WO 2009/077367PCT/EP2008/066989 NOVEL PYRAZOLE-SUBSTITUTED ARYLAMIDES This
invention pertains to compounds useful for treatment of diseases associated with P2X purinergic
receptors, and more particularly to P2X3 and/or P2X2/3 antagonists usable for treatment of
genitourinary GHIFP/#AfEHmatory, gastrointestinal and respiratory diseas&$FEdritd1e’8hd 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 bxaivFyBNgss aciing-vapxigaetular PIVIKeeapid's, 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, adenosine, can stimulate sensory nerve endings resulting in
intense paiisanckaproRetneed memmmsﬁmmrmxdiseha@sas&mmmmmme been
classified into 15. tw%cm%Jror faénx'xll'c%% tQ 3 ?? 5}@&%%&5 el th?a?@;rg molecular
structure Hansdtictic FPRe ﬁ%nlsms pan u a maco oglcal (:hara%ﬁerlzﬁfi “Th purlnoreceptors
are G-prateint cﬁwemtpm,wmmtmwmmbeﬁtm sy sefarnifiisofstT Regdieeheation
channels, Purinergic receptors, in particular, P2X receptors, are known to form homomultimers or
heteromultlmers To date, cDNAs for several P2X receptors subtypes have been cloned, 20 including:
six homomeric receptors, P2X1; P2X2; P2X3; P2X4; P2X5; and P2X7; and three heteromeric
receptors’ Tho Wy BISFTES S2O0TS (R BB TG ROREA! BATO %%%WES:&W“&?%’%E Bwis, et al.
(1995) Natitte s3ipt;As2 -39 p&b‘c&sgmmktmkx(zﬂﬁ%)x Mepwofihamatald 311l e dk3gyFhestrieture and

chromosomal map f mou ceptar, subunit ha also descrlbed Souslova,
et al. (19§%88%r1%1e1€§}% %)Tqii%‘a?n vitr oesc% efﬁ?gss?gr%faﬁfyf Bnd P2 r}el%é%l ct)lrl stu Sunlts is
necessaneieproducet il Prgdiedieurkelds witht the @rdp@ﬁtilessseeemame@m@@eﬂégwm@ume(l_ems et
al. (1999) it 3E/ndRt i e LereRidhsHRb iR Ate fount onalpanisdnndrp] ard human

bladder urothelfum. Data exists suggesting that ATP may be released from epithelial/endothelial cells
of thélurimeediaipid 2 ouBr7 3BT PCPIEIRR008/EE9BI -2- bladder or other hollow organs as a result of
distention (Bumstock (1999) J. Anatomy 194:335- 342; Ferguson et al. (1997) J. Physiol.

505:503- Sﬁﬂiheé\'ﬁairé@l@&sedrimémsaﬁramﬁfdaf@yb&erMezab"edﬁ impjmv&yimgldn{@gm&tiﬁatmﬁensory

neurons | cate in s ithelial com ropy m, et at.
(1999) B Mitii 0§}f dg%%g IC‘B eg ors aveg A |h%%ﬁ$ég$g¢%z&?g§s
including aeiﬁsar%ssympmhemrpamyﬁmmmmm mesnmm:meandhmaﬂﬁeg ronst¢Ztiorg et al.

(1998) Bry s PHRUDARRY 2Rl 81, 5'9?1%?%%ﬁ%&&%?g@%%‘?e@ﬁ{o%‘ﬁ%r%%ﬁ RRRIRLS play arole in

afferent neurotransmission from the bladder, and that modulators of P2X receptors are potentially

usefdPin the ﬁ@mﬁf@w@%bwbﬁaé‘#’d@éraa%wﬁm%ﬂ@éw@%ﬁ@ﬂhﬁwh&%ﬁé@é@ ¢HHaMths. 10 Recent

evidence glaisHAgesiS R HIR OTaRRASNRYD AT @RE:PUHDAIGIC TREERIPISIANBRLIEABIVE desponses
in mice (Tsuda, et al. (1999) Br. J. Pharmacot. 128:1497-1504). ATP-induced activation of P2X

rece ptors%ﬁrﬂt?ﬂgéﬂ%‘?dg‘%iﬁﬁﬂ@ﬁqﬂ%?@é tﬂé‘iﬁﬁﬁa@ﬁ?ﬂﬁ@%laﬁ%ﬁ%’gﬂg& Hhgtirt crienulate
release oslgllhﬂamatmﬂgeymmt@aﬁsmtﬁeﬁmyphxdmmﬁgpmtmwm@ (GrhendiibasDermott,

Nature 389:749-75 11997) %%%%g 90'Qgrs have gp |den§|fnsad gcg t|v > neurons in the
tooth pulP{ETEIOBE A RSt TA96A) AT PRERAESY a%age 8§ may thus lead

to pdlf bymhtd&agngd?ﬁdﬁﬁoamﬂi@r@@%@w@&ﬂﬁmftgHéﬁ&pﬁﬁbéad?ﬁ%mémm&wmerve endings.

This s OUSISSRIn g nguslonshpeln by, niademal spalied ATR e Dumanplpler-base

model (Bleehen, armaco ntagonists have been shownto'bc

analgesdwahmﬁal ﬂ&éé)@{@ﬂéﬁéﬁ%dma@tbﬁ&énmdﬂﬁ%&ﬁ@éﬂ&@@?whﬁéhm?%ﬂrh@éol
350:618-620 (19940 aﬁﬁl&%meﬁﬁaﬁﬁm&mﬁ&&%&aﬁgc%ﬂ e yalusginnosicention, and

that modulators of P2X receptors are potentially useful as analgesics.
described (Souslova, et al. (1997) Gene 19 101-111). 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, et al. (1995) Nature 377:432-435).

P2X receptor subunits are found on afferents in rodent and human bladder urothelum. Data

exists suggesting that ATP may be released from epithelial/endothelial celis of the urinary



Other researchers have shown that P2X3 receptors are expressed in human colon, and are expressed
at higher levels in inflamed colon than in normal colon (Yiangou et al, Neurogastro- 25 enterol Mot
(2001) 13:365-69). Other researchers have implicated the P2X3 receptor in detection of distension or
intraluminal BRYSHE PP The intestine, and initiation of reflex contractions {8HKEEPE 4By siol (2003)
551.1:309-22), and have linked this to colitis (Wynp et al., Am J Physiol Gastrointest Liver Physiol
(2004) 287:G647-57). Brouns et al. (Am J Respir Cell Mot Blot (2000) 23:52-61) found that P2X3

receptors, gra L 3hRr asase | N@ﬂ@@@%&w 9&%‘&%@%@%‘?@%’%&3@3‘5 JIMRlcatingghe aceptor in
p

pain transmission in the lung. More recentlg/, others have implicated P2X2 and P2X3 receptors in p02
detection P PATABINAN thé%ﬁénafaﬁai:, P Nettodd) 2068y dstas) R iR sneayer ey serve
200d9/?73-8§71§’|%¥%%3962&&6&%|8 S schbeeris mrﬁﬁwwg@ fvepifenicoropgenesihatact as
modulators o ( receptors, including antagonists of P2X3 P ,Jreceptors, a Il as a need
for methGHE B s CHERRBEE CORRHBATRS Hhebrtl e MM AiED Ky Paeaind s o2 5
receptorseddherprasentadisclosivicisatishidsthe semneadsnaiuiel ssethersuplthatirst aspect, here is
provided a compound of the formula |: (1), or phar euticall I Its thereof, wherein: Rl is
optonaly 2 RaLRCLLR 5, P R0 R e s e L S oo T SR e pyrciy,
optionallyl 3uB3titéed Pyésaiskivyik sopdoat s uhstitenad pyeiiarimdor optionafiyrsubstituted thiophenyl;
RS is hydrogsha&halkdl BelR R Glealkyer SRl is Sypeaesfdalkyl Qrbsiatoda.ballcyl; or

123 and 124 together with the atom to which they are attached may form a C3_6carbocyclic ring;
in the treatment of bladder disorders and other genitourinary diseases or conditions.

10 Recent evidence also suggests a role of endogenous ATP and purinergic receptors m nociceptive
responses in mice (Tsuda, et al. (1999) Br. J. Pharmacol. 128:1497-1504). ATP-induced
activation of P2X receptors on dorsal root ganglion nerve terminals in the spinai cord has been
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

15 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 P2X,5 containing receptors
on nociceptive sensory nerve endings. This i1s consistent with the induction of pain by
intradermally applied ATP in the human biister-base model (Bleehen, Br J Pharmacol 62:573-
577 (1978)). P2X antagonists have been shown to be analgesic in animal models (Driessen and

20 Starke, Naunyn Schmiedebergs Arch Pharmaco! 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.

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

25 enterol Mot (2001) 13:365-69), Other researchers have implicated the P2X; receptor in detection
of distension or infraluminal pressure in the intestine, and initiation of reflex contractions (Bian
et al., J Physiol (2003) 551.1:309-22), and have linked this to colitis (Wynn et al., Am J Physiol
Gastrointest Liver Physiol (2004) 287:G647-57}.

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

30 pressed in pulmonary neuroepithelial bodies (NEBs), implicating the receptor in pain trans-
mission in the lung. More recently, others have implicated P2X; and P2X: receptors in pO»
detection in pulmonary NEBs (Rong et al., J Newrosci (2003) 23(36):11315-21).



15 R5 is Cialkyl; hetero-Ci4alkyl; halo-Ch6alkyl; N-C1_6alkylamino; N,N-di-(Cialkyl)-amino;
C3_7cycloalkyl; aryl; heteroaryl; heterocyclyl; C3_7cycloalkyl-Clalkyl; heteroaryl-C1. 6alkyl;
heterocyclyw@ilazggsioybsaryl-Ch6allcyl; aryloxy-Chalkyl; -(Cab),,i-C(0)-e whetgipaiisigsgoes 1; 20V and
le each independently is hydrogen; or Ch6alkyl; and R.8. is hydrogen; C1;6alkyl; hetero-Ci_alkyl;
C3_7cycloalkyl; aryl; heteroaryl; heterocyclyl; C3_“#cycloalkyl-Cialkyl; aryl-CL.6alkyl; heteroaryl-Cialkyl;
heterocyclyl-Cialkyl: C3- 7cycloalkyloxy; aryloxy; heteroaryloxy; heterocyclyloxy;
C3.7cyclCamyIEareideainrReEd B Foomp RS Hated afyrduErBakil heterptyelyiokded_6alkyl: or

Teycloalig S p %Wf‘%‘%q?ﬂ%?éﬁ@%%ﬁ?ﬁ sy Clal
cycloalkyl; aryl: heteroaryl: heteroc : 03.7¢ - yl; aryl-C1.6alkyl; heteroaryl-Clalkyl;
or hetero ?/%%?{%6&3} é)ylé}étr} i‘%n%‘%% %%ib e%%vl‘%% %e 8 or%3 o%h’ig\ée q%rf‘areé%’ﬁa%egan rgnay form a
C3_6 carbincksiica sugisfiat thapticrdiyswetdstsbendth hydroxy; -4- or R4 and R5 together with the
‘atom to which they are attached may form a C4_6 heterocyclic ring containing one or two heteroatoms
" each indg I egt : ; tegether with the atom to which they
are aéac%%%ﬁ%@%?rﬁﬂ’a&é%gr&ggéﬁ%%%gaﬁg?gggry cgﬁ%?i%%%?\ae?br two nitrogen atoms, and which is
optionally substituted with halo, amino,or C3.63a1k4y|; and R6, R7 and re each independently is
hydrogen; Cl _6alkyl; CI _6a||cy;oxy;31alo%Rﬁ&aloalkyl; or cyano. In a second aspect, there is
provided a pharmaceutical corf¥pagition_cd AR tsmgsa pharmacedutically acceptable carrier; and a
compound as defined above. In a aspeet, there is provided the use of a compound of formula | as
defined above for the preparatighr ot meditament for treating a pain condition selected from
inflammatory pain, surgical pain, visggral pain, dental pain, premenstrual pain, central pain, pain due to
burns, migraine or cluster ' headaches, nerve injury, neuritis, neuralgias, poisonin@,) ischemic injury,
interstitia fit] 0, viral il bacterial infection, post-traumatic injury, or pain
associateac é\ﬁﬁﬁ?%%%%%%gfg%ygﬁﬁggﬁ%%%éspiratory disorder selected from chronic obstructive
pulmonarmjtgissrder (COPD), asthma, and bronchospasm. In a fourth aspect, there is provided the use

of a compaung g {gm%ﬁ@gﬂ@gg}%qaqgg){g for the preparation of a medicament for the treatment of
a genitorurjnary disease, an u_rinarg ract disease selected from reduced bladder capacity, frequent

mictifitioR, urdeoRtiinaHbe fRebrRRaly Srigtiered perdtackioryiopehightstistedic

hypertrophy, prpstatitis; destesaniypssrafiexigysHinam eapaneM QTR R é}{ﬁ@ncy, overactive
bladder, g@lvic persen_sétiv% 'rgtshritis prostatitits, pelvic pain syndrome, prostatodynia, cystitis or
idiophaticblad8éy HIgERsEwe 'rJ\y Fﬁ’@%ﬁ? inteStita disorder selected from Irritable Bowel
Syndromi{(IBS)hyiftammatenkBowehBiseaseIBR), biliary colic and other biliary disorders, renal
colic, diarrhga-dominant IBS, pain associated with Gl distensjon. The disclosure also .
provide oA T B e BRI 20 RPNy or & Chacafboyctic g
15 R® s Ciealkyl; hetero-C; alkyl; halo-Csalkyl; N-Cy galkylamino; N,N-di-(C, salkyD)-amino;
Ciseycloalkyl; aryl; heteroaryl; hetero{:yc}yl; Csacycloalkyl-Cigalkyl; heteroaryl-C;.
salkyl; heterocyclyl-Cisalkyl; aryl-Cjsalkyl; arvioxy-Ciealkyl; —(CR“Rb)m.C((});RS’

wherein:

mis Qor1;

20 R® and R® each independently is hydrogen; or Cisalkyl; and
R® is hydrogen; C, salkyl; hetero-Ci.ealkyl; Cyacycloalkyl; arvl; ileteroaryi; heterocyclyl;
Caseycloalkyl-Cy galkyl; aryl-Cy ealkyl; heteroaryi-C;ealkyl; heterocyclyl-Csalkyl; Cs.
seycloalkyloxy; aryloxy; heteroaryloxy; heterocyclyloxy; Csseycloalkyloxy-C) galkyl;
aryloxy-Cyealkyl; heteroaryloxy-C; salkyl: heterocyclyloxy-C; salkyl; or -NR*R'®, wherein

25 R’ is hydrogen; or Cyealkyl; and R is hydrogen; Cisalkyl; hetero-Cygalkyl; Ca.
scycloalkyl; aryl; heteroaryl, heterocyclyl; Cascycloalkyl-C; salkyl; aryl-C; salkyl,
heteroaryl-Cisalkyl; or heterocyclyl-Cisalkyl;

or R* and R’ together with the atom to which they are attached may form a C;.¢ carbocyclic ring

that is optionally substituted with hydroxy;



methods of using the compounds, and methods gi_preparing the compounds. Unless otherwise stated,
the following terms used in this Application, including the specification and claims, have the definitions
given beloy. It t be.noted.that, as u e}gﬁﬁﬁ% Recification and Wwepppended.claims#he singular
forms "&", ﬁ%ﬁ? ow'%%%"mlr%%dte&p ﬁor%]l t?)e erentse nless the contegt clearly dictates otherwise. 4a

"Agonist” refesattiningempoune theitonteaceshirdepanisnty aalseied E8MMbIha8ryeceptor site. "Alkyl"
means the manoyalegnt linear qr:branched satuiaied, bydrocarkammaie i sansistingnsetely of carbon

and hyd%ge’n atoms, having from one to twelve carbon atoms "Lower alkyl" refers toe?n a%kyl group of

one to six cahstmoatyhienEENTS-CRsAIK Y EXERESRE SREI KD GroTs AR BT RFE B iRed to,

methyl, ethylhﬂgggxkﬂ&gp@p@gﬂ{i?ggggyl, sec-butyl, tert-butyl, pcntyl, n-hcxyl, octyl, dodecyl, and the
like. "Alkeﬁnyl;' means a linear monovalent hydrocarbon r .dé:al Mot s{x, f%ar on ajoms or a
brancheB’ nforiadidiersery BsPERSSH b i SIS e & S S8 4SS £8ntaifing at-least one double
bond, e.g., egg,ggy], propenyl, and the like. "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,

containipg, at leastapedriplebandoadd ethydaguoiynyinandithe kkeprskylendumesmyallinear
saturated divalent hydrocarbon radi(;iall og ane égb%ix carbon atoms or a branched saturated divalent
hydrocaiEPHARATIEF Affed TR BABor atoms, €.9., methylene, ethylene, 2,2-dimethylethylene,
propylene, 2-methylpropylene, butylene, pentylene, and the like. WO
2009/07H36HRC FERR0B0560RYIadkibRyass i 2ARPIBRM A &y bes B3R &hrafgdibly, mean

a moieté thedprspula.c QB wheseirRibs anatkybianistysasdefifted iefenmfxanmplessoimkoxy
|

moieties include, but are not limijted to, methgoxy, ethoxy, ISOPropox ke, :Alkoxyalkyl" means
a moietyBrtHERRH TG ITEI s SRS R %?I%t}%eir% 1§ ’a?sglge rﬁ%%%r%%i%%igmplary alkoxyalkyl

groups ineliidRed yavay infexaratiis 2amethusy etistnBen desmys rapyy-1 Al CrRERosEIEThy I,
1-(2-methoxyethyl)-3-methoxynronyl.;apdli(2sdnethaxyethiiod; mathexy o Hotcarhony! means
a moiet %l’fl‘tﬁérarfldr U gh‘hR where R' is oxipand R" Js alkyl as.de inted Qereilr;rnilo “Alkylsulfonyl*
means dowieletyndrame. forralesRRARY, FIRESREED IO TTRYE SRS Gdimed Rerem.
"ALlcylspi{epyialeyhimesnsaomietysal. the formula -R-R"-R" where where R is alkylene, R" is -SO2-
and R" is alkyl as defined herein.  "Alkylamino means a moiety of the formula -NR-R' wherein R is

hyrdogep or alkyl and R is 15.alkyl as defined herein,mAlkaxyvamineumeansaneaiapef dheteiimla
-NR-OREJW éaorléti%rii1 ﬁSPseCﬁy %]egel%%o%galk land R'is alkylingg defined hdeJ:rein. "ALMSM%%Y]&{%@&&”S a
moiety afrtperitiomofia SRUHEEINR BalAHe ol RctPHETRHpary discase, an urmhary |

selected from reduced bladder capacity, frequent micturition, urge incontinence, stress incontinence,
bladder hyperreactivity, benign prostatic ‘hypertrophy, prostatitis, detrusor hyperrefiexia, urinary
frequency, nocturia, urinary urgency, overactive bladder, pe}vic hypersensitivity, urethritis, .
prostatitits, pelvic pain syndrome, prostatodynia, cystitis or idiophatic bladder hypersensitivity; or &
gastrointestinal disorder selected from Irritable Bowel Syndrome (IBS), Inflammatory Bowel Discase
(IBD), biliary colic and other biliary disorders, renal colic, diarrhea-dominant IBS, pain associated

with GI distension.

The disclosure also provides - pharmaceutical compositions comprising the compounds,

tmethods 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 appendedﬁci&ims, the singular forms “a”, “an,” and “the” include plural referents unless

the context clearly dictates otherwise.



"Aminoalkyl" means a group -R-R' wherein R' is amino and R is alkylene as defmed herein. 20
"Aminoalkyl" includes aminomethyl, aminoethyl, 1-aminopropyl, 2-aminopropyl, and the like. The
amino moiety of "aminoalkyl" may be substitutégionce or twice with alkyl to provide "alkylaminoalky!"
and "dialkylaminoalkyr respectively. "Alkylaminoalkyl" includes methylaminomethyl, methylaminoethyl,
methylamingprapybrathidaningsitvd and dhelike. dRialidaminead: neisdescimetiylamino methyl,
dimethylaminoethyl, dimethylaminopropyl, 25 N-methyl-N-ethylaminoethyl, and the like. "Aminoalkoxy"

means a, -OR-R! wherein R' is amino and R is alkyle s defined herein. "Alkyl ujyfonylamido"
eans a U A e B R K S GHR o s S B R St ol v
2009/07 336FRCTHPR0081066988 Bohdrhivoraitsen yloxyatkydivecidarhatmyial Kb weealiyd group of
the formyla -R-Q-C R rein R i I _ 5 R [ [ gen or alkyl
25 defned o, éﬁ%@%@aﬁ?&%ﬁﬂ%&Eﬁ}%&%ﬁ%"g-@%@@&F“?%?%?h@é%?é“és’?é?ﬁ%ﬁene and 121
is alkynyinabiérefirie drheps s eh iy ehidt cEaTe rer 6 B depmiinditpizt tininersties. dirplatiénts the action
of anothgg&?mp_%gﬁq&%gg%ﬁtgng{%yli'ﬂ@_eans a monovalent cyclic aromatic hydrocarbon moiety
consisting of a mono-, hi- Or tricyclic aromatic ring. The aryl group can be optionally substituted as
defined herein. Examples of aryl moieties include, but are not limited to, phenyl, naphthyl, phenanthryl,
fuoren- 10 BT ey G SR o BALRE A el arASTar g Sarminodiohenyl,
diphenylsuifichdd diphevaitsufodybeaipdreragiso piopydicenyts behrodioxanyhnbvenzgfer&ayl obenzodioxylyl,
benzopy NZ0Xazi ¥ 'p %Iﬁgqﬁéopiperadinyl, benzopiperazinyl, benzopyrrolidinyl,
benzomg;%p"rllr%li%%ﬂ&meé?ﬁy%er%g%%ifﬁgﬂy, ethylenedioxyphenyl, and the like, including partially
hydrogenated derivatives thereof, each being 15 optionally supstituted. "Argllalk " and "Aralkyl", which
may be Ut rBItARYRABRTT SRR & TRIRATISRIPRARIE 1695 P MISHeHECGRRIPTRHRY Rh is an aryl
group ashgiglinedhereiniathypheaalkdsic ol ascbenzy, AhenRyeIMY, containing at least one
3-(3-chfaorophenyl)-2-methylpentyl, and the like.are examples of arylalkyl.  "Arylsulfonyl means a
group ofW‘P&%ﬂ% I%gSS%%%Wégé}Wg?%ﬁ;%ea?ég Hefined herein. 20 "Aryloxy" means a group of the
formula -0-R wherein R is aryl as defined herein. "Aralkyloxy" means a group of the formula -0-R-R"
wherein Ruisvtglemsansd m@rmqggiﬁ@@lhéyéﬁq}_carbon radical of one to six carbon atoms or a

branched saturated divalent hydrocarbon radical of three to six carbon atoms, e.g., methylene,

* ethylene, 2,2-dimethylethylene, propylene, 2-methylpropylene, butylene, pentylene, and the like.



"Cyanoalkyl" "means a moiety of the formula -R'-R", where R' is alkylene as defined herein and R" is
cyano or nitrile. 25 "Cycloalkyl" means a monovalent saturated carbocyclic moiety consisting of mono-
or bicyclic rings. Cycloalkyl can optionally be substituted with one or more substituents, wherein each
substituent @%\@%@ﬁ@éﬁtly hydroxy, alkyl, alkoxy, halo, haloalkyl, amino?%@ﬁagﬂwpgﬁfff’no, or
dialkylamino, unless otherwise specifically indicated. Examples of cycloalkyl moieties include, WO
2009/077367PCT/EP2008/066989 -7- but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyh fyclohgpiyhignghe diktamincidding %%Mg&%ﬁéuﬁ%ﬁga%gwigﬁ&m%ﬁa -
"Cycloalkylalkyl" means a moiety of the formula -R'-R", where R' is alkylene and R" is cycloalkyl as
defined ré}%iwhsmmé%éwmwm@aﬁg Ah ST AGTEH) ds* BT RIARNPRIFERT SHE I three
hydrogenatamsihave feertRriacehwithsapsuhstiiuaht dtndeipendently selected from the group
consisting of -OR% -NRbRe, and -S(0)11Rd (where n is an integer from O to 2), with the

understan g&ﬂgm%iﬁ% to %ﬁyﬁ%ﬁg&%{;ﬁ( 5@L%59§kal‘;%gigq@!slgggggquql&llgafpgﬁmg%rﬁ, wherein

Ra is hydrogen; acyl, alkyl, cyclo alkyl; Rb’and R are independently of each other 10
hydrobertsatsyinedkiarasycibatiyniaor elfsiopkyrhikphnarid-ierPy 1 oRexkIrbgEhaikgindycloalkyl,
or CyC'0aﬂ%eusxmﬁsﬂpwb%&ﬂ@xlz%&h&%@w(ﬂﬁé%Ky&r;?ﬁl@ﬂﬂebﬂ@mo@mjragd agylamino,

clu

monoalkylamino, or dialkylamino. Representative examples include, but are not limited to,

2-hydrox Vg sy lrdspRasyPromdroxy-I-hydroxymethylethyl, 2,3- dihydroxypropyl,
1-hydroxymethylethyt, 3-hydroxybutyli 2,3-dihydroxybutyl, 2-hydroxy-1- 15 methylpropyl, 2-aminoethyt,
3-aminoptrapytic2rboehyisediorytetistly afthedsutiolyhRethyl varimBSudforylethiX, amikidsulfonylpropyl,
methylany' ;e%fgé}ggpethyl, methylaminosulfonylethyl, methytaminosulfonylpropyt, and the like.
"Heteroaryl" means a 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, 0, or S, the re- 20 maining ring
atom belAJEISHHRT e RS ABRHERR G st o uitadhntentBHitb e Hetard Ayt aliehfwill be on an
aromatic giefehed erbigteroaryl ring may be optionally substituted as defined herein. Examples of
heteroaryl moieties include, but are not limited to, optionally substituted oxazolyl, isoxazolyl,

thiazolyl, i ‘ﬂg%il%pf%ybﬁ'ﬂ%&@ %Q‘%’ &l&i%%bé OMREIN. IRV, en a%té}j@ﬁykst&l'\%%%’]ﬂv fyranyl,

pyranyl, pyri rrolyl, pyrazolyl, pyri , 25 quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyi,
benzothiopiampit Bengahidasclyfinsdriravirazoly 1, benzooxadiazolyl, benzothiazolyl,
benzothiadiazolyl, benzopyranyl, indolyl, isoindolyl, triazolyl, triazinyl, quinoxalinyl, purinyl,
quinazolinyikgtsmaliz iyhneaphsiyrding prencinyNcabazeth Rzepinbginsepityl aacidinyt and the
like, jrgclu%l(nﬁ %aégiglllg méger%genated derivatives thereof; each optionally substituted. 30
Heteroarylalkyl” of "heteroaralkyr means a group of the formula -R-Rwherein R is alkylene and R' is
heteroaryl as defined herein. WO 2009/077367PCT/EP2008/066989 -8- "Heteroarﬁilsulfon | means a
group of tHENe¥ImERSOBRSHBER REibhEEPeHyNESRTiNB Hefeis hydrogen or alkyl and R*

is alkyl as defined herem.
"Alkylsuifanyl" means a moiety of the formula -SR wherein R is alkyl as defined herein.

"Aminoalkyl" means a group -R-R" wherein R’ is amino and R is alkylene as defined herein.

20 "Aminoalkyl" includes aminomethyl, aminoethyl, 1-aminopropyl, 2-aminopropyl, and the like.
The amino moiety of "aminoalkyl"” may be substituted once or twice with alkyl to provide
"alkylaminoalkyl" and "dialkylamimoalkyl" respectively. "Alkylaminoalkyl” includes
methylaminomethyl, methylaminoethyl, methylaminopropyl, ethylaminoethyl and the like.
"Dialkylaminoalkyl" includes dimethylaminomethyl, dimethylaninoethyl, dimethylarmnopropyl,

25  N-methyl-N-ethylaminoethyl, and the Iike,
"Aminoalkoxy" means a group ~OR-R' wherein R’ is amino and R is alkylene as defined herein.

"Alkvisulfonylamido” means a moiety of the formula -NR'SO;-R wherein R is atkyl and R’ is

hydrogen or alkyl.



"Heteroaryloxy" means a group of the formula -0-R wherein R is heteroaryl as defined herein.
"Heteroaralkyloxy" means a group of the formula -0-R-R" wherein R is alkylene and R' is 5 heteroaryl

as defined herein. The terms "halo”, "halogen" and "halide", which may be used interchangeably, refer
to a substitdERAEI3ERloro, bromo, or iodo. "Haloalkyl" means alkyl d<dEHREREEN in which one

or more hydrogen has been replaced with same orifferent halogen. Exemplary haloalkyls include
-CH2C1, -CH2CF3, -CH2CC13, 10 perfluoroalkyl (e.g., -CF3), and the like "Haloalkoxy" means a

moiety of g farmula s RRersin BrinAnaieal kitdnoiehoas sefibesthIe ik - OCeasmRlRyY
haloalkoxy is difluoromethoxy. "Heterocycloamino” means a Saturated ring wherein at least one ring

atom is NVINFTBRNs ST AR rdin RGPy BABRHE 1 RYAEREsmN et \grodRiines BeistBrocycly1”

means a monovalent saturated moiety, consisting of one to three rings, incorpo- rating one, two, or

three or foAlikeéribatginedobosgnfpor thittogenlaogeR’ orisuio. i¥ hketeronyElykratigmyay be
optionall)éss#ggit&lg%ge%s defined herein. Examples of heterocyclyl moieties include, but are not limited
to, optionally substituted piperidinyl, piperazinyl, homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl,

imidazolinyl, imidazolidinyl, pyridinyl, 20 pyridazinyl, pyrimidinyl, oxazolidinyl, isoxazolidinyl
morpholi ,*ﬁﬁ%%ﬁid‘iﬁ@‘?ﬁsi%fﬂﬂ%‘?ﬁﬂaﬂﬁ‘ﬁgﬁlﬁﬁﬁeh ﬁwfdi’a?ﬁﬁlﬁ}(wh-‘ﬁ%a%%@/mf}‘ﬁéﬁ%ﬁf&&@olyl,
thiadiazodylidiytobsinzothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl, dihydropyranyl,
tetra- hydropyranyt, thiamorpholinyl, thiamorpholinylsulfoxide, thiamorpholinylsulfone, dihydroquino

tiny’, dihy@{i@&lqw&%g%&ﬁa@@@r_égaﬂM&%{&iﬁ&g@b@ﬁ%&%@@g&@@%@%ﬂ&kﬁm%ﬁ:;Fast&rocvc'v'a'ky'"

means a molety of the formula -R-R' wherein R i$ alkylene and R' is heterocyclyl as defined herein.

"Heteroc{iyidig/araiadits s dibyor gieuwasiubs comeuHz B Ryt hatetoediasiefined herein. WO
2009/07@@@%I@%’,%@%Qﬁé%%m%e;'tiﬁtﬁ@&utqmg@&x"pm@n%mp}ﬁtmhamﬁ@r,r@utﬁ-e—m-R

wherein R is alkylene and R' is heterocycéyl as defined herein. "Hydroxyalkoxy" means a moiety of the
fould QORWREREN: ReEHGRITo 27 a8 e s hetahe s b RS I A REMih S HIGA Y Eroiety of the
formula -NpR=MhETen Ribchydiogeniodiphenanshipigibyayosatodiasdefinea-beiat,
"Hydroxyalkylaminoalkyl" means oiety of the formula -R-NR'-R" wherein R is alkylene, R" is
yeroger S AR ast R R Ry e A e RErI ™ TGRS Bany kot of “carboyalky
means a ignoaspipfithnicr mntapR#(UOREHwhe e Rk ly alkylbperad defiplec flecdiplened:-
"Hydroxyalkyloxycarbonyl I or "hydr f] L4nsans a.groun o E}l formula
R0y B e P T R IR
15 optionally substituted.
"Arylalkyl" and "Aralkyl", which may be used interchangeably, mean a radical-R*R” where 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.
"Arvlsulfonyl means a group of the formula -SO,-R wherein R is aryl as defined herein.
20 "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' s aryl as

defined herein,

"Cyanoalkyl" ” means a moiety of the formula —-R’-R”, where R’ is alkylene as defined heremn

and R” is cyano or nitrile.

25  “Cycloalky!” means a monovalent saturated carbocyclic moiety consisting of mono- or bicyclic
rings. Cycloaikyl can optionally be substituted with one or more substrtuents, wherein each
substituent is independently hydroxy, alkyl, alkoxy, halo, haloalkyl, amino, monoalkylamino, or

dialkylaming, unless otherwise specifically indicated. Examples of cycloalkyl moieties include,



"Hydroxyalkyl" means an alkyl moiety as defined herein, substituted with one or more, preferably one,
two or three hydroxy groups, provided that the same carbon atom does not carry 15 more than one
hydroxy group. Representative examples include, but are not limited to, hydroxymeth

2-hydroxyetf{? 20005y propyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2- ket W%ﬁghydroxybutyl
3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropy, 2- hydroxy-I-hydroxymethylethyl,
2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxyrnethyl)-3-hydroxypropyl 20 "Hydroxycycloalkyl"

means agycloalkyl lmgeetyoaéﬂeﬁwa%%é@teaumreyazep&tpmﬁranéﬁﬁ hyigasRyatemS e e,

cycloalkyl radical have been feplace ah droxty substituent Representatlve examples include,
but are n&¢iHAMEP IS DLy BnS%PWiHQGF@WWEPO‘%W and the like.  "Urea"or "ureido" means a group
of the formula -NW-C(0)-NR"R" wherein R’, R." and R" each 25 independently is hydrogen or alkyl.
"Carbamem@cmmﬁslhygrmqamfatmiﬂ@rmﬁlﬁe(ﬁa&ﬁﬁ)&NR'R&WlweneérRRiwdﬂthean& dependently is
hydroge eans a group of the formula -0-C(0)-OH. WO

n_or all%il ;é) m
2009/07%78%5 Ep560 &glécé%g -10- "Sulfonamido" means a group of the formula -S02-NR'R"

wherein R', R" and R" each independently is hydro en or aIkyI "Optionally substituted”, when used in
assodatioHsimpRiary meme A lndisaryr d‘?:%j/‘&? ARG PHETR Sy ERAL T RESRVARP 871, phenyl,

heteroafﬁ%@i@iﬁ@&@&@[é@@l@é@%ﬂh& wtat@iﬂul@&ﬂmﬁma@mw:ﬁm&eﬁdndmp%w&mw&tﬁngne to four
substituen e waQ, substituents selected fro [, cyclgalk clo lkyl,
heteroall&/: R%m % “Ffa—l(g((tm’g% ho. ﬁ%ﬁl fggfko%}ﬁ amlr‘Pi) glq;(quém%o r\énoﬁ% llg amlno
di-alkylanhapoinahfalky&hhaiﬁaikﬁxwduﬁtedh@]kytileﬁlﬁlﬂhr@@mﬁic@nﬁwretmw}ﬂdwgﬁh;salkyl phenyl or
phenylal CR R " where n |s r j ndently 10
hydrogen é(qh)yc?g%grﬁé 54 fk))i cygf %E()y cyc ylaﬁ 19@%51«13{%}% gegr%/l %I) or
-(CRR' )ﬂ&s@@gﬁﬁ ngwlkefﬁecmbdhmhwgepﬁehﬁ}@tb% aRdaNmIRi e Rdispeddasty #drogen or alkyl,
and Ra ang|Riaie,RIependenty %smmbera *&“éfoﬁeﬂ; Ay YRRy byeysiaaliaralkyl, phenyl or

phenylalkyl) Certain preferred optional substituents for "aryl", henyI, heteroaryl yc oaIkyI or

"heterocydT1e. iAo PRy A RIS | &M@“%n%eﬁss%ﬂ%%ﬁd%% At PNIGFe preferred

substltueﬁ%e@tm%&hyulglaa%g»eﬁmr@hyaﬂ@g@mﬁhw,mm@xy,@%w&mm@wIfonyl "Leaving
group” means the grophP with the meaning conventionally assom with it Iﬂjﬁ'{%’ﬁ?e“c rganic

chemistr &Y FraR SR EE e TRERPYaBsH t&tﬁoﬂ KOS §Examples of

leaving gﬁﬁﬂﬂ]@ﬁpﬁ‘@byderhﬂhaé&lmishﬁmtﬁﬁbtophalb@&mhﬁﬁ(&heymf@m awkmme’uﬁplwéﬁ)gy such as
methanesulfony! esulfon th|o I benzen n oxy. thienyloxy,
dihalophgspﬁoﬁ)é@);xi X o@fn%‘ﬁ’é ysu sﬁ% 5Eenz %%&rf(s)%bro%{/ %/L ac ?/ amgt%g like.
"Modulatorty mgahsnathybiecedevifiatiimoradtemitheditarget. The mteractlons include, but are not limited
to, agonist, antagonist, and the like, as defined herein.

“Heteroaryl” means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at least one
aromatic ring containing one, two, or three ring heteroatoms sclected from N, O, or S, the re-

20 maining ring atoms being C, with the understanding that the attachment point of the heteroaryl
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 substifuted
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyrazinyl,
thienyl, benzothienyl, thiophenyl, furanyl, pyranyl, pyridyl, pyrrolyl, pyrazolyl, pyrimidyl,

25 quinolinyl, isoguinolinyl, benzofuryl, benzothiophenyl, benzothiopyranyl, benzimidazolyl,
benzooxazolyl, benzooxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzopyranyl, indolyl,
isoindolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinoliziny!, naphthyridinyl,
pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyl and the like, including partially

hydrogenated derivatives thercof, cach optionally substituted.

30 Heteroarylalky!" or "heteroaralkyl" means a group of the formula -R-R' wherein R is alkylene

and R' is heteroaryl as defined herein.



25 "Optional” or "optionally” means that the subsequently described event or circumstance may but
need not occur, and that the description includes instances where the event or circumstance occurs
and instances in which it does not. "Disease" and "Disease state" means any disease, condition,
symptom, d¥8rd8r 8 #dication.  "Inert organic solvent” or "inert solverﬁgmgsf?iﬁé9§3lvent is inert
under the conditions of the 30 reaction being descigbed in conjunction therewith, including e.g.,
benzene, toluene, acetonitrile, WO 2009/077367PCT/EP2008/066989 tetrahydrofinan,
N,N-dim@Hygmmami%ﬁ%@aawg}oﬂ%hmgm@n%@ﬂ'g@QOR%@#@{@m@ha@% i¢hlogesthane, diethyl
ether, ethyl acetate, acetone, methyl ethyl ketone, methanol, ethanol, propanol, isopropanol,
tert-butaH%‘I?’Bioxane, pyridine, and the like. Unless specified to the contrary, the solvents used in the
reactions of the present invention are inert solvents. 5 "Pharmaceutically acceptable" means that
which is Uidetrbiryiogpaniegna phanmadeinitahodmbbEitivrethat Rsigkeieredlylsafds fnmd-toxioy.and neither
biologically nor otherwise undesirable and includes that which is acceptable for veterinary as well as
human phasmaceiticakysencark harnarstticatynanseptabie salls =Rl sampreHndNRans salts that are
pharmaceutically acceptable, as defined herein, and that possess the desired pharmacological activity
of the pa}i‘Etr‘ff‘iaéy&BFrﬁfgﬁ‘ﬁﬂl.h%Eh salts include: acid addition salts forrued with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed
with orgakiie weids babiy.dbdoete’ aodl, irdzénekulfoniy heidscdentzotbaezarphiordalfenic acid, citric
acid, ethmﬁ%@giﬁ&g@,Cfﬁép&r{ﬁcg%qDgggggheptonic acid, gluconic acid, glutamic acid, glycolic acid,
hydroxynaphthoic 15 acid, 2-hydroxyethanesulfonic acid, lactic acid, maleic acid, malic acid, malonic
acid, mandelic acig, methapesulfonjc acid, muconic, acid, 2-naphthalenesulfonic acid, propionic acid,
calicyic SRR KA S, e BTl AR U A et Pt e e ke or
salts formeth wiheroadideidia pitigm pecenilinthelpdistt onpounid €itherlib tEplacatOg¢la metal ion,
€.g.,an alkgii (r)rgeigﬁ(l ipqe, an_%l{g Iigg et%t ﬂ{ipn, or an aluminum ion; or coordinates with an 20 organic or
inorganié’%aéie. ct%p 4bre org nlcdbases include diethanolamine, ethanolamine, N- methylglucamine,
triethanolamine, tromethamine, and the like. Acceptable inorganic bases include aluminum hydroxide,
calcium hiesdeRCpotseaimRRiroxide Soarim-ciipohsteiaRdssbbripAlR]dreistess deidsteferred
pharmacgitigaliy Receptable salisiarg theigaltsdarmedsfrom acetic acid, hydro-25 chloric acid,
sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric acid, citric acid, sodium,
potassium, calcium, zine, and magnesium., It should be understood that all.ref cestq

Pharmace AT B e A o e oL o e Mo morphs)
as definedihthemrefiing samaenidadditodlsdtne WweR009/077367PCT/EP2008/066989 -12-

15  “Heterocyclyl” means a monovalent saturated moiety, consisting of one to three rings, incorpo-
rating 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 inciude, but are not limited to, optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, pyridinyl,

20 pyridazinyl, pyrimidinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, iso-
thiazolidinyl, quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazolylidinyl, benzo-
thiazolidinyl, benzoazoiylidinyl, dihydrofuryl, tetrahydrofuryl, dihydropyranyl, tetra-
hydropyranyl, thiamorpholinyl, thiamorpholinylsulfoxide, thiamorpholinylsulione, dihydro-
quinolinyl, dihydrisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the hke.

25  "Heterocyclylalkyl" means a moiety of the formula -R-R* wheremn R 1s alkylene and R' is

heterocyelyt as defined herein.

"Heterocyelyloxy” means & moiety of the formula -OR wherein R is heterocyclyl as defined

herein.



"Protective group" or "protecting group™” means the group which selectively blocks one reactive site in a
multifunctional compound such that a chemical reaction can be carried out selectively at another
unprotected reactive site in the meaning conventionally associated with it in synthetic chemistry.
Certain proé@gs’@g%\‘?fﬁ?g invention rely upon the protective groups to bIoW%‘%&Wéﬁg@ﬁﬂogen and/or
oxygen atoms present in the reactants. For examplg, the terms "amino-protecting group” and "nitrogen
protecting group" are used interchangeably herein and refer to those organic groups intended to
protect theynifooen ARk 2gaI0stUNdeRIAbIeHeAGHANS BRI SYRINRUC RHOCRI @R RxgMplary
nitrogen protecting groups include, but are not limited to, trifluoroacetyl, acetamido, benzyl (Bn),
benzylox@%‘ﬁFB@fﬁl(é%lpﬁgﬁ%ﬁ??ﬁ%, CBZ), p- 10 rnethoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, tert-butoxycarbonyl (BOC), and the like. The artisan in the art will know how
to chose "digroonyidrche’ easesof reroyafl tieddonthe-OBilinntoenith standrorgafbibwidginealctions.
"Solvate%'e#gﬁans solvent additions forms that contain either stoichiometric or non stoichiometric
amounts of solvent. Some compounds have a tendency to trap a fixed molar ratio of solvent 15
molecules in the crystalline solid state, thus forming a solvate. If the solvent is water the solvate
formet is EWHH?@{‘WW%@E?}F@@HP%@%&HB‘?, HELBIvHE Forfistris RrisAROnsmer e ates are
formed by thehgombiaationsaf-6hedar=rare molecules of water with one of the substances in which the
water retains its molecular state as 1420, such combination being able to form one or more hydrate.
20 "Sublagk, (negns MATale 2nd a0 Mamalea N AMmAL RRgIRaRLIEMRS! Aliigmammalia
class including, But not limited'to, humans; non-human primates such as chimpanzeés and other apes
and moni@e@rygpwi@ﬁﬁékﬁiaéﬁﬁﬁﬁ'lésélyéﬁﬂéﬁé‘ﬁiléﬁ #ifiaes hefidep, goats, and swine; domestic animals
such as rabbits, dogs, and cats; laboratory animals including rodents, such as rats, mice, and guinea
pigs; andthaitikerdmtamplis,of okamarymials ineludes putarel tet fimited {R-(daisO2bwenrd:tRe like. The
term! S,ubi'ec ! qoen_\s n(at een&)é%rgh?articular age or sex. "Disorders of the urinary tract" or "uropathy"
useqllnterscﬁaﬁgegégfy with symptoms of the urinary tract” means the pathologic changes in the urinary
tract. Examples of urinary tract disorders include, but are not limited to, incontinence, benign prostatic

hypertrop iy tsPealkylostatthongkiodo phypekianeliax e sastiit ivstingregtiency, nocturia,
urinary 3@,uEg@nay.QueraciveBladdein RetWR hy PRFSERSHAI BhayNger IRGRRINANG FerkRhritis,
prostatodynia, cystitis, idiophatic bladder hypersensitivity, and the like. WO

2009/077367PCT/EP2008/066989 -13- "Disease.states, associat ith the urinary tract" or "urinary
tract diseggg States y(fr %er%%a(fwﬁ( a’gé“&’ 1|ér? e?%f‘?g%r%ré%%a §eﬁﬁ@%ﬁ%ﬁmﬁoﬁﬁgrﬁ%§?y tract” mean the

pathologiprefarigestin the writiaey trabtoradgsfiinptionded drin sy mddé?bgmm‘o;h fnosoid orits
|nneﬁ\éatl%9%@911@%95%@%%%@% F?sré}%ti% ‘é%%%%s%/c%‘a%%]ﬁ ofthe: wHpRyfract include, but

are not limited 5 to, overactive bladder (also known as detrusor hyperactivity), outlet obstruction, outlet

insufficie REgTaEpENECHRysEPspdl ifyh Y0 EYBIARM: BHAYHEPSBr g Br RopERsEiity- includes, but
is not limigeehinpiheythanaas smtommisally saaniesledasigency.disauaeye aiered bladder

capacity, incontinence, micturition threshold, unstable bladder contractions, sphincteric spasticity,
detrusor RYPErrETekTAE e RagEs c biadBEy o Bdtidor s i 2 8 Yike. "Outlet obstruction”

includes, biyisroofhmiteo loharpighrppestatic hypertrophy (BPI-1), urethral stricture disease, tumors,
low flow rates, difficulty in initiating urination, urgency, suprapubic pain, and the like.  "Outlet

insufficiengy 4 |BCldeR,, BUSAALIMECT oW -atm@ﬁmpﬂgwmeﬁgg} shpingtegc iR deficiency,
mixed incoritinence, stress incontinerice, arid the like. "Pelvic Hypersensitivity includes, but is not
limited tohpERES bR riteratifissQadiylapdingg hpre Seae ByHiacH roshaited o aeliactirethritis,
orchidalgig,pyeragtve aders. anddhalikee not limited to, 2-, 3-, or 4-hydroxycyclohexyl, and the

like.

"Urea"or "ureido” means a group of the formula -NR'-C(O)-NR"R™ wherein R', R" and R" each
25 independently is hydrogen or alkyl

"Carbamate" means a group of the formula -O-C(O)-NR'R" wherein R' and R" each indepen-

dently is hydrogen or alkyl.

"Carboxy" means a group of the formula -O-C({O)-OH.



"Respiratory disorder" refers to, without limitation, chronic obstructive pulmonary disease (COPD),

asthma, bronchospasm, and the like. 20 "Gastrointestinal disorder" ("Gl disorder") refers to, without

limitation, Irritable Bowel Syndrome (IBS), Inflammatory Bowel Disease gBD biliary colic and other
h

biliary disorgdqup?g/ﬂgg'%lic, diarrhea-dominant IBS, pain associated wit GrHié 3?{3?8?18;9and the like.

"Pain" includes, without limitation, inflammatory pajf; surgical pain; visceral pain; dental pain;
premenstrual pain; central pain; pain due to burns; migraine or cluster headaches; nerve injury; 25
neuritis; NEUrBIAIRTIPAIRARNDEISEHeMiG iRLRAMdNIRTSIIRICY sitissic RNCRY RAIR Viah RRIGRHIC or
bacterial infection; post-traumatijc injury; or pain associated with irritable bowel syndrome.
'Therape@fﬂgg’llﬁf SHEQRSB i "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 state The
"therapelifipalpadifectvetatebuntiavilsedny aspentinigroi thevEompould, dissess!staneclovo
2009/07; P&F{E%%?O%%{ﬁ@ﬁ%@&s%-ap% éﬁ%tﬁgeﬁggﬁ?xgi&m&ltta%@w@1 Baies fhe age and
o] i

relative health of the subject, the route and form of administration, the judgment of the attending

mediéal PUetalinavyshfatatioaarcairbiTaHT A8t orR ST HRoYS IHefEPaBbE® and "those
defined hgrginuwhen referiradaRariaRigiig, 2 RRPRsMES Dnsafeanaene dxaad definition of the

variable as well as preferred, more preferred and most preferred definitions, if any, "Treating" or
reatme 7B & e BTt NG B0 e ST TG RHER LY R IEh e K hica

symptomisixthexelisraseaditate-006tp-SOde velopd ik asdyidjeetthatkylayhbeyéxposed to or predisposed to
the disease st ut does .no 0 experience or. dis sym s of the disease state. (ii)
n&t%gﬂé-&% ﬁ% —%&}g{ ng%%g 5 e&l\l} éfbte e1£ ﬁ‘?{a} q wprOIQ’J an.{:[ H; are 1111(?61}1361’1(} nﬁ);/

inhibiting & e, i.8.;arresting he disease state or clinical symptoms,
or (i} religdingethe disgasedskaiehyéowausig teynloohary oyqieiindaibyt myrossiophofthdaisease state

or its clinjcal symplorpe, T NE IS (I6AIRG . §RRIBGHNY RN FeagtingiuheRfgferring to a
chemical reaction means addi 1g or mixing two or more reagents under appropriate conditions to
produce thanersieatedkahdvest BhameBira proaRrdsndl odrrBroskssrsetinsgk theyelsetioh which
produces,ihe indicated am{ﬁﬂhﬁ@ﬁﬁmwrmﬁm?wa%@mmmwﬁtgE@cﬁyﬁr@m the
combination of two reagents which were Initially added, i.e., there may be one or more intermediates

b
which ar@ B0 Hrodtiie@ v thesumiilbe WhicH SR REsY |@§H@wmaf6#wa%?ﬂ%%ﬂfﬂa?fe&@&%nd/or

the dgsirgghipeoghdcilkyisulfonyl. More preferred substituents are methyl, fluoro, chlore, trifluoromethyl,

methoxy, amino and methanesulfonyl.

“Leaving group” means the group with the meaning conventionaily associated with 1t in
synthetic organic chemistry, 1.e., an atom or group displaceable under substitution reaction
conditions. Examples of leaving groups include, but are not limited to, halogen, alkane- or

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

“Modulator” means a4 molecule that interacts with a target. The interactions mclude, but are not

limited to, agonist, antagonist, and the like, as defined herein.

25 “Optional” or “optionally” means that the subsequently described event or circumstance may but
need not occur, and that the description includes instances where the event or circumstance

occurs and instances in which it does not.
"Disease” and “Disease state” means any diseasc, condition, symptom, disorder or indication.

“Inert organic solvent” or “incrt solvent” means the solvent is inert under the conditions of the

30 reaction being described in conjunction therewith, including e.g., benzene, toluene, acetonitrile,



In general, the nomenclature used in this Application is based on AUTONOMTm v.4.0, a Beil- stein
Institute computerized system for the generation of 1UPAC systematic nomenclature. Chemical
structures shown herein were prepared using ISIS(r) version 2.2. Any open valency 25 appearing on a
carbon, oxy&’&zg?ﬁﬁfﬁ ?fr"nitrogen atom in the structures herein indicates thé’ E}r)ég‘ C&8t a hydrogen
atom unless indicated otherwise. Where a nitrogeq-containing heteroaryl ring is shown with an open
valency on a nitrogen atom, and variables such as IC Rh or Re are shown on the heteroaryl ring, such

variables; mayyhg, RRUNNOGIZREE {80088 YRISHRY-RItIRGaNIWNaIS RICHIalGRIBRAKISES In a
structure hut no specific stereochemistry is shown for 30 the chiral center, both enantiomers

associatelCRIP B it RERE LB AeTHERSCe sy TRIARSBbRRRT 726 BeoH B PY908/066989 -15-

structurepXyhaee, aehusiuie shewnheleiomay, eyistiie naultiple iRstamess fesmsedibsbeh tautomers
are encompassed, by the struct#r.e. ﬁé\ll [ fattent1s anﬁ' public?tion_s identified herein are incorporated
herein by PRHEPEnEE 19 TRAT SRR S T CaHEIR M BOa e iis B S SrhulaT RP €8 btionally substituted
pyrazol-1-yl. In certain embodiments of formula I, R1 is optionally substituted pyrazol-3-yl. In certain
embotimétieropsetvally 2reentablstiorramy Substicheld pynal s1-amsparmaTaPRrERwdiaents of formula |,
Rlis pyr%w%ba%g@@almymgegmpﬁ@mg& rdhResdines apdiniedrsiRiabinangepwith

C1_6alkyt. 10 In many embadiments of formula I, Rl is pyrazolyl optionally substituted with Cialkyl or
haloC1_@afk{eidertfigt rhishdnAes i DMt P TinaNS pY L By FEptoR i S6BE S once with

Chealkyl or halo-C1.6alky. In certain embodiments of formula I, Rl is pyrazolyl optionally substituted
once, twitBharrtiaree it & fmespprisferabiy diriom nwithr@ 16 atisydatie thro GlalleyhCiatkently, heterocyclyl-

01—63'ky;ic%ém%%é‘f%}ﬁgﬁﬁgﬁ’%XLESE}?&?M%&H&Q&ﬂ@&’&ﬂe@ﬁéﬁ@@é@é@i Q&%E?%W}ke%gé&’mj azoly

heterocyclyl, cycloalkyl-Ci_6alkyl or cyano. In certain embodiments of formula I, R
optidiallyeubsttdieduohsdiainiies; pre- ferably once, with Clalkyl,Ci_6alkoxy, heterocyclyl-C1_6alkyl,

C1_6alkoxys 28:eRibamd efrnbedicdaminasnaRenydudi-G hydalkylaminersarkepyomR Ligycloalkyl or
C3_6cycloalkyl-Ci.6alkyl. In certain embodiments of formula I, 12,1 is pyrazolyi optionally substituted
once witt BRI RATCERchonRRers.- et safkiic EXaRbIIIHeN ARAREATEIES 28-cycloalkyl,
CL 6cycloadylAcliaddleri-oneyanac RS vehesidaiaarnbadimentscef farmulaid, Rhispyazalylaptionally
St O i R AR ) cid, gluconic acid, glutamic acid, glycolic acid, hydroxynaphthoic
15 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
ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an
20 organic or inorganic base. Acceptable organic bases include diethanolamine, cthanolamine, N-
methylglucamine, triethanolamine, tromethamine, and the like. Acceptable inorganic bases
include aluminum hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate and

sodium hydroxide.

The preferred pharmaceutically acceptable salts are the salts formed from acetic acid, hydro-
25  chloric acid, sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric acid,

citric acid, sodium, potassium, calcium, zinc, and magnesium,

It should be understood that all references to pharmaceutically acceptable salts include solvent
addition forms (solvates) or crystal forms (polymorphs) as defined herein, of the same acid

addition salt.



WO 2009/077367PCT/EP2008/066989 -16- In certain embodiments of foiinula 1, Rl is pyrazolyl
substituted once with halo-CiAalkyl. In certain embodiments of formula I, R1 is pyrazolyl substituted
once with betero-Cholkyl selected from hydroxy-Ci_6alkyl, Ci_6alkoxy-Ci_aalk

I
Cl.6a|ky|anWﬁbg@ﬂ(g§ S’/I, or N,N-di-(C1, 6alkyl)-amino-C1.6alkyl. 5 In cgﬁgﬁéﬁ%@ﬁ(fﬁ%nm of formula

1, R."is pyrazolyt optionally substituted once with_methyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyl,
tert-butyl, cyclopropyt, cyclobutyl, cyclopropylmethyl, phenyl, trifluoromethyl, difluoromethyl,
fluorometipyt Rentaidere Gthlofeclintdifione atbls g HilHrraRthYLISINOXY - 6RIBQMM, reactive

methylamino-carbonyt, dimethylamino-carbonyl, isopropylamino-carbonyl, 3-methyl-oxetan-3-yi,
1-methoXy/SethgIm IiHesEPRAhSR PRoHBEHEIR)- 1124 t TSR SERGIICT- PR PO TE Uit Ry At
1-methyl-azetidinprddadddimethy lninehe thyh o dicostbytamine-meitiytednigeriain empediments of
formula I, R' is pyrazolyl optionally substituted once with methyl, ethyl, n-propyl,.isopropyl, isobutyl,
SR AR G R R R e
ethoxy-cartyogyl, amith pleminetcarborytndimethydactine- Ebreadmyl tisdpropylaminepsatoomnyl, or

3-methyl- -3yl imes mul L ' ith
b e H o earTepul. SDBO eat bt Coelatma. cyelobutyl o

cyclopropysaigerynupiingadetnie mpisaiiiemisrog o Bivmasa Rtispsipaably isptisial Bsosstituted once
with ha'Os%ﬁﬂé%ﬂc%@&?&t.eﬁ{&ﬁl&@H%Qg@&%ﬁke%(%fgmtm@mﬁ'é%ﬁm%mdﬁ Rentaflgoro-ethyl,
e

1,1-difluoro-ethyl or 2,2-difluoroethyl. In certain embodiments of formula 1, R2 isg’g)henyl substituted

once or tiiBEoHdET S AT tRIARLPFHEE 67 PhethiAY O X HPONY [ MBRNAER S fdtfluli 1, R2 is phenyl
substifutegkalotia drRasitienwith methyl mnbaloEane o plienats Selastiuie drb theadd ardibe positions
with halo, WO 20091077367PCT/EP2008/066989 -17- In certain embodiments of formula |, R2 is
ety ERIB BT AR HILTGPRRYP DM B Lo Bt OSSR S SRRy,
2,4-dichlosovithemyd, tRodedifterore rplieivpls. or 2- chloro-4-methyl-phenyl. In certain embodiments of
formula I, R2 is 4-methyl-phenyl or 4-chloro-phenyl. 5 In certain embodiments of formula I, R2 is

4-methyl-plenyl i LEHAR FRPMMEN SPhoMMUEk R 2 %4 (i itstmetv AL Hid SerRin

embodiments of formula I, R2 is 2-chloro-4-fluoro-phenyl. In certain embodiments of formula I, R2 is

4-chloro-2oHiBte Piehynt mear A ENsHIReRR GrisHRUIA R e Augieniars-phisdysnt

15 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 alcohol, the solvate formed 1s an alcoholate. Hydrates
are formed by the combination of one or more molecules of water with one of the substances in
which the water retains its molecular state as HyO, such combination being able to form one or

more hydrate,

20  “Subject” means mammals and non-mammals. Mammals means any member of the mammaiia
class including, but not limited 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,
and guinea pigs; and the ke, Examples of non-mammals include, but are not limited to, birds,

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

“Disorders of the urinary tract™ or “uropathy” used interchangeably with “symptoms of the
urinary tract” means the pathologic changes in the urinary tract. Examples of urinary tract
disorders include, but are not limited to, incontinence, benign prostatic hypertrophy (BPH),
prostatitis, detrusor hyperreflexia, outlet obstruction, urinary frequency, nocturia, urmary

30 urgency, overactive bladder, pelvic hypersensitivity, urge incontinence, urethritis, prostatodynia,

cystitis, idiophatic bladder hypersensitivity, and the like.



10 In certain embodiments of formula I, R2 is 2,4-difluoro-phenyl. In certain embodiments of formula I,
R2 is 2-chloro-4-methyl-phenyl. In many embodiments of formula I, R2 is optionally substituted
pyridinyl. Exemplar ridi y include pyridin-2-yl, and pyridin-2-one-1-yl, each optionally substituted
once, twice Bft ?ggg{’f%@s with any of Ci_6alkyl, Ci_6alkyloxy, halo, Ci_oﬁg%ﬁ ﬁf’;sﬁ)gfgW)-Cl_Galkyl,
Ci_6alkylsulfonyl 15 or cyano. Preferred pyridyl inglyde 4-methyl-pyridin-2-yl, 4-fluoro-pyridin-2-y1 and
4-methylpyridin-2-one-1-yl. In certain embodiments of formula I, R2 is pyridin 2-y1 substituted with

methy| orhalg,. &t iie.oxR0sHIeN withl heeHainambedimeRisAf fanuldsle s nwidifgnpl substituted
with methyl or halo at the 5- 20 position and optionally substituted with halo at the 3-pasition. In certain

embodintERIsTSFTEHAERANTYRVHS SYRIBIRYI Sy DT Y S oH oRsY GiR2S IO BC ABRABEDJHR-2-y),
5-methylu3rilu9reapydd b oyt mathyha-cbladecpyridmnhl sdcodifliarerpynishinalydgor
3,5-dichlqro-ppyridin-2-yl.  In certain embgodiments of formula I, R2 is 5-methyl-pyridin-2-yl..25 In
conain el BATRA A BRIGIRRERS o 125 Lo SHTOR By S P 5 S0 S I8 060989
-18- If cestaincetibadinddisakidrnoma 45 R nssor fluproqpyridin-@:ét wbeentdionemitletiments of formula

1,R2is 5 etlﬁ [-3-fluoro-p rliqlicrtﬁ2- !,é (i:tg?rgg'n embodiments of formula I, R2 is

5-methyl3§§% %8}%11_0 )’/r%ldnl-y T{/ . Iﬁ'%xe?tgﬁw embodiments of formula I, R2 is 3,5-difluoro-pyridin-2-y1 5 In

certain embodiments of formula 1, R2 is 3,5-di,ch|orq-p¥ridin-2- |. In certain embodiments of formula |,
t

R2 is optiohansibSirdtets Ay ridetzigT WPsticH dmb Bttt RS Ay BE'E! bto yekszinyl or
6-methylspuritaminidaiprefenbly-6-ghiesenpyritlenioytyl nicadais Aambedimenisabietmnts, |, R2 is
optionally substituted thiophenyl. | embodiments R2 may be thiophen-2-yloptionally substituted
it Cr G BPRLIB P FR 15 DGR RRACIGHS M SoTaRFead 2y TR S (S phen-2.p1
and Bchlarostiiapbéiedisd), demanyismibddimantsiefifermula 1, R6 is hydrogen. In certain
embodiments of formula I, R6 may be methyl. In many embodiments of formula I, R3 is hydrogen. In

certain emhadiments QlformeiaibsReISHATRURAI {6 tRrRaNYRMROMIMentH 8f fempylakRdis Cl

_oalkyl. A preferred C1.6alkyl in such embodiments is methyl.. In many embodiment§ of formula 1,
12.4 is CHEAHEI TARISIUIRSESCSTEYP Bith SRSB IR S ISRESEHTROM AReRIy SHEBW M nts of
formula IpBa3dsdwdnagen and R4 is Ci_oalkyl, preferably methyl. 20 In certain embodiments of
formula 1, R3 and le are hydrogen.

“Outlet insufficiency” includes, but is not himited to, urethral hypermobility, intrinsic sphincteric

15 deficiency, mixed inconiinence, stress incontinence, and the hike.

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

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

“Respiratory disorder” refers to, without iimitation, chronic obstructive pulmonary discase

(COPD), asthma, bronchospasm, and the like.

20  "Gastrointestinal disorder”™ ("Gl disorder™) refers to, without limitation, Irritable Bowel Syn-
drome (IBS), Inflammatory Bowel Discase (1BD), biliary colic and other biliary disorders, renal

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

“Pain” includes, without limitation, inflammatory pain; surgical pain; visceral pain; dental pain;

premenstrual pain; central pain; pain due to burns; migraine or cluster headaches; nerve mjury;

neuritis; neuralgias; poisoning; ischemic injury; interstitial cystitis; cancer pain; viral, parasitic or

3]
(W5

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

“Therapeutically effective 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 state.

The “therapeutically effective amount” will vary depending on the compound, discase state



In certain embodiments of formula I, R3. and 124 together with the atom to which they are attached
may form a C3_6 carbocyclic ring In certain embodiments of formula I, R3 and R.' together with the
atom to which they are attached may form a cyclopropyl group. WO
2009/07736%7PE{REBd8/066989 -19- In certain embodiments of formu%cﬁlﬁ%oa?ﬁ@%%gether with
the atom to which they are attached form a C3_6 garbocyctic ring that is optionally substituted with
hydroxy. In certain embodiments of formula I. R4 and R5 together with the atom to which they are

attached{gHn RENCIORORVEAIPUPHR HiscalaieLmbadipents o forpulait b2 @dsiyesoaen and R4
and R5 together with the atom to which they are attached thinu a cyclogropyl group. In certain

embodinf8HtS BrkdH AT A EANSHRAREJER HARTRAL A AR B YR Pt (e RI6WIAE which they are

attachedeitaeyclapenbdrgioipsoptionally substituted with hydroxy. In certain embodiments of
formula 1, R4 and R5 together with the atom to which they are 10 attached form a C4_6 heterocyclic

ring contaying.ne pL twe. BRIE. R%mmaﬁﬁb@%%@ﬁ@s*ﬁ@}yns%gwf%@&mgﬂm and e t.certain

embodiments of formula I, le and R5 together with the atom to which they are attached foil," a
piperflingPEpeidEdPoseltaeRiathe fredpiciniHosertdhs srisblinfertd of RAerRURN MR SR RS%ogether

with the gipmaiamhiel-they-arebasattaghed form a piperidin-3-y1 group or an oxetan-3-y1 group. In
certain embodiments of formula I, R3, R4 and R5 together with the atom to which they are attached

form a six; e%mnb;e,relg“preeg%%%{yl ?orgaieni%%tg%e&riﬁ\é\é%nitrogen atoms, and which is optionally
substitute Wlﬁm haﬁ), amimno or CF.: alﬁqels. I cértain embodiments of Ibinula I. R3, le and R5 together

with the dtbm towhichithehcatiec2® attéchedciormathedioer) b gelbotetofdm disease state not to

2-0x0-1 2-ditwdra-nyrimid > € ez SO srinaly
bt B R S e with the
atont o VoKREHieRes HrdimitchEePiorm of Hutditasy SeRcted from 2-oxo-1,2-dihydro-pyrimidin-4-yl,

2-0x0-1,2;dihydranyrimudin: diyda - BaEY 2 0%k 1AM BHER gt -whs Ssmathy bpysidin-3-yl,
pyridazin-4- 25 yl, 6-amino-pyridin-2-y1, 2-aminopyrimidin-4-y1 or 2-amino-pyrimidin-3-yl. WO
2009/07 P36 ETRPY0OE1066989 -20-

(iii)  relieving the disease state , i.e., causing temporary or permanent regression of the disease

state or its clinical symptoms.

15 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 mndicated
and/or the desired product. It should be appreciated that the reaction which produces the
indicated and/or the desired product may not necessarily result directly from the combination of
two reagents which were initialty added, i.e., there may be onc or more intermediates which are

20 produced in the mixture which ultimately leads to the formation of the indicated and/or the

desired product.

In general, the nomenclature used in this Application is based on AUTONOM™ v 4.0, a Beil-
stein Institute computerized system for the generation of TUPAC systematic nomenclature.
Chemical structures shown herein were prepared using ISIS™ version 2.2. Any open valency

25 appearing on a carbomn, oxygen sulfur or nitrogen atom in the structures herein ndicates the
presence of a hydrogen atom unless indicated otherwise. Where a nitrogen-containing heteroaryl
ring is shown with an open valency on a nitrogen atom, and variables such as RY, R"or R®are
shown on the heteroaryl ring, such variables may be bound or joined to the open valency
nitrogen. Where a chiral center exists in a structure but no specific stercochemistry is shown for

30 the chiral center, both enantiomers associated with the chiral center are encompassed by the



6alkyl;C3_7cycloalkyl; optionally substituted phenyl; heteroaryl, or heterocyclyt-Ci_oalkyl. In certain
embodiments of foiniula I, R5 is N-Ci_6alkyl-amino-C1_6alkyl substituted with halo. In certain
embodiments of formula |, R5 is Chealkyloxy-Ci_6allcyl; hydroxy-Cislkyl; heteroaryl, 5 or
heterocyclyP¢! 2883 certain embodiments of formula!, R5 is C14alkyiSEEEIH S he preferred
Ci_6alkyloxyC,..6alkyl is methoxymethyl. In certaipsembodiments of formula I, RS is hydroxy-Cislkyl.
One preferred hydroxy-C1.6alkyl is hydroxymethyl. 10 In certain embodiments of formula I, R5 is
heteroaryl, lp:¢es a6 RQAIMSRISHYRA KA R P elesoaniy sieh hatrrearomay hesayridiny,
pyrimidinyl, pyrazinyl, pyridazinyl, pyrazolyl, imidazolyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl,
oxadiazolFHATER0eE S BRSGE SRERE I UHES 7 oly1, imidazo[2,1-b]thiazolyl, imidazo[1,2-alpyridinyt,
imidazo[4,5-b]pyridinyl, and benzimidazolyl, each of which may be optionally 15 substituted one, two
or three tixligmiwith androbbarigne ipsiifdd fende athy iselestedtdmBilbBealfceytnGi 16 aikoxy,
Ci_6a|koxXt-§3 b6alkyl, halo-C1_6alkyl, halo, amino, N-Cholkyl-amino, or N,N-di-( C1_ 6alkyl)-amino.
More pre?era% /, such heteroarly may be optionally substituted once or twice with a group or groups
independently selected from methyl, ethyl, n-propyl, fluoro, chloro, triflugromethyt, amino, mothylamino
or dimcth\ASRATAE. PP AT s e iinheh i Rk Bk SubsEissEIaQlck Heteroaryl may be pyridinyt,
pyrimidinyl, pyrazinyl, pyridazinyl, pyrazolyl or thiazolyl, each of which may be optionally substituted
once or tivicertwitheangrdup=os gfdupsiihde penertitynskjentedifuom medw3 ethyl, n-propyl, fluoro,
chloro, amino, methylamino or dimethylamino.  In certain embodiments where R5 heteroaryt, such

heteroaryhmay:Re-msidimdnd)oimidin. I0R 2% ByraZiny s atvhiehonaybe optionally substituted
once or twice with a group or groups independently selected from methyl, fluoro, chloro, amino,

methylamino or dimethylaming..WO.2 Q77367PCT/EP2008/ 9:21- 2-vl .
A s e N R B AT
3-(2-chlotaaphengn(ir2nddioxatianot.5+h 8-(mikivin-4-y1)[1,2,41-oxadiazol-5-yl, pyridazin-3-yl,
2-methyl-pyrazol-3-yl, thiazol-5-yl, 1-methyl-imidazol-2-yl, 6-chloro-pyrimidin4-yl,

4-ethyl-[ 112 At az@lodimedi o Eimethy FEYEaARkA N dpBodimethykiyiaa olidryl, &&ybor halo-
dimethyl-pyrazol-4-yl, 3-(2-methoxy-ethyl)41,2,41-oxadiazol-5-y1, 3-(pyridin-3-y1[1,2,4]-
oxadiazol=5%¥etrazol-5-yl, pyrazol-3-yl, 4-amino-2-methyl-pyrimidin-5-yl, 2-aminopyrimidin-4-yl,
6-methoxy-pyridazin-3-yl, 3-oxo-2,3-dihydro-isoxazol-5-yl, 3-methyl-thiophen2-yl,
5-methyli3niRpxatiedole®sof omutayil-Rokapora il @tieflabyonistiyiogyraconih i xatkyl or
methyl-px@g@%@ﬂl{ﬁ-methyl-pyrazol-l-yl, 5-methyl-3-trifluoromethyl-pyrazol-1-yl, 5- 10
cyclopropy1-3-trifluéromethyl-pyrazol-1-yl, imidazo[2,1-1A-thiazol-6-yl, thiazol-4-yl,
2-propylpyrazol-3-yl, 2-ethyl-pyrazol-3-yl,3-amino-pyridazin-2-yl, 3-chloro- pyridazin-2-y|

o oo By RGeS TAAH OBy S E A QB i Py e
2-aniifo-piyed] ped ks Rsdimethy lentingp yt i hinc Doy ik G anrtkero- Py erdiyd2 6l sékoxy, heterocyclyl-

methylamino-pyridin-4:371, 2-dimethylamino-pyridind-yl, 3-methy]-2-di Ming;Rykidin-4- 15 yl,
pyrimidin-t i@al%ﬁi;&gfﬁaﬂ/ %ngfnoz{‘}ﬁl%%%%%@%?%%ﬁ%ﬁ@ew % firlrgé? %%g%?ﬁlo’-%pyn ’ilh-S-yl,
6-rnethylastineepyrinidinaaiabginietvydpailpliyridiiyBoyicBumethylaminopyridin-3-yl,
2-methylamino-pyrimidin-5-yl, 6-methyl-pyridin-3-31, 4-methyl-thiazol-2-yl, 2,6- dimethyl-pyridin-3-yl,

imidazo[2caHyfigibdyn EretRnRME iR 2ry bytaebinyil opyiezol-Srivdtituted once or twice, pre-
ferably once, with C)galkyl, halo-C; galkyl, C,salkoxy, heteroeyelyl-Cjsalkyl, Cigalkoxy-

20 carbonyl, C,ealkylamino-carbonyl, di-C; salkylamino-carbonyl, Ci¢-cycloalkyt or

Csscycloalkyl-C; galkyl.

In certain embodiments of formula I, R' is pyrazoly! optionally substituted once with Cysalkyl,
halo-Cy salkyl, hetero-C)galkyl, C;salkoxy, phenyl, heterocyclyl, Css-cycloalkyl, Cs.
scycloalkyl-Cysalkyl or cyano.

25  In certain embodiments of formula I, R is pyrazolyl optionally substituted once with halo-

C]_g&u(yl.



3-methyl-pyridin-2-yl, 4-methyl-thiazol-5-yl, 1-ethyl-imidazol-2-yl, 1-methyl-pyrazol-4-yl, 20
imidazo[4,5-b]pyridin-2-yl, 3,5-difluoro-pyridin-2-yl, 6-fluoro-pyridin-2-yl, 1,5-dimethylpyrazol-3-yl,
5-methyl-pyridin-2-yl, 6-trifluoromethyl-pyridin-3-yl, 5-methyl-isoxazol-3-y, 5- methyl-imidazol-2-yl,
5-methoxy-mzm?83?87-2-yl, [1,2,41triazol-3-yl, and 8-methylimidazo[l,Eggfﬁﬁﬁ%%gﬁ{‘ °In certain
embodiments of formula I, R5 is heterocyclyl-C1_ggalkyl. 25 In embodiments where RS is
heterocyclyl-Ci_oalkyl, such heterocyclyl-C1,6alkyl may be heterocyclyl-methyl such as
morpholinosaaiybRisariding-sneshyl piperazipyameihyvhionawmhelinyimeihyt, pyralidinyimethyl, or
azetidinylmethyt, the heterocyclyl portion of each of which may be optionally substituted once or twice
with a group or groups independently selegted from methyL. thoxy, halp, methanesulfonyl, oxo or
ety 38 TR T e e e e g CEeS Py e
morpholire¥etgidrfreth lydteme Hianabisul fonyllipiperazialiyy Gnethylahacetyl-pipdrazi:-Myjlftethyl,
piperidinl-%ﬂ(?; 19%5%0 lin-4-yl-methy L, 4-methyl-piperazin-I-yl-m ethyl, 3-o xo-piperazin-I-yl-methyl,
WO 20098/077367PCTIEP2008/066989 -22- 3-methoxy-piperidin-l-yl-methyl,
4-methoxy-piperidin-1-yl-methyl, 4-hydroxy:piperidin-lI-yl- methyl, 1-oxo-thiomorpholin-4-yl-methyl,
3-hydtox{RS§THRERERAmRRT A ,f%‘ﬁlaih-g-yﬁﬂm}YA%‘@%&H&&%W@Hiﬁ%%?d‘iﬂé&%}ﬁ%thyl,
4-fluoro-piperidinrdpyimetiyl, kacebyl -Sobusthyipinaeazinelopropethyiclobutyl, cyclopropyl-
4-acety1-3,5-dimethyl-piperazin-1-yl-methyl, 2 6-dimethyl- 5. morpholin-4-yl-methyl,
4-dif|uor@ﬁ?ﬁ%figlﬁﬁgﬁtm@ Y ,eéfﬁ!ﬂrcg}]}%?ﬁ% gemr?g? P%‘Eﬁy -%ﬁﬁ%%&n%{pwﬂxem}%n ’ b-diftoro-
methy1-4thytRyé flperidihidy lethetiiydarbe Byt uarthviamatharybpipéridindhylamsthryartiongertain
SRR B 2 B8R BB IROME DY &R O St

methyl-pyr . In certain embodiments of formula I, R5 is hydroxymethyl, methoxymethyl,
pyrakin-2mathsl-a yhtiyipyrasihyl-{HoBapetiyl-pyritdAregdin-gl, 1-dimethylamino-ethyl or
1-methyl-frQx%0:3.8idiygegspyridin-3-yl. In certain embodiments of formula I. R5 is hydroxymethyl. In
certain embodiments of formula I, R5 is methoxymethyl. In certain embodiments of formula I, R5 is

pyrazin-2-yl. In certain embodiments of foymula |, R5 is 5-methyl-pyrazin-2-yl. 15.In certain

b E T e S AR St ME A R e A

formula |¢fRE is-GropethidepyridaziviBayl, arceutaineniodimknislobfoyneptelépREyREGR R8 are

hydrogeﬁ..ﬁl I Iments.affo L BLANd RS Wg_r% dn.sertain,embodiments of
L SR AMRAURERE AU LG ANGRB A iYdagshy . dEAIRBER

formula I, one o is halo or Cii xy and'the other is 20 hydrogen.
15 carbonyl, isopropylamino-carbonyl, or 3-methyl-oxetan-3-yl.

In certain embodiments of formula I, R is pyrazolyl 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 I, R' is pyrazoly! optionally substituted once with halo-
20 Cisalkyl selected from trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-cthyl,
1,1-difluoro-ethyi or 2,2-difluorcethyl.

In certain embodiments of formula I, R” is phenyl substituted once or twice independently with

halo or methyl.

Tn many embodiments of formula I, R? is phenyl substituted at the 4-position with methy! or halo

25 and optionally substituted at the 2- and 6- positions with halo.

In many embodiments of formula I, R? is phenyl substituted at the 4-position with methyl or halo

and optionally substituted at the 2-position with halo.



In certain embodiments of formula I, R7 and R8 each independently is halo or Ciialkoxy. In certain
embodiments of formula I, one of R7 and le is fluor, chloro or methoxy, and the other is hydrogen. In
certain embodiments of formula I, R7 and BY each independently is fluoro, chloro or methoxy. 25 In

certain emb3#AHEME GFformula I, one of R7 and R8 is fluor and the othe?qgfﬁ‘?a%%‘éﬁgsswo
2009/077367PCT/EP2008/066989 11 certain embpediments of formula I, one of R7 and BY is chloro
and the other is hydrogen. In certain embodiments of foiinula I, one of R." and R2 is methoxy and the

other is hydragen. in,carain eopRAclimentRof formu) ;ﬂ o0 R&,278 Iaro: b ssitain smbodiments
of formula 1: 5 Ri is pyrazol-3-y1 substituted at the osmon with Ci_6alkyl, halo 1 6alky1,

Cislkoxy- f&fluoreakwhfd?BW%%sﬂ%ﬂr@h@wkMrﬁﬁéi@P BAYl; R&ﬁaé?l’(@?@ée%”e%_%alkyl or
C3_6cyclopdikyliGletballontnii2 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- phenyl or 2-chloro-4-methyl1-phenyl; 10 R3

is hydro 4 |s h droge eth 6alkyl Kk I islkyl; hydroxy-Cislkyl;
Cislkylsg%%ﬁa dgrgﬁiliﬁg(gffﬁ]kﬁ C ]'?cylcﬁ E}:]ﬁzly’f’ehop %)%ra |§§§é¥ tut% phenyl heteroaryl, or

15heterocyclyl-Ci oalk I. In certain embodgnents of formula I: RI is pyrazol-3-y1 substituted at the
2-positioRvFRHAEs YL &imeaiokietadalkyls AyardRy-EEmghikyl, C1_6alkylamino-Ci_6alkyl,
N,N-di-(Ci_6alkyl)-amino-Ci_6alkyl, C3_6-cycloalkyl, or C3_6cycloalkyl-C1_6alkyl; 20 le is

5- methyllpymdmn&mb@mkdmﬁm;ﬁﬁmkml@iyﬁ%ﬁlmm;wﬁlmiayylp&methyl 3-fluoropyridin-2-yl,
5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-y1 or 3,5-dichloroppyridin-2-y1; R3 is hydrogen;

R4 is hydspgenipEmethmand 251G Lralkyh Glo.Sallalexy-Giskyl.; hydroxy-C, -6 alkyl;
C1_6alkylsullanyt-Cidalkyl;

In certain embodiments of formula I, R* is 4-chloro-2-fluoro-phenyl.
In certain embodiments of formula I, R? is 2,4-dichloro-phenyl.

10 In certain embodiments of formula I, R” is 2,4-difluoro-pheny!.
In certain embodiments of formula I, R? is 2-chloro-4-methyl-phenyl.

In many embodiments of formuia I, R” is optionally substituted pyridinyl. Exemplary pyridinyl
mclude pyridin-2-yl, and pyridin-2-one-1-yl, each optionally substituted once, twice of three
times with any of Cyalkyl, Cisalkyloxy, halo, C;.ghaloalkyl, hetero-Cysalkyl, C;salkylsulfonyl

13 orcyano. Preferred pyridyl include 4-methyl-pyridin-2-yl, 4-fluoro-pyridin-2-yl and 4-methyl-
pyridin-2-one-{-yl.

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

position,

In certain embodiments of formula I, R” is pyridin 2-yi substituted with methyl or halo at the 3-

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

In certain embodiments of formula I, R? is 5-methyl-pyridin-2-yt, 5-chloro-pyridin-2-yl, 5-
fluoro-pyridin-2-yi, 5-methyi-3-fluoro-pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-di-
fluoro-pyridin-2-yi or 3,5-dichloro-ppyridin-2-yl.

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

25 In certain embodiments of formula I, R? is 5-chloro-pyridin-2-vi.



Clolkylsulfonyt-Ch6alkyl; amino-C1_6alkyt; N-C1_6alkyl-amino-C1_6alkyl;
N,N-diC1_6allcyl-amino-CLoalkyl; C3_7cycloalkyk optionally substituted phenyl; heteroaryl, or
heterocyclyl-Cl _6alicyl. In certain embodiments of formula I: WO 2009/077367PCT/EP2008/066989
-24- R1 is p}i@2#124%/#%ubstituted at the 2-position with Cislkyl, halo-C1BSKFF 2% 64ikbxy-Ci_ oalkyl,
hydroxy-C1_6alkyl, C3_6-cycloalkyl, or C3_6cyclealkyl-C1_6alkyl; R2 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-diflugrosphenuhh drebIRt Aenatiy b RieRYLR&S-{3 AyAregan; R4 is hydrogen; or methyl; and RS
is hydroxymethyl; methoxymethyl; morpholin-4-ylmethyl; piperidin-I-yl methyl_ optionally substituted at

the 4-position with egl |, methanesulfony} or acetyl;.1,1-dioxothiomarpholin-1-yb piperidin-1-yl-methyl
optionall?/“s‘i%@fﬁlﬁ@r%o Ff\é%n(t)sr?\?v?%m\}é#?h?’g%g%tﬁﬁ%ér%%‘ﬁ?é@%%%%ﬂéependently from methyl,
methoxy or halo; pyridinyb pyrimidinyl; pyrazinyl; pyridazinyl; pyrazolyl; or thiazolyl; wherein the
pyridiny| Ipgeraidieybasirezingf fymideihg Byrarelybisinerenideadtymay be optionally substituted
once or twice with a group or groups selected independently from methyl., methylamino,
dimethylamis@:anealtimbhtivcaitainlemhodimentslobfomptitat-Ritis pyrazol-3-y1 substituted at the
2-position with Cislkyl,Ci_6alkoxy-C, _6alkyl, hydroxy-Cislkyl, Ci4alkylamino-C1_6alkyl, C-cycloallcyl,

ﬁ&‘@('&ﬁ%@@fﬁ%%tgso%mm19&%5%@,%:3&%&9Lgsggf@%@kﬂ:zy', 5-fluoro-pyridin-2-yl,

or 035_6c1¥1c4$
5-methy1-3-tfluoro20pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-y1 or

3,5-dichloro- ppyridin-2-y1; R3 is_hydrogen; R4 is h)ﬁro n;.or meth é;%%nd R5 is hydroxymethyl;
methoxyméﬁiﬁfqﬁgmmfﬁmﬁ%méa&p%riﬁiﬂgf-'ﬁf‘ l@tﬁ@f%’ﬁﬁ%ﬂé’ﬂ% 'EPHStﬁhf’B a chg(g}-position
with methydnmethaneseboriyb ar- paedykidyLedioxe:t Hylomodahalin-feykrqbifyeridinetedpgptiariaily
substituted once or twice with a group or groups selected independently from methyl, methoxy or halo;
pyridinyl; pYHmIRiON o diments of formula 1, R? is optionally substituted thiophenyl. In such embodi-

ments R may be thiophen-2-yl optionally substituted with C;galkyl or halo. Preferred
10 thiophenyl include 3-methyl-thiophen-2-yl, 5-methyl-thiophen-2-yl and 5-chloro-thiophen-2-yl.

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

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

15  In many cmbodiments of formula 1, R is C; salkyl. A preferred Cygalky! in such embodiments

1s methyl.

In many embodiments of formula I, R' is C; salkyl. A preferred Cysalkyl in such embodiments

is methyl.
In many embodiments of formula I, R? is hydrogen and R is Cgalkyl, preferably methyl.
20  In certain embodiments of formula I, R* and R" are hydrogen.

Tn certain embodiments of formula I, R? and R? together with the atom to which they are

attached may form a Cs carbocyclic ring.

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

attached may form a cyclopropyl group.



pyrazinyl; pyridazinyl; pyrazolyl; or thiazolyl; wherein the pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyt,
pyrazolyl and thiazolyl each may be optionally substituted once or 30twice with a group or groups
selected independently from methyl, methylamino, dimethylamino and halo. In certain embodiments of
formula 1: WOBHHEB97367PCT/EP2008/066989 -25- R1 is pyrazol-3-yI-S(IBSfEE°S the 2-position
with Cislkyl,C1.6alkoxy-Ci_ salkyl, hydroxy-Cislky]4C3.6-cycloalkyl, or C3_6cycloalkyl-C1_6alkyl;
R2 is 4-methyl-phenyl; 2-fluoro-4-methyl-phenyl; 2-chloro-4-fluoro-phenyl; 4-chloro-2- fluoro-phenyl;
2,4-dichlgtephgnyint drdlifhuose BhanvkoR2-shlerondmethyhR irnvb R R3Jsidyadaes; and R4 and RS

together form a cyclopropyl group. In certain embodiments_of foimula I: RI- is pyrazol-3-y1 substituted
at the 2-BHEHIEH Rt €16 HPPENSKERF-BR 1s oPURuaily SYRTHHIGH S 1B RS-
Cl.6alkylamino-Ci_6alkyl, C3_6-cycloalkyl, or C3_6cycloalkyl-Ci_ 10&alkyl; R2 is
5-methylipyadim2yhdlichioroopioitinia ly R bafid &oqupticin g {16-methiplwdifib dropyridin-2-yl,
5-methylé§h%g§car(?6g}{ré(jé é%ﬁlogyﬁg%ﬁ oro-pyridin-2-y1 or 3,5-dichloropyridin-2-y1; R3 is hydrogen;
and 15 R4 and R5 together foiui a'cyclopropyl group. In certain embodiments of formula I: R1 is
pyrazol-3-y1 substituted at the Zt-_position with Cl16alkyl, halQ-C1_6alkyl, hydroxy-C1l.6alkyl,
C1_6alky ARG B TR NI bt I AiiET & Sa tRYRCSE G IBIG 6 ©
C3_6cychaathiyityGicaalkyle 2R s veloretpyl-plepyl; 2-fluoro-4-methyl-phenyl;
2-chloro-4-fluoro-phenyl; 4-chloro-2- fluoro-phenyl; 2,4-dichloro-phenyl; 2,4-dffluoro-phenytor

2-chloro-fi methylzRhieayhdRs i dreganiRE ISARGIYLANE 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 atom to which they are
10 attached form a Cqs heterocyclic ring containing one or two heteroatoms each mdependently
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 & piperidinyl group or oxetanyl ring group.

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

15 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 18

optionally substituted with hale, amino or Ci.salkyl.

In certain enibodiments of formula I, R, R* and R° together with the atom to which they are
20 attached form a heteroaryl selected from 2-oxo-1,2-dihydro-pyrimidinyl, pyridinyl, pyrimidinyl,

pyridazinyl or pyridazinyi, each optionally substituted with methyi or amino.

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

attached form a heteroaryl selected from 2-oxo-1,2-dihydro-pyrimidin-4-yl, 2-oxo-1,2-dihydro-

pyrimidin-4-yl, 1-methyl-2-oxo-1,2-dihydro-pyrimidin-4-yl, 6-methyl-pyridin-3-yl, pyridazin-4-
25 yl 6-amino-pyridin-2-yl, Z-aminopyrimidin-4-yi or 2-ammo-pyrimidin-3-yL

Tn certain embodiments of formula 1, R’ is Cyealkyl; Ciealkyloxy-C) salkyl; hydroxy-Cisalkyl,
C;galkylsulfanyl-Cy galkyl; Csalkylsulfonyl-C salkyl; amino-C galkyl; N-C,.salkyl-amino-C;.



is methoxymethyl, hydroxymethyl. 5-methyl-pyrazin-2-y1 or p az 2-yl. 25 In certain embodiments of
formula 1: Rl is pyrazol-3-y1 substituted at the 2-position with C1_6alky1, halo-C1_6alky1l,

C1_6alkoxy-C1 6a|k¥I, hydroxy-Cislkyl, C1_6alkylamino-C1_6alkyl, Cwcycloalkyl, or
CB_chclo(ﬂQﬂQ&flf 3égllkyl; R2 is 5-methyl-pyridin-2-yl, 5-ch|oro-pyridiﬁé—@ﬁ@-’%gﬁ?}pyridin-2-y|,

5-methy1-3-fluoro30pyridin-2-yl, 5-methyl-3-chlorg,gyridin-2-yl, 3,5-difluoro-pyridin-2-y1 or
3,5-dichloro- ppyridin-2-y1; is hydrogen; WO 2009/077367PCT/EP2008/066989 -26- R4 is methyl;
and R5 '%aﬂﬂ%f‘ﬂﬁ%fﬁﬁﬁ]X;hl%’\fé%ﬁ(m@Q)ﬂk?t;"@_@,_Uay&ﬁ){ﬂ?yzlifbﬁfi}éh%ﬁ%ﬁ%ﬁﬁi&ﬂ’bﬂéﬁ?@”ain

embodiments of foiinuia I: is pyrazol-3-y1 substituted at the 2-position with C1_6alkyl,
halo-ChoMHi§P S HIRb RS Ty AkyMroxy-Ci_6alkyl, Cl _6alkylamino-C1_6alkyl, N,N-di-(Ci a Ik y I)
-amino - C 1_6alkyl, C3.6-cycloalkyl, or C3_6cycloalkyl-C1..6alkyl; R2is 4-methyl-phenyl,
2-fluoro-4rmettayi-phbodinnchidfosthiliadréplevd; dlbhlermife fuardkpheryijiaiaddichibatr-phenyl;
2,4-difluoro-phenyt;or 2-chloro-4-methyl-phenyi; R3 and R4 are hydrogen; and 10 R5 is
5-methylipyrazin: nholicaraby embhadimrhts of formula Lok Lig-pyaeed 3 L ariionatytsybstituted at
the Zéﬁposition with C1.6§11L(é11 halo-Calkyl, hydroxy-Cislkyl, Cislicylamino-Choalkyl,
N, N-di-(C* BERE Ty Hining®4! 6alkyl, C3.6-cycloalkyl, or C3_6cycloalkyl-C1_6allkyl:

In certain embodiments of formula I, R® is Ciealkyloxy-Cisalkyl. One preferred Csalkyloxy-

Cyealkyl is methoxymethyl,

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

is hydroxymethyl.
10 In certain embodiments of formula I, 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-ox0-2,3-dihydro-isoxazolyl, tetrazolyl, imidazo[2,1-bithiazolyl, imidazo[1,2-a]-
pyridinyl, imidazo[4,5-b]pyridinyl, and benzimidazolyl, each of which may be optionally

15 substituted one, two or three times with a group or groups independently selected from C salkyi,
Cygalkoxy, Cyalkoxy-Cealkyl, halo-Cy galkyl, halo, amino, N-C;.galkyl-amino, or N,N-di-{ C;.
salkkyl)-ammo. More preferably, such heteroarly may be optionaily substituted once or twice
with a group or groups independently selected from methyl, ethyl, n-propyl, fluoro, chioro,

triftuoromethyl, amine, methylamino or dimethylamino.

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

chloro, amine, methylamino or dimethylamino.

In certain embodiments where R’ heteroaryl, such heteroaryl may be pyridinyl, pyrimidinyl, or
25 pyrazinyl, each of which may be optionally substituted once or twice with a group or groups

independentiy selected from methyl, fluoro, chloro, amino, methylamino or dimethylamino.

In certain embodiments of formula I, where R is heteroaryl, such heteroaryl may be thiophen-2-

yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, oxazoi-2-yl, pyrimidin-2-y!, pyridazin-4-yi, pyrazin-



15 R2 is 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-fluoro-pyridin-2-y1,
5-methy1-3-fluoropyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-y1 or

3,5- dlchloro%/rldln 2_&1 R3 and R4 are hydrogen; and R5 is 5-methyl-pyridazin-2- }/I 20 In formula I, R
may be repr 3 group of formula A (A); wherein Ra and RI' e SHE ﬁﬁ%eﬂgﬁﬁfgﬁ%ly is hydrogen;
C1_6alkyl; Cl4alkoxy; Ci.6alkylsulfonyl; phenyl; amino; N-C1_6alkyl-amino; N,N-di-C1.6alkyl-amino
halo-Choalkyl; hal0-C1.6alkoxy; hetero- 25Choalkyl; C3_6-cycloalkyl; C3_6cycloalky1l-C16alkyl,

aminocamonylheiIgaeIcaraonldszbi @%Akp%xgarhqnyé soalmé@wﬁ ArB81ang, Rontegether with the

atoms to which they are attached may form_a phenyl r| |7&/) or pyrlmldlnyl roup, each optionally

substitut&da2te- W CosRsy PIETBLH EALOUIGE R e R RATRGT O
halo-Ci @@H@iﬁmgeﬁamr@m@o@mtssoﬁf@nmg&as,ﬁl1|mtg5¢umlaﬁ:£orm;ﬂ1a@\md%wﬁmm@a, Rb and
Re are ag defngd 1geiN 20, se5ain pRRodiments offormuia | RS2 Q04R.QLiumig 42
5 dimethyl-pyrazol-4-yl, 3-(2-methoxy-ethyl)-[1,2,4]-oxadiazol-5-yl, 3-(pyridin-3-yl-[1,2.4]-

oxadiazol-5-yl, tetrazol-5-vi, pyrazol-3-vyl, 4-amino-2-methyl-pyrimidin-3-yl, 2-ammo-

pyrimidin-4-yl, 6-methoxy-pyridazin-3-yl, 3-ox0-2,3-dihydro-isoxazol-5-yl, 3-methyl-thiophen-

2-yl, 5-methyl-[1,3,4]-0xadiazo!-2-yl, 4-methyl-isoxazol-3-yl, 3-trifluoromethyl-pyrazol-1-yi, 1-

methyi-pyrazol-3-yl, 3-methyl-pyrazol-i-yl, 5-methyl-3-trifluoromethyl-pyrazol-1-yl, 5-

10 cyclopropyl-3-trifluoromethyl-pyrazol-1-yl, imidazo[2,1-b]-thiazol-6-yl, thiazol-4-yl, 2-prepyl-
pyrazol-3-yl, 2-ethyl-pyrazol-3-yl, 5-amino-pyridazin-2-yl, 3-amino-pyridazin-2-yl, 3-chloro-
pyridazin-2-yl, 2-amino~-pyrimidin-5-yl, 1-methyl-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-

15 yl, pyrimidin-5-yl, 2-methyl-pyridin-4-yi, 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-thiazo!-2-yl, 2,6-
dimethyl-pyridin-3-yl, imidazo[1,2-alpyridin-2-yi, 6-methyl-pyridin-2-yl, 1-ethyl-pyrazol-3-yl,
3-methyl-pyridin-2-yl, 4-methyl-thiazol-5-yl, 1-ethyl-imidazol-2-yl, 1-methyl-pyrazol-4-yl,

20  imidazo[4,5-b]pyridin-2-yl, 3,5-difluore-pyridin-2-v}, 6-fluoro-pyridin-2-yl, 1,5-dimethyl-
pyrazol-3-yl, S-methykpyridin-2-yl, 6-trifluoromethyl-pyridin-3-yl, 5-methyl-isoxazol-3-yl, 5-
methyl-imidazol-2-yl, 5-methoxy-benzimidazol-2-y1, [ 1,2,4]triazol-3-yl, and 8-methyl-
imidazo[1,2-a]pyridin-2-yl.

In certain embodiments of formula I, R’ is heterocyelyi-C; salkyl.

25 In embodiments where R” is heterocyclyl-C; salkyl, such heterocyclyl-Ci salkyl may be
heterocyclyl-methyl such as morpholinomethyl, piperidinyl-methyl, piperazinyl-methyl,
thiomorpholinylmethyl, pyrrolidinylmethyl, or azetidinylmethyl, the heterocyclyl portion of each
of which may be optionally substituted once or fwice with a group or groups independently

selected from methyl, methoxy, halo, methanesulfonyl, oxo or acetyl.

30 In embodiments where R® is heterocyclyl-methyl, such heterocyelylmethyl may be morpholin-4-
yl-methyl, 4-methanesulfonyl-piperazin-1-yi-methyl, 4-acetyl-piperazin-1-yl-methyl, piperidin-
1-vi, thiomorpholin-4-yl-methyl, 4-methyl-piperazin-1-yl-methyl, 3-oxo-piperazin-1-yl-methyl,



A2 wherein Ra, Rb and le are as defined herein. In certain embodiments of formula I, R is a group of
formula A3: A3 10 wherein Ra, le and Re are as defined herein. In certain embodiments of formula I,

Re and Re are hydr g{en and Rb is hydrogen; C1_6alkyl; C1. oalkoxy; C1.. 6a|kglsulfonyt amino;
N-C1.6alky¥EhHREHald Cislkyl: halo-C1_6alkoxy; hetero-Chealkyl; C3,62EyerEaiRe 266989

C34cycloalkyl-Cidalkyl; aminocarbonyl; heterocyclylcarbonyl; C1 -6alkoxycarbonyl; or cyano. WO
2009/077367PCT/EP2008/066989 -28- In certain embodiments of formula I, Rd and Re are hydrogen

and Rh i methyl. £ Kﬁ@n&rpﬁ Vi AHH L 1SORQRY I P RRHE AGHRHY |4 Syl IIQR Pbﬂeﬁiﬁqbﬂt—y'

cyclopropylmethyl, phenyl, tri uoromethyl dlfluoromethyt quorometFlyI entafluoro -ethyl,
1,1-difludRs Bty %9 t%rﬁme%@hwifﬂma%kﬁéw@wf MW%VEWEW@%&WI -ethyl,
1-hydroxynediy, zﬁﬂm@mﬁl ﬂiﬁiﬂ&i@i@ﬂd&mﬁﬂmﬁdﬁﬁﬁﬂ?ﬂ&ﬂﬁm 9thﬁbmymmai€t_y;hamno methyl.

In certain embodlments rmula 1, Ra, Rh each inde ent| en, C) 6alkyl or

halo-Ci_@AHE - RPSEH4n éfﬁ P?\e%%?%%&r%&lgl? e PIRK eyi ﬁﬂ%g ﬁ%%ﬁ%}lls hydrogen or

Cislky ﬂnmﬂmmeyhbmmmmts-@fﬁmmm@vérammm(jzlexmhymy}ilﬁlgﬂm@pdrﬁms Cli-nalicy) Hr

halo- 10C1]]_p3 %If)g Indgexrta%ljn quiEil ?( er{;}} (?fécr)tén IaI I%ﬂm% %%f}%r%g%drog m&ﬁd[ Rhis C,..6aLkyl.
hiso a

In certain em nd le”aré ydrogen a oxy

In certain embodiments of formula I, R® is hydroxymethyl, methoxymethyl, pyrazin-2-yl or 3-
methyl-pyrazin-2-yi.

In certain embodiments of formula I, R® is hydroxymethyl, methoxymethyl, pyrazin-2-yL, 5-
10 methyl-pyrazin-2-yl, 6-methyl-pyridazin-3-vyl, or 1-methyi-6-oxo-1,6-dihydro-pyridin-3-yi.

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-yl.
In certain embodiments of formula I, R® is 5-methyi-pyrazin-2-yl.
15 In certain embodiments of formula I, R® is 1-methyl-6-ox0-1,6-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 formula I, R’ and R® are hydrogen.

In certain embodiments of formula I, one of R and R® is halo or Cjsalkoxy and the other is

20 hydrogen.
In cerfain embodiments of formula I, R” and R? each independently is halo or C;.qalkoxy.

In certain embodiments of formula [, one of R” and R® is fluoro, chioro or methoxy, and the other

is hydrogen,
In certain embodiments of formula I, R” and R® each independently is fluoro, chloro or methoxy.

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



In certain embodiments of formula |, Ra and Re are hydrogen-and Rh is C1.6alkylsulfonyl. In certain
embodiments of formula I, Ra and Re are hydrogen and R is amino. 15 In certain embodiments of
formula I, le and Re are hydrogen and Rh is N-C1slkyl-amino, In. certain_ embodiments of formula I, RI

and Re are WW%‘E@H?Q% Rh is N,N-di-Cislkyl-amino. In certain embodirﬁgﬁt@lgp?g%@ﬁfl, le and Re

are hydrogen and Rh is halo-Ci_oalkyl. In certain gmbodiments of formula I, Rl and Re are hydrogen
and Rh is halo-C1_6alkoxy. In certain embodiments of formula I, Rl and Re are hydrogen and Rh is

hetero-Cjl, Salkyl -2@dairrainsmhegimentsaifosmule isle.nd Ke e hveeasarspdh Rh is

C3_6-cycloalkyl. In certain embodiments of formula |, le and Re are hydrogen and Rb is

C3 SorfeakyLShoBalol SRR STImep's o lrmlal o 10 Re e dgponand o

ocarbonyf" f{'¢8 i ormural Te And RE are nydrogen and B is heterocyclylcarbonyl.
In certain embodiments of formula I, le and Re are hydrogen and Rh is C1.6alkoxycarbonyl. WO
2009/07 786 7RaTEPedoBmse 0 8uabL ifcsraiR ertdBiiFents of formula I, RA and Re are hydrogen
and Rh is cyano. In certain embodiments of formula I, RA and Re are hydrogen and Rh is methyl,
ethyl, n-propytatr builyd disepropyioismkaftyl, tert-butyl, cyclopropyl, cyclopropylmethyl, trifluoromethyl,

pentafluare-ethyl, 1,1-difluorg-ethyl, 1-methoxy-ethyl, .1-ethoxy-ethyl, 2-methoxy-I-methyl-.5 ethyl,
e s it s b BE s nb A ek el Sl et e
hydrogen andsmlbyis mméitbwi-Cethayityh-Dropil; isoimropylkatplLyiNsbH Gy tert-amito dyclerdpy| or

cyclopropylmeéhy_lC 91&5125?}%?6}299&{88{2%{?@ fgﬁ%}HIa I, W and Rb together with the atoms to which
they are attachéd form Opti’onavl\% substituted ﬁhenyl 10 In certain embodiments of formula I, RA and

Rh togetier with thethybnhe 1 ivhitrotacy meth drakdied fortsprbRampsilissituteehiyadinyl In certain
embodiments @f feymiiad szad}é*nl%{‘btﬁgﬁiﬁpjQ}Mﬁlﬁh@r@lﬁﬁeﬁﬁ%mj&h&%&-ﬁ{&k@ﬂ@ﬁbﬁd;form
y

optionally substituted pyrimidinyl. "Optionally substituted pyrazolyl" as used herein includes pyrazolyl
that Eptidhally'h V& %Efised 15 6-membered aromatic or nitrogen-containing heteroaryl ring thereon.
Thus, "ogtiongiystbstivtedrpitraizalel’ includes indazolyl and pyrazolo[1,5-a]pyridinyl, as well as

aza-subsfjtuted derivatives thereof. Accordingly, in certain,embodiments, of formula | where le and BY

together With th ﬁ%’@fﬁ%%ﬁ%ﬁ?ﬁ%&ggg dé(ax%rrhégéj%’rghailﬁ/ﬂsﬁﬁfbss%%?g%%1'63119i¥yw may be a

group of formillasAl2ifony!-C; salkyl; amino-C; salikyl; N-Cisalkyl-amino-C, salkyl; N,N-di-
Crealkyl-amino-Cy saltkyl; Ciscycloalkyl; optionally substituted phenyl; heteroaryl, or

I5 heterocyclyl-Ch galkyl.

In certain embodiments of formula I.

R!  is pyrazol-3-yl substituted at the 2-position with Cygalkyl, halo-C.salkyl, Cisalkoxy-C,.
salkyl, hydroxy-Cyealkyl, Cealkylamino-Cisalkyl, N.N-di~(C,salkyl)-amino-C; salkyl,
Cse-cycloalkyl, or Cageycloalkyl-Cgalkyl;

20 R* s 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, S-fluoro-pyridin-2-yl, 5-methyl-3-fluoro-
pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-difluoro-pyridin-2-yl or 3,5-dichloro-
ppyridin-2-yi;

R® s hydrogen;

R* is hydrogen; or methyt; and

25 R is Crsalkyl; Crealkyloxy-Cisalkyl; hydroxy-Ciealkyl; Cisalkylsulfanyl-Cy salkyh;
Cysalkylsulfonyl-C, salkyl; amino-C; galkyl; N-Cj.salkyl-amino-Ci saikyl; N.N-di-
Cjsalkyl-amino-C, salkyl; Ciscycloalkyl; optionally substituted phenyl; heteroaryl, or
heterocyclyl-Ci galkyl.

In certain embodiments of formula I:



A4 wherein Re and Rd each independently is hydrogen, alkyl, halo, haloalkyl, alkoxy, cyano, amino or
alkylsulfonyl. In many embodiments of formula I, R3 is hydrogen and R4 is C1_6alkyl, preferably

methyl.  In certain embodiments of formula I, W is 4-methyl-phenyl, 4-ch|oro-%§19er2)¥!6§r92-f|uoro-4- 25
methyl-phed{f A4S hydrogen. WO 2009/077367PCT/EP2008/066885 38 1 e&itain

embodiments of formula I, R2 is 4-methyl-phenyl,_4schloro-phenyl or 2-fluoro-4- methyl-phenyl, R3 is
hydrogen, and R4 is methyl. In certain embodiments of foimula I, R2 is 4-methyl-phenyl,

4'Ch|0ro'ﬂ?hen¥|p%a%ﬂlwt5@aﬁb§ﬂﬁiﬁﬁ|ﬂ@mjpﬁﬁi& hyeregemkR4tsisoethyic-and, REusydrogen. 5 In
certain embodiments of formula |, R2 is 4-methyl-phenyl, R3 is hydrogen, R4 is methyl, R6 is
hydrogen, ané*fte’h hydr?é‘?é‘&é@%&n%éfﬁff‘?@%ﬁoﬁw %%%‘fﬁiéﬂ?— yl, isobutyl, tert-butyl,

n-pentyl RAd igopeniyyihsiere:Chalkylsselaatedkor; Ciallofoxyfitdioatkyhiytkdy-ot 4alkyl,
Cholkylsulfanyl-C, 10 6alkyl, 6alkyl-sulfigy]- Balkyt, C1_6alkyl-sulfo lﬁ% alkyl,
amino-C1_6a _uL%rﬁ? &Sﬁl’_ ’éfléjgdrﬁfﬂa%ﬁ%gl%;l ,%ﬁﬁﬁ@i-%f?’a’a S/Ig?r{rf%oo-é]ﬁga lll%%%l )X
hydraxy-B’1_6GalgyloegnC3_7cycloalkyl selected from cyclopropyl, cyclobutyl, cyclopentyl and

cycIohexqu, ea}gﬁy%g{)i%&alg{ %Lég?]tlé@; aryl selected from optionally substituted phenyl and optionally
substituted naphthyl;~15’heterodryl selected fror&&/ridinyl, pyrimidi.nylﬁy{ridazinyl, pyrazinyl, thienyl,

pyrroly1, FoxazelyydtriazonyimsberymetshorsbRiindlyy o Hnereiyt ledaneshricmiinraiibstituted:
heterocyclyl sgg%ggg%}@g%ggﬁygnm%@%m%g marRhalinnthigmespholinyick@xo-thiomorpholinyl,
1,1-dioxo-thiomprpho|in¥l, pyranyl, pyrrolidinyl, tetrz(i)g%/,drofuranyl,,2-oxa-8-azaspiro[4,.5]decan-8-yl,
2-0xa-5-aza-BRGEBPIP HnsBtaR s A e h e SRV RISy SHDS T 8 O e REAN 62 Y A Stionally
substituted; Cg; doysloalietd Infplindkaeleraddamicyaopronyl Gk plodicyclprubiitiiballcyl,
cyclopentylC16alkyl and cyclohexyl-Cislkyl, the. cycloallcyl portion of each being optjonally substituted,
aryI-C1_6aIky!’gélFéé’;PWd%zﬂ)Wgnﬁrﬁﬁgy I%]?Itgﬁgé ﬁpﬁ%ﬁ@&i&%ﬁﬁ% %‘F‘ﬁ%’&?’r‘gﬁ of each being
optionally substitatiegi, 25-déteroarylGiobdlkyl selecistdrdmpyrigiopticElGatkpkpintetboylor

twice with a group or groups selected independently from methyl, methylamino,

dimethylamino and halo.

15 In certain embodiments of formula I:

R is pyrazol-3-y! substituted at the 2-position with Cy.salkyl, halo-C;salkyl, Cygalkoxy-C;-
salkyl, hvdroxy-Cygalkyl, Crsalkylamino-Cysalkyl, Css-cycloalkyl, or Csscycloalkyl-Cy.
salkyl;

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

20 pyridin-2-yl, S-methyl-3-chloro-pyridin-2-yi, 3,5-difluoro-pyridin-2-yl or 3,5-dichloro-
ppyridin-2-yi;

R’ is hydrogen;

R'  is hydrogen; or methyl; and

R’ is hydroxymethyl; methoxymethyl; morpholin-4-yimethy}; piperidin-1-yl methyl optionally

25 substituted at the 4-position with methyl, methanesulfonyl or acetyl; 1,1-dioxo-
thiomorpholin-1-y1; piperidin-1-yl optionally substituted once or twice with a group or
groups selected independently from methyl, methoxy or halo; pyridinyl; pyrimidinyl;
pyrazinyl; pyridazinyl; pyrazolyl; or thiazolyl, wherein the pyridiny, pyrimidinyl,
pyrazinyl, pyridazinyl, pyrazolyl and thiazolyl each may be optionally substituted once or

30 twice with a group or groups sclected independentiy from methyl, methylamino,

dimethylamino and halo.

In certain embodiments of formula I:



Ciellcyl, pyrazinyl-C1_6alkyl, furanyl-C1_6alkyl, thienyl-C1_6alkyl, Pyrrolyl-Cidalkyl, oxazolyl-
Ci..6alkyl,imidazolyl-C1_6alkyl, isoxazolyl-Ci _6alkyl and isothiazo lyl-C1_ 6alkyl, the heteroaryl portion
of each beirg oggé%nall#l substituted; heterocyclyl-C1_6alkyl selected from 9izperdin [-C1..6alkyl,
piperazinyl- ? 9?7 BrpholinyI-Cl_ 30 6alkyl, thiomorpholinyI-Ci4aIk)})I,CT/E 108/066589
1-oxo-thiomorpholinyl-Ch6alkyl, 1,1-dioxo-thiomorpholinyl- C16alkyl, pyranyl-Ci-salkYL
pyrrolidinyl-C16alkyl, tetrahydrofuranyl-Cl_6alkyl, 2-oxa-8-aza- WO

2009/ 07@67%%y%a@%g/%%%ﬁtwﬁ%éﬁm&ﬂ‘@f}{lﬂ@ﬂh%ﬁ@@;4a1kyi, Cy.galkoxy-C.
2-oxa-5-aza-bic cIo%{:d% ]heptan-5-yl-C1.6alkyl, 3-oxa-8-azabicyclo[3.2.1Loctan-8-yI-C,_6alkyI, the
heterocyclyl p??r%@ﬂln Seh ‘eﬁﬂﬁ%&bﬁ&ﬂ@}‘?ﬁ%‘é‘tiﬁftgﬂfﬁ’wytﬁcﬂw elected from
phenoxy#C1.6alkyhand paphihyiayetohdaleylythacam] pokion of faah -haingl opiibkaty2substituted; or 5
-C(0)-Rg or -CH2-C(0)-R8 wherein R8 is as,defined herein. In.certain.embodiments of formula I, R2 is
4-methyl-phem?ﬁ’:éﬁ%%ﬁg\r%efl& &9 u%%gfidrh% SVipl gﬁn i ’ﬁ%ﬁfscg‘ll?/r r'gé%qﬁ%ﬁﬁ}lp?éeﬁgthyl, R6 is
hydrdgerk ands Ridis €t; alkoxy-C1.6alkyl; hydroxy-C1_6alkyl; morpholin-4-yl-Ci_6alkyl; pyrazinyl; or

piperazinskyl- 56 I@ﬁl }Ng in e 4.8 2 ' émoeity is optionally substituted at the 4-position with
Ci_valkyl, Cdig alk{%car%ongﬁc}clu% &Bl_ggléfl?g [fonyl. In certain embodiments of formula I, R2 is

4-methyl-phenyl, 4-chloro-phenyl or 2-fluoro-4- methyl-phenyl, R3 is hydrogen, fe is methyl, R6 is
hydrogeﬁ?é%%ﬁ%ﬁﬁ@ﬁ%@lﬁ?ﬁﬂdrowmethyl; morpholin-4-yl-methyl; pyrazin-2-y1; or
4-methangsulfopylpinaraziadbylirCartait ambosiments ofdfiesm aldoh(Rldtkeal gtowilokfonula A, R2 is

4-methyl-phen - 15 chlorg-phenyl or 2-flyoro-4-methyl-phenyl, R3 js hydrogen, R4.is methyl, R6 is
hydrogen, and%fs%@foﬁﬁ%ié}%ylkl_ (é)ﬁf%/li?lfr‘%%?&(@éa?% %gﬁéﬁ’;ﬁr%f%}i&fng ?f,if |.&?P§¥f%?;' pyrazinyl;

or piperazin-1ydHG1;,6allcyl wherein the piperazinyl moeity is optionally substituted at the 4-position
with C1 lkyl,-C lcarbanyl Qr Ifonyl..| ' | for, I, Rlis a
group of igfmﬁas —L%,e&géa’i i 4-1?}1%[ ylﬂp%g%%?% ?’%@%ﬁ%%ﬁ?@ﬁ?&%ﬁ%ﬁﬁh %gr@#ﬁ R3is
hydrogen, R4S idistRyy L Rems thykfogearoapd iR8- vhStiodfhuethpiriirdxy aiettaytiichloro-
morpholin-4-y§;§;ﬁgm;§;}qyrazin-2-yl; or 4-methanesulfonylpiperazin-1-yl. In certain embodiments of
formula |, R2 [’;ﬁgridin-z-yl substituted at the 5-position ith methyl or halo, and R3 is hydrogen. 25 In
certain efhbodiiéHREsEféPhula |, R2 is pyridin-2-y1 substituted at the 5-position with methyl_ or halo,

R3 is hydrogrnranshiens mathyk, WeraP0He7F367PCT/EP2008/066989

In certain embodiments of formula I:

R' s pyrazol-3-yi substituted at the 2-position with Cysalkyl, halo-C; galkyl, Cysalkoxy-Ci.
salkyl, hvdroxy-Ci.ealkyl, C;salkylamino-Csallcyl, N,N-di-(C, salkyl)-amino-Cy salkyl,
Cig-cycloalkyl, or Ciecycloalkyl-C,salkyl;

20 R* is 4-methyl-phenyl; 2-fluoro-4-methyl-phenyl; 2-chlore-4-fluoro-phenyl; 4-chloro-2-
fluoro-phenyl; 2,4-dichloro-phenyl; 2,4-difluoro-phenyl;or 2-chloro-4-methyl-phenyl;

R’ is hydrogen;

R®  is methyl; and

R’ is methoxymethyl, hydroxymethyl, S-methyl-pyrazin-2-vl or pyrazin-2-yl.

25  In certain embodiments of formula I:

R!  ispyrazol-3-yl substituted at the 2-position with C;.salkyl, halo-C; salkyl, C;salkoxy-Ci.
salkyl, hydroxy-Cygalkyl, Cgalkylamino-C; salkyl, N,N-di-(C; galkyl)-amino-Ci .salkyl,
Cig-cycloalkyl, or Csgeycloalkyl-Cygalkyl;

R?  is 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-fluoro-pyridin-2-yl, 5-methyi-3-fluoro-

30 pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yi, 3,5-difluoro-pyridin-2-yl or 3,5-dichloro-
ppyridin-2-yl;

R*  is hydrogen;



-32- In certain embodiments of foimula I, R2 is pyridin-2-y1 substituted at the 5-position with methyl or
halo, R3 is hydrogen, R4 is methyl, R6 is hydrogen, and le is C1_6alkyl selected from methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl and isopentyl; hetero-Cislkyl selected from
Chalkyloxy- XAV Hiroxy-Ci_6alkyl- amino-C1.6alkyl, N-C1_6alkylaffriEEA " S4eRsA,
N,N-di-C1_6alkylamino-Cislkyl and hydroxy-C1 _6glkyloxy; C3.27cycloalkyl selected from cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl, each optionally substituted; aryl selected from optionally
substituted png@fygtﬁﬁga%tionally substituted naphthyl; heteroaryl selected from pyridinyl, pyrimidinyl,
pyridazinyl, pyrazinyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, 10 furan}/I, isoxazolyl and
isothiazo]ifl, eschthioma dubudietsmciute roryiiyl-siactad b PiamyIL piperazinyl, morpholinyl,
thiomorpholinyl, 1-oxo-thiomorpholinyl, 1,1-dioxothiomorpholinyl, pyranyl, pyrrolidinyl,
tetrahydrbfecamnyl, c2rbxdBzazasfirofd:bldecan-8-yl, 2- oxa-5-aza-bicyclo[2.2.1]heptan-5-yl, and
3-oxa-8-aza-bicyc 2.1 -8- [ ly substi C3. ey |- | selected
from cyc?(?probé: -}E'l:%ggéf( q%%%%g#yiﬁ%%pg)aff éfﬁ&?’g@%mb%%3%%63’?@%&%%{(%‘9% %{rge S/-IC 1 6alkyl,
the cycloalkyl @brtlohydfeach:bellyl.dptichallyrsub<titutda: L aNNEl 6 Blkyilkdleerinofonalkyl,

phenyl-C1_6alkyl ang,naphtbvi-Cl.0alkviythe angportion of each being optionally substituted;
heteroaryl-Ci_6alkyl selected from pyridinyl-C1..6alkyl, pyrazinyl-C1.6alkyl, furanyl-Ck6alkyl,

2

thienyl-CR, pyltGryietramrEAn v 22080 1Bk -HMispaiyi-eosetyTuoty rebseofy 898yl and
ir;sothiazoIsl/ll-Cflq;gﬁaiﬂshfbngkll,eztmﬁéﬁww-pm%ﬂp?z&ﬂ&mblhﬁmgk |. r@&ﬂ@ﬂ%%ﬂcﬁ@bﬁm&ﬁ%d;lphenyl;
eterocyclyl-Cj Galkyl selected from piperdinyl-C1.6alkyl, piperazinyl-C1 6allcyl,
morpholi |?&‘i{j%a‘ffi‘gﬁ5i‘f‘eﬁ%%ﬁ%"rﬁﬂ‘§|inyl-c:1,6a|ky|, 1-oxo-thiomorpholinyl-Ci_6alkyl,
1,1-dibxarfionof phelinid Gaatkyll. pyranyl-C1 alkyl, pyrrolidinyl-C1,6alkyl,
tetrahydrofuranyl-C1_6alkyl, 2-oxa-8-aza-spiro[4.5]clecan-8-yl-C1,6alkyl,
2-oxa-5-gzabieyclald.ditheptanP i iL-salkyl, 3- 25 oxa-8-aza-bicyclo[3.2.1]octan-8-yl-C1_6alky1,
the heterocyclyl portion of each being optionally substituted; aryloxy-Ci_63.1kyl selected from
phenoxyEkalkyPARer hapheRHERUE FUbatikyTed Byt BoMiET Sridbchaigisibnathr Bubstituted; or
-C(C3-R8 or -Cdé%a@@b%@-m@flseﬁy&%&si@ﬁﬁﬁﬁﬂaﬁlﬁﬂf@i@rnhafex@mﬂ%@dwmt§ammrml;]'f:} l, R2is
pyridin-2-y1 substituted at 5- positign with methyl 30 or ha 3 is hydrogen, R4 is methyl, R6 is
hydrogen, and'R84s f%étf':a’(?:%f?_c@%@ﬁrf@]d% lggaﬁﬂﬁﬁh%' rpholin-4-y1-C1.6alkyl; pyrazinyl; or
pipetazinkityl-Gishaydtintiareidithe-piperadinylmaditylislo ptitnatyhstibstilsé S antie A3phsition with
C1,6alkyl, Ci_oalkylcarhopyl iglkylsulfonyt,. WO 9(Qr7367PCT/ 008/Q66989 -33- In certain
embociments SRRt O e LSt SR &Pl uth b halo, R3 5
hydrogen, R4 ismidetiylR6 is hydrogen, and R5 is methoxymethyl; hydroxymethyl;
morpholi@%ﬂk@%{:@/ﬁﬁ}gﬁé@%@/l; or 4-methanesulfonyl-piperazin-I-yl. In certain embodiments of
foiHiula I, Rl 'is a group of formula A, R2 is pyridin-2-y1 substituted at 5 the 5-position with methyl or
halo, R3 5 hyéfrégesthRA1&ifettA-1R6 is hydrogen, and R.3 is C1_ 6alkoxy-CL6alkyl;
hydroxy-C16alkyl; pyrazinyl or piperazin-l-yl-Ci_ 6alkyl wherein the piperazinyl moeity is optionally
substitutae fatrthead-gdsitionbwittpShoatdyly G kraalkfitarndmy or C16alkylsulfonyl. In certain
embodiments of formula |, Rl is a group of formula A, R2 is pyridin-2-y1 substituted at

(A);

wherein
R and R” each independently is hydrogen; C;salkyt; Csalkoxy; Cisalkylsulfonyl; phenyl;
amino; N-C; salkyl-amino; N,N-di-C; salkyl-amino halo-Cy salkyl; halo-C, salkoxy; hetero-
25 Cisalkyl; Cig-cyeloalkyl; Cascveloalkyl-Cy galkyl; aminocarbonyl; heterocyelylcarbonyl;
Cy.¢alkoxycarbonyl; or cyano,
or R and R together with the atoms to which they are attached may form a phenyl, pyridinyl or

pyrimidinyl group, each optionally substituted; and



10 the 5-position with methyl or halo, R3 is hydrogen, R.4 is methyl, R6 is hydrogen, and R3 is
methoxymethyl; hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-y1; or
4-methanesulfonylpiperazin-I-yl. In certain embodiments of formula | the subject compounds are more
specifically Sf@3HWHA#711; 15 or a pharmaceutically acceptable salt theFéﬁ'éW@?&?ﬁgﬁs CorN;R"
and R12 each independently is hydrogen; Ci_olkyk-CL6alkyloxy; halo; halo-C16allcyl; haloCL6alkoxy;
hetero-C16alkyl; CL6alkylsulfonyl; or cyano; and 20 R! and R3 are as defined herein. In certain
embodiments;of, l2 8, b GPRoYREs af-the invention are of formula Ea or Jib: WO
2009/077367PCT/EP2008/066989 -34- wherein X, RI, R5, R" and R12 are as defined herein. In

certain embodiments of.formula | the ject compounds are. more specifically of formula Ill: or a
pharmac8UtieEH) 8@%8%?5‘5?&53 |f%?§lg€ % vl\ﬁwde%ff)ﬁpﬁgplgf%d I&and R12 are as defined herein. In

certain embodiments of any of formulas I, Ha, lib, or Ill, R5 is: wherein: is 0, 1 or 2;

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

5 In certain embodiments of formula T, R" is a group of formula A2:

Rb
R® ‘tz/\iRC
N

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

In certain embodiments of formula I, R' is a group of formula A3:

Ri@\g .
RTN—N R

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

A3

In certain embodiments of formula I, R" and R® are hydrogen and RE is hydrogen; Cygalkyl; Ci.
salkoxy; Cisalkylsulfonyl; amino; N-Cisalkyl-amino; N,N-di-Cyalkyl-amino halo-Cisalkyl;
halo-C,_salkoxy; hetero-Cysalkyl; Cag-cycloalkyl; Cascycloalkyl-Cysalkyl; aminocarbonyl;

heterocyclylcarbonyl; Cisalkoxycarbonyl; or cyano.

15 In embodiments of formula I wherein R* or R® is hetero-Csalkyl , such hetero-Cy salkyl may be
selected from hydroxy-Cysalkyl, Cyalkoxy-C)salkyl, Cisalkylamino-Ciealkyl, and N,N-di-(C;.
salkyl)-amino-C; galkyl.



10 Rd and Rd each independently is hydrogen or Ci_6alkyl; Re is hydrogen, Cholkyl, acetyl or
C1_6alkyl-sulfonyl; R.5 and Rg each independently is hydrogen or C16alkyl; Rh and R each
independently is hydrogen, Cislkyl, fluoro, hydroxy or C1.6alkyloxy; R3 and Rk each independently is
hydrogen o288 d 15 RI', R11, Rg, RP, Rq and RE, each indep&rd&itR)i&0e6o89
hydrogen,C)_6alkyl, halo, Cielkoxy, sulfonyl halos¢21_6alkyl, or cyano. In certain embodiments of any
of foilulas I, Ha, lib, or lll, R5 is: WO 2009/077367PCT/EP2008/066989 -35- wherein Re is as
defined Ngielh i SeKRAIReRPACRRNLS MK PRIMTHALAAIPR oL Ih B3I PHAGb, S Where
any of RI, R2, R3, R4, Ri, Rs, R7, Rs, R9, Rw, R11, R12, Re, , -h tt Re, Rd ‘and Re is alkyl or

n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyciobutyl, cyclopropylmethyl, phenyl,

trifluoromethyl, difluoromethyi, fluoromethyl, pentafluoro-ethyl, 1,1-difluoro-ethyl, 2,2-
difluoroethyl, 1-methoxy-ethyl, I-ethoxy-ethyl, 2-methoxy-1-methyl-ethyi, 1-hydroxy-ethyl,

(¥ 33

isopropoxy, 1-methyl-azetidin-2-yl, I-dimethylamino-ethy! or dimethylamino-methyl.

In certain embodiments of formula 1, R®, R” and R® each independently is hydrogen, C;.salkyl or
halo-C; salkyl.

In certain embodiments of formula I, R*, R® and R each independently is hydrogen or Csalkyl.

In certain embodiments of formula 1, R®* and R are hydrogen and R® is C;.salky! or halo-
10 C]@&lkyl.

In certain embodiments of formula I, R* and R® are hydrogen and R" is Csalkyl.
In certain embodiments of formula I, R* and R® are hydrogen and R” is C;_salkoxy.
In certain embodiments of formula I, R* and R® are hydrogen and R is C; salkylsulfonyl.
In certain embodiments of formula I, R* and R° are hydrogen and R” is amino.
15  In certain embodiments of formula I, R* and R® are hydrogen and R" is N-C; alkyl-amino.
In certain embodiments of formula I, R* and R are hydrogen and R® is N,N-di-C_alkyl-amino.
In certain embodiments of formula I, R® and R® are hydrogen and R is halo-Cy salkyl.
In certain embodiments of formula I, R* and R® are hydrogen and R” is halo-C; galkoxy.
In certain embodiments of formula I, R* and R® are hydrogen and R is hetero-C.salkyl.
20 In certain embodiments of formula I, R* and R® are hydrogen and R® is Cs.¢-cycloalkyl,
In certain embodiments of formula I, R and R® are hydrogen and R” is Cgcycloalkyl-C:_salkyl.
In certain embodiments of formula I, R* and R® are hydrogen and R® is aminocarbonyl.
In certain embodiments of formula I, R® and R° are hydrogen and R® is heterocyclylcarbonyl.

In certain embodiments of formula I, R* and R® are hydrogen and R" is C,galkoxycarbonyl.



contains an alkyl moiety, such alkyl is preferably lower alkyl, i.e. Ci-C6alkyl, and more preferably
C1-Cd4alityl. The invention also provides methods for treating a disease or condition mediated by or
otherwise associated with a P2X3 receptor antagonist, a P2X213 receptor antagonist, or both, the
method 10 FHPNENG*4dministering to a subject in need thereof an effedtvEEMBEHEBFAR compound of
the invention. The disease may be genitorurMary digsease 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 qapagiy; SeERELMINtHHiQN. Yrae Insentnencesiesrdneantipanee; bladder hyperreactivity;

15 benign prostatic hypertrophy; prostatitis; detrusor hyperreflexia; urinary frequency; nocturia; urinary
urgency; overactive bladder; ic hypersgnsitivjty; urethritis; prastatitits; pelvi in syndrome;
prostatod i &Y<t ?%%%%%ﬁgﬂ%%ggdgr % \(grsa@gﬁéﬁ(\gl]ﬁ?ﬁe#%g% ise éneéagé’o%@t%&" }ll?ﬁyé’ain may be:
inflammatery: paisomorgicalgbain!, viscbray peyniceotsl, pariepranyienshrdalrghioroceritrdl pain; pain due to
bums; MigraINg SlCEn NeRFRENSErY S RRIINLDEY IR ReURIOas, BRIRRNIGIREhemIC njury;
interstitial cystitis; cancer pain; vweﬁ, parasitic or bacterial infection; post-traumatic injury, or pain
assodiatethyith-ryiabiz-vbwetsimeribnempearedod/077367PCT/EP2008/066989 -36- The disease
may be a respiratory disorder, such as chronic obstructive pulmonary disorder (COPD), asthma, or
bronchospasmuiaragattiemntestivahi@l), diserder suehasdptable BowelByndsmme By,

Inflammatory Bowel Disease (IBD), biliary colic and ather biliary disorders, renal colic,
diarrhea-t '%#i?ﬁg%ﬁ*@gf?péﬁé%%%ﬁ%{"éﬁ*%tﬂ’éﬁ’%ﬁ%ﬁn‘gﬁ& f:llggﬁxep rfe%%qr%;tive compounds in

accordance with the methods of the invention are shown in Table 1. TABLE 1 Name (AutonomTM);
MP/M+HImeqvtatmgnbqdimersssforpugy FaBoradyR ) tpasks it dha Biskyfdoaficipthey are
methoxy-Jsmetty kiR amide S6ituted phenyl.

10 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 1, R* and R” together with the atoms to which they are

attached form optionally substituted pyrimidinyl.

“Optionally substituted pyrazolyl” as used herein includes pyrazolyl that optionally have a fused

15 6-membered aromatic or nitrogen-containing heteroaryl ring thereon. Thus, “optionally
substituted pyrazole” includes indazolyl and pyrazolo]1,5-alpyridinyl, as well as aza-substituted
detivatives thereof, Accordingly, in certain embodiments of formula I where R® and R” together
with the atoms to which they are attached form optionally substituted phenyl, R' may be a group
of formula A4

20 Ad

wherein R® and R each independently is hydrogen, alkyl, halo, haloalkyl, alkoxy, cyano, amino

or alkylsulfonyl.
In many embodiments of formula I, R® is hydrogen and R* is C; salkyl, preferably methyl.

In certain embodiments of formula I, R” is 4-methyl-phenyl, 4-chioro-phenyl or 2-fluoro-4-
25 methyl-phenyl, and R? is hydrogen.



4'-Methyl-5-(1H-pyrazol-4-y1)-biphenyl-3-carboxylic acid-methoxy-1- methyl-ethyl)-amide i 350
5-Indazol-1-y1-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl- 1 400 | ethyl)-amide [
5-Isopropy1-145-(2-methoxy-1-methyl-ethylcarbamoy1)-4'-methyl-
biphenyl-3-yWREHHYIB261e-3-carboxylic acid ethyl ester ' 464 5 PCT/EP2008/066989
5-Isopropyl-145-(2-methoxy-I-methyl-ethylcarbamoy1)-4'-methyl-
biphenyl-3-y1]-1H-pyrazole-3-carboxylic acid dime hylamlde 463 6

S-isopropyl-145- thyse t ro-phenyt or 2-fluoro-4-
blphenyIp%4 éﬁ%ﬁ%@%%g?%éég%ox@%cpilgg %ﬁ%{ ﬂﬁlgy;h&%olg hro 3} > fluoro-4

[5-(2-mediypheatyRethidinsar sy By lﬁf@ﬂﬁm’i blphenyl -3-y1]-1H-pyrazole-3-carboxylic acid
isopropylamide 477
In certain embodiments of formula I, R? is 4-methyl-phenyl, 4-chloro-phenyl or 2-fiuoro-4-

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

5 In certain embodiments of formula I, R? is 4-methyl-phenyt, R? is hydrogen, R” is methyl, R® is
hydrogen, and R is:
Ciealkyl selected from methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl
and isopentyl;
hetero-C)salkyl selected from C; salkyloxy- C;.salkyl, hydroxy- Cisalkyl, Ci salkylsulfanyl-C;.

10 salkyl, Cygalkyl-sulfinyl-Ciealkyl, C) salkyl-sulfonyl-C;salkyl, amino-C; salkyl, N-

C; salkylamino-C; salkyl, N,N-di-C, salkylamino-C; galky! and hydroxy-Csalkvioxy;
Csseycloalkyl selected from cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, each optional-
ly substituted;

aryl selected from optionally substituted phenyl and optionally substituted naphthyl;

15 heteroaryl selected from pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, furanyl, isoxazoivl and isothiazolyl, each optionally substituted,
heterocyelyl selected from piperdinyl, piperazinyl, morpholinyl, thiomorpholinyl, 1-oxo-thio-
morpholinvl, 1,1-dioxo-thiomorpholinyl, pyranyl, pyrrolidinyl, tetrahydrofuranyl, 2-oxa-8-aza-
spiro[4.5]decan-8-yi, 2-oxa-5-aza-bicyclo[2.2. 1 Jheptan-5-vl, and 3-oxa-§-aza-bicyclo-

20 [3.2.1}octan-8-yl, cach optionally substituted;

Cagcycloalkyl-C salkyl selected from cyclopropyl-Cisalkyl, cyclobutyl-C; salkyl, cyclopentyl-
Crsalkyl and cyclohexyl-Cysalkyl, the cycloalkyl portion of each being optionally substituted,
aryl-C;.¢alkyl selected from phenyl-C. salkyl and naphthyl-C, salkyl, the aryl portion of each
being optionally substituted;

25 heteroaryl-Cisalkyl selected from pyridinyl-Cisalkyl, pyrimidinyl-C,salkyl, pyridazinyl-
Cisalkyl, pyrazinyl-Csalkyl, furanyl-C; salkyl, thienyl-Cisalkyl, pyrrolyl-Ci.salkyl, oxazolyl-
Ci.palkyl, thiazolyl-Cy galkyl, imidazolyl-C; salkyl, 1soxazolyl-C, salikyl and isothtazolyl-C;.
salkyl, the heteroaryl portion of each being optionally substituted;
heterocyclyl-Ci salkyl selected from piperdinyl-Cisalkyl, piperazinyl-C; salkyl, morpholnyl-C;.

30 salkyl, thiomorpholinyl-C, salkyl, 1-oxo-thiomorpholinyl-C, salkyl, 1,1-dioxo-thiomorpholinyl-
Cyealkyl, pyranylnCl,gaIky}, pyrrolidinyl-C; galkyl, tetrahydrofuranyl-C; salkyi, 2-oxa-8-aza-



8 145-(2-Methoxy-1-methyl-ethylcarbamoy1)-4'-methyl-bipheny1-3-y1]-5-
methyl-1H-pyrazole-3-carboxylic acid ethyl ester 436 |

[542-Methoxy-1-methyl-ethylcarbamoy1)-4'-methyl-biphenyl-3-y1]-5- meth razole-3-carboxylic
acid isopropyRAMAHE810 145-(2-Methoxy-1-methyl-ethylcarbamoy1)-4t @Mﬁ% Py 1-3-y11-5-
methyl-1H-pyrazole-3-carboxylic acid dimethylamige 435 11

145-(2- Methoxy 1-methyl-ethylcarbamoy1)-4'-methyl-bipheny1-3-y1]-5-

n?ethyl -1 @3%@0&%‘3@@@/' k??'g m@t@yei% 043[:5 ézl]he tan-5-yl-C; salkyl, 3-oxa-¥-aza-~
4'- Methyl- - meth I-p razo Ehen [-3- carboxyllc acid (2- methoxy- 1 methyl ethyl)-amide 364

13 5-(3, 5bt9%‘@£ﬁy'4 %1813{&7?):@% iy Gl ReatiseSicasiehr e orfipgalfydubstituted;
2009/ 07733@135@@(5@2@%1%@9%8@&110@—6;,5a,ikyl and naphthyloxy-Csalkyl, the aryl portion of

each being optionally substituted; or
5 -C(0)-R® or -CH,-C(O)-R® wherein R® is as defined herein.

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

methyl-phenyl, R® is hydrogen, R is methyl, R® is hydrogen, and R’ is C;alkoxy-Crealkyl;

hydroxy-C.salkyl, morpholin-4-y1-C; salkyl; pyrazinyl; or piperazin-1-yl-Ci salkyl wherein the

piperaziny! moeity is optionally substituted at the 4-position with Cy.ealkyl, C:calkylcarbonyl or
10 Ciealkylsuifonyl.

In certain embodiments of formula I, R? is 4-methyi-phenyl, 4-chloro-pheny! or 2-fluoro-4-
methyl-phenyl, 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-1-yl.

Tn certain embodiments of formuia 1, R' is a group of formuia A, R is 4-methyl-phenyl, 4-

15 chloro-phenyl or 2-fluoro-4-methyl-phenyl, R? is hydrogen, R® is methy!, R® is hydrogen, and R’
is C.galkoxy-Cigalkyl, hydroxy-C,.salkyl; morpholin-4-yl-C;salkyl; pyrazinyl; or piperazin-1-
yI-C; salkyl wherein the piperazinyl moeity is optionally substituted at the 4-posttion with C;.
salkyl, Ci.ealkylcarbonyl or Cysalkylsulfonyl.

In certain embodiments of formula I, R is a group of formula A, R” is 4-methyl-phenyt, 4-
20  chloro-phenyl or 2-fluoro-4-methyi-phenyl, R? is hydrogen, R* is methyl, R® is hydrogen, and R”
is methoxymethyt; hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-yl; or 4-methanesulfonyl-

piperazin-1-yl.

In certain embodiments of formula I, R? is pyridin-2-yi substituted at the 5-position with methyl

or halo, and R’ is hydrogen.

25  In certain embodiments of formula I, R? is pyridin-2-yl substituted at the 5-position with methyl

or halo, R® is hydrogen; and R is methyl,

In certain embodiments of formula 1, R? is pyridin-2-yl substituted at the S-position with methyl

or halo, R? is hydrogen, R* is methyl, and R’ is hydrogen.



methoxy-1-methyl-ethyl)-amide 14 4'-Methyl-5-(2-methyl-2H-pyrazo -3-y1)-bipheny1-3-carboxylic acid
(2- methoxy-I-methyl-ethyl)-amide 364 15
4'-Methyl-5-(1,3,5-trimethy1-1H-pyrazol-4-y1)-biphenyl-3-carboxylic acid
(2-methoxy-Y@etHYRERNI)-amide 392 16 PCT/EP2008/066589
41-Methyl-5-(1,3,5-trimethyl-1H-pyrazol-4-y1)-biphjezr)yl-S-carboxyI c acid (1 -pyrazin-2-yl- ethyl)-amide
426 7 5-(2-Isopropyl-2H-pyrazol-3-y )-4'eyl-biphenyl1-3-carboxyhe acid ( - pyrazin-2-yl-ethyl)-amide

426 18 51%&?&9{%%%3%%%%&ﬁmngmpﬂzeywh@g%&@mlmc' {on with methyl ,
methoxy-1-methyl-ethyl)-amide | 392 9 5-(2-Isopropyi- H-pyrazol-3-y1)-4ethyl-bipheny1-3-carboxylic
acid (2- Wd?@ﬁylﬁf-ﬁ]é yﬁs_m@@, %6 is hydrogen, and R’ is C;¢alkyl selected from methyl,

ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl and 1sopentyl; hetero-C;alkyl
selected from Cisalkyloxy- Crsalkyl, hydroxy- Ciealkyl, Cisalkylsulfanyl-C salkyl, C; galkyl
5 sulfinyl-Cyealkyl, Cealkyl-sulfonyl-C salkyl, amino-C; galkyl, N-C, salkylamino-C, ¢alkyl,
N,N—di—C1.45a]ky1amino-cl,533kyl and hydroxy-C, salkyloxy, Ciscycloalkyl selected from
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, each optionally substituted; aryl selected
from optionally substituted phenyl and optionalty substituted naphthyl; heteroaryl seiected from
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,

10 furanyl, isoxazolyl and isothiazolyl, each optionally substituted,; heterocyelyl selected from
piperdinyl, piperazinyl, morpholinyl, thiomorpholiny!, 1-oxo-thiomorpholinyl, 1,1-dioxo-
thiomorpholinyl, pyranyl, pyrrolidinyl, tetrahydrofuranyl, 2-oxa-8-aza-spiro[4.5]decan-8-yl, 2-
oxa-5-aza-bicyclo[2.2.1Theptan-3-yl, and 3-0xa-8-aza-bicyclo[3.2.1Joctan-8-yl, each optionally
substituted; Csscycloalkyl-Cigalkyl selected from cyclopropyl-Cisalkyl, cyclobutyl-C salkyl,

15 cyclopentyl-Cysalkyl and cyclohexyl-C.salkyl, the cycloalkyl portion of eack being optionally
substituted; aryl-C;galkyl selected from phenyl-C, salkyl and naphthyi-C;.salkyl, the aryl portion
of each being optionally substituted; heteroaryl-C, salkyl selected from pyridinyl-C, salkyl,
pyrimidinyi-C; gatkyl, pyridaziny!-C;.ealkyl, pyrazinyt-C salkyl, furanyl-Cysalkyl, thienyl-C;.
salkyl, pyrrolyl-Ci galkyl, oxazolyl-C..salkyl, thiazolyl-C, salkyl, imidazolyl-Ci.¢alkyl,

20 isoxazolyl-C, salkyl and isothiazolyl-C, salkyl, the heteroaryl portion of each being optionally
substituted; heterocyclyl-Cy galkyl selected from piperdinyl-C.¢alkyl, piperazinyl-Ci salkyl,
morpholinyl-C; salkyl, thiomorpholinyl-C, salkyl, 1-oxo-thiomorpholinyl-Ci.salkyl, 1,1-dioxo-
thiomorpholinyl-C; _salkyl, pyranyi-C, salkyl, pyrrolidinyl-C; salkyl, tetrahydrofuranyl-Cealkyl,
2-0xa-8-aza-spiro[4.5]decan-8-yl-C salkyl, 2-oxa-5-aza-bicyclo{2.2.1 Jheptan-5-y1-Ci salkyl, 3-

25  oxa-8-aza-bicyclo{3.2.1]octan-8-yl-Cigalkyl, the heterocycelyl portion of each being optionally
substituted; aryloxy-Ciealkyl selected from phenoxy-Ci.qalkyl and naphthyloxy-C, salkyl, the
aryl portion of each being optionally substituted; or -C(O)-R® or -CH,-C(0)-R® wherein R” is as

defined herein.

In certain embodiments of formula I, R? is pyridin-2-yl substituted at the 5- position with methyl

30  or halo, R® is hydrogen, R* is methyl, R® is hydrogen, and R’ is C; salkoxy-Cy salkyl; hydroxy-
Cisalkyl; morpholin-4-yi-C; salkyl; pyrazinyl; or piperazin-1-yl-Cysalkyl wherein the
piperazinyl moeity is optionally substituted at the 4-position with Ciealkyl, C;salkylcarbonyl or
Cysalkylsulfonyl



20 5-(2-1sopropyl-2H-pyrazol-3-y1)-4c-methyl-biphenyl-3-carboxylic acid378 ((S)-2-hydroxy-1-methyl-
ethyl)-ami de 21 5-(2-Isopropyl-2H-pyrazol-3-y1)-4'-methyl-biphenyl-3-carboxylic acid
((S)-2-methoxy-1-methyl-ethyp-amide 392 22
5-(2-Isoproﬁygfpﬁ%vrﬁfal-&yl)w-methyl-biphenyl-3-carboxylic acid (REEHHENIH1%Hdrpho lin-4-yl-
ethyl)- amide 447 23 5-(24sopropy1-2H-pyrazol-3y1)-4'-methyl-biphenyl-3-carboxylic acid
[(R)-2-(1,1-dioxo -12c6-thiomorpho | in-4-y1)-1 -methyl-ethyl-amide 495 24

21-FluorgsRe(2sisomionyiatis BYBzal ¥ 14s Fietinvl-DinheBYda:0amaX Wi aGithn with methyl
(2-hydroxy-1-methyl-ethyl)-amide 396 25 3-(2-1sopropy1-2H-pyrazol-3-y1)-5-(5-methyl-pd2-y1)-N-(
-pyrazi - 2LyREHRibbrFassH& 4B 18 sl B-Ghivreesshemy Royrigphe gyt li@ﬁﬁf&ﬁﬂq@’ipyrazo

3-y1)-N- o2 yinetyl) prenzamicie A6l methanesulfonyl-piperazin-1-yL.

In certain embodiments of formula I, R' is a group of formula A, R? is pyridin-2-yl substituted at
5 the S-position with methyl or halo, R” is hydrogen, R* is methyl, RS is hydrogen, and R’ is C;.

salkoxy-Cigalkyl; hydroxy-Csalkyl; morpholin-4-yl-C, salkyl; pyrazinyl; or piperazin-1-yI-Ci.

salkyl wherein the piperazinyl moeity is optionally substituted at the 4-position with Cysalkyl,

C salkvlcarbonyl or Cysalkylsulfonyl.

In certain embodiments of formula I, R' is a group of formula A, R” is pyridin-2-yl substituted at

10 the 5-position with methyl or halo, R? is hydrogen, R" is methyl, RS is hydrogen, and R” is
methoxymethyl; hydroxymethyl; morpholin-4-yl-methyl; pyrazin-2-yl; or 4-methanesulfonyl-
piperazin-1-yl.

In certain embodiments of formula I the subject compounds are more specifically of formula II:

R I;

15 or a pharmaceutically acceptable salt thereof,
wherein:
XisCorN;
R' and R'* each independently is hydrogen; C;salkyl; Cisalkyloxy; halo; halo-C;salkyl; halo-
Cisalkoxy; hetero-C, salkyl; Cy salkylsulfonyl; or cyano: and
20 R'and R’ are as defined herein.

In certain embodiments of formula II, the compounds of the invention are of formula Ila or Ib:

{la; Iib,



27 3-(5-Isopropyl-pyrazol-1-y1)-5-(5-methyl-pdin-2-y1)-N-(1-pyrazin-2-yl- ethyl)-benzamide 28
N-(2-Hydroxy-I-methyl-ethyl)-3-(5-isopropyl-pyrazol-1-y1)-5-(5-methyl-379 pyridin-2-y1)-benzamide 29
3-(2-Ethy1-2H-pyrazol-3-y1)-5-(5-methyl-pyridin-2-y1)-N-(1-pzin-2-y1-413 eth é)-benzamide e
2009/07736‘?]@6%9}@5?668/066989 -38-0 3-(2-Ethyl-2H-pyrazoI-3-y1)-N-f’f-ﬂ%}/ SLER
-ethyl)-5-(5-me hyl- pyridin-2-y1)-benzamide 365 3}_
N-Cyclopropy1-3-(2-isobuty1-2H-pyrazol-3-y1)-5-(5-methyl-pyridin-2-y1)- benz amid e 375 32
3-(3-Fluoggpsmethyl-pyigin-2s R:5x(2-iseRreRY kpbinpyrazo 1-3-y0-N-(1-I
pyrazin-2-yl-ethyl)-benzamide

In certain embodiments of formula I the subject compounds are more specifically of formula HI:

11K

or & pharmaccutically acceptabie salt thereof,

5 wherein X, R?, R’ , R and R" are as defined herein.

In certain embodiments of any of formulas I, Iia, ITb, or 111, R’ is:

AN A

PoHe eH,s RSO R OR T d
RE
73 7% %EN“; s P%N
N N
N LR
N n N r
Q g D Rm Ro FQ
o s .
RTTR R R ' or
(0},
wherein:

n 150, 1 or2;
10 R°and RY each independently is hydrogen or C; salkyl;
R®  is hydrogen, Cisalkyl, acetyl or C;salkyl-sulfonyl;
R' and R® each independently is hydrogen or C galkyl;
R™ and R’ each independently is hydrogen, Cisalkyl, fluoro, hydroxy or C; galkyloxy;
R’ and R* each independently is hydrogen or C; galkyl; and
15 R™ RY RS RP, RYand R, each independently is hydrogen,C,salkyl, halo, C;salkoxy, C;satkyl-
sulfonyl halo-C; galkyl, or cyano.

In certain embodiments of any of formulas I, Ifa, Iib, or 111, R’ is:



445 33 3-(3-Fluoro-5-methyl-pyridin-2-y1)-5-(2-isopropy1-2H-pyrazo -3-y1)-N -(5-
methyl-pyrazin-2-ylmethyp-benzamide 445 34 3-(3-Fluoro-5-methyl-pyridin-2-y1)-N-((S)-2 -hydro xy-1
-methyl-ethyl)-5- (2-isopropyl-2H-pyrazol-3-y1)-benzamide 397 35
N-Cyclopropy2-B9%4i(1670-5-methyl-pyridin-2-y1)-5-(2 sopropy1-2H- pyrdZot/8tg4820&2amide 379 36
3-(5-Chloro-pyridin-2-y1)-5-(2-1sopropy1-2H-pyrazg1-3-y1)-N-(1-pyrazin-2- yl-ethyl)-benzamide 447
37 3-(5-Chloro-pyridin-2-y1)-5-(2-isopropy1-2H-pyrazol-3-y1)-N-(5-methyl-

pyrazin-2-y methyl) -benzamide 447 38 N-(5-Methyl-pyrazin-2-ylmethyl)-3-(5-me

hyl-pyridin#2-y1)-5~(2-propyl< 3H- pyraz -3-yl)- enzamlde 427 39

3-(5-Methyl rldlrbZ y1)-5-( fﬁﬁ)pyl 2Hriyra ?j) N- n -2- yl-ethyl)-benzamide 427
“CH,

3

wherein R® is as defined herein.

In certain embodiments of any of formulas I, Ha, ITb, or 111, R is:

)<‘ ﬂENj WN\
H ]
\CH» / J\
: T N or N CH

Where any of R', R%, R?, R*, R®, RS, R7, R®, RY, R¥, R'Y, R'2 R®, RY, RS, R% and R® is alkylor

wh

contains an alkyl moiety, such alkyl is preferably lower alkyl, i.e. C;-Cgalkyl, and more prefer-
ably C-Caalkyl.

The invention also provides methods for treating a disease or condition mediated by or otherwise
associated with a P2Xs receptor antagonist, a P2Xy5 receptor antagonist, or both, the method
10 comprising administering to 2 subject in need thereof an effective amount of a compound of the

invention.

The disease may be genitorurinary 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
capacity; frequenct micturition; urge incontinence; stress incontinence; bladder hyperreactivity;
15 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 discase associated with pain may be: inflammatory pain, surgical pain; visceral pam; dental

pain; premenstrual pain, central pain; pain due to burns; migraine or cluster headaches; nerve
20  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.



40 N-((S)-2-Hydroxy- Emethy1-ethy1)-3-(5-methy1-pyridin-2-y1)-5-(2-propy1-
2H-pyrazol-3-y1)-benzamide 379 41
N-Cyclopropyl-3-(5-methyl-pyridin-2-y1)-5-(2-propy1-2H-pyrazol-3 -y1)-361 benzamide 42
3-(5-Chloro- B8P 5-(2-ethy 1-2H-pyrazol-3-y1)-N-(5-methyl- pyraZ-2EHtRFbenzamide
433 43 3-(5-Chloro-pyridin-2-y1)-5-(2-ethyl-2H-pyrggzol-3-y1)-N-(1-pyrazin-2-yl- ethyl)-benzamide j 433
44 3-(5-Chloro-pyridin-2-y1)-5-(2-ethy1-2H-pyrazol-3-y1)-N-((S)-2-hydroxy-

1-methyl-g{byibenzamide, 388, # Rory disorder, such as chronic obstructive pulmonary disorder
3-(5-Chloro-pyridin-2-y1)-N-cyclopropyl-5-(2-ethy1-2H-pyrazol-3-y1)- Benzamld_e 367 46

N-((S)-2- 4 PRy AL A B SR SR Py LGRS Big g Imitable Bowel

Syndrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and other biliary disorders,

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

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

TABLE 1
# Name (Autonom™) MP/M+H
1 4'-Methyl-5-(1 -methyl-1H-pyrazol-4-yl)-biphenyl-3-carboxylic acid (2- 364

methoxy-1-methyl-ethyl-amide

2 4'-Methyi-5-(1H-pyrazol-4-yl)-biphenyl-3-carboxylic acid (Z-methoxy-1- 350
methyl-cthyl)-amide

3 5-Indazol-1-yl-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl- | 400
ethyl)-amide

4 S-1sopropyl-1-[5-(2-methoxy-1-methyl-ethylcarbamoyl)-4'-methyl- 464
biphenyl-3-vli-1H-pyrazole-3-carboxylic acid ethyl ester

5 S-1sopropyl-1-{5-(2-methoxy-1-methyl-ethylcarbamoyl)-4'-methyl- 463
biphenyl-3-yl}- 1H-pyrazole-3-carboxylic acid dimethylamide

6 S-Isopropyl-1-[5-(2-methoxy-1-methyl-ethylcarbamoyi)-4-methyl- 449
biphenyl-3-y1}-1H-pyrazole-3-carboxylic acid methylamide

7 5-Isopropyl-1-I5-(2-methoxy-1-methyl-ethylcarbamoyl)-4'-methyl- 477
biphenyl-3-yi}-1 H-pyrazole-3-carboxylic acid isopropylamide

8 1-{5-(2-Methoxy-1-methyl-cthylcarbamoy!)-4~methyi-biphenyl-3-yl]-5- 436
methyl-1H-pyrazole-3-carboxylic acid ethyl ester
9 1-{5-(2-Methoxy-1-methyl-ethylcarbamoyl)-4-methyl-biphenyl-3-y1]-5- 449

methyl-1 H-pyrazole-3-carboxylic acid isopropylamide

10 1-[5 —(2-Methoxy—1—methyi~ethyicarbameyi)—4‘~methyi—biphenyi~3~yl}~5~ 435
methyl-1 H-pyrazole-3-carboxylic acid dimethylamide
11 1-{5-(2-Methoxy-1-methyl-cthylcarbamoyl)-4'-methyl-biphenyl-3-v1]-5- 421

methyl-1 H-pyrazole-3-carboxylic acid methylamide

12 | 4-Methyl-5-(3-methyl-pyrazol-1-yl)-biphenyl-3-carboxylic acid (2~ 364
methoxy-1-methyl-ethyl)-amide

13 1 5-(3,5-Dimethyl-pyrazol-1-yl-4-methyl-biphenyl-3-carboxylic acid (2- 378




WO 20091077367PCT/EP2008/066989 -39- methyl-pyridin-2-y1)-benzamide 47 N -(5-Amino
-pyrazin-2-ylmethyl)-3-(2-isopropyl-2H-pyrazo 1-3 -y1)-5-(5- methyl-pyridin-2-y1)-benzamide 428 48
4'-Methyl-5-(2-methyl-2H-pyrazol-3-y1)-biphenyl-3-carboxylic acid (5-' 398
methy1-pyrd¥h2BMREHYI)-amide 49 4'-Methyl-5-(2-methyl-2H-pyrazo1-BGF EBBPREMyPECarboxylic
acid (1- pyrazin-2-yl-ethyl)-amide 1 398 50 4'-Methyl-5-(2-methyl-2H-pyrazol-3-y )-biphenyl3-carboxylic

acid ((S)-2- hydroxy-1 -methyl- ethyl)- amide 350

1 N-(5-Methyl-pyrazin-2-ylmethyl)-3-(2-methy

y1)-5

:?éttﬁé;ﬁ:;:gfr|§ﬁf§sg%%:f#\|&%{%aL| %%%fgéébenzdmide 39952 3=(2-Methy1-2H-pyrazot-3

14 | 4-Methyl-5-(2-methyi-2H-pyrazol-3-yl)-biphenyl-3-carboxylic acid (2- 364
methoxy-1-methyl-ethyl)-amide

15 | 4'-Methyl-5-(1,3,5-trimethyl-1 H-pyrazol-4-yl)-biphenyl-3-carboxylic acid | 392
(2-methoxy-1-methyl-ethyl}-amide

16 | 4-Methyl-5-(1,3,5-trimethyl-1H-pyrazoi-4-yl)-biphenyl-3-carboxylic acid | 426
(1-pyrazin-2-yl-ethylj-amide |

17 | 5-(2-1sopropyl-2 H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid (1- | 426
pyrazin-2-yi-ethyl)-amide

18 | 5-(2-Isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid (2- | 392
methoxy-1-methyl-ethyl)-amide

19 | 5-(2-Isopropyl-2 H-pyrazol-3-yt-4'-methyl-biphenyl-3-carboxylic acid (2- | 378
hydroxy-1-methyl-ethyl}-amide

20 | 5-(2-Isopropyl-2 H-pyrazol-3-yl)-4"-methyl-biphenyl-3-carboxylic acid 378
((S)-2-hydroxy-1-methyl-ethyl)-amide

21 5-{2-isopropyl-2H-pyrazoi-3-yl)-4'-methyl-biphenyl-3-carboxylic acid 392
({S)-2-methoxy-1-methyl-ethyl)-amide

22 | 5-(2-Isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid 447
((R)-1-methyi-2-morpholin-4-yl-ethyl)-amide

23 5-(2-1sopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid 495
[(R)-2-(1,1-dioxo- 12 -thiomorpholin-4-yl)- 1 -methyl-ethyl]-amide

24 | 2“Fluoro-5-(2-isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic | 396
acid {2-hydroxy-1-methyl-ethyl)-amide

25 | 3-(2-Isopropyl-2H-pyrazol-3-y1)-5-(5-methyl-pyridin-2-y)-N-(1-pyrazin- | 427
2-yl-ethyl)-benzamide

26 | 3-(3-Chloro-5-methyl-pyridin-2-y1)-5-(2-isopropyl-2H-pyrazol-3-yl)-N-(1- | 461 .
pyrazin-2-yl-ethyl)-benzamide

27 | 3-(5-Isopropyl-pyrazol-{-y1)-5-(5-methyl-pyridin-2-yl}-N-(1-pyrazin-2-yl-
ethyl)-benzamide

28 | N-(2-Hydroxy-1-methyl-ethyl}-3-(5-isopropyl-pyrazol-1-yl)-5-(5-methyl- | 379
pyridin-2-yh-benzamide

29 | 3-(2-Ethyl-2H-pyrazol-3-yi)-5-(5-methyi-pyridin-2-yh-N-(1-pyrazin-2-yl- : 413
ethyl)-benzamide




yl-ethyl)-benzamide 53 N-((S)-2-Hydroxy-1-methyl-ethyl)-3-(2-methyl-2H-pyrazol-3-y1)-5-(5-
methyl-pyridin-2-y1)-benzamide ' 351 54
N-Cyclopropyl-3-(2-methy1-2H-pyrazol-3-y1)-5-(5-methyl-pyridin-2-y1)- benzamidc 333 55

3-(5-Chloro 98 3345-N-(5-methyl-pyrazin-2-ylmethyl)-5-(2-propy1- 2F-peP8¥456P benzamide

447 56 3-(5-Chloro-pyridin-2-y1)-5-(2-propy1-2H-pyrazol-3-y1)-N-(1-pyrazin-2-yl- ethyl)-benzamide
447 57 3 -(5-Ch loro-pyridin-2-y1)-N -((S)-2-hydroxymethyl -ethyl)-5-(2-propy - 2H -pyrazol-3

)_

e B e
pyrazol-3-y1)-By(sliméth)thsprertcs-y 1)-benzamide

31 | N-Cyclopropyl-3-(2-isobutyl-2H-pyrazol-3-yl)-5-(5-methyl-pyridin-2-yl)- | 375
benzamide

32 | 3-{3-Fluoro-5-methyl-pyridin-2-y1)-5-(2-isopropyl-2H-pyrazol-3-yl)-N-(1- | 445
pyrazin-2-yl-ethyl)-benzamide

33 | 3-(3-Fluoro-3-methyl-pyridin-2-yl}-5-(2-isopropyl-2H-pyrazol-3-yl)-N-(5- | 445
methyl-pyrazin-2-yimethyl)-benzamide

34 | 3-(3-Fluoro-5-methyl-pyridin-2-yl)-N-((S)-2-hydroxy-1-methyl-ethyl)-5- 397
(2-isopropyl-2H-pyrazol-3-yl)-benzamide

35 | N-Cyclopropyl-3-(3-fluoro-5-methyl-pyridin-2-y1}-5-(2-isopropyl-2H- 376
pyrazol-3-yl)-benzamide

36 | 3-(3-Chloro-pyridin-2-yl)-3-(2-isopropyl-2H-pyrazol-3-yl)-N-(1-pyrazin-2- | 447
yl-ethyl)-benzamide

37 | 3-(5-Chioro-pyridin-2-y1)-5-(2-isopropyl-2H-pyrazol-3-yl)-N-(5-methyl- 447
pyrazin-2-ylmethyl)-benzamide

38 | N-(5-Methyl-pyrazin-2-yimethyl)-3-(5-methyi-pyridin-2-yl)-5-(2-propyl- 427
2H-pyrazol-3-yl)-benzamide

39 | 3-(5-Methyl-pyridin-2-y1)-5-(2-propyl-2H-pyrazol-3-yl)-N-(1-pyrazm-2- 427
yl-ethyl)-benzamide

40 | N-({S)-2-Hydroxy- I -methyl-cthyl)-3-(5-methyl-pyridin-2-y1)-5-(2-propyl- | 379
2H-pyrazol-3-yl}-benzamide

41 | N-Cyclopropyl-3-(5-methyl-pyridin-2-y1)-3-(2-propyi-2H-pyrazol-3-yl}- | 361
benzamde

42 | 3-(5-Chloro-pyridin-2-yi}-5-(2-ethyl-2H-pyrazol-3-yl)-N-(5-methyl- 433
pyrazin-2-ylmethyl}-benzamide

43 | 3-(5-Chloro-pyridin-2-yl)-5-(2-cthyl-2H-pyrazol-3-y)-N-(1-pyrazin-2-yl- | 433
ethyl}-benzamide

44 | 3-(5-Chloro-pyridin-2-yl)-3-(2-cthyl-2H-pyrazol-3-yl}-N-((8)-2-hydroxy- | 383
I-methyl-ethyl)-benzamide

45 | 3-(5-Chloro-pyridin-2-yl)-N-cyclopropyl-5-(2-ethyl-2H-pyrazol-3-yl)- 367
benzamide )

46 | N=((S)-2-Hydroxy-1-methyl-cthyl)-3-(2-isopropyl-2H-pyrazol-3-yl)-5-(5- | 379




489 60 3 -(5-Chloro -pyridin-2 -y1)-5 -(2-isobuty1-2H-pyrazo1-3 -y1)-N-(1 -pyrazin-2 -461
yl-ethyl)-benzamide 61 3 (5-Chloro-pyridin-2-y1)-5-(2-isobuty1-2H-pyrazol-3-y1)-N-(5-methyl-
pyrazin-2-ylmethyl)-benzamide 461 62
N-[(R)-2-(4- RN pEFazin-1-y1)-1-methyl-ethy1]-3-(5-chloro-pyridin-2- Y& FEEBSBH By I-2H-pyrazo
1-3 -y1)-benzamide 509 WO 2009/077367PCTIE_l§>g~008/066989 -40- 63
3-(5-Chloro-pyridin-2-y1)-N-cyclopropyl1-5-(2-isopropy 2H-pyrazol-3-y1)-381 benzamide 64

3-(5-Ch oro-p {'h%'t'ﬂi/% 1 la‘ﬂ'l-»(j':“jzﬁé%wﬁ%-l-lnethyi-ethyi)-S-(Z-i
isopropyl-2H-pyrazol-3-y1)-benZzamide 399 65 3-(2-Cyclopropylmethy1-2H-pyrazgl-3-y1)-N:(5-me hy
-pyrazin-27 yimsthy s -pietayi-pydeir oy By Beppaaite2H-pyrazol-3-yD)-5-(5- | 428
methyl-pyridin-2-yl)-benzamide A
48 | #-Methyl-5-(2-methyl-2H-pyrazoi-3-yl)-biphenyl-3-carboxylic acid (5- | 398
methyl-pyrazin-2-ylmethyl)-amide
49 | 4'-Methyl-5-(2-methyl-2H-pyrazo!-3-yh)-biphenyl-3-carboxylic acid (1- 398
pyrazin-2-yl-ethyl)-amide _
50 | 4'-Methyl-5-(2-methyl-2H-pyrazol-3-yl)-biphenyl-3-carboxylic acid ((8)-2- | 350
hydroxy-1-methyl-ethyl)-amide
51 | N-(5-Methyl-pyrazin-2-yimethy!)-3-(2-methyl-2H-pyrazol-3-y1}-5-(5- 399
methyl-pyridin-2-yi}-benzamide
52 | 3-(2-Methyl-2H-pyrazol-3-yl)-5-(5-methyl-pyridin-2-yl}-N-(1-pyrazin-2- 399
yl-ethyl)-benzamide
53 | N~((S)-2-Hydroxy-1-methyl-ethyl}-3-(2-methyl-2H-pyrazol-3-yl}-5-(5- 351
methyl-pyridin-2-yl)-benzamide
54 | N-Cyclopropyl-3-(2-methyl-2H-pyrazol-3-yl)-5-(5-methyi-pyridin-2-yI}- 333
benzarmde
55 | 3-(5-Chloro-pyridin-2-yl)-N-(5-methyi-pyrazin-2-ylmethyl)-5-(2-propyl- 447
2H-pyrazéi—3~yl)—benzamide
56 | 3-(5-Chloro-pyridin-2-y)-5-(2-propyl-2H-pyrazol-3-y[}-N-(1 -pyrazin-2-yi- | 447
ethyD)-benzamide
57 | 3-(5-Chloro-pyridin-2-yl}-N-({5)-2-hydroxy-1-methyl-ethyl}-5-(2-propyl- | 399
2H-pyrazol-3-yl)-benzarmde
38 | 3-(5-Chloro-pyridin-2-y1)-N-cyclopropyl-5-(2-propyl-2H-pyrazol-3-yl)- 381
benzamide
39 | N-[(R)-2-(4-Acetyl-piperazin- 1 -vl)-1-methyl-ethyl}-3-(2-1sopropyl-2H- 489
pyrazol-3-y1)-5-{5-methyl-pyridin-2-yl)-benzamide '
60 | 3-(5-Chloro-pyridin-2-y1}-5-(2-isobutyl-2H-pyrazoi-3-y1)-N-(1-pyrazin-2- | 461
yl-ethyl)-benzamide !
61 | 3-(5-Chloro-pyridin-2-y1)-5-(2-isobutyl-2H-pyrazol-3-y1)-N-(5-methyl- 461
pyrazin-2-vlmethyl)-benzamide
62 | N-[(R)-2-{(4-Acetyl-piperazin-1-yD- I -methyl-ethyl}-3-(5-chloro-pyridin-2- | 509
yi)-5-(2-isopropyl-2H-pyrazel-3-yl)-benzamide




439 66 3-(2-Cyclopropylmethy1-2H-pyrazol-3-y1)-5-(5-methyl-pyridin,y1)-N-(1
pyrazin-2-yl-ethyl)-benzamide 439 67 3-(2-Cyclopropyl methyl-2H -pyrazol-3 -y1)-N-((S)-2-hydro xy-1
-methyl- ethyl)-5-(5-methyl-pyridin-2-y1)-benzamide | 391 68
N-Cyclopropy@ 2% e3#bpropylmethy1-2H-pyrazol-3-y1)-5-(5-methyl- pyFfciED20F et amide 373 69

3-(2-Cyclobuty1-2H-pyrazol-3-y1)-N-(5-methyl pyr,

70 3-(2- Cyclobutyl -2H- pyrazol -3- y) N ((S) -2- hydroxy- -me hy -e hyl)-5-(5-

2 yy1)-5-(5- methyl-pyridin-2-y1)-benzamide 439

;n((e;h&/cfé u”y{ ()Zgléi}ﬂ%r&);—?gf{g ?)-Ji -eye Clo ‘g—%uisoep Bﬁﬂfﬁdf’ﬁ’r éizg %55/?) tg’rfleamide 72
3-(2-Isobuty1:2enpsaEgel-3-y1)-N-(5-mey pam 2 -ylrnethyl)-5-(5-

64 | 3-(5-Chloro-pyridin-2-yl)-N-((S)-2-hydroxy-1-methyl-ethyl}-5-(2- 399
isopropyl-2H-pyrazol-3-yl)-benzamide

65 | 3-(2-Cyclopropyimethyl-2H-pyrazol-3-yl)-N-(5-methyl-pyrazin-2- 439
yimethyl)-5-(5-methyl-pyridin-2-yl)-benzamide

66 | 3-(2-Cyclopropylmethyl-2H-pyrazol-3-yl)-5-(5-methyl-pyridin-2-yl}-N~(1- | 439
pyrazin-2-yl-ethyl)-benzamide

67 | 3-(2-Cyclopropylmethyl-2H-pyrazol-3-y1}-N-((S)-2-hydroxy-1-methy}- 391
ethyl)-5-(5-methyl-pyridin-2-yl)-benzamide

68 | N-Cyclopropyl-3-(2-cyclopropylmethyl-2H-pyrazol-3-yl)-5-(5-methyl- 373
pyridin-2-yl)-benzamide

69 | 3-(2-Cyclobutyi-2H-pyrazol-3-y1}-N-(5-methyl-pyrazin-2-yimethyl)-3-(5- | 439
methyl-pyridin-2-yl)-benzamide

70 | 3-(2-Cyclobutyl-2H -pyrazol—3-yi)—N-((S)—?.-hydroxy~ [-methyi-ethyl}-5-(5- | 391
methyl-pyridin-2-y}-benzamide

71 | 3-(2-Cyciobutyl-2H-pyrazol-3-yl)-N-cyclopropyi-5-(5-methyl-pyridin-2- 373
yh-benzamide

72| 3-(2-1sobutyl-2H-pyrazol-3-y1)-N-{ S-methyi-pyrazin-2-yimethyl)-5-(5- 441
methyl-pyridin-2-yl)-benzamide

73 | 3-(2-Isobutyl-2H-pyrazol-3-yl)-5-(5-methyl-pyridin-2-yh)-N-(1-pyrazin-2- | 441
yl-ethyi)-benzamide

74 | N-Cyclopropyl-3-(2-isobutyl-2H-pyrazol-3-yl}-5-(5-methyl-pyridin-2-yl)- | 375
benzamide

75 | 3-(3-Fluoro-5-methyl-pyridin-2-yl}-5-{2-isopropyl-2H-pyrazol-3-y1}-N-(5- | 445
methyl-pyrazin-2-yimethyl)-benzamide

76 | 3-(2-Isopropyl-2H-pyrazol-3-y])-N-(5-methyl-pyrazin-2-ylmethyl}-5-(5- | 427
methyl-pyridin-2-yl)-benzamide

77 3—(3-Chlor0~5~methyl—pyridin—2~y£)—5~(2~isopropyi-2H-pyraio1—3-y1)-N-(5- 461
methyl-pyrazin-2-yimethyl}-benzamide

78 | 3-(5-Isopropyl-pyrazol-1-y1)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5- 427
methyl-pyridin-2-yi)-benzamide

79 | N-{5-Methyl-pyrazin-2-yimethyl)-3-(5-methyl-pyridin-2-y1)-5-(5- 453




methyl-pyridin-2-y1)-benzamide 441 73
3-(2-Isobuty1-2H-pyrazot-3-y1)-5-(5-methyl-pd-2-y1)-N-(1-pyrazin-2- yl-ethyl)-benzamide 441 74

N-Cyclopro%/lei)&z-isob_ut_yl 2H-pyrazol-3-y -5-(5-methyl-pyridin-2-y1)- benzam,ide 375175
3-(3-Fluoro- S8 W—Wﬁd|n-2-y1)-5-(2-1sopropyI-2H-pyrazol-f:’»-yl)-N-(5FZFLiI%EP‘008/066989
methyl-pyrazin-2-ylmethyl)-benzamidel , 76 4]-
3-(2-Isopropyl-2H-pyrazol-3-y1)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-1 427
methyl-pyridi -ﬁg&gfgﬁ@&@w ' I35 oG -methyl-pyridin-2=y1)-5-(2-iISopropy1-2H-pyrazol-3
-y1)-N-(5-461| methyl-pyrazin-2-ylmethyp-benzamide 78
3-(5-1sop8py|-Dyredbatbyipryaeivstrasidy fad st iiheeriging @Dr by 433
trifluoromethyl-pyrazoi-1-yl)-benzamide
81 | 3-(5-Methyl-pyridin-2-y[)-N-(1-pyrazin-2-yi-ethyl}-5-(5-trifluoromethyl- 453
pyrazol-l-yh)-benzamide
§2 | N-Cyciopropyl-3-(5-methyl-pyridin-2-yl)-5-(5-trifiuoromethyl-pyrazol-1-
yl}-benzamide
&3 | 3-(5-Isobutyl-pyrazol-1-y)-N-(5-methyl-pyrazin-2-yimethyl)-5-(5-methyl- | 441
pyridin-2-yl)-benzamide
84 | 3-(5-Isobutyl-pyrazol-1-yl}-5-(5-methyl-pyridin-2-y[}-N-(1-pyrazin-2-yl- | 441
ethyl)-benzamide
85 | N-((S)-2-Hydroxy~ | -methyl-ethyl)-3-(S-isobutyl-pyrazol-1-yl}-5-(5- 393
methyl-pyridin-2-yi}-benzamide
86 | N-Cyclopropyl-3-(5-isobutyl-pyrazol-1-yl}-5-(5-methyi-pyridin-2-yl)- 375
benzamide
&7 | 3-(5-Methyl-pyridin-2-y[)-5-(3-pentafluoroethyl-pyrazol-1-yl)-N-(1- 503
pyrazin-2-yl-ethy!)-benzamide
88 | N-(5-Methyl-pyrazin-2-ylmethyl)-3-(5-methyl-pyridin-2-y1)-5-(3- 503
pentaflucroethyl-pyrazol-1-yh-benzamide
89 | N-Cyclopropyl-3-(5-methyl-pyridin-2-y1)-5-(3-pentafluoroethyl-pyrazol-1- | 437
yl)-benzamide '
90 | 3-(5-Chloro-pyridin-2-y-N-({S)-2-hydroxy-1-methyl-ethyl)-5-(2-isobutyl-
2H-pyrazol-3-yl)-benzamide
91 | 3-(5-Chloro-pyridin-2-y1)-N-cyclopropyl-5-(2-isobutyl-2 H-pyrazol-3-yl)-
benzamide
92 | 3-(2-tert-Butyl-2H-pyrazol-3-y1)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-
methyl-pyridin-2-yl)-benzamide
93 | 3-(2-tert-Butyl-2H-pyrazoi-3-yD)-N-((S)-2-hydroxy-1-methyl-ethyl)-5-(5-
methyl-pyridin-2-yl)-benzamide
94 | 3-(2-Isopropyl-2H-pyrazol-3-yl)-N-(6-methyl-pyridazin-3-yimethyl)-3-(5-
methyl-pyridin-2-yl)-benzamide
95 | 3-(2-Isobutyl-2 H-pyrazoi-3-yl)-N-(6-methyl-pyridazin-3-ylmethyl}-5-(5-
methyl-pyridin-2-yl)-benzamide




methyl-pyridin-2-y1)-benzamidel 79 N-(5-Methyl-pyrazin-2-ylmethyl)-3-(5-methyl-pyridin-2-y1)-5-(5-453
WO 2009/077367PCT/EP2008/066989 -41- trifluoromethyl-pyrazol-1-y1)-beaide 80
N-(5-Methy1-pyrazin-2-ylmethyl)-3-(5-methyl-pyridin-2-y1)-5-(3-
trifluorometMYR BYE8 361 -y1)-benzamide 453 81 PCT/EP2008/066989
3-(5-Methyl-pyridin-2-y1)-N-(1-pyrazin-2-y1-ethy|)_-4"i-_(5-trifluoromethyl- pyrazol-1-y1)-benzamide 453
82 N-Cyclopropy1-3-(5-methyl-pyrid. -2-y1)-5-(5ifluoromey -pyrazol-1- y1)-benzamide 83
35 LS oty Rl Yl R S Y R 2T P R I P e R A pyrazin-
2-yimethyl)-5-(5-methyl-pyridin-2-yl)-benzamide

97 | N-((S)-2-Hydroxy-1-methyl-ethyl)-3-[2-(3-methyl-oxetan-3-ylmethyl)-2H-

pyrazol-3-yi]-5-(5-methyl-pyridin-2-yl)-benzanmde

98 | 3-(5-Chioro-pyridin-2-y1)-N-(6-methyl-pyridazin-3-ylmethyl)-5-(2-propyl-
2H-pyrazol-3-yl)-benzamide

99 | 3-(2-Cyclopropylmethyl-2H-pyrazol-3-yl}-N-(6-methyl-pyridazin-3-
ylmethyl)-5-(5~-methyl-pyridin-2-yi)-benzamide

100 | 3-(2-1sopropoxy-2H-pyrazol-3-yl)-N-(5-methyl-pyrazin-2-yimethyl)-5-(5-
methyl-pyridin-2-yl}-benzamide

101 | 3-(5-Isobutyl-pyrazol-1-yl)-N-(6-methyl-pyridazin-3-ylmethyi}-5-(5- 44]
methyl-pyridin-2-yl)-benzamide

Compounds of the present invention can be made by a variety of methods depicted i the illu-

strative synthetic reaction schemes shown and described below.

The starting materials and reagents used in preparing these compounds generally are either

5 available from commetrcial suppliers, such as Aldrich Chemical Co., or are prepared by methods
known to those skilled in the art following procedures set forth in standard references. The
following synthetic reaction schemes are merely iliustrative of some methods by which the
compounds of the present invention can be synthesized, and various modifications to these
synthetic reaction schemes can be made and will be suggested to one skilled in the art having

10 referred to the disclosure contained in this Application.

The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
purified if desired using conventional techniques, including but not limited to, fiitration,
distillation, crystallization, chromatography, and the like. Such materials can be characterized

using conventional means, including physical constants and spectral data.

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 -78°C
to about 150°C, more preferably from about 0°C to about 125°C, and most preferably and

conveniently at about room (or ambient) temperature (RT), e.g., about 20°C.



pyridin-2-y1)-benzamide 84 3-(5-Isobutyl-pyrazol-1-y1)-5-(5-methyl-pyridin-2-y1)-N-(1-pyrann-2-yl-
ethyl)-benzamide 441 85 N-((S)-2-Hydroxy-1-methyl-ethyl)-3-(5- sobutyl-pyrazol-1-y1)-5-(5-
methyl-pyridin-2-y1)-benzamide 393 86 N-Cyclopropyl-3-(5-isobutyl-pyrazol-1-y1)-5-(5-me hy
-pyr.d.2-y1) MEEHEAHIHE 375 87 3-(5-Methyl-pyridin-2-y1)-5-(3-pentafluoroetrBi30F45e821-y1)-N-(1-
pyrazin-2-yl-ethyl)-benzamide 503 88 N-(5-Methyl;pyrazin-2-ylmethyl)-3-(5-me hyl-pyr d n-2-y1)-5-(3-
pentafluoroethyl-pyrazol-1-y1)-benzamide 503 89 N-Cyclopropyl-3-(5-methyl-pyridin-2-y1)-5-(3-pen
afluoroetgé{ﬂ-‘%\{g%%glgggi%?fpﬁgym%h%gc procedure usable to prepare specific compounds of

formula 1, wherein Y is an optional leaving group, R is lower alkyl, and X, R, RY R® RS R,

R'%, R* and R" arc as defined herein.

0. OH step 1 0. OH step 2 -
s i od
o H,S0, l RS3 BO,
c
Rl X -
NO, ! NG, r
e 2 Rt b Pd(PPh,}, it
o O, c oL
step 3 R step 4 R
et - step 5
ROH, acid reduce .
jodination
NO, NH,,
rR" ” e R f R
- R R

Ra 8{OH)2
Fd(PPhy),

In step 1 of Scheme A, nitrobenzoic acid a is subject to todination under sulfuric acid conditions
to afford iodo-nitrobenzoic acid b. In step 2 benzoic acid compound b is reacted with
arylboronic acid compound ¢ in the presence of tetrakis-(triphenylphosphing)palladium catalyst

10 to afford nitro-biphenyl acid compound d. The acid group of nitro-biphenyl acid d is protected



3-(5-Chloro-pyridin-2-y1)-N-((S)-2-hydrox1-methyl e hy )-5-(2-isobuty1- 2H-pyrazol-3-y1)-benzamide
91 3-(5-Chloro-pyridin-2-y1)-N-cyclopropy1-5-(2-isobutyl-2H-pazo 3-y1)- benzamide 92
3-(2-tert-Buty1-2H-pyrazol-3-y1)-N-(5-met yl pyraz2-y methyl)-5-(5- ethyl-pyridin-2-y1)-benzamide 93
3-(2-ten-ButOP§78#061-3-y1)-N4S)-2-hydroxy-1-methyl-ethyl)-5-(5- mdtayiESPEHESSP ) -benzamide
94 3-(2-Isopropyl-2H-pyrazol-3-y1)-N-(6-methyl-pyridaz n-3-yet y1)-5-(5-
methyl-pyridin-2-y1)-benzamide 95 3-(2-Isobuty1- AF]-pyrazol-3-y1)-N-(6-methyl-pyridazin-3-y1e

y1)-5-(Op eV HRYHSIN:E) 306 R AU -k ReAP0R4E 2430 P KT RADRAARERPE ¥hen
subject to red.ucﬁon to form biphenylamine fin step 4. An iodmation reaction 1s carried out
step 5 by treating biphenylamine f with methylene iodide or like iodination reagent to afford iodo
compound g. In step 6 the ester group of compoung g 15 hydroiyzed to give acid compound h.
5 Instep 7 an amide formation is achieved by reaction of biphenyl iodo compound h with amine i

in the presence of carbodunude, to afford compound J.

In step 8, compound ] is reacted with pyrazole k in the presence of copper iodide to afford
pyrazol-1-yl substituted compound m, which is a compound of formula I in accordance with the

mventiomn

10 Alternatively, instead of step 8, step 9 may be carried out wherein compound j is treated with
pyrazol-3-boronic acid compound n in the presence of a palladium catalyst such as tetrakis-
{(triphenyiphosphine)paliadium to afford pyrazol-3-yl substituted compound o, which is a

compound of formula I in accordance with the invention.

In yet another alternative compound ] may be reacted with pyrazol-4-boronic acid compound p
15 in the presence of a palladium catalyst such as tetrakis-(triphenylphosphine)palladium in step 10
to afford pyrazol-4-yl substituted compound g, which is a compound of formula I in accordance

- with the mvention.

Many variations of Scheme A are possible and will suggest themselves to those skilled in the art.
For example, in many embodiments steps 8-10 may be carried out prior to steps 6 and 7. The
20 resulting pyrazol-substituted compound (not shown) would then undergoes ester hydrolysis as in

step 6, followed by amide formation as in step 7, to provide compounds m, 0 or g.

Scheme B below relates another synthetic route to compounds of the imvention, wheremn Y 18 an
optional leaving group, R is lower alkyl, and X, R’ R R°, RS R R’ R* and R” are as defined

herein.

25 SCHEMEB



96 342-(3-Methyl-oxetan-3-ylmethyl)-2H-pyrazo
1-3-ylI-N-(5-methyl-pyrazin2-ylmethyl)-5-(5-methyl-pyridin-2-y1)-benzamide 97
N-((S)-2-Hyd %I meth I-ethyl)-3-12-(3-methyl-oxetan-3-ylmethyl)-2Hp razol 3-y1 5 g5 methyl-pyridi
n-2-yl1)- -ben?: (5 -Chloro-pyridin-2-y1)-N-(6-methyl-pyridazin- 3% ?{ - ropyl-
2H-pyrazol-3-y1)- benzamlde 99 3-(2-Cyclopropylagthy1-2H-pyrazo 1-3-y1)-N-(6-methyl-pyridazm-3-
ylmethyl)-5-(5-methyl-pyridin-2-y1)-benzamide 100 3-(2-Isopropoxy-2H-pyrazo

1-3-y1)-N-(5-methyl- pyrazm -2-yImethyl)-55(5- methyl py&idin-2-y1)-benzarnidg, 401

3-(5-Isobutyl- py azol- 141)1%1:(6_methyl -pyritlaz- -yIme%hyI)—%—GS»Ml methyl-g ridin-2- -yl)-benzamide
Compounds df thg ; i ted in the illustrative
synthetic reatt 3 Z ! startingfratema® apd reagents used in
preparing thesextompounds genest a;e efher 5 availabléfrom CopRg kcialrsupplters, such as
Aldrich Chemical Co., or are prepar&g] by methdds knomﬁ‘rf& S skillegltin rheiﬁolltzﬁ/vmg

procedures set forth in standard references. Fhesfo g syntheti reactt es are merely
illustrative of some methods by which th R* BOH),

1]
o OB /N\N = Pd(PPhy},
R e} o
PA(PPhy),
REI

In step 1 of Scheme B, iodo-bromo-bernzoic acid ester r is reacted with bis(pinacolato)-diborane
in the presence of a palladium catalyzt to yield pinacoloato-borane benzoic acid ester compound
s. Compound s then undergoes a Buchwald coupling in step 2 by reaction with aryl bromide t to

afford aryl benzoic acid ester compound u. Compound u may then in step 3, be reacted with

L

pyrazole k in the presence of copper iodide to afford pyrazol-1-y! substituted ester compound v.
Alternatively, step 4 may be carried out by reacting compound p with pyrazol-3-boronic acid
compound n in the presence of a palladium catalyst such as tetrakis-
{triphenylphosphine)paliadium to afford pyrazol-3-yl substituted compound w. As yet another
10  alternative, compound u may be reacted with pyrazol-4-boronic acid compound p in the presence
of a palladium catalyst such as tetrakis-(triphenylphosphine)palladium in step 5 to afford
pyrazol-4-yl substituted compound x. Compounds v, w and x then undergo ester hydrolysis and
reaction with amine i, as shown in steps 6 and 7 of Scheme A, to afford pyrazole-substituted

compounds m, ¢ and g, which are compounds of formula | in accordance with the mvention.

15 Specific details for producing compounds of the imvention are described in the Examples section

below.



compounds of the present invention can be synthesized, and various modifications to these synthetic
reaction schemes can be made and will be suggested to one skilled in the art having 10 referred to the
disclosure contained in this Application. The starting materials and the intermediates of the synthetic
reaction scHEMEUETHE isolated and purified if desired using conventioRSFtERHIHEE ncluding but
not limited to, filtration, distillation, crystallization, _gmomatography, and the like. Such materials can be
characterized using conventional means, including physical constants and spectral data. 15 Unless

specifiedip. g GoNANG e RASHARSASREbSgRISIOLIRIETRAle SANCUelRtigE.an iner

atmosphere at atmospheric pressure at a reaction temperature range of from about -78C to about
150C, mékeprsiactsiinmrandsbitrdesidrshdina pirrarach b statdingrerid KormiBhiats at about

room (or AMRIEBRIRMREIAIUIEHR T h @ @inaRQULAABen MR A0 IRTIBARGH ER2008/066989 -43-
Scheme A below illustrates one synthetic procedure usable to prepargg@&%fg com ;L@ds of formula
1, 1

1, wherefPRGH REHAIIERVIREE GREPHS IR ST AR LIISR, st F56Y ReKkt2 R and

RID are asodefioedhereimh,SEHEMoAetmistenhed:Sehemgidinitioheninigaciy.airsuiject to
iodination under sulfuric acid COH%?%SS to :ilffor}g iodo;}nilttrig1 enégiﬁrfatgd pdc;ltntﬁ}t%p %lglecnza%ilc acid
compourtd B3 FEEERE M ASH B SrTIE 2T Compoting ¢ i the presente of > PAVICR

tetrakis-(tphenyphosphide)ialtadiiim oatadyet i0itd affded hipsbiphoryl acidtemgouride: The acid
group of ne'feﬁ?éablg%%gge{ c%%'éjb(?a@der_OteCted WO 2009/077367PCT/EP2008/066989 -44- by

esterification in step 3 to form nitro-biphenyl acid ester e. Nitro-biphenyl ester e is then subject to
by treating

reduction to form biphenylamine f in step 4. An iodination reaction is carried out in ste

A 5
bipheny|arfri@ TR SR R BRI Gr RSG5 difatBh TR BaSFs By é’&ﬁﬁﬁ’(‘?é)hﬂlfg. In step 6
the gster grespfamPRAHE: @ds bythOlyzRG 4D Give acidieompaundausinistapd@mamide formation

is achieved by reaction of biphenyl iodo compound h with.amine. i in the presence of carbodiimide, to
afford coﬁfﬂg%/fhg’j.l %dg?rgg SUHGT & 3%%%%‘%%911"‘63}3% &g ﬁlrlililg D gﬂgﬁgleatg %copper iodide to
afford pyeageltsylsubatitoted ctmpopia) aunglidpisna Gerapbpnd, ot forhpala. irsracesrazlmeawith the
invention, 10, Aternallyely, 151634, 01 315R. 8 SISR.ITRBE RRITIRA WL WDIEIn SOMPRLAAL T treated
with pyrazo1-3-boronic acid compound™ in the presence of a palladium catalyst such as”
tetrakis(tmphenipiphisspminGpalsdiniarsts afforiipyreanseBPAs UL ISP S rAPbYRTE) WP a
compeung,of falmula.liin accordanes it dhed e ation. i yetanessialiemativa ampound j may be
reacted with pyrazol-4-boronic acid compound B

functional! bowel disorders such as irritable bowel syndrome.

Further, compounds of the invention are useful for treating respiratory disorders, imcluding

chronic obstructive pulmonary disorder (COPD), asthma, bronchospasm, and the like.

Additionally, compounds of the invention are uscful for treating gastrointestinal disorders,
20 including Irritable Bowel Syndrome (1BS), Inflammatory Bowe! Disease (IBD), biliary colic
_and other biliary disorders, renal colic, diarrhea-dominant 1BS, pain associated with GI

distension, and the like.

The invention includes pharmaceutical compositions comprising at least one compound of the
present invention, or an individual isomer, racemic or non-racemic mixture of 1somers or a
25  pharmaceutically acceptable salt or solvate thereof, together with at least one pharmaceutically

acceptable carrier, and optionally other therapeutic and/or prophyiactic 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-

30 ferably 1-30 mg daily, depending upon numerous factors such as the severity of the disease to be



15 in the presence of a palladium catalyst such as tetrakis-(triphenylphosphine)palladium in step 10 to
afford pyrazol-4-y1 substituted compound u, which is a compound of formula | in accordance with the
invention. Many variations of Scheme A are possible and will suggest themselves to those skilled in
the art. For B¥aHi@7 TB%hany embodiments steps 8-10 may be carried ol PESFF LYY 6 and 7. The
20 resulting pyrazol-substituted compound (not shgyyn) would then undergoes ester hydrolysis as in
step 6, followed by amide formation as in step 7, to provide compounds m, o or Q. Scheme B below
relates aneics SHIEU ISR FATPRHAGS A dbe dpveatos, WhetelbdsangRtioRaldgaving aroup
R is lower alkyl, and™X, R3, Rt, R5, Rs, Rii, K W and Rh are ds defined herein. 25 SCHEME B In step
1 of SchenfefBMededsrarssasenzbie Bdisrtetdoriy¢e nbiel hnndsngisntiisiatchamestary ihahe

presencepirgRRladire.criaN 17 deldRiBAGRIRM R ARG 1DENZ0it: AFIESIRY SRMRPHRMS.
Compound s then undergoes a Buchwald coupling in step 2 by reaction with aryl bromide t to 5 afford
aryl benZJic etiBee EarAns IRy beebinpatine iRty A Liedon 3 R ATHERcGRPByrazole k in the
presence afkeanpebiodide nafferdipwareldryhisuisiiiviade steseampolme: wAtiesnativrltiatep 4 may

be carried out by reacting compound p with pyrazol-3-boronic acid compound n in the presence of a
A SRR &

palladiuni'@at SRR S & RE NS Stord pyrazol-3-y1 substituted

compound w. As yet another 10 alternative, compound u may be reacted with pyrazol-4-boronic acid
compourféepiveRdsredeneecaiionpatiabiidreataliysd s chagteadiasl (ipheriphispriigpalladium in
step 5 to@ifrd RyraZ elrdnil GUISIEed LOMRQURL Mn Sl PAURIBM: MAREK HEAJHREILTgO ester

hydrolysis and reaction with amine i, as shown in steps 6 and 7 of Scheme A, to afford

pyrazole Bkt RSB0 (ORI O HAYSHHE LB b SRR PRI GIERTA B dance with the
invendionintY¥ndRRP4QhiB6 Ao b R20 Q30 66200:- A6« dith tempeundis nfl itied aveniignagice usable for

the treatment of a wide range of genitourinary diseases, gonditions and disorders, including urinary
tract dise LS RE T S EERA G AT R LB DL S A S AU e AR &iEe conditions
such as negdicedwaddemndepaiit s dregoehoy of thrickgition{ efffjetimcontinence, stress incontinence,
bladder hyperreactivity, benign 5 prostatic hypertrophy (BPH), prostatitis, detrusor hyperreflexia,

urinary fraquencyaQktUHRp SRR HHISRCYONSIaENG Rladdat RelicRyRALsanSItyinGMrethritis,
prostatitits, pelvic pain syndrome, prostatodynia, cystitis, and idiophatic bladder hypersensitivity, and

other syrffatHs PEfilerty Brerbehirsssuadhe e SmiBIRaEFthecmuetions 4 d¥fected to find
utility ;s apalgesighiptamiseatmentahifidiseasesiandsondifions assaciatetywihi pain from a wide

variety of causes, iqcludifré?, but not limited tlo inflammato% pain ﬁn%ﬁ%%i% I%sé?%%i_ated with arthritis

.such
(including TRGTIHAIY P &FHITS SR AR SUR AR Balt); s%r&’i@% PARVIEEeFS Sain, dental pain,
premenstimappaids oeptiatip ki apdithcuattdobagn Smmigrain ecorgiuste shieddtachies wremeunjury,
neuritis, neuralgias, poisaning, ischemic injury. interstitial cystiti in,.vi sitic or
pacteral S B D B B B

associatéthovithefoaetioiral bonesd disordans sacmals fadtab ke lswaichyaidrbitie oF P eapsHpounds of
the inyention aiguseivkies tealinaraspiiedisqsders: iRchding chrQpicRRSIMcHY S RYimonary

disorder (COPD), asthma, bronchospasm, and the like. Additionally, compounds of the invention are
useful foﬁ%&ﬁﬁf@»ﬁ%@i ieltprhranseirddps oral use; or in the form of suppositories for rectal or

vaginal administration; or in the form of sterile injectable solutions for parenteral use.
Formulations containing about one (1} milligram of active ingredient or, more broadly, about
0.01 to about one hundred (100) milligrams, per tablet, are accordingly suitable representative

25  unit dosage forms.

The compounds of the invention may be formulated in a wide variety of oral administration
dosage forms. The pharmaceutical compositions and dosage forms may comprise a compound
or compounds of the present invention or pharméceuticaliy acceptable salts thereof as the active
component. The pharmaceutically acceptable carriers may be either solid or liquid. Soiid form
30 preparations include powders, tablets, pills, capsules, cachets, suppositories, and dispersible
granules. A solid carrier may be one or more substances which may also act as diluents,

flavouring agents, solubilizers, lubricants, suspending agents, binders, preservatives, tablet



20 including Irritable Bowel Syndrome (IBS), Inflammatory Bowel Disease (1BD), biliary colic and other
biliary disorders, renal colic, diarrhea-dominant IBS, pain associated with Gl distension, and the like.
The invention includes pharmaceutical compositions comprising at least one compound of the present
invention, oP4hAMaIERTAl isomer, racemic or non-racemic mixture of isometd 48 armaceutically
acceptable salt or solvate thereof, together with atjgast one pharmaceutically acceptable carrier, and
optionally other therapeutic and/or prophylactic ingredients. In general, the compounds of the invention

will be aqpipis £ﬁ.ﬁ’giQg%ﬁﬂ%@@%ﬁ&@ﬁ!%ﬁﬁ#ﬁ%ﬁeﬁmoqﬂ%@%@&X, ofdhe-Acceniadipades:af

|
administration for agents that serve similar utilities. Suitable dosage ranges are typically 1-%00 mg

daily, preférisfsels iy IANS Hdsths-Endy faridsd act86 AAgPaSNS P&y BB SR Emerous
factors sughasntie gavelity iohibedistase: ahRr WanQAEE3RAPEIIRE 20030668989 24i¢- treated,

the age and relative health of the subject, the potency of the compound used, the route gnd form of

i BT 0 TSGR A A T e R B & SRt AR 678 hces and

experencemiithecmedioal pradiitiondoinvolved.(Qheatardufahy skitl écthepanhof Seadirig such

diseases will be .able, without undue, experimentation and. in reliance.upon 2.persgnal kn wledge and
: Siam stearht A .

e ok e S A b mpounc of

the presdnttivszentisinfdedrgivenrdisetletnc tunsounbisoitivécaldomiorrdiaiy be administered as

pharmacetical formuilaiensdng idingeihase suitakle, fnral dneluding Byecalang-shbdingual), rectal,

nasal, topical, pulmonary, vaginal, or parenteral (including intramuscular, intraarterial, intrathecal,
subcutanBausnase PonANEY ER0ETBRHIARTEE SRBR P ERSHACSHItA ISR 8P R TatSEid by inhalation

or insyfflatign: Thewisfeweshnannerat Rdministeationisnesneraly ol Hssing.aiganyenient daily

dosage regimen which can, be adjusted according to the degree of affliction. A compound or
compountST8FIHEdiRY &G f%‘é? iR al ke dale) 1Eo§\%5ﬁ?fgﬁﬁla§l&‘fbw}@ﬁ”€§ﬁ‘?éf§?or diluents,

may be piededethtd ibedopovafphammateupinl carmpasitions-ancunitd bedosaé forfimespihdrimaceutical

composit'%ons d, unit osage forms may be comprised of conventional ingredients in conventional
. tor or: admlm% ratiotl | . L .
proportions, with or without additional active compounds or principles, and the unit dosage forms may

contain any suitable effective amount of the active ingredient commensurate with the intended daily
dosage r&HBe forBE ey Ed oTHaBRRiHAHan RO HPEL TR HSIIREY B BhIpISHIESE eS8 such as

tablets orgfilga capsylaguafsenmiselidspewdeatspsrstained eliRaseignpdainasidiguigs such as
solutions, sg\l}sgensions, emulsions, elixirs, or filled. capsules for oral use, gr in the form of suppositories

for rectal BFPAGAI SAHMHRIARORT BT TR BB SR 07 SteMEECRIBIC SoIuBHS IS TR eral use.
FormulatigapcaniainingaRosp oneagloulligtayiob adtive iogrectie ot ataynoreabroadly;fabeut 0.01 to
about one hupldred gloggﬁn?ri]lli rams, per nt?ntgetb %%egcaclgo(r:q(i:rilglyAs%itggsl% Jg %esé%ndta%iﬁ\:/ere%ayegit dosage
forms. Thaegec%?h%(%ijna% of the invention may & formulated in a wide varie y of ora Adminiatration
dosage tlgussthenglibraaceticatosnipositonsahdldogay s domesionay cdlaysrisestatebrapound or
ComEé’“”9?&%i@ﬂ(%lﬁﬁg%%&%&‘_@ﬂlﬁ%?Eﬁ?é{%%%%%"é/ré’;&&‘é Pablesal el as fhgagtive
component. The pharmaceutically acceptable carriers may be either solid or liquid.” Solid form 30
preparatiéfisvinerRe oS8t Talithyifsmes EupEinksudhenBisual ppHaIbEsTHRY Higpersible
granules.£$olid GABIE! MBY P 8005 PLIMYRSMRNANEE SWRIGKNRY A/ ABE AR HleNS,

Solid form preparations include solutions, suspensions, and emulsions, and may contain, in

addition to the active component, colorants, flavors, stabilizers, buffers, artificial and natural

25 sweeteners, dispersants, thickeners, solubilizing agents, and the like.

The compounds of the invention may be formulated for parenteral administration (¢.g., by
injection, e.g. bolus injection or continuous infusion) and may be presented in unit dose form in
ampoules, pre-filled syringes, small volume infusion or in multi-dose contaimers with an added
preservative, The compositions may take such forms as suspensions, solutions, or emuisions in
30 oily or aqueous vehicles, e.g. solutions in aqueous polyethylene glycol. Examples of oily or
nonaqueous carricrs, diluents, solvents or vehicles include propylene glycol, polyethylene glycol,

vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl oleate), and may contain



flavouring agents, solubilizers, lubricants, suspending agents, binders, preservatives, tablet WO
2009/077367PCT/EP2008/066989 -48- disintegrating agents, or an encapsulating material. In
powders, the carrier generally is a finely divided solid which is a mixture with the finely divided active
component. WP I8 3 e active component generally is mixed with the ESHEF &Y/ He necessary
binding capacity in suitable proportions and comps 5§ed in the shape and size desired. The powders
and tablets preferably 5 contain from about one (1) to about seventy (70) percent of the active

compound SHighls.gaR s byt pre ebmiegin medpesim ARbansie, magesium stearate.

talc, sugar, lactos ctin, dextrin, starcf, gelatine, tragacanth lulose, sodium
carboxyniéttsyiced aksses, A lewmatieingwagiivo suacime maneetierhieleT e me whtepiebiaration” is

intended jq.include.tas foummlationofihg BeHxaicamRod Withanearsuiatingmaterial,as 10 carrier,
providing a capsule in which the active component, with or without carriers, is surrounded by a carrier,

which is HiEsE SR GRS CSeily: BRQsstsTd85Enges are included. Tablets, powders,
capsules, pills, cachets, and lozenges may be as solid forms suitable for oral administration. Other
formsSsuitableofopanal sadfithinistratiaom imeln e figuid ferfop tepapationsnischtdingedheudsidasd 5 syrups,

o, S LB, SR SPRETRT SLIR  ERIRN re papced  be

converte éfore use to liquid form preparations. _ . _ _
in aqueodes prdpyicnaiypeausenstiosip brsay tbairreliensimaneaiahiskenge sudhrasideshin,

sorbitan MARAOIEBIRNOLAGARI R ARUECHS AR HTONS SCANPEIR eRAr erlby disSoiuing the, active
component in water and adding suitable colorants, flavors, stabilizers, 20 and thickening agents.

Aqueous ‘SUEHBREIBNS CAPPHC FrRISHIERE By Aisp 8r&ivG Hisc ARy RRESHGGRTRIESHIPEHENE in water with
viscqys raaéefialhBusiiaspaityal-aosbetierg s riesinonMetinicelidegecsadifistration in
carboxymethylcellulose, and other well known suspending agents ﬁolid forril}pre arations include
solutions 4 SRR RIS REBRRDKIGHE A RIS EBTIA o AURREORES tHE A O ES BB hent,
colorantsadtaioss irstabiiriersadilife anaptificia tEne natungt hcsieete vers beispecrbants; tthiokeners,
cgmagg%lgu hc%;] gt}l%gnvention m Q&.formula&ed for eparenteral

solubilizin 2 ents, and the like, a‘he ]
A ycerlhe Or SUCTOSE all aca(b . S CO{I]IPI'I.51H§. Vg mngredient m .
administration{e.g., by injection, e.g. bolus injection or contifuous infusion) ard may be presented in

unit dosesfowhlérigupoartes, 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 SRk 3GURAHSVEbICIasy B.JosRiuRASIR AReRuUS RIS thyleneghreola Examples of

oily or nonagueous carrjers, diluents, solvents or vehicles include propylene glycol, polyethylene
alycol, veBRIAEIE B 815 SR RHS, A IS SIGETE StehL (. dthy Pt ek may contain
WO 20096730 rCiiE R2008/06688Mhedheously, e.g., by stirring. The molten homogencous

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

The compounds of the mvention may be formulated for vaginal administration. Pessarics,
20 tampons, creams, gels, pastes, foams or sprays containing in addition to the active ingredient

such carriers as are known i 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
25 case of a dropper or pipette, this may be achieved by the patient adnmunistering an appropriate,
predetermined volume of the solution or suspension. In the case of a spray, this may be achieved

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

The compounds of the invention may be formulated for acrosol administration, particularly to
the respiratory fract and including intranasal administration. The compound will generally have

30 asmall particle size e.g. of the order of five (5) microns or less. Such a particle size may be



foiwulatory agents such as preserving, wetting, emulsifying or suspending, stabilizing ancUor
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 with a suitable
vehicle, e.gWaeMHOH#dgen-free water. 5 The compounds of the invent®nERS LS RIulated for
topical administration to the epidermis as ointmentg, creams or lotions, or as a transdermal patch.
Ointments and creams may, e.g., be formulated with an aqueous or oily base with the addition of

sutable iekening andiRrdelingageais. Lo sRmmavARJRMHAIEA iRARiRe AR A gy base and

will in genera?%*gg’contammg one or more emulsifying agents, stabilizing agents, dispersing agents,
suspendiigstoagbnesk thitke AmigHg arrae e sishig Ea@ﬁ-ﬁfgﬂwafﬁﬁ%ﬂ%&rb SditaBte for topical

administigtionWithgoRednnc Hsle IZeRass IR SN g antine aaents B Aavaredidase, usually
sucrose and acacia or tragacanth; pastilles comprising the active ingredient in_an inert base such as
gelatine ARFgR/eERNE sP&RlFEs: ahbr4eHia! 4Ry %‘i?fﬁﬁ?ﬁ@h@%%%%ﬁ%ﬁ%‘%@%ﬁ%qﬁ‘&redient ina
suitable liguigicarierdd® the-eompoundsiabing inventiosdaylbe falramaied fohaaniristration as
suppositories. A low (m%[gng wax supl;[l as a iﬁtgre oafatté/ acid %)éceggg(s) ﬂ%gocoaok{l%tﬁ{el{i ias first
melted alFtHERSTE CERTOHERT 12 AilPat L8 HoROy e ST P& g, by atitring. The molten
homogeneaeisamintute is:ithenchasileddntosconieniert sizedtmsldssalonetoxypoolylardd solidify. The
compound b EAR FEIAR PRI MBI RAAL AAM DR AN, kesPalshsaliRmpons,

am sprays contdining in a

creams, gets, pastes, 15 . ‘addition to the active ingredient such carriers as
are knowRhinnedsrtose i apsriake PTHsensembja cdoinpolnitiscraay BRI Pateti feei a4 e »
admygistration, THe, AQIARE.Of SHSHRaNSIo RS wie- aRRlisd dirgrtlv.todhe Rasl saMithRyIGoNventional
means, e.g., with a dropper, pipette or spray. The formulations may be provided in a single or
multidoseg. folm. In.the latter 25 case of a dropper or pipette, this may. b leved by the patient
administg’rs%ﬁ%nfﬁ Sérﬁ ’r%f&@%?@&%?&ﬁﬁﬁe é% gm‘d%%‘*ﬁe Icécgghﬂ%n%(i)d z%%sﬁéﬁglsjfg%.n%lﬁ the case of a
spray, thisonaylbkeraichievdchigirijomebihs aftaveneesiienatdimi zvgrpprappermpoutinefdbmpounds of
the invention may, i aled el ariesel.aftinislation. Aareylain o dir iespiralaty ract and
including’intranasal administration The compound will generally have 30 a small particle size e.g. of
the orderldfefivdeiBlemisysiysbriesdvairgrerparkivlewizengiay pescwigbe compound is necessary

20090773671 RET RRAIBINGEIBO w20 LRIANEH: DY MEaNS kown tuths.ara e rhxsmigranization. The

active ingredient is provided in a pressurized pack with a suitable propellant such as a
Bt

chloroflurStarseH TRy dguenth sigaitdoPor ARG ARIEH 8B He thAREOGPOUNd of
dichlorotettaflupreethans amamRancdipxigamenalbeesuitablegasathe apeskimay conveniently also

contain a surfag nt su%r: as 5 Jecithin. The doa/e of druvglg mnq% be .cor}'%r%lle% t})%a meliere vglve.
AlternativERFHTE BRI TRofekicHRS e BE B o UUSH TS R O F TR SoWIEr g s padE mix of the
compounglidarsuiifaile ipowderpasempucthnasiiaciobécrstal ohpbtaiccinderivhtives suotpasid in a
hydroxypropylmethyl cellulose and pelyvinylpyrrolidine der carrier will faun a gel in the
nasgééa\}rfg/@/f@g {E%%/J“v’ Enrg E%“r%ﬁo 'ftiggﬁ‘:}rén\ﬁgyy%egg %ﬁgggﬂ%ﬁ § %)%%%335%% ?cl)"rrﬁ eé%.ﬂm %apéuleé or

cartridges of e.g., ] o
The pharmaceutical preparations are preferably in unit dosage forms. In such form, the pre-

paration is subdivided into unit doses containing appropriate quantities 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. Also, the
25  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.

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
cdition, Easton, Pennsylvania. Representative pharmaceutical formulations containing a

30  compound of the present invention are described below.



10 gelatine or blister packs from which the powder may be administered by means of an inhaler. When
desired, foil'lllations can be prepared with enteric coatings adapted for sustained or controlled release
administration of the active ingredient. For example, the compounds of the present invention can be
formulated i §-&HEHE/H8AI or subcutaneous drug delivery devices. Thesek WE%V’@S‘)&?%%S are
advantageous when sustained release of the comgeund is necessary 15 and when patient compliance
with a treatment regimen is crucial. Compounds in transdermal delivery systems are frequently
attachedg appkipsadhesive solid support. The compound of interest can also be combined with a
penetration enhancer, e.g., Azone (1-dodecylazacycloheptan-2-one). Sustained release delivery
systems ej{: erted subcutaneous)y into hersubdcrrr%al Ia%?rg%surlgﬁ% ortigl'vjea(l:_}i?n. T1he subderrnal
implants ¢ Opﬁéc’lﬁélf'% ?ﬁ%a%%rhoﬁgﬁtnl AaD Sliﬁlfg %%ﬁ?bféer%erﬁbraﬁee?e.g., ghicshe rﬁ%’e?, ora
biodegradailty polemendcagd palydaotictbeidene ipharoacelityaipreparafiorsmidepréfarably in unit
dosage fﬂmﬁ %Qh%%%@ﬁ%’ﬂh@%&r&%f%?%5?&9 bd Wéﬂ{r-’%d;ﬁ&‘s‘?%%% ‘38&2%5%@%‘%%9&?“'“9

quantities of thé active’component. Thé unit dosage form can be a pac preparation, the package

containing discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials
or an?poﬁ@?sﬁfgg?ﬁﬁgaz%qﬁ?ﬂt Hb SRS RIHTT TS BER RSP CalHe 26 0P EREE itself, or it can
be the apprapsie®) nurshenobanypeidiesaia peckagashfamthQioencuitabladibasmactutical carriers
and their oiiULéIatiR%Ps are described in‘lRemi'ﬂ on:ﬂTl’g S.C{'Eﬂncem nd J[?(gg%t' e{c))fmlflhanrtrqn%ﬁ/c 995,
edited by NTAR ggﬁ@@bﬂ%ﬁﬁ%eﬁ%rﬁ%?ﬁﬁ vedition, Eas On,l??elnnsy‘lv‘gnia. Eeeep‘resen ative
pharmaceuticalifaiipualitidnsccahtamimy as3theompormdtaithdiyee senthmre pictuare wWdekeribed below.
WO 2009/08 361G/ RA00BI0000RT, 51 EXANPLES: Tie,[ohowing preparplions and eigmples are
given to ena%lle those skilled in the art to more c‘learly understand and to practice the present
invekfionfotheynshdlig rdide eendidesed adhnmitmgratescupetsrtiddhvention, but merely as being
illustrative and representative thereof 5 Unless otherwise stated, all temperatures including melting
points (i.e.bbAR)jafenkn UBUreEs-galsibis €] tshpultbe-apnrocintedithridhe-feactiashyhich produces
the indicated and esired product ma tne arily result directly fr bination of
o reag IS QA o TR T s A G Ot AT E A Which are
producediimé¢tie/tomtureidehiohuBindadéhctepdstootheifommaiiph ofl thdistdlitatedranefbnthie desired

product. following abhreviatic [eN1s ti n S; :
Abbrevia%ec?ﬁ)s%ﬁ%%%wg gg@% ycofgﬁé%%gr? éﬁ?ﬁ@? %@5&%@%%@%&%@2%% Yy é?ig'chloride;
DIPEA: ditbeprbyt etiyleienimes DmE: HMHitn durerydiitnhe ygigreyd 5 MPBY, Ndimethylformamide;
DMAP: 4sdimstylarpipepyeding;: dpaf plrBis{inheny ithoseRinalnieacens; Hchibro-

1-ethyl-3- 3'—d|methylam|n()é{opyﬂca_rbpdumlde; EtOAc: ethyl acetate; EtOH: 15 ethanol; gc: gas
chromatatTREM HAMSAMRERAHERYIEHESPREYA RS RO BE TR SYBenyaIEy ORI high
performaggediguid chrematesraphyrmGRBR dfharopetbanzois dudpMediNiasetonitie; NMM:
N-methyl morpoline; NMP; N-methyl pyrroli- dinone; TEA: triethylamine; THF: tetrahydrofuran; LDA:
lithium dif&%HrS ﬁ%?ﬁé?ﬁfqﬁc: thin layer chromatography. 20 Preparation 1: (S)-2-Methoxv-1

-methyl-ethviamine
20 Preparation 1: {

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

SCHEME C
Step 1 H,C Step2 HC Step3 H,C
D-alaning ———= \\f/\\OH R \:/\‘o e v\(}
H = i =
1. LAH NHBoc Ag,0, NHBoc CH, HCI NH, &n
2. (Boc),0 Mel MeOH 3

Step 1 (S)-Boc-2-amino-propanot

25  D-Alanme (3.5g, 39.3 mmol) was added in small portions to a suspension of LiAlH, (2.89g,
76.26 mmol) in refluxing THF. Refluxing continued for 12 hours, then the reaction mixture was

cooled to 0°C, and excess reagent was guenched by careful addition of an aqueous 15% NaOH



The synthetic procedure used in this preparation is outlined below in Scheme C. SCHEME C Step
1ro anol 25 D-Alanine (3.5g, 39.3 mmol) was added in small portions to a suspension of LIAIEt (2.89q,
76.26 mmol) in refluxing THF. Refluxing continued for 12 hours, then the reaction mixture was cooled
to 0C, and éX8c¥8¥8&§eht was quenched by careful addition of an aqued&3FBIRIREHGIE WO
2009/077367PCT/EP2008/066989 -52- solution (3 E]I) and water (9 m1). After stirring at RT for 10
minutes, a solution of (Boc)20 (8.31g, 38.13 mmol? in CH2C12 (40 ml) was added. The reaction

mixture W sGirecal 004G, for.od\airsahaeled IR Htere ool 2 padol Bpydrpus Na2504.

and the filtrate concentrated under vacuum. Puri of the residue by silica-gel column

chromatdg§ralshy &ffo ried [ $)-GIEde @ hminvapraidatollas wioHie Bolidre/ed s63%. sV (K #1) 176.

Step 2 @11%9%,%5@%@9%fﬁﬁ%&-ﬁﬁt&%fg@@d@ Fa0kgamal 68)-Bag-wAamines REARaRAL(-00 g,
11.4 mmol) was successively added Ag (5.89 g, 254 mmol) and Methyl iodide (16.00 %}1112.7

mmol) attRACTMaeuRERCHHIFHiRtgreoRES Ethidbg By Rifcrord eplyansrenyiagtardietfiortshd the filtrate
was GONgGeRIralgHitiIgRT¥AGLLATR f k0 BifarditR)-Bog: 2vmethaxy;-methyl-ethylamine as a colorless oil
that was used without further purification. Step 3 (S)-2-methoxy-I-methyl-ethylamine

(S)-Boc- o [ qéssg)]lf\:/ed in MeOH (40 mL) and 3 M HO (10 mL) was
added. T gt RT, then solvent was removed 15 under reduced
pressure Ena shietiesioll(& Wi CoeavaporatedolithMdditibdahBdHv@EGwtstovalffardtled Ag0
(S)'Z'meE?%%12@?@Mb‘?}%kﬁé@%ﬁ%&%%?&%%ﬂ'1m%&s*&'ﬂw? TAURALeAR Bhid QR0 MS (M+H)

= 90. Similarly prepared was ( -2-eéthoxy-1-methyl-ethylamine. ~ Similarly prepared from L-alanine
were (R)2UisBHIXY- Pt awgl@ﬁ@-a@%fh%ﬁ%wwﬁwwmr BieyHPdfion 2:
(5)-rMethyl:A- R vy 1 sthvhiaminga hhe syathalinRiaaeduredsaskindhinprapaation is

outlined below in Scheme D. SCHEME D
purification.

Step 3 (S)-2-methoxy-1-methyl-ethylamine
($)-Boc-2-methoxy-i-methyl-ethylamine was dissolved in MeOH (40 mL) and 3 M HCL (10

mL) was added. The reaction mixture was stirred overnight at RT, then solvent was removed

15 under reduced pressure and the residue was co-evaporated with additional EtOH (20 mL) to
afford (S)-2-methoxy-1-methyl-ethylamine as light-brown oil in hydrochloride form (1.42 g,
100%). MS (M+H) = 90,

Similarly prepared was (.5)-2-ethoxy-1-methyl-cthylamine.
Simitarly prepared from L-alanine were (R)-2-methoxy-1-methyl-ethylamine and (R)-2-ethoxy-

20 l-methyl-ethylamine.

Preparation 2: (5)-1-Methvil-2-morphelin-4-vl-cthylamine

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

SCHEME D



WO 2009/077367PCT/EP2008/066989 -53- N NHBoc step 3 H3C NH2 HCI/MeOH or TFA Step 1
Methanesulfonic acid 2-tert-butoxvcarbonylamino-propyl ester To a solution of
(S)-Boc-2-amino-propanol (4.91g, 0.028 mol), Et3N (1.5 equiv.) in CH2CI2 at 0OC was added
methanesullRAEHIGIRE (1.1-1.2 equiv). The reaction was stirred at 0C fSriF B eiPelse. water (5 ml)
was added and the organic layer was separated, washed with saturated aqueous NaHCO3, brine, and
dried with MgSO4. Solvent was removed under vacuum to afford methanesulfonic acid
2-tert-butgxycarbonylamino-propyl ester @as a white solid. yigld»98%. MS (M+H) = 254. Step 21-Meth
-2-mo hol?i(rﬁ%é‘blg-/cé bamric asctigé)'?/ert-bﬁtraﬁe_ter 10VEQ aseﬁgeaefumethanesulfonic acid
2-tert-butoxycqi|rgggylamino,;@gp@yhester (2Zpamol) in CHBEM(26 ml) was added morpholine (28
mrnol) and K2CO3 (23 mmol) at RT. The reaction mixturé&s brought to 50C and kept at the same
temperature overnight. The reaction mixture was cooled and solvent was removed under reduced
pressure, and the residue was treateds\évitp CH2C12 (50 mL) and H20 (50 mL). The organic layer was
separated apdthe agueoys layer was ig extragtengith H2C12. The combined organic layer was
dried over Na2S&A. Solv}e%@/as removed under reduged pké?sbge and the residue was purified by
column chromatogsaphy (ethyl acetaté)¥s@fford (1-méﬂgyl-2&ns9r holin-4-yl-ethyl)-carbamic acid
tert-butyl ester as viscousTiquid, yielar: 2%. MS (M+H)=245. Step 3
(S)-1-Methy1-2-morpholin-4-ylrethylamine 20 To a solution of
(1-methyk2smior phwhinedsd f rethy Carpabuio acigd bertrbutyiester(De3fdg, 1.22 mmol) in methanol (10
mL) was added,2N MCI L)-at 0C. The reaction, mi W ] d-to warm to.wr-and was stirred
ovemight?"r Lt 188&’%& Rl R SR o UbIE NS, BV U R i

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

5  minutes. Water (5 ml) was added and the organic layer was separated, washed with saturated
aqueous NaHCOs, brine, and dried with MgS04. Solvent was removed under vacuum to afford
methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester as a white solid, yield: 98%. MS
(M+H) = 254.

Step 2 (1-Methvl-2-morpholin-4-vi-ethyl)-carbamic acid tert-butyl cster

10 To a solution of methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester (23 mmol) in
CH;CN (20 mL) was added morpholine (28 mmol) and K,CO; (23 mmol) at RT. The reaction
mixture was brought to 50°C and kept at the same temperature overnight. The reaction mixture
was cooled and solvent was removed under reduced pressure, and the residue was treated with
CH,Cl, (50 mL} and H>O (50 mL). The organic layer was separated and the aqueous layer was

15 extracted with CH,Cly. The combined organic layer was dried over Na,SO4. Solvent was
removed under reduced pressure and the residue was purified by column chromatography (ethyl
acctate) to afford (1-methyl-2-morpholin-4-yl-ethyl)-carbamic acid tert-butyl ester as viscous
fiquid, yield: 62%. MS (M+H) =245,

Step 3 (§)-1-Methyl-2-morpholin-4-yl-ethylamine

20  To a solution of (1-methyl-2-morpholin-4-yl-cthyl)-carbamic acid tert-butyl ester (0.30 g, 1.22
mmol) in methanol (10 mL) was added 2N HCI (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
give (S)-1-Methyl-2-morpholin-4-yl-ethylamine as a light yellow solid (250 mg, 96%). MS
(M+H) = 145.



give (S)-1-Methyl-2-morpholin-4-yl-ethylamine as a light yellow solid (250 mg, 96%). MS (1\4+H) =
145. WO 2009/077367PCT/EP2008/066989 -54- - Similarly prepared were
(S)-1-Methy1-2-thiomorpholin-4-yl-ethylamine, (3)-14442-Aminopropyl)-piperazin-1-ylkethanone,
(S)-1-(2-AmMKBHP8Y B piperidin-4-ol, (S)-1-(2-Aminopropyl)-piperidin-3t& T/E53008/066989
1-Methy1-2-(4-methyl-piperazin-I-yl)-ethyIamine,_@_— 1-Methy1-2-(4-
methanesulfonyl-piperazin-1-y1)-ethylamine, (5)-4-(2-Amino-propyO-piperazin-2-one, 1- 5
Methyl-2piperidin:lyl- 1081 &R0 RN R TRVE QN AR 3 i) B- (4 Methaxio-
piperidin- %?%%iﬁ%%%&%ﬂ%%% [(rgql\g/gllethoxyﬂ%fl%e%l ?n%'lmﬁc;ﬂimn?gtsé %tm;}‘mg
(5)-2-(4-M@ﬂﬁéhéwm?ﬁ%dlpYﬂe?FHﬁﬁqIVﬂSi:}r@tkWPW@ﬁﬁﬁé?lﬁ%déﬁ?ePlzié)g'rﬂr@#ﬁ%’ﬂ@%cyclyl
Propanes,o Ryepaaten-3:dS)s- (MeRisod ambaspathiomomphalitefmnd ) (5ymethudrethylamine 10

The synthetic procedure used in this preparation is outlined below in Scheme E. SCHEME E step 3

TFA stefathaesailiqRd-pirgigi v e R x6X b Mo MBTBRGRRCY Ly RE B caitimic acid tert-butyl

ester o pisolitppipésternt-Bustxyeathanylaminonpropipricyaeid {&5 [0 1 §5-MfnolethtaBt (22.2
piperidin-1-yl)-1-methyl-ethylamine, (S)-2-(3-Methoxy-piperidin-1-yl)-1-methyl-cthylamine,
(S)-2-(4-Methanesulfonyl-piperidin-1-yl)- 1-methyl-ethylamine, and other 2-amino-1-

heterocycly! propanes.

-2-(1,1-Dioxo-tlambda*6*-thiomorpholin-4-yi)-1-methyl-ethylamine

Preparation 3:

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

SCHEME E

O

0
HN/ﬁ step 1 \/LLN/\' step 2 V_U\N/\[
4 EDCI 2 k/ m-CPBA  NHBoe k/s/
k/ HOBt NHBoc S \(\)

O
\_)J\ step 4
_St?_i_.. z I\(/\}/O — \_/\N/w )
N = BH, : P
TFA N, A NH, K/s/
o] !

C

Step 1 (1-Methvl-2-0x0-2-thiomorpholin-4-vl-cthv-carbamic acid tert-butyl ester

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

15 mmol), NMP (22.2 mmol) and EDCI (22.2 mmol) in CH,Cl, was added thiomorpholine (2.29 g,
22.2 mmol} at 0°C. The reaction mixture was stirred at 0°C overnight, then washed with 2%
aqueous NaOH, water, brine, and dried over Na;SO4. The solvent was removed under vacuum to
give (1-Methyl-2-oxo-2-thiomorpholin-4-yl-ethyl}-carbamic acid tert-butyl ester (5.0 g) yield
98%. MS (M+H)= 275,

20 Step?2  [2-(1.1-Dioxo-1lambda*6%-thiomorpholin-4-y1)-1-methyi-2-oxe-¢thyl]-carbamic acid

tert-butvl ester



15 mmol), NMP (22.2 mmol) and EDC1 (22.2 mmol) in CH2C12 was added thiomorpholine (2.29 g,
22.2 mmol) at OC. The reaction mixture was stirred at OC overnight, then washed with 2% aqueous
NaOH, water, brine, and dried over Na2SO4. The solvent was removed under vacuum to give
(1-Methyl-2¥R3%2Ri6Hbrpholin-4-yl-ethyl)-carbamic acid tert-butyl este & 68381 EE%. Ms (M+H)
= 275. WO 2009/077367PCT/EP2008/066989 -55=T0 a solution of
(1-methy1-2-oxo-2-thiomorphin-4-yl-ethyl)-carbamic acid ter-butyl ester (5.0g, 18.2 mmol) in CH2C12
was addgq MgRRA c(ilé]rf}r%ﬂ%ﬁ@-%mfﬁgﬂi%%hEﬂﬁﬁ@é’zﬁ%ﬂcm%[@é’&’ﬁstél-iﬁ[gﬂ aliB T oyernight.
Solids were removed by filtration and the filtrate was washed by Na2S203 and dried over Na2SO4.
Solvent W&s Fé%?/éﬂq\%ﬁfé? vasadtidaididd (4l £-BidRg-gnmol) at 0°C. The reaction mixture

1lam bda%@%*ﬂ@ﬁ@?@iﬁ@@%ﬂﬁﬂl-S&@We@&ﬁr@lﬁ&ﬂﬁﬂftﬁiﬁﬁﬁb&gﬁ@%Eﬁﬂtﬁiﬂ&%;&&M@cﬁlﬂ), yield
100%. MS (M+H) = 307.,Step.3 2-Amino -1-( 1, | -dioxo- | la a*6*-thio morph |in-4-v1)-nropan-
1-one T é@%’ti?}‘ﬁigf’fﬁf’l‘ﬁgé?&gf‘l‘lagﬁbrﬁﬁgéz‘@fﬁ%?ﬁg?s fAﬁVi’)“—T—Fﬁ&‘ﬁf/l@“— igd-e]t?lx [-carbamic
acid tert-patybéstet -£hiGngyrhBoZmmad)) ImEHAC @x6-0tmL]) cvds addedti trifiybrod estee Eotdz1,0 (5 mL) at
0C. The reagti IX Il d to warm to RT and was stirred for 3 hours. After removal of
CH2C12yé%§ %&S%ﬁ&%ﬁ%ﬁéﬁ?de under reduced pressure, 2-Amino-1- (1,1-dioxo- |
lambda*6*-thiomorpholin-4-y1)-propan- 1-one £6.0_ g, yield 100%
(M+H) = 262 Ste- AP0 -ige 8 ONAmMIBHREE tRVIF SRR S

2-Amin0-11c;(9,) i@ﬂ@ﬁ%ﬂmqas@amtﬂmmlﬁ e—ﬂagl&&mm])oam BH3 (1 Min
THF, 110 mL) was heated to reflux for 48 h, then cooled.to RT and quenched by MeOH. The volatile
was was T&Hé¢ &%B‘é?ﬁ@%ﬁﬁ&‘éﬁhh—l%‘f’(f%%@%@% 5@0@% tggﬁ&&@g&ﬁé{}éﬁ%?%&%%ﬁo reflux for
18 hiGolyeni wasifématedadngter vaautnvte giveed to warm to RT and was stirred for 3 bours.

(S)-2-(1,2- ioxo-llambplfl*p*- hiomorpholin-4-y1)-1-methyl-ethylamine (4.5 _X\I/hjte_ olid, 20 yield
90%. M %ilr_?)mgvlaég. 'rezéja%aaﬁ?r?)igeis- ;?rl}i%f/ﬁ%f;f/fé‘ﬁ%%ﬁ?ﬁﬁ‘%éié’ﬁﬁﬁ‘g%ﬁrocegu?-e used in this
preparatithnlisiioatin b0 ithBomenie k- SOHEMEIF -one 3L 2RIF4 0ffaBrBORamed as a

white solid. MS (M+H) = 207,

was obtained as a white solid. MS

-2-(1.1-Dioxo-1lambda*6*-thiomorpholin-4-vi)-1-methvl-ethylamine

15 A mixture of 2-Amino-1-(1,1-dioxo-1lambda*6*-thiomorphohin-4-yl)-propan-1-one (6.0 g. 18.2
mmol) and BH; (1 M in THF, 110 mL) was heated to reflux for 48 h, then cooled to RT and
quenched by MeOH. The volatile was was removed under vacuum. 2 N HCI (100 mL) was
added to the residuc and heated to reflux for 18 h. Solvent was removed under vacuum to give
(8)-2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-y1)- 1 -methyl-ethylamine (4.5 g} as white solid,

20 yield 90%. MS (M-+H) =193,

Preparation 4: 1-Pyrazin-2-vl-ethylamine

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

SCHEME F

N
N [ = ]
H,C X - HC Xy
N CH,CO,NH,, NaBH,CN
O NH,

25 To a solution of 1-pyrazin-2-yi-ethanone (2.0 g, 15.85 mmol} and ammonium acetate (19.337 g,

158.5 mmel) in methanol (50 mL) was added sodium cyanoborohydride (0.7 g, 11.1mmol) in

one portion. The reaction mixfure was stirred overnight at RT. After removal of methanol, water



0 NH2 25 To a solution of 1-pyrazin-2-yl-ethanone (2.0 g, 15.85 mmol) and ammonium acetate
(19.337 g, 158.5 mmol) in methanol (50 ml) was added sodium cyanoborohydride (0.7 g, 11.1mmol) in
one portion, The reaction mixture was stirred overnight at RT. After removal of methanol, water WO
2009/077367 B EBH08/066989 -56- (20 mL) was added to the residuband the resliiting solution
was basified by addition of sodium hydroxide to pH«13. The aqueous solution was extracted with
dicholromethane and the combined organic phase was dried over sodium sulfate. Removal of the

solvent yndexredusaddRiessute-aftardesh 102010l sl spwiasinudsydetviampingiivigldr ¢a%nMS (M-EH)
= 124. 5 Similarly prepared from the appropriate heteroaryl m@ﬁ%ﬁ%es or phen¥l methyl ketones

were: 1-pyAERRIE (R BHhikminRS PSAIRRCERRHUISATASCE Y EFRART AR L (2-
fluoro-phenydiretbylamiinghbe(3-4s|uaeo-phe sydiei bylaminR s d(d:hoé thasesulfomylgp hehydethylamine,

1-thien-3-yl-ethylamine, 1-furan-2-yl-ethylamine, 1-(5-methyl-furan)-2: in

s S R e M R
(6-methyl-pyridazin-3-y1)-methylarnine, C-(5-methyl-pyrazin-2-yl)-methylamine and 1-
pyridazinSEDeBthpIERATR .ﬂpféﬁéfaﬂ@rﬁmaze[beé%mﬂaﬁ%hyémém&h@m&fnst@%éi%@%noic acid
ethyl estgfefhe syntgicnracoduimsisegindiis pepationdsioptnadhelow insehemeG. SCHEME
G A mixture of eth Iisoliéjtyrylacetat%lﬂS mmol, 0.42 mL) and N,N-dimethylfol] amide dimethyl
acetal (3?@%‘%?%5%35’ BT AE AR e RO Eh & oA Bt RIS EXere removed
in vacuo ¢thginaiils60-thieh 2-girathiiiaminomethyleniestrheting; 3-0xospdrtshnin)asid-ethyl ester. 20
Preparation 6: 5-lodo-4.-m I-bipheny1-3-carboxylicacid (2-methoxy- I.-methyl-ethyl)-amide The
ymietc RN e L T o Qe Belt s o e SRV
200907 1867RIG HERZ868/D66980thylamine, C-(5-methyl-pyrazin-2-yl)-methylamine and 1-

pyridazin-4-yl-ethylamine.

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

SCHEME G
cH. © 0O ?H3 CH, O O
; N, —— CH
- ~
KOJ\)'K{/CHa H,C \’/ CH, O l 3
+
A0 H,C CH
CH, H,C 3 \rl\[ 3
CH,

15

A mixture of ethyl isobutyrylacetate (15 mmol, 0.42 mE) and N,N-dimethylformamide dimethyl
acetal (37.5 mmol, 5 mL) was heated to reflux for 16 hours, then cooled. The volatiles were
removed in vacuo to give 1.60 g of 2-dimethylaminomethylene-4-methyl-3-oxo-pentanoic acid

cthyl ester.

20 Preparation 6: 5-lodo-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide

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

SCHEME H



-57- OH Step | 3-lodo-5-nitro-benzoic acid To a stirred solution of iodine (137.95 g, 0.5436 mmol ) in
fuming sulfuric acid (250 ml) was 5 added m-nitrobenzoic acid (64.6 g, 0.3866 mmol ) at RT. The
reaction mixture was slowly heated to 85C over 2 hours and stirred at the same temperature for
another 12 HeuR81ti@3#éaction mixture was cooled to RT and poured int8G&& 2P #e*&tueous
solution was extracted with dichloromethane. The grganic phase was separated and washed with
water, 2.0 M solution of Na2S203 and brine, and then dried over Na2504. Solvent was removed under
reduced 10 pressure to yield 3-iodo-5-nitrobenzoic acid as slight yellgyy soligh 111 g, yield 98%. MS

i d solution of
3-iodo-5- nltr benzoic aC|dS(%;5T48 g, 52. &3 mmol) aféPRd(Ph3P)4(1.8 69 mmol) in 300 ml of
toluene and 5&ml of added 1
Cs2C03(18.89g

tolylbranicaaidds . 87 g, 1 1 mmol) and a solution of
and then coofed TRT, '758% olution Was aded 2N NaOH,

ougkbto reflux for 18 hours

e reaction mixture was stirred for
30 minutes. The organic phase was separated, WO 2009/¢/7367PCT/EP2008/066989 -58- and the
aqueous phase was adjusted to PH <4 using 12 I. The resulting solid precipitate was filtered and
washed with toluene to afford 13.2 g of 4- methyl -5 nltrooblphenyl 3-carboxylic acid as light yellow solid
(97.2 %). MS (M+H) &ﬁ:&p 3 4'-Methyl-Sxj (f)“*blpﬁényl 3-carboxylic acid
(2-methoxv-I-methyl-etF3#}-HAffde 5 EDCI (16.17 g, 84.38 mrﬁbﬁjms added portion wise to a stirred
solution of 4'-methyl-B:®i ighﬂr;yl-&carbox rid (15.49 @“ﬁ%i :27 mmol), HOBt (11.44 g, 84.38
mmol) and 2-amino-Imethaxy-I-propa 621 nunol) i in NP (9.29 ml, 84.38 mmol),
CH2C12(180 ml) and DMF (20 ml) at e mixtur@Was allowed to warm to RT and was stirred at
the same temperature for 14 hours . ¥f ction mixture was washed with 2N HC1, 2N NaOH,
saturated 10 aqueous NaHCO3, brine, dried over anhydrous Na2S04, filtered, and concentrated
under vaccum to give 4'#nethyl-5-nitro-biphenyl-3-carboxylie,acid {2-methoxy-1-methyl-ethyl)-amide as
a yellow oil (16.5 g, 83. 5 0} (M+H) = 329. Stepki5:Amima- 425C|éth 1-bi hen 1-3-catic lic acid
2-mmethox -1-methyFeth ﬁ'famcde To a stlrred solution of 4z HyI-SHmitro-biphenyl-3-carboxylic acid
(2-methoxy-1 -methyl-

-

CH, 1, iscamyl-
niirate

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

To a stirred solution of fodine (137.95 g, 0.5436 mmol ) in fummg sulfuric acid (250 mf) was
5 added m-nitrobenzoic acid {64.6 g, 0.3866 mmol } at RT. The reaction mixture was slowly

heated to 85°C over 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
0f NayS;0; and brine, and then dried over NapSQ,. Solvent was removed under reduced

10 pressure to yield 3-iodo-5-nitrobenzoic acid as slight vellow solid 111 g, yield 98%. MS (M+H)
= 204,

Step 2 4'-Methyl-5-nitro-biphenyi-3-carboxylic acid
To a stirred solution of 3-iodo-5-nitrobenzoic acid (15.48 g, 52.83 mmol) and Pd(PhsP): (1.84 ¢,

1.69 mmol) in 300 mi of toluene and 50 mi of ethanoi was added p-tolylboronic acid (7.87 g,
15 58.11 mmol) and a solution of Cs2CO5(18.89 g, 58.11 mmol) in 20 mi water at RT. The
reaction was brought to reflux for 18 hours and then cooled to RT. To the solution was added

2N NaQOH, and the reaction mixture was stirred for 30 minutes. The organic phase was separated,



15 ethyl)-amide (39 mmol) in 250 ml methanol was added SnC12 (117 mmol) in one portion at RT.
The reaction mixture was heated to reflux for 3 hours. Solvent was removed under reduced pressure
and the residue was diluted with ethyl acetate and treated with saturated NaHCO3 solution. Solids
were filtere"SYRIMP RS Filtrate was washed with saturated aqueous NaHESEPHHREOHRRd over
anhydrous Na2S04, filtered and concentrated in vgccuo to give 5-amino-4'- 20
methyl-biphenyl-3-carboxylic acid (2-methoxy-I-methyl-ethyl)-amide as a yellow oil (10.5g, 90.3 %). MS
(M-41) :a%%%§£ﬁ{?e§1§'ﬂﬂ%%‘%é@h%ﬁtlﬂéﬁ'@‘?ﬁ%%@%'.‘ﬁ(ﬁ?'@ﬁ@i@%ﬁ?ﬂﬁ%‘)ﬁb‘ﬁﬂ‘ﬁ%ﬁﬁé@’b'am'de A
mixture of 5-amino-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-eth |gi-amlde (5.39,17.8
mmol), /SEraifiaakEns B di iBgOushn &) aiieadd ?o&&ﬁ%ﬂ%&i%hwhﬁﬂf@é%@#@# &1780a%Stirred at
RT for 1 hqunsThempbdurasas sherheateslo-65G-and. kept for 8 hours, LC/MS indicated that reaction

completed. The reaction mixture was cooled to RT and the separation of iodobenzene from excess

diodometane Wass i ALRT fo.a stied splion of
piperidin=CH NV ' ' V ¥ ermic reaction ernsued. The excess volatile
reagentsiiEre (lémd e 8438 rotany) exapokadarn aioB08eas Thdrresigheinaeiditeethwithrelleyl acetate,

washed wiihJd0yseaeieneiacid, wares@ashbring. AbBOIORRICIA Pt VAR sanAed-And dried over
anhydrous Na Th

SO4, filtefed and concentrated in vacuo. The residue was purified by flash column
chromatdBeEishy-(etmgpapy Z@OWW@WE@QWWSW%@%@M%Q 49:1) to yield
5-igg0é4}1)9mhﬁ*§ﬁbﬁm£5@<wffémséhﬁﬁs&l{%@g e(ﬁoga&m@&mﬁ-tmgmmmmwm a}&wﬁéldow solid (5.2
g, 83.8 %). +H) = . Similarly prepared, using the appropriat ine c ound in step 3,
were: 5-|8=&6Q<aﬁ4?ﬂa¢tfﬁ%b‘%&ﬁéh\ﬂ§@cf§?5 RYITE B &%wﬁ’a%#%g}?!ém}%@%e&ﬂ&%?cm%@ 444; 5
5-10do-4 aethiyrhiplaeny bireadez Wienait (@dudrax3ol  fiettul-etdydanride i G (-+)cB66;

5-lodo-41-meth J-bi{%I

I-3-carboxylic.acid ( - ethy1-2. lin-4-yl-ethyl)-amide. MS (M+H) = 465;
e A s T

10methylyetloyt]eaimide, MS (M4 HMS 518 Hir B¥odo-4'-methyl-biphenyl-3-carboxylic acid .
(pyrazin-2-ylmethyl)-amide, MS (M+H) = 430. Preparation 7:5-lodo-41-methyl-biphenv1-3-carboxylic

acid Thegsynihetic prageduig-HSedihthis Drepamion isiautinpehbelonrindeheme lasHEME 1 Step
1 4'-Methyl-5-nitro-biphenvl-3-carboxylic acid methyl ester Tq a soluéton oé
4'-methy 18- AtFBLBSRERORREAFBERIc aROPE B0 O o5ermdls AT htrRmBPwal Batd soc12(5.00
g, 0.043 pipd)-ai@G.(ThemeartioPsmistusetuas] allowwe detb Swatnd 1to7 Rimaiid was thetioheated. to reflux
for 2 houﬁe@@&cﬁgévﬁ?gtwg%gg rk?e%.\t/gcp t(!_)ni‘gﬁl%y %}% %Efgrrg ééivent was removed under reduced

pressure and the residue was diluted with ethyl acetate and treated with saturated NaHCO;

solution. Solids were filtered off and the filtrate was washed with saturated aqueous NaHCO;,

brine, dried over anhydrous Na,SQy, filtered and concentrated in vaccuo to give 5-amino-4'-

20  methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-cthyi)-amide as a yellow oil (10.5g,

90.3 %). MS (M+H) = 299,

Step 5 5-lodo-4-methvl-biphenyl-3-carboxviic acid (2-methoxy-1-methyl-ethy])-amide

A mixture of 5-amino-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl}-amide
(5.3 g. 17. 8 mmol), iso-amy! nitrite (13.5 ml, 88.9 mmol) and diiodomethane (8 ml, 106.7

25  mmol) was stirred at RT for 1 hout. 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
separation of iodobenzene from excess diiodomethane was effected by addition of the reaction
mixture at RT to a stirred solution of piperidin-CH;CN (V/V = 90ml/90 ml). A vigorous
exothermic reaction ensued. The excess volatile reagents were removed by rotary evaporation at

30 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 Na;SQ,, filtered and

concentrated in vacuo. The residue was purified by flash column chromatography (ethyl



20 Methyl-5-nitro-biphenyl-3-carboxylic acid methyl ester (9.72 g, 92%) as light yellow solid. MS (M+H)
= 273. WO 2009/077367PCT/EP2008/066989 -60- Step 2 5-Amino-4'-methyl-bipheny1-3-carboxylic
acid methyl ester 4'-Methyl-5-nitro-biphenyl-3-carboxylic acid methyl ester was reduced using SnC12
using the pr&t@ermDEReTep 4 of preparation 6 to afford 5-Amino-4'-meth<BigFétiAiBee8tboxylic acid
methyl ester, MS (M+H) = 242. 5 Ste. 3 5-lodo-4'-mpeth |-bi hen 1-3-carbox lic acid meth 1 ester
5-Amino -4'-methyl-biphenyl-3-carboxylic acid methyl ester was treated with methylene iodide and
isoamy njtrate using the procedure; of.s. of preparation 6.t i (7 1
5-iodo-41al-0r§:t g?ﬁé‘l%i%ﬁes nyi?Lb?;ﬁ?gr%lg%ﬁc&g%(? I\rgllgt ' %@Hgﬁgggaﬂ%%ﬂfgr?%d p()%ergg%odx };15
21-fluorotBetbulocdvlhrrsaind-bsi ey - 8cbdrboxwid itk médty (st -M&010 (M+H) = 371. Preparation
8: 31odo-5-(5-methyl-pyridin-2-yl)-benzoic acid The synthetic procedure used in this preparation is

outlined lseiow:ly pebeme JkiSGhiEiropQEHstepcbiMfedht SO INeR: WO
2009/077367PCT/EP2008/066989 -61- Step 1 3-lodo-5-nitfo-pbenzpic acjd met ter Tq a solution
ot 3-totto BRI E KO EI Lot I TR o TR s 0t S 5ie a8 L
0.0755mat)iati0Q’-mtrbyicaiptiony Fixtatewdis atlovieditdrosgi-intetRi-amngiwasitke MidMed! to reflux for 2

hours. The reagtion was cooled and solvent was removed in vacuo to 5 afford 3-lodo-5-nitro-benzoic

acid methyl ester’as light yellow solid (20.67 g, 99%). MS (M+H) = 3009.
5-lodo-4'-methyi-biphenyl-3-carboxylic acid (1-methyl-2-morpholin-4-yl-ethyl)-amide, MS

(M+H) = 465,
5-lodo-4'-methyl-biphenyl-3-carboxylic acid [2-(1,1-dioxo-1iambda*6*-thiomorpholin-4-yl)-1-
10 methyl-ethyl}-amide, MS (M+H) = 513; and
5-lIodo-4"-methyl-biphenyi-3-carboxylic acid (pyrazin-2-yhmethyl)-amide, MS (M+H) = 430.

Preparation 7:5-Todo-4"-methvl-binhenvl-3-carboxylic acid

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

SCHEME 1

15 ¢

Step 1 4-Methyl-3-nitro-binhenvl-3-carboxvlic acid methyl ester

To a solution of 4-methyl-5-nitro-biphenyl-3-carboxylic acid (10.00 g, 0.039 mol) in methanol
was added SOCL, (5.09 g, 0.043 mot) at 0°C. The reaction mixture was allowed to warm to RT
and wﬁs then heated to reflux for 2 hours. The solvent was removed in vacuo to afford 4'-

20 Methyl-53-nitro-biphenyl-3-carboxylic acid methyl ester (9.72 g, 92%) as light yellow solid. MS
(M+H) = 273.



Step 23-Nitro-5-(4,4,5,5-tetramethyl-L1,3 2jdioxaborolan-2-y1)-benzoic acid methyl ester A solution of
3-iodo-5-nitro-benzoic acid methyl ester (10 g, 0.0326 mol), bis(pinacolato)diboron (9.1 g, 0.0358 mol),
KOACc (9.5 9g, 0.098 mol) and PdC12(dppf) (798 mg, 0.98 mmol) in 10 DMSO (40 ml) was heated to
80 C for 4 hBG3MHEERN2 atmosphere. The mixture was cooled to RT af§ &€Fat&eeeith Et20. The
combined organic phases were washed with brine and dried over Na2SO4. The solvent was
evaporated under reduced pressure and the resuiting crude 3-

nitro-5- (43 P- tgtmgghxlﬂge 8 [ e%%g methyl ester was used without

purificati n n the nex €nzoic acid meth | ester To a solution

of 2- broﬁol\serhéwymvnd:npémyiza garbwh@ncudd{lmbhb&)ﬂezzamgMQd A6 Pfnt RBRAK2.76 g, 13
mmol) in MEfH2Q(aepld %’d@éﬂ@g%% afford 5-Amino-4'-methyl-biphenyl-3-carboxylic acid
3-nitro-5-(4,4,5,5-tetrameth X édloxaborolan -2-y1)-benzoic aC|d methyl ester (2.00 g, 6.5mmol)
under Nmméﬁ%ﬁérysr% fit Awas subjected to microwave radiation at 130 C for 0.5 hours. The
reaction mixture 20 was cooled and solvent Was evaporated under reduced pressure. The residue was
purifiéd B ‘ 2 Hvhe hid-gstethyl-pyridin-2-y0-5-nitro-benzoic
acid metiylgsier 75 AW SRI0 100,09, A0 Sig Aa' SrreMidibaRadibgggic acid
meth 1 egté%T% ails u%lntﬁﬁn%%g s %gf%yn%ﬁl 2- yl ég ﬁltro ?’IZTSIC acid methy egter 49,147
mmol) in2Y FramaErdifehyrasdbsaropss e 668 SHCTPTIEEEg! 588 ﬁm@@m@ﬂ ction

mixture wasratiued ian3hows and eofgd. Solvent was removed under reduced pressure and
the residue was dissolved in H20 and basified by addition of Na2CO3 to pH=9. The mixture was

extracte Wlt 2C12, and th S n;h water, bring, and dried over, Na2SO4.

The solv&AtY iy%%%’d"e ider ré% egdP r%ssure%ély ;? Ched r?n%ao RSy ECA

pyridiéh-2 §di+bBrz it acid methyl ester (3.2g, 90%) as white SO|Id Ste 5 3- Iodo 5 5-methd 2- 1 -benzo

c acid meth WO 2009/077367PCT/EP2008/066989 -62- 5-(5-methyl-pyridin-2-yl)-benzoic acid methyl

Wvith. _Birate-usiag the procedure of step 5 of

preparation to afford 3-iodo-5-(5-methylpyridin-2-y1)-benzoic acid methyl ester, MS (M+H) = 353.

Sttea_6 _, Ee 5 5- meti&l -be od at%ld d 5 A quUon le?th hx éez mg, 1.94 mmol) in 1120 (7
OtIC TOCCAUre use lo H}L

mL) was a -benzoic acid methyl

WSS 10 8 SUigpensio 180 B B-methyT-pyridi
ester (526 mg, 1 49 mmol) in THF (4 tit) at OC The reaction mixture was allowed to wain' to RT and
was stirredbidtihé reaction solution turned into clear. Solvent was removed under vaccum and the

resulting aqueous solution was acidified by 10% HO to pH = 6-7. The resulting precipitate was
o C

collected © OH ~
tep 2 CH,
step 1 d
s Bls(pmacoiato)
[ MeOH, SCCL, -diborane
/ PCCi,(dppf) o
! NO, H,C ~B NO,

!
H,C

CH,
o Ox o 0
CFs \CHS step 5
siep 3 step 4 2
o et e e P
2-bromo-5-methy} MeOH, SnCli, CH,l;
-pyridine,
Pd(PPh;), NO, ~ NH.,
N
HLC H,C
o o o) OH
“CH,
step 6
LiOH, THF/H,O
RN | S,
N N

H,C H,C



10 and dried to afford 3-iodo-5-(5-methyl-pyridin-2-y1)-benzoic acid (470 mg, 93%). MS (M+H) =- 340.
Preparation 9: 3-Bromo-5-(5-methyl-pyridin-2-y1)-benzoic acid methyl ester The synthetic procedure
used in this preparation is outlined below in Scheme K. SCHEME K Step
.13-Brorno-B{as g sttamethyl-1 |,3.2]dioxaborolan-2-yl)-benzoic acid FéRy 086982
3-Bromo-5-iodo-benzoic acid methyl ester (14.16 . 1_41.53 mmol), bis(pinacolato)-diborane (11.60 g,
45.7 mmol), PdC12(dppf)2 (1.02 g, 1.256 mmol) and potassium acetate (12.22 g, 124.6 mmol) were

addded té)tgo{mL3 QLRMSQ, and the, r&gg%@@ié&g‘e was stirred at 80C for 20 20 hours, then cooled to
RT. The ' lluted with water and extracted with diethyl ether. The combined
organic Sxtrastiiiesre thiddloverivrpsaons fird6d), the OdcematadsHuee ledlimdd pressidrd to give
18.5 g ofghpiornassy(f 4 5 labmerty Hiha 2ldinrahamiangs ¥idsheneaie.asid metid ester, which
was used directly in the next step without further purification. 25 Ste. 23-Bromo 5 5-meth lidin-2 1
benzoic 4B MR fStEuer 3009107 T B6TCPIEAUOBIORE0BE0 Kl AYBRRATIRY 6 in vacto t
2-brogno-grmethybpyAding (80:27Gh ROH8HIBab-andpaladiumsteildaks driphesyiphasaiviae)) (1.88 g,
1.65 mmol) in 300 mL DME was stirred at 60C under nitrogen for 30 minutes. To this mixture was
added 3-brbmo-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)- benzoic acid methyl ester (18.5 g,
ixture was refluxed for
i ot R{F-Andbaitities QXABER ate FID G / SHiBd=gganic layers
were waspgd with welesdriedyerMgee abid u@g@%@a@m@cg,m@gquw@ﬂm@a ssure. The
residue was purified via flash chromatography (5:1 EtOAc/hexanes) to give 8.5 g of ,
3-bromowr€9e%r@ﬁaﬁ9ﬁ%m@lﬁ?%@é%a@i%@m&}@&@?ﬁh@zmﬁl?&%eg-%‘%ﬁﬂﬁdﬁy prepared
wergp3-Bimer aivihloso manathybmsrighn2nshirbenzaisiasichsasiby. estermdGdMiklyso@41;
3-Bromo-5-(2-fluoro-5-methyl-pyridin-2-y1)-benzoic acid methyl ester, MS (M+H) = 325; ntgl
3-Bromo-ts-]§§'-éﬁficﬁ6@ﬁ§iﬁt§i M beiore it heiggie SRasRETRY < 357 ‘ﬁia%a?gﬁ%ﬁ o:
1-1sopropyledtion yeazorie:- Sotbenfamicagidaitd diiersyathetiprrecedudiiseghinitpispdearation is
outlined below in Scheme L. SC . Step 11-lsopropvl-1H-pyrazole To a suspension of Nall
(14 g, oé%“i%ér%b%gﬁ%ﬁ%}%ﬁsﬂm%fﬁx %’?&r&ﬂ#ﬁ%%&@ﬁ ¢ r%i)é@%y\?v?égro‘?’%sélé%%tion of pyrazole
(20 g, 0.20ial) parDivE¢BOniie) ratxCitéfter addition, the suspension was stirred for 1 hour at RT.

Isopropyl bromide (53.4 g, 0.44 mol) was added dropwise, and the reaction mixture was stirred at RI

for 2,goueg. Water was aslgedsio,auench ihestarationand e mixiewas extracted with diethyl ether.

The combined ether layers were o
To a solution of 2-bromo-5-methylpyridine (1.24 g, 7 mmol), Pd(PPh3)(226 mg, 0.2 mmol} and

K:PO4(2.76 g, 13 mmol) in DME/H,0 (5ml/1ml) was added 3-nitro-5-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-benzoic acid methy! ester (2.00 g, 6.5mmeol) under Ny atmosphere.
The mixture was subjected to microwave radiation at 130 °C for 0.5 hours. The reaction mixture

20 was cooled and solvent was evaporated under reduced pressure. The residue was purified by
flash-chromatography (CH,Clo/MeOH) to give 3-(5-methyl-pyridin-2-yl)-5-nitro-benzoic acid
methyl ester as a white solid (700 g, 40%).

Step 4 3-Amino-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl ester

To a solution of 3-(5-methyl-pyridin-2-yl)-5-nitro-benzoic acid methyl ester (4 g, 14.7 mmol) in
25 methanol/ethyl acetate was added SnCl (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,0O and basified by addition of Na,COs to pH=9. The mixture was
extracted with CH,Cly, and the organic phase was washed with water, brine, and dried over
Na,S04. The solvent was removed under reduced pressure to give 3-mmino-5-(5-methyl-

30 pyridin-2-yl)-benzoic acid methyl ester (3.2g, 90%) as white solid.

Step 5 3-Todo-5-(5-methyl-pyridin-2-vl)-benzoic acid methyi ester




washed with water, dried over anhydrous sodium sulfate, filtered, and concentrated under re- 25
duced pressure. The residue was distilled under vacuum to afford 1-isopropyl- IH-pyrazote as a
colorless liquid (15.0 g, 46.4%), Step 21-Iso sro 1 1H-.azole-5-boronic acid WO
2009/07736WRCGTIEP283(8/066989 -64- To a solution of isopropylpyrazol8{&EPge8%&%mol) in THE
(200 mL) was added n-buty! lithium (31 mL, 50 mr%%I 1.6 M in hexane) at -78C. The mixture was kept
stirring at the same temperature for 30 min. and allowed to warm to OC and stirred for another 30

min Before, adding tri-n-but I ate 12.6. as one rt| reaction. mixtyre was cooled
to-578 ( ﬁ%gﬁé&) %‘r? t%eng: urei\(;v&acs1 sti rreH at- 8\&&% I ?1 Waﬁ]ggwgggnwgrm to RT

slowly andoemedtm@mlgmhﬂ'h@ce@mf stoxthied wepntptienchéel &f@shﬁumedéﬁﬂlmwmm chloride.

The org @I{qaee m&g%@éegem gggralqge ;a}ppagggmas extracted with ethyl ether (50 mL X 2).
The com ed organic phase was dried ovér anhydrous sodium sulfate. Solvent was removed to afford
1-isoprop I 1H p razole- -bornlc aCJ a awscous 0|I .7 g). 10 Similarly prepared, using the
appropriate’adt i SUE RSN o gte=5-boronic acid; 1-ethyl-1H-pyrazole-5-boronic
acid; 3- n@mpybﬂb@py@ihj@ﬁt@(mmg ac‘}?d rﬂmned))hutmaﬁ pyrhzeherﬁéhbmwaelch a
151-tert-buty1-1H- 1-p zoe aC|d, 1- 1 1H-pyra oI ic

1- cyclpropyéneq{hyf}gﬁ pyraz§O cdaé%ly!ggaem Olw iCIBXH %h Stcr%% mg’ 9a mmol)

4', 114eth§alM(mmm%yfézqwmmlmﬁ&w@lmM@(S—?rﬁeﬂwmy—bimétwwﬂethyl)-amide
20 The synthelic;procrauiesed iNdsAreparatieRds QDS DRIOWID. REREMEM.RHREME M A

mixture solution of 5-iodo-4'-methyl-bipheny1-3-carboxylic acid (2-methoxy-1 -methyl-ethyl)- amide

(85.9 mgaMoaoTAHHON VEsAetilRd Pralt-Hbdroptt aeid (3ihoscrling. pROP iR GTS 28182 03(0.23

mL, 1N, S23memelkand BAURNIE Mridind-pigdthOCil46-samlicinteluenerd, 5 1h) MO V1) =
2009/077367PCT/EP2008/066989

Preparation 9: 3-Bromo-5-(3-methvl-t

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

SCHEME K
O O
CH, step 1 step 2
B!S{pmacolato) 2 bromo-5-methy!
-diborane 0 -pyriding,
PdCl,{dppf} M, C \‘B PA(PPhy ),
| Br i
o}
H C
- CH

3

Step 1 3-Bromo-3-(4.4.5.3-tetramethvl-[ 1.3.2]dioxaborolan-2-vl)-benzeoic acid methyl ester

3-Bromo-5-iodo-benzoic acid methyl ester (14.16 g, 41.53 mmol), bis(pinacolato)-diborane
(11.60 g, 45.7 mmol), PdCh{dppf), (1.02 g, 1.256 mmol) and potassium acctate (12.22 g, 124.6
mmol) were addded to 50 mL of DMSO, and the reaction mixture was stirred at 80°C for 20

20  hours, then cooled 1o RT. The reaction mixture was diluted with water and extracted with
diethyl ether. The combined organic extracts were dried over Mg SO, 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-
yl)-benzeic acid methyl ester, which was used directly in the next step without further

purification.

25 Step2 3-Bromo-5-{5-methvl-pyridin-2-vl-benzoic acid methvl ester




-65- and THF (1.5 mL) was stirred under microwave heating for 30 minutes at 130C. After reaction
mixture was cooled to RT, the solvent was removed under vacuum and the residue was purified by
preparative HPLC to afford 4'-methyl-5-(1-methyl-1H-pyrazol-4-y1)-biphenyl-3-carboxylic acid
(2-methoxy-W@@iyNERw|)-amide as white solid (42.68 mg, 56%). MS (MBHYEPZBY/ e Similarly
prepared was 4'-methyl-5-(1H-pyrazol-4-yfl-bipheny]-3-carboxylic acid
(2-methoxy-Imethyl-ethyl)-amide, MS (M+H) = 350. Additional compounds prepared by the above
procedure are shown,in Table 1. Example.2: , . Sy
5-Isoprop%l?ﬁgl-r&%eﬁﬁ%?y-ﬁrr%%%?—gﬁag]aer lé}h%g f%ﬁ%ﬁéﬁﬂ%ﬁ% g%iyl/ﬁnflrfltefﬁkg tr%zole-S-carboxyI
ic acid ethitedmboathinae(systbetid proveduns e ad.iP Mis e parstion (8 SutidedbietsarifPSiheme N.
SCHEME M.« &Hrd 2-fimeibvaminamsthianesdameivk-oxeapentanoiaicid i estey (1.60 g, 7

5 mmol) was added 5-hydrazino-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-am

de 15 (7.5emrnisladdeng)yisatned B ieet0rn sk folingsdikidteRvas hlaed 88 sornahdkdbt at that

temperatyie k2 TRUFSxARE WaR S0k SIXSH S WaR GROIRSh A0E IEIAFRYam dgRevedd biacden The
residue was purified béflash column chromatography, eluting with nhexa tOAC.= 4. 1 to give 2.95

) nes:
0 of 515OB Py TATHED L RS P B OB DA O e K Walcr e over MES0.,
4'-methylitiplaenyl IeyitbiHpy iadele-heatbpeyligacikhethyldastenapunfiide el {B5%). MS 20 (MH) =

464. Additjonal compound ared by the above pro re are shown in Table 1, Example 3:

e S R ke b SR

(2-hydroxXyezmmethil wtilyy}-erieid MG 1280 /00736 7PCT/EP2008/066989 -66- The synthetic

procedure used in this preparation is outlined below in Scheme 0. SCHEME 0  Step 1

21-Flgoras prkRrisonteRel-2e-pyrazol-3-y1)-4t-methyl-bipheny1-3-carboxylic acid 5 methyl ester To a

microwavge E\3/essel was added 2'-flugro-5-jodo-4'-methyl-biphen I-?f-carboxglic e}Lci%I methyl

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

3-Bromo-5-(2-fluoro-5-methyl-pyridin-2-yl)-benzoic acid methyl ester, MS (M-+H) = 325; and

3-Bromo-5-(5-chloro-pyridin-2-yl)-benzoic acid methyl ester, MS (M+H) = 327,

Preparation 10: 1-Tsopropvl-1H-pyrazole-5-boronic acid

[5  The synthetic procedure used in this preparation is outlined below in Scheme L.

Step 1 HC. _CH;  Step2 H,C
HO Y

N\N NaH N Buli NG
N /7 He B(OB
\ 3 YCH3 \ /N (©Bu) \ /N

Br

CH,

N

Step 1 1-Isopropyl-1H-pyrazole
To a suspenston of NaH (14 g, 0.35 mo! 60% in mincral oil) in DMF (120 mL) was added drop-
20  wise of a solution of pyrazoie (20 g, 0.29 mol) in DMF (30 mL} at °C. After addition, the

suspension was stirred for 1 hour at RT. Isopropyl bromide (53.4 g, 0.44 mol) was added
dropwise, and the reaction mixture was stirred at RT for 2 bours. Water was added to quench the
reaction and the mixture was extracted with diethyl ether, The combined ether layers were
washed with water, dried over anhydrous sodium sulfate, filtered, and concentrated vnder re-

25 duced pressure. The residue was distilled under vacuum to afford 1-isopropyl-1H-pyrazole as a
colorless liquid (15.0 g, 46.4%).

Step 2 1-Isopronvi-1H-pyrazole-5-boronic acid




ester (1.91 g, 5.4 mmol), 2-isopropyl-2H-pyrazole-3-boronic acid (1.08 g, 7.02 mmol), KOAc (1.59 g,
16.2 mmol), Pd(PPh3)4 (0.187 g, 0.16 mmol), dimethylglycol (15 mL) and water (3 mL). The mixture
was flushed with N2 before submitting to microwave heating at 130 C for 1 hour. 10 After cooling down
to RT., the WAHBNYTBEUre was extracted with EtOAc and the combined Trd&Rt 1406¢&dere washed
with water, dried over anhydrous sodium sulfate, fijered and concentrated under reduced pressure.
The residue was purified by flash column to afford 2'-

fluoro-5-(R-i -2H-pvr =3-y1)-4' ' h I I as a viscous
oil (1.0 g@gg(%%i)%%éb g{%ﬁé @%ﬁxﬁﬁwmﬁ%&% caﬁjfgﬁggif %%%E}E%%Yn%% EiOH hydrate
(32 g, 110 81T SOOIl WaE AGRHE HoriGe TOEraRIatRoR rkept suming at the same
2'-lU0T0-Bif R isRRORY R VHAZ Al 3B rilr raaynhipiren B searRomigacict BTyl BstBrd 524 mg,
1.49 mmol) iIn THF (4 mL) at O C. The reaction mixture was allowed to warm to RT an%a/\{as stirred

until the ASHEORSLRAIPRRIFED RS e A8 DI ATHAE TR B AR A EEG H ke
200947 7367 POTHER 20613106 6986 % arththeare setting At iemisvanl utionatas weidified by 10% HC1

to pH = 6-7. The resulting precipitate was collected and dried ford, .
1 oo A By O Do 0rS SO i LS ey T RS SR B, 0396). ste
32'-Fluorchpri@dsthroote@iic dmecIwas4eperbicdemd Bucarvordicpheid @6 byfdro sg/wlithnatdithhydthsthyl)-amide
EDCI (54. P28 : ' ' ' S
T-fIuoro-é%Zr?%o}gr%b%gH@%%giﬁ%g%ﬁgé?na%?@ﬁ%‘%ﬁgrégl?%%%{yk?%ﬁiogggl(é%f.ﬁer'nsgo,hcf)egt29 mmol),
HOBt (40W@5TRINT2OB ifats) anePrame- [ HonysAed-1-DOOHIASH M CHSCIDPY (L) St 0C. After the
reaction stirred at the same temperature for 1 hour, 2-amino-propan- 1(54 mg, 0.72 mmol) was added.
10 The mixturelwasellodedite warppiofRi:antiyas stidesdwaernight. Solvent was removed under
reduced pres urle d the Eeéi%%e vv.asgj,él.rified by column chromatography to afford 2'-Fluoro-5-
(2-isopro ﬁ? -"6%%’2’6?@-?/ - -Fﬁgﬁ‘lf}- iphenyl-3-carboxylic acid (2-hydroxy-lI-methylethyl)-amide as
white solith ¢4 rhl;p4694) IcMDEkbad ciB96. Similarly prepared, starting with
3-iodo-5-(5-methyl-pyridin-2-y1): ic acid methyl ester 15 instead of
2'-fluoro- :Illdggpj@'ﬁfﬁ%ﬁ%&?ﬁﬁgﬁgﬁ{ﬁ@yIic acid methyl ester, was
Hydroxy-1-ieéthyl-EthyraqR-isdpropyl22H:pyrazol-3-y1)-5-(5-methyl-pyridin-2-y1)-benzamide, MS
(M+h1} = 379 Similamy Rrepakes.psiaitingayith 3-iodo-5-(3-chloro-5-methyl-pyr din-2-y1)-benzoic acid
methyl ester instead of 2'-fluoro-5-iodo-4'-methyl-biphenyl-3-carboxylic acid methyl ester, and 20
replacing [ 2e¥HRE PripanT azelam S mcstidatrazin-2-yl-ethylamine, was 3-(3-chloro-5-
methyl-pyrighisgaplingR1isepsepyiot-pyraarl a3y 1)-N-(1-pyrazin-2-yl-ethyl)-benzamide, MS (M+H) =
461. Additional compounds made using the above procedure are shown in Table 1. Example 4:
3-(2-Cyclopropylmethyl-2H-pyrazol-3-yl)-N; (>- -RYIRAIn-2-yimetl i acid (2-meth-
255. (5-mgﬁ?ﬁ%ﬁ§ﬁdin- :)%%%%)rilzga ig%gﬁywiﬁ S}?Q%i E’% ﬁ%ﬁbge\é@% prﬁoxyhc acid (2-meth
oxy-1-methyl-ethyl)-amide

20  The synthetic procedure used in this preparation is outlined below m Scheme M.

3

Hﬁc\i/\(lj
o NH 0 NH CH

0
o __OH
CHS H \B/
e
. @ P4(PPhy);
O N—N Cs,C0;
4
Saall SRR
J
H,C : H,C \

A mixture solution of 5-iodo-4'-methyi-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-
amide (85.9 mg, 0.2100 mmol), 1-methyl-pyrazol-4-boronic acid (31.28 mg, 0.2300 mmol),
25 Cs:C0:(0.23 mL, 1 N, 0.23 mmol) and Pd(PhsP)4 (17.0 mg, 0.0146 mmol) in toluene (1.5 mL)



The synthetic procedure used in this preparation is outlined below in Scheme P. SCHEME P Step 1
3-(2-Cyclopropylmethyl-2H-nvrazol-3-vI-5-(5-methyl-pidin-2-yfl-benzoic acid methyl ester
3-Bromo-5-(5-methyl-pyridin-2-yl)-benzoie acid methyl ester (1.0 g, 3.27 mm%} and palladium 5
tetrakis(tripREA¢I3H8EBAIne) (0.189 g, 0.164 mmol) were added to 25 mLESH ,Zg?ﬁﬂ"%g%ixture was
stirred at 60C for 10 minutes. 1-Cyclopropylmethyls1H-pyrazole-5-boronic acid (0.65 g, 3.92 mmol)
was added, followed by a solution of K3PO4 (1.39 g, 6.54 mmol) in 5 mL water. The mixture was

refluxed [an SROUESINERLQRISCH IR ARdRATEqREAbelVEshWRHES ANddet0ALnde.capbined

organic layers were washed with water, dried over MgSO4, filtered and 10 concentrated under

reduced PHEEEEREASTIN FESRIBE VB RHEN 4 AR HPSR ARG P R e ritiue akanEdsdo give

ﬁ/i 24( % Jfbésﬁégﬁﬁg@m%%%%Y%I%?‘Hﬁéﬁ%ﬁlﬁgygn&@fﬂﬁ%ﬂﬁﬂé'ldaiﬂyg%i]ﬁhbﬁﬂzﬁ&ﬂﬁiﬂymethy| ester,
+H) = . Step_2idin-2- 1 -henzoic acid. . , ) <ro

3-(2-CyclStShRaRy L IRk I s A sty AIRS 5% Y béh e SddThetiVester 15 (1.14

g, 3.27 mmot was dissolved in 20 mL MeOH, and 3N aqueous NaOH (3 mL) was added. The reaction

mixture iawistityaraeRT fos threethoutd lilenyenkcéntishinhemder radosrbicpad ddracthhsyrésidue was

acidified H?e%’i%tﬁ?ﬂ%‘i@cﬁ@ ngfﬁtg@go_'rhe combined organic layers were dried over Mg504,
filtered and concentrated under reduced pressure to give 0.9 g of 3-(2-

( _
cycloprogydfieengl compayrds GEepafey-BYExiin sy R /a sioery Bid akiel | MS (M+H) = 334. 20 Step
33-(2-C el -0 [meth 1-2azol-3N 5-meth-2- Imethyl11-5-(5- meth 1-idy i pff a )zarnide WQ
2009/07 36T 2E P 208806 H9i8D- L6 92 -methoxy-1-methyl-ethylcarbameoyl)-4'-methyl-biphenyl-
3-(2-Cyclopropylmethyl-2H:-pyrazol-3-y1)-5:(5-methyl-pyridin-2-y1)-benzoic acid (0.120 g, 0.36 mmol),
C-(5-methyl-pyrazin-2¥ﬁ§?hlg%%§]/f§rzﬁl%é%%%é{ﬁx§§b. édrf%érir}%‘)%s ClI (0.103 g, 0.54 mtnol), HOBt
(0.073 g, 0.54 mmol), and NMM (0.183 g, 1.80 mmol) were added to 7 mL of dichloromethane. The
reatith mRQrEhaECaHiteR v BEhBLIESRIRPRIHRR i SHEEE dPaTiHber S Tsdticed pressure. The
residue was purified via flash chromatography (5:1 EtOAc/hexanes) to give 0.14 g of
3-(2-cyclgpiappinathy1-2H-pyrazol-3-yD-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-
methyl-pyridin-2-y1)-benzamide, MS (M+H) = 439. Similarly prepared, using the appropriate amines in
step 3, were: H,C

3-(2-Cyc|opropylmeth§/'*l- @zol-3-y1)-5-(5-methyl-pyridin-2-y1)-N-(1M$-Z-yl-ethyl)-
10benzamide, MS (MgH) -I\(,L;sg;éH OgNH  CH,
3-(2-Cyclopropylmethy H-pyrazbl-%-%l)-cl)\l-((%-Z-hydrog%-ljr-methyl-et yl)-5-(5-methyl-

N-Cyclopropy1-3-(2-cj opylmethy -pyfazat-3-y1)-5-(5- zamide, MS
(M+H) = 373. Simifarlyprepared, u@@g the ap gpriate N- pbﬁ uted pyr onic acid in step
1, were: N e 0

H,C CH 2 HGC—/

To 2-dimethylaminomethylene-4-methyl-3-oxo-pentanoic acid ethyl ester (1.60 g, 7.5 mmol)
was added 5-hydrazino-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide

15 (7.5 mmol, 2.62 g), followed by EtOH (25 mL). The mixturc was heated to 60°C and kept at
that temperature for 12 hours. The reaction mixture was cooled and EtOH was removed n
vacuo. The residue was purified by flash column chromatography, eluting with n-
hexanes:FtOAc =4 : 1 to give 2.95 g of 5-isopropyi-1-[5-(2-methoxy-1-methyl-ethyicarbamoyl)-
4'-methyl-biphenyl-3-yl]-1H-pyrazole-3-carboxylic acid cthyl ester as white solid (85%). MS

20 (M+H) = 464.

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

Example 3: 2'-Fluero-5-(2-isopropyl-2H-pyrazol-3-yi)-4'-methyl-biphenyl-3-carboxylic
acid {2-hydroxy-I-methyl-ethyi)-amide



N-(5-Methyl-pyrazin-2-ylmethyl)-3-(5-methyl-pyridin-2-y1)-5-(2-propy1-2H-pyrazol-3-y1)- benzamide,
MS (M-rH) = 427,

N-(5-Methyl-pyrazin-2-ylmethyl)-3-(2-methy1-2H-pyrazol-3-y1)-5-(5-meth ridin-2- benzamidc,
MS (M+H) ¥ER§9D 8¢2-|sopropyl-2H-pyrazol-3-y1)-N-(5-methyl- pyraz%:-% %9-%9-(5- ethyl-p d
-2-y1)- benzamide, MS (M+H) = 427 3-(2-Isobutygng pyrazol-3-y1)-N-(5-methyl-pyraz
2-ylmethy0-5-(5-methyl-pyr din-2-y1)-  benzamide, MS (M+H) = 441;

3-(2- Cy%%%r%ﬁ%%%éﬂé Ms%lr'hk @;@@é{@waam@%&méa@aw Br&rmaiby-pyridin-2-y1)-

25benzamide, MS

3-(2-tert-Butyl-2H-pyrazol-3- y1) N (5 methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridin-2-y1)-
benzamié@%@%ﬁ@gm 441. Additional compounds made using the above procedure are shown in
Table 1. WO 2009/077367PCT/EP2008/066989 -70- The synthetlc procedure used in this preparation
is outlined below in Schgm® CHEI@E To a stirred solal fC
5-iodo-41-methyl-biphenyl-3-cdrfoxylic acid (2-methoxy- 1- met yl- 5 etFuyI) -angide £0.15 g, 0.367
mmol) in 1 ml DMF wag“added pyrazold 2, 0.917 mmab# Tyl (0.03667 namol),

' / mmoI)Hihd C COB (0.734 mm e mixture HOH

Step 1 2-Fluoro-5-(2-isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid

e

methyl ester
To a microwave vessel was added 2’-fluoro-5-iodo-4’-methyl-biphenyl-3-carboxylic acid methyl

ester (1.91 g, 5.4 mmol), 2-isopropyl-2H-pyrazole-3-boronic acid (1.08 g, 7.02 mmol), KOAc
(1.59 g, 16.2 mmol), PA(PPhs)s (0.187 g, 0.16 mmol), dimethylglycol (15 mL) and water (3 mL).
The mixture was flushed with N before submitting to microwave heating at 130 °C for 1 hour.

10 After cooling down to RT., the reaction mixture was extracted with EtOAc and the combined
organic layers were washed with water, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash column to afford 2'-
fluoro-3-(2-isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid methyl ester as a
viscous oil (1.0 g, 55.2%;).

15 Step?2  2-Fluoro-5-(2-isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyi-3-carboxylic acid

A solution of LiOH hydrate (82 mg, 1.94 mmol) in H,0O (7 mL) was added dropwise to a solufion
of 2'-fluoro-5-(2-isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid methyl ester
( 524 mg, 1.49 mmol) in THF (4 mL) at 0 °C. The reaction mixture was allowed to warm to RT

and was stirred unti] the reaction solution turned into clear. Solvent was removed under vaccum



was subjected to microwave irridation at 150C for 45 minutes. The reaction mixture was diluted with
ethyl acetate, washed with water and brine, dried over anhydrous Na2S04, filtered and concentrated
under reduced pressure. The residue was purified by preparative HPLC to give 10

4'-Methyl-5 3T Hfbipheny1-3-carboxylic acid (2-methoxy-l-methyl-"e?ﬁﬁ‘)‘:%@é‘fgﬁl?s (M+H)
=350. Example 6: Formulations Pharmaceutical_gfgparations for delivery by various routes are
formulated as shown in the following Tables. "Active ingredient” or "Active compound" as used in the

Tables megn.Que, 07.15Ma1E. oL NG, COMARNNAS AL AR COMmPasiOm ok Qiahadministration

Ingredient % wt./wt. Active ingredient 20.0% Lactose 79.5% Magnesium steara el 0.5% 1 The
ingredientseipd sive eollpeirhunsdirhie dipd e tush artmrisrareut-THomerekénbhe capsule would

approximate, a1 1ol Haily AesREST MR A0/ 1367 CT/EP2008/066989 -71- Composition for Oral
Administration Ingredient % wt./wt. Active ingredient

Step 3 2-Fhuoro-3-(2-isopropyl-2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid (2-

5  hvdroxv-1-methyl-cthy])-amide

EDCI (54.0 mg, 0.282 mmol) was added in one portion to a solution of 2'-fluoro-5-(2-isopropyl-
2H-pyrazol-3-yl)-4'-methyl-biphenyl-3-carboxylic acid (77.4 mg, 0.229 mmol), HOBt (40.0 mg,
0.296 mmiol) and NMP (101.5 mg, 1.000 mmol) in CH>Cl (5 mL) at 0°C. After the reaction
stirred at the same temperature for [ hour, 2-amino-propan-1-ol (54 mg, 0.72 mmol} was added.

10 The mixture was allowed to warm to RT and was stirred overnight. Solvent was removed under
reduced pressure and the residue was purified by colurn chromatography to afford 2'-Fluoro-53-
(2-isopropyl-2H-pyrazol-3-yl}-4'-methyl-biphenyl-3-carboxylic acid (2-hydroxy-1-methyl-
ethyl)-amide as white solid (54 mg, 46%). MS (M+H) = 396.

Similarly prepared, starting with 3-iodo-3-(5-methyl-pyridin-2-yl}-benzoic acid methyl ester
instead of 2’-fluoro-5-iodo-4’-methyl-biphenyl-3-carboxylic acid methyl ester, was N-(2-
Hydroxy- I-methyl-ethyl)-3-(2-isopropyl-2H-pyrazol-3-yl)-3-(5-methyl-pyridin-2-yl)-benzamide,
MS (M+H) = 379.

Similarly prepared, starting with 3-iodo-3-(3-chloro-5-methyl-pyridin-2-ylj-benzoic acid methyl
ester instead of 2'-fluoro-5-iodo-4’-methyl-biphenyl-3-carboxylic acid methyl ester, and

20 replacing 2-amino-propan-1-o! in step 3 with I-pyrazin-2-yl-cthylamine, was 3-(3-chloro-3-
methyl-pyridin-2-y1)-5-(2-isopropyl-2H-pyrazol-3-yl)-N-(1-pyrazin-2-yl-ethyl)-benzamide, MS
(M-+H) = 461.

Additional compounds made using the above procedure are shown in Table 1.

Exampie 4:  3-(2-Cyclopropyvimethyl-2H-pyrazol-3-yl)-N-(5-methyl-pyrazin-2-yimethyl)-
25 5-(5-methyl-pyridin-2-ylj-benzamide

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

SCHEME P



20.0% Magnesium stearate 0.5% Crosscarmellosc sodium 2.0% Lactose 76.5% PVP
(polyvmylpolidme) 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) WRIFER&EPFOpriate tablet machine. 5 Composition for Oral ARFHERBHALEHF IR redient
Amount Active compound 1.0 g Fumaric acid O.S_&HSodium chloride 2.0 g Methyl paraben

] o}

~ Br

H,C

Step 1 3-(2-Cvyclopropvimethvl-2H-pyrazoi-3-vh-5-{ S-methvi-pyridin-2-vl}-benzoic acid

methyl ester
3-Bromo-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl ester (1.0 g, 3.27 mmol) and palladium
5 tetrakis(triphenylphosphine) (0.189 g, 0.164 mmol} were added to 25 mL DME, and the mixture
was stirred at 60°C for 10 minutes. 1-Cyclopropylmethyl-1H-pyrazole-5-boronic acid (0.63 g,
3.92 mmol) was added, followed by a solution of KsPO; (1.39 g, 6.54 mmol) in 5 mL water.
The mixture was refluxed for six hours, then cooled to RT and partitioned between water and
EtOAc. The combined organic layers were washed with water, dried over MgSO,, filtered and
10 concentrated under reduced pressure. The residue was purified via flash chromatography (3:1
EtOAc/hexanes) to give 1.14 g of 3-(2-cyclopropylmethyl-2H-pyrazoi-3-yl)-5~(5-methyi-
pyridin-2-yl)-benzoic acid methyl ester, MS (M+H) = 348.

Step 2 3-(2-Cyclopropylmethyl-2H-pyrazol-3-v1}-5-(5-methyl-pyridin-2-vl)-benzoic acid

3-(2-Cyclopropylmethyl-2H-pyrazol-3-yl}-5-(5-methyl-pyridin-2-yi)-benzoic acid methyl ester

15 (1.14 g, 3.27 mmol was digsolved in 20 mL MeOH, and 3N aqueous NaOH (3 mL) was added.
The reaction mixture was stirred at RT for three hours, then concentrated under reduced pressure.
The residue was acidified to pH 3 and extracted with EtOAc. The combined organic layers were
dried over MgSQ, filtered and concentrated vunder reduced pressure to give 0.9 g of 3-(2-

cyclopropylmethyl-2H-pyrazol-3-yD-5-(5-methyl-pyridin-2-yI}-benzoic acid, MS (M+H) = 334,

20 Step 3  3-(2-Cvclopropyimethvi-2H-pyrazo-3-yD-N-(5-methvl-pyrazin-2-vimethvh-5-(3-

methyl-pyridin-2-vh-benzamide




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 g Flavoring 0.035 m Colorings 0.5 mg Distilled water g.s. to 100 ml The

ingredients are mixed to form a suspension for oral adm stration. Parenteral Formulation Ingredient %
wt./wt. Activl Shifi€diEHeT1 0.25 g 1 PCT/EP2008/066989

wh

10

15

20

30

-69-

3-(2-Cyclopropylmethyl-2H-pyrazol-3-y1)-5-(5-methyl-pyridin-2-yl)-benzoic acid (0.120 g,
0.36 mmol), C-(5-methyl-pyrazin-2-yl)-methylamine (0.044 g, 0.36 mmol), EDCI (0.103 g, 0.54
mmol}, HOBt (0.073 g, 0.54 mmol), and NMM (0.183 g, 1.80 mmeol) 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 0.14 g of 3-(2-cyclopropyimethyl-2H-pyrazol-3-yD)-N-(5-methyl-pyrazin-2-yimethyl)-5-(5-
methyl-pyridin-2-yi)-benzamide, MS (M-+H) = 439.

Similarly prepared, using the appropriate amines in step 3, were:
3-(2-Cyclopropylmethyl-2H-pyrazol-3-y1)-5-( 5-methyl-pyridin-2-y1)-N-(1-pyrazin-2-yl-ethyl)-
benzamide, MS (M+H) = 439;
3-(2-Cyclopropylmethyl-2H-pyrazol-3-y1)-N-((S)-2-hydroxy-1-methyl-ethyl)-5-(5-methyi-
pyridin-2-y1)-benzamide, MS (M+H) = 391; and
N-Cyclopropyl-3-(2-cyclopropylmethyl-2H-pyrazol-3-y1)-5-(5-methyl-pyridin-2-yl)-benzamide,
MS (M+H) = 373,

Similarly prepared, using the appropriate N-substituted pyrazole boronic acid in step 1, were:
N-(5-Methyl-pyrazin-2-yimethyl)-3-(5-methyl-pyridin-2-y1}-5-(2-propyl-2H-pyrazol-3-yl)-
benzamide, MS (M+H) =427,
N-(5-Methyl-pyrazin-2-ylmethyl)-3-(2-methyl-2H-pyrazol-3-y)-5-( 5-methyl-pyridin-2-yi)-
benzamide, MS (M+H) = 309,
3-(2-Isopropyl-2H-pyrazol-3-y}-N-(5-methyl-pyrazin-2-ylmethy!)-5-(5-methyl-pyridin-2-y1}-
benzamide, MS (M+H) = 427
3-(2-Isobutyl-2H-pyrazol-3-y1}-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridm-2-yi)-
benzamide, MS (M+H) = 441;
3-(2-Cyclobutyl-2H-pyrazol-3-yl)-N-(3-methyl-pyrazin-2-ylmethyl}-5-(5-methyl-pyridin-2-yi)-
benzamide, MS (M+H) = 439; and
3-(2-tert-Butyl-2H-pyrazol-3-yl)-N-( 5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridin-2-y1)-
benzamide, MS (M~+H) = 441.

Additional compounds made using the above procedure are shown in Table 1.

Example 5:  4'-Methyl-5-pyrazol-i-yi-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-

ethyi)-amide



Sodium Chloride , gs to make isotonic Water for injection t 100 ml WO
2009/077367PCT/EP2008/066989 -72- 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. Th&Y3MBAE Made up to weight with the remainder of the watBt T &S5 %iltered
through a 0.2 micron membrane filter and packageg under sterile conditions. 5 Suppository
Formulation Ingredient % wt./wt. Active ingredient 1.0% Polyethylene glycol 1000 74.5% Polyethylene

glycol 40993%[]%%% *B?oi{é%ﬁﬁg Qs RIeMeISAA0aPIDsEARCIILGE ANsdiRigam bath, and poured into

molds containing 2.5°g total weight. Topical Formulation Ingredients Grams Active compound

SCHEME Q

H,C H,C
O~ NH CH,

N
O o ®
e,
_N
| , N
Cul/4,10-phenanthroline —
Cs,CO,/OMF
H,C

H.C
3

)

To a stirred solution of 5-iodo-4'-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-
ethyl)-amide (0.15 g, 0.367 mmol) in 1 ml DMF was added pyrazole (0.062 g, 0.917 mmol), Cul
(0.03667 mmol), 1,10-phenanthroline (0.0734 mmol) and Cs,CO5 (0.734 mmol). The mixture

wh

was subjected to microwave irridation at 150°C for 45 minntes. The reaction mixture was
diluted with ethyl acetate, washed with water and brine, dried over anhydrous Na; SO, filtered
and concentrated under reduced pressure. The residue was purified by preparative HPLC to give

10 4-Methyl-5-pyrazol-1-yl-biphenyi-3-carboxylic acid (2-methoxy-1-methyl-ethylj-amide, MS
(M+H) =350.

Example 6: Formulations

Pharmaceutical preparations for delivery by various routes are formulated as shown in the
following Tables. "Active mgredient” or "Active compound” as used in the Tables means one or

i3  more of the Compounds of Formula I.

Composition for Oral Administration

Ingredient Yo wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

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

capsule would approximate a total daily dosage.



0.2-2 Span 60 2 Tween 60 2 Mineral oil 5 Petrolatum 10 Methyl paraben 0.15 Propyl paraben 0.05
BHA (butylated hydroxy anisolc) 0.01 Water Qs, 100 Allathe ingredients, except water, are combined
and heated to about 60C with stirring. A 10 sufficient quantity of water at about 60C is then added with
vigorous stitAGHE8WRSEify the ingredients, and water then added q.s. aBSHEFBY % Lal Spray
Formulations Several agueous suspensions containing from about 0.025-0.5 percent active compound
are prepared as nasal spray formulations. The formulations optionally contain inactive ingredients such

15 as, e.gmggi&r%qyﬁ;p@pﬁ £ellulase.sadium carboxymethylcellulose, dextrose, and the Like.

Hydrochloric acid may be added to adjust pH. The nasal spray formulations may be delivered

Ingredient Y% wt./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 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.

5 Composition for Oral Adminigtration

Ingredient Amount
Active compound 10¢g
Fumaric acid 05¢
Sodium chloride 20¢g
Methyl paraben 0.15¢
Propyl paraben 0.05¢
Granulated sugar 255¢g
Sorbitol (70% solution) 1285¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water g.s. to 100 m}

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

Parenteral Formulation
Ingredient % wt./wt.
Active ingredient 0.25¢g

Sodium Chloride

s to make isotonic

Water for injection

100 mi




WO 2009/077367PCT/EP2008/066989 -73- via a nasal spray metered pump typically delivering about
50-100 microliters of formulation per actuation. A typical dosing schedule is 2-4 sprays every 4-12
hours. Example 7: P2XI11P2X23 FLIPR (Fluorometric Imaging Plate Reader) Assay CHO-KI cells were
transfected WRRWYAEA at P2X3 or human P2XE3 receptor subunits and'§ g &3 flasks. 18-24
hours before the FLIPR experiment, cells were released from their flasks, centrifuged, and
resuspended in nutrient medium at 2.5 x 105 cells/ml. The cells were aliquoted into black-walled

96-well pi%feegcab@ﬂg%a 6% 0k R0 66l E@/ﬁ%amm%q%@%@\rﬁeem I 3YriteR%: ghadfey QN the day

of the experiment, célls were washed in FLIPR buffer (calcium- and magnesium-free Hank's balanced

salt solutiefiusochinidsrpiie aldadratheting @IW%W%F@B%W@&W‘P’F}) EheFlERT &R 100 ul FE
and 100 ) of thedikreservedvenflve3dMdrnM figabean Gikefftenaddhaw. tyadeading incubation at

37C, the cells were washed 4 times with FE, and a final 75 id/well FB was left in each well Test
compouﬁﬂ%“(ﬁi@%ﬁ%ﬁ MOmpRseset E’@dﬁﬁﬂeﬁﬂﬂ@gﬁg}fipﬂlluted with FE) or vehicle were added to each
well (25 R1 of a4x solutlon) and allowed to equilibrate for 20 minutes at RT. The 15 plates were then
EHICE aapaseline fluorescence measurement (excitation at 488 nm and emission at
510-570 mn) was obtalned for 10 seconds before a 100 p1/well agonist or vehicle addition. The
agonist \Was@daeasolution of ci,13-meATP producing a{iRad. concentration of 1 pM (P2X3) of 5 ttiV
(P2X21 luol . dditional 2 minutes-at-1-second-intervals-after agonist
addition|. 2HN&PHAEHTH of ionomycin (5 ttM, final 2100(:/6ncentrat|on) was made to each well|of the

FLIPR teggg@;@@@gt%msﬁ)wll viability and maxmmm/Jluorescence of dye-bound cytosoli¢ calcium.
Peak fluorescence-inresponse-to-the-addition-of-a Ahc nd.-nrecane of test

IS O o L 7o \III L'l\( ULIJQ\.;II\.:\. ul ™™ PICDCII\.’
compour%‘g?'%é%eeﬁ]é{ﬁ?éaogﬁd inhibition curves gée%wgfted using nonlinear regression. PPADS, a
standard B Xnariaigonist: welscdsegetsaapositivel controtagbbkiaing dheabdwepnadédure, compounds
of the invention. %(ﬁgned t|v {or the P2X3 receptor. The compound
3-(2- cycISBIf] 31 az6t- N4S) -2-hydroxy-1-methyl-ethyl)-5-(5-
methyl-pyridin-2-y1)- ben_zamlde e.g., exhibited a p1050 of approximately 8.67 for the P2X3 receptor,
and the c&ﬁ&hﬁ@@{sﬂ%butyl-pyrazol-l-yl)w-(6-methyl-pyridazin-3-y|methy1)-5-
(5-methyl-pyridin-2-y1)-benzamideshowed a pKi of approximately 7.67 for the P2X2R receptor, 30

using thb}ﬂ@@cﬁeﬂ%ay WO 2009/077367PCT/ERZ0DQ34966989 -74- Example 8: In vivo Assay for
Asthma g bung Fneton =

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.s5. 100

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

ingredients, and water then added q.s. about 100 g.

Nasal Spray Formulations

Several aqueous suspensions containing from about 0.023-0.5 percent active compound are pre-
pared as nasal spray formulations. The formulations optionally contain inactive ingredients such
15 as, e.g., microcrystalline cellulose, sodium carboxymethyicellulose, dextrose, and the hke.

Hydrochloric acid may be added to adjust pH. The nasal spray formulations may be delivered



BALDb/O mice are immunized with a standard immunization protocol. Briefly, mice (N=8/group) are
immunized i.p. with ovalbumin (OVA,; 10 ug) in alum on days 0 and 14. Mice are then challenged with
aerosolized OVA (5%) on day 21 and 22. Animals receive vehicle 5 (p.0.) or a compound of the
invention (1B®HYAMY BE.) all starting on day 20. Lung function is evaluatéd 68 ¥4/ ¥4 8ing the Buxco
system to measure PenH in response to an aerosgkmethacholine challenge. Mice are then euthanizcd
and plasma samples collected at the end of the study. Example 9: Volume Induced Bladder

Contractign ASSaY 0,5 SDRIESRIAR W RAWIaY 1as{20053000) yisttAngstbetirgdhwiiodrsthane (1.5

g/kg, sc). The animals’were tracheotomized, and a carotid artery and femoral vein were cannulated for
blood pré§&iHdomeAstRiHERE MUY adhTriSHEIS SV PBSPailRBNE: A laparotomy was performed and
the ureters were Ligated and transected proximal to the ligation. The external urethral meatus was

ligated with:silksisUturePand/ Iy IFAEP R dFidervas riahmalgited Riia d e stbimjeAfongaline 15 infusion and
bladder pressure measurement. Following a 15-30 minute stabilization period the bladder was infused

with RT sglipgset 10Q 4Lmipsnticontintausuomexingugad nladser contractions({ LRLs) were

observed. The infusion rate was then lowered to 3-5 itlimin for 30 minutes before the bladder was

drainéd dngsagsivediteitesttordowminetae tn ELHE suRsstisiisicHs Were Petietriea d€ihdicated
except the, 20 |ower infusiand alawRsINRIR RInes fer-anl kb miRutesdinsiead Dhae:Rinutes. Bladder

filling and draining cycles werge repeated until the threshold volumes (TV; the volume needed to trigger
the first rAlEHERT r’l%ﬁﬂ%%?‘%ﬁ?ﬁ%&”ﬁ} HEy By eélgiiﬁgrg%éﬁﬁ%? ‘g%})%%deglﬁﬂ\%t gaselines and
contractioRdrgigheincyy Wao Wwithin@. contiaciionstite axpOrminuteprrogdoliohiogitheBRWefftnfusion
rate. Once reproducible TVs, and.V

IBCs were estaplished the bladd in 5,the animal
s dosdGRHTAALE SPEBRAENES HNy: N3 R AEHEE BHBP o bt T kg AcfeAied
infusion. mxapipte i vBnabadhainissaly AVOROREAGBIRCITBR 008066082 Floehg/kg) is
administered suhcutaneously at.5 mi/kg. 15 min post dosing, formalin.(5% in.50 pi) is injected into
plantar SM(@ &#@%ﬁﬂ%%g%%\ﬁ bﬁ%%‘ggyfg%é)%} emﬁgﬁéagfg? %ﬁ gr’e&“?n?%é”d?‘a%é%y}” S%H a%{(-j:k to the
observatign&hames, Mdromglased aursl dhe Bitambehalial unhindered observation of the
formalin-injected paw. The duration of nociphensive behavior of each animal 5 is recorded by a

formeli w. The nensive behavior of cach animal 5 s recort
ecordod Spy M) e s I o B0 I e i e A SPein

seconds fibiertimenchtodl fih is donsiderbiiehbasddyiphede andiaat des Jaebhiesai&lalkdls as the

sumiaf segands spentlicking ar shakirerram 15.1014Q MigrARasma sampleds sliaeisda Uy Example
11: Colon Pain Assay Adult male Sprague-Dawleg rats (350-425‘?%8; Harlan, Indianapolis, IN) are
t

housed 1922 38f CHYWIRN&h Hirhdll BaperracaitiriredniQ srsephy briastietfedwaH pemishbdrbital sodium
(45 my/kg}@eministesedintrapifonsally Eisairodes are piacadapgiseeur eddntedherexdernal oblique

A oxten Ao B hE A e BB e CBSE P gy A B PGBt separately
and allowgedoini reestpaitaiidaicdstaysitptor Aoftegtiddition of ionomycin (5 uM, final
20 conceniration) was made to each well of the FLIPR test plate to establish cell viability and
maximum fluorescence of dye-bound cytosolic caicium. Peak fluorescence in response to the
addition of ¢,f-meATP (in the absence and presence of test compounds) was measured and
inhibition curves gencrated using nonlinear regression. PPADS, a standard P2X antagonist, was

used as a positive control.

25 Using the above procedure, compounds of the invention exhibited activity for the P2X; receptor.
The compound 3-(2-cyclobutyl-2H-pyrazol-3-y1}-N-((S)-2-hydroxy-1-methyl-ethy)-5-(5-
methyl-pyridin-2-yl)-benzamide, e.g., exhibited a plCsq of approximately 8.67 for the P2X;
receptor, and the compound 3-(5-tsobutyl-pyrazol-1-yl)-N~(6-methyl-pyridazin-3-yimethyl)-5-
(5-methyl-pyridin-2-yl)-benzamideshowed a pKi of approximately 7.67 for the P2X, receptor,

30  using the above assay.



The descending colon and rectum are distended by pressure-controlled inflation of a 7-8 cm-long
flexible latex balloon tied around a flexible tube. The balloon is lubricated, inserted into the colon via
the anus, and anchored by taping the balloon catheter to the base of the tail. Colorectal 20 distension
(CRD) is acHi8V&HY8tening a solenoid gate to a constant pressure airfeSERBIEMtPALolonic
pressure is controlled and continuously monitored-ily a pressure control device. Response is
guantified as the visceromotor response (VMR), a contraction of the abdominal and hindlimb
musculatire, EMG. acﬂyi%,grgggég,qubxsmt‘;qﬂjpﬂmgt%gﬁmal obligue musculature is quantified
using Spike2 software (Cambridge Electronic Design). Each 25 distension trial lasts 60 sec, and EMG
activity is_quantified for 20 sec before distensjon baseline?., durin 22 c distension, and 20 sec after
distentiors FHEGhEPER8EF i%lﬁ’l”rﬁﬁlo%t r%?%‘i%f?‘d v atéoad)r‘fﬂfg%ﬂ tﬁ%‘? i ab&Ve baseline is
defined gsithesresppiisembiaiiedaseling sespansesdy ERD (10284 oant 8O e Hig, Mcseconds, 4
minutes apart) are obtained.in consgiou ed rats before.any,treatment. .30 Compounds are
evaluated Fotrh(é'ffg%ﬁ%lﬁer%gbtgr%é%s? 1Zcefi?lg)rL1{P §g?e% fon ﬁ?’it%ﬁl@/nidﬁzg modals ggﬁi‘écv‘fggie%}gl nociception
and amdgdel. picolompypet sé isitivitgnprodite dnpsk intragelbsie tin® 208027736 7PCT/EP2008/066989
-76- treatment with zymosan (1 mL, 25 mg/mL) instilled into the colon with a gavage needle inserted to

a depth qf ahoylt 6 6y B¥PesREAgrouRs Wilkeansist of S-fate arclaATWg MssaiRimesicgption: For

testing effects of drug on acute visceral nociception, 1 of 3 doses of drug, vehicle or positive control
(morphin&Tosslmgikiatesehriisrgerddictars ?i’l‘f@@%éﬁ&ﬁé’é@s%s%@ﬂﬁﬁﬁ§Hegﬁc,t?é)§f)gﬁ"ses to
distensiognarertaliewed, over the next 60-90 minutes. Visceral hypersensitivity: For testing effects of
drug or vehicle after intracolonic treatment with zyrnosan, intracolonic treatment is given after baseline

responseg are qg@bligﬂﬁ mlfgriga&%e%r_gga{ﬁfetj}@ﬁtég%ﬁ%{&%ponses to distension are assessed to

establish the presence ot hypersensitivity. In zymosan-treated-rats, administration of 1 of 3 doses of
drug, vehicle or 10 positive controlér&gogjhine, 2.5 mg/kg) are given 4 hours afgr zymos%n treatment
and F8spERREL RPEREHSHISHID I SvEPEh & FS, BB S HASNTE L ERAN e 195 € 6fd: aliBRiynia in Rats
with a ChigifielCoastriatinwinupéDhitie: Seiatic Mervantheefiedts:bf ompaunds af fhisidention on
cold allodynia are determined tg%lgg t%‘f chronic constriction mwi)%cc%model of urogaggfc pain in

rats, whePE SOt BV Y MBSt LS Ut R e

Beé}/h withra me@i-‘ﬁ’ﬁtgeﬁoor and water at a
depth of h&2decnwardigatednperatusecof3 b Crni@dgas; KgRicet aiheAmaigesiastodmaittss).
Specificallys ik fAIRARARRI0GHASH: R wiaatian.al R ariale nevie dalpertedand 4 ligatures
(4-0, or 5-0 chromic gut) are placed circumferentially around the sciatic nerve proximal to the
trifurbation s e Rird dhiep W atkteuresver from the surgery. On days 4-7 after

Following a 135-30 minute stabilization period the bladder was infused with RT saline at 100
ul/min until continuous volume-induced bladder contractions (VIBCs) were observed. The
infusion rate was then lowered to 3-5 ul/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
20 lower infusion rate was maintained 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 baselines
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
25  the animal was dosed with drug or vehicle (0.5 ml/kg, 1.v.) 3 minutes prior to the start of the next

scheduled infusion.
Example 10: Formalin Pain Assay

Male Sprague 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 positive control {(morphine 2



20 surgery, the rats are initially assessed for cold -induced allodynia by individually placing the animals
in the cold-water bath and recording the total lifts of the injured paw during a | -min period of time: The
injured paw is lifted out of the water. Paw lifts associated with locomotion or body repositioning are not
recorded. RY ¥{4(%di8pTayed 5 lifts per min or more on day 4-7 followind S& 8{P&s&hsidered to
exhibit cold allodynia and are used in subsequent_gydies. In 25 the acute studies, vehicle, reference
compound or compounds of this invention are administered subcutaneously (s.c.) 30 min before

testing. Thefsciagiisnealetedaialigtien alike sompepidsslibisinentionomapldgiodynia are

deteimined 20 0r 38 h foIIowwégthe last oral dose of the following rdi]imen: oral (p.o.)
administiaissisbivje pensaresiescd Be Ag8hipduy osingsairOurien e Ratarsarmesiertor 7 days.

30 Exan?qle@aék GAanseLRANE RaiRintea RN ise: M RAARIQT I EPOIAPRI08IGREIST -77- The
effects of compaounds of this invention on bone pain are determined between Day 7 to Da i8
5 CHERIET e,

following AT ArHEILAE i EERUN BI S AP &4 Ot A ERIL PP ARSI F

Specificallye NQFCHF4 R itdsros sele( Ashigrisanbypad uleicol lbetorAFGE ighevieusly 5 shown to
form lytic é@ ion; jn.bone after icpt([amedwlﬁar. injection, are grown Hr@giq?@in&% aecording to ATCC
recomméndalidns Aptoxiniate Y TO5 &6 Gre |njccilebl irectly’into the me uﬂary cavity dtthe distal
femur in BrlesthetiheliRskBedditenBaynhied omaboonidy <, threcmip o s asberssethédate

spontangusnoclensive, el (lnching oy dinglabellion-euokerl ol gnsiye behaviors

(fIinchingp& guarding), forced ambultory guarding and limb use. 10 The effects of compounds of this
inventiorsar® desewhivead following a single acute (s.c.) 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
determingdawifhini1:h@uiaf thedfisssslose on Days 7, 9, 11, 13 and 15. While the present invention has
been described with reference to the specific embodiments 15 thereof, it should be understood by

those skilieghiilie ettdbpLvauausahanges xay g MRdRARd RN RIPHEIRLEE sybsdyied without

departing e spirit and scope of the invention. In addition, many modifications may be made

to adapt & BATBHIR SR 60 Y riets fE, dsshiparmtis ERMuB P Probaditap radau e pgikeleps, to the

objective,gpiti; and Saare Qfithepiesertinvetiany Adbsush madificalionsaeduandeaddo be within the
scope of the claims 20 appended hereto, WO 2009/077367PCT/EP2008/066989 -78- Claims I. A

CompouHHL@F:FWmgn_‘lgelectromyographic (EMG) recording. Electrode leads are tunnele
15 subcutaneously and exteriorized at the nape of the neck for future access. After surgery, rats are

housed separately and allowed to recuperate for 4-3 days prior to testing.

The descending colon and rectum are distended by pressure-controlled inflation of a 7-8 cm-long
flexible latex balloon tied around a flexible tube. The balloon is lubricated, inserted into the
colon via the anus, and anchored by taping the balloon catheter to the base of the tail. Colorectal

20 distension (CRD) is achieved by opening a solenoid gate to a constant pressure air reservoir.
Intracolonic pressure is controlled and continuously momnitored by a pressure control device.
Response is quantified as the visceromotor response (VMR), a contraction of the abdominal and
hindiimb musculature. EMG activity produced by contraction of the external oblique
musculature is quantified using Spike2 software (Cambridge Electronic Design). Each

25 distension trial lasts 60 sec, and EMG activity is quantified for 20 sec before distension
(baseling), during 20 sec distension, and 20 sec after distention. The increase in total number of
recorded counts during distension above basehine is defined as the response. Stable baseime
responses to CRD (10, 20, 40 and 80 mmHg, 20 seconds, 4 minutes apart) are obtained in

conscious, unsedated rats before any treatment.

30 Compounds are evaluated for effects on responses to colon distension initially in a model of

acute visceral nociception and a model of colon hypersensitivity produced by intracolonic



(I) 5 or pharmaceutically acceptable salts thereof, wherein: Rl is optionally substituted pyrazolyl; R2 is
optionally substituted phenyl, optionally substituted pyridinyl, optionally substituted pyrimidinyl,
optionally substituted pyridazinyt or optionally substituted thiophenyl; 10 R3 is hydrogen; C1_6alkyl,
hetero-CisIRYP 8Y%{fdm R4 is hydrogen; Ci_oalkyl; or hetero-Ch6alkyl; GiR/BERPI%% ether with the
atom to which they are attached may form a C3_6.carbocyclic ring; R5is Ci_6alkyl; hetero-Cislicyl;
halo -Ci_oalky I; N- Cislkylamino C3_7cycloalkyl; aryl; heteroaryl; heterocyclyk

C3_7oyclagliyl C Al o e AS9BIOH DEIBEOBNCILCl B CIslaplogpy Cish
1;

-(CRaRb)m-C(0)-R8' ereln m Is 0 or 17 R8"and Rb each independently is hydrogen; or Calkyl; and
R8' is hyHregenthof ghaye ﬁéte%“-@l%ﬁ!%ll ZOSAEYETCANH AN Talidwibaryl; heterocyclyl;
20C3_T7cycloalkyl-C1_6alkyl; aryl-C1,6alkyl; heteroaryl-C).6alkyl; heterocyclyl-Ci_alkyl; C3_
7cycloalk%m@w@éyl@kyoﬁeégf@msﬂesthegwﬁewIyltzmagea AdayelaatleylDmyeCdnaatkyl;of 3 doses

aryloxy-C 6a|k teroar loxy- 6 eter 016 llc 9R1, wherein R9is
hydrogenjfo%l Prapn(%/ ﬁ‘f S nf {I)%fp | bal %&Zam e€§ %ﬁc’: o;[ﬁ%yl aryl;

heter@arymmm@wytamgéthyckpaﬂéybm gmwomwb-@llg@@kkylv@%@teméw% B8aitieyl; or
heterocyclyl-Ci_6alkyl; or R4 and R5 together with the atom to which they are attached may form a

C3_6 carbeyaigyingsthatisioptinaliayRstiitad WAlB By dRXYs after intracolonic treatment with
zymosan, intracolonic treatment is given after baseline responses are established. Prior to drug
testing at 4 hours, responses to distension are assessed to establish the presence of
hypersensitivity. In zymosan-treated rats, administration of 1 of 3 doses of drug, vehicle or

10 positive control (morphine, 2.5 mg/kg) are given 4 hours afier zymosan treatment and responses

fo distension followed over the next 60-90 minutes.

Exampie 12: Cold allodvnia in Rats with a Chironic Constriction Infury of the Sciatic Nerve

The effects of compounds of this invention on cold allodynia are determined using the chronic
constriction injury (CCI) model of neuropathic pain in rats, where cold allodynia is measured in

15  acold-water bath with a metal-plate floor and water at a depth of 1.5-2.0 cm and a temperature
of 3-4 °C (Gogas, K.R. ct 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

20 surgery, the rats are initially assessed for cold -induced allodynia by individually placing the
animals in the cold-water bath and recording the total lifts of the injured paw during a 1-min
period of time: The injured paw is lifted out of the water. Paw lifts associated with locomotion
or body repositioning are not recorded. Rats that displayed 5 Lifts per min or more on day 4-7
following surgery are considered to exhibit cold allodynia and are used in subsequent studies. In

25  the acute studies, vehicle, reference compound or compounds of this invention are administered
subcutaneously (s.¢.) 30 min before testing. The effects of repeated administration of the
compounds of this invention on cold allodynia arc determined 14, 20 or 38 h following the last
oral dose of the following regimen: oral (p.o.) administration of vehicle, reference or a

compound of this invention at ~12 h mtervais (BID) for 7 days.

30 Example 13: Cancer Bone Pain in C3H/Hed Mice



or 124 and R5 together with the atom to which they are attached may form a C4_6 heterocyclic ring
containing one or two heteroatoms each independently selected from 0, N and S; WO
2009/077367PC T/EP2008/066989 -79- or 123, R4 and R5 together with the atom to which they are
attached may%étH/4 sl Imembered heteroaryl containing one or two nitrBgEHZBHEAF which is
optionally substituted with halo, amino or C1_6alkyl, and R6, R2 and R8 each independently is
hydrogen; Cislkyl; C14alkyloxy; halo; C1.6haloalkyl; or 5cyano. 2. The compound of claim 1, wherein

R'is pyrazolybaptionaliv.sybstituiesonrewith Gledalkutorat0sc . fadkyleen Bal e sompound of
claim I, wherein R2 is 4-methyl-phenyl, 2-fluoro-4-methyl-phenyl, 2- chloro-4-fluoro-ph%r;1{,

4-chloro-K fAadewipadranmdutasy ivieciierpl L2 Asamomro-piciin, Be dotel &mskraABiRplphenyl. 4.
The compgund of claim 1, wherein R2 is 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-

fluoro-pyridin-2-yl, 5-methyl-3-fluoro-pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl .
3,5-difluoHREPHTER: YT 524 B HEMBFG B RATC2 L VES @H%%%%&&Hﬂ%ﬁ&éﬁ%»ﬁ%%ﬁ Rsa
group of {esmnita AkFormulasAAon fehylaifdSntrmhaigin-RajaatbRaegebvndependenileis: hydrogen;

C1.6alkyl; C1 6alkoxy: G: 6alkylsulfonyl: phenyl: amino: N-C1 6alkyl-amina: N.N-dj-C1 6alkyl-ami
0.1 AT HRIALLCL BB R A AN Aoyt BRI

aminocarhaiylatyeterogyéiiedigehipn®! inGatsthercarhOmkil tal cymno BegRaeimnehRbhotgdeth ér with the
atoms to,which t [TeR idi pyrimidinyl gro. N optionally
bt e i 1
wherein suresbrptensiyisbohistpaldnahing &ravprdiagibfipreg ambultory guarding and limb use.

10 The effects of compounds of this invention are determined following a single acute {(s.c.)
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

15 thereof, it should be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the true spirit and scope of the invention.
In addition, many modifications may be made to adapt a particular situation, material,
composition of matter, process, process step or steps, to the objective spirit and scope of the
present invention. All such modifications are intended to be within the scope of the claims

20 appended hereto.



wherein: Xis C or N; RIl and RI2 each independently is hydrogen; C1_6alkyl; Ci_aalkyloxy; halo;
halo-Ct..6alkyl; halo-Ct.6alkoxy; hetero-Ci_oalkyl; Ct_6alkylsulfonyl; or cyano; and Rl and R5 are as
recited in claim 1 7. A pharmaceutical composition comprising a pharmaceutically acceptable carrier;
and a compB@d%Bf&Hafth 1. 8. The use of a compound of foiltula | accorditdd! %nggor the
preparation of a medicament for treating a pain copgdition 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 fromig#aienic obstructive pulmonary disorder (COPD),
asthma, and bronchospasm. 9. The use of a compound of formula | according to claim 1 for the
preparatibrschanvwedichitramifdr the treatment of a genitorurinary disease, an urinary tract disease
selected from reduced bladder capacity, fi-equenct micturition, urge incontinence, stress incontinence,
bladder hyperreactivity, benign prostatic hypgthephy, prostatitis, detrusor hyperreflexia, urinary
frequency, nocturia, urinary urgency,lovepactive bladder, pelvic hypersensitivity, urethritis, prostatitits,
pelvic pain syndrome, prostatodyn titis{j)r idfi)phatic bladder hypersensitivity; or a gastrointestinal
disorder selected from Irritable_Bowsl Syndrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic

and other biliary disorders, renal (:oli,3 diarrhea-dominant IBS, pain associated with Gl distension..

M

5 or pharmaceutically acceptable salts fhereof,
wherein: |
R'  is optionally substituted pyrazolyl;
R?  is optionally substituted phenyl, optionally substituted pyridinyl, optionally substituted
pyrimidinyl, optionally substituted pyridazinyl or optionally substituted thiophenyl,
10 R®  is hydrogen; C).ealkyl; hetero-C; salkyl; or cyano;
R  is hydrogen; Cealkyl; or hetero-C, salkyl;
or R* and R together with the atom to which they are attached may form a Cs carbocyclic ring;
R’ s C,alkyl; hetero-C galkyl; halo-Cysalkyl; N-C)salkylamino; N,N-di-(Cy_salkyl)-amino;
Csacycloalkyl; aryl; heteroaryl; heterocyclyl; Cascycloalkyl-C)salkyl; heteroaryl-C;.
15 salkyl, heterocyclyl-C salkyl; aryl-Cigalkyl; aryloxy-Cisalkyl; «(CR*R")p-C(O)-RY
wherem:
mis0orl;
R* and R” cach independently is hydrogen; or C; salkyl; and
RY is hydrogen; Cy.salkyl; hetero-Cisalkyl; Csscycloalkyl; aryl; heteroaryl; heterocycelyl;
20 Ciseycloalkyl-Cy galkyl; aryl-Ci salkyl; heteroaryl-Csalkyl; heterocyelyl-Cisalkyl, Cs.
seycloalkyloxy; aryloxy; heteroaryloxy; heterocyclyloxy; Csscycioalkyioxy-Cisalkyl;
aryloxy-Ciealleyl; heteroaryloxy-Ciealkyl, heterocyclyloxy-Ci.galkyl; or NRRY, wherein
R’ is hydrogen: or Cysalkyl; and R’ is hydrogen; Cjsalkyl; hetero-C; satkyl; Cs.
scyeloalkyl; aryl; heteroaryl; heterocyclyl; Ciscycloalkyl-Cisalkyl; aryl-Ci salkyl;
25 heteroaryl-C, galkyl; or heterocyclyl-Cisalkyl;
or R" and R” together with the atom to which they are attached may form a Cs carbocyclic ring
that is optionally substituted with hydroxy;
or R? and R* together with the atom to which they are attached may form a C.. heterocyclic ring

containing one or two heteroators each independently selected from O, N and §;
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or R®, R* and R’ together with the atom to which they are attached may form a six-membered
heteroary! containing one or two nitrogen atoms, and which is optionally substituted with
halo, amino or C;salkyl; and

R®, R’ and R® cach independently is hydrogen; Ci salkyl; Ci.ealkyloxy: halo; C; ghaloalkyt; or

Cyano.

2. The compound of claim 1, wherein R' is pyrazolyl optionally substituted once with Cysalkyl

or halo—CmalkyL

3. The compound of claim 1, wherein R’ is 4-methyl-phenyl, 2-fluoro-4-methyl-phenyl, 2-
chloro-4-fluoro-phenyl, 4-chloro-2-fluoro-phenyl, 2,4-dichioro-phenyl, 2,4-difluoro-phenyl, or
2-chloro-4-methyi-phenyl.

4. The compound of claim I, wherein R? is 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-
fluoro-pyridin-2-yl, 5-methyl-3-fluoro-pyridin-2-yl, 5-methyl-3-chioro-pyridin-2-yl, 3,5-di-
fluoro-pyridin-2-yl or 3,5-dichioro-ppyridin-2-yi.

5. The compound of claim 1, wherein R'is agroup of formula Al, formula A2 or formula A3:

Rb N\ Rb Rb
X Rolv] :
Ra RC R N RC R - RC
Al A2, N—N A3;

wherein R* and R® each independently is: hydrogen; Cy.ealkyl; C;salkoxy; Cisalkylsulfonyl;
phenyt; amino; N-C; salkyl-amino; N,N-di-C;.salkyi-amino halo-C;salkyl; halo-Cj salkoxy;
hetero-Cygalkyl; Cse-cycloalkyl; Csgcycloalkyl-Crsalkyl; aminocarbonyl; heterocyclylcarbonyl;
Cigalkoxycarbonyl; or cyano; or R and R® together with the atoms to which they are attached
may form a phenyl, pyridinyl or pyrimidinyl group, each optionally substituted; and wherein R®
is hydrogen, C; salkyl or halo-C;.salkyl.

6. The compound of claim 1, wherein said compound is of formula Ha, 1Tb or III:

11 11 14
RPN G PSSR P
X NR? X NTRT X N
12 ' H 12 H R*? H

Ila 11b Hi

or a pharmaceutically acceptable salt thereof,
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wherein:

X isCorN;

R" and R each independently is hydrogen; C;_¢alkyl; Cigalkyloxy; halo; halo-C; salkyl;
halo-C;_salkoxy; hetero-Cjgalkyl; Cysalkylsalfonyl; 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 treatment of a genitorurinary discase, an urinary tract disease selected
from reduced bladder 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; or a gastrointestinal disorder selected from Irritable
Bowel Syndrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and other

biliary disorders, renal colic, diarthea-dominant IBS, pain associated with GI distension. .



