THI ADI AZOLE- SUBSTI TUTED ARYLAM DES Thi s i nvention pertains to conpounds
useful for treatnent of di seases associated with P2X purinergic receptors,
and nore wanrvicowbmrly to P2X 3 and/or P2X 2/ 3 ant agoni sPETEPaM 6488
treatment of genitourinary, pain, inflammtory, gastrointestinal and
respiratory di seases, conditions and dilsorders. The invention provides
conpounds of the fornmula | : or pharmaceutically acceptable salts thereof,
wherein: RL is optionally substituted thiadiazolyl; R2 is optionally
substituted phenyl; optionally substituted pyridinyl; optionally
substituted pyrimdinyl, optionally substituted pyridazinyl; or optionally
substituted thiophenyl; R3 is hydrogen; C _6al kyl; or cyano; R4 is

hydr ogen; or C _6al kyl : N-C _6al kyl am no;
N, N-di - (G _6al kyl ) - amﬁ‘m %&W%ﬁT@rﬁlﬂ‘ﬁﬂéﬁ het er ocycl yl ;
C3_7cycl oal kyl -G _6al kyl ; heteroaryl-C _ eal kyl; heterocyclyl d- eal kyl;
aryl -G _6al kyl ; aryl oxy- O 6al kyl ; (CR aRb)n}C(C» R 8 wherein: mis 0 or
1; Ra éﬁms REC B CTtAe preeriBprungs iscfiryfar Gepsmentayd dﬁeaf@élakﬁyplateéiﬁ)ﬂlﬂREZXs

37y angariegn B fors A fon Brg Rt o P andl EET Mlare ISR

het er oayainydnt 6F gexﬁﬂokmhary%ﬂ qyﬂdr@@hﬂow @&Mrmﬂﬂ’esﬁr@k ynd ﬂee@m@@rdyde@sey,,
het er ocycl yl oxy; C3-7cycl oal kyl oxy-C _6al kyl ; aryl oxy-GC - al kyl;
heteroé@9¢%&9&%} digafieyl ; heterocyclyloxy-G _ 6al kyl; or -NR 9R10, wher ei n
R9 i s hydrogen; or O__6a|ky| and R10 i s hydrogen; O__6a|ky|;

§ycﬁ}%€1+‘%‘¥1]'tlongfé(flldes%8 ?5%slblfthehl%hﬁﬁlgqy0| yl; C3_7cycl oal kyl - G _ 6al kyl ;
aryI eteroary or heterocyclyl C _6alkyl; R6 , R7
and R8 each |ndependently IS hydrogen C _6al kyl ; G _6al kyl oxy; halo; G _6
hal o al ky 1; or cyano. The i ngént |@R§J<n:t‘her provi des conpounds of the

formul a |

or pharmaceutically acceptable salts thereof, wherein:
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 C, salkyl;
R’ is Calkyl; halo-C;salkyl; N-C;salkylamino; N,N-di-(C;_ealkyl)-amino;
C;ycycloalkyl; aryl; heteroaryl; heterocyelyl; Csscycloalkyl-Cisalkyl; heteroaryl-C,.
15 salkyl; heterocyclyl-C, salkyl; aryl-C, ealkyl; aryloxy-C;salkyl; ~(CR"R")-C(0)-R®
wherein: mis 0 or 1; R* and R® each independently is hydrogen; or Calkyl; and
R® is hydrogen; C\salkyl; Csscycloalkyl; aryl; heteroaryl; heterocyclyl; Csscycloalkyl-
Csalkyl; aryl-Cy _galkyl; heteroaryl-C; salkyl; heterocyclyl-Cisalkyl; Csscycloalkyloxy;
aryloxy; heteroaryloxy; heterocyclyloxy; Csscycloalkyloxy-Ci salkyl; aryloxy-Cisalkyl;
20 heteroaryloxy-C; salkyl; heterocyclyloxy-Ci_salkyl; or -NRR'’, wherein: R’ is hydrogen;
or Cygalkyl; and R' is hydrogen; C,¢alkyl; Csscycloalkyl; aryl; heteroaryl; heterocyclyl;
Cscycloalkyl-Cy galkyl; aryl-Cy salkyl; heteroaryl-Cisalkyl; or heterocyclyl-C;salkyl;
R®, R” and R® each independently is hydrogen; C;salkyl; C;salkyloxy; halo; C
haloalkyl; or cyano.



or a pharmaceutically acceptable salt thereof, wherein: RL is optionally
substituted thiadiazolyl; R2 is optionally substituted phenyl; optionally
subst i t ut\¥e 2Bi06819y| ; optional |y substituted pyrin di nPCT/ERRROOHEBS v
substituted pyridazinyl; or optionally substituted thiophenyl; R3 is
hydrogen; C _6al kyl; or cyano;, R4 is hydrogen; or G _6alkyl; R5 is

C -6alkyl; halo-C - alkyl; G _6al kyl oxy-C _6al kyl, hydroxy- CI 6al kyl ,

N-G G%Kyﬂ\&ﬁlmomrﬂﬂei\blﬁlvrd(eﬁorﬁpddhylk bf awifoonulCB_7cycl oal kyl : aryl ;

het eroaryl ; heterocyclyl; C3_7cycloal kyl -C _6al kyl ; het eroaryl G- al kyl ;
het er ocycl yI - G -ealkyl; aryl-GC 6ag kyI aryl oxy- G _6al kyl ;
-(CRa*Ro)m C(O -R 8' wher ei )R’ m © "1; Ra* and Rb each | ndependently is
hydrogen; or G- al kyl p2and R8 i gl hy og%n C _6al kyl ; C3-7cycl oal kyl ;
aryl; heteroaryl; het er oCyeFyTy C3:NCyclRal kyl - G _6al kyI ; aryl-G _ al kyI ;
het eroaryl - G _6a| kyl ; het ¢l yl -G - al kyl; C3_7Cycl oal kyl oxy; aryl oxy;
het er oaryl oxy; heteroc ' ~G3 7cycl oal kyI oxy- G _6al kyl ;

aryl oxy- G _6al kyl ; heteroary|oxy-C _6al kyl; heterocyclyloxy-G - alkyl; or
-NROR10, wherein: RO is hydr%gen or O_6a| kyl; and R10 is hydrogen;

G _6al kyl ; C3_7cycl oal kyI ar yI het er oar yl; heterocyclyl;

C3-7cycl oa |-CI 6 heteroaryl G 6a| kyl; or
het er o&yél gn@ce@gv,aﬁ gceBWg[ lt%el-rﬁo ﬁgl each independently is hydrogen:;

Cral kylg! Cad M{O%HYSJ@{@{GQQMQ{&%@N kyl; or cyano. The invention also
provrdes and pharnaceutical conpositions conprising the conpounds, nethods

of Usimg thés esinpalinsshstiaue phenilo datiastellp selaitutedpyrivindopsisuats subshifudes
ot herw se stat.ed,. the followng terns.used | udi ng
the specifi @4t H%Inap%‘rn&hﬁéubs g ?Wedé L %nr Qér@llg@@ﬂégrtr?@g# ﬁlnqphle hust be
not ed tRiat, i@Bydts&sh; ON.dlkg; 608ahd;i cation

R* is hydrogen; or C;salkyl;

R’ is C1alkyl; halo-Cy galkyl; Cisalkyloxy-Cisalkyl, hydroxy-Cisalkyl,

10 N-C,_salkylamino; N,N-di-(C;salkyl)-amino; Cs_scycloalkyl; aryl; heteroaryl;
heterocyclyl; C;scycloalkyl-Ci galkyl; heteroaryl-Ci salkyl; heterocyclyl-
Csalkyl; aryl-Cy galkyl; aryloxy-Csalkyl; ~(CR*'R"),-C(0)-R® wherein:
mis 0 or 1; R* and R® each independently is hydrogen; or Cysalkyl; and RY is hydrogen;
C1salkyl; Csscycloalkyl; aryl; heteroaryl; heterocyclyl; Csseycloalkyl-Cygalkyl; aryl-C,.
15 salkyl; heteroaryl-C; galkyl; heterocyclyl-Cisalkyl; Cascycloalkyloxy; aryloxys,
heteroaryloxy; heterocyclyloxy; Csscycloalkyloxy-Csalkyl; aryloxy-Cisalkyl;
heteroaryloxy-Cjsalkyl; heterocyclyloxy-Cisalkyl; or -NRR'®, wherein: R” is hydrogen;
or Cyealkyl; and R' is hydrogen; Cyalkyl; Cs7cycloalkyl; aryl; heteroaryl; heterocyclyl;
Cscycloalkyl-Cy salkyl; aryl-Ciealkyl; heteroaryl-Cisalkyl; or heterocyclyl-C salkyl;
20 and
R®, R’ and R® cach independently is hydrogen; Cysalkyl; Cypalkyloxy; halo; Cyshaloalkyl; or
cyano.
The invention also provides and pharmaceutical compositions comprising the compounds,

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

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

the context clearly dictates otherwise.



and the appended clains, the singular forns "a", "an," and "the" include
plural referents unless the context clearly dictates otherw se."Agonist"
refers t VA 20UM6919Ad t hat enhances the activity of anot RET/ERPIMOHHES or
receptor site. "Alkyl" neans the nonoval ent |inear or branched saturated
hydr ocar bon noiety, consisting solely 4f carbon and hydrogen atons, having
fromone to twelve carbon atons. "Lower alkyl" refers to an al kyl group of
one t o“gi¥nic@irbR tatadmpoundthaCinhen@skhd actizikaopheshafcoaipkyhd gr eogsor sitel ude,
but are not limted to, methyl, ethyl, propyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, pentyl, n-hexyl, octyl, dodecyl, and the |ike.

"Al ke ny{A'H(lerelé]ﬁ%nséﬂ? W@%Yﬁ?i‘ﬁﬁ’@@%{ | HF a‘%i}%dr %]ﬁ%tﬁg r}ilyargﬁ ?%)811 nl?ﬁeqY’vﬁ? PIFHNG «

car bon s&%m Afboft 2Rl ADERECh ABARVIRNEY frdhh Hne ERFRMN FaACAbmOS “LdW QAP Si X

car bon at containfngat |east one double bond, e.g., ethenyl, propenyl,
and t hecfbiske an allykgropb df meatossizacdrbereatomspireo CalCenlky hyldveowdessd aliyhdiovap  of

two to.six carbon ato r a branched nonaval ent. hydrgcarhbon radi.cal, of

t hr e5[e g ludey DutAre By 1&5%?‘{@9’ %ﬁ%’gieﬁﬁé’f%?ylﬂ IO PP Yk g?%t?lpfeéﬂi%’éﬂdf%%ét?“gﬂz

et hynylpentgr,gmé&yj, ocBNAolES1 lankiehe fiQA) kyl ene” neans a |inear saturated

di val ent hydrocarbon radi cal of one to six carbon atons or a branched
saturated dival ent hydrocarbon radical of three to six carbon atons, e.g.,

met hy| éidkengt Hysang e, linparamenayiichy htrasareaneradiselopyPerie SIXZarRonIATEY gy | ene, '
butyl ene, d;%léléch%??u A0dholdtfod %aﬁ?c-aly ofthi@1Y six@fbonBhdtd, Q¥ MamittVlt GhsiBye be

used interc nmoi ety of the formula - OR erein Ri1s an
al kyl rieubltbons, clef dthagl, pesmingl, afckdrdlikes of al koxy noieties include, but
are not limted to, methoxy, ethoxy, isopropoxy, and the like.

" Al koxyal kyl " means a noi et f the fornul a. O-RDb. - wherein Ra is
al kil andomy! i@eaé}sw}néﬁ@nﬁggv&gq‘? hié‘go?f’éﬁ%q i 1CEE%§'FB1°&P ﬁlxa‘iamfg‘?r@?r Yr oups

I ncl udey, P¥e PRARYnHal&X ﬁ?@rjo@arbgﬁ rdelaNOFARLNY lsix ArimRtANY, RbARMing at least one

| - met hyl - 2- met hoxyet hyl, |-(2-nmethoxyethyl)-3- nmethoxypropyl, and

| - ( 2- netiplooged, k. ) etBynybtitoxyyt. apg the liksl kyl car bonyl " nmeans a noiety of the
formula -R -R', wherein R is oxo and R' is al kyl as

“Alkylene” means a linear saturated divalent hydrocarbon radical of one to six carbon atoms or a
branched saturated divalent hydrocarbon radical of three to six carbon atoms, e.g., methylene,

15  ecthylene, 2,2-dimethylethylene, propylene, 2-methylpropylene, butylene, pentylene, and the like.

“Alkoxy” and “alkyloxy”, which may be used interchangeably, mean a moiety of the formula —
OR, wherein R is an alkyl moiety as defined herein. Examples of alkoxy moieties include, but

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

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

20 alkylene as defined herein. Exemplary alkoxyalkyl groups include, by way of example, 2-
methoxyethyl, 3-methoxypropyl, 1-methyl-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  “Alkylsulfonyl” means a moicty of the formula -R’-R”, wherein R’ is -SO,- and R” is alkyl as

defined herein.

“Alkylsulfonylalkyl” means a moiety of the formula -R’-R”-R”” wherein R’ is alkylene, R” is
-SO,- and R” is alkyl as defined herein.



defined herein. "Al kylsulfonyl” neans a noiety of the formula -R -R",
wherein R is -SO - and R' is alkyl as defined herein. "Al kyl sul fonyl al kyl™"
means a woebw/wd79the formula -R -R'-R " wherein R is aCiyreene/06d@88i s - SO
- and R" is alkyl as defined herein."Am no" nmeans a noiety of the formul a
-NRR wherein R and R each independen{4l—y i s hydrogen or al kyl as defined
herein. Am no thus includes "al kyl am no" (where one of R and R is alkyl

and t heAghiReT mienstyslb REEHM the Atmuth -NR®Y/T RRdrbia R 4R gack 1meﬁena & both
al kyl'). "Al koxyam no" nmeans a noiety of the fornula -NR OR wherel n Ris

hydr ogénydmgea pkg/lkyla%dieﬁned hergink yymiag toystingladesn elkerfamino Awhereong efdy pnd Reans
a noi et, t el |, f r
" Am noa %Iﬁ]g anﬁghéng{hgy %g%r?@_e?ﬁf‘%d d g&éérﬁm @déerg% %g %nggh&ﬁ a(H%'ip)kyl ene as
defi ned her ein. "Am noal kyl " includes am nonet hyl, am noethyl,
1 am nO‘[Arlkrpglhmi ”anéam@pﬁmigtbl,of dredotrhela-NReOR Tivbe@im Ras Inpiregon cmfalkyl and R’

am noal k (? supstituted once or twice with alkyl to provide

al k| dhit 6 &l heT8 di al kyl ami no al kyl " respectively. "Al kyl ani no

aI kyI " includes rret hyl am nomet hyl , net hyl am no et hyI met hyl am nopr opyl ,

et hyl amigmgy 16w 1”5iﬂ611n5 Bendibt@f the%ﬁht'ﬂﬁ' QRIVARAIKRI i aik@%s‘%ﬁqed herein.

di met hyl am nomret hyl , di met hyl am no et hyl, di nethyl ani nopropyl,
N-net hyl - N-et hyl ani noet hyl, and the like. "Am noal koxy" neans a group
-ORR m@n@fmqylﬁmqags astn -Brid whergind} iy penine ansl Rysrallndencysrdsfined herein.
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al kyl hydrogen or a nocar

"car bamﬁieaﬂrrﬁﬂd moﬁ&@ﬁﬁ“aamg@ahﬂ”@iaytti@e;umrtmehaned%@w@(e@)ﬁmg{ toyhevidd N R i s
al k Iene and R, R' each independently is hydrogen or alky s defi ned
her stakryﬁ%l%xlk6%"dlﬁ%éih§11%pa§?36ufﬁsmcufvﬁ &bﬂ%ﬁoaék ‘Wﬁ%r ein Ris

al kyl eQﬁetﬂﬂgmﬁorﬁe?hﬁ,l Ilﬁé{ﬂﬂﬂanﬁﬁoegl%fl,' Iﬂ@tﬂyﬁﬁﬁﬁdp@opyl, ethylarnmoethyl and the like.

“Dialkylaminoalkyl” includes dimethylaminomethyl, dimethylaminoethyl, dimethylaminopropyl,
N-methyl-N-ethylaminoethyl, and the like.

“Aminoalkoxy” means a group -OR-R’ wherein R’ is amino and R is alkylene as defined herein.

15 “Alkylsulfonylamido” means a moiety of the formula -NR’SO,-R wherein R is alkyl and R’ is
hydrogen or alkyl.

“Aminocarbonyloxyalkyl” or “carbamylalkyl” means a group of the formula -R-O-C(O)-NR’R”
wherein R is alkylene and R’, R” each independently is hydrogen or alkyl as defined herein.

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

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

or receptor site.

“Aryl” means a monovalent cyclic 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 moicties include, but are not limited to, phenyl, naphthyl, phenanthryl,
fluorenyl, indenyl, pentalenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl,

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



"Ant agoni st" refers to a conpound that dimnishes or prevents the action of
anot her conpound or receptor site. "Aryl" neans a nonoval ent cyclic
aronmat i c Wodnwomp19en noi ety consisting of a nono-, bi- @CTIEPR@YObLI4ES
aromatic ring. The aryl group can be optionally substituted as defi ned
herein. Exanples of aryl noieties incltde, but are not limted to, phenyl,

napht hyl, phenanthryl, fluorenyl, indenyl, pental enyl, azul enyl,

oxydi ph)%ﬁ?ﬁ pePh nb@nzoﬁsemmi@mqﬁhﬁﬁmphoh@mrﬁ@dy@m hetiyeheny! sul f dyl,
dlphenylsulfonyl enyllsoprogélldenyl benzodloxanylp benzof ur anyl ,
benzodictiy¢ rseﬂloxmelwzﬂcsgwéﬁw likehima g inamapyally hyérng@%tﬁql d@mwwes thereof, cach
benzopi r n b e I Qliob 0 yl,
ot o SR DXL SREARIACTRELTN o BENARN" SRL FLB nheRARE AIRRNOLIR

part|akﬁwmﬂy@ﬁw@aﬁa&edhdﬂmnyambwéﬁwhhehgmfmc@aomﬂbemhgnmmﬂmha@ﬂly
substituted. In certain enbodi nents "aryl" neans phenyl or naphthyl, each

optipnal |y )stituted. In ny enbodi ment t.ional.l 2
subst it mlaﬁwﬁ Ar ‘fww HhiEP Ty bR %ngea% B AGPE Todd where R
inter Ch@%%@?ﬂe}{e Hﬁ@@m@ RPadi LAl §158p Roq¥hel %el%%l i @ Ph@llyka)fﬁﬁﬁﬁlcﬁra@ ¥BnAMNd Rb

is an aryl as defined hefein; e.g., phenyl a s Such as benzyl,
phenyl thw1¢th3L (SE{SQhIQDOMEhﬂFmemylmnmlapé hoylike g dxetnhréeﬂ oflesylakkel. exanpl es
of aryIaIkyI "AryIsquonyI means a group of the fornula -SO -R wherein R
IS aryL‘ i ned herein .OWp h [ OR
wher o) n PRI S g e e SR By HRkRs SNSRI o Che

formula - R—O~R wherein Ris alkylene and R is aryl as deflned hereln

! Ar al ky‘lm?éy) Xy "BRAS BAgrgtp uptheffotniida FORwWharemR R-dryl shiefieédhdreins al kyl ene and
is aryl as defined herein. "Cyanoal kyl" neans a nDiety of the fornula

Oyl o SRy ot ghca i NEURIE T DU aRed ToaHBBRD R b &gt Bomsiating of
nono- Qkﬁﬂ%?%&bhc rings. Cycloal kyl can optionally be substltuted wi th one
or nore substituents, wherein each

“Aralkyloxy” means a group of the formula -O-R-R’ wherein R is alkylene and R’ is aryl as

defined herein.

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

15 R”is cyano or nitrile.

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

including partially unsaturated derivatives thereof.

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

“Cycloalkyloxy” means a moicty of the formula —O-R, wherein R is cycloalkyl as defined herein.

25  “Cycloalkyloxyalkyl” means a moicty of the formula -R—O-R’, wherein R is alkylene and R’ is
cycloalkyl as defined herein.



substituent is independently hydroxy, alkyl, alkoxy, halo, haloal kyl,

am no, nonoal kyl am no, or dial kyl am no, unless otherw se specifically

i ndi cat edVORRHMEP®4 of cycl oal kyl noieties include, but PRTEPAYO/0PG48Et ed t o,
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the
like, including partially unsaturated ferivatives thereof.
"Cycl oal kyl al kyl " neans a noiety of the fornmula -R -R', where R 1is

al ky![ eﬂﬁfet%‘ftﬁll&}l” ﬁlSarlism| a&ﬂ@ll ke}dlcaaas defiricdédrdie vberin 516y oh@at thydedwylo gee atesnsa
noi ety of the formula - ein Ris cycloalkyl as defined.herein.
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het er oy % ?eﬁ %@ylc Sy, %yéms'amayl?l@r SychR F%t £ wHbteh &1 0) RRas ngdrogel, agen, acyl ,

al kyl , , or tycl oal kyl"al kyl; Rc are independently of each

8t hg (rj hyd?]dbﬁln or asco;da&saalkyu andcvbftlblalSklyM 2 oR M}iﬂa¢3{@§ﬂa§‘fﬂlyqydoéﬂfdl?\l\hén nis
IS al k
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nonoal kyl RmitE@to, thydfcﬁklyléﬁh amm@m;@ﬁwd@s anﬁ@trmeuhymmsthymym@s but are
not limted to, hydr oxy eth%@ r ox ydr oxy-

éhKH)(rj oﬂﬁm@fmlpmyll hszir@synmt @rhmlxgiﬂwé utyfﬁyﬁj%w t/wwe?ﬁwmxy-l-
3Py SRRy, 2.l A P 2 AR B L R fon @i o2t

ani Roislahﬁmmlfle?ﬁyﬂhyl aﬂmmslﬁtbﬂﬂpmbﬁr optHylannmd suyloapinrsist) hethylanendiy| |

nmet hyl am nosu onylethyl met hyl am nosul f onyl propyl, and the |ike.
"HeteréHWVD’dhﬁbﬁ§ﬂé?%%m®%V@PV “H%’BW@&%imﬁ3radlcal of 5 to 12 ring atons
having at | east one aromatic ring containing one, two, or three ring
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wi th the understanding th the aftachnment point of the heteroary
15 aromatic ring containing one, two, or three ring heteroatoms selected from N, O, or S, the

remaining ring atoms being C, with the understanding that the attachment point of the heteroaryl
radical will be on an aromatic ring. The heteroaryl ring may be optionally substituted as defined
herein. Examples of heteroaryl moieties include, but are not limited to, optionally 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, benzothiazolyl, benzothiadiazolyl, benzopyranyl, indolyl,
isoindolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinolizinyl, naphthyridinyl,
pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyl and the like, including partially

25 hydrogenated derivatives thereof, each optionally substituted.

“Heteroarylalkyl” or “heteroaralkyl” means a group of the formula -R-R” wherein R is alkylene

and R’ is heteroaryl as defined herein.

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

herein.

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



radical wll be on an aromatic ring. The heteroaryl ring nay be optionally
substituted as defined herein. Exanples of heteroaryl noieties include, but
are not |IWEH20BPPW4 optionally substituted imdazolyl, B%<AXEFRYN/066488

i soxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyrazinyl,
t hi enyl, benzot hi enyl, thiophenyl, furdnyl, pyranyl, pyridyl, pyrrolyl,
pyrazolyl, pyrimdyl, quinolinyl, isoquinolinyl, benzofuryl,

benzot hijeehaitylbxydlen?z atchnpyioapyl thelfernailat R8I’ yiherdieRzo olkgleot yhd R’ is
benzooxadi azol yl , _benzot hi azol yl, benzot hi adi azol yl, benzopyranyl, indolyl,
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acri di mﬁlete?(gaﬂal%%?xgl" &@ans'a%hﬁ@bﬂge Al dR-RY IhogpR LAk fehd MAtR Vies
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het eroaryl as defined herein. "Heteroarylsul fonyl" neans a group of the

formul q.-SO -R wherein R, s heteroaryl ,as defin j " ryl oxy"
rears dU5IO0D BHOrnd=Parmi e nbicbtior LBy dehalhon BBy
her ei ngybiehane aiyboalokylomoreadoa group of the formula -R-O-R wherein R

is alkylene and R is heteroaryl as defined herein. "Heteroaral kyl oxy"

means a group of the formila -0-R-R erein Ris alkylene and R is
het er oaﬁgloabké’ Pyaesnsedkyhas defined-heeein ay ich RAF 8" Moty Ahag, RepRRlPF e |

BhT C B BRSPS RO B3Oy B0 R) RS et Hroicay,cahl or o

or mean s defined herein in wh ne or
nor e hydrfhgesulihdse peeGFepidtedke t h sane or different hal ogen. Exenpl ary
hal oal kyl s include -CH O, -CH CF3, -CH CO , perfluoroal kyl (e.g., -CF 3),

and. the. ] i ke. "Hal oal koxy" i t the.formula -OR. whergin R i
T PR R S R R N e S L
di f | uon@n®t hRX ¥xemplary haloalkoxy is difluoromethoxy.

“Heterocycloamino” 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 a monovalent saturated moiety, consisting of one to three rings,

15  incorporating one, two, or three or four heteroatoms (chosen from nitrogen, oxygen or sulfur).
The heterocyclyl ring may be optionally substituted as defined herein. Examples of heterocyclyl
moieties include, but are not limited to, optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, pyridinyl,
pyridazinyl, pyrimidinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,

20 isothiazolidinyl, quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazolylidinyl,
benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl, dihydropyranyl,
tetrahydropyranyl, thiamorpholinyl, thiamorpholinylsulfoxide, thiamorpholinylsulfone,
dihydroquinolinyl, dihydrisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the like.

“Heterocyclylalkyl” means a 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.
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i s al kyl ene,
“Hydroxycarbonylalkyl” or “carboxyalkyl” means a group of the formula -R-(CO)-OH where R

is alkylene as defined herein.

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

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 examples 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.

“Hydroxycycloalkyl” 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 to, 2-, 3-, or 4-hydroxycyclohexyl, and the

25  like.

“Urea”or “ureido” means a group of the formula -NR’-C(O)-NR”R”” wherein R’, R” and R™’
cach independently is hydrogen or alkyl.



is hydrogen or alkyl, and R' is hydroxyal kyl as defined herein.
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het er 0¢¥faMoxy, heteroalkyl, -COR, -SO,R (where R is hydrogen, alkyl, phenyl or phenylalkyl),
-(CR’R”),-COOR (where n is an integer from 0 to 5, R” and R” are independently hydrogen or

alkyl, and R is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl), or
—(CR’R”)n-CONRa”Rb” (where n is an integer from 0 to 5, R* and R” are independently

15 hydrogen or alkyl, and R2"" and RP” are, independently of each other, hydrogen, alkyl,
cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl). In certain embodiments optional
substituents for “aryl”, phenyl”, “heteroaryl” “cycloalkyl” or “heterocyclyl” include alkyl, halo,
haloalkyl, alkoxy, cyano, amino and alkylsulfonyl. 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.c., an atom or group displaceable under substitution reaction
conditions. Examples of leaving groups include, but are not limited to, halogen, alkane- or
arylenesulfonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy, thiomethyl,
benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted

25 benzyloxy, isopropyloxy, acyloxy, and the like.

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

limited to, agonist, antagonist, and the like, as defined herein.
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15 “Pharmaceutically acceptable salts” of a compound means salts that are pharmaceutically
acceptable, as defined herein, and that possess the desired pharmacological activity of the parent
compound. Such salts include acid addition salts formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or
formed with organic acids such as acetic acid, benzenesulfonic acid, benzoic, camphorsulfonic

20 acid, citric acid, ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid, glutamic
acid, glycolic acid, hydroxynaphtoic acid, 2-hydroxyethane sulfonic acid, lactic acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic acid, muconic acid, 2-
naphthalenesulfonic acid, propionic acid, salicylic acid, succinic acid, tartaric acid, p-
toluenesulfonic acid, trimethylacetic acid, and the like; or salts formed when an acidic proton

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-methylglucamine,
tricthanolamine, tromethamine, and the like. Acceptable inorganic bases include aluminum
hydroxide, calcium 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
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15  withstand the following reactions.

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

more hydrate.

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

disorders include, but are not limited to, incontinence, benign prostatic hypertrophy (BPH),
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15  stricture disease, tumors, low flow rates, difficulty in initiating urination, urgency, suprapubic

pain, and the like.

“QOutlet insufficiency” includes, but is not limited to, urcthral 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, urcthritis, 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, diarrhea-dominant IBS, pain associated with GI distension, and the like.

“Pain” includes, without limitation, inflammatory pain; surgical pain; visceral pain; dental pain;
premenstrual pain; central pain; pain due to burns; migraine or cluster headaches; nerve 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.
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15 regression of the disease state or its clinical symptoms.
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The terms “treating”, “contacting” and “reacting” when referring to a chemical reaction means
adding or mixing two or more reagents under appropriate conditions to produce the indicated
and/or the desired product. It should be appreciated that the reaction which produces the
indicated and/or the desired product may not necessarily result directly from the combination of
20  two reagents which were initially added, i.c., 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 nomenclature used in this Application is based on AUTONOM™ v.4.0, a
Beilstein Institute computerized system for the generation of IUPAC systematic nomenclature.

25  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 nitrogen-containing heteroaryl
ring is shown with an open valency on a nitrogen atom, and variables such as R®, R’ or R® are
shown on the heteroaryl ring, such variables may be bound or joined to the open valency

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 encompassed by the



deficiency, m xed incontinence, stress incontinence, and the like. "Pelvic
Hypersensitivity" includes, but is not limted to, pelvic pain,

i ntersti tWaI20{08PT% cystitis, prostatodynia, prostatiti SCTERRWIQGHBS,
urethritis, orchidalgia, overactive bladder, and the |ike. "Respiratory
disorder"” refers to, without limitatiekh- chronic obstructive pul monary

di sease (COPD), asthma, bronchospasm and the |ike. "Gastrointestinal

di sor defilictireGWikirs asgastie shefve hsrciromawekisointmiliipicttattomeric formist@lbdueh Bowel
Syndrone (1BS), Inflammatory Bowel Disease (IBD), biliary colic and ot her
biIiar%W@NE@?G€W§¥0@@ﬁﬁﬁiEbﬁﬁé?“ﬁ?&?rhea-doninant | BS, pain associated with
G distension, and the like. "Pain" includes, without limtation
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pain; central pain; pain due to burns; mgraine or cluster headaches; nerve
i njuryentety.i tis; neural gi as; poisoning; ischemic injury; interstitial
cystitis; cancer pain; viral, parasitic or bacterial infection;
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that, when adm nistered to a subject for treating a disease state, is
suf fi ciigBértdie ceibb&iatensutotnigal, N tifiediatohg optissdesubttittied oiibewith Calkyl,

"therapeutically effective amunt” will vary depending on the c o] .
di seaséla@r%t-@ﬂiyiiGngakpé‘ata@azlo,tnhénﬁée@f‘é?fpﬁxﬁlﬂr Ct—fr?éfcle?@g&éé?}i@ E{Egﬁﬁgglage
and rel@hgﬁg health of the subject, the route and form of adm nistration,

t he juéb nt of the attending nedical or veterinary practitioner, and other
factors. The terns "those defined above" and "those defined herein" when

r ef er r ilngettain ambadingbise fifmodpbiitis thidazosfl eptemsdlytshbstitutod dnetewitihhalpdh - of
the variable as well as preferred, nore preferred and nost preferred

def 1thi st ﬁ%, if any. "Treating" or "treatnent" of a disease state includes:
(i) preventing the disease state, i.e. causing the clinical synptons of the

di seas@gn s¢ddif cABbdihRnleyebful I R is tHddisdo i Rabstinyd beccaxipos eshiktyd oo halo-
predi sposed to the disease state, but does not yet experience or display

synpt orfsselkyk he di sease state; (ii) inhibiting the disease state, i.e.
arresting the devel opnent of the disease state or its

In certain embodiments of formula I, R is thiadiazolyl substituted once with hydroxy-Cisalkyl,

Cisalkoxy-C)salkyl, Cisalkylamino-Cialkyl, or N,N-di-(C;salkyl)-amino-Cisalkyl.

15 1In certain embodiments of formula I, R' is thiadiazolyl optionally substituted once with methyl,
ethyl, n-propyl, n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl,
cyclopropylmethyl, phenyl, trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-ethyl,
1,1-difluoro-ethyl, 2,2-difluorocthyl, 1-methoxy-cthyl, 1-ethoxy-ethyl, 2-methoxy-1-methyl-
ethyl, 1-hydroxy-cthyl, isopropoxy, dimethylamino, azetidin-2-yl, 1-methyl-azetidin-2-yl, 1-

20 dimethylamino-ethyl or dimethylamino-methyl.

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

In certain embodiments of formula I, R is thiadiazolyl optionally substituted once with halo-Ci_
25  salkyl selected from trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-ethyl, 1,1-
difluoro-cthyl or 2,2-difluoroethyl.

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



clinical synmptons, or (iii) relieving the disease state, i.e., causing
tenporary or permanent regression of the disease state or its clinical

synpt ons. WORBIHMPTE "treating", "contacting" and "react PREEPAHEM6EEE erri ng
to a chem cal reaction neans adding or m xing two or nore reagents under
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It should be appreciated that the reaction which produces the indicated
and/ or 14 bataiesinbetmehe df Esrnitiy 1, ROtis i asHasitssitutaisul2, 5 diiadatolyl. from t he
conbi nati on of two reagents which were initially added, i.e., there may be
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i ndi cates the presence of a hydrogen atom unl ess indicated otherw se. Were
a nigr N:.Gont aj ni lpir:l QG 1 algncy on a

i rogancarane bRt sFdRL 5 i B At ied | ZSuRRERE- AT
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stereocgﬁnistry is showmn for the chiral center, both enantionmers associ ated
with tekehirai center are enconpassed by thestructure. Were a structure
shown herein may exist in nmultiple tautonmeric forns, all such tautoners are
enconpas $§ehiR¥mbb@nhisWrtstngila AR PPt 2BitRiadiagh Y didhilonsubsd@rddiitted,
herein are incorporated herein by reference in their entirety. In many
enbodi welkyls hatp-Giaakkyl, £ :k¢yciRpllE, é/iﬁca@palzﬂrgi-aaﬂwbgt ¢Xaibed once with G -
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substi tut ed .on it i nl broad kvl Cl =AM ANo: nyl ,
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Ciealkyl.

In certain embodiments of formula I, R' is [1,2,3]thiadiazol-5-yl optionally substituted with
hydroxy-Csalkyl, C;salkoxy-Cisalkyl, Cisalkylamino-C;salkyl, or N,N-di-(C;salkyl)-amino-
Ciealkyl.

15 In certain embodiments of formula I, R is [1,2,3]thiadiazol-5-yl optionally substituted with
methyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl,
cyclopropylmethyl, phenyl, trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-cthyl,
1,1-difluoro-ethyl, 2,2-difluorocthyl, 1-methoxy-cthyl, 1-ethoxy-ethyl, 2-methoxy-1-methyl-
ethyl, 1-hydroxy-cthyl, isopropoxy, dimethylamino, azetidin-2-yl, 1-methyl-azetidin-2-yl, 1-

20 dimethylamino-ethyl or dimethylamino-methyl.

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

25  In certain embodiments of formula I, R' is [1,2,3]thiadiazol-3-yl optionally substituted with C;_
6a1kyl.



or cyano. In certain enbodinents of fornula I, Rl is thiadiazolyl

optionally substituted once with halo-C _ 6alkyl. In certain enbodi nents of
formul a IWORQIW/0$9TM| adi azol yl substituted once with Ci - PETREPROOSIO6HES od-
eal kyl. In certain enbodinents of fornmula I, Rl is thiadiazolyl substituted

once with G _6al koxy-C _6al kyl, C _6akksl ami no-Ci _6al kyl, or

N, N-di - (G _6al kyl ) -am no- G 6a|ky| In certain enbodinents of fornula I, RL
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di net hyﬂ@ahmlmhsdt trpFopyt, ishipnertyihyi- bmtvh@sohetnfhy¢rt -biryl, @efﬁlpampybtrmd loreays of

for Rl is thiadiazolyl substituted once with G- alkyl selected from
met I’ﬁQQxl n- propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
cycl opropyl, cyclobutyl or cyclopropylnethyl. In certain enbodi nents of

f or mul @y bertdRi einBodifticadioazetmiia p'iionat, b khiadiasdli -yt @gioasibesubititatddalic Kilo-
6al kyl selected fromtrifluoronmethyl, difluoronethyl, fluoronethyl,
pent af lQuetlbylet hyl , 1, 1- difl uoro- ethyl or 2,2-difluoroethyl. In certain

enbodi nent s of fornula I, RL is thiadiazolyl substituted once with

|sopro e 1qf R tituted
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optlonally substituted [I,2,3]thiadiazol-4-yl. In certain enbodi nents of

for Hul &16d kg js optlonally substituted [I,2,3]thiadiazol-5-yl. In certain

enbodi nents of fornula I, RL is optionally substituted

[, 2, 5l bidgdh 848bdidre¥ls-of formula I, R' is [1,2,5]thiadiazol-3-yl optionally substituted with
methyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl,
cyclopropylmethyl, phenyl, trifluoromethyl, difluoromethyl, fluoromethyl, pentafluoro-ethyl,
1,1-difluoro-ethyl, 2,2-difluorocthyl, 1-methoxy-cthyl, 1-ethoxy-ethyl, 2-methoxy-1-methyl-

15  ethyl, 1-hydroxy-cthyl, isopropoxy, dimethylamino, azetidin-2-yl, 1-methyl-azetidin-2-yl, 1-
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 cyclopropyl-
methyl.

20 In certain embodiments of formula I, R' is [1,2,5]thiadiazol-3-yl substituted with isopropyl.
In certain embodiments of formula I, R is 4-isopropyl-[1,2,5]thiadiazol-3-yl.
In certain embodiments of formula I, R' is 4-isopropyl-[1,2,3]thiadiazol-5-yl.

In certain embodiments of formula I, R is phenyl substituted once or twice independently 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 enbodinents of fornmula I, RLis [|,2,3]thiadiazol-5-yl
optionally substituted with G _ 6alkyl. In certain enbodi nents of formul a
I, Rl is WP201086fWitadi azol -5-yl optionally substituted RCTAHEPZY06EBKYI|

hal o- G _6al kyl, C3-6cycl oal kyl, C3-6cycl oal kyl -Ci _6al kyl or cyano. In
certain enbodinents of fornula I, RL i§/-[ 1,2, 3]thiadiazol-5-yl optionally

substituted with hal od- ealkyl. In certain enbodinents of fornula |, RL is
[, 2, 3ihady @ﬁl@bdlﬁre)d{s cmbrinanal IR/ 1§pl]h)a1tyi tubseitad dt ithehdrdoGviyn @ith Gatikyt lor halo
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[1,2,3]thiadiazol -5-yl optionally substituted with nethyl, ethyl, n-propyl,
n- but Yhn cétfﬁpéﬁggdlmehé%@%rﬂwlaf L5 Dutethyl- p@% 10RFIRBY-4- nﬁé‘[@l—%‘ﬂb‘ﬁ | 2-chloro-
cycl opropyl ne

henyl , trlfluoronethz quoronethyI fluoronethyl
pent af Muilxane@hhwlﬂ thamdi-fﬂluuwr phopyhyl4-dig IQerplﬁdnUerd’edlrﬁ@aDro -phast, ROy - et hyI

1- et hoxy-ethyl, 2-nethoxy-I -nethylethyl, 1-hydro xy-ethyl, isopropoxy,
di ne{]hﬁgléﬁ‘?'gﬂ?etﬁééfrﬁga}’ ~2-yl, I-methyl-azetidin-2-yl, 1-
di met hyl am no-et hyl or di nethyl am no-nmethyl. In certain enbodi nents of

f or mul an bertdd einBodimeRtsAftidvinadi BFCis Sridthydpshicoylak 4ychsorbgthichylt ed with met hyl
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl or
cyclopropyl neth |. In certain eqbodlnents of formula l, Rl is

[, 2, 3]11@ﬁ¢%malzlbq>dlalems of deyanuls Lifeds intsshy!gB6PYpyl . In certain embodi nents
of fornula I, RLis [I 2, 3] thiadiazol -3-yl optionally substituted with G _

6al kyl fr2f;05 Mlogo-h- lighehdl, 2, 3] t hi adi azol - 3-yl
optlonI+P?%§% sP?%hte qﬁﬁ?ﬁ&%gp 65$k3H{ ha|éﬁ%¥]%§| C3- 6Cycl oal kyl ,

C3- 6cycl oal kyl -G _6al kyl or cyang. In certain enbodlnents of formula I, Rl
i s [, 2n8dtdin anbadivlend-ofiforoptla bridlis J-chlopetilupredhenth nethyl, ethyl,
n- propyl i sopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl or

Cycid) %grltaqulateh%odlments 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-chloro-4-methyl-phenyl.

In many embodiments of formula I, R’ is optionally substituted pyridinyl. Exemplary pyridinyl

15 include pyridin-2-yl, and pyridin-2-one-1-yl, cach optionally substituted once, twice of three
times with any of Cysalkyl, Cisalkyloxy, halo, C;.shaloalkyl, C;salkylsulfonyl or cyano.
Preferred pyridinyl include 4-methyl-pyridin-2-yl, 4-fluoro-pyridin-2-yl and 4-methyl-pyridin-2-
one-1-yl.

In certain embodiments of formula I, R” is pyridin 2-yl 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 5-methyl-pyridin-2-yl, 5-chloro-pyridin-2-yl, 5-
fluoro-pyridin-2-yl, 5-methyl-3-fluoro-pyridin-2-yl, 5-methyl-3-chloro-pyridin-2-yl, 3,5-
25  difluoro-pyridin-2-yl or 3,5-dichloro-pyridin-2-yl



In certain enbodinents of fornula I, RLis [|,2,5]thiadiazol-3-yl
optionally substituted with halo- C _6alkyl. In certain enbodi nents of
formul a IWORQIWO$ITH 2 5]t hi adi azol -3-yl optionally subs®PCTRPEYIAPGES

hydr oxy- C _6al kyl, G _6al koxy-C _6al kyl, G _6al kyl am no- G - 6al kyl
orN,N-di - (G _ 6al kyl)-ami nod- eal kyl. -1%& certai n enbodi ments of fornula I
RLis [I|,2,5]thiadiazol-3-yl optionally substituted with nethyl, ethyl,
N- pr opyh cerfiribeihddimcBQ RIf Gytula I, ROGUS yhethytlgitidi2yl., cycl opropyl
cyclobutyl cycl opropyl nmet hyl, phenyl, trifluoronethyl, difluoronethyl,
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i sopropoxy, dinethylam no, azetidin-2-yl, |-nethyl- azeti di n- 2- yl, 1-

di et hy} adpaoe @bdtincRts oftisratulyi, wlmﬂﬁswyﬁidlﬂm @ertai n enbodi ments of
formula I, RLis [|,2, 5]thiadiazol-3-yl optionally substituted with methyl,

ethyl, n-propyl, |sopropyl n- butyl, |sobuté tert-butyl, cyclopropyl or
cycl opfopsttaimembgdiments of &muils, &rio ainsmtls-Brompgprdina2 vl R1L i s
[1,2, 5]th|ad|azol 3-yl substituted with isopropyl. In certain enbodi nents
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certain enbodlnents of formula I, R>2 is phenyl substituted once or tw ce
i ndependeatdiy embbddineals@f dormmdd hy{ 1s BA-dilmgrogybddh-2ravht s of fornmula |, R2 is
phenyl substituted at the 4-position with nethyl or halo and optlonally

bsti tuted at th hal o.| mbodi ment s of
For mul 48 PerRembOSRERGIO el D dto R oAl T Wi th et iyl or hal o

and optionally substituted at the 2-position with halo. In certain
enbodi fIE@éﬁmﬁ’EmB@diﬁléh@ Jf forfRulh 5 RE-ireptintlatlp bemyitutepyridagingt. 4nrsetthyl - phenyl
2-chl oro- 4-fluorp-phenyl, 4- chl or o- 2- fl uoro-phenyl, 2, 4-dichl oro-phenyl,
2, 4- di fombodongmteRymay b¢ 6achloro-pyridazinyl or 6-methyl-pyridazinyl, preferably 6-chloro-

10  pyridazinyl.

In certain embodiments of formula I, R? is optionally substituted thiophenyl. In such
embodiments R? may be thiophen-2-yl optionally substituted with Cysalkyl or halo. Preferred
thiophenyl include 3-methyl-thiophen-2-yl, 5-methyl-thiophen-2-yl and 5-chloro-thiophen-2-yl.

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

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

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

In many embodiments of formula I, R?is Calkyl. A preferred C)salkyl in such embodiments

20  is methyl.

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

is methyl.
In many embodiments of formula I, R’ is hydrogen and R* is C\galkyl, preferably methyl.

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



chl oro-4- et hyl -phenyl. In certain enbodi nents of fornula I, R2 is

4- met hyl - phenyl or 4-chloro-phenyl. In certain enbodinents of fornula I, R2
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4-chl oro-2-fluoro-phenyl. In certain enbodinents of formula |, R2 is

2, 4- di chlb@tan phBeYHnentsdf Earitudd 1) oaerbdR amhR Sisd, shliayharldah¢ othBRomesis hydrogen,;
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of formula |, R2is 5-nmethyl-pyridin-2-yl. In certain enbodi nents of

f or mul dn bertdR2 cinbodinehisaxfdorpyra HiRY-a@d R’ togather avithathe alonbiodiienthsy afe fttached a

I n&z iS 5-flyoro-pyridin-2-yl. In certain enbodinents of formula I, R2 is
5- et hy P2 CYJeRBPPVEP Y- n- 2- yI .

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

which they are attached form a cyclopropyl group.

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

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

15 In certain embodiments of formula I, R* and R® together with the atom to which they are attached
form a C4gheterocyclic ring containing one or two heteroatoms each independently selected from

O, 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 I, R?, R? and R’ together with the atom to which they are
attached form a six-membered heteroaryl containing one or two nitrogen atoms, and which is

optionally substituted with halo, amino or C,salkyl.

25  1In certain embodiments of formula I, R, R* and R’ together with the atom to which they are
attached form a heteroaryl selected from 2-0x0-1,2-dihydro-pyrimidinyl, pyridinyl, pyrimidinyl,
pyridazinyl or pyridazinyl, each optionally substituted with methyl or amino.



In certain enbodinents of formula I, R2 is 5-nmethyl-3-chloro-pyridin-2-yl.
In certain enbodinents of formula |, R2 is 3,5-difluoro-pyridin-2-yl. In
certai n eWP3AIVEHT94 of fornula |, R2 is 3,5-di chl oro- py PCHER2G094pp648§
certain enbodiments of formula I, R2 is optionally substituted pyridazinyl.
In such enbodi ments R2 may be 6-chl ore2qyridazi nyl or 6-methyl -pyridazinyl,
preferably 6-chloropyridazinyl. In certain enbodiments of fornula I, R2is

opti onah l:éﬁaitﬂ&’ﬁbd)dlﬂfeﬁtd of s reieny’, Ri ﬁthRfCtbgﬁthdithﬂﬁi&taﬁorR?o why:hbhaey are
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hydrogen. In certain enbodinents of formula I, R4 is hydrogen I n many
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formul a | drogen and R4 is G _6al kyl, preferably nmethyl. In

cert ai maléyﬂbbhmwﬁlsalbt’l-ﬂf@mm@lasallkyl @37wmleﬁléloﬁ9'lébf ppetituted rhshylai n

enbodi rrents & of R3 and R4 is C _6al kyl and the other one
is hyd'S ﬁé%aryb?rkbet?rﬂqécrl% (;hfgﬂlggen In certain embodiments of fornula |l , R3
and R4 together with the atomto which they are attached may forma C3_6

car bocyg kértaili EMBodihRnsetfeinuleirods Ne@t g lkyl-afiroyGlalltyl, suBitated With iadgyet her
with the atomto which they are attached may form a cycl opropyl group.

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

In certain embodiments of formula I, R’ is C alkyloxy-Cjsalkyl. One preferred Cysalkyloxy-
Cisalkyl is methoxymethyl.

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

In certain embodiments of formula I, R’ is heteroaryl.

In certain embodiments where R’ is heteroaryl, such heteroaryl may be pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, pyrazolyl, imidazolyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl,
oxadiazolyl, 3-ox0-2,3-dihydro-isoxazolyl, tetrazolyl, imidazo[2,1-b]thiazolyl, imidazo[1,2-

20  a]pyridinyl, imidazo[4,5-b]pyridinyl, and benzimidazolyl, each of which may be optionally
substituted one, two or three times with a group or groups independently selected from Csalkyl,
Csalkoxy, Cisalkoxy-Cisalkyl, halo-C;salkyl, halo, amino, N-Cy_salkyl-amino, or N,N-di-( Cy.
salkyl)-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, amino, methylamino or dimethylamino.

In certain embodiments where R® is heteroaryl, such heteroaryl may be pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, pyrazolyl 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 dimethylamino.



In certain enbodinents of formula | , R4 and R5 together with the atomto
whi ch they are attached forma C carbocyclic ring that is optionally

subst i t ut\¥e 20%4e9M¢dr oxy. I n certai n enbodi nents of for RGIEPROO/EHSHND R5
together with the atomto which they are attached form a cycl opropyl group.
In certain enbodinments of formula | ,-R3 is hydrogen and R4 and R5 toget her
wth the atomto which they are attached forma cycl opropyl group. In
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Crhet eroc g containing one or two heteroatons each independently
selected fromQ Nand S. In certain embodi ments of formula I , R4 and RS
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group or an oxetan-3-yl group. In certain enbodinments of formulal , R3, R4

and RS 1} egedihembyditdints e ighagrdasy\thiseRyk heyreal thedibteaainglds fdedredfrom

si x-menber ed heteroaryl contai ni ng one or. two nitrogen atons, and which is
opt i onavriginglpyrimidinddand pyaznylend Sristkylos methydal kyl. In certain

enbodi ments of formula I , R3, R4 and R5 together with the atomto which

t hey an . : e r i -
2- oo 11 s ACHBAITHARITCR EARFA PANCre RLARRICRCh A hefcroaryl may be thigohcn-2

pyr i dazi,pytidinezgh peritiinedial, Ipyridinbb i, bxdzed 2wilt fyrimetimy2-ybpyadazio 4y, meaziai n
X TN R I R T,
o L 43y s .S,
pyri dapiyriddzin-gtyl, Bowthyheyze - diyh tRiazdl-5-9, éfﬁmb)ﬂymi%za?filr-yh-6y¢h1@fp-pyrimidin-
2-am no- py R I A1 31 ¥iz013-y1, 1,3,5-trimethyl-pyrazol-4-yl, 1,5-dimethyl-pyrazol-4-yl, 1,3-
dimethyl-pyrazol-4-yl, 3-(2-methoxy-cthyl)-[1,2,4]-oxadiazol-5-yl, 3-(pyridin-3-yl-[1,2,4]-

15 oxadiazol-5-yl, tetrazol-5-yl, pyrazol-3-yl, 4-amino-2-methyl-pyrimidin-5-yl, 2-amino-
pyrimidin-4-yl, 6-methoxy-pyridazin-3-yl, 3-0x0-2,3-dihydro-isoxazol-5-yl, 3-methyl-thiophen-
2-yl, 5-methyl-[1,3,4]-o0xadiazol-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-trifluoromethyl-pyrazol-1-yl, 5-
cyclopropyl-3-trifluoromethyl-pyrazol-1-yl, imidazo[2,1-b]-thiazol-6-yl, thiazol-4-yl, 2-propyl-

20 pyrazol-3-yl, 2-cthyl-pyrazol-3-yl, 5-amino-pyridazin-2-yl, 3-amino-pyridazin-2-yl, 3-chloro-
pyridazin-2-yl, 2-amino-pyrimidin-5-yl, 1-methyl-imidazol-4-yl, 6-amino-pyridin-3-yl, 6-amino-
pyridazin-2-yl, 2-amino-pyridin-4-yl, 2-dimethylamino-pyrimidin-5-yl, 6-amino-pyridin-2-yl, 2-
methylamino-pyridin-4-yl, 2-dimethylamino-pyridin-4-yl, 3-methyl-2-dimethylamino-pyridin-4-
yl, pyrimidin-5-yl, 2-methyl-pyridin-4-yl, 6-methylamino-pyridin-3-yl, 6-dimethylamino-

25  pyridin-3-yl, 6-methylamino-pyrimidin-4-yl, 6-dimethylamino-pyridin-3-yl, 6-methylamino-
pyridin-3-yl, 2-methylamino-pyrimidin-5-yl, 6-methyl-pyridin-3-yl, 4-methyl-thiazol-2-yl, 2,6-
dimethyl-pyridin-3-yl, imidazo[1,2-a]pyridin-2-yl, 6-methyl-pyridin-2-yl, 1-ethyl-pyrazol-3-yl,
3-methyl-pyridin-2-yl, 4-methyl-thiazol-5-yl, 1-ethyl-imidazol-2-yl, 1-methyl-pyrazol-4-yl,
imidazo[4,5-b]pyridin-2-yl, 3,5-difluoro-pyridin-2-yl, 6-fluoro-pyridin-2-yl, 1,5-dimethyl-

30 pyrazol-3-yl, 5-methyl-pyridin-2-yl, 6-trifluoromethyl-pyridin-3-yl, 5-methyl-isoxazol-3-yl, 5-
methyl-imidazol-2-yl, 5-methoxy-benzimidazol-2-yl, [1,2,4]triazol-3-yl, 6-methyl-pyridazin-3-yl,
1-methyl-6-oxo-1,6-dihydro-pyridin-3-yl or 8-methyl-imidazo[1,2-a]pyridin-2-yl.



In certain enbodinents of fornula I, RS is G _6al kyl;
C _6al kyl oxy-C _6al kyl ; hydroxy-G _6al kyl ; G _6al kyl sul fanyl -G _6al kyl ;
C _6al kylWQ20WpPO¢  6al kyl ; ami no-C _6al kyl ; N-C _6al kPCTEXRHE06H438 a] kyl ;
N*-di -G - al kyl -am no-Ci -eal kyl ; C3_7cycl oal kyl; optionally substituted
phenyl ; heteroaryl, or heterocyclyl-C-22-alkyl. In certain enbodi ments of
formula I, R5 is NG -6al kyl-am no-C _6al kyl substituted with halo. In
cert ai iy esrboémBeditents of drmulal, R’ iRkcté®cydlyl6@ldaklybxy- G - 6al kyl ; hydr oxy- Ci -
?I kyl I heteroaryl, or heterocyclyl-Ci -ealkyl. In certain enbodi nents of
ormula I, R5 is C_6alkyl oxy-G - kyl.. On referr G .. 6al kyl oxy-
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subst i tudtiey, 4nethapesul foingepipetidind -groeghylo #-fiposerperidaed pdmakshy l| §-acadylest ed

from hyl - . .
ner}letk\{yllpig etrg1 ill—’ 1 -ﬂ-rgétﬂgly I4-’ acétlyi’J ?,rS 9dimethyl—p iperazin-1-yl-methyl, 2,6-dimethyl-

morpholin-4-yl-methyl, 4, 4-difluoro-piperidin1-yl-methyl, 3-fluoro-piperidinl-yl-methyl, 4-
15 methyl-4-hydroxy-piperidin1-yl-methyl, or 3-fluoro-4-methoxy-piperidin1-yl-methyl.

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

methyl-pyrazin-2-yl.

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

20 In certain embodiments of formula I, R’ is hydroxymethyl, methoxymethyl, 5-methyl-pyrazin-2-
yl, 2-methyl-pyrimidin-5-yl, 5-methyl-pyrimidin-2-yl, hydroxymethyl or methoxymethyl.

In certain embodiments of formula I, R’ is hydroxymethyl.
In certain embodiments of formula I, R’ is methoxymethyl.
In certain embodiments of formula I, R’ is pyrazin-2-yl.
25  1In certain embodiments of formula I, R” is 5-methyl-pyrazin-2-yl.
In certain embodiments of formula I, R is 1-methyl-6-oxo-1,6-dihydro-pyridin-3-yl.

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



chloro, am no, nethylam no or dinethylam no.ln certain enbodi nents where R5
het eroaryl, such heteroaryl may be pyridinyl, pyrimdinyl, or pyrazinyl,
each of VWPCRIWEY) e optionally substituted once or tw EETHPEWIQYSHUp or
groups i ndependently selected fromnethyl, fluoro, chloro, am no,

met hyl ami no or di nethyl amino. In certaly enbodi ments where R5 is

het eroaryl, such heteroaryl may be pyridinyl, pyrimdinyl, or pyrazinyl,
each ofin whtathembBydiben@piifanalld I RS ubshditlggridmde-3eyl. twi ce with nmethyl. In
certain enbodinents R5 is heteroaryl-C _6al kyl, wherein the heteroaryl is

selected fromp n pyrazi nyl and G _6al kyl is
net hyl 1 HP%W%%?@%?%> H%éﬁﬁﬁéﬁ%%lg¥n¥ ar %W&ﬁg? R5 is heteroaryl, such
heteroaryl may be thiophen-2- yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
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5- et hyl - pyrazi n-2-yl, imdazo 1- 1-y|, pyrazo 1- 1- yI 3, 5 di met hyl - pyrazo
1- 1-yl, 2-methylthiazol - 4-yl, 3-(2-chlorp phenyd% , 2, 4] - oxadi azol - 5-yl,
3 (pyrﬂmp@mﬂnym»0¢nw234¥ﬁﬁﬁa@1hE@PDQRmeiEyﬁﬂ@h& aljpxy and the other is

3 razol - 3-yl, thiazol-5-yl, 1-nethyl- imdazo 1-2-yl,
6c oéS‘%umd.n-4y| 4-ethyl -[1,2,4]-triazol -3-yl,
|, 3,5-trinethyl-pyrazol - 4 yl, 1,5- dlnethyl pyrazol - 4- yI 1, 3-
d|nethyhc@yﬁ@z@bo&nmhmcﬁﬁﬁﬂmﬂ&lhoﬂmﬁﬁﬂhyhﬂ}pnahap¢}€bxﬂuvazol 5- yI
3-(pyridin-3-yl-[ 1,2,4]- oxadiazol-5-yl, tetrazol 5- yI pyrazo 1 _3- yl,

4-am no-2-neth rimdin-5- 3
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3- nethy%h(ﬂb hen- 2-yl, 5-nethyl-[1,3,4]- oxadlazol 2-yl,
4- et hyl -1 soxazol -3-yl, 3- trifluoronethyl pyrazol -1-yl, 1 met hyl - pyrazo
1-3-yl, 3-nethyl - pyrazoI-I-yI S-met hyl - 3- tr|fluoronethyl razoI-I-yI 5-
cycl oprppgrtaigembpdimentsarfdemmula pyR nd R |eagh indppandently i Sluora, sff lOfChpIBef oL v | |
thlazol 4-yl, 2-propyl pyrazol- 3-yl, 2-ethyl-pyrazo 1-3-yl,
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In certain embodiments of formula I, one of R” and R® is methoxy and the other is hydrogen.
In certain embodiments of formula 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;

A/WW
R%F\ A R? B;
N S ) \ /
>N N—
wherein R* is: hydrogen; Cialkyl; Cyealkoxy; Cialkylsulfonyl; phenyl; amino; N-C_salkyl-
amino; N,N-di-C;_alkyl-amino halo-C;salkyl; halo-C;salkoxy; hetero-Cisalkyl; Css-cycloalkyl,
20 Csigcycloalkyl-C galkyl; aminocarbonyl; heterocyclylcarbonyl; Cisalkoxy-carbonyl; or cyano.

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



3-yl, 6-nethyl am no-pyrimdin-4-yl, 6-dinmethylam no-pyridin-3-yl,

6- met hyl am nopyri di n- 3-yl, 2-methylam no-pyrimdin-5-yl,

6- met hyl -WO2IWIB4yl | 4-met hyl -t hiazo 1-2-yl, 2,6- di mBCHEP2YYOPESH- 3-yI
nld

azo [, 2- a]pyrldln 2-yl, 6-nethy|-‘iridin-2-yl, 1-et hyl -pyrazo 1-3-yl,
t hyl - pyridin-2-y|, 4- et hyl -t hi az -5 -yl, 1-ethyl- imdazo 1-2-yl,

t hyl -pyrazo 1-4-yl, imdazo[4, 5-b]pyridin-2-yl,

di fih @t pybddlinent3of fornfidd 1, ROrioa proup dif fordwyd Al11, 5- di met hyl pyr azol -
5-met hyl -pyridin-2-yl, 6-trifluoronethyl-pyridin-3-yl,

hyl -i soxazol -3-yl, 5- methyl- imdazo 1-2-yl, 5-nethoxy-benzim dazo
-yl, [1,2,4]triazo 1-3-yl, 6-net pyridazi n-3-yl, 1-nethyl-6-o0xo-

1 6- dlhydro-pyridin-S-yI or 8-nethyl-Aimdazo [1,2-a]pyridin-2-yl.In
certain enbodi ments of formula I, |ssheterocyclyl G- alkyl. In

enbodi nents where R5 is heterocy¢f -G/ 6alkyl, such heterocyclyl-C _6al kyl
may be heterocyclyl -nmethyl such as ﬁﬁrﬁﬁo | i nomet hyl , piperidinyl-nethyl,
plpera2|nyl met hyl , thi onorphol i nyl et hyl , pyrrolldlnylnethyl or
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azet i di %2mcﬁhﬁdpﬁgghocyclyl portion of each of which may be
opti ona y su stituted once or twice with a group or groups independently
sel ected from nethyl, methoxy, halo nmet hanesul fonyl, oxo or acetyl. In

enbodi ﬂﬁnémm\bmbedl%nis&ﬂﬁﬁmﬂmb)&llyh gmlemeBdmAZhet erocycl yl net hyl may be
nor pho |in-4- yl-methyl, 4-nmethanesul fonyl -piperazin-I|-yl-nmethyl,
4-acety|-piperazin-I-yI-nethyI pi peridin- 1-yl, thionorpho
lin-4-yl-methyl, 4-nmethyl-piperaz -yl -met hyl

3- ox0- pi perazin-1 -yl -net hyl, 3-met baxy- plperldln- 1-yl-nmethyl,

4- met hoxy- pi peri di n- 1-y|-nethy|¢d4>h dr oxyapi peridin- 1-yl net hyl,

1- oxo-t hi onor pho Iin-4-y|-nethy|,*§; ydRoxy- pyrrolidin-1 -yl-methyl,

azeti din-3 -yl methyl, 4-methanesulfonyl-piperidin-1 -yl-nethyl,
4-fluoro-piperidinl -yl-nmethyl, 4-acetyl-3- nethyl-piperazin-1 -yl-nmnethyl,
4-acetyﬂﬁﬁﬁéf@ﬁggﬂ&wme@h@@@azin-I-yI-nethyI, 2, 6-di et hyl nor pho
l'in-4-yl-nmethyl, 4, 4-difluoro-piperidinl -yl- nethyl 3-fluoro-piperidin
-yl -met hyl , 4- neth | - 4- hydr oxy-pi peridinl -yl -
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salkyl; Csscycloalkyl; Csecycloalkyl-Cysalkyl; aminocarbonyl; heterocyclyl-carbonyl; Ci-

10 salkoxycarbonyl; or cyano.

In certain embodiments of formula I R* is hydroxy-C; salkyl, Cisalkoxy-C;salkyl, Cisalkyl-
amino-Csalkyl, and N,N-di-(C; salkyl)-amino-C;_salkyl.

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

15 fluoromethyl, pentafluoro-ethyl, 1,1-difluoro-cthyl, 2,2-difluoroethyl, 1-methoxy-ethyl, 1-
ethoxy-ethyl, 2-methoxy-1-methyl-ethyl, 1-hydroxy-ethyl, isopropoxy, dimethylamino, azetidin-
2-yl, 1-methyl-azetidin-2-yl, 1-dimethylamino-ethyl or dimethylamino-methyl.

In certain embodiments of formula I, R* is C;salkyl or halo-C.salkyl.
In certain embodiments of formula I, R* is C; salkyl.
20 In certain embodiments of formula I, R* is C_salkoxy.

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



In certain enbodinents of formula I, R5 is hydroxynethyl, nmethoxynethyl,
pyrazin-2-yl, 5- nethyl-pyrazin-2-yl, 6-nethyl-pyridazin-3-yl, or
| - met hyl -\§O@RWA6984di hydr o- pyri di n-3-yl. In certain enmb8GITHRARL/06648% or nul a
I, R5 is hydroxynethyl, nethoxynethyl, 5-nmethyl-pyrazin-2- yl,
2- et hyl - pyrim di n-5-yl, 5-methyl -pyri#-di n-2-yl, hydroxymet hyl or
nmet hoxynmethyl. In certain enbodinents of formula I, R5 is hydroxynmethyl. In
cert ai M esrhalémbediments of Gsrimullal, R® ifRtmins. met hoxynmet hyl . In certain
enbodi ments of formula I, R5 is pyrazin-2-yl. In certain enbodi nents of
formula |, RS is met hy. raz n-2-y n certain enbodi nents of fornula
|, R5 ﬂ%c?ﬁ%?qﬁy‘?i@eﬁ%&ﬁfor )Bdrl%%N 1r6?t]ﬁyhal§m3?| In certain enbodi ments of
formula I, R5 is 2-nethyl- pyrlmdln .In certain enbodi nents of fornula
I, RS 'Iécéfd’ﬁ?&ﬁu&dlﬁﬁéﬁﬂs%ﬁrﬂnﬁam dm«u@[ tRidianbade ments of formila I, R,
R7 and R8 are hydrogen. In certain embodi ments of fornmula I, R7 and RS are
hydrogen. In certain enbodinents of fornula I, one of R7 and R8 is halo or
G _4al kosstamembedimsttsef forsna Hfogehglo{thselkyk ai n enbodi nents of formula I,
both of R7 and R8 are halo or Ci-4al koxy. In certain enbodi nents of forrrula
e l; xy, and the other is
hyd%ggél(r?] 'Jf:g grglg (glﬁlr?htg ?I{r}lgan ¥4 ?ﬁﬁ%?ﬁﬁ%&@? R7 and R8 each i ndependently
is fluoro, chloro or rrethoxy. In certain enbodinents of forrmula I, R7 and
R8 arelf berwimembcmdimentsajfrﬁomrdhwﬂiR?’émC%-ojchbkyh| al, one of R7 and R8 is
fluoro and the other is hydrogen. In certain enbodinents of fornula |, one

of R7 an chloro dt en.. I.n certain enbodi rrents of
f or nul jnFertad%SmB‘P‘?l %?r‘?gr} qq%l tl%{&%gfyﬁﬁé&yﬁg Udr i's hydrogen. In

certai n enbodi ment s of formula |, R6 is halo. In certain enbodi nents of
f or mul an kertd®® chBodibié@fs®f formula I, Ra is aminocarbonyl.

In certain embodiments of formula I, R* is heterocyclylcarbonyl.
10  In certain embodiments of formula I, R* is C;_alkoxycarbonyl.
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, cyclopropyl, cyclopropylmethyl, trifluoromethyl, pentafluoro-ethyl, 1,1-difluoro-ethyl,
1-methoxy-ethyl, 1-ethoxy-ethyl, 2-methoxy-1-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 cyclopropylmethyl.

In certain embodiments of formula I, R* isopropyl.

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

II;

20



In certain enbodi nents of fornmula I, RL is a group of formula A or B;
wherein Ra is: hydrogen; G _6al kyl; G - al koxy; C _6al kyl sul fonyl; phenyl;
am no; N-VO28HV069T9%i no; N, N-di - G _6al kyl -am no hal o- Ci PEA[EPYI09/066488
hal o- G _6al koxy; hetero-C _6al kyl; C3_6-cycl oal kyl ;
C3_6cycl oal kyl -G _6al kyl ; amino carbor3f-; heterocycl yl carbonyl ;
C _6al koxy-carbonyl; or cyano. In certain enbodinents of formulal, RL is a
group eof aAF;ﬁarmaJc@tAanyma@oepﬁaalersalemm@ufmmrsmof formula I, RL is a group of
formula Al : wherein Ra is as defined herein. In certain enbodi nents of
formul BC@INjs a group of fornula A2: wherein Ra is as defined herein. In
certai pie i2 i S e . . 'a]k@‘plﬂé y;

i - al %yl -su f%ﬁﬁ ;ﬁd‘g;neln&%?t% %Y{IgggﬁﬁmgWﬂgq N, 1&_10 |’i%ﬁ4_lggllbk§/ﬁg am"nog)x
hal o- G _6alCkydlkoxyalCasalkylGafongk pr cyrbearst G 6al kyl ; Cs- cycl oal kyl ;
C3-6¢cycl,oal kyl - G | ky] ; am nocar bonyl; heterocyclyl-carbonyl; CI1-
al kc§xy(13<‘;ral%F?yIa‘Fe %?nggf}%\%{%?re@n certain enbodi nents of fornula | Ra is
hydr oxy- C _6al kyl, C _6al koxy-C _6al kyl, G _6al kyl am no- C _6al kyl, and
N, N di 14 GrtBRbkpbdinRHsF bl ke compot@tstodithe i@udRidnmens Sfothulh eranatlIs: |, Ra
is nethyl, ethyl, n-propyl, n-butyl, isopropyl, isobutyl, tert-butyl,
cycl opropyl, cyclobutyl, cyclopropylnethxl, phenyl, trifluoronethyl,

di fl uor gmet h fluoronet hyl, pentafl uoRo<eg or o-gt hyl ,

2, 2-di f[uon@et Ryl , 1- net Qoxy-@thyl, 1- et hdxy-e hoxi—i!3

- met hyl - et - hyd oxyet hy isso%riopoxy, li pB i a '%;n 2-yl,
| - met hyl - agétxdi 1-uN et Ryl a ;no-En no -met h{i% "1 n
certain éhbodi nent forfula I, Rais _6al kyl _6Galkyl. In
certain enbodi mentspf formula I, Ra is G _6al kyl. Nr'certain enbodi nents
of formula I, Ra is [G _6al koxy. In certain enbodinments of fornmula I, Ra is
Ci _6al kyl sul fonyl .1 MRcertain enbodi nents of fornula R Rais anino. In

certain enbodinents of formula I, Ra is NG - alkyl-am no.

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 I1I:

R

T,

10

or a pharmaceutically acceptable salt thereof, wherein

X, R!, R%, R'" and R'? are as defined herein.

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



In certain enbodinents of fornmula I, Ra is N, Ndi-C _6al kyl-amno. In

certain enbodi nents of fornula I, Ra is halo-G _6alkyl. In certain
enbodi nerVe 2810/4681¥4ul a |, Ra is hal o-CG _6al koxy. | n cer P&TEPBOC4EENt s Of
formula I, Rais C3_6-cycloalkyl. In certain enbodinents of fornula I, Ra
is C3_6Cycloal kyl-G _6alkyl. In certai?-enbodi nents of fornula I, Ra is
am nocarbonyl. In certain enbodinents of formula I, Rais

het er ocyc)yl carbonyl. In certain enbodi ments of, fornula I, Rais
0__6a|kd?%garbdﬁ%l. In Pertain enbo nts of rnula |, Ra cyano. In
certain enpodinents of formula I, il[s nmet hyl, ethyl n- propyl, n-butyl,
i sopropyl, OHsobuﬂyl tertxputyl, yc opyl , opropylnethyl,
trlfluoronethyl peﬁmgfluor -et hyl, i fludro-e hyl , 1-nethoxy-ethyl,
1- et hoxy-et hyl, 2-nethoxy-| hyI 1- dr y- ethyl or
dinethylanino-nethyl.;l rtayn- n;s qula I, Ra is nethyl,
ethyl, n-propyl, isopropyl, n- bﬁty , |sobutyl tart butyl cycl opropyl or

cycl opropyl methyl. In certain enbodi nents of f offrul a I, Ra i sopropyl. In
certain enbodi nents of fornmula | the subject conpounds are nore

specifically of fo Ia II or a pharnaceutically acceptabl e salt thereof,
wher ei n: is Cor nd 2 i ependent) y s hydrogen G -

al kyl ; aIkonxy han | o-

a 6a|ky|~ | f onyl ; cyano 1 and e as de | hereln In
certai n (enboyli mentf of fornul the unds of § i hvention are of
forrrula lib: rlei n )(R’FQ 1R} rR#? andRR12 armras E\Eflned herein. In

certain erbddi nent; iornula | the. subject conPounds are nore
speci fiRal | y Fof fornﬂla NEE ’ ;

wherein:
nis0, 1 or2;
R® and RY cach independently is hydrogen or Cyalkyl;
5 R%is hydrogen, C;salkyl, acetyl or Cysalkyl-sulfonyl;
R"and R& each independently is hydrogen or C;salkyl;
R" and R’ cach independently is hydrogen, Cysalkyl, fluoro, hydroxy or Cisalkyloxy;
R/ and R* cach independently is hydrogen or Cysalkyl; and
R™ R", R° RP, R?and R’, each independently is hydrogen,Cisalkyl, halo, C;salkoxy, Cisalkyl-
10 sulfonyl halo-C,;salkyl, or cyano.

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

LS o o 0,

wherein R° is as defined herein.

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



or a pharmaceutically acceptable salt thereof, wherein X, Rl, R5, Rl 1 and
R12 are as defined herein. In certain enbodrnents of any of fornulas I, Ha,
lib, or IWP220R6PW4nwherein: nis 0, 1 or 2; Rc and Rd e&@ﬁ“ﬁ%@@@@ﬂﬁ%ntly is
hydrogen or d - alkyl; Re is hydrogen, Cl- 6a|ky| acetyl or d -

al kyl -sul fonyl; Rf and Rg each indepenﬂ%ntly is hydrogen or d - alkyl; Rn
and Rleach independently is hydrogen, d - alkyl, fluoro, hydroxy or

O 6alk¥£§xy and each i ndependently is hydrogen or d - alkyl; and
o)

Rg an eac endent S hydroge d _Neal kyl , hal o,
d 6alk al kyl stl GiNY6al kyl/,or glyano. er tNi n
enbodi nerkd of Ggny of f as I l'ib, )gﬁ:krl R5 |s \iith Re |s as
defined herein. CH certa enbodr f an nukgs

[11, RS is:In certarn enbodi ments o anyi%T fornul Ha, |ib, III R5
is:V\hereanyoleR2R3R4 R5R6R7R8R9,R10,R11,R12 Ra,
Rc, Rd, Re, Rf, Rg, Rh, R, RJ, RK, Rm Rn, RO, Rp and Rq is al kyl or

cont ai Mg c@mimbipddimRhBlof, angWSodad 1, iTa, 10b,ef ¢rakl is: | ower alkyl, i.e. G-

al kyl, and nore preferably G -4al kyl. The invention also provides nethods
for treating a disease or condition nediated by or otherw se associ at ed

wth a X3 reggptor antagonist, a P2X /3, receptor antagonist, or both, the
met hod rrs adm ni
o .

to a subplec need t hereof an effective

anount onpound of th ntion. drse se may be genitourinary
di sease of rrnapx tract di I n other i nstances the wdi sease may be a
di sease is associ affi with pAin. uri naryNcr ac r@rsease may be: reduced

bl adder capagity; frequenct mcturrtroQr urge incont’i nence; stress
i nconti nence; bl adder

Where any of R, R% R, RY, R%, R%, R”, R, R°, R'*, R"!, R'%, R", R, R%, R%, R, R%, R", R\, R/, R,
5 R™ R" R’ R’ and RYis alkyl or contains an alkyl moiety, such alkyl is preferably lower alkyl,
i.e. Crealkyl, and more preferably C;alkyl.

The invention also provides methods for treating a disease or condition mediated by or otherwise
associated with a P2X; receptor antagonist, a P2X,3 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 may be a disease is associated with pain. The urinary tract disease may be: reduced
bladder capacity; frequenct micturition; urge incontinence; stress incontinence; bladder
hyperreactivity; benign prostatic hypertrophy; prostatitis; detrusor hyperreflexia; urinary

15  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: 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,

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

syndrome.



hyperreactivity; benign prostatic hypertrophy; prostatitis; detrusor
hyperrefl exia; urinary frequency; nocturia; urinary urgency, overactive

bl adder; WeIRMNIAPper sensitivity; urethritis; pelvic paPRTHEPAYHAGESS
prostatodynia; cystitis; or idiophatic bladder hypersensitivity. The

di sease associated with pain may be: -l ammatory pain; surgical pain;

vi sceral pain; dental pain; prenenstrual pain; central pain; pain due to
bur ns; Tt disaasd@nr becd tbspﬂtoﬂy&ﬁsﬂﬁddiﬁmchraer:Memcrtjbsnryqtivn@uhhdﬂasy disendenl gi as;
p0|son|n8 ischemc injury; interstiti.al ﬁé%g anc q qﬂ'ﬂ L

par asi (¥ PRy, asthence P H‘IOHPIFHSB%W @ﬁagﬁggqmtp?tg}g i éhSPFff aér THAPIR BR¥SHei at ed
With il {1' Bl %@%’)‘Aﬁ{ﬂaﬁ}f ?@ ngq)lgéaé@g nﬁlﬁa@%oﬁc hi$ Qih"e@Bﬂlﬁﬁﬁr cﬁéo?@érger
such as chronic obstruc pul nonar r der “(COPD) ,
bronch@sma&ﬁm,dmnac@dsmmmnnﬁﬁﬁpamakyﬂﬁmqiwnhéﬂdmmmsumh as Irrltable Bowel
Syndrone (1BS), Inflanmmatory Bowel Disease (I1BD), biliary colic and ot her
biliary disorders, renal colic, diarrhea- donlna? I.BS, pain SOCIﬁIEd W th
G di sRenEseHatiRaomPERLsInageTEI StHYEC methads @ iherBENPE AT SV REE BB Tof

the in t JeP €, Lecdd PKi values for the P2X3 and P2X /3
receptgﬁg”5 b?%gfﬁﬂﬂgﬁruc?dﬁe i) C%&d&onon{tn}) P2X, P2X /

N ((R)-2- Hydroxy- 1- nethylethyl) -(4-isopropyl -

[1,2, 5Htabicadi azol - 3-yl )-5-(5- 6 7.14 met hyl - pyri di n-2-yl)- benzam de
4' - Met hyl - 5- [I 2,3]triiadiazol -4-yl bi phenyl - 3-carboxylic acid 5. 33
nethyl et hyl) -

(2- nethoxy

Structur Name (Autonom™) P2X; P2X,;5

N-((R)-2-Hydroxy-1-methyl-
ethyl)-3-(4-isopropyl-
[1,2,5]thiadiazol-3-y1)-5-(5- g8.16 7.14
methyl-pyridin-2-yl)-

benzamide

4’-Methyl-5-

[1,2,3]thiadiazol-4-yl-
biphenyl-3-carboxylic acid 5.33
(2-methoxy-1-methyl-ethyl)-

amide

3-(4-Isopropyl-

[1,2,3]thiadiazol-5-y1)-N-(5-

3 methyl-pyrazin-2-ylmethyl)-  8.04 7.43
N N 5-(5-methyl-pyridin-2-yl)-

/ .
N HC N benzamide



am de 3-(4-1sopropyl- [1,2,3]thiadiazol-5-yl)-N(5-

net hyl - pyrazin-2-ylnethyi)- 8.04 7.43 5-(5-netriyl-pyridin-2-yl)-
benzam deNORIHYWIDOkydr oxy- 1-net hyl ethyl)- 3 - (4-i sopr oB§IIEP2009/066488
[1,2,3]thiadiazol -5-yl)-5-(5- 8.37 6.67 nethyl-pyridin-2-yl)- benzam de
3-(4-1sopropyl- [I,2,3]thiadiazol -5-yF}0-5-(5- nethyl-pyridin-2-yl)-N(2-
3.05 7.47 methyl -pyrimdin-5- ylnethyl)-benzam de 3-(4-1sopropyl -
[1,2,3]thiadiazol-5-yl)-8-(5- rrethyl pyridin-2-yl)- N-(5 7.78

met hyl - pyri m di n- 2- Hpenzani 4 I Sopr o

[1,2, 5] thi adi azol - 3-yI K met hyl - 9’39‘ f)me‘%w )y- 7.74 7.36

5- (5-net hyl - pyri di n- ethyl)-3- (4 1s0pr0py1

4 [1,2,3]thiadiazol-5-y1)-5-(5- 837  6.67
; /N methyl-pyridin-2-yl)-
H,C N benzamide
CH,
/N CH,
o} H \);/\ll\l( 3-(4-Isopropyl-
[1,2,3]thiadiazol-5-y1)-5-(5-
5 methyl-pyridin-2-yl)-N-(2- 8.05 7.47
~ \ S N methyl-pyrimidin-5-
Hoo N N ylmethyl)-benzamide
CH,
(AN CHe
0 H J\\/E/ 3-(4-Isopropyl-
" [1,2,3]thiadiazol-5-y1)-5-(5-
6 methyl-pyridin-2-yl)-N-(5- 7.78 6.98
~ \ S N methyl-pyrimidin-2-
noo N H,C N ylmethyl)-benzamide
CH,
N CH,
0 H\)i\ ]/ 3-(4-Isopropyl-
" [1,2,5]thiadiazol-3-y1)-N-(5-
7 methyl-pyrazin-2-ylmethyl)-  7.74 7.36
X Mg 5-(5-methyl-pyridin-2-y1)-
he =N HC =)/ benzamide



benzam deConpounds of the present invention can be nade by a variety of
nmet hods depicted in the illustrative synthetic reaction schenes shown and
descri bedVOEPWWOITPHe starting naterials and reagents us@ETER2¢0O0HBE ng
t hese conpounds generally are either available fromcommercial suppliers,
such as Aldrich Chenmical Co., or are pfepared by nethods known to those
skilled in the art follow ng procedures set forth in references such as

Fi eser cangholbh®@S&thS plReas &VesitidPEanBedAit oy WMrRepb Brne b i Ldepet&DiMIhe New Yor k,
1991, Vol unmes 1-15; Rodd's Chem stry of rbon Conpounds, El sevier Science

Publ i s hlérsgativogathetio reastion schgmgn shoSuppldedeseribeddeloand Or gani ¢ React i ons,
Wley & Sons: New York, 1991, Volunes 1-40. The follow ng synthetic
reactign schenes ar. illustrative of sone nethods Eﬁ\f whi ch the

|
conpourids SBrUTEBatsTiEls ARd Teaboun TN RipnaRe Lyt traurads SaERl AT Sther

modi fi GatilBnshdM chRfREcisYRbPELS, GubieACA PR THRRIRS C6aRr B presiee Bidméihbls be
suggested to one skilled in the art having referred to the disclosure

contai fedwi to thobsskilhsl indbe ard fllowreg srogedurergsehfardrin aslsroapes upkeas hices #edi at es

of the nt,heti c clion. schenes. isolate n Uk} f i i f.desired
usi ng @i%%%gf)%ﬁ?ﬁ{s ?%{?Fﬁﬁnkfﬁ?, qsﬁcﬁﬁ%?lﬁs% ‘ll\%c‘;vtgf)ﬁ(mg?@dqoclﬁrg |Hl?’ati on,
di sti | IRJIHQTChe@diMss af CrBadk CompoaitsORREAEH SEince PablisHehs 1DK e/olGueh -faner i al s

can be characterized using conventional means, includi ng\/ physi cal constants
and spé&epplamentatsaand Rrgss Resetions; dloyck Shas: v v arky 199 he/dlehes | -gfs The

descri bed herej e I r L g, (ﬁtbﬁ:%ﬁﬂ&?{h% at
at nos p&%l?ol“éﬁégg{shslﬁ?cegeg{t%g S¥%eg% iagﬁﬁlt %ﬁ%g&;ﬁ#ﬂ% Orfgﬁré% of 0fro about -78 0C
t 0 BPOoWbmpbGhNGS tiDsresdpt iventatnl ganfok epntatizd, Snd@rions afodificati@® t0Chesand nost
preferably and conveniently at about room (or a ients)lﬂie rature, e.g.,
about 2@“%@.10 TSAGH RS CIACTRRS C@%WIW&@%%@%%%M?%W% etgggglﬂﬁaéyh%v?ﬁ eto
pr epar td gflggﬁgl%r}gﬁt ed iPHUhBplicativherein Ris lower alkyl and X,
R3, R4?e%§,g&t§6, 8[3% , R12 gng I%{a ér eﬁ%soadlefi ned herein. SCHEME A In step 1
of Scheme A, nitrobenzoic acid a is subject to iodination under sulfuric
aci d condistardmsmberiakfaad thd iatemadibtcobbthz oythatsd idadvion sBemaei can &e i latahpoiund
bis reacted wwth arylboronic acid . ) ) .. )
purified if desired using conventional techniques, including but not limited to, filtration,
15 distillation, crystallization, chromatography, and the like. Such materials can be characterized

using conventional means, including physical constants and spectral data.

Unless specified to the contrary, the reactions described herein preferably are conducted under an
inert atmosphere at atmospheric pressure at a reaction temperature range of from about -78 °C to
about 150 °C, more preferably from about 0 °C to about 125 °C, and most preferably and

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

Scheme A below illustrates one synthetic procedure usable to prepare specific compounds of

formula I, wherein R is lower alkyl and X, R3, RY, R’, R®, R", R'? and R* are as defined herein.



compound c in the presence of tetrakis-(triphenyl phosphine)pall adi um
catalyst to afford bi phenyl acid conpound d. The acid group of bi phenyl
acid d i sWP2B104P®d by esterifcation in step 3 to form BCEAEAYOO06@BY net hyl
ester e . Biphenyl ester e is then subject to reduction to form

bi phenylamine f in step 4. An iodinatk reaction is carried out in step 5
by treating bi phenylamne f with nmethyl ene iodide or |ike iodination
reagent ot g @f f ord i odo odnd g. In step 6 iodo cOspdlind g is treated

w th thiagliazol eqhpi n the Jpresence ofePgal | adi um cat al st to give

t hi adi a ester—rompoudy . Conpound kofhen unde 5¥s base- cat al yzed
hydr ol y W s%éb(% to t he corff eSpondi ng cagbe K¢ acid conpound
Corpound 1s tMRen react éd 'tﬁfﬁnig % @rovi de thi agol €ani de compound m

which is B cofpound of foRrula | In ac®&rdange” wi’h the Envention. Many

variations of Schenme A are possi bl ePdfbhsi || sugg@st thenselves to those
skil!eg in the art. For exanple, in many enbodi nents steps 7 and 8 may be
carrie prioro~step 6. In stily

may b ol by vtk brs t.L%:ﬁt.yl i
shown) , st 4 ma en in tten be r
af f or dconpoyrithd” >¥'Sprej fi c det&

i nvention, alle,gescei bed in thel Exanp 2l oW

i nventioff are wsabl e $or the'Treagnment of a wi & rafge of genitourinary

di seases, conditions and disorders, including urinary tratt disease states
associ ated with bl adder outlet obstruction and urinary incontinence

condi ti ongpguch as %redlrged bl adder capacoky, fregeent mciurftign, urge

i ncont i mepce™ stressly ncont id8h%e, bl adder hyperreattivity ?ﬁhgn

prostatmpN H), bpreost at i det H RSq{yperr gXif, urinary
frequency. /nocka (Y urgep aracs i we’ Rl adder [
hypersensithyiky‘xur:=hrhtﬂ%, pefjvig ikn Byndrone, 3

cystitis, aid rd\epharit Bl adder~gder SepsTtivity, 2 AW
related to overactive bl adder. The &bnpounds of tRe in ent | dh expect ed
to find utility as analgesics in the treatnent of -

SCHEME A

In step 1 of Scheme A, nitrobenzoic acid a is subject to iodination under sulfuric acid conditions
to afford iodo-nitrobenzoic acid b. Benzoic acid compound b is reacted with arylboronic acid
5 compound ¢ in the presence of tetrakis-(triphenylphosphine)palladium catalyst to afford biphenyl

acid 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 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 f with methylene iodide or like iodination reagent to afford iodo compound g. In

10 step 6 iodo compound g is treated with thiadiazole h in the presence of palladium catalyst to give
thiadiazole ester compound i. Compound i then undergoes base-catalyzed hydrolysis in step 7 to
give the corresponding carboxylic acid compound j. Compound j is then reacted with amine k to
provide thiazole amide compound m, which is a compound of formula I in accordance with the

invention.

15 Many variations of Scheme A are possible and will suggest themselves to those skilled in the art.
For example, in 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 triflate ester to afford



di seases and conditions associated with pain froma w de variety of causes,
including, but not limted to, inflamatory pain such as pain associ at ed
with art HWORPYW/A6PH4| udi ng rheumatoid arthritis and ost eB&TER2P00[066488
surgical pain, visceral pain, dental pain, prenenstrual pain, central pain,
pain due to burns, migraine or cluster3headaches, nerve injury, neuritis,
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15  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 injuries (including fractures and sports injuries), and pain associated with
functional bowel disorders such as irritable bowel syndrome. The invention in particular
comprises a method for treating a pain condition selected from inflammatory pain, surgical pain,
20  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, said method comprising administering to a subject in need thereof an

effective amount of a compound of the invention.

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 (IBS), Inflammatory Bowel Disease (IBD), biliary colic
and other biliary disorders, renal colic, diarrhea-dominant IBS, pain associated with GI

30 distension, and the like.
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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 parenteral (including intramuscular, intraarterial, intrathecal, subcutaneous and

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

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

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 employed. The
pharmaceutical compositions may be employed 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.
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pills, ‘cachets, and [ozenges may be as solid forns suitable for oral
adm Mi sontain Hem about one (1) to about seventy (70) percent of the active compound. Suitable

carriers include but are not limited to magnesium carbonate, magnesium stearate, talc, sugar,
lactose, pectin, dextrin, starch, gelatine, tragacanth, methylcellulose, sodium
carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term “preparation”
is intended to include the formulation 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 solid forms suitable

for 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. Emulsions may be
prepared in solutions, for example, in aqueous propylene glycol solutions or may contain
emulsifying agents, for example, such as lecithin, sorbitan monooleate, or acacia. Aqueous
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, resins, methylcellulose, sodium carboxymethylcellulose, and other well known
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suitable vehicle, e.g., sterile, pyrogen-free water. The conpounds of the
invention may be fornulated for topical admnistration to the epiderm s as
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creans o%}ﬁen{s%regr)l(lg 0 fo(t:’lbns, or as a transdermal 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 inert 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 is first melted and the
active component is dispersed homogeneously, for example, by stirring. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool, and to

solidify.



be fornmul ated with an aqueous or oily base with the addition of suitable
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par ti clyeowideinMBessurized pack with a suitable propellant such as a chlorofluorocarbon (CFC), for
15  example, dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, or
carbon dioxide or other suitable gas. The aerosol may conveniently also contain a surfactant
such as lecithin. The dose of drug may be controlled by a metered valve. Alternatively 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 hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). The powder carrier 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

administered by means of an inhaler.

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 subcutaneous 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-adhesive solid support. The compound of

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

into the subdermal layer by surgery or injection. The subdermal implants encapsulate the
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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). Tt 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

following abbreviations may be used in the Preparations and Examples.

Abbreviations: DBU: 1,8-diazabicyclo[5.4.0]undec-7-ene; DCM: dichloromethane/methylene
chloride; DIPEA: diisopropyl ethylamine; DME: 1,2-dimethoxyethane (glyme); DMF: N,N-

25  dimethylformamide; DMFDMA: N,N-dimethylformamide dimethyl acetal; DMSO: dimethyl
sulfoxide; DMAP: 4-dimethylaminopyridine; ECDI:1-ethyl-3-(3’-dimethylaminopropyl)
carbodiimide; EtOAc: ethyl acctate; EtOH: ethanol; EtsN: triethylamine; gc: gas chromatography;
HMPA: hexamethylphosphoramide; HOBt: N-Hydroxybenzotriazole; hplc: high performance
liquid chromatography; IPA: isopropanol; mCPBA: m-chloroperbenzoic acid; MeCN:
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skilled in the art to nore clearly understand and to practice the present

| nvent igaBya FGK 15 hOU. MRk DenEaRBLASTShas |1 m ting the scope of the
i nvention, but merely as being (Tfustratirve and representative thereof.
Unl ess L.Se B e - | I00; ' points (i.e.,
MP) ar (;I% %E%ﬁ%t?cgé&@xf%?sgg IJ( H‘g@ﬁ@ﬁgﬁﬁ’&“@ghg%?@gﬁ% éeﬂclelgtg hat the reaction
whi ch produces the |ndj¢ated and/ h esired pr t
resul t di paghibey Y tﬂsg}ﬁDbnaL%&éo%S?men%i EhyEreinitially
added, i.e., thengymay be ‘ppe or @ int e&q;ogil egicwhi ch age produced in
the m xture whighedd),0i mately { eadswdio the for et Fomeok the i ridi¢ht ed and/ or
t he Xesired product. The follow ng abbreviations may be used in the
Preparati ons_and Exanpl es. Abbreviations: DBU.
|, 8- di azaPtEEMEBs 4. 0] undec- 7-ene; DCM  di chl or onet hane/ net hyl ene
chloride; DI PEA: diisopropyl ethylam ne; DME: 1, 2-dinmethoxyethane (glyne);

: MHOCor-ARIOdEODIINEDVA: N, N- di et hyl f or mam de di net hyl acetal ;
DVSO. di met hyl sul f oxi de; DMAP: 4-di met hyl am nopyri di ne; '
ECDI : | Tetigdin33(Be.- 39 Irentoy) wind avtdpd apyhyll pertiberdtio) arsuarensisn OAEIABLKY 89 ge et at e;

Et OH: nol ; .EtsN tri ybapi ne; ; r.omat qar X :

hex arret(:a]t ﬁ%%ﬁﬂ%]g B HI:(‘)F Bl %keﬁ?ﬁ-lp% 8‘?@%&9 g(ﬁozrgl'? 1o4LS, ﬁ%}l%ﬁ%ﬁéngl}{ﬁgﬁmm was
per fPr BHLE té b UL shdC e QRBERGRERIYGuchEd HysarifeiRaadlon dFeRBAucous 15% NaOH

m chl or oper benzoi ¢ acid; MeCN acetonitrile; NVMM N nethyl norpholine;, NVP:

N- et hysblupipn ( dhil)indonaser (PEAD). Aflicestiryinget pem temperature for 10 minutes, a solution of
(Boc),0 (8.31 g, 38.13 mmol) in CH,Cl, (40 ml) was added. The reaction mixture was stirred at

HYey not necessarily

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

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

Step 2 (S)-Boc-2-methoxy-1-methyl-cthylamine

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 (S)-Boc-2-methoxy-1-methyl-ethylamine as a colorless oil

that was used without further purification.

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

(S)-Boc-2-methoxy-1-methyl-ethylamine was dissolved in MeOH (40 ml) 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
ml) to afford (S)-2-methoxy-1-methyl-ethylamine as light-brown oil in hydrochloride form (1.42
g, 100%). MS (M+H) =90.



THF: tetrahydrofuran; LDA: lithiumdiisopropylamne; TLC. thin |ayer
chromat ography. Preparation 1: (5V2-Methoxy-I|-nethyl-ethylam ne The

synt het i WE28EWP¢ used in this preparation is outline@CE&PEN0p648Eheme B.
D-al anine O HVB SCHEME B Step 1 dSVBoc- 2- am no-propanol D-Alanine (3.5 g,
39.3 mmol) was added in small portions4@o a suspension OFLi AlH (2.89 g,
76.26 mmol ) in refluxing THF. Refluxing continued for 12 hours, then the
react i Gimirkt prepard@s/as @O Bethdoy-0- rﬂéﬂlyladﬁhlylmms §1mﬂa@epltepwad; ﬁ(quehoﬁkiemin@y

car ef ul addltl on of an aqueous 15% ?—l tion q1 nd. water (9 m).
After EFg QR)n%n@thOMdnmﬁf@bﬂp@h&kam@ 1y (R - ééﬂet%y SHMAMBR of (BoC) O
(8.31 g, 38.13 mmol) CHdA (40 m) was added The reaction m xture was
st rred’_rama_raimz_f&-_k@lmlr&:momhﬂlmﬂ wlethydspingenperat ure, filtered through
a pad of anhydrous Na2SO, and the filtrate concentrated under vacuum

Puri f i datispathaic prheedrueqsu&ddmﬁytsmpar@mrgléloudmledlhﬁlowrﬂn&ﬁ’a@mgﬁaphy af f or ded
(S)-Boc-2-am no-propanol as a white solid, yield: 63% M5 (MtH) = 176. Step
2 (SVBoc- 2- net hoxyel - hyl - et hglegfri ne HEG\a/S‘sJ |on oftep 2

(5) - Boc- 2- ami no- propahol Q.00 g, 11.4 mmol:) was sutcTessivery added Ag20
(5.89 g, 25.4 mml) gpg.dvet hyl uigdiige (16. 00Be; 112. 7merpisline at room
temperature. The reaction mxture was stirred at roonﬁPQPrperature for 2
days. Solid was filtered off and the filtrate was concentrated under vacuum
to afford (5)-Boc-2-methoxy-I-nethyl-ethylamne as a colorless oil that was
used wi thout further purification. Stepe33(5V2-nethoxy-I|-nethyl-ethylanine

|(_E:I) (ng r271 ;ret hoxy- I"%@f&,hy*l\ | ani re—was—di-ssdls ged/ﬂ'r (40 M) and 3 M
5 NHBoc K/o ng_II_/lg/IAeOH lleZ K/o
SCHEME C

Step 1 Methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester

To a solution of (S)-Boc-2-amino-propanol (4.91 g, 0.028 mol), Et:N (1.5 equiv.) in CH,Cl, at 0
°C was added methanesulfonyl chloride (1.1-1.2 equiv). The reaction was stirred at 0 °C for 30

10 minutes. Water (5 ml) was added and the organic layer was separated, washed with saturated
aqueous NaHCOs, brine, and dried with MgSO4. Solvent was removed under vacuum to afford
methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester as a white solid, yield: 98%. MS
(M+H) = 254.

Step 2 (1-Methyl-2-morpholin-4-yl-ethyl)-carbamic acid tert-butyl ester

15 To a solution of methanesulfonic acid 2-tert-butoxycarbonylamino-propyl ester (23 mmol) in
CH;CN (20 ml) was added morpholine (28 mmol) and K,COs (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,Cl, (50 ml) and H,O (50 ml). The organic layer was separated and the

20 aqueous layer was extracted with CH,Cl,. The combined organic layer was dried over Na;SOs.
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 liquid, yield: 62%. MS (M+H) = 245.

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




was added. The reaction m xture was stirred overnight at room tenperature,
then sol vent was renoved under reduced pressure and the residue was

co- evaporWPad10flop4addi ti onal EtOH (20 m) to afford PCT/EP2009/066488
(5)-2-nmet hoxy-1-nethyl-ethylam ne as light-brown oil in hydrochloride form
(1.42 g, 100%. Ms (M+H) = 90.Sinil arl-prepared was (5)-2-ethoxy-

1-methyl -ethylamne. Simlarly prepared fromL-Al ani ne were (R)-2-nethoxy-|
- met hy IToet JoytRAioT €1 -&&dl}(lﬁ)marpﬁibhmﬂyyllethynatdibdmlfetabydl tanibneyl cRee@adlag,ild? 2 :
(5)-1-Methyl - 2- nor phol i n-4-yl - | am ne The synthetic procedure us[ed i.n
this prupe atm@trhamsl (&) wwad@éqié HGl SapBe0 ¢C. dbprspetion mygpregwas allowed

Met h | f d 2

e g0 oRE P LRGSR GBLATEROSALIR , FFASIATAGR, i o
CH2A 2 t@kive (9QA Whﬁmﬁﬁrpmhhanﬁssﬂhﬂmyﬂe as lallight delofvlsolid {220 mgui)@%) MSe
reacti on was stlrred at 0 OC for 30 mnutes. Water (5 nml) was added and the

or gani éM”Lzﬂ)er as separ ated, washed with saturated aqueous NaHCO , bri ne,
and dried with MgJSO . Sol vent was renoved under vacuumto afford

met han&smildrgnpreparedl avere ¢Serlt Mithybkyeiarieanhpliari-vocthylamyne, £9tlel-@sABihi t e

solid, yield: 98%
(I - Met RESDYD)- ?rgﬁm- l:vﬁ] %MEFQ) % F@I f R‘IﬁRO ropggl pdp&{rldl -4 ol,tgﬂ) 1- 2tAerI;11
sol uti @Popgﬁl) ptp&ﬁtﬁm@sa] (rsgnLMeafyl d- (zﬁahyl-mparmydaylpenlylmnmspitmwhyleze(zbr
(23 mmol) CH CN (20 rﬂ? was added rmrphollne ?
mol ) @@eth@éwlmﬁbﬁmaﬁaame -yhteghlaaee; O aine- magylg%ﬁ&mn- -8“301 oc and

kepto atylif. 2 RTRHSIRCL DAY 31 0L ORI OBy} BACEEAR 3T XD ABrRRRp) eC and

sol ven press e residue was treated
wi t h Ciaridint 5§1)n )nedl’}di—eﬂ@@nﬁiﬁ@, (§)-2-(3 Mﬁh«mgpmemdlhalyﬁh) Iwasthgleghylaved, and

th I t ! th CH2 T I
(' o0 458 AR REIEN G R AG FENUVRE e UG GBI preCet dnd (he.

reS| du%Yga& by coI urm chrorrat ography (ethyl acetate) to afford
t hy YQNWBP%I I n- -ethyl)-carbamc acid terthbutyl

Preparation 3: (5)-2-(1.1 -DlOXO- 1lambda*6*-thiomorpholin-4-yl)-1-methyl-ethylamine

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

I \)J\
HN/\ step 1 \)J\N/ﬁ ik : N/ﬁ
H —_— = O
k/s EDCI/ = k/s m-CPBA  NHBoc k/s//
HOB ¢ \é)

0
step 3 \)J\N/ﬁ step 4 O
- - N
NH k/ ° BH, z 20
TFA 2 2 NH, 3

SCHEME D

Step 1 (1-Methyl-2-0x0-2-thiomorpholin-4-yl-ethyl)-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 mmol) and EDCI (22.2 mmol) in CH,Cl, was added thiomorpholine (2.29 g,
22.2 mmol) at 0 °C. The reaction mixture was stirred at 0 °C overnight, then washed with 2%
aqueous NaOH, water, brine, and dried over Na;SO4. The solvent was removed under vacuum to
give (1-Methyl-2-ox0-2-thiomorpholin-4-yl-cthyl)-carbamic acid tert-butyl ester (5.0 g) yield
98%. MS (M+H) = 275.



ester as viscous liquid, yield: 62% M (MH) = 245. Step 3 (9S)-

1- Met hyl - 2-norpho |in-4-yl-ethylam neTo a sol uti on of

(I - met hy|WO2AH/46RWHiI n- 4-yl - et hyl ) -carbam ¢ aci d tert - buP§II/ER3Q(06¢488 30 ¢,
1.22 mmol) in nmethanol (10 mM) was added 2N HO (5 ml) at 0 OC. The
reaction mixture was allowed to warm t#-room tenperature and was stirred
overni ght. The sol vent was renoved under vacuumto give

(S) - | - Mepgy| {2¢ Mpmadal-i Brnddyt *ethivrhaphalm-4s1)al -hiegiyl-2yedol ek B odrbaim{c2661 Ny,

96% . MS (MkH) = 145. Sinilarly prepared were

(5)-1 -ﬁ@_g‘;&mm onor phol i n- 4- yI et hyl anmine, (5)-1-[4-(2-Ani nopropyl ) -
pi per azi n- yl ] -ethanone, (S)- (2-Am no opyl ) - pi per.i di n- 4- ol aé%ﬁ
1- ( 2- Ar"ﬁoraoa@.h@wm)f(lﬁiepleﬁﬂd@w ﬂ@pmom}n- ‘R/EWquafmlﬂﬁ?ﬂétW puty US|

1Y) - LA e crf Bl L B TRE RASSHL GOV @1 RRE RAL mixaure

Vet byl i RiiREd hﬂbﬂm'teﬁberﬁﬁ%’b@éﬁlgﬁ‘b do1id2 word REREQRY ﬁ)trd@ﬁ&hl’aﬁdi ki filtrdtcolas
(5)-2-(4- Methoxyp;agerl in- 1-yl)- 1-nmethyl-ethyl am ne,

(5) - 2- (@shvist thoXg-SpP pad dj’uqqi-ov@r 9% 9&041 S@é\feﬁywa@{emqvgd@ﬁ@er vacuum to give [2-(1,1-
(32 SN BARERH . Ao AREL IOl ocoTRhiYkarBhiN R AR AALRE Ner

2-am n anes repar

(5)-2- Qg 6' qlgdng%anm@@iﬂ? hiygnor phol i n- 4 yI )-I - et hyl - et hyl am ne The

synt het'i ¢ procedure used in this pr eparation is outI i ned below in Schene D.
/ :carbamc acid

0- propionic acid

oA iciaree 2 o)

(3.5 9,

— | —d

2
EEYMER TR 9-§wmdﬁ L i (35
reacti Qiryhetd &tﬁ&téf%utﬂ ésferr%ﬁ 6t 192Qm @%@{ oight, (76 henwaasiaed trilddio¥i@queous

NaOH, water, brine, dri ed over . The solvent was renoved under
vacuumati (§ il af(0 °(E/Eifh®/tea2t4®xm1xzune hieormblpphdkd warm (g roeHympergird ad wasci d

E gr E I bm%%?%%ﬂ%’%%d\g“‘g;e L%@%@‘P aﬂdg cg'?'_% mlﬂuﬂﬁqaﬁ%c % %%deéfﬁ%}ﬁd car bani ¢

acid  pressure, 2-Amino-1-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl)-propan-1-one (6.0 g, yicld
15 100%) was obtained as a white solid. MS (M+H) = 207.

Step 4 (8)-2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl)-1-methyl-cthylamine

A mixture of 2-Amino-1-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl)-propan-1-one (6.0 g, 18.2
mmol) and BH; (1 M in THF, 110 ml) was heated to reflux for 48 h, then cooled to 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 (S)-2-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl)-1-methyl-ethylamine (4.5 g) as white
solid, yield 90%. MS (M+H) = 193.

Preparation 4: 1-Pyrazin-2-yl-ethylaming

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

N
N | Z ]
H3C S - H3C \N
N CH,CO,NH,, NaBH,CN
NH,

25 O

SCHEME E



tert-butyl ester To a solution of

(I -met hyl - 2- oxo- 2-t hi onor phi n-4-yl -ethyl)-carbam c acid tert-butyl ester
(5.0 g, 18O20M6P194i n CH2C 2 was added m CPBA ( 11.4 g, PAB/EPZ00Q6A44$8 at O
OC. The reaction mxture was stirred at roomtenperature overnight. Solids
were removed by filtration and the fil4¥ate was washed by Na S O and dried
over Na2SO . Sol vent was renoved under vacuumto give [2-(I],]I-

Di oxo- Hbaifﬂéﬂﬂfoﬁ*ofﬂtﬂ}@mﬁﬁ-pk}me'tlfanéney@)(}g mstmmb mammmmaatba(m@ 83agj d
tert- butg/ ester (5.6 (%ll Ci(%iO(V 307. g&? ii o- 1-(1
1-di o A68-5 Traph) immgthap (é%rrlbwa@» dfled sg)@l)lmpfryea pobygirign D078 11- 5ol h of

[ 2-(1, R}@Pﬁ ik Hﬁ@’?&@t@%&'{s&&w&mﬁ%@ oéfgr}ﬂ oht ht 1’68&1*1¥Jn98ra91¥§ A@ﬂéﬂéﬂnﬁva@ gfbamc

acid ter utyl ester was added
trifi umemhamoetwan:eraaﬁ) dﬂ)(\'&amd)dedtto Oe0SiduThadthactiltng mluttum wawbasifidd wed t o

warm t o rooméygg \ﬁﬁ st rred for @hor / E) renoval
O CroRgditiap© yiorifor & 2P UESORHOP S BN P LR e,
2- Am malém hoetiadlt fo@m'elcaﬁ%ﬁﬁ m%éﬂh&;ma@m@é Hfediovek hodilARaTatk: (R@fho@l@l ¥ the
yield 100% was obtained as a white solid. M ( I\/H—&gﬁ- 207. Ste
¥

) - 2- (1 JeDewxmdbt mdbad pdessusiadivndedHELG2rg df \rpyrarinrieyhsthyleming, micﬁ&S% YRt ur e

of 2- W gi | - di oxo- || anbda*6*-t hi onor phol i n-4-yl)-propan-1-one (6.0 g,
18.2 ;ﬁ)an 4BH( 1 Min THF, 110 m) was heated to reflux for 48 h, then

| ed d. hed b h d
Cinder BRI Pi2PREREOT H6PHP) AL GEHY Tt SR BT A el E St o
refq (}JX (vfe? l@r'ﬂimé%il ﬂgﬁlaﬂﬂ\ﬁé I- E?ﬂi’d’lﬁ-@ HndRflamaeu !—Uiﬂﬁl@mgﬁl YEethylamine, 1-(2-

(5)- oxo- | -t hi omor phol i n24-yl)-1 - rrethyl-ethylamne
(4.5 g)ﬂuaso ~plinty 8- @bylaM1neylé$-ﬂl®m@AphWSlX Hpmine] $34-nmtbangpd finghphenyl)-

2- h t od t
= gut PR B G SN e Sk B BGREH B, (R G Prkdth g eparat fon
| - pyr aziiiAnink,- ﬁ%}fl@z@m%zl(ealy@argme,lﬁﬂﬁ&l P9yPEthy RGN & B nidina-§1-ath@laiife, €37 g,

(6-methyl-pyridazin-3-yl)-methylamine, C-(5-methyl-pyrazin-2-yl)-methylamine, and 1-
15 pyridazin-4-yl-ethylamine.

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

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

O OH
o} OH o OH
Step 2
Step 1 [ ——
—— p-tolylboronic acid
L, Pd(PPh,), NO,
NO, H,80,-x80, | NO,
H.C
H,C
3 Y\Cl)
Step 3 o) NH  CH,
—_—
EDCI, HOBt Step 4
H.C MeOH,
3 Y\O/CH3 O snCl,
NH, O NO,
H,C
H,C
H,C 3

Step 5

CH,l,, isoamyl-
nitrate
I
O NH, O
H.C H.C




158.5 mml ) in nmethanol (50 m) was added sodi um cyanoborohydride (0.7 g,
11.1 mmol) in one portion. The reaction m xture was stirred overni ght at
room t enpEPIKEITAf t er renoval of nethanol, water (20 RCY/ERAYIAGHSH to t he
residue and the resulting solution was basifed by addition of sodium
hydroxi de to pH =13. The aqueous sol ut4bn was extracted w th dichl or net hane
and the conbi ned organi c phase was dried over sodium sul fate. Renoval of

t he solsgergMBIRder reduced pressure afforded 14.62 g of

| - pyrazin-2-yl-ethylamne, yield: 75% M (M+rH) = 124. Simlarly prepared
from t Re2PPRARRL-BLiBroBERLRAINd Net hyl ketones or phenyl nethyl ketones
were: [-pyridin-2-yl-ethylamne, |-pyridin-3-yl-ethylam ne,

- pyrl q"orh s‘&m}éE s@fumﬂl @mo'aﬁle rg:lfi’f gs of b%@@n&ﬁtﬁmﬂl FurBinB XL B %oid (250 ml) was

1- (3-Fl uoro-phenyl)-eth t hanesul f onyl - phenyl ) - et hyl am ne,

| -t hi eladc‘ﬂa-dym-mtrcb’gehm aed (64 6lgr,é)r8826ymm@}t)rgt fream t@nperature The reaction mixture

| - (5-ne

| -t M eﬁvag sLﬂw %El%%%% #e‘% hé’/%?rrﬂoﬁf%ﬁ‘qﬁl %az g{lﬁyﬁéﬁ]t et h @ure fgr hnother 12 hours.

(6-met ‘?a)éﬁbﬁi ﬁﬁtﬂreswé/s (goo[%ttﬁﬂcﬁm erature and poured 1nto ice, and the aqueous
C- (5-met hyl - pyrazi n- 2-yl ylam ne, and 1- pyridazin-4-yl - et'hyl am ne.

Pr epar abiution 7as Bxtrawtial- wHth dxehlwymtmctthptee @heozgamr Py hiag seperaged and washed with

(pr?eggf’ g‘?&ﬁ)é n& Pgﬁég}ﬁ*l?lﬁgg% The 1?% g‘telgsgﬂ% %?agggf) %_O %een was retm)ved

3-1 OdO wAdH rEdi&eQ%ﬂ?ser@ t@?l'eﬁil §[Q)d6 SSERIYOBQ&OMC\LH hoighf ydioeli eid(113 %, 9Bl
0.5436 mmol ) fumng sulfuric acid (250 mM) was added m nitrobenzoi c

aci (@8‘%6 S, (M)*f3)8“6694nml ) at roomtenperature. The reaction mxture was
slowy heated to 85 0OC over 2 hours and stirred at the same tenperature for
anot herStdi2 hdiiMethyliienitrednphamyl-ficatboxpliowasd cool ed to room t enperature and
poured into ice, and the aqueous solution was extracted with

di chl Omitﬁwd@oluﬁbﬁ oﬁBgedti S-nithatzazoiascid € pad & eil. &hmnmmwd@hglﬁ)m&érg, 2.0

M sol ution O Na 2S O and bri ne, d th d d Sal
removed- %@ﬁ}obrléé%@& Oéﬁ‘éé%‘{?ra@dtsg%li Oefleg‘r‘]“f‘}o %gﬁ)adgi\é‘ﬁpttggﬁﬁﬁ%% Q\é“i?gs
slight sgell QoHAhl g sdthliol of ¥4 &'k (18.89 ¢, 58.11 mmol) 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 phase was 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’-methyl-5-nitro-biphenyl-3-carboxylic acid as light yellow solid (97.2%). MS (M+H) = 258.

20 Step3 4’-Methyl-5-nitro-biphenyl-3-carboxylic acid (2-methoxy-1-methyi-cthyl)-amide

EDCI (16.17 g, 84.38 mmol) was added portion wise to a stirred solution of 4’-methyl-5-nitro-
biphenyl-3-carboxylic acid (15.49 g, 60.27 mmol), HOBt (11.44 g, 84.38 mmol) and 2-amino-1-
methoxy-1-propane (7 ml, 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 allowed to warm to room temperature and was stirred at

25  the same temperature for 14 hours. The reaction mixture was washed with 2N HCI, 2N NaOH,
saturated aqueous NaHCO3, brine, dried over anhydrous Na;SOy, 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 5-Amino-4’-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide

30 To a stirred solution of 4’-methyl-5-nitro-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-

ethyl)-amide (39 mmol) in 250 ml methanol was added SnCl, (117 mmol) in one portion at room



98% M5 (MtH) = 294. Step 2 4'-Methyl-5-nitro-bi phenyl-3-carboxylic acid To
a stirred solution of 3-iodo-5-nitrobenzoic acid (15.48 g, 52.83 nmmol) and
Pd(Ph P)4V0208H68794 1.69 mmol) in 300 ml of toluene andPSH/EFROZOcEBhanol
was added p-tolylboronic acid (7.87 g, 58.1 1 mmol) and a solution O Cs
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Sol i ds vver e filter e trate was washed wth saturated aqueous
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 dried over
anhydrous Na, SOy, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (ethyl acetate/hexanes = 10:1) to yield 5-iodo-4’-methyl-biphenyl-3-carboxylic
acid (2-methoxy-1-methyl-ethyl)-amide as a yellow solid (5.2 g, 83.8 %). MS (M+H) = 410.

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

25 methyl-ethyl]-amide, MS (M+H) = 513; and 5-lodo-4’-methyl-biphenyl-3-carboxylic acid
(pyrazin-2-ylmethyl)-amide, MS (M+H) = 430.

Preparation 6: 5-lodo-4’-methyl-biphenyl-3-carboxylic acid

The synthetic procedure used in this preparation is outlined below in Scheme G.
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to afford 4’-Methyl-5-nitro-biphenyl-3-carboxylic acid methyl ester (9.72 g, 92%) as light
yellow solid. MS (M+H) = 273.

Step 2 5-Amino-4’-methyl-biphenyl-3-carboxylic acid methyl 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 5-lodo-4’-methyl-biphenyl-3-carboxylic acid methyl ester

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

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

Similarly prepared was 2’-fluoro-5-iodo-4’-methyl-biphenyl-3-carboxylic acid methyl ester, MS
(M+H) = 371.

Preparation 7: 3-lodo-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl ester

20 The synthetic procedure used in this preparation is outlined below in Scheme H.
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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 SOCL(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 cooled and solvent was

removed in vacuo to afford 3-Iodo-5-nitro-benzoic acid methyl ester as light yellow solid (20.67

g, 99%). MS (M+H) = 309.

Step 2 3-Nitro-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester

10 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,0. The combined organic phases
were washed with brine and dried over Na;SO,. The solvent was evaporated under reduced

15  pressure and the resulting crude 3-nitro-5-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-benzoic

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

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

To a solution of 2-bromo-5-methylpyridine (1.24 g, 7 mmol), Pd(PPhs)4 (226 mg, 0.2 mmol) and
K3PO4(2.76 g, 13 mmol) in DME/H,O (5ml/1ml) was added 3-nitro-5-(4,4,5,5-tetramethyl-
20 [1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester (2.00 g, 6.5 mmol) under N, atmosphere.
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15 and isoamyl nitrate using the procedure of step 5 of preparation 5, to afford 3-iodo-5-(5-methyl-
pyridin-2-yl)-benzoic acid methyl ester, MS (M+H) = 353.

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

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

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

0 0 CH3
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Br !

° H,C
H C 3
CH,
SCHEME I

Step 1 3-Bromo-5-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester

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

mmol) were added to 50 ml of DMSO, and the reaction mixture was stirred at 80 °C for 20 hours,



Step 5 3-10do-5-(5-nethyl-pyridin-2-yl)-benzoic acid nethyl ester
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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.

Similarly prepared were: 3-Bromo-5-(2-chloro-5-methyl-pyridin-2-yl)-benzoic acid methyl ester,

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

(M+H) = 325; and 3-Bromo-5-(5-chloro-pyridin-2-yl)-benzoic acid methyl ester, MS (M+H) =

327.

20 Preparation 9: Trifluoro-methanesulfonic acid 4-isopropyl-[1,2.5]thiadiazol-3-yl ester

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

0 CH Step 1 S Step 2 S
3 e NN e N
S,Cl, (CF,S0,)0
H,N H CH, CH, CH,
= HO CF,S0/
NH, CH, CH,

SCHEME J

25 Stepl 4-Isopropyl-[1,2,5]thiadiazol-3-0l

Sulfur monochloride (13.27 g, 98.24 mmol) was added to 20 ml of dry DMF, followed by (S)-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



washed with water, dried over MgSO, filtered and concentrated under
reduced pressure. The residue was purified via flash chronmat ography (5:1
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The synthetic procedure used in this preparation is outlined below in Scheme K.
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SCHEME K

Step 1 N’-[1.2-Dimethyl-prop-(Z)-ylidene]-hydrazinecarboxylic acid ethyl ester

Hydrazinecarboxylic acid ethyl ester (4.40 g, 42.2 mmol) and acetic acid 60 um, 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 extracted 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

25  step.

Step 2 4-Isopropyl-[1,2.3]thiadiazole




met hanesul fonic acid 4-isopropyl-[1,2,5]thiadi azol-3-yl ester as an oil.
Preparation 10: 4-1sopropyl-[1.2.31thiadi azole The synthetic procedure used
in this pVepAAPYA is outlined belowin Schenme K. SCHERETEPZRO(H6GHSS

' -[1,2-D net hyl - prop-(2)-ylidene]-hydrazi necarboxylic acid ethyl ester
Hydr azi necarboxylic acid ethyl ester ¢(#-40 g, 42.2 mol) and acetic acid 60
um 1.0 mml) were added to 20 ml (excess) of nethyl isopropyl ketone, and
the m n mbeureas NSt[il )2- @iehetitylp mpmt)@memequeazmcarmxﬁmmm cthigitester (ADgnd.) was
added, and the m xture was extracted wth rreth Iene de The conbi ned
or gani &yl pagthionygbelloridgaFednindrmpedre | 2di11F]é18 Zﬁ@ ) veas St P TORE
concen c ressure. and
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. 2. 31t h adi azol e@ " fil
N -[ﬁ shiaridecangith ep%ﬁbltl%f Of;%ﬁl?lﬂéﬁtéic%‘gyaﬁ‘@é‘éﬁsh%‘i:‘éﬁ BoKyFi dicdover MeRPr Wiged
( 7.2 9and odnddiRiedd ﬁﬁ%rtr&i&&i/ bredtk @ Tilerchidde Whs cltoatdFRiphed (0% to 10%

-d| chl oroethane (100 m) was stirred at roomtenperature for 16 hours.
The r eﬁ@A@ﬁlemmts)Lm@waﬂ gorideisamapdd | dndthiadiazgiscsd fpslelation, 4emdt sat ur at ed

ot hy| SRR 0 SE I Mo et o b el T s ARG

brine, gglwagagb@ma1@/@5520ndﬁlabﬁ@{@ch@n§mq@acentrat ed under reduced pressure.
The residue was chromat ographed (0% to 10% Et OAc/ hexanes) to give 5.0 g of

4- i {ppf, Bt ZOR@hRiado -5 BINT 5kt @pyradind2 Jimethyl)-5-(5-
TI‘I% r@?ﬁl{%)ﬁ(o?{ go?lcﬁﬁ’([jrﬁo- %anblaa l§1§ [(I 2, 3??)%’{ aén azorflee % car boxylic

aci d etnmthylgytidn-2-yDibedzamidaas obt ai ned in a second fraction as a
by- product. Exanple 1: 3-(4-1sopropyl-

[ 1, 2. 3]Ttheissutihatzoprobeduird uddd (i tHieprepiratiyn aaiudinzd pelowt imdchete (5-

met hyl - pyridi n-2-yl)-benzam de The synthetic procedure used in this
preparation is out®g bel ogyepi1n Schemy L. 0.0
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SCHEME L

15 Stepl 3-Jodo-5-(5-methyl-pyridin-2-yl)-benzoic acid ethyl ester

3-Amino-5-(5-methyl-pyridin-2-yl)-benzoic acid ethyl ester (3.7 g, 14.45 mmol) was added to 50
ml of acetonitrile, and the mixture was stirred at room temperature. Isoamyl nitrite (9.7 ml,
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



SCHEME L Step 1 3-10do-5-(5-nethyl-pyridin-2-vD benzoic acid ethyl ester

3- Am no-5- (5-net hyl -pyridin-2-yl)-benzoic acid ethyl ester (3.7 g, 14.45
mol ) wasWaddePPW450 m of acetonitrile, and the m xt uPETER3008{0p¢48%d at
roomtenperature. Isoanyl nitrite (9.7 m, 72.27 mol) was slow y added,
foll owed by methylene iodide (7.0 m, -85.7 nmol ). The reaction m xture was
slowy heated to 60 OC for 30 mnutes, then cooled to roomtenperature. The
react i @epafit¥d, WBhotasithafatdr ah® bk, detwees Mases, farcdetndbnanet@tiendand t he

organi ¢ phase wasseparated, washed with water and bri ., dri ove SO ,
filter efluaehiPisomER nfb%@@éu%wa%Purﬂgﬂdwé&% grepriosraphy ??%tag,@?“@égetbd? %ied
by I'i quj,f.i 1039%. {50 ety an i el (VPrigi ve
R L e e e RV S R
Step 2=33684- 1 sopropyl -

[1,2, 31t hi adi azol -5-yl )-5-(5-nmethyl -pyridin-2-yl)-benzoic acid ethyl ester
A mxt @@ »f  33i(@d@plopybf NBBItladiays i HiyN-52c5ying thbEpyridin-2ad)-terebltydcidsthelr (367
ng, 1 mmol), Aisopropyl-[ I,2,3]thiadiazole (640 ng, 5 nmol), palladiumlI

t et r akic8€% r i phenyl phosphi ne) (35 ng, 0.03 mmol) and potassium acetate (196

my, 2 nmol) in 10 M of DVMF was warnmed to 120 OC and stirred for 16 hours.
The r edcmixsnrermifdtiodeSwdsmetbplmaidanad-y-benspisraciethylcsier (3p7dng.d mmed) fea

;ﬁ'vgm; gﬁggpﬁgﬁijﬁﬁm%& 1 QA G5 QBRSO AR m(P %t Risk DR AL SNES Ind ©

3- (4- i paprapwl)-dnl pdtadditiiieiarZ@b6 Mgy D hnrbolf i Miehhyt DME wdi wadnod th-1861C0i1 ¢
acid ethyl ester, M5 (MtH) = 368. Step 3 . .

3- (W @@% sidisgd for (16 homnst Fihg aragtion mextyro)was. qogledeind yrenygiredidiecslyprio $8Hsai ¢
acid A_mj,xtu - i SOD - o % i me of

1, 2, 3] tcmléﬁll a{a{l?cﬁq‘ E@%g&?'ﬁ@&&%ﬁgkragw |(Ooﬁ }10- lz%llE)t(-)ég/nhze é?%es)atg i gollvee%srg)yl g(gst er
(250 ng-(40is&Bopyidll 2,3 ]thidddazol-5FHF5 asatiod pyddine2-9hd€pzaindciticdrt] ¢ster, B151  of
2N aqueous_sol ution) was added. The reaction mxture was allowed to warmto
roomté%ﬁ)a?%% and was stirred for 16 hours. The reaction m xture was

concentrated under reduced pressure and the . ..
Step 3 3-(4-Isopropyl-[1,2.3]thiadiazol-5-yl)-5-(5-methyl-pyridin-2-yl)-benzoic acid

15 A mixture of 3-(4-isopropyl-[1,2,3]thiadiazol-5-yl)-5-(5-methyl-pyridin-2-yl)-benzoic acid ethyl
ester (250 mg, 0.68 mmol) in 10 ml THF was cooled to 0 °C, and LiOH ( 0.5 ml of 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 aqueous HCI to a pH of 6. The mixture was extracted with ethyl

20 acetate, and the combined organic fractions were washed with brine, dried over MgSOy, filtered
and concentrated under reduced pressure to give 200 mg of 3-(4-isopropyl-[1,2,3]thiadiazol-5-
y1)-5-(5-methyl-pyridin-2-yl)-benzoic acid, MS (M+H) = 340.

Step 4 3-(4-Isopropyl-[1,2,3]thiadiazol-5-y1)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-

pyridin-2-yl)-benzamide

25 3-(4-Isopropyl-[1,2,3]thiadiazol-5-yl)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-pyridin-2-
yl)-benzamide was prepared using the carbodiimide-based amide synthesis procedure of example
7 in published patent application US2008004442. Briefly, 3-(4-isopropyl-[1,2,3]thiadiazol-5-yl)-
5-(5-methyl-pyridin-2-yl)-benzoic 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 (MgSQO,), filtered and concentrated under reduced pressure. The resulting



residue was acidified with 3N aqueous HCO to a pH of 6. The m xture was

extracted with ethyl acetate, and the conbi ned organic fractions were

washed wiWA 281/0¢&794dri ed over MgSO , filtered and conceRCTAPIYIOAISS

reduced pressure to give 200 ng of 3-(4-isopropyl-[I,2,3]thiadiazol-5-

yl ) -5-(5-net hyl - pyridin-2-yl)-benzoic-3tid, MS (MH) = 340. Step 4

3-(4-1sopropyl -

% 2, 5?] Eékﬁc&ﬁiv@ﬁqiuriﬁe&’ hja- ish Dhioeianydraghyrta zives 4yisoped ] ) 23] thBdieed h§HyDyN+ di n-
yP enzam de

3- ( 4- | $oPIEPY YA im2-3]methabnSaP oneByppyridip-2er)Rezgmidsy M MIH) Giddat nyt ) - 5- (5

- met hyl - pyr| d| n-2- yl)-benzam de was pr epar ed usi ng the_carbodiim de-based
am de Hxa a2 0F-00PN Py E ,-" " 0L THICE I M a8 B ey MG BV ®) i on
U82008004}ff4}2 Br i fl 3'11(1 -1 sopr opyI [I 2, 3] t hi adi azol -5-yl) -

5- (5- &nzoi ¢ aci d,

C (5 hyl razin nmet. hyl am n \er e added to
net Iﬁ/”grlt]i‘@ Wﬁéﬁ Qf@ce‘éﬁqvj %’ﬂénﬁh%/ fﬁPaéaR}%PslsSP*lP’F@gEﬁSW 15“%8 IP%rrperat ure for 16
hours, then wasopartl ti oned between water and net hyl ene chl oride. The

conbi ned organicC aYeH,;s weiteg 1dr i edo4M¥SQ,), fisurered and Cﬁ%é@t ed under

reduced pressure._ _The resilstaupgr esi d e was pum fi via flas

chr omat ogr aphy i ve3- PaR(Prshpr opy , 2, 3]‘T‘t i azol -

(5- net hyl - py Wyl met hyl ) - 5- (5hy| p i Ne- yI) de, M5 (MrH)
= 445. EX : 3-(4-1sopry SnBu, TfO =

. 2. 51t - 3-yl UN- (5- mephyLnpyr azi n- 2- ybareeyy | VSN o=y

nmet hyl - 6yr| di n- 2- yl)- benzdht de "The synthetic proced*&uore used i°n this
preparation is outlined belowin Schene M SCHEME M Step 1 CHs

3-(5-Met hyl -pyridin-2-yl)-5-tripropyl stannanyl - benzoi c acid nmethyl ester

Fol | ow ng generally the procedure of J . Med. Chem Vol. 59N 7)

3380- 3387, 3-iodo-5- 0§ atet hyl - pyridjn; 2-yl)-benzoic acid netl yl ester

(0.619 g, kg5 nmol ), aIIadl um-l—l—t—eﬂpakl-s(trlphe . sphifie) (0.205 g,
Qut yl t|n(7 g, 12.28 mm)) in 15 m toluene was

0.175 mmol)_antd bis t
15

heated to 1 0oC for ours wits i rrimg. ¢ j on m xture was
cooled to room teny /éi'ng ice r \Wis added Xt ur e was
extracted with 's

H,C

SCHEME M

Step 1 3-(5-Methyl-pyridin-2-yl)-5-tripropylstannanyl-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-yl)-benzoic acid methyl ester (0.619 g, 1.75 mmol), palladium II
tetrakis(triphenylphosphine) (0.205 g, 0.175 mmol) and bis tributyl tin (7.126 g, 12.28 mmol) 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 MgSQOs, 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-(5-methyl-pyridin-2-yl)-5-

tripropylstannanyl-benzoic acid methyl ester.

Step 2 3-(4-Isopropyl-[1,2.5]thiadiazol-3-y1)-5-(5-methyl-pyridin-2-yl)-benzoic acid methyl

cster



conbi ned organic extracts were washed with water and brine, dried over MySO
, filtered and concentrated under reduced pressure. The residue was
purified WP20IW8MW4chr omat ogr aphy t hrough silica (12:1 BEOARRHERHHEE) to
give 0.891 g of crude 3-(5-nethyl-pyridin-2-yl)-5-

tripropyl stannanyl - benzoi c acid net hykS%ester. Step 2
3-(4-1sopropyl-[I,2,5]thiadiazol -3-yl)-5-(5-nethyl-pyridin-2-yl)-benzoic
aci d mefithym elslbedd-ot dmi4umn aab ipallddiem (DtcB9Kis@iplrnglippasphact) (01048 g) were
tetrakis(triphenyl phosphine) (0.048 g) were suspended in dry, THFE unde

ni t r og&WSPERIRSSPIEY ﬁHFT@d?IPﬁléO%@s%’é‘ﬁﬂ?q@FF- s thifpaRpngio 3y %ﬁtaﬁé%i polgtion of 3-
(5- Met hyhg oy di-5 2 Ry L WidDREROI Gt 0 856BL NYY nRRIILT
(0. 656 (5 R e B R SR g o6 >

4- i soprapitifijoro-ZcHjanbiudidnazeid Sisppropyt-Bl,2,6Phiadiagy - Dylosger (986 &, §.A4B5mmolpf
dry THE. The reaction m xture was heated to refl 70 urs..The
react i 6ho ﬁl’inﬂfGFﬁéﬁ?&gs L}@S &asHoR Hll’ftBWi‘sel}?ﬁ@dg? E]&I%’thﬁﬂg(%%u%aﬁlg? 1re\?\llglt.éonadded.
After QngmRowhs EfedfoXbitheeMfSaid SRIGEEHattt Hias BidAC Aamd ohdBowaR® hivadre
organic layers were washed wth water, dried over M\ySO, filtered and
concentwaakstaatertieith EeQdc eud Preavsbined oTganic byerd werevgshsd ryith wefessidsicd pxerh

chroma p 7:1 Et [ hexamnes),to,qgive 0. . .

3-(4-i g\@%@b%?‘%ﬁ,aﬁ&ﬁﬁ%ﬁggfg% ef{é%%’(—i 8]56-5 s(ugg‘né}tl%lfleflfalﬁél)&via%?%@%e-dﬁf -ﬂﬁsehnzoi c
aci d nehinthat@shsiy (178 KigrdhcxaRbhto $V€0.138 g of 3-(4-isopropyl-[1,2,5]thiadiazol-3-yl)-
3-(4-1so ropt% -1I', 2, 51t hi adi azol - 3-yl E-S-(S- met hyl -pgri di n-2-yl)-benzoic
aci i FéH(Sowe gl-méiuprﬁosdbh@nzelc(ﬂmdsmé%ly estir, M) 1 354
3-(4-isopropyl-[I,2,5]thiadiazol -3-yl)- 5-§5- met hyl - pyri di n-2-yl)-benzoic
aci d mStdpd esd<4-Isomsonyit.215thadiazel- By H-( Ssmethyhpyridin-2-yl)-benzoic acid

[1,2,5]thiadiazol -3-yl)-5-(5-nethyl-pyridin-2-yl)-benzoic acid, M5 (M+H)
340. StReplowir}:-thd ptexeuropyhtep 3 of Example 1, 3-(4-isopropyl-[1,2,5]thiadiazol-3-yl)-5-(5-

1. 2. 51t hi adi azol - 3-yl ) - N-( 5- et hy - i n-2-yl net hyl ) - 5- (5- met hyl pyri di n-

2.y P) - D88 oD chiRl D T Bt 8 oo GobEeE oot Ekapre T,

3-(4-1 ?,Efsgma!die{zbl-%y@ﬁ-@-ﬂféittg;f-%&r—iémyi-}r)?b-eﬁﬁﬁc REYH.hVIK-(WWHNOE BA@- Y1 ) - benzoi ¢
s th C(5- net yl)

reacted w

aci d
3-(fei
1121 ]

yl - pyrazi n- 2-
- 5]thiadiazol-3-

-nmethylamne to afford

pyridin-2-yl)-benzamide

Following the procedure of step 4 of Example 1, 3-(4-isopropyl-[1,2,5]thiadiazol-3-yl)-5-(5-
methyl-pyridin-2-yl)-benzoic acid was reacted with C-(5-methyl-pyrazin-2-yl)-methylamine to
afford 3-(4-isopropyl-[1,2,5]thiadiazol-3-yl)-N-(5-methyl-pyrazin-2-ylmethyl)-5-(5-methyl-

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

Example 3: 4’-Methyl-5-[1,2.3]thiadiazol-4-yl-biphenyl-3-carboxylic acid (2-methoxy-1-

methyl-ethyl)-amide

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



2-yl)-benzam de, M5 (MtH) = 445. Exanple 3 : 4'-Methyl-5-[T,2,3

| t hi adi azol - 4-yl - bi phenyl - 3-carboxyric acid (2-methoxy-I| nmethyl -

et hyP) - alWO0IH¥I%Ynt het i ¢ procedure used in this prepaP&TEFRNOHHEE | | ned
bel ow in Scheme N. SCHEME N Step 1 5-Acetyl-4 '-nethyl-biphenyl -3
-carboxylic acid (2-nethoxy- 1-nethyl-8t-hyP-am de To a stirring solution of
5-iodo-4" - net hyl - bi phenyl - 3-carboxylic acid (2 nmet hoxy- 1-nethyl et hyl) -

amde (1.0 g, 1FQ 3 Chit anhydrous DV were oelded Lid (520 ng, 5 eq),
Pd2(dba) 3 (18. 34 1.5 eq DI PEA (0.8575 n?, 2 eq) and acetic anhydride
(1.1636 nm, 5 ef ’t‘ roo e, @udNthe reactsjt@r)g m xture was heated

radi ati gi@dnnddpfe 0C for| one houmctl on m xture
BYOAC, andldbhie or gani c tayer wag,seRal a ted, washed with
ed over anhydrous Na il¥er ed and concentrated in
g was purified by T™hasShN€0MNgAN chr omat ography on silica
et hyl acetate (8 0 2:1) iygiving 5-acetyl -

under n crowave i
was diluted wt
wat er and brj ne
vacuo. The

gel with B

" - met hylsCbi phenyl - 3 - car boxyl i B,cac™ (2- met hoxy- 1-met hyl et hyl)- ami de (538
ng, 75 %, MS (N%FD = 326. Step 2

5- (p-tol uenesul fon Ihydra2| doacetyl)-4'-net hy|bi en}ﬂ_. 3-carboxylic acid
(2- met hoxy- 1- mbk ph§t-ami de” To a stirred Spl udon’ of 5-acetyl -4

- met hyl - bi pheny -3 L carboxylic acid (2-netho
ng, 0.554 mol)

40l ved in 5 mggfs ethanol whs added {ptolylsul fonyl)
hydr azi de (108.6

0. 554 mol )—=ant-t he rea on m xture was refiuxed for
2 hours. Renpval sol vent underS®:€duced pr @ e gave crude

-NHL- net hyl et hyl ) - am de (180

5- (pt ol uenes dramj doacetyl ) - 4" - sty Fphesyl - 3-carboxylic acid
(2- met hoxy- g 1 I)oamde whi ch usedfo next step directly.
Step 3 4'- | - 5- | I\RLS,],B i agi azol& hi phenyl “3Ncar boxyric acid

(2- et hB'X%/- I- nmet hyl et hyFP}' Neat 't hi onyl chloride (7 m) was cooled in
an ice bath and 5-(p-tol uene sqy| hydr azi doacet yl ) -
3

SCHEME N

Step 1 5-Acetyl-4’-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide

To a stirring solution of 5-iodo-4’-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-

5  ethyl)-amide (1.0 g, 1 eq) in 3 ml anhydrous DMF were added LiCl (520 mg, 5 eq), Pdx(dba)s
(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 in vacuo.

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-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-
ethyl)-amide (538 mg, 75 %), MS (M+H) = 326.

Step 2 5-(p-toluenesulfonylhydrazidoacetyl)-4’-methyl-biphenyl-3-carboxylic acid (2-

methoxy-1-methyl-ethyl)-amide

15 To a stirred solution of 5-acetyl-4’-methyl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-
ethyl)-amide (180 mg, 0.554 mmol) dissolved in 5 ml of ethanol was added (p-
tolylsulfonyl)hydrazide (108.6 mg, 0.554 mmol), and the reaction mixture was refluxed for 2

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



4' - met hyl - bi phenyl - 3-carboxylic acid (2-nethoxy-I|-nethyl-ethyl)-amde from
step 2 was added in one portion and stirred for 20 m nutes at room

t enper at IWE.2010/9Pdact i on mi xture was heated to 60 OC f BET/EPIAHHT4ES and
then cooled to roomtenperature. The thionyl chloride was renoved under
vacuum and the residue was extracted wha-h Et OAc. The organi ¢ phase was
dried over Na SO, filtered and concentrated in vacuo. The residue was

puri f i esludnesilfasihydedzidvace i) anaicoigylapthenon3-sidbbedicgeld (2emuthbryg 1 wiethyl-

n- hexane - ethyl acetate %2: 1) to give 98 ng of 4'- nethyl-5-]

1, 2, 3] ehiyAcmRigde Phichwasgisph Eyiexastedisisiy i ¢ aci d (2- met hoxy-

1- met hyl - et hylé)r- am de as a slight yellow solid (yi ?J
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vari ou I ut e. ar for I e as shown i nhe foI Io n abI es. "Ati e
i ngr edigt@@ﬁmo@"mti ve conmpound” as used in the Tabl es neans one or nore of
t he conpounds of. for a.l . Composition for |, Adm nistration T
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sol ventin sucportien ped stires] for Fhminusesalire@mn érmpesatifee A helFaaetdoamextpis rrasdictse o
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tab ot BT 8 "SRy Insh o e & PRt aTRoHRho i dARR SREL 8
m xed ty@adéoratingn Shé ARNSIIME WY cxbfaddcd adih FiOstd. aflicangarfapleist enadritdovatl at i on

The active ingredient is dissqolved in a portion ofﬁ%};e aﬁ? er for injection.
A sl f N8R ftgeadtandypongengater drn afi0o F pereesiduc pas RUEierely oyt ring to
make t ' [ sof:oNni.G. 1 IS b9 \Webghbgswid dr4°he
remain %O%g#%h@}m%fsgﬁ%n%?’ eih-}llzjﬂ%c‘??%# ,hle?ﬁet eertg%ddt% %ﬂ#%u(gh )‘é@%@z m cér on
methyl-5-[1,2,3]thiadiazol-4-yl-biphenyl-3-carboxylic acid (2-methoxy-1-methyl-ethyl)-amide

as a slight yellow solid (yield 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 % wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

20 The ingredients 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./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%




menbrane filter and packaged under sterile conditions. Suppository

Formul ati on The ingredients are nelted together and m xed on a steam bat h,
and pour eNO2at06AHds containing 2.5 g total weight. ToBCEAP2¢8{0pa#B&t i on
Al'l of the ingredients, except water, are conbi ned and heated to about 60
OCwith stirring. A sufficient quantit§/-of water at about 60 OC is then
added with vigorous stirring to enulsify the ingredients, and water then
added [ qasos@bout 100 g. Nasal Spray Fornul at|i7en®,Several aqueous
suspersj_ans_wmaj_m_%g;Lam_abnut 0. 025-0. 5 1percent—acti-ve—conpound{are
pr epat &Y Pa@olyygipysiolidined or nul ati ons. The fd rmifat i ons optionally contain
i nact irve TTgredrents sucht as, O0r example, mcrocrystalline celTulose,

sodi um car boxynet hyl cel | ul ose, dextrose, and the |ike. Hydrochloric acid
may be Thd degtedienta dieusmbitdd Mt ermasadd m@g/sdlmmudtasmhm bhe femulagipad

i cr or iy Bredabd £ e s BRER (tRifraabetied liadfo Being BanEBhen 1< 2.4

sprays aﬁﬁﬁ%gl}im@t%th@é&hﬁm% KI cells were transfected with cloned rat P2X3
or human P2X2/ 3 receptor subunits and passaged in flasks. 18-24 hours

bef %redogggghbﬁgg%&?Ad%ﬁEmt‘fo%' I's were rel eased fromtheir flasks,

centri resuspended in nutrient nediumat 2.5 x 105 cell . The

cells \lngledmhtquot ed into bl ack wal | ed 96 vvele]l_@!r, es at a densi ty of

50, 00Q—eeH-stweHH—and—+necubated—overnrght—i ?pow at—370€—Orthejday of
u

the exp¥fiVaEHPPORd| s were washed in FLI PR Huf P& (cal cium and maghesi um

free Hapkaschahanced salt solution, 10 mM HEP§S,g 2 MM Cad , 2.5 nM
probenec‘l d; FR\ Each well recejived 100 m EB and 100 1 of the f/ rescent

g

dye FI @@dlvmﬂcmlqrziemvl final cone.]. After a1 hadre dye | oadi ng i ncubat)i on at
370C, 1t were wastied 4 tTmes w tir FB; a finat 75 m/wel T |FB was
left i rMah@IPara%Fﬁl Test conpounds (di ssol ved 9Hgl%!VBO at 10 M and segrially
di | ut erypyl parkin or vehicle were added to eacbOﬁ/gII (25 m of a 4X

sol uti nn\ and allowed to nqnl H-brate—for—20 OH

‘Granulated sugar e ”2§§" es—at—room
Sorbitol (70% solution) 1285 ¢

Veegum K (Vanderbilt Co.) 10g

Flavoring 0.035 ml

Colorings 0.5 mg

Distilled water q.s. to 100 ml

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

Parenteral Formulation

Ingredient % wt./wt.

Active ingredient 025¢

Sodium Chloride qs to make isotonic
Water for injection 100 ml

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 under sterile conditions.



tenperature. The plates were then placed in the FLIPR and a baseline
fluorescence neasurenent (excitation at 488 nm and em ssion at 510-570 nm
was obt aiWeRTde9Pd seconds before a 100 m /wel |l agoni sPCHEPIER06G4ES
addition. The agonist was a 2X solution of a, b-nmeATP producing a final
concentration of 1 mM (P2X3) or 5 nM (¥X2/3). Fl uorescence was neasured
for an additional 2 mnutes at 1 second intervals after agonist addition. A
final addition of iononycin (5 mM final concentration) was nmade to each
wel | of the, FLI PR t?st plate to establish cell viability and maxi num
fluore nd cytosolic calcium Peak fluorescence in response
to théy fdn®n Of a, b-nmeATP (1 n the absencd qngh gfesence of test
CorrpoLm%S nmeasured and inhibition curves generated using nonlinear
regr es ficoive iﬂg@fl@&t a standard P2X ant agoni st|, 1.{%&s used as a p05| tive
cont r ot=——Ysinmg—the e—rocedure—conpound u0 the  Tnventiom exti i t ed
act i vi £ lﬁg}yﬁ%ﬁﬁlw;§0®ndpP2X2/3 receptgrs a;Ms Own in Table 1. Example 6:
I n vi Q’Oﬁ%ﬁ@y@nﬁ%ﬂyﬁﬂdjﬂm and Lung Function BA4¥°6J mce are inmunized with
idard i mruni zat

a st ar tion pr otocol — Briefl VA m-ce (!“;8/ g Oup) aro | Ini zed

Ul o LI %]

i.p. with oval bum n (O\/A 10 ng) in al umon days 0 and 14. Mce are then
chal | e%%qn%\’bcglgntggfe%&{édztg%éﬁ%‘(%nﬁMecp@n de¥ard bltthagﬁd %rec?\ﬁftdrﬁfofdsr ecei ve
vehicle (p.o. a conpou of the 1nvention ( 00ng kg p.o.) all starting
on day caftalnimpg?.5 grtotal wnighs eval uated on day 23 using the Buxco systemto
measure PenH in response to an aerosol nethacholine challenge. Mce are

t hen edtdpani E@thwdnidnpl asma sanpl es col l ected at the end of the study.

Exanple—7— Vol une | nduced Bladder—ContractiagrAssay—terale—Sprague-Dawl ey
rats (J20gcedifnty) were anesthetized with uret k@’ﬁ"é“il 5 g/ kg, sc). The
ani malisy, E?oﬁlfagtﬁﬂfeowm Zzed, and a carotid drgeny and fenoral vein were
cannul at e or od pressure neasurenent and drug administration,
respe¢tSpueb. A | aparotony was perforned and Z2he ureters were |ligatled and
tranS’C.It"e'én O+ ||u= +o the I i gatl ot Thb U)\t% Ildi il Ethl di meatus

Mineral oil 5

Petrolatum 10

Methyl paraben 0.15

Propyl paraben 0.05

BHA (butylated hydroxy anisole) 0.01

Water q.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 is then added with vigorous stirring to emulsify the

10 ingredients, and water then added q.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, microcrystalline cellulose, sodium carboxymethylcellulose, dextrose, and
15 the like. Hydrochloric acid may be added to adjust pH. The nasal spray formulations may be
delivered via a nasal spray metered pump typically delivering about 50-100 microliters of

formulation per actuation. A typical dosing schedule is 2-4 sprays every 4-12 hours.



was |igated wwth silk suture and the urinary bl adder was cannul ated via the
done for saline infusion and bl adder pressure neasurenent. Follow ng a

15- 30 mi MOSOHYWHIi zati on period the bl adder was i nf us@ETEPEHWIN6HRS
tenperature saline at 100 m/mn until continuous vol une-induced bl adder
contractions (VIBCs) were observed. Th#-infusion rate was then |owered to
3-5 mM/mn for 30 mnutes before the bl adder was drained and allowed to
rest f @xagplebnrIesP2d) ;| FIIRRYElidesthetiioimsgionBlancReadosrAsayred as i ndi cat ed
except the lower infusion rate was nmaintained for only 15 mnutes instead

of 30 ngNOLEes cclB weldefandfbdtbd Rahanthed k@I RN Gr GO P2XEY Recé@peaianitiuid | the
threshol d volunes (TV; the volune needed to t re:ngger the first mcturition

bl addepassegrdrindtaskm) 1 Sv24 hats bsforedhe FLHE exroriogenh celswyeigdplserdfiopg thsisel i nes
and contraction.fr ne i thi - k 5 I i eriod
ol 1 ovitey FatEnpRE AT ARt Bied ek SRR 8555 OB LA EheColIRbErfict
est apl aifigded o bhaddarcdas witlplaedatanitnsityeo 0,008l celle's/ cll aae thonbathd dr ug or

vehicle (0.5 m/kg, i.v.) 3 mnutes Frior to the start of tge next
schedulosemight is5%1. 0% 3MpCe @ theglawaf the epasrimentsealls perewahed g ELBRpwiferr at s
(180-220 are. placed in indivi I [ : cdiﬁp n I d,t

accl i ré?aé‘g{’%l' f"ﬁ%%fl %éis}ur%%eeﬁ\gﬁ P%r%i)g% C@osgﬁ?glu%ﬁﬂ’. 4 e |§E§F§d?&%4 OC% \6%6% iS?i ve
contr 0|nﬂ(([33?6153ﬂ%ﬂ@; BT 468w dlISreasdvadni (it @ Pl ars oo v el otesgbntd el Flkg 3 15

m n post dosing, formalin (5%in 50 M) is injected into plantar surface of
the ri ghl [RiuM fipalwouns.i.nftar 226hgadye loadig iscubrbiens atat i8Ci thwdilavercyvashed dack
to the observation ch .. Mrrors placed aroynd the chanber allow
unhithadimsy Vﬂﬁlslsel?’\ﬂé‘filaoff*afgg% Pll’@’ehg%rﬂﬁqp]ﬁﬁilﬂf%%végppaw The duration of

noci phensi ve behavi or of each animal is recorded by a blinded observer

usi ng drestaepmmeanda(diseniaed By AMSQ aek0 mM Hubavielly ditytad wahd B aREMEle/YIE £ ti ng
are recqrded separ i f 0 . I n: of

i e Spone FreSir oG ddgh g Wil Ana y B0y R kLbRiye 1) 20 ARG AR e e
t he eanénip@hase Thehersasert tenlpiicep rathe HLSPR akén baslinb dustesccnte seeometsers pent
| i cki ng or shaki n% from15 to 40 mn. I'lb\mfl asnma sanple is cc()ilslbg{:ét ed

excitation at 488 nm and emission at 510-370 was obtained for 10 secon rea 100
15 pl/well agonist or vehicle addition. The agonist was a 2X solution of a,f-meATP producing a
final concentration of 1 uM (P2X3) or 5 uM (P2X,5). Fluorescence was measured for an
additional 2 minutes at 1 second intervals after agonist addition. A final addition of ionomycin
(5 uM, final concentration) was made to cach well of the FLIPR test plate to establish cell
viability and maximum fluorescence of dye-bound cytosolic calcium. Peak fluorescence in
20 response to the addition of a,3-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 P2X5 and

P2X,; receptors as shown in Table 1.

25 Example 6: In vivo Assay for Asthma and Lung Function

BALb/cJ mice are immunized with a standard immunization protocol. Briefly, mice
(N=8/group) are immunized i.p. with ovalbumin (OVA; 10 ug) in alum on days 0 and 14. Mice
are then challenged with acrosolized OVA (5%) on day 21 and 22. Animals receive vehicle
(p.o.) or a compound of the invention (100 mg/kg p.o.) all starting on day 20.



Exanple 9: Colon Pain Assay Adult nal e Sprague-Dawl ey rats (350-425 g;

Harl an, Indianapolis, IN are housed 1-2 per cage in an aninal care
facility WRHHW/WPW4deepl y anest hetized with pentobar bi t RECTEFAIRPES g/ kg)
adm nistered intraperitoneally. Electrodes are placed and secured into the
external oblique nuscul ature for el ect¢®nyographi c (EM3 recording.

El ectrode | eads are tunnel ed subcutaneously and exteriorized at the nape of
t Ihle neg]&né @inctivh W@aaﬁ?am. da&fzg eisingUh@Buyco syaties tarmecahae PedHse paspatselty aand
allowed to recuperate for 4-5 days prior_ taq testing. The descendi ol on
and r e@eignelanehaphe ingehedonge. dylice arr ther syhiuradend I SiaHW?eéfco CeREGAIRE | o ng
f 1 exi bl, dégﬁ§§ugglloon tied around a flexible tube. The balloon is

| ubricated, Tnserted into the colon via the anus, and anchored by taping

the balg om¢R Uoh £l 1hA, LI%RARP B LBy Ly Col orectal di st ensi on (CRD)
is ach _ = _ _ I gnstant pressurelalr
reservojr. racalonj c pr i.s contr .ed, a ti j d
by 3 preEel PR er chalt BB S MRt P iR PhE D oy Al or
r eSpongRinfafMRtre tRicRENAbMBRH] DA aQfardtiicarfREoid RaloraRdinhi&d lchitulared foulbasodr e.

EMS activity produced by contraction of the external oblique nusculature is
quant i foressurg shaasprepickiedsisng sdmiaistration respgetivele cA dapratome ayag Ryt fomgdpnd

distengjon trial lasts 6 c : [ Vi [ I sec
bet or o 1 BEGHuT B Eadan ajeccisf BniSl3e ihibp, Tu MRkl R hodd, B

di st entynigatbevitbnGikeatee kit thetugiharydRier @hs canoadedic tniosmedur balige

di st ensi on above baseline is defined as the response. Stable baseline

r esbbndlysipn awRbladde prosgure40eagygment- nr nHy, 20 seconds, 4 minutes apart) are
obtai ned in conscious, unsedated rats before any treatnent. Conpounds are
eval uatfetlowing atF-8¢ minwn stabiigatinnersriod tewbladdedivgs anysedivithioonniemperatirg nodel

or oducedisy D FLebt Ghop B Rt o Aoy iR P RPSIIEMBEAY (o111 e
Into t r&%s&@%d? rnidsien SAY 3AE tHAR 88\ & el RS 85 84nih FordB (FRRtuRes Ve fcB et b &l den

Experinmental groups wll consist of 8 rats each.

was drained and allowed to rest for 30 minutes. All subsequent infusions were performed as

15 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 basclines 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 ml/kg, 1.v.) 3

minutes prior to the start of the next scheduled infusion.

Example 8: Formalin Pain Assay

Male Sprague Dawley rats (180-220 g) are placed in individual Plexiglas cylinders and allowed
to acclimate to the testing environment for 30 min. Vehicle, drug or positive control (morphine 2

25 mg/kg) is administered subcutaneously at 5 ml/kg. 15 min post dosing, formalin (5% in 50 1) is
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 each animal
isrecorded by a blinded observer using an automated behavioral timer. Hindpaw licking and

30 shaking / lifting are recorded separately in 5 min bin, for a total of 60 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



Acut e visceral nociception: For testing effects of drug on acute visceral
noci ception, 1 of 3 doses of drug, vehicle or positive control (norphine,
2.5 ng/ kgyoanw/mamini st ered after baseli ne responses ar @CegPamiosdIssl;
responses to distension are foll owed over the next 60-90 m nutes. Visceral
hypersensitivity: For testing effects-6f- drug or vehicle after intracol onic
treatnent with zynosan, intracolonic treatnent is given after baseline
r eSpoNgAgscat eakes hadk sshed seddnt®spchPlickinot @8kinagront 18P, A papAASes to
di stension are assessed to establish the presence of hypersensitivity. In
zynosanamplsas eeflocteds, admini stration of 1 of 3 doses of drug, vehicle or
positive contgol (norphine, 2.5 ng/kg) are given 4 hours after zynpbsan

ta nae PaaeALS

Example 1 f-CbIdiaIIodynia in Rats with a Chronic Constriction Injury of

t he ScifatultomiNe Speaghibdaefléeeitss(360-426 gpHurias [ndiaddpbEs, i INY eretliomsedoh2 pot chge

all odyni a are determ. ned using, the chronjc, constriction injury, (CC). nodel
of meurbpapmmal gF faGiliyr Bats arqgeeply a0itietizey Wa@meatOfégfbHélasggr%¥45ﬂnaﬁ<g>

col d-valiefiniQafd i ri?on%ﬁga'me&t%&s hiQRkccandd Wahedd i@t the SRRE %lic%teS' 2.0 cm
and a tenperature of 3-4 0C (Gogas, KR et al, Analgesia, 1997, 3, 1-8).

Speci f innakchiptur©@ir clacaid myagreplin €EMedtreceding t Blectradefleads ard twnnedéd t he sci ati c

nerve is | ocated an l.i gatures (4-0 - ' t I d
Ci 1 canPPRREIEaITY 15 GURTEAG S Or AT 08T Pe R et AR FiFed et 6.
The ratigygidachhreRiydldoiB el @ FREPMEE b LNdaRE TG eSMng. On days 4-7 after
surgery, the rats are initially assessed for col d-induced all odynia by

i | S . p ] . h
I'n 1(?’ ! ?Jﬁ% deyceghfg\%'ceﬂ)nf[alﬂﬁ r@d?ﬁrﬁ%lre;dlkﬂ%n&éaeoﬁﬁkguwcﬁﬁmg@% ?1ﬂt%flgn beg orsdifighdghe

tota ts o e injured paw during a’l-mn period Ime: The injured
paw i s flexflebtaxiallobn tibkannatd s flefaile thbd. (The ds Bowi atduioaicdhinkeotedrintoitber or

body repopsitiqgning are nqt recorded. th di ayed lifts-per mn
nor e oﬁoggfnﬂt 2?@%@8&?W8m§ e?pmﬁﬁﬁfgﬁﬁ@Pﬁﬁ%QﬁféﬁhaﬁﬁFﬁﬁ?m%%ﬂdcﬁPF% nigr
and ar giy§Rtn (@@3% SEHERY bSdpehias a sbltnbiIzadCidtaoonktdati R 8ssuati ©b&voir.
reference conpound or conpounds of this invention are adm nistered

subcut dneeedinjc preswirg is3onid iedyet spatinusyslymponitpred f 4 priessiroeontop davied
GorLe RAROAEN Glnliee SRR KPS mRler FirRnf HSR). HoRlatifBnh ihd ANGHii 3R
hindlimb musculature. EMG activity produced by contraction of the external oblique
musculature is quantified using Spike2 software (Cambridge Electronic Design). Each
distension trial lasts 60 sec, and EMG activity is quantified for 20 sec before distension
(baseline), during 20 sec distension, and 20 sec after distention. The increase in total number of
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 in

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  treatment with zymosan (1 ml, 25 mg/ml) instilled into the colon with a gavage needle inserted

to a depth of about 6 cm. Experimental groups will consist of 8 rats each.

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/kg) 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 is given after baseline responses are established. Prior to drug

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



oral dose of the followi ng reginen: oral (p.o.) admnistration of vehicle,
reference or a conpound of this invention at ~12 h intervals (BID) for 7
days. ExaWpI1281000p979%ancer Bone Pain in C3H HeJ M ce The ELTEPRYPIFF648Hnpounds
of this invention on bone pain are determ ned between day 7 to day 18
followi ng intranedul lary injection of -6472 sarcoma cells into the distal
femur of C3H Hed m ce. Specifically, NCTC 2472 tunor cells (American Type
Cul t ur @yf&kdneleivitgnin ZAXKORIn-trpdted fady) allinirsdioiion bb 1 o6 B nobostaf drige stitols orn bone
after intramedul lary injection, are grown and _nai ntai ned accorqigg to ATCC

r ecommBAYEYS esrol ppIPBIierRd eng/ka)oee BRER & hares Aflsy BEPRN dicRERf § PR PR
medul | %xisfeﬂyibﬁgol}g)fwgg*ym%mhtétneJa ROy mihitegnest hetized C3H HeJ mi ce.

Begi nning on a he mce are assessed for spontaneous nocifensive
behavi ; ARG A9 KE6h IRGHOF AN Y& RAGaYE Or S
(;Ilnc e d ) | use. e effects
of co un of .this inveption are determ.ned follow ng a single e

O e b B S a ISR B gk Pl

r epeat egnd Rl AR (TSt hdtdePoY b FPIRAIPLS i1DFatd, Ribsrd ddtEMMdd9Rialis efalayd i -

day 15 are determned within 1 hour of the first dose on days 7, 9, 11, 13
and 15 .2 cohd-watet heth pridsemetai-plagntioasingd agitasab p deiB of il Hed 0 Wit W dRdPBPERRES t o

t he specif) odipgnt s .t her ., 1do-Should be understood by those skilled
in theog?ff?%gggﬁ%gggugt%hgﬁﬁgggﬁﬁgbgégﬂagé and equi val ents nmay be
substitute | t t departi fromthe true irit and scope of th

vent (SBEFH SR GG bR My ot Pecanrben A er 2 e Raft -hf8

parig Culoafur&l 4URbH 910 chihR'dud are fREROSG uhTechtfiallJBlrd@1d thokES@SSarvPprR&RAS
step or steps, to the objective spirit and scope of the present invention.
Al | sudhthedguffreasiani dibs refp erci thererlidedtdte resevel fromthe weesEopa daps ¢efier ai ns
appended hereto.Cl ains.1. A coO X . | cal
2coopt anesns arrepyly Bt s QB Rlotacus Sl Tt bv Bl FuBPpIRAR he ol 1Y
t hi adi aaRhald in the cold-water bath and recording the total lifts of the injured paw during a 1-min

X.

period of time: The injured paw is lifted out of the water. Paw lifts associated with locomotion
15  or body repositioning are not recorded. Rats that displayed 5 lifts per min or more on day 4-7

following surgery are considered to exhibit cold allodynia and are used in subsequent studies. In

the acute studies, vehicle, reference compound or compounds of this invention are administered

subcutaneously (s.c.) 30 min before testing. The effects of repeated administration of the

compounds of this invention on cold allodynia are determined 14, 20 or 38 h following 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 Pain in C3H/HeJ] Mice

The effects of compounds of this invention on bone pain are determined between day 7 to day 18

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

25 Specifically, NCTC 2472 tumor cells (American Type Culture Collection, ATCC), previously
shown to form lytic lesions in bone after intramedullary injection, are grown and maintained
according to ATCC recommendations. Approximately 10° cells are injected directly into the
medullary cavity of the distal femur in anesthetized C3H/HeJ mice. Beginning on about day 7,
the mice are assessed for spontaneous nocifensive behaviors (flinching & guarding), palpation-

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

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



R2 is optionally substituted phenyl; optionally substituted pyridinyl;
optionally substituted pyrimdinyl, optionally substituted pyridazinyl; or
opt i onal IYYO20W46PT9%4t ed t hi ophenyl ; R3 is hydrogen; C _6ZCEEP2008{06chno; R4
is hydrogen; or C _6alkyl; R5 is C _6al kyl; halo-C - alkyl;

G - 6al kyl oxy-Ci _6al kyl, hydroxy-Ci _6alF&3/, N-C _6al kyl am no;

N, N-di - (G - 6al kyl )-am no; C3-7cycl oal kyl; aryl; heteroaryl; heterocyclyl;
G 7CYQb1(ﬂ§b1|ﬁid|s 'o@thlﬁﬁllvkmhon ﬂMﬁl@ﬁjDG ycdayl 15Gire detbtayihed within-1 Kdur odikteyfirst dose

aryl oxy-Q - eal % Ro)mC(O-R 8 wherein: mis 0 or 1; Ra* and Rb
each i REEBENGER ﬂ,Lﬁ@wH?drogen or G _6alkyl; and R8 is hydrogen;

G _6al kyl; C3_7Cycloal kyl; aryl; heteroaryl; heterocyclyl;

C3- 7q/chméﬂ thg prasintgaydeyipn hag Bden disasibpd yith rﬁ%feél%mt}lpsmmﬁ%wmdlmems

hetero

het er o yeé?% %x Oul@% cdeésf%}edi % o%;alilééixédglm‘&e ; mﬁ% %?)? 3 %Eﬁ{gggf% %Xnade and
het ey oagyivelsirts @ha'y R slabétltuﬂé&tw&ﬁh@ﬁydép}{ﬂ@]gﬁc@l the&i‘deysipjrlt(and SN@@ I@f&he, inwdreioai n:
RO is hydrogen; or C _6al kyl; and R10 is hydrog d _6a

C3 7cyélll addiion, maawmd‘ ﬁ@%t@%a}aw ¢ 1pade &9 ALAPE PR lce@f YEREPE, aﬁ/l%ﬁlalo 6al kyl ;
aryl - (o] I R6 ,
27 an d ﬁé%‘%{%ll eﬁégh@é sls Sﬂm@(% §t§}r; 86 gcﬁpsh% ﬁl‘é%‘%{e%{l‘yé 8@1t agﬁ sga%ex?/ﬁﬁﬂal 9

G _6 hatseal 1kye’h;tlonr Adlyszanh) mo?hﬁc‘ﬁhenmmw@ndddm bewahm the swperodihe dhiimss
thladlazolyl ubstituted once with C _6al kyl selected fromnethyl, ethyl,
n- pr opy#PPeidedpetsisyl , n-butyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl
or cycl opropyl nethyl.3. The conpound of claim1, wherein Rl is optionally
subgiituted [I,2,3]thiadiazol-4-yl, or optionally substituted
[1,2,3]thiadiazol -5-yl, or optionally substituted [I,2,5]thiadiazol -3-yl.
4. The conpound of claim1l, wherein RL is [I|,2,3]thiadiazol-5-yl, or
[1,2,3]thiadiazol-3-yl; optionally substituted with nethyl, ethyl,

n- propyl, isopropyl, n-butyl, isobutyl, tert-butyl,



cycl opropyl or cyclopropylnmethyl. 5. The conpound of claim1, wherein Rl is
4-isopropyl-[1,2,5]thiadiazol -3-yl, or 4- isopropyl- [1,2,3 Jthiadiazo 1-5
-yl. 6. TWO20UMed1Ad of claim 1, wherein R2 is phenyl sEBEIEPRYIOBEL48E t he
4-position with methyl or halo and optionally substituted at the 2- and 6-
positions with halo. 7. The conpound ef4-claim 1, wherein R2 is pyridin 2-yl
substituted with nethyl or halo at the 5-position. 8. The conpound of claim
1, wherein one of R3 and R4 is C - alkyl and the other one is hydrogen; or
both are hydrogen. 9. The conpound of claim1l, wherein R5 is

het eroaryl - G _6al kyl , wherein the he@iiearyl is selected from pyridinyl,
pyrimdinyl, and pyrazinyl and C - alkyl is nmethyl. 10. The conpound of
claim 3, whet@hpodsd dffordiydd pxymet hyl, net hoxynet hyl, pyrazin-2-yl,

5-met hyl - pyrazin-2-yl, 6-nmethyl-pyri da2| n- 3- yld or wherein R5 is

hydr oxynmet hyl , met hoxynet hyI, iR-2-yl,

2-met hyl -pyrimdin-5-yl, or 5¢ i mi O n- 2-yl. 11. The conpound of
claiml1, wherein R6, R7 and I% : R, The conmpound of claiml
with formula I'l: or a pharnaceuti acébptable salt thereof, wherein: X

is Cor NNRL 1 and R12 each i gdepe Ry is hydrogen; G - 6a|ky| a -

al kyl oxy; hal o; hal o-CG _6al kyl'; hal 9- G 6al koxy; C _6al kyl sul fonyl or
cyano; and Rl and R5 are as defi ne®R'herein. 13. fthe compound of claim1
with formula I11: or a pharmaceutically acceptabl’e salt thereof, wherein X,
RL, R5orRphdrnamecutRally acepabledeitithecotheheicin: 14. A pharmaceut i cal

conposi t1| onlscgpn'%naﬁ}l, Q&s?tu?ehcﬁlilgl%?a%gfyi cally acceptable carrier; and a

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

R’ is hydrogen; C;alkyl; or cyano;

10 R is hydrogen; or C;salkyl;

R’ is C1salkyl; halo-C; salkyl; C;salkyloxy-Ci.salkyl, hydroxy-Cisalkyl,
N-C,galkylamino; N,N-di-(C;salkyl)-amino; Csscycloalkyl; aryl; heteroaryl;
heterocyclyl; C;cycloalkyl-Ci salkyl; heteroaryl-Csalkyl; heterocyclyl-C; salkyl; aryl-
Cisalkyl; aryloxy-Cisalkyl; ~(CR*R")-C(0)-R® wherein: mis 0 or 1, R* and R” cach

15 independently is hydrogen; or Cisalkyl; and RY is hydrogen; Cy.salkyl; Csscycloalkyl;
aryl; heteroaryl; heterocyclyl;, Cs.scycloalkyl-Cisalkyl; aryl-Cisalkyl; heteroaryl-C;.
salkyl; heterocyclyl-Csalkyl; Csscycloalkyloxy; aryloxy; heteroaryloxy;
heterocyclyloxy; Cs scycloalkyloxy-Ci salkyl; aryloxy-Cisalkyl; heteroaryloxy-Cisalkyl;
heterocyclyloxy-Csalkyl; or -NR’R', wherein:

20 R’ is hydrogen; or C; salkyl; and R' is hydrogen; C)alkyl; Csscycloalkyl; aryl,
heteroaryl; heterocyclyl; Csscycloalkyl-Ci galkyl; aryl-Cisalkyl; heteroaryl-C salkyl, or
heterocyclyl-C,salkyl; and

R®, R” and R® each independently is hydrogen; Cysalkyl; Cisalkyloxy; halo; Cis
haloalkyl; or cyano.

25 2. The compound of claim 1, wherein R' is thiadiazolyl substituted once with C; salkyl
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl,
cyclobutyl or cyclopropylmethyl.



conpound according to any of clains 1-13. 15. A nethod for treating a
urinary tract disease selected fromreduced bl adder capacity, frequenct

m cturitiV¥e20¥& % ncont i nence, stress incontinence, bl ZEd&P2009/066438
hyperreactivity, benign prostatic hypertrophy, prostatitis, detrusor
hyperreflexia, urinary frequency, noct@¥ia, urinary urgency, overactive
bl adder, pelvic hypersensitivity, urethritis, pelvic pain syndrone,

pr ost aBodyniTae c6Mpbird o, claim I, ditepdiaRi ¢ ditiadaler subytiatcsldniX]ivddiazpl-drylarpai n
condition selected frominflammatory pain, surgical [ vi scer gl pain,
dent al opaenellyspksibysd [héﬁ]tbléihg?&c%ﬁ’ P’él?Ptb’QF‘ﬁY S‘gﬁflwt?jﬁ@’igﬂﬂﬁfﬁﬁ?}gfﬁlgr ai ne
or cluster headaches, nerve injury, neuritis, neuralgias, poisoning,

| schem,C i TITHE >éom}36'ﬁﬂ%1r Sitdiditd, véRliA R $ [1C25188AdiIRAIB.y1 Vil [&12, 3 Rk dSIO1-B Gy1.0T
bacterial infection, post traumatic injury,” or pain associated with

i rrit abpgolediwslbsipuidd eath;mahylacthels piprenydrisomdosdr mrontys ascdutyddettrbutilchr oni ¢

obstructive | monary di sorder (COPD), asthma, and bronchospasm said

met hod © gﬁﬁ?ﬁi“ﬁ§y§8ﬁ?ﬁwg?%€ﬁng to a subject in need thereof an effective
anount of a conpound according to any of clains 1-13. 16. A conpound
accor disng t qharym@burtd ¢¥ gKEmlL, ek RY ieaisapripydf1,yehhibdiazd rBayly or pai n,
inflammatory, Pastrpintestinal and respiratory di seases, conditions and
di sor désopropyr[1.3Rkhigdazel -3l conpound according to any of clains 1-13 for
the preparation of a nedicanent for treatnent of genitourinary, pain,

| nf | amat Orlgphegﬁglbww&eaéihﬁﬁ'wlﬁ% !R@%géﬂeﬁ&f)sr xst@lh&agagﬂé,4-ﬁ&mintmmﬁmaﬁ»ﬂ

di sorders. I'nventl on ds herei nbefore descri bed.
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 methyl or halo at

the 5-position.

. The compound of claim 1, wherein one of R and R is Ci-salkyl and the other one is

hydrogen; or both are hydrogen.

9. The compound of claim 1, wherein R’ is heteroaryl-Ci salkyl, wherein the heteroaryl is

15  sclected from pyridinyl, pyrimidinyl, and pyrazinyl and Cisalkyl is methyl.

10.  The compound of claim 1, wherein R’ is hydroxymethyl, methoxymethyl, pyrazin-2-yl,
5-methyl-pyrazin-2-yl, 6-methyl-pyridazin-3-yl; or wherein R’ is hydroxymethyl,
methoxymethyl, 5-methyl-pyrazin-2-yl, 2-methyl-pyrimidin-5-yl, or 5-methyl-pyrimidin-2-yl.

11.  The compound of claim 1, wherein R®, R’ and R® are hydrogen.
20 12.  The compound of claim 1 with formula II:

R

1T,

or a pharmaceutically acceptable salt thereof, wherein:

XisCorN;
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R'" and R'? each independently is hydrogen; C;.salkyl; Csalkyloxy; halo; halo-C;_salkyl; halo-
Cisalkoxy; Ciealkylsulfonyl; or cyano; and

R! and R’ are as defined herein.

13.  The compound of claim 1 with formula III:

111,
5
or a pharmaceutically acceptable salt thercof, wherein
X, R, R, R'" and R'? are as defined herein.
14. A pharmaceutical composition comprising a pharmaceutically acceptable carrier; and a
compound according to any of claims 1-13.
10 15. A method 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
15 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, said
20 method comprising administering to a subject in need thereof an effective amount of a compound

according to any of claims 1-13.

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

diseases, conditions and disorders.
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18. The invention as hereinbefore described.



