were then placed in the FLIPR and a baseline fluorescence measurement (excitation at 488 nm

and emissigr:ah$id6:5702VPvas PhIERgHIEdesac tResihe LRI pllseiagonist or 25 vehicle
addition. The agonist was a 2X solution of 043-meATP producing a final concentration of | pM (P2X3)

or 5 riM (P2X23.%) EJH%&%&%W@@MM&Q@P@Q éﬂﬁﬁ%ﬁ@z&m'%éﬁﬁ}@&%xﬁ%%@ intervals after
agonist addition. A final addition of ionomycin (5 pM, final concentration) was made to each well of the

FL1PR tes%fé%%e?onbg?é%mshgc?éW%Wzﬁ%&erﬁa}% ﬁ’r‘ﬁcf%t}%s'&ﬂﬁé’ée’éﬁf&ifésﬁ%ﬁﬂﬂl BBsolic calcium.

Peak fluoredakrncerttifespomgerteuipended in nutrient medium at 2.5 x 107 cells/ml. The cells were
15 aliquoted into black-walled 96-well plates at a density of 50,000 cells/well and incubated

overnight in 5% CO; at 37°C. On the day of the experiment, celis were washed in FLIPR buffer

{calcium-~ and magnesium-free Hank’s balanced salt solution, 10 mM HEPES, 2 maM CaCly, 2.5

mM probenecid; FB). Each well received 100 ui FB and 100 ul of the fluorescent dye Fluo-3

AM [2 uM finzal conc.]. After a 1 hour dye loading incubation at 37°C, the cells were washed 4
20 times with FB, and a final 75 pl/well FB was left in each well.

Test compounds (dissolved in DMSO at 10 mM and serially diluted with FB) or vehicle were
added fo each well (25 pl of a 4X solution) and allowed to equilibrate for 20 minutes at RT. The
plates were then placed i the FLIPR and & baseline fluorescence measurement (excitation at 488
nm and emission at 510-370 nm) was obtained for 10 seconds before a 100 ul/well agonist or

25 wehicle addition. The agonist was a 2X solution of ¢,B-meATP producing a final concentration of
FuM (P2X5) or S oM (P2Xas). Fluorescence was measured for an additional 2 minutes at 1
second intervals after agonist addition. A final addition of ionomycin (5 uM, final
concentration) was made to cach well of the FLIPR fest plate to establish cell viability and
maximum fluorescence of dye-bound cytosolic calcium. Peak fluorescence in response to the

30 addition of a,p-meATP (in the absence and presence of test compounds) was measured and



30 addition of a43-meATP (in the absence and presence of test compounds) was measured and WO
2009/077365PCT/EP2008/066985 -66- inhibition curves generated using nonlinear regression.
PPADS, a staWéh"r?iPW%@ntagonist, was used as a positive control. Usiﬁﬁl‘tﬁ?gﬁ%‘{?@g ocedure,
compounds of the invention exhibited activity for the;P2X3 receptor. The compound
3-(2-ethyl-imidazol-1-y1)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridin- 5 2-y1)-benzamide, e.g.,
exhibited aiplbiibotaparuimatelydupndonihe RXIitacHRADHRGHAEE0 FIOREzonist, was
5-(2-isopr08¥édransigazgllt-.%;yl é‘rgimethyl-biphenyl-3-carboxy|ic acid (1-pyrazin-2-ylethyl)-amide showed
a pKi of approxima@y 733 or the P2X213 receptor, using the above assay. Example 6: In vivo Assay
for Asthma and Lung Function BALb/cJ mice are immunized with a standard immunization protocol.
Briefly, mict B (RESIYD AP S InSARAS Y P F%W%\?&i‘bﬁfﬁ’i%“(-‘éﬁfi\‘;‘%%bﬁ%‘%’&ﬁ%ﬁ‘&’éys 0 and
14. Mice aréithermmphatiéAdedtithradreselizdNaY-An{884)poredayg 2naiid 22 -Ariwthid-pecéive vehicle
(p-0) ots2 compaUnR Al ITYERGRN AR IMG/gRooh l Scting: o, 93k A hfiaction is

evaluated on"day 23 using the Buxco system to measure PenH in response to an aerosol
methacholife 8RR Rgé- Mrerakdntire ki 8t s diphsama sabpgiccsibtiduratine 15 end of the
study. Exarnpie)-anida e dtd pes d iBiacdsiem@optraititn tAsBay esgieSpiag ve: Riaweyssats
(200-300g) were anesthetized with urethane (1.5 g/kg, sc). The animals were tracheotornized, and a

carotid artegy aagifemonal Meinawaierannsitadfer blped-RreasHre measurement and drug
administration, respectively. A laparotomy was performed and 20 the ureters were ligated and

ransected RiopmRHiAdNR IgRNAn.Jbe extemalueibALnEaR s laatad wil stk suture and the

urinary bladder was annulated via the dome for saline infusion and bladder pressure measurement.
Followirty aY5E3004m ek israpmizastich HEriotribeiiddie was s fiséanmHRT SammhétatMoe i.d/min

until continggusslpmeriRdusetHaddariconiastions MIBEavere absaryadetheLrinfusion rate
was then lowered to 3-5 itllrgin for 30 minut é bergzlre thg) bh’;\dde,r was drajned and allowed to rest for
g ?fm 3

30 minutes. A(fr)s?fﬁlscé’(ﬁlﬁ’é)ﬁfl I’ﬁ{ltSI RIS Re fhofatad %&g@b the lower infusion rate was
maintained for only 15 minutes instead of 30 minutes. Bladder filling and draining cycles were
repeated uﬁﬁ%@’fﬁ?@%ﬁﬁ&%ﬁﬁﬁéﬁ\??W@éﬁﬁ@%éﬁé@%@ﬂ@ﬁéﬁﬁ@lﬁ}é‘f REPRIGBladder
- contraction)arasie chbydeigsith analiofgfoxinaronse cutiveeaseinesmd/@mples collected at the
20‘69/0]757365POCf'{{leESPtg‘g)Bp8/066985

end

Example 7: Volume Induced Bladder Contraction Assay

Female Sprague-Dawley rats (200-300g) were anesthetized with urethane (1.5 g/kg, s¢). The
animals were tracheotomized, and a carotid artery and femoral vein were cannulated for blood
pressure measurement and drug administration, respectively. A laparotomy was performed and

20  the ureters were lipated and fransected proximal to the lgation. The external urethral meatus
was ligated with sillc suture and the urinary bladder was cannulated via the dome for saline

infugion and bladder pressure measurement,

Following a 15-30 minute stabilization period the bladder was mfused with RT saline at 100
wl/min until continuous volume-induced bladder contractions (VIBCs) were observed. The

25  infusion rate was then lowered to 3-5 pl/min for 30 minutes before the bladder was drained and
allowed to rest for 30 minutes. All subsequent infusions were performed as indicated except the
lower infusion rate was mamtained for only 15 minutes instead of 30 minutes. Bladder filling
and draining cycles were repeated until the threshold volumes (TV, the volume needed to trigger

the first micturition bladder contraction) varied by less than 10% for two consecutive basclines



-67- and contraction frequency was within 2 contractions for a 10 minute period following the slower
infusion rate. Once reproducible TVs and VIBCs were established the bladder was drained and the
animal was do¥8dWith tfdg or vehicle (0.5 ml/kg, ix.) 3 minutes prior to &/ SR YP 18 next scheduled
infusion. 5 Example 8: Formalin Pain Assay Male gprague Dawley rats (180-220 g) are placed in
individual Plexiglas cylinders and allowed to acclimate to the testing environment for 30 min Vehicle,
drug or positivesontiah{ MefRhiedsmake) iscadmirisiesed subsirneays awiihhikgsidvanm post
dosing, formalin (59441 50, ud). 5 njseted nio Rianiar surface of the 9h/ind paw sing, 3 26-gauge

. Onicd 1t
needle. RafS are imme |3%el9: Bt ack to ervation chamber. Mirrors placed around the

chamber altbéevinilitiey deseshsshiitip arofthdorohhallfinjectddrpaies Pher dutbtiserofiteriskiensive
behavior ofgachanigradiisrecorded by a blinded observer using an automated behavioral timer.
Hindpaw licking and shaking / lifting are recorded separately in 5 min bin, for a total of 60 min. The

sum of gm%ﬁgﬁgﬁéigking&[ﬂ%ﬁ?gﬂi §§§:onds from time O to 5 min is considered the early phase,

whereas the late 15 phase Is takenas the sum of seconds spent licking or shaking from 15 to 40 min. A

plasma sample s collected, Exa . Calon Pain Assay. Adult male Spragye-Dawley rats (350-425
G Harian. TG SRCAIE TR Sra H LR 178 50 R I S ST Rt A by
anesthetized withnpesioibatbitalesodiomni@s fagRgir0Vativinistesed intitaperitonddihprBiaettodes are

placed andsegured.intonthe-cxiernal abligyemuscilatre for sleclramyogianhisAEMeg) fegording.

Electrode leads are tunneled subcutanequsllxé,and exteriorized at the nagre of the neck for future

access. AftTFETRGLTG, RAMCE P 6T QBT SERL rAns P ah B Dot B Yo RERTS R8T S amBesid Bior to

testingl@ h@mmmmgo(beémtmmthmw:mMiﬁodiﬁt_kndéddaynqusmmn@mwﬂedlﬁnﬂaﬁ@n of a 7-_8
cm-long 250‘3&@%&'93!&0@5%&*8?#]99&%&@8eé{&imr?‘ﬂ%ﬁ#@ﬁﬁﬁb&&E‘iﬁ}!%ﬁ‘&@@@ﬁ%&%%&%ﬂamﬁf ted into the

colon via the anus, and anchored by taping the balloon catheter to the base of the tail. Colorectal
distension (ERIIGIIEAEVBE b BHERINGE 81 8roRPiAke 6 IO EY Hstan t Preérst dicdnerast rvoir,
Intracolonicipresguletiscontebetangcanindcusly MmoMiloies Dy FPEaSTR soniolideviee: Response

s quantiieg g, ihe iseeromolor,respanse, (WYIRY,  contiadiion o the abdominal and 30 pindlimb
musculature. activity produced by contraction of the external oblique  Wo'

2009/0%736BEC TR0 81086985ce@dmpsetlting 15 dakmeffeenuking Bpike2'spftre (Cambridge
Electronic Resighy &ashdistension trial lasts 60 sec, and EMG activity is quantified for 20 sec before
distension (baseline), during 20 sec distension, and 20 sec after distention. The increase in total
number of %ﬂ%?o%&%ﬂlﬂﬂg Aqg}ension above baseline is defined as the response. Stable
baseline

Adult male Sprague-Dawley rats (350-425 g; Harlan, Indianapolis, IN) are housed 1-2 per cage
in an animal care facility. Rats are deeply anesthetized with pentobarbital sodium (45 mg/kg)
20 administered intraperitoncally. Electrodes are placed and secured into the external oblique
musculature for electromyographic (EMG) recording. Electrode [eads are tunneled
subcutaneously and exteriorized at the nape of the neck for future access. Afier surgery, rats are

housed separately and allowed to recuperate for 4-5 days prior to testing.

The descending colon and rectum are distended by pressure-controlled inflation of a 7-8 cm-long
25 flexible latex balloon tied around a flexible tube. The balioon is lubricated, inserted into the
colon via the anus, and anchored by taping the balloon catheter to the base of the tail. Colorectal
distension {CRD) is achicved by opening 2 solenoid gate to 2 constant pressure air reservoir,
Intracolonic pressure is controlled and continuously monitored by a pressure control device.
Response s guantified as the visceromotor response (VMR), a contraction of the abdominal and

30 hindlimb rmusculature. EMG activity produced by contraction of the external oblique



5 responses to CRD (10, 20, 40 and 80 mmHg, 20 seconds, 4 minutes apart) are obtained in
conscious, unsedated rats before any treatment. Compounds are evaluated for effects on responses

to colon disteﬁ’%%?‘?‘f%ﬁ&ﬁ?fin a model of acute visceral nociception and A ThEIBioesih

hypersensitivity produced by intracolonic treatmengyith zymosan (1 mL, 25 mg/mL) instilled into the
colon with a gavage needle inserted 10 to a depth of about 6 cm. Experimental groups will consist of 8
rats each. Aaigtelviseckajunoricepiionshetestingreffectsaf drogondeuagigcatalnociception, 1 of 3
doses of dryg, vehicle ositive contrgl (marphine, 2.5 e administered.after baseline
responses g%%%?%ﬁ?ﬁ%(% ;Sr%egs?oegh%ngsﬁ?g%%?éﬁt lon uraélt%l%%ﬁ%r tmg%%§{6g8930 minutes. Visceral
hypersensitRaty!iTor destin §0cie st oraru el epiciéatsiapipac dlsrinc et ane\pmas 9y mosan,
ir:ltfaCO|0niCréEGﬁtéﬂ %631&% givan aﬁ%&meﬂ@% &wmiﬁaefﬁﬁ@ﬁgﬂwiﬂaﬁ&lsﬂm phigdesting at 4 -
ours, responses to di jon_are assesse establish, t resence ersensitivity. In
ymosatn PORE RIS G R i iy AF oeha S G, VOMIAEY PAS N R (morphine, 2.5
mg/kg) are @nemdshowesadtoryiniosarmrestimertt and responses to distension followed over the next
60-90 minutes. 20 Example 10: Cold allodynia in Rats with a Chronic Constriction Injury of the Sciatic
Nerve The efiegtanafscompounds Hdf tifsctnventipomes eold aladyaisiarsmsieisrmineddisuty the chronic

constriction inj r‘y,&h %I mo?etl. of neur icf ininr ng.gec lﬁd lladyni islme suredina
colwater L S B S B e ture 26 of 3.4

C (Gogas, Kermspayithpengesid ! ndo 25 3ng'vd)) opdisfidamibemioparihreanestsetizaasard trifurcation

of the soiatic nesye: isflaeated-and:4oligakmesdtddds Qibcarshremicgutiare placed circumferentially
around the sciatic nerve proximal to the trifurcation. The rats are then allowed to recover from the

surgery. Onydays s L AHeERLUIGAYFIPRIAS %&93&6&%@&5@&&@%&9&&9&9@&9&&% glledynia by

individually placing the 30 animals in the cold-water bath and recording the total lifts of the injured paw
during a 1-RiAT & CFREESRerSES SRS DOTE0B6985264) HerdaBitmTE AFeifiRed paw is lifted out
of the wateredpanyelifiscasabtihtededibniesamitianion bedyltepasiteningnare dloboeciorded. Rats that
displayed 5 lifts per min or more on day 4-7 following surgery are considered to exhibit cold allodynia

and are usedsinsuUbsealantisiydies: dhe aeutestudiess vahiclearelaranassomparng wrcompounds
of this invention are.admi%istered 5 subcytane usl}ésg?,c.) 30 min beforeg#%%ie%g The effects of

repeatéd adrinelAHBACOPHE EEHSBUREY B IVERTSR BTS2 & S Aflifed 14, 20 or
38 h followitasfitlzeriddtooral Weammsof theifolowingaegirrren toesthbpsb Jhagministrafion of vehicle,

reference of.a compaund afAhis inveation ak; & mintenals (B IR fard days.Examplg1 1: Cancer
Bone Pain in C3H/lleJ Mice = .
positive control (morphine, 2.5 mg/kg) are given 4 hours after zymosan treatment and responses

to distension followed over the next 60-90 minutes.

20 Example 10: Cold allodynia in Rats with a Chronic Constriction Injury of the Sciatic

Nerve

The effects of compounds of this mvention on cold allodynia are determined using the chronic
constriction injury (CCI) model of neuropathic pain in rats, where cold allodyniz is measured in
a cold-water bath with a metal-plate floor and water at a depth of 1.5-2.0 cm and a temperature

25 0f3-4°C (Gogas, K.R. ¢t al., Analgesia, 1997, 3, 1-8).

Specifically, CCI, rats are anesthetized; the trifurcation of the sciatic nerve is located and 4
ligatures (4-0, or 5-0 chromic gut) are placed circumferentially around the sciatic nerve proximal
to the trifurcation. The rats arc then allowed to recover from the surgery. On days 4-7 after
surgery, the rats are mitially assessed for cold -induced allodynia by individually placing the

30 animals in the cold-water bath and recording the total lifts of the injured paw during a 1-min



10 The effects of compounds of this invention on bone pain are determined between Day 7 to Day 18
following intramedullary injection of 2472 sarcoma cells into the distal femur of C3H/HeJ mice.
Specifically, NEF&YA72%imor cells (American Type Culture Collection, PATEE{PEIusly shown to
form lytic lesions in bone after intramedullary injeciign, are grown and maintained 15 according to
ATCC recommendations. Approximately 105 cells are injected directly into the medullary cavity of the
distal femupénianesibeiizad GabHedmicr.Baginning-an-abam Paydothe-aice aseoarspased for

spontaneous nogifensive behaviors (flinchi réi.ing;g lon-evoked nocifensive.behaviors
inching & BuatA ) ar0eA S BLory Bt e T T SHELIE BT B ARL i of ths

invention afeliyataesimed felfowirdglerasngratdet e (Gaodromaritistet on sobsBayy sthdss 15t In

addition, the.efteeisiirepeater, (B Rdminisiialion QheRmrrundsehitisdaveniiamiram.bay 7 - Day
15 are d?:ater inted within 1 hgsx\(x of tg%firs@ d,oseﬂon D 3‘73?9’ 11, 13 and 15 _V\_/hl|$ the present
invention ha& BEEHRUELCHely WP HFEAEETS ¢ eseﬁ%éfﬁ(? S ETHASRILHaER e i Should be
understoodebythests skifiedrivetitioart irdd viirious etradegesimaly! be2thade® hridi2bieg tivddents may be

substituted yjthgut &QH@EH[P&J@%HE%&W%r_%PdFiLQQG%Wt%tQ%YQQq@ﬁréHCQQQHion’ many

modifications may be made to adapt a particular situation, material, composition of matter, process,
process steﬁ?%?%‘fn%f@b‘%ﬁ@’%%é@ﬁiﬁ?%ﬁ%&é 8t th#Bresent invention. All such modifications
are intended to be within the scope of the claims appended hereto WO
2009/0773é5pwridER2 0081086998 Fain | sifiEHeJMistnpound of foiliula I: (1) or pharmaceutically
acceptab e salts thereof, 5 wherein: Rl is optionally substituted imidazoly1;

10 The effects of compounds of this invention on bone pain are determined between Day 7 to Day

18 following intramedullary injection of 2472 sarcoma cells into the distal femur of C3H/Hel
mice.
Specifically, NCTC 2472 tumor cells (American Type Culture Collection, ATCC), previously
shown to form lytic lesions in bone after intramedullary injection, are grown and maintained

15 according to ATCC recommendations. Approximately 10° cells are injected directly into the
medullary cavity of the distal femur in anesthetized C3H/HeJ mice. Beginning on about Day 7,
the mice are assessed for spontaneous nocifensive behaviors (flinching & guarding), palpation-
evoked nocifensive behaviors (flinching & guarding), forced ambultory guarding and lmb use.

- The effécts of compounds of this invention are determined following a single acute (s.c.)

20 administration on Day 7 — Day 15, In addition, the effects of repeated (BID) administration of

compounds of this invention from Day 7 — Day 15 are determined within 1 hour of the first dose

onDays 7,9, 11, 13 and 15.

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

appended hereto.



R2 is optionally substituted phenyl, optionally substituted pyridinyl, optionally substituted pyrimidinyl,
optionally substituted pyridazinyl or optionally substituted thiophenyl; R3 is hydrogen; Ci.6alkyl;
hctero-C1_6alkyl; or cyano; 10 R4 is hydrogen; Cislkyl; or hetero-Cislkyl; or R3 and ft4 together with
the atom to W&} HEre attached may form a C3_6 carbocyclic ring; S IKEERN&Nt&tero-Ci_6alkyl;
halo-C'oalkyl; N-C1_6alkylamino; N,N-di-(Cislkyl)=amino; C3_7cycloalkyl; aryl; heteroaryl;
heterocyclyk C3_7cycloalky1-C1.6alkyl; heteroaryl-C1_ Alkyl; heterocyclyl-C1.6alkyl; aryl-C1slky1,;
aryloxy-Cislkyl; -(CRaRb),"-C(0)-R8 15 wherein a{%? or 1; Rs and Rb each independently is
hydrogen; or C166alkyl; and Rs is hydrogen; C3.6alky1; hetero-Calkyl; C3_7cycloalkyl; aryl;
heteroaryl; hetgrpeyelybiG3mdrycloalicyl-Ci_6alkyl; aryl-C1_6alkyl; heteroaryl-Cislkyl;
heterocyclyl-C3_6alkyl; C3_ 7cycloalkyloxy; aryloxy; heteroaryloxy; heterocyclyloxy;
C3-7cycloalkyloxy-Ci_6alkyl; aryloxyf1.68IKyk; Weteroaryloxy-Cislkyl; heterocyclyloxy-C1_6alkyl; or
-NR9R1b, wherein 20R9 is hyd? G 4; and 121 is hydrogen; Cislkyl; hetero-C1.6alky1;
C3_ 7cycloalkyl; aryl; heteroaryl; he¢ cyclyt C3.7cycloalkyl-C1.6alkyl; aryl-C1.6alkyl;
heteroaryl-Cislkyl; or heterocyaohy galkyk®or R4 and Rs together with the atom to which they are
attached may form a C3_6 carbocyclig' ring that is optionally substituted with hydroxy; 25 or R4 and Rs
together with the atom to which they are attached may form a C4_6 heterocyclic ring containing one or
two hete%ﬁ%ﬁﬁﬁa@@tﬁ&@l %?&Q%QXﬁﬁlﬂ%ﬂmm 0, Nand S; or R3, re anq RS together With the
atom to which they are aftached may form a six-membered heteroaryl containing one or two nitrogen
atom8, afdsifiich is optionally substituted with halo, amino or C14alkyl, and -71- R6, R7 and R8 each

independently,is, bydiage fisuRalihat. Salkyloxy; halo; Ci_6haloalkyl; or cyano. 2. The compound
of claim 1, wherein RI is imidazolyl optionally substituted once with Cj_ealkyl or halo-C1_6alkyl. 3.

The comBrz)unH BPEAAHYISURHERSA PRl RT MY TG O it HO T hessButed
chloro-4-fluorenpieiyh,4-chicraiR-luaiopbepytiddAndichloppphtn wh Ridditiubierphsmyl, or
2-chloro-4;methyl-phenyl. 4. The compaound. of claim 1, wherein R2 is 5-methyl-pyridin-2-yl,
5-chIoro-Byrid]ﬁé’-‘gﬁ@-%lGéf%ﬁﬂﬁigfﬁqﬁﬁfﬁ%#%tﬁ)ﬂ%ﬁﬁbro-pyridin-z-yl,
5-memyl{@-chiomygémagdn&bediﬂet@rm-@ygédlhyiz-yl or 3,5-dich|oro-ppyridin-2-yl. 5. The compound
of claim ]éfr\ﬁhgrrﬁ'ﬁﬁ(l)ésetﬁeg% t%% o é)aw'%ﬂi?cfaotrl{gy la%epé%tgd’hfe% lﬁ‘[ﬁ? f)‘?ih a Cs.¢ carbocyelic ring;

R s Cysalicyl; hetero-Cealkyl; halo-C,salkyl; N-Cy ealkylamimo; N,N-di-(C,_salicyl)}-amino;

Csacycloalkyl; aryl; heteroaryl; heterocyelyl; Cazcycloalkyl-C, salkyl; heteroaryl-Ci.
salkyl; heterocyelyl-C salkyl; aryl-C,; salkyl; aryloxy-Ciealkyl; ~(CR*R")-C(O)-R*
i5 wherein m is 0 or 1; R® and R® each mdependently 18 hydrogen; or C,¢alkyl; and R® is
hydrogen; C;ealkyl; hetero-C; salkyl; Ciscycloalkyl; aryl; heteroaryl; heterocyclyl; Cs.
seycloalkyl-Cy galkyl; aryl-C, salkyl; heteroaryl-Cy galkyl; heterocyelyl-Cysalicyl; Cs.
scycloalkyloxy; aryloxy, heteroaryloxy; heterocyciyloxy; Cascycloalkyloxy-Ci.galkyl;
aryloxy-Csalkyl; heteroaryloxy-Cialkyl; heterocyelyloxy-Cisalkyl; or NR*R', wherein
20 R? is hydrogen; or Cigalkyl; and R is hydrogen; C;salkyl; hetero-Cisalkyl; Cs.
scycloalkyl; aryl; heteroaryl, heterocyelyl; Cssoycloalkyl-Cysalkyl; aryl-Cyealkyl;
heteroaryl-Cisalkyl; or heterocyelyl-Cisalkyl;
or R* and R® together with the atom to which they are attached may form a Cas carbocyclic ring
that is optionally substituted with hydroxy;
25  or R® and R’ together with the atom to which they are attached may form a Ca heterocyclic ring
containing one or two heteroatoms each independently selected from O, N and S;
or R®, R* and R’ together with the atom to which they are attached may form a six-membered
steroaryl containing one or two nitrogen atoms, and which is optionally substituted with

halo, amino or Cjsalkyl; and



wherein Ra and BY each independently is: hydrogen; Ci_6alkyl; C1.6alkoxy; Cl6alkylsulfonyl; phenyl;
amino; N-C1_6alkyl-amino; N,N-di-Cj_6alkyl-amino halo-Ch6alkyl; halo-C1_6alkoxy; hetero-Ci_oalkyl,
C3_6-cycloalkyl; C3.6cycloalkyl-C1_6alkyl; aminocatbonyl; heterocyclylcarbonyl; Ci_nalkoxycarbonyl;
or cyano; or le and BY together with the atoms to which they are attached may form a phenyl, pyridinyl

or pyrimRfirif grdup’ eathafjendbysusdtiitiedeart] ydieskia Relis/ ydragas, Cideatarkor, or
halo-C1_6alkyl. 6. The compound of claim 1, wherein said compound is of formula ha, Ilb or IlI:
R11R11 Rllééfaéfll' .,L 35 N'R hallblll or a pharmaceutically acceptable salt thereof, wherein: Xis C
or N; R'1 N. and R12 each independently is hydrogen; Ci_6alkyl; Ci_6alkyloxy; halo; halo-C1_6alkyl;
haloCi_8alKuxyyhetensd Of alkyl] Gi'lwatiy B fonyiderdyhnptiand] R balndi RE:drm aswebite dsitkglaim 1.
7. A phagm%ﬁg%%%l@mposition comprising a pharmaceutically acceptable carrier; and a 5 compound
of claim 1. 8. The use of a compound of formula | according to claim 1 for the preparation of a
medicament for treating a pain condition selggted from inflammatory pain, surgical pain, visceral pain,

dental p&ir hsresrgvsRdAfsdamcowarplif paragtdphenxl. tif raite‘omethsieriivastideches, nerve
injury, Neilis.ABLERILIRSPRISANIRG, ISORRSRICRINGY, kerstiiialeyillis: CRNcemRBiR. Ml L g parasitic

or bacterial infection, post-traumatic injury, or pain associated with irritable bowel syndrome, or a
respirateryligordepEapdcpbenydbm chronic obstructive pulmonary disorder (COPD), asthma, and

bronchospasm. 9. The use of a compound of formula | according to claim 1 for the preparation of a
medicamenhéaiothgoisatorentiof BRJRSINRALRIY- RREHOL AUIIMMUNESCNEHOR ridin-2-y], 5-

fluoro-pyridin-2-yl, 5-methyl-3-fluoro-pyridin-2-vl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-di-
fluoro-pyridin-2-yl or 3,5-dichloro-ppyridin-2-vl.

5. The compound of claim 1, wherein R' is a group of formula A1, formula A2 or formula A3:

N R?g «g‘l
N N
RE%RC Ra #RC Ra Rc
AL; N A2; N=N T a3

wherein R? and R® each independently is: hydrogen; C;galkyl; C,.galkoxy; Cigalkylsulfonyl;
phenyl; amino; N-C_salkyl-amino; N,N-di-C;_galkyl-amino halo-Cgalkyl; halo-C; ¢alkoxy;
hetero-Cy_galkyl; Cs¢-cycloalkyl; Cscycloalkyl-Cisalkyl; aminocarbonyl; heterocyclylcarbonyl;
Ci.ealkoxycarbonyl; or ¢cyano; or R* and R® together with the atoms to which they are attached
may foﬁn a phényl, pyridinyl or pyrimidinyl group, each optionally substituted; and wherein R®
is hydrogen, Csalkyl or halo-Cy.alkyl.

6. The compound of claim 1, wherein said compound is of formula Ila, IIb or III:

11 11 11

TL S¢S s T
A Rs N)\Rﬁ X N
R R H R H

Ila IIb 11
ot a pharmaceutically acceptable salt thereof,
wherein:

X isCorN;
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7.

R'' and R™ each independently is hydrogen; C_galkyl; C;_salkyloxy; halo; halo-C; galkyl; halo-
Ci.salkoxy; hetero-C.galkyl; C;galkylsulfonyl; or cyano; and

R! and R® are as recited in claim 1.

7. A pharmaceutical composition comprising a pharmaceutically acceptable carrier; and a

compound of claim 1.

8. The use of a compound of formula I according to claim 1 for the preparation of a medicament
for treating a pain condition selected from inflammatory pain, surgical pain, visceral pain, dental
pain, premenstrual pain, central pain, pain due to burns, migraine or cluster headaches, nerve
injury, neuritis, neuralgias, poisoning, ischemic injury, interstitial cystitis, cancer pain, viral,
parasitic or bacterial infection, post-traumatic injury, or pain associated with irritable bowel
syndrome, or a respiratory disorder selected from chronic obstructive pulmonary disorder

(COPD), asthma, and bronchospasm.

9. The use of a compound of formula I according to claim 1 for the preparation of a medicament

for the ireatment of an inflammatory and/or autoimmune condition.



