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unrelenting in its intensity and can soneti mes be nore l'itating than
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alterations gtoﬂptditesp%ﬂﬁﬁﬁd’d BséfyOneurons, termed "nociceptors.” A wide variety of
physical and chemical stimuh induce activation of such neurons in mammals, leading
to recognition of a potentially harmful stimulus. Inappropniate or excessive

20  activation of nociceptors, however, can result in debilitating acute or chronic pain.

Neuropathic pain, which typically results from damage to the nervous system,
involves pain signal transmission in the absence of stimulus, pain from a normally
innocuous stimulus (allodynia) and increased pain from a normally painful stimulus
(hyperalgesia). In most instances, neuropathic pain is thought to occur because of

25  sensitization in the peripheral and central nervous systems following initial damage
to the peripheral nervous system (e.g., via direct injury or systemic disease).
Neuropathic pain is typically burning, shooting and unrelenting in its mtensity and
can sometimes be more debilitating than the initial injury or disease procé:ss that
induced it. '

30 Existing treatments for neuropathic pain are generally suboptimal. Opiates,
such as morphine, are potent analgesics, but their usefulness is limited becauﬁe of
adverse side effects, such as physical addictiveness and withdrawal properties, as
well as respiratory depression, mood changes, and decreased intestinal motility with

concomitant constipation, nausea, vomiting, and alterations in the endocrine and
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[.-1beta) from these cells. Recent studies indicate that inhibiting P2X; activation in

25  situations of inflammation (e.g., theumatoid arthritis and other autoimmune diseases,
osteoarthritis, wuveitis, asthma, chronic obstructive pulmonary disease and
inﬂainmatory bowel disease) or interstitial fibrosis results in a therapeutic effect.
These and other studies indicate that P2X; antagonists may find use in the freatment
and prophylaxis of pain, including acute, chronic and neuropathic pain, as well as a

30 variety of other conditions including osteoarthritis, rheumatoid arthntis,
arthrosclerosis, inflammatory bowel disease, Alzheimer's disease, traumatic brain
injury, asthma, chronic obstructive pulmonary disease, and fibrosis of internal organs
(e.g., interstitial fibrosis).



as well as pharmaceutically acceptable salts of such compounds. Wthin
Formula I: T, Uand V are independently chosen fromCR3, CRA and N, in
certain enbodi nents, exactly one of T, Uand Vis CRA;, Wis --C(=0 N”4-,
-NR4AC(=:3)- or -NR4-NRI-C(0)-; X is absent or Cl-C6al kylene that is
substituted wwth fromO tb 4 substituents independently chosen from (i)
(C3-Cscycloal kyl ) Co- C2al kyl and phenyl Co-C3al l cyl; (ii) substituents that
are taken together to forma 3- to 7- nenbered cycl oal kyl or

het er ocycl oal kyI ripg; . 'i-i ubstituents hat re taken together with
R4 to forma 4- ; a8 ?%glreé%l r&'&?%?%% ?ﬂ k{perapies. The
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substituted and each of which- is preferably substituted with fromO to 6

substituents | SORMMARS OF YHEAPPENTION hydroxy, hal ogen, cyano, anino,
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- Csal koxy, - Cshal oal koxy, C2-C6al kyl ether; Cl-Csal kanoVL
O’ - Csa/ kyl sul fonyl, (C3- Crcycloallcyl 25-Cal kyl, nmono- or

-(d -GCsal kyl ) am no, C - C6al kanoyl am’io, nono- or

- (G - Csal kyl ) ami nocar bonyl , nono- Cl - Csalgkyhi@ii nosul fonyl and
(CI - C6al kyl ) sul f onyl am nTh; Zi and pendently N, CH or
substituted carbon (e.g., CR2); 4 i& /IQEHV/r substituted carbon (e.g.,
CRA or CR2); Each R2 and each R3 is intependently chosen from hydrogen,
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C1- C6ani noal kWithﬁfoﬁﬁdhlIny, C1- Cehal oal koxy, C1- Ceal kanoyl , C2- Ceal kyl
(Ca:ELh(Ca:gal (ksfl?,sgl?fo yfna&%%gdgcgﬁ%h% a‘rﬁr&%ggﬁ'ﬂ% O %ﬁllg%%%%dmmﬁ, |
- (G - Coalkyl )aenaeu;eﬁimluaﬁqusm,dl (Cl CGaI kyI )-am nosul fonyl and
.. Wis-C(=O)NRs-, -NR«C(=O)- or -NR,-NR-C(=O}-;
X is absent or C;-Cgalkylene that is substituted with from ¢ 1o 4 substituents
independently chosen from: (i) C;-Cqalkyl, (Cs-Caeycloalkyl)Cy-Coalkyl and
phenylCo-Cralkyl; (i) substituents that are taken together to form a 3- o 7-
membered cycloalkyl or heterocycloalkyl ring; and (jii) substituents that are taken
together with R4 to fqrm a 4- to 7-membered heterocycloalkyl: |
Y is C;-Cgalkyl, C5-Cscycloalkyl, 4- to 16-membered ‘heterocycloalkyl, 6- to 16-
membered aryl or 5- to 16-membered heteroaryl, each of which is opticnally
substituted and each of which is preferably substituted with from 0 fo 6
substituents independently chosen from bydroxy, halogen, cyano, amino, nitro,
oxo, aminocarbonyl, aminosulfonyl, COOH, C)-Ceulkyl, C,-Cealkenyl, Cs-
Cealkynyl, C;-Cghaloalkyl, C,-Cghydroxyalkyl, C3-Cearninoalkyl, C;-Csalkoxy,
Ci-Cehaloalkoxy, C,-Cealkyl ether, C;-Cealkanoyl, C,-Csalkylsulfonyl, (Cs-
Cicycloalkyl)Co-Caalkyl, mono- or di-(C,-Cealkyl}amino, C;-Cgalkanoylamino,
mono- or di-(C;-CealkyDaminocarbonyl, monc- or di-(C,-Cgalkyl)aminosulfonyl
and (C;-Cealkyl)sulfonyiamino; - ) ) _ )
Z; and Z; are independently N, CH or substituted carbon (e.g.. CRy); '-
Z; s N, CH or substituted carbon (e.g., CR4 01 CR2);
Each R; and each R3 is independently chosen from hydrogen, halogen, cyano, amino,
niiro, aminocarbonyl, aminosulfonyl, COOH, C;-Cealkyl, C,-Cealkenyl, C,-
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; y hydrogen, Cl-C6al kyl,
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het er ocycl oal kyl -, . s '

et oEYel O L S P I P S sl o clind et et eyt
0%, 1o DSl iR ool
Cl- Cehakoal kyl , imy@emxo&ygiml,; arw - ’ 7 ynyt.
M is: _ _ | | o
(i) hydroxy, cyano, amino, aminocarbonyl, aminosulfonyl or COOH; or
(if) C,-Cehaloalkyl, Cy-Calkoxy, 5- to 10-membered carbocycle, 4- to 10-
membered 'hetérocycle, C;-Cgalkanoyloxy, C-Cealkanoylamino, Ci-

20 ' 7 Cﬁaikylsulfonyl, C;-Cealkylsulfonylamino, C-Cgalkylsulfonyloxy, mono-

or di—Cj—Cga]kylamino, mono- or di—(C;-Cgalkyl)_aminosulfonyl,- Or Mmono- .
or di—(él-CGalkyl)aIninocarbOnyl; each of which is optionally substituted
“and each of which is preferably substituted with from 0 to 4 substituents
: independently chosen from oxo, amino; halogen, hydroxy, cyano,
25 aminocarbonyl, aminosuifonyl, COQH, Cy-Cealkyl, C;-Cghydroxyalkyl,
C;-Cehaloalkyl, C;-Cealkoxy, Ci-Cehaloalkoxy, Co-Cealkyl ether, Ci-
Csalkanoylamiﬁo, mono- or di-(Ci-Cgalkyl)amino, C;-Cgalkylsuifonyl, C;-
Cgalkylsulfonylamino, mono- or di-(C;-Cealkyl)aminosulfonyl, mono- or

di~(Cy-Cealkylamino)carbonyl, and 4- to 7-membered heterocycle.

30 Within éertain aspects, Y 1s Cs-Cigeycloalkyl, 4- to 16-membered
heterbcycloa]kyl, 6- to 16-membered aryl or 5- to 16-membered heteroaryl, each of
which is substituted with from 0 to 6 substituents independently chosen from
hydroxy, halogen, cyano, amino, nitro, 0Xo, aminocarbonyl, aminosulfonyl, COOH,

C1-Cgalkyl, C,-Cealkenyl, C-Cealkynyl, Ci-Cghaloalkyl, C1-Cghydroxyalkyl, Ci-
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- (C1- Coal kyl ) am nocar bonyl, mono- or di-(Cl C6al kyl )am nosul fonyl and
(C1- Coal kyl ) sulf onylam no; Wthin certain enbodi nents, heteroaryl am de
anal ogues of Formula | are P2X7 antagonlsés with an IC50 val ue no greater
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P2X7 activity in vitro (as_ determ ne usin n _assa ro |l e
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adm ni stering to the patient a therapeutically effective anount of at

| east one P2X7 ant afmrmiresentdiscldancirthegryidesivithin other embodiipqnfs; phagpargytical
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conprising arirmni'stering to a patient suffering from(or at risk for)
pain a t her apenmbigatidnywitt 4 physioiogialhFrecBRbECaTEs S SBABSH2X7 ant agoni st as

descri bed herein. V\@IHHIPE tﬂlg%ﬁogﬁqen metgo & areﬁ%xﬁ%g%r%o‘ﬁuﬁﬁ%"(%‘éeﬂrdﬁ@?ﬁg)

treating inflamati ApT I S| mnistering to a_patient
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amount of - at AS%%S}E %? %erlfp XeZ'alangcrgp 1] %tor%gor%%%s hg? g.x&ggs@é ) P2X6 with at least

one P2X; modulator as described herein. Such contact may occur in vive or in vitro
and is generally performed usi:hg a-concentration of P2X; modulator that is sufficient
1o detectably alter P2X; activity in vifro (as determined using an assay provided in
Example 4). '
The present disclosure further provides methods for-treating a condition
responsive to P2X7 modulation in a patient, comprising administering to the patient 2
thcrapel'lﬁcally effective amount of at least one P2X; antagonist as described herein.
Within other embodiments, methods are provided for treating pain in a patient,
' compnsmg administering to a patient suffering from (or at risk for) pain a
therapeutically effective amount of at least one P2Xy antagonist as described herein.
Within other embodiments, methods are provided for treating inflammation in a
patient, comprising administering to a patient suffering from {or at nisk for)
inflammation a therapeutically effective amount of at least one P2X; antagonist as

described herein.



Met hods are further provided for treating osteoarthritis, rheunmatoid
arthritis, arthrosclerosis, inflamatory bowel disease, Al zheiner's

di sease, traumatic brain injury, asthma, chronic obstructive pul nonary

di sease, ocular conditions (e.g., glaucoma), cirrhosis, |upus,

scleroderma, or fibrosis of internal organs (e g interstitial fibrosis) in
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“instructions using the c osi ti.on.t 1) _treat ope or .nore condjtions
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‘arthritis, ar tbr@pehdItohe ambihl SBRNKY! Wbdlehedmpsbundas the Absehed dBfestSagent;

di sease, traunmatic brain injury, asthma, chronic obstructive pul nonary_
- di sease, ocul &) BRatng tsPoppdglabelgd sompeypd weh 2 iew gent; () dptecting 2 signal

~scleroderma,  an4l/QkebbiMs0Dl the Umdutk SF Bahind (B8RS cofwdund IR Slebdrclof test
fibrosis) or (i11) provide retinal netunprotection (e.g., inhibit death of

retinal gangl rgsmtcand| () detecting a decregsp iy signalristasted oratepd(dieas compaedipdbent

I nvention proyi | preparing the conpounds discl osed herein,
i ncl udi ng thegfé%?ﬁ%%%?%éﬁr?'a first aspect, there is provided a
conmpound of the forwithia:furdr dibodimaatspiareaadistionad prpvidesoeptcab fop dgerinining
t hereof, whergin: U and V are i ndent|y. chosen .from. CR3 and N, T
_i's chosen f roﬁ\e@?eﬁ?f’dmﬁ%%‘fcﬁpg 2&’6 m s %FCFP’?PBﬂBg-oR]a}r@%%@VWI%RA; |
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with fromO to 4 substituents_ independently. chosen from .
: compound of P2X; activity; and (b) defecting a signal indicative of a level of the

compound modulating P2X7 activity.

The present disclosure also provides packaged pharmaceutical preparations,
comprising: (2) 2 pharmaceutical composition as described herein in a container; and
(b) instructions for using ther composition to (i) treat one or more conditions
responsive to P2X; modulation, such as pa, és’teoaxﬂjritis, rheumalbid arthritis,
arthrosélémsis, inflammatory bowel disease, Alzheimer's discase, traumatic brain
injury, asthma, chronic obstructive pulmonary disease, ocular conditions (e.g.,
glancoma), cirrhosis, lupus, scleroderma, and/or fibrosis of internal organs (e.g.,
interstitial fibrosis) or (ii) provide retinal neuroprotection (é.g., inhibit death of retinal
ganglion cells).



(1) Cl-C4al kyl, (C3-C8cycloalicyl)Co-Cal kyl and phenyl Co- C2al kyl; (ii)
substituents that are taken together to forma 3- to 7-nenbered cycl oal kyl
or heterocycloalkyl ring; and (iii) substituents that are taken together
with R4 to forma 4- to 7-nenbered heterocycloallcyl; Y is

C3- G 6cycl oal kyl, 4- to 16-nenbered heterocycl oal kyl, 6- to 16-nenbered
aryl or 5- to 16-nenbered heteroaryl, eachh of which is substituted with
fromO to 6 substituents independently chosen from hydroxy, hal ogen,

cyano, am no, nitro, oxo, am nocarbonyl, am nosulfonyl, Cl- CGatlhkyI ,
C2- Coal kenyl , C2- Coapdteymiydr emtzidimenetihg @aqeptdwepn(@ﬂ)_r% gE PiREparmg the

Cl - Céam noal k e S%ggﬁgk = -3 sRknedige0al | cyl ether,’

Cl1- C6al kanoyl % -Csa ylF%ﬁ%%I@%g%cycl oal kyl ) CO- C4al kyl , nono- or

di - (C1- Cal I cyl ) aniypgfirsGhpdBalchCiapoyidari ampotfan® the @miz ( O -

Coal kyl ) am nocar bonyl, nono- or di- (G -C6al kyl )am nosul fonyl and

(G Csal kyl ) sul fonyl arni no; Z1, Z2 and Z8-¥re independently CH, Each R3 is
i ndependently chosen from hydrogen, haf ogen, cyano, am no, nitro,

am nocar bonyl, am nosul fonyl, COOH, - Cegl kyl , C2-Co6al kenyl ,
C2- C6al kynyl , G Cé6hal oal kyl, C1-C6 roxyahkyl , Cl- Céam noal kyl ,
Cl- Coal koxy, Ci1-Ce6hal oal koxY, Ci- |1 cgnoyt, C2-C6al kyl ether,

(C3-Crcycl oal kyl ) Co- Cal kyl, nono- or \\E{? Coéal kyl ) am no,
Cl- Coal I cyl sul fonyl, Cl-C6al kanoyl am no, nono- or
di - (G Céafdreypharmavewtivaliy agdeptaitasalt tharead; wiierainC6al kyl ) ami nosul fonyl and (Cr

Coal kyl ) sul.fo am no; Ea RA is.in engde hydr ogen, Cl1- C6al kyl,
( C3- %cyc%&?i&iﬂr“cﬂaw&&@ﬂ Aipser g qﬁ%gg ﬁglﬁé?gfth a substituent of X to
forma 4- Tg& chostamai €H; hed ERQeyel thad Kyl ; RA is a group of the flornul a

~~L-A-M wherein: L is absent or Cl-Cb6al kylene that is optionally nodified
‘by the repl ateeeatly epe of LA/ awhVdakBeh single bond with a double or triple -

“car bon- car Ql whi. chwal ne is optionally substituted wi th oxo,
- COOH, - so‘gﬁp_éggﬁﬁé’ b?%giqg%@t’et razol e or oxadi azol one; A is absent or
.CO 0, NR& isICi-Calkykdz thab@NRehstiNREICEth from Ty sibstitvents)itiepandentiy neoson  ( 4-
~to 7-nmenbered heterocycl oal kyl ) CO- C4al kyl ene; wherein R6.is hydrogen or
'Cl- Co6al kyl ; i mis: (i) hydroxy, cyano, am no, am nocarbonyl,

am nosul f onyi) Of-C§806l]; (OHCscycloalkyl)Co-Coalkyl and phenylCo-Coalkyl;

(ii) substituents that are taken together to form a 3- to 7-membered cycloalkyl or
heterocycloalkyl ring; and ‘

(iii) substituents that are taken together with R4y to form a 4- to 7-membered
heterocycloalkyl; ,

) Yis -C3-Clgcycloalkyl, 4- to 16-membered heterocycloalkyl, 6- to 16-membered aryl or 5-
to 16-membered heteroaryl, each of which is substituted with from 0 to 6 substituents
independently chosen from hydroxy, halogen, cyano, amino, nitro, oxo,
aminocarbonyl, aminosulfonyl, COOH, C;-Cealkyl, Co~Csalkenyl, C,-Cgalkynyl, C;-
Cehaloalkyl, Cl-CshydroxyaIkyi; C;-Csaminoalkyl, C,-Cgalkoxy, C;-Cghaloalkoxy,
Co-Cealkyl ether, C;-Cealkanoyl, C;-Csalkylsulfonyl, (Cs;-Crcycloalkyl)Co-Csalkyl,
mono- or di-(C;-Csalkyl)amino, C;-Cgalkanoylamino, mono- or di-(C;-

Cealkyl)aminocarbonyl, mono{ or di-(C)-Cealkylaminosulfonyl and (C;-
Cealkyl)sulfonylamino; |
Zy 7, and Z; are independently CH; .



(i1) Ci1-C6hal oallcyl, Cl-C6al koxy, 5- to 10-nenbered carbocycle, 4- to 10-
menber ed heterocycl e, Cl-C6alicanoyl oxy, Cl-C6al kanoyl am no,

G Coéal | cyl sul fonyl, Ci-C6al kyl sulfonyl am no, Cl-C6al kyl sul fonyl oxy, nono-
or di-Cl-C6allcylam no, nono- or di-(Cl-C6al kyl)am nosul fonyl, or nono- or
di (Cl- Coal kyl ) am nocarbon3/1; each of which is optionally substituted and
each of which is preferably substltuted with fromO to 4 substituents.

i ndependent |y chosen from oxo, ami no, Mal ogen, hydroxy, cyano,

am nocar bonyl, am nosul fonyl, COOH, C1-C6allcyl, Cl Cehydr oxyal kyl ,

C1- C6hal oal kyI C6al koxy, Cl-C6hal oal koxy C2- | et her

Cl- Cal kaBasH &y 0 indvpersiently ehoserr frans ah3dypseRni ge 1°&%¥£’k|%§9lf‘gu|"f%%y|

Cl- C6al kyl sul f.onyl.am.no ) k@gﬁu MkynyloOE-

di - (Cl- Caal I@W‘%‘?%‘WB}‘%]&I?@HR?PRO l’(jé?tmt’c 1®6§h{>{ﬁ)eq2e et er Efé-?cal & I n
a second as Rgsﬁmoa]kﬂem-céﬁyafo&yamﬂd @-Compemaliyl, 0€-Ssalkoxyh dhledhalgalkes. i ned
above, wherein, in an assay f 2X7 _rec o S e und
exhibits an Gieelkaagybe CafCalvhi ‘35 mgpéfe" %;IB' g%@&“%gawﬂ %%ﬁd; tlﬁ liT-g@aspect
there is pr cb/s@%?ﬁ inBh mg@h@% 3¢0rm®gaEMWIMQWrI shogp-ator| @a¢t;-one

conpound or ereo as defined above in _combinati ol[tl thﬂ@ C

physi ol 0gi cal¢hkybatieptanireylcamonsr or efi(pi-Gefkylaminosul ‘PP\MA rt iy Aspect,
there is prOélg Sﬁﬁlgfﬁ thod for nodulating the activity of a P2X7 receptor
in vitro, ’SI ng contacting P2X7 receptor with at | east one
conpound pichSR) s idep@@bntis hgi&lfdgagCCIaﬁgaﬁql (ﬁxe{éacycdoaiuylhﬁlooﬁﬁﬂfafh@r iteKean

anount sufficient to detectabl | ter ept o c In a
fifth aspect’foge!ih%ﬂ@thl@“ ﬁﬁb‘?‘&é’é){i efmﬁ?é% ?0 ™ B’Eﬁr H% oc%lg%i{(ylf her eof as
defi ned agoveag LG ERnfigat - W.g1, fheridredi cament for treating a condl t| on
responsi v Q receptor nodulation in a patie

“aspect, thergeis sbspitosti @ stlkylene dhafis &P&@%’duﬁﬂdlgﬁd by ‘lhetrﬁlél?%?ﬁ?engé’% &ef i ned
above, . in the preparagéérﬁon e BorFd ltﬁazrﬁ&iblé QF &nﬁlﬁ'ﬁfﬁohﬂﬂr%ﬁ%dﬁdoﬁvh[&“ nal

ganglion cel | SCappnLe seve aspect, thereis
provided a metfjpdedof dﬂﬁbﬁﬂm slibantddewigh o5 RCOQH, -ﬁﬁa&he&oﬁﬁﬂmﬂf@a%cept or
in a sanple, conprising the steps of: (a) contacting a sanple with a
conmpound or saletrazoleprasad c«xpdipzol®Bei ned above, under conditions that per mi t

modul ati on %y i aﬁseﬁfﬁPQ;@doOleE?@ 48,805, 0CONR] thé&o @agic-,@b)oamgl)éa-tl ng a

si gnal indiéative o ével "of "tRe conpound or salt t reof nodul ating
P2X7 receptor @gliiyineyr (&ndoﬂhacmbwgqfrhﬁém%’ﬁpﬂWQ‘ﬁ@ aeeRbEeB Raksence
of P2X7 receptor in th In an eighth aspect, there is provided a
packaged phar s ‘E&"Pé’éeﬁ E?fg‘ggfaat“ conprising: (a) a pharnaceuti cal
conposi tionpggording to t he thi rd aspect in a container; and (b)
instructions for using the conposition (ﬂ)@Hn&mh aspect,

there is prov%bdﬁ’dl'%‘é(c‘}‘dﬁ’@é’darﬁﬁ%i’r REDOLT E%Pf %’P‘EB@?@WI SR, conpri si ng:
(i) C;-Cshaloalkyl,- C,-Cealkoxy, 5- to 10-membered carbocycle 4- to 10-

membered  heterocycle, Ci-Cealkanoyloxy, C;1-Csalkanoylamino, C;-
Cealkylsulfonyl, C:-Csalkylsulfonylamino, C1-Cealkylsulfonyloxy, mono-"or
di-C;-Cgalkylamino, mono- or di-(C;~Cealkyl)aminosulfonyl, or mono- or d1-
(C;-CealkyDaminocarbonyl; -each of which is optionally substituted and each
of which is preferably substituted with from 0 to 4 substituents independently
chosen from oxo, amino, halogen, hydroxy, cyano, aminocarbonyl,
aminosulfonyl, COOH, C;-Cealkyl, C1-Cehydroxyalkyl, C;-Cshaloalkyl, Cl-
Cealkoxy, Cl-CshaloaIkoxy, Co-Cgalkyl ether, Cl-Céa]kanoylammo, Mono- | or
di~(C;-Cgalkyl)amino, C;-Csalkylsulfonyl, C;-Csalkylsutfonylamino, mono-
or dl-(CI-Csalkyi)ammosulfonyl Imono- or dl-(Cl-CéaIkylannno)caxbonyl and

4- to 7-membered heterocycle.



(a) a pharmaceutical conposition according to the third aspect in a
container; and (b) instructions for using the conposition to treat

i nfl ammati on, a neurol ogi cal or neurodegenerative disorder, a

cardi ovascul ar di sorder, an ocul ar disorder or an inmmune system di sorder.
In a tenth aspect, there is provided the. conmpound or salt thereof as

defi ned above for use in therapy. ™ These and ot her aspects of the
invention will becone apparent upon reference to the follow ng detail ed
description. DETAI LED DESCRI PTI ON As noted above, the present

i nvention provides. het.ghoakmkle iafb Al ANRPEURBr saRkdicot AN RARIEB BN 1L US ed

invitro or invivo, to nodul ate P2X7 activity in a variety of contexts.
TERM NOLO@Y an assay foPPIRQ U8 mtagonensl thy depomdexhibier ai GCusvahge of ahdar d
nonencl ature. -For conpounds havi ng asymretric centers, it should be

under st oodti¢IRE0laTORIESs ot herwi se specified) all of the optical isoners.
and m xtures thereof are encaonpassed. In addition, conpounds vm'fh

car bon- car bon dBFHME! RsHH ey PrEw a2 Bhrmaceuliny cemposibippncomprisng af lepst ol ner i ¢
forms of tchepaodpodihderebPisighined@bild @flcdnibitafien Wittesghytiologivaytac@ptablal ess

ot herw secgrpeci fied. Where a compound exists in various tautoneric fornms,

arecited c&%poéﬁﬁc?l?% not limted to any one specific tautoner, but rather

is intended to_enconpass al] tautonerjc farng. Ce i 0,

descri bed her eiI%aJ%‘fqﬁg"s%ecbéJﬁeé"r i prf“g%ﬁfu? gﬁeﬁwgﬁ i e uLagigg &\?/eaz{r&;ﬂgg{]gia ?g%g ,

R, A X) reckiibrais $inef hemeihsecapesing cadactie@ElX werepiabivish gii ledsi one soPEUAd PO nul a
i s.defined,independentl.y. of any other ' e halL81t DRt
occurs mord PRE ndgﬁ?eidr?@o\’en uﬁc}éf SYm 0<'§11¥i%éd g’gifnl annéogl in epeenﬁg;e!rilt Y e’é each

occur r ence2X, receptor ddtigitphr ase "het eroaryl ami de anal ogue, " as used herein,
enconpasses all compounds of Fornula I, as well as conmpounds of other

Fornul as provi dgd ﬁh el ka6 %gﬁ"i{i]e% e %pggafrﬂggﬁﬁré saltf Lﬁ&% &Finébove, in

st ereoi soners) an rmaceut | accepta salts thereof é certain
enbodi menthe mappiacture pha medicameant fon sating i @adition depapdYH t P vwaﬁ’éd S0
as to be sddalatiohimh baticht.ee of residual organic solvent (Le.,-any such
solvent in the preparation is present in an anmount that is at or bel ow the
limt set for thaty : e oufPSHRGIE ther@HF ablaEfmBa htsat,iimthe
of Techni cal Relggits%g]%ke%?gﬁ}e%&s%g?%gwgﬁ%@%ar ma}ceuti cals for Haman
Use (| CH)preparation of #médiamentforinbipiting Hsatthefetinekesngiog 1150 P95 o npound
recited herein is an acid or base salt that is suitable for use _in contact
Wi th the tissues agévehiinBRchRicrgSprovidan methel fof debrniningtednsesprre of FRETEP PP 237
carci nogenicit and pr ef e’.ralgolﬂ% S,yénbsto out WD 2008/ 1241538PCVB2008/ 004563

receptor Yn’ a sample, comprisin
(a) contacting a sample with a compound or salt thereof as defined above, under conditions

that permit modulation by the compound of P2X; receptor activity; and

(b) detecting a signal indicative of a level of the compound or sait thereof modulating P2X,

receptor activity, and therefrom determining the presence or absence of P2X; receptor in the

sample.

In an eighth aspect, there is provided a packaged pharmaceutical preparation, comprising:
(a) a pharmaceutical composition according to the third aspect in a container; and

{b) instructions for using the composition to treat pain.



irritation, allergic response, or other problemor conplication. Such
salts include mneral and organic acid salts of basic residues such as
am nes, as well as alkali or organic salts of acidic residues such as
carboxylic acids. Specific pharmaceutically acceptable anions for use in
salt formation include, but are not lifited to, acetate, 2- 5

acet oxybenzoate, ascorbate, benzoate, bicarbonate, brom de, cal cium
edetate, carbonate, chloride, citrate, dihydrochloride, diphosphate,
ditartrate, edet aine nimbbspeett ther¢ strgMided @ Ppokaged pharmagepigabprepaiign.spmprising:

gl uceptate, gluconate, glutamate, glycolate, glycollylarsanilate,

hexyl resorci nate, hydrabam ne, hydrobrom de, hydrochl ori de, hydroi odi de,
hydr oxymal edbe, hyplaoxacaaizhl dvogbsitioniaoahirdies toittedhihi aopeat ig a chataihat aad 10

| act obi onate, mal ate, nal eate, nmandel ate, nethyl brornide, nethylnitrate,
met hyl sul fate, .nucate, napsylate, nitrate, panpate, pantothenate,

phenyl acet at{®), phiogpitans forpsing gwlcampasition &t esat ipflawhaivataaeushigicahor at e,
stearate, S!"%fo%%%k&at'v%%%ﬁﬁé@%? di%%s@lﬂ“cm%ﬁs rde§!1” %cﬁﬁlﬂ hi%‘f@@l‘ o§é” itn%uﬁe system

sul fonat es including Eesyl ate enzenesul fonate), catnsylate

(canphor sul f é#ades) , edi syl ate (ethane-1, 2-disulfonate), esylate 15

(et hanesuLfonate) 2-hydroxyethyl sul fonate, nesylate (nethanesul fonate),
inflate (trifluor omttaﬁn%?eﬂt,ftpéa@fs Slovdaglihk esnipaah@or(salt tHelebERes el abave &)r,use in
tannate, tartrate, teoclate and triethiodide. Simlarly, pharmaceutically
accept abl e cthertryns for use in salt formation include, but are not limted
to ammoni um benzat hi ne, chl oroprocai ne, choline, diethanol am ne, '
et hyl enedi am ne, rfhg$eandthermspects oithe imeintied wilkbeoate appar2it wonrefertiice
calcium lithium nes;i u ot assi um sodium and zinc. Those of ordinary
skill in the?%ﬁiefﬂ#‘?a‘%nggﬁtggh‘?gﬁscf‘ﬁﬁ?%er phar maceutical |y acceptable salts
for the conmpounds provided herein. In general, a pharnmaceutically :
acceptable agid o ase_salt can be synthesized froma parent conpound

t hat cont ai n@%@é@%@ﬁégg'ﬁ@qmi ety by any conventional chem cal

method. Brief |y, AUGRGPLIGVCHR HSadl SRAESh Bbvidi HeldhrfPukilE HhREAC ¢

or base forns of .these conpounds wth a stol onetric a _ _
appropri at e Bughecempensids may hatused ér vitre an imwviyaniccmedilatenP2Xpectivityain a

m xture of tbﬁ'ie fco%?&gally, t he use of nonaqueous nedia, such as ether,
et hyl acet at e, nol", et hanol , isopropanol or acetonitrile, is '

preferred. | y !I apparent that conpounds and salts thereof provided
herei n may, %‘5 Bx’ﬁg\éd not, be fornulated as a hydrate, and that such

hydrates are encoGpapewdsbire gherdliy daskribed MRER UsABGtSHEdidiRslahes| Fed
herein. In additi og# t he vari ous non- hydr at‘ﬁﬁsol vat es, non-coval ent

conpl exes, cFAFEROYPds BFViRE SSYRIBETS SHMEH sl Shoyld be updassiordihabiualrsteervise n
are W thin tgpecifie@Pallodf Heeopfichb Qsmdrd VAt iPured tB&eHf R gﬂn%%s%ﬂn /€
prodrugs of the_ conpounds of the recited Fornulas. A "prodrugn Is a
conpound - 9 adgiionaegmprunds yith cashern-epthon daubls hbapds maxlocewduiZ- endEt form, t he
conpounds - provi dqd.HeLsd t .4 il ' s fol | owi n . .

admi ni strat i‘%ﬁﬁ?g a p%rﬁ gonl%ti)&é ?foalgp%gﬁ é’%‘ggs_ g%knn%odu%%degfmat%?d’f%ﬁﬁamﬁﬁt{ﬂnded
her ei n. der md sptherwis Tp]é@dﬁug Waher dda:emcanp_ amdlm‘md indeirious tankindifc BHEE) ad
conmpound. Pro S inc e S erei n. hydroxy, 5 am rie or

sul f hydryl 5?6{?@%0%8“’5%}?&&03%%&39 2BY 80D SRATHIC tRYiAWNT, DYhiathes tssinsadediog
nmanmal i an” s ¢hi@fpass GlileRuRIndrie foRhB) aCdrfae cBgbmiy ard @eiteibed herld LusnLY!
group, respectively. Exanples of praodr ugs include, but are not limTed to,

acetate, foBF&Tel IOFREIGFeinshen Epables (@i Rarh vOs Brless otberutiscspecifind,ne
functional ghaPariaMd Withirf P @i {0NdsiRd ifehehdinttf 0P A0y Jehel Diriable,

general | y be prepared by nodifying ;
and any variable that occurs more than ope time in a formula is defined independently

-

at each occurrence.

The phrase "heteroaryl amide analogue,” as used herein, encompasses all
compounds of Formuia I, as well as compounds of other Formulas prévided herein
(including any enantiomers, racemates and stereoisomers) and pharmaceutically
acceptable salts thereof. In certain embodiments, substituted pyrimidinones ;;rovided



10 functional groups present in the conpounds in such a way that the

nodi fications are cleaved in vivo to yield the parent conpounds. As
used herein, the term"alkyl" refers to a straight or branched chain
saturated aliphatic hydrocarbon. Al kyl groups include groups having from1
to 8 carbon atons (G -C8alkyl), from1l to 6 carbon atons (Ct-Coal kyl) and
from1l to 4 carbon atons 15 (Cl-C4al kyidd), such as nethyl, ethyl, propyl,

i sopropyl, n-butyl, sec- butyI tert-butyl, pentyl, 2-pentyl, isopentyl,
neopentyl, hexyl, 2. hexyl , hexyl and 3- nethylpentyl " Co- Cbalkyl refers

L0 T SR S BB o % B SO D i s 5"

Cl(:4a:c kyl | Igr mziga sdlgemmOTl prépapativids pﬂ:ssntﬁﬁhhhcglﬁﬁiclit that mlatkaﬂ He}dw Gi’e(lhﬁlt st
specifically I ndi cat e Fqr ydr gxya "
Ol Coal kyl gt ghat, BaFFat, byt ftﬁer&"?ﬂ?f@és&'awé Oy HateamsasgR; oo diekicdl s o

G - Coal kyl -grQyRirstbet E&r%e%‘i’sdﬁhbﬁ‘oﬁ?hdr&ﬁééutﬁﬁ!@ forrﬂﬂﬁnaxﬁlsecﬁéig?ﬁom kyl is a
Cl-C6al kyl group substituted with at | east one - kenyl " refers

to strai ght or brdniphegmeaeminally scerriable salis of g Rompounsgmigeitesichensin i am ecigne

unsat ur at ed g%§g y g@&mgr '
C8al kenyl , C%ﬁ%%%ﬂ a%ﬁ 62ﬁ?ken %%ggﬁbg“ﬂ @%mﬁg&g ron1f$§5(§ 2
to 6 or 2 toadingls bmihcaltows:esmm rﬁex:lmtyebzy,cammﬂgemsng,t land yprefeadbly | without

i sopropenyl. "Cr Cocyanoal kenyl " is a C2-C6al kenyl group substituted with
at | east one -CN "Al kynyl" refers to straight or branched chain

al kyne groups, which have one or nore unsaturated carbon-carbon bonds, at -
| east one of which is a triple bond. 30 Al kynyl groups include

C2- C8alkynyl, C2-C6al kynyl and C2-C4al kynyl groups, which have from2 to
8, 2to 6 or 2to 4 carbon atons, respectively. "Al kyl ene" refers
to a divalent alkyl group, as defined above. Cl-C2al kylene is nethyl ene or
et hyl ene; Co-Cal kyl ene i.s a single coval ent bond or an al kyl ene group
having 1, 2, 3 or 4 carbon atons; Co-C2al kylene is a single coval ent bond,
WO 2008/ 12415310PCT/ US2008/ 004563 net hyl ene or et hyl ene. A "C - C6al kyl ene
that is optionally-nodified by the replacenent of a carbon-carbon single
bond with a double or triple carbon-carbon bond" is a Cl-C6allcyl ene group
as descri bed above; or a dival ent C2-C6al kene or C2- C6al kyne. 5A
"cycloalkyl" is a group that conprises one or nore saturated and/or
partially saturated rings in which all ring nmenbers are carbon, such as
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
adamantyl, nyrtanyl and partially saturated variants of the foregoing,
such as cycl ohexenyl. Cycl oal kyl groups do not conprise an aromatic ring
or a heterocyclic ring. Certain cycloal kyl groups are C3- 10 Crcycl oal kyl
in which the cycl oal kyl group contains a single ring having from3 to 7
ring nenbers, all of which are carbon. A "(C3-Crcycl oal kyl)Co-Cal kyl™ is a
Cr Crcycl oal kyl group linked via a single coval ent bond or a Cl-Cal kyl ene

group.




A "(C4-Crcycl oalkyl ) Co- C4alkyl ene" is a dival ent

(C3-Crcycl oal | cyl ) CO- C4al kyl group that is |inked via two single coval ent
bonds to two specified noieties. In 15 general, one single coval ent bond
is located on the cyclic portion and the,other is |ocated on the al kyl ene
portion, MOHOYMB alternatively, if nd al kyl ene groR@T/US20ps/@sssmt ,  bot h
single coval ent bonds are on different ring nenbers. For exanple, wth
respect to timfagomuablefl; réspousej er ol pedtdah kor| doplibatidne nBuchnshliyl iinsiuO0H,
one RA npiety.-so,formed is: . . ., By "al koxy," as ysed herein, is
meant an al I%y raé%%Brgggca%’é‘f%e%%ﬁ%fgslﬁ?qséBﬁbﬁF %‘Pé‘e s A&y Enalkel age.

Al koxy gr oupsgami€ balteofGieidRb adskdusy sshlasCarbedlyli@udiddlr SpRssc Whikfchdeary rom 1
to 6 or from1 tqg 4 carbon atons, respectjvely. Methoxy, ethoxy, propoxy,

i sopr opoxy, "’t‘i9%q8§<§l?m%@f sk kRl foanation ingluge, byt y@m%%wtcéio,zasetp@n%xy,

3- pent ox¥, iBERBLWRXYate, NGARBEHOX lbenfklﬁi‘e? X ¥icaiohf& 0 W@mﬁé,?ﬁé?é%n %!agtat%

met hyl pent oxy are representative al koxy groups. e term " oxo0" is
~used her ei n “eongieeehierden gites; gitlrydsedblaridey diphosphate, ditarioaie, aletts, tebtatate

results int [ Bk dy0 | .qro (C=0). An 0x0 gro that is a
substi t uent (g[?lylfggnongf_4 b#ﬁ |act@’cg@[§%%p%t%§hceﬁ)gé£em t%gm‘i)’nr?tea @Bﬁfﬂ??esi cJpte. orp-
to -C(=0) I gBﬁoAmlamamlzge,ohgxyH@?ﬁrcinatea lgtdlbaﬁa'trﬁneenlﬁycﬁébramjc&[ Qif,lﬂi-édrald%ﬂé,lbon
atomresults._i.n.a,.conversi on - to -C(=0)- and may result in a |oss
of aromatici Py ’2%‘5@/‘%@3?@?@1%‘?’3’@@?&@%@4%@@ 1sethionate tlagtate,

"al kanoyb" nefieviondi) amabe/l @ik, (nfindelatt C-Retiborlide, | heMYififtacar bon
atons are I?‘T’thlhlﬁﬂ ar or branched al kyl arrangenerit and where attachnent

i s through BpEcife nRW@*%_r Blgte, Apaugalyy | Papiaibppstch aphenylaectate,
i ndi cat ed “%ﬂb@ha@ag%éﬂmm&sm drfded Ui d Ve te,téﬁgﬁan.é) s%ﬁﬂﬁebe' g

included in the nunbefed S carbon atons. For exanple’a dnoyl "group is
- (C=0) CH3. AVifamdy) sulfanilgte, | wifisd ssnulfboatee xacipliog 1E2yIeRal(baaermyptifonate),

C2- C6al kano C2- ou i ch, have . from.2 to. 8, from2 to
6 or from Z)é%lgg}ﬂgtgar é%%gg%gﬁj&?tgg pecl%tﬁ %S\ﬂeg%. (c@ag?'ﬁgfﬁ‘gfﬂl%n?@’er Esylgte

- (C=0) HlI5 whi(gthar(eahlfmgte)i 2ihyGRxPsthiisaliored,) nesylanC ¢RphasRdlEdatd)herimiem

" Cl- Csal kan? ] .u"mloe" K Ifetthﬁr" ({]eferls tg a linear or branched ether
substit uent %‘fla? é‘hﬂ%lnﬁ%i\l 0875l p M aPsylates (BLeipengsdipnate).n tapnats, k BEGatEr oup) .
Al kyl et her t@chupsnd BidhieEdEr SEadhily)phahRRhticalis -c0kdtyd cAldas fo L in

C2- C4al kyl et hgr@gtriou s, which have 2 to 8, 6 or 4 carbon atons,

respecti vel §alit o} 1og|ude byt ares posdimigeretor anpgonigpy, bepzathipe, dtieropecaine,

"al koxycar bg e 3 : r 5
(2| onycer bain BRbAAL SIS KEN R EACIFA LY OB 45

- C( =0) - 80 a phymipumArfebape di | megnesips, ipotissivie, ©1diGB, andl ziG6. aTitbse of

Cr - C4al koxyggay; . ' hay, to.8, .6 or 4 carbo t ons,

respectively, ﬁ?%f lelglglﬁﬁ%?twpl\gﬂme?%ﬁ of 1 &éé‘%%aﬁelmc?léy ?cclbﬁtgblgﬁf"‘g%ﬁr% t he

ket o bri dgecémsporuids profidedelebréin. tih generdl, agihatnawiiially abcepibROfi@bPBEs:.
aal koxycaggto :pa¥1|be sryg&gsrigedt fom %(pigr)gnt gon?;gdndﬁﬁchgtglgg%;sbig 2¥ !ctcitljjrg%(g:igttyes )

by any conventional chemical method. Briefly, such salts can be prepared by reacting

25  the free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
generally, the use of nonaqueous media, such as ether, ethyl acetate, ethanol,
methanol, isopropanol or acetonitrile, is preferred.

It will be apparent that compounds and salts thereof provided herein may, but

30  need not, be formulated as a hydrate, and that such hydrates are encdmpassed by the ‘
formulas, names and structures recited herein. In addition, the various non-hydrate
solvates, non-covalent complexes, crystal forms and polymorphs of the compounds
provided herein are within the scope of the present invention. Also provided herein

are prodrugs of the compounds of the recited Formulas. A “prodrug” is a compound



- atons, resp8

20 C(=0)-0-(CH2)2CH3 or -C(=0)-0-(CH) (CH3) 2. "Al kanoyl oxy," as used
herein, refers to an allcanoyl group |inked via an oxygen bridge (La, a
group having the general structure -0-C(®0)-al kyl). Al kanoyl oxy groups
include C1-C8, Cl1-C6 and Cl-Cital kanoyl oxy groups whi ch. have from1 to 8,

6 or 4 carbogn atoms spectively n t.he alk ortion of t rou For
25 exanpl e, tgﬂ o@ﬁ%ﬁmsé’e%@ %I‘{CHHMO ‘%@’r—tlg r'thé comngWfSI Vi%d

"al | canoyl .o, am% Msedeher, %rb hREems éc&nﬁﬁtr@tﬁdrﬁﬁﬁ@)ﬁaﬂ&&tottpp}dd%@d via
a nitrogen bridge (La, a group having t he general structure
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att achment mamm@yalslsu@@cryrclqywoopg forna| audeeeCrydrepal daying Lorf HHEpY devh group,
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at t achnment cléiwéa wbzs@tdgawmépmt gcrmpqnmdsncl ude . Cl-Co6al kyl sul fonyl am no
and Cl- Cal kyl sul fonyl am no group h have from

to. 6.qr.11to 4
carbon at ons, re%p%?? | |3§1ﬂ’llf Pé%ﬁ%ﬂg%f% %‘%‘gﬁf“aﬁ“\‘féted

~allcylsulf Aﬁ@, graﬁrg 22 RRAAHHRY 1o $cBon at
al I cyl sul fo.agrié}" group ‘t'h as ?romé]?/%r%wég cart%ﬁbatorrs %n naoms
~substitut ec(Cwagh]kgt) freasi torfecdrabmgmy 6CgCsalkyd) and from 1 to 4 ca:rbon atoms

o T ks, o, eSS M LS B POOHES
attachment . §r<? : Sty ToRRencAl nbbydnbd; nbd B ek AT3ORSY 1faﬁdﬂ)B|-meﬁh?fp@ﬁt§'l to

. groups that f'or mu he sul fur atomis
t he poi.nt d'Eofﬂnhh@H'rrefﬂrs toamdinighe evhiatsnt bovad @u)@r@ﬁ@égwllp hpgingfipm oot her

Rrs hydro or an in ndetl,, k

RA Ryl ndsabbs San il SR e TrRRS R, hirbas o sl fovalsnt Bend f & Ckne

~group-(Le.,c rfgl)zm] avh RBmeNBisBRB&Y, &l sitistitieht!bf an allkydy, b figallyor
-al kyl eneN( é‘lallkgyl (elljlhl cyl)) | nvahr ch each al Kyl is se?e%?g% i ndependent |y

from alRy] m@y@b@afbcyra@m (eyCrlorepialian s a Growgkyl sory sehbtifsed Rith

E{)ﬁﬁPfahgcgri'%f &L GRETRL P B 20 o oGl okl e a Rl

- (G - Coalggy L Natg 0oC cfahabhyl is a Np@ga]kﬁrgrdup é@bﬁﬁﬁaﬂ\bmyht)lamt nneCal6al kyl "
refers to a nono- or di-(Cl-Céal k I)amno rQup nked via a.single,
coval ent bond or"Adkenyl'GBER 9 éﬁ@gé cf%@@l rrrggrawé% CEPRREET ve

al kyl am no% l'fé(as’s P8 URRaturated carbon—carbon double bond. Alkenyl groups include C,-
25  Cgalkenyl, C,-Cgalkenyl and CZ—C4alkeny1 groups, which have from 2 to 8,2 to 6 or 2

to 4 carbon atoms, respectively, such as ethenyl, allyl or isopropenyl. "Ci-
Cecyanoalkenyl" is a Cp-Cealkenyl group substituted with at least one -CN.
"Alkynyl" refers to straight or branched chain alkyne groups, which have one
or more unsaturated carbon-carbon bonds, at least one of which is a triple bond.
30 Alkynyl groups include C;-Csalkynyl, Co-Cealkynyl and Cy-Caalkynyl groups, which
have from 2 to 8, 2 to 6 or 2 to 4 carbon atoms, respectively.
"Alkylene" refers to a divalent alkyl group, as defined above. C;-Coalkylene
is methylene or ethylene; Co-Csalkylene is a single covalent bond or an alkylene

group having 1, 2, 3 or 4 carbon atoms; Co-Cralkylene is a single covalent bond,



It will be apparent that the definition of "alkyl" as used in the terns
"all cylam no" and "al kylam noal l cyl"” differs fromthe definition of
"allcyl" used for all other alkyl-containing groups, in the inclusion of
cycloallc and cl oal kyl ) al kyl groups,(e.qg.,

( C3- C?cyc?‘gv@a% Psé’;?ﬁﬁéo Coal kyl ). 30The te?cr)n "ami nocar bon§4TUS2898008568 0 an
am de group (Le., -(C=0)N112)- "Mono- or di-(Cl-C6al kyl)am nocarbonyl "
refers to gﬂmlbﬂemﬁ ot hethflemearul A "((JGCsaJIQr)ene tl’ﬁt Zﬁ)OﬂﬁibﬁdlI;éS&jdﬁiﬁed by the

PCT/ US2008/ Q04563 N whi.ch t h t
one Ris Cl- é gg?wa °€‘¥P2m ctaFP(Eé’P ﬁ%ﬁ’ﬁ%% ?l‘g %d?)‘?btl%\r‘i’r%ﬁ@ 3‘??8&? accgggen
C1- C6al kyl . bond"is a C;MJ{iﬁkyIﬁfe doupt £ ddsbitlddepbia B a@maﬁwl&&k%ﬂm tis

an am nocarbc% )éyngroup in which one or both of the hydrogen atons is
replaced wit ©6al kyl , and 5 which is linked via a single coval ent bond

(i.a, nogo- or dix¢ 8 G
> ( Co- CAal kyl ) - (cff))‘%ﬁ%gm AR 0991?%3%?%%883%%omﬂegﬁggﬁpgg{éﬁ%ced

the G - Coal |S@ty¥at=girmg§sn winjchzal mmg@nh@rs @re afrtiomesushias cY¢lepropylpeyclobutyl,

Nonor or ezl FRdelet SllopBRATISo R, Batacki, i Rl

-(S2) - N( Rsa&yrated vdmaots dfttbe forkfaing, abchras sycidbexqoi. mConoam/I gohpedd notone R
is Cl1- C3a||cxl andtheoher Ris dro en. or nlndﬂﬁ nt | cho en _
Cl - Csal | cy| “OmPrse an SiRERge e ik 1731 | "rﬂ"h‘bg ?38198 1" is

an am nadul iHeytloalitsdup W}ﬂcﬂ\ﬂie@?claﬂ&ypgrobpbdihtﬂhs hbﬁg&%@i@@ﬁmgaﬁ&ﬁs thy
repl aced vm th Cl- CGaI I C%/ and 15 ich is |linked via a si ng@i coval ent
bond (i.e., "H8HgempFs (’E:f" 55 &ekSAY R Ao e LomAlgalieh) G- (@rlkel ais 1ay Cene

group (i. el Coe Qﬂ]&?%&%hﬁé@%@u@@é&w&%m&&a@t@ U ffe%gdr?]ltpatorfs are

so repl aced, the C gr oups Y be the sane or
A "(C4s-Cqeyeloalkyl)Co-Cialkylene” is a divalent (Cs-Creycloalkyl)Cy-Caalkyl

group that is linked via two single covalent bonds to two specified moieties. In

15  general, one single covalent bond is located on the cyclic portion and the other is
located on the alkylene portion, if present; alternatively, if no alkylene group is
_present, both single covalent bonds are on different ring members. For example, with
respect to the group Ra, if A is (Cscycloalkyl)Cralkylene and M is COOH, one Ry

moiety so formed is:

' i ——COOH
20 .

By "alkoxy," as used herein, is meant an alkyl group as described above
attached via an oxygen bridge. Alkoxy groups include C;-Cgalkoxy and C,-Cajalkoxy
groups, which have from 1 to 6 or from ] to 4 carbon atoms, respectively. Methoxy,
ethoxy, propoxy, isopropoxy, n-butoxy, sec-butoxy, terz-butoxy, n-pentoxy, 2-

25  pentoxy, 3-pentoxy, isopentoxy, neopentoxy, hexoxy, 2-hexoxy, 3-hexoxy, and 3-
methylpentoxy are representative alkoxy groups.

The term "oxo" 15 used herein to refer to an oxygen substituent of a carbon
atom that results in the formation of a carbonyl group (C=0). An oxo group that is a
substituent of a nonaromatic carbon atom results in a conversion of -CHy— to ~C(=0)-.

30  An oxo group that is a substituent of an aromatic carbon atom results in 2 conversion of

—CH- to -C(=0)- and may result in a loss of aromaticity.



The term "hal ogen” refers to fluorine, chlorine, bromne or iodine. 20 A
"haloallcyl"” is an alkyl group that is substituted wth 1 or nore

i ndependently chosen hal ogens (e.g., "G -C6hal oal kyl" groups have from1l
to 6 carbon atons). Exanples of haloall ¢yl groups include, but are not
limted tWO209434153di - or tri-fl uoronet ﬁ% © nmono-, di -PAIVUS2008/004563
tri-chloronethyl; nmono-, di-, tri-, tetra- or pentafluoroethyl; nono-,
di-, tri-, tetraThernenpefillanolyl"orefees Iy bn aapldgrdu (2g.2 - {(@+ORbIKYD @ WhickS
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that arg i ndependent chosen fromC, 0, Nand S or a heteroaryl group
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6- menbered heteroaryl (e.g.,. Ey“ | or pyrimdyl). | i nked heterocyclic
groups are TifHke#fOW 45 athgo it aHaehmamen Alkyisulfonyl groups include G-

Cealkylsulfonyl and C;-Caalkylsulfonyl groups, which have from 1 to 6 or from 1 to 4
carbon atoms, respectively. Methylsulfonyl is one representative alkylsulfonyl group.




WO 2008/ 12415315PCT/ 115200804563 A "heterocycl eCo-Cal kyl" is a
het erocyclic group linked via a single covalent bond or Cl-Cal kyl ene
group. A "(4- to 7-nenbered heterocycloal kyl)Cl-Calkyl" is a
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unsubstituted or are substituted by other than hydrogen_at one or npre
avai | abl e p&aaikihasinosuifonyly| tefers to zroups thabsaisfy Ahe) fegmuly rESOPyNBpeltor

nore suitabl e.qgroups i.ch gﬂ%@% Ll . i 1

substituti or‘l’vet]“%l aeggl%%&sﬁé’g@ﬁ% hg p rasge'?%ﬁgﬁs?iﬁgﬁ%bg %\ng}tjﬁjl]@rg%%yo to X

substi t gent sind thehwke Réisihgdioken oman independeritkyrchofen o sGiallyd substi t uent s.

Certain optional ly substituted grqoups are substit yf it 2, 3

or 4 independent]| é]l@rgq:@e?aéjéylsaggqs?? 88ﬁ@??afrlm.me.gr,ougﬁlgﬁgdngabst%‘{ﬂg%r%‘&

substituted et WodpO hbiRg r @61 badra Ostrmsirauralindedre NHbAlkylibet i-alkplens) .

O her optionally substituted groups are substituted with aj |east

subst i t uent N@lkyD(allsgpde P‘t}’tlﬁl’e?i"cb\,iaﬁﬁ’l 15 %ﬁlﬁcie‘jtlﬁdeé’,en%“gﬁ' %"i‘ %@‘é’t&?@@ﬁ%

sel ected SU%Ei({;)}&?&@)aﬂ(yy\g&BQS/ﬁé@ ARMbARGT £Adagd BRIHRARR Txample, mohbe term
elow r

"P2X7" herein ers to any P2X7 receptor, preferably'la mapmalian

r ecept 020suehd dé-(ChEsaiomaminz CirGelkyh xrotoe @ed bt -dirdelemite Gul-eybadent
No. 6,133,434, as, weld s HRTBLAMRS.C IRIEOT MU dorl Bi- @ RELISDERE BT, -

Cgalkyl” refers to a mono- or di-(C;-Cealkylyamino group linked via a single covalent
bond or a C;-Cgalkylene group. The following are representative alkylaminoalkyl

L ¢ R

| :
s FAN L NN LH’I\r N~ W

groups:

It will be apparent that the definition of "alkyl" as used in the terms "alkylamino" and

"alkylaminoalkyl" differs from the dcﬁnitiog of "alkyl" used for all other alkyl-

containing groups, in the inclusion of cycloalkyl and (cycloalkylalkyl groups (e.g..
(Cs-Creycloalkyl)Co-Cealkyl).

30 The term “aminocarbonyl” refers to an amide group (i.e, —{(C=0O)NH).

"Mono- or di-{C;-Csalkyl)aminocarbonyl" refers to groups of the formula ((C=0)-



A "P2X7 nodul ator," also referred to herein as a "nodulator,” is a
conpound 5 that nodul ates P2X7 activation and/or P2X7-nmedi ated activity
(e.g., signal transduction). P2X7 nodul ators specifically provided herein
are conpoynds of Fornula | and pharmaceytically acceptabl e salts thereof.
A modul at B MR128E3a P2X7 agoni st or antagoni st. A nodPEEBN0884wBNsi der ed
an "antagonist" if it _detectably inhibits P2X7- 10 nedi ated signal

t ransduct i orN@Jsimgvhighghe eathepylds the paipr efastiachmeng.congd i/ Cpfealkyleud ithe

Exanpl e 4); J rg@fgqlﬁ,ﬁllgﬁer%‘c& iﬁaﬁ?@%ﬁ%ﬁ@%ﬁiﬁfemﬂ activation with a

| C50 value o ess mcr ss than 10 m cronvol ar,
nmore preferably ["dmot handb(CrCoathyblaminocamborylQs-Chakdb| iy e senihdrarbohbyl

m cronol ar, still r referably. | ess than 500 nanompl ar,, .and st
preferably %P % cﬁﬁ eﬁéﬁSﬁo?yatrhesﬁya‘fﬂgﬁl ﬁﬁmzié%é‘?}’lafggﬂ?'g\/pﬂg » Bl e
4. P2X7 ant agach sis lifkddudeianedt sagleanéoyaRm Shéndang.cl, NBESE agONdSES-

An "inverse (tagﬁcg{'ast{' of P2X7 is a coirirjggund that reduces the activity of
P2X7 bel ow it agnogperyl} Pr |2 feiCapliylent SEPetice $Eo-Satled)HGTARHC:-

Inverse agomiak§nnl 1PEHK nYibesh s8msi & keplhe At v dupd P27
and/ or bi ndi rfg gf)gj i gand to P2X7. 'Is‘he ZO&Basa act]id\:/%a%kf%lf' “Bz%, bgtsthe\lj\)/el I
as a reduct issmepndiErent.acti vity due to the presence of P2X7 antagoni st,

Boapl e 4) o Toe O Sl Rl S8 MBS Sl IR,

i nhi bi t 40t héMaeibi wir tdj-(Gf-ChalkyiyuhindsuFBNA" rofists Bog®upobf The Borfrivtan{dqs)change

t he basal actlyit f.P2X7.(i.e.,. 25 W.thi.n a.cal ciumnnohiljzation assay
as descri beg\s(;a\rgz’I‘éi‘é’ﬁﬁfléhef%?%%g’qﬂ?l?tﬁéa QBWE%OB&I‘? Hihvg ﬁ??gthe
activity is ofieg Reie Gydry géiDor i iadépeadentld¥hodeh €f, &7aRlly by no nore than 5%
and nore pref eraQMngy no [TEI‘e than 2% npst preferably, there is no
det ect abl e reduct of rPradi-(tri-tepikyl)amingsyifony .fage’%)ﬁt S8 ofin. pXposipnynhi bi t
the bi ndi ng gadup ind@ieh bRe B%&-n_@foaﬁéw]@l% ex Sk s ?eg'idaaﬁialggﬁc cyl! hd®

e

conpound that elevates the activity 0 he P2X7 above th asal activity
| evel ofl5p2yehi¢h . &s | lidkedandas aP2xnglgctdovalentonbendd/ Ge., P2X@naredirat didCs-

activity, s i a ugt | | st RYIR XY e
det ect ed us:&r%ghk?ﬁaejﬁifg%%ggﬁtgf%v? g‘@%‘%‘%ﬁ?“g’gg‘ﬁ"n' géﬁp%})iswr
agoni st s i néleeliigh)AT R oot bdro8yn fofnd atresvzeplheddethe € Heydikyd gionfs may be the
5'-triphosephate é&%@ ). WD 2008/ 12415317PCT/ US2008/ 004563 A
"t her apeuti c?glnﬂ?r i ve amount " (or dose) is an anount that, upon

admi ni strati on t The tgad halkgen'T @ foSthiofing, dlcsee bRl Rasdignt benefit
(e.g., provides det_glglt %eﬂ relief fromat |east one_ _condition being
treat ed%o Such réti @ploalyl’nds sy el gsreup nthabdy bpitetsdi #iE dr iof emprs,

i ncl udi ng alihRpbRichAP BbsedNBalBEeniD:S, SYEPEMBalFI"S bolp@habRithm A to 6
t herapeutical |y effective anpbuht or dose generally regults in a

concent r at i GArbeR atesrpoframples af baldglkyl groeps(isclude, dut ik wotl limifed soyapomer um
CSF, synovi at_ fl.ui , 1yl k| Wthal flukd, .tears or urine)
that is suf |c({réﬂntffiﬁbgdr%%gf mé%(’/m rr%t%fﬂat@ félg{oﬁ%ﬁr%lm I%oah%ldutgt’?% CLETHY an
assay provi dedraethykxaopd-¢ dd) .trit,t tetwd br ipentaphleretiylt hat 1124E2-dadiocni bl e

patient .benefjit may.b parept afte a%gi nistration of.a 10 sjngl e dose,
or may t%gc o%@ﬁﬁoﬁﬁlgﬁﬁﬁﬁg@r I ovﬁ%ﬁm?ﬂtepéﬂf’ Yo dBFeMRSs t Pt | '6@“8?0 ‘f‘rf@q and
t her apeut i calfluor@héthgll i Tie ©A6 Cha6alR6Ei" gfetOtod RNGME] S dipAldHRel ABve
dependi ng upon.t E}f\k i,ndi cation for which the conpound i s adm nistered.
that 1s Iinked via an oxygen bndge.
A dash ("-") that is not between two letters or symbols is used to indicate a
point of attachment for a substituent. For example, -CONH; is attached through the
30 carbon atom.
A "carbocycle” or "carbocyclic group” comprises at least one ring formed
entirely by carbon-carbon bonds (referred to herein as a carbocyclic ring), and does

not contain a heterocycle. Unless otherwise specified, each ring within a carbocycle

may be independently saturated, partially saturated or aromatic, and is optionally



By "statistically significant,” as used herein, is meant results varying
fromcontrol at the p<0.1 | evel of significance as neasured using a
standard paranetric l1lbassay of statistical significance such as a

student's T

compound BYAMPHEA1Berein. Patients incl
ani mal s such as conpanion aninmals (e.g.,

test.: A "patient” is %ny i ndi vidual treated with a
lde” humans, as met/tsmesoisssr

Patients masubitudes ipliidl) AnArivcytlo genGyIPhaFoll1 & & Faed! p@idant or
responsi ve to, P2X7 nndulati?n or may he free of such sy

treat ment nePTHERRY FpHoRtoDe]

devel opnent

Fornul a |. \#PRiAing feame Bafond atngepembers ek, Cofial frd ) t
chBomtels, Seboast Phticas A% Ko Bl T SR el

are al so usdfom %ae [F dbgsnémberslet@stairorepassentbideatirbadyclen aod ciRAMIkdANG as
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be used 525
condi ti ons

st andards i
t he het eroa

dogs and cats) and |ivestock.

nptom(s) (i.e.,
¥ fiyrthen coptaipypie egReieadenchnders eamsrydlere -

20

wthi® B6rthi® ¥RBb@Rehts 1T BRONRE Lor AL s AN g Rically, eachAfmghot ed

above, the present invention provides héteroaryl amde anal ogues of
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cfs7 angs asdetitedonscertaiat  nay

atom as i natyt @& deontiisl aD)ekit@ha latdmieriariosgdicatl, Witz lwitiout S8Lsr mben( S)
at one or nore of . T, U .V, Zi, Z2 and/or Z3. In certain
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enbodi ngpt s
CR2. The 5-
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WO
B9 BODAID GEYED HripRyEREY, Surch arvbmarbopyrles,inchude, for

ex#0iple Spifellyl, Wabhth (}tgtlef-né‘ﬁﬂﬂﬂqiaﬁ'@@t—ﬁp\t]%%ﬂ), foRRH, hadhfl £ACh

menbered ring portion of the core:
1,2,3,4-tetrahydronaphthyl.

Certain carbocycles recited herein are Cg-CiparylCo-Cgalkyl groups (i.e.,
groups in which a 6--to 10-membered carbocyclic group comprising at least one

aromatic ring is linked via a single covalent bond or a C;-Cgalkylene group). Phenyl

- groups linked via a single covalent bond or C,-Cialkylene group are designated

phenylCo-Csalkyl (e.g., benzyl, 1-phenyl-ethyl and 2-phenyl-ethyl).

A "heterocycle” or "heterocyclic group” has from 1 to 3 fused, pendant or
spiro rings, at least one of which is a heterocyclic ring (i.e., one or more ring atoms is
a heteroatom independently chosen from O, S and N, with the remaining ring atoms
being carbon). Additional rings, if present, may be heterocyclic or carbocyclic.
Typically, a heterocyclic ring comprises 1, 2, 3 or 4 heteroatoms; within certain
embodiments each heterocyclic ring has 1 or 2 heteroatoms per ring. Each
heterocyclic ring generally contains from 3 to 8 ring members (rings having from 4 or
5 to 7 ring members are recited in certain embodiments) and heterocycles comprising
fused, pendant or spiro rings typically contain from 9 to 14 ring members. Certain
heterocycles comprise a sulfur atom as a ring member; in certain embodiments, the
sulfur atom is oxidized to SO or SO,. Unless otherwise specified, a heterocycle may
be a heterocycloalkyl group (i.e., each nng is saturated or partially saturated), such as
a 4- to 7-membered heterocycloalkyl, which generally comprises 1, 2, 3 or 4 ring
atoms that are independently chosen from C, O, N and §; or a heteroaryl group (i.e., at
least one ring within the group is aromatic), such as a 5- to 10-membered heteroaryl
(which may be monocyclic or bicyclic) or a 6-membered heteroaryl (e.g., pyridyl or
pyrimidyl). N-linked bheterocyclic groups are linked via a component nitrogen atom.



is, within certain enbodi nents, S5Where present, each R3 is generally
as descri bed above; in certain conpounds each R3 is independently hydrogen:
or Cl-Ciallcyl. The variable RAis a ring substituent as descri bed
above. In certain conmpounds, exactly one_of T, Uand Vis CRA (Le., one
and only WRSS¥124153y and V is a carbon g? omthat is sUNSVUS20M880456F t h RA) .
Representative RA groups include, for 10 exanple, Cl-C6hydroxyal kyl,

Cl- Cecyanoal kyl , APhekhad 1G,alegr @6 @ hk@eeyeid@bu ﬂfﬂﬁdﬁydlﬂs R dooylent
phenyl G - C4al k I) _214 t)}g%gxrré‘an%gr ed het ergc i?e)%o@al =4

(C1- Csal kyl Hané 8h{r-SusliHsyosoea A - tO(@ewaIeéélﬁwmcaR‘yyléﬂlI%‘a}iM 15 C1-
C6al kyl sul fgn aIIu?%y ( o) r & NikRd |,
and (nono- %ryé&%}(%w amtr?ogg@b%rfgﬂ%g%gﬁgayﬂietggﬁ of Qﬁagablﬁy
subst i t ut ed Caslkfletd gfoup.m 0 to 4 substituents independently chosen from

conrt and (1 1) oy GayRr BROCRpBICRCaioRaY, s FLiRL & AnC

Cl1- Ceal kanoyﬁmm hmeyclmlkﬁ)'cto@mmalgkcﬁyl thaniai livked @la O6nbikylesiohilomy|

Cl Coal kyl s | am no, no- Céal kyl am.nocar bonyl Tono-
- C1- CBal kﬁaﬁ?ﬁﬁl rreyg&PFfd O&H@hyﬂ' S o7 GO SHR)E RRHADY BOPd i ?’ge&cl e;
each of whi GR the @Bﬁ@khﬁi@h@&dvmhb hothdr AR 16cdid 6n Sk slklyleHe Pbidnndepeident | y

chosen from hal ogen ydroxy, am no, o0xo, am nocarbonyl, am nosul fonyl
COOH, Cl- maltpl@ﬂweémf @0 BHHERH ETORp | 1S PRPSeRl hotheuchi Sindersevalent rhoads pI¢ |
C1- C6hydg0x I , c her,
CL- OBy 043l on ERCREXAORRELL, Kt oBYERR KoRM 0 (2aORp RN A §
di - C1- CGaI I @Xb@ﬂndlnahafaﬂmme)a@dl\m@@Qﬂ on¢ R4 zpoitty sq formmndé ed
het erocycl OCl - C4al |l cyl; each of WhICh |s Sl tuted with fromO to 4
subsfituents lndependently chose% no, hydroxy, oxo, hal ogen,
am nocar bonyl , anai nosul f onyl . | tcyI Cl- C6hydroxyal | cyl,
Cl- Coal koxy, C2- Ceal | cyl ether, nono- (O -

A "substituent,” as used herein, refers to a molecular moiety that is covalently

bonded to an atom within 2 molecule of interest. For example, a ring substituent may

15 be a moiety such as a halogen, alkyl group, haloalkyl group or other group that is

covalently bonded to an atom {preferably a carbon or nitrogen atom) that is a ning

member. Substituents of aromatic groups are generally covalently bonded to a ring

carbon atom. The term "substitution” refers to replacing a hydrogen atom in a

molecular structure with a substituent, such that the valence on the designated atom is

20  not exceeded, and such that a chemically stable compound (i.e., 2 compound that can

be isolated, characterized, and tested for biological activity) results from the

substitution.

Groups that are "optionally substituted” are unsubstituted or are substituted by

other than hydrogen at one or more available positions, typically 1, 2, 3, 4 or 5

25 positions, by one or more suitable groups (which may be the same or different).

Optional substitution is also indicated by the phrase "substituted with from 0 to X

 substituents,” where X is the maximum number of possible substituents. Certain

optionally substituted groups are substituted with from 0 to 2, 3 or 4 independently

selected substituents (i.e., are unsubstituted or substituted with up to the recited

30 maximum number of substifuents). Other optionally substituted groups are

substituted with at least one substituent {e.g., substituted with from 1 to 2, 3 or 4
independently selected substituents).



Céal | cyfl am no, nono- or di-C -C6al kyl am nocar bonyl, Cl1-C6all cyl sul fonyl,
Cr WD 2008/ 12415319PCT/ US2008/ 004563 C6al kyl sul fonyl am no, 4- to

7- menber ed heterocycl oal kyl, and 5- or 6-nmenbered heteroaryl. Wthin
further enbodinments, the "M portion of, RAis a NI|inked heterocycl oal kyl .
Certai n sWORIMBN215BUps satisfy the Forml a: 5 L _NaR7 \iaYEzens/opdsss absent
or Cl-Cbal kylene that is optionally substituted with oxo; NQ represents a

4- to 7-nenber edThetignpopekpahiinbbidat rdfers Ot k@NPRIKY r%b%ﬂd, tpgefBlaBRYh Or to

a 5- or 6-nenbered het eroar%ql; and 1(7 represents fromQ to_4_substituents
i 98

i ndependent mpmandiga feceploRFugh 3 thy Areaty or EPALT TesRiorsHfaleea i bisyatent

am nosul fon 1 a6 b ol -

di - (Cl - Ceal kI é‘g?nﬁﬂ%c% %‘é|a‘f<¢+’%‘°]%“ceé;aiﬁ%<r§?(ﬂsfﬁ| fon?x’}hc?g?‘ Siai kyl |

Cl - Coal kyl sulf onhI'REXn oduidia]"| also, refared4o hewginzas aimodulator, histzeeampaené; each
of which is_,substituted wth fromO o 4 t]t s, L:ndependent. chosen
from halhsogeﬂl,glij h?ﬂfhbl%?,s gﬁ‘ho‘:‘%’ %?n aan%%r/%c?riﬁﬁll)lﬁd?&%gm %C(lt)lgﬂ?f ge% gl%—(

Cr - C6al kyl , trassdfuink OXy2X Memsiuladsrs dpeéificallyo atdvidad) Bereinoareacmpidunds of

Cl - Ceal kyl sul fonyl amj no; substituents tha re taken ether to forrn a
bri dge of theEdR Frﬁ?rgaphﬂ{wa‘-’@y(aeﬁm‘?bﬁ? Sa&?ﬁ@‘ff’é‘?‘ﬁ- g‘*’f&ﬂ%‘ﬁ oLmay Pﬁ&é’ﬁgﬁdent ly
0 or 1 and fadnsst GFataddnishH or S; and (iy) substituents that are taken
together to %orm a spiro 4- to 7- nmenbered heterocycl oal kyl ri ng}?that i's

f

substituted wit hAf mefiylaior gs Zossidered tale rANLAEPHGE P ritl istertpblvh Bdhitst PBFm oxo
Pric CLOMT | o] Bubaadioh GRpBP e kol & I8 € hted PRV (e
Wi th oxo; CEkamgleRE, ineneral, Guchsaraamagonsst ehing di3en detvdiyn Oyithla 1O vaiuer 4,
Such 0 bRt RS8R B el o0
or di - (Cl - Cahlsayicanding SRrEpridsybly 1653 thanal jdramblan Ryill QT ptdferhbly less
Cl- C6al kyl'sul f onyl am noCO0- C4al kyl, or 4- to _7- ered heterocycl e; each
of whi ch i STeNEODiHaPBaR M PPEHEeEbI e fep {Eﬁbaépgmf’ﬁa@ﬂ@ﬂa #F¥¥chosen
from haj pgeprovitedrif X FanPlé R0, PEXP antBEdHiNS GRIIIR MeutraltMMtishittd ity invefseOH,
agonists.
An "inverse agonist” of P2X; is a compéund that reduces the activity of P2Xj5
below its basal activity level in the absence of added ligand. Inverse agonists of P2X;
may also inhibit the activity of ligand at P2X7 and/or binding of ligand to P2X5. The
20  basal activity of P2Xj;, as well as a reduction in P2X; activity due to the presence of
P2X; antagonist, may be determined from a calcium mobilization assay (e.g., the
assay of Example 4).
A "neutral antagonist" of P2X; is a compound that inhibits the activity of
ligand at P2X5, but does not significantly change the basal activity of P2Xy (ie,
25  within a calcium mobilization assay as described in Example 4 performed in the
absence of ligand, P2X; activity is reduced by no more than 10%, preferably by no
more than 5%, and more preferably by no more than 2%; most preferably, there is no
detectable reduction in activity). Neutral antagonists of P2X; may inhibit the binding
of ligand to P2X;.
30 As used herein a "P2X5 agonist” is a compound that elevates the activity of the
P2X; above the basal activity level of P2X; (ie., enhances P2X; activation and/or
P2X;-mediated activity, such as signal transduction). P2X7 agonist activity may be
detected using the representative assay provided in Example 4. P2X; agonists include

ATP and 2'(3")-O-(4-benzoyl-benzoyl)adenosine 5'-friphosephate (BZATP).



Cl- C6al koxy, mono- or di- (G -C6al kyl)am no, and Cl1-C6all cyl sul f onyl am no.
30t her such RA noieties further satisfy one of the foll ow ng Fornul as:
WD 2008/ 12415320PCT/ US2008/ 004563 7___ N-NR9 ..."..4--- kiRONH - ROR9 ri -
\/\Cc.... 1,11,\ /) -NLO -1 _NH -L-NV -L-NJ 'n N\\ / RO R9 -LNt)-L--NS
r:lor -R WO20024258 -L-N- F-E . wherei®/ J is CH or Nr@Eodesoeses F are
I ndependently chosen from CH2. NH and O;

A "therapeutically effective amount" (or dose) is an amount that, upon
administration to a patient, results in a discernible patient benefit (e.g., provides
detectable relief from at least one condition being treated). Such relief may be
detected using any appropriate criteria, including alleviation of one or more symptoms

5 such as pain. A therapeutically effective amount or dose generally results in a
concentration of compound in a body fluid (such as blood, plasma, serum, CSF,
synovial fluid, lymph, cellular interstitial fluid, tears or urine) that is sufficient o alter
P2X;-mediated signal transduction (using an assay provided in Example 4). It will be
apparent that the discernible patient benefit may be apparent after administration of a

10 single dose, or may become apparent following repeated administration of the
therapeutically éffecﬁve dose according to a predetermined regimen, depending upon
the indication for which the compound is administered.

By "statistically significant,” as used herein, is meant results varying from
control at the p<0.1 level of significance as measured using a standard parametric

15  assay of statistical significance such as a student's T test. _

A "patient" is any individual treated with a compound provided herein.
Patients include humans, as well as other animals such as companion animals (e.g.,
dogs and cats) and livestock. Patients may be experiencing one or more symptoms of
a condition responsive to P2X; modulation or may be free of such symptom(s) (i.e,

20  treatment may be prophylactic in a patient considered at risk for the development of

such symptoms).

HETEROARYL AMIDE ANALOGUES
As noted above, the present invention provides heteroaryl amide analogues of
Formula 1. Within certain aspects, such compounds are modulators that may be used
25 ina variety of contexts, inciuding in the treatment of conditions responsive to P2Xy
modulation, such as pain. Such modulators are also useful as probes for detection and |
localization of P2X; and as standards in P2X;-mediated signal transduction assays.
Within Formula 1, the heteroaryl core:

Z.(/’\lf/’T\
i U

&
ZZQ:Z/N“*-V

3

30 comprises at least one nitrogen atom, as indicated, and optionally comprises

additional nitrogen atom(s) at one or more of T, U, V, Z,, Z, and/or Z;. In certain



and Ro represents fromO to 2 substituents independently chosen from (i)
am no, 5 am nocarbonyl and COOH;, and (ii) Cl-C6al kyl, nono- or

-(C -Coall cyl )am' noCoC2all cyl, Cl-C6al kyl sul fonyl and
O C6al kyl sul f onyl am no; each of which js substituted with fromO to 3
subst i t uef0? ?‘W&%‘éendent |y chosen from irél ogen, hydr 0oxBCT/G5RE08AREF6IO0H.
Wt hin other enbodinents, RAis G -C6al kyl, C2-C6al kenyl, C2-C6al kyl
ether, 10 oemB®difren®) Ai is( CR, 6@l h;ttb)earaﬁlmmeﬁfs}azkyﬂs CHac hWathimhitiodry i s
substi t ut ed with fromil to 4 substityents in ntly chosen from
hal ogen, hy8mBmeRtSafinZ2 87 Apare ‘3‘8§ i S%PH%%WG‘COO-L
Cl- Coalkyl, 91' Céal koxy, mono- or - (G Ceoal kyI )am no,
Cl- C6al | canofl aii no, Cl- Céal kyl sul fonyl Cl- CBal kyl sul'fonyl oxy, Cl-

Coal | cyl sul f | ang, (:Bﬁﬁ'ﬂ)émﬂoﬁ ﬂtss optionally substituted with hal ogen
or Cl- 15 C4aIkF§ m:)lg to mber ed heterocycle that is optionally

substi t ut ed vm h Cl1- khkyl . resent ative such RA c?ups | ude, for
exanpl e, #ﬁ %a I and R&2- CG etffiey, each of
which is su e fr stl 325 epen Iy chosen
from hal ogen, ydr OXY, RQXO, kyN\ nd 3Cl1- I koxy R,20W t hi n

still further enbodi ments, -RA |s a’group of the Formula PLA-M'as descri bed

above, wgerein L %&pg{aﬁﬁmﬁfﬁé&eﬁh§%§'ﬁemﬁ95& Move; Rheayh Bmpdumts OF 6-

menber ed heteroaryl, each s substituted with fromoO to 4
substi t uent sathﬁbepmddmﬁbw}chwkmnfqr&nfbﬁﬂwl am no, hal ogen, hydr oxy,

cyano, am nocarb osyl fo yl
Cl- Cohal oal kyl , gggé%mf’@?xg %5 C@X%ﬁh% ﬁ@%éﬂg%ﬂb% et ecrmam
g %a: Ikc ?no?«’?pcmnﬂe, exmljmnemf it md‘GMZRy I(:)ee,lmfniapd aﬂy@&a:o:cf &‘waﬁ f\orsy| ,
al kyl su ar ni or, 4C1- a osul fon no- or
(G Char Pttt B s myPetiah v f- R G o BRBE Rt W i
Certal N 16 UC Bx A@18,0 W ASshyddok GalRylD- cpcé@aﬂmt;aracb Mlehsalarm—ceﬁnﬂh etHer,whi ch
is optional I?J/ substit ut ed Certain such 5- or 6-npenbered, 30 het er éryl

moi eti es i nePeRICo-Ealkydx tegpl d’hen)ﬁél‘féelgyli’zz(iSStQ15@7‘7‘[‘]@2%89%&9@? )
i m dazol I, {4ikfZ Qb%bﬁalkﬁ"sﬁl?&@llﬁﬁmc'ﬁxf& 1 (I@j{f(tﬁﬁéhd}bl&xﬁflo-@ym @prl

each of which Is substituted with from?O0 substi tuents |nde;1)en ently

chosen fr orrfea&bylswlfnnabmy}(éafﬁgéﬂd hyehnex y or c9’aﬁ0064ikulﬁe@&9%ﬁgﬂﬂky

am nosul fon C%]d e LK¥ h&gh%%iy W

Cl- Coal koxyxlmgl0 hal 6:56%3% &a%“l"ﬁé? héécmé % kan gérfn ﬁ%l

nono- of5di fipfi 0 G54 lskhyytiaienisnadepEhd«ilyl dhytesmﬂdmm)’al) oxo, halogen, atmno cyano,

Cl - Coal kyl syl f onyl am. no, 0 )a no- or

di ( C1- Ceal ky‘Véf ow%awwﬁ aﬁamﬂs‘ﬁf%‘cé aﬁgn‘gé’ ﬁﬁn{leggc% éXﬁ‘Z‘nd i )00

N- | VN- -\ \ NCghydroxyalkyl, C:-Csalkoxy, Cr-Csalkyl ether, C;-Cealkanoylamine, mono- or dl-
(Ci-Csalkylyamino, Ci-Cealkylsulfonyl, C;-Cealkyisulfonylamino, mono- or di-Ci-
Csalkylaminocarbonyl, mono- or di-C;-Cgalkylaminosulfonyl, phenyl and 4- to 7-

20 membered heterocycle; each of which is substituted with from 0 to 4 substituents
independently chosen from halogen, hydroxy, amino, oxo, aminocarbonyl,
aminosulfonyl, COOH, C,-Cjalkyl and C;-Cshaloalkyl.

Within certain embodiments, Ry is C;-Chydroxyalkyl, C;-Cecyanoalkyl, C,-
Cgcyanoalkenyl, C;-Csalkyl ether, (mono- or di-C;-Cgalkylamino)Ce-Cialkyl, (mono-

25  or di-C<Cgalkylaminocarbonyl)Cy-Caalkyl, or (4- to 7-membered heterocycle)C-
Caalkyl; each of which is substituted with from O to 4 substituents independently
chosen from amino, hydroxy, oxo, halogen, aminocarbonyl, aminosulfonyl, C;-
Csalkyl, C,-Cshydroxyalkyl, C;-Cgalkoxy, C;-Csalkyl ether, momo- or di-(Ci-
CsalkyDamino, mono- or di-C,-Cgalkylaminocarbonyl, C;-Cgalkylsulfonyl, C;-
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each of which is substituted with fromO to 2 substituents independently
chosen from am no, hal ogen, hydroxy, cyano, am nocarbonyl, arninosulfonyl,
COOH, C1- roxyal kyl , Cl- C6hal oal kyI Cl- C6al | coxy, Ci1-C6hal oal koxy,
Cr esal kyl%g’x‘gﬂt"%@%? Cl- C6al kanoy! ani no, Bono- or di- ( ACTEERPBOH AN no,
Cl- C6al kyl sul fonyl, ClC6al kyl sul f onyl am no, nono- or
i - (Cl- Chal Kydlydsulfeoglainienyd-, ton%mmb@redcﬂilettrﬁnycl@aﬂ,kgﬂl@ﬁi 90 Ycmepbergd, and
- to 7- rrengeired et erocycl e. Wthin other enbodi nents, RAis a
group of th la L-A-M wherein L is C0-C3al kylene that is optionally
substituted w t hwithin ofurtteXORimbddiferd)s @it ;"MNGoldions o0 Rphdanys NHadked s

substituted with amn cyano, nocar bonyl sul fonyl.,. COCH or
Cl1- Csal ky! . hefgrerysioati epegﬂlﬁéa?t?g]hg?“l’ﬁimﬁ %eg?wg of the Formula L-A-M

wherein L is Cl- C2a||cy| ene that is op glly substituted with oxo; Ais
absent; and Mis nono- -(C - Ceal afino that is substituted with a
5- or 6-henbered heter oar yI each of
wherein: L is absent or C;-Csalkylene that is optionally substituted with oxo; NQ
represents a 4- to 7-membered heterocycloalkyl that is optionally fused to phenyl or to
a 5- or 6-membered heteroaryl; and Ry represents from 0 to 4 substituents
independently chosen from: (i) hydroxy, amino, oxo, aminocarbonyl, aminosulfonyl
10 and COOH; (ii) C;-Cealkyl, mono- or di-(C;-Ceatkyl)aminoCo-Caalkyl, Ci-
CealkylsulfonylCy-Caalkyl, C;-CgalkylsulfonylaminoCy-Csalkyl, and 4- to 7-
membered heterocycle; each of which is substituted with from O to 4 substituents
independently chosen from halogen, hydroxy, amino, oxo, aminocarbonyl,
aminosulfonyl, COOH, C;-Cgalkyl, C;-Cgalkoxy, mono- or di-{C,-Cgalkyl)amino, and
15 C,-Cgalkylsulfonylamino; (iii) substituents that are taken together to form a bridge of
the Formula ~(CH;)4-P-(CHz),~, wherein q and r are independently 0 or 1 and P is
CH,, O, NH or S; and (iv) substituents that are taken together to form a spiro 4- to 7-
membered heterocycloalkyl ring that is substituted with from O to 2 substituents
independently chosen from oxo and C;-Csalkyl.
20 Certain such R4 moieties further satisfy the Formula:
Jan
MG
wherein: L is C;-Csalkylene that is optionally substituted with oxo; G is CHRg, NH
orQ;sandt are independ'ently 0, 1, 2, 3 or 4, such that the sum of s and t ranges from

—t—N

2 to 5; and Ry is: (i) hydrogen, amino, aminocarbonyl, ammosulfonyl or COOH; or
25 (i) C;-Csalkyl, mono- or di-(C;-Csalkyl)aminoCy-Csalkyl, C;-CsalkylsulfonylCo-
Cqalkyl, C,-CealkylsulfonylaminoCy-Csalkyl, or 4- to 7-membered heterocycle; each
of which is substituted with from O to 4 substituents independently chosen from
halogen, hydroxy, amino, oxo, aminocarbonyl, aminosulfonyl, COOH, C,-Csalkyl,
C,-Cgalkoxy, mono- or di~(C;-Cgalkyl)amino, and C,-Csalkylsulfonylamino.
30 Other such R4 moieties further satisfy one of the following Formulas:



25 which heteroaryl is substituted with fromO to 4 substituents

| ndependently chosen from oxo, am no, hal ogen, hydroxy, cyano,

am nocar bonyl , arni nosul fonyl, COOH, Cl-C6al kyl, Cl-C6hydroxyal kyl,

Cl- C6bal o ) - C6al | coxy, C-C6hal 9al koxy, C2- Cb6al kyl et her,

C1- Cgal kaﬁ’c()Jy gérﬁzﬁlc%% nmono- or di - (Cl- C6a?¢cyl ) ani no, Cllfc"'cﬁsazf’?s@@ﬁéﬁl fonyl ,
Cl- Coal kyl sul fonyl am no, nono- or di-(G -C6allcyl)am nosul fonyl, WO

2008/ 12415322PCT/RiS2008/ 004”H3 nmono- or M. ( Cl- Caal.kyl am no) &y , and
4- to 7-nenbered hst erocyctHe Repr ese’rTrﬁt\iFve 5- ~nenber e et epoaryl s
are as illusttated @bovierN NH AsNot

Z2 and Z3 in For}m't/a,A o'r \Eo'r/rml,a | 1S ger‘?ésally CH or substituted

carbon. Wthin certain enbodinents, Z1, Z2 and Z3 5 are Rach CR2; Zi is N
and 72 and Z3 argeaBh CR2; 22 is N and,Zk and 73 /Are BAph CR2; 73 is N
and Z1 and Z3lalNe eﬁch CR2;Nor R4 antH 3%are N and Z?\LsECR2. Each R23
within certain s conmpoundS, is>hydrogen 6 Cl-C6al kyl. Certain

repr esent at iwterdie § 6§ OHrot N;dME axiBF Mrelfidépradeity chben feonadiil,eNH and O;

and Ry represents from 0 to 2 substituents independently chosen from: (i) amino,

5  aminocarbonyl and COOH,; and (ii) C;-Cealkyl, mono- or di-(C;-Cealkyl)ammoCy-

Calkyl, C;-Cealkylsulfonyl and C;-Cealkylsulfonylamino; each of which is

substituted with from 0 to 3 substifuents independently chosen from halogen,
hydroxy, oxoand COOH.

Within other embodiments, Ry is Ci-Cgalkyl, Cz;CGaikenyl, C,-Csalkyl cther,

10 or mono- or di-(C,-Csalkyl)aminoCy-Cjalkyl, each of which is substituted with from 1

abowesN eagh‘“bf -t vapi &bl es 71,

to 4 substituents independently chosen from halogen, hydroxy, c¢yano, amino, oxo,
aminocarbonyl, aminosulfonyl, COOH, C;-Csalkyl, C,-Csalkoxy, mono- or di~(C,-
Csalkyl)amino, C;-Cgalkanoylamino, C,-Cgalkylsulfonyl, C;-Cealkylsulfonyloxy, C;-
Cealkylsulfonylamino, phenyl that is optionally substituied with halogen or C;-

15 Caalkyl, and 4- to.7-membered heterocycle that is optionally substituted with Ci-
Cqalkyl.  Representative such Ra groups include, for example, mono-(C;-
Cealkyl)aminoCy-Csalkyl and C;-Cealky! ether, each of which is substituted with from
1to4 substituents independently chosen from halogen, hydroxy, oxo, COOH, C;-
Cualkyl and C,-Caalkoxy.

20 Within still further embodiments, R, 1s a group of the Formula L-A-M as
described above, wherein L is not absent; A is absent; and M is phenyl or a 5- or 6-
membered heteroaryl, each of which is substituted with from O to 4 substituents
independently chosen from oxo, amino, halogen, hydroxy, cyano, aminocarbonyl,
aminosulfonyl, COOH, C,-Csalkyl, C;-Cshydroxyalkyl, C;-Cghaloalkyl, C;-Cealkoxy,

25  C-Cghaloalkoxy, C;-Csalkyl ether, C;-Csalkanoylamino, mono- or di-(C;-
Csalkyl)amino, C;-Csalkylsulfonyl, C;-Csalkylsulfonylamino, mono- or di-(Ci-
Cealkyl)aminosulfonyl, mono- or di-(C;-Csalkylamino)carbonyl, and 4- to 7-
membered heterocycle. Within certain such compounds, M is a 5- or 6-membered
heteroaryl, each of which is optionally substituted. Certain such 5- or 6-membered

30 heteroaryl moieties include, for example:



Nr / ARA N"-N A N Nand N-- NN The variable "W" as noted above
Is generally Wis -C(=0)NR4-, -NR4AC(=0)- or -NR4-NR4-C(=0)-. It wll be
apparent that the orientation of these groups is 15 intended to be
retained; for exanple, in a conpound in which Wis -C(=0)NR4-, the

car bonyl vmzdwd/131ﬁl rectly linked to théle-menbered FIHQT@SZWW4’-’!§chC| ic
core and the mtrogen of WIS dlrectly linked to X. It4 is generally as

descri bed ove !}, Bgmf )Rﬁiatlﬁ 1I‘t)quy@gﬁ&1n9r eaoht dfywhichlhe
variable " |s ge eral as descrl above; In ceréal n enbodi rrents Xis
20 G - Cal kyl eursubsﬂtgteﬁ mﬁ:tﬂrgm@rte%nbmﬁéﬁ@ ndextly, cRyseqyfoR} %0 D

substltuted mO to. 4 g@%ﬁ '4)3*
Cresal kyl ka?%@u@k{)i ﬁhenyl gggst [ {Iﬁent S tg{aﬁ are
t aken t oget herc@yurégramy@, 33—1-(IshalzalkgtheCed:sd%i@t}baCk%haéqﬂlf%ﬂeerc@@p‘é( | kyl

Th ble "Y" i ||
AR T kBB e 94 ST S,

het er ocycl oal gy "ﬁm WRiforERineS nﬁ)ylsl ep ﬁD[IS?J—C@M]miuwsyllfqnyi,ymbmpe(Fﬂ ik,
cycl ohexyl , cyclo or

i peridin olinyl,
adamantyl, ead61-6% B!@hlo earkosyl, Gﬂ‘gfﬁ‘? ﬁﬁ?@?&ﬁﬁ%&faﬂ’%‘ﬂg i bed above; in
certain such conpounds, each Y noiety is substityed wath frrom0O¢o 4 O
substi t uent gii) ndepend ntI chosen frop hal ggen Jdero C no ,é(m NoN
-Cgal kyl, WO gégam"hﬁzqgg; 004563 -@6a| kanyf, @I ky,l/d,yh,
Cl Cshal oal | cy~N CI alfkoxy,Nand #bno- %r
-(G -Ce6al | cyl)am no.

eixyal

o O O
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each of which is substituted with from O fo 2 substituents independently chosen from

10

amino, halogen, hydroxy, cyano, aminocarbonyl, aminosulfonyl, COOH, C,-Cgalkyl,
C,-Cshydroxyalkyl, C;-Cghaloatkyl, C;-Cealkoxy, C,-Cghaloalkoxy, Cr-Cealkyl

15  ether, C;-Cgalkanoylamino, mono- or di~(C,-Csalkyl)amino, C;-Csalkylsulfonyl, Cr-
Cealkylsulfonylamino, mono- or di-(Cl—Csal_kyl)aminosulfonyI, mono- or di-{C;-
Cgalkylamino)carbonyl, and 4- to 7-membered heterocycle.

Within other embodiments, R4 is a group of the Formula L-A-M, wherein L is
Co-Csalkylene that is optionally substituted with oxo or COOH; A is absent; and M is

20 phenyl that is substituted with amino, cyano, aminocarbonyl, aminosulfonyl, COOH
or C,-Cealkyl.

Within ofher embodiments, R, is a group of the Formula L-A-M, wherein L is
C,-C,alkylene that is optionally substituted with oxo; A is absent; and M 1s mono- or
‘di-(Ci-C(,alkyl)amino that is substituted with a 5- or 6-membered heteroaryl, each of

25  which heteroaryl is substituted with from 0 to 4 substituents independently chosen
from oxo, amino, halogen, hydroxy, cyano, aminocarbonyl, aminosulfonyl, COOH,
C;-Cgalkyl, C;-Cghydroxyalkyl, C,-Cshaloalkyl, C_I-Csalkoxy, C-Cghaloalkoxy, Cs-
Csalkyl ether, C,-Cealkanoylamino, mono- or di-(C)-Cealkyhamino, -
Cgalkylsulfonyl, C;-Cgalkylsulfonylamino, mono- or di-(C-Cgalkyl)aminosulionyl,



Wthin certain heter'oaryl am de anal ogues provided herein, -WX-Yis: 0O R
R5 RLRG R5 R1 0 R5 RSRIHR5 R5 Rl ANANNC-4 NvC /4 0,0 wherein: n is 0,
1 or 2; Rl represents fromO to 2 substituents independently chosen from

hal ogen, [ ....yano, amno, nitro, I nocar bonyl , am nosul f onyl

Cl Coal | cy%%@%@g kenyl, C2-C6al kynyl ,“Tl - C6hal oal ky| PCIHS2085¢¢6dxyal kyl ,
Cl- Coal koxy, Cl1-C6hal oall coxy, (C3-Cr7cycloal kyl) Co-C4al kyl, and nono- or
di-(Ct- 10 &mabkydr) alid(@oCsakylhmimojaabsnit, uand s4+ epr Fsmambetedy hédroayade.t aken

together to_forma Cl- C3al kyl.ene ,brid or a.fused.or spiro 3- to

7- menber ed Bﬁ?rﬁﬁ%@%qvf‘é' 8?87%%3?‘5 e?ﬂﬂelr%gﬁf’ﬁfge;as ﬁ‘&iggegﬁi’i i s i ndependent |y
hydrogen, Cl- Coalkepled abSve:é8ahCdfand vabies 7, Iy 1Z; i® FoinWla A2k Fatuladken
together to forma C3-C8cycloallcyl. Certain such conpounds _further .

sati sfy thelsgspaaglly N, GRoeDastttadicyhonpdfithinsorain sowsganents, Z), Z; and Z;
s 14afe'é}1\]:ﬁ"0ﬂ}|, | €N and Zy and Z; are each CRy; 72 is N and Z, and Z; are each

CRy; 75 is N and Z, and Z5 are each CRy; or Z; and Z; are N and Z; is CR;. Each R,
within certain such compounds, is hydrogen or C;-Csalkyl.
Certain representative heteroaryl cores:

27,

Zoa N7
ZKZSNV

10 include, for example:
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The variable "W," as noted above is generally W is —-C(=0)NR;-, -NR,C(=0)-

or —NR4-NR4-C(=Q)-. It will be apparent that the orientation of these groups is

15  intended to be retained; for example, in a compound in which W is —-C(=0)NRu-, the
carbonyl of W is directly linked to the 6-membered ring of ;:lle bicyclic core and the

nitrogen of W is directly linked to X. Ry 1s generally as described above; in certain
embodiments, R, 1s hydrogen or methyl. '
The variable "X" is generally as described above; in certain embodiments, X is
20  C;-Cialkylene (e.g., methylene or ethylene), each of which is substituted with from 0
to 4 substituents independently chosen from C;-Caalkyl, (C5-Cgcycloalkyl)Co-Coalkyl,
phenyl and substituents that are taken together to form a 3- to 7-membered cycloalkyl
or heterocycloalkyl ring.
The variable "Y" is generally a cyclic moiety, optionally substituted. In
25  certam compounds, Y is a cycloalkyl or heterocycloalkyl group, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl, piperidinyl, piperazinyl,
morpholinyl, or adamantyl, each of which is optionally substituted as described
above; in certain such compounds, each Y moiety is substituted with from 0 to 4

substituents independently chosen from halogen, hydroxy, cyano, amino, C;-Cealkyl,



Wthin other conpounds, Y is an aromatic noiety, such as: (i) phenyl or a
5- or 6-nenbered heteroaryl, each of which is optionally fined to a 5- to
7- menbered carbocyclic or heterocyclic ring; or (ii) ; each of which Y is
substituted 5 with fromO to 4 substituents independently chosen from

hal ogen, Wwpdoexp41s8yano, amino, CrCsaliéyl, C2-C6al | cemywigs2tednbsad | rynyl,
Cl- Co6hal oal kyl , Ci1-Cehydroxyal kyl, Cl-C6al koxy and nono- or

di - (Cl - Coal | L0 -, i L1 AviC &F L@int, 08 Swdr, 1 E,-@ Ra@H s
RER H' KKK, %% %ﬁ%ﬁucf%%ﬂﬁ’?f% oS R G Pyl T ey i
5- or 6- menteered ohéi€he2alkly)aminor epresents from 0 to 2 substituents

| ndependent |y Within certain heteroaryl amide analogues provided herein, —W-X-Y is:

Q RsRs
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R Q@ RsRs Q@ RsRs R
D e
5 O RsRs i R5Rs ) N o] N :
wherein: nis 0, 1 or 2; R; represents from O to 2 substifuents independently chosen
from balogen, hydroxy, cyano, amino, nitro, aminocarbomyl, aminosulfonyl, C;-
Cealkyl, C,-Cealkenyl, Cy-Csalkynyl, C,-Cghaloalkyl, C,-C¢hydroxyalkyl, C;-
Cealkoxy, C;-Cghaloalkoxy, (Cs-Cicycloalkyl)Co-Caalkyl, and mono- or di{C;-
10 Cgalkyl)amino; or two substituents represented by R; are taken together to form-a Ci-

Csalkylene bridge or a fused or spiro 3- to 7-membered carbocyclic or héterocyclic
ring; and each Rs is independently hydrogen, C;-Cgalkyl, C;-Creycloalkyl or phenyl;
or two Rs are taken together to form a C;-Cycycloalkyl. Certain such compounds
further satisfy the formula:

” %
15 , ,
[F [2/1%
HN™ 7O HN™ 7O




chosen from hal ogen, hydroxy, cyano, am no, nitro, am nocarbonyl,

am nosul fonyl, C7-C6al kyl, C2-C6al kenyl, C2-C6al kynyl, Cl-C6hal oal kyl

Cl- Cehydr oxyal kyl, Cr 5 C6al koxy, Cl1-C6hal oal koxy,

(C3-Crcycl oal ky1) 07- C4al kyl , and nmono- or di-(Cl C6al kyl)am no; or two
subst i t uenDzoBapsiesent ed by R1 are takedf together to frROMMISa008M84S6E Or Spiro
3- to 7-nenbered carbocyclic or heterocyclic ring; each R5 is

i ndependent |y hydropgen, Cl-C6allcyl, C3-Cigcycloal kyl o henyl; or two Its
are taken togethe for 8 i
or S®2; and m™ 10or 1 i
f or mul a: ; P{nerein Kig CH or
CH, the carbOnw atom at thNKQositio
t 1ifmi tedyte,, those

wWith a substitluent represgnted by 12.
edy-hgreip incl » DOt
Begli bed i A~ERanpl es 18- i1 Iy rent. that the

anal ogues prpvi

specifically

speci fic compounds recited herein are representative only, and are not

i ntended to |i ni Withie ofeopenpdurdheY gy ssasnmatinmerty.cich mirirkenyl 5 2ot ed

above, all conpounds t he present inyenti Y resent-. ee
acid or baséf ﬂ?e"g\ée’%floéﬂﬁrlpﬁg@’e F@gl‘ﬁhsl/c\ﬁllﬁ °§§§%"§?a % @aa[e?%I [ aggie{e?on,
ot her forms such as hydrates and prodr of such conpounds are
specifically contenplated by the prese ntion. Wthin certain
aspects of the present invention, heter dnmi de anal ogues provi ded
herein detectably alter (nodul ate) P2X7 < ty, as determ ned using an
assay such iLLed. | e 43hergim of ARt Y N albsimsay S

t hat may be%%gg{}g:gg%? é?{eﬁﬁ?é&gﬂ?%oﬁﬁmcl ude as’s%iz/lgof hat nmeasure LL-1/3
rel ease; 5assagssromal tord awbstéuents aikdepaidenthyrehasem frem hijegee RNdroRy.uBEScent

dye such as YO P W _aS St hat I Cif ¢ W ; ys
t hat neasuré‘n’éq%:%g"%ﬁ%'ﬁg%'G% i) gllz(%fsélﬁg% égé%fh %ﬁ%‘it(ﬂbsde%@:ﬁgﬁ?xl}m |irfagi ng
to detect PZTXLakbky biid/moabd oradi-(GhiCeilkplsaiys. Hithimetkaik pompounds,t—Yé-2art .
Certain nodul ators provided herein detectably nodul ate P2X7 20 activity at
m cronol ar cdoffeentrations, at nanomol ar concentrations, or at subnanonol ar

concentrationg. RSMQ 2008/ 12&1,5!;3;57PCT/ USZOO%/ Q@ﬁ‘éG O RgRs
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As noted above, conpounds that are P2X7 antagonists are preferred within
certain enbodi nents. |1C50 val ues for such conpounds may be determ ned
using a standard in vitro P2X7-nedi ated cal ci um nobi li zati on assay, as
provi ded | 4. Briefly, cells expressing P2X7 ontacted with a
conpound %W@gt and with 5 an indi %gt or of intrac%ff/ﬁfzﬁ?sm@‘éﬁ%i um
concentration (e.g., a nenbrane perneable calciumsensitivity dye such as
Fluo-3, Fluo-4 or Euka-2 (Invitrogen, Carlsbad, CA), each of i 8h produce
a fluorescent si gnen bound to Ca). Such contact is preferd#ly carried
out by one Qhepd.e ~CURAL3-G8T-BEmbERd CRibbEyclib ob Wbfeficylic fikg;t

e Mmgai um
conprising either or both of the conpound and the indicator_ in sqlution.

10 Contact s orérmembered betsroanyl; Baaeniescats fromd to,2 spbstissants prdgpendiptiyhe dye
to enter th I %ﬁanggu S e pasdhed, fabd; 0

renove excegg&ﬁééﬁgégagggkt en b%?%%fe éﬁ?ﬁﬁaaP2X7 agg%%g¥ﬁ%§ﬁﬁgp&ATP or
2' (3') - 0- (4hehzlkyl, - Oezakdnyhd Endhalkpng; -GirGsphloelphaCeCaydrielkekatipl e, a

concentrati ual ~t o, the oni st I ce_r onse is
neasuredg V@% %ﬁ%nF§®§¥%ﬁp%%Wédi%é%F§§%£%ﬂ¥%ﬁ§hc Ldg§§§§8§£1§r6§_85und

that is a PZEIkaNinmigoNncstwo kiitstifdeunr epeentsl be Ryans eakien tggstharablfyrm educed
by at |east 20% preferably_at |eas tcgg}%an.d nnég referably at | east 80%

f
as conpar ed {554 c® PRI a1 t0a 7 ITRRHE ORI P PG g R dbsBnce of

test CONPOURghepkifefiip hdteger, @l-c‘;zg%@i, L cyQs3kEBGBBEYIAbT ¥ RE af takdnhe

concentration of conpound that inhibits receptor P2X7) activity by

e. .
50% i n an adessiher fpfaminGr-Cayelpatih @inChe Gfal @ Egﬁoafr%ﬁ@ﬂ Bmisg
partlcuﬁgr %g@pg%g&ﬁggﬁﬁg&ﬂg@g&vgﬁa&ngﬁ%?qmggggmgxh|b|t|ng nore potency at

t hat receptor, i gher es cofrespond to | ess potency at that
receptor. In certain enbodi nents, P2X7 an I Sts proy herei n exhi bi t
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s N

Ra .
wherein K is CH or N. It will be apparent that when K is CH, the carbon atom at the
K position may, but need not, be substituted with a substituent represented by R,.

5 Representative heteroaryl amide analogues provided herein include, but are
not limited to, those specificaily described in Examples 1-3. Tt will be apparent that
the specific compounds recited herein are representative only, and are not intended to
limit the scope of the present invention. Further, as noted above, all compounds of
the present invention may be present as a free acid or base, or as a pharmaceutically

10  acceptable salt. In addition, other forms such as hydrates and prodrugs of such

compounds are specifically contemplated by the present invention.

Within certain aspects of the present invention, heteroaryl amide analogues
provided herein detectably alter (modulate) P2X; activity, as determined using an
assay such as an assay recited in Example 4, herein. Additional assays that may be

15 used for this purpose include assays that measure I1.-18 release; assays that measure

uptake of a membrane-impermeant ﬂuorescent dye such as YO-PROI1; assays that
measure lucifer yellow uptake; assays that measure ethidium brornide uptake; and
assays that use calcium imaging to detect P2X7 activity; all of which assays are well
known in the art. Certain modulators provided herein detectably modulate P2X;

20 activity at micromolar concentrations, at nanomolar concentrations, or at

subnanomolar concentrations.
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20  wvalue for a compound at a particular receptor corresponds to the compound exhibiting

yers,

more potency at that receptor, and higher ICso values cormrespond to less potency at
that receptor. In certain embodiments, P2X; antagonists provided herein exhibit no
detectable agonist activity an in vitro assay of P2X; agonism at a concentration of
compound equal to the ICsp. Certain such antagonists exhibit no detectable agonist

25 activity an in vitro assay of P2X; agonism at a concentration of compound that is 100-
fold higher than the ICso.

P2X; modulating activity may also, or alternatively, be assessed using an in
vivo pain relief assay as provided in Example 5. Modulators provided herein
preferably have a statistically significant specific effect on P2X7 activity within such a

30 functional assay.

In certain embodiments, preferred modulators are non-sedating. In other
words, a dose of modulator that is twice the minimum dose sufficient fo provide
analgesia in an animal model for determining pain relief (such as a model provided in

Example 5, herein) causes only transient (i.e., lasting for no more than % the time
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blood brain barrier resulting in low brain levels of modulators may be preferred to

treat peripheral nerve mediated pain or certain peripheral inflammatory diseases (e.g.
rheumatoid arthritis). Preferably such low blood brain barrier penetrant compounds at
30  such doses do not provide brain (e.g., CSF) levels of the compound sufficient to
modulate P2X; activity to a clinically or therapeutically effective extent. Routine
assays that are well known in the art may be used to assess these properties, and
identify superior compounds for a particular use. For example, assays used to predict

bioavailability include transport across human intestinal cell monolayers, including
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15  not substantially inhibit cellular ATP production; (2) does not significantly prolong
heart QT intervals; (3) does not cause substantial liver enlargement, or (4) does not
cause substantial release of liver enzymes.

As used herein, a compound that does not substantially inhibit cellular ATP
production is a compound that satisfies the criteria sct forth in Example 8 of U.S.

20  Patent Application Publication Number 2005/0070547. In other words, cells treated
as described therein with 100 uM of such a compound exhibit ATP levels that are at
least 50% of the ATP levels detected in untreated cells. In more highly preferred
embodiments, such cells exhibit ATP levels that are at least 80% of the ATP levels
detected in untreated cells. '

25 A compound that does not significantly prolong heart QT intervals is a
compound that does not result in a statistically significant prolongation of heart QT
intervals (as determined by electrocardiography) in guinea pigs, minipigs or dogs
‘upon-administration of a'dc‘rserthét yiélds_ a serum concentfation equal to the ECsp or

: 1C50 fdr the compbund.' In certain preferréd efnbodjments, a dose of 0.01, 0.(55, 0.1,

30 0.5, 1,5, 10, 40 or 50 mg/kg admiﬁistered paxentera’liy or orally does not result in a
statistically significant prolongation of heart QT intervals.

A compound does not cause substantial liver enlargement if daily treatment of
laboratory rodents (e.g., mice or rats) for 5-10 days with a dose that yields a serum

concentration equal to the ECsp or ICsp for the compound results in an increase in
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liver-to body weight ratio that is no more than 100% over matched controls. In more
highly preferred embodiments, such doses do not cause liver enlargement of more
than 75% or 50% over matched controls. If non-rodent mammals {e.g., dogs) are
used, such doses should not result in an increase of liver to body weight ratio of more
5  than 50%, preferably not more than 25%, and more preferably not more than 10%
over matched untreated controls. Preferred doses within such assays include 0.01,
0.05.0.1,0.5, 1, 5, 10, 40 or 50 mg/kg administered parenterally or orally.
Similarly, a compound does not promote substantial release of liver enzymes
if administration of twice the minimum dose that yields a serum concentration equal
10 to the ECsg or ICsp at P2X; for the compound does not elevate serum levels of ALT,
LDH or AST in laboratory animals (e.g., rodents) by more than 100% over matched
mock-treated controls. In more highly preferred embodiments, such doses do not
elevate such serum levels by more than 75% or 50% over matched controls.
Alternatively, a compound does not promote substantial release of liver enzymes if|
15 in an in vitro hepatocyte assay, concentrations (in culture media or other such
solutions that are contacted and incubated with hepatocytes in vitro) that are equal to
the ECsp or ICsp for the compound do not cause detectable release of any of such
liver enzymes into culture medium above baseline levels seen in media from matched
mock-treated control cells. In more highly preferred embodiments, there is no
20  detectable release of any of such liver enzymes into culture medium above baseline
levels when such compound concentrations are five-fold, and preferably ten-fold the
ECsp or ICsp for the compound. s
In other embodiments, certain preferred compounds do not inhibit or induce
microsomal cytochrome P450 enzyme activities, such as CYP1AZ activity, CYP2A6
25 activity, CYP2C9 activity, CYP2C19 activity, CYP2D6 activity, CYP2E! activity or
CYP3A4 activity at a concentration equal to the ECsy or ICsp at P2X; for the
compound.
Certain preferred compounds are not clastogenic (e.g., as determined using a
" mouse erythrocyte precursor cell micfonucleus asséy, an Ames micronucleus assay, a
30  spiral micronucleus assay or the like) ét a concentration equal the ECs or ICsq for the
compound. In other embodiments, certain preferred compounds do not induce sister
chromatid exchange {e.g., in Chinese hamster ovary cells) at such concentrations.
For detection purposes, as discussed in more detail below, modulators

provided herein may be isotopically-labeled or radiolabeled. Substitution with heavy
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isotopes such as deuterium (i.e, *H) can afford certain therapeutic advantages
resulting from greater metabolic stability, for example increased in vivo half-life or

reduced dosage requirements and, hence, may be preferred in some circumstances.

PREPARATION OF HETEROARYL AMIDE ANALOGUES
5 Heteroaryl amide analogues may generally be prepared using standard
synthetic methods. Starting materials are commercially available from suppliers such
as Sigma-Aldrich Corp. (St. Louis, MO), or may be synthesized from commercially
available precursors using established protocols. By way of example, a synthetic
route similar to that shown in any of the following Schemes may be used, together
10 with synthetic methods known in the art of synthetic organic chemistry. In some
céses, protecting groups may be required during preparation. Such protecting groups
can be removed by methods well known to those of ordinary skill in the art, such as
methods described in Greene and Wuts, "Protective Groups in Organic Synthesis" (2"
Edition, John Wiley & Sons, 1991). In some cases, further organic transformations
15 may be performed using methods well known to those of ordinary skill in the art, such
as methods described in Richard C. Larock, "Comprehensive Organic
Transformation,” (VCH Publisher, Inc. 1989). Each variable in the following
Schemes refers to any group consistent with the description of the compounds
provided herein. Representative reaction conditions for use within the following
20  schemes are provided in the Examples.

Certain abbreviations used in the following Schemes and elsewhere herein

include:
Ac acetyl
aq. aqueous

25 ACN acetonitrile
BOP benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate
Bu butyl
-6 chemical shift

30 DCM diChloromethéne
DIBAL-H diisobutylalurninium hydride
DMF dimethylformamide

DMSO dimethylsnlfoxide
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20 ,
In Scheme I, dicarboxylic acid dimethy! ester 1 is prepared by reaction of the

3-pyridylcarbino! analogue with O-mesitylenesulfonylhydroxylamine in the presence
of acetylene dicarboxylic acid dimethyl ester. Reaction of 1 with aqueous HzS04
affords the 4-hydroxymethylpyrazolofl S-a]pyﬁdine—z-carboxylié acid analogue,
75 which is converted to the ethyl ester 2 by reaction with acetyl chloride in absolute
ethanol.  Oxidation of 2 with Jones reagent yields carboxyhc acid 3, which is

converted to amide 4 by reaction with an appropriate amine n the presence of BOP.
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In Scheme II, ester 4 is hydrolyzed to yield the carboxylic acid 5. Amide 6 is
5  prepared by reaction with an appropriate amine in the presence of BOP.
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In Scheme ITI, ester 4 is reduced to the alcohol 7, which is converted to
10 mesylate 8. Mesylate 8 is then used to generate amine 10 by reaction with an
appropriate amine in the presence of potassium carbonate, or the cyanomethyl

derivative 9 by reaction with sodium cyanide.
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Et OH CO2Et 0 22: CO2Hzr - NN 227, - 56RI 4 In Schenme 11, ester

is hydrolyzed to yield the carboxylic acid S. Amde 6 is 5 prepared by

reaction with an appropriate amne in the presence of BOP. CQ2Et In

Schene 111, ester 4 is reduced to the algohol 7, which is converted to
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Scheme IV illustrates the conversion of alcohol 7 to any of a variety of ether
moieties 11, via reaction with the appropriate brominated reagent.

A Scheme V
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3 In Scheme V, dicarboxylic acid dimethyl ester 12 is prepared by reaction of

the 3-aminopyridine analogue with O-mesitylenesulfonylhydroxylamine. Reaction of
12 with aqueous H>SO; affords 4—aminopyrazoio[1,5~a]pyridiné—2—carboxylic acid
analogue 13, which is converted to the amide 14 by reaction with an appropriate

carboxylic acid.
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10 nmesylate 8. Mesylate 8 is then used to generate amine 10 by reaction
with an appropriate amne in the presence of potassium carbonate, or the
cyanorret hyl derivative 9 by reaction with sodi umcyani de. 0 NH Scheme |V
Br-R %—,{ t BUOK, DVF WD 2008/ 12415334PCT/ U52008/ 004563 Schene:

IV i 11 ustV2R8B 2433 conversion of al cohol® 7 to any of XCAFPYBPIEES et her
noi eties 11, via reaction wth the appropriate brom nated reagent. Schene

V 5In Schene V, Gtlaidvx\llistrarsitbe dimbesiy bf estain rdedestapye pampoutsy of
reaction of Formula I from ester 4, discussed above. The formyl derivative is generated by
reaction with DIBAL, and is converted to the cyanovinyl derivative (a mixture of Z
and E isomers) using PhsP=CHCN. Isomers can be separated using standard
5  techniques. Reduction of the cyanovinyl compound (e.g., with Pd/C and 1 atm H,)

yields the cyanoethyl derivative, which can be converted to a variety of compounds,

including the carboxylic acid and the tetrazolylethyl compounds illustrated.
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‘10 In Scheme VII, carboxylic acid methyl ester 16 is prepared by reaction of the

3-pyridylcarbinol analogue 15 with O-mesitylenesulfonylhydroxylamine in the
presence of a propargyllic ester derivative, wherein R is hydrogen or any suitabic
group such as alkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl each of which is
optionally substituted. Reaction of 16 with aqueous H,SO, affords the 4-
15  hydroxymethylpyrazolo[1,5-a]pyridine 17. Oxidation of 17 with Jones reagent yields
carboxylic acid 18, which is converted to amide 19 by reaction with an approprate

amine in the presence of BOP.
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In Scheme VIII, carboxylic acid methyl ester 21 is prepared by reaction of the

.5- 3-aminopyridine .analo'gue 20 with O-mesitylenesulfonylhydroxylamine. in the
presence bf a methyl‘ propargylate derivative. Reaction of 21 with aqueous H2S0;
affords 4-aminopyrazolof1,5-a]pyridine-2-carboxylic acid énalogue 23, which is
converied to the amide 24 by reaction with an appropriate carboxylic acid.

Alternatively 21 can be directly reacted with an appropriate carboxylic acid to give

10 amide 22.
Seheme IX
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In Scheme IX, a nitrogen-containing heterocyclic halide 25 is converted to the
aminoheterocyclé 26 using 'any- suitable method, such as ammonia in EtOH at 1t or

15  elevated temperature. Amino heterocycle 26 is reacted with an alpha halocarbonyl
compound to give the substituted imidazoheterocycle 28. The alpha haloaldehyde 29

is reacted with aminoheterocycle 26 to give the unsubstituted imidazo heterocycle 30,

which can be subsequently converted to substituted imidazoheterocycle 31 through
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5 In Scheme X, a nitrogen-containing heterocyclic halide 25 is converted to the

hydrazinoheterocycle 32 using any suitable method, such as, for example, reacting
hydrazine in EtOH at RT or elevated temperature. Intermediate 32 is converted to
triazoloheterocycle 34 by reacting with acid 33 without solvent or with solvent at 1t or

elevated temperature.
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In Scheme XI, 35 is reacted with isothiocyanate 36 to form 37. The primary

amine in compound 37 can be mono or di alylated or acylated to give compound 38.

15  Hydrolysis of 38 (when Q is CN or an ester) under acidic conditions gives 39.
Altemnatively, if Q is a halogen, treatment of 38 with ammonium gives 40. 39 and 40

are readily converted to compounds of Formula [ as illustrated above.



In Schene | X, a nitrogen-containing heterocyclic halide 25 is converted to
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In Scheme XIl, 35 is reacted with, for example, O-

5 mesﬂylenesulfonylhydroxylamme at rt. Aldehyde 41 and aqueous KOH are then
added to' give intermediate 42. Hydrolysis of 42 (when Q is CN or an ester) under_
aéi-dic conditions gives 43. Alternatively, if Qisa halogen, treatment of 42 with
ammonium gives 44. 43 and 44 are readily converted to 6omp0unds of Formula I as

~ illustrated above.
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In Scheme X1, a methyl substituted mirogen heterocycle carboxylate ester 45
is reacted with an alpha-halocarbonyl compound and the intermediate slat 1s treated
with ammonium hydroxide to give the ester 46. This is converted to the target

15 compound 47 through standard conditions.
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In Scheme XIV, a ﬁalo genated a nitrogen containing heterocychic halide 46 1s
reacted with potassium cyanide and the resnlting nitrile subjected to hydrogenation to
give 47. 47 is condensed with acid 48 to give the heterocycle 49, which is converted
to 50 by methods described herein.

In certain embodiments, a compound provided herein may contain one or

more asymmetric carbon atoms, so that the compound can exist in different

-stereoisomeric forms. “Such forms can be, for example, racemates or optically active

forms. As noted above, 2ll stereoisomers are encompassed by the present invention.
Nonetheless, it may be desirable to obtam single enantiomers (i.e., optically active
forms). Standard methods for preparing single enantiomers include asymmetric
synthesis and resolution of the racemates. Resolution of the racemates can be
accomplished, for example, by conventional methods such as crystallization in the
presence of a resolving agent, or chromatography using, for example a chiral HPLC
column. _
Compounds may be radiolabeled by carrying out their synthesis using
precursors comprising at least one atom that is a radicisotope. Each radioisotope is
preferably carbon (e.g., 14C), hydrogen (eg., *H), sulfur (e.g., 338), or iodine (e.g.,
1251y, Tritium labeled compounds may also be prepared catalytically via platinum-
catalyzed exchange in tritiated acetic acid, acid-catalyzed exchange in tritiated
trifluoroacetic acid, or heterogeneous-catalyzed exchange with tritium gas using the
compound as substrate. In addition, certain precursors may be subjected to tritium-
halogen exchange with tritium gas, tritium gas reduction of unsaturated bonds, or
reduction using sodium borotritide, as appropriate. Preparation of radiolabeled



RA 34 Li =F d, Br, I 5ln Schene X, a nitrogen-containing heterocyclic
halide 25 is converted to the hydrazi noheterocycle 32 using any suitable
met hod, such as, for exanple, reacting hydrazine in EtOH at RT or el evated
tenperature. Internediate 32 is converted to triazol oheterocycle 34 by
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PHARMACEUTICAL COMPOSITIONS
The present invention also provides pharmaceutical compositions comprising
5  one or more compounds provided herein, together with at least one physiologically
acceptable carrier or excipient. Pharmaceutical compositions may compmnse, for
example, one or more of water, buffers (e.g., sodium bicarbonate, neutral buffered
saline or phosphate buffered saline), ethanol, mineral oil, vegetable oil,
dimethylsulfoxide, carbohydrates (e.g., glucose, mannose, sucrose, starch, manmitol or
10  dextrans), proteins, adjuvants, polypeptides or amino acids such as glycine,
antioxidants, chelating agents such as EDTA or glutathione and/or preservatives. In
addition, other active ingredients may (but need not) be included in the
pharmaceutical compositions provided herein.
Pharmaceutical compositions may be formulated for any appropriate manner
15  of administration, including, for example, topical, oral, nasal, rectal, vaginal, or
parenteral administration. The term parenteral as used herein includes subcutaneous,
intradermal, intravascular {e.g., infravenous), intramuscular, spinal, intracranial,
intrathecal and intraperitoneal injection, as well as any similar injection or infusion
technique. In certain embodiments, the compositions may be prepared as
20  suppositories. In other embodiments, compositions suitable for oral use are preferred.
Such compositions include, for example, tablets, troches, lozenges, agueous or oily
suspensions, dispersible powders or grénules, emulsion, hard or soft capsules, or
syrups or elixirs. Within yet other embodiments, pharmaceutical compositions may
be formulated as a lyophilizate. Formulation for topical administration may be
25  preferred for certain conditions (e.g., in the treatment of skin conditions such as burns
or itch). Formulation for direct administration into the bladder (intravesicular
administration) may be preferred for treatment of urinary incontinence and overactive
bladder.
Compositions intended for oral use may further comprise one or more
30 components such as sweetening ageﬁts, ﬂavorihg agents, coloring agents and/or
preserving agents in order to provide appealing and palatable preparations. Tablets
contain the active ingredient in admixture with physiologically acceptable excipients

that are suitable for the manufacture of tablets. Such excipients include, for example,



In Schenme XI, 35 is reacted with isothiocyanate 36 to form 37. The primary
am ne in conpound 37 can be nono or di alylated or acylated to give
conmpound 38. 15 Hydrolysis of 38 (when Qis CN or an ester) under acidic
condi tion i ¥es 39. Alternatively, if @is a halogen, treatment of 38
with ammof U IAEd 40. 39 and 40 are readily convert eRCVBS20¥8$GRds of
Formula | as illustrated above. 38 Scheme XII 1 when Q CN or CO2R
RaCHO Z2 . Ningt diuesits(zig. Galciym zarbpnage.jsofanp c@baymtalactosg) ealeinm rhsmhate
COzRwhen Q %r%ldjum phosphate), granulating and disintegrating agents (e.g., com starch or
alginic acid), binding agents (e.g., starch, gelatin or acacia) and lubricating agents
{(e.g., magnesium stearate, stearic acid or talc). Tablets may be formed using standard
5  techniques, including dry granulation, direct compression and wet granulation. The
tablets may be uncoated or they may be coated by known techniques.

Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent (e.g., calcium
carbonate, calcium phosphate or kaolih), or as soft gelatin capsules wherein the active

10 ingredient 1s mixed with water or an oil medium {e.g., peanut oil, liguid paraffin or
olive oil).

Aqueous suspensions contain the active material(s) in admixture with suitable
excipienté, such as suspending agents (eg., sodium carboxymethylcelluloéé,
methylcellulose, hydropropylmethylcellulose, sodium alginate, polyvinylpyrrolidone,

15  gum tragacanth and gum acacia); and dispersing or wetting agents (e.g., naturally-
occurring phosphatides such as lecithin, condensation products of an alkylene oxide
with fatty acids such as polyoxyethylene stearate, condensation products of ethylene
oxide with long chain aliphatic alcohols such as heptadecaethyleneoxycetanol,
condensation products of ethylene oxide with partial esters derived from fatty acids

20  and a hexitol such as polyoxyethylene sorbitol monooleate, or condensation products
of ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides
such as polyethylene sorbitan monooleate). Aqueous suspensions may also comprise
one or more preservatives, such as ethyl or n-propyl p-hydroxybenzoate, one or more
coloring agents, one or more flavoring agents, and/or one or more sweetening agents,

25 . such as sucrose or saccharin.

Oily suspensions may be formulated by suspending the active ingredient(s) in
a vegetable oil (e.g., arachis oil, olive oil, sesame oil or coconut 0il) or in a mineral oil
such as liquid paraffin. The oily suspensions may contain a thickening agent such as
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth

30 above,- and/or flavoring agents may be added to provide palatable oral preparations.
Such suspensions may be preserved by the addition of an anfi-oxidant such as
ascorbic acid.

Dispersible powders and granules suitable for preparation of an agueous
suspension by the addition of water provide the active ingredient in admixture with a
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5 Pharmaceutical compositions may also be formulated as oﬂ-in-water
emulsions. The oily phase may be a vegetable oil (e.g., olive oil or arachis o), a
mineral oil (e.g., liquid paraffin) or a mixture thereof. Suitable emulsifying agents
include naturally-occurring gums (e.g., gum acacia or gum tragacanth), naturally-
occurring phosphatides (e.g., soy bean lecithin, and esters or partial esters derived
10  from fatty acids and hexitol), anhydrides (e.g., sorbitan monoleate) and condensation
products of partial esters derived from fatty acids and hexitol with ethylene oxide
(e.g., polyoxyethylene sorbitan monoleate). An emulsion may also comprise one or
more sweetening and/or flavoring agents.
| Syrups and elixirs may be formulated with sweetening agents, such as
15  glycerol, propylene glycorl, sorbitol or sucrose. Such formulations may also comprise
one or more demulcents, preservatives, flavoring agents and/or coloning agents.
Formulations for topical administration typically comprise a topical vehicle
combined with active agent(s), with or without additional optional components.
Suitable topical vehicles and additional components are well known in the art, and it
20  will be apparent that the choice of a vehicle will depend on the particular physical
form and mode of delivery. Topical vehicles include water; organic solvents such as
alcohols (eg., ethanol or isopropyl alcohol) or glycerin; ‘glycels (e.g., butylene,
isoprene or propylene glycol); aliphatic alcohols (e.g., lanolin); mixtures of water and
organic solvents and mixtures of organic solvents such as alcohol and glycerin; lipid-
25  based materials such as _fatty acids, acylglycerols (including oils, such as mineral oil,
and fats of natural or synthetic origin), phosphoglyceﬁdes, sphingolipids and waxes;
protein-based materials such as collagen and gelatin; silicone-based materials (both
non-volatile and volatile); and hydrocarbon-based materials such as microsponges and
polymer matrices. A composition may further include one or more components
30 adapted to improve the stability or effectiveness of the applied formulation, such as
stabilizing agents, suspending agen'ts, emulsifying agents, viscosity adjusters, gelling
agents, preservatives, antioxidants, skin penefration énhancers, moisturizers and
sustained release materials. Examples of such components are described m

Martindale--The Extra Pharmacopoeia (Pharmaceutical Press, London 1993) and
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Remington: The Science and Practice of Pharmacy, 21* ed., Lippincott Williams &
Wilkins, Philadelphia, PA (2005). Formulations may compriée microcapsules, such
as  hydroxymethylcellulose or gelatin-microcapsules, liposomes, albumin
microspheres, microemulsions, nanoparticles or nanocapsules.

5 A topical formulation may be prepared in any of a variety of physical forms
including, for example, solids, pastes, ointments, creams, foams, lotions, gels,
powders, aqueous liquids and emulsions. The physical appearance and viscosity of
such pharmaceutically acceptable forms can be governed by the presence and amount
of emulsifier(s) and viscosity adjuster(s) present in the formulation. Solids are

10 generally firm and non-pourable and commonly are formulated as bars or sticks, or in
particulate form; solids can be opaque or transparent, and optionally can contain
solvexits, emulsiﬁe_rs, moisturizers, emollients, fragrances, dyes/colorants,
ﬁreservativés and other active ingredients that increase or enhance the efficacy of the
final product. Creams and lotions are often similar to one another, differing mainly in

15  their viscosity; both lotions and creams may be opaque, translucent or clear and often
contain emulsifiers, solvents, and viscosity adjusting agents, as well as moisturizers,
emoilients, fragrances, dyes/colorants, preservatives and other active ingredients that
increase or enhance the efficacy of the final product. Gels can be prepared with a
range of viscosities, from thick or high viscosity to thin or low viscosity. These

20  formulations, like those of lotions and creams, may also contain solvents, emulsifiers,
moisturizers, emollients, fragrances, dyes/colorants, preservatives and other active
ingredients that increase or enhance the efficacy of the final product. Liquids are
thinner than creams, lotions, or gels and often do not contain emulsifiers. Liquid
topical products often contain solvents, emulsifiers, moisturizers, emollients,

25  fragrances, dyes/colorants, preservatives and other active ingredients that increase or
enhance the efficacy of the finai product.

Suitable emuisifiers for use in topical formulations include, but are not limited
to, ionic emulsifiers, cetearyl alcohol, non-ionic emulsifiers like polyoxyethylene
oleyl ether, PEG-40 stearate, ceteareth-12, ceteareth-20, cetearcth-30, ceteare;th

30  alcohol, PEG-100 stearate and glyceryl stearate. Suitable viscosity adjusting agents
include, but are not limited to, protective colloids or non-ionic gums such as
hydroxyethylcellulose, xanthan gum, magnesium aluminmum silicate, silica,
microcrystalline wax, beeswax, paraffin, and cetyl palmitate. A gel composition may

be formed by the addition of a gelling agent such as chitosan, methyl cellulose, ethyl



RA 50 In Scheme XV, a hal ogenated a nitrogen contai ni ng
heterocyclic halide 46 is reacted with potassi umcyanide and the resulting
nitrile subjected to hydrogenation to 5 give 47. 47 is condensed with acid
48 to give the heterocycle 49, which is converted to 50 by nethods

descri bed W18/ 14153 In certain enbddi nents, a conponuskopsmyissed
herein may contain one or nore asymetric carbon atons, so that the
conpound carcelilosd, i npdlirfif@r entalcoh6ll €0i pudyqatetnifas, s . hp@oRydthyleaRs, be,
for exanple, racemates or optically active 10 fornms. As noted above,_ all

st er eoi somerYUREPRORYISFHIesEe dBiP R PSR B Eeliulosen CRbBAMEN e AMEIOBIAEd | ¢
may be des eyerhzafh! Altablen hita BN MR ut aré not OGR! Y nBbAY®

fornms) Standard methods for preparing single enantioners include
asymet ri ¢ SphABEE.sioris dnd aawinist sushciantst Fer exammiatans or Reare lofi tinsethioéne: he
racemateg c a | d vent j h such
e oryst 31 | 1 oRnron PR 28 pol b AP Sveollesf B0 L RIR s(blitloe

chr omat ogr aghgA.usiongnide o DEXx arpd e cacardide aMBAPL Glegyb| bettine, cocamidGpeap@unds

may be radi ol abekd rryi.n t.their synthesis usin recursors
conpri sing é’k‘ofpglﬁgqy?gpr%%ﬁ%lﬂ*@h‘gﬁmﬂie’ ang a?ﬁ‘%B?‘E‘HPo‘ﬂ’é".eaEﬁlgﬁR‘? éi‘lﬁyoﬁ% Y88pe i s
preferably et tori€l Jormmditions U)SuitdBleOgedbriatives incRidk, biftldr Wot (ighi@d 10,35S) ,
or iodine (e.qg., 20125n) . 1 Tritiumlabeled conpounds may al so be
prepared cafBFSHTRH §ush 20 Hriwipatben.cupRYIpFRene AL iDANZais eqidt ad
acetic agl d,foﬁﬁldéh?&’é,adsy\zaﬁ a8 HRYABH Ssthtiliddrd bhPbffbadiddntd RRMOACGldfin@8! d, OF
het er ogeneous- cat al yzed exchangé with tritiumgas using the compound as
substrate. [spdigedserbaic/ageorhia apidmnd eoonyd gellaieySwiablsubpistrigers tiochedel, butum
hal ogen exc Lt trit] It J jggg | on..of .unsat ur.at ed
bonds, or 2%?{' g@uﬁnﬁ%‘% ‘{’rs?dﬁggnsaggflﬁﬁﬁi l?lct)éécr)tﬁrpi [ e%ﬁ%g%dpg}?eggrs?lgsf &Yt

Pr epar at i on podpyteadighycabeaindchutylene glycol. Suitable emollients inclnde lanolin alcohol,

lanolin, lanolin derivatives, cholesterol, petrolatum, isostearyl neopentanoate and
15  mineral oils. Suitable fragrances and colors include, but are not limited to, FD&C
Red No. 40 and FD&C Yellow No. 5. Other suitable additional ingredients that may
be included a topical formulation include, but are not limited to, abrasives, absorbents,
anti-caking agents, anti-foaming agents, anti-static agents, astringents (e.g., witch
hazel, alcohol and herbal extracts such as chamomile extract), binders/excipients,
20  buffering agents, chelating agents, film forming agents, conditioning agents,
propellants, opacifying agents, pH adjusters and protectants. ‘

, An example of a suitable topical vehicle for formulation of a gel‘ is:
hydroxypropylcellulose (2.1%); 70/30 isopropyl alcohol/water {90.9%); propylene
glycol (5.1%); and Polysorbate 80 (1.9%). An example of a sunitable topical vehicle

25 for formulation as a foam is: cetyl alcobol (1.1%); stearyl alcohol (0.5%; Quatemium
52 (1.0%); propylene glycol (2.0%); Ethanol 95 PGF3 (61.05%); deionized water
(30.05%; P75 hydrocarbon propellant (4.30%). All percents are by weight.

Typical modes of delivery for topical compositions include application using
the fingers; application using a physical applicator such as a cloth, tissue, swab, stick

30  or brush; spraying (including mist, aerosol or foam spraying); dropper application;
sprinkling; soaking; and rinsing.

A pharmaceutical composition may be prepared as a sterile injectible aqueous
or oleaginous suspension. The compound(s) provided herein, depending on the

vehicle and concentration used, can either be suspended or dissolved in the vehicle.
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exanmpl €90 determined rate. Instantaneous release may be achieved, for example, via sublingual
administration (i.e., administration by mouth in such a way that the active
" ingredient(s) are rapidly absorbed via the blood vessels under the tongue rather than
via the digestive tract). Controlled release formulations (i.e., formulations such as a
capsule, tablet or coated tablet that slows and/or delays release of active ingredient(s)

25  following administration) may be administered by, for example, oral, rectal or
subcutaneous implantation, or by implantation at a target site. In general, a controlled
release formulation comprises a matrix and/or coating that delays disintegration and
absorption in the gastrointestinal tract (or implantation site) and thereby provides a
delayed action or a sustained action over a longer period. One type of controlled-

30 release formulation is a sustained-release formulation, in which at least oiie active
ingredient is continnously released over a period of time at a constant rate.
Preferably, the therapeutic agent is released at such 2 rate that blood (e.g., plasma)
concentrations are maintained within the therapeutic range, but below toxic levels,

over a period of time that is at least 4 hours, preferably at least 8 hours, and more
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Addi tional  exfiBbSWrSthe SH6dEc2ordVRSE 20 Bllet, fd BYRAIENY BRHleCOE A 4ol ents,
may al so be present. S5Pharnmaceutical conpositions may al so be formulated
as oi | - h- wétliematively, or in addition, active ingredient(s) may be coated on the surface of a

particle, granule, sphere, microsphere, bead or pellet that comprses the matrix
material.  Such coating may be achieved by conventional means, such as by
dissolving the active ingredient(s) in water or other suitable solvent and spraying.
Optionally, additional ingredients are added prior to coating (e.g., to assist binding of

30 the active ingredient(s) to the matrix material or to color the solution). The matrix
may then be coated with a barrier agent prior to application of controlled-release
coating. Multiple coated mafrix units may, if desired, be encapsulated to generate the
final dosage form.
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30 by reference for its teaching of the preparation of controlled release dosage forms.
In addition.to or together with the above modes of administration, a compound
provided herein may be conveniently added to food -or drinking water (e.g., for
administration to non-human animals including companion animals (such as dogs and

cats) and livestock). Animal feed and drinking water compositions may be



25 for forrmulation as a foamis: cetyl alcohol (1.1%; stearyl alcohol
(0.5% Quaterrtium52 (1.0%; propylene glycol (2.0%; Ethanol 95 PG-3
(61.05%, deionized water (30.05%, P75 hydrocarbon propellant (4.30%.
Al'l percents are by weight. Typi cal nodes of delivery for topical
conposi t iwp3odsngdiside application using4Phe fingers; apglriusaisonsasi ng a
physi cal applicator such as a cloth, tissue, swab, stick 30 or brush;
spraying (igcl udj } - i £ Rfihntity ' TPBE compptiiient i on;
sprinkl i ng;{‘l’%éﬁ%eﬁg?n%%%%e?%{s@%g%kg i %Hgﬁrggge}fﬁaceuttl ?cal_ _corrglgsi tion may
be prepar edalasg with it didt.e It mpwelse bé eoragnispiio porscn e GPMBLRINAAFEREIh. The
conpound( s) prov_i_dedsthe ein, .de e%di ng on the vehicle and concentration
used, can efof AgHIpRIO E@{)‘é" 05 "dfssol ved in the vehicle. WO :
2008/ 12415345PCT¢5ig0 084 QRABSRraBycliministered ds iat thempentipalbe effestive kanouet-

according to the known_art using sujtaple_dispersin ti.ng a
and/ or s’igjs pBustticred sygemicsdesat Hrea&% highgr %%‘f@@??&a i&ﬁg@'@\.ﬂg&’ﬁg HS”‘?%@ e
accept abl e &%]%geﬁé%ﬁs}%ﬁm Yist 8.0oDale Bbohesemp ipey Rilogind ofdogy weighB-

but anedi ol , utton and isotonic sodiumchloride solution. In
addi tion, GSpetday),| eith braletbses gencrally bring AP Sed) Addd Digher fasp MERVEREHendi ng
medi um For ,t hi urpose [ iR okarnfTBY b Wi Peday)) Ncl udi ng
synt hetic n%?ﬁ?? feo‘-’?’ @P%g%ﬁ/%gis@fbnlfngﬁﬂ?gg’h fatc'?f;, acl dgﬁé_sug?l as oleic
acid find use i nThdempuspaf action ingredientetai blay bowpabineowih thh YT uvant s

such as_l ocal anesthetics, preservatives..and/ar f | NfsonC@BL be
di ssol vy i materals\eRraduge afg"lg%a‘f%ﬁ%ee fg%ﬁv%@%%‘dt{g%%&g%ﬁ% Isl]?)'onbe
formul ated BsieptRAS {ro4tk®S tHeCpaiticulfuoimade o hdmitidtraiion raudi ary) .otisg cde-
conposi tions can be prepared by m xing the dru pth sui t abl

non-irrit at pérpinisieeg desgs. tResest é“"g%IgF‘g‘"%ly Wﬁ%‘?@ %?aat%ﬁ'%ego B8t 1 i qui d
at the rect gho SHPREArUEGvdiidnl. ObMnEI dkareTldy liortstbishicd abigrauintel ease
the drug. Suitable ExCi pients i1nclude, for exanple, cocoa butter and

pol yet hyl enesthy eod procadiresChairse ell kaewn 8t the gfal ati on typically can be
provided_in the rm_of ol uti I QRcKAbed Mt Sir&ftink N8dnde@dhsbe
adm ni s?%red as gﬁwc%xg‘\%l:rcooﬁmgﬂoﬁgﬁ O;Br% gf _a% aer osol ll}gl ng a

convent i onakespompel th AKX, (rrodnlation (elg!, gravyliriflagomasiont henredegeneration or other
trichlorofluorgonethane). Pharmaceujical .c [1.1ORS ogpdlat.ed for
rel ease at Sophon S‘i]é’t‘s@r T glg r;t{aglga ns&%%ﬁé%ﬁ% re (gggon%m%éﬂge y

achi eved, f QkchRitaMPd Sontihér BlBing Rgsiaimadniicyl sompositdon hat eomprsdaiahlesstr at i on

by nouth in such a way that the active ipgredient(s) are,.rapidl or bed
via the bl oote wesylstas aarréfé?ﬂ‘?qqeh%ﬂg"ag (L HEPCHORS (667 dokeHe B ﬁe%/aflép
tract). ,gontiald &ﬁi&@.‘fﬁéﬁﬂ{e%maioag}?oéiﬁérmltau;b@@ai forl Slaatiify Acarditionl e,

tablet or coated tab that slows and/or delays release of active

i ngr edi ent ( sysp2asiveto|PEX, mpdadptionie thePefign) may be admini stered by, for
.exanple, oral, rectal or subcutaneous.inplantation, or by inplantation at
a target sitMETHODS@ERESEal , a controlled release fornul ation conprises a
matri x and/ or coat,l th el I $L0ate ty a I pdd hi/éhe
gastroi ntesti nal %?gg?m?@%m?snﬁ?%ﬁ%at ?’%{r%hs?%ag) bgrr}ldﬁ?ﬂtgr 2%3 g%ﬂﬁ?des a

del ayed act izgfivation &f PAXY ah nedrietytdfaontewisy beth o wiger andaini vop. Wb §a5i@INf

controll ed- 30 release formulation is.a.sust.al - [ e 0N, N
Whi ch a5 eastecbnbohe T raupeR S i Fk BERuH IBAR LRy
period of ti8iAf oBinGeRst RNiental SuckPiriteds borpridethe blep of pentaitmgagBiX i s
rel eased at such a rate that bl Qod éﬁe}. .,,dgglhasma). c&ncentratifgsmadrlen

mai nt ai ned Witthieae ©h &R dizaisemefulate B’g’,‘“ PP o EEATETE & SETBVEr a
period of tigedhabiutisn3ha ubds cofldiier Sherigf it Yorddindingsf th8 livend & - and
nor e

P2X;. The modulator(s) are generally present at a concentration that is sufficient to
30  alter P2X;-mediated signal transduction (using an assay provided in Example 4). The
P2X; may be present in solution or suspension (e.g., in an isolated membrane or cell
preparation), or in a cultured or isolated cell. Within certain embodiments, the P2X5

is expressed by a cell that is present in a-patient, and the aqueous solution is a body



WO 2008/ 12415346PCT/ US20081004563 preferably at |east 12 hours. Such

formul ati ons may generally be prepared using well known technol ogy and

adm ni stered by, for exanple, oral, rectal or subcutaneous inplantation,

or by i nphanhaldpR;at the desired targ site. Carrier jthin
such formu| ati?stérzlgs)mére bi oconpati bl e, and may al so be bl’i%gfél%ré?oﬁgﬁ%\ge;
preferably the 5 formul ation provides a relatively constant |evel of

nodul at or ~ r Bhidadecferzbly, onrorrTnorsmadyiators atsradevmisigied de apaRiFiahinAnAREY ned

rel ease for i of, SXRnp! J&6 Hhili S h iﬁﬁjﬁn&a;i on,
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conbining the active ingredient(s).with 10 mal.ri x. material that i.tself
o ters o clfSe miokmaiar b e b oot er B abbt S b ool

coat i ng.5 Thgay decastnibRicd fad tHetapeatidatid affetthg Aok hbatsis eds! thien 0ding/kg t he
art, including (a) var%(i ng the _thickness or conposition of coating, (b)

al tering thePdyivslsht e leps o § a/'ks g, By sogiedasipRaesdessithang XL ng, " (¢)
i ncludi ng addi ti 8R! ploRfle Th&BhS areS Wethoas fo?'rﬁé&ﬁaﬁﬂgdgﬁrweﬂlﬁgé‘cﬂicﬁag, (d)
altering the conp05|¥| on, particle size or particle 15 shape of the

mat ri x, andegialar 2550 aftivgtiem andlpr @eiatyp syen ge veignal-tranpsdugjng tagbvibb 44-8ng. The

anount of t in i £ hi S .negl- Nyl abhon
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roel T mmy GPliRyS SetaIE T RhinB o T tuleGHEL T PR oS Il B
any mat eri agenehillly frefepOAL & chit@nstidnyal RHMuERYi@Ntté ter PDX;-t¢aiapidesigl ti ne
delay material such as gl_ﬁceryl_ nosterate or glyceryl distearate may be
enpl oyed. AEfusfectiongs degeaRed breina\F2%e may s BETINSR YRR Of SUSRERSIAN: 31 2 pri or

to formati ofyiffed B9sdIRROAI $paafiéh & in alell WREL 2 pRichBPEMH Rample! heechie, or a
spri nkl 25 Alternatively, or in addition, active ingredient(s) may be

coat ed ke%. t may be porieasedoi vavaparaniapineal. gMedulagon efmegnad trapdueingashehemapead or
Il et that I he.,- i I . i I db
pelle a lix? IRl %g def UHE%{}'%TGEP&F ehidtum ﬁﬂc&nﬁ{?&&ﬁdéqgaiggé?f%ﬁe?g‘ |a:§ve y

convent i onal neans, such as I'ssolving the active In ent n
wat er or ot ¢edeiumuirtobidizetico|lov efiix)anMsquiaionngf s@oel drandduying aghdivity omay

i ngredients_are a prior .t oat I n e.q....to assist. binding of 30 the
hetive | nor BPAEER) 0% BueRed iy ARECA ab fafiatioh b8 SyEbtoPh g0 et 6R) . The
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control |l ed-rel ease_coating. Miltiple cqate trix units y, | esired,
be encaffSul at ed ¥&XyBREARECE REVYH ﬁqalilef%saé@@gﬂﬁw_ adghinigjgred to a pationt
2008/ 124153(%!\@%9%{) Q%%Qﬁ topically, k¥l 46 pfeérd uﬁ@@p&llé@ﬂ{,& boy ¢RI skt ed

acnl

rel ease i s achieved through the use of a controlled release coating (i.e..
a coating t#umabwhild medylaingBaXofignabtrpnsduing pditynt (s) at a control | ed
rate in aqueous i enfgnt fufth t4 houl .

strong, conti nuoﬁgéjfp?%%qmt hat figﬁsmo%rﬁ?n{:‘g%gb gmgggsfggg{)%a?%g&ggglﬁgﬁts and
ot her 5 addiesponse tmB2X+ orodalatiome Withemthe tcantixtfafdlee pr@sat invgstidnh dte termgul at e

rel eas f the nodul at or inclu pH: i ndependent coatings, ,pH dependent
Coat | ngs (wiGHITRy SomeBne ool dreheaBapas, FRRhilS g O ERBRARG
enteric coafrédt@snt( ¥tiee bf dhichwhizhiee prophylhdici(Ds), befofeals onsat 6Cdynmipioms)@h t he
stonmach and into the snp|l int stitge, where. the coating dissolves and the
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coatings mayeR@s® B LMifRndsCindorderl 1 rédilce \hd & 8RFAn8br BuRAbA bO{mAftohbe dose
in the stomach and a portion further along the gastrointestinal tract).
For exanpl eA cangigpR ioesppngive foR2Xygpddation! (s} isrpharagieriseshl opaprrapriate

ent er i Gy 0aldy _O@Q@gs@,ﬁfeg&fnﬁg@sﬁﬁé Sfhobft di195 LOSRGbrdthl bEahEnd GITRI Nder
of active ingredient(s) in the matrix core is protected by the enteric
coat i ng andmpéfietedi PAXKY stivifipwesulthan @leviptzat of gid condition or a symptom

thereof. Such conditions include, for exarnple, pain, inflammation, cardiovascular

P

disorders, ocular disorders, neurodegenerative disorders and respiratory disorders

(such as cough, asthma, chronic obstructive pulmonary disease, chronmic bronchitis,



15 dependent coatings include, for exanple, shellac, cellulose acetate
pht hal at e, pol yvi nyl acetate phthal at e, hydroxypropyl nmet hyl cel | ul ose
phthal ate, methacrylic acid ester copolypers and zein. In certain
enbodi nents, the coating i's a hydrophobic material, preferably used in an
amount effective to slow the hydration of the gelling agent follown 20
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envi ronnenttfeéﬁedﬁé’fe‘(?@ﬁdar n such pore-formng materials include

hydr Opa lic pol yﬁ%ﬁ%ha[ ?}hb@%éyéélrﬁ’éiﬂ @lifey hoghiattdr© pas/ided. lgerein libcludes, for
hydroxypropylnethy I'ul"ose), cellulose ethers, synthetic water-soluble
pol yners (ezxgmplepohcwu: nxch;mmcr,oﬁnfﬂmm%tomhogsd I mwwﬂpel PAINny| YWFFHSI Pane

and pol yethylene o wat er - bl e
pol yg acgharq){‘éf%t‘%dl‘%l 3y pe FE?L“ Stc?bg‘gr*l%{gren)r(rla lﬁéélbﬁ%%(rm?% gﬁ%?‘f? glrxr1

control | ed fielrase GRRt bgzgoammsn@r UBuAAID rartilitie; Okiibis esropkihsh puay be
formed by net s such as those described in US Pat en sy,reHgX 845, 770;

4,034, 758; segznmmesqzucmasogestf;@mem egFlgay trgsaingl peyr sympathti
Controlled el ease so be r er 4yl
pat cheg? é{yﬁ v%ﬁﬁape?r%%ﬁ& o(\géﬁfﬁeésr{eeﬁz&l{gé.1 E}Qﬁ{jﬁéﬁ@ %I(;Iﬁf\%gg’ o
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4,572, 833; mydaidl 7paid, 6PBdR0Bs, 2XGrasd 7@9‘“083@@3 ﬁE\Z gg@%@?‘e 4nd

6,911,217 n%%}:oq;) Al WL CH b e ER P duBEP SR ek datrogenic neu:ropatknes) visceral
pain, (such as that associated with gastroesophageal reflux disease (GERD), irritable

30 bowel syndrome, inflammatory bowel disease, pancreatitis, intestinal gas,
gynecological disorders (e.g., menstrual pain, dysxﬁenorrhoea, pain associated with
cystitis, labor pain, chronic pelvic pain, chronic prostitis, endometriosis, heart pain
and abdominal pain), and urological disorders); dental pain (e.g., toothache, denture

pain, nerve root pain, pain resulting from periodontal disease, and pain due to dental



30 by reference for its teaching of the preparation of controlled rel ease
dosage forns. In addition to or together with the above nodes of
adm ni stration, a conpound provided hergin may be conveniently added to
food or drinking water (e.g., for admnistrati on to non-human animal s
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spondylitis); and spinal pain, including spinal cord injury-related pain.

TFurther pain conditions that can be treated as described herein include

20  Charcot's pains, ear pain, muscle pain, eye pain, orofacial pain (e.g., odontalgia).

carpel tunnel syndrome, acute and chronic back pain (e.g., lower back pain), gout,

scar pain, hemorrhoidal pain, dyspeptic pains, angma nerve root pain, "non-painful”

T ~ neuropathies, complex regional pain syndrome, homotopic pain and heterotopic pain

— including pain associated with carcinoma, often referred to as cancer-associated

25  pain (e.g, in patients with bone cancer), pain (and inflammation) associated with

venom exposure (e.£., due to snake bite, spider bite, or insect sting) and trauma-

associated pain (e.g, post-surgical pain, episiotomy pain, pain from cufs,

musculoskeletal pain, bruises and broken bones, and burn pain, especially primary

hyperalgesia associated therewith). Additional pain conditions that may be treated as

30 described herein include pain associated with autoimmune diseases oOr

immunodeficiency disorders, hot flashes, burns, sunburn, and pain that results from
exposure to heat, cold or external chemical stimuli. _

Conditions associated with inflammation and/or immupe system disorders that

may be treated using the modulators provided herein include, but are not limited to,



in vitro or in vivo. In general, such nethods conprise the step of

contacting a P2X7 with one or nore P2X7 nodul ators provided herein, in the

presence of ligand in aqueous sol ution and under conditions otherw se

- suitable for binding of the ligand to PgX7. The nodul ator(s) are generally
present aVOR08HAESAt rati on that is sufficient to 30 alRE/UROMP4FEH at ed

" signal transduction (using-an assay provided in- Exanpl e 4). The P2X7 may
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20~ thrombocytopenic states, Goodpasture’s syndrome (and associated glomerulonephritis

=

and pulmonary hemorrhage), tissue graft rejection, hyperacute rejection of
transplanted organs, allograft rejection, organ transplant toxicity, neufropenja, sepsis,
septic shock, endotoxic shock, comjunctivitis shock, toxic shock syndrome,
Alzheimer’s disease, inflammation associated with severe burns, lung injury, systemic
25  inflammatory response syndrome (SIRS), neonatal-onset mmultisystem inflammatory
disease (NOMID), Hashimoto's thyroiditis, Grave's disease, Addison's disease,
idiopathic thrombocytopaenic purprua, eosinophilic fascitis, hyper-IgE syndrome,
antiphospholipid syndrome, leprosy, Sezary syndrome, paraneoplastic syndromes,
Muckle-Wells syndrome, lichen planus, famihal cold autoinflammatory syndrome
30 (FCADS), colitis, ruptured abdorninal aortic aneurysm and multiple organ dysfunction
syndrome (MODS). Also included are pathologic sequellae associated with insulin-
dependent diabetes mellitus (including diabetic retinopathy), lupus nephropathy,
Heyman nephritis, membranous nephritis and other forms of glomernlonephritis,

macular degeneration, contact sensitivity responses, and inflammation resulting from



The present invention further provides methods for treating conditions
responsive to P2X7 nodul ation. Wthin the context of the present
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condltlon is "responsive to P2X7 nmodul at.i on" if aracteri z

i nappr opr i atiecultioncef blopy (6&- adyringrherpegalyRs é’§s"’6fa lthﬁ@gg’r?lg %BIF Iej‘%(
agoni st pr ealid 9 fby m@ma{maécmam% L3t N2 PEorBRF a6y bphss graftiti t S i n

al l evi ati on e con Ition or om t hereof Such conditi ons i .ncl ude,
for exanpl epr pedrh va]wnfrbalmmi@n Sucbailsdﬁmg@me&} paptedplefEis SYNYEmEgPT in

di sorde(;szt hgﬁgur%ﬂ O(ra“n ra (%) ‘g,ttﬁo&g&r Qgﬂr‘gg 1r&t9(mmgérsg{r@la§g§ gguch as
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and | i vest obReinipelndejosages as descri bed above.

10  Cardiovascular disorders, such as cardiovascular disease, stroke, cerebral ischemia,
myocardial infarction, atherosclerosis, ischemic heart disease, ischemia-
reperfusion injury, aortic aneurysm, and congestive heart failure;

Ocular disorders such as glaucoma;
Neurological disorders (e.g., neurodegeneration), such as neurodegenerative

15 conditions associated with progressive CNS disorders, including, but not limited
to, Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis,
Huntington's disease, Creutzfeldt-Jakob disease, dementia with Lewy bodies,
traumatic brain injury, spinal cord injury, neurotrauma, cerebral amyloid
angiopathy, and encephalitis; epilepsy and seizure disorders; multiple sclerosis

20 and other demyelinating syndromes; cerebral atherosclerosis; vasculiiis; temporal
arteritis; myasthenia gravis; neurosarcoidosis; and central and peripheral nervous

- system complications of malignant, infectious or autoimmune processes; the
modulators provided herein may also be used to promote neurore generation;
Centrally-mediated neuropsychiatric disorders, such as depression, depression mania,

25 bipolar ‘disease, anxiety, schizophrenia, eating disorders, sleep disorders and

cognition disorders; and

Other disorders, such as cirrhosis, interstitial fibrosis, prostate, bladder and bowel
dysfunction {e.g., urinary incontinence, urinary hesitancy, rectal hypersensitivify,
fecal incontinence and benign prostatic hypertrophy); itch/pruritus; obesity; lipid

30 disorders; cancer; hypertension; renal disorders; abnormal wound healing;
myoblastic leukemia; diabetes; meningitis; varicose veins; muscle degeneratién;
cachexia; restenosis; thrombosis; cerebral malaria; disorders of bones and joints

(e.g., osteoporosis, bone resorption disease, loosening of artificial joint implants,
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: the g0l orhdle a8eBisMHRD EHPA6rs Sprolided efdreih OmRY Obd e Witk i ve
therapy Is preferred. Patients may generally be nonitored for therapeutic

sembigiation thetipy £br the traatment pf condihonsciesRensiye e B mydulagan

geir.g.g obIiflR duiviRk ggﬁ.gségﬁor ﬁﬁﬁ%&#gmmn@f Shapladidta ng the

erern i for exa acute, chronic,
ynchated foresxamphy, hiimirpmune dBpelers aml pahoiogic autoimmune responses

known to have an inflammatory component including, but not limited to, arthritis
(especially rheumatoid arthritis), psoriasis, Crohn's disease, lupus erythematosus,
irnitable bo-welr syndrome, tissue graft rejection, and hyperacute rejection of
transplanted organs. Other such conditions include trauma (e.g., injury to the head or
spinal cord), cardio- and cerebro-vascular disease and certain infectious diseases.

Within such combination therapy, a modulator is administered to a patient
along with a second therapeutic agent (e.g., an analgesic and/or anti-inflammatory
agent). The modulator and second therapeutic agent may be present in the same
pharmaceutical composition, or may be é&tﬁhﬁstered separately in either order. Anti-
inflammatory agents include, for example, non-steroidal anti-inflammatory drugs
(NSAIDs), non-specific and cyclooxygenase-2 (COX-2} specific cyclooxgenase
enzyme Inhibitors, go‘ld- compounds, corticosteroids, methotrexate, leflunomide,
cyclosporine A, IM gold, minocycline, azathioprine, tumor necrosis factor (TNF)
receptor antagonmists, soluble TNF aipha receptor (etanercept), anti-TNF alpha
antibodies (e.g., infliximab and adalimumab), anti-C5 antibodies, interleukin-1 (IL-1)
receptor antagonists (e.g., anakinra or IL-1 trap), IL-18 binding protein, CTLA4-Ig
(e.g., abatacept), anti-human IL-6 receptor monoclonal antibody (e.g., tocilizumab},
LFA-3-Ig fusion proteins (e.g., alefacept), LFA-1 antagonists, anti-VLA4
monoantibody (e.g., natalizumab), anti-CD1la monoclonal antibody, anti-CD20
monoclonal antibody (e.g., rituximab), anti-Il-12 monoclonal antibody, anti-IL-15
monoclonal antibody, CDP 484, CDP 870, chemokine receptor antagonists, selective
iNOS inhibitors, p38 kinase inhibitors, integnin antagonists, angiogenesis inhibitors,
and TMI-1 dual inhibitors. Further anti-inflammatory agents include meloxicam,
rofecoxib, celecoxib, etoricoxib, parecoxib, valdecoxib and tilicoxib.

NSAIDs include, but are not limited to, ibuprofen, flurbiprofen, naproxen or

naproxen sodium, diclofenac, combinations of diclofenac sodium and misoprostol,



I ndi cations that may be treated as described herein include, but are not
limted to, pain associated with osteoarthritis or rheumatoid arthritis;
various neuropathic pain syndromes (such as post-herpetic neuralgia,
trigemnal neuralgia, reflex synpathetic 25 dystrophy, diabetic
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dental 52 surgery including operative and post - operatlve pai n headache
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cluster heag‘%ﬁﬁtﬁf% Rate, poi] rgrﬂﬁg&eneural gia) tension headache, m gral ne,
[
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10  generally as described above. Dosages and methods of administration of anti-

inflammatory agents can be found, for example, in the manufacturer's instructions in
the Physician's Desk Reference. In certain embodiments, the combination
administration of a modulator with an anti-inflammatory agent results in a reduction
of the dosage of the anti-inflammatory agent required to produce a therapeutic effect
15  (i.e., a decrease in the minimum therapeutically effective amount). Thus, preferably,
the dosage of anti-inflammatory agent in a combination or combination treatment
method is less than the maximum dose advised by the manufacturer for administration
of the anti-inflammatory agent without combination administration of a modulator.
More preferably this dosage 1s less than %, even more preferably less than ', and
20  highly preferably, less than Y of the maximum dose, while most preferably the dose is
- less than 10% of the maximum dose advised by the manufacturer for administration
of the anti-inflammatory agent(s) when administered without combination
administration of a modulator. It will be apparent that the dosage amount of
modulator component of the combination needed to achieve the desired effect may

25 - similarly be reduced by the co-administraction of the anti-inflammatory agent.

In certain preferred embodiments, the combination administration of a
modulator with an anti-inflammatory agent is accomplished by packaging one or
more modulators and one or more anti-inflammatory agents in the same package,
either in separate containers within the package or in the same contamed as a mixture

30 of one or more modulators and one or more anti-inflammatory agents. Preferred
mixtures are formulated for oral administration (e.g., as pills, capsules, tablets or the
like). In certain embodiments, the package comprises a label bearing indicia
indicating that the one or more modulators and one or more anti-inflammatory agents

are to be taken together for the treatment of an inflammatory pain condition.
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25  agonists, ectonucleotidase agonists, Ca' chelating agents and NMDA receptor

antagonists.

Suitable dosages for P2X; modulator within such combination therapy are
generally as described above. Dosages and methods of administration of other pain
relief medications can be found, for example, in the manufacturer's instructions in the

30  Physician's Desk Reference. In certain embodiments, the combination administration
of a modulator with one or more additional pain medications results in a reduction of
the dosage of each therapeutic agent required to produce a therapeutic effect (e.g., the
dosage or one or both agent may less than %, less than Y%, less than % or less than 10%

of the maximum dose listed above or advised by the manufacturer).



30 di sorders; cancer; hypertension; renal disorders; abnormal wound

heal i ng; nyobl astic | eukem a; di abetes; neningitis; varicose veins; nuscle
degeneration; cachexia; restenosis; thronbosis; cerebral malaria,;
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‘Modul'ators provided herein may al so be used for neur.oprotection of the
optic nerveapavegnay fusther, sIBPRISCONS of J2ATH a@cﬁ’u I@Ei"?ﬁg}cabg%gﬁ ‘g??c%l?aelrala % a
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conponents) . Such conditions inc e, JARAN L ers
and path Ioa'fo?u%ﬁ(fr%iann’?n?%g Orrerglﬁ%n%dé@?q?%i;\g\{?dlt%o Eav(g'géﬁ%n‘cran%"rglt %F?%l ¢
conponent i padkagé.ng Sublutpackigelli pharmedcdanticalapteparations geaerpley poeinds 1) 2
rheunatoid arthritjs)., psoriasis, obn' s. di,sease. .| r us,
irritabl e bGHEPINE phpsraaceyticat SHRPos B&aFS%?pg%eggﬁfleS%r%%u e fragc?hecti on
of transpl ag efs@it@aNEereit IRY aStsHhlit@NEMGingns phathateatidal aompogidoy.thati nj ury
to the head or spinal cord), cardio- and cerebro-vascul ar..di segse and
certain infeempusss #ilsadiswne adqitional meigation {BHRA GnP*Pﬂeng%'y?n '@l at or

i adn npst geohh Ao MeditAdh) 1PIALINA ot GBLERHCIBERS DL Ubdinggeat
(e.g., an analgesic and/or anti-inflammtory agent). The nodu] ator and
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ant agoni st s,meilited PReGHEd herdinbinkp bs us@hak fdditive amarblsi inhiskdys dosrecéptott her
anti-inflammatory agents include nel oxi cam rqf ecoxi ﬁcoxi b

,__cel
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but ‘are not &%&ﬂlét&dcok%ouhé)%we%bew‘d W42l 29 OF @ Rrari 13RI WeRknG v NEBADIEN
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2008/ 12255356 pPCTAdisiabelel withseedionuclide such as tritium, as described herein), and used ,

as a probe for receptor autoradiography (receptor mapping) of P2X7 in cultured cells

or tissue samples, which may be performed as described by Kuhar in sections 8.1.1 to

8.1.9 of Current Protocols in Pharmacology (1998) John Wiley & Sons, New York,

which sections are incorporated herein by reference. Such receptor mapping

30 procedures also include methods that can be used to characterize P2X; in living

subjects, such as positron emission tomography (PET) imaging or single photon
emission computerized tomography (SPECT).

The following Examples are offered by way of illustration and not by way of

limitation. Unless otherwise specified all reagents and solvent are of standard



sul i ndac, oxaprozin, diflunisal, piroxicam indonethacin, etodol ac,
fenoprofen cal cium ketoprofen, sodi um nabunetone, sulfasal azine, tolnetin
sodi um and hydr.oxychl oroqui ne. One class of NSAl Ds consists of conpounds
that inhibit cycl ooxygenase (COX) enzynes; such conpounds i ncl ude
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exanple, in the manufacturer's instructions in the Physician's Desk
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Wthin further aspects t OMaded1RR! NID cBR%tESs ssed follows:
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nodul at or provi ded herein include t agoni sts, capsaicin receptor
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yellow solid. LC-MS m/z (M + Na®): 287.08%.




WD 2008/ 12415359PCT/ US2008/ 004563 For use in conbination therapy,
phar maceuti cal conpositions as described above may further conprise one or
nore addi tional nedications as described above. In certain such
conpositions, the additional nmedication_js an anal gesic. Al so provided
herei n ar ¥pHEKEIEA phar naceutical pr epgé' ati ons conpr i BCTYS200800e563 nOr e 5
nmodul at ors and one or nore additional nedications (e.g., analgesics) in

t he sanme padtaok.4-Bydbxpacihgipgehzplofl fadsuidiresd-cpbeplic atideds/l gaaer al |'y
include (i) a contniner holding a nharmaceutical conposition that
conprises at |east one nodul ator H¥~descri bed herei n, (ii) a container

hol di ng a pharmaceuti cal conpositionithat conprises at |east one

addi ti onal nedication (such as a p T nFep o,gnd/ or anti- 10 inflamatory
medi cati on) as described above and i iN-N'instructions (e.g., labeling or a

package insert) ‘i_ndicatin t the conpositions are to be used

si nul taneousl y, ég%a a'eeéaug @%e@@d‘fﬁhﬁ ‘{eﬂrmt"r‘gﬁﬁﬂ‘@n Yipyegdpllitg a
condi tion r ggReAsIeVEs-HRaMBEXYLTRAY lGAhBN dsterl(DE6 RAUB ONhmrbPUs e ird The
condition in which pain and/or inflanmation predom nates). 15Wthin

separ at e as paruzse is gamert @sthiC. Aflend.ddnthsrselutige & zangfamed ty 2 3L Aagk-and

phar maceut i ! bek 1 L0 A 6PN a

provi ded he%gl{ﬂﬁé.l{b oré'e@énp %{‘&s‘égﬁg%%%g%‘ﬁﬁm@éon“g%@%bgﬁéﬁgglﬁgﬁgﬁ_ as
probes for fthacidificédée pbn3 avith [ ddadg. ZHTL oFho oY afd renwang luadersiediceds cel |
preparations_or tissue secti.ons epar at,l t f i 0 thereof). In
addi tion, mBUGrator ‘“’p?"S@P‘aéa %dgpg({ P{B%O?‘%ﬁgﬁagg%rq}g@h et‘g%f Sy &cti ve
group (suchrasowd vadst reduel @sskure b taffordothe @it dempéeidnys Ay sbikd. UBEMEN

phot oaffbnit b&b%})ng s{) dies of receptor binding sites. In addition,
modul at &Ps ﬁ?zo_ ded hérd may be used as positive controls in assays for
receptor actiVit\cail aofiddd (Rt hACERD thfoh-is alldbd B8GBRSIM: RS (0, mL).

procedures). For exanple, a nodulator conpound may be | abel ed using any of
a variety ofAfigel30 i ihe seliftionggerpupal inte the flasky gorsriming) édydioxhmeathyl-

radi onucl i d Y| S Al b Ul b j obe
for recept o? aut g@‘ﬁf%&gﬂﬁ‘ﬁ?i"?@% ptégélh'naqgf)?%@eg%w ﬁﬁ%ﬁﬁ?és%cel | s
or tissue safit esolinghioctt, tizey myeurrersf made Hass withsdopivesd duditianhef sdt.nag.

sectiong.8. 1.9 rren rofocol s Jin Pharmacol o 998). John
W1 ey et SonNaHG ot idielcs ot EERl pUhRleD B el L TS s hotgpiiis
reference. SedrtadecidpPEMYATEDNE digardts ¢ daedloves Mas G filteelildd Jatdnadadt hat
can be used to.characterize P2X7 in livin j ect h as pgsitron

eni ssi on t oMbHFAB tttng’??‘H"Hﬁ %@%pogﬁ%&@%%&%:&ﬁ Gnput eri zed
t onogr aphy (,SP 3 The foll owm ng Exanpl es are offered by way of
illustratio teQEdcpﬁﬁmml?Mplﬂ'fdl?‘?‘%’f‘tdé‘fm}’hﬂi‘ﬂ‘@S‘seﬂafi REFWi se specified all
reagents and solvent are of standapd oA 2008/ 12415360PC T/ US2008/ 004563
comercial grade and are used withouf further purification. Using routine
nodi fications, the starting materi be varied and additional steps

enpl oyed to produce other conpound§ prpv/tdé®:Herei n. EXAMPLES 5Mass
spectroscopy data provided herein i 8ctrospray Ms, obtained in

20 A 2.65 M solution of the Jones reagent (28 mL) is added dropwise over 40

min to a solution of 4-hydroxymethylpyrazolo[1,5-a]pyridine-2-carboxylic acid ethyl
ester (5.30 g, 24.1 mmol) and acetone (240 mL) under air cooled by a water bath.
After 20 min, isopropanol (3 mL) 1s added dropwise. After stiring for 30 min, the
blue-green mixture is filtered (acetone rinse). The organics are concentrated under
25  reduced pressure. The residue is dissolved in Qater. Et;0 is added and the mixture is
stirred for 15 min. The resulting solid is collected by filiration. The filtrate is dried to

* afford the title compound as a tan solid. LC-MS m/z (M + Na*): 257.028.



positive ion node. Unless otherw se specified, such data is obtained using
a Mcromass Tine-of-Flight LCT (Waters Corp.; MIford, MA), equipped with
a Waters 600 punp (Waters Corp.), Waters 996 photodi ode array detector
(Waters Corp.), and a Glson 215 autosanpler (G lson, Inc.; Mddleton,

W) . MassWOreoBme4is (Waters Corp.) versi®n 4.0 sof t war @Cartshoooetssdy nx

A obal Serverlm OpenLynxTm and Aut oLynxTm processing is used for data

col l'ection 1) O an®; d1ef 1,5 gmieid-tabokylel t age =
3.5 kV, cong{%fﬁééa%ﬁ%mlgggsomatr on @RgﬁgoJ ceﬁ?gﬁper ature yMBSOC and
120C, respee@dwt‘éi)@'cstmss range = 181-750 with a scan tine of 0.22 seconds

and an interscan delay of 0.05 se s. 15For data nmarked with a "," mass
spectroscopy data i s obtained us Waters ZNID TE Mass Spectroneter
(Waters Corp.), equipped with rs 600 punp (Waters Corp.), Waters 996

phot odi ode array detect or (M\at Corp.), .and a | son 215 aut osanpl er
(G lson, Inc.; Mddleton, V@M b;ssLynxTnﬂz?W? Corp.) version 4.0
software with’ QpenLynx a obalxServer Tm OpenLynxl m and AutoLynxTm 20
processing is used for data “Collfe tand anal ysis. MS conditions are as

ol lows: capillary voltage = NkV; cone voltage = 30 V, desolvation and
f 35

source tenperatu = 250 nd QcC, ect veI 00
with a scan ti rrehg)(]} 6.%5&(53%%6‘?118% dﬁ&d%\%sr “n er Xf Hgllgga Gag]gﬁ]fng%g%h%s For
ei ther net haiimb%ﬁmﬂ audlgldurmee&rasmgcmmcﬂy aﬂanama:emyhdethylhmm (a@rxg; 6mm
25 Chronolith SpeedROD 8e cgl umm 3 Mﬁ@?ﬁ rra qut and
el uted uding’ MOIQ)%W |@|’e5’|L J P9 grach. agd g erﬁe?f: arrpl e

i s detect edv&%bﬂgséaﬁdadud%ﬁm%%q@remu@ﬁr £ €5 h! BEORE REAANMs MNdddange. The
elution conditions are: bile Phase A -95% water, 5% MeOH with 0. 05% TFA;

Mbbi | e Phas eolBtiors ¥ wizshed M@%%GHWAWQ! @x55%0mmk). Fhe aﬂ‘éﬂ"%m‘%ﬁs #adi ent
is used: O- 0 1098
at 1.2l m ngXt?nj ew gt(?%fg? @yc €15 2 15 nn;@nérg;\l/lﬁcszar@dﬁed bl AAS 60

ere indicated,
retention t ifieesed( AAY :a:meerp:rmd d eHudi ficatom urye Slash \gBlummn chromatography (2:1

2008/ 12[116' 53%&:}'&%—% H%Ag 994[153%31135 :EtOAc) affords the title compound as a tan solid. 'H

NMR (400 MHz, CDCl;) 5: 8.62 (d, 1H), 7.60 (d, 1H), 7.44 (s, 1H), 7.00 (t, 1H),
6.23 (bs, 1H), 4.48 (q, 2H), 3.23 (d, 2H), 1.98 — 2.07 (m, 3H), 1.57 - 1.78 (m, 12H),
1.45 (t, 3H). LC-MS m/z (M + H'): 382.2; Ry = 1.09 min.

B. N-(ADAMANTAN-1-YLMETHYL)-2-{[(3R)-3-AMINOPYRROLIDIN-1-
15  YL]CARBONYL}PYRAZOLO[1,5-A]PYRIDINE-4-CARBOXAMIDE (COMPOUND 2)

Step 1. 4-[(Adamantan-1-ylmethyl)carbamoyl]pyrazolo[1,5-a]pyridine-2-carboxylic

S

O._-NH

acid

N o
NN on
3 M Aqueous KOH (2.6 mlL) is added to a mixture of 4-[(adamantan-1-
20  ylmethyl)carbamoyl]-pyrazolo[1,5-a]pyridine-2-carboxylic acid ‘ethyl ester (503 mg,
1.32 mmol) and EtOH (6.6 mL). After 4 h, the volatiles are removed under reduced
pressure. The aqueous residue is diluted with water (2 mL) and then acidified with 1
M aq. HCl to ~pH 2. The solids are collected by filtration and then dried to afford the



EXAMPLE 1 Preparation of Representative Heteroaryl Am de Anal ogues This
Exanple illustrates the preparation of representative heteroaryl am de 5
anal ogues of Formula I, as well as certain internediates useful in the
preparation of such corrpounds The P2X7 | C50, determ ned as described in
Exanpl e 4¥O 2088/124158 cr onol ar or | ess for ‘torrpounds 1- 15°CTAUS2008/004563

4- [ ( ADAMANTAN- 1- YLMETHYL) CARI SAMOYQPYR_AZOL(J 1, 5- APYRI DI NE- 2- CARBOXYLI C

ACI D ETHYL Qﬂ\fgﬂ% 11y NMR CD3)»S0) &: 8.86 d
4- Hydr oxyrreﬁﬁlyl pyﬁj azolo[1 3,eicg‘rrl d‘?%é 2H3 di (gélorobhg{zf |((c a3)c2| )dl nmet h (
ester HO CO2RD, NS5Oy, 1H),771/(dsHII),lf7|26I(S GH)OZ.hR 6 1K), ér@@s@l 3115)2)1I33y'd1r 83<§Illaam ne,

ol ution of oy H o Bemial 14 lﬁgﬁ'{%i?%( P hna” creci2 (100 m) at

0O C dropw se, over, 40 . mn the e, bath is renoved and
the sol uti o%t‘?psf It\IAt ﬁuﬁéﬁﬁ?éﬁ’ﬂ}?«a{ﬂgg gtmﬁlgoq or 5%11 mn. The volatiles
are renoged yljag®bn Jlﬁ@um@b[pg&ﬁpﬁ@&%aﬁbﬁmﬂd& am no- 3-

hydr oxynmet hyl pyri di ni um nesityl | fonate as a yellow oil. DMF (100 mi)
and K2CO3 (15 g, 110 nunol) af ded The dark brown m xture is cooled in
a water 20 bath. Dinmethyl ace '-“— carboxylate (6 9 nL, 56 nunol) are
added dropwi se over 10 min. [After 15 mn, the water bath is renoved and
the mixture is left to \R P’Husly stir under air for 18 h. After filtering
through Celite (CH2C12 ri _thg vol at i IGasnpeued 2enoved under reduced
pressure. The residue isfslYy edin EtOAc and the mxture is filtered
through Celite (EtOAC ri ~N olatiles are renoved under reduced 25
pressure to afford a dark brown | A\ Purification by flash colum

chromat ogr aphy (2:1 hexanes: Et 0Ac 0 “NH1 hexanes: Et OAc) affords the title

5008 12415362PCTHERIER) TBBSAS g?%Bl e addsd £0"a" iSire OF'a-{(alimantia-1-
4- Hydr oxy met bRy e#Rdndyl-pyrad b i poridins atdamexyiic asiid @thymgstiers HO

mmol), tert-butyl (R)-pyrrolidin-3-ylcarbamate (242 mg, 1.30 mmol), 1PrNet (620

pL, 3.6 mmol) and DMF (12 mL) under Nz. The reaction vessel 1s sealed and the

10 solution is left to stir for 207h. EtOAc (50 mL} is added. The solution is washed with

0 (2 x 50 mL) and brine (50 mL). The organics are dried over Na,SO,, filtered,

and concentrated. Purification by flash column chromatography (2% MeOH in

CH,Cl;) affords ° (R)-(1-{4-[(adamantan-1-ylmethyl)carbamoyl]pyrazolo[1,5-a]-

pyridine-2-carbonyl}pyrrolidin-3-yl)carbamic acid zert-butyl ester as a tan solid.

15 MeOH (6.8 mL) and 4 M HCI in dioxane {1.7 ml) are added. Afier 20 h, the

volatiles are removed under reduced pressure to afford a light tan solid. 15%

Aqueous KyCO; (50 mL) is added. The solution is extracted with EtQOAc (5 x 50

mL). The combined organics are dried over Nap;SQO4, filtered, and concentrated.
Purification by flash column chromatography (1% NH4OH in 9:1 CH,Cl::MeOH)

20  affords the title compound as a tan foam. '"H NMR (300 MHz, CDCls) 6: 8.48 (ddd,
1H), 7.62 (dd, 1H), 7.22 (dd, 1H), 6.87 (t, 1H), 6.50 (bt, 1H), 3.42 — 4.20 (m, SH),
3.20 (4, 2H), 2.14 (septet, 1H), 1.96 — 2.04 (m, 3H), 1.55 — 1.88 (m, 12H). LC-MS
m/z (M+H): 422.3; Rr=1.2 min.



CO2Et N-N 50% Aqueous H2SO4 (400 nl) is added to

4- hydr oxynet hyl pyrazol o[ 1, 5- a] pyri di ne-2, 3-di carboxylic acid dinethyl
ester (11.6 g, 43.9 mol ) under air. The® 5 mi xture is warnmed to 80 C.
After 3.5 h, the solution is transferred to a 2 L flask and cooled to 0 C.

The solution is neutralized with ag. Na r | y IS
acidified tlo HMA@AWANHA&-iwﬁéET@g'e%lﬁgg\?ﬁ%@p@?@w%%gpun Ifa“fﬁ
reduced pressure. Jhs: iessHisd 8 washed with 30% EtOH in CH2C12. The

vol atiles aré renoved under reduced pressure to afford the title conpound
as a tan solid. LGM 10 mz (M + 193. 07. Acetyl chloride (9.5
m., 130 nunol) is added to absol anol (200 rnL). After 30 mn, the -
solution is poured into the flagk i
4- hydr oxymet hyl pyrazol o[ 1, 5¢x

i di ne-2- 4 c acid. The mixture is
warnmed to 50 C for 3.5 h. After cooling t%%?%hge m xture is nade basic
with dropwi se addition of satz 15 NaHCO3. The volatiles are renoved
under reduced pressure. The |aqueo olution is extracted with Et0Ac. The
organics are dried over Na2SO%; il tePHd, and concentrated to afford the

title conpound as t an, powder... LC: + :

Pyr azol o{?, 5-a] 'p%?fb&ﬂﬁel‘%P&Pgﬁeﬁhbb&%@%%) ]5% é@%@&gﬁﬁgﬁ%&%ﬂg 05 .65 M
sol ution of4_g RES] -YRAGRAbcatBin s Jpyi dzobu] tigda| plyrijinge-2 ecachomxylid Bcidiethio a
sol ution of 4-hydroxynethylpyrazol o 1, 5- cdpyr i di ne- 2-c;z}r_é)o lic acid ethyl
ester. (5. 3Gsgr (201 ¢, hddmmal dnd dddfed ("M@t%ng)mlﬁ"r‘él@@' efé%’o%a%bf‘yws

wat er bath., After 20 C{nhgftS% 338%@8%%1 ég M%dﬁ%ﬁaﬁ‘(i%ﬂfﬂriﬂﬁ‘ﬁm@-OM)%

stirring fdpis IHMRYe een mxture Is fered (acetone rinse).
The or gani Ggdal eARSNS BNk alee BHy 6y adiedrdesincied Fhesdlatiles afremorsd voderi s

dissolved in water. Et20 is added and the mixture,is stirred,for, 15 mn.
" The resul t iradues@lprebsizs. JIP 629 aelbis ‘queflraé‘H}tE%?OIﬂ?earP icloil?‘g'?‘g bygélg?ﬁ%% to
afford the title.compoun S [ L& {Mrar ANA+)The 297411025
WD 2008/ 124M§MF@E%&%%%Q£W§@M@ 10 %0 4 SREEEE
4- [ ( Adapant 46 rénodeaRiniy deaacdapproyduloyr afmiiahd ige apppoun arca Bokbirperint i c
actd ety o R (300 Mz, CDCl) & 858 (ddd, 1H), 7.56 (dd, 1H), 6.92 (1, 1H), 690 (5
1H), 4.80 (s, 2H), 3.12 (s, 2H), 1.96 — 2.04 (m, 3H), 1.62 — 1.84 (m, 12H). LC-MS

mi/z (M-+H"): 340.3; Ry = 1.27 min. .
D. N-(ADAMANTAN-1-YLMETHYL)-2-{[(3R)-3-AMINOPYRROLIDIN-1- -
15  YLJMETHYL}PYRAZOLO[1,5-AJPYRIDINE-4-CARBOXAMIDE (COMPOUND 4)

Step 1. Methanesilfonic acid 4—[(adam’antan—l-ylmethyl)c:irbamoyl]pyrazolo[1,5-
alpyridine-2-ylmethyl ester

Methanesulfonyl chloride (140 pL, 1.2 mmol) is added to a shurry of 2-

20  hydroxymethyl-pyrazolo[1,5-a]pyridine-4-carboxylic acid (adamantan-1-
ylmethyl)amide (510 mg, 1.5 mmol) in THF (15 mL) and triethylamine (310 pL, 2.3
mmol) under No. After 1 h, the mixture is filtered (THF rinse). The volatiles are



O. NHConpound 1 CO2Et N -N~ BOP (11 g, 24 mmol) is added to a slurry
of pyrazol o[ 1, 5-a] pyridine-2,4- dicafboxylic acid 2-ethyl ester (5.6 g, 24
mmol ), adamantan-1-ylnethylatnine (4.4, 5 27 nmmol), i Pr2NEt (21 inL, 120
nraol ), and DVF (240 nL) under 142. The reaction vessel is sealed and the

mxture is left tostlrf 15 h. Et ) ion is

washed wi t Fers@eisader kg §_su(r%tg(a§€%l [ﬁlﬁ% %@bg%(ﬁggﬁgaleyés ggﬁgg!rﬁg

extracted \PACI 5?1% 43\@*\ 20y L) . The conbined organics are dried over
ter a

Na2SO4, nd conCentrated. Purification by flash col um

chr omat ogr 1.10 hex ”ﬁg‘aﬁ%ﬁdﬁtﬂAC) affords the
title corrpggﬁﬁ%z'.aﬁ @it TR R R (%%%Iﬂw CDCi3) 8 8.62 (d, 111),
7.60 (d, 1ﬁ)neﬂ%.x}gggm@io[iH)a]pyn@me@marmx)am& 23 (bs, 1H), 4.48 (q, 2H),
3.23 (d, 211), 1.98 -2.07 (m ), 1.57- 1.78 (m 12H), 1.45 (t, 311).
LCMS Mz (M+ H+): 382.2; R .09 mn. B.

N- ( Ar amaNTAN- 1- nNI ETHYL) - 2- 3- Ant hr oPvRaoupi N-1- 15

YI ACARBONYL} PYRAZOLJ 1, 5- ARYRI DI NE- 4- CARBOXAM DE ( COVPOUND 2) Step 1.
4-[ (Adamant an- 1- yl met hyDj. anoyl | pyrazol o[ 1, 5- a] pyri di ne- 2- car boxylic
acid O NH O NOH 3 M Agquegous KOH (2.6 inlQommuadided to a m xture of
4-[-(adamant an-1- 20 ' o : ‘
yl i net hyl ) car banoyl ] - py azq\LoNF -a] pyridi ne-2-carboxylic acid ethyl ester
(503 ny, 1.32 mml) and OH( 6 ) After 4 h, the volatiles are renoved
under reduced : ““NH,

5 tert-Butyl (R)-pyrrolidin-3-ylcarbamate (420 mg, 2.3 mmol) is added to a
mixture of methanesulfonic acid 4—[(_adamantan—1—ylmethyl)carbamoyl]pyrazolo[1,5~
alpyridine-2-yimethyl ester (630 mg, 1.5 mmol), K,COs (530 mg, 3.8 mmpl) and
DMF (15 mL) under N,. After 3 b, H,0 (50 mL) is added. The solution is extracted
with EtOAc (50 mL). The organics afe washed with HyO (50 mL) and brine 7(50 mL)

1-0 and then dried over NaéSO;;, filtered and co_ncenh‘ated. Purificatior by flash column

| chromatography (1% NH4OH in 95:5 CH,Cly:MeOH) affords (R)-(1-{4-[(adamantan-
1-ylmethyDcarbamoyl]pyrazolo[1.5 -a]pyridin-2~y1meﬂ1y1}pyrrol_idin~3—y1_)carbamic : _
acid fert-butyl ester as a tan foam. The foam is dissolved in MeOH (12 mL) and 4 M
HClin dioxane (3.0 mL). After 6 h, the volatiles are removed under reduced pressure

15 1o afford a tan foam. 15% Sat. ag. KoCOs (50 mL) is added and the mixture is
extracted with EtOAc (5 x 25 mL). The combined organics are dried over Na;SO,,
filtered and concentrated. Purification by fiash column chromatography (1% NH4OH

compound as a tan foam. IH NMR (300 MHZ, _CDClg) §: 8.49 (d, 1H), 7.54 (dd, 1H)

20 6.77 (s, 1H), 6.75 (t, 1H), 6.30 (bt, 1H), 4.85 (dd, 2H), 3.48 — 3.58 (m, 1H), 3.20 (d,
2H), 2.77 — 2.88 (m, 2F), 2.52 (m, 1), 2.43 (dd, 1H), 2.14 — 2.28 (m, 1H), 145 -
2.05 (m, 18H). LC-MS m/z M + H"): 408.3; Rr= 1.15 min. '



pressure. The aqueous residue is diluted with water (2 nL) and then
acidified wwth 1 Mag. HClL to -pH 2. The solids are collected by
“filtration and then dried to afford thet7 WO

12008/ 12415364PCT/ 1152008/ 004563 title conpound as a |ight yell ow powder.

119,726 (s Ny Tt Hchveut b oy b gt
N (darmant G 1Y CHBEHSIS 501 a12) 3 am nopyr ol 1din-1 -

5yl ] car bonyl } pyrazol o[ 1, 5-a] pyri di - car boxam de Conpound 2 1" NH2

BOP (680 ng, 1.5 mmol) is added t bxture of 4-[(adamant an- 1-

yl met hyl ) car banoyf | - pyrazol o[ 1, B- aJpyri di ne- 2- car boxylic acid (417 ng,
1.18 mml), tert-butyl (R)- rrnﬁidin-B-yggﬁ&gaﬂpge (242 ny, 1.30 mmol),
i Pr2Net (620 3.6 mmol) and (12 nL}Nun er N2. The reaction vessel is
seal ed and the 10 solution i to/stir for 20 h. EtOAc (50 nL) is
added. The solution is washed w 0 (2 x 50 nmL) and brine (50 nL). The
organics are dried over Na250%; THNltered, and concentrated. Purification

by flash col um r omat ogr a % { REAS : i

(R (114 Ragana‘-'}%{&é?ﬁﬁﬁfﬁ%? ﬁ%)é)%‘é’r %1%1? %yarquol o% iﬁgﬁg}]{ §fmethanesulfonic

D e . B T 2oy 2o pr e
tan solid. .8 in an i xane : r .
After 26 h(72hmgva/lanmpbandAME ARy A Moy SREER 1@?’?@%‘1 %’o&a(fa(?goﬁd a
i ght tan i d.. 15% O4:1 ok : ltHéd GAsHes
ex?r acted %%h 63@81@%”[)%%%?1%@ . |§1§ %ﬂol%)(% #gg ]%?g‘gﬁt?gy]?ragﬁqri ed over
Na2SO4, fi lvkigh 80 a0chee DREETDS @ 80 Wil iahd daink ¢5H0 b%L)f ljﬁsm;g@meﬁwe dried ;
chr omat ogr aph 1% NRIOH in 9:1 CH2C12: MeQH) .. 20. a f t tid oun
as a tangf cf’lg[lﬁﬁy Ngiﬂomﬁwl(eﬁ&@dﬁpﬁ?e“@%]ilsf“@%%@%by(ﬁ?fggl,coiﬁ{"ghfp 629 %?EI—BJ
7.22 (dd, AN 36 . 20
(i 2, 2008 Pl fpeboy it Gty gl e byt AR O 120

LC- M5 nhz -(@ﬂ)@i%&rf)s;amfl@g 18D), R4 %dd,. tH)pior91 (s6BH), @83 (t, 1H), 6.26 (bs, 1H), 3.97
e s o (0 ot 21 b PR VE T BYRAY L Gl g PR AnfphREoA
' H'): 349.3; Rr = 1.28 min.

F. {4-[(ADAMANTAN-1 -Y-LMETHYL)CARBAMOYL]PYRAZOLO[1,_5-A]PYR10IN—2-

YL}ACETIC ACID (COMPOUND 6)

~

Oy, -NH o Compound 6
A OH
o N
15 A solutioﬁ of copc. HCl (2.3 mL) and AcOH (4.6 mL) is added to 2-
cyanomethylpyrazolo[1 ,5-a]pyridine-4-carboxylic acid (adamantan-1-

yimethyl)amide. The solution 1s warmed to 60 °C for 20 h. The volatiles are
removed under reduced pressure, and the residue is dissolved in 1 M aq. NaOH (10
mL). The solution is washed with E;0 (20 mL). The aqueous layer is acidified to
20 ~pH 3 with 1 M aq. HCL. The mixture is filtered and the filtrate dried to afford the
title comjaound as a light tan solid. 'H NMR (400 MHz, ((CD3)»S0) 8: 8.71 (d, 1H),



0 NHConpound 3 N N \ CH - A 2.0 Msolution of LiBH4 in THF (5.8 nL) is
added dropwi se to a sol ution of

4- Radamant an- 1- yl net hyl ) car banoyl byrazol o[ |, 5-a] pyri di ne- 2-carboxylic acid
ethyl 5 ester (2.01 g, 5.27 nmol) and THE (50 m.) at O C under N2. After
10 min, tMNOOYIMEBh is renoved. After ®h, additional PerOsibs@isssi on of
LiBH4 in THF (2.0 nL) is added. After 4 h, sat. agq. NH4Cl i s added

dropwi se. Tigea0v®t, atH)] B60 &d,d H)e6ow ¢l 1HMART9 (rsem;:aclrsr(@em)uws; &2y 2@8nL) is
added and the solids_are callecte by filtratiagn e solids are slurried

in MeOH (75 30 GhdHial-fea 1t78 Gp 1285 oLCMp m/atd +vl§)at3ﬁ$ 8sR19 le/d™ e npyed

under reduced pressure to afford the title conmpound as a light tan solid.

1H NVR (300@»/!19: Am}%}wl.m&@nmdzi{z )-37A1\5ﬁoﬁlﬂr§hmﬂ¢|-‘9-y 292 (t, ‘1H),
6.90 (s, 1H), 80 (s, 2H) 12 (s, 1.96 -2.04 (m 3H, 1.62 -.1.84
(m 12E1) mmrmmmtlﬁ )«]1’\3«4\1@“@44 ERBOXAMDE (ﬁaowrPOUND 7 D.

N—(ADAMANI'AN- 1- YLMETHYL) - 2- R) - 3- AM NOPYRROLI DIN- 1- 15
Yl I'I vl ETHYLI PYRAZOLJ 1, 5- A] NE- 4- CARBOXAM DE ( ConmpouND 4) Step 1.
Met hanesi il fonic acid 44( tan- 1-yl net hyl ) car bar noyl ] Pyrazol oH, 5-

abyri di ne-2-yl met hyl egst erNHO NH O0- S- Met hanesul fopyl -chloride (140 m., 1.2
mmol) is added to a slurry of & 2 MR, a&’mpo“ngg

hydr oxynet hyl - pyrazol o[ 24 i

(adamant an- 1yl i net hyl ) fmi de p5¥ —1.5 nmol ) in THE (15 nl) and
triethylamne (310 M, hlrml) under N2. After 1 h, the mxture is

L) LerocaCTHe o BER it o) WS 6B of R RS S50y

440.04. St epanethyI)carbamoyl]—pyrazolo[l 5-a]pyr1d1n-2-yl}acet1c acid (160 mg, 435 upmol),
N- (adamant an- | -yI met hyI ) - {3 - 3-am nopyrrolidin- I rret h pﬁ/r azol o[ |,
5-a] Pyri di né&rtbatl sk - -ylcar amate (96 mg, 480 pmol) t (2 1

mmol), and DMF (2.2 mL} under N;. The reaction vessel is sealed and the solution is
left to stir for 15 h. EtOAc (25 mL) is added. The solution is washed with H,O (2 x

10 25 mL) and brine (25 mL). The organics are dried over Na,SO,, filtered and
concentrated. Purification by flash column chromatography (95:5 CH;ClL:MeOH)
affords (R)-(1- {4-[(adamantan-1-ylmethy!)carbamoyljpyrazolo[1,5-ajpyridin-2-
yl}acetyl)piperidin-3-yljcarbamic acid fert-butyl ester as an orange foam. MeOH (4.2
mL) and 4 M HCIl in dioxane (1.1 mL) are added. After 16 h, the volatiles are

15  removed under reduced pressure to afford a light tan solid. 15% Aqueous KzCOg; 30
mL) is added. The solution is extracted with- EtOAc (3 x 30 mL). The combined
organics are dried over Na,SQ,, filtered and concentrated. Purification by flash
column chromatography (1% NH,OH in 9:1 CH,Cl,:MeOH) affords the title
compound as a tan foam. 'H NMR (400 MHz, CDCL;) §: 8.46 — 8.64 (m, 1H), 7.44

20 (bs, 1H), 6.68 - 6.80 {(m, 2H), 3.86 — 4.17 (m, 3H), 3.38 — 3.61 (m, 3H), 3.12 — 3.25
(m, 3H), 1.40 — 2.04 (m, 19H). LC-MS m/z (M +H"): 450.3; Ry=1.17. '

ne-4-carboxyllc acid



0 NH Conmpound 4 "NH2 5tert-Butyl (R)-pyrrolidin-3-ylcarbamate (420 ng, 2.3
nmmol) is added to a m xture of nethanesul fonic acid

4-[ (adamant an- 1- ylnet hyl ) car banoyl ] pyrazol O[ 1, 5- a] pyri di ne- 2-yl et hyl
ester (63 mmol.), K2CO3 (530 ngp93 8 rnnol) and 15 ni) under
-N2. Aftergg%?m}d%a (50 nL) is added. The solution is Pe@?%@&%@ﬂ"ﬁth Et OAc
(50 inL) Thegyo i i brine m.) 10 and
~then dried g_\lieFﬂ@gwngglggﬁggﬁg%ﬁm%ﬁﬁ%[ﬁg% by flash
col um chr ornaMeEgRAPHACE T AdHS £ ESPER (CoMdCRB 8WVeO0H) af f or ds ,

(R - (1-{44(adamant anl-yl met hyl)car banoyl | pyrazol o[ 1, 5- al pyri di n- 2-yl et hyl
| Pyrrolidin-3-yQcarbarnic aert-butyl ester as a tan foam The foamis
di ssolved in MeOH (12 nL) =AM HC1 i n di oxane (3.0.m). After 6 h, the
vol atiles are renoved under reduced pressure 15 to afford a tan foam 15%
Sat. ag. 1C2C38 (50 m_?' thdded and the nmixture is extracted with EtOAc
(5 x 25nit ) The conbi hed organics are deomgbupd&r Na2SO4, filtered and
concentrated. Purificatfon | ash col um chromat ography (1% N1440H

i n-9T1- CH2C12: 1q&0TT t Oxc N\t h-Q1=1-in -41-014i C12fi vl e011) affords-the
title conpound as a tan foam 1H NYR4 300 MHz, CDC13) 8: 8.49 (d, 1H),
7.54 (dd, 1H, 20 6.77 (s, 1H, & 75\, 1H), 6.30 (bt, 1H), 4.85 (dd,
214), 3.48 - 3.58 Sm 114), 3.20 (d, 214), 2.77 - 2.88 (m 2H), 2.52 (m
114) . 2.43 (dd, T4 Mpsofation of QK. in {FzY (0.3 mk) is aidgd tp i mbgwp. of % VS

m Z M + - - T —_ _' . .7" " AL, A - 1.

N- ( AEAI\/AI\Fll_'DAll\lly @%ﬁ%ﬁ'ﬁ%@ﬁﬁ%@%f)@? DI 1, B pyr PR
CARBOXAM DE yin@ahARoNd: 653 me, AHQempl and DBAF (1 mL) 306 Grandyali. dAfE52fming, 11
mol ) is added i :

AT (ndamant S PPREER AR anB T ket 1 The Eathissmeved w1

ester (720 plxtuds ik 1BAQS stinfist DVE. (586 Bhi) ay NASICH? is ddMRd Ehd tehl SothiSon\Rr MEd
to 60 Cfor 1 h. After cooling tort, the mxture is diluted with Et0OAc

(50 nL) andesxEatedwahddOict R05pl4. s Jihe oaganiqganedsied 2ver 52504 filtaredianidne (50
n) Th i ed s AL
Pt 1 car oA RLE, Pl 6 PRENH FIOA EELGURERIACINE Bhkhoma |
the title cespealdyeiowaiiltran'H dBVR KHONMEIL, IDUCHHE:, 8150 @RCIR), 787 @, 48),( d,
2 320 (B3t Bebtal b g Sl 45 g . skl M i & wd RN -
GM + HI: 348, 2H)RT.9% L 284 (#)3H), 1.56 — 1.78 (m, 12H), 1.28 (t, 3H). LC-MS m/z (M +

HY: 426.3; Rr=1.31.

I {4-[(ADAMANTAN-1-YLMETHYL)CARBAMOYL]PYRAZOLO[1,5-4]PYRIDIN-2-
15  YLMETHOXY }ACETIC ACID (COMPOUND 9)

=

Oy _-NH

Compound 9
N

y/
2 N-N

o
)—OH

O
3 M Aq. KOH (50 pL) is added to a solution of {4-[(adamantan-1-
ylmethyl)carbamoyl}-pyrazolo[1,5-alpyridin-2-ylmethoxy} acetic acid etbyl ester {11
mg, 25 umol) and EtOH (250 pl)). After 18 h, the volatiles are removed under
reduced pressure. The residue is diluted with H,O (0.3 m1.) and then acidified with 1
20 M ag. HCL The title compound is collected by filtration. 'H NMR (400 MHz,



F. {4-] ( ADAMANTAN- 1- YLMETHYL) CARBAMOYLPYRAZOLO[ 1, 5APYRI DI N- 2- YLI ACETI C
ACID (COVPOUND 6) O NH Conpound 6 0 ,-OH 15A solution of conc. HClL (2.3
m.) and AcCH (4.6 nlL) is added to 2- cyanonet hyl pyrazol o

[ 1, 5-al pyri di ne-4-carboxylic acid (adamant an-1yl nmet hyl ) am de The sol ution
i s war medwoee20ssor 20 h. The vol atil @8 are renoved roweRoos@lseed
pressure, and the residue is dissolved in 1 Magq. NaOH (10 nmL) The

solution is it t 20 j : ' i di figd to
50 “pH 3 wi(ERORQES! R @Qulrk it 1o GEHE NN, 6XRE a6F, A8 @ Y 10
to afford the7e (¢ REH).CHD I2H)A2.99 (4, 230 11860 2.00 i(ah, 3HH NNISA-R. 134G 10D,
((CD3) 250) 8§: 1 ( , ) 2008/.12415368PCT/ US2008/ 004563 8. 40 (bt
111), 7.60 ?Ioc,'i’{ii’{%&%f’ég%(??y%%?%éﬁg (s, 111), 3.75 (s, 211), 2.99 (d,
211), 1.88 - 1.96 (m 311), 1.46- 1.70 (m 1211). LGMS mz (M+ H.):
368.3; RT = 1.27 mn. G

N- ( ADAMARTAN- F=ZndsP Ay aNTAN-1 FTACERSLAYDION VRV QLORE SR YRIRRE-3-CARBOXYLIC
OXOETHYL) PYRAZOL B4 srrél wﬂ%—fb} CARBOXAM DE ( COVPO JND 7)
Step 1. 4-Aminopyrazolo[1,5-a]pyridine-2,3-dicarboxylic acid dimethyl ester

NH;  co,Me

~ e GO, M
S N“N/ zMie

A solution of O-mesitylenesulfonylhydroxylamine, ~30-35% water, (14.5 g,

10 52 mmol) and CH,Cl, (100 mL) is added to a solution of 3-aminopyridine (4.9 g, 52

mmol) and CH,Cl; (100 mL) at 0 °C dropwisc over 30 min. After 30 min at 0 °C, the

ice bath is removed and the solution is stirred at rt for 30 min. The volatiles are

removed under reduced pressure to afford a yellow oil, N-amino-3-aminopyridinium

mesityl sulfonate. DMF (100 mL) and K,COj5 (15 g, 110 mmol) are added. The dark

15  brown mixture is cooled in a water bath. Dimethyl acetylenedicarboxylate (6.9 mL,

56 mmol) are added dropwise over 10 min. After 15 min, the water bath is removed

and the mixture is left to vigorously stir under air for 66 h. The volatiles are removed

under reduced pressure. The residue is slurried in MeOH and the mixture is filtered

through Celite (MeOH rinse). The volatiles are removed under reduced pressure to

20  afford a dark brown oil. 33% Sat. ag. NaHCO; (150 mL) 1s added and the solution is

extracted with EtOAc (6 x 200 mL). The combined organics are dried over Na;SO,,

filtered, and concentrated. | Purification by flash column chromatography (CHzCly)
affords the title compound as an orange-red oil. LC-MS m/z (M +Na'): 272.01.

Step 2. 4-Aminopyrazolo[1,5-a]pyridine-2-carboxylic acid ethyl ester
NH,

¥/, 2

50% Aqueous H,SO4 (60 mL) is added to 4-Aminopyrﬁzolo[1,5-a]pyxidine-
2,3-dicarboxylic acid dimethyl ester (1.47 g, 5.90 mmol) under air. The mixture is
wartmed to 80 °C. After 6.5 h, the solution is cooled to 0 °C and then neutralized with
10 N ag. NaOH. The resulting slurry is acidified to pH 3 with 1 M aq. HCL. The



5BOP (250 ng, 570 mmol ) is added to a m xture of {4-[(adamantan-1-

yl nmet hyl ) car banoyl ] - pyrazol o[ 1, 5-a] pyri di n-2-y1} acetic acid (160 ng, 435
unol ), tert-butyl (R)-piperidin-3-ylcarbamte (96 ng, 480 unol), i Pr2NEt
(230 faL, 1.3 nrnol), and DVMF (2.2 nl) under N2. The reaction vessel is
seal ed arWorps/golsation is left to stir’/for 15 h. Et OACT(RS00sko)4sss added.
The solution is washed with 1120 (2 x 10 25 nL) and brine (25 nL). The

or gani cs ar goldiles freQMBbvdiIamattrediided pPésSitte A THe feRiiGE M@he&imtﬁlm% E@{i on by
flash col umm chromat ography (95:5 CH2C12: MeQH) affords (R)-(1-

[ (adamant anin CHadnet Bhe ) SaﬁWFFB?Y%‘z@P@PT[@B‘Ee&l PWF‘FEH‘H 05531 i
acetypp ipe C S S & f oam
NEOH (4. 2 e e O N R e
vol atil es al#8.0b Aesnbutizoh efibec. HeRMcD piésasdne'élan@i (AR6 ;mlg is addaghto then '

solid. 15% Agyequs .1C2CO3 .S ad The.so oD, IS d with
BroAc (3 SOMF AR R s AR T oS PRt SRR o e

and concent raP€dor Psihi fAffbﬁtbﬂﬁghﬁrtkl&&himbwmadﬂﬁmwaﬁdgdmphjso(aﬁ%iwm in
i, CDCT3) OBt s aCR 6 ¢ plails aexeavobytie: Sfueot Prgoils. THeggutaN 11

3.86 - 4. 17nfiffur eelﬁhlter%d%ﬁt()@bﬁﬁs gml"hé)’ neods sofutionds aﬁu"z(cfﬂd wihl EtOAe @0x - 2. 04
(m 19H). LC-M5 ink (M + X = 1.17. 69 WO

2008/ 12415 3@@711@@2@@@;&@@43 rgamcs are dried over Na,SOsq, filtered, and concentrated to

L NS SRR R A RO o o)

Step 3. 4-(2-Adamantan-1 -ylacetylammo)pyrazolo[1,5—a]pynd1ne—2—carboxyhc acid

ethyl ester

HN 0 Compound 10

~ ~CO,Et
2
N“N

A 1.0 M solution of iriethylamine in toluene (0.3 mL) is added to a solution of
1-adamantaneacetic acid (14 mg, 80 umol) and 4-aminopyrazolo[1,5-a}pyridine-2-
15  carboxylic acid ethyl ester (12 mg, 60 pmol) in DMF (0.3 mL) under N,. A solution
of 2-chloro-1,3-dimethylimidazolinium chloride (20 mg, 120 yumol) in ACN (0.3 mL)
is added. The reaction vessel is sealed and the mixture is warmed to 50 °C for 2 h.
The mixture is cooled to rt. 50% Sat. ag. NaHCO; (2 mL) is added. The solution is
" extracted with Et OAc (2 x 1 mL). The combined organics are concentrated.
20  Purification by preparative thin layer chromatography (2:1 hexanes:EtOAc) affords
the title compound as a light tan solid. 'H NMR (400 MHz, CDCL;) &: 8.32 (4, 1H),
8.05 (d, 1H), 7.15 (s, 1H), 7.05 (s, 1H), 6.91 (t, 1H}, 4.59 (g, 2H), 2.21 (s, 2H), 1.98 —
2.06 (m, 3H), 1.56 — 1.78 (m, 12H), 1.46 (t, 3H). LC-MS m/z M + H"): 382.10.



e0 O A 1.0 Msolution of tBuOKin THF (0 3 nL) is added to a m xture
of .2- hydroxynet hyl - pyrazol o[ 1, 5- a] pyri di ne-4-car boxyl i caci d(adanmant an- 1-
5 yhnet hyBam de (73 ng, 210 p.nmol) and DM (1 nL) at O C under N2. After 5
mn, ethyl bronpacetate (30 gL, 280 nop'ts added. The cold bath is renoved
and the mxture is left to stir for 23 h. 50% Sat. aq. NaHCO3 i s added and
the solution is extracted with Et OAGXA20P{EL). The organics are dried over
Na2SO4, filtered and concentrat ed Purlfl catl on by PTLC (2:1
Et OAc: hexanes) afSfvofidsistolie.deiti Reprpeantaive lospsogvhamade anslagussi | m 11-1
NVR (400 MHz, CDC13) 5: 8.50 (dd 1H), 7. 57 (d, 1H) 6.88 (s, 1H), 6.81
(dt, 1H), 6.27 (tss Ekdple #luSBates IheZsk‘ﬁnIheSlsZﬁ" addjtiomat yepresentetiye hetoroagyl 3. 21

Er;jz (Zm + i éidngla@g(upn@}r sH}fog&g— g|61 “as we?l gasm ce%tgjjﬁl)lﬁterm d?atc(.s uségf:tlﬂl)m & Mo
{ 4- RADAVANTAN- 1-.Y. YLKYRAZOLQ] 1, 5-, 4] PYRI DI 4-2- 15
YLMVETHOXY} ¥ A%%J‘?‘t@nﬂé%tq@ﬁ%é%ﬁgo Conpound 9 0 3 MAg. KOH (50 ttL) is

added to a sol ution g@ é%&%wzﬁyg%z&o% 5- All;YRIDINE-ﬁl -CARBOXYLIC  ACID

ylnet hyl ) cdrbanoyl | - ridi I met hoxy}acetic acid et hyl

ester (11 ?DAQ@N‘#@“)Y@@E’T@I@HMI@EQCOW{)UNU\{UGF 18 h, the volatiles are
renmoved un reduced pressure. The residue is dilut ed with 1120 (0.3 nl)

~and then acjifi 9¢dﬂn§{n8}ra%910M 3G]pyridine-oerbbkliceacid (wdamankan -volcthytk ed by

f||trat|onan}lilié

O~ _NH

= TNy /O
s N“N/ :

- A solution of 4-[(adamantanv1—yhnethyl)—carbomoyl}—pyrazolo[1,5-a]pyridine—
2-carboxylic acid ethyl ester (1.2 g, 3.1 mmol) in THF (25 ml) is cooled to -78 °C. A
solution of DIBAL-H (25 mL, IM in hexane) is added dropwise. The mixture 18

stirred for 2 h at -78 °C. A saturated Rochelle salt soluti_on 18 added, and the mixture _

10

15 is stirred for 4 h at rt. The mixture is extracted with DCM (4 » 70 mL), and the
organic layer is dried over NaySQy. Purification by a flash column (eluted with 2-
' 304MeOH in DCM) gives the title compound. |
Step 2. 2-(2-Cyano-vinyl)-pyrazolo| 1 ,S-a]pyridine--fl-carboxylic acid {adamantan-1-
ylmethyl)-amide '

Compound 11

20 Ph;P=CHCN (735 mg, 2.5 mmol) is added to a solution of 2-formyl-
pyrazolo[1,5-a]pyridine-4-carboxylic acid (adamantan-1-yimethyl)}-amide (700 mg,

2.1 mmol) in THEF at rt. The mixture is stirred for 2 h. The solvent is removed, and the



WD 2008/ 12415370PCT/ US2008/ 004563 ((CD3)2S0) 5: 8.74 (d, 111), 8.42 (bs,
1H, 7.62 (d, 1H, 6.93 (t, 1H), 6.84 (s, 4.70 (s, 211), 4.08(s, 2H), 2.99
(d, 211), 1.86 -2.00 (m 311), 1.48 - 1.73 (m 1211). LGCMS mz (M+ Fr):
398.3; RT = 1.26. 5 J. , _

4- ( 2- ADAMSRIPA09/124153 ACETYLAM NO) PYRAZOL(J31, 5- A] PYRI DI NErGAviGARBOMSEd C ACI D
ETHYL ESTER ( COMPOUND 10) Step 1

4- Am nopyr a j AR th@ls NEI 2
Soonts - lpnER ke ms @2 S rbrdhs SEtRRNY by ?gﬁﬁi&hgrom}‘%&mwﬁ%ﬁf%o 35%
wat er, (14.30%, Etﬁ?acmhmmb))lntmdlr@mmr(plmﬁmp)nqrgnédmut&izﬁ)soI ution of
3-am nopyri d| ne (4.9 g, 52 rnnol) and CH2C12 (100 nlL) at O C dropw se over

Stirroa at B pooy el PO e A AL R coure

to afford acyssd>MIDE (Codrammi2)3- am nopyri di ni um nesityl sul fonate. DW
(100 nm.) and K2CAB (15 g, 110 mmol ) are added. The dark 15 brown m xture

is cooled in a water bath. Dine acet yl enedi carboxylate (6.9 nm., 56
mol ) are added dropw se over n. After 15 mn, the water bath is
renmoved and the mxture is left vigorously stir under air for 66 h. The

vol atil es are renoved und
MeOH and the m xture is fil
vol atil es are renpved und

Mtluced pressgéﬁpoﬁﬁqgr esidue is slurried in
ered through Celite (MeOH rinse). The

ssure to 20 afford a dark brown
oil. 33% Sat. agq. NaHCO3 15 s added and the solution is extracted
with Et0Ac (6 x 200 nalL) The” cobi ned organics are dried over Na2504,

filtere andc P i cati 5 799‘! phy
(Ci112C1 af f or s T hg &r?éielsc%&&eguﬁdtaag&%ﬁ%or g??ggz H%ﬁjﬁlé%%(ﬂgfsa (M +
Na.): 272. 0djpySiiap-4zarbbxplic laam(amwm -Shadthph)-ardidean Me@Hb Gkl Imxtlacl d
ethyl est er s stirred under hydrogen balloon for 6 h. The mixture is filtered through celite and

the celite and solvent are removed to give the title compound. LC-MS m/z (M + H"):

363.

10 C. 2-{2-(1H-TETRAZOL-5YL)-ETHYL]-PYRAZOLO[1,5-AJPYRIDINE-4-CARBOXYLIC
ACID (ADAMANTAN-1-YLMETHYL}-AMIDE (COMPOUND 13}

O

Oz NH Compound 13
/ sy
A Bl
% N

NaN; {65 mg, 0.48 mmol) and NH4Cl (26 mg, 0.48 mmol} are added to a
solution of 2-(2-cyano-ethyl)-pyrazolo[1,5-ajpyridine-4-carboxylic acid (adamantan-
1-ylmethyl)-amide (58 mg, 0.16 mmol) in DMSO at rt. The mixture is heated to 130

15 ©°C for 6 h. Additional NaNj (65 mg, 0.48 mmol) is added, and the mixture is heated
for 14 h. The mixture is cooled to it. HO is added and pH is adjusted to about 7.
The aqueous layer is extracted with EtOAc (3 x 15 mL), dried over Na;SO, and the
solvent is removed to dryness. The crude product is purified by PTLC (eluted with
2% MeOH in DCM) to give the title compound. 'H NMR (CDCly): 8.49-8.47 (4,
20 1H), 7.52-7.50 (d, 1H), 6.79-6.69 (t, 1H), 6.69 (s, 1H), 6.40 (b, 1H), 3.44-3.41 (m,



NN2 CO2Et ' N 50% Aqueous H2SO4 (60 rnL) is added to
4- Ar ni nopyr azol o[ 1, 5-a) pyri di ne2, 3-di carboxylic acid dirnethyl ester (1.47 .
g, 5.90 mmol) under air. The mxture is warned to.- 80 C.- After 6.5 h, the
sol ution | to 0 C and then neutralized with 1 The -
resul ti ng@’l%&?{fﬂgg acidified to pl1 3 vmath 1 Magq. %&/%%gosll\%g_g '
WD2008/ 12415371PCT/ US2008/ 004563 vol atiles are renmoved under reduced
pressure. ThaDs Sitdhd (s 2RRshaer3viidt (. 389290, 35D. drdd -60 (men2H)o L4t M%es are
renoved undeg, fg,gyg?g Rpegsure to afford 4-

am nopyr azol o[z yridi ne-2-carboxylic acid in Na2SO4. LC-Ms nth (1\ 4 +
H+): 178.01. A sol ut| on of conc. 112504 (6 0 n) and et hanol (120 ni) is
added to the,5 A 4 Roxylic acid. The
m xture i s warm : ' he m xture is
made basisc v mm(ﬁbmddzmlmp of sat ag. NaHCCB The vol atiles are
renoved under reduced pressure. The aqueous m xture is filtered (EtOAc
rinse). The Sigsl@IFAGRhateD-yirmehyhanbbnibbtifanid®AC (3 x 250 nl). The
conbi ned organics are dried over Na2SO4, filtered, and concentrated to 10

afford the title corrpound as dark b sﬂ)lld LCGMs nth (M+ Na+t):
228.03. Step 3.

4- (2- Addamant anThyl acet yl am no) pyrazol o[ 1, yridi ne-2-carboxylic acid
et hyl ester HN OConmpound 10 NN CO2Et N A 1.0 Msolution of

triethylamne in toluene (0.3 nL) is added to a solution of
1- adamant aneacet i o amlxtm(epf 2rigsthgpigetipisi apide(A@6 g, 15 mmol) in 40'mL of DMF is

4- am nopyr aZ 1?.% %{&%@ %KE&@A&?%? W iy aGhdnfldly! 1 SakGiinthd - M.

60|srml)|n |ono’f
2- chl or at0l, 3yldiethahiryine nQZCBa@I Imimm]o,hlamt i letezdb24¥ ol 1@ Mrig- (ﬂimet}xyiamim(j}\l (0.3

m.) is added., The rea i S | ed t he ;m xt dto
50 C for o mhomeTHR FE oI RRgoR el (0P resasabe g I8 phay 8 PSS | o
added. The  sqixuire @stirfedax b RETRG. vmehnﬁitur%cthé@pméd hﬂd})ce dﬁha: @eokined
organics are concentrated. 20 Purification by preparative thin |ayer

chr omat ogr apiy 19 Preqiiiaiide soli 15aeollegied Jyg¥ackia Eﬂfl o apthsiEh d” 28t 19 ght

/ Lid | . 1 7.15
(57 3y, oSl B i R i o, oo

2.06 (imys 31dgy, 213 RO\ damantdR- 1(§Hneé1%i)é&xbarﬁoﬁﬁ11{ﬁ{3 %phéngl)b@oide&l)ﬁj\& + H):

382. 10.
H
%ro
~F
e

methylpyridinium bromide

N
A mixture of N-(adamantan-1-ylmethyl)-2-methylnicotinamide (300 mg, 1.05
mmol) and 3-(bromozcetyl)benzonitrile (235 mg, 1.05 mmol) in 10 mL of acetone is
20  stirred at reflux for 2.5 days. Afier cooling to rt, most of the acetone is evaporated,
and the remaining mixture is filtered. The collected solid is dried in vacuo to give the
title compound as a white solid. 'H NMR (400 MHz, DMSO-ds) & 8.93 (1H, m), 8.86
(1H, bs), 8.62 (1H, d), 8.58 (1H, s), 8.33 (lH,-d), 8.26 (1H, d), 8.14 (1H, 1), 7.87 (iH, -
), 6.60 (21, 5), 3.01 (21, d), 2.67 (3H, s), 1.94 3H, ), 1.63 (6H, m), 1.51 (6H, s).



72 EXAMPLE 2 Synthesis of Additional Rerresentative Heteroarvl Am de

Anal oaues This Exanple illustrates the synthesis of additional
representative heteroaryl am de anal ogues of Fornmula |, as well as certain
‘internmedi ates useful in the 5 preparation of such compounds. :

A. 2- ( 2- CYWREOIRME]} - PYRAZOLJ 1, 5- Al PYRI T3 NE- 4- CARBOXYIPCTAGRS/00456

( ADAMANTAN- 1- YLMETHYL) - AM DE (COVPOUND 11) Step 1.

2-F | - -da B3 L Gteerv- 588 | ' aagrBabatntidy | met hyl ) -
A i o A o

4-[ (adamant an- 1-yl net hyl ) - car %yrazol o[ 1, 5-a] pyri di ne- 2-carboxylic
acid ethyl ester (1.2 g, 3.1 ' (25 nm.) is cooled to -78 C. A
solution of DI BAL-H (25 nL, 1M hexane) is added dropw se. The m xture
is stirred for 2 h at -78 C. A saturaf®é chel Ine salt solution is added,
and the mxture 15 is stirred for 4 h . The¥m xture is extracted with
DCM (4 x 70 nL), and the organic |ayer is | over Na2SO4. Purification
by a flash colum (eluted with 2- 3%EO0H On gives the title conmpound.
Step 2. 2-(2-Cyano-vinyl)-pyrazol o[ 1, 5-a] pyri di ne-4-car boxylic, acjd
(adamant an- 1- ylAnetistyie) ofaAil (idamantan-1-yimethyl)carbamoyl]-1-[2-(3-cyanophenyl)-2-

oxoethyl]-2-methylpyridinium bromide (400 mg, 0.81 mmol) and N,N-

5  dimethylformamide dimethy] acetal (0.22 mL, 1.62 mmol) in DMF (2.0 mL) is stirred

at 110°C for 3 b. The mixture is concentrated in vacuo and purified by column

chromatography (gradient from CH,C}; to 10% EtOAc/CH,ClL) to give the tifle

compound as a yellow solid. '"H NMR (400 MHz, DMSO-dg) 6 9.91 (1H, d), 8.53

(1H, t), 8.15 (1H, m), 8.05 (2H, m), 7.74 (1H, t), 7.66 (1H, dd), 7.44 (1H, d), 7.22

10 (18, 1), 6.95 (1H, d), 3.01 (2H, d), 1.93 (3H, s), 1.63 (6H, m), 1.52 (6H, s). Mass
spec. {438.19, M+H).

E. N-(ADAMANTAN-1-YLMETHYL)-3-(3-CARBAMOYLBENZOYL)INDOLIZINE-8-

CARBOXAMIDE {COMPOUND 15)

15
To ice cold H.SO4 (0.5 mL) is added in one portion N-(adamantan-1-

ylmethyl)—3-(3-cygno-benzoyl)indolizine-S-carboxamide (50 mg, 0.11 mmol). The
mixture is stirred at 0°C until it becomes homogeneous, at which time the ice bath is
removed and the reactioﬁ is warmed to rt. After stirring for 12 h, the mixture is
20 cooled back to 0°C and quenched with ice. The resulting solution is neutralized to
pH=7-8 with 5N NaOH and extracted with EtOAc (20 mL). The EtOAc extract is
dried (N2,S0,), filtered, and evaporated to give the title compound as a yellow solid.
'H NMR (400 MHz, DMSO-dg) 6 9.92 (1H, d), 8.50 (1H, t}, 8.22 (1H, s), 8.09 (2H,
m), 7.88 (1H, d), 7.62 (2H, m), 7.48 (1H, s), 7.40 (1H, d), 7.19 (1H, t), 6.94 (1H, d),
25  3.00(2H, s), 1.93 (3H, s), 1.62 (6H, m), 1.52 (6H, 5). Mass spec. (456.21, M+H).



ONHConpound 11 zr-N Z/ E=3/2 20Ph3P-CHCN (735 ng, 2.5 nmmol) is added to a
sol ution of 2-fornyl- pyrazolo[1, 5-a]pyridine-4-carboxylic acid
(adamant an-1 -yl methyl)-am de (700 ng, 2.1 nmol) in THE at rt. The i xt ur e
‘is stirred for 2 h. The solvent is renoved, and the WO

2008/ 124153 %303G74152008/ 004563 resul ti g m xture of Z pRitelyskoosRERS S |1 S

. separated by a flash col um (eluted with 20 to 30% Et OAc .i n hexane) |nto

pure Z isoner, pure E isonmer and am ZJE). B. .
N- ( ADAMANTAN- 1- nmEmnmy0- 2- ( 2- cr ANOET o[ 1, 5- Aram NE-4 CARBOXAM DE
( COVPQUND 12) EHésid olAddﬁUnai Seftafiveldteioarvd ddede Agalagss| ut i on of
2- (2-cyano-vi nylb pbyrazalo[ 1,
sing routine modlﬁcatlons the starting materials may be varied and
additional steps employed to produce other compounds provided herein. Compounds
5  listed in Tables I and I are prepared using such methods. In the column of Table I
labeled "ICsp," a "*" indicates that the ICso determined as described in Example 4A is
2 micromolar or less (i.e., the concentration of such compounds that is required to
provide a 50% decrease in the fluorescence response of cells exposed to 80 uM of
(2'(3")-0-(4-benzoyl-benzoyl)adenosine 5'-triphosephate is 2 micromolar or less).
10 Mass spectroscopy data is provided in Table I as (M+1) in the column headed

"MS." The retention time, in minutes, is provided in the column headed Rr.

Table I
Representative Heteroaryl Amide Analogues
Compound . Name MS Rr ICs
Chiral -

N-(adamantan-1-

ylmethy!)-2-{[(3R)-3-
(isopropylamino)pyrroli

din-1- 464.3 121 ~
yllcarbonyl}pyrazoio[1,

CH, 5-a)pyridine-4-
o )\ carboxamide
NT TCH

N-{adamantan-1-

yimethyl)-2-{[(3R)-3- |
aminopiperidin-1- . X
yilcarbonyllpyrazolo1, 4563 118
5-alpyridine-4-

carboxamide

17




a] pyri di ne-4-carboxylic acid (adamantan-1-yl nmethyl)-am de in MeOH. The

m xture is stirred under hydrogen balloon for 6 h. The mxture is filtered

through celite and the celite and solvent are renoved to give the title

conmpound. wigbaisz (M + 363. 10 C 77 D56

2-[ 2- (1H TETRAzOL- 5n) - Er HyLj - pyRAzowW 1, 5- A] PYRI DI NE- 4- "% c b

( ADAMANTAN- 1- YEMETHYL) - AM (CO\/PClJND 13) NaN3 ( 0. 4}43

: rrunol) and NH4CL (25°FBOURd 48 hunol) are add®¥®o a sol utdsn ofr K

IIo[l 5-a] pyri di ne- 4- car boxylic acid

e (58 ng, 0. ¥ENr(adamantan-DMSO at rt. The mixture
or 6 h. Additionghefgy2-N6@-mg, 0.48 mmol) is

fure is heategli for 1l4nétho hyi-etnre is cogl ed to ft.

(adamant anI -yl et hyI
is heated to 130 15
added, and %heom

H20 is add¥ pI—TH SH@dj fo aboqﬁetﬁy Rrofs]y@pus I‘é@%@ i £3ext ¥ act ed
with EtOAc (3 x A5 ‘Q d over rfisk-bhe solvent is renoved to
dryness. The cfUde d t is pUI’IfI edd%rBJ {g@! uted with 2% MeOH in

DCM to give t
7.52-7.50 (d,

npound. 1H NWVR (CDCl3): 8.49-8.47 (d, 20111),

.69 (t, 1H), 6.69 (s, 111), 6.40 (b, 111),
415374PCT/ us2008/ 004563 211), 3.31-3.29 (m 21),
(b, 311), 1.74-1.60 (m 1211). LGM (M + H+):

1- ni vi rffi d-Ngafam@rEdoBENZOYL) | NDOLI ZI NE- 8- 5
Step 1. yimethyl)-2-N-methyi-

Hyl ) - 2- met hyl ni cot i2aRipyii@in-2- - To a‘g‘lg ge% of ,

acid (2,06 g, 15 molypyrazate[1g. of DvE 4

‘-'; yI et hyl ani ne (5 2)p¥ridisd2eol ), 1-adamantan-1- 10

yl met hanani ne (2. 5,9/ q & dicarboxamide
benzotri azol - 1-JOXyHri Sy met yI am no) - phosphoni um hexaf | uor ophosphat e

(BOP reagent, 8 g, 18 Hgtml) e resulting mxture is stirred at it for 17
h. The m xture is then_poured into ice water (150 nL), and the
precipitated solid ig ‘1 | ected by vacuum filtration and dried in vacuo to
afford the title con dvas an of f-white solid. Mss spec. (285.19, M+H).
N-(adamantan-1-

yimethyl}-2-(5,6-

dihydroimidazo[1,5-

alpyrazin-7(8H)- 4593 12 *
ylcarbonyl)pyrazolo[1,

5-a)pyridine-4-

carboxamide

r ; . 4-N-(adamantan-1-
O._ N yimethyl)-2-N-methyl- ,
“H 2-N-(pyridin-3- .
Y \ 7 a]pyridine-2,4-
X N"‘l\{ N dicarboxamide |

406. 07. D. .‘iu-"
CARBOXAM DE ( QUND 14)
N-(Adamantg&- 1954

2- et hyl ni Tot i ni
sequential ly dj




15 Step 2. '

3-[ (Adamant an-'1-yl net hyl ) car banoy0- 142- ( 3- cyanophenyl) - 2- oxoet hyl ] - 2-

met hyl pyri di ni tun brom de A m xture of

N- (adamant an- 1- yhnet hy0- 2- net hyl ni coti nam de (300 ng, 1.05 mmol) and

3- (br omoawebydshbaszonitrile (235 ngy, 1.15 mml) in 10 privusbocsoesane is 20
stirred at reflux for 2.5 . days. After cooling to rt, nost of the acetone
i's evaporated, and the L ining mxture is fihhered. Them®! | et edCspl i d
is dried in vacuo t@he-ti tl e conmpound gs a white solid. 1] 11%%% '
(400 MHz, DWMSO- d6) ﬁ‘ (1H, m, 8.86 (1H 'bs), 8.62 (1H d), 8.58 (1H
s), .8.33 (111, d), 8 26404I1, d), 8.14 (1H t), -7.87 (1H t), 6.60 (2H
s), 3.01 (214, d),2.%67 (3H, s), 1.94 fB{adapantdnG3 (6H nm), 1.51 (6H, s).
WO 2008/ 12415375P(T/ US2008/ 004563 St ep yitpethylf-2damant an- 1

-yl met hyl ) - 3-( anpbenzoyl )i ndol i zi n%%r;ﬁﬁiiih@iam de N

NO A
m xture of28-[ (a4 anmant an- 1-yl net hyl ) ca Mdp-%é%bfo’ﬁ cyaﬂ%?p%eﬂn;ﬂf) - 2-
P 1
oXalri z

oxoet hyl ] -2-ne um brom de (4C mol) and N,N-. 5

di et hyl f or man)_de di | acetal (0.2 : mml) in DMV (2 0 inL) is

stirred at 110 or-8 h. m xture i s concenirated in vacuo and purified
y<i(9r

by col umm chr omat ogr aph dient fromCH2O 2 to 10% Et 0Ac/ CH2C12) to
give the title conmpound yel low solid. 111 NVR (400 MHz, DWMsO-4) 5
9.91 (111, d), 8.53 (1H_t), 8.15 (1H, m, 8.05 (2H, m, 7.74 (1H t),
7.66 (I1H dd), 7.44d), 7.22 10(1H, t), 6.95 (111, d), 3.01 (2H, d),
1.93 (311, s), 1.63 Ay, 1,52 (6H, ?'ﬁé s spec. (438.19, MEME.
N- ( ADAMANTAN- 1- YLMETI™FYL) - 3- ( 3- CARBAMO UNDOLI ZI NE- 8- CARBOXANMDDE
(COM POUND 15), 15, NH2 adamantar-1-

yimethyl)carbamoyllpy 4533 1.3 *

23 razolo[1,5-a]pyridin-2- SO

0 Q
cl ylicarbonyl)}-N-
_}\0/\ " methylglycinate
N
H,C
r 2 N-(adamantan-1-
0o N ' ylmethyl)-2-(5,6-
~H dihydro[1,2,4]triazolof4
24 o ,3-a]pyrazin-7(8H)- 460.3 124 ~
i yicarbonyl)pyrazolo[1,
2 N\N/ 5-a]pyridine-4-

&N carboxamide

N-(adamantan-1-

ylmethyl)-2-(2-

morpholin-4-yi-2- .
oxoethyl)pyrazolof1,5- 4372 1.39
ajpyridine-4-

carboxamide

25




To ice cold 2SO (0.5 nL) is added in one portion

N- (adamant an- 1 yl net hyl ) - 3- ( 3- cyano- benzoypi ndol i zi ne- 8- car boxam de (50 ng,
0.11 nmml). The mxture is stirred at OCuntil it becones honbgeneous, at
which tinme the ice bath is renobved and the reaction is warnmed to rt. After
stirring &ehokizssthe mxture is 20 coB® ed back to 0GRt @ueNERed W th
ice. The resulting solution is neutralized to pH=7-8 with 5N NaCH and
extracted with Et OAccfdlodHd) - The Et OAc extraghmbs dried pi2SQd). ICs,
filtered, and evaporated to give the title conpound as a yell OW—'T_SOFi_é—.

NVR (400 MHz, DMbBO- .92 (111, d), 8.50 (1H, t), 8.22 (1H, s), 8.09
(2H, m, 7.88 (-1H, (2H, m, 7.48-(6ddrhanth-1-7.40 (1H d), 7.19
(111, t), 6.94 (11g, , 253.00 (211, simethy3-N3hdthys), 1.62 (611, in),
1.52 (6H, s). dBssyspec. (456.21, M 1- Blj.r1-MEthyl-1H-

2008/ 12415g76P US2008/ 004563 EX. AVPL iEidh-sit Hesi s of Aggitional +

Tohi 1 at L ons. ARece Oa;%/!ong\ ht e/rA\in:: gg mathyl pg:r'a'iggi'[g%ar ggél: '?ieonal st eps
2.4~ . .
ex c rrpHunds prh égc?ég ;Bgl n. Conpounds 5 listed in
nme S.

modi fi cati ons, t'h
enpl oyed to prdugg_

Tables | and |1 are Prepafed usi% suc 0 In the colum of Table |
| abel ed "I Cso," a "*" Hgfdicates that the |1 Cso determ ned as described in
Exanple 4A is 2 mcronplar or Iesghilgi .e., the concentration of such
conpounds that is r ed to provide a 50% decrease in the fluorescence
response of cells e to 80 p. M of

(2' (3)-0-(4-benzoyft- behzoyf | adenosi ne N {dddnpdstaepihate is 2 m cronol ar or
| ess) 10Mass spectyoscopy data is proviviagthyl)-2IgHERy-3- as (Mrl) in the

col um headed "Np. " HThe retention tine,(dinfethiiatiSpydrdi provided in the
col um heagled T ‘Tabl e | Representati ygpHet er oar vF Am desagial qores =
e

yllcarbonyl}pyrazolof1,
5-ajpyridine-4-

N
Q carboxamide
trp N/CHS

4-N-(adamantan-1-
yimethyl)-2-N-methyl-
2-N-(tetrahydrofuran-
3-yl)pyrazolo[1,5-
a)pyridine-2,4-
dicarboxamide

28 4373 128 *

ethyl N~({4-
Os N_ [(adamantan-1-

yimethyi)carbamoyl]py .
" razolo[1 5-alpyridin-2- 423 122
v yl}methyl)-N-

N methylglycinate
od o
N—cn,

7\
g



Compound Nanme Ms RT | C50 Chiral

WO 2008/124153 80 PCT/US2008/004563

Compound ' . Name MS Rr ICs

N-(adamantan-1-
O. N yimethyl)-2-[(2-methyl-
H 4-0x0-3,5,7,8-
0 tetrahydropyrido[4,3-
dlpyrimidin-6(4H)-

N 0 yl)carbonyl]pyrazolof1,
5-a)pyridine-4-
- / n—H carboxamide

Chiral

30 5013 126 *

7\
I\

N-{adamantan-1-
yimethyl}-2-{[(3R)-3-
(diethytamino)pyrrolidi
n-1-
yljcarbonyi}pyrazoto[1,
S-a]pyridine-4-
carboxamide

N-(adamantan-1-
yimethyl)-2-[(3-
oxopiperazin-1-
yl)carbonyilpyrazolof1,
5-ajpyridine-4-
carboxamide

32 4362 126 *

4-N-(adamantan-1-
yimethyl)-2-N-methyl-
2-N-(pyridin-4-
yimethyl)pyrazolo[1,5-
alpyridine-2,4-
dicarboxamide

33 4582 131 *




16 N-(adamantan-1- ylnmethyl)-2-{[(3R)-3- (isopropylam no)pyrroli din-1-
yl ] car bonyl } pyrazol o[ 1, cH35-a] pyridine-4- )-,carboxam de " NCH3 464.3
1.21 17 Chiral N (adamantan-1- ylnethyl)-2-{[(3R)-3- am nopi peridin-1-

yl ] carbonyl | pyrazol o[ 1, 5-a] pyri di ne- 4-81Hcar boxam de

WO 2008124153

Compound

PCTNIS2008/004563

Name 'MS Rr ICx

N-(adamantan-1-
yimethyl}-2-[(1-methyi-
1,4,6,7-tetrahydro-5H-
pyrazolo[4,3-c]pyridin-
5-
yl)carbonyl]pyrazolo[1,
5-a]pyridine-4-
carboxamide

4733 129 *

4-N-(adamantan-1-
yimethyi)-2-N-
(tetrahydro-2H-pyran-
4-yl)pyrazolo[1,5-
alpyridine-2,4-
dicarboxamide

4373 129 *

N-(adamantan-1- -

ylmethyl)-2-[(2-ox0-1-

oxa-3,8-

diazaspiro[4.5]dec-8- 4923 1.26 *
yi)carbonyl]pyrazolo[1,

5-a]pyridine-4-

carboxamide

4-N-(adamantan-1-

yimethyt)-2-N-methyl-
2-N-(tetrahydro-2H-

pyran-4- 4513 13 *
yhpyrazolo[1,5-

a)pyridine-2,4-

dicarboxamide



436.3 1.18 77PCT/ US2008/ 004563 NameMs RT Lcs_p
4-N- (adamant an-1- yl net hyl)-2-N-(2- PH3nmet hoxyethyl)-2-N- 425.3 1.3
nmet hyl pyrazol o[ 1, 5- a] pyri di ne-2, 4- di carboxam de ConpoundNanmeMs RT 22

WO 20087124153 82 PCT/US2008/004363

Name MS Rr ICx

4-N-(adamantan-1-
yimethyl)-2-N-(3-
methoxypropyl)pyrazol 4253 1.3
o[1,5-a]pyridine-2,4-

dicarboxamide

4-N-(adamantan-1-
yimethyl)-2-N-methyl-
2-N-pyridin-4-
yipyrazolo{1,5-
a)pyridine-2,4-
dicarboxamide

39 4443 1.21 *

N-{adamantan-1-
yimethyl)-2-[(3-oxo-
o] 2,8-diazaspiro[4.5]dec-
8- 4904 125 *
N yl)carbonyllpyrazolo[1,
5-apyridine-4-
carboxamide

N
\

40

/

z

/
z

ethyl N-({4-

[(adamantan-1-

yimethyl)carbamoyllpy 4393 13 *
razolo[1,5-a]pyridin-2-
yl}carbonyt)glycinate




N (adamant an- 1- yl net hyl)-2- (norpholin-4- ylcarbonyQpyrazolo[1 ,

5-a] pyri di ne-4- carboxam de 90 c-CH3 0 H3C ethyl N ({4-

[ (adamant an- 1- yl met hyl ) car banoyl ] py razol o[ 1, 5-a] pyri di n- 2-

yl }carbonyl) - Nmet hyl gl yci nate N-(adamantan-1- ylnethyl)-2-(5,6- dihydro[l
L2, 4] tri aWe 20084124183 a] pyr azi n- 7( 8H) - 460. 8 1. 24 yi car boradT)Es20msm0456§ 1,

5-a] pyri di ne-4- carboxam de

Compound Name MS Rr ICsx

4-N-(adamantan-1-

 ylmethyl)-2-N-(2-
methoxyethyl)pyrazolo 4113 128 *
[1,5-a]pyridine-2,4- :
dicarboxamide

N
Chiral
& 2-{(3R)-3-
aminopiperidin-1-
N o yljcarbonyf}-N-(4-

43 © methyl-2- 484 12 *

phenylpentyl)pyrazolo[
1,5-a)pyridine-4-
carboxamide

i c:| b tert-butyl [1-({4-[(4-
: “CH, methyl-2-
I} :

phenylpentyl)carbamo

44 yllpyrazolo[1,5- 478.3 1.33
, a]pyridin-2-

p o HG cn, yl}carbonyl)pyrrolidin-

N 3-yllcarbamate
D0

7 N
i

o

7 N\
e
[8]

o, 2-{[(3R)-3-
aminopyrrolidin-1-
CHy yljcarbonyi}-N-(4-
_ methyl-2- 4344 121 *
phenylpentyl)pyrazolo|
1,5-a)pyridine-4-
/ carboxamide

o
r

45

7N
i
Q



N (adamant an-1- yl nmet hyl ) -2-(2- norpholin-4-yl-2- oxoethyppyrazol o[ 1, 5-

a) pyri di ne-4- earboxam de WO 2008/12415379PCT/ US2008/ 004563 ConmammuNanme
4- N- (adamant an- 1- yl et hyl )-2-N-net hyl -2-N-[ (1- et hyl - 1H-i m dazol -

y1l) et hylwpyposaedisd 1, 5- a] pyri di ne- 2, 4-84di car boxam de pd3@s2ddsp@danant an- 1-
yl met hyl) - 2-{[ (3R)-3- (di nethyl am no) pyrroli din-1- Acarbonyl}pyrazolo[l
5-a] pyri di ne- 4- car 4-'N- (adamant an- 1-

yl met hyl ) - 2- N-rrethyltt? etr (ilrofuran:%y%pwazolo[lg,‘I§ Rr Lo
alpyridine-2,4- d i xamde N-({4- [(adamantan-1-

yl met hyl ) car barmyl ] ol o[ 1, 5- a] pyr| di n-2- yl } net hyl ) - Nnet hyl gl yC| nat e
WO 2008/ 12415380P 5008/ 004563 N-(adamantan-1-

yimethvl}-2-{[(3R)-3-

(methylamino)pyrrolidi

n-1- 4364 12 *
yllcarbonyl}pyrazolo[1,

5-a]pyridine-4-

carboxamide

Chiral

N-(adamantan-1- .

ylmethyl}-2-{[(3R)-3-
(ethylamino)pyrrolidin-

1- 4504 122 *
yllcarbonyl}pyrazoiof1,

5-a]pyridine-4-

carboxamide

4-N-(adamantan-1-
ylmethyl)-2-N-methyl-
2-N-(pyrazin-2-
yimethyl)pyrazolo[1,5-
4 a)pyridine-2,4- -

/ dicarboxamide
HC =N
s

| 4-N-{adamantan-1-

yimethyl)-2-N-methyl-
2-N-[(1-methyl-1H-

pyrazol-4- 4613 128 *
ylymethyllpyrazolo[1,5-

a]pyridine-2,4-

dicarboxamide

48 4593 -1.28 *

7N
g
=




ConpoundNanme N-(adamantan-1 - ylnethyl)-2-[(2-nethyl 4-o0xo0-3,5,7, 8-
tetrahyd ropyrido[4,3- dlpyrimd in-6(4H)- yCcarbonyl| pyrazolo[1 ,

5-a] pyri di ne-4- carboxam de Chiral N-(adamantan-1- yl nethyl)-2-{K3R)- 3-
(di ethyl arnino)pyrrolidi. n-1- ylicarbonyllpyrazol o[1, 5-a]pyridine-4-

r-cH3 carweroasBeisz N (adamant an- 1- yl-neghyl ) -2-[ ( 3- ow,%%@%,b‘gﬁsl
yCcar bonyl ] pyrazol o[ 1, 5-a]pyridine-4- carboxam de 4-N- (adanant an- 1-

yl met hyl) - 2- N-met hyl 2- N- (pyri di n-4- yl met hyl ) pyrazol o[ 1, 5- pyy i di 2, 4-
di car boxam de WO 20é§£¥?£¥5381PCT/ US2008/ 004 Oo_rrpound%se I@

4 N- (adamantan -1 =
- ylimethyt)-2-N- “methyl-
2-N-{pyridin-2-
yimethyl)pyrazolo[1,5-
a]pyridine-2,4-
dicarboxamide

4583 126 *

4-N-(adamantan-1-
yimethyl}-2-N-(pyridin-
2.
yimethyl)pyrazolo[1,5-
. ajpyridine-2,4-
_dicarboxamide

4443 124 *

N-(adamantan-1-

ylmethyl)-2-(5,6-

dihydroimidazo1,5-

alpyrazin-7(8H)- 4454 121 *
yimethyi)pyrazolof1,5-

a]pyridine-4-

carboxamide

N-(adamantan-1-

yimethyl)-2-

{[methyl(pyridin-2-

53 yimethyl)aminojmethyl 4444 123 *
p _ }pyrazolof1,5-

N ajpyridine-4-

ne =N carboxamide

7N
g



N- (adamant an- 1-

ylmethyl )-2-[(1-nmethyl -1, 4,6, 7-tetrahydro-5H pyrazol o[ 4, 3-c] pyri di n-5-

yl ) carbonyl ] pyrazolo[1l , 5-a]pyridine-4- carboxam de 4-N (adamantan-1-

yl met hyl ) W0 Mogmissahydr o- 2H- pyr an- 4-yl Bpyrazol o[ 1, 5- ﬁe}ﬁﬁgio%‘ﬁgﬁg 4-

di car boxam de N-(adamantan-1- vyl nethyl)-2-[(2-oxo- 1- oxa- 3, 8-

di azaspiro[ 4. 5] dec- 8$@@odnd- 26 yl)carbonyl | pysazol o[ 1, 5- ﬁ pyr ipdi Nf- 4-

- car boxami de 4-N-(adamantan-1- ylnmethyl)-2-N 1- 2-N-(ter rahyﬂ
pyran-4-451.3 1.3 yzoI o[1, 5 .a] pyri di ne- 4= di car boxam de V\D

2008/ 124153 Conpoungh—~t> & :

N- (adamantan 1-
yimethyl)-2-
{Imethyi(pyridin-3-
yimethyl)aminolmethyl 4444 121 *
tpyrazolo[1,5-
a)pyridine—-4-

— carboxamide

N-{(adamantan-1-
Os N yimethyl)-2-
H {Imethyl(pyrazin-2-
55 yimethyl)amino}methyl 4454 129 *
}pyrazolof1,5-
a)pyridine-4-
carboxamide

7N

2-{[(3R)-3-

aminopyrrofidin-1-

vllcarbonyi}-N-(4- .
methyl-2-pyridin-3- 4354 1 *
ylpentyl)pyrazolof1,5-

ajpyridine-4-

% carboxamide

7\
zlz\
o

2-{[(3R)-3-
aminopyrrolidin-1-
o 1k vilcarbonyl}-N-{(1-
57 pyridin-3- 4474 096 *
yicyclohexyl)methyllpy
Zaa— razelo[1,5-a]pyridine-
s N/ 4-carbexamide



82PCT/ US2008/ 004563 NanmeMs R-r | Cso 4-N-(adamantan-1- ylnet hy4)-2-N-(3-
nmet hoxypr opyl ) pyrazol 425.3 1.3 ,5-a] pyridine-2,4- dicarboxam de

4- N- (adamant an- 1- yl et hyl ) - 2- N- net hyl 2- N- pyri di n-4- yl pyrazol o[ 1, 5-

a] pyridi ne-2,4- dicarboxanm de N (adanantan-1-

yl met hyl )wd-2bdsa2p%9- 2, 8- di azaspi r o[ 4. 5]8fec- 8- yCcar bopdrhixyéRoedse] 1, - =
5-a] pyridi ne-4- carboxam de ethyl N (14- Radamantan-1-

yl met hypcar banoyl i py 1.3 razol o[ 1,5-a]l pyhd i N-2- MS Ry IC
yl } car bonyl ) gl yci natc_élxial outid  ehial Rl M2 BT 250

O
=

59

7\
i
LN

o

60

7N\
h
-4

O
z

61

7\
g

2-{[(3R)-3-
aminopyrrolidin-1-
yllcarbonyl}-N-(2-
cyclohexyl-4-
methylpentyl)pyrazolo|
1,5-alpyridine-4-
carboxamide

N-(adamantan-1-
ylmethyt)-2-{2-[(2-
fluoroethyl}amino}-2-
oxoethyl}pyrazolo[1,5-
a]pyridine-4-
carboxamide

N-(adamantan-1-
yimethyt)-2-{2-[(2,2-
difluoroethyllamino}-2-
oxoethyt}pyrazolof1,5-
a)pyridine-4-
carboxamide

N-(adamantan-1-
ylmethyl)-2-{2-oxo0-2-
[(2,2,2-
trifluoroethyl)aminojeth
yl}pyrazolo[1,5-
alpyridine-4-
carboxamide

4404 1.28

413.3 1.26

4313 1.28

4493 1.28

*

*

*



M5 RT 458.3 1.26 444.3 1.24 445.4 1.21 444.4 1.23

WO 2008/124153
Compound
(" N
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&
65%/3_‘(

0

Y/
N
0

V)
N

V/
0

4
N N
Hy

/
/
/
~H
/
"

(N

X

H3C NJ
88 PCT/US2008/004563
MS Ry

Name

4-N-(adamantan-1-
yimethyl}-2-N-(2-
fluoroethyl)pyrazolof1,
5-a]pyridine-2 4-
dicarboxamide

4.N-(adamantan-1-
yimethyl)-2-N-{2,2-
difluoroethyl)pyrazolof
1,5-a]pyridine-2,4-
dicarboxamide

4-N-(adamantan-1-
yimethyt)-2-N-(2,2,2-
trifluoroethyl)pyrazolo|
1,5-a)pyridine-2,4-
dicarboxamide

4-N-{adamantan-1-
ylmethyl}-2-N-(2-
fluorobenzyl)-2-N-
methylpyrazolo{1,5-
alpyridine-2,4-
dicarboxamide

3863 1.28

4173 1.20

4353 1.31

4753 1.36

ICs

.

*

%

*



?carboxamid e WD 2008/ 12415386PCTTUS2008/ 004563 ConpoundNaneKl 1c2
N- (adamant an-1- ylnethyl)-2- finmethyl (pyrid in-3- ylnmethyl)am no] net hyl
444. 4 1.21 | pyrazolo[l ,5- a]pyddi ne-4- carboxam de N (adanmantan- 1-

yl met hyl ) wr20b8/misBy! (pyrazi n-2- yl met hgpani no] met hyl
oy ol oLl e 4. car boxan de - ([ Cory . 5 feruSudbises

Compound

69

N
\

/
z
/
-
N
]

. Name

4-N-(adamantan-1-
yimethyl)-2-N-(3-
fluorobenzyl)-2-N-
methylpyrazolof1,5-
ajpyridine-2 4-
dicarboxamide

4-N-(adamantan-1-
yimethyl)-2-N-(4-
fluorobenzyl)-2-N-
methylpyrazolo[1,5-
alpyridine-2 4-
dicarboxamide

N-{adamantan-1-
yimethy!)-2-{[(2-
fluorobenzyl)(methyl)a
mino]methyl}pyrazolo[
1,5-a]pyridine-4-
carboxamide

N-{adamantan-1-
yimethy!)-2-{[(3-
fluorobenzyl}{methyl)a
mino]methyl}pyrazolo[
1,5-alpyridine-4-
carboxamide

MS Ry

4753 1.35

4753 1.35

4614 124

4614 1.24

ICso

*

*

L

&



am nopyrrolidin-1- yl]carbonyl}-N(4- nethyl-2-pyridin-3-435.41

yl pent yppyrazol o[ 1, 5- a] pyri di ne-4- carboxam de 2-{[ (3R)- 3-

am nopyrrolidin-1- ylicarbonyl}-N[(1- pyrid in-3-447.4 0.96

yl cycl ohexyl ) met hyl ] py razol o[ 1, 5-a] pyri di ne- 4-car boxam de

87PCT/ U530084d8A4h63 NameMs RT | C50 24(3B) - 3- ami nopyr reeirdbdsdesses

yl ] carbonyl | -N-(2- cycl ohexyl-4- nethyl pentyl)pyrazolo[ 1,5-a]pyridine-4-
car boxam de N (adamantan-1- ylnethyl)-2-{2-[(R-_fluoroeth m ?1]%0
oxoet hyl | pyrazol o] 178X ri di ne-4- car boxamae: N (adanantan- I —=¢

ylmethyl)-2-{2-[ (2, ﬁ f1 uor oet hyl ) am no] - 2- ‘oxoet hyl } pyrazol o[ 1, 5-
a] pyri dine-4- carbokaphde N-(adamantan-1- ,

N-(adamantan-1-
ylmethyl)-2-{[(4-
fluorcbenzyl)(methyl)a
mino}methyl}pyrazolo[
1,5-ajpyridine-4-
carboxamide

4614 125 ~

cl Chiral

o 2{[@R)S-

aminopyrrolidin-1-

yllcarbonyl}-N-{2-(4-

chlorophenyl)-4- 468.3 1.23 *
methylpentyllpyrazolof

1,5-a]pyridine-4-

carboxamide -

2-{[(3R)-3-

aminopyrrolidin-1-

yllcarbonyl}-N-(3-

cyclohexyl-2- 4744 1.27 *
phenylpropyi)pyrazolof

1,5-alpyridine-4-

carboxamide

72




yl met hyl )-2-{2-o0x0-2- [(2,2,2- trifluoroethyDam noleth 449.3 1.29
yl } pyrazol o[ 1, 5- a] pyri di ne-4- carboxam de WO 2008/ 124153 Conpound
90PCi | 1352008/ 004563 NaneMs RT | CM

WO 2008/124153 _91 PCT/US2008/004563
Compound ‘Name ; MS Ry ICs
CHa Chiral
CH, 2-{[(3R)-3-
aminopyrrolidin-1-
CH, yllearbonyl}-N-{4-
73 O M, methyl-2-(4- | 4615 141 *
methylphenyl)pentyllpy
N Y razolo[1,5-a]pyridine-

4-carboxamide

y/
3 N“'-N

4-N-(adamantan-1-
ylmethyl)-2-N-(2-
fluoroethyl)-2-N-
methylpyrazolof1,5-
a)pyridine-2,4-
dicarboxamide

74 413.3 1.3 *

: 4-N-(adamantan-1-
Os N yimethyl)-2-N-(2,2-
H difiuoroethyl)-2-N-
methylpyrazolo[1,5-
P alpyridine-2.4-

N N dicarboxamide
H,C —>—F

r ; 4-N-(adamantan-1-

yimethyt)-2-N-methyl-
2-N-(2,2,2-
trifiuoroethyl)pyrazolo|
1,5-ajpyridine-2,4-
dicarboxamide

75 4313 131 *

72
i
0

4493 133 *




N (adamant an- 1- yl nmet hyl ) -2-14- fl uorobenzyl) (et hypa
m no] met hyl } pyrazol o[ 1, 5-a]pyridi ne4- carboxam de 461.4 1.25 2-{[(3R)-3-
am nopyrrolidin-1- ylicarbonyl}-N42-(4- chlorophenyl)-4-468.3 1.23
met hyl pentyl | pyrazol o[ 1, 5-a]pyridi ne-4- carboxam de 72NH
WO 2008/124153 92 PCT/US2008/004563

Nesme =~ = MS Ry ICw

N-(adamantan-1- -

ylmethyl}-2-{2-[(2-
fluoroethyl)(methyl)ami

no}-2- _ 4273 129 *
oxoethyl}pyrazolo[1,5-

alpyridine-4-

carboxamide

77

N-{adamantan-1-

yimethyl}-2-{2-[(2.2-
difluoroethyl){methyl)a

mino}-2- : 4453 13 *
oxoethyl}pyrazolo[1,5-

alpyridine-4-

carboxamide

78

N-(adamantan-1-

yimethyl)}-2-{2-

[methyl{(2,2,2-

trifiuoroethyl)aminol-2- 463.3 1.32 *
oxoethyl}pyrazolo[1,5-

alpyridine-4-

carboxamide

-2{[(3R)-3-
aminopyrrolidin-1-
yljcarbonyl}-N-{4-
methyl-2-{4-
(triflucromethyl)phenyl]
pentyl}pyrazoiof1,5-
a]pyridine-4-
carboxamide

5023 125 ~




- NN 2-{[(3R)-3- am nopyrrolidin-1- yl]carbonyl}-N(3- cycl ohexyl-2-
phenyl propyl ) pyrazol o[ 1, 5-al pyridi ne-4- carboxam de WO

2008/ 12415393PCT/ US2008/ 004563 ConpoundNarmeMs RT |1 C22 4- N- (adanmant an- 1-
yl met hyl ) - 2- N- net hyl 2- NA2- (et hyl sul fonsypet hyl ] p ,

yr azol o[ 1wo-mégpeuissli ne2, 4- di car boxam de?3 4- N- (adamant aeThEs2008/004563

yl met hyl)-2-N- (1A - di oxi dot et r ahydr ot hi op hen-3-yl)pyrazol o[ 1, 5-

al pyri di ne-2, 4- di catg&égﬁgdje...l\l_-,( [1-(4- Name MS Ry ICs

4-N-{adamantan-1-
ylmethyl)-2-N-methyi-
2-N-[2- '
(methylsulfonyl)ethyllp
yrazolo[1,5-a]pyridine-
2,4-dicarboxamide

4733 1.26

4-N-(adamantan-1-
yimethyl}-2-N-(1,1-
dioxidotetrahydrothiop
hen-3-yl)pyrazolo[1,5-
a)pyridine-2,4-
dicarboxamide

82 4713 128 ~*

N-{[1-(4-
chlorophenyl)cyclohex
yljmethyl}-2-(5,6-
dihydroimidazof1,5- 517.
ajpyrazin-7(8H)- 3
ylcarbonyl)pyrazolof1,
5-ajpyridine-4-

carboxamide

125 =

N-{[1-(4-
chlorophenyi)cyciohex
yllmethyl}-2-
(morpholin-4-
ylcarbonyl)pyrazolo[1,
5-a]pyridine4-
carboxamide

481. 433




chl orophenyl ) cycl ohex Anet hyl}-2-(5, 6- dihydroi m dazo[1,5-517" 125

al pyrazin-7(8H) -3 yl carbonyppyrazol o[l , 5-a]pyridine-4- carboxam de

N- ([ 1- (4- chl orophenyl)cycl ohex yl]nethyll-2- (norpholin-4-

yl car bony@eysezek@s 1, 5-a] pyridine-4- cegboxam de NangMx:Blostoled [ 1- (4-
chl or ophenyOcycl ohex yfirnethyl}-2-N-(2- ‘

fl uoroet hyl)-2-Nret hyl pyrazol o[ 1, 5- a] pyri di ng-2, 4- dicar am ge
2-N—(2-f7|uoroethyl)-é—"%hyl-4-N—{4- mathy&@@- ﬁé— gl ICso
(trifluoronet hyppheﬁyl ] pentyl}pyrazolo[1l ,5- a]pyridine-2,4-

di car boxam de N-{4 et hy1-244- (trifluoronethyl)phenyl]

pentyl)-2-(nor phoI- 503. ylcar bonyllt)_ﬁyﬁ,ﬁgj_l o[ 1,3 5-a] pyri di ne-4-

: car‘bo_xam de chlorophenyl)cyclohex

ylimethyl}-2-N-(2-

: fluoroethyl)-2-N-

H methylpyrazolo[1,5-

o a)pyridine-2,4-
dicarboxamide

8 [ 471. 433

N

2-N-{2-fluoroethyl)-2-

N-methyl-4-N-{4-

methyl-2-[4- _ 493
(triftuoromethyl)phenyl] 3' 134 *
pentyl}pyrazolof1,5-

alpyridine-2 ,4-

dicarboxamide

N-{4-methyl-2-[4-
(trifiuoromethyl)phenyi]
pentyl}-2-(morpholin-4- 503,
ylcarbonyi)pyrazolo[1, 3
5-a)pyridine-4-

carboxamide

133~




WO 2008/ 12415396PCT/ US2008/ 004563 ConpoundNameMs RT

N42- (4-chl or ophenyl) - 4-net hyl pentylj-2- (norpholin-4-

yl carbonyppyrazol o[1 , 5-a]pyridine-4- carboxam de 468.98 1. 32

Pyrazol o[ 1, 5- a] pyridi ne-214- dicarboxylic acid 44[2-

(4- chl or evphmsyiaysA- 458. 96 1. 33 net hyl 9fent yl | - ani del PI/pEDos#MIB0- et hyl ) -

nmet hyl -am de] Pyrazol o[ 1,5- a] pyridine-2,4- dicarboxylic acid 24(2-
Compound ' Name MS Rr ICs

2-(5,6-
dihydroimidazo[1,5-
a]pyrazin-7(8H)-
vicarbonyl)-N-{4-
methyl-2-[4-
(trifluoromethyl)phenyl]
pentyl}pyrazolo[1,5-
a)pyridine-4-
carboxamide

539.

88 126 ¢

78\
g
o]

- N-(adamantan-1-
yimethyl}-2-(4,5-
dihydro-1H-imidazol-2-  405.
yimethyl)pyrazolo[1,5- 5
a]pyridine-4-
carboxamide

89 131 *

al Chiral

2-{[(3R)-3-
aminopyrolidin-1-
yijcarbonyt}-N-{[1-(4-
chlorophenyl)cyclohex
ylimethyf}pyrazolof1,5-
ajpyridine-4-
carboxamide

480. 455 -




fluoro-ethyl)-nmethyl- 504.52 1.33 * am de]-44[ 1-(4-
trifluoronethyl-phenyl) cycl ohexyl methyl k am de) WD 2008/ 124153 Conpound
97PCT/ U52008/ 004563 NameMs RT ic50 2-(norpholin-4- ylcarbonyl)-N-({144-
(trifluoromethyl)phenyl] cyclohexyllrnethyppyra zol o[ 1, 5-a] pyri di ne-4-

car boxam @ fndsh29r31. 33 N (adanmant an- 196 yl met hyl ) - 24%&%@00&]@945‘53

di hydro-1Hi m dazol -2- 405.54 1.21

_ Compound Name MS Rr ICs
CH, - N-[2-(4-chiorophenyl)-
) CH3 4-methylpentyl}-2-
{morpholin-4- *
1 o Ny yicarbonyl)pyrazolo[1, 468.95 1.32
5-alpyridine4-
= N P carboxamide
x N"‘N/ Nf’}
NP
Cl
Pyrazolo[1,5-
oty ajpyridine-2,4- .
CH, dicarboxylic acid 4-{[2-
92 (4-chioro-phenyl)-4- 458.896 133 *
© N“H methyl-pentyl]-amide}
o 2-{(2-flucro-ethyl)-
= —"/ methyl-amide]
N e
e O\
F
F
Pyrazolo[1,5-
ajpyridine-2,4-
dicarboxylic acid 2-[{2-
fluorg-ethyl)-methyi- _ .
93 amide]4-{[1-(4- 504.52 1.33
° trifluoromethyl-phenyl)-
o cyciohexylmethyl]-
== amide}
N N‘--N/



yl ) et hyl ] pyrazol o[ 1, 5- a] pyri di ne-4- carboxam de 2-adamant an-1-yl-N-
[ 2- (nor phol i n-4- yl carbonyl ) pyrazol o[ 1, 422.52 1.33 5-a]pyridin-4-
ygacet am de 2-adanmantan-1-0-N [2-(5, 6- di hydroi m dazo[ 1, 5-

eyrazin-7 - 6 1.23 yl carbon rgzol o[ 1, 5-a ridin-4-
y “\%?002@%?128 08/ 124 135/3 yqu GF [ ] pyPCT/U52008/004563

yl ] acet am

Compound
F

N ORLF
o4 %

~H
95
N
N
N
/
H
H o ;

‘Name MS Ry ICsx

- 2-(morpholin-4-

ylcarbonyl)-N-({1-[4-
(triftuoromethyl)phenyl] .
cyclohexylmethyl)pyra 514.54 1.33
zolo[1,5-a]pyridine-4-

carboxamide

N-(adamantan-1-
yimethyl}-2-[2-(4,5-
dihydro-1H-imidazot-2-
yhethyllpyrazolo[1,5-
alpyridine-4-
carboxamide

40554 121 *

Z-adamantan-1-yl-N-

[2-(morpholin-4-

ylearbonyl)pyrazolo[1, 42252 1.33 *
5-ajpyridin-4-

yilacetamide

2-adamantan-1-yl-N-
[2-(5,6-
dihydroimidazo[1,5-
ajpyrazin-7(8H)-
ylcarbonyl)pyrazolo[1,
5-a)pyridin-4-
ylJacetamide

45856 123 *



Compound  4-Radamant an-1- ylacetyljam no)-N(2-

fl uor oet hyl ) - Nnet hyl pyrazol o[ 1, 5- a] pyri di ne-2- car boxam de
2-adamantan-1-yl -N- (24[ (3R)-3- am nopyrrolidin-1- Acarbonyl}pyrazol o[ 1,
5-al pridin-4- yQCacetam de rel-2-{[(2R 68)-2,6- dinethyl norpholin-4-

yl) car bonybhod¥ribfhss met hyl - 214- (trifl udgonet hyl )phenyll’]CT/USZO(}81004563

pentyl } pyrazol o[ 1, 5- a] pyri di ne-4- carboxam de 24(2, 2-

di met hyl nor phol i n- 4- carbonyfl-N-{4 mathylgr 2-[ 4-

IC
(trifluoromnethyl )ph ntyl }pyr azol o[ 1, 5-—%?pyr| di ne-%@car%%xa

456 meMs BT 1.36 1.30 1.38 :
4-{(adamantan-1-
ylacetyl)amino}-N-(2-
fluoroethyl}-N-

99 PCT/ US2008/ 00

' 50 133 *
methylpyrazoio{1,5- 412.50 _
alpyridine-2-
carboxamide

"\..

Chiral
2-adamantan-1-yl-N-
J; EERS |
amlnopyrﬂ)I in-1- 1.22 *
A vilcarbonyl}pyrazolo|1, 421.54
“~ N“‘N y 5~a]pynd|q-4—

O yhacetamide

N
\
H
F .
F | F
rel-2{[(2R,65)-2,6- '
cH, dimethylmorpholin-4- .
yilcarbonyi}-N-{4-
methyi-2-[4- o
100 oy (trifluoromethyl)phenyt] o028 1:36
pentyl}pyrazolo[1,5-
ajpyridine-4-
N‘“N carboxamide
cu3

H:C
F
FLF

2-{(2,2-
dimethylmorpholin-4-
yl)carbonyi}-N-{4-
methyl-2-[4-
(trifluoromethyl)phenyl}
pentyl}pyrazolo{1,5-
a]pyridine-4-
carboxamide

530.58 1.36 *




1.32 1Co_ rel-2-{g3R 5S5)-3,5- dinethylnorpholi n-4- yficarbonyl}-N{4-
nmet hyl -214- (trifluoronethyl)phenyl] pentyllpyrazolo[1l ,5- a]pyridine-4-
car boxam de 2-{4-Radanmant an-1- yl met hypcar banoyl | py ‘

razol o[ 1, Roabiyizkdi n- 2- y1}-3-phenyl proP@noi ¢ acid 244; '][I (A
chl or ophenyl )cyél ohex yl ] nethyl}carbanovl)p yrazol of 1%'{1?31 %ﬂy(isﬁjgﬁsﬁ‘? 2-

y1] - 3- phenyl propanoi g2l -{4- gadamant an- 1- thyl)ca anoyl | p
razol o[ 1, 5-a] pyri d ;‘Zﬁﬁn? -yl }butanoic acid 530: 457. 56 51%303 &5%—0 *

WO 2008/ 124153 Co nd o
, | rel-2-{[(3R,58)-3,5-
| _ dimethylmorpholin-4- .
S IR yljcarbonyl}-N-{4-
102 cHy methyl-2-[4- 530.58 1.36 *
N_
H

o (trifluoromethyl)phenyl]
pentyl}pyrazolo[1,5-

N o - a]pyridine-4-

S N ’Sa carboxamide

2-{4-[(adamantan-1-
yimethyl)carbamoyl]py
razolo{1,5-a]pyridin-2- 45756 1.30 *
yl}-3-phenylpropanoic

acid

2-{4-({[1-(4-

chlorophenyl)cyclohex
yllmethyl}carbamoyi)p .
yrazolo[1,5-a]pyridin-2- 516.03 1.38
yl}-3-phenylpropanoic

acid

3-{4-{(adamantan-1-
yimethyl)carbamoyljpy .
razolo[1,5-a]pyridin-2- 395.49 1.32
yi}butanoic acid




0-H 0-H 100PCT/ 1152008/ 004563 NameMs RT T_Css 3-(4-[(adanmant an-1-

yl met hyl ) car banoyl ] py razol o[ 1, 5-a] pyridin-2- 457.56 1. 36

yl }- 3- phenyl propanoi ¢ acid 3{4-[(adamant an- 1- Anet hyl ) car banoyl ] py
razol o[ 1, 5-a] pyridin-2- 471.59 138 yl}-4-phenyl butanoic acid Table II
Addi t i onavORe(sretsht at i ve Het eroarvl AMfidde Anal ogues @owfuSeeaManies CF3

Compound Name MS Rr [Csx

3-{4-[(adamantan-1-
ylmethyl)carbamoyl]py :
razolo[1,5-a}pyridin-2- 457.56 1.36 *
yi}-3-phenylpropanoic

acid

3-{4-[(adamantan-1-
yimethyi)carbamoyljpy
razolo[1,5-a]pyridin-2- 47159 138 *
yl}-4-phenylbutanoic
acid ,

4-{8-[(adamantan-1-

108 N ylmethyl)carbamoyllind 428.11 1.58 =
o olizin-2-yl}benzcic acid
e
o NZ o
/
H
N_ .0 N-(adamantan-1-
yimethyl}-3-(4- *
109 NN cyanobenzoyl)indolizin 43823 1.39
s Nt/ e-8-carboxamide
o



(R -2-(3-am nopyrrolidine-1- carbonyl)-N((1 -(4-
(trifluoronethyl)phenypcycl ohex yl)nethyl)H pyrazol o[ 1, 5-

a] pyri di ne-4-carboxam de wo 2008/ 124153102PCT/ US2008/ 004563 CF3
2-(5,6,7,8- tetrahydroi mdazo[l ,5- a]p M][am ne-7-carbonyl)-N4(1 -(4-
(trifl uor‘BQé@QWIZf)léhenyl )cycl ohex yOnret hyl } H pyr azol o[ POFIUS2008/004563

a] pyri di ne-4- car boxam de 2- (norpholine-4-carbonyl)-N((1 -(4-

(trifluoromet hyDphen$omegunidohex y9net hyl ) H pyNa@g| of 115- MS Ry ICs

a] pyridine-4-c xam de Pyrazol o[ 1, 5-a] pyri di ne-2,4- dicarbe xylic acid
21(2-fl uoro-et meth yl-am de] 4-111 -(4-°

trifluoronethyl nyl) - cycl ohexyl net hyl k am de} N- ( 2- (4-chl or ophenyl) - 4-

met hyl penty1)-2-¥Y(9, 6, 7, 8- tetrahydroi m F 3
a] pyr azi ne- 7- car b&ngdHpyr azol of 1, 5- a] 2 ?%fl njan é‘ar boxami de
110 456.21 1.33 *

carbamoyibenzoyl)md
olizine-8-carboxamide

' 2-(4-cyanophenyl)-N-
NP [(1-pyridin-3-

AN
11 P yicyclohexyl)methyllind 43520 1.17
N A oy Olizine-8-carboxamide
N7

0
@N | N-(adamantan-1-
N o yimethyl)}-2-(4- *
2 o N - carbamoylphenyl)jindoli 428.22 1.31

o zine-8-carboxamide

Tabie IT
Additional Representative Heteroaryl Amide Analogues
Compound ' Name
CF;

(R)-2-(3-aminopyrrolidine-1-
carbonyl}-N-((1-(4-

120 o NH (trifluoromethyi)phenyl)cyclochex
yhmethyl)H-pyrazolo[1,5-
AN P a]pyridine-4-carboxamide
o N-p



NI - (2-(4-chl orophertyl)-4- nmethyl pentyl)-2-(norpholine-4-
car bonyl ) H pyrazol o[ 1, 5- a] pyridi ne4-carboxarni de

Pyrazol o[ 1, 5- a] pyri di ne-2,4- dicarbo xylic acid 24(2-fluoro-ethyl)-

yl -am de] 4-0-nethyl-2- 4- trifluo rorngphyl -phenyl ) pentyl kam de}
N(adarran‘t"&'r%ﬂ%ﬂﬁf t hyl .2- {[5-(2-hyd roxyet hyl) - 2H{E{VRHS004363
yl ] met hyl } pyrazol o[ 175- a] pyrid ine-4-carboxam de poL

N- (adamant an- 1-yl et hy )3 2- 0-(2-hydroxyethyl)-1 Htetrazol -

yli met hyl } pyrazol o[ 1, a] pyr| di ne- 4- car boxam de

‘N-R-(3- Ami no-pyrrol i dige-1- carbonyl)- pyrazQirQ%

al pyridin-4-yi1]-2-(3- e ' b| cycl o[ 3. 3. 1] nong aK}arourﬂﬁ'j%ESﬁ@e 128
a]pyrazine-7-carbonyl)-N-{(1-(4-

121 ° NH (trifluoromethyl)phenyt)cyclohex
P o) yl)methyl)H-pyrazolo[1,5-
S~ N“N a]pyridine-4-carboxamide

2-(morpholine-4-carbonyi)-N-

((1-(4-
122 o. NH (trifluoromethyl)phenyl)cyclohex
ylimethyl)H-pyrazolo[1,5-
N ajpyridine-4-carboxamide
s N~ ‘

CF3

:  Pyrazolo[1,5-a)pyridine-2,4-
dicarbo
: xylic acid 2-[(2-fluoro-ethyl)-
123 meth

O.. _NH yl-amide] 4-{[1-(4-
o trifluoromethyl-
= N phenyl)-cyclohexylmethyl]-
N~ amide
N }

N-(2-(4-chlorophenyl)-4-
methylpentyl)-2-(5,6,7,8-
tetrahydroimidazo[1,5-

124 O NH alpyrazine-7-carbonyl)H-
A o} pyrazolo[1,5-a]pyridine-4-
s N7 carboxamide

met h



129 WD 2008/ 124153104PCT/ U52008/ 004563 412- ( 3- Et hy4- bi cycl o[ 313. 1] nonty
1) -acetyl am ncg-pyrazolo[1 ,5- a]pyri dine-2-carboxylic acid (2-fluoro- N
et hyl)-nmethyl -am de 2-(3-Ethyl-bicyclo[3.3.1] non-1- YO

N12- ( nor lL.Lhes4-carbonyl) - pyrazol o] 1p%- a] pyri di n-4- - . ) de
N12- (5, 69%8@@%&51%!— I m dazo[ 1, 5-a] pyrazi ne-7-carbonyt)- Sﬁ@?@é‘%&o[ 1,5-a
] pyridin-4-yl]-2-(3- etcrﬂyl - '

; ! N-(2-(4-chlorophenyl)-4-
' methylpentyl}-2-(morpholine-4-

O -NH carbonyl)H-pyrazolo[1,5-
_ %F’HO a)pyridine-4-carboxamide
[ N-.N/ N—->

125

Pyrazolo[1,5-a}pyridine-2,4-
dicarbo

- xylic acid 2-[(2-fluoro-ethyl)-
meth

o]
é\
O -NH. yl-amide] 4-{[4-methyl-2-(4-
%*H" rome '
VAN

126

s Ney? romethyl-phenyl)-pentyl]-amide}
F
O ~NH N-(adamantan-1-ylmethyl}.2-
&ﬁ {[5-(2-hydroxyethyl)-2H-
127 7 | tetrazol-2-
xN-N ~N yllmethyl}pyrazolo[1,5-

,

N alpyridine-4-carboxamide
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bi cyclo[3 .3.1]non-1-yl)-acetam de EXAMPLE 4 P2X2 Assays Thi s
Exanple illustrates representative assays for use in evaluating test
conpounds for agonist and antagonist activity. 5 A H GH THROUGHPUT P2X7
CALCI UM NOBI LI ZATI ON ASSAY SH- SY5Y cel liga4 ATCC Nunber CRL-2266 Amari can
Type cul tYP&YBFPetti on, Manassas, VA) are cul tured uRGaUSENEM4gh medi um

suppl enented with 10% FBS, and 10 nM HEPES ‘| sbad,
~CA) in 5% CQ2 and at ,7 Qe day prior t 1&#@ %Mslc%gﬁ’t["’p?’ ‘%n S are

pl ated at ‘a density d 00. 080 10 cells/wellYin a 96 well bl ack/clear TC
pl ate (Coni 'ng(1 é 0S I‘ ~5rgma- Al dri ch dbacegltamtﬂghp)gazqw@, At the
begi nni ng of tlA expe the culture. neﬁflplﬁnls renoved and cells are
i ncubated with 50 K FrUo- 4 AM dydingRrearbexadieracithigifiyorn t he
assay solution (5

, hKCl .8 rnM NaH2PO411€t0, 25 M HEPES, 280 inM
Sucrose, 5 In. M d Ucose, and 0.5 nM CaCl2; tml}-mgﬂ'ard:hamsd%d to 7.4 with

NaOH) for an 15 hour at After one ho i hcub wells are
rinsed once with 50 &;@ Ui(f}é(fahyl blcy0f’it[é.gn1’]non 1-

, yl)-
131 AN 0 N-[2-(morpholine-4-carbonyl)-
N pyrazolof1,5-a]pyridin-4-yl}-
N N———N |\/ acetamide
N-[2-{5,6-Dihydro-8H-
o imidazo{1,5-a}
_ _ pyrazine-7-carbonyl)-
132 ™ o] pyrazolo[1,5-a
N N = Ipyridin-4-yl}-2-(3-ethyl-
~ N__lN (/\,E;N bicyclo[3

.3.1Jnon-1-yl}-acetamide

EXAMPLE 4
P2X- Assays

This Example illustrates representative assays for use in.evaluating test

compounds for agonist and antagonist activity.

5 A HiGH THROUGHPUT P23; CALCIUM MOBILIZATION ASSAY

SfI-SYSY cells,; ATCC Number CRL-2266, (American Type Culture

Collection, Manassas, VA) are cultured under DMEM/High medium supplemented

with 10% FBS, and 10 mM HEPES (Invitrogen Corp., Carlsbad, CA} in 5% CO» and-

at 37 °C. One day prior to the experiment, cells are plaied at a density of 100,000

10  celis/well in a 96 well black/clear TC plate (Coming® Costar®, Sigma-Aldrich Co.,
St. Louis, MO). At the beginning of the experiment, the culture medium 1s removed

and cells are incubated with 50 pL of 2.3 M Fluo-4 AM dye (Invitrogen Corp.) in

the assay solution (5 mM KCl, 9.6 mM NaH,PO,H;0, 25 mM HEPES, 280 mM
Sucrose, 5 mM Glucose, and 0.5 mM CaCl,; pH is adjusted to 7.4 with NaOH) for an

15  hour at 37 °C. After one hour dye incubation, wells are-rinsed once with 50 pL assay
solution, and are then incubated for an hour at room temperature with 100 pL assay
solution containing the test compound. The final concentration of test compound

generally ranges from 1 to 2500 nM; for positive control cells, no test compound is



solution, and are then incubated for an hour at roomtenperature with 100
RL assay solution containing the test conpound. The final concentration of
test conpound generally ranges from1l to 2500 nM for positive control
cells, no test conmpound is WD 2008/1 53105PCT/ US2008/ 004563 added.

Af ter t haVQHWSMWINS | ncubation, plates are transferredPEHUS20BPRPRTETRA

i nstrument (Ml ecular Devices, Sunnyvale, CA) for calcium nmobilization
anal ysis. added. Afér et eidrihbal imnbationarplatgo aits transferred tg-a FOIR “of P2X7

agoni st (2'(3")-0-(4- benzoyl -benzoyDad L ne.,5' -tr1i.nhk -{ BZATP;

Si gna- Al dr j1Bffjumegt &ﬂ@eﬁg%,r VECES ‘H’PX’% e"@&f on lg?r%ﬂﬂggﬁﬁﬁgg?ﬂgméu PR into
the plate, such ghatiethiBationaf artgnish acthdnc s0tulash PAK, sgodilst 3Bkt

EC50) . In negative control cells, 50 AL o ay..sol i_o& Wi_t qut oni st
s added atbmmﬂ—bgmgaadenn@n@éamwm@cé%ﬁsi%jﬁ‘a?“ QR 21, e
period iss LRERABR ?fgrre‘%_rgiﬁpg%é FLIPRMNAtY ARGpaS, fidhl @WS theFfina tagohise

aver age ‘maxi mum relative uorescent unit _(RF’U) response fromthe
negative caphe@itratien lis 80 ndMagbmitsEGso).s Tnuisirtinst eantpl gells, B Whafnsiay

response detected for each of th her expgringn . ,

aver age nmaOHiieR RAtONREIBISEE aidéecﬁgﬁﬁﬁsgggd P %%%68%@{#3%@?2%%%2 wel |'s
(agoni st wehirsle pehiB& s thBemeRAked Nhi bi tion for each conpound tested is

cal cul ated using the equation: 15Percent Ilphi b&i on = 100-. 100 X1 .‘I?eeak '
Signal in Test OB data ieanehaed ms QUEWSont G BE| YE52e¢nBaBITHh B on dat a

is plotgsed id C REROURInERRcE RbARI1I WElANKD hgaiisty dapound
| Qo Puoe AorbebhinGld g!g&,qg%s%ggsgrml e U DGR il paIAND ?%hngr9y
Sof t war e, Rahttactey fibm) thhasaximim rsspanse detgetsd dor gapk of Hipapthehexpspipenta

rt (17 (1+( ng/por ere v is. £ onb N RicBihLRA forMe pSsitiécontrol
concentr at i%ﬁgfé%%@ﬁﬁ%ﬁges?,gxlﬁﬁ? ggpﬁrg%r?gi{l?mc%b%%a fcr’%@ec?gsr_responds to
the test cowpiAagori§E9E1i6). MEhenppaent inttibition fegadly @aroynd tested decaicuged
decrease, relative to the response observed in the presence of against and
Wi t hout antBHBEEIUatAR N8 is the H Il coefficient. Alternatively, test

15 Percent Inhibition = 100 — 100 x (Peak Signal in Test Cells / Peak Signal in

Control Cells) _
The % inhibition data is plotted as a function of test compound concentration and test

compound ICsy is determined using, for example, KALEIDAGRAPH software
(Synergy Software, Reading, PA) best fit of the data to the equation:
20 y =my*(U(1+(mz/me)™))
where vy is the percent inhibition, mp is the concentration of the agonist, my is the
maximum RFU, m, corresponds to the test compound ICso (the concentration requiréd
to provide a 50% decrease, relative to the response observed in the presence of
agonist and without antagonist) and ms is the Hill coefficient. Alfernatively, test
25  compound ICs is determined using a linear regression in which x is In{concentration
of test compound) and y is In{percent inhibition/(100 - percent inhibition). Data with
a percent inhibition that is greater than 90% or less than 15% are rejected and are not
used in the regression. The ICso calculated in this fashion is glinterceptistape)  goyp
antagonists of the P2X5, the calculated ICso is preferably below 20 micromolar, more
30 preferably below 10 micromolar, even meore preferably below 5 micromolar and most
preferably below 1 micromolar.
Similar assays are performed in the absence of added agomist for the

determination of agonist activity of the test compounds. Within such assays, the



25 conpound IC50 is determned using a linear regression in which x is
in(concentration of test conmpound) and y is In(percent inhibition/ (100 -
percent inhibition). Data with a percent inhibition that is greater than
90% or | ess than 15% are rejected and € not used in the regression. The
| C50 cal cobarsg2413t his fashion is Einer " PtislP. For aUTagams®o4scdf t he
P2X7, the calculated IC50 is preferably bel ow 20 m cronol ar, nore 30

pref erabl y beilibwefaesticompowidio ackasan agonist of PaXe tedstgrriyedddw Beasiiertho| ar
and nost preferabl elow 1 .inierotnaolar. i m . as '
perforned i (r?\lu&'engc%g %legens e of dﬁ%ﬁéc@a@%nﬁgéﬁ m&o?ﬁeédgdé&%oﬁaﬁ%%nﬁﬁggoni st
activity of colventraivh. CRRFOAHIEE®NIsIA thi ¢xhibicho dstsetylsle digbmist ADiE1tY\Elicit no
20081124153PCT/ L{;Z%gﬁ/ 004563 ability of a %est fgﬂ@g@gd to act as an
agoni st of Beseiable Hyakesence EaPesye Aeonrygienel 4 cence response

elicited_by_the test conpound as functi-on of compound concentration.
P2X7 ant2goft s ’sECtTﬁ%HYégﬁioﬁl‘f“rF&)gebtsééY%bl e agoni st activity elicit no
det ect abl e fl uor SHCEVOL bl RRNBiRuRY WASODMENUIEER YRbdAim Zuppiéinditéd withB.
ELECTROPHYS10LOG CAL P2X7 ASSAYS SH SY5Y cells are cul tured under

DVEM Hi gh néefediBSs apdl @ meittEaPES (nvitrogenHpmp., Sadlsbed. CAMIHERESD( 30¢WAt 87 ogen
Corp., Carl spa - 9 g)%ﬂ % @ j : round
Pol y- D- Lysi ﬁg’ %ﬂ)%g)sgggtogté/? cover sr}lg}l%i P?@Dﬁéﬁgfs}%i enc:;)‘zo%{ggn&?%@gégw in a
35 nm di sh Bidshienced B Jope,aFANBOK3E einh distliveith @ deesyty 0@ 130K arells/dish halay
experi t. Wole.cell voltage,.cla recordi.ngs .are..made with th

Acbpat R0 20BE0a i 17 PP RG » AHRLS PRl P aPBBe Seatipder i B or i ng
el ectrodes axepfith-PeoB faiﬂ;i)lirﬂeﬁr(ﬁs'rt:ﬁilﬁﬁhﬁn@ilts}eﬁcfsfm Citgr CA) Pr gaé Seaiding del
I nstrunments, Sarasota, F n a horizontal pu : tter, I nstrunment Mode
P-87) and hakfi%tr‘?dggi%r?an@t@ TRy P AIBHR PReges Flsrli CHHEK f FPERTT-t h

i nternal sokathidi): FYY lonld NezbAGE pRN&t (Eiﬂdeﬁ,lﬁé@n%@%@&é@lsa%ﬁdﬁgvéﬁp 8
(Axon Instrunents) software. Data are digitized at 1 or 5 k and recorded

onto a PC f Bistagpeshesngiagalirgmi 2 fo oM} ayhen hnskfiledy withi intpral saption. (Allon
instru ts 0, %ﬁmw q,ﬁ[ﬁ Qe hloaar

(M croCan??, Qﬁ?_%!gér%gét?é%m%{co%%md%% 0 e-s:e dlﬁiecor%]?ﬂ;sg are'glg?\tauct ed
at room t enperdigiticed af htoe SnkHz swd uedoodedcanie ai PS 161 furthe) and@is. KPatadgeKCl ,
20 5 Nad, 10.EGTA and-,10 S (pH = 7 dj ust.ed wi.t ‘ he external
sol uti on cofit® “?Bgm‘RB%E@Ei?P BIRS rﬂﬁ%ﬁzﬁ X‘{fpﬁﬁﬁ%& ﬁg%%%‘i&ﬁg@ 10
ni M gl ucoseQrigindsokvare MNiéroSalcL.DE e Nofikhmptdn, AMAL] Udl etloMidell rédaskihes #k|
chem cals are from Sigma, unless otherw se stated. P2X7 i iV by
200 gM of PZRAISGHAT EPm iETReBIurY: Inferz) s WQ“ﬁS?‘@WPi(’ﬁi‘é%@f ’3}081-3%’0493#/&& he
~activatggl i BWE, GUEGDA dnd 1 ESHPESA(PH =t N8 AARBEANGRh HOHRD IR K t@halt he
test conpound. Then, percent inhibition for each cor_rzpound tested is

cal cul at ed &utigp eantaiag (e ANaCl, 0.3 mMoaGinisorM K1=2010d HEPES. 10 pddr r ent
ATpI i ude | o1, CRRPOINGa4 nf" ke Yt iR REN ) - ARCLHTRARS B ne &

test compou 1C50 Tor P2X7 el ectrophysfologically, severa
concent r at i fom Sigmehmlese riieomide strtedt est ed and their inhibitions on P2X7

currents are cal ated..a 0 Thi se- r.espo curve.i.s best,. fitted
e oo e oo Pkl fRe RS (IO ACSERREC RORTE, Al aoulie BERhed

25  of -80 mV, the activated inward current is recorded in the presence and absence of the

test compound. Then, percent inhibition for each compound tested is calculated using
the equation:

% Inhibition = 100 — 100 x (Current Amplitude in Compound / Current -
Amplitude in Cortrol).

30  To determine a test compound’s ICsp for P2X; electrophysiologically, several
concentrations of the compound are tested and their inhibitions on P2X; currents are
calculated as above. This dose-response curve is best fitted using Origin sofiware
(Microcal, MA) with the following equation:



WD 2908/ 124153107PCT/ US2008/ 004563 Percent Inhibition = 100/ (1 +
(1C50/C)11) where Cis the concentration of the antagonist, Nis the H Il
coefficient, and I Cso represents the conpound | Cso val ue agai nst P2X7.
EXAMPLE 5_5Carr nan- |1 nduced Mechani Hyper al gesi a (Paw Pressure)
Assay forwﬁ@(l%%ﬁsng Pai n Reli ef cﬁbThi s Exanpl e R4 URPIBHEES 5
representative nmethod for -assessing the degree of pain_relief provided by
a test conpound. Adult male Sphemgucnbitony= H¥E H@0a/A0Dg: obt ai ned from

Har | an Sprague .Dawl ey. Inc., londi . der a 12 h
| i ght/dark %ﬂ/c %8 \I/ﬁ% c%n\[cééb%téﬁs}m o frﬂgeoaéﬁgﬁg]%va lgrﬁ{ e’aN%‘f lf%o%ﬁ]:ﬁ%ﬁ%ﬂ%?@s[ohe assay,
al | ani mal s repieschiltid doaipdtind ICH vahasgdihn®dXyw ce and tested once, with
each procedure being conducted on a separate day. Prior to each day's
procedure, animals are allowed to acclimate for at |least 1 hour in the
testing roombefore the start of the grocedure. For habi tuation, each
animal is gently 15 restrained with %Eﬁdpaw consecutively extended in

front of sthe anigwdagémab IndiRes MRhiniéad Hyb&aleesig (PabhPespire)aday fri S

performed by al ternating hi ”dpa"ﬁet@rrﬁgnggPainRelief

This Example illustrates a representative method for assessing the degree of

pain relief provided by a test compound. -
Aduit male Sprague Dawley rats (200-300g; obtained from Harlan Sprague
10  Dawley, Inc., Indianapolis, IN) are boused under a 12 h hight/dark cycle with access to
food and water ad libitum. For the assay, all animals are habituated once, baselined
twice and tested once, with each procedure being conducted on a separate day. Prior
to each day’s procedure, animals are allowed to acclimate for at least 1 hour in the
testing room before the start of the procedure. For habituation, each animal is gently
15  restrained with each hindpaw consecutively extended in front of the animal as is
necessary for testing. This procedure is performed by alternating hindpaws and
repeated three times for each hindpaw. Animals are then subjected to the first
baseline, second baseline and testing on consecitive days. For each baseline, the
animal is restrained as in the habituation session and the paw tested using the paw
20  pressure testing apparatus {Digital Randall Selitto, ITC Inc., Woodland Hills, CA).
Animals are baselined and tested in groups of ten, each amimal being tested once on
the left and right hindpaws, followed by the next consecutive animal. This procedure
is repeated three times for a total of three measurements on each hindpaw. If any
individual read is drastically different (varies by more than about 100 g) from the
25  other two on a given hindpaw, the hindpaw is retested a 4 time, and the average of
the three most consistent scores is used. On test day, all animals are injected with 0.1
mL intraplantar 0.5% -1.5% carrageenan (dissolved in saline) 3 hours prior to testing.
Test compounds or vehicle may be administered by various rouwies at various
timepoints prior to testing, but for any particular assay, the routes and timepoints are
30 the same for animals In each treatment group administered test compound {a different
dosage of test compound may be administered to each such group) and those in the

treatment group administered vehicle control. If a compound is orally administered,



repeated three times for each hindpaw. Aninmals are then subjected to the
first baseline, second baseline and testing on consecutive days. For each
baseline, the animal is restrained as in the habituation session and the
paw t est eggbphdi@sishe paw 20 pressure teHl8i ng apparatu fﬂl ' ndal |
Selitto, IITC I n?:. , Wodland Hlls, CA). Aninmals are Bpase ]ﬁlr’f}esg'lg‘%ég% tested
i n groups. of Do C i,mal .bej , C t f ey

hi ndpaws, fot}t’?eomeggbage ?t%g %%Fg%@%seggﬁ?g ggf%g&m%%@{é: ‘%]{}vgtﬁpr%g% llljlﬁééglgéh
repeat ed t hiidsipaviietested three timesbndthe tddnkereomdsdifor amalyss.on each hi ndpaw. |f
any individual read is drastically different aries_by re than about
100 @) from the BPGITE SRR IR PR A OO F ST E BB o o
4th time, ang thdencay VFABE 16 fdod LradI 18R e RSres GANEIt Sda§ b & BRIy 6r LFed. On
test day, all aninmals are injected with 0.1 nit intraplantar 0.5%-1.5%
car r ageefan SERfEl sHpYRigal signifganae etyenp redmsht punsds delstripgd b aymingafpounds

or vehicle mayoha ﬂxﬂ{ﬁ.’ﬁ | Sbftk qgllayed/@ft%)%uiﬁaswﬁcﬁ]t dfﬁéﬂeﬂéés(ﬂsiﬁfp%.@i S

prior to testing, for any particular assay, e routes and 'tinepoints
are 30 the desteAfnsi0.04ns oqrisilerad tebela statistaiiy signigicentplifichanasi st er ed t est

conpound (a diff t sage. . t est conmpound . adm.ni st ered to each
such group) and ﬁ?o 3“?% a?%%mgfﬁ%gaﬁﬁ‘éﬂ%n&oﬁlps Iﬁ%’?l}#%yerre udp’&e% %:tfsgm%@nt rol.
| f a conpountinificant sddhsticaditi Wypetsensitlvity of nociception values compared to vehicle

10 controls, determined as described above, when administered (0.01-50 mg/kg, orally,

parenterally or topically) immediately prior to testing as a single bolus, or for several

days: once or twice or three times daily prior to testing.



WD 2008/ 124153108PCT/ US2008/ 004563 the aninmal s are food-deprived the
evening before testing. As with the baseline, each hindpaw is tested three
rinmes and the results recorded for anal ysis. Hypersensitivity of
noci cepti on values are calculated for each treatnment group as the nean of
the left foot gramforce scores on test day (left foot only or LFO 5
score). Statistical significance betyen treatnent groups is determ ned by
runni ng an ANOVA on LFO scores followed with a | east significant

di fference (LSD) post hoc test. A p<0.05 is considered to be a
statistically significant difference. Compounds are said to relieve
pain in this nodel if they result in a statlstlcally si gnificant reduction
in hyperGeABMSi vity of nociception val ues conpared to vehicle 10 controls,
determ ned as descri bed above, when adm nistered (0.01-50 ng/ kg, orally,
parenterally or topically) imediately prior to testing as a single bolus,
or for seyeriaklafhddss: once or twice or three times daily prior to testing.
109 CLAIMS What is clainmed is: 1. A conpound of the formula: Z2* Z3 or a
pharmaceutically acceptable salt thereof, wherein: U and V are

|ndependentlﬁrchoggamﬁﬁﬁﬁhQﬁ@heﬁg%ﬁﬂand N Tis chosen from CR3 and CRA
such that X—Y

or a pharmaceutically acceptable salt thereof, wherein:

U and V are independently chosen from CR3, CRa and N,

T is chosen from CR3 and CRy such that '

(0 exaétly’ one of T, U and V is CRa;
W is —C(=O)NRy-, or ~NR4C(=0)-;
X is C;-Cealkylene that is substituted with from 0 to 4 substituents independently chosen
 from: A '
(i) Ci-Caalkyl, (Cs-Cyeycloalkyl)Co-Coalkyl and phenylCy-Coalkyl;
(ii) substituents that are taken together to form a 3- o 7-membered cycloalkyl or
heterocycloalkyl ring; and
(iii) substituents that are taken together with Ry to form a 4- to 7-membered
heterocycloalkyl; '

Y is Cs-Ciscycloalkyl, 4- to 16-membered heterocycloalkyl, 6- to 16-membered aryl or 5-
to 16~membered heteroaryl, each of which is substituted with from 0 to 6 substituents
independently chosen from hydroxy, halogen, cyano, émino, nitro, 0xo,
aminocarbonyl, aminosulfonyl, COOH, C;-Cealkyl, C2-Cgalkenyl, Co-Cealkynyl, Ci-
Cehaloalkyl, C;-Cshydroxyalkyl, C;-Csaminoalkyl, C;-Csalkoxy, Ci-Cshaloalkoxy,
C-Cealkyl ether, C;-Cealkanoyl, C.-Cgsalkylsulfonyl, (Cg-chyclbalkyl)CO—C4alky1,
mono- or di-(C;-Csalkyl)amino, Ci-Cealkanoylamino, mono- or di-(Cs-



(1) exactly one of T, Uand Vis CRA;, Wis -C(=0)NR4-, or Xis

Cl- Coal kyl ene that is substituted with fromO to 4 substituents

i ndependently chosen from (i) Cl-C4al kyl, (C3-C8cycloalkyl) Co-C2alkyl and
phenyl C0- C2al kyl ; (ii) substituents that are taken together to forma 3-
to 7-menbered cycl oal kyl or heterocycloal kyl ring; and (iii) substituents
that are taken together with R4 to f@ama 4- to 7-nenbered

het er ocycl oal kyl; Y is C3-Cl5cycl oal kyl, 4- to 16-nenbered

het erocycl oal kyl , 6- to 16-nmenbered aryl or.5- 10 16-n1E r heter oaryl ,
each of whiGrkyRamuperbanyl.ed™Maneh F onﬁ‘o(cﬁbcﬁélkgh?}g{niofﬁg)%?g %ﬂ%epg’ﬁdent ly
chosen fro gen, cyano, am no, nitro, oxo, am nocarbonyl,

am nosul for@f%‘%wa%{?y%ﬁ%al kyl, C2-C6al kenyl, C2-C6al kynYi, Cil-

C6hal oal Ry ¥, afdlZCob irdependeattkyH; C1- C6ani noal kyl, Cl- C6al koxy,

Cl- C6hal oal koxy,- C2- Ceal kyl ether, Ci1-C6al kanoyl, C1-C6al kyl sul fonyl,
(C3-Crcycl oal kyl ) Co- C4al kyl , nmono- or di-(Cl-C6al kyl)am no,

C - C6al | canoyl am no, nmono- or di-(Cl- 109a Coal kyDam nocarbonyl, nono- or

di - (G -Co6al |l cyl)am nosul fonyl and (Cr C6al kyl ) sul fonyl am no; Z1, Z2 and Z3
are independently CH, 110



Each R3 is independently chosen from hydrogen, hal ogen, cyano, am no,
nitro, am nocarbonyl, am nosul fonyl, COOH, Cl-C6al kyl, C2-C6al kenyl,
C2- C6al kynyl , Cl1- Ce6hal oal kyl, Ci1-C6hydroxyal kyl, Cl-C6am noal kyl ,
Cl- C6al koxy, Cl-Ce6hal oal koxY, G -C6al kanoyl, C2-C6al kyl et her,
(C3-Crcycl oal kyl ) Co- C4allcyl, nono- or di-(Cl C6al kyl)am no,

Cl- Coal kyl sul fonyl, C1-Ceal kanoyl am n@ nono- or di-(Cl-

Céal kyl ) am nocar bonyl, nono- or di (CI - Coal kyl ) am nosulf onyl and (Ci -

Coal kyl' ) sul fonyl am no; Each R4 i s ndent
( C3- C8cyidchaRkyis) DEeERIPR C@S‘P”Pai@@ﬁlt Effler lhé%otg a su%?sta‘% uén f X to

forma 4- to.7- | kyJcial -(Ralle pCzoCaﬂltyayI@}nula
-L-A-M mgwoﬁ”%ggﬁ Eﬁg‘bgg&r%gn r%@%ﬁaykﬁgﬁe?% |Iguo t|6 riodl fied

by the r ept@mmﬁqﬂ af- Cahyrkomiié}d,aﬂhr@aa@mﬁ@m@ Horfdsalioxr ?"é%(B“r “triple
car bon- car hon b S Zyﬂggtl € ChyWiifr,0Xo0,
“ooon, - soenidpalka év%a%h ity S 208 ‘L’logl?@t%gne A“fdé%agbsrentdtér co, 0,
NR6, S, SOc, ARA)anfNRG - CRAGRuIheH, C?qubkkaixderl)lﬁD,Malrrk)}ﬂbener ofi{a= to
7- menber ed ﬁet er ocycl oal kyl ) Co- Caal ky Iﬁ‘o(% (ggﬁ%ﬁl n. (36 fO%E ?ge(t or

C1- C6al kyl Cs@lhy:i)amm@oaﬂ‘(qny hyHWBSZ‘y By afio\“-1a ALIPHOCAT borly 1

am nosul f onyl Egﬂ—! (ii) Cl-C6hal oal kyl, Cl1-Co6al koxy, 5- to

10- marrbereg: léﬁi)uc il 2 to 10- membered heteroc cI e ].lkaﬁ{e)ll kanoyl oxy,
Cl- C6al kparaykams mdepeﬁdent@Ghydfyg%IGadhﬁlkyl s %Pf{ éﬁf’z 5‘%

G - Coal kyl sul fon no I I I:

~di - ( C1- Chalkegsihry %tﬁagulps?%m P% no-g%']riﬁ{% 1r%%et&g§5§iaonﬁlyocar bonyl ;

each of whjGhyrh$p ORthé Riakly-Lsaldl whesteind and each of which is preferabl y
substi t ut ecf

th f 0O to 4 bsti.t t de t h
i no.  hal GgrebsenydroRy Cotlodae Tk BRL U TOTI RBLY FERET OB
C1- Cgal kyl le CarbokGarbls d, which
o1- Ceﬂ‘al )(;al ko%@oné%xb?{ﬁ%%ydmd%ﬂh&ém bﬁYﬂlpe 0 10)65011 whc

et her, Cl-C6al kano Iam no, ﬁp{?
d| ( C1- Coal kydik@erienie ,optmnafﬁaduhstitshqﬂmmxo et 3I§,Iu1' $§§‘$’1?7a 6Hz=rmno or
- (Cl-Coal | cy%_%]Z i?eqnosul fo él nono- or di- (G - C6a| kyl am no) car bonyl , and
4- to 7-menbef ¢ 110a 2. The conpound or salt thereof
accordi ng t0;iChiem ds o@egem $18D, 802, CONRg, NRsCO, (Cy-Creycloalkyl)Co-

C,alkylene or (4- to 7-membered heterocycloalkyl)Co-Caalkylene; wherein Re is
hydrogen or C;-Cealkyl; and
M is:
(i) hydroxy, cyano, amino, aminocarbonyl, aminosulfonylror COOH; or
(i) C;-Cghaloalkyl, Cl—Cgaik0xy, 5- to 10-membered carbocycle, 4- to 10-
membered heterocycle, C;-Cgalkanoyloxy, C;-Cgalkanoylamino, - C;-
Cealkylsulfonyl, Ci-Cealkylsulfonylamino, C;-Cgalkylsulfonyloxy, mono- or
di-C;-Cgalkylamino, mono- or di~(C;-Cealkyl)aminosulfonyl, or mono- or di-
(C;-Cgalkyl)aminocarbonyl; each of which is optionally substituted and each
~ of which is preferably substituted with from 0 to 4 substituents mdependently
chosen from oxo, amino, halogen, hydroxy, cyano, aminocarbonyl,
aminosulfonyl, COOH, C;-Cealkyl, C;-Cghydroxyalkyl, Ci-Céhaloalkyl, Ci-
Cealkoxy, C-Cshaloalkoxy, C,-Cgalkyl ether, C;-Csalkanoylamino, mono- or
di-(C,-Csalkyl)amino, C,-Cgalkylsulfonyl, C,-Cgalkylsulfonylamino, mono-
or di~(C;-Cealkyl)aminosulfonyl, mono- or di-(C,-Csalkylamino)carbonyl, and

4- to 7-membered heterocycle.



3. The compound or salt thereof according to any one of clains 1-2,
wherein each R3 is independently hydrogen or Cl-C4al kyl . 4. The
conmpound or salt thereof according to any one of clains 1-3, wherein RAis
Cl- Cehydroxyal | cyl, Cil-C6cyanoal kyl, C2-Cé6al kenyl, C2-C6al kyl et her,

phenyl CoCal kyl, (4- to 10-nenbered heterocycl e)Co-C al kYl -

(C1- Coal kyl sul f onyl am no) CO- lgﬁl-CBalkanoyloxy)Cb-CalkyI,

(C1- Coal kyl sul fonyloxY) Co- C4al | cyl, (nono- or

di - C1- C6al kyl am no) Co- Calkyl, apd (mgno- or . -

di - Cl - Ceal kyl&ni nﬁwmwt%-%éhqf%a@é@%t"o‘f"“%%c‘%“’f%‘%ubst ituted with
fromO to 4 substituents independently chosen from (i) oxo, hal ogen,

am no, cyano, hydroxy, am nocarbonyl, am nosul fonyl and COOH, and (ii)

Cl- C6al kyl, C1-C6hydroxyal kyl, C1- C6al koxy, C2-C6al kyl ether, Cr

C6al kanoyl am no, nmono- or di-(C -C6allcyl)amno, Cl-C6allcylsulfonyl,

Cl Ceal kyl sul f onyl am no, nono- or di-Cl-C6al kyl am nocar bonyl, nono- or

di - C C6al kyl am nosul fonyl, phenyl and 4- to 7-menbered heterocycle; each
of which is substituted with fromO to 4 substituents independently chosen
from hal ogen, 11l1a hydroxy, am no, oxo, am nocarbonyl, am nosul fonyl,
COOH, Cl1-Ci al kyl and G Cati al oal kyl .



112 5. The conpound or salt thereof according to claim1, wherein RAis a
group of the fornmula: wherein: L is absent or Cl-C6al kylene that is
optionally substituted with oxo; N represents a 4- to 7-nenbered

het erocycl oal l cyl that is optionally fused to .phenyl or to a 5- or

6- menbered heteroaryl; and R7 represents fromO to 4 substituents

i ndependently chosen from (i) hydroxM, am no, oxo, am nocarbonyl,
aninosulfonyl and COOH; (ii) Cl-Co6al kyl, nono- or

i - (Cl- C6al kyl ) am noQ0- Cal kyl , C1-C6al kyl sul fonyl CoC4al kyl ,
CI-CBaIkylsulfonylanlnoCD CAaIkyI and 4- to 7-nmenbered heterocycle each
of which is substituted with fron10 to 4 substituents independently chosen
from hal ogen, hydrgxy, anRRo, oxoRsanlngzgi?onyl anlnos ggonyl, COH, C1-

Coéal | cyl , C1- CoalLlpxy, no or di - C6al k am no,
CBaIIcyIs fony apifie; T f3s faenfs keN*ﬁ?gether to form
\Mfér&L and are

a bridge of,,Ut he rmul a - CHZ)q P 112)N\
i ndependen¥l yis0 o 31 and P?is’,CH2, "0, NH or S;» and (iw) suBﬁrltuents t hat
are taken together to forma spiro 4- to 7- nenbered het er ocycl oal kyl ring
that is su ituted with fromO to 2 substituents independently chosen
from oxo Cl- CAal kyl .
T
Ra

3. The compound or salt thereof according to any one of claims 1-2, wherein

each R; is independently hydrogen or Ci-Csalkyl.

4. The compound or galt thereof according to any ope of claims 1-3, wherein
Ry is C1-Cghydroxyalkyl, C1—Cscyan6alky}, C»-Cealkenyl, C2-Cealkyl ether, phenylCo-
Caalkyl, (4- to 10-membered heterocycle)Co-Caialkyl, (C1-Cealkylsulfonylamino}Co-
Caalkyl, (C1-Csalkanoyloxy)Co-Caalkyl, (C1-Cealkylsulfonyloxy)Co-Csalkyl, (mono- or
di-C;-Cealkylamino)Co-Csalkyl, and (mono- or di—C1-C(,al_l_{yiaminocarbonyl)Cg-C4alkyl;
each of which is substituted with from 0 to 4 substituents independently chosen from:
(i) oxo, halogen, amino, cyano, hydroxy, aminocarbonyl, aminoéulfonyl and COOH;
and
(i) Ci-Cealkyl, C;-Cshydroxyalkyl, C;-Cealkoxy, Cp-Cealkyl ether, Ci-
Cgalkanoylamino, mono- or di-(Ci-Cealkylamino, C1-Cealkylsulfonyl, C;-
Csalkylsulfonylamino, mono- or di—CI-Csalkylaminocarbonyl, mono- or di-Ci-
Cgalkylaminosulfonyl, phenyl and 4- to 7-membered heterocycle; each of which

is substituted with from 0 to 4 substituents independently chosen from halogen,



6. The conpound or salt thereof according to claimb5, wherein RAis a group
of the formula: -L-N)*G N_ M wherein: L is Cl-C2al kylene that is
optionally substituted with oxo; Gis CHR8, NHor O0; 113 s andt are
i ndependently 0, 1, 2, 3 or 4, such that the sumof s and t ranges from 2
to 5, and Rs is: (i) hydrogen, am no, am nocarbonyl, am nosulfonyl or
COCH;, or (ii) Cl-Coal kyl, nono- or giia(Cl - C6al kyl ) am noCs- Cal kyl , -
Cl- C6al kyl sul fonyl Co- Chtal kyl, G Cal kyl sul fonyl am noCs- Cht al kyl, or 4-
to 7-nmenbered heterocycle; each of which | u ifuted - with fromO to 4
subst i t uenitexyi rEpandent Rypindsarbemylf rf’é‘?ﬁ“i’?é‘hg@ant&h?{ﬁlro VQC‘\‘,‘)’%# n%n,d d@ko, ‘
'am"nocarB%nyl fim nosul fonyl, COCH, C1-

shaloalkyl.




Cl1- C6al koxY, mono- or di-(Cl-C6al kyl)am no, and Cl- C6al kyl '

, : , - sul f onyl am no.
7. The conpound or salt thereof according to claims5, Wne?/ei n RA iys: g8R9
~it\ L-N\il -L-NNH/-)R9 L-N-L-I\OR9 wherein: Jis CHor N B, D E
and F are independently chosen from CH2, NH and O; and R9 repr esentzs f’rom
gnéo 2 subst:jt t(Je_n;scllncégpFEdent |y chosen from (i) am no, am nocarbonyl

COOH; an I - C6al kyl, nono-1@r di- (G - Ceal ' -

Cl1- C6al kyl sul fonyl and (G- Ralkyl)am noco- czaliot,

5. The compound or salt thereof according o claim 1, wherein R, is a group of the
formula:
R
wherein: .
L is absent or C;-Cgalkylene that is optionally substituted with oxo;

(O
represents a 4- to 7-membered heterocycloalkyl that is optionally fused to

phenyl.or to a 5- or 6-membered heteroaryl; and
Ry represents from 0 to 4 substituents independently chosen from:

(i) hydroxy, amino, oxo, aminocarbonyl, aminosulfonyl and COOH;

(ii) C;-Cgalkyl, mono- or di-(C;-C6alkyl_)amin0Cg_-C4a]ky1, C1-CsalkylsulfonylCo-
Caalkyl, C1-CsalkylsulfonylaminoCb—lekyl, and 4- to 7-membered heterocyclé;
cach of - which is substituted with from 0 to 4 substituents independently chosen
from halogen, hydroxy, amino, 0xo, aminocarbonyl, aminosulfonyl, COOH, Cs-
Cealkyl, Ci-Cealkoxy, .mono- or di(Ci-Cealkylamino, and Ci-
Cgalkylsulfonylamino;

(iii) substituents that are taken together to form a bridge of the Formula -(CHz)q-P-
(CH,);-, wherein q and r are independently 0 or 1 and P is CH,, O, NH or S; and

(iv) substituénts that are taken together to form a spiro 4- to 7-membered
heterocycloalkyl ring that is substituted with from 0 to 2 substituents

independently chosen from oxo and C;-Csalkyl.

6. T_he compound or salt thereof according to claim 5, wherein Ra is a group

P
—L—N

e
wherein:

L is C;-Caalkylene that is optionally substituted with 0xo;
G is CHRg, NH or O;

of the formula:



Cl- Coal kyl sul fonyl am no; each of which is substituted with fromO to 3
substituents independently chosen from hal ogen, hydroxy, oxo and COCH.

8. The compound or salt thereof according to claim4, wherein RAis Cr
Céal kyl , C2-Cé6al kenyl, C2-C6allcyl ether, or nono- or

di - (G -Co6alicyl)am noCs-4al kyl, each of which is substituted with from1
to 4 substituents independently chosE® from hal ogen, hydroxy, cyano,

am no, oxo, am nocarbonyl, am nosul fonyl, COOH, Cl- Ceallcyl, Cl-Céal koxy,

mono- or di-(Cresal kyl)am no, _Cl-C6al kanayl anmi no, coal. | fanyl ,

C1- Csal Mndmmedﬂélqp@&%lﬁ,f&l)ﬂ* %B%ﬁ@ﬂsmckgl?ﬂﬁ%}énﬁuﬂ]oof}%ﬁﬁ’%\{/ "‘“.%{Hﬁilistggbt i onal Iy
substi tut d with hal ogen or Cl-C4allcyl, and 4- to 7-nenbered heterocycle
that is optionally substituted with Cl-Cd4al kyl. 114 9. The conpound or
salt thergef according to claim8, wherein RAis nono-

(G - Coal kyl) am.noCo- C2al kyl. or -1C , ; of which is

substi t ut e@}% &lﬁyflwgf’rf’gfﬂ“f”f%“%’c%t%é{ﬂf '?‘glélr%@fl E@L%Onggﬁtbfy chosen from
hydroxy, ha})ogemalRKe méHeHor @l-(CAadpNaaino@i-akal.k6xi saligsutaykonpound

or salt thereof according to any on | ai nE, 1- eiin i s not
dbsent A 15 GG Gl o CodaE 7oy 8 B R Tereo By

each of whi C.%akﬁofwﬂ&hiigﬁ.& e Qith"Rim @ {00t dubstitsits tndepesientiyl elpsedent | y
chosen from oxo, am no, halo

gen, hydroxy, cyano, ani nogarhonyl
ami nosul f onyIﬁorﬁ)@ﬂdgelﬁhymwWmmx@@WGPWWVkWIH@T§W1 @ﬁ%ﬁl'
Cl1- Coal koxy, Cl-Cshal k@x Cc2- | kyl. ethee,.- 'kﬁgﬁ;ih@noya{nam @, nono-
or di-(C - CG&%&‘W ’an‘icgia)(l;ﬁa%f-x&al lﬁlg'lﬁcgul onrnyI , ?C%L%a’l yl sulf onyl am no,
mono-or di - ( @afErlieganineosul fonyl, nono- or
di (Cl - Ceal kyl am no) carboliyl, and 4- to 7-menbered heterocycle. 11.The

conpound or salt thereof acgordi tQ an . claj . gewherein: Lis
Cl)frp C3<'l;I kyl ené/-t hatﬁ%"@ﬁ?i‘%ﬁ%‘i qab%@:@ﬁc%%fh %g%%a%#g%ﬂ%?& O A i'ls |

1S

absent; and N.- R Rg..,—NH
Rg Rg </ !N /9_\\4\1?1 \\ />
/_I_\o w—L—N/_hNH —L—N J’\J —-N J-N —1-N N
N ./ N~ Ro_ / ,
. ’ ‘ Rg
/R | ' ‘ /D
7 s o, OO0
—1—N —4—N TRy —L—N E
| 7/ , NS v o FE
wherein:
JisCHorN;

B, D, E and F are independently chosen from CHz, NH and O; and
Ry represents from 0 to 2 substituents independently chosen from:
(i) amino, aminocarbonyl and COOH; and .
(ify C;-Cealkyl, mono- or di-(C;-CealkyhyaminoCy-Coalkyl, C-Cgalkylsulfonyl and

C,-Cgalkylsulfonylamino; each of which is substituted with from 0 to 3
~ substituents independently chosen from halogen, hydroxy, oxo and COOH.

8. The compound or salt thereof according to claim 4, wherein Ra is Ci-
Csalkyl, C,-Cgalkenyl, C,-Cgalkyl ether, or mono- or di—(C1-Céalkyl)arninOCO-C4alkyl,
each of which is substituted with from 1 to 4 substituents independently chosen from
halogen, hydroxy, cyano, amino, 0Xo, aminocarbonyl, aminosulfonyl, COOH, Ci-
Cgalkyl, C;-Cealkoxy, mono- Of di~(C,-Csalkyl)amino, C-Cealkanoylamino, Ci-
Cealkylsulfonyl, Ci-Cealkylsulfonyloxy, C;-Cealkylsulfonylamino, phenyl that ‘is
optionally substituted with halogen or C;-Cgalkyl, and 4- to 7-membered heterocycle that

is optionally substituted with C;-Caalkyl.



Mis phenyl that is substituted with am no, cyano, am nocarbonyl,

am nosul fonyl, COOH or Cl-C6allcyl. 12.The conpound or salt thereof
according to any one of clains 1-3, wherein: L is Cl-C2al kylene that is
optionally substituted with oxo; Ais absent; and Mis nono- or

di - (Cl-C6al kyl )am no that is substituted with a 5- or 6-nenbered

het eroaryl, each of which heteroarylllds substituted with fromO to 4
substituents i ndependently chosen from oxo, am no, hal ogen, hydroxy,

cyano, am nocarbonyl, am nosul f I - Cl- al kyl ,
Ol Gohal oal kvt ,  clhesampy Ofgf%%?é gf ag%%%‘ i‘;%ﬁ%@:‘mﬁf% “’“‘{fﬁﬁ?‘n’ g
C1- Cal KEn®alkrhaminoGohzikyer G- ‘T{%Eagal Ny o, %i K subieny!

Cl - C6al Kiytosisubstity¢rdsindenendemby chgpendgroq Y’Whggrﬁonow ?or’vvll, “moho- or

di - (G - Godltkyd.akkbxp) car bonyl, and 4- to 7- nenbered heterocycle.

14. The conpound or salt thereof according to any one of cl ai .-13,
wherein X is et hyllhememppunst oyspk fiereod 2640r B2 Wﬁné’r?nfeé’?glﬁ]bmsstcli ?uvggeéér\}m th from
0 to 4 substi tuent'gcg i ndependently chosen fromCl -C.: al kyl,
(C3-Csc§c1sd‘é?iﬂ§fi‘)‘ 0- C2al kyl , phenyl and substituents that are taken

t oget herg tobk@iiand 3- to 7-nmenbered cycloal kyl or heterocycloal kyl ring.
15. The conpound or_salt thereof accordj : D8itQbd $ithifRsn G tol4,

wher ei n M is Bhe@ybwmo?-dﬁ&r?e'es%fﬁ%ﬁf" , l’ce% 8{)‘8%1?€¥5,Sgcyél ohexyl,

cycl ohept yl;, o BiREL S iiRibendtihB9 T hdkday frommoxq@harhiny halogen, dgdreetic yyandeach of

iﬁ.l’)é{p
which is substituted wth fromO to 4 substjtyents.ipdepen ly (chosen -
fr om hal ogemjnohgtiomply , amjnoseifonyli NeOOF: - é#zﬁﬁyﬁy ?’ &l'ﬁggygf%g%%l,’ G

C2- C6al kynyl ., . Cl- a v C 1 effier, QO aCkatkesioylamohogrono-  or
di- (G - %aﬁk@ﬂl“}%ﬁ@?'&ﬂ&i 1%%%%@%%%%%%%){ :al-tr t her of.m;ccor ding to
any one of pfhal SEdiXCI4aMRamRinn, CIACHIyIsufonylRE -RegfkpsufenyRFHNRENRE" R

)Gz Hh) n gr di'~(C1"C calkyl)aminosulfonyl, mono- or di-(C-Calkylamino)carbonyl, and 4- to

7-membered heterocycle.

11.  The compound or salt thereof according to any one of claims 1-3, wherein:
L is Cy-Csalkylene that is optionally substituted with oxo or COOH; |

A is absent; and |
M is phenyl that is substituted with amino, cyano, aminocarbonyl, aminosulfonyl, COOH

] OI' Cl-_Cealkyl. -

12. ~ The compound or salt thereof according to any one of claims 1-3, wherein:
L is C;-Cralkylene that is optionally substituted with oxo;

A is absent; and

i - di-(C1—Cealkyl)amino that is substituted with a 5- or 6-melgbered

M ifeiglngyl,oerach (of1 wﬁicﬁygeteroaryl is substituted with from 0 to 4_subst1tuents
independently chosen from oxo, amino, halogen, hydroxy, cyano, aminocarbonyl,
aminosulfonyl, COOH, C;-Cealkyl, C-Cghydroxyalkyl, C1:C6haloalky1, Cl-Csal%coxy,
C;-Cehaloalkoxy, Cz-Cealkyl ether, Cl—Céalkanoylamm::), mono- or d{-(Cl-
Cealkyl)amino, Ci-Cealkylsulfonyl, C;-Céalkylsulfon.ylammo, mono- Of dl-(C;-
Cgalkylhaminosulfonyl, mono- or di-(C;-Csalkylamino)carbonyl, and 4- to 7-
membered heterocycle.



116 HRS RS R 0 RS R5 0 RS R i :
wherein: nis 0, 1 or 2: 5 R1L )ri RS RS R NX-7.1711 )n or

115
13.  The compound or salt thereof according to any one of claims 1-12,
wherein -
= 2N
2 A
z Y is Ra or N

14. The compound or salt thereof according to any one of claims 1-13,
wherein X is methylene or ethylene, cach of which is substituted with from 0 to 4
substituents independently chosen from C;-Cjalkyl, (C3-Cyeyeloalkyl)Co-Coalkyl, phenyl

and substituents that are taken together to form a 3- to 7-membered cycloalkyl or

heterocycloalkyl ring.

15. The compouﬁd or salt thereof according to eny one of claims 1-14,
wherein Y is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, piperidinyl,
piperazinyl, morpholinyl, or adamantyl, each of which is substituted with from 0 to 4
substituents independently chosen from halegen, hydroxy, cyano, amino, C;-Cealkyl, Ca-
Cealkenyl, Cr-Cealkynyl, C;-C¢haloalkyl, C;-Cghydroxyalkyl, C,-Cg4alkoxy, and mone- or
di-(C;-Cealkylamino.

16. The compound or salt thereof according to any one of claims 1-14,
wherein —W-X-Y is:

OR5

18 35008 1948 1k



Rl represents fromO to 2 substituents independently chosen from hal ogen,
hydr oxy, cyano, am no, nitro, am nocarbonyl, am nosul fonyl, Cil-C6al kyl,
C2- C6al kenyl , C2- C6al kynyl, Ci1-C6hal oal kyl, G -C6hydroxyal kyl ,

Cl- Coal koxy, Cl1-C6hal oal koxy, (C3- Crcycl oal kyl ) Co-Cal kyl, and nono- or
di - (G -C6al kyl )am no; or two substituents represented by Rl are taken
together to forma Cl-C3al kyl ene bridge or a fused or spiro 3- to
7-menbered carbocyclic or heterocyclic ring; and Each R5 is independently
hydr ogen, Cl-C6al kyl, C3-Cr7cycl oal kyl 7c9r' phenyl; or two R5 are taken
together tq, frarpn agC3- C8 sgal kyl . 1 corfhound Hr RsAt t Rier eof
accordi ngH{L ai 6, ~ e a8, C n a]s)nthe/ - aﬁ)nll? 18. The
conmpound M | t reoH ACRO &o to clFai m 16y whereia the onpound has
the formuPa™ "™ ,19. The corpound or salt th&Feof according to any one
of claims, 1-14, wherein Y is phenyl or a 5- or 6-nmenbered heteroaryl; each
of whi ch"h&eiBht j onal Iy fused to a 5- to 7-nmembered carbocyclic or
heterocylgjsiogllb}%g; each of which Y is substituted with fromO to 4
substituents independently chosen from hal aldsYR N dr@H NO,
C1- Coal kB repeaents dfaae Ry o, XGEB%%%‘W%%{?P?“ad&%?cg%sp%gfﬁ/%‘?lo%m s
Cl- Cehydr oxyal Kyl i (CLE6a! deft¥earbi], aidosudfondll, 0, @ calkgh| CeGiakenyh & -
20. The con%ou’n or “salt thereof accordj n? éo apy on 8fh?|aﬁio§§ 86_14,
wher ei n - Woaliriye: CRCERBIGRERI, E1-Rehydmpyyalkyl, C1-Cealkoxy, ©1-Lehald P 3
| Creycloalky)Co-Caalkyl, and mono- or di<(Cy-Cealkylamino;

-Csalkylene bridge or a fused or

or two substituents

represenied by R; are taken together to form a G
spiro 3- to 7-membered carbocyclic or heterocyclic ring; and

Each Rs is independently hydrogen, C;-Cgalkyl, C3-Croycloalkyl or phenyl; or two Rs are

taken together to form a C3-Cseycloalkyl.

17. The compound or salt thercof according to claim 16, wh¢rein the

compound has the formula:

R

R1 ' Ry e

HN™ O




118 is a 5- to 7-nenbered carbocyclic or heterocyclic ring; Het \2is a
5- or 6-nenbered heteroaryl; Rl represents fromO to 2 substituents

i ndependent|y chosen from hal ogen, hydroxy, cyano, am no, nitro,

am nocar bonyl , am nosul fonyl, Cil-C6al kyl, .C2-C6al kenyl, C2- C6al kynyl,

Cl- C6hal oal kyl , Cl1-C6hydroxyal kyl, Ci1-C6al koxy, Cl-C6hal oal koxy, (C3-
C2cycl oal kyl ) Co- C4al kyl , and nono- on1Hi-(C -Co6al kyl )am no; or two
substituents represented by Rl are taken together to forma fused er spiro

3- to 7-nenbered carbocycllc or t rocyclic.rin ach
i ndependent | yl&ydridgepomgsunds afk%? %:2%@95’% %i/l"'F 6ﬁ’enylﬁerem o R5
are taken to maC3C8cycIoaIkyI Qis CH2, CO 0, NH S, SO
or 502; %ﬁ%?"g‘gw%dhé%“&‘afa 118a

ﬁfQ éfﬁ 5%

19.  The compound or salt thereef-according to any one of claims 1-14,

wherein Y is phenyl or a 5~ or 6-membered heteroaryl; each of which is optionally fused
to0 a S- to 7-membered carbocyclic or heterocyclic ring; each of which Y is substituted
with from O to 4 substituents independently chosen from halogen, hydroxy, cyano, amino,
Ci-Cgalkyl, C-Cealkenyl, Ca-Csalkynyl, C1-Cghaloalkyl, Cl-CshydroXyalkyl, Ci-
Cealkoxy, and mono- or di~(C;-Cgalkyl)amino.

20. - The cornpound or salt thercof according to any one of claims 1-14,
wherein —W-X-Y is:

Rs Rs

gavh

L

0 RsRs L~

O R;Rs

wherein:



wherein Kis CHor N, Rl represents fromO to 2 substituents independently
chosen from hal ogen, hydroxy, cyano, am no, nitro, am nocarbonyl,

am nosul fonyl, Cl-C6al kyl, C2-C6al kenyl, C C6al kynyl, Cl-C6hal oal kyl ,

Cl- Cehydr oxyal kyl , Ci1-C6al koxy, Cl-C6hal oal koxy, (C3- -

Cr7cycl oal kyl ) Co-Ci al I cyl, and nono- or di-(G -C6alicyflamno; or two
substituents represented by Rl are tHIen together to forma fused or spiro
3- to 7-nenbered carbocyclic or heterocyclic ring; R4 is hydrogen,

G - Ceal kyl, (C3-C8cycloalkyl)C0-C2allcyl or taken together with any R5 to

forma 4 6- menber ed heterocycl oal kyl ; Each R5 is independently
hydr egen; L- Coal | cyl - C7cycl oal k reb; or is joined with R4 to
forma 4- Yo iB2ae é?‘@’ﬁ‘gs é’?‘g)g%cl%Sgrb?/t?{OCgéﬁ two' R5 are taken together to

forma C3-€8cycloal kyl; and RAis a group of the fornula -L-A-M wherein:
L is abseé or Cl- Cbal kyl ene that is optionally nodified by the
repl acen® of a_carbon-carhon single bond with a double or triple
car bon- car bon ih® AT SRFRRCYH %ﬁegﬁ’@qi s optionally substituted with oxo,
- COOH, @g% eOANER 0 1012 OdbRitudred imiepirdlentty dhasei Feot balegen hydraisent or
CO 0, , § SO, 502, CONRG6, NRG6CO, %mléﬁglng&ﬂ )(%@%ﬂieﬁ | gne or (4-
to 7- menbecpatohemioo @ited, GHRRYEA PAEAHHRIA ' “Whérer n S ?/(Ejrogen or
CL- Coal kyl %ﬁp%ryﬁvl e sh(aiJall{&XP{ﬂ-g r&Y AR, T AlkoxANC AOgaldatiwyy, (Cs-

? ,or (1 -

am nosul fo Cohal oal kyl , Cl1- C6al koxy, 5-.to0

10- nenber e¢,6RIdARSYCH-Eqality], tamdlmon@nbteﬂieﬁ:ihé@gwaé‘%’l% or -"c%‘iﬂs'i?&ﬁ‘&@l oXY,
Cl- Coal kanoyl ami no, - Coal kyl sul fonyl , - fR& bE¥hise Bt epyi-aBhb&ed

Cl- Coal ky| Sgresspigd 5’)‘(%1 ﬁﬁn@ﬂ%ﬁo%clm%%éggl}lac@@am noi,)1 mono- or di-(Cl- 120
Coal kyl )amc%éﬁjcfifﬂyﬁeter@éydm' ;or di-(Cl-C6al kyeam nocar bonyl ; each of
which is optionally substituted and, each_of. whj ch j refe

subst i t UEmedh Ryiis mdependeol l@fdaog%%%%}&ﬁt 93'?&%’8‘68{‘:‘&%@1‘78{%2@% ¥0m ox 0,
am no, hal ogen, hyd Wan gkpeecar bonyl , am nosul fonyl, COCH, ‘
C1- O6al kyl |, -“t%ﬁ&‘?{j{r%%%%k%n?“&- Cohal oal kyl ., Cl- Csal koxy.,

Cl1- Cehal Qak kexyc0,@3,M0828,K80 oeBBegrandC1- Céal kanoyl ani no, nono- or

di - (C Coeal kyl ) am no, Ci-C6al kyl sul fonyl, C1-C6al kyl sul fonyl am no, nono- or
di-(G CG@I1R§I°5 &ni nosul fonyl, nono- or di - ( Cl- C6al kyl ani no) car bonyl, and 4-
‘to 7-nmenbered heterocycle. 22.The conpound or salt thereof accordi r(]g to
claim1, whergin the @aipanddr kat thereof according to claim 1, wherein the compoun

has the formula:

Ry

2
Rs \\ l( Rs
R5 R5

R4\N




4-[ (adamantan- 1 -yl nmet hyl )carbanoyl]pyrazolo [1, 5-a] pyridine-2
-carboxylic acid ethyl ester;

N- (adamant an- 1- yl met hyl ) - 2- {[(SR) 3-am nopyrrolidin-1-yl]carbonyll pyrazol o
[1,5- a] pyridine-4-carboxam de;

N- (adamant an- 1-yl met hyl ) - 2- (hydroxynethyl)pyrazol0[1,5-alpyr|d|ne-4-carbox
am de; 118a
N—(adanantan-l-ylnethyl)-2~{[(3R)-3-aninopyrrOIidin-1-y|]nethy|rpyrazolo[l
, 5- a] pyridi ne-4-car boxam de;

N—(adanantgp- Yk et hyl’) - Qq(cyanonethyl pyrazolo[l 5- alpyrldlne 4- car boxam
i de; T /<
//-ylnetﬁyl anbann*l
5

Io[1 5-a] pyridin-2-yllacetic
aci d;
N- (adanmantRer=|l - Wsmret
lo[1,5- Bk i

Joam nopi peri di n- 1- 34] - 2- oxoet hyl | mazo
ne- 4 car boXam de; (adamant an-1

-yl met hyl ) cjar bano a]p? i di n-2-yl net hoxyl acetic acid ethyl
ester; N

{ 44( adamaht a l?Pethyl)c rbannyllpyragolo[l 5-a] pyri di n- 2- yl-net hoxyl
acetic aci

4- ( 2- adanant an- 1- ylacetylanlno)pyrazolo{l 5- cdpyri di ne- 2-carboxylic acid
ethyl ester; 2-(2-cyano-vinyl)-pyrazolo[1,5-alpyridine-4-carboxylic acid
(adamant an- 1- yl met hyl )- am de,

N- (adamant an- 1- yl nmet hyl ) - 2- ( 2- cyanoet hyl ) pyrazol o[ 1, 5- a] pyri di ne- 4- car boxa
m de; 242-(1H-tetrazol -5yl)-ethyl]pyrazol o[ 1, 5- a]pyrldlne 4- carboxylic
acid (adamantan-1- yl nmet hyp-am de;

N- (adamant an- 1-yl met hyl ) - 2-{[ (3R) - 3- (|sopropylarn|no)PyrroI|d|n 1-

yl i carbonyl | pyrazol o[ 1, 5- a] pyri di ne-4- car boxam de; .

N- (adamant an- 1-yl met hyl ) - 2- 1[ ( 3R) - 3- am nopi peri di n-1-yl ] carbonyl | pyrazol of
1,5- a]pyridine-4-carboxam de; 120a



4- N- (adamant an-1 -yl net hyl ) - 2- N- ( 2- net hoxyet hyl ) - 2- N- net hyl Pyrazol o[ 1, 5-aTh
yri di ne2, 4- di car boxam de;

4- N- (adamant an- 1-yl net hyl ) - 2- N-nmet hy1- 2- N- pyri di n- 2- 371Pyrazol o[ 1, 5- al pyri
di ne- 2, 4- di carboxam de; 121

N-(adamant an- 1-yl met hyl ) - 2- (5, 6-di hydr oi m dazo[ 1, 5- al pyrazin-7(81-1)-

yl car bonyl ) pyrazol o[ 1, 5-a] pyri di ne-4 ¢t&8 boxam de;

4- N- (adamant an- 1-yl met hyl ) - 2- N- net hyl - 2- N- (pyri di n- 3-yl et hyl ) pyr azol o
[1,5- a] pyridine-2;4-dicarboxam de;

N (adamant any 1>kl met hyIFg__- for phol i n-4-yl car bonyepyrazol o[ 1, 5-a] pyri di ne-
4- carboxani de; Jet hyl ™
N ({4- [(adaFFran an- 1-yl mg(th Igacarbam)yl ] pyrazol o[ 1, 5-a] pyri di n-2-yl | car bony
| ) - Nrret hyl 1hat e;

N- (adaman{ an 1F55I rrettﬁéﬁﬁ 2- (P§ 6-di hydro[ 1, 2, 41tri azol o[ 4, 3-a] pyrazi n- 7( 8H)
- ylcarb y'{4azol o[ - apPpyri di ne- 4-car boxat ni de;

N- (adamant dn- | -yl met hy/ :2-(2- nor phol i n- 4-y1- 2- oxoet hyl ) pyrazol o[ 1, 5- a] pyr
ar poxam de;

1-yl met 4. N-net hyl - 2- N- RL- met hyl - 1H i i dazol - 5-

y1l) met hyl i pyragol o[ 1, 5-a] pyrj di ne-2, 4-di car boxam de;

N- (adamant an- 1-yl mé‘fhyl) 2- {kSR) 3- (dl met hyl am no)pyrrol i di n-1-

yl kar bowﬁe}r&}{q@%qj}%;}lﬁ a] pyri di ne- 4- car boxam de;

4- N- (adamant an- 1- yl net hyl ) - 2- N- et hyl tetrah drofu zol o[ 1,
5- al pyrRdrapeesents-fgore £ b 2a Fbstitucap h‘?ﬁependé“ﬂy RS R et QK
(141 (ad SERR, 2o VTE! B R A BATD W6 BE R0 L1 CRalRy )G, atkeByly I2ret hy )
- Nmet hyl g ’

N- (adamant agalikynll Tei-Cybaloatie(l2 Crrstshydroxyalisl. §1-Ceatkant dtiradplerlksyyi Gar 4, 3- d]

pyrim di nG%—,rcycloalky(l:)%’ Qﬂgliéyi p%darzn(?alnf))I be s bpﬂeélgﬂfmﬁmﬂoc 8t tﬁ%aﬁﬂbg@tuents

represented by R, are taken together to form a fused or spiro 3- to 7-membered

carbocyelic or heterocyclic ring;

-R4 is hydrogen, C;-Cealkyl, (C3-Cacycloalkyl)Co-Cralkyl or taken together w1th any Rs to
form a 4- to 6-membered heterocycloalkyl;

Eacﬁ Rs is independently hydragen, C,-Cealkyl, Cs-Cqeycloalkyl or phenyl; or is joined
Wiﬂ"l Ry to form a 4- to 6-membered heterocycloalkyl; or two Rs are taken together to
form aC3-Cseycloalkyl; -

and R, is a group of the formula -L-A-M, wherein: ‘ o
L fs absent or C;-Cealkylene that is optionally modified by the replacement of a

carbon-carbon single bond with a double or triple carbon-carbon bond, which
alkylene is optionally substituted with oxo, -COOH, —SOs;H, —SO;NHa, ~PO;Hz,
tetrazole or oxadizaolone; ' |

A is absent or CO, O, NRg, S, SO, 80,2, CONRs, NReCO, (C4-Creycloalkyl)Co-
Caalkylene or (4- to 7-membered heterocycloalkyl)Co-Caalkylene; wherein Re is
hydrogen or C;-Cgalkyl; and

M is:
(i) hydroxy, cyano, amino, aminocarbonyl, aminosulfonyl or COOH; or

(it Cl-CﬁhaloaIkyl C,-Cgalkoxy, 5- to 10- membered carbocycle, 4- to 10-membered
heterocycle, Cl-Céalkanoyloxy, C,-Cgalkanoylamino, C1-Cealkylsulfonyl, Ci-
Cealkylsulfonylamino, Ci-Csalkylsulfonyloxy, mono- or di-C-Cgalkylamino, mono- or di-(C;-



N- (adamant an-| -yl met hyl ) - 2-{[ (3R) - 3- (di et hyl am no) pyrrolidin-1-

yl ] car bonyl } pyrazol o[ 1, 5- a] pyri di ne- 4- car boxam de;

N- (adamant an- 1-yl et hyl ) - 2- [ ( 3- oxopi perazi n- 1- yQcar bonyl ] pyrazol of 1, 5- al py
ridi ne-4- carboxam de;

4-N- (adanant an- 1-yl net hyl ) - 2- N- et hyiL 02 N- (pyridi n-4-yl met hyl )pyrazolo[ 1,5
- a] pyridine-2, 4-di car boxam de; '
N- (adamant an- I-yI met hyl)-2-[(1-nethyl -1, 4, 6, 7-t et rahydr o- 5H pyrazol o[ 4, 3-¢

1 pyridi Whée0 bRl helinearBor0ay daok afrivtlieh is
4- (adgcrr%}ll%%)%ﬂﬁﬁ{/sﬁﬁgwl’]&) 2-N-(t lé(tsr_?a(ﬁ%]g?g 2H- pyraiﬁai ;homglrazgl o[ 1, 5-a] pyr

| dl ne- 2, q;tlodal@amtbgwamd@gd each of which is préferably substituted with Oto

N ( adarran atb[}yi;rgggﬁgg?ef\égr]tg/ c}Iog % S B§ I@ﬂﬁgﬁu@%%{y‘)&)ﬁn@ dec- 8-

yCcar bonifP | pyri
4- N- (adagmmibeédibnyy, sl fbnd; mﬁm IG1HCBHN, ((IleiﬁshafﬂwﬁyaikﬂHCpﬁehﬂoaikxh ) pyr azo

1,5- di ne- 2, 4-di car b tan. 1
oL R R IS e SR G,
di car boxg B/Pamuﬂ@% 4:6%&@936@1@06@@15@&&%&11& Moiet Wdi{(2:-N-pyrid in-4-y

| py razo? 5-a]pyri d ine-2,4- d icarboxam de;

N- { adamefisaindamyiasifbmil)mond-(o8 dl-ﬂimc@ﬂsfl@mae)&wpm and 4- to 7-membered

[ 4. 5] dec, 3?%?# gar bonyl ] pyrazol o [ 1, 5- al pyridi ne4-carboxam de; ethyl

N Q4- [(a]&c th- 1- yl met hyl ) car banoyl ] pyrazol o[ 1, 5-a] pyridin-2- vyl

car bonyl ) gl yci nat e;

4- N- (adamant a(lfl'hyl”ﬂmdsmhpouﬁdl‘dr(sﬂtﬂﬁtdoﬁﬂwtdiyg)qaslﬂla”zéﬂ wheren.thg WI?Q‘!‘Flﬁe 2, 4-
di carboxam de; 2- { [(3R)-3-am nopi peridin-1-yl] carbonyl

- N- (4- methyl - 2- phenyl pentyl ) pyrazol o [1,5- a] pyri di ne- 4- car boxani de;

4-[(adamantan-1—ylmethyl)carbamoyl]pyrazolo[1,S-a}pyridine-Z—carboxylic ~acid  ethyl
' ester; ' :

N-(adamantan-1 »ylmethyl) -2- {[(3R)-3—am1nopyrr011d1n l-yl]carbonyl}pyrazolo[l 5-
a]pyridine-4-carboxamide;

N—(adamantan— -ylmethyl)-2- (hydroxymethyl)pyrazolo[l 5-a]pyridine-4-carboxamide;
N-(adamantan-1-ylmethyl)-2-{[(3R)-3-aminopyrrolidin-1 -ylimethyl}pyrazolo[1,5-
a]pyridine-4-carboxamide;
N-(adamantan-1 ~y1methyl)—2-(cyanomethyl)pyrazolo[1 ,5—a]pyridine—4-carb0xamide;
{4-[(adamantan- 1-ylmethyl)carbamoyl]pyraibio[1 5-alpyridin-2-yl}acetic acid;
N-(adamantan- 1-ylmethyl)-2-{2-[(3R)-3-aminopiperidin-1-yl]- 2—0xoethy1}pyrazolo[1 5-
alpyridine-4-carboxamide;

{4-[(adamantan- 1-ylmethyl)carbamoyl]pyrazolo[1 5-alpyridin-2-ylmethoxy}acetic ~  acid
ethyl ester;

{4-[(adamantan-1-ylmethyl)carbamoyl}pyrazolo[1,5-4] pyridin-2-ylmethoxy}acetic acid;
4-(2-adamantan-1-ylacetylamino)pyrazolo[1,5-a]pyridine-2-carboxylic acid ethyl ester;
2- (2-cyano-v1nyl)-pyra2010[l 5-a]pyridine-4-carboxylic acid (adamantan-1-ylmethyl)-
amide;
N-(adamantan—1-ylmethyl)-2—(2-cyanoethy1)pyrazolo[1,5—a]pyridine-4—carb0xamide;
2-[2-(1H-tetrazol-5yl)-ethyl]-pyrazolo[1,5-a]pyridine-4-carboxylic  acid (adamantan-1-
yimethyl)-amide; _
N-(adamantan-1-ylmethy!)-2-{[(3R)-3-(isopropylamino)pyrrolidin-1-
yl]carbonyl }pyrazolo[1,5-a]pyridine-4-carboxamide;
N-(adamantan-1-ylmethyl)-2-{[(3R)-3-aminopiperidin-1-yljcarbonyl }pyrazolo[1,5-
a]pyridine-4-carboxamide;



N- (adamant an- 1-yl met hyl ) - 242- (1Htetrazol - 5- yDet hyl ] pyrazol o [ 1, 5-a] pyri
di ne-4- carboxam de; tert-butyl

[ 1- ({444- net hyl - 2- phenyl pent yl ) car banmoyl | pyrazol o[ 1, 5-a] pyri di n- 2-

yl I carbonyepyrrolidin-3-ylicarbamate; 2-{ [(3R)-3-am nopyrrolidin-1-yl].
. carbonyl -N-(4-nethyl-2-phenyl pentyl)pyrazolo [1,5-

a] pyri di ne- 4- car boxam de; N (adamant dafd-yl net hyl)-2- {

[ (3R) - 3- (net hyl am no) pyrroli din-1- ylicarbonyl

} pyrazol ri.di,ne ) 2l
R L L e e i
oxam de; 4-

-yl et hthN &dbh;mtamLyhaemy()m\ammyzawwx&mzmyyram}ﬂd Fdlpgdine-2,4-

a] pyridi ne- 2, diegthodiiBgxam de;

4- N—(adanantan 1- ylnethyl) 2-N-nmet hyl- 2- N-[ (1- met hyl - 1H- pyr azol -

yHnet hyl ] pyrazol o[ 1, 5- a] pyri di ne- 2, 4- di car boxam de;

4- N- (adamant an- 1-yl net hyl ) - 2- N- et hyl - 2- N- (pyri di n- 2-yl met hyl ) pyrazol o[ 1, 5
- al pyridi ne- 2, 4- di car boxanmi de;

4- N- (adamant an- 1-yl net hyl ) - 2-N- (pyri di n- 2-yl et hyl ) pyrazol o

[1,5-a] pyridine-2,4- dicarboxam de;

N- (adamant an-1 -yl met hyO- 2- (5, 6-di hydr oi m dazo[ 1, 5-a] pyrazi n-7(8H) -

yl met hyppyr azol o[ 1, 5- a] pyri di ne- 4- car boxam de;

N- (adamant an- 1-yl methyl )-2-{ [nmethyl(pyridin-2- ylnethypanlnolnethyl}
pyrazolo [1,5- al pyridine-4-carboxam de; N-(adamantan-1l-ylnethyl)-24

[ met hyl (pyri di n- 3-yl net hyDam no] et hyl } pyrazol o[ 1, 5-

a] pyri di ne- 4-car boxam de; N-(adamant an-1-yl nethyl)-2-{

[ met hyl (pyrazi n-2-yl met hyl ) am no] nethyl | pyrazolo [1, 5-

a] pyri di ne-4- car boxam de, _

2-1[ (3R) - 3- am nopyrrolidin-1-yl]carbonyl|-N(4-nethyl-2- pyrldln 3-
ylpentyl)pyrazolo[l 5-a] pyri di ne- 4- car boxanai de;



123 2-1[(3R)-3 -am nopyrrolidin-1-yl] carbonyl} -N[(21-pyridin-3-

yl cycl ohexyl ) met hyl ] pyrazol o[ 1, 5-.a] pyri di ne- 4-car boxam de; 2-{

[ (3R) - 3-am nopyrrolidin-1-yl]carbonyl -N(2-cyclohexyl-4-

met hyl pentyl ) pyrazol o[ 1, 5- a] pyri di ne- 4- ear boxam de;

N- (adamant an- | -yl met hyI) 2-{2-[(2-fluoroet hyeam no] - 2- oxoet hyI

| pyrazol o[ 1, 5- a] pyri di ne-4-carboxani &t N-(adamant an-1-yl net hyl) - 2-
{2-[(2,2-di fluoroethyl)amino]-2-oxoethyl |pyrazolo [1,5- -

S i o S e R R

a]pyrldlne 4
4- N- ( adaspntadamantyt-Maimyihy1)2-N-a2&hf1-2:8-Gotidin- 3-p§1mfalzjd)p(y[raZpE>{b,]5pyr| di ne- 2 4-

di car boxam des]pyridine-2,4-dicarboxamide;
44N- g?g:ﬁ?‘g@ﬂnan Epéll -l-nFmetIXyBQ (rnlg- h%’li%-ﬁﬂylcarlljaony ﬁ) h%gl%w % ?l O{dlﬂe54 al pyridine-2
4- N- (adamant a‘ﬁﬂlﬂ-"?@@b hyl)-2-N- (2,2, 2-trifluoroethyl)pyrazol o[ 1, 5-a] pyri di

ne-2,4- gdhoay %a@?antan- Imethyl)carbamo I]pyrazolo{1,5-ajpyridin-2-yl }carbonyl)-N-
4- N—(adar nglnt chg 8,’[.(;;% JY| )y I\X%Z fl ugr g%enzyl) 2- N- et hyl pyrazol o[ 1, 5- a]
pyri di ne2, 4- xam de, éadamant an-,

-yl et hyN)(atEm@-n(@- -b’lmﬂﬂ@ﬂbﬁz@@ ibydeolieds lﬁ?loé%éﬁi{yia%ﬂ 5@3&)“ di ne2, 4- di car
boxam de; ylcarbonyl)pyrazolo[l 5- a]pyndine—4-car oxamide;

R e st 1 o

ridine2 boxa
ypan1n0|nethyl Thyrazolo [1, 5-

[ (2- quoroben?{ltf (
a] pyri di 6d-Gdsannmcanislethyl)-2-N-methyl-2-N-[(1-methyl-1H-imidazol-5-

N (adamant an- ﬂ)métﬁﬁyﬂyyézb«l(ﬂiiSEe(]ﬁyrﬁdlﬂ@ngthMbd)))a(m&, hypam no] met hyl | pyrazol of

5- alp r||ne4cabo ){I)Z{
]( 1 uoRH {fm@ﬁz 3 t3h "F‘Ea%g})iimi‘iq?m

4-
pyri di ne- 4- Wi W&I&PH@ZOIO{I pyndlne
1 (3R)4 R QAR Y5 L XhERY PR bty drofikas’s oL 4

a]pyridine-2,4-dicarboxamide;

1,
[

a
2-

ethyl N-({4-[(adamantan-1 -ylmethyl)carbamoyl]pyrazolo[1,5-aJpyridin-2-yl }methyl)nN-
methylglycinate;

N-(adamantan-1 -ylmethyl)-2-[(2-methy1—4_-oxo-3,-5,7,8—tetrahydropyrido{4,3-d]pyrimidin—
6(4H)-yDcarbonyl]pyrazolo[1,5-a]pyridine-4-carboxamide;

N-(adamantan-1-yimethyl)-2-{[(3R)-3-(diethylamino)pyrrolidin-1-
yl]Jcarbonyl}pyrazolo[ 1,5-alpyridine-4-carboxamide;

N-(adamantan-1-ylmethyl)-2-[(3-oxopiperazin-1-yl)carbonyl]pyrazolo[1,5-a]pyridine-4-
carboxarnide;

4-N-(adamantan-1 —ylmethyl)—2 -N- methyl-2-Nn(pyr1d1n—4-ylmethyl)pyrazolo [1,5-

alpyridine-2,4-dicarboxamide;

N-(adamantan-1 -ylmethyl)—.’Z—[(.l -methyl-1,4,6,7 -tetrahydro-SH—pyrazolo[4,3-c]pyr1din—5-
ylcarbonyl]pyrazolo[ 1,5-a]pyridine-4-carboxamide;

4-N-(adamantan-1-ylmethyl)-2-N-(tetrahydro-2H-pyran-4-yl)pyrazolo[ 1,5-ajpyridine-2,4-
dicarboxamide;

N-(adamantan-1-ylmethyl)-2-[(2-0x0-1-0xa-3,8-diazaspiro[4.5 ]dec-8-
yl)carbonyl]pyrazolo{1,5-alpyridine-4-carboxamide;

4-N-(adamantan-1-ylmethyl)-2-N-methyl-2-N-(tetrahydro-2H-pyran-4-yl)pyrazolo[1,5-

- a]pyridine-2,4-dicarboxamide;

4-N-(adamantan-1-ylmethyl)-2-N-(3-methoxypropyl)pyrazolo[ 1,5-a ]pyridine-2.4-

dicarboxamide;



met hyl pentyl ] pyrazol o[ 1, 5- 43yri di ne- 4- car boxam de;

2-{[ (3R) - 3-am nopyrrolidin-1-yl]earbonyll-N(3-cycl ohexyl-2-

phenyl propyl ) pyrazol o[ 1, 5-a] pyri di ne- 4- car boxam de; 2- {

[ (3R)-3-am nopyrrolidin-1 -yl] carbonyl}-N1l4-nethyl -2-(4-

met hyl phenyl ) pentyl ] pyrazol o[ 1, 5- a] py/t..di ne- 4- ear boxam de;

4- N- (adamant an- 1- ylnet hyl) - 2- N-(2 f1 Udroet hy1l) - 2- N- net hyl pyrazol o[ 1, 5- a] py
ridi ne-2,4- dicarboxam de;

4- N- (adagaq@fmknishDEY Jlﬁzh%%ﬂ@mmpyaﬁm Rl aziol; elphsitipyzazol O[ 1, 5

-abyri di ne2, 4dfyaﬂ,35(gg;g@m 123a
4- N-(adamantan 1y|rret -N-met hy1-2-N- (2 2trlfluoroethyppellrazolo[l

5- a] pyr Nj(aﬁ@rngntgn-dml@p a:h{(aé)xo—.? -diazaspiro[4. 5]dec 8-yhcarbonylpyrazolo
N- (adamant an- ﬁlpytldmteﬁiywb@ia{mdf (2-fl uoroethyl) (met hyeamn no] - 2- oxoet hyl } pyr

G I L e M AT

oxoet hyl | pyra pyri’di ne- 4- car boxani de;
N- ( adamaaiNdedbmpahtmtRyliettR)-2 - methoRy&hgbpyrizolal bﬁ@@ﬂmﬁ@arﬁ #o] - 2-
oxoet hy1} pyr adiedtbiarbida] pyr| d| ne- 4- car boxanm de;

2-{{(3R) rralidi. akcar y ¥hadfds e
(trifl uo? gﬁé%ﬁg F’i‘ E}Oﬂ 1m[%\h1§5'1] ﬁreltyﬁl-)}ggzr%c&gm de:
4- N- (adamant a & et hyl - 2- N42- (rret hyI suI f onypet hyl | pyrazol of

1,5- a] pN"—Qadérﬁﬁrth—‘hﬁﬂrhétﬁFfD%PI (B Rrazol-5-yl)ethyl|pyrazolo[1,5-a]pyridine-4-
4- N- (adanant a@argomé hyl)-2-N-(1, 1 di oxI dot et r ahydr ot hi ophen- 3-yppyrazol o

[1,5- a]pyridine-2,4-dicarboxani de
tert-butyl [ 1- ({4-[(4-methyl~2-phenylpentyl)carbamoyl]pyrazolo[1 5-alpyridin-2-

yl}carbonyl)pyrrolidin-3-yljcarbamate;

2-{[(3R)-3-aminopyrrolidin-1-yljcarbonyl }-N-(4-methyl-2-phenylpentyl)pyrazolo[1,5-
a]pyridine-4-carboxamide;

N-(adamantan- 1-yimethyl)-2-{[(3R)-3- (methylammo)pyrrohdm- 1-
yl]carbonyl}pyrazolo[1,5-a] pyridine-4-carboxamide;

N-(adamantan-1-ylmethyl)-2-{[(3R)-3~(ethylamino)pyrrolidin-1-

' ylJcarbonyl}pyrazolo[ 1,5-a]pyridine-4-carboxamide;
4-N-(adamantan- 1 -ylmethyl)-2-N-methyl-2-N-(pyrazin-2-ylmethyl)pyrazolo[1,5-
_ a]pyridine-2,4-dicarboxamide;

4-N-(adamantan-1-ylmethyl}-2-N-methyl-2-N-[(1-methyl-1H-pyrazol-4-
‘yDmethyl]pyrazolo[ 1,5-a]pyridine-2,4-dicarboxamide;

4-N-(adamantan-1-ylmethyl)-2-N-methyl-2-N-(pyridin-2-ylmethyl)pyrazolof1,5-
alpyridine-2,4-dicarboxamide;

4-N-(adamantan-1-ylmethyl)-2-N-(pyridin-2-ylmethyl)pyrazolo[1,5-a]pyridine-2,4-

' dicarboxamide; _

N-(adamantan-1-ylmethyl)-2-(5,6-dihydroimidazo[1,5-a]pyrazin-7(8H)-
yimethyl)pyrazolo[1,5-a]pyridine-4-carboxamide;

N-(adamantan- I -ylmethyl)-2-{[methyl(pyridin-2~ylmethyl)amino]methyl} pyrazolo[1,5-
a]pyridine~4-carboxamide;

N-(adamantan-1-ylmethyl)-2-{[methyl(pyridin-3-ylmethyl)aminojmethyl } pyrazolo[ 1,5-
a]pyridine-4-carboxamide;

N-(adamantan-1-ylmethyl)-2-{ [rriethyl(pyrazin-Z—ylmethyl)amino] methyl}pyrazolo[1,5-
a)pyridine-4-carboxamide;

- 2-{[(3R)-3-aminopyrrolidin-1-yljcarbonyl }-N-(4-methyl-2-pyridin-3-

ylpentyl)pyrazolo[1,5-a]pyridine-4-carboxamide;



N-1[ 1- (4- chl or ophenyl ) cycl ohexyl ] met hyl | - 2- (5, 6-di hydr oi m dazo[ 1, 5-a] pyr az
I n-7(8H) - yl carbonyl ) pyrazol o[ 1, 5-al pyri di ne-4-carboxam de; N-{

[ 1- (4- chl orophenyl ) cycl ohexyl ] met hyl )

- 2- (nor phol i n4-yl carbonyl ) pyrazol o[ 1, 5- a] pyri di ne- 4- car boxam de;

4-N-{f 1- (4-chl orophenyl)cycl ohexylinmet hyll-2-N (2-fl uoroet hyl ) 2- Nret hyl py
razol o[ 1, 5- a] pyri di ne- 2, 4-di car boxam &,

2-N- (2-fluoroethyl)-2-N nethyl-4- N-{4 nmet hyl - 244-

(trifluo i@kpar i di ne- 2, 4-di car boxam de;
N-14- rret%g[@%i% a%rﬁliﬁ%?;%&'h ggﬁjka&% g&l ngYéa}bo%a&EH%f phol i n-4-

yl carbonyl)p &7or ﬂ ]9 xam de;

2- (5, 6- 024{[(9H]f—6+ajmmtqwu[olhdﬁn—h4yﬁyarhqnsd} N@-i)}widh@aﬂh’onyl) N-{ 4- et hyl - 244-
(trifluor orretﬂnyﬂh)/]@bﬂwbﬂ/rpﬁaﬂbmﬂ—pmdmbd[@,rlﬁ}xaiqm@ﬁr| di ne- 4- car boxam de;

g* ( :ﬂgg‘aﬂ&?&%} &ea”f% ﬁg{ > YDA T dR% Rty R pYiaL Ry PPy T azol of 1,

[ (3R) - 3- ani noBP¥HUNS-HeALLXGR] arbonyl} N-{ [ 144-

chl or ophgny amno HdthyTRRhyL (DYt @drogthyJansibply2-olbetley! fpyrazcba X am de;
N 2- (4- chI or o, 4_ a%kgm qentyl]-2- (m)rphol in-4-yl car bonyppyrazol o[ 1,5

- a] pyri di ne-4-car boxam de; Pyrazolo[1,5-a]p I carboxylic aci d
40 L2 (- ahanmenh ety e 2 vt S Bar P pamncledis oS eolo -
2-[(2-fluoro- fdpmdlyle-ﬁr@@?bwwarﬂede]

Pyrazol o Eﬁgiﬂ, Iear iAlo[1,5-a]pyridine-2,4-

24(2-11 u%#oég% ama)r? ﬁ%yg W ﬂﬂ?{%é{é[tliﬁﬁ@ [1,5-ajpyri .

trifluoronmeth eny -cycl ohexyl met hyl ] - am def ; '

2- ( nor pheN-Ceddmyttemi lgdmym)/l)P%—N{Mdlﬂuoroethyl)pyrazolo[1 5-alpyridine-2,4- -

(trifl uororretdiiya}bdjbemwe},cycl ohexyl | met hyl ) pyrazol o[ 1, 5- al pyri di ne- 4-

car boxam

-alpyridine-2.4- '
N- ( adana‘l”l ?E ?thé@Zz {\]ﬂ(gg i Hﬁ@/‘éﬂr%eﬂﬂ—llzp yrazg %)’F-a%eyf[%l%%)il | pyrazol o[ 1
,5- a] pyri ane FPFYREN de; ‘ ,
4-N-(adamantan-1-ylmethyl)-2- -N-(2-fluorobenzyl)-2-N-methylpyrazolo[ 1,5-a]pyridine-
~ 2,4-dicarboxamide;
4-N-(adamantan- 1-ylmethyl)-2-N-(3 -fluorobenzyl)-2-N-methylpyrazolo[ 1, S—a]pyrldme-
2,4-dicarboxamide;
4-N-(adamantan-1- ylmethyl)—2-N—(4-ﬂu0robenzyl) 2—N-methy1pyrazolo[1 5-ajpyridine-
2,4-dicarboxamide;
N-(adamantan- 1 -ylmethy1)-2- {[(2-fluorobenzyl)(methyl)amino]methyl } pyrazolof1,5-
a]pyridine-4-carboxamide;
N-(adamantan-1-ylmethyl)-2- {[(3-ﬂuorobenzyl)(methyI)ammo]methyl}pyrazolo[1 5-
a]pyridine-4-carboxamide;
- N-(adamantan-1-ylmethyl}-2-{[(4- ﬂuorobenzyl)(methyl)ammo]methyl}pyrazolo[l 5-
a]pyridine-4-carboxamide;
2-{[(3R)-3-aminopyrrolidin-1 ~y1]ca;'bonyl}—N—[2-(4—ch10r9pheny1)-4—
methylpentyl]pyrazolof1 ,5—a]pyridine-4—carboxam_1de;
2-{[(3R)-3-aminopyrrolidin-1-y]]carbonyl}-N-(3-cyclohexyl-2-
. phenylpropyl)pyrazolo[1,5-ajpyridine-4-carboxamide;
2-{[(3R)-3-aminopyrrolidin-1-yljcarbonyl }-N-[4-methyl-2-(4- .
methylphenyl)pentyl]pyrazolo[1,5-a]pyridine-4-carboxamide;
4-N-(adamantan-1-ylmethyl)-2-N-(2-fluoroethyl)-2-N-methylpyrazolo[ 1 ,5-alpyridine-2,4-
dicarboxamide; 7
4-N-(adamantan-1-ylmethyl)-2-N-(2,2-difluoroethyl)-2-N-methylpyrazolof 1,5 -a]pyridine-
2,4-dicarboxamide;




2- adamant an- 1- yl - NA2- (nor phol i n- 4-yl car bonyppyr azol o[ 1, 5-a] pyri di n-4-yl ] ac
etam de; 125 2-adamann-1-yl-N42- (5, 6-di hydroi m dazo[ 1, 5-a] pyrazi n-7(8H) -
yl carbonyl ) pyrazol o[ 1, 5-a] pyri di n-4-yl i acet ar ni de;

4-[ (adamant an- 1- yl acet ypam nol - N- (2-f 1 uor oet hyl ) - N- et hyl PyrazOl O] 1, 5- a]- py
ridine-2- carboxam de; 2-adamantan-1-yl-N-(2-{
[(3R)-3-aninopyrro|idin-l-yI]carbonyI%ﬁ@razol0[1,5-a]pyridin-4-

yfl acet am de; - :
rel-2-{[ (2 radtafo 1 IRy b o@tbeRyhi N AR sy | - 244-
(trifIuog§§§?§h§§§£é%&?§§ jiiﬁq%kazolo[}fSla]pyridig2-4-céggoxanide;
2-[(2,2-dinet§¢ nmor phol 1 n-4-'yI') car bonyl | - N-{ 4- net hyl - 244-

(trif | uotbmahmtyphammethpbit-{2-J@yilunredtof Xnsthy) pminodi2 rexogthyla pyrescioh] e ;
rel-2-{[ (3R, 58pyddinedemetdxaimide;phol i n- 4-yl ] carbonyl1l- N-{4- et hyl - 2-[ 4-
(trifluoromethyl)phenyl Thentyl | pyrazol o[ 1, 5-a] Pyri di ne- 4- car boxam de;

2- 14- [ (adamant an- 1- yl et hyl ) car bar noyl 1Pyraz0l O[ 1, 5-a] Pyri di n-2-y1} - 3- phen
yl pr opanoi ¢ aci d; _

244- (1] 1- (4- chl orophenyl ) cycl ohexyl ] net hyl | car bamoyQpyr azol o[ 1, 5-a] pyri din
-2-y11-3- phenyl propanoi c aci d;

3-14-[ (adamant an- 1-yl rnet hyl ) car banoyl ] pyrazol o[ 1, 5- a] Pri di n- 2- 341but anoi c
aci d;

3-{4-[ (adamant an- 1- yl net hypcar banoyl | Pyrazol o[ 1, 5-a] Pri di n- 2- 341- 3- phenyl p
ropanoi ¢ acid; :

3-14-[ (adamant an- 1- yl net hyl ) car banoyl ] pyrazol o[ 1, 5-a] pyri di n- 2- 341- 4- pheny
| but anoi ¢ aci d;

4-{8-[ (adamant an- 1- yl net hyl') car banoyl ] i ndol i zi n- 2-yl | benzoi ¢ aci d;




N (adamant an- 1 -yl met hyl ) - 3-(4-cyanobenzoypi ndol i zi ne- 8- car boxam de;

N- (adamant an- 1-yl met by1) - 3- (4- car banoyl benzoyf | i ndol i zi ne- 8- car boxam de;

2- (4- cyanophenyl) - N-[ (1- pyri di n- 3-yl cycl ohexyl ) net hyl ] i ndol i zi ne- 8- car bOxa
m de; N-(adamant an- 1-yl net hyl ) - 3-(3-cyanobenzoyfli ndoli zi ne- 8- car boxam de;
N- (adamant an- 1- yl net hyl ) - 3- ( 3- car banoyl benzoyDi ndol i zi ne- 8- car boxani de; or
N- (adamant an- 1-yl met hyl ) - 2- (4- car bano . henypi ndol i zi ne- 8- car boxam de.

23. The conpound or salt thereof according to any one of clains 1-22,

wher ei n e cOMRAUNdifahi iRt 8-10,208H86baRY Bra@dNjastingict- Vity an in vitro
assay of X70£0%ﬁ1§'9 afzgﬁff]!Sﬂi‘)yrldme-tt-cm%ﬂxanﬁdg*onpoun or salt thereof

accor di ng to any wherein, in an assay for P2)(7

r ecept or Nafadamyonars hylmdiby b @nfb[methdih?.BittiSuersethplmipgl-Ze of 20 ni cr onol ar
or |ess. 12SW@myp}ppfwoh;ﬁb,ém]pwaier@np‘bgKamdm corrprl sing at |east one
conpound 4clainms 1-24 in

?3&3 t t.her eo ach: ﬁg [r

conbi nat r| e pient. 126
26. A pharmac EF%SWL}% 8313?(2‘ Ll %.]Iem éfégng\ﬁ(&é t he
CoNnposi t §-0n(ddembmraityinethytis2-ahmiethyb2 M- m-enéthﬂsmforaz@eﬁn@ﬂpﬂemb[d S%eream an
oi ntnent, an gpﬁllddé?-gm&ﬁbokﬁbﬂde{ a troche, a |ozenge a sprinkle, a
powder, a_di spersible po ) a. ca a paste,
a foam #N-Gdpwantang)- é‘&ﬁ@é’ loxﬁ?teé??&%f’%‘wphﬁn 39’%5*“8 ogﬁ%)pom tory
or a transder#ayri¢iag-a-dicarb Dxam A method for nodulating the activity of
a P2X7 rﬁc‘gpt(@rchfoﬁg‘%%%ﬁfbycfdﬂ@x COF-Hihl MO ik RBLAC SNy rEaNXT (SHBC ept or

with at P I{dlﬁell@fc%t,xﬁﬁggrdl ng to any one of clains
1- 24, under con | am)unt sufficient to detect abI alter

P2X7 1 ecBpklb4-ablorapheny])eyclohexylhgethyly €-@rorhdirpyleachosy Dryaraolq ﬁér eof
according to a’]pyfmne%:hrtmlxamm@ 1-24, in the manufacture of a nedi canment

for trea d|t|on dulation in a
patient. I‘wg[la@ eﬂyeg @( p%&hgj f_ * _fh%:r vw%re]i?el n the condition
i's pain. - methy yra%ﬂ@[ }%(‘: ?ed#a “fa a| m 29 wherein the pain is

nei nti patN-@-fladrBethyl)-2 N—méﬂxyl-ﬂ'—h@{@mﬂa&t—@e{ﬂdl ng to claim?29, wherein the

pain is art hrQﬁlﬂ&r&@%&@l)ﬁﬁﬁ@l}panﬂyl}pgrandu[Ioﬁa]ﬁyndmpé!l hdrybdronde; vi scer al
pai n, dental pain gl_rest heti ca,

hea,%a raI La,.p
bur ni ng- Nodrmedyhenldfts “ﬁetglél t’@? g?j\%' and root damage,
causal g. a, neﬂﬁngP@I)Wgaiér@PWWéﬂﬁ’ﬁﬁﬁ §Xa8iifyery-rel ated pai ng

muscul 05Kk gloily dRtiniazGANS-5 AV IH-1¥Sb YRR . mERiNR[4-pai n, Char cot' s
pains, ear p tﬂﬂu&fg‘;%%{]]a? 3@%@1]p%ﬂ@1}@§faamopm ﬁﬁhainepa&aabmﬁﬁwl tunnel -

syndrone acu ain, _gout, scar
N-(adamantan-1-ylmethyl)-2-(4, 5—d1hydro 1#1-imidazol- 2-ylmethyl)pyrazolo[1 5~

aJpyridine-4-carboxamide;

2-{[(3R)-3-aminopyrrolidin-1-yl]carbonyl }-N-{[ 1-(4-
chlorophenyl)cyclohexyljmethyl}pyrazolof 1 5-a]pyr1d1ne—4~ca.rboxam1de

N-[2-(4-chlorophenyl)—4—methylpentyl]—2~(morph011n—4-ylcarb0nyl)pyrazolo[1 -
a]pyridine-4-carboxamide; 7

Pyrazolo[ 1,5-a]pyridine-2,4-dicarboxylic acid 4-{[2-(4-chloro-phenyl)-4-methyl-pentyl]-
amide} 2-[(2-fluoro-ethyl)-methyl-amide];

Pyrazolo| 1,5-aJpyridine-2,4-dicarboxylic acid 2-[(2-fluoro-ethyl)-methyl-amide]-4-{[1-(4-
trifluoromethyl-phenyl)-cyclohexylmethyl]-amide};

2-(morpholin-4-ylcarbonyl)-N-({1-{4-
(trlﬂuorornethyl)phenyl]cyciohexyl}methyl)pyrazolo{l ,S5-a]pyridine-4-
carboxamide; '

N-(adamantan-1-ylmethyl)-2-[2-(4, S—dlhydro- 1H-imidazol-2-ylethylipyrazolo[1, 5—
a]pyridine-4-carboxamide;

2-adamantan-1-yl-N-[2-(morpholin-4-ylcarbonyl)pyrazolo[ 1,5-a]pyridin-4-yl]acetamide;



126a henorrhoi dal pain, dyspeptic pains, angina, nerve root pain, conplex
regional pain syndrone, cancer-associated pain, pain associated with venom
exposure, trauna-associ ated pain, pain associated w th autoi nmune di seases
or inmmunodeficiency disorders, or pain that results fromhot fl ashes,

bums, sunburn, or exposure to heat, cold or external chem cal stimuli.

127 32. The use according to cl B°m 28, wherein the condition is
inflammation, a neurol ogi cal or neurodegenerative disorder, a

centrally E‘ff’ YIRUOBSHGiRl &lofhidaZb] $ 9Ldfyrazia-7(8H)di ovascul ar di sor der,

an ocul ar InY H-Em %&Qﬁ@gr 33. The use
accordi ng to alﬁm%yﬁl\%ﬁ "mnﬁ%”ﬁ% con ition is ost eoart hritis, eumat oi d

.
arthri t|%—[(admndcntmsd:+y®cotsfl)smlrgﬂé{r(:lyﬂwm?fﬂlb’l)tlﬂrme@w o {sAchiRyridine-2-

i nfl ammat ory dwlm:lanntiesease cirrhosis, lupus, scleroderma, Al zheimer's

di sease, , L au ﬁ@.g.typ L i3 Rin Y Ao 3G ST

di sease, 28? rosi's. e accordihg to claim
32, whereint oglcal di sorder is epilepsy. 35. The use
accor di ngl-bq[ @RGP BR dinvikryiorpHoltia-4cgidartadnly}}-Nediraetbdl-2vblir opsychi atric

di sorder is &ﬁ@m@ﬂhyl)ﬂ%@Q§&tﬂl}lpﬁamla[l ﬂaa]pgmtane-dwaémsamdanm ety,

schi zophrt{a(glza %n eaE)l ng d| )grd r, 4ger or a cognition
di sor der2-[(2.2-dimetiggmorph ereof acc dln to an
one of clai rrs(ﬁlﬂlmomieﬁhy]r)ﬁ]éenﬁﬂéf}ﬁﬂé?ﬁ%lﬁ gg‘ﬁﬁﬁ:glﬁ%ﬁ@ﬁ{b f‘%rp Fnhi gl ting y
death of, Qt{' GG ﬁldxﬁhdhﬂ By lPaih&}-N-{4-methP72-[4AA use according to
any one 0 %;ftﬁ rﬁx% g p ? ?%}ﬁ# f’f‘aﬂﬁ&[leﬂ’lﬁ] b §dife-ALHARdxamide; 38. A
conmpound or There ? J o cl a|n1 wherein th nmpound i s

r adi ol ab2¥{éd(adamantan- Ia&neth}’lv)earh@'doﬂlﬂyf@@i(&il’ﬁ'rﬁl}ﬂﬁ%jhﬂ“%‘é’lb? g%‘ﬁ’ RAOUhsence
of P2X7 recepdoid; in a sanple, conprising the steps of: (a)contacting a

S © &E%”Eﬁa% e?ﬂ%&ﬁ%&?%ﬁ'ﬁﬁ%@a‘?%?%%%a&ﬁg?ﬁ% Ja
t t
Feeep Or3 ?j [Eadamantan 1—ylmethyl)carbamoyl]pyrazolo[1 ,5-a]pyridin-2-yl }butanoic acid;

3—-{4-[(adamantan~1—ylmethyl)carbamoyl]pyrazolo[1,5-a]pyr1d1n—2—y1} 3-phenylpropanoic
acid;

3-{4-[(adamantan- 1»ylmethyl)carbamoyl]pyrazolo[1 5-a]pyr1dm-2-yl}-4-phenylbutan01c
acid;

4-{8-[(adamantan-1 -ylmethyl)carbamoyl]indolizin~2-y1 }benzoic acid;
N-(adaméntan— 1 -ylmethyl)-3-(4—cyanobenzoyl)indo_lizine—S—carboxamide;
N-(adamantan-1-ylmethyl)-3 —(4—carbamoylbenzoyl)indolizine-—S-carboxamide;
2-(4-cyanophenyl)-N-[(1 -pyridin-3-ylcyclohexyl)methyl]indolizine-S»cérboxamide;
N-(adaxhantan— 1-ylmethyl)-3-(3-cyanobenzoyl)indolizine-8-carboxamide;
N-(adamantan- [ -ylmethyl)-3-(3 -carbamoyibenzoyl)indolizine-S-carboxamide; or

N-(adamantan- 1-ylmethyl)-2-(4-carbamoylphenyl) indolizine-8-carboxamide.

23.  The compound or salt thereof according to any one of claims 1-22, wherein

the compound exhibits no detectable agonist activity an in vitro assay of P2X; receptor

agonism.

24, A compound or salt thereof according to any one of claims 1-23, wherein,

ih an assay for P2X5 receptor antagonism, the compound exhibits an ICso value of 20

micromolar or less.



(b)detecting a signal indicative of a |level of the conpound or salt

t hereof nodul ating P2X7 receptor activity, and therefrom determ ning the
presence or absence of P2X7 receptor in the sanple. 40. A packaged
pharmaceutical preparation, conprising: (a) a pharmaceutical conposition
according to claim25 in a container;i2dad (b) instructions for using the
conposition to treat pain. 41. A packaged pharmaceutical preparation
conpri si ng: (a) a pharmaceutical conposition according to claim25

in a containeps and pharmaceufiBll dodgiositioh] &isprisaly MSield ohbRomPBMASHL d200 t O
treat inflammation, a neur ol ogi cal or neurodegeneratlve di sorder, a

car di ovadetdobracaerdmedtr anyrongcof akeims do?4idr combinatiphritite aspeysrtoeiralyr der .

128 r salt thereof according to any one of clains
1to 24 FPaRE P RERYHeR
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26. A pharmaceutical composition according to claim 25, rwherein the
composition is formulated as an injéctible’ fluid, an aerosol, a cream, an ointment, an oral -
liquid, a tablet, a troche, a lozenge a sprinkle, a powder, a dispersible powder, granules, a
pill, a capéule, a gel, a paste, a foam, a lotion, an aqueous liquid, an emulsion, a syrup, a

suppository or a transdermal patch.

27. A method for modulating the activity of a P2X; receptor in vitro, the -
method comprising contacting P2X; receptor with at least one compound or salt thereof

according to any one of claims 1-24, under conditions and in an amount sufficient to

detectably alter P2X; receptof activity.

28.  Use of a compound or salt thereof according to any one of claims 1-24, in
the manufacture of a medicament for treating a condition responsive to P2Xy receptor

- modulation in a patient.
29. The use according to claim 28, wherein the condition is pain.
30.  The use according to claim 29, wherein the pain is neuropathic pain.

31.  The use according to claim 29, wherein the pain is arthritis-associated pain,
a neuropathic pain syndrome, visceral pain, dental pain, headache, stunop pain, meralgia
paresthetica, burning-mouth syndrome, pain associated with nerve and root damage,
causalgia, neuritis,- neuroniﬁs neuralgia, surgery-related pain, musculoskeletal pain,
central nervous system pain, spinal pain, Charcot's pains, ear pain, muscle pain, eye pam,
orofacial pain, carpel tunnel syndrome, acute and chronlc back pain, gout, scar pain,



126a

hemorrhoidal pain, dyspeptic pains, angina, nerve root pain, complex regional pain
syndrome, cancer-associated pain, pain associated with venom exposure, trauma-
associated pain, pain associated with autoimmune diseases or immunodeficiency disorders,
or pain that results from hot flashes, burns, sunburn, or exposure to heat, cold or external

chemical stimuli.
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32. The use according to claim 28, wherein the condition is inflammation, a
neurological or neurodegenerative disorder, a centrally-mediated neuropsychiatric
disorder, a cardiovascular disorder, an ocular disorder or an immune system disorder.

33. The use according to claim 28, wherein the condition is osteoarthritis,
theumatoid arthritis, arthrosclerosis, glaucoma, irritable bowel syndrome, inflammatory
bowel discase, cirrhosis, lupus, scleroderma, Alzheimer's disease, traumatic brain injury,
asthma, chronic obstructive pulmonary disease, or interstitial fibrosis.

34.  The use according to claim 32, wherein the neurological disorder is
epilepsy.
35. The use according to claim 32, wherein the centrally-mediated

neuropsychiatric disorder is depression, depression mania, bipolar disease, anxiety,
schizophrenia, an eating disorder, a sleep disorder or a cognition disorder.

36.  Use of a compound or salt thereof according to any one of claims 1-24, in
the preparation of a medicament for inhibiting death of retinal ganglion cells in a patient.

37. A use according to any one of claims 28-36, wherein the patient is a human.
38. A compound or salt thereof according to claim 1, wherein the compound is
radiolabeled.

39. A method for determining the presence or absence of P2X; receptor in a

sample, comprising the steps of:

(a) contacting a sample with a compound or salt thereof according to any one
of claims 1-24, under conditions that permit modulation by the compound of P2X;
receptor activity; and



(®)

127a

detecting a signal indicative of a level of the compound or salt thereof

modulating P2X; receptor activity, and therefrom determining the presence or absence of

P2Xj7 receptor in the sample.

40.

(a)
(®)

41.

(a)
()

A packaged pharmaceutical preparation, comprising:
a pharmaceutical composition according to claim 25 in a container; and

instructions for using the composition to treat pain.

A packaged pharmaceutical preparation, comprising:

a pharmaceutical composition according to claim 25 in a container; and

instructions for using the composition to treat inflammation, a neurological

or neurodegenerative disorder, a cardiovascular disorder, an ocular disorder or an immune

system disorder.
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42. The compound or salt thereof according to any -one
of claims 1 to 24 for use in therapy.



