WO 2010/069794PCT/EP2009/066488 THIADIAZOLE-SUBSTITUTED ARYLA.MIDES This invention
pertains to compounds useful for treatment of diseases associated with P2X purinergic receptors, and

more partic%lygﬁtg &%} and/or P2X213 antagonists usable for treatmer}thj %&%Jggs%ry pain,
inflammatory, gastrointestinal and respiratory diseases, conditions and disorders. I or

phaiiaceutically acceptable salts thereof, wherein: R4is optionally substituted thiadiazolyl; R2is
optionally substituted phenyl; optionally substituted pyridinyl; optionally substituted 10 pyrimidinyl,
optionally substituted pyridazinyl; or optionally substituted thiophenyl; R3 is hydrogen; C1_6allcyl; or
cyano;

THIADIAZOLE-SUBSTITUTED ARYLAMIDES

This invention pertains to compounds useful for treatment of diseases associated with P2X
purinergic receptors, and more particularly to P2X; and/or P2X;/s antagonists usable for
treatment of genitourinary, pain, inflammatory, gastrointestinal and respiratory diseases,

conditions and disorders.

5 The invention provides compounds of the formula I:

or pharmaceutically acceptable salis therebf, whereln;
R'  is optionally substituted thiadiazolyl;
R? is optionally substituted phenyl; optionally substituted pyridinyl; optionally substituted
10 pyrimidinyl, optionally substituted pyridazinyl; or optionally substituted thiophenyl;
R®  is hydrogen; C;alkyl; or cyano;
R*  is hydrogen; or Cyealkyt; |
R’ is Crealkyl; halo-C\salkyl; N-C)ealkylamino; N,N-di-(C,_salkyl)-amino;
Csqeycloalkyl; aryl; heteroaryl; heterocyclyl; Cs seyveloalkyl-C salkyl; heteroaryl-C, .
15 galkyl; heterocyelyl-C) galkyl; aryl-C,salicyl; aryloxy-C, galkyl; -(CR*R)y-C(O}-R®
wherein: m is 0 or 1; R* and R® each independently is hydrogen; or C1.salkyl; and
R® is hydrogen; C;salkyl; Csscycloalkyl; aryl; heteroaryl; heterocyclyl; Csscycloalkyl-
Crealkyl; aryl-Cy ealkyl; heteroaryl-Cisalkyl; heterocyelyl-Cialkyl; Ciqeyeloalkyloxy,
arvioxy, heteroaryioxy; heterocyclyioxy; Cscycloalkyloxy-Cisalkyl; aryloxy-Cisalkyl;
20 heteroaryloxy-Cysalkyl; heterocyclyloxy-Coalkyl; or -NR'RY, wherein: R® is hydrogen;
or C;galkvl, and R s hydrogen; Cisalkyl, Caacveloalkyl; arvl; heteroaryl; heterocyelyl;
Cazcycloalkyl-C salkyl; aryl-C, salkyl, heteroaryl-Cy galkyl; or heterocyelyl-C,salkyl;
R® , R’ and R® each independently is hydrogen, Cysalkyl, Ciealkyloxy; halo; Cis

haloalkyl; or cyano.



R4 is hydrogen; or Cialkyl; R5 is Cialkyl; halo-Ci_6alkyl; N-C1_6alkylamino;
N,N-di-(Ci_6alkyl)-amino; C3_7cycloalkyl; aryl:Beteroaryl; heterocyclyl; C3_7cycloalkyl-C1_6alkyl;
heteroaryl-CT_ 15 oalkyl; heterocyclyl-C, 6alkyl; aryl-Cl alkyl; aryloxy-C1,6alkyl; -(CR8Rb).-C(0)-R8
whereif?r f§s0aspert BeTa P RIsdsctrmiapénaiityastwatogen; or Cialkyl; and R8 is hydrogen;
Cialkyl; C3_7cycloalkyl; aryl; hetetgaryk hetefocyclyl; C3_7cycigalkyl- .- C1.6aikyl; aryl-Clalkyl;
heteroaryl-C1_6alkyk heterocyclyl-G,»_6 %Wsycloalkyroxy, aryloxy; heteroaryloxy;
heterocyclyloxy; C3_7cyc|oag{l§yloxy C, 6 ryloxy-C1_6alkyl; 20

or a pharmaceuticaily acceptable salt thereof, wherein:

R is optionally substituted thiadiazolyl;

R is optionaily substituted phenyl; optionally substituted pyridinyl; optionally substituted
pyrimidinyl, optionally substituted pyridazinyl; or optionally substituted thiophenyl;

R? is hydrogen: Cysalkyl; or cyano;

R 18 hydrogen; or C,salkyl;

R’ 1s Cysalkyl; balo-Cyalkyl; Crsalkyloxy-Cisalkyl, hydroxy-Cy galkyl,
N-Cy.galkylaming; N,N-di-(Csalkyl)-amino; Csqeycioalkyl; aryl; heteroaryl
heterocyclyl; Cascycloalkyl-Ci calkyl, heteroaryi-C; salkyl; heterocyclyl-
Cigalkyl, aryl-Cy galkyl; aryloxy-Cy salkyl; (CR* R")-C(OWRY wherein:
mis 0 or I; R* and R" each independently is hydrogen; or Crealkyl; and R® is hydrogen;
Crsalkyl; Carcycloalkyl; aryl; heteroaryl; heterocyelyl, Cyqevcloalkyl-Cy galkyl; aryl-C,.
salkyl; heteroaryl-Cy.salkyl; heterocyclyl-Cisalkyl, Caqcycloalkyloxy; arvioxy;
heteroaryloxy; heterocyclyloxy; Ciseycloalkyloxy-C;galkyl; arvioxy-C; salkyl;
heteroaryloxy-Cyealkyl; heterocyclyloxy-Cisalkyl; or -NR'R'Y, wherein: R is hydrogen;
or Cgalkvl; and R i hydrogen; Ciealkyl; Cascycloalkyl; aryl; heteroaryl; heterocyeivl
Careycloalkyl-C; galkyl; aryl-C gallkyl; heteroaryl-C, salkyl; or heterocyelyl-C galkyl;
and

_ RS R’ and R® cach independently is hydrogen; C.salkyl: Cysalkyloxy; hale; C;shaloalleyl; or

cyano.

The disclosure also provides ' pharmaceutical compositions comprising the compounds,

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



heteroaryloxy-C1_6allcyl; heterocyclyloxy-Ciallcyl; or -NR9Rft, wherein: R9 is hydrogen; or C),6alkyl,
and R' is hydrogen; C1_6alkyl; C3.7cycloalkyl; aryl; heteroaryl; heterocyclyl;
C3_7cycloalkyl-C1_6alkyk aryl-Cialkyk heteroaryteCialkyl; or heterocyclyl-C1.6alkyk R6 R7 and R8
each independently is hydrogen; C1_6alkyl; C1_6alkyloxy; halo; C 1 haloalkyl; or cyano. In a first
aspect, there is provided compounds of the formula I: 0 R3  or a pharmaceutically acceptable salt

thereof, wherein: _ )
In a second aspect, there is provided a pharmaceutical composition comprising a pharmaceutically

acceptable carrier; and a compound as defined above.

In a third aspect, there is provided the use of a compound as defined above for the preparation of a
medicament for treating a urinary tract disease selected from reduced bladder capacity, frequenct
micturition, urge incontinence, stress incontinence, bladder hyperreactivity, benign prostatic hypertrophy,
prostatitis, detrusor hypemreflexia, urinary frequency, nocturia, urinary urgency, overactive bladder, pelvic
hypersensitivity, urethritis, pelvic pain syndrome, prostatodynia, cystitis, or idiophatic bladder
hypersensitivity; or 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.

In a fourth aspect, there is provided a compound as defined above for treatment of genitourinary, pain,

inflammatory, gastrointestinal and respiratory diseases, conditions and disorders.

In a fifth aspect, there is provided the use of a compound as defined above for the preparation of a

medicament for treatment of genitourinary, pain, inflammatory, gastrointestinal and respiratory diseases,

conditions and disorders.

Unless otherwise stated, the following terms used 1n this Application, including the specification
and claims, have the definitions given below. It must be noted that, as used in the specification
and the appended claims, the singular forms “a”, “an,” and “the” include plural referents unless

the context clearly dictates otherwise.



Ris optionally substituted thiadiazoiyl; R2is optionally substituted phenyl; optionally substituted
pyridinyl; optionally substituted pyrimidinyl, optionally substituted pyridazinyl; or optionally substituted
thiophenyl; R3is hygiegsn; C1..6alkyl; or cyano; R4is hydrogen; or Cialkyp&%%c %Ié%:é
halo-Ci_6alicyl;hydroxy-Ci_oalkyl, N-Chalkylarnino; N,N-di-(C1.6alk-y1)-aming; &[ﬁf%yc oalkyl; aryl;
heteroaryl; heterocyclyl; C3_7cycloalkyl-C1_6alkyl; beteroaryl-C1,6alkyl; heterocyclyl- Cl_Galkyl;
aryl-Cl alkyl; aryloxy-C14ialkyl; -(CeRb).-C(0)-R8 wherein: m is 0 or I; Ra* and le each independently
is hydrogeReriGhestsulianeoREoimaysiogen &l malki Cs dewataalind apduleiereaastohaterocyclyl;
Cs..7cycloalkyl-C).6alkyl; aryl-C1, alkyl; heteroaryl-Chalkyl; heterocyclyl-Chalkyl; C2,,..7cycloalkyloxy;
aryloxY; hetergaryloxy;. heterocyclyloxy: C3.7cycloalkyloxy- lkyl; aryloxy-C1 6alkyl:
eromy T B e e SRR e o iy

and Ri is snjehogerrrBinGatkyyiGger eyoivaliapingrfio mates datytc e terdopolydme 3 keyetodikyl-Ci_6alkyl;
afy"Cl_%{’éyéit!?%fr?{&%i}’é;lf&i@%'!%’ﬁe‘%B REtEIARClYGL Balkylang 1.R§x%—lﬂl?$1&so?§ﬁ§§z1iﬁﬂﬁ$§”dem'y

ishydrogen; Choalkyl; Cislkyloxy halo; C3_6haloalkyl; or cyano. The disclosure also provides'
pharniacabfisar corpesitb HaLBeh P rismByTne udnisoRif diso rierrb dx bEISifRy thie Yoltioukds, and

methods 9&@5@&@[{8954!1&%9,"@9%@@5%@%&%@&6COnd aspect, there is provided a pharmaceutical
composition comprising a pharmaceutically acceptable carrier; and a compound as defined above. In a

third aspeck,ihere-Is piovided the se 9L someond sedefined atovs ot the preparadon of a
medicament for-trea INg a urinary ract disease selected from re uced’ ladder capacity, frequenct
micturitiofrrangedricomivedersdiydtressbincudiinénEdirbtad der typen atautivitytbenigatjeestatic

hypertropgyulﬁgo&)taglitkgUq%{ﬁgﬁg %{mﬂ%a[hgqmgry frequency, nocturia, urinary urgency, overactive
bladder, pelvic hypersensitivity, urethritis, pelvic pain syndrome, prostatodynia, cystitis, or idiophatic

bladder hypersensitivity; or a pain condition selected from inflammatory pain, surgical pain, visceral
pain, denta ST pRTAEH R SE0R0 CERRt AHERGE DA e b RO MG FATRRP G A headaches,
nerve injuysrieeeditis) noeulalgisdrqaaidonifgidschienie: in) iy ciaterstimahysitisnaanacepaimeviral,
parasitic or. qg%tgricﬁleigfegtion po;t-tra%ma%g(;[iilgj%%, or pain associated with irritable bowel syndrome;
ora respira?ory disordar 8¢ egtléa fov enronic obstructive pulmonary disorder (COPD), asthma, and
bronchospasm. In a fourth aspect, there is provided a compound as defined above for treatment of
genitourinadHEpaiin, mAh mbrery syl iisstmabafe radpnatdisalidansds, stopfiohatiemt disorders.

In a fifth aspgatedharerisdaravided hesahasomponndasdefinadabayaior therprgpartion of a
medicament for treatment of genitourinary, pain, inflammatory, gastrointestinal and respiratory

diseéées,e&%ﬂaﬁﬁo%@%@&@&%@W@@%&W}%@%@Bﬁ%ﬁ% PO\RRPREIEnG saRfi ke

Application, including the specification and claims, have the definitions given below. It must be noted
that, as uSédkirxthiespéeification ahd theaappendédtinihasgthblgimpatar foomsy @ Haforrand-"the"

include plyyl referents Wnless ing.sanextelaabdiciates QMRMWISe oxy moicties include, but

are not himited to, methoxy, ethoxy, isopropoxy, and the like.

“Alkoxyalkyl” means a moiety of the formula R*~0-R"—, wherein R® is alkyl and R" is

20 alkylene as defined herein. Exemplary alkoxyalky! groups mciude, by way of example, 2-
methoxyethyl, 3-methoxypropyl, 1-methyi-2-methoxyethyl, 1-(2-methoxyethyl)-3-
methoxypropyl, and 1-(2-methoxyethyl)-3-methoxypropyl

“Alkylcarbonyl” means a moiety of the formula -R’-R”, wherein R’ is oxo and R” is alkyl as

defined herein.

25 “Alkylsulfony!” means a moiety of the formula ~R’-R”, wherein R 15 -SOs- and R” is alkyl as

defined herein.

“Alkylsulfonylalkyl” means a moiety of the formula -R’-R”-R™ wherein R’ is alkylene, R” is
-80;- and R™ is alky! as defined herein.



WO 2010/069794PCTIEP2009/066488 -3- "Agonist" refers to a compound that enhances the activity
of another compound or receptor site. "Alkyl" means the monovalent linear or branched saturated
hydrocarbon mai t(}/mconsisting solely of carbon and hydrogen atoms, havin_?(érrom one to twelve

O e A L Eolky .

carbon atoms.™"Lower aﬂ%yl" refers to an alkyl group of one to six carbon &
Examples of alkyl groups 5 include, but are not limjtgd to, methyl, ethyl, propyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, pentyl, n-hexyl, octyl, dodecyl, and the like. "Alkenyl" means a linear monovalent

hydrocarban-fastcabef dwehinshs EADRIMAIRMNRR a-RRaRh ehRaoMRAe BldRyaracaiben radical of three
to six carbon atoms, containina at least one double bond, e.g., ethenyl, propenyl, and the like. 10

"Alkynyl" BYEERERAIRSY EAFRTr OCaBoR A SeMdsE nits YR arBBr afiine it #8Anched

monovalant iy edateantadioaldb threedd sk Lathematqmbeed0ainky:a! ipdstkire triple bond, e.g.,
ethynyl, propynyl, and the like. "Allcylene" means a linear saturated divalent hydrocarbon radical of

one o s sifhon G LA aRs0ed AR dvclemkoRAen RARALALIPLE (g carbon

atoms, e.g., methylene, 15 ethylene, 2.2-dim ethylene, propy propylene, butylene,
pentyfenes abd tredfecdiikisid and "alkyloxy”, which may be used interchangeably, mean a moiety of
the formula - OR, wherein R is an alkyl moiety as defined herein. Examples of allcoxy moieties include,

but are notlimitadtiaymeihoxy oy isepfapaxy -sRAhadke iPlkoxyalkyinaieansia moiety of the
formula Ra'-0-Rb'-, wherein Ra' is alkyl and Rh' is 20 alkylene as defined herein. Exemplary

alkoxyalkyl,gruing e lde, Dy way, ok sxample; 2, Meaxvelivk & MEMGXR@ M ed nerein
1-methyl-2-methoxyethyl, 1-(2-methoxyethy0-3- methoxypropyl, and ‘ .
1-(2-methd¥gEtps-mdidexppropyicthinikgreaps byl rsansrapdichroinere oot gt fRe-Re.wherein R’

is oxo andR"Jsalkviasdefingdiherrine 2bAkicvisHiionybineans amaistofithefavaula -R-R",
wherein R. is -SO2- and R" is alkyl as defined herein. "Alkylsulfonylalkyl” means a moiety of the
formdfh -RAR YRR ARt sdifkpibmuneslisl sespeciivalin' R A gk dietein. wo
2010/069#R4RGHnd a8 06648 minoethyl, methylaminopropyl, ethylaminoethyl and the like.

“Dialkylamimoalky!” includes dimethylaminomethyl, dimethylammoethyi, dimethylaminopropyl,

N-methyl-N-ethylaminoethyl, and the like.
“Aminocalkoxy” means a group -OR-R’ wherein R’ is amino and R is alkylene as defined herein.

15 “Alkytsulfonylamido” means a moiety of the formula -NR’SO,-R wherein R 1s alkyl and R’ is
bydrogen or alkyl.

“Aminocarbonyloxyalkyl” or “carbamyialkyl” means a group of the formula -R-O-C(0Q)-NR’R”

wherein R is alkylene and R’, R” each independently 1s hydrogen or alkyl as defined herein.

“Alkynylalkoxy” means a group of the formula -O-R-R’ wherein R is alkylene and R’ is alkynyt
20  as defined herein.

“Antagonist” refers to a compound that diminishes or prevents the action of another compound

or receptor site.

“Aryl” means a monovaient cyelic aromatic hydrocarbon moiety consisting of a mono-, bi- or
tricyclic aromatic ring. The aryl group can be optionally substituted as defined herein.

25 Examples of aryl moieties include, but are not limited to, phenyl, naphthy!, phenanthryl,
fluorenyl, indenyl, pentalenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyi, diphenylisopropylidenyl, benzodioxanyl,

benzofuranyl, benzodioxylyl, benzopyranyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl,



-4- "Amino" means a moiety of the formula -NRR' wherein R and R' each independently is hydrogen or
alkyl as defined herein. Amino thus includes "alkylamino™ (where one of R and R' is alkyl and the other
is hydrogen) and "dialkylamino” (where R and R' are both alkyl).  "Alkoxyamino" means a moiety of
the formula -NR2UE* X Erein R is hydrogen or alkyl and R' 5 is alkyl as dgﬁﬁ@d’wg?@ﬁ?f‘sﬁlkylsuIfanyl"
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. "Aminoalkyl" includes aminomethyl,

aminoethyl,l;a0BOPRORY-A-BPVROREARY! R IS kSt AmiNg.meiely pingminoalkyl” may be
substituted once or twice with a él to provide 10 "alkylarninoalkyl" and "dialkylaminoalkyl" respectively.

"AlkylamiRGXIRYPIAEIRIER I 8tHy metrinsretHpitrBviseeshr oA slervarRrOpEsRYE, Balylaminoethy

and the likeindDipHofanyisatkidteinClides sirsatindamine meihyh simetvianing st cack
dimethylamin%%j;&p |, N-me hiI-N-ethyIaminoethyI‘,‘ and the like. "Aminoalkoxy" means a group -OR-R'’

wherein P e IR HD AR h TSI S AR SHBT AT @B Fieans a moiety of

the fo ula -NR'S02-R wherein R is ailcyl and R' is hydrogen or alkyl. "Aminocarbonyloxyalkyl" or
t‘carbémy‘lWlmé’éﬁ@é‘z@w&pl’éwh@mum ROLCER-NRRY W nerein Ridsal kipfeReaindeR: R" each
independeniiy, fiogemanahyias, ?{ﬁrgfgyllgearseaaﬁmw&ﬂx'aé.gq%mm@@sqme fhithg formula

-0-R-R. wherein R is alkylene and R' is alkynyl'20 as defined herein. "Antagonist” refers to a
compounéhfiatdiinisheshérpravaris e hetisnist anethel ks wiscunaneretepisisite. "Aryl" means a

monovalent cyclic aromatic hydrocarbon moiety consisting of a mono-, bi- or tricyclic aromatic ring.
The aryl gragiscHonyE’ eptinn alhrihstitii dorms idefi0ed heliedein 25 iExamplesfpfdrymioieties include,
but are not limited to, phenyl, naphthyl, phenanthryl, fiuorenyl, indenyl, pentalenyl, azulenyl,

oxydiphenyl, hiphenyl. mebiensdipbenvh.aminacipnanylxciohenyisulfiy tihenylslfonyl,

diphenylisopropylidenyl, benzodioxanyl, benzofuranyl, benzodioxylyl, benzopyranyl, benzoxazinyl,

benzpxazjnonyl, benzgpiperadinyl, WO 2010/069794PCT/EP2009/066488 -5- henzopiperazinyl,
benzb@yrrg}\f&%ﬁr zgﬁ%ﬁgg’?}ﬁ %é{gﬂ%%ié" Henyfieren Ris alkylene d 15 aryl as

defined herem.

“Aralkyloxy” means a group of the formula ~-O-R-R’ wherein R is alkyiene and R’ is ary] as

defined herein.

“Cyanoalkyl” means a moiety of the formula —-R’-R”, where R’ is alkylene as defined herein and

15 R”is cyano or nitrile.

“Cycloalky!” means a monovalent saturated carbocyclic motety consisting of mono- or bicyclic
rings. Cycloalkyl can optionally be substituted with one or more substituents, wherein each
substituent is independently hydroxy, alkyl, alkoxy, halo, haloalkyl, amino, monoalkylamino, or
dialicylamino, unless otherwise specifically indicated. Exampies of cycloalkyl moieties include,
20 but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohentyl, and the like,

mcluding partially unsaturated derivatives thereof.

“Cycloalkyialkyl” means a moiety of the formuia -R’-R”, where R is alkylene and R” is

cycloalkyl as defined herein.

“Cycloalkyloxy” means a moiety of the formula —O-R, wherzin R is cycloalkyl as defined herein,

]
[0y ]

“Cycloalkyloxyalkyl” means a moiety of the formula -R-O-R’, wherein R 18 alkylenc and R’ is

cycloalkyl as defined heremn.



ethytenedioxyphenyl, and the like, including partially hydrogenated derivatives thereof, each being
optionally substituted. In certain embodiments "aryl" means phenyl or naphthyl, each optionally

substituted. $nymagy&aRlpodiments "aryl” is optionally substituted phenyl. p-Awaliosapd "Aralkyl,
which may be used interchangeably, mean a radical -12b1Rb where RI' is an alkylene group and Rb is

an aryl group as defined herein; e.g., phenylalkyls.such as benzyl, phenylethyl,
3-(3-chloropheny1)-2-methylpentyl, and the like are examples of arylalkyl. "Arylsulfonyl" means a
group of thedesmiia HQ2RvdIereiadR is Ayt fasd ebrec-hesein SArytexy: thearsdrepeupahihe
formula -0-R wherein R i%art)&as %etfitne h rein.d%:gt']'A%fo%?I " means a 9583%? the foiula -R-O-R’
wherein ﬁa?’sﬂgﬁ&ﬂéﬂ’ AR R R e R NP RaTET KTk Toxy ™ means & grotp of the foilula -0-R-R!
wherein BfisOalKylaimre BhdaR isSeEYLRS telfimed Bereintcge? Gyandaid)l wibahs endviend vizttatformula

WAR' wherto Sralkrene e eined hefeinandi R Rrdagyaug it widgabol means a
monovalént Saturated car ocyclic moiety consisting o mgr‘fo- or bicyclic rings. Cycloalkyl can
optiodalynpéaasbstitsted witteysiea by morevsisisdtitindlirs, Ruhere iR eerinsapatieht o siaeplitiently
hydroxy, , , , , ARG, MQNARIYIAMIRR. 0F dialleytanminaopaleskatherwise
specifica%ﬁﬁ%gl?abt%%é%% b%s?%#%&b?ﬁ&? moieties%ll%%de, 20 but are nojt?(ﬁmgited to,ﬂ yclopropyl,
cyclobutwy%@élbﬂeﬁf;ﬂy@élgﬁléﬂw}aéyélé‘f%’@b&ﬁ%f& theRiikes Hath@rioprlany s id derivatives
thereof "Gygipalicvalionls reansiRymeiply, of thalaumua -ReReswhare:Rxisnplkyieom@ndiRins

cycloalkyl as.d’efined herein. "Cycloalkyloxy" means a moiety qf the foilada -0-R, wherein R is
cycloalkyP < gtdde: nahetio “%&éﬁmﬁm%&&%@r%?ggﬁ %1%?] Wﬁ%‘ %er%]ag’-'-o-R', wherein R
is alkylengiigngoRyiaaygloatikydrasyaefingeddrsihy doey R0 0/0697 4R CHHER20D8d66488- -6-
"Heteroalkyl’ means, an alkyl radical as.define rein wherein one, two. en atoms have
been repllgytehg W‘fﬁ%‘ subgt %ee%n}/ﬁfcn‘ﬁ%%lgho er P%Iisbg e(étte\ylc\}s (ralofrgnn}/r%h }%"%@éﬁ%@ﬁ%@%@pg, -NRb'R",
and -S(O)Rtifuhdiepiisizh &m@ﬂlfmﬁ-mmﬂ)mhﬁlmwdﬁmmmglimthﬁéi@iﬂm of attachment of
the hetergaliyl ragicabizHARMaD & BBIRARAAMnW AR /IR 12_8 is

“Heteroaryl” means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at least one

15 aromatic ring containing one, two, or three ring heteroatoms selected from N, O, or §, the
remaining ring atoms being C, with the understanding that the attachment point of the heterearyl
radical will be on an aromatic ring. The heteroaryl ring may be optionally substituted as deﬁned
herein. Examples of heteroaryl moieties include, but are not limited to, optionally substituted
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyrazinyl,

20  thienyl, benzothienyl, thiophenyl, furanyl, pyranyl, pyridyl, pyrrolyl, pyrazolyl, pyrimidyl,
quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, benzothiopyranyl, benzimidazolyl,
benzooxazolyl, benzooxadiazolyl, benzothiazofyl, benzothiadiazolyl, benzopyranyl, indelyl,
isomndolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinolizinyl, naphthyridinyl,
pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyl and the like, including partially

hydrogenated derivatives thereof, each optionally substituted.

2
L

"Heteroarylalky!” or “heteroaralkyl” means 2 group of the formula -R-R’ wherein R is alkylene

and R’ is heteroary! as defined herein.

“Heteroaryisulfonyl” means a group of the formula -SO,-R wherein R is heteroaryl as defined

herem.

30 “Heteroaryloxy” means a group of the formula -O-R wherein R is heteroaryt as defined herein.



5 hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; RI; and ft.0" are independently of each other
hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; and when n is 0, Rd is hydrogen, alkyl, cycloalkyl,
or (:ycloalkylajgyiaﬁ'ﬂéjﬁI whenn is 1 or 2, Rd' is alkyl, cycloalkyl, cycloalkylallé)fl amino, a%glamino,

0o,

L : !
monoalkylamino, or dialkylamino. Representative examples include, but are r'%EoIt’ZI‘i)?r?fPé’c(T’

2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxy-1-hydrexymethylethyl. 2,3- 10 dihydroxypropyl,
1-hydroxymethylethyl, 3-hydroxybutyl, 2,3-dihydroxybutyl, 2-hydroxy- 1- methylpropyl, 2-aminoethyt,
3-aminoprapid, 2iMshyisuanyisthy Lramineswipavimethvh aminesufonyietiyleaminegulfonylpropyl,

methylaminosulfonylmethyl, methylaminosulfonylethyl, methylaminosulfonylpropyl, and the like.
"HeteroafArREah & MBRHEGENRE or bicyclic radical of 5 to 12 ring atoms having at least one 15
aromatic ring containing one, two, or three ring heteroatoms selected from N, 0, or S, the remaining
ring atoméeingu@lkwitksthexender gtanpingith &rthelattadhentpointPfsthiHete sl radical will be

on an aroﬁﬁ@%‘%&a%ﬂ%gﬂ%?%@%@?&% ring may be optlor_1ally substltu_ted as d(_eflned herein. Examples of
heteroaryl moieties include, but are not limited to, optionally substituted imidazolyl, oxazolyl, isoxazolyl,

thiazolyl, isothiazolyl, oxadiazolyl, thiadjazolyl, pyrazinyl. 20 thienyl, benzothienyl, thiophenyl, furanyl,
pyranyl, pYFETBYrABIg - pY RSN, FFIRIIGE oUiNSRAYiS6 ST IHTE PBRAZORINE B Zbthiophenyl,
benzothiopykandsbenzim tarelyhrbenzeoxadolyl, benzooxadiazolyl, benzothiazolyl, benzothiadiazolyl,
benzopyranyl, indolyl, isoindolyl, triazolyi, triazinyi, quinoxalinyi, purinyl, quirtazolinyl, quinolizinyl,

napnthyriciiyl SR cabazobl caeeRinvh: siazaRintactRinvhond foe ke dicluging partially 25

hydrogenate vatives t , each optionally substituted. "Heteroarylalkyl” or "heteroaralkyl"

means a gridugretediierahaR ey Repainl Ryidanaeticizrair stbterddif s delitbd herein.

"Heteroary@g{j&u&ép?@gs g:gggju&@{gpggglmula -S02-R wherein R is heteroaryl as defined herein.
WO 2010/069794PCT/EP2009/066488 "Heteroaryloxyalkyl" means a group of the fotula -R-O-R'

where nR is alkyleng,and R' is heteroaryl as defined herein. "Heteroaralkyloxy”.mean roup of the
ol 00 MRS PR hTUNE SO ey B o R L S s
"halogen'haruin’ hatidetmpchimaylbecy sediihterchethgeably, refer to a substituent fluor, chloro, bromo,
or iodo.

“Heterocycloamine” means a saturated ring wherein at least one ring atom is N, NH or N-alkyl

and the remaining ring atoms form an alkylene group.

“Heterocyclyl” means & monovalent saturated moiety, consisting of one to three rings,

[5 incorporating one, two, or three or four heteroatoms {chosen fromr nitrogen, oxygen or sulfur),
The heterocyclyl ring may be optionally substituted as defined herein. Examples of heterocyelyl
moieties include, but are not mited to, optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolhidinyl, nmidazoliny!, imidazolidinyl, pyridinyl,
pyridazinyl, pyrimidinyl, oxazolidinyl, 1soxazolidinyl, morpholinyl, thiazolidinyl,

20  isothiazolidinyl, quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazoiyl, thiadiazolylidinyl,
benzothiazolidiny, benzoazolviidiny!, dibydrofuryl, tetrahydrofuryl, dihydropyranyl,
tetrahydropyranyl, thiamorpholinyl, thiamorpholinylsulfoxide, thiamorpholinylsulfone,
dihydroquinoiinyl, dihydrisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the like.

“Heterocvelylalkyl” means 2 moiety of the formula -R-R” wherein R is alkylene and R’ is

25  heterocyclyl as defined herein.

“Heterocyclyloxy” means a moiety of the formula ~OR wherein R is heterocyclyl as defined

herein.



"Haloalkyl" means alkyl as defined herein in which one or more hydrogen has been replaced with
same or different halogen. Exemplary haloalkyls include -CH2C1, -CH2CF3, -CH2CC13, perfluoroalkyl

(e.g., -CFS)\,E&%%]%AU%@& 10 "Haloalkoxy" means a moiety of the formulaﬁ%w&gyﬁg&@ is a haloalkyl
moiety as defined herein. An exemplary haloalkoxy is difluoromethoxy. "Heterocycloamino” means a

saturated ring wherein at least one ring atom is N, §H or N-alkyl and the remaining ring atoms form an
alkylene group. "Heterocyclyl" means a monovalent saturated moiety, consisting of one to three rings,

15 incorpgfating-oneiciwengr thiias o fuiehaleneatonms 1Choser- framsitrrgeiny enygenrorisulfur). The
heterocyclyl ring may be_optionally substituted as defined herein. Examples of heterocyclyl moieties
include, BatesPebt I%@t%gﬁl‘fg,h@ﬁ%nally substituted piperidinyl, piperazinyl, homopiperazinyl, azepinyl,
pyrrolidinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl, oxazolidinyl,
isoxazolitiistermmrptielioydy tiszolidimyliep0oiséthfazolidinR duindsieing, 1§ alkokagiddyuinoliny|,

benzimidg&g%lwg[?j %@gﬁ%%}gﬁpenzothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl,
dihydropyranyl, tetrahydropyranyl, thiamorpholinyl, thiamorpholinylsulfoxide, thiamorpholinylsulfone,

dihydroquinolinyl, dihydrisoquinolinyl, tetr rogyinalipyl, tetrahydrisoguinolinyl, and.the like.
ot ooy By R S RGIG SHAC R T e GHETa 0 SRR TG 25

heterocyeh-a5 defined herein. "Heterocyclyloxy" means a moiety of he formula -OR wherein R is
heterocyclyl as defined herein. WO 2010/069794PCT/EP20119/066488 -8- "Heterocyclyloxyalkyl"

means a moigly,of ig.Irmula QR WhewinEilkylenrng Riis-hateraoyclyb as defingd herein.

"Heterocyclyla!Koxy" means a moiety of the formula -OR-R" wherein R is allcylene and R is heterocyclyi
as define@Rdrein hsdpRamkxy atidsipetisaria-a moiety of the formula -OR wherein R is hydroxyalkyl as
defined herein. "Hydroxyalkylammo means a moiety of the formula -NR-R' herein R is hydrogen or
alkyl and ‘Riarby g oxyatkybalk ¢é finedsensifet iy drokyatkjdafiNGaRy 1 wingamsRaimdiigtynof Rie foula
-R-NR'-R" wherein R is alkylene,.R' 10 is hydrogen or.alkyl, and R" is hydroxyalkyl as defined herein.
"Hyd xyclzsakr%‘grr? %qk(i/rl'a]%ﬁ'caélrgb%xy}saﬁ(@ xoﬁ%%{{r%g gsg&r%oﬁﬁ]ﬁlég?ctahé ormula -R-(C0)-OH where R is

alkylene as defined herein. " E}ldrqéxyalkyloxyegrbonylalkyl“ or "hydroxyalkoxycarbs%g%lalkyr means a
group of thevespRrerbrRcHENE- R Rl e BERTR d R b B SRRt -Be e e dltterent.

is alkviene as defined herem.

“Hydroxyalkyloxycarbonylalkyl” or “hydroxyalkoxycarbonylalkyl” means a group of the
formula -R-C(0)-O-R-OH wherein cach R is alkylene and may be the same or different.

15 “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
more than one hydroxy group. Representative exampies include, but are not limited to,
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl}-2-
methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3~dihydroxypropyl, 2-

20 hydroxy-1-hydroxymethylethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)-
3-hydroxypropyl

“Hydroxycycloalky!” means a cycloalkyl moiety as defined herein wherein one, two or three
hydrogen atoms in the cycloalkyl radical have been replaced with a hydroxy substituent.
Representative examples include, but are not limited o, 2-, 3-, or 4-hydroxycyclohexyl, and the

like,
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“Urea”or “ureido’ means a group of the formula -NR’-C(O}-NR”R”” wherein R’, R” and R™”

each independently is hydrogen or alkyl.



15 "Hydroxyalkyl" means an allcyl 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 more than one
hydroxy group. Representative examples include, but are not limited to, éj}t] }‘Hl |
2-hydroxyet‘ﬁ‘5(li, ?jﬁ%%%ypropyl 3-hydroxypropyl, I -(hydroxymethyl)-2- rrr?ét %@gy ,Xf?ﬁydroxybutyl,
3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropy], 2- 20 hydroxy-I-hydroxymethylethyl,
2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)- 3-hydroxypropyl, "Hydroxycycloalkyl"
means a-gygloalkyl-moiety as.defiped besainwbereinana woaitree hydrageadioms in the

cycloalkyl radical have beenreplaced with a hydroxy substitucnt. Representative examples include,
but arc nBRRTRESEYSY ?—?@{%Fﬁ%ﬁ&f&i&ycyclohexyl, and the 25like. "lirea"or "ureido" means a group of
the formula -NR'-C(0)-NR"R" where R', R" and R" each independently is hydrogen or alkyl. WO
2010/0697THRCET/HR2009 1066488 <ot@akbarii@ieOheans a group of the formula -0-C(0)-NR'R"
wherein R' and R" each independently is hydrogen or alkyl. "Carboxy" means a group of the formula

-C(0)-0H«g, [ SHIfARaMidan meansfogtarpakihe faomnie FSOZNRIR Rwherein fcand R each 5

independently is hydrogen or alkyl. "Optionally substituted", when used in association with "aryl",
phenyl", ThétaraaF)ih tyRgaIRs Brlketerocyclyl”, means an aryl, phenyl, heteroaryl, cycloalky! or
heterocyclyl which is optionally substituted independently with one to four substituents, preferably one
or two subsjitiuentsy setacted diombatkybe dyuloakgkt mpcictikitaiky hhsatdiodikierotiydiroxyalkyl, halo, 10

nitro, cyang, %%gf‘y‘”alh%)%@%TRQ‘%/‘-J‘SE#E%’% %@%‘rﬂ'ﬁéﬁ%ﬂ% di-alulaning.aaloriky.

haloalkoxf;ﬁeter alkyl, - R (w [ ﬁ/@rogen, alkyl, phenyl or phenylalkyl),
-(CR'R")rmEOCRotinesbyrsid ditvistb e nesds o ko vwitliRongig f@%ﬁé‘iﬁﬁ&éﬁéﬁd@ﬁﬁ%ﬁﬁ/&&@@hwalkyl,

and R is hydrogen ok eyvelaaliudevsiaalivallydisienlon naeaylalir h@ro GBI RGONRa'RL:
0 and R" are independently 15 hyd[o%l or,alkyl%?%% Ra" and Rb"

(where nis an integer from O to 5, ,
are, e PERRIESHENONEHER bR Xhy AR KRGy QSR E RNl kT 4THB Ry ShylalkyL. In

certain empgdicaepisaptiong] suostitueots farhawyR, iphanvberhatenoangtylayoihatkydlion) heterocycly 1"

include alkyl, halo, haloalkyl, alkoxy, cyano, amino,and alkylsulfanyl. In.many emhodiments the
weria’s gt R ER R st e

alkyl, and R is hydrogen, alkyl, cycloalkyl, cycloalkylalicyl, phenyl or phenylalkyl), or
—(CR’R”’)n-CONRaan” {where n is an integer from 0 to 5, R’ and R” are independently

15 hydrogen or alkyl, and R8" and RP™ are, mdependently of each other, hydrogen, alkyl,
cycloalkyl, cycloatkylalkyl, phenyl or phenylalkyl). In certain embodiments optional
substifuents for “aryl”, pheny!”, “heteroaryl” “cycloaliy!l” or “heterocyclyl” include alkyl, halo,
haloalkyl, alkoxy, cyano, amino and alkylsulionyl. In many embodiments the substituents are

methyl, fluoro, chloro, trifluoromethyl, methoxy, amino and methanesulfonyl.

20 “Leaving group” means the group with the meaning conventionally associated with it in
synthetic organic chemistry, i.e., an atom or group displaceable under substitution reaction
conditions. Examples of leaving groups include, but are not limited to, halogen, alkane- or
aryicnesulfonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy, thiomethyl,
benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted

25 benzyloxy, isopropyloxy, acyloxy, and the iike.

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

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



20 "Leaving group" means the group with the meaning conventionally associated with it in synthetic
organic chemistry, i.e., an atom or group displaceable under substitution reaction conditions.
Examples of leaving groups include, but are not limited to, halogen, allcane- or arylenesulfonyloxy,
such as methané fﬁ/f@ﬁfﬁé)xy, ethanesulfonyloxy, thiomethyl, benzenesulfd’yiBRA 8438y, and
thienyloxy, dihalophosphinoyloxy, optionally substi_%'(_ad benzyloxy, isopropyloxy, acyloxy, and the like.
"Modulator" means a molecule that interacts with a‘target. The interactions include, but are not limited
to, agonist, nist, I ined herein 2010/069794PCT/EP2009/06648N -10-
"Optional" o ﬂ?ﬁ%i%négll;&re rﬁé{gﬁg ﬁ%tt e% %E%%e%%%%ﬁ%@s%?%g Jé)vegﬁ?%?rc?}rccﬁlrrﬁ‘s%%nr?gemr??]aéutt)ut need
not occur Begindiatce. ded sk tibhdersiipiéisiadectsines rsvbarortircwinstaneesccurs and

instancesdp-whigh: it dogsaat. wRisease.apd "Disease state” means any disease, condition, symptom,
disorder or indication.. 5 "Inert organic solvent” or "inert solvent" means the solvent is inert under the

conditions.of the reactign. being described in conjunction therewith, including for example, benzene,
toluene, aé% Sc?r%ﬁerilél?fictra]ﬁfl%ﬁ@o bdﬁénﬂﬁ?fiﬁaﬁﬁé?iﬁ%rﬁ?ﬁﬁ%ﬂé‘? KB BB SHiEeh OfeRe HiiBRide or
dichloromethane, dichloroethane, diethyl ether, ethyl acetate, acetone, methyl ethyl ketone, methanol,
ethandl, prosErBRIRsFRapaoP teeUidnont diesemdhpyeidime isindrthadikehtniedsia® spéuified to the
contrary, {ag.8ehvents; wsedindhe Leaclans.oh e e seLIRYSHon are e/l Sele Wfienc,

"Pharmaceutically acceptable” means that which is useful in pregarlng a phairaceutical composition

that is geAETRR ek RaM 5 2n O A Bofogeatidn sh SThErmis @ eihdiear sbiecslsPincludes that
which is agiceptabietfiafiy/etennasy:Rawelkas hamar-phaimaseuticabisandbyiRiamaecautically
acceptable salts" of a compound means salts that arc pharmaceutically acceptable, as defined herein,
and that PERSARR e A A I SBERBATEM SEEH BRI e R BBPOUA S Uch LdfEalude acid
additién saitsifdrdnednwithrinargainicaciasssuel asiydrochiorist deidyhydrobramic: acidnsulfuric acid,
nitric acid ﬂhg&ghoric acid, and the like; or formed with organic acids such as acetic acid,

u

benze,nes fonic acid, benzoic, camphorsulfonic 20 acid, citric acid, ethanesulfonic acid, fiimaric acid,

glucoheptonic acid, gluconic acid, giutamic acid, glycolic acid, hydroxynaphtoic acid, 2-hydroxyethane

b

sulfonic acidEFRAREHIGH nTafS R e AR il Srieceidn PReRfaBRc st pAethise sulfonic acid,
muconic agigpdsinapiithelenasuionicacidnRRionia asitlesalinylicasithaursinicacidtaraic acid, p-
toluenesulfonic acid, trime h)#ﬁcetic aci d the Ince; or s{g'ts foimed when an acidic proton 25
present in@ﬁ%‘b@féﬁ%& BUht &R AT aCET By A ah At FMEP RIS HIét Ao, an alkaline
earth ion, or an aluminum ion; or coordinates with an organic or inorganic base. Acceptable organic

base$inciiiderdietkiislinsicrepetianoliaiihe cNrmpethy igikrasihetwictarielamaetitedmethamine, and
the like. Acceptahle narganic.bases cide Aluminim ydroyiden caleium, hydradds. polassiim

hydroxide, sodium carbonate and sodium hydroxide. 30 The preferred pharmaceutically acceptable
salts are HEERHEFoHENSHEMPSBEGaigigddition salts formed with inorganic acids such as

hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or
formed with organic acids such as acetic acid, benzenesulfonic acid, benzoic, camphorsulfonic
20 acid, citric acid, ethanesulfonic acid, fumaric acid, glucoheptonic acid, gliconic acid, glutamic
acid, glycolic acid, hydroxynaphtoic acid, 2-hydroxvethane sulfonic acid, lactic acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesuifonic acid, muconic acid, 2~
naphthalenesuifonic acid, propionic acid, salicylic acid, succinic acid, tartaric acid, p-
toluenesulfonic acid, trimethylacetic acid, and the like; or salts formed when an acidic proton
25 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 organic or inorganic base.
Acceptable organic bases include diethanolamine, ethanolamine, N-methylghicamine,
triethanolamine, tromethamine, and the like. Acceptable inorganic bases include aluminum
hydroxide, caicium hydroxide, potassium hydroxide, sodium carbonate and sodium hydroxide.
30 The preferred pharmaceutically acceptable salts are the salts formed from acetic acid,

hydrochloric acid, sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric



hydrochloric acid, sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric WO
2010/069794PCT/EP2009/066488 acid, citric acid, sodium, potassium, calcium, zinc, and magnesium.
It should be understood that all references to pharmaceutically acceptable salts include solvent
addition form¥ {SONAE br crystal forms (polymorphs) as defined herein, ISTHHRE Q4848 addition
salt. "Protective group” or "protecting group” meang he group which selectively blocks one reactive 5
site in a multifunctional compound such that a chemical reaction can be carried out selectively at

another “Q%?E‘%&?%ﬁ%ﬁ{ﬁnii DI g MeARng %’c‘ﬁﬁﬁi%gﬂ&%ﬁﬁf’ﬁi@ﬁggia‘@tgdﬁﬁgr Mhalic

chemistry. Cértain processes of this invéntion rely upon the protective groups to block reactive

nitrogen aldSEERYeEl atsrsprasedy irreapirbEciftanfoiexdmpladdidoteirnas dnlrnssptotecting
group” angRiffagen RILAaHRHIrAUR FRAte Hseshinferehangeally hgrein and refer to those 10 organic

groups intended to protect the nitrogen atom against undesirable reactions during synthetic

procedures, Exemplary nitrogen protecting groups include, but are not limited to, trifluoroacetyl,
et e B b S T e L
p-nitradbenazyloxycarbdnytt terii botoxycarboriyiHB @ G)crandl thedike. cBhéactisan! imthelartveily know how
to chose a,iaup. e85, emevaland for e anlity 4 wilhsiand s ollowing gactions.
"Solvates™ means solvent a ditions orms that contain either sto caﬁlqmetrlc or non stoichiometric
amounts cheolvent. Soikia puemsurdshaieatendehoyrts thapmfbaidosstapyitidletisitdiemolecules

in the crysialips, salihstatgdhus furming.e sehaiedhine solventis walerihe selvale formeds a

hydrate, when the solvent'is alcohol, the solvate folioed is an alcoholate. Hydrates 20 are formed by
the combiff&HEN B0 ME R RATE RITRECRIRE o4 TehRISTANE BEBEtaReEsTTh RERthe water

retaing itsgnalgeuldn.stateeaged-bRosUchcombinationbaingalisitafovt ene:emmaredgydrate.

"Subject" means mammals andbnon-mammals, Mammals means any member of the Egammalia class
including, SOTTHE RREEESS hbrT AR R SHR GO At S QREH L i B AR BYS THE bifer 25 apes
and monkelflspeciesyfaida anideals: sudhims, datile;ihorsedpshicep;hgbaisyand, SAAR; dombstic animals
such as rabbits, dogs, and cats; laboratory animals including rodent as rats,,mice,.and guinea
g, and I B o A BT b T IR e e
teim "subjetiadeeshnettdeiidtecsy hartituldoage preexor thiRiserdersoivthendritatydrelit o " uropathy”

used,interchangeably M}M@g{g@é&l{gﬁsof the 30 urinary tract" means the pathologic changes in the
urinary tract. Examples of urinary tract disorders include, but are not limited to, incontinence, benign

rostatic hypertrophy (BPH), WO 2010/1169794PCT/EP2009/066488 . o .
P %g lvatesp’ 1¥1e(ans So)lvent additions forms that contam etther sto?ch?ometrlc or non stoichiometric

amounts of sotvent. Some compounds have a tendency to irap a fixed molar ratio of solvent
molecules in the crystalline solid state, thus forming a solvate. If the solvent s water the solvate
formed is a hydrate, when the soivent 1s alcohol, the solvate formed is an alcoholate. Hydrates
20 are formed by the combimation of one or more molecules of water with one of the substances in
which the water retains its molecular state as HO, such combination being able to form one or

more hydrate.

“Subiect” means mammals and non-mammals, Mammals means any member of the mammalia
class including, but not limited to, hurmans; non-human primates such as chimpanzees and other
25 apes and monkey species; farm animais such as cattie, horses, sheep, goats, and swine; domestic
animals such as rabbits, dogs, and cats; laboratory animals inciuding rodents, such as rats, mice,
and guimea pigs; and the like. Examples of non-mammals include, but are not limited to, birds,

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

“Disorders of the urinary tract” or “uropathy” used interchangeably with “symptoms of the
30 urinary tract” means the pathologic changes in the urinary tract. Examples of urmary tract

disorders include, but are not limited to, incontinence, benign prostatic hypertrophy (BPH),



-12- prostatitis, detrusor hyperrefiexia, outlet obstruction, urinary frequency, nocturia, urinary urgency,
overactive bladder, pelvic hypersensitivity, urge incontinence, urethritis, prostatodynia, cystitis,
idiophatic bladder hypersensitivity, and the like. "Disease states associated with the urinary tract” or
"urinary trac%?s"é’égyéggfgfes“ or "uropathy" 5 used interchangeably with @’ﬁi’i&%‘?’&ﬁ% urinary tract"
mean the pathologic changes in the urinary tract, ofgdysfunction of urinary bladder smooth muscle or
its innervation causing disordered urinary storage or voiding. Symptoms of the urinary tract include,

but are ngtIiteR @ Querachixedladder @lsadnaun AsAsty SR vReariibi. Quiighobstruction,

outlet insufficiency, and pelvic hypersensitivity. 10 "Overactive bladder” or -dctrusor hyperactivity"
includes, BEEMS GRS folatder cPRING Y RSRSBIBINET CAIBE MMEPTHESIKS A8 ThHERAOFSHEREY, altered
bladder capagity;ipeantipeneaMistrinn: threshaldniingtable bladder contractions, sphincteric
spasticity, detrusor hyperreflexia (neurogenic bladder), detrusor instability, and the like. "Outlet
obstructiogt, includes, but s notlimitect.to, benign prostatic pertrophy, (BEL. ety 1g stricture
disease, tUMOrS: [OW TIOW Tates. difficu WALED |a?|ng urinatior, urgency, suprapubic pain, and the like.
"Outlet inssdfidieaciangeibiies;thusisnpotdisifaticorinrethradtfiypamibbilktholeginsicsphinctetic
deficiency, mix g intc%n 'Qgﬁql SIS 1'51 q)q ?‘En%@%%ﬁ I&lfee - Pelvig Hypersen itivity" includes,
but is not){ﬁfr%nﬁr d %:’ ’p.erl\%klt‘ paﬁlnt’,l'olﬁr;lters,tlt.lgg(ce%g%%ystitis, 20 pSr_ostgicl)éyhia, Srtlnstatitis, \gul\_/adynia,
urethritis, Bserflasigiaineve fienge Blaodars afurie ke e spivatp eeiseriee: Fafers Rt Wimstt
limitation,chionic. ehsiaive PHimanan.disgase (PR RS RaIPrRchasRasmiand the like.
"Gastrointestinal disorder" ("Gl disorder") refers to, without limitation, Irritable Bowel Syndrome (IBS),

InflammatBHy BERRDDISE 26 ERIDF MY £8lic and other biliary disorders, 25 renal colic,
diarrhea-dominant IBS, pain associated with Gl distension, and the like. "Pain" includes, without
limitation,* idflemriat diyduaifi s urigicadqpdimovistetal paiqdental paint reme nstiuatipaiggscentral pain;
pain due to burns; migraine o, |lﬁS£ [ pez%\1 cﬁJe : g,vghigjég%;l l&‘ig X ralgias;.pRisoning;
ischemic FI%ZJIEJIP ?W]%telféa%fla cly}lst%%g cgrlmlc%er g}zin;esﬁllr%\%, hrasitic oér{_}@acte%]lgr%ﬁl#fection?lpost-’traumatic
injury; or patEsisodimrsdaithisiblsl blbblvereyndiéms SIVO R0 G866 9704 PO PZOGYGEE28S -13-

"Therapeytically SHeciiva aMoUnis NE8As; &R amPHIM @f.a compound that, when administered to a

subject for treating a disease state, is sufficient to effect such treatment for the disease state. The

"therapeuti atlrl effective amount’ will vary dependjng on the compound, disease e being treated,
the severité s} %*h% BTSSR (FRHISE SRR & eogr{]) it ﬁla %\‘/geﬁ%%'l r%srtgﬁcé%?%j%r@t? %ﬁz '%ﬂ% W ltform of
administrationuthéijadgmenbed, the dttending dEdiday or méterimanyipractitiogenganaotpebfactors. The

terms "thosg)Il dgﬁi{p%}d ove" and "those defined herein" when referring to a variable incorporates by
1 detl

reference’the broa nition of the variable as well as preferred, more preferred and most preferred

definitions, if any. , ‘ ‘ o o ‘ _
“Outlef insufficiency” includes, but is not limited to, urethral hypermobility, intrinsic sphincteric

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

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

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

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

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

“Gastrointestinal disorder” (“GI disorder™) refers to, without limitation, Irritable Bowel
Syndrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and other biliary disorders,

25  renal colic, diarrbea-dominant IBS, pain associated with GI distension, and the hke.

“Pain” includes, without limitation, mmflammatory 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

bacterial infection; post-traumatic injury; or pam associated with trritable bowel syndrome.



10 "Treating" or "treatment" of a disease state includes: (i) preventing the disease state, i.e. causing
the clinical symptoms of the disease state not to develop in a subject that may be exposed to or
predisposedye teiligease state, but does not yet experience or display sypiamsefige disease
state; (ii) inhibiting the disease state, i.e., arresting the development of the disease state or its clinical
symptoms, or (iii) relieving the disease state, i.e.,-¢ausing temporary or permanent 15 regression of
the disease state or its clinical symptoms. The terms "treating", "contacting” and "reacting" when
referring @ iechemicalyreffetibre areans adeling «arambdngdivocommarel reagents uddetgppropriate
condiions (g produce (e ndicated andior (e desired product, It should be aeprediated fha the
reaction WHIC proéuces & indicated andfor the desired pro Uct may no necessarlfy result directly
from the Toebhszaiontok RO ¢ reagomeihich werddpitidincaddbd chapehedednsasbeasne or more
intermediates which are pradiicerin the-nixtute. whigh, Litimately:leads.ie the feumatian pf the

indicated and/or the desired product In general, the nomenclature used in this Application is based on
AUTONOMIMAR doom e Bdiisteiiiriysnihs BoripereAZEY siisteindonaiead eneris orIERANCSy stematic
nomenclatirgseheppisal structures shown herein were prepared using ISIS(r) version 2.2. Any open
valency appearing on a carbon, oxygen sulfur or nitrogen atom in the structures herein indicates the

presence,gf 3. hydragen atomnlsss indicaied oitienise. where & niogen:containing heteroaryl ring
is shown With an open vafency ona ni%rogen atom, and variables'such ase, RIVGH 12 are shown on the
heteroaryheingpstesbyaeiztdos: thayptya bdtidtonjoinkd o didcoperelalepefe36hitmogerrcitthete a chiral

center exjsts.in a ﬁ&’éﬁé‘é%&ﬁiﬁ@n}??ﬁ%ﬁ? stereochemistry is shown for the chiral center, both

enantiomers associated with the chiral center are encompassed by the WO
2010/069794PCT/EP2009/066488 -14- structure. Where a structure shown herein may exist in
multifle tal RS ForiTa RIS UChAAfGH S G CBIES Hp RESET R 116 SHERSPE A paraHititand
publicatians idenrtfisgpereinciiadaoespe miathbereitycieierente:n theirantietypbsba many

embodiments of formula I, Rl is thiadiazolyl substituted ance with. In. certain embodiments of formula I,
21 s AR SNBSS oo RS NG SHI T hAIGiCH S - SLIRB ) Ao,

phenyl, hﬁt@ero@dtﬁi@&gﬁbydﬁaﬁkyma@& 60@@5&1@%@3@@%@@@&1@ disehneceataior @mbodiments
of formulayl, R i3 {piadiaz oyl apianaily. sHbgituied.gnee with halo-Gehp 400  ermanent

15 regression of the discase state or its clinical symptoms.

LI ¥4

The terms “freating”, “contacting” and “reacting” when referring to a chemical reaction means
adding or mixing two or more reagents under appropriate conditions to produce the indicated
and/or the desired product. It should be appreciated that the reaction which produces the
indicated and/or the desired product may not necessarily result directly from the combination of
20 two reagents which were initially added, i.e., there may be one or more intermediates which are
produced in the mixture which ultimately leads to the formation of the indicated and/or the

desired product.

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

Beilstein Institute computerized system for the generation of TUPAC systematic nomenclature.

o]
w

Chemical structures shown herein were prepared using ISIS® version 2.2. Any open valency
appearing on a carbon, oxygen sulfur or nitrogen atom in the structures herein indicates the
presence of a hydrogen atom unless indicated otherwise, Where a mitrogen-containing heteroaryt
ring is shown with an open valency on a nitrogen atom, and variables such as R®, R” or R® are
shown on the heteroaryl ring, such variables may be bound or joined to the open valency

30 nitrogen. Where a chiral center exists in a structure but no specific stereochemistry is shown for

the chiral center, both enantiomers associated with the chiral center are encormpassed by the



In certain embodiments of formula I, 121 is thiadiazolyl substituted once with Ci_6alkyl or
haloC14alkyl. In certain embodiments of formula I, R1 is thiadiazolyl substituted once with
hydroxy-C1.6z?J‘k%I], C1 6alkoxy-C1_6alkyi, C1_6alkylamino-Ci 4salkyl, or N,N-di-(C1 6alkyl)-amino-Ci

6aikyl. 1§V h'Cettain émbodiments of formula [, Rl is thiadiazolyl optior};gma tHEREY once with

ﬁ1ethyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyL, tert-butyl, cyclopropyl, cyclobutyl,
cyclopropylmethyl, phenyl, trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-ethyl,

1, 1-difluoggreliu, 24l ety Lt Raibenysaivl: & elasihylSamethents Lamegthylethyl,
1-hydroxy-ethyl, isopropoxy, dimethylamino, azetidin-2-yl, 1-methyl-azetidin-2-yl, I- 20

dimethy|dAeBEtHESRERFTBIRIE PTHBSHEMRIHTGN certain embodiments of formula I, RI is thiadiazoly!
substituted once with Ci_6alkyl selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl,Adyetopropyl] eyblabtit ordeydiedropyimethipcdrpoettaimenibodimferdscofifaisda |, R1 is
thiadiazoléljﬁ%gtfionally substituted once with halo-C1. 15 6alkyl selected from trifluoromethyl,
difluoromet y ,Sﬂuoromethyl, pentafluoro-ethyl, 1,1- difluoro-ethyl or 2,2-difluoroethyl. In certain
embodiments of foithula |, 12.1 is thiadiazqlyl substituted once with isopropyl. WO

2010/069793P T TIEPIT09 e 48814 1y R cisrthitlsRmbddintefeiet 98Fmbife £, Re&Ybptionally

substituted [1,2,5]thiadiazolyl In certain embodiments of foil'ilia I, R is optionally substituted
[1.2.31thiadiazelylcdiboéintain enibodiniediR Offdrmlitad]yRo fsiaptipnallysubstiutedvith C; calkyl,
[1.2,31thiadia I-Bél-( %ﬁn Cﬁ(rtain embodi en}shoI foilnem | -RI is optio su stiﬂjtc?_ vl

2 g g T e BT g
[1,2,5]thiadiggie3-yl.-In certain embodiments of foimula I, Rl is [1,2.3]thiadiazol-5-y1 optionally
substituted with C,_ &alkyl. In certain embodiments of formula I, Rl is [1.2,3]thiadiazol-5-y1 optionally

substituteg withi& knBalistehalor Grbalkyk GabaieloakyhitR §aaallyiia3tallyhas eyano. 10 In

certain embodiments of formula I, R is [1,2,3]thiadiazol-5-y1 optionally substituted with haloC1,6alkyl
In cetthin®@Bodiments of formula I, Rl'is [1,2,3]thiadiazol-5-y1 optionally substituted with
hydroxy-C1_6alkyl, C1_6alkoxy-Cl4alkyl, C1_6alkylamino-Cl14alkyl, or
N,N-di-(Cheatigi)-eoiindiognGalkjormula 1, R' is thiadiazoly! substituted once with Cyealkyl or halo-

Crsalkyl,

In certain embodiments of formula I, R’ is thiadiazolyl substituted once with hydroxy-C,saliyl,

Cisalkoxy-C,; salkyl, Ciealkylamino-Cy.salkyl, or N.N-di-(Ci.salkyl}-amino-Cisalkyl.

15 In ecertain embodiments of formula I, R is thiadiazolyl optionally substituted once with methyl,
ethyl, n-propyl, n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyciobutyl,
cyclopropylmethyl, phenyl, trifluoromethyl, diflueromethy!, fluoromethyl, pentafluoro-ethyl,
1,1-diftuoro-ethyl, 2,2-difluoroethyl, 1-methoxy-ethyl, 1-ethoxv-ethyl, 2-methoxy-i-methyl-
cthyl, 1-hydroxy-ethyl, isopropoxy, dimethylamino, azetidin-2-yl, 1-methyl-azetidin-2-yl, 1-

20 dimethylamino-ethyi or dimethylamino-methyl.

In certain embodiments of formula I, R’ is thiadiazoly! substituted once with Ci.salkyt selected
from methyl, ethyl, n-propyl, isopropyl, n-butyl, 1sobutyl, tert-butyl, cyclopropyl, cyclobutyt or
cyclopropyimethyl.

In certain embodiments of formula I, R is thiadiazolyl optionally substituted once with halo-C;.
25 salkyl selected from trifluoromethyl, difluoromethyl, fluoromethyl, pentafiuvoro-ethyl, 1,1-

diftuoro-ethyl or 2,2-difluoroethyl,

In certain embodiments of formula I, R is thiadiazolyl substituted once with isopropyl.



15 In certain embodiments of formula 1, R' is [1,2,3]thiadiazooptionally substituted with methyl, ethyl,
n-propyl, n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, phenyl,
triquoromethw qm%gr,ggthyl, fluoromethyl, pentafluoro-ethyl, 1,1-difluorg -ethy I, 2.2-difluoro ethyl, |
-methoxy-ethyﬁ 1-ethoxy-ethyl, 2-methoxy- | -methyl- 1-hydroxy-cthyl, iso%fr’gé)%}iz;(}%?rﬁnsé”ﬁ%ylamino,
azetidin-2-yl, 1-methyl-azetidin-2-yl, I- 20 dimethylaiino-ethyl or dimethytamino-methyl. In certain
embodiments of formula I. .R" is [1,2,3]thiadiazol-5-yl optionally substituted with methyl, ethyl, n-propyl,

isopropylinceHiyh dsglubvleier bGP aY ¢laprapRneNslanierylanethyh incestaig iembodiments of
foillula I, Rl is [1 3]thiadiazol-5-y1 substituted with isopropyl. WO 2010/069794PCT/EP2009/066488

-1 6-1In c?rta%i3

bodi f , RLis [1,2 3lthiadiazal-3:y1 qptionally substituted with oalkyl,
nelo-Cl QI BRI By e B B b T AR Poodments of

formula |, Riis [_1.2,Fg&adiazol-3-y1 optionally substituted with methgl, ethyl, n-propyl, isopropyl,
n-butyl, iBBGHATREFRRHARCBICISHREBYIOr &/dﬁfﬁ?@b@ﬁ%\%’ﬂ?ﬁ}ﬂmﬁ‘t@ﬁaﬁﬁéﬁfb@@hﬁhﬁs of formula I, R1
is [1.2,5]thiadiazo1-3-y1 optionally substituted with haloC14alkyl. In certain embodiments of formula
|, R" is [1,2BlthideliaziolBayhioptidoatyis iktitutedovithyhydroxy: [$16/3 1GiadbadkoxyyiC, 6alkyl,
C1_6alkylamino-C,_6allcyl, or N,N-di-(Ci_oalkyl)-amino10C1_6alkyl. In certain embodiments of

formula!, Rlds{d2-nltBiadiangls3 imantionally ék}héﬁﬁ%e&ﬁ\éﬁ*ﬂu%md;a‘?‘%ﬁ%hié‘i@ﬁ@ﬁ?{'z n-butyl,

isopropyl, isobutyl, tert-butyl, eyelopropyl, cyclobutyl, cyclopropylmethyt, phenyl, trifluoromethyl,

difluoromethyl, fluoromethyl, pcntafluoro-ethyl, Jyd?#%o o-ethyl, 2,2-diflyoro ethyl, 1-metho xy-ethyl,
v oR e bt i AR B R R e
azetidin-2afityl1-methyl-azetidin-2-yl, 1- dimethylamino-ethyl or dimethylamino-methyl. In certain
embodiments of formula I, R" is [1,2,51thiadiazol-3-yl optionally substituted with methyl, ethyl, n-propyl,

isopropylyneamHih, SRR HRE P uivnayelqpranyl 8 ey eleRBRY MR bnally substituted with C;.
salkvi, halo-Cealkyl, Cagevcloalkyl, Cigseveloaikyl-C, salkyl or cyano.

10 In certain embodiments of formula I, R’ is [1.2,3]thiadiazol-5-y! optionally substituted with halo-
Cygalkyl.

in certain embodiments of formuia 1, R’ is {1,2,3jthiadiazo}-5-y1 optionally substituted with
hydroxy-Ciealkyl, Ciealkoxy-Cisalkyl, Cigalikylamino-Ci salkyl, or NoN-di~(C; salky!}-amino-
C;_Gall{yl.

15 In certain embodiments of formula I, R' is [1,2,3}thiadiazol-5-vi optionally substituted with
methyl, ethyl, nepropyl, n-butyl, isopropyl, isobutyl, tert-butyl, eyclopropyl, cyclobutyl,
cyclopropyimethyl, phenyl, trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-ethyl,
1,1-difluore-ethyi, 2,2-difluoroethyl, 1-methoxy-ethyl, I-ethoxy-cthyi, 2~-methoxy-1-methyl-
ethyl, I-hydroxy-ethyl, isopropoxy, dimethylamino, azetidin-2-yl, 1-methyl-azetidm-2-vyl, I-

20 dimethylamino-ethyl or dimethylamino-methyl.

In certain embodiments of formula I, R is [ 1.2,3)thiadiazo}-5-yl optionally substituted with
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl or cyclopropyl
methyl.

In certain embodiments of formula I, R' is [1,2,3}thiadiazol-5-y1 substituted with isopropyl.

In certain embodiments of formula I, R' is [1,2,3}thiadiazol-3-y1 optionally substituted with C;.

3]
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20 In certain embodiments of formula I. Rl is [1,2,5)thiadiazol-3-yi substituted with isopropyl. In certain
embodiments of formula I, 12] is 4-isopropyl-[i",5]thiadiazol-3-yl. In certain embod en s of folail I. R" is

4-isopropyl4,av ,ﬁnjlgtlm%g;@gol-S-yl. In certain embodiments of formula |, Rzﬁiéﬁfgg&élilsubstituted once or

twice independently with halo or methyl. WO 2010/069794PCT/EP2009/ §ﬁﬁ8§nany

embodiments of formula I, R2 is phenyl substituted at the 4-position with methyl or halo and optionally
substituted at the 2-position with halo. In certain embodiments of foiniula I, R2 is 4-methyl-phenyl,

2-fluoro-4:nethl-phenYin ntWoer s flLRFasphenyindshionos 2 flaronpie Bvbsdidrdichinro-phenyl,
2,4-dif|uoro-pher%/l, or 2- 5 chloro-4-methyl-phenyl. In certain embodiments of formula 1, R2 is
4-methylsgHeinyt ?"E—’Gﬁl’%i%—ﬁh‘é"ﬁﬂl?ﬁ%ké’ér%ﬂcém}f{é’m@lﬁflfﬁfrﬁﬁ}’g‘I, R2 is 4-methyl-phenyl. In
certain embodiments of formula I, R2 is 2-fluoro-4-methyl-phenyl. In certain embodiments of formula I,
R2 is 2-chiorodiflenboditrenylof Otmdertali enibadilthentsof ryhataiopR Y issthisbwdtiluoro-phenyl.
In certain embodimants of formula |, 32,i5,2.4-dishiero-ehanyl 1 cetai, erpbediments of formula |, R2
is 2,4-dif|uorogﬁhgr{¥@l. Iﬁ) céﬁg.i% Emggidzlnmen?s’ o?‘ forr%ﬁla l, RZl’i’s ﬁch}%%&-m%%]y -pr{%]nyl. In many
embotlimeatsyof formula 1, R2 is optionally substituted pyridinyl. Exemplary pyridinyl 15 include
pyridin-2-yi, and pyridin-2-one-1-yl, each optionally substituted once, twice of three times with any of
Cl_oalkylClfad ktexyinhale oCioahaloal Ryl isGiatkyisufan ior-oy apooRtefeutscipydding taclude
4-methyl- yriqli{n-lz-yl, 4-fiuoro-pyridin-2-y1 and 4-methyl-pyridin-2- one-1-yl. In cerLain embodiments of
formula I. |syp'yrid.in 2-y1 substituted with methyl or halo at the 5- 20 position.

In certain embodiments of formula I, R is [1,2,5}thiadiazol-3-yl optionally substituted with

hydroxy-Cjsalkyl, C)galkoxy-C; salkyl, C)salkylamino-Cisalkyl, or N,N-di-(C;salkyl)-amino-

10 Ciealkyl

In certain embodiments of formula I, R' is [1,2,5]thiadiazoi-3-y] optionally substituted with
methyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyl, tert-butyi, cyclopropyl, cyclobutyl,
cyclopropyimethyl, phenyl, trifluoromethyl, difluoromethyl, fluoromethyl, pentaﬂuoro-ethyL
1,1-difluore-ethyl, 2,2-difluoroethyl, I-methoxy-ethyl, i-ethoxy-ethyl, 2-methoxy-1-methyi-
15 ethyl, I-hydroxy-ethyl, isopropoxy, dimethylamino, azetidin-2-yl, l—methyl-azetidin—}yi, I-

dimethylamino-ethyl or dimethylamino-methyl.

In certain embodiments of formula I, R' is [1,2,5}thiadiazol-3-yl optionally substituted with
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl or cyclopropy!-

methyl

20 In certain embodiments of formuia I, R is [1,2,5 thiadiazol-3-v1 substituted with isopropyl.
In certain embodiments of formula I, R' is 4-isop1‘0py1-{1.,2,5]fhiadiazol~3~yl.
In certain embodiments of formula 1. R' is 4-isopropyl-{1,2,3]thiadiazol-3-yl.

In certain embodiments of formuia I, R* is phenyl substituted once or twice independentty with

halo or methyl.

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

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



In certain embodiments of formula I, R2 is pyridin 2-yl substituted with methyl or halo at the 5- position
and optionally substituted with halo at the 3-position. In certain embodiments of formula 1, 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-chiBraiiidift2-yl, difluoro-pyridin-2-y1 or 3,5-dichloro-pyridinEEIAEPYYEY066438
2010/069794PCT/EP2009/066488 -18- In certain embodiments of formula I, R2 is
5-methyl-pyridin-2-yl. In certain embodiments of formula I, R2 is 5-chloro-pyridin-2-yl. In certain

embodiments of formula |, R2 is.5-flupro-pyridin-2-3/1. In certain embodiments. of formula |, R2 is
S ety A TG GRS B Lo SRR DA LTa PRI i et o
5-methy1aBdotioro4hiyr iirst2uptdl at certaiposmbodithenis . of formula |, R2 is 3,5-difluoro-pyridin-2-yl. In

certain embodiments of formula I, R2 is 3,5-dichloro-pyridin-2-yl. In certain embodiments of formula

1,122 is optionally shistitded pyrigaziny. it such.embodicpents 42 mambe H-phipro-pyidaginyl or
6-methyl-gyridazin l, preferably 6-chloro10 pyridazinyl In certain embodiments of formula I, 112 is
optionally SHERREERthisHHER THEGR P BB difme R IR bé- thbBRER-P R fionally substituted
with G stkyles-aate:tRnefaegd thiophenyl include 3-methyl-thiophen-2-yl, 5-methyl-thiophen-2-yi and
5-chloro-thiophen-2-yl. In many embodiments of formula 1, R2 is hydrogen. 15 In many embodiments

of formula,| R6,js byragendn, setain erRediments of foumuta L 86 max e fluoro. In many

embodiments of formula I, R3 is hydrogen. In certain'e nts of fo 1,124 is hydrogen. In
many embodiments of formula I, R3 is Cir6glkyr. A ?referred C1_6alky n such embodiments 20 is

methy!. I&W@%ﬁ?ﬁ%‘ﬁﬁ?ﬂ’@ﬂ%ﬁf PR IRRY T TEHRESTYA preferred Cli_oalicyl in such

embodiments is methyl.
In certain embodiments of formuia 1, R? is 2-fluoro-4-methyl-phenyl.

In certain embodiments of formula I, R is 2-chioro-4-fluoro-phenyl.
10 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,

In certain embodiments of formula i, R%is 2,4-difluoro-phenyl.

In certain embodiments of formula I, R is 2—ch10r0~4;methyl—phenyl.

In many embodiments of formula I, R is optionally substituted pyridinyl. Exemplary pyridinyl
15 include pyridin-2-yi, and pyridin-2-one-1-yl, each optionally substituted once, twice of three

times with any of C,.saikyl, C;salkyloxy, halo, Cyghaloalkyl, C; salkylsulfonyl or cyano.

Preferred pyridinyl include 4~methyl-pyridin-2-yl, 4-fluoro-pyridin-2-y! and 4-methyl-pyridin-2-

one-1-yl.

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

20 position.

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

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

In certain embodiments of formula I, R* is 3-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-vl, 3.5-
25  difivoro-pyridin-2-yl or 3,5-dichloro-pyridin-2-yl.



In many embodiments of fotutula I, R3 is hydrogen and R4 is Ci_oalkyl, preferably methyl. In certain
embodiments of fotumla I, 12.3 and R4 are hydrogen. WO 2010/069794PCT/EP2009/066488 -19- In
certain embogimanissefsiormula 1, one of R3 and R4 is Ci _6allcyl and the-qthes@nedsigydrogen; or
both are hydrogen. In certain embodiments of formula I, R3 and R4 together with the atom to which
they are attached may form a C3,8 carbocyclic ring-5 In certain embodiments of formula 1, R3 and R4
together with the atom to which they are attached may form a cyclopropyl group. In certain
embodinfentstefrformodanic R clifor RSt gBtHe fwithhtHe mtioiin-f5 Yhich they are attached form a C3.5
carbocyclic ring that is optionally substituted with hydroxy.  In certain embodiments of formula 1,124

and RS tegetherwitlhdaaRiambiaomiigh theyiase -atached 40-foym a cyclopropyl group. In certain

embodiments of foitnula 1, R3 is hydrogen and 12.4 and R5 together with the atom to which they are

attached form a cyclopropyl graup. In certain embodiments of formula 1, P.3 is hydrogen and R4 and
R5 toget%%?%%nth%l%%rrﬁyggﬁ |cmﬁgﬁ at}?é attached P&?Pndsl& éfé{‘opentyl group optionally substituted

with hydroxy. 15 In certain embodiments of fotinula I, R4 and R5 together with the atom to which they
are attacHeeFfsvn e bl B 6 &ER3ih G comaniiy otid By Hidtsrotoms each independently
selected from O, N and S. In certain embodiments of fotaila I, R4 and R5 together with the atom to
whiclsthey esesaitachedifamnms afiperidiiy RgiodpretiorStanydwingygiaup-120 In certain embodiments of
formula I, R4 and R5 together with the atom to which they are attached form a piperidin-3-y1 group or

an oxetam;3:y . Gropp. Ahfertain smpediments:of femmuia Jrké3of¢and RS together with the atom to

which they are attached form a six-membered hetcroaryl containing one or two nitrogen atoms, and

which is optionally substituted with halo, aminq qr CislicyL. 25 In certain embodiments of formula I, R3,
R4 and R?g t6gaHheE %la%l?h%tsa‘sg %ﬂwﬁt tﬁ%%?%ﬂ%k?%ﬁé’& (’{fg’r*r‘jf}\ li'heteroaryl selected from
2-0x0-1.2-dihydro-pyrimidinyl, pyridinyl, pyrimidinyl, pyridazinyl or pyridazinyl, each optionally
substitutdd ewitireThyKaneriing w20 R0/069ToaBE FHbRPERd /MEEkeB YL In such

embodiments R* may be 6-chloro-pyridazinyl or 6-methyi-pyridazinyl, preferably é-chloro-
10 pynidazinyl

In certain embodiments of formula I, R? is optionally substituted thiophenyl. In such
embodiments R” may be thiophen-2-yl optionally substituted with C)alkyl or halo. Preferred

thiophenyl include 3-methyl-thiophen-2-yl, S-methyl-thiophen-2-yl and 5-chioro-thiophen-2-yl.
In many embodiments of formula I, R? is hydrogen.

15 Inmany embodiments of formule I, R® is hydrogen. In certain embodiments of formula I, R®

may be fluoro.
In many embodiments of formula I, R” is hydrogen.
1n certain embodiments of formula I, R* is hydrogen.

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

20 is methyl

In many embodiments of formula I, R is C;ealkyl. A preferred Cisalkyl in such embodiments

is methyl
in many embodiments of formula I, R is hydrogen and R” is C, salicyl, preferably methyl

In certain embodiments of formula I, R® and R* are hydrogen.



-20- In certain embodiments of foiuula I, R3, R4 and R5 together with the atom to which they are
attached form a heteroaryl selected from 2-oxo0-1,2-dihydro-pyrimidin-4-yl, '
2-0x0-1,2-dihydropyrimidin-4-yl, 1-methy1-2-o0xo-1,2-dihydro-pyrimidin-4-yl, 6-methyl-pyridin-3-yl,
pyridazin-4- YRS ridin-2-yl, 2-aminopyrimidin-4-y1 or 2-amino-pyPAidRREEH66#8 certain
embodiments of formula I, R5 is Cislkyl; Ci_6alkylqxy-C]_6alkyl; hydroxy-Ci_6alkyl, C1_6alkyl sulfan
yl- C alkyl; C slkylsulfo nyl-C1_6alkyl; amino-Cl_Sg%l, N-Ci_oalkyl-amino-C1_ oalkyl;
N,N-di-C1_6alkyl-amina-C1 6allcyl: C3 7cycloalkyl: optionally substituted phenyl: heteroaryl, or
heterocyclﬁlgﬁé}/&ﬁ. %G%er%rftﬁ 8&%%%%1%%?%%&?2& ﬁ?@ﬁfﬁ%‘%ﬁ@f%%ﬁgéifogﬁ%
substitutect it haloyd@ ¢gancertain embodiments of formula 1, R5 is Ci.ealkyloxy-Ci.slkyl;
hydroxy-C1.6alkyl, heteroaryl, or heterocyclyl-C1_6alkyl. In certain embodiments of formula I, R5 is
Cl_5alkylgxyGlinGalinykiang S eterrad G 1 Sallkiowttdal it ismetbaxyraatiy khey I CoRAIRA
embodiments of formula R5 is hydroxy-C1_6alkyl. One preferred hydroxy-C1_6alkyl 15 is
hydroxy @i OTH edreaiftEINBEdmEsts of formula I, R5 is heteroaryl. In certain embodiments where It.
is heteroaryl, such heteroaryl may be pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, pyrazolyl,
imidazolyfinthéetayl, ehiambiytnoxe bistisdx &7 oy, Ridegiiicoradidzoldn8toxduzBitihpretisdxazolyl,
tetrazolyi,M%gﬁ[gt]yg%iggﬂ%bmjdazo[l,z- 20 a]pyridinyl, imidazo[4,5-b]pyridinyl, and
benzimidazolyl, each of whi ay be optionally substituted one, two or three times with a group or
groups independentlybse_lected from Ci_6alleyl, C1H6alkoxy, Clslicoxy-C1l.6alkyl, halo-C1 6alkyl, halo,
amino, N-EBAPIEFIRMHME P NRCHT EF 6190 8RiAT. MBKE D ArEr By KR et 84FfAhay be
optionally fsutstifute chemeewdi: mtigahaith epasaalivarugsatpsddepenidently selected from methyl, ethyl,
n-propyl, fluor, chloro, 25 trifluoromethyl, amino, methylamino or dimethylamino. In certain
embodimenis WRLe B AgIPAR SUERNEIARANL IR Ry iciind: UImidnd, B agiift
pyridazinyl, pyrazoly1 or thiazolyl, each of which maybe optionally substituted once or twice with a
groupor é%&b%%@y@@@ﬁdbﬁm’yl%elected from methyl, ethyl, n-propyl, fluoro, chloro, amino,
methylamino or dimethylamino. WO 2010/069794PCT/EP2009/1166488 -21- In certain embodiments
where R51hetgtsianthisuthdeierobrtundy leipyvidion aydmiding IR Otyrazinitheaehefwhich may be
optionally substjtuted ongce or twice with .a group or groups independently selected from methyl, fluor,
Chioro, anS Tt TSI o1 ey gy 2o

Tn certain embodiments of formula I, R is hydrogen and R? and R” together with the atom to

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

15 In ceriain embodiments of formula I, R? and R” together with the atom to which they are attached
form a Cysheterocyclic ring containing one or two heteroatoms each independently selected from

0, Nand S.

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

form a piperidinyl group or oxetanyl ring group.

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

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

In certain embodiments of formula 1, R?, R* and R’ together with the atom to which they are
attached form a six-membered heteroary! containing one or two nitrogen atoms, and which is

optionally substituted with halo, amino or C; galkyl.

| ]
L

In certain embodiments of fornwia I, RS, R* and R to gether with the atom to which they are
attached form a heteroaryl selected from 2-oxo-1,2-dihydro-pyrimidinyl, pyridinyl, pyrimidinyl,
pyridaziny! or pyridazinyl, each optionally substituted with methyl or amino.



In certain embodiments where 12: is heteroaryl, such heteroaryl may be pyridinyl pyrimidinyl, or 5
pyrazinyl, each of which may be optionally substituted once or twice with methyl. In certain

embodimentg R&ig/ataroaryi-Cid,alkyl, wherein the heteroaryl is selectepctfpﬁplﬁ)(y%g(%i %1 pyrimidinyl,
and pyrazinyl and Ci_6allcyl is methyl. In certain embodiments of foimula I, where IS heteroaryl,

such heteroaryl may be thiophen-2- yl, pyridin-2-y2ppyridin-3-yl, pyridin-4-yl, oxazol-2-yl,
pyrimidin-2-yl, pyridazin-4-yl, pyrazin- 10 2-yt, 5-methyt-pyrazin-2-yl, imidazol-1-yl, pyrazol-1-y1,
3,5-dimethylepyiazoibbdinchmet fytthidz ol Rk 3@ Thiogerdpheri)ihe 214 AraxadiaEahd ke

3-(pyridin-4-y1)I1.2.41-oxadiazol-5-vl, pyridazin-3-yl,.2:methyl-pyrazol-3-yl, thiazol-5-

ety B e P AT Sk S B e R razol 4.y,

1,5-dimethylipiazbivl-1Ame{BylemathiRpditazol-psy inBit24nyéthonytiothytidin2 47 oxadiazolds-y,

3-<pvridi@ﬁ@%ﬁé@%gﬂ%ﬁk&g {BlARY-orY M%Fg%': -Anfaﬁ!aig?-zmethy'-pwimidin-S-yi’
y

2-aminopyrimidin-4-yl, 6-methoxy-pyridazin-3-yl, 3-oxo-2,3-dihydro-isoxazol-5-yl,
3-methyl-thiophen2- I,éi-methy}{ ,3,4]-oxadiazol-2-yl, 4-methyl-isoxazol-3-yl,

o R OISTE & Hh potagar 31 et BYFab oh Brccoxy-Ci alky
35- n&ethy[l @:Eﬁimiﬂfﬁﬁlihﬂil Qyﬂéﬂptflﬁyﬂi:yfsu@@@lﬂf@wky&-HxﬁFﬁhi@rl(lmeﬂE%I Py @Zﬂililyyﬁmino-cl }
imidazo[2,]-b1-thjazol-6-yl, thiazol-4-yl, 2-propyl- 20 pyrazol-3-yl, 2-ethyl-pyrazql-3-yl,
5-amino-f)aj/1rc a}z‘ﬂﬁéy,éﬁ%ﬂ‘ ?ﬁ%q%%?i' éf‘i’ln-ﬁy ,%Pgﬁl‘((gr%ﬁﬁéﬁ a%%%lﬁ?gyyf}l §%E%{i?:1%;1%‘%%idin-5-y|,
1-methyligtidaarol- 4yiie Bramyiip-pyridingsB-yl, 6-aminopyridazin-2-yl, 2-amino-pyridin-4-yl,
2-dimethylamino-pyrimidin-5-yl, 6-amino-pyridin-2-yl, 2- methylamino-pyridin-4-yl,

2-dimethylargingrRysidimduls 3methyl-2-gimethylamine-pyridin-4- vk PYinidine-With haio.
2-methyl-pyridin-4-yl, 6-methylamino-pyridin-3-yl, 6-dimethylamino- pyridin-3-yl,

6-methylamino-pyrimidin-4-yl, 6-dimethylamingspyridin-3-y], 6-methylaminopyridin-3-yt,
2y TRy IR b RBIND i B RS0 o gl teroar.
6-methylpyritiree@y Cl-ethyl-pyrazol-3-yl, 3-methyl-pyridin-2-yl, 4-methyl-thiazol-5-yl,

1-ethyl-imidazol-2-yl, 1-methyl-pyrazol-4-yl, imidazo[4,5-b]pyridin-2-yl, 3,5-difluoro-pyridin-2-yl,
6-fiioro-fyigiind-yiid Brelime bl 30 BVEZOLs 3=y e BryRathyh-Ruridin-Bnd pestifiupromeathyb-ayridin-3-yl,
5-methyl-isoxazol-3-y1, 5- methyl-imidazol-2-yl, 5-methoxy-benzimidazol-2-yl, [1,2,4]triazol-3-ylI,
6-methyl%ﬁ§§’2iﬁ-§]—§}i}°ﬂm@fmj’ -6-0x0-1,6-dihydro-pyridin-3-yl or 8-methy1-imidazo[1,2-a]pyridin-2-yl.
WO 2010/069794PCT/EP2009/066488 -22- In certain embodiments of formula 1, R5 is
heterocydht<Czingakydiniensmbdiménts Rvhehe ®Rexis Bretekoty Elyb Gbdetdiytiyguoty-C, calkyl
heteygcy@ﬂ%@g{% may be heterocyclyl-methyl such as morpholinomethyl, piperidinyl-methyl,
piperazinyl-methyl, thiomorpholinylmethyl, pyrrolidinylmethyl, or azendinylmethy1, the heterocyclyl

portion of each 5 of \%hich mayf[% optjonally sybstituted once or twice with a group or groups
independBritfy B SR R s AR xI? 15862 4ethanesulfonyl, oxo or acetyl. In embodiments

where R) is heterocyciyl-methyl, such heterocyclylmethyl may be morpholin-4- yl-methyl,
4-methariesaftemyphodiazittsyheneRyk degoesmilpiperdziardary i sae treyhypidiesitlipyayipidiny L,
thiomorpBolinsfsy HpetaYindr ARGz YRR 9X0-PIRgS !@é&X&&Sﬁ}'@M&%B&
3-methoxy-p|per|d|n-I-yI-methy_, 4-methoxy-f)|{oer|dm-I-yI-methyI, 4-hydroxy-piperidin-1-yl-
oxadiazolyl, 3-oxc-2,3-dihydro-isoxazolyl, tetrazolyl, imidazo[2,1-b]thiazolyl, imidazo[1,2-

20 ajpyridinyl, imidazo[4,5-b]pyridinyl, and benzimidazolyl, each of which may be optionally
substituted one, two or three times with a group or groups mdependently selected from C;_galkyl,
Cisalkoxy, Ciealkoxy-Cealkyl, halo-C;galkyt, halo, amino, N-Cy salkyl-amine, or N,N-di-{ C;.
sallcyl)-amino. More preferably, such heteroaryl may be optionally substituted once or twice
with a group or groups independently selected from methyl, ethyl, n-propyl, fluoro, chloro,

25 trifluoromethyl, amine, methylamino or dimethylamino.

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

chloro, amino, methylamino or dimethyiamino.



methyl, 1-oxo-thiomorpholin-4-yl-methyl, 3-hydroxy-pyrrolidin-1-yl-methyl, azetidin-3-ylmethyl,
4-methanesullonyl-piperidin-1-yl-methyl, 4-fluoro-piperidinl-yl-methyl, 4-acety1-3-

methyl-piperge yl, 4-acetyl-3 ,5-dimethyl-piperazin-I-yl-methyl,
2,6-dimethylﬁ%?gﬁgﬁﬁg;l-methyl, 4, 4-difluoro-piperidin | -yl-methyl, 3-f|Eg%?gizsggrjigﬂ%‘;ﬁyl-methyl, 4-
15 methy1-4-hydroxy-piperidinl-yl-methyl, or 3-fluorp-4-methoxy-piperidinl-yl-methyl. In certain
embodiments of formula!, R5 is hydroxymethyl, methoxymethyt, pyrazin-2-y1 or 5- methyl-p
yrazin-2-yi dereertaineinhodinests Rf ferswds/l s ishyskoxyraethyhmetmaxyynativhspywazin-2-yl, 5-

methyl-pyrazin-2-yL, 6-methyl-pyridazin-3-yl,.or 1-methy1-6-ox0-1,6-dihydro-pyridin-3-34. 20 In certain
embodi R T e PTrSDHRAT ST RRTRGE BLAAUL Y o5 g
2-methyl-pyepaidinmy wkiScter fork pyetiniblifiedey|  chicdo xyrine thyt diy inethexy mietbyly limmeertain
embodiments of formula I, R5 is hydroxymethyl. In certain embodiments of formula I, R5 is

methoxymetiytilnesaitaimamborirnerits et fornyiad, RAdERMAZ IR Y l%ﬁiahéﬁrfg&@nﬁmﬂﬂgwems of
formula I, R5 is 5-methyl-pyrazin-2-yl. In certain embodiments of formula'l, RS is
1-mef’hyu@ff&>%abﬂg@?&Mﬁ?@iﬁ;rmaﬁ%ﬁmﬁ%ﬁéwwﬁ%ﬁdwg BifTHtAERS is
2-methyl-pyrimidin-5-yl. WO 2010/069794PCT/EP2009/066488 -23- In certain embodiments of
formula | Rsis:8-enatbyispytidhzinBuhruotfainikbyibebicentsedfdoinua ik REcRT o Rs are

hydroge%Mﬁggﬁ%ﬁgﬂggﬁgﬁfg%{&gﬁiﬁkb1@& qSF§§e§{ _hydrogen. In certain embodiments of

formula I, one of oxy and the other is 5 hydrogen. In certain embodiments
of foimula I, both of R7 and Rs are halo or Ci.,4alkoxy. In certain embodiments of formula I, one of Rls

and Rs islﬂﬁa%%m@?%m#ﬂm%ﬁn@'? 18 BieRsGEn such AeCEiRani! SRBEAIMERS b formula |,
R7 and R8, eaghiindepenearntly gl fiveidehiorn exethaxyl dmearaiyembadiments ofdepmula |, R:
and 5)8 e fl[LJSQ{hethyinpyrazin-Z-yI, imidazol-1-yl, pyrazol-1-yl, 3,5-dimethyl-pyrazoi-1-yl, 2-methy!-
thiazol-4-yl, 3-(2-chloro-phenyl)-{1.2,4]-oxadiazo}-5-yi, 3-(pyridin-4-y1)-[ 1,2 41-0xadiazol-5-yl,
pyridazin-3-yl, 2-methyl-pyrazol-3-yl, thiazol-5-yl, 1-methyl-imidazol-2-yl, 6-chloro-pyrimidin-
4-yl, 4-ethyl-{1,2, 4 -triazol-3-yl, 1,3,5-¢rimethyl-pyrazol-4-yl, 1,5-dimethyl-pyrazol-4-yl, 1,3~
dimethyl-pyrazol-4-yl, 3-(2-methoxy-ethyi)-[1,2,4]-oxadiazol-5-yl, 3-(pyridin-3-y1-[1,2,4}-

15 oxadiazol-5-yl, tetrazol-5-yl, pyrazol-3-yl, 4-amino-2-methyl-pyrimidin-5-yi, 2-amino-
pyrimidin-4-yl, 6-methoxy-pyridazin-3-yl, 3-ox0-2,3-dihydre-isoxazol-3-yi, 3-methyl-thiephen-
2-yl, 3-methyl-[1,3,4]-oxadiazol-2-yl, 4-methyl-isoxazol-3-yl, 3-trifluoromethyl-pyrazol-1-yl, 1-
methyl-pyrazol-3-yl, 3-methyl-pyrazol-1-yl, 5-methyl-3-triflcoromethyl-pyrazol-1-yi, 5-
cyclopropyl-3-trifluoromethyl-pyrazol-1-yl, imidazo[2,1-bl-thiazol-6-yl, thiazol-4-yi, 2-propyl-

20 pyrazol-3-yl, 2-ethyl-pyrazol-3-yi, S-amino-pyridazin-2-yi, 3-amino-pyridazin-2-yl, 3-chloro-
pyridazin-2-yl, 2-amino-pyrimidin-5-yi, 1-methyl-imidazol-4-yl, 6-amino-pyridin-3-yl, 6-amiro-
pyridazin-2-yl, 2-amino-pyridin-4-yl, 2-dimethylamino-pyrimidin-5-y!, 6-amino-pyridin-2-y1, 2-
methylamino-pyridin-4-yl, 2-dimethylamino-pyridin-4-yl, 3-methyi-2-dimethylamino-pyridin-4-
vi, pyrimidin-5-yl, 2-methyl-pyridin-4-yl, 6-methylamino-pyridin-3-yl, 6-dimethylamino-

25 pyridin-3-yl, 6-methvlamino-pyrimidin-4-yl, 6-dimethylamino-pyridin-3-vl, 6-methylamino-
pyridin-3-yl, 2-methylamino-pyrimidin-5-yi, 6-methyl-pyridin-3-yl, 4-methyl-thiazol-2-yl, 2,6-
dimethyl-pyridin-3-yi, imidazo[1,2-alpyridin-2-yl, 6-methyl-pyridin-2-yl, 1-ethyl-pyrazol-3-yl,
3-methyl-pyridin-2-y1, 4-methyl-thiazol-5-yl, -ethyl-imidazol-2-vi, I-methyl-pyrazol-4-vl,
imidazo[4,5-b]pyridin-2-yi, 3,5-difluoro-pyridin-2-yi, 6-fluoro-pyridin-2-yl, 1,5-dimethyl-

30 pyrazol-3-yi, S-methyl-pyridin-2-yl, 6-triffuoromethyl-pyridin-3-yl, 5-methyi-isoxazol-3-vl, 5-
methyl-imidazol-2-yl, 5-methoxy-benzimidazol-2-yl, [1,2,4}triazol-3-yl, 6-methyl-pyridazin-3-vl,
I-methyl-6-0x0-1,6-dihydre-pyridin-3-yi or 8-methyl-imidazo{1.2-z]pyridin-2-yi.



In certain embodiments of formula 1, one of R7 and Rs is fluor and the other is hydrogen. In certain
embodiments of formula I, one of R7 and R8 is chloro and the other is hydrogen. In certain
embodiments of formula |, one of R7 and R8 is methoxy and the other is hydrogen. In certain
embodiment¥ BPABAHNEY, R68s halo. 15 In certain embodiments of formBaYER2ISHESHSS In certain
embodiments of formula I, Rl is a group of formulaézA or B;  wherein RS is: hydrogen; C1.6alkyl;
Ci..6allcoxy; C1..6alkylsulfonyl; phenyl; amino; N- 12..“.6alky1amino; N,N-di-Ci_6alkyl-amino

haIQ'C162#8@&5‘@'%&%%&6&!3‘(% ¢ éete{%;g,géag]l}l(e\égr&%g%@@?ﬁ{(y!; 20 C3..6cycloalkyl-C1.6alkyl;
aminocarbonyi; heterocyclylcarbonyl; C1..6allwxy-carbonyl; of Cyano. In certain embodiments of
foiniula I, Rl is a group of formula A. WO 2010/069794PCDEP2009/066488 In certain embodiments of

formula 1,11 2Mp9 EBeBI BT AUl egHEeih e VA et Rearrevein:-Un¢dithiempodiments of

formula L@Eﬁ%ﬁ@p@ﬁ%@f@w@ AdpMIBERRS IS Aeined.BeraIniB-earRIRemAodiments of
formula |, R2 isrpégr_ogen; C]_6alkyl; %1,6alkoxY; Ci-salkyl-sulfonyl; amino; N-C1_6alkyl-amino;

halo-CL. SRR Ry R0 e B Sy P e BBy oS T TR BLACE
aminotarboniicheieyragyshioaansonyk: Gitcd Shoalaxycarbany lk@ueyanesups independent Iy

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

In embodiments where R is heterocyclyl-methyl, such heterocyclyimethy! may be morpholin-4-
yl-methyl, 4-methanesulfonyl-piperazin-1-yl-methyl, 4—acetylwpiperazinn I-yi-methyi, piperidin-
i-vi, thiomorpholin-4-yl-methyl, 4-methyl-piperazin-1-yl-methyl, 3-oxo-piperazin-1-yl-methyi,

10 3-methoxy-piperidin-1-yi-methyl, 4-methoxy-piperidin-i-yl-methyl, 4-hydroxy-piperidin-1-yl-
methyl, 1-oxo-thiomorpholin-4-yi-methyl, 3-hydroxy-pyrrokidin-1-yl-methyl, azetidin-3-yl-
methyl, 4-methanesulfonyl-piperidin-1-yl-methyl, 4-fluoro-piperidinl-vi-methyl, 4-acetyl-3-
methyl-piperazin-1-yl-methyl, 4-acetyl-3,5-dimethyl-piperazin- 1-vl-methyl, 2,6-dimethyi-
morpholin-4-vi-methyl, 4, 4-difluoro-piperidin1-yi-methyl, 3-fluoro-piperidinl-yl-methyl, 4-

15 methyl-4-hydroxy-piperidinl-yl-methyl, or 3-fluoro-4-methoxy-piperidin ! -yi-methyl.

In certain embodiments of formula I, R” is hydroxymethyl, methoxymethyl, pyrazin-2-y1 or 5-
methyi-pyrazin-2-yl.

In certain embodiments of formula I, R® is hydroxymethy!, methoxymethyl, pyrazin-2-yl, 5-
methyl-pyrazin-2-yl, 6-methyl-pyridazin-3-yl, or -methyl-6-0x0-1,6-dihydro-pyridin-3-yl

20 In certain smbodiments of formula I, R* is hydroxymethyl, methoxymethyl, 5-methyl-pyrazin-2-

vi, 2-methyl-pyrimidin-5-yl, S-methyl-pyrimidin-2-yl, hydroxymethy! or methoxymethyl.
In certain embodiments of formula I, R’ is hydroxymethyl.
In certain embodiments of formule I, R™ is methoxymethyl

In certain embodiments of formula 1, R is pyrazin-2-yl.

2
wn

In certain embodiments of formuia I, R’ is 5-methyl-pyrazin-2-yl.
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 2-methyl-pyrimidin-5-yl.



In certain embodiments of formula | R2 is hydroxy-C1_6alkyl,C1.6alkyl- amino-C1 -6allsyl, and
N,N-di-(C1.6alkyl)-amino-Ci_aalkyl. In certain embodiments of formula I, 122 is methyl, ethyl, n-propyl,
n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, phenyl,
triquoromethX‘/II, %f‘m@%?ﬁ%thyl. 15fluoromethyl, pentafluoro-ethyl, 1,1-dif|u%cr$’-'gfﬁ ?@%‘-‘ﬁﬁluoroethyl,
1-methoxy-ethyl, 1- ethoxy-ethyl, 2-methoxy-1-mqtjyl-cthyl, 1-hydroxy-ethyl, isopropoxy,
dimethylamino, azetidin2-y1, 1-methyl-azetidin-2-y1, 1-dimethylarnino-ethyl or dimethylamino-methyl.

In certairﬁgg%ptggjmgﬁa- | GEREIBP%B;Ii,SR@ﬂs—@%WJp i@gﬁjﬁ-_g:_MGalkyl. In certain embodiments of

foiinula 1, Rais C1_6alkyl. 20 In certain émbodiments of formula |, Ra is C _6alkoxy. In certain
embodiments of foimula |, le is C1_6alkyisulfonyl. WO 2010/069794PCT/EP2009/066488 2)5_ In
certain e A OF fORRMIAT ORI o F e a8 diMents of foiiula I, le is N-Ci_6alkyl-ao.

in certain embodiments of fo ula |, le is N,N;di-Cl}s_6aIkyI-ao. In certain embodiments of formula I, le is
halo-C1_Batloyibemtzaitaimte rifodimiedtRotfotfiutacl hRiadgehalo-Ci_oalkoxy. In certain embodiments
of formula I, le is C3_6-cycloalkyl. In certain embodiments of formula |, le is

C3_6cyclpaleynCiirligdninsatiainiembadisnaitmefifolinwa bRa isrminecatkopied ik certain
embodiments of formula 1, le is he erocyclyicarbonyl. 10 In certain embodiments of formula I. Ra is
C1_6alka¥{taf5Bnyl. In certain embodiments of formula 1, 12.a cyano.

In certain embodiments of formula 1, both of R’ and R® are halo or C;.alkoxy.

In certain embodiments of formula I, one of R” and R is fluoro, chloro or methoxy, and the other

is hydrogen.

in certain embodiments of formula 1, R and R® each independently is fluoro, chloro or methoxy.
10 In certain embodiments of formula [, R’ and R® are fluoro.

In certain embodiments of formula 1, one of R” and R® is fluoro and the other is hydrogen.

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

In certain embodiments of formula [, onie of R” and R® is methoxy and the other is hydrogen.

In certain embodiments of formuta I, R® is halo.
15 In certain embodiments of formula I, R is fluoro.

In certain embodiments of formula I, R' is a group of formula A or B;

Rﬁ , R* \/N B;

\
N N—5

wherein R” is: hydrogen; C, salkyl, Cysalkoxy; Cisalkylsulfonyl; phenyl; amino; N-Cjealkyl-
amino; N,N-di-C;ealkyl-amino halo-Cealkyl; halo-C; salkoxy; hetero-C,galkyl; Csg-cycloalkyl;

20 Cigeycloalkyi-Cisalkyl; aminocarbonyl; heterocyclylearbonyl; Cyealkoxy-carbonyl; or cyano,

In certain embodiments of formula I, R is a group of formmla A,



In certain embodiments of formula I, le is methyl, ethyl, n-propyi, n-butyl, isopropyl, isobutyl, tert-butyl,
cyclopropyl, cyclopropylmethyl, trifluoromethyl, pentafluoro-ethyl, 1 ,I-difluoro-ethyl, 1-methoxy-ethyl,
1-ethoxy-et -met - I-methyl-ethyl. 1-hydroxy-ethyl, or 15 dimethylamino-methyl. In certain
embodimen}})éo((%zl‘5 Pgﬂé?%%%?’ le is methyl; ethyl, n-propyl, isopropyl, n-butyl, ?gggﬁ}t}ﬁ},ﬂ%‘ﬁ%ﬁfﬁyl,
cyclopropyl or cyclopropyimethyl. In certain embodjments of formula |, le isopropyl. In certain
embodiments of foiLula | the subject compounds are more specifically of formula 1l: 20 WO

2010/069794RG T IERIAPHUDC0A8G 40 Pra Rhatmarsicallyiageeptable salt thereof; wherein: X is C
or N; RI1 and R12 each independently is hydrogen; Cislkyl; Ci_6alkyloxy halo; halo-C].6alkyl;

haloC145alkoxy, Cl..6alkylsulfonyl; or cyano; and 5 Rl and R5 are as defined herein. In certain
embodiments of foiula Il, the compounds of the-vention are of folutula ha or Ilb: wherein X, RI, R5,
RI1 and R12 are as defined herein. In certain e c;lsiments of formula | the subject compounds are

more specifically of formula I1I: 10 . )
R T=n AL

wherein R is as defined herein.

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

wherein R® is as defined herein.

In certain embodiments of formula I, R" s hydrogen; C;alkyl; C;salkoxy; Cisalkyl-sulfonyl;
aming; N-Cjsalkylaming; N,N-di-C; salkyl-amino halo-Ci.gatkyl; halo-Cisalkoxy; hetero-Ci.
sallyl; Ciseyeloalkyl, Csgoyeloalkyl-Cisallyl; aminocarbonyl; heterocyclyl-carbonyl; Ci.

10 salkoxycarbonyl; or cyano.

In certain embodiments of formula I R® is hydroxy-C, salkyl, C; salkoxy-C; salicyl, Cy.galkyl-
amino-C, ealkyl, and N,N-di-(C; salkyl)-amino-Crealkyl,

In certain embodiments of formula I, R* is methyl, ethyl, a-propyl, n-butyl, isopropyl, isobutyl,
tert-butyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, phenyl, trifluoromethyl, difluoromethyl,

15 fluoromethyl, pentafluore-ethyl, 1,1-difluore-ethyl, 2,2-difluoroethyl, 1-methoxy-ethyl, 1-
ethoxy-ethyl, 2-methoxy-1-methyl-ethyl, 1-hydroxy-ethyl, isopropoxy, dimethylamino, azetidin-
2-yl, 1-methyi-azetidin-2-yl, 1-dimethylamino-ethy! or dimethylamino-methyl.

in certain embodiments of formula I, R" is C; salkyl or halo-C; salkyvl.
In certain embodiments of formula I, R® is Cygalkyl,
20  In certain embodiments of formula 1, R® is C;salkoxy.

In certain embodiments of formula I, R* is C; salkylsulfonyl.



or a pharmaceutically acceptable salt thereof; wherein X, RI, R5, RI1 and R12 arc as defined herein. In
certain embodiments of any of formulas I. 1l a, lib, or lll, R is. WO 2010/069794PCT/EP2009/066488
-27- [7-0H H3C CH3 ; wherein: nis 0, 1 or 2; Rk and Rd each independently i.s hydrogen or
Cd_6allcyl; B R&1¥Idtbgen, Ci_oalkyl, acetyl or Chtalkyl-sulfonyl: RP affdlEg8%¥ s Hdtfependently is
hydrogen or Cl_salkyl, Rh and Rd each independg;gt[y is hydrogen, C1,6alky1, fluor, hydroxy or
C1_6alkyloxy; R-} and Rk each independently is hydrogen or Ci_oallcyl; and Rk, Rk, RP, Rg and

(F:{;(a r(]-:-achlilpgglpa%%I{%rggxﬁirsle%%dég%%lﬁiasﬂ%la ngaall%incohoalkoxy, C)_6allcyl10sulfonyl halo-C1.45alkyl. or

In certain embodiments of formula [, R is N-C, salkyl-amine.
In certain embodiments of formula I, R is N,N-di-C; galkyl-amino.
In certain embodiments of formula I, R® is halo-C; salkyl.
5 In certain embodiments of formula I, R® is halo-C, salkoxy.
In certain embodiments of formula I, R* is C; s-cycloalkyl.
- In certain embodiments of formula I, R* is Cigcycloalkyl-C; salkyl.
In certain embodiments of formula I, R* is aminocarbonyl.
In certain embodiments of formula I, R" is heterocyclylcarbonyl.
10  In certain embodiments of formula I, R* is C,salkoxycarbonyl.

In certain embodiments of formula I, R* cyano,

In certain embodiments of formula I, R® is methyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyl,
tert-butyl, cyclopropyvl, cyclopropylmethyl, trifluoromethyl, pentafluoro-cthyl, 1,1-difluoro-ethyi,
I-methoxy-ethyl, I-ethoxy-ethyl, 2-methoxy-i-methyl-ethyl, 1-hydroxy-ethyl, or

15 dimethylamino-methyl.

In certain embodiments of formula I, R is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

tert-butyl, cyclopropyl or cyclopropyimethyl.
In certain embodiments of formula I, R” isopropyl.

In certam embodiments of formula T the subject compounds are more specifically of formuia II:

20



In certain embodiments of any of formulas | a. ITU, or lll, R5is: wherein Re is as defined herein. In
certain embodiments of any of formulas I, Ha, lib, or Il R5 is: WO 2010/069794PCT/EP2009/066488

-28- in certain embodiments of any of formulas I, Ha, lib, or lll, R5 is: N OH CH3N.9.NCH3 ; or
-N.-NCH WHERRZAHYP6T8Y, R2, R.3, R4, R5, R6, R9, le, R9, R19, RI', RIZP{RERIIMEHR Rg, R9,RK,
5 Rm, R, Ri RP and Rq is alkyl or contains an alkyl moiety, such alkyl is preferably lower alkyl, i.e.
Cioalkyl, and more preferably Ci.ialkyl. The inventioh also provides methods for treating a disease or

Conditionorrnae g.%tr%%cpe\{lt%aﬂ%/hggggﬁgbke salt thereof, wherein:
XisCorN;
R'' and R'? each independently is hydrogen; C;salkyl; Cgalkyloxy; halo; halo-C; salkyl; halo-
Cr.salkoxy: Cgalkyisulfonyi; or cyano; and

5  R'and R are as defined herein.

In certain embodiments of formula I1, the compounds of the invention are of formula Ila or Ib:

wherein X, R, R”, R' and R'? are as defined herein.

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

[LIS

10

or a pharmaceutically acceptable salt thereof, wherein

X, R, R®, RY and R are as defined herein.

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



associated with a R2X3 receptor antagonist, a P2X213 receptor antagonist, or both, the method
comprising administering to a subject in need thereof an effective amount of a compound of the 10
invention. The disease may be genitourinary disease or urinary tract disease. In other instances the
wdisease maybe W Ufde4se is associated with pain. The urinary tract disd4sEERYIRE5#8%uced
bladder capacity; frequenct micturition; urge mcon%r:/ence stress incontinence; bladder hyperreactivity,
benign prostatic hypertrophy; prostatit is; detrusor hyperreflexim urinary 15 frequency; nocturia; urinary

urgency; overactive bladder; pelvic hypersensitivity; urethrit s; pelvic pain syndrome; prostatodynia;
cystitis; or |?)éfhat|c adder hypersensitivity. Tﬁglsease assiqciated with pain may be: inflammatory
pain.; surgicalipain. visgeral pain;idental pain; premenstrual pal central pain; pain due to burns;
migraine Or cfdSter he&daches; nexye injury; ne neuralgias |soning' ischemic injury; interstitial
cystitis; cancer pain; viralS2Q parasitic or bacte |aI |nf ction; ost traumatic injury; or pain associated
with irritable bowel syndrome. WO 0,{6)697 /EP20 88 -29- The disease may be a

respiratory disorder, such as chidgfic obstsuctive @Inﬁbnar is dBCIL (COPD), asthma, or
bronchospasm, or a gastrointestinal (Gl) disorder such as Irrltalsd‘é Bowel Syndrome (IBS),
Inflammatory Bowel Disease (IBD), biliary colic and other biliary disorders, renal colic,
diarrhea-dominant IBS, pa n associated with Gl distension. 5 Representatlve compounds in

accordanc |th the meth®ds of the jnve on are.gho |n Table 1, with pK| values for the P2X3 and
P2X213 rece ors Table I tructur
@ N% )’

P f . .
R GORTT P‘ ; : .or
{0,
wherein:
nis 0, 1or2;

R¢ and R® each independently is hydrogen or C).salkyl;
5 R%ishydrogen, Cygalkyl, acetyl or Cigalicyl-sulfonyl;
R’ and R® each independently is hydrogen or C alkyl;
R and R each independently is hydrogen, C,.salkyl, fluore, hydroxy or Cgalkyloxy;
R! and R* cach independently is hydrogen or C; galkyl; and
R™ R™ R®, RP, R9and R’, each independently is hydrogen,C, calkyl, halo, C;salkoxy, C;salkyl-
10 sulfonyl halo-C, salkvl, or cyano,

in certain embodiments of any of formulas I, Ifa, b, or 111, R is:

A "
1. o [J jeleN

wherein R is as defined hersin.

In certain embodiments of any of formulas I, Ia, IIb, or 11, R is:



Name (AutonomTM)P2X3 P2X213 N-((R)-2-Hydroxy-1-methylethyl)-3-(4-isopropY1-
[1,2,5]thiadiazol-3-y1)-545-8.167.14 methyl-pyridin-2-yl)- benzamide 4'-Methy1-5-
[1,2,3]thiadiazol-4-yl- bipheriyl-3-carboxylic acid5.33 (2-methoxy-1-methyl-ethyp- amide
3-(4-1sopropYiC WA diazol-5-y1)-N-(5- methyl-pyrazin-2-yimethyl)-8. B4 F/BEz009/066488
5-(5-methyl-p)ridin-2-y))- benzamide -30- N-OR)-géHydroxy- | -methyl- ethyl)-3-(4-isopropyl -
[1,2,3]thiadiazol-5-y0-5-(5-8.376.67 il

10

15

20

\/{\l )ﬂ ﬂ[N\ 7TN\ A N .
OH' O\CHS; tN’J : ]N’)\c}g ;X(N:'ic% ;“T\ACHS

In certain embodiments of any of formuias I, Ia, ITb, or III, R’ is:

?ﬂ ?ﬂ X N
L s $A
“CH, | N CH, o N CH,

3

Where any of R, R, RY, R', R®, R®, R7, R, R?, R, R", R, R, R%, R, R%, R, RE, RY, R, RY, R,
R™ R R% RP and R is alkyl or contains an alky! moiety, such alky! is preferably lower alkyl,
te. Crealkyl, and more preferably Cyalkyl

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

imvention.

The discase may be genitourinary discase or urimary fract disease. in other instances the
wdisease may be a disease 1s associated with pain. The urinary tract disease may be: reduced
bladder capacity; frequenct micturition; urge incontinence; stress mcontinence; bladder
hyperreactivity, benign prostatic hypertrophy, prostatitis; detrusor hyperreflexia; urinary
frequency; nocturia; urinary urgency, overactive bladder; pelvic hypersensitivity; urethritis,

pelvic pain syndrome; prostatodynia; cystitis; or idiophatic bladder hypersensitivity.

The disease associated with pain may be: inflammmatory pain; surgical pain; visceral pain; dental
pain; premenstrual pain; central pain; pain due to burns; migraine or cluster headaches; nerve
injury; neuritis; nevralgias: poisoning; ischemic injury; interstitial cystitis; cancer pain; viral,
paragitic or bacterial infection; post-traumatic injury; or pain associated with irritable bowel

syndrome.



methyl-pyrid in-2-y0- benzami de CH3 NCH ."-s% 3-(4-Isopropyl- [1,2,3]thiadiazol-5-yl)-5 -( 5-
methyl-pyridin -2-yl)-N-(2-8.057.47 methyl-pyrimidin -5- ylmethyl)-benzamide CH3 344-1 sopropyl-
[1,2 3]th|ad| I 95N 2 2540 methyl pyridin-2-y1)-1'1 -(5-7.786.98 S Nm ethylpyrimiciin-2-
yimethyl)-b en?arnll cﬂ' 9 ﬁ PC¥,’%1V>20(}9/(366488

220

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

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

Ln

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

with pKi values for the P2X; and P2X; receptors.

Table 1

# Structure Name (Autonom™) P2X,  P2Xn

N-({R}-2-Hydroxy-1-methyl-
ethyl)-3-(4-isopropyl-
[1,2.5]thiadiazol-3-v)-5-(5- 816  7.14
methyl-pyridin-2-y1}-

benzamide

& -Methyl-5-
[1,2,3)thiadiazol-4-yl-

[¥5]
(A}

hiphenyi-3-carboxylic acid 5.
(2-methoxy-1-methyl-ethyl)-

amide

3-(4-Isopropyi-
[1.2.3Mthiacdiazol- S-yE-N-(5-

~
3 } methyl-pyrazin-2-yimethyl}-  8.04  7.43
o 3 .
| = RN 5-(5~methyl-pyridin-2-vi}-
=N HC — benzamide



ON, CH3 3-(4-Isopropyl- [1,2,5]thiadiazol-3-34)-N-(5- methyl-pyrazin-2-ylmethy0-7.747.36
5-(5-methyl-pyridin-2-y1)- hen zamide WO 2010/069794PCT/ 2009/066488 -31- Compounds of the
present inve‘r%t(i)ozrb can b&made by a variety of methods depicted in the illustrative synthetic reaction
schemes showr and described below. The starting materials and reagenfCGEEd MY Be4ring these
compounds generally are either available from commercial suppliers, such as Aldrich Chemical Co., or
are prepared by methods 5 known to those skilled in the art following procedures set forth in
references such as Fieser and Fieser's Reagents for Organic Synthesis; Wiley & Sons: New York,
1991, Volumes 1-15; Rodd®:Chémisti'of Carbon Compounds, Elsevier Science Publishers, 1989,
Volumes 1-5 and Supplemengals; and Organic R%'é@ﬁ&ﬁ@f%@}f@@%ns: New York, 1991, Volumes
1-40. The following synthetiC réctioridthemes arg:mdrélysiliisttative of some methods by which the
10 compeunds of the-gre /entiop can be synthesizegzcandivarious modifications to these
synthetic reaction ies can be mag‘;l/e and willhe-suggested;to one skilled in the art having referred
to the disclosygg-eontaied iF-this. Apphication. The_sfarting materials and the intermediates of the
synthetic reactibn schemes can ke isolated and purified if desired using conventional techniques,
including but not limited to. filtration; 15 distillation, crystallization, chromatogaphy, and the like. Such

materials can be characterized using conventional means, including physical constants and spectral
N._ CH,

data. =
e
0 N o N 3-(4-Isopropyi-

[1,2,3thiadiazol-5-yh-5-(5-

5 methyl-pyridin-2-y1)-N-(2- 8.05 7.47
= \ 5 N methyl-pyrimidin-5-
~ /
=N HC ’ vimethyl)-benzamide

3-(4-Isopropyl-
[1,2.3]thiadiazol-5-y1)-5-(5-
methyl-pyridin-2-yh-N-(5- 7.78 0.98

methvl-pyrimidin-2-

o

vimethyl}-benzamide

3-(4-Lsopropyl-
[1,2,5)thiadiazol-3-y1)-N-(5~

7 methyl-pyrazin-2-yimethyl)-  7.74  7.36
N
\i g 5-{5-methyl-pyridin-2-yl)-
e =N G ==/ benzamide



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 Cwm%eﬂﬁ]r((eferably from about 0 C to about 125 C, and most preferably and 20 conveniently
at about room (8t Ambiet) temperature, e.g., about 20 C. Scheme A bel8f Y& Eie synthetic
procedure usable to prepare specific compounds gf,formula I, wherein R is lower alkyl and X. R3, R4,
le, R6. R'1, R'2 and Ra are as defined herein. SCHEME A In step 1 of Scheme A, nitrohenzoic acid a
's subjecttg iodination Hnder slfric,asid conditions fo afferd loda.nirehenzgicagid . Benzoic acid
compound b 1S reacteé wit arylboronic acid compoﬁngc in-the presence of
tetrakis-(tHpHanppkospttinejpetiaiohoatalsyiaedfdes- tiipkdmideicid compound d. The acid group of
biphenyl acid d is protected by esterification in step 3 to form biphenyl acid methyl ester e. Biphenyl
ester ¢ isfhensubischigidierionder o bipheaaminLinsian dARdRdinaian teggion is carried

outinstep 5 bﬁtreating biphenylamine f with me érene iodide or like iodination reagent to afford iodo
compourfey Y labeL B BREAD L SHIBY B Y58 tredidr MVithamistli 201 8TheHR BHePpieSenBs 8P Halladium
catalyst tprgive thiadiazela.astemeampauwidl: GRIvRuRddthem undaraarshase catalyzeshydrolysis

in step 7 to give the corresponding carboxylic acid compound j..Compound j is then reacted with amine
10 proviiE T AR SR OSEABOSEHTE S & O OUY G Y Aok tance with the
inventionRa&diddry matiaticitsadios chenpe vhardpessibikrianc: WilbSsigge sttt msalves tethase skilled in
the art. For example, in emhodiments S/ nd 8. may.b 2 C ied out prior jo step 6. In still
other emgu‘ uﬁrélnflé?ligd g@ﬁ%ﬁ%ﬁﬁ%ﬁmﬁg% %%%gea e§ %ﬁ# Dis tﬁﬁdty %friizdt\{)ogllvrgeebzgi tgjl'%'uty fin

com pounﬁl(ﬂwf@mwﬁl)%tWM%hTmasﬁhqmﬁmlmmﬁéyréh@t@diy_@iﬂf a)m%zmtbqviﬁlbyaé@érth@ afford WO
201019697 RGTIER2NON086ARR-FBncampOLL. SRecll ASiAlSHRLRIBGIG smpounds of the

invention are described in the Examples section below. The compounds of the invention are usable for
the treatrPERESIT HIAEHaRRESE EhoBRAaA A EhBe LRt ch e HrsbiErS 2Theludiag urinary
tract disease-state shassadiated with:hladdend pbtebstruction and urinary incontinence conditions
such as reduced bladder capacity, frequent micturition, urge incontinence, stress incontinence, bladder

hypen-eactivity, benign prastatic hypertrophy (BPH), prostatitis, detrusqr hyperreflexia, urinar
foquuency TGS ‘OAEA Gy OVETARR R A T Wy ORIV G S BB pain
syndromegpifestétdeyiria peystitisyvandoiciophaticidaddan dypérsensitivitisdandfotheinsymptoms related

to 10 pveractive hladder The sompounds,of fhe Jnyantian acc, experlada ind willy as goplgesics i
the treatment of diseases and conditions assotiated with paim from a wide variety of causes, including,
but not limritegl derefiaensh aterys pai ustieh rEy pedhcassaoiated withtzatkrits (including rheumatoid
arthritis and osteoatrthritis), surgical pain, visceral pain, dental pain, premenstrual pain, central 15 pain,

pain due {9, RUMs. Mgraing Ok Slkater MEAJACHRS ¢BRIVR INIURYmNR S DRI BS.BOISRRING,

ischemic injury, interstitial cystitis, cancer pain, viral, parasitic or bacterial infection, post-toraumatic
injuries (INEIAHY FPABTE A STEINENISH RS ITHRIIE &), 2Rer Pelirf arReeiate drREhofURetioarbolve (didorders
such as iggighlesbonelsyopamen T e IVBANaN-n RAplfH!as camBtises,a Mefad farieating a pain
condition selected from inflammatory pain, surgical pain, 20 visceral pain, dental pain, premenstrual
painZ&entravpaipntpath gt tobnkes amigraiheopeitister headueked Herve injury, neuritis, neuralgias,
poisoning, ischcmic injury, interstitial cystitis, cancer pain, viral, parasitic or bacterial infection,
post-traunaligINURLA; RARARSHAMIR irifablie-bowslsyndiame sﬁéegam%%guﬁgmﬁﬂsmg

administering to a subject in need thereof an effective amount of a compound of the invention.
formula I, wherein R is lower alkyl and X, R", R", R”, R", R*", R"” and R" are¢ as defined herein,



25 Further, compounds of the invention are useful for treating respiratory disorders, including chronic
obstructive pulmonary disorder (COPD), asthma, bronchospasm, and the like. Additionally,
compounds of the invention are useful for treating gastrointestinal disorders, including Irritable Bowel
Syndrome (IB8)2|Hti%iHHfatory Bowel Disease (IBD), biliary colic and othe¥BiERMI8orErs, renal
colic, diarrhea-dominant IBS, pain associated with Gl 30 distension, and the like. WO
2010/069794PCT7EP2009/066488 -34- The inveﬁ%o‘n includes pharmaceutical compositions
comprising,at lgast one compougd ofthe present invention, or an ingdividgal isomer, racemic or

A II\Eudes a pfiarmiaceutical paSiHen comprising a

s argaza Cg id Of the ptesent i fventiGh In general, the
compounds of the invention will be adrﬁinistereg [ a ther&péutidally e ecfive amount by any of the
accepted modes of administration for agents that sefve similar utilities. Suitable dosage ranges are
typically 1-500 mg daif§ ﬁéfgrably 1-100 mg dailye and most 10 preferghlyd-30 mg daily, depending

upon nu : such as the'&verity of the di§eas§§eéc% be treated, The dge and relative health of
the subjed{=the?pbten .@ the compognd use route-asrgeform of istration, the indication

. - . . . igdination . .
towards which thé agimifiStraion is directed fhepreference ce of the medical
practitioner jpyetggs Orre of ordinary, skill i reating suth s will be able, without

undue experimentatidn and in reliane upoh
Application, to ascertain a therapeutically effective amount of the compounds of the present invention
for a given disegse. Compgunds of the invention may be administered as pharmaceutical formulations
including tho€8 Switable fororal Tincludm buccal and sub-linguaﬁ_)*_rectal, nasalNtgpRial, pulmonary,
vaginal, or téral (ingludmhg intranmascular, in erial, infrath€cal, sub reats and 20
intravenous).afiministsation#rin-esform suitakle inistr éﬁbyk‘ inhala

preferred manner ¢f gdministraj on/s genefallylorallysing a/‘w:onveni tSeily™g
can be adjusteﬁ accorging tdthe Hegreré1 f ngoﬁ.aé\c m’poung1 COEYPOUN(S l1i’f1l\je invention,
together with one or more conventional adjuvaFﬁts,i carriers, or diluents, mdy ke placed into the form of
pharmaceutical compositions and unit 25 dosages. The pharmaceutical compositions and unit dosage
forms mayhegamprised of conventional ingredients in conventional proportions, with or without
additionalactivée compounds or principles, and the unit dosage forms may contain any suitable
effective amount of the active ingredient commensurate with the intended daily dosage range to be
employed & pRARAEEBUGcAIEOTSIENS Friayubisdriplodaaias solirsisficls agidasikdiionsilled
capsules;3raemislidsewdRrscavstanedseleasedarpuations.orlguids sushas.salutions,

suspensions, em Ision%, elixirs, or filled capsules for oral use; or in the form of sr%f)lg)ositories for rectal

or vagina(f%{a?ﬁl‘fﬂgt?dﬂé ° B PR o et BB BRI His o Fs abshie fgrddphenyl

acid compound d. The acid group of bipheny! acid d is protected by esterification in step 3 to

form bipheny! acid methyl ester e. Biphenyl ester e is then subject to reduction to form
biphenylamine f in step 4. An iodination reaction is carried out in step 5 by treating
biphenylamine { with methyiene iodide or like iodination reagent to afford iodo compound g. In
10 step 6 10do compound g is treated with thiadiazole b in the presence of palladium catatyst to give
thiadiazole ester compound §. Compound i then undergoes base-catalyzed hydrolysis in step 7 to
give the corresponding carboxyiic acid compound j. Compound j is then reacted with amine k to
provide thiazole amide compound m, which is 2 compound of formula I in accordance with the

invention.

[5  Many variations of Scheme A are possible and wili suggest themselves to those skilled in the art.
For example, m many embodiments steps 7 and 8 may be carried out prior to step 6. In still
other embodiments, iodo compound g may be treated with bis tributyl tin to give a tributyl tin

compound (not shown), which may then in turn be reacted with a thiazole trifiate ester to afford



WO 2010/069794PCT/EP2009/066488 -35- 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 regresentative unit dosage forms. The compounds of the invention may be
formulated I8 MHE &ty of oral administration 5 dosage forms. The pR&REREWIA*ompositions
and dosage forms may comprise a compound or compounds of the present invention or
pharmaceutically acceptable salts thereof as the active component. The pharmaceutically acceptable
carriers gy RN solil ardauid, Sl arm asRaralghs Indlude ponders. AblPls i, capsules,
cachets, sup osﬂoﬁeg, an dISpeI‘SIE) e granules. A solid carrier may be one or more substances which
may alsofaeradadifgerng, betpftavouring agents, solubilizers, lubricants, suspending agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material. In powders, the carrier

generallyiiga-Hpgbudiddechsalidt whichris samiiyrenwitbathedingly divided active-campangnt. In tablets,
the active component generally is mixed with the carrier having the necessary bindin cgéacity in

suitable PFORBHioT R SHIRGIHH AL 1S SHES S ARISTAS EET SR S P HUFHERS A1d PAMIEES preferably
15 coptainutfensaboctianad)tpabordcseventy (FainercentividhatactiveiciimpauneSaitablatcarriers
include but are. not limited to magnesium carbonate, n%?agir&esiym“ stearate, talc, sugar. Lactose, pectin,
dextrin, starc r,ié%qaﬂr e, ]flr%?gnalcl:l N, Srﬁ%ﬁ’nly &t $e>sodium 'r%%?ﬁrﬁ‘é%’y 831%%%8‘?{% fow melting
wax, cocbmpbuttarafiPithe tiketaihe tetmstpreparatibndsurtendéegeing/udettha.formmufation of the
active CO{HIQ&%&;&E’O%%Q%&}REAJAQJ'g@ﬁ@ﬁ%&%@%ﬁ%& fﬁ&%ﬁhﬁ@}&%ﬂ%%ﬁ%@s%%'&é’v hich the active

, WI e ic

componen or without carriers, Is sufroun a carrier, s in association with it. Similarly,
cachets a¥igtapaibies arbitincind ediomaileBaginnbeEpsrseapsiies 2pilletheacheroandderehiges may be
as solid fgums suitaplg far oral administration. Other forms suitable for oral administration include liquid
form preparations including emulsions, 25 syrups, elixirs, aqueous solutions, aqueous suspensions, or
solid form preparations which are intended to be converted shortly before use to liquid form

preparations SERRALEAS TS BEHEb Afe g RF s hitfofiad ik ahBrisHISHieBu L saete glycol
solutionsditemay cendadd ieond sifyicigrapentspfor exampleisughaseeithin, serhiiap, maneeleate, or

acacia. Aqueous solytions can be prepared by dissolving the active component in water and adding
Wi A o L e dpemG

suitable orants, T av%?%‘,ﬂysrtjﬁgiilﬁi’%ersﬁs A 1tﬁ%?<%%ﬁ%g a H%]E%%IH lgﬁépce‘hn%%% can be

preparedapydispesingetheifinaly disddedpactiwescomigene ntimalvater withaiscosisaiatesialasuch as

natufal of S E 4IRS R R SR RE. ORISR RLMARE ligag,RNd other wel
poisoning, ischemic injury, interstitial cystitis, cancer pain, viral, parasitic or bacterial infection,
post-traumatic injuries (including fractures and sports injurics), and pain associated with
functional bowel disorders such as rritable bowel syndrome. The invention in particular
comprises a method for treating a pain condition selected from inflammatory pain, surgical pain,

20 visceral pain, dental pam, premenstrual pain, central pain, pain due to burns, migraine or cluster

headaches, nerve injury, neuritis, neuralgias, poisoning, ischemic mjury, interstitial cystitis,
cancer pain, viral, parasitic or bacterial infection, post-traumatic injury, or pain associated with
writable bowel syndrome, said method comprising administering to a subject in need thercof an

effective amount of a compound of the invention.

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

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

Additionally, compounds of the invention are useful for treating gastrointestinal disorders,
including lrritable Bowel Syndrome (IBS), Inflammatory Bowel Discase (IBD), biliary colic
and other biliary disorders, renal colic, diarrhea-dommant 1BS, pain associated with GI

30 distension, and the like.



WO 2010/069794PCT/EP2009/066488 -36- suspending agents. Solid form preparations include
solutions, suspensions, and emulsions, and may contain, in addition to the active component,
colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners,
solubilizing @AYt the like. The compounds of the invention may bePofmatateddersparenteral
administration (e.g., by 5 injection, for example bolgj injection or continuous infusion) and may be
presented in unit dose form in ampoules, pre-filled §)§7ringes, small volume infusion or in multi-dose

containers.,with an added preservative. The compasitions may take such forms as suspensions,
1 5 g% i §80Flgé%hylene

! I t g g gt Jeal :
solutions, or emulsSione in oﬁﬁlpora'gaﬁ%e%ﬂ%avg%nc?eéft%?qecfén BEottionS i SGU8BHE D

glycol. Exansphesnetgitynornonaduabus isamrer s;ciuie misneotvepts omvehicleSisncludeypaopylene

glycol, 1%%%%%9L)é%@ﬁé@ﬁgséﬁ%hessila&efgﬁm%'%yt%e% h20ddniegiable or %%8@&%5%&99" ethyl

oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or suspending,
stabilizing &SaTET A EpErsi AbfyeRne! K Rekprafivetp e detvenipledient maspdienis. pdwder form,

obtained by asentic/gselation ofsterlemsolid:n byyapkiizationfram soltion for ceagtitution before use
with a suitable vehicle, e.g., sterile, pyrogen-free water. 15 The compounds of the invention may be

formulate?fEP A Heim RSt ERIORC Y isiasssns BESiitfhents, creams or lotions, or as a
transdermal patch. Ointments and creams may, for example, be formulated with an aqueous or oily
base withitheadelitidn ofrspitatdedhickenieg:emd/ol gelingragents i otlensmayadbe fdfmulated with an
aqueous or, gy, Base AR ill in.geRelahal3e LORAI. NG 96 MO SIMISIMDGAgentsy sfabilizing
agents, dispersing agents, suspending agents, 20 thickening agents, or coloring agents. Formulations

suitable forigblearsniEratEn Rt Motth ekl loxdagby dohdrsindpdrtived agesits in a flavored
base; psyaly.aerossang AGACIApLIERgAGRR RRAIICS GeRRHSING thesactive inarpdigeldogn inert

base such as gelatine and glycerine or sucrose and acacia; and mouthwashes comprising the active
ingredient il 5XEtaBie At EpHET Mo8tiod BE Bt OPARE MO FPRBSBE YomtiRtet v
administratiothas stippasitariebrAlevemeling taaxsuchiasia mixiiie of fatty acidglycardrs or cocoa
butter is first. melted and the active component is dispersed homogeneously, for example, by stirring.
The moltdiORIOgEH BT &' BT SUPal IR Eb Ui ai SEE e A B &l and ro
sq!idify. mﬁ(ﬁ@@x@/ﬁ@@MQ@T@B@@Q&%@B@&?@EmmmmS ofithertiizantionomay be
foiinylated far, yaginal, %q%' RiRfal %ﬁkcﬁﬁgx%adﬁﬁgt%@%%bﬁf ?&m&é&l%%sa HR2IS gﬂlﬁ%%@fe%c%&%ays

containing Iin addi'g(_)n to the active ingredient such rriers as are known in t art to'pe appropriate.
amount of the compounds of the present invention for a given discase.

Compounds of the invention may be administered as pharmaceutical formulations including
those suitable for oral (including buccal and sub-lingual), rectal, nasal, topical, pulmonary,
vaginal, or pareateral (including intramuscular, intraarterial, intrathecal, subcutaneous and

20 intravenous) adnunistration or in a form suitable for administration by inhalation or insufflation.
The preferred manner of admimistration is generally oral using a convenient daily dosage

regimen which can be adjusted according to the degree of affliction.

A compound or compounds of the invention, together with one or more conventional adjuvants,
carriers, or diluents, may be placed into the form of pharmaceutical compositions and unit

25 dosages. The pharmaceutical compositions and unit dosage forms may be comprised of
conventional ingredients in conventional 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 range to be employved. The
pharmaceutical compositions may be emploved as solids, such as tablets or filled capsules,

30 semisolids, powders, sustained release formulations, or liquids such as solutions, suspensions,
emulsions, elixirs, or filled capsules for oral use; or in the form of suppositories for rectal or

vaginal administration; or in the form of sterile injectable solutions for parenteral use.



The subject compounds may be formulated for nasal administration. The solutions or 5 suspensions
are applied directly to the nasal cavity by conventional means, for example, with a dropper, pipette or
spray. The formulations may be provided in a single or multidose form. In the latter case of a dropper
or pipette, TS WE Hénieved by the patient administering an appropri&fet/Brétfeiitttied volume of
the solution or suspension. In the case of a spray, this may be achieved for example by means of a
metering atomizing spray pump, 10 The compounds of the invention may be formulated for aerosol

administration,. particularly to the respiratory tract and-including intrapasal administration. The
compoun%%l ié%é%%rgﬂry}{ ave g%grlrl\%a %agﬁicﬁélﬁ%n}g%gééﬁﬁg Srélt%ng %r’ e?‘%:‘ﬂr’%?/gé %)é%?g}ons or less.
Such a plfticte divet prsytbadobitd i il raeais taidehicinatseenerdoiedxariphe hyprsherdaization. The
active ingredignt s pryided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CPC), for 15 example, dichlorodifluoromethane, trichlorofluoromethane, or

dichlorot rafluoroet%%nqﬁ,t _rcarb?.n dioxi%e gr_ other uitable 7as._.Tthe aer S(%f ma¥tconveniently also
contain a SGrTACERT S cH 2 IBEHhM"THe dose BHErs 1Pneé)‘/y Y& Edntrofe rl:‘?)l'yaanrﬁre1 eredValve.
Alterriativiely: thdcactivelingpdientsutiey benprovides dndadfeay: dband npgyowderifor exaumpleda powder
mix of the compewnel I eyiable Rowdshase.sHENas Aclose. Siaen, slach dervativgs such as 20
hydroxypropyi e?ﬁy[ cellulose an pof;l/vmy p@rrm Ine (PV ). The powger carrier will form a gel in the
nasal cavieynprenponeepeomisgsiistihniaseheprasenestnmubit ddsestdifrefdias@nisiedimoesapsules or

cartridges;0f £ 8812t QbRisterRaeks fiomwhichhe arwdsHRRY R admiRisiered By means of

an inhaler. When desired, formulations can be prepared with enteric coatings adapted for sustained or
15 contra¥iébuigte as & HRSH S0 PB PISOBRINE SHETERMEHTY RISk B3 RibRathe daHiBunds of the

presemt impeptonGaamRe fonpulated intansdeigrahamsubertaneausipigslelivesy, deviges. These
delivery systems are advantageous when sustained re{easeé)f thfg%com ound is g)?cesaar and when

patient cOMMPHERERTtE AR TRYNAER ST OMESTnd i TR SaRARA Belivafy

systems
are frequeniieatiaiched itt anaskintadhesividstid sdppdst. EEheccamponkd. af:36bikterest gamealso be

combined.wilh & penelration enhancer, 0. Adons. ifedecyiazagoloheniani2.one), Staigined
release d%hv%ry systems are inserted subcutaneously thto the Stbderma anepr y’surgery or injection.
The subdenprtimp dtscenoapslintéahapp/@020/36970 4 PE THERRZ009/066488 rBd&:rebimpound in a

lipid soluble MEMHIANG: £ She FlliGENEIURRELQY A iRdegradahlePRlBSH Bt PolViagHc acid. The

pharmaceutical preparations are preferably in unit dosage forms. In such form, the preparation is
subdivid&@ s witde 85 Be NIRRT D BN GLEHRIBE SITHESEHTR SRR pGHe AitEFhe unit
dosage formcanke? Baskagad-prepasation:ibe-package CeRRAIBIRYsodium
carboxymethylecliulose, a low melting wax, cocoa butter, and the like. The term “preparation”
is intended to include the formuiation of the active compound with encapsulating material as
20  carrier, providing a capsule in which the active component, with or without carriers, is
surrounded by a carrier, which is in association with it. Similarly, cachets and lozenges are
included. Tablets, powders, capsules, pills, cachets, and lozenges may be as sokid forms suitable

for oral administration.

Other forms suitable for oral administration include liquid form preparations ncluding emulsions,

25 syrups, elixirs, aqueous solutions, aqueous suspensions, or solid form preparations which are
intended to be converted shortly before use to liquid form preparations. Emuisions may be
prepared in solutions, for example, i aqueous propylenc glycol solutions or may contain
emulsifying agents, for exampie, such as lecithin, sorbitan monooleate, or acacia. Agueous
solutions can be prepared by dissolving the active component in water and adding suitable

30 colorants, flavors, stabilizers, and thickening agents. Aqueous suspensions can be prepared by
dispersing the finely divided active component in water with viscous material, such as natural or

synthetic gums, resing, methyleellulose, sodium carboxymethylcellulose, and other well known



discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be
the appropriate number of any of these in packaged form. Other suitable pharmaceutical carriers and
their formuldtiBAL&E dé5cribed in Remington: The 10 Science and PrachiE&/BFBA4PAAR 1995, edited
- by E. W. Martin, Mack Publishing Company, 19th_%i_ition, Easton, Pennsylvania. Representative
pharmaceutical formulations containing a compound of the present invention are described below.

Exampleg, llowi ' giver _ illed in the art t
xamp e%éép;” g%%oég%?gsefapf%@'gggﬂ%ma%sséﬁﬁ gie E‘u&%r eRakle &q%éﬁlgmuﬁg, inthe art to

more 15 nderstand and to practice the present invention. E‘Fley should not be considered as
limiting tieescopeins thaddiventio hoithferenPashei et e Bnt reiirese MHIRE HEFSHE Unless

OtherWiSﬁrﬂt%@%%kﬁ%@@tbﬂ@%ﬂ%é9@&9@%&@?%%@%&5% MP).ana1p glegrees Celsius (C). 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 20.were initially added, i.e.,
there may B TR PR P S AT B A UM SRately leads to
the fdrmatiertiohthier indicate dendine therdesiredipraductuTihe) foltbwingabhreviatonsmialp e used in

the Prepsigtions, A Exampine. ADRGEUnR. OB hiclaZabieielolo Qupecl:ens; ACM:

dichloromethane/methylene chloride; | _IP‘EA: diisopropyl ethylamine; DME: 1,2-dimethoxyethane
(glyme); B IERERE YRt eRATRRUIIVIRDNEC UL B4 IFPREARRES BMHEEHYI 8tetal, DMSO,

dimethy! sylfRxdde i RIMAR: Zlrdiinetylaminepwriging: RRPbissthil=3n(3piveatidaninepropy!)
carbodiimidc; EtOAc: ethyl acetate; EtOH: ethanol; Et3N: triethylamine; gc: gas chromatography;
HMPA: %&%ﬂ?&%ﬁpﬁb@%ﬁ%iﬁ@%@@ﬁrmmm&yaléfﬁ%wﬂ%r@ﬁmmﬁiﬁwi?é’afm&géainquid
chroppatq@iapiyici2Atysoprapansl: mGRBA; divehldroperbgazaiteanigindeadts MO, cthyl

2010/069794PCT/EP2009/066488 -[39- aceto?jtril : NMM: N-met‘%gltmgr holi?ﬁ'; NMP: N-methyl
pyrrolidinO ﬁaet?)l’ ;‘Pf?é’tﬁ‘i/ ztzlaen,lﬁﬁlll—l?l & r%&ﬁr% u%fn;ﬁf@f:s fithith ||slgbiror5]§3'|§1 |hné: fLC: thin layer
ch_romatcsgsaph@i_ngzr@@ifaﬁmaﬁd(e_ﬁ)dmmgmgemsnﬁtmylaﬁﬂq?}amme:ﬁ?deietmwbedure used in
this prep%g%tlc%;] {5y Qﬁlgﬁe%%?f‘éls%tﬁ;cﬁgﬂl%ﬁ 01%&%81@ 48?1%' Ao Wiy%ﬁ%’ﬁl}gl& ﬁ‘bm solution for

constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free water.

15 The compounds of the invention may be formulated for topical administration to the epidermis as
ointments, creams or lotions, or as a tfransdermal patch. Ointments and creams may, for example,
be formulated with an aqueous or oily base with the addition of suitable thickening and/or
gelling agents. Lotions may be formulated with an aqueous or oily base and will in general also
contain one or more emulsifying agents, stabilizing agents, dispersing agents, suspending agents,

20 thickening agents, or coloring agents. Formulations suitable for topical administration in the
mouth include lozenges comprising active agents in a flavored base, usually sucrose and acacia
or tragacanth; pastilles comprising the active ingredient in an mnert base such as gelatine and
glycerine or sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable

liquid carrier,

25 The compounds of the invention may be formulated for administration as suppositories. A low
melting wax, such as a mixture of fatty acid glycerides or cocoa butter 1s first melted and the
active component 1s dispersed homogeneously, for example, by stirring. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool, and to

solidify.



OH -1w- . 1. LANIVHB0CcA920, 2. (Boc)20Mel H3"-?Step 3 0 RJHBoc CH_ HCI MeOH z0 11;i2 CH,
SCHEME B Step | (S)-Boc-2-amino-propanol D-Alanine (3.5 g, 39.3 mmol) was added in small
portions to a suspension of LIA1R4 (2.89 g, 76.26 mmol) in refluxing THF. Refluxing continued for 12
hours, then the ?E’:fé‘ff(g??f‘mxture was 10 cooled to 0 C, and excess reageht WaS2Biy&kesHEd by careful
addition of an aqueous 15% NaOH solution (3 ml).and water (9 m1). After stirring at room temperature
for 10 minutes, a solution of (Boc)20 (8.31 g, 38.13 ' mmol) in CH2C12 (40 ml) was added. The reaction

mixture Was %{gg&% %g‘ﬁfor 6 ?g{%§09(!%d to rl(a)t é];or At %% ur. f|It d thrf h a pad of

anhydrous Na2 e]%]ltrate concentrated. rvac rification of the residue by
silica-gelteBRANR QEH@Mcﬁﬁ?éx@gf?@Qh@’@ﬁbﬁdéﬂf@s)%@@lﬂwm@ﬂﬁﬁwaﬁdhagﬁlwhn@ ghid yield: 63%.

MS (M+H), &if B3RP AR RAG ARy de-pRibMigthylamine To a solution of
(S)-Boc-2-amino-propanol (2.00 g, 11.4 mmol) was successwely added AgZO (5.89 g, 25.4 mmol) and

Methyl |0{jgje &1}6 90 112 7 mmc%}% t rool § era The r?actloﬂﬁ |xture was stirred at room
temperature o S for Cdg d’ was fiered's %‘F’ Ha\‘rfllfl RWEEE8h ?r?ﬁélaxfﬂ’?c?ér vacuum to afford

(S)-Bée- Eamﬁmmhﬂmeﬂmﬁb@&i;daﬂmmthsmmmesﬁmttdhatnmaﬁalim&dnmﬁfaoﬂmumhempihara‘lcatlon.
dropper, pipette or spray. The formulations may be provided in a single or multidose form. In
the latter case of a dropper or pipette, this may be achieved by the patient administering an
appropriate, predetermined volume of the solution or suspension. In the case of a spray, this may

be achieved for example by means of a metering atomizing spray pump.

10 The compounds of the invention may be formulated for aerosol administration, particularly to the
respiratory tract and including mtranasal administration, The compound will generally have a
small particle size for example of the order of five {5) microns or fess. Such a particle size may
be obtained by meang known in the art, for example by micronization. The active ingredient is
provided m a pressurized pack with a suttable propeliant such as a chlorofluorocarbon (CFC), for

15 example, dichlorodiftluoromethane, trichlorofluoromethane, or dichlorotetrafluorocthane, or
carbon dioxide or other suitable gas. The aerosol may conveniently also contain a surfactant
such as iecithin. The dose of drug may be controlied by a metered valve. A,],temétively the
active ingredients may be provided in a form of a dry powder, for example a powder mix of the
compound in a suitable powder base such as lactose, starch, starch derivatives such as

20 hydroxypropyimethyl celiulose and polyvinyipyrrolidine (PVP). The powder carricr will form a
gel in the nasal cavity. The powder composition may be presented in unit dose form for example
in capsules or cartridges of e.g., gelatine or blister packs from which the powder may be

admnistered by means of an mhaler,

When desired, formulations can be prepared with enteric coatings adapted for sustained or

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

30 interest can also be combined with a penetration enhancer, e.g., Azone (1-
dodecylazacycloheptan-2-one), Sustained release delivery systems are inserted subcutancously

mnto the subdermal layer by surgery or injection. The subdermal implants encapsulate the



Step 3 (S)-2-methoxv- 1 -methyl-ethviamine (S)-Boc-2-methoxy-I-methyl-ethylamine was dissolved in
MeOH (40 ml) and 3 M HO (10 nth 25 was added. The reaction mixture was stirred overnight at room
temperature, then solvent was removed under reduced pressure and the residue was co-evaporated
with addition¥ B2 MI) to afford (S)-2-methoxy-1-methyl-ethylaminePAF FRRWYRHBDIl in

hydrochloride form (1.42 g, 100%). MS (M+H) = 9% WO 2010/069794PCT/EP2009/066488 -40-
Similarly prepared was (S)-2-ethoxy-I-methyl-ethylaminc. Similarly prepared from L-Alanine were

(R)-2-methoxy-1-methyt-eth ine_and %R)-Z-et. xy-1-methyl-ethylamine. Preparation
et T e e A R R S R s betow i
Scheme hiylatpagid. SCHEME C Step 1 Methancsulfonic acid 2-m-butoxvcarbon laoes To a solution

of (S)-Boc-2-amino-propanol (4.91 g, 0.028 mol), BO (1.5 equiv.) in CH2C12 at 0 C was added
methanegulqnyl-ehleide(dripi2oauiy) ftbRreactiomwassrratal Oles{en 38m, the

preparation is subdivided into unit doses containing appropriate quantities of the active

5 component. The umt 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 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
10 Science and Practice of Pharmacy 1995, edited by . W. Martin, Mack Publishing Company,
19th edition, Easton, Pennsyivama. Representative pharmaceutical formulations containing a

compound of the present invention are described below.

Examples

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

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

Unless otherwise stated, all temperatures including melting points (i.e., MP) are in degrees
Celsius (°C). 1t 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
20 were initially added, i.e., there may be one or more intermediates which are produced in the
mixture which ultimately leads to the formation of the indicated and/or the desired product. The

followmg abbreviations may be used in the Preparations and Examples.

Abbreviations: DBU: [,8-diazabicyclof5.4.0]undec-7-ene; DCM: dichioromethane/methylene
chloride; DIPEA: diisopropyl cthylaming; DME: 1,2-dimethoxvethane (glyme), DMF: N,N-

25 dimethylformamide; DMFDMA: N,N-dimethylformamide dimethyl acetal; DMSQO: dimethyl
sulfoxide, DMAP: 4-dimethylaminopyridine; ECDI: I-ethyl-3-(3 -dimethylaminopropyl)
carbodiimide; EtOAc: ethy! acetate; EtOH: cthanol; Et:N: triethylamine; ge: gas chromatography;
HMPA.: hexamethyiphosphoramide; HOBt: N-Hydroxybenzotriazole; hple: high performance
liquid chromatography; IPA: isopropanol; mCPBA: m-chloroperbenzoic acid; MeCON:



10 minutes. Water (5 ml) was added and the organic layer was separated, washed with saturated
agueous NaHCO:4, brine, and dried with MgSO4. Solvent was removed under vacuum to afford
methanesulfonic acid 2-tert-butoxycarbonylarnino-propyl ester as a white solid, yield: 98%. MS (M+H)
= 254. Step y?l%Wé?ﬁfoz-morpholin-4-y|-ethy|)-carbamic acid tert-butvl gg%ﬁ%'“?’&“ﬁ@élution of
mothanesulfonic acid 2-tert-butoxycarbonylamino-pgopyi ester (23 mmol) in CH1CN (20 ml) was added
morpholine (28 mmol) and 1C7CO3 (23 =11) at room temperature. The reaction mixture was brought

to 50 C apdkeptiat e SANSIGMPSIAHIEIAKeFNEPINLRG (R INDIIIXIEE Was. eadled.and.solvent was

removed under reduced pressure, and the residue was treated with CH2C€12 (50 int) and H20 (50 ml).
The orgahiéhalféirivasodepnrbied dHbme DoonRisdts sy divai Bx R YIS S RRACIPEL 2. The
combined organic layer was dried over Na2SO4. Solvent was removed under reduced pressure and
the residireepas furifle dby coltimrpvehnaniatbgiaghmifethyl acetate) to afford
(1-methyl-2-morpholin-4-yl-ethyl)-carbamic acid tertbutyl ester as viscous liquid, yield: 62%. MS
(M-FH) =I¢5yntirisordrsdineasadashlamienar ey 2000/069 PolopGrAizheno/866488 -41- To a solution
of (1-methy1-2-morpholin-4-yl-ethyl)-carbamic acidHteCrt-butyI ester g0.30 c1.22 mmol) in methanol (10
ml) was added, 2N HCITE mi) Mroe~The redbin Hlikturewag allSiiBd to warerto goom temperature

ere——— =

and was stirred overnight. The sol,i{igi%was regjoved uq%oga&yumdp give ., |
(S)-1-Methyl-2-morphatirmdyl-ethylamine as 'elight yellow solid {25@%Hg, 96%). MSB= 145, Similarly
prepa’red were (5)-1-Methyl-2-thiomorpholin-4-yl-ethylamine,
(5)-14442-Amiinopiapyl)-piperazin-l-ylkethanone, (5)-1-(2-Amino-propy1l)-piperidin-4-ol,
(5)-1-(2-Aminopropy1)-piperidin-3-ol, (5)-1-Methyl-2-(4-methyl-piperazin-1-y1)-ethylamine,
(5)-1-Methiy:d-2-(@n - Betanesidiprylapiperazin-1-y1)-ethylamine,
(5)-4-(2-Amino-propyl)-piperazin-2-one, 1- 10 Methyl-2-p iperidin-I-yl-ethylamine,

1-(2-Aminb-propyd |3y p:c HdimBad}, ¥5)-2i (4dreshaxypqriperidimalsydnepsine ity d e,
(5)_2'(3'M§% it o %'@&%{X&’fﬂiﬁ“%@%ﬁﬁ@@%ﬁﬂﬂ&ed for 12 hours, then the reaction mixture was
(5)-2-(4-Methanesulfonyl-piperidin-1-y1)-1-méethyl-ethylamine, and other

2-antino- thelesrsr )yl rspasess. 'reagmﬁémﬁ@@ﬁ@}ed by carcful addition of an aqueous 15% NaOH

(8)-2-(1. L Ripxp-famBdadayi Hﬁyhg'f%-r4g@)ﬁ%ga@me&ﬁ%%mm iz Thesyatbelicprasegure used

in this preparation is outlined below in Scheme D. . . ,
(Boc)O (8.31 g, 38.13 mmol) in CH,Cl; (40 ml) was added. The reaction mixture was stirred at

60 °C for 6 hours, cooled to room temperature, filtered through a pad of anhydrous Na,SOy, and
the filtrate concentrated under vacuum. Purification of the residue by silica-gel column

15 chromatography afforded (S$)-Boc-2-amino-propano! as a white solid, yieid: 63%. MS (M+H) =
176.

Step 2 {(S5)-Boc-2-methoxy-1-methvi-ethylamine

To a solution of (S)-Boc-2-amino-propanol (2.00 g, 11.4 mmol) was successively added Ag,O

(5.89 g, 25 4 mmol) and Methyl iodide (16.00 g, 112.7 mmol) at room temperature, The reaction
20 mixture was stirred at room temperature for 2 days. Solid was filtered off and the filtrate was

concentrated under vacuum to afford (5)-Boc-2-methoxy-1-methyi-ethylamine as a coloriess oil

that was used without further purification.

Step 3 (S)-2-methoxy-1-methyl-ethviamine

(S$)-Boc-2-methoxy-1-methyl-cthylamine was dissolved i1 MeOH (40 mi) and 3 M HCI (10 ml)

25 was added. The reaction mixture was stirred overnight at room temperature, then solvent was
removed under reduced pressure and the residue was co-evaporated with additional EtOH (20
mi) to afford (§)-2-methoxy-1-methyl-ethylamine as lght-brown oil in hydrochloride form (1.42
g, 100%). MS (M+H) =90,



SCHEME D Step 1 (1-Methyl-2-oxo-2-thiomorpholin-4-vi-ethyl t-carbamic acid tert-butyl ester To a
solution of 2-tert-Butoxycarbonylamino-propionic acid (3.5 g, 18.5 mmol), HOBt (22.2 20 mmol), NMP

(22.2 mmoI)W and EDCI g22 2 mmol) in CH2C12 was added thlomorphollne 2 29 22.2 mmoI) at0'C.
Q207070697 3‘8‘?3?
water, brine,

The reaction Mixtre Was stirred at 0 C overnight, then washed with 206 &
and dried over Na2504. The solvent was removedynder vacuum to glve
(1-Methyl-2-ox0-2-thiomorpholin-4-yl-ethyl)-carbamic acid tert-butyl ester (5.0 g) yield 98%. MS (M- 41)
=275, V&%ﬁ&%ﬂ@ﬁ% P4 TER 2000066488 ri2nRAenthe %&n@é%%@%@@%rﬁﬁﬁ%ﬂd&om -4--
-meth 1-2-oxo-ét arbamic acid tert-butyl ester To a solution of

-methy1- ‘?%xé@'@ﬁi@?ﬁli’@ﬁ@’h NW@W%%WW@C‘E&T&?@W%&F@%? FEHYSE:2 mmol) in CH2CI2
was addedm CPBA 11,4 g, 46.25 mmol at 0 'C. The reaction mixture 5 was stirred at room

tempera Lrena LA S SR e BT S AREACERE the filtrate was washed by Na2S70; and

dried ov Na2 4 Solv NEwas ve
Dioxo- IIaelr %&) ﬁgﬁ?gﬁr:p rglll%]%-li{-y'q% P%%ﬁ%%{f@% %ﬁyﬁcarﬁ‘iﬁnﬁ? élcl:? tert -butyl ester (5.6 g), yield

100%. MS (M+H) = 3Q7 Step, 3 2-Amino-; 48- 1-dioxgcllambda*6*-thiomespholin-4-vb-propan-I-one 10
To a solution of [2-(1,1 blmmbda*G* -thiornogpholin-y0-Mhethyl-2-oxe-ethy11- carbamic acid
tert-butyl ester (5.6 g, 18.2 mgggl) in CFtel (40 ml) was-added trlfluo’mdcétfm acid (5ml)at0 C. The
reaction mixture was allowed to warn) to room temperature and was Stiffed for 3 hours. After removal
of CH2C12 and excess trifluoroacetic acid under reduced pressure,
2-Amino-1-(1,1-dioxo-llambda*6*-thiomorpholin-4-yl)-propan-l-one (6.0 g, yield 15 100%) was
obtained as a white solid4MS (M<H) =.207. Step 4 (S)-2-(1 3H,C

-Dioxo-llambda*6*- thlomorp in-41y1)-1imethyl- eth lamine A mlxtéure oi“z/mlno | -(1,1-dioxo -1
lambda*6*-thiomorpho tin-4-yllijgarohan-leone (6 5 mmol) ang,BITs(1 THF, 110 ml) was
heated to reflux for 48 h, then cooled to room temperature and quenched by MeOH. The volatile was
removedwgw um. 2 N HC1 (100 ml) 20 was added to the residue and heated to reflux for 18 h.
Solvent vvaS"rem“oved under vacuum to give (S)-2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-y1)- |

-methyl-e{hylamine (4 -r@ias e Seld pigld AR08 M

To a solution of ($)-Boc-2-amino-propanol (4.91 g, 0.028 mol), EtsN (1.5 equiv.) m CH;Cl; at 0

e 00{"‘.{.‘

°C was added methanesulfonyl chloride (1.1-1.2 equiv). The reaction was stirred at or 30

10 minutes. Water (5 ml) was added and the organic layer was separated, washed with saturated
agueous NaHCOs, brine, and dried with MgSO,. 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-Methyl-2-morpholin-4-vi-ethyl}-carbamic acid tert-butyl ester

15 To a solution of methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester (23 mmol) m
CH:CN (20 ml) was added morpholine (28 mmol) and KoCOs: (23 mmol) at room temperature.
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,Cly (50 mi) and H,O (50 mi). The organic layer was separated and the

20 aqueous layer was extracted with CH>Cly. The combined organic layer was dried over Na;S0O,.
Solvent was removed under reduced pressure and the residue was purified by column
chromatography (ethyl acetate) to afford (1-methyl-2-morpholin-4-yl-ethyl}-carbamic acid tert-
butyl ester as viscous hquid, vield: 2%, MS (M+H) = 245.

Step 3 (S)-1-Methvi-2-morpho in-4-vi-ethvlamme




Preparation 4: -Pyrazin-2-yl-ethyEamine m The synthetic procedure used in this preparation is
outlined below in Scheme E. NH2 SCHEME E WO 2010/069794PCT/EP20119/066488 -43- To a
solution of 1-p razin-2-¥l-ethanone (2.0 g, 15.85 mmol) and ammonium acetate (19.337 g, 158.5
mmol) in me%éﬁ‘f}lﬁ(%’ i) was added sodium cyanoborohydride (0.7 g, FETRERBH4#F6i8e portion.
The reaction mixture was stirred overnight at room,temperature. After removal of methanol, water (20
ml) was added to the residue and the resulting solution was basified by 5 addition of sodium hydroxide

to pH =13 The afueaue salufionas sxacied wi dichiarmethane. aad he carined organic phase

was dried over sodium ate” Removal of t ent under reduced pressure afforded 14.62 g of
1-pyrazirrzagi-stiydding! Werd: 7894ddeS INHG) S 1da2Qimilarfhpreparaunfisir theaappeogdate
heteroary) methyldeanes fi-pRemLmelivlkelanea A mers: LRt el BN acuun
1-pyridin-3-yl-ethylamine. 1-pyridin-4-yl-ethylamine, 142- fluoro-pheny1)-ethylamine,
1-(3-F|udﬁbgpma*iﬁlyl@mwéﬁﬁ@mh%nﬁemmgnmﬁwb&@lﬂdmﬁ@@ﬁiﬁ%S,Ol%ie%ﬂé)yll\éﬁmamine,
1-furan-2ept-etpydamine, 1-(5-methyl-furan)-2-ylethylamine, 1-thiazol-2-yl-cthylamine,
1-thien-2-yl-ethylamine, 1-pyrimidin-2-yhethyla ne, C(6-methyl-pyridazin-3-y1)-methylamine,
C-(5-metbihitigziregasel) waethylaminehaid: b ko pyiddazin-deyiseimitamisic | Prepasatian-5:

5-lodo-41-methyl-biphenv1-3-carboxvii id4(2-methoxy-l-methyl-ethyl)-amide The synthetic
orocodu S DL N TR o e Aot T CEAERE G- e

propyl-piperidn-3-ol, (5)-1-Methyl-2-(4-methyl-piperazin-1-yi-ethylamine, (5)-1-Methyl-2-(4-
methanesulfonyl-piperazin- L -ylj-ethvlamine, (8}-4-2-Amino-propyl}-piperazin-2-one, 1-

i0  Methyl-2-piperidin-1-yl-ethylamine, 1-(2-Amine-propyl-pyrrolidin-3-0l, (§%-2-(4-Methoxy-
piperidm-1-yl)-1-methyi-ethylamine, (S)-2-(3-Methoxy-piperidin-1-ylj-1-methyi-cthylamine,
(S)-2-(4-Methanesulfonyl-piperidin-1-yi}- 1-methyi-ethvlamine, and other 2-amino-1-

heterocyclyt propanes.

Preparation 3: {(5)-2-(1.1-Dioxo-1lambda*6&*-thiomorpholin-4-vl)-1-methvl-ethvlamine

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

o Q
: 2 )
z = <
¢ EDCK = K/ m-CPBA  NHBoc s~
HOR NHBoc S W
&)
O
step 3 \:)J\N/\I step 4 \\/\\
i‘E\!H K/ ‘?O BH, é N/\\’ 0
TFA 2 8\\ * NH, %\/
0 O

SCHEME D

Sten 1 {1-Methvil-2-oxo-2-thiomorpholin-4-vi-ethvli-carbamic acid tert-butvl ester

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

20 mmol), NMP (22.2 mimol) and EDCI (22.2 mmol) in CH,Cl, was added thiomorpholine (2.29 g,
22.2 mmel) at 0 °C. The reaction mixture was stirred at 0 °C overnight, then washed with 2%
aqueous NaOFH, water, brine, and dried over Na,SG4. The solvent was removed under vacuum to
give {1-Methyl-2-ox0-2~thiomorpholin-4-yl-cthyl)-carbamic acid tert-butyl ester (5.0 g) yield
98%. MS (M+H) = 275,



H,CH,C ONH CH,0,,NH CH, WO 2010/069794PCT/EP2009/066488 -44- SCHEME F Kelp 1
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 added m-nitrobenzoic acid (64.6 g, 0.3866 mmol ) at room temperature. The
reaction mixtUre' 5 e elowly heated to 85 C over 2 hours and stirred at Bf& EEM 158 rature for
another 12 hours. The reaction mixture was cooledJo room temperature and poured into ice, and the
agueous solution was extracted with dichloromethane. The organic phase was separated and washed
with watey, 2.9 Mselutien of Nazs208:andiring.and.hen. disd,oyer Nz Salyent wes removed
under reduced pressureto yield 3-iodo-5-nitrobenzoic acid as shght yellow solid 111 g, yield 10 98%.
MS (M+I—§9’L&12Q341-§3éf, 2e3-carbox c acid To a stirred solution of 3-iodo-5-nitrobenzoic acid (15.48 g,
52.83 mmol) and Pd(Ph3P)4 (1.84 g 1.69 mmol) in 300 ml of toluene and 50 ml of ethanol was added
p-tolylborbhie 3P4 7 gy T it SR BTG 6T EEIEBHE 86 BV Wiy i S0 mi water
at room 13 terperpitier-theweaction wasHaughiae, reflux fend § haurs angkthasteaatggie:room
temperature. To the solution was added 2N NagH, and the reactjon mixture was stirred for 30
minutes. THe Brgartc BRALE RS BEp Y SR andtheE X&&%bﬁ%“ﬁﬁ% é@ggfgaja@é G6 PR <N dising 12N
Ha The resstiiigsolidplecipitatecwasditersdandovashedwitihdotdenddovationd f3gvg [aF(1,1-

4'-methyl-5-nitro-biphenyl-3-carboxylic acid.as light yellow solid(97.2%). MS, (M:W = 258,
208 Mo e L A R T R R G s P

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

Step 3 2-Amino-1-(1,1-dioxo-1lambda*6*-thiomorpholin-4-vl)-propan-1-ong

10 To a solution of {2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-y1}- i -methyl-2-oxo-cthyi]-
carbamic acid teri-butyl ester (5.6 g, 18.2 mmol) im CH2Cl (70 ml) was added trifluoroacetic
acid {5 ml) at 0 °C. The reaction mixture was allowed to warm to room temperature and was
stirrad for 3 hours. After removal of CH-Cl and excess trifluoroacetic acid under reduced
pressure, 2-Amino-i-(1,1-dioxo-1iambda*6*-thiomorpholin-4-yl)-propan-1-one (6.6 g, yield

15 100%}) was obtained as a white solid. MS (M+H) = 207,

Step 4 (Sy-2-{1.1-Dioxe- Llambda*6*-thiomorpholin-4-vl)-1 -methvi-cthvlamine

A mixture of 2-Amino-1-(1,1-dioxo-1lambda*6*-thiomorphoiin-4-vi}-propan-i-one (6.0 g, 18.2
mmol) and BH; (1 M in THF, 110 ml} was heated fo reflux for 48 &, then cooled to room
temperature and quenched by MeOH. The volatile was removed under vacuum. 2 N HCI {100 ml)

20 was added to the residue and heated to reflux for 18 h, Solvent was removed under vacuum to
give {8)-2-(1,1-Dioxo- L lambda *6*-thiomorpholin-4-vl}- 1 -methyl-ethylamine (4.5 g) as white
solid, yield 90%. MS (M+H) = 193,

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

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

N
N ] Z ]
ch S e HSC \N
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o) N
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SCHEME E



EDC1 (16.17 g, 84.38 mmol) was added portion wise to a stirred solution of
4'-methyl-5-nitrobiphenyl-3-carboxylic acid (15.49 g, 60.27 mmol), HOBt (11.44 g, 84.38 mmol) and
2-amino-| - methoxy Igpropane (7 ml, 66.31 mmo 0 in NMP (9.29 ml, 84.38 mmol), CH2CI2(180 ml)
and DMF (28 fhif Y% *The mixture was allowed to warm to room temp@?gfﬁfé"ﬁ%ﬁw& stirred at 25
the same temperature for 14 hours. The reaction rpixture was washed with 2N HCI, 2N NaOH,
saturated aqueous NaHCO3, brine, dried over anhydrous Na2S04, filtered, and concentrated under
vacuum g|v thyl- ro I rbox t t deasa
yellow oil 2)1% "58 &1%.%%5%)&%%?&?}9%—%3&?5) %4%(%}6\%18:%0&21g%?e%ﬁ@%%@ﬁ%%%%@%é% acid

2-rnethox 18 Stitaehide Mareuz0 180080 FourdiriER duoorossaBBnsiridihératite. MRE MEction mixture
was heatgd tosrefiux-fer R0t mealMent wasremavadmnderiedusrebRrgasutaangibearesidue was

diluted with ethyl acetate and treated with saturated NaHCOS3 solution. Solids were filtered off and the

filtrate waRCARHe 4HREH Latthates died S nmre2ad BinesdHBE SV HIPaUE M504, filtered
and conceiiaied inodasy O argiNecao pIamIn0 mmiaylrb uah&myal wﬁaeaﬂ&@xw&vaﬁid

(2-methoxy:1-methyl-e eth I) -amide as ellow % S ( c% 99. S

& oo~ TR BRRE A S EARRIRE S HTEa Ry A St KIS g
5-amino- mimethlyﬂdbnph@w:ﬂi &mub@xﬁh%@ﬂﬁ(@rgeﬁmpyﬂaméﬂwleétﬂybﬂam deld573%. 1458 mmol),
iso-amyl NHF (;L%ﬁ ml, 88.9 minol) and diiodomethane (8 ml, 106.7 10 mmol) was stirred at room
temperature for 1 hour. The mixture was then heated to 65 C and kept for 8 hours, LC/MS indicated

that reactigh; GeRBleHRdTRGT SRCHONIPRINRWAR CPRIEE {PQoR (s MIBERauRe ANd thsnseparation of
iodobenzene from excess diiodomethane was effected by addition of the reaction mixture at room
températtifécio P KB SoGHBRBEp b H3E RN disb iy e RG8rHS: dxothermic
reaction enstedhdRe-exoasmvelatile E&@g@rﬁﬁewwae&@m@m&yeot&lméﬁi&ﬁybaua@ﬂ@ha@»m 80 C. The
residue was diluted WI h et yI agﬁ: te Waf ed wj h 100/ dro ?g rlci ]F;, Ot)eE apd brine. The
organic & r‘%’%{%"sé r%l% arvd'd nedngver 1) ous e dany el

tere ncentrated in vacuo.
The resmhnbyWasnpuiméﬂdayﬂa&hth@lanmnechrr}mat@gn&phylz(eﬂnyl aeotatetheXapesiyhoibeid yield

Siodo-smeiiphent Semanlioadd G ostionel pebiellamie s yellow solid (5.2

g, 83.8 %) are the appropriate amine compound in step
3, wébe: Biludicia ﬂﬂémilbﬂméﬁyl 3-carboxylic acid (1 pyrazin-2-yl-ethyl)-amide, MS (M+H) = 444;
5-lodo-41-methylbiphenyl-3-carboxylic acid (2 hydroxy 1 me hyI ethxl) amlde MS |

5-lodo-4 AN Sk enlefor L s inleny P 1558 S $RkhElRLY 2 e
465; 5- Io 1-methyl-bi I|c acnd [2- 1 0 Ilamb 6*t |omorphoI|n -4- yl) 1- 25
methyl-et S&Pﬁl&%ﬂ?ﬁég@gﬂgy“ e@‘% §§5-41 &é @I)]gb% PRenZ3Eiboxylic acid

(pyrazin-2-ylmethyl)- amlde MS (M+H) 430. Preparatlon 6: 5-lodo-41-mgthvkhiphenvl-3-carboxylic

acid 9%
Step 2
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The synthetic procedure used in this preparation is outlined below in Scheme G. SCHEME G Step |
4'-Methy1-5-nitro-bipheny1-3-carboxvi ¢ acid methyl ester To a solution of

4'-methyl-5- nltro b| henyl-3-carboxylic acid (10.00 g, 0.039 mol) in methanol 5 was added
soc12(5.09¢ 6064%??%0 at 0 C. The reaction mixture was allowed to wBriB2f8¢REhperature and
was then heated to reflux for 2 hours. The solvent was removed in vacuo to afford
4'-Methyl-5-nitro-bipheny1-3-carboxylic acid methyl ester (9.72 g, 92%) as light yellow solid. MS (M+H)
= 273. Stggggﬁgﬁ@ino-4'-methvl-biphenyl-3-carboxylic acid methyl ester 10
4'-MethyI-5-nitro-biphenyl-3-carboxylic acid methyl ester was reduced using SnC12 using the
procedure;of step 4,af Rrapayatian, s te @fford 5-Amino-4-methyl-biphenyl-3-carboxylic acid methyl
ester, MS (M+H) = 242. Step 3 5-lodo-4'-methyl-biphenyl-3-carboxylic acid methyl ester

5-Amino- %mathyt%biphtﬁmybﬁi&&ﬂaquﬁ@a@dme%)ﬁh%m} wa@mﬁa@wﬂﬁwiﬂammyten@ wgide 15 and

o LSS BOGE RLRRPLISPIFINS S e casugin
2.-fludro- aaodbw.ymmmlmmecﬁw& Carbaxyhid mmmlmwemmm %&h&rébh«natbn 7:

3-lodo-5- met Wld n 2-y0-benz |c acid meth The synthetic edure used in this
e e T o Y e S e o

solution was extrdctcd with dichloromethane. The organic phase was seperaicd and washed with

water, 2.0 M solution of Na;S;0s and brine, and then dried over Na,80,. Solvent was removed
under reduced pressure to yield 3-iodo-5-nitrobenzoic acid as slight vellow sohid 111 g, yield

10 98%. MS (M+H) = 294.

Step 2 4°-Methvl-3-nitre-biphenyi-3-carboxvlic acid

To a stirred solution of 3-iodo-5-nitrobenzoic acid (15.48 g, 52.83 mmol} and Pd(PhsP), (1.84 g,
1.69 mmeol) in 300 m! of toluene and 50 ml of cthanol was added p-totylboronic acid (7.87 ¢,
58.11 mmol) and a solution of CsrCO3 (18.89 g, 58.11 mtnol) in 20 ml water at room

15 temperature. The reaction was brought to reflux for 18 hours and then cooled to room
temperature, To the solution was added 2N NaOH, and the reaction mixture was stirred for 30
minutes. The organic phaselwas separated, and the aqueous phase was adjusted to pH <4 using
12N HCL The resulting solid precipitate was filtered and washed with toluene to afford 13.2 g
of 4" -mcthyl-5-nitro-biphenyi-3-carboxylic acid as hight yellow solid (97.2%). MS (M+H) = 258.

20 Siep3 4’ -Methyi-3-nitro-biphenvl-3-carboxvlc acid {2-methoxv-1-methvl-ethyvl)-amide

EDCI (16.17 g, 84.38 mmol) was added portion wise to a stirred solution of 4’-methy!-5-nitro-
biphenyl-3-carboxylic acid (15.49 g, 60.27 mmol), HOB1 (11.44 g, 84.38 mrmol) and 2-amino-1-
methoxy-[-propane (7 mi, 66.31 mmol} in NMP (9.29 ml, 84.38 mmol), CH,Cl; (180 ml) and
DMF (20 ml) at 0 °C. The mixture was aliowed to warm to room temperature and was stirred at

25 the same temperature for 14 hours. The reaction mixture was washed with 2N HCY, 2N NaOH,
saturated aqueous NaHCQOs, bring, dried over anhydrous NaSO., filtered, and concentrated
under vacuum to give 4’-methyl-5-nitro-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl}-
amide as a yellow oil (16.5 g, 83.5%). MS (M+H)} = 329,

Step 4 A5-Amino-4 -methvl-biphenyl-3-carboxvlic acid {Z-methoxy-1-methyi-cthvh-amide

30 To a stirred solution of 4’~-methyl-5-nitro-biphenyi-3-carboxylic acid (Z-methoxy-1-methyl-

cthyl}-amide (39 mmol} i 250 ml methanol was added SnCl, {117 mmol) in one portion at room



SCHEME H Step 1 3-lodo-5-nitro-benzoic acid methyl ester To a solution of 3-iodo-5-nitrobenzoic acid
(20.00 g, 0.068 mol) in methanol (50 ml) was added 5 SOCI2 (5.45 ml, 0.075 mol) at 0 'C. The reaction
mixture was allowed to warm to room temperature and was then heated to reflux for 2 hours. The
reaction was COBIEY &Hd*solvent was removed in yacuo to afford 3-Todo-BSHiFB2HEE6#88cid methyl
ester as light yellow solid (20.67 g. 99%). MS (M+Hg = 309. Step
23-Nitro-5-(4,4,5,5-tettethy141,3,21dioxaborotan- 2 -y1)-benzoic acid methyl ester 10 A solution of

o oo HReBSO COMSIMSSIEL (G gy 0T RN BiR(ANacoIaIdorRAS:l B 8,055 o).
KOACc (9.59g. 0.098 mol) and PdC12(dppf) (798 mg. 0.98 mmol) in DMSO (40 ml) was heated to 80 C
for 4 hoursdupeiepRBUaEHBS BlsarsidPRavmistisdvasicire dorato oad fé@ﬁ‘iﬁér‘é(tﬁré&aﬁélt@ktracted with

EEO. Thergambingd:qrgarinRbases weredvashednathbiing and Ared eyt iaidePanthe; solvent was
evaporated under reduced 15 pressure and the resulting crude

3-nitro-5-04 &b (RS ndEk A YET 3B D Grol B DL ISIAE ASRCSRIE LY PESEP &8 dsed without
pu rlflQiatlQﬂ]lﬁdﬂﬁﬂ%}&r@@h&lﬂl}it-dryﬂﬂjfﬂ&éﬁli)@—ﬂﬂwl&&r@métﬁ@gthﬁlﬁémra-ﬁféiﬁ)ﬁ%ﬂtlOn of

2-bromo-5- ol), Pd(PPh3)4(226 mg, 0.2 mmol) and K21)04(2.76 g, 13
mmol) in %ﬁ%i%—?ggg/(éﬁn&% %)adgwd 3 nitro-5-(4,4,5,5-tetramethyl20
[1,3,2]dioxa , 2%@?0@11”10&&‘3&9&6&%) aimesphere. WO

2010/069794P ' e mixture was su pjected 10 microwave radiation at 130 C for

0.5 hOUfSABH%&?@&F‘?@MMVW%QQRJ%Wﬂé&h@;@h&vﬁﬁcﬁ@%ﬁé@? yndenyeduced.prgssure. The
residue was purified by flash-chromatography (CH2C12/Me0

3-(5-methyipyridint 35PP) stiitrs e Edik Gdid Wlleﬁ%f?é%%’rl)a@g %m?@%ﬁﬁwﬁb%gk%f? %). 5 Step 4

3-AmNo-gragisl e tinasi®foom temperature for 1 hour. The mixture was then heated to 65 °C and

kept for 8 hours, LC/MS indicated that reaction completed. The reaction mixture was cooled to
room temperature and the separation of iodebenzene from excess ditodomethane was effected by
addition of the reaction mixture at room temperature to a stirred solution of piperidin-CH:CN
(V/V =90ml/90 ml}. A vigorous exothermic reaction ensued. The excess volatile reagents were
15 removed by rotary evaporation at 80 °C. The residue was diluted with ethyl acetate, washed with
10 % hydrochloric acid, water and brine. The organic layer was separated and dned over
- anhydrous Na,SQ,, filtered and concentrated in vacue. The residue was purified by flash column
chromatography (ethyl acctate/hexanes = 10:1) to yield 5-iodo-4’-methyi-biphenyi-3-carboxylic
acid (2-methoxy-1-methyl-cthylj-amide as a yellow solid (5.2 g, 83.8 %). MS (M~+H) = 4]10.

20 Similarly prepared, using the appropriate amine compound in step 3, were: S-fodo-4’-methyl-
biphenyl-3-carboxylic acid (1-pyrazin-2-yi-ethyl)-amide, MS (M+H) = 444; 5-lodo-4’-methyl-
biphenyl-3-carboxylic acid (2-hydroxy-!-methyi-ethyl}-amide, MS (M+H) = 396; 5-lodo-4’-
methyl-biphenyl-3-carboxylic acid {1-methyi-2-morpholin-4-yl-ethyl)-amide, MS (M+H) = 465;
5-lodo-4"-methyl-biphenyl-3-carboxylic acid [2-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl)-1-

25 methyl-ethyl}-amide, MS (M+H) = 513; and 5-lodo-4’-methyl-biphenyi-3-carboxylic acid
(pyrazin-Z-ylmethyl}-amide, MS (M+H) = 430.

Preparation 6: 5-lodo-4’-methvl-biphenvl-3-carboxvlic acid

The synthetic procedure used in this preparation 1s outlined below mn Scheme G.



To a solution of 3-(5-methyl-pyridin-2-y1)-5-nitro-benzoic acid methyl ester (4 g, 14.7 mmot) in
methanol/ethyl acetate was added SnC12 (11.15 g, 58.8 mmol) at room temperature. The reaction
mixture was refluxed for 3 hours and then cooled. Solvent was removed under reduced pressure and
the residue W™ H&6VEY in 1120 and basified by addition of Na2CO3 toP TP phiture 10 was
extracted with CH2C12, and the organic phase was washed with water, brine, and dried over Na2SO4.
The solvent was removed under reduced pressure to give 3-amino-5-(5-methyl-pyridin2-y1)-benzoic
acid methyl ester (3.2 g, 90 %) ag;whitg;solid. Step J3j-lodo-p-idin;2- 1 Lbenzoic acid methyl ester
3-Amino-5-(5-methyl-pyridin-2-y1)-b6&nzoic acigtewgthyl esterﬁtréated with methylene iodide 15 and
isoamyl nitrate using the procedure-ckstep 5-ofpreparation 5, ta.afford step 2

@ acid gty ester, M$ (Mift = 353, Sjifarly prepared, using
step ¥, wasc3-iodo-5-(5<methypyriding-y1senzoic acid ethyl ester,
MS (M+H) = 368. Preparation 8: 3-Bromo-5-(5-me yridin-2-y1)-benzoic acid methyl ester 20
The synthetic proceduFe used in this preparation i5%utliried below in Scheme |. SCHEME | Ste.
13-Brorno.i-"554.et3.2 dioxaborolan-2-v -bmenzoic acid methyl es?eﬁa‘-%f@pgo-S-iod.o-benzoic acid
methyl ester (14.16 g, 41.53 mmol), Bis(pifidcolato)-diborane 25 (11,6Q g, 45.7 mmol), PAC12(dppf)2
e added to 50 ml of DMSO,
and the reaction mixture was stirreid at 80 C for 20-hours, We20 9794PCT/EP2009/066488 -49-
then cooled to room tempef g, The reastion mixture Wd with water and extracted with
diethyl ether. The comQj d.organic extracts were dried.over¥gS04, finered, and concentrated under
reduced pressure to givé 18.5 g of 3-bromo-5-(4,4,5,5-tetramethyl- [1,3,2]dioxaborolan-2-y1)-benzoic
acid met%}?ﬁﬁ% &/hich was used directly in the next step 5 without further purification.

Step 1 4’-Methvl-5-nitro-biphenyl-3-carboxvlic acid methyl ester

To a solution of 4’-methyl-5-nitro-biphenyl-3-carboxylic acid {10.00 g, 0.039 meol) in methanol

5 was added SOCL(5.09 g, 0.643 mol) at 0 °C. The reaction mixturc was aliowed to warm to
room temperature and was then heated to reflux for 2 hours., The solvent was removed i vacuo
to afford 4°-Methyl-5-uitro-biphenyl-3-carboxylic acid methyl ester (9.72 g, 92%) as light

vellow solid. MS (M+H) =273,

Step 2 5-Amine-4’-methvl-biphenvl-3-carboxviic acid methvl ester

10 4’-Methyl-5-nitro-biphenyl-3-carboxylic acid methyl ester was reduced using SnCl; using the
procedure of step 4 of preparation 5 to afford 5-Amino-4"-methyl-biphenyl-3-carboxylic acid
methyl ester, MS (M+H) = 242.

Step 3 S-Iodo-4 -methyl-biphenyl-3-carboxvlic acid methyl ester

5-Amino-4’-methyl-biphenyl-3-carboxylic acid methyl ester was treated with methylenc todide
15 and isoamyl nitrate using the procedure of step 5 of preparation 3, to afford 5-i0do-4’-methyl-

biphenyl-3-carboxylic acid, MS (M+H) = 353.

Similarty prepared was 2°-fluoro-5-iodo-4’-methyl-biphenyl-3-carboxylic acid methyl ester, MS

(M+H) = 371.

Preparatien 7: 3-lodo-5-(5-methyl-nvridin-2-vli-benzoic acid methvl] ester

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



Step 2 3-Bromo-5-(5-methyl-pyridin-2-y1l-benzoic acid methyl ester A mixture of
2-bromo-5-methyl-pyridine (10.27 g, 59.68 mmol) and palladium tetrakis(triphenylphosphine) (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-broWB-HAYU459%_tetramethyl- 10 [1,3,2]dioxaborolan-2-y )-benz i HER N RBester (18.5 g,
54.25 mmol), followed by K1PO4 23.03 g, 108.5 mmol) in 40 ml water. The mixture was refluxed for
eight hours, then cooled to room temperature and’ ﬁEﬁz;\'rtitioned between water and EtOAc. The
combined organic layers were washed with water, dried over MgSO4, filtered and concentrated under
reduced pressure. The residue was purified via flash chromatography (5:1 EtOAc?H”exanes) to give 8.5
-Hiethyl-pyridin-2-yi3sbenzoic acid methyl ester, MS ()< 306. Similarly

. ic acid methyl ester, MS (M+H) =
)-benzaif ZEE fiethyl ester, MSYM+H) = 325; and
0ro-p dimethyl estefedS (M+H)20 P ation 9:
Trifluoro-methanesuflonic'acid 4-isopropyl-11.2.5%thiadiazol-3- ‘S5 ‘ﬂﬁ syhithetit9rocedure used in
this preparation is outlined below in Scheme J. OCH,Step 1SStép-2 H, .S2012\ /CH,(0F3S02)0
zHO NH2 SCHEME J 75Step 14-Isopropv1-11,2.5]thiadiazol-3-ol 'Stlfyy, monochloride (13.27 g, 98.24
mmol) was added to 20 ml of dry DMF cfgllowed by (S)-2- amino-3-methyl-butyramide (5.0 g, 152.62
minol). The mixture was stirred ugder itrogen atmosphere for Sik hours, then careful?y*apoured
overwater ice. The resulting mixtureyfas wo 2010(069794RCTAEP2009/066488 5 . o

341, 3-Bromo-5-( Oro-5-methyl-pyridi

step 3 step 4 sten §
R e e o B ———
2-bromo-5-methyl MeOH GH,l,
-pyhdne, 3nCl,
PA(PPR,), ] ~ NC, NH “

/K//‘N
H:C H,C he N
SCHEME H

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

To a sotution of 3-w0do-3-nitrobenzoic acid (20.00 g, 5.068 mel) in methano! (50 m}) was added

5 SOCL{5.45 mi, 0.075 mol) at 0 °C. The reaction mixture was allowed to warm to room
temperature and was then heated to reflux for 2 hours, The reaction was cooled and solvent was
removed in vacuo to afford 3-lodo-5-nitro-benzoic acid methy! ester as ight yellow solid (20.67
g, 99%). MS (M+H) = 309.

Sten 2 3-Nitro-5-{4.4.,5,5-tetramethvl-1 1.3 2idioxaborolan-2-vl-benzoic acid methvl ester

16 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), KOAc (9.59 g, 0.098 mol) and PdCL(dppf) (798 mg,
0.98 mmol) in DMSO (40 ml) was heated to 80 °C for 4 hours under N, atmosphere. The
mixture was cooled to room temperature and extracted with Et,O. The combined organic phases
were washed with brine and dried over Na,SO4. The solvent was evaporated under reduced

15 pressure and the resulimg crude 3-nitro-5-(4,4,5,5-tetramethyl-f 1,3, 2]dioxaborolan-2-vi}-benzoic

acid methyl ester was used without purification in the next step.

Sien 3 3-(5-Methvl-pyridin-2-y}-5-nitro-benzoic acid methvl ester

To 2 solution of 2-bromo-5-methylpyridine (1.24 g, 7 mmol), Pd(PPhs)4 (226 mg, 0.2 mmol} and
KsP0G4(2.76 g, 13 mmol) in DME/H>0 (5ml/tml) was added 3-nitro-5-(4,4,5,5-tetramethyi-

20 [1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester (2.00 g, 6.5 mmof) under N, atmosphere,



-50- extracted with diethyl ether, and the combined organic extracts were dried over MgS02, filtered
and concentrated under reduced pressure to give 4-isopropyl-[1,2,5]thiadiazol-3-ot a yellow oil. Step
2Trifluoromethanesulfonic acid 4-isamwyd1,2,5ithiadiazol-3-v1 ester Trifluoromethanesulfonic acid

4- |sopropyI4YVQ R 01-3- -y1 ester was prepared following 5 the prodédiiFEX@petedtin Org.
Biomol. Chem. Vol. 4(2006), 3681-3693. Briefly, 4 A opropyl[1,2,5]thiadiazol-3-ol (0.25 g, 1.73 mmol)
was taken up in 0.25 ml of dichloromethane, and triethylamine (0.175 g, 1. 73 mmol) was added to the
mixture. 'lihe rea{ctlor‘\N ram)q(lt1 r(ecw cooled at10c0 ar;((;lns&j[tlr er n§ d[ mosghere .and
trifluoromethanasuifon SI aniw P@l@?@ je 3 Mo gwas "Aropwise! éDPeIg&fBﬁ mixture

was stirredefarofgad hmhse}\andvthemi;ﬁbgmadmhamlmama@ﬁdded f@ﬁdﬂﬂ:m!aetm mixtite b¥he silica
was dry-lgaded.onto a sili lyrpn,an chromatoar, -1 dic ethane/hexanes)
yielded 0.27 g of tnﬂuo%?J .@tﬁgné@& ﬁn{% a%d ﬁ%%'gr%ﬁlw ?%]‘ |aa|§§ '{1 Es e?lgtsdca% oil.
Preparatiéhthp: Sipsesopyiriselid1itadaiazeic’Dhe synthetic procedure used |n this preparation is
outlined below in, Scheme K 15CH SCHEME K Ste IN'-1 2 Dimeth 1-Zidene h drazinecarboxylic
acid esthy ER - Hy a2 hee; : SPAERRs thyl daeas apdymaidyd e ¥ol) and acetic acid 60 um, 1.0
mmol) were 20 dded ces 0& |ISO Iket ne, and the mixture was stirred at
room terr?l;gera uglé é omIJII]'%t 3(23” Fgﬁﬁ 38" “ lﬁﬁla &@%‘iﬂtﬁ?@‘/\;ﬁ i‘frgﬁgﬁ’ th
methylenmtﬂhmdeth]?he:ciamIwnedddegm@emﬁatigv\féré ma@h)ed withe lorinesrelied dlrer-Mgse4,
filtered angl capcentr ‘?39!( é‘%‘%”ﬁ&%%%gm"ﬂ?%Sé‘o&éﬁc%"]% 11809 A8 nder red ced pressure

N'41,2-dimethyl-prop(Z idenel-h razinecarboxylic aci ethyf ester as an oil, w as used directly
in the nexgBkgapsiduc was d1sselvcd m H,O and basified by addition of NayCO4 to pH=9. The mixture

10 was extracted with CHCly, and the organic phase was washed with water, brine, and dried over
NapSO4. The solvent was removed under reduced pressure to give 3-aming-5-(5-methyl-pyridin-

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

Step 5 3-lodo-5-{5-methyl-pyridin-2-vi-benzoic acid methvl ester

3-Amino-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl ester was treated with methylene iodide
15 and isoamyl nitrate using the procedure of step 5 of preparation 3, to afford 3-i0do-5-(5-methyl-

pyridin-2-yl)-benzoic acid methyl ester, MS (M~+H) = 353.

Similarly prepared, using ethanol instead of methanol ir step 1, was 3-iodo-5-(3-methyl-pyridin-
2-yh-benzoic acid ethyl ester, MS (M-+H) = 368,

Preparation 8: 3-Bromo-5-(3-methvl-pyridin-2-vD)-benzoic acid methyl ester

20 The synthetic procedure used in this preparation is outiined bejow in Scheme 1.

O O

CHs step 1 step 2
Bls(pmacolaio) 2 bromo-5-methyl
~diborane -pyridine,
PdChyidppf;  H,C ~B Pd{PPh,),

Br i

o
H C
CH,
SCHEME 1

Step | 3-Bromo-5-(4.4,5.5-tetramethyl-{ 1,3,2]dioxaborolan-2-vl)-benzoic acid methvl esier

3-Bromo-5-todo-benzoic acid methyl ester (14.16 g, 41.53 mmol), bis(pinacolato}-diborane
25 (11.60 g, 45.7 mmol), PAdChidppf), (1.02 g, 1.256 mmol) and potassium acetate (12.22 g, 124.6

mmol) were added to 30 ml of DMSO, and the reaction mixture was stirred at 80 °C for 20 hours,



Stepi___ 4-Isopropyl41 2 31thiadiazole WO 2010/069794PCT/EP2009/066488 -51- A mixture of
N'[1,2-dimethyl-prop-(Z)-ylidenel-hydrazinecarboxylic acid ethyl ester (7.2 g, 0.1 mmol) and thionyl
chloride (22 mI 0.3 mmot) in 1,2-dichloroethane (100 ml) was stirred at room temperature for 16
hours. The reac%ﬂoir(tmr)rét?; tre was concentrated under reduced pressure, é%%ﬂ‘g’(@%ﬁ Htjueous
NaHCO3 was added to the residue. The mixture was extracted with methylene 5 chloride, and the
combined organic extracts were washed with brine, dried over MgSO4, filtered and concentrated

under reqyGed BIESRHSor ide was chigmataorarhed @961 Jax.RAGRexaRes)to give 5.0 9
of 4-isopropyl41,2,31thiadiazole as a first fraction. 4,5,5- Trimethyl- 1-oxe-1,5-dihydro-1

larnbda*2*HRidE Ay 0eteTs L RReRMEE SERans FEENT (1 110 i axs biarid HIESEcBNd fraction as a

by- produ@&é&rﬁ%@tﬁﬁ@t@tdﬁ@&f%@kkﬂ&&@h@ma_szg%?3lm@tﬁbla 5?@53 metpidipigsy1)-benzamide
The syntbetlc ocedure used in this %r%aaratr |s outlined below S cf eme L. CH3 CHs SCHEME L

15Step 1 R BHRTRZ: CSlie hgT dggapscd directly in the next step

3- Ammo-ﬁi(ﬁométtnyiepyndﬁva@ﬂ) -benzoic acid ethyl ester (3.7 g, 14.45 mmol) was added to 50 ml of
acetonitrile, and the mlxture was stlrred at room temperature Isoamyt nitrite (9.7 ml, 72.27 mmol) was
slowly adblig ZaleNile) cTine getgrtion mixture was slowly
heated to 60 'C for 30 mlnutes then cooled to room temperature 90 The reaction mixture was

partitioneft BEHYERANAAEKhE- By BREtdBe SHHhe: SHoahrRpMAsadpaladium
tetrakis(triphenylphosphing) (1.8% g, 1.65 mmol) in 300 ml DME was stirred at 60 °C under

nitrogen for 30 mmutes. To this mixture was added 3-bromo-5-(4,4,5,5-tetramethyl-

10 {1,3,2}dioxaborolan-2-yl)-benzoic acid methyl ester (18.5 ¢, 54.25 mmol}, followed by KaPO,
23.03 g, 108.5 mmol} in 40 ml water. The mixture was refluxed for eight hours, then cooled fo
room temperature and partitioned between water and EtOAc. The combined organic layers were
washed with water, dried over MgSOy, filtered and concentrated under reduced pressure. The
residue was purified via flash chromatography (5:1 EtOAc/hexanes) to give 8.5 g of 3-bromo-5-

15 (5-methyl-pyridin-2-yl)-benzoic acid methyl ester, MS (M-+H) = 306,

Stmilarly prepared were: 3-Bromo-5-(2-chloro-S-methyl-pyridm-2-ylj-benzoic acid methyl ester,
MS (M+H) = 341; 3-Bromo-5-(2-fluoro-S-methyl-pyridin-2-yh-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.

20 Preparatior 9: Trifluoro-methancsulfonic acid 4-1sopropyl-[1.2 5ithiadiazol-3-v] ester

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

Step 1 g Step 2
0 CH, p SN y /S\N
S,Cl, \U/ (CF,50,)0
H,N Y CH, _ CH, CH,
F HO CF.50
2 CH, CH,
SCHEME J
25 Step ] 4-Isopropvi-{ 1.2.51thiadiazol-3-ol

Sulfur monochloride (13.27 g, 98.24 mmol) was added 1o 20 ml of dry DMF, followed by (8)-2-
amino-3-methyl-butyramide (5.0 g, 152.62 mmol). The mixture was stirred under nitrogen

atmosphere for six hours, then carefully poured overwater ice. The resulting mixture was



WO 2010/069794PCDEP2009/066488 54- separated, washed with water and brine, dried over
MgSO4, filtered and concentrated under reduced pressure. The residue was purified by liquid
chromatography (30% to 100% methylene chloride/hexanes) to give
3-iodo-5-(5-tHERVAAYIHHA-2-y1)-benzoic acid ethyl ester, MS (M+H) = 36803 /8taap/8st4Rdiazo5- 5-
ethyl- ridin-2-yl)-benzoic acid ethyl ester A mixture %f 3-iodo-5-(5-methyl-pyridin-2-y1)-benzoic acid
ethyl ester (367 mg, 1 mmol), 4- isopropy1-11,2,31Ithiadiazole (640 mg, 5 mmol), palladium II
tetrakis(triphe hosphine) (35.mg, 0,03 namol),and potassium acetate (196 rngol) in 10 ml of
OME s e A G B e e AR e M
transferreddipactyioned enditicadokihmestud podliedbyoligoiy leHréhkidghapHys (0b6 1olieveil
EtOAc/hexanes) to iv 250 mg of

3-(4-iSOpFSBH-11. 2 3THMREREENA : et PR 2 oD ltBiRd iR | StRY| ester, MS (M+H) =
368. Ste 33-.4-Iso o vl- 1 23 thiadiazol- 11-5-(5-methyl- jdin,yQ-henzoic acid 15 A mixture of
-0 R AT e BT S B R EZS T R Bie SeREF Bt BIEP 280 mg. 0,68

mmol} in 10 prdckHikravasooa lied e 0B rasiddhe oL b2 N Gquesiss selufion)-wagatded. The
reaction mixtyre was allqwed tg.warm, to room temperature was stirred for 16 hours, The reaction
e e S o SR ST S S S B R SR cqueous Ho
to a pH ofr&thstemiix{ire’Waslektractet withedday|i2Chacetsites aridithescarbimedrorganicdlattions were
washed with fring; dried: %@&Mgé%n%%@gﬁmd senesBaiedMnder isduced passyeia give 200
mg of 3-(4-isopropy141,2,31thiadiazol-5- y1 -5-(5-me_thy|-pyr|d|n¢2-y1t)-ben20|c acid, MS (M-IH) = 340.
azin-2-y|méﬁ%@ﬁ%ﬂﬁéﬁﬁ’@ﬁq@@?W@%ﬂli%%ﬁ?&@?%ﬂﬁw%i&%% O JoRE (B¥Fe #A-B9Pazin-2-yIrnetk
1)-5-(6-mathvirp)icinWaakibe azamidewasHie paretndsing 4he. carpadiimidamased anidesynthesis
procedure of example 7 in published patent application U52008004442. Brief%/, ]

5+ (- isop By 2 FARREENS.y ) B eI R ARARELy S it Hioro-
C-(5-metmdtpyrazis 2xy d)iinsikytarping 1 EREhidd @Bi-and Ei3Naweareiddded to methylene chloride, and
the mixture was stirred at room temperature f_or 30 16 hours, then was partitioned between water and

reduced pressure. The resulting o ,
The synthetic procedure used in this preparation 1s outlined below in Scheme K.

o o CH, 0O CH, .
. Step 1 Py ) Step 2 N
HC N JL ) — o MNT O i I
j)LCHB HE\]E O AcOH 3 I SOCi2 \ N
N
CH, NH, TN H,0
3 CH,
15 CH,

SCHEME K

Sten 1 N’-[1,2-Dimethvl-nrop-{ Z)-vlidenel-hydrazinecarboxvlic acid ethvl ester

Hydrazinecarboxylic acid ethyl ester (4.40 g, 42.2 mmol) and acetic acid 60 urn, 1.0 mmol) were
20 added to 20 ml (excess) of methyl isopropyl ketone, and the mixture was stirred at room
temperature for 18 hours, Water (40 ml) was added, and the mixture was cxtracted with
methylene chloride. The combined organic extracts were washed with brine, dried over MgSOs,
filtered and concentrated under reduced pressure to give 7.25 g of crude N*-[1,2-dimethyl-prop-

(Z)-ylidene]-hydrazinecarboxylic acid ethyl ester as an oil, which was used directly in the next

-
L

step.

Sten 2 4-Tsopronyl-[1,2,3hiadiazole




WO 2010/069794PCT/EP2009/066488 -53- residue was purified via flash chromatography to
give3-(4-isopropyl141,2,3]thiadiazol-5-y1)-N(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridin-2-y1)-be
nzamide, MS (MH) = 445 thiadiazol-3- 1 -N- 5-meth 1azin-2-ylmethyl)-5é$€- 5 The synthetic
procedure uSel H ¥ Breparation is outlined below in Scheme M. SCHEMERF8I&55¢485 - Meth 1T
vridin-2tman /1-benzoic acid methyl ester Following,generally the procedure of J. Med. Chem. Vol. 50
(2007) 3380-3387, 3-iodo-5-(5- 10 methyl-pyridin-2-y1)-benzoic acid methyl ester (0.619 g, 1.75

mmol), p%'%%iﬂme 'Af‘?éf?}"f!§(Hﬁ%ﬁﬁ>{g?%§%‘- U 2898 Al LR unmAb an8 His tuautyltin (4,426 g,

12.28 mmol) in 15 ml toluene was heat 00C for 20 hours with stirring ThHe reaction mixture was

cooled toeem dedripemtubleidsice wate Pviasatted2 T RTicetiennad e bR Witd EtORE? and the

combinegaroanic-extracisyuere washedivith waterand i degdpverdMaeasrfitarediand 15
concentrated under reduced pressure. The residue was ;]J;ﬁrified via flash chromatography through
silica (125 EXIREHTC ST - Glve 8. 864°0 'BriRr e s MR RV XA S with methylene
tripropyistalsaanyiiemnzeicnagic el estetchtecr2 3radned Wil i ibdhiadipeal 314G (Biraeth 1-
vridin-2-v1)-benzoic acid methyl ester WO2010/069794PCT/EP2009/066488 -54- Lithium chloride
(0,004 o) G DTG WSt AP N o Ohe B R e SpR S iy THE wnclr
nitrogen &tMasphenecslocthiscssiiSpenSionopas deldelidtisatiitimrieafs3- first fraction. 4,5,5-
(5-Methyrpyich 2o 2 (dbiapyiRiannanyi-henzois gt el esisr (01696 4 4T.qunal and
triquoro-me%ﬁ%sQlPlor?i.c hcﬁ%@%@opro‘py Tl,Z,gf%iagt:gzo -3-y1 ester ( .126 gi, C?.Q Zernr%ng) 5in 6 ml of
dry THF. Phereditiopdmixarecnd § tréarees totreftindist- 70 hours. The reaction mixture was cooled to
room temperature and ice water was added, After one hour the mixtu xtracted with EtOAc and

) ‘--JL! - !

under reduaadipressure.sThe:resigide was purified via flash chromatography (17:1 EtOAc/hcxanes) to
give 0.118 g of 3-(4-isopropyl-[1,2,5]thiadiazol-3-y1)-
The synthetic procedure used in thig preparation 18 outlined below m Scheme L.

0 Q
M Step 1 C OW Step 2
CH‘"’ Chyly CH. Nf—N :
L
3 ’
N NH, SN ! " CH,
/J}\/N | { PA[P{Ph)],
H.C = /!\/N

H.C

15 Stenl 3-lodo-3-(5-methyl-nyridin-2-yl)-benzoic acid ethyl ester

3-Amino-5-(5-methyl-pyridin-2-vl)-benzoic acid ethyl ester (3.7 g, 14.45 mmol) was added to 50
mi of acetonitrile, and the mixture was stirred at room temperature. Isoamyl nitrite (9.7 mi,
72.27 mmol) was slowly added, followed by methylene iodide (7.0 ml, 86.7 mmol). The
reaction mixture was slowly heated to 60 °C for 30 minutes, then cooled to room temperature.

20 The reaction mixture was partitioned between water and ethyl acetate, and the organic phase was



10 5-(5-methyl-pyridin-2-y0-benzoic acid methyl ester, MS (MH-H) = 354. Step
33-(4-1sopropy141.2,5]thiadiazol-3-yl)-5-(5-meth'4-pvridin-2-yl)-benzoic acid Following the procedure
of step 3 of Example 1, 3-(4-isopropyl-[1,2.5]thiadiazol-3-y1)-5-(5- methyl-pyridin-2-y1)-benzoic acid
methyl esteWa@ﬁVf?Pgtjffzed to 344-isopropyl[1,2,51thiadiazoI-3-y1)-5-(53&%’%%&’/%@-’?-y1)-benzoic
acid. MS (M-FH) =340.15St e p_4 5.
3-(44sopropy1-11,2,5jthiadiazol-3-y1)-N-(5-methy|5-pyrazin-2-y|methvl)-5-(5-methyl-
pyridin-2:y1):henzamida Fallowing theprocegiite o SIERhHOTFRAMRIR Loncentrated under
3-(4-isopropyl41.2,51thiadiazol-3-y1)-5-(5- methyl-pyridin-2-y1)-benzoic acid was reacted with
C-(5-met Wi@zﬂqsgtglljﬂpﬁégqméngrg”ﬁg@y liquid chromatography (30% to 100% methylene
3-(4-isoprapyid hapithindiazel 31ydd-NeRrpathyhpazing2rumety bR ehpnethsd-M0 (vi+H)
pyridin-2;y1%—benzamidc, MS (MH) = 445. Example 3: 4"-Methyl-.541,2

31thiadiazed -ﬁ'-yI-Mphenyl-3-carboxylicd 2-methox t-Imethvl-ethvl)-amide The synthetic procedure used
in his preperajion is guiined belgw n Seheme N, WO.20101069794PCTIEP2009/068458 -55- CH3 0
(2-methoggz§1-methyl-cthylltamide To a stirring solution of 5-iodo-45-methyl-biphenyl-3-carboxylic acid
(2-methoxy-1-methyl- 5 ethyl)-amide (1.0&, 1 eq) in 3 ml anhydrous DMF were added LiC1 (520 mg, 5
eq). Pd2(@F3u e 3% ity - 1-Conedy DIPER-(OY85RESFAIC 26g Fanbcace it dringdrigwel1536 ml, 5 eq)
at room tgmpepatyier apsidhaisaction Mixiukepshgaachunder ey iFradiation afskap, C for
one hour. The reaction mixture was diluted with EtOAc, and the organic layer was sepgraggd, washed

with watdt ShEBAHE ARG SUEP ARHOHOLS RS BROM @l Bhal CMEe et Keta?

10 and stirred for 16 hours. The reaction mixture was cooled and transferred directly onto a silica

column and purified by liquid chromatography (0% to 10% EtOAc/hexanes) to give 250 mg of
3-{4-isopropyl-[ 1,2,31thiadiazol-5-y[}-5-(5-methyl-pyridin-2-y1)-benzoic acid ethyl ester, MS
(M+H) = 368.

Step 3 3-{4-Isopropvi-[1.2.3hisdiazol-5-y11-3-(5-methyl-nyridin-2-yli-benzoic acid

15 A mixture of 3-(4-isopropyl-{1,2,3thiadiazol-5-y)-5-(5-methyl-pyridin-2-yl)-benzoic acid ethyl
ester (250 mg, 0.68 mmol) in 10 mt THF was cooled to ¢ °C, and LiOH ( 0.5 mlof 2N aqueous
solution) was added. The reaction mixture was allowed to warm to room temperature and was
stirred for 16 hours., The reaction mixture was concentrated under reduced pressure and the
residue was acidified with 3N agueous HCl to a pH of 6. The mixture was extracted with ethy!

20 acetate, and the combined organic fractions were washed with brine, dried over MgSQ, filtered
and concentrated under reduced pressure to give 200 mg of 3-(4-isopropyi-[1,2,3]thiadiazol-5-

yh-5-(5-methyl-pyridin-2-vlj-benzoic acid, MS (M+H) = 340.

Step 4 3-{4-Isopropyi-[ 1.2 . 3thiadiazol-5-vD-N-(5-methvl-pyrazin-2-vimethyi)-5-( 5-methyi-

pyridin-2-yl}-benzamide

b2
Lh

3-(4-1sopropyl-[1,2,3ithiadiazo}-5-y1)-N-(5-methyl-pyrazin-2-ylmethyl}-5-( 5-methyl-pyridin-2-
yi}-benzamide was prepared using the carbodiimide-based amide synthesis procedure of example
7 in published patent application US2008004442. Briefly, 3-(4-isopropyl-{ 1,2,3Jthiadiazo}-5-yI}-
3-(5-methyl-pyridin-2-yl)-berzoic acid, C«(5-methyl-pyrazin-2-yl}-methylamine, EDCI, HOBt
and Et:N were added to methylene chloride, and the mixture was stirred at room temperature for
30 16 hours, then was partitioned between water and methylene chloride. The combined organic

layers were dried (MgSQOy), filtered and concentrated under reduced pressure. The resulting



10 The residue was purified by flash column chromatography on silica gel with hexane - ethyl acetate
(8:1 to 2:1), giving 5-acetyl-4'-methyl-biplicny1-3-carboxylic acid (2-methoxy-1-methylethyl)-amide (538
mg, 75 %), MS (M+H) = 326. Ste 25 -toluenesulfonv h drazidoace -4 -methyl-biphenyl-3-carboxylic
acid (2- methke FHIEIRA-ethyl)-amide 15 To a stirred solution of PCT/EP2009/066488
S5-aceiy1-4'-methyl-bipheny1-3-carboxylic acid (2-r ?_thoxy-lethyl- ethyl)-amide (180 mg, 0.554 mmol)
dissolved in 5 ml of ethanol was added (p- tolylsulfonyphydrazide (108.6 mg, 0.554 mmol), and the
reaction mijxtu re I I I . e crude
5 (0. WO TSR 5B oH e By UM ARRAIACL ST RGBS I
toluenestiferiiydaidoacameabrmdihyictisheris-arbdepreatie (M mbthBry: #4hethylethyl)-amide
e 34'-Meth 1-5 1 23 hiadiazol-4- Iheny1-3-carboxylic acid
v R dRd e 5N yrerlorite- WaSZ iR aH esBath and
hydrap-deagetyl)- 4'-methyl-biphenyl-3-carboxylic acid (2-methoxy- 1
-methyl-ethyl)-amide from step 2 was added in one portion and stirred for 20 minutes at room
températiite. s¥hidagaptioadmixtusee wabib geted4ido60s© fdmids hlowr scavdi¢hrerMeooled to room
temperature. The thionyl chloride was removed under vacuum and the residue was extracted with
EtOAC. The organic Prasé-was drierover 104a28Q4, filtereskand concentratag iftyacuo. The residue
was purified by flash calumn chressatography on silica gegﬂutin&with n-hexane - ethyl acetate (2:1)
to give 98 mg of 4F 1-541,?‘3@’ﬂﬁib{diaz; jtil I-bipheny1-3-garboxylic acig
(2-methoxy-1-nfethyl~ethyh-amide as a slight{ellow solid (yigld 483 %), MS AM-4) = 368. Example 4:
FormulationsJ15 Rharmaceutical prepMﬁ%?y by Nrious rolites are form fl_af;éd as shown
in the follgWing Tables. "Active ingrgdient or "Active comppc%{i’ﬁpa)‘*]aszuse 1A the Fakles fneans one or
more of the compounds of formula I. Composition for Oral Administration Ingredientt wt./wt. Active

ingredient20.0%
N _CHs
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Step | 3-{ 5-Methyl-pyridin-2-vI-3-iripropyistannanyl-benzoic acid methyl ester

Following generally the procedure of J. Med. Chem. Vol. 50 (2007) 3380-3387, 3-i0do-5-(5-
10 methyl-pyridin-2-yl)-benzoic acid methyt ester (0.619 g, 1.75 mmol), palladium I
tetrakis{triphenylphosphine) (0.205 g, 0.175 mmol) and bis tributyl tin {7.126 g, 12.28 mmoi} in
15 ml toluene was heated to 100 °C for 20 hours with stirring. The reaction mixture was cooled
to room temperature and ice water was added. The mixture was extracted with EtOAc, and the
combined organic extracts were washed with water and brine, dried over MgSQOy, filtered and
15 concentrated under reduced pressure. The residue was purified via flash chromatography
through silica (12:1 EtOAc/hexanes) to give 0.891 g of crude 3-(S-methyi-pyridin-2-yl)-5-

tripropylstannanyl-benzoic acid methyi ester.

Step 2 3-(4-Isopropvi-1 1.2, 5thiadiazol-3-vD-5-{5-methyi-nyridin-2-vi)-benzoic acid methyl

ester



Lactose79.5% 1 Magnesium stearate0.5% 20 The ingredients are mixed and dispensed into capsules
containing about 00 mg each; one capsule would approximate a total daily dosage. Composition for
Oral Administration Ingredient A wtiwt. Active ingredient 20.0% Magnesium stearate 0.5%
Crosscarmelfft& 488t 2.0% WO 2010/069794PCT/EP2009/066488 -BF T B sKARNYIps The
ingredients are combined and granulated using a sql Ivent such as methanol. The formulation is then
dried and formed into tablets (containing about 20'mg of active compound) with an appropriate tablet

machine. L?ﬂ%&@?t%ﬁ@@(é%@ g%lﬁl‘g %Hﬁ%&%cfptctraiqs(tnphenyiphosphme) (0.048 g) were
suspended in dry THF under nitrogen atmosphere. To this suspension was added a selution of 3-
(5-Methyl-pyridin-2-yl}-5-tripropylstannanyl-benzoic actd methyl ester (0.656 ¢, 1.27 mmol)
and trifluoro-methanesulfonic acid 4-isopropyi-[1,2,5}thiadiazol-3-yl ester (0.26 g, 0.942 mmol)
5 6 mlofdry THE. The reaction mixture was heated to reflux for 70 hours. The reaction
mixture was cooled to room temperature and ice water was added. After one hour the mixturs
was extracted with EtOAc and the combined organic layers were washed with water, dried over
MgS80y, filtered and concentrated under reduced pressure. The residue was purified via flash
chromatography (17:1 EtOAc/hexanes) to give 0.118 g of 3-(4-isopropyl-[1,2,51thiadiazol-3-y1)-
10 5-(5-methyl-pyridin-2-yl)-benzeic acid methy! ester, MS (M+H) = 354.

Sten 3 3-(4d-Jsonropyi-t 1.2, 5lthiadiazoi-3-yD-5-( S-methyipyridin-2-yD-benzoic acid

Following the procedure of step 3 of Example 1, 3-(4-1sopropyl-[ 1,2, 5}thiadiazol-3-y1}-5-(5-
methyb-pyridin-2-yl)-benzoic acid methyl ester was hydrolyzed to 3-(4-isopropyl-
[1,2,5]thiadiazol-3-yi}-5-(5-methyl-pyridin-2-yi}-benzoic acid, MS (M+H)} = 340,

15 Stepd 3-(4-Isopropyi-I1,2, Stthiadiazol-3-vh-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-

pyridin-2-vDi-benzamide

Following the procedure of step 4 of Exarﬁpie 1, 3-(4-1sopropyl-[1,2,5thiadiazol-3-y1)-5-(5-
methyl-pyridin-2-yl)-benzoic acid was reacted with C~(3-methyl-pyrazin-2-yl)-methylamine to
afford 3-(4-isopropyl-[ 1,2,5thiadiazol-3-y1}-N-{S-methyl-pyrazin-2-ylmethyl}- 5-{ S-methyl-

20 pvridin-2-yl)-benzamide, MS (M+H) = 445,

Example 3: 4°-Methyl-5-[1.2.3}thiadiazol-4-vl-biphenyl-3-carboxyvlic acid (2-methoxy-1-
methvi-ethvh-amide

The synthetic procedure used i this preparation 1s outlined below in Scheme N.



Ingredient Amount Active compound 1.0 g Fumaric acid Sodium chloride 2.0 g Methyl paraben 0.15
g | Propyl paraben 0.05 g Granulated sugar 25.5 g Sorbitol (70% solution) 12.85 g Veegum IC
(Vanderbilt Co.)

10

15

WO 2010/069794 PCT/EP2009/06648%
-55-

HBC\(\ o Chs chﬁ/\O,CHG

Step 1
© NH P = Ox, ~NH Step 2

. . A —_

acetic anhydride p-Toluenesuifony!
hydrazide

O Pd,{dba),
|

Step 1 S-Acetyi-4 -methyl-biphenyl-3-carboxylic acid (2-methoxv-1-methyl-ethyl)-amide

To a stirring solution of 5-iodo-4-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-
ethylj-amide (1.0 g, 1 eq) in 3 ml anhydrous DMF were added LiCl (520 mg, 5 eq), Pdy(dba);
(18.34 mg, 1.3% eq), DIPEA (0.8545 ml, 2 eq) and acetic anhydride (1.1636 ml, 5 eq) at room
temperature, and the reaction mixture was heated under microwave irradiation at 150 °C for one
hour. The reaction mixture was diluted with EtOAc, and the organic layer was separated,
washed with water and brine, dried over anhydrous Na,; SOy, filtered and concentrated m vacuo,
The restdue was purified by flash column chromatography on silica gel with hexane — ethyl
acetate (8:1 to 2:1), giving S-acetyl-4’-methyl-bipheny!-3-carboxylic acid (2-methoxy-1-methyl-
ethyl}-amide {538 mg, 75 %), MS (M+H) = 326.

Step 2 S-(n-toluenesulfonvihvdrazidoacetyli-4’-methvi-biphenvl-3-carboxvlic acid {2-

methoxv-1-methyi-ethyh-amide

To a stirred solution of 5-acetyl-4’-methyi-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-
cthyl}-amide (180 mg, 0.554 mmol) dissoived in 5 mi of ethanol was added (p-
tolylsulfonylhydrazide (108.6 mg, 0.554 mmol), and the reaction mixture was refiuxed for 2

hours. Removal of solvent under reduced pressure gave crude 5-(p-



1.0 g Flavoring 0.035 ml Colorings 0.5 mg Distilled water g.s. to 100 ml The ingredients are mixed to
form a suspension for oral admmis Parenteral Formulation ingredient 'A wt./wt. Active ingredient 0.25
g Sodium Chloride gs to make isotonic Water forjection 100 ml

WO 2010/069794 PCT/EP2009/066488
-56-
toluenesulfonylhydrazidoacetyl)-4’-methyl-biphenyl-3-carboxyviic acid (2-methoxy-1-methyl-

ethyl)-amide which was used for next step directly.

Step 3 4’-Methyl-5-[ 1.2, 3 thiadiazol-4-vl-biphenyl-3-carboxviic acid (2-methoxv-1-methvl-
ethyl-amide

5 Neat thionyl chloride (7 mi) was cooled in an ice bath and 5-(p-toluencsulfonylhydrazidoacetyl)-
4’-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide from step 2 was added
in one portion and stirred for 20 munutes at room temperature. The reaction mixture was heated
to 60 °C for 1.5 hours and then cooled to room temperature. The thionyl chloride was removed
under vacuum and the residue was extracted with EtOAc. The organic phase was dried over

10 NayS0Oy, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel, eluting with n-hexane — ethyl acetate (2:1) to give 98 mg of 4'-
methyl-5-{1,2,3thiadiazol-4-yl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide
as a slight vellow solid (vield 48.3 %), MS (M+H) = 368,

Example 4: Formulations

15 Pharmaceutical preparations for delivery by various routes are formulated as shown in the
following Tables. “Active ingredient” or “Active compound” as used in the Tables means one or

more of the compounds of formula I

Composition for Oral Administration

Ingredient Yo wit./wt.
Active ingredient 20.0%
Lactose V 79.5%
Magnesium stearate 0.5%

20 The mgredients are mixed and dispensed into capsules containing about 100 mg each; one

capsule would approximate a total daily dosage.

Composition for Oral Administration

ingredient % wt./wi.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%




10 The active ingredient is dissolved in a portion of the water for injection. A sufficient quantity of
sodium chloride is then added with stirring to make the solution isotonic. The solution is made up to
weight with the remainder of the water for injection, filtered through a 0.2 micron membrane filter and
packaged untRAERIE¢bnditions. WO 2010/069794PCT/EP2009/06648% TH2&156 S orv
Formulation Ingredient % wt./wt. Active ingredient_g.;(_)% Polyethylene glycol 1000 74.5% Polyethylene

glycol 4000 24.5%

molds 5

ontamning2-5¢totat-wetght—Fopicat Formutatior
actose de9Y Jit. P

H L ra Dronde
Ilfé{lsl'e'}sllblﬂb Siallrs ACUVE CUITTI

PVP (polyvinylpyrrolidine) |

1.0%

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

ound

The ingredients are combimed and granulated using 2 solvent such as methanol. The formulation

is then dried and formed into tablets (containing about 20 mg of active compound) with an

appropriate tablet machine.

Composition for Oral Administration

Irgredient Amount
Active compound 1.0g
Fumaric acid 05¢
Sodium chioride 20g
Methyl paraben 0.15¢
Propyl paraben 005¢g
Granulated sugar 255 ¢
Sorbitol (70% solution) 1285¢
Veegum K (Vanderbilt Co.) 1.0g
Flavormg 0.035 ml
Colorings 0.5mg

! Distilled water

g.s. to 100 ml

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

Parenteral Formulation

10

ingredient

% wt./wt,

Active ingredient

025¢

Sodium Chloride

(s to make isotonic

Water for injection

100 ml

The active ingredient is dissolved in a portion of the water for mjection. A sufficient quantity of

sodium chloride 1s then added with stirring to make the solution isotonic. The solution is made

up to weight with the remainder of the water for mjection, filtered through a 0.2 micron

membrane filter and packaged under sterile conditions.



0.2-2 Span 60 Tween 60 2 Mineral oil 5 Petrolatum 10 Methyl paraben 0.15 Propyl paraben 0.05 BHA
(butylated hydroxy anisole) 0.01 Water g.s. 100 All of the ingredients, except water, are combined

and heated to abOL)Jt 60 C with stirring. A sufficient quantity of water at about 60 C is then added with
vigorous stirfifP I 8% atéify the 10 ingredients, and water then added q.sF GHEELO8482

-58-
Suppository Formulation
ingredient Yo wt./wt.
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%

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

5 containing 2.5 g total weight.

Topical Formulation

Ingredients Grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oii A5
Petrolatum 10
Methyl paraben 015
Propyl paraben 0.05
BHA (butylated hydroxy anisaie) 0.01
Water g.s. 100

All of the ingredients, except water, are combined and heated to about 60 °C with stirring. A
sufficient quantity of water at about 60 °C 1s then added with vigorous stirring to emulsify the

16 ingredients, and water then added g.s. about 100 g.

Nasal Spray Formulations

Several aqueous suspensions containing from about 0.025-0.5 percent active compound are
prepared as nasal spray formulations. The formulations optionally contain inactive ingredients
such as, for example, microcrystaliine cellulose, sodium carboxymethyicellulose, dextrose, and
{5  the Hke. Hydrochloric acid may be added to adjust pH. The nasal spray formulations may be
delivered via a nasal spray metered pump typicaily delivering about 50-100 microliters of

formulation per actuation, A typical dosing schedule 1s 2-4 sprays every 4-12 hours.



Nasal Spray Formulations Several aqueous suspensions containing from about 0.025-0.5 percent
active compound are prepared as nasal spray formulations. The formulations optionally contain
inactive ingredients such as, for example, microcrystalline cellulose, sodium carboxymethylcellidose,
dextrose, antl 48" #&5#&* Hydrochloric acid may be added to adjust pH. PRE/BBEMPGs48Fformulations
may be delivered via a nasal spray metered pump typically delivering about 50-100 microliters of
formulation per actuation. A typical dosing schedule’is 2-4 sprays every 4-12 hours. WO

2010/06 09366 EXx e 5; POXA/ FLIPR (Fluorometric Imaging Plate
Reader)gﬁlsgéaﬁ/ J?B@Q@g%_v\%ﬁg Eraﬁs%%ﬁ%&ﬁm%%%%ﬁﬁ( . S&’gwan P2X213 receptor
subunits angpassaged.ndlasksd8:dinualeipeihe FLIRRexperimentselsweareseleased from

their flasks, centrifuggd, and resuspended in nutrient medium at 2.5 x 105 cells/ml. The cells were 5

aliquotedPG Bd Ek Rpslife ol S v pidiarsa s dLAERy ursomsob edisnreirakasaiciipmEd Bvernight in
5% CO2 aiisky, Cerififiel day efihpexpeiimentesetemareaashethinldR hutferisaleigm- and

magnesium-free Hank's balanced salt solution, 10 in. HEP mM CaC12, 2.5 mM probenecid; FB).
Each gvel?%%%ﬁdeﬁnfdﬁz g('lf@qg:ﬁg) ?%eﬁlpg?t & %ﬁu%?%%%%ﬁ@ggﬁlﬁ%ﬂg% Tﬁdti’ﬁ}f‘ﬁr{gféi: onc.]. Aftera 1
hour dye doadiigttincifbationat37C, the belmwetthwasheehdnl Qéimeswitnited andiadmwali#b-jillwell FB

was left in each well, Test compaun issolved in DMSO .at 10.m riglly dilut ith FB) or
vehicle W?é:%% g%lue&(ﬁl%néiggﬁb%d 5%%5?1%% Sésbfi? %Coel‘g;ﬁ%% caa‘ﬁ%ogllow@%g%cgﬁﬁiéﬁﬁga ég’:ziﬁutes at
room tempkratobendhé flte wbredhenpladedintHBRnPR@ntE haseine i rscenes’

measure (excitation at 488 nm gnd emission.at 510-570 nm) btained for 10 seconds before
2700 15 PG SO By A o SUBA SE ML 28 e bh Sh m ST Lioducing a
final donaentkation €, lapdvk (R2K3) o &UNEREX 248)n FHubrestence was measured for an additional 2
minutes at 1 second intervals after agonist addition. A final addition of ionomycin (5 p.M, final
concentratienjoaeumddd tsdechnBiMeiGhe FLIPRgesiplate thlestablishies byiailify ard maximum
fluorescefee oLAURIPOUNTAYIPSPIG LG, PaRk H9IESERNGR R0 K3 RONRR 1 theaddition of
a,ft-meATP Cm the absence and presence of test compounds) was measured and inhibition curves
generatetFiBRit HonfiheBlRregressidar PheD 8 BistadbBrenp 2 Xsshag dhieswasusedsas agositive
control. UsiRadhsabave Riogrdursseamperndsefheinvantionexhibited acivigiar £/58X3 and

P2X2,a receptors as shown in Table 1. 25 Example 6: In vivo Assay for Asthma and Lung Function
BALB/cJ s L e RIS A Star o e smith btz At SropRotBR o Br@Hy Rl dsoeBiyfoup) are
immunizethijondthemabuemin @A XL Qoig) pvatmm.on. daysresand d4aMicasaredthanghallenged with

aerosolized QVA, (5%) on day 21 and.22. Animals receive vehicle (p.o.) or a compound of the
inventiond(?fjé Olr}]&én(gl%}b%s §I lsfzgﬁclarzllg 1(1)1%:135,?; %ﬁer agonist addition, A ﬁnr.?l ddfﬁtzon o?mnomymn
(5 uM, final concentration) was made to each well of the FLIPR test plate to establish cell

viability and maximum fluorsscence of dye-bound cytosolic calcium. Peak fluorescence in
20 response to the addition of o,~-meATP (in the absence and presence of test compounds) was
measured and inhibition curves generated using nonlinear regression. PPADS, a standard P2X

antagonist, was used as a positive control.

Using the above procedure, compounds of the invention exhibited activity for the P2X; and

P2X5na recentors as shown in Table 1.

25  Ezample 6; In vivo Assay for Asthma and Eunge Function

BALDb/c] mice are immunized with # standard immunization protocol. Briefly, mice
(N=8/group) are mmmunized 1.p. with ovalbumin (OVA; 10 pg) in alum on days 0 and 14. Mice
are then challenged with aerosolized OV A (5%) on day 21 and 22. Animals receive vehicle

(p.0.) or a compound of the mvention {100 mg/kg p.c.) all starting on day 20.



WO 2010/069791PCT/EP2009/066488 -60- Lung function is evaluated on day 23 using the Buxco
system to measure PenH in response to an aerosol methacho line challenge. Mice are then
euthanized and plasma samples collected at the end of the study. Example 7: Volume Induced
Bladder Cor}?jrgéab%ﬁﬁggﬁy 5 Female Sprague-Dawley rats (200-300 g) wert Hif8eHietted with
urethane (1.5 g/kg, sc). The animals were tracheotgmized, and a carotid artery and femoral vein were
cannulated for blood pressure measurement and drug administration, respectively. A laparotomy was

performeg ; Sre! %n%%y%é?ugg%ﬁgztﬁggﬁ;ﬁ%@g&%&g@&mw&m&gﬁ&ﬁ@ i heexternalurethral

n

meatus was %gatcél with sl urinary bladdér was cannulated via the dome for saline 10
infusion aa®#baiddegrelssurbalagsuidineate Beiowihenirabise Pt SBIiZRiBA pefidEthe bladder
was infused withs @Ry temperature saline at 100 ,uUmin until continuous volume-induced bladder
contractions (V1BCs) were observed. The infusion rate was then lowered to 3-5 ul/min for 30 minutes
before theblagder wasdraingdandalitsetiaresbiosga@yminutes. All subsequent infusions were
performed as 15 indicated except the lower infusion rate was maintained for only 15 minutes instead of
30 mifiutésnBladdectitibgaied Gtaiffion; Wicks swuerancepented wiltitteehtmeShb ko eBTV; the
volume ngeded totigaer s firstamistrition bladder seniaction atied Ry deshap igyfor two
consecutive baselines and contraction frequency was within 2 contractions for a 10 minute period
following RFFSSSISIER HTERIOH rafelronsdrapisdiribies s whd VBCS Wers ssapidhescdeihe bladder

was draingd:aad:-the.ammalyvas desed withrdrug.orveRiclea:n midka:iveh B reintiasdriar to the start
of the next scheduled infusion. Example 8; Formidin Pain Ass%Male, Sprague Dawley rats (180-220

g) are plateniriRavitL PG AR ADRIEYE hhkddrs ey draveisate tBeiRedtht Bironment for
30 mip. Vighisien shivgiedqesitvacontol(masphine 2 25 mg/kg) is administered subcutaneously at 5
ml/kg. 15 min post dosing, formalin (5% in 50 pp is injected into plantar surface of the right hind paw
using a 2Befjawge: ndeelO. et atebifmuméd gty Pk hackito the wlifsed/atibrehambeeriMirors placed
around the ch I unhindered ob ion of the formalin-inj ‘he duration of
nociphen%zf{/lgegdg] t%%iti?r/l %ﬁe%%ﬁ (é%l?}%lga Oilsl,br§e8(:[glr%ci%5c¥ll %%/Cégt%}ﬁéégg ((!) nég%%%%%gﬁﬁgg g:rgj’;%uct%ym ated
behaviorabtienexd. Himdip&widicking vend 130 shekintid hffing/ane fecofdedigepaedtedyiin Baddarbin, for a

total of 60 min. The sum of time spent licking or shakijng,in. seconds from time 5 min.is considered
the earty Brea o R e SR R S B

I5  indicated except the 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
20  the bladder was drained and the animal was dosed with drug or vehicle (0.5 mlleg, iv.) 3

minutes prior to the start of the next scheduled mfusion.

Examyple 8: Formalin Pain Assav

Maie 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

25  mg/ke) is administered subcutancously at 5 ml/kg. 15 min post dosing, formaiin (5% m 50 ul) 15
injected into plantar surface of the right hind paw using a 26-gauge needle. Rats are immediately
put back to the observation chamber. Mirrors placed around the chamber allow unhindered
observation of the formalin-injected paw. The duration of nociphensive behavior of cach animal
isrecorded by a blinded observer using an automated behavioral trmer. Hindpaw licking and

30  shaking / lifting are recorded separately n 5 min bin, for a total of 64 min. The sum of time spent

licking or shaking in seconds from time 0 to 5 min is considered the early phase, whereas the late



phase is taken as the sum of seconds spent licking or shaking from 15 to 40 ruin. A plasma sample is
collected. Example 9: Colon Pain Assay Adult male Sprague-Dawley rats (350-425 g; Harlan,
Indianapolis, IN) are housed 1-2 per cage 5 in an animal care facility. Rats are deeply anesthetized
with pentobdYBitAl¥8th (45 mg/kg) administered intraperitoneally. EletfiER28106¢48%d and
secured into the external oblique musculature for %Jﬁctromyographic (EMG) recording. Electrode leads
are tunneled subcutaneously and exteriorized at the nape of the neck for future access. After surgery,

rats arc Ngused sRAIAGlY and 2llowed (ECUREIALS fof -0, dpYs Rrigr  testing. 10, The descending
colon and rectum are distended y press re-controfled inflation of a 7-8 cmr-r}ong flexible latex balloon
tied aroupriraiffexitsilenitie. The balloon is lubricated, inserted into the colon via the anus, and
anchored by tapin the balloon catheter to the base of the tail. Colorectal distension (CRD) is achieved

e sotenod gatedib-aeshstant pressure air reservoir. Intracolonic pressure is controlled and
continuously monitgred b ressure tral device 15 Response is quantified e visceromotor
response (RIS 5 UBRASCHAR 61 (16 Abibidl HAE A AN ABRR Sc e SAE Keiiy Woduced by
contréaction of theneXtern &lcdblqRetmps dutabyrentstjuantifiethysinig B hke 2ss dftwalrss (Gakridge
Electronic Design). Each distension tral Jasts 60 sec, and EMG activity.is quantified. for 20 sec before
aistenaror e P L e A S s R L o
number ohegyatorded @@Hmmmma@wéféﬂﬁbrﬁaﬁém-Bﬁs@ﬁn@i@@@fﬁe@a&dﬁé response. Stable
baseline £§§&9§&?&%§§v G022 49:nd H0BMA0, 20 RRGANLS a@c%@%@@@ﬁ%@xﬁrﬁt@g@med in
re

conscious, unsedated rats before any treatment. Compounds are evaluated for effects on responses
to colon AEIEFSIEPRIATERIRAThAMMGHEP SFABGA e dral Ky eptibr &#HB% model of colon

hypersensitivity produced by intracolonic 25 treatment with zymosan (1.ml, 25 mg/ml) instjlled into the
oot B R RO LA S B ST OIS L BRI ATA P Ol B T EOREst of &
rats eachfiédbitelattisceribnodigbptiom! Edietastingteffébtsreficrudg dmbacutsl visgatad hociteption, 1 of 3
doses of drug, vehicle or positive control (marphing, 2.5 ma/kg) are.administered after baseline
resmonas b e B R R T L %
Visceral ﬁ%@@éﬁé@&@:'imﬁeﬁmgy@msm dmipgm_dd geh:i@beameﬂhmtrammmaﬁemm with _
Zymosan ipiaaaienic LGRS Al AenRRRAINE HeERARSes A fresiablished; Rigilo drug testing

at 4 hours, responses to distension are assessed to eéstablish the’présence o '
20106 ronrET EPPOtorIce 488 Yo AYRESETRIIVRY. VM Bymceakareared tasbadeamifistidtion of 1 of

3 doses oL vehiehe.ar P oallive; sQNtol RN IR soh P 0pBIKE) @Fe-given 4 hurs after zymosan
treatment and responses tq distensian followed over the next 60-90 minutes. Example 10: Cold

allodynia KA S-HERTEBASRIE RO OF Y slsaddosanpe Design). Fach

distension trial lasts 60 sec, and EMG activity 18 guanttfied for 20 sec before distension

{(baseline}, during 20 sec distension, and 20 sec after distention. The increase in total number of
20 recorded counts during distension above baseline is defined as the response, Stable baseline
responses to CRD (10, 20, 40 and 80 mmHg, 20 seconds, 4 minutes apart) are obtained

conscious, unsedated rats before any treatment,

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
25 treatrnent with zymosan (1 mi, 25 mg/ml) instifled mnto the colon with a gavage needle inserted

to a depth of about 6 e Experimental groups will consist of 8 rats cach.

Acute visceral nociception: For testing effects of drug on acute visceral nociception, 1 of 3 doses
of drug, vehicle or positive control (morphine, 2.5 mg/ke) are administered after baseline

responses are established; responses to distension are followed over the next 60-90 minutes.

30 Visceral hypersensitivity, For testing effects of drug or vehicle after intracolonic treatment with
zymosan, intracolonic treatment 1s given after baseline responses are established. Prior to drug

testing at 4 hours, responses to distension are assessed to establish the presence of



5 The effects of compounds of this invention on cold allodynia are determined using the chronic
constriction injury (CCIl) model of neuropathic pain in rats, where cold allodynia is measured in a
cold-water bath with a metal-plate floor and water at a depth of 1.5-2.0 cm and a temperature of 3-4 C
(Gogas, K.R¥& AR Gesia, 1997, 3, 1-8). Specifically, CCI, rats are afEtEERISHSHES trifurcation of
the sciatic nerve is located and 4 10 ligatures (4-0,.gr 5-0 chromic gut) are placed circumferentially
around the sciatic nerve proximal to the trifurcation. The rats are then allowed to recover from the
surgery, (YA dAYR i aMaLsMdeR e lala 2 v RRseparioh ca'drndie stk llgdymia by
individually placing thé ‘animals in the cold-water bath and recording the total fifts of the injured paw
during a ROFATRY HERiBEP bfipheTh e ihjuede batw sV ifddrous st wan s Pasione arbesnBivith
locomotign 45 Q1 Rady IsResitianing are: RELsacardgd, 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 the acEtesipibias; eiNcldodeferenaicompounkialicompauiis ofjthisdnyenticn areadministered
subcutaneously (s.c.) 30 min before testing. The effects of repeated administration of the compounds
of thi$ invéntidifeon cotdrafmdyivialans determined detd 2000ky88 hrfallowingthedast 20 drandose of the

following regimen. oj in i f.uehi : r id i'v tion at -12
 ntervale ) A e R e el

compounfdgodt-thisciashtich e imsee laki Aot ddtersing & Bertbedr dad 7o i alisrfoREWiFy
intramedyHary ﬁ@j%g@%gsgk%_zg sarepmagellsdntothedistal femur of C3H/HeJ mice. 25 Specifically,
NCTC 2472 tumor cells (American Type Culture Collection, ATCC), previously shown to form lytic
lesions irsbesi@afier dmttarmedudlanysthjectonhareigrowaodtaaifiaines-accamdingitand ECC
recommendations, Approximately 105cells are injected.directly into the medullary cavity of the distal
o in HRE RS A RS A B TR SIS e S R el Ryt
spontanepubaodifensive Béhasions:(flinching &lguarding) fpalphtionedd elokédnédifehsive behaviors
(finching, ¢ uardiaon Jore el ambiliancayardig ARdUrbiisen e EliRgtn.of spmpouels of this
invention are determined following a single acute (s.c.) administration on day 7 - dayElS: In addition,
the effectsishilspeshe¢qBiDy aubathistbtisardingVie 204010697 S¥PCTERRO08I086458163-
compoungls;gh isiinvention frem day if neay.lpa@drtermingd withindhew efihe disi.dese on days

7,9, 11. 13 and 15. While the present invention has been described with reference to the specific
embbdinfEMS thETRVT R ERBAIH B! TRIEETST0SEH Sy HHOL® Brifta TS MR WaFfoRis B atiges may be
made anghIi@oulyalenis, mayheidubgtiutediwitbautdepattingdremithe tiue: ik and:scepelaf the
invention,. In adtd_itip " mang. odifgca}tions may be made to a%gpt%}rvarticular s.itua}gon, ngate(!ial,
compositlBh SFHRARSIShroRads, SoEass SIBR S8 T8 HABI L S SO AT SS5PE BF e present
inventionsAkisuctvmigdificationsiale intendedeto Tie wittun tHecpeopd ofithectaiivs @ppended hereto. 10
WO 2010/983 ¢ 94R G AFPA092/199848814 attodynia are determined 14, 20 or 38 h foliowing the last

20 oral dose of the following regimen: oral (p.o.) administration of vehicle, reference or a

compound of this invention at ~12 h intervals (BID) for 7 days.

Example 11: Cancer Bone Pam 1 C3H/Hel Mice

The effects of compounds of this mvention on bone pam are determined between day 7 to day 18

following intrameduliary injection of 2472 sarcoma cells into the distal femur of C3H/HeJ mice.

25 Specifically, NCTC 2472 tumor cells {American Type Culture Collection, ATCC), previously
shown to form lytic lesions in bone after intrameduliary injection, are grown and maintained
according to ATCC recommendations. Approximately | 0 cells are miected directly into the
medullary cavity of the distal femur in anesthetized C3H/Hel mice. Beginning on about day 7,
the mice are assessed for spontaneous nocifensive behaviors (flinching & guarding), palpation-

30  evoked nocifensive behaviors (fiinching & guarding), forced ambultory guarding and limb use.
The effects of compounds of this invention are determined following a singie acute (s.c.)

administration on day 7 — day 15. In addition, the effects of repeated (BID) administration of



-64- Claims 1,A compound of fminula I: 5 ora phaiuxaceutical.ly acceptable salt thereof, wherein: Rlis
optionally substituted thiadiazolyl; R2is optionally substituted phenyl; optionally substituted pyridinyl;
optionally substituted pyrimidinyl, optionally substituted pyridazinyl; or optionally substituted thiophenyl;
R3is hydrog&fy? &’1%’3%?; or cyano; 10 R4is hydrogen; or C14alkyl, R5is 1 B8AVRHE C1.6alky!;
C1_6alkyloxy-C1_6alkyl, hydroxy-C1_6alkyl, N-C}66_alkylamino; N,N-di-(Ci.6alkyl)-amino;
C3..7cycloalkyl; aryl; heteroaryl; heterocyclyl; C3_°lcycloaticy1-C1_6a1ky|; heteroaryl-C1.6allcyl;
heterocy ild Sl aniCuhalduanlon-Gl baliol dEaRble ARG PBIRH AR IsRor 1: Rils
and Rb each 15independently is hydrogen; or C1.6alkyl; and R8' is hydrogen; C1_6alkyl;
C3_7cyclksafiay® arjh Heteraehyi® heterocyclyl; C3_7cycloalkyl-Ci 6alkyl; aryl-C1 alkyl; heteroaryl-C,
6alkyl; heterqcyclyi-C1.kalkyl; C3  7cycloalkyloxy; aryloxy; heteroaryloxy; heterocyclyloxy;
Cd7cycloflkyfoRy- BT BARYFraRIdRS S TE TR HetdTbarToRycA Baliyk HE@ROESERABRY-Cholkyl; or
-NR9e, wherein) :i28R0ldsbhyateaet;dbChdalkyillaine M2 ast bydragns ClbadkykyGtreydoalkyl; aryl;
hetergaryl; heterocyclyl;, C37cycl aéik -C1,6alkyl: aryl-Ci .oalkyl; heteroaryl-C1 6alkyl, or.
neterioy S CIC RaRSE B e 57 AP R R e Ty Ao BS: CL By EE salkylony:

halo; C1.B:hatbatkyimenyyabi@sienT hecormpalne efgiamnpdtivtersnakors thsdiazolyl substituted
once W'th:&ﬁpgﬁlti%’x]] of matter, process, process step or steps, to the objective spirit and scope of the
present invention. Alf such modifications are intended to be within the scope of the claims

appended hereto.

10



selected from methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl, tert-butyl; cyclopropyl, cyclobutyl or
cyclopropylmethyl. WO 2010/U69794PCT/EP2009/066488 -65- 3,The compound of claim 1, wherein
Rl is option ituted [1,2,3)thiadiazol1-4-yl, or optionally substituted [1,2.3]thiadiazol-5-yl, or
optionally sﬁ%ét%%?‘éﬁééﬁ%,51thiadiazo|-3-y1. 4. The compound of claim® W raTH R
[1,2,3]thiadiazo1-5-yl, or [1,2,3]thiadiazol-3-y1; optignally substituted with methyl, ethyl, n-propyL,
isopropyl, n-butyl, isobutyl, tert-butyl, 5 cyclopropyl or cyclopropylmethyl. 5. The compound of claim 1,
wherein R1 is 4-isopropyl41,2,51thiadiazol-3-yl, or 4- isopropy141,2,3]thiadiazol-5-yl. 6. The
compound of claim 1, wherein R2 is phenyl substituted at the 4-position with, methyl or halo and
optionally substituted at the 2- and 6- positions withiaalo. 10 7.The compound of claim 1, wherein R2
is pyridm 2-y1 substituted with nflhylor halo at the 5-position. 8. The compound of claim 1, wherein
one of fe and Ra4cin@eubdIryfeme g other one is hydrogen: or both are hydrogen. 9. The
compound of claim 1, wherein R5 is heteroar eCl.QSiI%v;ﬁerein the heteroaryl is 15 selected from
pyridinyl, pyrimidinyl, and pyrazinyl and C, 6alkyl isjmethyl/ 10. The compound of claim 1, wherein RS
is hydroxyrnethyl, methoxymethyL, pyraz-2 5sfnethy “pyrazimgayl, 6-methyl-pyridazin-3-y1; or wherein
R5 is hydroxymethyl, methoxymethyL, 5-m yrazih-2-yl, 2-methyl-pyrimidin-5-yl, or
5-methyl-pyrimidin-2-yl. The compound,e¢ wihierein R6. R7 and Rs' are hydrogen. 20 12.The
compound of claim 1 with foizaula Il: R" R.L2

[
5 orapharmaceutically acceptable salt thereof, wherein:

R 1s optionaliy substituted thiadiazolyl;

R? 18 optionally substituted phenyl, opﬁ.onally substituted pyridinyt; optionaliy substituted
pyrimidinyl, optionally substituted pyridazinyl; or optionally substituted thiophenyl;

R? 18 hydrogen; Csalkyl; or cyano,

10 R*  is hydrogen; or Calkyl;

R’ is C)salkyl; halo-C salkyl; Cysalkkyloxy-Crsaliyl, hydroxy-C; ealkyl,
N-Cygalkylaming; N.N-di-{Cysalkyl-amine; Cascyeloalkyl; aryl: heteroaryl;
heterocyclyl; Caseyeloalkyl-C salkyl; heteroaryl-Cisalleyl; heterocyelyl-Cigalkyl: aryl-
Cy.salkyl; aryloxy-Cysalkyl; {CRY R™)-C(0)-R® wherein: mis 0 or 1; R" and R each

i5 independently is hydrogen; or Cycalkyl; and RY is hydrogen; Cygalkyl; Caseycloalkyl
aryl; heteroaryt; heterocyclyl; Cascycloalkyl-Cysalkyl: aryl-C, salkyl; heteroaryl-C,.
salkyl; heterocyclyl-Ci salkyl; Cascycloalkyloxy,; aryloxy; heteroaryloxy,
heterocyclyloxy; Csacycloalkyloxy-Cisalkyl; aryloxy-Ci.salkyl; heteroaryioxy-C, salkyl;
heterocyclyloxy-C; salkyl; or -NR*R', wherein:

20 R is hydrogen; or Cpgalkyl; and R is hydrogen; Ci.salkyl: Cascycloaliyl; aryl;
heteroaryl; heterocyelyl; Caqcycloalkyl-C, salkyl; aryl-Cysalkyl; heteroaryl-Cy salkyl; or
heterocyclyl-C, salkyl; and

R, R and R® each independently is hydrogen; C;salicyl; C;salkyloxy; halo; Ci g
haloalkyl; or cyano.

2, The compound of claim 1, wherein R is thiadiazolyl substituted once with C; galkyl

)
h

selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl,
cyclobutyl or cyclopropyimethyl.



CH3 5 NR or a pharmaceutically acceptable salt thereof, wherein: Xis C or N; 66 RI | and RI2 each
independently is hydrogen; C1,6alkyl; Ci.olkyloxy; halo; halo-C1.6alkyl; haloC1.6alkoxy;

Cl_6a|ky|su@8)éldlg” cyano; and Rl and R5 are as defined herein. or a pharmaceutically acceptable

salt thereof, Whereln%?&t R5, Rl I and RI2 are as defined herein. 14. A MM@W Eomposition
comprising a pharmaceutically acceptable carrier; gad a compound according to any of claims 1-13.
1015.Use of a compound according to any of claims 1-13 for the preparation of a medicament for

weating arinary iagkisease selesiec iamiatucen bladdenaaprgly eayenchmigturlion, urge

incontinence, stress incontinence, bladder hyperreactivity, benign prostatic hypertrophy, prostatitis,
detrusor KyseREesyastiHivar f?eﬂﬁ@%%%cﬂrfﬁ,%@ﬁﬁ%ﬁh?@Eﬁ&}}?%r&éﬁ%ﬁé}%ﬁ& elvic

hypersensitivity, urethritis, pelvic pain syndrome, prostatodynia, cystitis, or 15idiophatic bladder
hypersenditivity; thcaqain eahelititis¢lectet @ inflaldtatatiapais; dusgidal, phiiadisearalyhain,
dental pain, premenstrual pain, central pain, pain due to burns, migraine or cluster headaches, nerve
injury, neﬁﬁﬁgfwhu u‘?‘%&?ggfvgc}?fs%n%egl}}f%c%igr%ig Prﬂo r\{? fﬁ?gfgﬁﬁélnc@%&l’sfsga%ggﬁﬁéiﬁ?t\}fi?’al, parasitic or
bactedal isfelotiornyposendernatidriniliy, or pain associated with irritable bowel syndrome; or a
respiratory disorder selected from chronic 20obstructive pulmonary disorder (COPD), asthma, and

bronehospasm. The compound of claim 1, wherein R’ is 4-isopropyl-{1,2,5]thiadiazol-3-y, or 4-

isopropyl-[1,2,3 fthiadiazol-5-y1.

6. The compound of claim 1, wherein R” is pheny] substituted at the 4-position with methyl

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

10 7. The compound of claim 1, wherein R* is pyridin 2-yl substituted with methyi or halo at

the S-position.

8. The compound of claim 1, wherein one of R and R* is C;-galkyl and the other one is

hydrogen; or both are hydrogen.

9. The compound of claim 1, wherein R’ is heteroaryl-C, salkyl, wherein the heteroaryl is

15 selected from pyridinyl, pyrimidiny!, and pyraziny! and C,.salkyl is methyl.

10.  The compound of claim 1, wherein R’ is hydroxymethyl, methoxymethyl, pyrazin-2-vL,
5-methyl-pyrazin-2-yl, 6-methyl-pyridazin-3-yl; or wherein R” is hydroxymethyl,
methoxymethyl, S-methyl-pyrazin-2-yl, 2-methyl-pyrimidin-5-yi, or S-methyl-pyrinudin-2-y.,

11.  The compound of claim 1, wherein R®, R” and R® are hydrogen.

200 12 The compound of ¢ciaim ! with formula II:

R o 0 CH

3

R5

TE
=

R1

or a pharmaceutically acceptable sait thereof, wherem:

XisCorN;



16. A compound according to any of claims 1-13 for treatment of genitourinary, pain, inflammatory,
gastrointestinal and respiratory diseases, conditions ang disorders. 17. The use of a compound
according to any of claims 1-13 for the preparation of a medicament for treatment of genitourinary,
pain, inflammatory, gastrointestinal and respiratory 25diseases, conditions and disorders.

10

i5

20

25

R'" and R" each independently is hydrogen; C.alkyl; Calkyloxy; halo; halo-Cy.¢alkyl; halo-
Csalkoxy; Cygalkylsulfonyl; or cyano; and

R! and R are as defined herein.

13.  The compound of claim 1 with formula HE:

11T,

or a pharmaceutically acceptable salt thereof, wherein

X, RLR’ R ! and R'? are as defined herein.

14. A pharmaceutical composition comprising a pharmaceutically acceplable carrier; and a

compound according to any of claims 1-13.

15.  Use of a compound according to any of claims 1-13 for the preparation of a medicament
for treating a 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, pelvic pain syndrome, prostatodynia, cystitis, or
idiophatic bladder hypersensitivity; or 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.

16. A compound according to any of claims 1-13 for treatment of genitourinary, pain,

inflammatory, gastrointestinal and respiratory diseases, conditions and disorders.

17.  The use of a compound according to any of claims 1-13 for the preparation of a
medicament for treatment of genitourinary, pain, inflammatory, gastrointestinal and respiratory

diseases, conditions and disorders.



