WD 2006/ 026135 PCT/ US20051028969 SUBSTI TUTED BI ARYL PI PERAZI NYL- PYRI DI NE
ANALOGUES FI ELD OF THE I NVENTI ON This invention relates generally to
substituted biaryl piperazinyl-pyridine anal ogues that have useful

phar macol ogi cal properties. The invention further relates to the use of such
conpounds f oW@ PWsMI6H conditions related to capsaicin re@EBUGH0HEBIYat i on,
for identifying other agents that bind to capsaicin receptor, and as probes
for the detection and |ocalization of capsaicin receptors. BACKGROUND OF
THE | NVENTI ON Pai n perception, or nociception, is nediated by the peripheral
termnals of a group of specialized sensory neurons, terned "nociceptors.”
A w de variety of physical and chemcal stinuli induce activation of such
neurons in mamel s, SUBSATUIEDBIARSQIIPERAXINYL By Roinen ineliloGubsr nf ul
stimulus. Inappropriate or excessive activation of nociceptors, however, can
result in debilitating acute or chronic pain. Neuropathic pain involves

pain signal trangy @pmmmeoﬁbsence of stinmulus, and typically results
from damage to the nervous system | n nost, i nstances S thought

ai n
to occur because offiSBYFEHG; rﬁléffﬁﬁ goAeTaLly tq FRRstgRe; EWéIPtRFm%‘H’gPH’éE‘F POFfOBYFS th
systens fol | owhig dsétilt pratmacamgpmtsmet herhpememhﬁrfathesmenm(me gse, ofvsueh d| rect

injury or systemc

shooti ng and ufirel’ gﬁ’f’ ?"ﬁg’“ﬁ%ﬁ’g |°%\I§Lé°?‘|s r%?lte %‘!’ugn h% an toé égn!e’%}%h‘e%r @H‘[ﬁ%ﬂ%%er
debilitating teat tiatidnd tocappaidin eqepton ?,ndo&pr@hﬂ%@atbedemcmes%bﬁﬂh@twﬂ Haeeadn j t .
Exi sting treat pRfhes.for neuropathic pain are largely ineffective. Opiates,
such as norphine, are potent anal gesics, but their usefulness is limted
because of adverse side effects, such as physical addictiveness and

wi t hdr awal pr om@gﬁg@mg@pﬁ{gmvgm atory depression, nood changes, and
decreased intestinal notility with concom tanh}dconstl ation, . nausea,

vomiting, and al t eFait PETRIPOT REiceRiRto s hefigted, Ry thy Pk ﬁlltﬁmt‘f@#\f’oﬂsg‘%‘?s‘)f ens.

I'n addition, nepsiarad binsorp aéufons, Sermbd Gtiepblsy AORide eatatynﬁ phgsical and rvhgmical
partially resp v kol d ?ﬂg ment s
enpl oyi ng the %{-}ﬁﬁh Y cgf)‘glg% arEe H%%lﬁ‘tﬁg joni & eta &g}u{{%n&apo&tﬁﬁ'}

al pha( 2) - adr endpgifig St“a’d‘éfnl Ietppopraﬁtﬂ oi eﬁessefaﬁctw@eaeé n%attes drwesst 6#1 ©sWdh n, and

permt a redUCtdei]Iﬂaﬁngla@ﬁlg@b}ﬁon%laﬁunptI on but these agents are: often poorI y
tolerated due to S|ﬁe effects. ‘%IF trrent th?1 §salc
‘g Spat

s
used to treat chroni & BAYCR, BY r?am Sf% ﬂsﬁﬁsswrhénu e p%‘fnﬁus C'ﬁ%sal cin
i's a pungent suirstiyresitdion degheé oo tetveusplstant. sin ofosttittan@s| saehaeio aethoughin | vy

(whi ch i ncl udeg, fpbe etk bt sRASRREISH u?enlstna@aﬁatdscettm a&tou§ )Rk iBlihg Widi he
smal | diameter afferent nerve fibers (A-delta and C fibers) that "are

bel i eved to medPaies itk PRrPheFAb SIS (s drEet B & HgmHe ?‘%eaﬁt PR DA by
persi st ent act itypahlyuri{g, hoting efitudteBating inie iritdaitg med cah kel ti@es, be fnofeldoMieatingy 1
WO 2006/ 026135 tt?%é H§§ 93%%;{;;%95% roeegﬁpétggdc fesensitization of peripheral
noci ceptors to on P fudies in aninals, capsaicin
appears to tri gger @ltﬁneéﬁamﬁen@ura@sm pain aeet kaegply Hyelisppi n‘@f“éﬁt Fush as

sel ective channgihinef £ psietk Glalpeicanght ﬂleeluddmne@hmrh@a bécﬁ&@@ﬂ SRErsdif e

evoked by str ucgc%rasa})hy%rc]ﬁ laé) clt'}ter"e%esg];nd wﬂ?t iargpgmesa tas \?Vl]?as r35p1ratory depression, mood

changes, and decreased intestinal motility with concomitant constipation, nausea, vomiting, and
alterations in the endocrine and autonomic nervous systems. In addition, neuropathic pain is
frequently non-responsive or only partially responsive to conventional opioid analgesic regimens.
Treatments employing the N-methyl-D-aspartate antagonist ketamine or the alpha(2)-adrenergic
agonist clonidine can reduce acute or chronic pain, and permit a reduction in opicid consumption,
hut these agents are often poorly tolerated due to side effects.

Topical treatment with capsaicin has been used to treat chronic and acute pain, including
neuropathic pain. Capsaicin is a pungent substance derived from the plants of the Solanaceae
family (which includes hot chili peppers) and appears to act selectively on the small diameter
afferent nerve fibers (A-delta and C fibers) that are believed to mediate pain. The response to

capsaicin is characterized by persistent activation of nociceptors in peripheral tissues, followed by



common vanilloid noiety. One such analogue is resiniferatoxin (RTX), a
natural product of Euphorbia plants. The termvanilloid receptor (VR was
coined to describe the neuronal nmenbrane recognition site for capsaicin and
such related irritant, compounds. The capsaicin response,j bdoi vely

i nhi bi t ed (gﬁéquoﬂg&é y antagoni zed) by another capsai Ci npg?\g?g)g?% &
capsazepine, and is also inhibited by the non-sel ective cation channel

bl ocker r utéveiidl deserdilizationfof pdriphéraldisciteptordRo viet di noee stipwb:. Filosrstudizsl gvaainels,
affinity (typically with.a K .value.of no to r . t, and human
vani | | oi d rééflgséfﬂnoﬁp geaﬁsat\olgﬂ ggeerclgznﬁ‘(a:elr BisEgers %ﬁ? ! &ﬁ%@ %%%Pn%%ﬁ%r}\?eg ﬁ&égP%Islgs The
first type fofcalcdm dridepdiumeceptor to be identified is known as vanilloid
receptor type 1 {VRl) t he p i d " |gCd C roare
used inter change%%’ﬂﬁ it r%gslqsn 2 oal?ote%éri@c{ gyr a cu%ﬁd?“&%%?rdan a&ra{ésgleﬁg%rg{smo this
type, as wetdmmms vwaiipil meirty hGnokush usslogithie resoliferatokin\RTX).na patimal prodistiof on has
b een Co.nf : rﬁ%&orﬁﬁz’ ngén el t@ﬁk'vﬁ}gll%&]!r&egtsp )Ofvas whéahtoem rmetthél(ﬁeuronal

vani | | oi d-evoked pain behavior and inpair responses to heat and

i nf | ammat i omembyRie feenghition nitefos sapsvisincuad isarh tehied nEitankicempernds. hiThss pappaiein or
openi ng t haxtesédoﬁsel Q%Enggidvglgriﬁﬁi&%sﬁn& Qhe?éb? atagChiteBTBE TadbtHerCSapsaiciiVaiiide, aNd

Y
capsaicin receptor agonists. Qpening o he capsal cin receptor channel is
general |y f@pageping, i s rasorighibited by the npmyeleativpatagipn chsapnl ibipsker rpdeniv itdons
expr essi ng Lhey SigGRPVRMWiAN nRid\Bin ﬂ@cﬁfa@hyaﬁﬁ}ﬁtyr(t?ﬁéauty With G'RE AR08\ nb RyePBE

response. After 1nitial activation by capsaicin, the capsaicin receptor
under goes al4%a®dd desensitization via phosphoryl ati on by cAVP- dependent

protein kinase. BReRUSHaR il fecpltird Haly/bdeR cHEIGIH ddrshProbOGhARALANS The)
peri pheral tissues, VR agonist _vanilloid conmpounds have been ised as

topi cal anedFHure o gantliqidscaptor tohgddentisied dioye at Yapiloidasreptpr iR r(VRI) and theyr ni ng
pai n, whi chielhdMVRS" §ddi"Saphdiéin @&gﬁm fre U@ intdR@BRIRLYIY herdih to18f%r 0@ And/SMAMEEd
that,: VR antagonists, inclu i;{g é,erhai r] nonvani | | o'g(?%co punds, are al so
useful for TFOFTELHNRERE adpell pimemmaliag homologues. Pae qlf ploYRL N R3MLPRSAIBIAT at i on
Publ i cat i onbdyk! BaaEFfedWeind 1idd82:&thg M ecdpidh, GhicRQRhibiVED (il BRIV SiZd phibErAT5 5003,
WO 041055004, .V\D.Oé/ 056774, hV\D 8131“307646, \WDS/ 007648, V,}D 0 100176 2, WO
05/ 009977, RO FBIGASERYSEAN "ROBEIHHBBEL VHUS 2 "eBRIBBR FEPHAF Y 3¢ t
with VR, btitesichid fapbpeging €hiat is tdverddrin tdsgnseaieletardd tempesaires) fowofH, aMRbapafpimi st
are desi r the treagrrent aecute

vani |l | oi d conpounds ble fo f rron'c an
pai n, i ncl GEPR, a0 RETTEC ot hroeel TP BT S R BTG FRATeeRt o
responsi ve tfoinflampsaonyi peptides efpino meurmsd edpeessingn the Tiseepior emé rther megbyt inewmodsul fill s
thi s need, L oYl er 4. Ld e §lFJ I% %:T[e—%
| NVENTI ON qgrgaﬁ?‘ s“ééﬁ&g?’n{/”g{ﬁ’[’%on éﬁ%%\%’gesa?@‘é%%ﬂd%m&? %%ﬁ‘ "D
2006/ 026135uRaT¢ey82pibiegngu@don vip phoyphprylation by cAMBdqpendenpmitimkinaser j N ) as
wel | “as phar maceyll calt e CfbR gcph@seﬁ“sﬁizé SoQdepSHCH iﬂ PH M Sres, WitiNL R f507 MUl @
l: Art is phe_n%] or a 6- r?en@ewe aromati c ﬁefer ocycl e, eac}i’edf _Whlég)ﬁ I's
subst i t ut edvanilicld |Rngruadyhavaibedn ysebpy OPica anesBigiist i Vversagonist appléoation ey, g.
I ndependent 4y cARS gﬁl'm];é 95511,%1%% limits this therapeutic use. Recently, it has been reported that.,

VRI antagonists, including certain nonvanilloid compounds, are also useful for the treatment of

pain (see, eg, PCT International Application Publication Numbers WO 02/08221, WO '

03/062209, WO 04/054582, WO 04/055003, WO 04/055004, WO 04/056774, WO 05/007646,

WO 05/007648, WO 05/007652, WO 05/009977, WO 05/009980 and WO 05/009982).

‘Thus, compounds that interact with VR, but do not elicit the initial painful sensation of
VRI1 agonist vanilloid compounds, are desirable for the treatment of chronic and acute pain,
including neuropathic pain, as well as other conditions that are responsive to capsaicin receptor

modulation. The present invention fulfills this need, and provides further related advantages.

SUMMARY OF THE INVENTION

The present invention provides compounds of Formula I:



Are is phenyl or a 6-nenbered aromatic heterocycle, each of which is
optionally substituted, (e.g., wth fromO to 4 substituents independently
chosen fromRZ); X, Y and Z are independently optionally substituted carbon
(e.g., CR).or_. N such that at |east one ofX Y and Zi sN, '

i ndependent mp PAYLERSat each occurrence from hydr ogen, %ﬁg@@m&*‘ﬁ&m kyl ,
am no, cyan and nono- and di-(C-C4al kyl )am no; Each Rt is independently
chosen from (a) hal ogen, cyan and niAs0; (b) groups of the fornmula

-Q MRy; and (c) groups that are takgastogether with RIOto forma fused
5--to 7-nenbered carbocy6lic o4 het/q}gg%/cl iC r}iorljlgulspat is optionally
substituted (e.g., with fromO t\i\LNs Fotke uent's I'ndependently chosen from
hal ogen, cyano, nitro and groupsg; of) the fornmula-Q M Ry); R o represents one
substituent chosen from (a)AmitTo; (b) groups of the formula-Q MRy; and

(c) groups th are taken toge r wth substit rresented by Rt to
forma fusé’El',WeE%&?ﬁ‘?@ﬁ%ﬁug@l&ﬁ%%&aﬁgﬁﬁ?lgdﬁgpﬁf%npfpﬂishyg&gj (%g?lggcycl ic or

het er ocycl iz, Isiphgiyl ot a 6-snembered abmaticrhetarcy e, rRachsefoddtich, is Bibetituisd mith Ryyahdoxy,

am no or an unsupstitu ..Qr ou h n from ,Ct- I - Coal kenyl ,

Cz- ceal kynyl , " E%g%q(%‘%gfug@%@g‘feﬁéﬁe‘%t‘ %’IP ?ndfﬁl-y%%f”%é\%;l}fg,’z C3- Cbal kanone,
Ct - C6hal oalAeyis phebyloba bahanibleted xrpinatictieterocpale, dach (EOwWhich &l oRtpdnplipnsubsiitute@; (e.g.,

Coéal kyl sul f ony! - o - i .fonyl or nono- or di-(C-
Coéal kyl )arm.i‘g%léha?%ﬁgﬁSg&é%nt%%?g?%&gégé%gﬁ?@%%hosen frgm Co- C4al kyl ene; O
0 11 Eacl M ind Z andiegrpemtienttyl opticislesvbstititedsatbon (gl GR.pon 1) sud) byt lgdstane, - C-),
oC(=0) (i.e., miziQdt 1t it 0000 =0)0 (i.e., -GO) OC=0)0O (i.e.,
-0C0O), S(Cﬁ. ’:i .e., -5, -S-or -SC( -) NR OHN 1111t . (i.e.,
-N), C(=ORMisRngepgridensly chosgn py-epch aopusmenes| fiowy IRjdragen, dalogenCCnCaplky NRDGE¥DP 3 WO

2006/ 026135 PgA/L9200541 %?—&%ﬂ(yl)gnﬁa, NH 11 N 11 \V/ (i.e., NC), NR)C( NH
(i.e., -NCG ), N(R)S(O)m e-tg., - -N-1-), O0), S(O.NR) O~Rz
Each R; is independently chosen from:

(a) halogen, cyano and nifro;
(b) groups of the formula -Q-M-R,; and
(c) groups that are taken together with Ry to form a fused 5-'to 7-membered carbocyclic or
heteracyclic ring that is optionally substituted (e.g, with from 0 to 4 substituents
independently chosen from halogen, cyano, nitro and groups of the formula —-Q-M-R,);
Rp represents one substituent chosen from:
(a) nitro;
(b) groups of the formula ~Q-M-R,; and
(c} groups that are taken together with a substituent represented by R; to form a fused,
_ optionally substituted 5- to 7-membered carbocyclic or heterocyclic ring;
su::;h that, in certain aspects, Ry is not hydroxy, amino or an unsubstituted group chosen from
Ci-Csalkyl, Cy-Cealkenyl, Cr-Cealkynyl, C;-Cealkoxy, C;-Csalkyl ether, C,-Csalkanoyl, Cs-
Cgalkanone, Cl-Cﬁhéloalkyl, C,-Cshaloalkoxy, mono- or di-(C,-Csalkyljamino, C;-
Cealkylsulfonyl, mono- or di-(C,-Cealkyl)aminosulfonyl or mono- or di(C)-
Csalkyl)aminocarbonyl,

Each Q is independently chosen from Cy-Cqalkylene;

. 0 0
Each M is independently absent or selected from O, C(=0) (i.e., “&" ), OC(=0) (ie, -o-(I?',-)’
0 : § A
C(=0)0 (e, ~C707), 0-C=0)0 (ie, ~97C 07, S(O) (ie, -8~ ~57 or 57), N(R,)
R, - DR, HN

1 b

' 1
(e, ~N=), CEONR,) (e, ~CN7), CENHNR,) e, “CN7), NRYCE=0)



OO0 R 0=S 00 (e.g., 4-N) and NNS(O.RIS(Om(e.g., -\NS-); wherein mis

i ndependently sel ected at each occurrence fromO, 1 and 2; and & is

i ndependently sel ected at each occurrence from hydrogen, Cl-Csal kyl and
groups that are taken together with R3. to forman option ituted
4- to 7- menb¥PaIHEET ocycl e; Each R is independently hy g}"'@é ?{’%%%

Cl - Cshal oal kyl, optionally substituted Cr-Csal kyl, optionally substituted
C2- Csal kenyl optRlzooaI |y substitut edR,(GB{ Cscar bocycl e) @)l Ma kyl, optionally

substit ut ed ( L= t ﬂ-é’kxé r with
R to form an Mt ongeg]gﬁéﬁ(gﬁ ﬁt"ed 4%%‘%@%{3 éeﬁ het e tyéﬁg&%@? ,in
certain enbodi nents each al kyl, carbocyd) k:and heterocycle is substituted
with fromO to 4 gubstituents independe@=Sy Gel ected from hydroxy, hal ogen,

L Goyel oar P S oM éf??hﬂéf’@tf"%‘é‘;?ﬁ’;ﬁh R e et Re

Cl - Csal koxy, aCb&cEstcrwﬁ ﬁrainwyﬂ and’}; a@b B IRWdFMGﬁnﬂmWedah@ch occurrence from

- (C - Coeal kyl gﬁﬁ{
_(a - csal ky|"§’@'§k nosul T Qups 5'@ e %%Hée%alvgmn?am ﬁ’gm Aoty 1y
such that R |ssbsmytedl4y@r7dg@mbereﬁh@BIIOWC& si ngl e coval ent bond (i.e., Coalkyl)

and Mis abggni i Eﬁﬁd@ «ﬁ%%ﬁ'drc(ag%ﬁ died gn;?eﬂ;doxal 6ABRRALS QLCybik) @g%ﬁ%y

ami no, cyano, hdlo am nocar
(ii) Cl-Ceal ky;lubsn(u@g Cabydiendd) loptionald: @ulatlwgﬁri (@t&cmmlﬁﬁmylkyl csrph@@!iy koxy,

Cl - Coal kyl t hi QupstiRed]a %W-mgﬁa%d heferbofRIC KERRN | or faken ekW@aiJ)ﬂﬂﬂ bin
C2- Coal kanoyl oxy, C3-C6al kanone, nono- and di- {Cl - Csa am noCo- Cbal kyl ,

(4- to 7- menbepbensResubstiatodf-dy Gamepbapd Yaterogyrle (g lwp%am jments gach alkyly g

di-(d - Céal kthl)ba@cra%alhéta@aylﬂe lsamsuﬂﬁeeq\mh%ﬂ] #lio- A Sbstielats k.wkaea&amgo%e@@ nyl,
each of which is “optiognally substituted %(ggvathfromOto
>0

substi t uent s i FRICHEFRREARIOgere ABEEFYIOORHTO, 9%9: HypecasbynyLapineetonyl Gro

ani nocar bonyl ,csammgﬁ@ c{za@i\n&yl C,Q4kY1 3her, TxC)alkaBbyl(O) ChBitfhAIELDRIkoM, t h an
adj acent R2 to_form a

13- menber ed . ca C eterocyclic
group that is %pﬁ@’@ﬁ‘ﬁ‘w suESFi*aﬁ]ﬁﬂé‘& (8-, thﬂ?eb%{ﬁ bf"'ﬁ@"’é"cg’gﬁ’é’ |t ents
l( n?eﬁegdent Iy G&ﬁlﬁ:ﬂﬁjﬁlaﬁi’n@ﬁhb}ﬁl Qgﬂ]{clazslﬁlliéﬂyhdm(ﬁsul%?ﬂ, kighg-; anﬁax-mcaaﬂdy?ﬁﬁlea from
i ydrogen an al .ogen;. (ii) Cl-Cba . Cs Cr.C2a .
d - Cehal oal kyla“&ﬁ&?“#ﬁ%ﬁ%‘@ﬁ‘c%&?%‘}&gg%d@ is("isf“ig o °§Y%‘13L 0“8 r?éa"%%raﬂ&%? R5
LAN Re or SSLabsenw\Rr 4 WD 2006/ 026135 PCT/ US2005/ 028969 V\/ner ein: Lis
Co- Coal kyl egehsi - Coal kyl ene that is taken together with R5, R6 or R to

frenmb

forma 4- t ered heterocycle; Wis O CO S, SO or 'S02; R5 and R6
are: (a) independently chosen from (i) hydroxy, amino, cyano, halogen, -COOH, aminosulfonyl,

nitro and aminocarbonyl; and (i) C;-Cealkyl, (Cs-Cscycloalkyl)Cop-Cialkyl, C;-
Cghaloalkyl, C,-Cealkoxy, Ci-Cealkylthio, Cpy-Cealkyl ether, Cy-Cgalkanoyl, C;-
Cealkoxycarbony!, C;-Csalkanoyloxy, Cs-Cealkanone, mono- and di-(C;-Csalkyl)aminoCy-
Csalkyl, (4- to 7-membered heterocycle)Cy-Caalkyl, C\-Cealkylsulfonyl, mono- and di-(C;-

Cgalkyl)aminosulfonyl, and mono- and di—(Ci-Csalkyl)aminocarbonﬁ, each of which is

optionally substituted, (e.g, with from 0 to 4 substituents independently chosen from
halogen, hydroxy, cyano, amino, aminocarbonyl, aminosulfonyl, -COOH and ox0); or

(b) taken together with an adjacent R, to form a fused 5- to 13-membered carbocyclic or
heterocyclic group that is optionally substituted (e.g., with from 0 to 3 substituents
independently chosen from halogen, oxo and C,-Csalkyl);

R; is selected from:

(i) hydrogen and halogen;

(i1) C;-Cealkyl, (C5-Cseycloalkyl)Cy-Coalkyl, C,-Cghaloalkyl and phenylCy-Csalkyl; and

(iii) groups of the formula:

Rs

4
- N .
(JJ'-L/ \Re fJJ‘L/W\R?

ar



(a) independently chosen from hydrogen, Cl -G 2al kyl, C2-C32al kenyl, (C3-
Cscycl oal kyl ) Co- C4al kyl , C2-Cé6al kanoyl, Ci -C6allrylsul fonyl,
phenyl Co-C6al I ryl, (4- to 7-nenbered heterocycl e) Co- Coéal kyI and groups that

are joined rma 4- to 7- rrerrbered het erocycle; p ed to
forma 4- tg‘po.éo %‘F@zﬁ%gr ed heterocycle; '"and R7 is hydr ogen ?R%%izzﬁ’dﬁg
C2- C32al kenyl , (C3-Cscycl oal kyl ) Co- C4al kyl, C2- Ceal kanoyl ,
phenyl Co- Cé6al kylwhel(eﬁh to 7-menbered heterocycl e)Co Coal kyI or a group that
s doined to LytocleliyRndor & MBS RUIPLEURE¥ah R;, MBPRADRARAANO! (11)
and (iii) |sot|ona stitute Oy rom0t04subst|tuents
i ndependent |y chosémemgthe(emcmal ogen hydroxy am no, cyan, nitro, -000H,
am nosul fonyl, agig @@ng br@nd oxo; and (2) C-Céalkyl,
( C3- Cscycl oal kyIé%CG "C2al kyl Cl"- Cehal oal kyl , Cl - Csal koxy, Cl - Csal kanoyl ,
CI - C6al koxycar bdughd Rﬁ@%%al kanoyl am no, nono- and

- (C3- Cbal kyl ) ami @ Cﬁa&;‘éﬁdekﬂsl » chofdn- %&l i%yhx% o, 0L ,alRRANOE,-Gikenyl, (Cs-

-(d -Coal kyl ) am nosul nono-

CGaI kyl ) am nocar bo?ns?}"@oi‘n‘@h)é? iy, Eh&m}lfawi élé?ﬁﬂ@lls‘%fﬂ’&l’lv(‘ﬂ‘e“}tl(& -Gl netfed
het er ocycl e) Co- CAaj. Mhber@ﬂ%&r&@cl%—@k&ﬂdyﬁanﬂ%ﬂﬁ?é thittaboited 1o If oGoar 4-G0 A4

secondary substituents |ndependently chosen from hal ogen, hydroxy, cyano,
oxo, imino, O- CABFRYFed heferogyelii Rbxy and O - C4hal oal kyl): and R4 represents

fromO to 2 substig nk@to(femgﬂ_t@nmﬁ,emmmbﬁmbﬁw;mﬂre i ndependently chosen

fromC - C3al kyl C3ha| 0 a

substituted bi ar%?l‘S hdﬁ%ﬁeﬂr ‘?%?a ﬁ%ﬁ%@‘ ’gi'ha(ﬂ)s "gﬂﬁfyb\&;?g ﬁgﬁgﬂka“%’e VR1
nmodul at ors and ex then)th@CJalqbtrt- O 7-glembdral hetehpclCpCatkohm] agroupIRd isjeinainol ar ,
100 nanonol ar, 2‘ nano 2] 71 n@ gﬁpl ar or 1 nanonol ar in a capsaicin
receptor binding a a}y o 847 15 T REVE Or | C50 val ue of no greater than
1 mcronolar, wﬁﬂan reacrhousfo(luaaland 0Dis aptiovalip bubstjtuted (g nwitho ffram, 0 €04 mebstitmotsar or 1
nanonol ar in ag vitho assay for determ nation of capsaicin receptor
agoni st or ant’; 505?1 y§8?|w . In certain enbodi nents, such VR nodul ators
are VRl ant agom)shhbgeanhydmxm dnuno, el ettee G amgosilbnylagtinedatbynyl andao;i n
vitro assay of cq‘%al cin receptor activation at a concentration equal to
the 1C50, 10 tines the 1C50 or 100 tines the 1C50 Wthin certain aspects,
compounds as dé¥citelllylhG:deychalkyDGlenlid. Gi-Cdhalgaligd: ecCalior, Grdidlianoyle. g. ,
radi ol abel ed or {4 GRS 500 UARE it WEA2 IAHQR08A, FiEAb R0 028909

The present invention provi d w ects, har neceut i cal

conmposi ti ons con&lr%ﬂlhldsuéﬁonﬂea%qmoﬁéd sﬂltﬁgtﬁ:ﬁﬁlﬁfwlﬁﬂsﬂﬂﬁw pi“ﬁ@r a‘f‘idnghr pyri di ne
anal ogue provi deds, mﬁynﬁ.ﬁﬂ?ndc&borgm4m@txl Oﬂmemléﬁcﬁlk?hY%cP' egi cal | umaaeept abl e

carrier or excipient. Wthin further aspects hods are provided for
reduci ng cal ci umiesmadYancalksh each ek mhish 45 SBI§E§‘$§F’C‘V‘H’ feEeBt'ord SEompmi si ng

contacting a cel lgub@indnts lﬁ&wnaaﬂb)che%ﬁrmmm o, GARES, Gldho, bRSERIRI Ci th at
| east one VRl nodul ator as_descrl bed ]’(yEI n. Such cont act may occur In vivo
or in vitro  Caalkyl, C-Csalkoxy and ot S
Ry represents from 0 to 2 substituents {(e.g, substituents that are independentiy chosen from C,-
Cijalkyl, C,-Cshaloalkyl and oxo).

Within certain aspects, substituted biaryl piperazinyl-pyridine analogues provided herein

3

are VR1 modulators and exhibit a K; of no greater than 1 micromolar, 500 nanomolar, 100
nanomolar, 50 nanomolar, 10 nanomolar or ! nanomolar in a capsaicin receptor binding assay
and/or have an ECsy or ICs value of no greater than 1 micromolar, 500 nanomclar, 100
nanomolar, 50 nanomolar, 10 nanomolar or 1 nanomolar in an in vitro assay for determination of
capsaicin receptor agonist or antagonist activity. In certain embodiments, such VR1 modulators
are VR1 antagonists and exhibit no detectable agonist activity in an in vitro assay of capsaicin
receptor activation at a concentration equal to the ICso, 10 times the I1Cs, or 100 times the ICs,.
Within certain aspects, compounds as described herein are labeled with a detectable

marker (e.g., radiolabeled or fluorescein conjugated).



Met hods are further provided for inhibiting binding of vanilloid ligand to a
capsaicin receptor. Wthin certain such aspects, the inhibition takes pl ace
invitro. Such nethods conprise contacting a capsaicin receptor wth at

| east gbhe VRl nodul ator as descri bed herein, under conditions and in

amount or cAK@aMWENIon sufficient to detectably inhibit PCAAISPOSIES; gand

bi nding to the capsaicin receptor. Wthin other such aspects, the capsaicin
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receptor nmodulation in a conpri si.ng, adm tering to the patient a
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herei n. Wt jawroOt her aspects, nethods are provided for treatl ng pain |n a
patient, conprisjn steri.n 0.4, ati suf f ex ain.
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| abel ed co und W|t atest a % etecting gsé‘;llleg t hat™ corresponds
to the amuﬁﬁrawﬁ%mﬁemm%@ @fﬂ%&ﬂ‘i@] h“loﬁ‘éam’p%sé h@i‘Fmt est agent; and
(e) detecting a figfiheaRe a&ﬁac@'lﬂ&}%ds ARt pelied fofln@;itﬁ% 6fin 3 tl&aw\xyﬁgngo the
signal detected in step %1 WD 2006/ 026135 PCT/ §2005/0 8969 thin

further aspibigisterngdo ﬁrpé‘é‘é‘ eufferivee fiem PRn gy Berrrsacalip effrstiee FepntRfiab At oPhg t he

presence OI’S@QﬁﬁmﬂplﬁﬁﬂﬁﬂL@hﬂhmﬁQﬁ&,@ﬁpl’ in a sanple, conprising: (a)
contactlng a sa as . des rlbed herei n under .co d|t|ons

that permt bi nﬁﬁﬁﬁoﬂafﬂw WE“?E(B’FPW&#E"%‘E?E‘%& i WIPAFY IpqopiiRspesy ovesagtive gdder,
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patient, comprising administering to an obese patient a therapeutically effective amount of at least
one substituted biaryl piperazinyl-pyridine analogue. »

Methods are further provided for identifying an agent that binds to capsaicin receptor,
comprising: (a) contacting capsaicin receptor with a labeled compound as described herein under
conditions that permit binding of the compound to capsaicin receptor, thereby generating bound,
labeled compound; (b) detecting a signal that corresponds to the amount of bound, labeled
compound in the absence of test agent; (c) contacting the bound, labeled compound with a test
agent; (d) detecting a signal that corresponds to the amount of bound labeted compound in. the
presence of test agent; and (e) detecting a decrease in signal detected in step (d), as compared to

the signal detected in step (b).



as pain, itch, urinary incontinence, overactive bladder, cough, hiccup

and/ or obesity. In yet another aspect, the present invention provides

nmet hods for preparing the conpounds disclosed herein, including the
internedi ates. These and other aspects of the invention will become apparent
upon ref er end0 186/026835 f ol | owi ng detail ed descri ption. DERAIUEOFRERER PTI ON
As not ed above, the present invention provides substituted biaryl
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conpounds. Conpounds in which the core ring E3 is pyridyl, pyrimdyl or
triazinyl 7 WD 2006/ 026135 PCT/ US2005/ 028969 Are Are Are J)o Ar Are Rx N
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are specifically included within the definition of substituted biaryl
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preferably thout irritation, allergic response, or other problemor
conpl i cati o\rli[l ERYINOHOLY | t s i ncl ude nineral and organic acid

Compounds are generally described herein using standard nomenclature. For compounds

having asymmetric centers, it should be understood that (unless otherwise specified) all of the
optical isomers and mixtures thereof are encompassed. In addition, compounds with carbon-
carbon double bonds may occur in Z- and E- forms, with all isomeric forms of the compounds
being included in the present invention unless otherwise specified. Where a compound exists in
various tautomeric forms, a recited compound is not limited to any one specific tautomer, but
rather is intended to encompass all tautomeric forms. Certain compounds are described herein
using a general formula that includes variables {(e.g., R3, Ar;, Z). Unless otherwise specified, each
variable within such a formula is defined independently of any other variable, and any variable that
occurs more than one time in a formula is defined independently at each occurrence.

" The term "substituted biaryl piperazinyl-pyridine analogues," as used herein, encompasses
all compounds of Formula I (including compounds of other Formulas provided herein, as well as
any enantiomers, racemates and sterecisomers) and pharmaceutically acceptable salts of such
A
vhz
. L=

compounds. Compounds in which the core ring X Ry g pyridyl, pyrimidy! or triazinyl



salts of basic residues such as amnes, as well as alkali or organic salts
of acidic residues such as CAW carboxylic acids. Specific pharmaceuti cal
salts include, but are not limted to, salts of acids such as hydrochl oric,

phosphoric, hydrobromc, malic, glycolic, fumaric, sulfurj
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Calkyl ers to a single covalent bond (Co) or an al

are within the scope of the present invention, as are prodrugs of the compounds of Formulal. A
"prodrug” is a2 compound that may not fully satisfy the structural requirements of the compounds
provided herein, but is modified in vivo, following administration to a patient, to produce a
compound of Formula I, or other formula provided herein. For example, a prodrug may be an
acylated derivative of a compound as provided herein. Prodrugs include compounds wherein
hydroxy, amine or sulfhydry! groups are bonded to any group that, when administered to a
mammalian subject, cleaves to form a free hydroxy, amino, or sulfhydryl group, respectively.
Examples of prodrugs include, but are not limited to, acetate, formate, phosphate and benzoate

derivatives of alcohol and amine functional groups within the compounds provided herein.



group having:frorrii | to n carbon atons; for exanple " Co-C4al kyl refers to
a single covalent Ilpnd or a C3-C4al kyl group; "Co-Csalkyl" refers to a
single coval ent bond or a Cl-Csal kyl group. In sone instances, a
substituent of an al kyl group is specifically indicated. For exa
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substituent. "Alkylene" refers to a divalent al kyl group, as defined above.
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comprise an aromatic ring or a heterocyclic ring. Certain cycloatkyl groups are C;-Cgeycloalky!,
in which the group contains a single ring with from 3 to 8 ring members. A "(Cs-Cscycloalky!)Co-
Cialkyl" is a C5-Cycycloalkyl group linked via a single covalent bond or a C;-Cyalkylene group.
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,-C,alkoxy groups, which have from 1
to 6 or from 1 to 4 carbon atoms, respectively. Methoxy, ethoxy, propoxy, isopropoxy, n-butoxy,
sec-butoxy, fert-butoxy, n-pentoxy, 2-pentoxy, 3-pentoxy, isopentoxy, neopentoxy, hexoxy, 2-
hexoxy, 3-hexoxy, and 3-methylpentoxy are representative éilkoxy groups. Similarly, "alkylthio"

refers to an alkyl group as described above attached via a sulfur bridge.



C2- C6al kanoyl and C2- C4al kanoyl groups, which have from2 to 8, from2 to 6
or from 2 to 4 carbon atons, respectively. "G al kanoyl" refers to -(C=OH,

vvhi ch (along with C2- CBal kanoyl) is enconpassed by the term

"Cl - Csal kano An "al kanone" is a ketone group in which are

ina linear MWP"A‘H&W@d al kyl arrangenment. "C3-Csal kanon%‘?ﬁ{]?%f@%ggﬁanone"
and " C3- C4al kanone" refer to an al kanone having from3 to 8, 6 or 4 carbon
atons, res pect i veheytemi\ "ExD,"ads kﬁmirmxﬂ; acfers e a &étd lgﬁinp (€=0)CHRa OL>=ErpupOhia:. is a
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et her groups i ncBindriG2nCaahdyis agbh;evf,thﬁbnﬁiﬂa{lkm 'Ihetemf’mmmlkﬂ?re@mllowyl

ether groups, which have 2 to 8, 6 or 4 carbon atons, respectively, A CZ
al kyl ether has the structure -CH2-O- CH3. The term' al koxycar baq refers
to an al koxylkyrssenp aateseritied abovh pubstiykiedividieangmine (=09 gryup o e dyymniei*e. 7 & group

havi ng the gener W "= Mﬁm
i ncl ude Cl -Cs, C%jh-%%ﬁ a‘i%a&{éfi %ﬁea%(tﬁ%(y%g{)g%y%g k(%& s ){1 1331% 9@’%51 to
8, 6 or 4 careion linedr @ branched gl tairaggbiyient iand Mereedtthglhnqmmst nhmmgbﬂhetdadaogrufup

(i.e., the carbon of the keto br|d e is.not  incl iri the ndi d
nunber of caRDEHC B°URs )“ﬁ‘a‘“@s BOWRS P9 afP%’Bﬁ'fﬁ“‘d e ci" asbdl of

C33| koxycar initlo drélfivemb aludéd in @eriembérei?dadiohitoms - ﬁér&imlm & Ckﬂl(a@ﬁbﬁup is

" Al kanoyl oxy, ju.as used herein, refers tog an al kanoyl group ed via an
oxygen bri d@ acytyl gsoup havige b famawa ni- ety e Adkaney! ﬂ‘%%ﬂ‘l&l”ée mebe Grkyl ) .
Al kanoyl oxy LBy, Qf@sblu%yﬁ%a 68.C alkaroyHBro %1%194@58@@@&#%% :gta%pﬁomml Ch

havefrom2to 8, car bon atons. " ong)p refers to -0-

" Al kanoy! ani?n®, 4 C%TQOQJ%%’HS HEsStINElY y & Cerllaneyd’ éﬁfP"%lFOkaWo Hqwhieh (aé‘{"‘ﬁa"&‘ﬂ‘eﬁf
through an ammoymsa&%&&bed% theder@I"CYQ:alkaNdyNy t he general structure N(R)

-C(=0-al kyl), in ydr ogen Cl - Coal k Al kanoyl ami n oups
i ncl ude C2-C8, cAncakanqae c%alfﬁ%%%w &Fﬂq‘u B?“(ﬂﬁ‘i??yar?/ﬂlaéwwr%\t? ?‘F‘g?'h%ﬂ to 8,
? or I4 car bQRaeaeE, "arﬁgaamﬁlbne\rf]eiwh Csalk%héﬁéf sid|"Cealkandnef refestotad am?mu@mvmg t he

ormula -( y n which the sul fur _a 0 0 ment .
Al kyl sul fom%z mg’ra’8§ é‘“‘ Srarbanomes f%%%?‘ffyﬂ &?%%?neiﬁﬁhﬁ%%ara fi{i‘rﬁﬁ)‘%
groups, whi ch haggnifafigmalkyltethef refers to Ohnehr dr bradched sthanulatines (i o, as pleyltgronp| v.
Met hyl sul fonyl . i ne. 1 2006/ 026 CT/ US200 896 t| ve
al kyl sul fonﬁ/at Erslsﬁllfg".medaugéﬂvgﬁqg?}gﬁwg %%?l | BTOYES “};1?}’ ﬁ 81’5@91(] ?tg qe%e:]%?’up of
froml to étmamﬁdh-cahlmtﬁehgbupsswmdbhm 2ub Sd6 w # kharhén aitea&; respmativehal H@en

(e.qg., b iflyoraomethyls fony kylsulfonylamno refers to groups of

the formula® Lf)%e(%é%e-s Ck”F (I:I)I ith Ris hydrogen or d-Csal kyl and the

nitrogen atomi smhenpdalmxycﬁrbmrlt' aacfehmm almkgtosmhmmdl threbighoa kegr 6(G7©)) ncl ude

CI Coal kyl s nxl,a a I 0 i from
fo 6 or B et B Rk nE BBy S R PRy kR S

r epr esent at iincide £11465.1Ca tflsfaod i Sailkoasycgrbony groumn"fi@émafffbﬁym 1 ﬁoe& éros 4t qarbgn oups
of the formy o?]he &%}veyﬂ% thé Elkwgioﬁ;&n tolp %esér'&uflﬂ'ie ahe 'aérbcﬁx ofttn@ké?@bfugeq)sf not

attachnent . gr m " mono- #am nosul fonyl " refers to

groups t hat mc@é@q @ﬁliﬁ 't‘%‘é‘feﬁéﬂlﬁmrafﬁﬂ(@mPNF& "Cia OW’?F@PPYﬂ"Héfe@GHTQirtho‘ﬁlﬂa,s t he
poi nt O 4ackiERy ca%gyl'xﬁlhéé@kQl‘thOS’-@(@zbzéng—@F@)kdi(Cﬁﬂébee other Ris:

hydrogen or an independent | osen ( - ﬁé
"Alkanoyloxy," as used herein, refers to an alkanoyl group linked via an oxygen bridge

(i.e., a group having the general structure —-O-C(=O)-alkyl). Alkanoyloxy groups include C,-Cg,
Cy-Cs and C;-Cjalkanoyloxy groups, which have from 2 to 8, 6 or 4 carbon atoms.
"Csalkanoyloxy" refers to -O-C(=0)}-CH;.

"Alkanoylamino," as used herein, refers to an alkanoyl group attached through an amino
linker (.e., a group having the general structure ~-N(R)-C(=0)-alkyl), in which R is hydrogen or
Cy-Cealkyl. Alkanoylamino groups include C,-C;, C;-Cy and C,-Cialkanoylamino groups, which
have from 2 to 8, 6 or 4 carbon atoms, respectively.

"Alkylsulfonyl" refers to groups of the formula —(SOy)-alkyl, in which the sulfur atom is
the point of attachment, Alkylsulfonyl groups include C;-Cgalkylsuifonyl and C;»lekylsuifony{

groups, which have from 1 to 6 or from 1 to 4 carbon atoms, respectively. Methylsulfonyl is one
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"Al kyl am no" refers to a secondary or tertiary amne of the fornula NH al kyl

or - N(al kyl)(alkyl), wherein each alkyl may be the sanme or different. In

this context, each alkyl may be linear, branched or cyclic (including

(C3 C5cycloalk C'-C4al kyl ). Such groups include, for exa nono- and
(G - CSaIky?¥g%fHB %yroups, in which each G - Csal kyl fcggp W08 or

dlfferent as well as nono- and di-(d -C6al kyl )am no groups and nono- and
-(C - Caal seprbsemativealkyulfonpEgrolpAl "Cy-CataiomiRatkufshy” fsefiaﬂqlsﬂlﬁmﬂ‘graipw Ifi@ss N0

| i nked ,v | .kyl . j . I

2{ et ur o SrEyPeriERy SRy Poe B Bl B oe Rrasegt S AP R each
al kyl is sel ect é'mléytsdl@p@ladmmt' Irafer§ m«nglnvqjsloilthe foxymﬁa)dﬂ(ky{sfabrdlkﬂc;uohlodi Ryd ) at kyl

roups. a S r
i (8 canl B PG o S R Bl 1105 i o QB 1 ang
m)n?-CI agg Flgrel(p)élinc_mﬁa(lkglda)kahvlfmmmMahd<9ﬂ—C4aﬂchﬁ>nylmnmo groul()s which have from 1

a m,n r . no

group link tél:;\%l% (31 Poscﬂng?reéﬁé)évas er[; %Vé or a ul@ya&; °e§13e gﬁ% a}llﬂem
fol | owi ng aslleylsubpvbsanegatipve al kyl ani noal kyl :group/s: NI ~+ NH ~, +
N~ It will b y

L1 e oot Ak 9l CONN. R kit o e
used for althe peittef a@ﬂchymc@hﬂ tain [ mepegeralifs; CalkyDantirosilfroyll) séfem togroupy ko al kyI
and (cycl Oaéaﬁf} %@k&?ﬁﬁblfaggsﬁ‘f—im@ &n gJthFh Clutfes G66iORb Fé’llli;&ﬁﬂ&ﬁﬁk&ya!nb g larly,

0 a

"al kyI am noa 0 an a m no group via an a oxy group
(& o e mtyCntiyhng et &is hsrpessonmnicpomeidyichoeh &1-Gglkvlr

- 0-al kyl - N(al kyln)amglam 0" refefd towee&dﬁ@%htﬂldf,vkmm% o?%ee%ﬁ@ualmﬁaﬁﬁ%?nt ly.
Such groups_incl ud f'or _exanmpl e, nono- and di-(d -

Csal kyl ) ani NetyDks). R»dwmgqﬂeiuﬂbl gy b thy gampg oc diffeent. vbﬂze oBerh 6ach lkyl may

PCT/ US2005/ Obr . )
O ey Mﬁw‘%ﬁo? aJ;OEP&id&r?d' & @Mﬁmqgﬁe%déogggﬁgﬁgagg @ac}agfb.gﬁ RARY (i

ami nocar bon§EmplE:geasol #pd erpsélﬁlél)a&Pn%?“rﬁs’d‘F which ea%}br%ﬂ@ﬂ “5‘5’ c?ﬁéhelsém? ®pl aced

wi th Cl - Coadifsatbne, a8 R@11 Whii6ikb- bisd di(OKedikyhamind @rbdiﬂhn&! xﬁmbahﬂml-(@mﬁhkﬁpamo,
nono- or di-(C - Chall kyl ) am nocar bonyl ) or a - Csal kyl ene group (1.

- (Co- C4al ky$#§9PE-C=O) N(Cl - Csal kyl)2). |f both hydrogen atoms are so repI aced,
t hfe a - CGa:c Ikyl Qhﬂ@n&ﬁﬂm&ylbeef&xgeo sﬁlmylﬁrhinp%;tfuf)ﬂfnﬁéﬂ vxa-ﬁheill{yﬁléngrob@.k&g&nl i
refers to fluoring, chlorin romne o ine al ky
group that grauphayiog ﬂfeu%e@?fa\/\i%l"ﬁtmf —%]chﬁ;b?-‘g}ljl %]&’éﬁé ﬁ?i@‘m %@ﬁ%ééhy l))nﬁl“gb"é'

(e.g., "d- ﬁsthalkpahskyélcctayr bﬂﬂ&ndembe ffomo alkyl, tegcl@ligdrdnd n(cadlantig)alkyl groups.

hg: Og?E;: oa lg lam;ln%a(r: ylllgroups ude 9 é%{%pltie,io %r&og%ﬁ%fb,?éﬁglﬁia?niré%@ﬁgah@f m%];lo-
tri-fluor onzm'd tdy(C} Oaaim}ﬂmlrmch&aﬂ(ytmd -nginb-0ma i (CiylsalkyipminoC:-Gialkyl. t MMonp- dret r a-

t f 1d y | 1 d
0 2550 et FEPT N DmindTR R Cletr b a8 P Rt B o MR o 20T
trifluor orreeurtgjd copabcht blcrrﬂlou@IC@ﬁ.‘alltyidnc gﬂihe Tlerfmﬂowrml apateroseytativer afifybumsnonlgyla

haI oal kyl g%% as defi ned above attached via an oxygen br| dge
"d - Cshal oat koxy" groups have 1 to 8 carbon atons.

Y &

H

P‘a\/‘(/ ?i/\/'!k/\/ }{W/N W NH NN
It will be apparent that the definition of "alkyl" as used in the terms "alkylamino" and
"alkylaminoalky!" differs from the definition of "alkyl" used for all other alkyl-containing groups,
in the inclusion of cycloalkﬂ and (cycloalkyl)alkyl groups (e.g., (Cs-Cseycloalkyl)Cy-Cialkyl).

Similarly, "alkylaminoalkoxy" refers to an alkylamino group linked via an alkoxy group
(i.e, a group having the general structure ~O-alkyl-NH-alkyl or —O-alkyl-N(alkyl)(alkyl)) in
which each alkyl is selected independently. Such groups include, for example, mono- and di-(C;-

/
- ¢ AN
CsalkylaminoC,-Calkoxy groups, such as FOTN
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A dash ("-") that is not between two letters or synbols is used to indicate

a point of attachnent for a substituent. For exanple, -CONH2 is attached

t hrough the carbon atom A "carbocycle" or "carbocyclic group” conprises at

| east one ri % formed entirely by carbon-carbon bonds (referred to herein
o

as a carbocycVO'BYPS and does not contain a heterocycl SCT/RELII6
ot herwi se specified, each ring within a carbocycle may be i ndependently

sat urgt edt dparA ti 'ﬁﬂég&vﬁ@h%@&ﬁﬂyloﬁféﬁ%{]ﬂfah]@e gaﬂgl(ﬂes (@poomgl I'Moxﬁ)ubls(%ll(épt ed
- as indicate ar boc ally has fro nt_or
~spiro rings;© U Buripes §“’ﬁ?‘fgﬁf‘ﬁyce‘f‘taﬁl FPIRQFAERY g lﬁa\‘f}é‘stbr?@e % o thewo:
fcgs E(SZI) ri rc]:gs. }cl:)??Eycﬁgeﬁa‘biny)s rgehd Witlggrcailltyﬁ![aﬂcﬁwﬁml@m]igkédtmﬁa Eihglg cmléhﬁfoﬁd (ile., €.
rin ed.in.cer e
conprising f B8y " %Zﬁﬂéﬁ ky@?mlg?)cla?bcgmfl 19gsr t‘%}lﬁ'ﬁdg‘a QSht( ?Cﬁ “B?'g@‘ggﬁ%clm
ri ng nmenber sCgalghi)ailhbatle pydesgen hlins ue:, waepiaed, ahet;- @da&ylcymhpsahdyylie the&S same or
descri bed abgﬁe Ot her carbocycles are aryl (i.e., contain at |east one
aromatic car V icring, wth or without one or nore additional aromatic
and/ or cycl oal kyl TheiteTgsmalo@u’Cﬂufewtyﬂume,bhb;md eeminempciodide, for exanpl e,
R T
C5- d oar y| CohdBsgrhkiplg. gfﬂe@spsloa(lkyl'égrpupngm hm/\hpazbwnaiwn&a "Execsmﬂeaﬂefﬂfwowsl '

- carbocyclic H,R o P Ea%o'ﬁ%t&@ ﬁg}ﬁﬁplé%%? h%ﬁ%?tg}ogﬁsr n&gdé Buf 0K in) d!e@ €

singl e covalent or a ene groups inclu
- exanpl e, phemyhO-adld of tnelﬂ;wydmethyaannet |di-zx tgcldonomethyl; an‘l}hdlelttlhéwaﬂﬁr pénta-
foregoing is y ! a4y henyl
- groups |i nkegljér{;‘%}g@ t%s{t%n%(j e cdva eh’?&gm E)m@ Bl&lé#(g eegﬁ%“"gé gh@“ﬁ%@%ﬂwﬂa

desi gnat ed phiéyly | Gpicdaloilii! gfaupgare hb@@methﬂ athﬂefh@rm@ﬂb{yl Theltﬁlyh'émwlkwbpyl
and 2- phenyl ;g4hyl e)hald%myhgrhg; %Cdéﬁhe% ab@e at@&.t-;@wg%x%ky%%n fifgLP “Ch@shafoﬁlﬁnyi to 3

fused, pendant or spiro’r | east one o i's A het erocyclrc ring
(i.e., one ogrohﬁﬁr@verlltﬁéﬂéfbmom% a heteroatom 12 WD 2006/ 026135

PCT/ US2005/ 0289694 {.fepeRgent Aoy b&ueéﬁﬂvof e & syRbB9Gs Ded W iddichids goaRENI Ng
ring atons bei n]? carbon). Additional rin I f "present, may be heterocyclic

or carbocycl pae beéalemeat et erpelrcO isri‘ﬁacéﬁf’(ﬁﬁ‘f"f‘%‘b@e aarboz aom3 or 4

het er oat ons; W t hjsnrc&Bicyabnorethasty %r&u;ﬁ%ﬁﬂpﬁb@i@ﬁﬁﬁ@hd fing kdMled @ftiraly 0y 2
het eroatons per ring ach het eroc cont aj ns from3 to 8

icrin ener al
ring menber s°?r?qnﬁ@’§’°‘i'13‘(7‘#?ﬁ°f?‘?°(51rw ergj "‘5‘5"351?9" %ﬂg %Hﬁ%ﬁﬁt SRR AdEIeToRYFlS 1y
certain enbowhmnbtsérwaad?éwteerg %yc‘rtln%s\vmmr ¢awoagle‘ e tbe mmadlamty Qruraal, ro
rings typlca ontain from I rt t er.oc
conpri se H?(?]@rsatﬁﬁaﬁ%oégo‘ﬁatﬁ ?{81 Baﬁg S}rﬁ%t‘@@i f"“%d“ﬁe%tﬁ‘ﬁo‘g Pfg?ftygle g “ﬁréﬁ%ul fur
atomis oxi dhasatbn{ DtoSDﬁ@dsd, ﬁﬂﬂantlde‘s;&nroomgs;lc%odwys 'bﬂnmﬁetrtamrtﬁril:loylrr&mbﬁi\netoui ed
with a variety of s i.tue as i.ndi cate Unl, es e ied, a
het er ocycl e Hé%/or tgogus et o@Vd?agé’leﬁ% g Sﬂ?}"s(fm 5%\0 %a%mf ersﬁsg égﬁi’réﬁ ed or
partially saCufiggse)reciied ia chﬂﬁrﬁe‘rﬂ&ﬂiyﬂentgr Garbocwese:ompmngi fesa:ﬂ,tpemdaem‘rlsplg) riigé hi n
the group i S(typlcoligfgﬁontaxzx from)USpto 1493 rm% mem n%*s Ceétamﬁaqggntaﬁwe f:ar%ocyagsrge gy{:fé@bﬁg% Pay

be nonocycl i

pyrimdyl). ﬂbsbmm&ebbvheowowyhpbymsgrmjds{z arcenthin pk leakt vneaaramumrmtbne/nhc ring,
nitrogen ato r e V. i nyl,
benzi m dazol 3%}] EP%@%;}P%}‘% gglg% a%H?EH%g%?%gco ﬂ/%ggf/gﬁéwg@ﬁ'z i%é%{)za q%ar;/) P'%%Bg
benzof ur any| inclyés Fateinufle phenyl, , na@éhﬁ eazlonaphthy! apé ganephihydlz 8hgrpuyl, indanyl and

benztetrazol y,b’,3’4gtgpagyr@51ygphth9pr onenyl, cinnolinyl, decahydroquinolinyl,
Certain carbocycles recited herein are C¢-CyoarylCy-Csalkyl 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,-Cialkylene group). Such groups include, for example, pheny! and indanyl,
as well as groups in which either of the foregoing is linked via C;-Cgalkylene, preferably via C;-
Cjalkylene. Phenyl groups linked via a single covalent bond or C;-Csalkylene group are
designated phenylCy-Csalkyl (e.g., benzyl, 1-phenyl-ethyl, 1-phenyl-propy! and 2-phenyl-ethyl).
A "heterocycle" ﬁr "heterocyclic group” has from 1 to 3 fused, pendant or spiro rings, at

least one of which is a heterocyclic ring (ie, one or more ring atoms is a heteroatom
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di hydr of uro[ 2, 3-b] t et rahydr of uranyl, di hydroi soqui nol i nyl,
di hydr ot et r ahydr of uranyl, 1, 4-di oxa-8- aza-spiro[4.5]decyl, dithiazinyl,
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conpound (i .m@rrplidinyg,0n@rdliddngin apyrmanylbepyrrcﬂg,o | aquardzolinfiar guitidinyly e@lumwanhyﬂ est ed
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posi tions, I i |

different). bz‘éo?ﬁ%ﬁgf""‘% ‘?"ﬁ@t‘?’%ﬁ”@%gg %D"Q*“"(‘%gg tp%‘g%"é)g{yh%"%"%%"g that

"substitut edirwutwtlﬂqdomhdwml B 4sulistituerty asdessribedwberee X is t he maxi num nunber

of possible substi i ; I r
substl tuted wit h%f rh%)tlrdhl% d‘bco 6%1{%@ i %&bﬁg% éré( ?‘Tﬁtvll diH Estﬁlofgént S
(i.e., are uUndiHeei &TQHPedAdi1 @u%@w!eqmde’eﬂwevﬁe)@pcza&yt ﬁeﬂ F@@P%’e@ group (e.g.,

monocyelic or bicyclic) having from 4 to 7 ring members linked via a single covalent bond or an
atkylene group having from 1 to 8 carbon atoms. A "(6-membered heteroaryl}Cy-Cealkyl" refers to
a heteroaryl group linked via a direct bond or C,-Cgalky! group.

Certain heterocycles are 4- to 12-membered, 5- to 10-membered, 3- to 7-membered, 4- to
7-membered or ‘5- to 7-membered groups that contain 1 heterocyclic ring or 2 fused, pendant or
spiro rings, optionally substituted. 4- to l0-membered heterocycloalkyl groups include, for

example, piperidinyl, piperazinyl, pyrrolidinyl, azepanyl, 1,4-dioxa-8-aza-spiro[4.5]dec-8-yl,
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maxi mum nunber of substitutents). The terns "VRL" and "capsaicin receptor”
are used interchangeably herein to refer to a type 1 vanilloid receptor.
Unl ess ot herw se specified, these terns enconpass both rat and human VR
receptors (e, g., GenBank Accession Nunmbers AF327067, AJ277028 and NM 018727,
sequences of WERIWEPAuman VRI cDNAs and the encoded ami nBCHUSHOSABERNCeS
are provided in U S. Patent No. 6,482, 611), as well as honol ogues thereof

found i n ot kfphsRRCihdmorpholinéind MR RRG y1efsad geups mab%ehmﬁ&da
ound fhat podul ates VRI actjvat] on an

"modul at or, o]
VR - medi at ed® glﬁ’gﬂ%ﬂc PISSERRIE PROPRAtio pgferorelen & arosing a&rfd'wf)@&ﬁﬂp 2 B’P‘S‘W’dbd
herein are ¢paRdUBES, @amﬁw misaqlincind-yphar maceuti cal |y acceptable salts
thereof. Certain refe mpdul ators aye not .vanil.loid

VRI
modul at or may be®a “\Wﬁf“’ goﬁﬁ '?lﬂ lbefem - SHER HohPe °“l%%%w&&‘8?°vﬁfﬂtyﬁbwetdﬁ°hi gh
affinity if ai ftemlgithiata ﬂdﬂécui@fﬁmat t Fvaexamptd, & Fiagaibstityent ma}eﬁeesrradnbty shoasat han

500 nanonol anonnl 0 nango ar_o epresentative
assay for dg?lg&e %]"Hggr%p’ FEPF o 4’38&10% Ex’énﬁ?g ngy hr?e‘%eg R an %

nmodul at or i gprefenisty desrbeh lellﬁ"Ogﬂmt mmnhsﬁ is"a rinfg membebe tSnbstivishty of a:rhnamctgsoupaml | oi d
ligand bindin @ggt gov\a/ tgﬁbogxée%rto \a/%Ing cargén a&()dlé d’ﬂlegtn%(“sglﬁﬁ?ﬂégli‘ r%fegr%o (fe cm f-or

exanpl e, t h&° eTERT A 1 Ve assay era such
an ant agoni a&ydrogehitointis a Wiklecaotsirvcire mth pvsibktiteent, Gadd thed the yalerice Oh élsslesngxmad 1

m cr onol ar refer e r SS
than 100 naRBrbIS AR oisdr R sholiohe aheol g 1Bk S comPllly 131 € RS B bET5
in Exanpl e @GoladRIcharamterizedh m@tatﬁdlfwcbiqlntazamumtyatesmaflagohﬁ swheitutiond i nver se

agoni sts. 14 WO 0 , of VR
is a conpound t hé%g?! tﬁ%%kﬁgpg%e ac? s?%/llé{tdy %%18] ggjgﬂtﬁtf(g%% ??‘E%ﬂgé g (@15? Eha%

does not si gydrégen aherieyor aivangsilableepositieral typieallyvl, 2y 3.0f ort hpositicuse by ore ¢rimas

within a cal %Hgmgoqp hgm.ya é\%ss\ﬁ}g%(mazﬁﬁgﬁﬁfrbﬂ?oqm'sﬁbuc gp{)%lsﬁ iREhkPEHFEd 1N

t he absence o actrvity is re no nore 1han
10% nore pltl@flé]raafbI"s}dbﬁbyut?dowwbfremt%@nxmsﬂaﬁ@t&éw@ﬂrerﬁéﬂ%mepv @ﬂabvlybebwf no

nore than 2%9)551@3%&135%3&59 rcaRbhiy ogﬁolﬂﬁfy%ul&sﬁtufég gﬂﬁb@zﬁé ﬁmktﬁut&ﬁglﬂpﬂdn?@ td A3 or ?

activity). “Neutral antagoni st may “al So Inhibit the binding

vani | | oi d | ingepsadently yaigcted AnbstijnpRjefige a’&g@ﬁﬁ‘%‘@‘“‘%ﬁ yikptitpted &““E Gﬁﬁ%ﬂﬁﬁd‘eﬁlﬂqfét
reduces thenﬁgl;ﬂu}ﬁlnq,mbgfofg(&mggtgw its basal activity level in the absence
of added vanilloid ligand. Inverse agonists of VR may also inhibit the
activity of vani TIFE'O‘F’@FSI V& andafeansmirin AsrEpter 25 yied W@“‘%‘F"%%Wﬁ hargin & refeyimd to

VR . The basggb 1 vaGlidiy tcbaptddf u\(B&s,ou@myﬁpémﬁerddmssla@erﬁaemexhp@@bdtmmv&d Hfbh Vi ty
due to the S(esence of VRL antagoni st, % ggtﬁrm nﬁ@ ar&ﬁ cal ci um
mobi | i zat i o RAsEeyorsse & eSentle dosessiga, NP @‘F 306 2B T HEEE ‘U&Kai cin
recept or ageﬁrqu@fces dFlcertayRiunadg 0K SIONAs Sindithe @rRAedSnihd adid seqhiepvaasprividdact i vity
acti vati on Chnarer Nore A HEAER a1 dr binoeles RS MRt RaB e o1 n r ecept or
agoni st Ftct i Vi tyAmlbﬁloﬂldﬂﬂ‘t"lh ilsoefkfentdsltmgneﬁehmsr ep'hﬁalﬂﬁtb:a‘t isvaa caspmyd }ﬂrao\éi ded
|nExarrpe6 . Suc an EC5 s.than 1
i cronol ar, mﬁfi‘g{{%sqégl ?Yﬂé'g dﬁ’é?(ﬁé@%&ﬁ‘gi dlgﬁ%fl &65 #@f ésrsz%‘ilffawéss
t han 100 nm@;ﬂﬁl aerrex@rareleonmmnnmfndfaﬁ’ormla mandtﬂhmnasaxagallprameptdud salts fxasipl e 6.
A "vanill oi &Bﬁ ;ﬁgﬂ@o gr any_cap én agﬁ %lq t hat b%OI{R{II Ses.a phenyl
0, %’{ e porvai d’l $ i} at o nay onist O

ri ng with t acen at ons one
whi ch car bomntgdooish | & nhqduhitoeﬂmgﬁawah high affinity if the K at VRl is less than 1 mlcromo!ar

preferably less than 500 nanomolar, 100 nanomolar, 10 nanomolar or 1 nanomolar. A

representative assay for determining K; at VR1 is provided in Example 5, herein.

A modulator is considered an "antagonist" if it detectably inhibits vanilloid ligand binding
to VR1 and/or VRI-mediated signal transduction {using, for example, the representative assay
provided in Example 6); in general, such an antagonist inhibits VR1 activation with a ICsp value of
less than 1 micromolar, preferably less than 500 nanomolar, and more preferably less than 100
nanomolar, 10 nanomolar or ! nanomolar within the assay. provided in Example 6. VRI

antagonists include neutral antagonists and inverse agonists.
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the point of attachnment of a third noiety that is bound to the phenyl ring).
Avanilloidis a "vanilloid ligand" if it binds to VRl with a K

(determ ned as described herein) that is no greater than 10 M Vanilloid
l'igand agonists include capsaicin, olvanil, N arachidonoyl m ne and

resi ni f er at o @20ERKP3S vani | | oi d K gand ant agoni sts incl U%Tfﬂgwg%B&%P ne and
i odo-resiniferatoxin. A "therapeutically effective anount” (or dose) is an

anount that, UpoR 'aelifaldnlgbméct Qﬂ"\lﬁplsﬁcorﬁﬁfuh&mﬁt,uﬂﬁﬁﬁs%é Sctivify @rvdmﬁ&@u,gdnbl e
provj des detectab rel.ief froma condjtion_ being

pati ent benef| t

treated). S¢tKRE éﬂm s %ﬁlgb'éc@&? Shapaathe, bast GOy oL IS ERIPTY € WithiR & Fqlgjum

i ncl udi ng alg\oBNiz@tioh @fday0ds deSuiiBedin BXaH eS)SEFﬂirlﬁEHSm&h&ibséiﬁe pBvanilloi ligand, VRI
e e oo T T o AR e B 0
CﬁF, SyI’IOV:c ?}efé‘r&ﬂw By no h?él‘ﬂ)ﬁhan ﬁ%l Blul;taﬁreftrﬂﬁlﬁrtﬁeﬁ'e ts: 1l de‘tdcttf:ld,redueﬁfnSmCﬂbtl\uﬂy) ne)
that is su nt to a t he .bi.ndi. of ,.va ol.d. i to VRl invitro
(using, the ﬂﬂg"gﬁn IHOBHF 8%@* Wa@!%?r’rﬂ]q@ﬂgﬁb'%/og a'\}&léjwaﬁll %t “si gnal
transduction (us uaglrﬁasea@myt" fof ¥Rl deal cmpotixamttl redubgs. the hetiwdty bf WR1 agparient

that the di bl ben nt after n| st ration

ni af e
of a single 838@ 1V181613Y£)}1£8 o1 gﬁéﬁf‘éﬁ “){uof‘ﬁllqagc\i/)m r?ﬁerFee?)gé)gltsté(? W Pation
of the ther arpﬂﬂltthmtvhw of dnditvid h@ndhjé]@l and/@bitiding of wndloiddigentiod SR ﬂl‘m:bamgi nmen,
dependlng upon.th dlca tered
"patient” saCtgh@ f%? Elvualag)ﬁ'é Y wdm i bﬁ a&vgﬁfﬁﬁ%ﬁﬁgﬂ ol r%\?’% erméta s,
Patients i ncniautﬂedetémnmd\ﬁ-om a salvieh Imob#lizaipisssay aasidesgiibedgu Ekangpde ﬁzorrpanl on ani mal s

(e.g., dogs and gaisls angy i &sleﬁheceetﬁﬁg%ﬁm' or R 10ofiEP S SRRORY OE O

more synptons of & 'condi t10n respons| capsai ci n
PCT/ US2005/ GR886She activibpefche wmm:lr abave the(basabactivitialemel (& pmbances YR actimitioh oi d

| i d, |

d: gg‘p der 'St Cggchfég{rh\f%%(dldt&ﬁs?@%h%%&ongﬂ@e{pgﬁ&# Yebe t(g fagtglﬁsg ﬁctw tﬁpﬁﬁﬂf n?ﬁcgﬁt%fed

treat ment nawyingthe pepogsénpdtine pisey pravidedpia tBxample éoﬂrsg@elrab du@tanra\gglnstfh@ﬁr ant Beso

devel opnent gf,, &li%?tha.%ym?&aﬁﬂiar é%glelﬁﬁgo%&oﬂ BN or ePYJBﬂyE?Ms AL OGUES

As noted above, resent entio rovi des substituted bia
pi per azi nyl -IB@/Mﬂ@m@i@r or é@]@ﬁnetgm!erswmatbemp@éld%@cﬁxmplafivar| ety of cont ext s,

including in the At"("cﬁﬂtoma R caBdaichPdr Bny Gplicin and1&gde aRAdRpFiseRh pR&EH1 iHSHidltwo

nerve-nmedi ated pain); exposure to capsaicin;, exposure to acid, heat, light,

tear gas, aP?‘YEﬁ'é)PtPIF]E 5&\‘[‘% tq agljpeent iag C*F'Eﬂ“ a@mm@f whish serben atorp lsdycate gergde i ous

agents (i nclipdic of \dﬂte{chiﬁéiﬁ of RakitehmbRtyand is uounaisa Jhe ;ﬂi@r@ﬂ)‘ﬁhg)s PA a¥niflid lieh at ed
agents; respiratory condi ns _such as' asth chronic, obstructive

Ul monar y ol Bio: et Bpgia L e GRATR B RS dSFPSLETIR (b S0 ough
or hiccup; amnd10puM besgiitoyd thHa:hgoﬁ@mwﬂeISapmn alvasil, bemﬁcsﬁwnwmdspammemnantro

assays (e. or .activijt r obes ection and
ool T ati OrtssegRt 0L Yo aR g 85ar bl aﬁﬂ@f%ﬂf&ﬂ%ﬂ RNt od

Si 3”?' tr aESdECt lgO'meﬁﬁeﬁlﬁyeﬁly eﬁeﬂtmamibuﬁmwawaplﬁ apmﬁwndfhdt hmaummtk&tgﬁa&@bl yI )
modul at e t he bi ndi atnno submi.cr onol ar
concent r at | GAE™ LY gd%ﬁa‘ﬁ%ﬁﬁ’?% Q%’%ggﬁﬁ i 8f'?§ ec tbtel relheggﬁfnr LN pel ow
100 pi conol ebemg 2étep). Contotelief, may Me détematiokiag argvrapﬁromataomndra; mclﬁlmgnllemmbu bfit or s
are pref egg?l C?rglgc{re sy%;aloms%;gc% s Pacije r {\%eraﬁgl.? daLflIy a%fgcti'%e %rg unt 51] dogl eﬁgé%' res ﬁ and

have no
Preferred VR aqroeoiraicwnefcofpound dna bddy fluid Wthhas hlogch parlsm, ramuy (t?Sf WRbvial ﬂmd

lymph, cellular interstitial fluid, tears or urine) that is sufficient to alter the binding of vanilloid
ligand to VRI in vitro (using the assay provided in Example 5) and/or VR1-mediated signal
transduction (using an assay provided in Example 6). It will be apparent that the discernible
patient benefit may be apparent after administration of a single dose, or may become apparent
following repeated administration of the therapeutically effective dose according to a
predetermined regimen, depending upon the indication for which the compound is administered.

A "patient" is any individual treated with 2 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 capsaicin
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In certain enbodi nents, substituted biaryl piperazinyl-pyridine anal ogues

further satisfy Fornmula Il: Are ~ R4r /~N)' X11-1kR3 Fornmula 11 R o
-JX0-Ff R1L "KD wherein: D, K, J and F are independently N, CH or carbon
substituted with a substituent represented by R, or R o; R represents from

0 to 3 subst MOEHYE6I3hdependent |y chosen from (a) hal og%(ﬁWU 38%5hd
nitro; (b) groups of the formula -Q MRy; and (c) groups that are taken

together w }elaep%r%ordﬂaticﬁr(% Bpelir) SHfdsiie tot\o‘amﬁmmiggﬂe rlﬁ:ﬁ ﬁﬁﬁr?%ﬁﬁlnb&e Qveractive
het erocyclic rlng that is substituted with fromO to 4 gu bstituents

i ndependent Ppddendeepatony [diserdssy eRyalh andioratiesuplnpt may hodregy POINSR SHRPiemE) fids nul a
-QOMRy; 16tr¥é@n§@9@iy0b%6ﬂ;3§hyﬁ§ffd 1S2 QREdH 282%8red Bt Gisk §61 @6 elRvdopaRar stRREI t ueet

chosen from (a) groups of the fornula-Q MRy; and (b) groups that are taken
t oget her wi EXPR) to forma fused, optionally substituted 5- to 7- menbered

carbocyclic or heteroc clic rin such that RIOis not hydroxy, am no or an
unsubsti t ut éHB %ﬁ%@eﬂ Wﬁﬁ?’d’ I“L FE coal kenyl , CZ-C6al kynyl,

Cl - C6al koxy, CZ Qﬁablkd/ labeve,N@e preeeht (ﬁﬁt’ehﬁﬁﬁirﬁw:des @iﬂwsﬁﬁﬁhmﬂﬁﬁper@inyl-pyridine
Céhal oal kyl nono- or _di - '

al oal kox Cl.-%?lkl%lam 0, .
d - Ceal kyl sﬁfl‘“f%ﬂi?l tgatm' pd ingp VEEY eh s i ok 1 Bﬁv{‘}m&“ iR
i -(Cl-Ceoal hgdrapamamqﬁﬁmmy Inervamddlhtla@ pm);mxpmismg t()/@a’pisﬁdﬁ eﬁp@me taacld,esem i bed
above for F roul a | ]I? @“3 ts acgubsﬁ( ut-e ﬁous LAY/
oi per azi nyl LY FHiEH agrles we e RraPErCh &) {8 srlingugps ,
For mul as || sirused, bicterih @ant aﬁh peigen @tﬂy@m redutee! @ents, mmmcbnﬂmmsﬁmclrml asthinh ;§ i
except as def.ined, bel u@gz Ar “ﬁﬁt p\ | F
T RBE-N ' OFOHS SpogeB o disendhich, yipbyfihobiinendSor Rt goniad; & Rq N-N
RN, 111R3 \ dibicdupi-drd/oRbtesify. Sudh Rln(pounds may also be used within in vitro assays (e.g., assays
for receptor activity), as probes for detection and localization of VR1 and as standards in ligand
binding and VR 1-mediated signal transduction assays.
Certain compounds provided herein detectably modulate the binding of capsaicin to VR1
at nanomolar (i.e., submicromolar) concentrations, at subnanomolar concentrations, or at
concentrations below 100 picomolar, 20 picomolar, 10 picomolar or 5 picomolar. Such
modulators are preferably not vanilloids. Certain modulators are VR1 antagonists and have no
detectable agonist activity in the assay described in Example 6. Preferred VR1 modulators further
bind with high affinity to VR1.

In certain embodiments, substituted biaryl piperazinyl-pyridine analogues further satisfy

Formula 1I:
Arg
Y)*Z
A G
i -
Ry T\AN X"~ Rg Formula I
0
N
R _td\f“f
1 D
Kl
wherein:

D, K, J and F are independently N, CH or carbon substituted with a substituent represented by R;
or Ryg;
R, represents from 0 to 3 substituents independently chosen from:
(a) halogen, cyano and nitro;
(b) groups of the formuia -Q-M-R,; and
(c) groups that are taken together with Ryo to form a fused 5- to 7-membered carbocyclic or
heterocyclic ring that is substituted with from 0 to 4 substituents independently chosen
from halogen, cyano, nitro and groups of the formula —-Q-M-R,;
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~/ ~FNJ R R- K Formula 11c Fornula Ud Are Are Y N Rgq\~N~-X~R3 Rq |
Rga\ NJ Rra~ N~-N~-N~f R o RRb R b Ro Formula He Formula Ilf Wthin
Formula He and Fornula HE RI, and Ri b are independently hydrogen, hal ogen,
am no, cyano, G -C6al kyl, G -C6hal oal kyl, ¢ - C6al koky, d -C6al kyl sul fonyl,
mono- or di - MEG2ER6H1 ) ami nosul fonyl, (Ca- Cacycl oal kyl ) B/ BHEEIB¥AY| or a
group of the formula: 17 WD 2006/ 026135 PCUUS2005/ 028969 No O wherein No

represents g, fprebddts Gl RBRRBERLhodth kbmked hetencycl oal kyl; and RIOis: (a)
- COON, am nocar bonyl, imno, Cl-C6alkoxycarbonyl or C2-C6al kanoyl; (b)

G - Ceal l yl, C@%‘ﬁ?WFheé?rﬁ’é"ﬂ,‘Q@ﬂ'-Wflkoxy_, C3- C6al kyl ami no or nono- or
di - (Cy- CAal kyt))grstip 26edd kMl sog@iees Withfa Mo Ghinl £ fiset) Shidnbllyeshbibindidd 4-rem 1 to 4
substituents independently chosen from (i) hal ogen, hydroxy, -000H, cyano,
am no and am nod%‘?“t?@ﬁy‘P?‘b%?ﬁﬂ‘°'°ﬁP‘§‘?’°c(yF%““@ - Cbal koxy, C3-CBeycl oal kyl,
g:!- %ﬁtl gl |Sl|il I&&ﬁyﬂhat R is%ﬂ%@h l%ﬂji,aahbﬂﬂ4 ?’rlan7lfﬁ2ubrsmt@ﬂt€d Vltoser{Mﬁ)Clﬂthkyl, Cﬁ' f
i- - C$al kyl ) am no ny nd 4- - re erocycles, each o
whi ch is subs F#Wﬂdcﬁﬁt&ﬁq’ﬂfloﬁh'@a’ﬂ‘ﬁxﬁ%é@b@&] £He: '%%@Winéé‘#?i@fm% fosen
Egmcgal o?eni CHatokMall LC}LCthlBﬁiktlﬁ‘dy;ﬁbx&L Ioeuy(clagan(w)),m?m, c,-clsalkylsulfoﬁl, I\rlgo% or

- C8cycl oal k) m.nocar bonyl or a group.o e for a o erein
represents a EP’@%@}@E}@WQ? oyl Rﬁ’P‘?“r‘?k‘érd'"E%f(Ié?%gm“E?é‘F WL each of which is
subst i t ut edanditteRerhdiging Gribllesthresds ldesciiied abdvs forFeepident | y chosen from
hydr oxy, -COON, ¢vy.ano i no, . ani nqgcar bonyl , Cl,- Coal. kyl - Coal kyl . et her,
" Gty ol ky e aRhodiie” BAEEE! RORL nirGrpI P ek pE SPBA
C2- C4al kanosatisty &i2-or G¥bed df Boanlaa b A df,dm dhioh noiablaswde b indicated akdHokimilg B rekeept
Wthin certain egqui_mants of Formulas Ila-11f, Are is phenyl, pyridyl or
pyrimdyl, BEEHBHUhich is substituted with from1 to 3 substituents

i ndependently chosen from am noArzcyano, hal ogen, Cl-C4al kyd,
G - Cdhal oal kyl, d - Cdam noal kylx ! - GAal koxy, C - Chal ogy y, Cl-

R
4(\/\NMR3

R |
4{\/\NJ\N/ Rg

Rig

R10 N N
o S < N
1~ ﬂ . 1 “ LD
KID K/
Formula IIa F ormula Iib
Ara Arp
v ) e
4
NN N/l\Rs (\/\NJ\N/ Rs
{ R1g
R10\F\\\\/N ) F\\‘rN
J
R1—t ) R4 [t LD
K'D
v  Formula e Formula IId
Arz Arg
Y7OSN YN
R4\/\ ' = Re A~ /l =
SO ARINECS Y St
= N = N
LN P
R1o Rip
Rip R0
Formula e Formula IIf

Within Formula Ile and Formula IIf:
Ry, and Ry, are independently hydrogen, halogen, amino, cyano, C,-Cqalkyl, C;-Cshaloalkyl, C;-
Cealkoxy,  Cj-Cealkylsulfonyl, mono- or  di-(Ci-Cealkylaminosulfonyl, (Cs-

Cseycloalkyl)aminocarbonyl or a group of the formula:
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C4al ky, t hi o, and nono- and di-(C, - C4al kyl ) am noCo- 4al kyl ; and R4 represents
O substituents or one nethyl substituent. In further enbodi nents,
substituted biaryl piperazinyl-pyridine anal ogues of Forrml a I further
satisfy Fornula Il1l: Are R4 T i Ry~~ N°NR3 Fornula |11 ~K N
wherein R, WO 20068435 are as described for Formula Il aﬁET’tUﬁ 0?’%%?&%. ng
vari abl es are as described above for Fornula I. 18 WO 2006/ 026135
PCT/ US2005/ 028969 certain enbodi nents, substituted biaryl
pi per azi nyl - pyr[,_; dN@anal ogu of Formula IIl further satisfy one or more of
Fornul as Ma I n whi c@riabl es are as indicated for Fornula |II:
Are Are R4 N-N CR4 M-, Whegein ~ Ny repregenty a4\ t\/-memberade N-linkeg hegigsyglpatkylyand Rt - j t - K
N RIK \\ Fognul.a I'1la Formula IlIb Are " t At r2 R~-NN~R4A N~N 4 1~ \~
N J~R3 -N ~N~ Rre F \N\J Ro FNJ RKR-3Y~-1 K Formula Illc Fornul a

Id Certain deSOQH;ewiosrkanyl inHpg, erGelkaxpicarbony] entnlsalkarygues of Fornul a

[
: I : fErNt ;‘(eer Sq%@‘ Y,‘sallgﬂ)r ff&lb?alldyl |eﬁ|;1epr%|t-déﬁ|aﬁl\cﬁx 1" &-Balkylamiind’ or Bono-Aor di-po,RS Y ~N
4alkyl)ammocarbonyl each of which is substituted with from 1 to 4 substituents
independently chosen from: |
(1) halogen, hydroxy, -COOH, cyano, amino and aminocarbonyl; and
s gl (ii) C;-Cealkoxy, C;-Cyeycloalkyl, C;-Cealkylsulfonyl, Cl-Csa}j;gqggycarbonyl, Cp-
C,alkanoyl, mono- and di-(C;-Csalkyl)amino, phenyl and 4- to 7-membered
heterocycles, each of which is substituted with from 0 to 4 substituents independently
chosen from halogen, C,-C,aikyl and C,~Csaltkoxy; or

(c) (C3-Cseyeloalkyl)aminocarbonyl or a group of the formula:

J’TNQ NQ
o wherein represents a 4- to 7-membered, N-linked heterocycloalkyl,
each of which is substituted with from 0 to 4 substituents independently chosen from

hydroxy, -COOH, cyano, amino, aminocarbonyl, C;-Csalkyl, C,-Csalky! ether, C;-

Cscyceloalkyl, Ci-Cgalkoxy, C;-Cealkylsulfonyl, C;-Cgalkoxycarbonyl, C;-Cyalkanoyl, C;-

Cqalkanoylamino and mono- and di-{C,-C,alkyl)amino.

Within certain embodiments of Formulas Ila-IIf, Ar; is phenyl, pyridyl or pyrimidy}l, each
of which is substituted with from 1 to 3 substituents independently chosen from amino, cyano,
halogen, C;-Csalkyl, C;-Cjhaloalkyl, C;-Cjamincalkyl, C,-Csalkoxy, C,-Cshaloalkoxy, C;-
anllg)'clthio, and mono- and di-(C,-C,alkyl)aminoCy-Cyalkyl; and R4 represents 0 substituents or
one methy! substituent.

In further embodiments, substituted biaryl piperazinyl-pyridine analogues of Formula 1

further satisfy Formula O1;
Arg
N
Ry /"\
s
Rig (\/\N X" "Rg Formula IIT
N
e
1 _N
K

wherein R, K, J and F are as described for Formula If and the remaining variables are as described

above for Formula 1.
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--- R4 KR4 -NN RORORDRD Formula M Fornula Il1lf wherein: A B, E
and T are |ndependently nitrogen or CR2,; Rt, and Rtb are independently

hydr ogen, hal ogen, am no, cyano, C - Caal kyI Ct - C6hal oal kyl, Ct- C6al koxy,
Ct - Coal kyl sul fon% nono- or di-(C - C6al kyl )am nosul f onyl ﬁ

Cscycl oal kyI')VQr?P #28pbonyl or a group of the formula: , SFCT UW-‘”@”%S\/\her ein
N3' represents a 4- to 7-nenbered, N-linked heterocycl oaI kyl; Each Rea is

i ndependent |y chiasetid élﬁﬁﬁdh}ﬁﬂfspgﬁﬂimtmwmpera&ﬂﬁlmndmy mguaabfcf@ﬁﬂxla I

am nosul f onyl L hocar bon - 000 < hal oal kyl

G- Canydr ox e GRE AP B Eerm e it T, o b sl ety B o romm
C4al kyl t hi olll: Cs- C4hal oal koxy, nono- and di-(Cl-Csal kyl ) am noCe- C4al kyl ,
C2- C4al kanoyl, C - C4al koxycar pnyl Cl - C4al kyl sul fonyl ,

C - C4hal oal kyI sul fonyl and rmng\ or di-(Qg - C4al kyl)am nos ffunyl such t hat
at least one R2, is notyhydrdyenN R4 is hydrogen, thyl N e or oxo; RIO

is: (a) nitro, -OOOH anhpag i mno, C- CGaI

C2- CBal kanoyl ; (b) C1- Codl al kyl et I}@r a koxy,

Cl - Coal kyl am no or Ry = -(d - C4a)kyl )a , each of which is
substituted with fry tho4subst|tuents [ ntIy chosen from (|)

hal ogen, hydroxy, -0 4, cyano, anino and amni no °oony| and (ii)

Cl - C6al koxy, C3-Cscycl gatkid g1aCl - Coéal kyl sul f onyl Ral-ma@mbkoxycar bonyl, C2-
C4al kanoyl, mono- and di-(d -Csal k™ yl)am no, phenyl .apd 4-,to 7-nmenbered

het erocycl es, each of which i s7®ubstituted with fromO0 to % substituents

i ndependently chosen from hagogsn, Cl-C4al kyl and C] CGE[ y; or (c)

(C3- Cscycloalkyl)amnoc b nma group of the f ok ai;&(% | ol wherein
N~ represents a 4-_to 7- N)ﬁ , W Tinked het erocy kylt, Reach of which
IS substituted W|t o 0 4 substituents e l'y chosen from

hydr oxy, -000H, c ng no, am nocar bonyl, IkyI C2- Coal kyl et her,
C3- Cscycloal kyl, C - | koxy, d -C6al kyl sul P _ cBal koxycar bonyl ,

C2- C4al kanoyl C2- Clalgggngyfirm no and nono- and Ctionﬁﬁﬂ@m kyl)am no; R is
i ndependently sel ected at each occurrence from hydrogen, nmethyl, am no and
cyano; and the remaining variables are as described for Formula IN. Certain

substituted bi argdnaii fasdtiakdd DibryPYipérabifyepaiane Qas6MeObf Farmilal B fulthg shiist her

sati sf
y Formula IIle or I1If:
Y
T b
| R5 YI N
X LIW‘R-]

‘ = 4 \ = 4
N N
Rm 4 R10
R1b R'”J
Formula ITle Formula OIf
wherein:

A, B, E and T are independently nitrogen or CRy,;
Ry, and Ry, are independently hydrogen, halogen, amino, cyano, C;-Cealkyl, C;-Cghaloalkyl, C;- o
Cealkoxy, = Ci-Cealkylsulfonyl, mono- or  di-{(C;-Cealkyl)aminosulfonyl, (C;-

Cscycloalkyl)aminocarbonyl or a group of the formula;
Al
6]

Each Ry, is independently chosen from hydrogen, hydroxy, amino, cyano, halogen, aminosulfonyl,
aminocarbonyl, -COOH, C,-Cjalkyl, C,-Cshaloalkyl, C,-Cshydroxyalkyl, C;-Cjalkoxy, C;-

0
, wherein " represents a 4- to 7-membered, N-linked heterocycloatkyl;
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Formula Il11g, in which R4 is hydrogen or nethyl and the remaining variabl es
are as described for Fornula Ille: Rte EB Y N Rte ~N~N-N'R5 Fornul a | Ng
R \ NRA s N R ORD Wthin certain enbodinents of Formulas Me, Illf and
111g: R, is hal ogen, cyano, nethyl or trifluoromethyl; 20 WO 2006/ 02613-5

PCT/ U82005/ O‘EQQ@’Q’OQWD i s hydrogen, hal ogen, anino, O - CEATAPROSEEIB3,| Koxy,
nono- or - (4 -C4al kyl )am no, nono or di-(Cl-C4al kyl )am nocar bonyl ,

G - C3al kyI suI oIm#thio OT,-CRAISatkoRy, ritino{ d d%ﬁldiélb)lﬁﬂi'iﬂﬁ%maﬁ@ﬂﬂz Cofatogash Rea

G - O1al Koxy. " Caterreta) SRR o1 AR D e oo -G 2 Ve
and |11g, RS &mikyRamaneilforydepdhnike atitayt cnbiBg ésmot fydongen; (1) hydrogen; and (ii)

Cl - Ceal kyl cl oal kyl ) Co- C2al kyl and groups that are
joined to L Shy%?oc?en m%kl etﬁigsfg’%rrber ed heterocycal ? each of which is

substitutedRiisth fromO to 2 substituents independently chosen from

hal ogen, hydroxy... o0 f C4al kyl ,

Cl - C4hal oal ky?gS % @9}%@%«;@@& dey?ﬁn‘%}o %ﬂow%&%éﬂ P]lécul fonyl and

mono- and di - ({3 C@aﬂ%xl@za@ﬂalkml ether, RS;-GiplloxRE, Clt%gbximo veirt monChemth -E1whi ch

t hey are bound, e y h
hé‘@%no%arb%ﬁ ueggf Iﬂ? %\rh?cﬂ is @ﬁ%s?l{u?eﬁ GlPaloky ?I i @ts?ﬂsgtrl]lqents

substituted with uents i ndependently chosen
hal ogen, hydroxyﬂdeawmycmsmfr@m nocar bonyl, ami nosul fonyl, -000H,

G - CAal kyl %Ls%%éylgggx{cébéﬁ &%@%MF pad %ﬁb&&l af her,

C- C4al koxycar bon ano m no - C4al kyl sul fonyl,
and rmono- and d|(1II CE-Calkexy | wd@%ikma@k@splkylﬁlﬂfoﬂﬂrtﬁe@esaufﬁib’@%fbwht £

substituted biaryl cBll@ﬁJy@Z &nraxa B Il @%s%@g&%esph%] F&HWJ %o 7.memw&f her
satisfy Formula IV 0-tK' p
wher ei n: heterocycles, each of whlch is substituted with from 0 to 4 substltuents mdependenﬂy

chosen from halogen, C;-Cjalky! and C,-Csalkoxy; or

(c) (Cs-Cscycloalkyl)aminocarbonyl or a group of the formula:

HORNS
0 wherein represents a 4- to 7-membered, N-linked heterocycloalkyl,
each of which is substituted with from 0 to 4 substituents independently chosen from
hydroxy, -COOH, cyano, amino, aminocarbonyl, C,-Cealkyl, C,-Csalkyl ether, C,-
Cscycloalkyl, C-Csalkoxy, C;-Cgalkylsulfonyl, C,-Cealkoxycarbonyl, C;-C,alkanoyl, C,-
~ Cjalkanoylamino and mono- and di-(Cy-Cyalkylyamino;
Ry is independently selected at each occurrence from hydrogen, methyl, amino and cyano;

and the remaining variables are as described for Formula III.

Certain substituted biaryl piperazinyl-pyridine analogliés of Formula Ile further satisfy
Formula Illg, in which R, is hydrogen or methy! and the remaining variables are as described for

Formula [1Te:
E

P

sl
3]
1]
m

YN ,
Py Rs Formula Olg
Ria (\\/Nk N g
N N R 6
LN
Rip

Within certain embodiments of Formulas [le, I1If and 1I1g:

Ry, is halogen, cyano, methyl or trifluoromethyl;
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F is carbon substituted with a substituent represented by R, or RID, R o is
as described for Fornmula Ill; and the remai ning vari ables are as descri bed
for Formula U 21 WD 20061026135 PCT/ US20051028969 Certain substituted

bi aryl piperazinyl ridi ne anal ogues of Fornula IV further satisf For mul a
| Va, in whi CWQ/QW“&B%@S are as described for Formula IV: %:yUsm?\?"ozg?ﬁng N~R3
Formula I1Va R O\F~-NJ Rt "~ zleD Certain substituted biaryl

pi per azi nyl -gykihgirsi@n R eeiho 0l -d5aky1LE, 80,4 oy b brde br & AC]-Sfalkyl)dnsifid]Hogo-| Vb or

v i1 1 o GRS o Forlb it | e unetel 0 b

and T are i ndepanhgpaihysulforiyh, egen or CR2, ; , 1s halogen, am no, cyano,
Cl1- Ceal kyl hal.oa C6aj kyl sul f | ,,0 0-_or
0 Chal it RS pebiy piosea R 8k ‘?"é"e%ﬁ“’ Saibuiine et G Oa
G - Ceal kyl , Cr gsAlpiCgmidaiky]l. G - C6al koxy, (¢ - C6al kyl sul fonyl, nono- or
i -(C -Co6a)kyl)am nosul fonyl, (C3-CBCycloal kyl)am nocarbony] or a group of
the formula: ~Withia chitaiNgmidémeitsof FepmdmdHe sndalllgs Ri andReneerindereodently ¢hosteed
het er ocycl oal kﬁ Each Rea is independently chosen from hydrogen, hydroxy,
am no, cyano, arPog am nosul fonyl, am nocarbonyl, -000H, d -C4al kyl,
Ci - C4hal oal kyl (i)f@ﬁw@ihylwr oxyal kyl , d - caal koxy, G - Caal kyl t hi o,

G - “Cial koxy oot BOR P LERE A CrPRIA B Cfiar BBl b SRLETR

:J.r el

and di - (C - Caal Ky adi froduembergd heteroryplel ¢agh oéwhicbaswbewemnﬂuf@nn@nto 2
Eydr ogen; R4 is ﬁ‘tﬁﬂt‘&&ﬁ‘md%@ﬁdé}{ﬁy chbleR WomHaldB& hy &b, bo, 3C0ORSHiihRETordyR"
ormula Ille and Formu
aminosuifonyl, C:-C,;alkyl Cr-Cshaloalkyl, C;-Cjalkoxy, C;-Cjalkoxycarbonyl, C;-
Cjalkylsulfony! and mono- and di-(C)-Csalkyl)amino;

or R; and Rg, together with the N to whiéh they are bound, form a.4- to 7-membered
heterocycloalkyl that is substituted with from 0 to 2 substituents independently chosen from
halogen, hydroxy, amino, oxo, aminocarbonyl, aminosulfonyl, -COOH, C;-Cjalkyl, C,-
Cialkoxy, Ci~Cshydroxyalkyl, C;-Csalkyl ether, C;-Cjalkoxycarbonyl, C,;-Csalkanoyl, C,-

Cqalkanoylamino, C;-Cjalkylsulfonyl, and mono- and di-(C;-Caalkyl)aminoC;-Calkyl.

In further embodiments, substituted biaryl piperazinyl-pyridine analogues of Formula I -

further satisfy Formula ITV:
Al‘2
e
Ra S~ ,“\ =
\\)N Ra Formula IV
J\F N
Rm‘t ,D
wherein:

F is carbon substituted with a substituent represented by R, or Ryg;
Ryp 1s as described for Formula HI;

and the remaining variables are as described for Formula I1.

21



R, is independently selected at each occurrence from hydrogen, nmethyl, am no
and cyano; and the renaining variables are as described for Formula |IV. 22
WO 2006/ 026135 PCT/ US20051028969 Wthin certain enbodi ments of Formula |Va
and Formula 1Vb: R a is hal ogen, cyano, nmethyl or trifluaor cRbis
hydrogen, halV@f8#/ 0287 no, CI - C3al kyl, Cl - C3al koxy, nono- P&%r}&tza}g}wsggﬂ

di - (C, -4al kyl.) am no, nono- or di-(C, -C4al kyl ) am nocar bonyl ,

Cl - C3al kyl sul f ongérfaiosubstitwied bieryl dipetatinyl-pBididekanhlpgues 06 Soffwm {V furthachati®p, i s

i ndependent . , am no, Cr-C4al kyl,

C, - 4al koxy%gnn%nﬁﬁpg%gﬁg}’%%ﬂ%ﬁ?&adﬁ%ﬂ qgljr?gm%ﬁg?e i ndependently chosen
from (i) hydrogen; and (ii) C, -Cbal kyl42 C2- C6al kenyl ,

(C5-C, cycl oal kyl ) Co- C2al kyl and groups are joined to L to forma 4- to
7- menber ed heterocycle; each of i ch ills %lbstituted with fromO to 2
substituents independently chosen oBen, IpeehgxyWa 0xo, -000H,

am nocar bonyl, ami nosul f onfylo, & - kyl, C-C4hal oal kyl, Cl-C4al koxy,

Cr- CQ koxycar bonyl , Cr- 04%1 Iﬁ%g_s\\uff onyl and nono- and di - (C, - C6al kyl ) am no;
or R5 and R6, together withTi KJr\lil’to whi ch they are bound, forma 4- to
7-menbered heterocycloal kyl that is substituted with fromO to 2
substituents independently chosen from hal ogen, hydroxy, am no, oxo,

ami nocar bonyl , afentds sibtieigd biaryCpipejaziay-ppadinckanalogues -of EgmplokY further satisfy

Cl - CAhydr oxygl ky . ether; C, -C4al koxycarbonyl, C2-C4al kanoyl, CzZ-
C4al kanoyl am no,JIXP?Z&(%%FX%I fonyl, and nono- and

di - (C, - Gal kyl ) am noCo- C2al kyIT.fEﬁ;th her substituted bi aereB

pi perazi nyl - pyri di ne anal ogue{zgg‘ Fornmula | additionallylsafisfy one of

Formulas V, V1, VII or VIII: AE Are "~ | ~N-x~R3 For nul V ] NXX | R3
Formul a VI RIOixF RIO Y( jXxy /RRBK,DRl KD Arz NY ~1Z Y ~z
~NI kX ~R3 Formula VII rNKkXJ~R3 Fo frul a VU Rtj\' |N,Rt()/ﬂ-\|: IWJ: R~ G K
RL G K wherein: D, Iﬁmaﬁ\ ndXF hTe‘Rmdependemaly(lq\"CH%r lEareen

substituted with a sul\o \Ei N RS €pr esent ed by R;\o NB/B‘R4
D D
Rig” ~F Rig” ¥

R1p R1p
Formula IVb Formula IVc
wherein;
A, B, E and T are independently nitrogen or CRy,;
Rya is halogen, amino, cyano, C;-Cgealkyl, C;-Cghaloalkyl, Ci-Csalkoxy, C,-Cealkylsulfonyl or
mono- or di-(C-Cgalkyl)aminosulfonyl;
Ry, is hydrogen, halogen, amino, cyano, C,-Cglkyl, C;-Cshaloalkyl, C;-Csalkoxy, C;-
Calkylsulfonyl, mono- or di-(C;-Cgalkyl)aminosulfonyl, (C3-Cscycloatkyl)aminocarbonyl or a

group of the formula:

N
0 , wherein represents a 4- to 7-membered, N-linked heterocycloalky!l;

Each Ry, is independently chosen from hydrogen, hydroxy, amino, cyano, halogen, aminosulfonyl,
aminocarbonyl, -COOH, C;-Cqalkyl, C;-Cshaloalkyl, C,-Cshydroxyalkyl, C;-Cjalkoxy, C;-
Cjalkylthio, C-Cshaloalkoxy, mono- and di-(C,-Csalkyl)aminoCy-Cialkyl, C;-Cyalkanoyl, C-
Cjatkoxycarbonyl, C;-Cjalkylsulfonyl, C,-C;haloalkylsulfonyl and mono- and di-(Cy-
Caalkyyaminosulfonyl, such that at least one Ry, is not hydrogen;

Ry is hydrogen, methyl, ethy! or oxo;

Ryo is as described for Formula I1le and Formula {I1f;

R, is independently selected at each occurrence from hydrogen, methyl, amino and cyano;

and the remaining variables are as described for Formula I'V.
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R, is as described for Formula Il; RIOis as described for Fornula 111; and
the remaining vari ables are as described for Formula 1. 23 WO 2006/ 026135
PCTI US20051028969 W thin certain enbodi nents of the above Fornul as,

vari abl es ar03#sPHilpows: Arl, R, Rla Rib, R ~ and R o @&T{SPMM8A6Igr oups
satisfy the formula: RRo Rla ~Ra RoFROF- RIOF\pN\ RLR J 1p
Rl R10 / R10/ Y/Wltllul dertaibleMbodlherfs dK FléniRlvRaM FabRVb:Rla RIORta N1 / RO
/11 iNN/NN"' iNRlb .Nl4 Egﬁlo Ihtthib Rio RRo) Rbor Ro in which
vari abl es ahe’s hdogepsyane: Welylohginoromethder t i n enbodi ments, Dis N, in

further entmglis mgmbgcn, khlogkn, alkind) T/ Q1D Of-C:aldoxy, ioiidA ioﬂd:s(Ci-C,lal]dS/l)ﬁxhllﬁe,rmono-
enbodi nent s, ot.h t hi t odi rrent s, Ki 8 oJ, both K
and J are N ?n s‘ﬂ'(‘lt:: ?ﬁﬁ‘?’ﬁ m%ﬁf%‘}\ﬁ r{'{]scoalgﬁsuﬁgnna S8/ o ar & opfji {S:hal |y

substituted ca;ah@r)axﬁmo@lfonle F and K are optionally substituted carbon).

Wthin certai t tut carhbon i.t uent

r epr esent eoeHCR ”@‘Igp %’ﬂ?’ghqs cli%m dB%F‘hgg?%n’tﬁ){%nop%llglﬁ ot tad?ﬁéfﬁw and/ or
one substituemtd@leiphMytenﬂby R, or RRois |located neta or para to the

poi nt of at h oint of attachment refers to the

at t achnment ?gemind?e%c%lnﬁ yclhostel %68 Certain substituents satisfy the formula
QCMRy. It w (1}hytde)gap|amtent that if Qis Co and M is a single coval ent

bond, th R, i i~-ngl ). Al
core’ . TR CHRE gkl 6, Ao BB PRI ek Bl 1, T
ot her words, a Iﬁnm adt &t ymen&sedwtbmedleab@h@f vihich g wetistitnted ywithdfrae @ to @ any

ring carbon ato t nat ed
b, R G 3 or 7 Rl iR A HRORGRS By, bR BG0IT kbR
and subf ornul as aminsswfonyl, FhGallsdr dadnbaloalkyh) Ci-0 @DIHKY, aﬁl obaxysetonyl, Cm no,

Cl - C6al koxycar bk 194 gaﬁgm ¢, al kyl, C2-Ceal kyl ether,
Cu- CBal koxy, O - (‘% yﬁl mgi;ﬁ‘l no n m)no(- 1-@2 ‘SI@ g@ C4a| kyl ) am nocar bonyl, each

of which i 9rsksband Butfeaeﬂwr t"chf FhGnN fot‘bhlﬁh Wbsﬁtf? bersx; formi ﬁd*eﬁénﬁ@ﬁlﬂ’eycdchosen
from (i) hal 9&&6’0 cIBMQﬂQH%Yxs subsehlld Mﬁfﬂﬁn 0ddh @ﬁbsﬁtﬂ&t@m &d@ﬁtﬁ%&en fmd (i)
Cl - Coal koxy, i'oal kyl, C|-Ceal kyl sul faonyl oxycar bon I

C2- C4al kanoyl halomn%vdrca%d aigino( ex, @aav%#wh %nosalfontfb ?O%t%r%ﬂ )

het erocycl es @md(op,he@ld,y¢¢h¥&@&quqf czmmgm eth3r, S@sh;alk&x%@sbnw td)-f A1Ramb bg 4

substituents independent chosen from hal oge
Cqa kanoylammo C;-C4alkylsulfonyl and mono- and d:—(Cl—C4alkyl)ammng—CgaIkyl

Further substituted biaryl piperazinyl-pyridine analogues of Formula I additionally satisfy
one of Formulas V, VI, VII or VIII:

Aro Argy
Y/L\Z - Y7¥Z
A P
N° "X Rs  FormulaV (\\/hll X" "R3  Formula VI
10 N R1p N
s s
Ri-%~ .0 Ri—&— b
= “K
Arg Arg
A N
Y Z Y Z
JI\ é]\ ,"\ =
N""X” "Rs  Formula VIl (\ N X" "Rs  Formula VIII
Rio_fF. _N Rio_F N\)
R J\ R J\\ =
™8 .0 & .0 T
G“K' G"K'
wherein:

D, K, G, J and F are independently N, CH or carbon substituted with a substituent represented by
R or Ry

R, is as described for Formula 1I;

R;e is as described for Formula I11;

and the remaining variables are as described for Formula I
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C4al kyl and Cl - C6al koxy; or (c) (C3-Cacycloal kyl)am nocarbonyl or a group of
the forrmula: 24 WD 2006/ 026135 PCTI US2005/028969 N T 0 wherein N 3
represents a 4- to 7-nmenmbered, N-1inked heterocycloal kyt, each of which is
substituted vvlth from0 to 4 substituents i ndependent |y hydr oxy,
- O0O0O0H, cya‘HB %f?f’(ﬂé am nocar bonyl, G -C6al kyl, C2-C6al @%Z@ﬁ/fgésgw
C3-Cscycl oal kyl, C - Co6al koxy, d - CGaI kyl sul fonyl , C -Co6al koxycar bonyl ,
C2- C4al kan%ithip cmm@ﬁﬂxbﬁmﬂybﬁm abovecivdnulaspyapiablesagk adifol{o@k- C4al kyl ) am no.
Wthin certain conpounds of the other Fornulas, R o represents: (a) nitro,
- COQN, amfilmd{arﬂwﬂy,l&cdmﬁﬁm d - Ceal koxycar bonyl or C2-Céal kanoyl; (b)
C' Coéal kyl , oxy, C4-C6al kyl am no or nono-"; Qy.

-(d - Caal kyI a%rjlh%‘é]ca% g%aﬁ@m%@ okaf which is substituted with froml to 4
substl tuents |ndependently chosen from (R hal ogenR1 droxy, g OOO—I cyano,

am no and am nocar bonay and (1] ) - Coal k C3-GCs | kyl,

G - Ceal ky! §# \(E&%"hkox P@;q%ﬂyl | kanoyl , _N mono- @n

di - (Cl -Csakkégt—) m NOR, h&toer cycl &&gan phenﬁ Bh of
which is subst‘Ktut ed witK from 0 4 substi Rwents i nd&mendefittl y "chosen from
hal ogen, CAal kyI and CI ,§:6al koxy, or (c) &1 - CBCycl oal kyl ) am nocar bonyl
or a group ofR N No wherein represents a 4- to 7-nenbered,
N-1inked het Ryt egChyof whioch is s tuted with fromO to 4
substituents pe ly c n f ydr oxy, ~N-OOOH, cyano, am ngs

ami nocar boRy aI k | RiC2- Coal k t heRw C3 Cscycl oal kyl , C) - C6a| koxy,

d - Ceal kyl sul fcﬁﬂ/l . 1‘(36,al kox{®an bond/l, o2~ CaalMeandy| whidp varehlek #7099 ani no

and  mono- de@&fteﬁtbotectn&ﬁ%%mtamm ,ﬁe %ﬁl@;@ﬁuoaﬁmasq SNOMRAr gl Nde,  for
exanple, nitro, am nocarbony - O00H, - C4al koxycar bonyl

| rydroxyQ withimtith frtes elgbﬂdﬂwﬂir ByydE aigypoth N. aWFthlaefhﬁm@hORwen@é( i N or both

am nomet hyk)m ﬁatfmogsn%ﬂhéﬂéﬁab&dﬁn&ts;t ? REWER (G B dptiofedll Q&Bsmﬁiled &mlnlgyg (e.g.
car boxynet h nono- and d W/t'h)am noCi - C4a % and nmono-

and
di - (C - c4alb %y*rlé Mﬁ?ﬁ@‘m%é‘r‘b@%}‘%ﬁ?d carhi"Pre BseRaiR FemopRAs: IRisgu P‘HEEB§“P?R:I ude

( C3 Cscycl ?@' kel s)l@smu@ﬂ(}@;fr&@xﬂyd bydR 00415, 13 \6tate® bRk RNEL point of attachment) and/or
-(Ad-C4a ) am nocar bon

g )é rou s.that are substitut % %{ihin C4a] koxy,
CI C4hal oa‘l”t&’)ﬂ’ sEent popresqeier léf{h Ruo ‘Frt?ﬁ%‘“’d R QPP ﬂ@&tnk |eStagAmAR, W}lﬁfﬁ‘f‘i onal | y
subst i t ut egle pointloPattachiAbRIcRdo the ettsen@@yfbltqueydzmgrmigps (e.g.,
Gt ey ofuraryl or R SRIERHL b B Sy 000 B0 SRl o RIS
is a single covalent bond, then R, is directly linked (via a single covalent bond) to the Ary core
ring.
Ry in the above Formulas represents one substituent of Ar;. In other words, a Ry moiety,

as defined above, is covalently bonded to any ring carbon atom of An, such as a carbon atom at

the position designated D, K, G, J or F in certain formulas. Within certain compounds of Formula

1I and subformulas thereaf, R,q represents:

(a) -COOH, aminocarbonyl, imino, C;-Cgalkoxycarbonyl or C,-Csalkanoyl;

(b) Cy-Cealkyl, Cy-Cealkyl ether, C|-Csalkony, C;-Cealkylamino or mono- or di-(C;-
Caalkyl)aminocarbonyl, each of which is substituted with from 1 to 4 substituents
independently chosen from:

(i) halogen, hydroxy, -COOH, cyano, amino and aminocarbonyl; and
(i) C-Cealkoxy, Cs-Cgeycloalkyl, C,-Cgalkylsulfony], C;-Csalkoxycarbonyl, C;-Csalkanoyl,
mono- and di-(C,-Csalkyl)amino, 4- to 7-membered heterocycles and phenyl, each of
which is substituted with from 0 to 4 substituents independently chosen from halogen, C,-
Cqalkyl and Cy-Cgalkoxy; or
(c) (Cs-Cseycloalkyl)aminocarbonyl or a group of the formula:
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WO 2006/ 026135 PCTI US20051028969 N ,SJ | N 3 wherein represents optionally
substituted azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,

- nmor phol i nyl, thionorpholinyl or azepanyl. R, in the above Fornul as
‘represents up_to three optional substituents of Ara (in addltlon to R 0).
In certain enBSHMEREYS R represents one substituent (i.ePCT/AH05028969
~di-substituted). Representative R groups include, for exarrpl e, hal ogen,
‘nitro, cyano, nethyf\G - C4al koxycarbonyl, trifluoronethyl and

‘et hyl sul fonyl . - Xhe. vdriabl es/R,, and Rib, within Fornulas that recite such
“variables, are geherally as,N.dgscribed above. certain c und Ri,
.and Rib are i ndependent‘%/li?re“hydrod&?f°seﬂ%lfég‘8r?“me“ﬁ’i‘ﬁea 'iwgh‘ﬁtem@? ﬁ

. C3- Qhal oal kyl , dﬂwh%&& &Mﬁute%tm@}nk(y{owiubﬁm}éhts uﬁ’ﬂaﬁ@dexﬂlﬁ/ cHoser Gbm hydroxy,

- Cbal | yl ) anmi nosu cI oal k a rou
~formula: N~ O ’e?yﬁn‘f\lc?mr’ ’éoﬁTI "él A:a @ﬁ%ky; {:r’eﬁ“ﬂbleati'erf\l-ﬁ @8&5’1
- het er ocycl oal ky&salkdxsy, Ci- OgatipBilfcag CohCpatkakRarbbiivg G, < dlkdnbgl, Cr-Clallshoyhalingaa,

" cyano, nethyl or triflu in further enbodinents, R, is hal ogen,
. cyano, nethyl dP° ft"ﬁ“f’l“h@?%%’ﬂ%‘l“‘ %Arz, R and RZa In certain substituted

bi aryl pi per arithinyderigiy canthiomels afhe otgemnmﬂaslmlereﬂbme Formul as, Are is

optionallys stlt Vi . yridyl or -

4-pyridyl) o yri m gﬁQm'lnogarbof]ﬂe'fmc%?béﬁﬁ‘c’l@mmﬁr@y?rscd)ae‘ﬂk ﬁ 12- menber ed

bi cycli c ar yl(borCiitetionodhyaligd o etbert h@lt-csalkowptﬁhdb@lkﬂymmubstmbmnb egr,ab-(Ci-

- descri bed abov d n bski t epy

unsubsti t ut ed T alkmfﬁ\?&%?r &%F h%agfeﬁggﬁgﬁné?\t%m%%%? ?Jghsﬁ%)st I Ptlét gdiu\?m%ﬁm?

to 3 or from1l ltldrp&dsmlbsmsem@mns i ndependently chosen from R2 as descri bed

above. In cert 0 { substituent (R2) and
enlgge%hlr fbgg E'B@?I R’%flozaaﬁﬁmﬁiardu’ﬂ:@ﬁ)%ngrgnd (R2)

each R2 is inde osen from’am no ogenr am nosul f onyl ,

d - C4al kyl, G (@'b}lﬁiaC@HﬂOnyCs apyctoslylel ﬁoﬁgﬁﬂﬂwk‘}lfon}"cﬁ%kﬂxmwok)ﬂl Co-Glalkaypsl, koxy,
Q - Gdal kyl thio, gonooaéﬁlﬂﬁld? at kg xynamw- %nflrm%be(rg&lhgéaéy@éi LATBRAGO A REKY!

C2- C4al kanoyl , 0X car I sul f
C, - C4hal oal kyl sul ity is satrfsatuwémﬂl ﬁ@mop taﬂse@mermmlqmdym chessw frp tglpgen, C,-
Representative subgjy ;%g@%@smox@r@ i ncl ude am no, cyano, halogen, G -
C4al kyl, C - Cghal oaI hoal kyl, d -C4al koxy, d -C4hal oal koxy,
a - Caal kyl t hi€ @n@swﬁﬁlﬂww&wa%drom(lela@wqf%ﬂ)l’%ﬂho@o C4al kyl. In certain
such corrpounds ArzZ substituted neta and/or para to the point of
attachnent, tr_,e Qe poi nt~ef attachnment refers to the attachnent to the
corering. Ino rds, if_Aye is phenyl, the phenyl is nono-substituted
at the 3-positiorn? mnm@ubs m@eq!en@ta%?@-mmmdﬂl%nked@ﬁemy@ﬂkst| tuted
and the 3- and

AaPAS) ich‘?s”s% dﬁnﬁé&%t gﬁmeggﬁbsn?ﬁﬁmﬁ 6% flefil Aty HBsefiEm Ay BHRS

i ncl ude phenyl, pyr| pyrim ubstl tuted wth
fromO to 3 or €O ICY@G, @mgmbﬂsmmce@myb G ldcri-balivhethei fy-Cagclytkyl, C-

2006/ 026135 PCT# L&&C}Oé %ﬁkzg&fonw ttlbﬁlk%:%fc&%d’)'/l 'ﬁEIC4QEa95')QS€2 ORRal3lamfholaken

together with an adjacen forma fused carbocycle or heterocycle.
Repr esent at i ve B¥erAgdbpsalindlemdg, for exanple, the foll ow ng

Representative Ry groups include, for example, nitro, aminocarbonyi, -COOH, Cl-

Cialkoxycarbonyl, hydroxyC;-Csalkyl (e.g, hydroxymethyl), aminoC,-Csalkyl (e.g,
aminomethyl), cyanoC;-Csalkyl (e.g, cyanomethyl), carboxyC,-Cialkyl (e.g., carboxymethyl),
mono- and di-(Cy-Cyalkyl)aminoC;-Csalkyl and mono- and di~(C,-Csalky)aminoC,-C,alkoxy.
Other representative Ryp groups include (C3-Cycycloalkyljaminocarbonyl groups and mono- and
di-(C,-Cqalkyl)aminocarbony] groups that are substituted with C,-Cyalkoxy, C,-Cyhaloalkyl C,-
Csalkyl ether, mono- or di-(C;-Csalkyl)amino, optionally substituted 5- to 7-membered
heterocycloalky! groups (e.g., tetrahydrofuranyl or thiophenyl), and/or optionally substituted

phenyl. Additional representative R,o groups include groups of the formula:
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bi cyclic groups, optionally substituted as described herein: \ ' \ I =N N\
I NV I N VI NVIENVIENT VTN OOO 'OV I NV NVINVI SN
SN O\ N/ \'\ ~N pand NH, as well as variants of the foregoing in
which the fused ring contains one or nore additional doub] 0 such as:
VINA VT \WPRASNEIFS O\ |/ The variable R when p:i)%ggﬁ??(’g’ggsygeneral ly
as descri bed above; in certain enbodinents, each R2, is independently
chosen from hy en, hydroxyl, am no, cyano, hal ogen, am nosul fonyl,
aninocarboqurN-O OH, Cbzﬁiglkyl, G - C4hal oal kyl , d -C4hydroxy 4 kyl,

C - Cal koxy, i - CAal kylnhio, C -C4hal oal koxy, .nong- and ... o

di - (C - Caal kyl ) ani §8e*B44] ky‘re,l’“"ﬁi‘?!sea%‘?“&@rﬂ& t‘,}/""“éla?er}@wéﬁﬁw&ﬁ?‘oii‘ﬁffrd}“ﬂ’

A - CAal kyl pipefagiin] morfholitythiomadpkylingLdrk@patyt. and nmono- and di - (d -

C4al kyl ) am nosul f on In, further such c ounds h IS, | endent |y
chosen from hyh‘? B’Q}%er?b"‘ﬁ;ﬁo RS TeRIESRRRy UP t&ﬁt?' optigal f‘ﬁ%ﬁ‘@{?%f éf‘i’&?ﬁgfﬁ%eﬂ’kyl and
C - Cdal KoxXRp)l Nk kértain Bmbddiednts, RyClepeeeal octedsubstifuents ({8H Ar; BRAapbsinttdpach R2,
I s independentl|y chosen fromcyano, . hal ogen, - Cdal kyl , C-C4hal oal.kyl,

G - Ohal Kox RIS AR - LR orlr CORRR JBBEreo TRy | o1 BPRE Couch
conpounds, GadlkdxeastiongneflairomethyBandmalndsulforiys N. Certain Are groups have the
formul a: RZa whereip B and E.. a esCri. abave. . 27 WO
p006/ 095156 POTFIHEBERDBe dad R Kopiesdp s g‘#]"%o‘faﬂ%i%’ PREGY R o L
i s defi ned desrikd-a6oa@l KYitlémeerain ©BpQGEs, By] R fratndepegdantik dpdrogegchalvgen, wi t h
Rs, R6 or Rr.to for 4s 1o f- red Y, n teracycl e so
formed, at® éné)sfyag?fg& ‘gca‘sfi%%lh%éta 6}%1]30%? Zlégtc L]a?ﬁr‘])ﬁ{’o(?'s@g&%dlgn@i }r%lé)n(gt%méﬁghd i s
coval ent | y Gedkndeniinomilfanyl,d 6nPoymderikybemimafbomd or agouprof fig forkb: r esul ti ng

het erocycl e may-he a heterocycl oal kyl group (e.g., tetrahydrofuranyl,
mor phol i nyl, , pjjpeji di nyl pi perazinyl) or a heteroaryl group, such as
pyridyl, pﬁhr | or te¥rahydrofuranyl. R3 groups conprising such a

het erocycl e iincl udewhdréif MpépeésentOa 4N tNF-meibelrell, N-litked heterocycloalkyl. In
further embodiments, Ry, is nitro, -COOH, halogen, cyano, methyl or trifluoromethyl; in further

embodiments, Ry, is halogen, cyano, methy! or trifluoromethyl.

Ars, Ry and Ry,

In certain substituted biary! piperazinyl-pyridine analogues of the above Formulas, Ar; is
optionaily substituted phenyl, pyridyl (i.e., 2-pyridyl, 3-pyridyl or 4-pyridyl) or pyrimidyl. In
other compounds, Ar, is a 9- to 12-membered bicyclic aryl or heteroaryl group that is optionally
substituted as described above. In some embodiments, Ar; is unsubstituted phenyl or unsubstituted
pyridyl. In other embodiments, Ar; is substituted with from 0 to 3 or from 1 to 3 substituents
independently chosen from R; as described above. In certain such compounds, Ar, has at least one
substituent (R,) and each R, is independently chosen from amino, cyano, halogen;-aminosulfony),
C\-Cjalkyl, Ci-Cshaloalkyl, C,-Cihydroxyalkyl, C;-Cjaminoalkyl, C;-Cjalkoxy, C,-Csalkylthio,
C,-Cshaloalkoxy, mono- and  di-(C;-Cjalkyl)aminoCy-Cialkyl,  C,-Csalkanoyl, C;-
Cqalkoxycarbonyl, C;-Cjalkylsulfonyl, C,;-Cjhaloalkylsulfonyl and mono- and di«(C-
Cjalkylaminosulfonyl. Representative substituents of Ar; include amino, cyano, halogen, C;-
Cjalkyl, C;-Cjhaloalkyl, Cy-Csaminoalkyl, C;-Cjalkoxy, C,-Cshaloalkoxy, C;-Cjalkylthio and
mono- and di-(C-Cialkyl)aminoCy-Caalkyl. In certain such compounds, Ar, is substituted mera
and/or para to the point of attachment, wherein the point of attachment refers to the attachment to
the core ring. In other words, if Ar; is phenyl, the phenyl is mono-substituted at the 3-position,
mono-substituted at the 4-position, or di-substituted and the 3- and 4-positionsin such compounds.
Representative Ar, groups include phenyl, pyridyl and pyrimidy], each of which is substituted with

from 0 to 3 or from 1 to 3 substituents as described herein.
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R3, in certain enbodi nents of various Formulas provided herein, is a group
of the formula: Rs N~Re wherein: L is Co-C3al kylene; and Rs and R6 are:

(a) independently chosen from hydrogen, (]-CZzal kyl, C2-C6al kenyl,

(C3- Cacycl oalv%lagzl 27600- C4al kyl , Cz-C4al kanoyl and groups that ar eoag' oined to L
to forma 4- M/ReBered heterocycle; or (b) joined toP§UPAIR/RE6E o

12- menber ed het erocycl oal kyl ; wherein each al kyl, al kenyl,

(cycl oal kyl') al kyfithiglckao R, gadigs, bad RY QaMGh @bty withSansddjasdnt Ryltoefdrm wifilsed f r om 0

to 4 substituents i ndependent chaosen from (i), hal ogen, hydrgxy, amni no,
ani nocar bon§Arbocky o gﬁ%ﬁﬂ“&ndké?ﬁsmmef%ﬂ&F’;"&‘E)n’&g(‘ﬁge’r °rcfx-38§%1 BS?I following
C5- Cr cycl oabikylic giohps, dpfianakio xabstitiizd £s4adciibeddplein: Cl - C4hal oal kyl , nmono- and
di - (C - CG4al kyl ) am noCo- C2al kyJ, nono- and 0

di - (i - CAal kypFagiimcar bo al kylZ peny| Co- Qly and ( o]
7-menbered -HRt efocycl e) |, e Qf i ch S Bubstit itk fromO
to 4 seconddry subStitu€ertts  indegpenden Ichhosen fTomMal ogeh, hyc”oxy,

cyano, Cl-C4alkyl, d-C4al kgxy and O - Cdhal oal kyl . (\Wthin certgin such
i e

conpounds, Rs § are | ently u’$ fronP 1)\ hydr og and (i)
enyl ; Cinycl og 1) .0b- CZ I d gro g
forma®*4- to 7-nentbered heferocCycle; each whi ch,is

Cl - CZal kyl , CRe G

arejoined té6*L to

substituted with fromO to 2 substituents independengl

hal ogen, hydroxy, 0oxo, -00Q am nocar ponyl,, am ngsulsQnyl ,
Cl - C4hal oal ky -JAal kos G yCal k flar honyl '
nmono- and di =CBal kyl $aR-NON or R RIARO, t oyes ¢ S A
they are bound, forma 4- to 7-nmenbered heterocycloal kyt” that is :
substituted w 0 to 2 substituents independently chosen from 28 WO
2006/ 026135 P S2J05/ 078969 hal og hydr oxy, am no, oxo, am nocarbonyl,
am nosul f onyd, Cl @ Ky |, CA Aakkoxy, O -C4hydroxyal kyl ,

C2- C4al kyl et her, .£A- CAaiko ar bonyl , \CtC4al kanoyl - | kanoyl.am no,
O - Cal kyl sul fonyl . and mono- At g (O -cad ‘E%j?%sé’gn’&aﬁtégﬂ‘&%?aﬁ?g‘%”bﬁié‘%‘ R3
groups i ncl thel@sed rg centainpdre or mona additiongl ddubl{ ¥ondCamh ksyl ) ami no groups that are
substituted with fromO to 4 substituents independent chosen from hal ogen,

hydr oxy, am n bo Q[ OH, Aa-ras ud Cl - C4al kyl
] h} oI QY -. O ko}y, C2-C4al kyl
y oy ,“ICX" Ofal kénoys=aim no and nggp- and

C2- C4al kenyl,, | C5h CZ
et her, C2- C44IR&noH1, ,
di - (Cl - C4al kyl ) ani no.” Representative suci‘n groups include: Y N " N,, and
~N~OH (X.. Wthi rp-gb?her R3 groups, R5 and R6, together with the N to which
t hey are boun Ior a

Z

The variable Ry,, when present, is generally as described above; in certain embodiments,
each Ry, is independently chosen from hydrogen, hydroxyl, amino, cyano, halogen, aminosulfonyl,
aminocarbonyl, -COOH, C,-Cjalkyl, C;-Cshaloalkyl, C;-C;hydroxyalkyl, C,-Calkoxy, C;-
Cialkylthio, C;-Cshaloalkoxy, mono- and di-(C,-CjalkyljaminoCy-Caalkyl, C,-Cqalkanoyl, C)-
Cqalkoxycarbonyl, C,-Csalkylsulfonyl, C,-Cshaloalkylsulfonyl and mono- and di-(C;-
CialkyDaminosulfonyl. In further such compounds, each Rp, is independently chosen from
hydrogen, halogen, cyano, amino, C;-Csalkyl, C;-C;haloalkyl and Cy-Cjalkoxy. In still further
such compounds, A is CH or CRy,, and each Ry, is independently chosen from cyano, halogen, C;-
Caalkyl, C,-Cyhaloalkyl, C,-Cjalkoxy and mono- and di-(C;-Cyalkyl)aminoCy-Csalkyl. In other
such compounds, at least one of A, B, E and T is N. Certain Ar, groups have the formula:
Roa~_-E.

o

b el wherein Band E gnd R, are as described above.
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pyrrolidine, piperazine, piperidine, azetidine or norpholine ring, each of
which is substituted with fromO to 2 substituents independently chosen
from C, - C4al kyl and C - C4hydroxyal kyl . Still further R3 groups include
phenyl and 4- to 7-nmenbered heterocycles, each of which is substituted with

fromO to 4 WOZEREEht s i ndependently chosen from (a) hdTPESI03MEPHxy,

am no, o0xo, am nocarbonyl, am nosul fonyl and -000H, and (b) Cl-C4al kyl,
Cl - C4hal oal gyl , C2- C4al kenyl, (CS-Crcycl oal kyl ) Co-C2al kyl, G - C4al koxy,

C2- C4al kyl ether, C2-CAal k yl., G- al kyl syl fonyl =~ C2- CAal | am no,
mono- and di - (CIB&Fe ?’hﬁﬁ??ot,he Hgﬁ&-egﬁgﬁ dﬁ‘il“‘-egﬁ 8“'&5‘?’1?97 3fa<§i¢§@@§¥’s%| ,
nono- or di istdken foddaies with Rz Ry@s Y fodtnd a 4-ph 2 ariginbered Meddrécytle alnchng Heterbayclé so
menber ed he er%Cé{]l e%CO al kﬁxl : egﬁh ﬁf' §/)\A’|i ch. i.s substi t%itzld bWi h.fromO
to 4 secondSFYed SRSt PCFARPY PRIEFEN Frid] §chBEFOPr B h Al 8‘%,°W§8P%§y,
cyano, - COCkmpGhenCatarh lofRs, &ndr 5. Th&xthatingdkelesokyclGaattriarheeteirlddBybgrawda g ncl ude
azetidi nyl, rrolidinyl r phol i.nyl L hi omar phel i nyl i.per.idinyi

pi per azi nyl feggrgfhlp %%‘69’#‘?})8?[) P gﬁ#}é’é Blb%{%?ﬁ‘zfng@é% ﬁ%gtf m%/{rvﬁ% %rﬁu |’§u°h é’% s’tdylt ut ed
wi t h from Opgrinidy! sutbisthydroferdngl. R gemsroepsing sadhadetarobycdbminclide) fohedampien,

hydr oxy, am no, oxo, am nocarbonyl, am.nosul fonyl and -COON;, and (b)

C4- C4al kyl , C2-C4a|keg%gik S cycl\ng;E{%]%,q G - C4hal oal kyl, Cl - C4al koxy,

C2- C4al kyl ether, C2- | kan éaja sul fonyl, C2-C4al kanoyl am no and
mono- and di - (Cl - C4al kyl ) ali no, each of which<is substituted with from 0 to
4 secondary subsRi ingentdisenndapatiaéyarioys Fohmddprdvidsdrhérsioiox groemd tiedbroglan,
Representative exanples ok, such R3 groups include the heterocycles: vro
NNNN 32N 32N andN Anngugsfituted het er ocycl es, such as: 29 WD 20061026135
PCT/ US2005/ 028969 0 “JU ~%®,~5"0 ~S 11 O j2Nv 32Nv 3ZNv Nv ~tN ZND and ~N

t~0 0 ~S' S r ~ 1 N-including enantionmers thereof (NIJNJNJNJ 311N~ 3i N~
3t N~ S'ZO 3PREFIPZN~ 32~ J. NNN- and ). Qther such R3 groups include

phenyl, pyrioyd,.c.nxnéddl gyl . pyrazinyl, pyridazinyl, imdazolyl, thienyl,
oxazol yl and tetrahydrofuranyl, each of which is substituted with fromO to
4 substitueft@IRadfEpendent |y chosen from hal ogen, hydroxy, am no,

am nocar bony! (a)atidperdehtty0Bhdsen féiMdrogin, @i, CLEalBMC (@atstseloatkdie,CAal Kyl
cther, G- Olal oy £2,CAatkapoyl, Gl GANLogl oy 29" 200 ey
heterocycle; or
(b) joined to form a 4- to 12-membered heterocycloalkyl;
wherein each alkyl, alkenyl, (cycloalkyl)alky], alkanoyl and heterocycloalkyl is substituted
with from 0 to 4 substituents independently chosen from (i) halogen, hydroxy, a‘mino,
aminocarbonyl, oxo, —COOH and aminosulfonyl; and (ii) C;-Cialkyl, Cs-Cjeycloalkyl, C;-
Cqjalkoxy, C;-Cyalkanoyl, C,-Cyhaloalkyl, mono-~ and di-(C;-C,alkyl)aminoCy-C,alkyl, mono-
and di—(Cl-C4alky!)aminocarbonleo-C;?alkyl, phenyl(ag;?4alkyl and (4- to 7-membered .
heterocycle)Cy-Cralkyl, each of which is substituted with from 0 to 4 secondary substituents
independently chosen from halogen, hydroxy, cyano, C\-Cialkyl, C;-Csalkoxy and C;-
Cyhaloalkyl.
Within certain such compounds, Rs and R, are independently chosen from:
(i) hydrogen; and
(i) Cy-Cealkyl, Cp-Cgalkenyl, (Cs-Cioycloalkyl)Co-Cralkyl and groups that are joined to L to
form a 4- to 7-membered heterocycle; each of which is substituted with from 0 to 2
substituents independently chosen from halogen, hydroxy, oxo, -COOH, aminocarbonyl,
aminosulfonyl, C;-Cjalkyl, C-Cjhaloalkyl, C;-Csalkoxy, C,-Calkoxycarbonyl, C;-
Csalkylsuifonyl and mono- and di-{C;-Cgalkyl)amino;
or Rs and R,, together with the N to which. they are bound, form a 4- to 7-membered
heterocycloalky! that is substituted with from 0 to 2 substituents independently chosen from
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enbodi nents, R3 is not NH2 In other words, if R3 has the fornula: ? L~N, R6
and L is a single covalent bond, then at |east one of Rs and R6 its not
hydrogen. In further enbodinents, R3is j h-~ QRr. In certain such
.conmpounds, L is (@@DCBaI kyl ene; and R7 is O - Coal kyl, C2- C6al kenyl

(C5- C~cycl oal RYP$EBHWAW kyl , C2- C4al kanoyl, phenyl CO- Csal P(}T’%?““ﬁ@ﬁ?@nber ed
“het er oaryl ) CVC4al kyI each of which is substltuted with fromO to 4

-substituents i nggfendsatdxy, @rhﬁﬁeBxJ r&m&a&b&gﬁrbmlﬁtmfdaw -camfntx:,-c4a1ky1 Ci-

‘ami nocar bonyl nos al k C7c

; C2 C4al kyl et he?“am@‘yi (ﬁaé E’@i‘?‘y %&’I‘%EC&‘W gﬁ‘al’fﬁ‘ﬁ"éﬂ’%‘w Q‘ir (gﬂg‘}’/‘ﬁﬂn&' and
C] (CrI E4a| Kyl )Gﬁlkﬁl@aylaﬁiltfbthlclmgamybﬂﬁﬁylﬁhﬁhnmdg— anci ajF(CrG)aﬂdijh:ﬁ]ﬁoG%E&jrloxy aﬂdl

"d - Coal koxy, each o ich i.s.optiona substi aoen yl,
“methoxy or triflud MWVPS 'W'ﬂcﬁi r§f“1"? ﬁ?f‘?'haé’ df"%g?w unghat are
hydr ogen, Cl -sﬁﬁafulexi hwith from Ohahmgaemuezwihdbpéndénﬂytchmen fanhha:lmgmmysromj aiine, cﬁb,ove
‘Formulas, R3 is -Cr7¢ al ky | oa e

‘which is subs"’ﬂlqoﬁ?rg%]ygn &#’?IFI or’r{"bnof ° ﬂ (jl‘?lgyd’erﬁg C"a% alpengééf W i]ﬂ’g g:h
-from hal ogen,C.michtlgky, C.eVialhaxy, o>(la Qﬂkglnmﬂmr bo@yﬂ:mlkmhos@nl-@mlkylbulfonﬂ,OOEg-

' C3-Crcycl oal kyl henyl and 4- er ed 4 n certain
‘substituted lggly araﬁoﬁﬁl}]ﬂ)’e%@?cﬁlﬁ ang dl dlcngky Aal o ﬂ%psrg%ﬁr?%%/(’%éﬁ 3 gﬁouPﬁmdlu‘:le

represents zere sub uent or one nethyl ethyl or oxo group; in certain
-enbodi nents s S;EE./EI tu i s located adj acent to the nitrogen atom
‘that is bound- o\'(he cérg,d s Showh belfow 30 WO 20061026135

'PCT/ US2005/ 028969 'R N~ The carbon to which a meth or ethyl group is
‘attached is chiralWihp @wt%lgwue&%av%m%e% Wjth the;l to wb\ﬁwwﬁrepb@tl fama v,

M, Vi, or p‘ﬂr@)lhd)ine h%ﬂer%e%p&'ﬂﬂﬁe,gfz%e or mbllpholiﬁéi"ﬂ%%| eﬁchtof wlﬂlchtxs dubdtitubdRvithix1 N

:-I\LJ TIN- 11 or respectivel nbodi nents, Rq

represents a f§’i“h%¥°@ SBQ@BWE'E%)%‘?‘WP‘E?@W{Y ch%enfr%&r%a%y ’ﬂ“dz&h(ﬁ:"lﬁdmégalﬁfé’[ ed above,
are independently S@Rfurﬂiétfu o%ld@:hclﬁ&b%e@l add@afét’? xﬁéﬁﬂaeﬁﬁ hééeroa&cfe@ctach%fmmm;s I'n
certain enbodi msnt S, ﬁa}rg IS i ndegenden{; t){ %g grﬁed fr dr ogen,
fluoro, met hytbstiuedivis fop @faﬁ‘f%ﬂtm@ Hdgpengeatly ‘EP o3 FiPHm
-Eygrogen rrgtdayl amABlafnA dmbaiioiyl &dChCOOH] Snd mﬂepecﬁml I a,-c)nasamf cpm
ydr ogen an or. eac g repr.e
compounds, ﬁ}“ﬂﬂ e<C@-Cv°Y§ “Hlfyijd?%éﬂﬁ%qc&) %""pﬁq"%t T’Qﬂs¢ @%ﬂﬁ’ RhaS faﬁ\?i“ﬁ' d-r
herein, X 1 sCNk{ienlfgnyl, ¥,-Gpatkadoydanend Hponot rand Lﬂx-t(@,@@alkpll)@ﬂhb@d&oﬁ-&ﬂhd &-(ar-e N,
X and Y are and Y e N In,stil urth o] d are
each N. Repr le@@héf"i“\?&”%%ﬁgﬁop?}toéﬁ'@ é¢‘§/l}‘y1 o< %yﬁr’m:’ 5’?}8 §1alk§1 i opués
provi _ded h_er eﬁemﬂendlwtdmpyclmcf‘al!kﬁ math dfi whithed dubstinttdiowéh e 0ftb clabdeyndary
described in 5'5%%9 i lllts? %ndé‘;fe%demll); c}YMS(lenl ﬁ'grﬁ hgiBEe%r Eyr]iﬁ'ong,halané, hEOOH, C;-Cqalky! and Ci-
Cjhaloalkyl. Certain such R; groups include azetidinyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, piperidinyl, piperazinyl, tetrahydropyridyl and azepanyl, each of which is
substituted with from 0 to 4 substituents independgn}:ly chosen from: (a) halogen, hydroxy, amino,
oxo, aminocarbonyl, aminosulfonyl and —COdH; and (b) C;-Cjalkyl, C;-Cialkenyl, Cs-
Cieycloalkyl, C,-Cshaloalkyl, C-Cjalkoxy, Cp-Cialkyl ether, C;-Cqalkanoyl, C,-Cqalkylsulfonyl,
C;-C4alkanoylamino and mono- and di-(C;-Cjalkyl)amino, each of which is substituted with from
0 to 4 secondary substituents independently chosen from hydroxy and halogen. Representative

examples of such Rs groups include the heterocycles:
O

aO,AO,aN\)S,aN\j’ 320—0 s 2{0;

and

And substituted heterocycles, such as:
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‘ described in

specific conmpounds recited herein are representative only, and are not
intended to limt the scope of the present invention. Further, as noted
above, all conpounds provided herein may be present as a free base a
pharnaceutlcall% acceptable salt or other form such as a h¥drate thin

-~ certain aspectQ OIS present invention, substituted bi af] fusSooSiozses

. pi perazinyl-pyridine analogues provided herein detectably alter (nodulate)
- VRl activity, as determined using an in étro VR ¢ unct.i onal assay such as

{ a cal cium no tlbm/&x }d\rssal\zdbts anmassay)ga \VO pain
Crelief assay}z % \)Jch a er a bi ndi ng
. assay may be”“uSed e,nc re| sV gand ndi ng+-assgy ‘andr €
!intended to refer to a standard ||r V|tro receptgr bi ndi pg assay, such as

. that provided Ie 5, and a "cal ci um i 74 sts’ws Q

i referred to %e\r%h "si gnal transduetlgl \}lsay R%w as

" [ [ anpl e; G:clumhgeﬁdnﬁomémﬂ&mes bi"'ndj to V c,o efitjon

- assay nmay be perforrred in which a VR, preparatbon is |ncubat ed with | abel ed

i (e.g., 1251 ,caomp,p Jhatabi drsotox MR capsai ci ecept or
- agoni st such a X) an abel St~ conpou th a SMOVI ded
herein, the V¥ ed |§2 er abBP~peimmal i B} | y3flafan or

"rat VRI. The recept’or may be ’recorrbl nant |y expressed or’ naturaIIy ’

. expressed. The VR g rati of pmy be, for exanple, a menbrane preparation
+ from 1- 1EK293 [or YCHOJcel l s thaf®r combi nantly express 31 WO 2006/ 026135
: PCTI US2005/ 0

ba on vmth a co und t hat del ectably
" nodul ates vani || oid i gan®bi ndi n er\jpgh RacBLeHps ”Fﬁ e phegle puidkle PYIRIAYcr ease

in the amoungyr@inyl, q@ﬁaazb@u REidagdiyl, hmxe}@ ofzEplRdEnat ie@ﬂmydrb&l‘ﬁirl \egch bfowhibie ianount

- of label bound in bsence, of t decr ease i Nncrease may
be | tsed to HETBHE HE EAB G0 b bgier s I BOUrl ShOHB RS AR JUaHA s,
conpounds  t hatinéte:®bBas eminbaiforADWTORT Cl-afaiky], oumielcloalkyh eC,\ERhIkyIr epay @d on

bi aryl pi per GOk Cer BRE: Srar " aRE Grp- o PHGGRrB IR g b S, 1 or

such conpounds may be determ ned using a standard in vitroRYR - nedi at ed
cal cium nobi |l i zati on assay, as provided in Exanple 6. P;B;Hj ly, cells
expressi ng éodigients, R, ieme ey Iﬁﬁtﬁermrﬁs,amﬂds this fdtmalac onpourts aafl Liigd siighst and

wi th an indicator. of intr | | ul concentratlon (e.g., a nenbrane
per meabl e ca‘io(‘f?!ffﬁ‘nbor@e'rq%’i‘ft?e@f%to{}e@éms(ﬁgﬁ g %®k3tt or Fura-2 (both of

whi ch are available, for exanple, fror ‘Cﬁbecul ar Probes, Eugene, OR), each
of which pr oducelnafmftlieumwmatts Hioma 7o um dertain @&h)conﬁumrds,cbrii &t is

preferably c |ed ou I ncubat i on | 1 buffer or
culture rredl %%r?pr é l% ’seﬂ]@a&yl 'geﬁﬂf'uen@f ?@h%cy&oaﬁ%%%%b@ a‘%ﬁ‘d c%hdér]k H%f“]cat or
in solution. ph@urh@ua@sblkyls:rmﬁmﬁhmrﬂfdeﬂtefomyl)ﬁacmumch of whithnie sehsfithied mith from®

al l ow the dy, o] r.t -2 ar S | tered
to renove extgegssuﬁgt tl?ents rll‘Elaﬁ e%elfi ﬁ)e &g%irlltg gﬂ\)ﬁe't] g‘lré"imeﬁ )é\?dg?g%%btmﬁ

agoni st (e. gammqsal}ﬁ@ai C1QOOPRT&—6¥&U@L~V@nCicycloadlvb| Ealiakyhtetigr, &mﬁ@&ékwr,aﬁ-on
equal to thes ROCANA A Al SLYIERARAGR. " SRR SHoubS 1R 5

When agoni st con?/act are contacted a conp Is’a "VRI
ant agoni st téxemplp,ubmmedeenad er%slbmseachsofgéln‘ér Bl mozra@meb,sdww with hdegss, 20%

preferably ahethasdine %@ﬁgorgmgtﬁ,lpreferabl y at least 80% as conpared to
cells that are contacted with the agonist in the absence of test conpound.

The 1C50 for VR %ﬁhl&@f&kﬁlslteselblroé%ea@dian%lrvérc’ﬁew Sr-prbyr abplgesness t han 1

m cronol ar, |ess whannt@e enib%amb%&fth@%vé‘-ﬁbrﬂMa@'R; lsaSSCARANCLCRMIoalRI & t ai n

enbodi rrents VRl ant agoni s r.ovi
"C-Cy aloalky?%acgm w%nr!ﬁ is substltuteJ] wrth from 0 to 4 substituents independently chosen

from halogen, hydroxy, cyano, oxo, aminocarbonyl, aminosulfonyl, -COOH, C;-Cseycloalkyl,

phenyl and 4- to 7-membered heterocycle.

R,
Ry, in certain substituted biary] piperazinyl-pyridine analogues provided herein, represents
zero substituents or one methyl, ethyl or oxo group; in certain embodiments such a substituent is

located adjacent to the nitrogen atom that is bound to the core, as shown below:
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exhi bit no detectable agonist activity an in vitro assay of capsaicin
receptor agonismat a concentration of conpound equal to the 1C50 Certain
such ant agoni sts exhibit no detectable agonist activity an' in vitro assay
of capsaicin receptor agonismat a concentration of conmpounds that is
100-f ol d hi gHER204REH3E he 1 C50 Ot her substituted biaryl piB6EUR20084189¢% ri di ne
anal ogues nay be capsaicin receptor agonists. Capsaicin receptor agoni st
activity may generally b@ determ ned as described in Exanple 6. Wen cells
are contacted with I m Iar of a compound that is a VRl agonist, the

fl uorescence response 553 erally increased by an anmount that is at |east
30% of the increase ved when cells are contacted wwth 100 nM

capsai cin. The ECb0 f VRI agonists provided herein is preferably |ess
than 1 m Cr’ﬂg%x‘%n toluiit o a1 500 'glc,q%,s ofiitied 8 2fhrel th hin VithodTREHY (3L RO
activity may a ati1vel ssessed using a cul tured dorsal
root gang| |ScbﬁWIalgé:a&ﬂllé%V,p‘roW@éwlDﬂnEimhﬁlleémgp and/or an in vivo pain relief

assay as provi ded |n Exanpl e 10. VRl nodul ajors prOV| ded herein preferably
have a stat] stlc |g| cant CIfI ect o activity within one
or nore of tlon say |n Exarrpl and 10, herein. 32
WO 2006/ 026 /US 289 tain I ments, VRL nodul ators
provi ded herétn do r;p tant y m)dul te | pLgand i ndlr&geczlpehot her cell

surface receptors, such as EGF recept or tyrosine kinase or the nicotinic
acetyl chol i ne r ela@fensmbodimestshRurenitsenie singlecro pbetittet-or s do not substantial |y
i nhi bit actl Vi t of a cell surface receptor such as the human epi der nal
growt h fact rY"(’E receptor tyrosine kinase or the nicotinic acetylcholine

receptor (e.g., i I?zeanhfz‘S@ rRted bbb, a?é:nc&ﬁ&herﬂytﬁ&@ﬂﬂ%ﬁcﬂtﬁat afleRf @k 3Pk Yy gideat er
than 1 mcrorml ar, and nost pref erably cronol ar

reat
Pref erably, &%ﬂﬁ?rﬁ‘tnoﬁmtt%’é?mﬁ’cﬁmd&’%‘@?“g dﬁ“tﬁ” r?ﬁlie‘ﬁ?‘{]ﬁ by drogem SHgP, ’éﬁlﬁl’vl ty or
ni cotinic a@ﬂﬁ@/&:ﬁ@&ﬂopeachrmqemdafem&ﬁﬂy Melektgd abmmym@aemeﬂ@t, iaftho@hd Oyaho;

m cr onol ar cr.onol ar or eferably 1 m cr.0 s for
det er ni ni ngeaééfp is dndlepen %‘t]Y§]&°éf)‘l g‘?'ﬁk‘[’?&ﬂ‘ f’?fy metayle Oniaeh g? 5%9"%% ’?8"&3@, and
~4 , clude xteis}eseﬁtytrv%bm}anuhdsnassa\l 655 3y arldiYt ge @1 InatHeecdmpomdPamvidedchefea®li son,

non: sedati i (6 GERCP Srihe 1 BT SCBS B fO SR PO RN CEE P X8t e

m ni mum dosk. meﬁlﬂfuﬁhambmpmmqm; HyY del ZrabgeNi a i n an ani rral nodel for
determning pain reli (such | de r.ein)
causes only trarkr?grleseeﬁ I“fe'i S.ugs?l,t ”“?dzbs“ﬂ‘r%p akmﬂ Y%@?gnah%g%}%;w&?ﬁérg{a |"D:ﬁ'd ’hat
pain reliefbu asmst)hrmtedptn,eh@e sk ifically des;tlmlmsﬁmnaﬂdcsw -5 Yriill be epparealpatlicon i n

an ani i ek, A83A0LaRATak. A, LRk LG, TELIOC A RGRLA Sl Fhger ol d

times the qﬁthwmq;mtdzysretzosufﬁml@r,@mot@@bp\reoall ehmpavs g@sidad brorin maKbe pesestuce
statisti cal nodul at or

provi ded heArs)éiﬂ?\é %@éefg'pﬁ%éﬁ%?%qg%% %éablgtlty?{)dﬁ ogltgﬁlf)ﬁl% ?gu\l;é?\%g}édy%oses of less than
25 g/ kg ( pr ef eréiplin ceriainsasperamofibe mispeal jnventiont substittitedibiarsk pigerazingdpyridingn 140
mg/ kg (pr ejn%ge& yml,ﬁ%h&&l@raeéé?awggél&g (mAWfell) m@fa%ﬁﬁgl ¥s Jje@éﬁmwmé& Ao/ k) .

| f desired, nﬁoun s provided héerein maé eval uated for certain

phar macol og‘i"COaV 1 waltaisses sych@p & erlyn mebiization assaynfleresd reopganglioqassay or in

bi oavai | abi Jijstin(Blehky. ek GONRAUBLS BF R EdvkY a \Jquolagéaa biadihEast) Ry vBXt ent

allowing for therapeutically effecti oncentration t he conpound to
g used. Referé)nces herein toya "VRI] lci;gamy bmgmg assay" are mtendsed to refer to a staandard in

vitro receptor binding assay such as that provided in Example 5, and a "calcium mobilization
assay" (also referred to herein as a "signal transduction assay™) may be performed as described in
Example 6. Brietfly, to assess binding to VR1, a competition assay may be performed in which a
VRI preparation is incubated with labeled (e.g., '*’I or ’H) compound that binds to VRI (e.g., a
capsaicin receptor agonist such as RTX) and unlabeled test compound. Within the assays provided
herein, the VR1 used is preferably mammalian VR], more preferably human or rat VR1. The
receptor may be recombinantly expressed or naturally expressed.| The VRI preparation may be,

for example, a membrane preparation from HEK293 or CHO cells that recombinantly express
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be achi eved at oral doses of |ess than 140 ng/ kg, preferably |Iess than 50
ng/ kg, nore preferably less tlian 30 ng/kg, even nore preferably |ess than
10 ng/ kg, still nore preferably-Jess than 1 ng/kg and nost preferably | ess
than 0.1 toxicity (a preferred conpound is nontoxic when

t her apeut i cawg)?“%f“?@éftl ve armpunt is administered to a suBﬁcéf@fS)w“S’g?sa@ effects
(a preferred conmpound produces side effects conparable to placebo when a

ther apeut i cinay valif qaauba&ﬁnmwon@&namt d&&fmgmulafes &Mldw ﬁ ﬁﬂ %ﬂdﬁl tP
subj ect), serum roteln bi ndj ng a invitro and

a
preferred coip NAYTFIGRSE &F Fre3sh WW%H"F’ Iaf"?lfbé““éllt? ﬁﬁn\(ﬂﬂ pF?PP”@”I' “’B Vedosi ng,
pr e; er ag: y f5 the dﬁ:ountdﬂ%bél@muﬁﬁlh&lliepdbﬁécndéﬁ theycoRp Jaunf@f ’Iﬁx@ﬁbd.‘i@aise &ﬂdcrE@@fnay be -
preferably on n addj tion, ifferentia rati on of the
bl ood br ai n“sﬁ‘gf"r‘? ‘\?Srﬁa’ E“Lé g&&‘r‘“‘élﬁ’?@“‘f"ﬂ#‘“\?ﬁt Ingarrrak 6’?"5""&1‘5 émf“i"é pai n
by nodul at i mgouﬁNBlaVRIbomﬁttm the VR1 pteplrationadithin@tichlan dssky ste prefebredloses as descri bed
above provide s cht%g | ation.to a thg(rﬁ utically effective exte whi | e

| ow brain | evel §*%f° oVep geTreiR SyRstitye piperagin B’Ffdbrﬁe? OeHEr Y8 Yidi at ed
pai n nmay beangedies. rige  alueefor swlchmpandsmadenietermipsdomsinger semdard in( etrg VR1-CSF)

| evel s of the und sutficient to significantl d eV activity).
Rout 1 ne. assHAEh BN arhiiorBiay: B Seed, if B L BB I eufEita )
properti es, capsuibin r3®pMO:r2 062 iR cPEdubiS2ANNEre@ 28D Gh an tldinstorf of irgnagdinlaror
conmpounds for a part cul use, For exanp

bi oavai | abi ?alctly |%’5’?mr§n°nt gp%?‘?br%ngrp 552 ﬂgﬁaalnl Fn 331 k{' §tﬁadlyg Ia%ﬁ%%éfia ers,

i ncl udi ng Caoe2 2bottedfl whickomohwaijlghls foﬂ%mmﬂﬂ’, &bmdvioledulat Repbk, &gbnm(&i)neablaoﬁl er of

2 comound LekMIRAZ, FYbS: EGHLEL S|l O BERLALE o SUehsy Olridiify foTPOUNC

in Iaboratory g., PRET avenous
protein bi nmemgmmndnéatpnseaaﬁthq etis forbofferadr lowivremésiivig comeprising gither oGmthpd ired

hal 111 e 1 Sl BerSehy iABPHbARR. doaliiEnlREMHEREH HloHOTRRE officidh 1

conpound. In Ives of  compounds rray e predicted from assays of
m cr osonal ﬁvaWfthd qdyk to eatsr the sdllsi(bedl-dix IieHs @k weshedeor filtereh torreinpve epgesyye ed above,

preferred C%ﬁﬂ?#%&ct@é 8}(9} gt@egzggﬁlfﬁ&e@tu?é@gx?tﬁ%?&%@&mﬂ RTZEHSin, thhGny Gam

‘nont oxi c" be un ; nse and is_intended to rear
to any substaersBationgushiesthe BEerrorgspiration anby fverescens resgonse i eepsuelodWamd Dr ug

Adm ni strat ag%st(coﬁ%d)ceﬁsoﬁre achH Rl Stithal doRPork@ thaffﬁmﬁax{t%ﬁthﬁ@mOYes&H&ans)
or, in keeping with established criteria, is susg%ﬁ%tlb e to approval t he

FDA for adnicproaterisaepslytedusesiyes &eaf(ta%f%f‘rfqthbyatm € and morepy Frﬁ*rlbﬁleaaf h| ghly

preferred motamxﬁpa%arwewadwaﬂafoathétw wigf 1'h§ hioast NGe @wseﬂseroete@tfco&. &md
fol |l owi ng CI‘I teria \éRl) does not _ substanti i nhi bi t cell
e

product i on; TRAfadeeSt nptaagnighpreyidethieren ’ﬁPG?Eﬁ’? Is dhap IGsmciome F’ fg‘a“ 1903) does
not cause SM§IE3§ﬂiahad)ano\/&§s B4 aﬁrgenmitam afiboditend OEs! ﬂﬁgeﬁayﬁe\u&eﬂbﬁﬁeﬁntl al
rel ease of herein, a c é}:poun t hat does .not

nz S.
subst anti al ?’9‘\% g‘?“’t"&g]gl E}gﬂ?‘ﬁfr aCRY‘IB” B Ju e B agsabcbrhﬁec?ﬁmf PRYE™ A3 sf i es
the criteri &n&@&atfo@rof hoﬂ';}ﬁbuEd(a@inl & e IUﬁI aleﬂamlsﬂchoﬁdmnmreﬂﬁbn ae ditectdblecat ed

as described i a. conp ound aghl b t ATP levels

Thar ore ot Ssop g PP ek TP oY SePi TR AP EReRa: cufirwe!
nmor e hi ghl ythpriefefslé tigheridadthed@ys, such cell|ls exhibit ATP | evels that are

does not si gni 100 A ISE] S ERF ot i TR s 2 sBi PRA doce.
not result agoniss. st%ﬁlpsasmrx oEbiityr agogisti fatigigyn mayp reereoadly alvei dﬁtermimthelardesc@édl mterval s
(as determ Eﬁ%pmﬁ When cells are contacted with 1 micromolar of a compound that is a VR agonist, the

fluorescence response is generally increased by an amount that is at least 30% of the increase

observed when cells are contacted with 100 nM capsaicin. The ECg for VR1 agonists provided

herein is preferably less than 1 micromolar, less than 100 nM or less than 10 nM.

VRI modulating activity may also, or alternatively, be assessed using a cultured dorsal

root ganglion assay as provided in Example 9 and/or an in vivo pain relief assay as provided in

Example 10. VR1 modulators provided herein preferabiy have a statistically significant specific

effect on VRI activity within one or more of the functional assays provided in Examples 6 and 10,

herein,
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el ectrocardi ography) in guinea pigs, mnipigs or dogs upon

admnistratioril kf a dose that yields a serumconcentration equal to the
EC50 or 1C50 for the conmpound. In certain preferred enbodinents, a dose of
0.01, 0.05, 0.1, 0.5, 1, 5 10, 40 or 50 ny/kg adm nistered parenterally or
oral ly does ‘Hgtzoqﬁ@%‘l}i‘-'t in a statistically significant pr SBASASBWICE heart
QI intervals. By "statistically significant" is neant results varying from
control at the pxihil degaielendodiiemtse ler Qioﬁﬁlatbﬂsypra\tzdetdh&rﬁﬁ(ﬁooﬁotl ebaintioy

Si gni 1 cancie@eea hRbpd G Sk fagrecepBl B s 8 O
subst ant i althé nwﬁrnnmbtathnfent:eptdr teather wOrcbammtembduha‘tork édumﬂaubstaytlalkyommtt S

(e.g., mce a t gse..t h 8l
concentrat i’ ﬁ“@’qﬂlaq ze[u S“ff A éﬁ@b&&v&ﬁ fgﬂoﬁufm g ’ﬁiem%% rWgﬁ'n §t? lgg u:i it) g gc]ic}r’foran
i ncrease i rnyiosinekingse obthdyucmmu«gtmtytca@lm mch;amr (b.g., the 16 peICs4 dtnchl ©@Reptov d

mat ched cont i C not
cause |iver’ ﬁayg%?raé%?ﬁ] "imﬂ?ééé{ &%‘ﬁ ?’E%?/&WE% ezo g@?ﬁ%ﬁ%ﬁ’g | f
non-r odent erimblb!&l meé@lag)r doe@iaqsi)%teml:éy mhlélﬂEGE erctptatostvity theﬂtm!crﬂw}'lﬁl@bm t in
an increase

PCT/ U82005/r8%&8%3&%r%r qun%joﬁ “’E rofas?g’lr"‘g '1%” ?%lyﬁpéﬂ?ﬁéﬁ%@]‘é@fﬂabg or e
pref er abl y mistomels. eMSh)&rforlC@%fmvms cellrpatfesh e@emaptwve@ cemmeicHily avamﬂétf, and ed
doses withj e, . fom WI .10, 40 or 50
ng/ kg adm h@‘é?%ﬁ%ﬁ%%ﬁ?%?%% %ﬁ%?vagagbdaef?o Sye?na fMad O, a;co51 ound does not
pronote subst antlp &Pffarﬂeﬁlé‘&@@le@ﬁ IPfF‘fV'é?d ¥RY w@é&t@rhwr@w#@tmga igthes PpEtidon of

twice the Mgl FYR1ARGR kR Bt i¥ iniledfe AinRRIHBCARRLRA b flobRB 2R8H4ah inla@ adifiel ECSO
or 1C50 at VRI for the conmpound does not elevate serum|evels of ALT, LDH

or AST in |mssisfor detorminipgesin sliefiisueh i fRdsh Provided 9 Faampla d BHiserinhsauges nlyat ed

controls. |ghGBte: b Hling RF @b ahée dhanerbd iR Nha paﬁlupehefdmﬁgsoﬂpremmyq{oevat e
such serum |l evels by npore than 75% or 50% over = match

Al'ternati veﬂtfgrlstmaﬂreﬁaqa%ﬂwe%e%mﬁatanlmﬂblﬁmebaw@é feéﬁtorlé‘rsmfgébfefa%fBOddkscrlP%r

enzymes if,py Rtgsalt ot Wil 11008) RIS YVAOR-HHSRY), BeRHEIH] & abse tthHd$s ﬁ‘}erhlﬂ'els”tﬂeur e
nmedi a or other such sglutions that are _contacted and |chba ed wit

hepat ocyt esMinfnup fesp puififigat to pravide, enajectip dqes Qoo atistiqery sigy) ‘cal“h%"d?f’é’f‘rpound
do not causgofetdsitilk &R etodaswr fbvidedyheRin d5esalot produes seﬂaﬁiby AEiAtrivBtoRs dodést Ur e
medi um above basell e |lev e dlafromma cktrete control
cells. In ndrigs l?"i‘f’gfﬁ @fez??sbivdgﬁrtg% HBRED °rtaf18?a Sgs é{‘aé’c]t‘lglﬂ & el ease
of any of S(lpfblfbrdthl&srstlaﬂzyﬁig&g,lmﬂrmpreibmblyl}ﬁsethﬂﬂﬂmgiﬂxg).bove basel i ne |l evel s when
such compound c enty ations .are f.ol d, .and refera I en- f Id t he
250 or 1080 f ot SREe BB PEyek ik oy o PR KELRY PSPl
conpounds dooprates iinthidiigt bar nat rdighiied teri Qraldsmalablhtyytpmfdned n:emmos ewzqrﬂb'

CYP2CLo acttioiFiRYs BT RRnth Hecy et e thicknffS e BB LY.
concent r at i wrackiened lat ¢ral dobes OEtéwhmlf’cD@_fgﬂcgaprefvﬁblyflm thain &0 wefrp.ouerd prefemblyai n
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eryt hrocyte precurso onucl eus assay, cron eus assay, a
spiral m crogkeindusoest mfslaylydﬁss thire0.] migkp), tericly @andared cempaynd Baortbxie WeenEC30 or
1 G50 for theyGomney cffe'cf‘ve%laﬁ{t is a@m@s@ems&bjeeﬁrstd@'eﬂec&r(%ﬁfeh@aﬂcmemfaunds do

not induce sister chromatid exchange (e.g., ‘Chi nese _hamster ovary cells)
at such Coﬁg@qquaqxqeo?fgects iomparable to placebo w en a therapeutically effective amount of the

compound is administered to a subject), serum protein binding and in vitro and in vive half-life (a

preferred compound exhibits an in vive half-life allowing for Q.1.D. dosing, preferably T.1.D.
dosing, more preferably B.LD. dosing, and most preferably once-a-day dosing). In addition,
differential penetration of the blood brain barrier may be desirable for VR1 modulators used to
treat pain by modulating CNS VR1 activity such that total daily oral doses as described above
provide such modulation to a therapeutically effective extent, while low brain levels of VRI
modulators used to treat peripheral nerve mediated pain may be preferred (i.e., such doses do not
provide brain (e.g., CSF) levels of the compound sufficient to significantly modulate VRI

activity), Routine assays that are well known in the art may be used to assess these properties, and
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For detection purposes, as discussed in nore detail below, VRL nodul ators
provided herein may be isotopically-I|abeled or radiol abel ed. For exanple,
conpounds may have one or nore atons replaced by an atom of the sane

el ement havi% an atom c mass or mass nunber different fromthe atom c nass

or mass nunb®P PWABY found in nature. Exanples of isot ofe<UAR028%%Nn be
present in the conpounds provided herein include isotopes of hydrogen,
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can be orally does not result in a statistically significant prolongation of heart QT intervals. By

-—1

"statistically significant" is meant results varying from control at the p<0.1 level or more
preferably at the p<0.05 level of significance as measured using a standard parametric assay of
statistical significance such as a student's T test.

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
ECsq or 1Csp for the compound results in an increase in liver to body weight ratio that is no more
than 100% over matched controlsi In more highly preferred embodiments, such doses do not
cause liver enlargement of more than 75% or 50% over matched controls. If non-redent mammals

(e.g., dogs) are used, such doses should not result in an increase of liver to body weight ratio of
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carried out at anbient or elevated tenperatures using various inert solvents
I ncl uding, but not Iimted to, toluene, dioxane, DV,

N-net hyl pyrrolidinone, ethyleneglycol, dinmethyl ether, diglynme and
acetonitrile. Wien used in conjunction with suitable met al | o- aryl reagents,

transition We2MSRHPKI yzed (hetero)aryl/aryl coupling r F&FYSBHSOP be used
to prepare the conpounds enconpassed in general structures ID and I E
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St hest s o Bos- AL LR T o imig SERSHHE Py b 1l Bl ue (1992)
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concentration equal to the ECs; or ICsp at VR1 for the compound.

Certain preferred compounds are not clastogenic (e.g., as determined using a mouse
erythrocyte precursor cell micronucleus assay, an Ames micronucleus assay, a spiral micronucleus
assay or the like) at a concentration equal the ECsy or ICso 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. o

For detection purposes, as discussed in more detail below, VR1 modulators provided
herein may be isotopically-labeled or radiolabeled. For example, compounds may have one or
more atoms replaced by an atom of the same element having an atomic mass or mass number
different from the atomic mass or mass number usually found in nature. Examples of isotopes that
can be present in the compounds provided herein include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorous, fluorine and chlorine, such as *H, 3y, 'c, Bc, "¢, N, "o, Vo, ¥'p, Fp,
35, 8F and *°Cl. In addition, substitution with heavy isotopes such as deuterium (l.e, 2H) 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.,
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HPLC hi gh pressure liquid chromatography Hz hertz KOAc potassium acetate
LCMS |iquid chromat ography/ nass spectronetry MS mass spectronmetry (M)

mass +I m CPBA m chl oroperbenzoic acid MOH nethanol 37 WO 20061026135
PCT/ US2005/ 02899 mn m nute(s) MSCI net hanesul fonyl chloride NaNHCN sodi um
cyananm de nWBLAW6/R6KELyl lithiumt-Bu tertiary butyl TfPCTHS20858289%62 ( dba) 3
tris(di benzylideneacetone)di pal |l adi un{0) Pd(PPh3)4

tetrakis(t rPx&b@ﬂﬁdmﬁ%@hmﬂﬁraﬁhm@tmﬁﬁ&myfmﬁb&ad&mbdmphenyI amne, also
referred to as N-di et hyl aui li ne . PPh3 triphenyl phosphine Sel ectfluor(r)

1- Chl or onet hyl - zﬁupftms% bipryd - ipeseziwl-eusiding canalpgues mAYORergTells; ke prepared using

(T Lgt raf Uﬁr Q@ﬂ?ﬂkﬁ?the’hgr ﬁg@ﬁsp@t@s@mﬁﬁm lake- cbmineeeiagse avag Elee\b ﬁ'gxtagiéﬂfﬂgrg?%g% c acid
tetrayrou chronat o
PCT/ US2005 10883 “%&?@’he( Ief“scic‘e or oRy MFigPigES%ZXd om\jorgpergiallyjaygilghle + Rs' N

N C  1-A ]irccﬁrd&‘s uBﬁg dstablishéd ﬁotBédE‘DIgGﬁayAf alpleH) SotheticAbite Sl Gat¥hdwiSn( Bu) 3
Ar2 Ar2 No in’any ofU he Ilollow:r|$g6 Schemes maw bglused togealer with synthetic methods known in the art of
synthetic organic chemistry. Each variable in the following schemes refers to any group consistent
with the deséription of the compounds provided herein.

In the Schemes that follow the term "reduction” refers to the process of reducing a nitro
functionality to an amino functionality, the proCess of transforming an ester functionality to an
alcohol or the process of transforming an amide to an amino group. The reduction of a nitro group
can be carried out in 2 number of ways well known 1o those skilled in the art of organic synthesis
including, but not limited to, catalytic hydrogenation, reduction with SnCl, and reduction with
titanium trichloride. The reduction of an ester group is typically performed using metal hydride
reagents including, but not limited to, diisobutyl-aluminum hydride (DIBAL), lithium aluminum
hydride (LAH), and sodium borohydride. The reduction of an' amide can be carried out
conveniently with reagents including, but not limited to, diborane as well as lithium aluminum
hydride (LAH). For an overview of reduction methods see: Hudlicky, M. Reductions in Organic
Chemistry, ACS Monograph 188, 1996.

In the Schemes that follow, the term "hydrolyze" refers to the reaction of a substrate or
reactant with water. More specifically, "hydrolyze" refers to the conversion of an ester or nitrile
functionality into a carboxylic acid. This process can be catalyzed by a variety of acids or bases
well known to those skitled in the art of organic synthesis.

In the Schemes that follow, the term "catalyst" refers to a suitable transition metal catalyst
such as, but not limited to, tetrakis(triphenylphosphine)palladium(0) or palladium(II) acetate. In
addition, the catalytic systems may include ligands such as, but not limited to, 2-
(Dicyclohexylphosphino)biphenyl and tri-fers-butylphosphine, and may also include a base such as
K3PO4, Na;CO; or sodium or potassivm tert-butoxide. Transition metal-catalyzed reactions can be
carried out at ambient or elevated temperatures using various inert solvents including, but not
limited to, toluene, dioxane, DMF, N-methylpyrrolidinone, ethyleneglycol, dimethyl ether,
diglyme and acetonitrile. When used in conjunction with suitable metallo-aryl reagents, transition
metal-catalyzed (hetero)aryl/aryl coupling reactions can be used to prepare the compounds
encompassed in general structures 1D and 1E (Scheme 1), and 2C (Scheme 2), 4E (Scheme 4), 5B
(Scheme 5), 6-F (Scheme 6), 8B and 8D (Scheme 8), 9C (Scheme 9), and 10C (Scheme 10).
Commonly employed reagent/catalyst pairs include aryl boronic acid/palladium(0) (Suzuki
reaction, Miyaura and Suzuki (1995) Chemical Reviews 95:2457) and aryl
trialkylstannane/patladium(0) (Stille reaction; T. N. Mitchell, (1992) Synthesis 9:803-815),
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1-D1-E R a AAmAH Art- N\H Ar2 Ar2 Ra N~ fNRa ~NI NN Re RS N' 'NhN
Ar \v RBR5 -Art 1-F 1-G Schene 2 Ra Clz C Ar2-B(OH)2 or I N \ NArt; .,

-CJNHRa JI+\ \ INl Ar2-Sn(Bu)3 RA ~~NNCl NNC C C 2 N-AAi NN
2-B Ari  2-C Ar2 N Amine or Alkoxide Ra ~ I ~LI Transnetal ation Rxn \ N N
R3 Arl N 2- DYO3¥6#gs13906/ 026135 PCT/ US2005/ 029969 c e e POEBHEBA008928%4 NaNHCN
NHCH3CN G x I~ CNR2 v _NH2 . HO ~~ 3-C 3-A3-BrNNN-Irbp

CJ IN-C BRI R/palR4iubit) anddrynCrighrd/HNRIR). ~In hMition, Metsl-Gtatyzéd\NheteroMryBemine
coupling reactions (Buchwald-Hartwig cross-coupling reaction; J. F. Hartwig, Angew. Chem. Int.
Ed. 37:2046-2067 (1998)) can be used to prepare the compounds encompassed in general
structures 7F (Scheme 7), 9E (Scheme 9), and 10E (Scheme 10). The term “transmetalation,” as
used in Schemes 2, 8, and 13, refers to one or more fo the above referenced metal-catalyzed cross
coupling reactions which is suitable for coupling of (hetero)aryl halides with alcohols or amines.
Certain transmetalation reaction conditions include the Stille reaction and the Suzuki reaction,

In Schemes 11, 14 and 15, R and Ry are generally as described herein for Rs and Rg of .

Formula I. Rz, in Scheme 11, is any suitable leaving group, such as Br, Cl, I, OTf, mesylate or

tosylate.
~ Certain definitions used in the following Schemes and elsewhere herein include:
BINAP (rac)-2,2"-Bis(dipheny!phosphino)-1,1'-binaphthyl
CDCh deuterated chloroform
& chemical shift
DCE 1,2-dichloroethane
DCM dichloromethane or methylene chloride
DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DIBAL diisobutylaluminum hydride
DIEA N,N-diisopropylethylamine
DMA N,N-dimethylacetamide
DMF dimethylformamide
DMSO dimethylsulfoxide
DPPF 1,1'-bis(diphenylphosphino)ferrocene
Et:N triethylamine
EtOAc ethyl acetate
EtOH ethanol
h hour(s)
'HNMR proton nuclear magnetic resonance
HOQOAc acetic acid
HPLC high pressure liquid chromatography
Hz hertz
KOAc potassium acetate
LCMS liquid chromatography/mass spectrometry
MS mass spectrometry
(M+1) mass + |
m-CPBA m-chloroperbenzoic acid
MeOH methanol
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FAN)'NLICI -\ NR6 Arl N) " 3-DArt N) 3-E Scheme 4 0 0 OH G NH ROx~OV

111 NPOCI3 _ e~~ IN MeO NH2 . HCl NaOVve/ McOH HO ~N~OVe CI v OVe  4-A 4-B
4-C Are Cl R4~ Are BIOHN N)2 or RA Ar NIJNHR ? ~ tt ~Owe
Ar2-Sn(Bu)3_ r\ NN-OV NNI N 4D Ari NJ 4-E t 1) BBr3/CH2CI 2 Are Are
11 2) o-cl R¥O2006{R6IBNRA RAN N~NSR ~.. ~~J r\ 6 Ari Nv 4PETASRO0RA28369G
Scheme 5 CI Are N~N 1) R6R6NH, K3P04 INN Rr X--WC 2) Ar2B(OH)2 r~~N
~N~N-R6  ~NginPd( PPh3) 4 - Néhiife(s)Art K3P04 Art 5-A 5-B 40 WO 2006/ 026135
PCTI US2005/ 028969 Scherme 6. COH lwmgz NaOVe, McOH Rx / N P0013, PhNEt2
Et02C ' 1Q AJ¥Et + R5 N Re“‘SB““E?S‘F@'Y- REf%5 90 CRe 6-A 6-8 6-C C  Cl EtOH
Ra Rx N RXNaNHON|'N 80CSoditm dyahdhidé RS Cl"N~N. Re N :

n-BuLi n-buty! lithium

t-Bu tertiary butyl

Tf -SO,CF;

Pdy(dba)s tris(dibenzylideneacetone)dipalladium(0)

Pd(PPh;)s tetrakis(triphenylphosphine)palladium(0)

PhNEt; diethyl-phenyl-amine, also referred to as N,N-diethylaniline

PPh, triphenylphosphine

Selectfluor® 1-Chloromethyl-4-Fluoro-1,4-Diazoniabicyclo[2.2.2]OctaneBis
(Tetrafluoroborate)

t-BuOK potassium tert-butoxide

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography
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R4 N NaB(OAc)3 R~ NWIR3 R NNR3 DCE, HOAc J~ INJ I~ J~F~ N Amines ,,D
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In certain eHPEUWFRIAS, a conmpound provided herein may c8RTASHOYHRE'Sr nore
asymetric carbon atons, so that the conpound can exist in different
stereoisoneric forns. Such forns cagchehe,6for exanple, racemates or
optically active forns. @s noted above, all stereoisoners are enconpassed
by the present invention. \xNgpethel ess, i,y be desirable toagbtain single
enantioners (i.ean o% LYy active for . Standard net hods for preparing
single enantio de asyrmB’s\rl c Byﬁheéiﬂssand r@sol utf ok} of_t he
racemates. Res I ofr—of—tire~r acer@ﬁ‘ea RN ~be ac'corrpll oJT\ &kanpl e, by
conventional ¢ such as -.crgst Ll/ﬂzatl on in the presen e of ﬁs resol vi ng
agent, or chromatography usi ng, flor exanple a chir HPLC col um. Conmpounds
may be radi ol ab¢d-#d by carrying Sut t16ed r synt hesi s ust ng pE@cursors
conprising at |east one atomthat is a radi oi sotope. Each radi oi sotope is
preferably carbon (e.g. 48 WD 2006/ 026135 PCT/ US2005/ 0}%8969 140),

hydr ogen (e.g., 3H), sulfur (e.g., 35S) or iodine (e.qg. 1351) Tritium

| abel ed conmpounds nmay al,ﬁp be prét{ar ed cat al yti ca], |y apl atl num cat aI yzed
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catal yzed exchange in tritiated trifluoroacetic acid, or

het er ogeneous- cat al yzed exchange with tritium gas using the conpound as
substrate. In addition, certain precursors nay be subjected to

tritium hal ogen exchange with tritiumagas, tritiumgas reduction of
unsat ur at ed YHOHWEI2685 reduction using sodi um borotriti dBCTHS28HBHEr i at e.
Preparati on of radiol abel ed conpounds may be conveniently perfornmed by a
radi oi sotope supplier specializing i8cemwstom synthesis of ndiol abeled probe
conpounds. PHARNACEUTICAerCNPCSITICNS The present j nventlon al so provides
phar maceut i cal conposrt ﬁs conprising one or nore énpounds provi ded
herein, together wth af Ihast q? phyS|oIogw§aII§;k eptab arrler or
exci pi ent. Phap nacthr JC 0 i bns nay, co , one or
nore of water, u allne ori@ﬁﬁ_ﬁhate buf fered
sal i ne), ethan I, nlneral 0|I 6@3@? blgﬂki:( di net hyl sulghgxide,

car bohydr at eN ’8 gl wgese, nmannose crose orfﬂextransﬁﬂmpannltm

pr ot ei ns, adjuvants pol ypepti des or am no acids such as egC|ne
anti oxi dants, chelating agents such as EDTA or gl utathi one and/ or
preservatives. In addition, Pther active ingredients (but need not) be
i ncluded in the pharnqgeutl aiN conposi tions progided Nei n. Pharnaceutica

conpositions may be for any apprqpri ate- . Of i-(COCh,
adm ni stration, in 1um§££ fgﬁk%& t opi al,gor : na%alﬁjﬂﬁﬂiu or

par ent er al adnlﬁxsq iorf. The term parefte as” used herein includes
subcut aneousNj Pmal,, intravascul gig i nt ravenous),
|ntranuscular spi nal , |n?racran|al i ntrat hecal #nd i ntraperitoneal

injection, as well as any simlar injectlon or infusion techw que. In

certain enbodi nents, conposifkons suitable for oral use are-fpeferred. Such
conpositions include, for E(iﬁple tabl ets, troches, eng swLequeous or

oi |y suspensi ons, dlsd% edpowder s or granules Iﬁnu Marfd or soft
capsul es, or syrupg: or [ lewrs 3 WL et other e ts conpositions
of the present mnv y be formul ated ag. Ilzate For mul ati on
for topical mdp pat|o€ may be preferred forNcertaln conditions (e.g.,
in the treatmept of ski "%ondi ti ons such as burk® #F itch). Formulation for

direct adnministration into the bladder (intravesicular administration) may
be preferred for treatnment of wurinary incontinence and overactive bl adder.
Conposi tions intended for oral use m@ﬁ%4ywher conprise one or nore
conponents such as sweetening agents, avoring agents, coloring agents
and/or preserving agents #n order to provide appeitiﬁ? and pal at abl e

preparations. Tablets co n the active ingregdient 1N adm xt W th
physi ol ogi cal | 'y ac&%gl e)ex0|puéﬂﬁ§+that are e for.ﬂﬁg§hnnufacture

of tablets. Suchi exﬁ eflt sS4 ncl ude, for , |nert di luents (e.g.

cal ci um car bonat fum car bonat e, Iacto cal ci um phosphgtge@r sodi um
phosphat e), el Latlng and disintegratig Ents ge g., corn starch or

al ginic acid) . binding 4§8nts (e.g., starch, gelatifPor acacia) and

| ubricating agents (e.g., nagnesiunrstearate stearic acid or talc). The
tabl ets may be uncoated ortrg hey may be coated by 49AM\D 2006/ 026135

PCT/ US2005/ 028969 known ghni ques to del ay srnigénetlon and absorption
in the gastrointesti aL tlr agt and thereby pr ai ned action over a
| onger peri od. r Xgﬂﬁlé“ §3t|ne del a terl suEh gl yceryl

nonost erate or gI di st ear y be __NaOAc J

18-C
0

Al'z Al'z

Yb/ Hydrolysus |
AcO e HO P 18-F
0

0
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Forrmul ations for oral use may al so be presented as hard gel atin capsul es
wherein the active ingredient is mxed with an inert solid diluent (e.g.,
cal cium carbonate, cal ci um phosphate or kaolin), or as soft gelatin
capsul es wherein the active ingredient is mxed with water or an oil nedium
(e.g., peandtO&%O2635qui d paraffin or olive oil). Aqueou®CEHSHEHEISH S
contain the active naterial(s) in adm xture with suitable excipients, such
as suspendi ng agents (e.g., sodium c&elieameydpet hyl cel | ul ose, nethyl cel |l ul ose,
hydr opr opyl net hyl cel | ul osg, sodi um al gi nat e, ponV|nyIQ¥rroI|done gum
tragacanth and gum acaci > and di spersing or mettlng bents (e.qg.,
natural | y-occurring, phos hali des such as |eCIthlﬁ€ | @hsation products of

an al kyl ene OXIde FfCIdS such as polyox et Rstearate
condensation pf )f et hyFene OXIde wi t R chpi n” al i*phatgga.al cohal s
such as hepta hy?eneoxyc ndenéﬁ

roduct s of‘e‘r‘hgj ene
oxide with partl M)esters der| fattﬂwgolds and a hexii "€fch as

polyoxyethyléﬁejsorbltoh5nnnooleate or ati ofa.p products of ethyl ene
oxide with partial esters derived fromfatty acids and hexitol anhydrides
such as pol yet hyl ene sorbitan nonool eate). Aqueous suspengions may al so
conprise one or nore presgrvatives, such as ethyl or n- ?P
p- hydr oxybenzoat e, one or re col oring agents, on64or e flavoring
agents, and/or oneRgr nnre weet engg@gaggent s, ﬁUCh p )Em,or saccharin.
Qly suspen5|o§s na\fbﬁ Qf ;atedmbymauspendlmg h&yabtlve ingredient(s) in
a vegetabl e AFN arachi s oiAMmjneol i ve 0|I4 sesane oil or coconut oil)
or in a nlnera 6T such as | i qurd—paraffin. Doi Iy suspensions may
contain a tg é Dng ages such as beesway ard pafeaf fin or cetyl al cohol
Sweet eni ng é nts such as those set forth gb and/or flavoring agents may
be added to provide; pal atabl e oral preparatlons Such suspensi ons may be
preserved by the add| niepiy of an anti- oxidant such as ascorbic acid.

Di spersi bl e powders gnd granékes suitable for preparation of an aqueous
suspension by the addition-afy water provide the active ingredient in

adm xture with a dlsprS|n | o )\mettlng agent, a suspending agent and one or

nore preservatives, Qy? eNdiI'Bpersing or wetting agents and suspending
agents are exenpli t hose al ready nmenti oned above. Additi onal
exci pi ents, such meetenlng, flavoring and col oring agents, may al so be
present. Pharnmac I{cal 16 npositions may al so be formul ated as oil -i n-water
enul sions. Theywily phase may be a vegetable oil (e.g., olive oil or
arachis oil); a mneral oil (e.g., liquid paraffin) or a m xture thereof.
Sui tabl e enmul sifying agents include naturally-occurring guns (e.g., gum
acacia or gumtragacanth), naturall\Beleaedfri ng phosphati des (e.g., soy bean

lecithin, and esters or gartial esters derived fromfatty aglds and

hexi tol ), anhydrides ( 2 sorbitan nnnoleate) and condens@®i on products
of partial ester dertmfgwfron1fatty BSHE" and hexitol wik Myl ene oxi de
50 WO 2006/ 026135 LCT/ 29Q5/028969 'g onoxyet%yggn |sghbitan

nonol eate). An emfil |on'ﬁay al so conpid ¢d? BWE nor e et ¥ni Rg and/ or

fl avoring agents §y4ups and el i xirs™HEY*%e fornul a em h sweet eni ng
agents, such as egcerQéA propyl ene glycol, “sorbi t'0F or suglgose. Such
formul ati ons may al so conpri se one or nore denulcents preservatives,
flavori ng agent & asrthirorembodimgitnp ageprugd 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, all stereoisomers
are encompassed by the present invention. Nonetheless, it may be desirable to obtain 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 radioisotope. Each radioisotope is preferably carbon {e.g.,
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Forrmul ations for topical admnistration typically conprise a topical vehicle
conbined with active agent(s), with or without additional optional
conponents. Suitable topical vehicles and additional conponents are well
known in the art, and it will be apparent that the choice of a vehicle will
depend on t WO WP ar physical form and node of del i v&FY/USHIHPE0
vehicles include water; organic solvents such as al cohols (eLg.j!ljethanol
or i sopropyfCyakyaaiel (e.gorH)ykyifue (d g1, Ly loy dins (e.4,€7D.  Tritutylitelrd commapdsany oOr
propyl ene glycol ). al.i 16 al.cohal s .4d. . lanolin)...mxtur.es Qqf ter
and or gani gal%o evérﬁqarsedaér%%%&rﬁc@tvuwaeg Pao'*'““&igag%{%e% eg%an\ﬁg ninsmg%%(ﬁ a%eélgaaf; @’oﬁ% " and

gl ycerin; |daplydedbmxstedze marritiated krifluoradetia scifl,adrt hetenagenkons-catalizgd yrebangt svith

(1 ncl udi ng ,9j: ] i S..0f: iC

ot gi ny. " prsh e RS bARE Bl Bl Fuctith oRlin BROHES) mallo IHIRER C )
such as cdtithamybsiozamekchpmgawitintritiyin|ges ohigmizasrednctien upseiusat¢dhonds, eraeductisnat i | e
and vol atilg): car = d i: al ! and
R S R e e B R S S i
adapt ed t o donysniontly petiemsd bibs failivipotepe supifliecivpojediniag & qyptom|gEthasis f radjolabeled

formul ati Orbrob%ld&ﬂpoﬂﬁds.St abi li zing agents, suspending agents, enulsifying
agents, viscosity adjusters, gelling agents, preservatives, antioxidants,
ski n penet raf kQRcRMIADEBIFosiGNsSt Uri zers and sustained release materials.
Exanpl es of such conponents are described in Martingddl e--The Extra

Phar macopoei a ( Phapisisidntentien 2lyomeevides phsrerspptied GINPOSHIEDI\VEMPTIFng 0§ 0y more

Rem ngt on’ scomﬁ’aﬁaﬁﬁﬁefd&d G@bin SRb@NG OFith ROk bad PRRBIJERMINE QEEBFARE carrier or

m crocapsul es, such as hydroxynet hyl cel | yl ose or ]%el atin-m Frocaﬁ)u%ul es,

| i posones, HFBGHi RhW%CF‘&CﬂWEP‘B%S,‘“O“W%@i BERITsPHRE PTG SRR Of Widerppuliers
nﬁﬂOpapls u:c ag.g, ﬁgﬂn@ll)&ﬁﬁfedfsﬁl;ﬂ&lﬂr%bspﬁatfmﬁﬁebﬁl qag@maaﬂadoli mirfy ol ve@at?wer biety of
physi cal forns including, r  exanple, solids, pastes, creans oans,

oy one. gelEsnyBipes Hbe BeEE: B AL S Cre PP
appear agcg aand?]n«d, $6losebtides of a?ﬁxﬁhciﬂhaﬁcﬁ?@%@b}n@,ﬁnki&xi%ﬂﬁ&e&hﬁ@aé&ﬁt@ mEchcan be
gover ned by e presence,and amount of emulsifier(s ngd Vi scosit

201 st or (o) EE SRR R SRR dhsadighioRigt s e Bl P B kadhan

non- pour able ighdedia Mephirmagitcal @mpuditiiheproededtharen. or sticks, or in
particulate form, sollds) can 0%:0Page Lo b ARIPRLCRLy HBRGLAR! Lanal | ¢ can
contain sol vent & M3RIHE] CPEPEIRG P LT 2R E T e PR R PR g PaR ke

dyes/ col or amdtngnistptiopsieclvding, foe sxample, @piadr ordotakal,@ectdl ngpactiieah pdminiktmtion. e ease or

enhance ¢ hagsf TAAGH Ok 48, 108! nBhRaUSheuBRT ARt P! LRRATE Bl o

simlar to one “anot her, ering marnly in r viscosity; bot 8ti ons
and creans ingayetses)opeaquesular, tspindsintasenial, ortratbecaband intdpesitanes] injestierapgwell as
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fragr ances, VRS SFRERAFE AL RPRE HPSE i ves and ot her active ingredients that
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sweetening agents, flavoring agents, coloring agents and/or preserving agents in order to provide
appealing and palatable preparations. Tablets contain the active ingrediént in admixture with
physiologically acceptable excipients that are suitable for the manufacture of tablets. Such
excipients include, for example, inert dilvents (e.g., calcium carbonate, sodium carbonate, lactose,
calcium phosphate or sodium phosphate), granulating and disintegrating agents (e.g., corn starch or
alginic acid), binding agents (e.g, starch, gelatin or acacia) and lubricating agents (e.g.,

magnesium stearate, stearic acid or talc). The tablets may be uncoated or they may be coated by
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Suitable emul sifiers for use in topical formulations include, but are not
limted to, ionic enulsifiers, cetearyl alcohol, non-ionic emulsifiers |ike
pol yoxyet hyl ene ol eyl ether, PEG 40 stearate, ceteareth-12, ceteareth-20,
ceteareth-30, ceteareth al cohol, PEG 100 stearate and gl yceryl stearate.
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physi cal applicator such as a cloth, tissue, stick or brush; spraying
(i ncl udi ngo"tﬁagftsu"lh*’élai?g@fcaﬁ%d f oam sprayl ng) ; dropper application; sprinkling;
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phar maceuti cal 8 osi ti ﬂﬁ%ar ed.as a _sterile injectible aqueous
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vehicle. Sa!-illgpen(? ing ag”rll)tggrle exempllggdyby those already mentioned above. Additional excipients, such

as sweetening, flavoring and coloring agents, may also be present. . )
Pharmaceutical compositions may also be formulated as oil-in-water emulsions. The oily
phase may be a vegetable oil (e.g., olive oil or arachis oil),; 2 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-occourring phosphatides (e.g., soy bean lecithin, and esters or partial
esters derived from faity acids and hexitol), anhydrides (e.g, sorbitan monoleate) and

condensation products of partial esters derived from fatty acids and hexitol with ethylene oxide
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be fornul ated according to the known art using suitable dispersing, wetting
agents and/or suspendi ng agents such as those nentioned above. Anobng the
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I n additi on WQ8#96ES i xed oils may be enployed as a soPGEHE2087028%8pendi ng
medi um For this purpose any bland fixed oil may be enployed, including
syntheti c @@NqrolyekydtiyBny Geibitde fondldite).adgh tein@RBion frddyt dso2 Gorklsise WG oRSnddd €i C
acid find use i.n F@pﬁ Bre aration of 1 njectible conpositions, and adjuvants
such as | o¥gFeRipeARE fipvoune 388 e yat i ves and/ or buffering agents can be

di ssol ved in t Meyrupyeid dixirs mﬂhwmwuidlvﬁﬂnlsweﬁéﬁﬂ%&lgéﬂmﬁl&hlﬁaglyahscpr&wlene

fornul ated as sul%@o]smorles 1 rectal adm.ni stratlond ﬁ

conposi ti oFcol SRTORRL Py 5FB H‘f)’ f?i”ﬂ‘f ?“Pé’“? 2y $SFORPTS 90° Vi PR (Empesmts.

i rritati ngpres¢sitpiesflavdringagdns asdibr cdlofiig 4pewls. nary terrper atures but liquid at

t he rectal terr&erat refore 8[{ej ease the

o CSurt ant o i R Gpiekl AgmintsRigh Qi Fompriehtnice! B SPhhR
pol yet hyl emtivghgeatdd),switlPhawitkme udditadl @ﬁasnabsuntpoms nSytatile tdp(m]ntdhaleedmﬁs

sust ai ned release or caontrol rel.ease Q for | ati on
such as a %@B’&lﬁ éoT%OIItel?% ect nggné’wgll% ¢ aé‘r V‘Sﬁtbﬁt?%afe& Pt thf SP?I% n?b :
admi ni st r atdhizte)will Sepeind érdhe‘rpdﬂaﬂalaopfwmﬂﬁortgembmadel of dddﬂrezpr @maafaéﬁ-hubs inglude| |

k h

Subcut aneotie SimE RS AL 8'loRcl el SE RO ABORD.or sBEMRL alhgs i

Carriers frg, lbstglem,ndopmne;mqjmﬁybnwy@ﬂ); dmhatamlaohnls)(@gmvllrbj mixturand waey al so

be bi od t ant
e D odear adablfio PR EHELAK m%%%f% LA LN TaB QRS o bEEAR iMSd-faspnSt an

| evel of or :contal ned
sust ai ned m@tbreaaéssssclf @rfm mdsmylgbte@@n@wludmmﬂs fsanh 2e mdnrepdl eil, an &atssif meurek

i mpl ant ati re of
the. cond t oy SHERE ok E*aﬁ%%@%‘?%ﬂ*#"@“s%d DGR SaRRthatchilEo ffb NS,

t he above enbldgzes aod gd@tm; milgqnp—&@ae materialy Grihowndolptile padieadatilgeqnd ihydragsgbobe
conveni ent Bééec?xﬂﬁ fhist sgcl'{ ﬁgﬁm%&poﬁée's B ﬂb@rﬁ’é@h%ce(se AgcompEé?ﬂonCQ:i}Jfﬂﬂt}%P h@hdeon to

non- human anlna s inc ani‘onn animals (such as dogs and cats) and
| i vest ock) oneAgri mwale ?C@mﬂ@ﬁﬁdadaﬂ‘ieﬁi ﬁtkumgrovmﬂ@rstwmo@sleﬁe@wsmﬁsayf the plisful at ed

so that t hﬁ)rrﬂlmtﬁﬁlsu&%@?&bﬂﬂn@ggeﬁt@Qﬁ@%&j@taﬁexﬁu@rﬂﬁlhﬁ%g a@ntd PRcoSIBHARSkAT ON
along with its diet. may a be convenient to present the 'conposition as

a prem x EdinzRaents P@?Fwaawe@&%(#anﬁrﬁkmemjram eapancers, it HES apdsugfained al | y

adm ni st er giladeNmaedidler ADBMbles B | sMche Erohdnre ard NBkMbed K SVifif@E--THRY Blifim C
doses are no higher than 5 léggl per kil %gmam of body wej ght. per day
5

rangi ng f rBmasaropey IBkEners Heses/ eodons/ 189806  Madin (¢ )Oogefﬁﬁgt?r!()‘ about
50 ny per k}iah@@mmlof shady. Wei FoimubBibnsdaphy \binpriser ahictlosRdlesgenedhal by  bei ng

about 5-20 fold r. t han |nt avenous doses nging fromO0.01 to 40
o per ki PUGTUITBIUEF el grieEpem e Gt BPve: | P ARSd ent
that may baictenbisagnatopditiddd@r fabdapRles.materials to produce a single dosage
unit will vary dep for e | e,..upon.the, i.ent .hein reated and
the particul ar ‘ﬁ{)‘)@ qgf'f’f"g‘aﬁﬂ"?ﬂﬂébf f’(edfrn?pﬁ?.a "t%‘&&&%"%‘ﬁgt gp%ﬂ%%@ﬁ%’&ﬂ“? Rfont ai n

f rom about exkfiplg, sbidds, i) trefifl) foapys,ddtioad) g«ﬂs powders, agecdl ligrids.andGabulgials. Tiesages

Eﬁgvmtﬁ)ei ﬁst blsilgaj ?}?p%arlé.lr?cle "\Sa {’igc%tSI ?sucg E‘l deutlcaﬁ'y ac%ep?a%ﬁqu{messcaﬁ eaéovgrlt’lee}l t\»,)\!el |
the presence and amount of emulsifier(s) and viscosity adjuster(s) present in the formulation.

Solids are 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 solvents,
emulsifiers, moisturizers, emollients, fragrances, dyes/colorants, preservatives 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 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, emollients, fragrances, dyes/colorants, preservatives and other activg 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 formulations, like those of
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Phar maceuti cal conpositions nmay be packaged for treating conditions
responsive to VR  nodulation (e:g;);treatnent of exposure to vanilloid
ligand or other irritant, pain, itch, obes(ty"M wurinary incontinence).
Packaged pharnaceutical conpositions generally include (i) a container
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t he cal ci u;ﬂm;ﬂnnﬂyb?@ndum)munf cIdorabJ #Idlaamwompslan@th rsulfa&cm@t bﬁruse$waihn topidll| at i on
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provi ded heedylparehaniaropy tpatdbeni embic seid.thgiwols dcidy arlsi famaldghyske, asreellas dhiysicalbr (s)
to the recgpcm a;rch&nv,ﬁh g%celgue%t\%&a)a dﬁmggse&sﬁéfésxm%%ae@ﬁa a&;fy?ganéte] . gand

concentrati on 1 IS SU t to I ndi ng or vani
to VRl in $iitaple mw@ﬂmrs Wrnde, hyidrenod imedgpdpctic peith gefl ethar hidrey acﬁésr@rth@ed

herein. Thegy E%B:%&Lm,oﬁr %‘i’éﬁ ?Src&ré‘ﬁﬁ%ﬂt’ylehé"gl%l Lguitﬁ’d?e QholRBRAMRIL Pholid dkoRorcul tured
or isolated cell fon or ih a cel hin a patient. For exanpl e,
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bl adder eplthel ia (urothelial cell) or an airway epithelial cell that
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referred to as cal cium no izatio
stat% agents, a str}'rllgents eg., wﬁau hazeﬁl a?cohol ancfﬁzerbalvg{tracts such as c%amomlg extract),

binders/excipients, 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 suitable topical vehicle for formulation as a foam is:
cetyl alcohol (1.1%); stearyl alcohol (0.5%; Quaternium 52 (1.0%); propylere glycol (2.0%);
Ethanol 95 PGF3 (61.05%); deionized water (30.05%); P75 hydrocarbon propellant (4.30%). All

percents are by weight.
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transduoi ng activity may alternatively be assessed by detecting an
alteration of a synptom (e.g., pain, burning sensation,
broncho-constriction, inflanmation, cough, hiccup, itch, urinary

i nconti nence or overactive bl adder) of a patient being treated with one or
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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 formulated so that the animal takes in an appropriate quantity
of the composition along with its diet. It may also be convenient to present the composition as a
premix for addition to feed or drinking water.

Compounds are generally administered in a therapeutically effective amount. Preferred

systemic doses are no higher than 50 mg per kilogram of body weight per day (e.g., ranging from
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stimuli include individuals with bunms caused by heat, |ight, tear gas or
acid and those whose nucous nenbranes are exposed (e.g., via ingestion,

i nhal ation or eye contact) to capsaicin (e.g., fromhot peppers or in
pepper spray) or a related irritant such as acid, tear s, infectious
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"non- pai nftkft then¥dti Eiﬁda‘{laﬁ?’éé Presegh i % Jeastengr G ﬂ'ﬁ%l"ﬁﬂ@fﬁ’&?“‘bﬁea thﬁréPﬁ‘:}E“E?HYc pai n

and het er ote@Biti9e P@ictntration that is 1 micromolar or less; preferably 500 nanomolar or less; more

—

preferably 100 nanomolar or less, 5O nanomolar or less, 20 nanomolar or less, or 10 nanomolar or
less. For example, such compounds may be administered at a therapeutically effective dose that is
less than 20 mg/kg body weight, preferably less than 5 mg/kg and, in some instances, less than 1
mg/kg.

Also provided herein are methods for modulating, preferably reducing, the signal-
transducing activity (i.e, the calcium conductance) of a cellular capsaicin receptor. Such

modulation may be achieved by contacting a capsaicin receptor (either in vitro or in vive) with one
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i ncl udi ng pain associated with carci moma, often referred to as cancer pain
(e.g., in patients with bone cancer), pain (and inflamuation) associ ated
with venom exposure (e.g., due to snake bite, spider bite, or insect sting)
and trauma associated pain (e.g., post-surgical pain, episiotony pain, pain
fromcuts, MRMIESEB| etal pain, bruises and broken boneBCTHRWOIAIPaI n,
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di ,
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Wthin such conbi nati on eragci/ nodul ator i s adm ni ster

patient al tagofni Bueh candlmvang% ec foarﬁafr@frle Snmptomp resulbipg fiopy <pgerm to YRE VR
nmodul at or  giiglaRAR AGEE, Bai NS atodN ldisorders (such as cough, asthma, chronic obstructive

pulmonary disease, chronic bronchitis, cystic fibrosis and rhinitis, including allergic rhinitis, such

as seasonal an perennial rhinitis, and non-allergic rhinitis) itch, urinary incontinence, overactive
bladder, hiccup and obesity, as described in more detail below. Such conditions may be diagnosed
and monitored using criteria that have been established in the art. Patients may include humans,
domesticated companion animals and livestock, with dosages as described above.

Treatment regimens may vary depending on the compound used and the particular
condition to be treated; however, for treatment of most disorders, a frequency of administration of

4 times daily or less is preferred. In general, a dosage regimen of 2 times daily is more preferred,
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i nfl ammat ory agent nmay be present in the sanme pharmaceutical conposition, or
may be admnistered separately in either order. Anti-inflamatory agents

i ncl ude, for exanple, non- steroidal anti-inflammtory drugs (NSAIDs),
non-speci fi ¢ and cycl ooxygenase-2 (COX-2) specific cyclooxgenase enzyne
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ant i bodi es yi@Rfce 1428 db Rickarl r ¢ Em@ﬂttcﬁgaﬁé s.
NSAI Ds | nclwtjtge © buta?armt v M)(t)%fe&%% %E?R:rt%f en i asﬁ?fé%ée at >

f 1 ur bi pr of &?ld(lmsﬁaemﬁacﬂvwaﬁwﬁwws qlpaﬁrb&a( elt it e a'ngir%oog howmprb@stbm
ANAPROX,  Alskavizt Mbse ldilepin@ft@ﬁﬁ:@nt(r%uﬂen fo%?’%':a#i@\w tiedOill Mbon a ¢8RI Jrat i ons
of di cl of enac sog(? % rostol_ (e.g H@‘EB dsuI i.ndac

( CLI NORI LTIWtorso‘}? P 1B ﬁa?t p%émwﬁa.wmem’fl%amp'? ,W Y ‘fﬁ‘%)&e%

( F:EL DENE;”\N/lKﬁaétg\fEIl_ﬂoﬂﬁﬁ, hla{el oF a(dirﬂﬂlmf i Mute ogfu @Dﬁgl%?/lmgki@i :\Jﬁxw,ex&ampaﬂgen

cal ci um eto ro

e bt o COREABERFAS SRty SC e EiSHir dEE PSP RE PP TY SrateRi ot Bh o

( TOLECTI NTMe, miainchindods ﬂvfﬁfﬁﬂﬂt Qrﬁﬂﬂhﬂer&feéti?bl&@d@llsl.p'fdﬁrred Pateents | Ry FemralNBAl Ds

consi sts of comp t bit cycl oo nase enzynes. Al Ds
further inllog8E ‘ggqrqﬁv f'lt fg‘?fbhen?ﬁ E‘étfg}?‘*i%ﬂ"by‘f“r‘r a%%’&e"bar X‘ﬁ@@? rfPrﬁesodi um
sal i cyl at e,condatmﬁlbezﬁgtra&doﬂmgmeﬁd um salicylates (TR LI SATETM, and sal caate
(DI SALCI DTM a as corticosterqjds.such as ort i sqne ONETM
acetate), dex angftf’fﬁg SHRETIEE NG SYMRIRIRR om 3’%3?‘153 pTeda s egtr? 'a%KEBRG_TM
pr edni sol ora&m(llPiaEiudH\EMualpm ume lcaneal Bgoﬂeat; mg]nhmlpgﬁatce acn(jl%ﬁﬂ)ltmwp , and
pr edni sone ET TERA

DTt 1 e S o TS TPRET Gt VIR e APt G14 Bt o Bty (.
etoricoxib fropﬂfoepapmrbor in peppelespay) & aaelated irfitarg oahlas adsl) |t¢aagdselnfw$mge§nt(smr VR

nodul at or vm thin r d bed
above. Dosé{'gesr pé)}ll EQ} hgﬁb ?ﬁl EY‘%Q%%W%‘@&% {CQL& }6?1?%%1%“%5&1 ai%logﬁsénts can
be found, eferiallyxatmgbdnasts, providérEhensn) udaydralnderfosexample,rpamt bromownstnh@n and

Physi ci an' 5, fesk. Beference. In certain enbodinents, the conbination

adm ni stration o? a VRI nodulator with an anti- 58 WD 2006/ 026135

PCTI US2005/ 02898gn thah iy hertreasedyusingdhet VR & sotielators proyided dereinineny bsfehionie adosage
of the ant 'acdtQLAdaiHH?JeQFb\{t é%@ﬁﬁmﬁeﬁqg éfeﬁ e¥a@ner9é ﬂ@dﬁ&& Fhirf &s‘ﬂeamweh&)nﬁﬁlé ect

(i.e., a decrease i n the m nimimt eutically effective aro S,
pr ef er abl y painhCafpeenge providedereirn may bernsedtin thy tragjepnt of. forgxamie permastseiomy
combi nat i 0f};aﬁﬂs?nﬁfr&ﬁ‘emstumﬁ%fmhoﬁa%mtlh& by, 1 inBRogathid ]?a‘f}ﬁ tdoRbhel @&tAIRAihUM dose

advi sed by ‘the manufacturer for admnistration of the anti-inflamatory
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adm ni st r atsyroputiefic dysiviphy rBED| sce@rdary to injury of a peripheral nerve), neuritis (including, for
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example, sciatic neuritis, peripheral neuritis, polyneuritis, optic neuritis, postfebrile neuritis,
migrating neuritis, segmental neuritis and Gombault's neuritis), neuronitis, neuralgias (e.g., those
mentioned - above, cervicobrachial neuralgia, cranial neuralgia, geniculate neuralgia,
glossopharyngial neuralgia, migranous neuralgia, idiopathic neuralgia, intercostals neuralgia,
mammary neuralgia, mandibular joint necuralgia, Morton's neuralgia, nasociliary neuralgia,
occipital neuralgia, red neuralgia, Sluder's neuralgia, splenopalatine neuralgia, supraorbital
neuralgia and vidian neuralgia), surgery-related pain, musculoskeletal pain, myofascial pain
syndromes, AIDS-related neuropathy, MS-related neuropathy, central nervous system pain (e.g.,

pain due to brain stem damage, sciatica, and ankylosing spondylitis), and spinal pain, including
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with an anti-inflamuatory agent is acconplished by packagi ng one or nore VR
nodul ators and one or nore anti-inflamuatory agents in the sane package,
either in separate containers within the package or in the same contained
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Itching conditions that may be treated include psoriatic pruritus, itch due to hemodialysis,

aguagenic pruritus, and itching associated with vulvar vestibulitis, contact dermatitis, insect bites
and skin allergies. Urinary tract conditions that may be treated as described herein include urinary
incontinence (including overflow incontinence, urge incontinence and stress incontinence), as well
as overactive or unstable bladder conditions (including bladder detrusor hyper-refiexia, detrusor
hyper-reflexia of spinal origin and bladder hypersensitivity). In certain such treatment methods,
VR1 modulator is administered via a catheter or similar device, resulting in direct injection of VR

modulator into the bladder. Compounds provided herein may also be used as anti-tussive agents
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1- deani no- argi ni ne vasopressin, nuscarini'c recep ant agoni st’s such as

choline and magnesium salicylates (TRILISATETM), and salsalate (DISALCID , as well as
corticosteroids such as cortisone (CORTONE™ gcetate), dexamethasone (e.g., DECADRONTM),
methylprednisolone (MEDROL™) prednisolone (PRELONET™), prednisoione sodium phosphate
(PEDIAPRED™), and prednisone (e.g., PREDNICEN-M™, DELTASONE™, STERAPRED™),

Further anti-inflammatoryr agents include meloxicam, rofecoxib, celecoxib, etoricoxib, parecoxib,

valdecoxib and tilicoxib.

Sunitable dosages for VR1 modulator within such combination therapy are 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 VR! modulator with an anti-
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methorphan, metopon, morphine, nalbuphine, opium extracts, opium fluid extracts, powdered
opium, granulated opium, raw opium, tincture of opium, oxycodone, oxymorphone, paregoric,
pentazocine, pethidine, phenazocine, piminodine, propoxyphene, racemethorphan, racemorphan,
sulfentanyl, thebaine and pharmaceutically acceptable salts and hydrates of the foregoing agents.
«2 Qther examples of narcotic analgesic agents include acetorphine, acetyldihydrocodeine,
acetylmethadol, allylprodine, alphracetylmethadol, alphameprodine, alphamethadol, benzethidine,

benzylmorphine, betacetylmethadol, betameprodine, betamethadol, betaprodine, clonitazene,
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naratriptan, zolmatriptan and rizatriptan.

Within still further aspects, VR1 modulators provided herein may be used in combination
with one or more leukotriene receptor antagonists (e.g., agents that inhibits the cysteinyl
leukotriene CysLT) receptor). CysLT; antagonists include Montelukast (SINGULAIR®; Merck &
Co., Inc.). Such combinations find use in the treatment of pulmonary disorders.such as asthma.

For the treatment or prevention of cough, a VR1 modulator as provided herein may be
used in combination with other medication designed to treat this condition, such as antibiotics,

anti-inflammatory agents, cystinyl leukotrienes, histamine antagonists, corticosteroids, opioids,
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voltage = 3.5 kV; cone voltage = 30 V, desol vation and source tenperature =
350C and 120C, respectively; mass range = 181-750 with a scan tine of 0.22
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Beanpl o 1| RCLTRPREEbis MFCHE Bsa et Srfing it uScubBpih Buibly
pi per azi nylbeclqm;ammhne;enmv’rmheog:deae, plicolddine2n0 6exf b atB&pideT/ US2005/ 028969 A
(5-Chloro-6-{4 4-fl.uor ﬁlﬁ%r .

) - 2- ( 2- et hyl - pg‘l?er}g)[esexa; mveInPqu p}/ovgies colPhlanon thera apy £ for the treatment of urinary

yl }-nvri di irc8atipbrce. aW@hnn@ucamsmbctL a {16l i@hriubnton pBviddd I[eﬁelr( nlajf lbeut;pct)in combination

herryl)-2- r I dj
Dyri i 3y Sk B bl b b olig QU A G Kbobl RERARIGH beil] o
cool ed sol gtogesteramf congeners, electrical stimulation, calcium channel b]ockers antispasmodic agents,

5- Chl or o- | o
§/| )-pyri ni gﬁc{lﬁﬂgé té%ofn%)sg?%n?mﬁgbg% ?ru%s ?ﬁéﬁ%%@)@ﬂ:@%ﬁﬁé@ ﬁgﬁgs'l?béta \g;dren ceptana B%’ 5
mol ) and EBgonits( msphndw@er@smhmﬁ)POtaﬁﬁlwam&h@pewszln%l%ﬂymh@lmfz@ ORI ) .
dropwi se. @?‘dﬁ%&%éa?&m%hﬁkﬁ% RK2) anf gémstsl P@Xﬁ%ntﬁg%ﬁﬁistﬁméﬁl%ﬁ‘&ﬂﬂfcedru idhyte wth
3 volunes o h with brinég, e organic layer (Na and
concent r at &ciahariromesylaieny SreeiSe paeats er?/ud@ ew@tn%emenrw ﬁ@&ﬂmdmeeﬂa‘fﬁxamvso add
138 g of i ?}&fﬁpdtoi?&@&meatdu@@ﬂn@m@nbfobw%e %r%’éﬂtMHM@}rcloﬁlmer AR AAfindS

i ndi cat ed by lute wit wat er and extract thé aqueous solution with
Et OAc. \\asHoteR®, Beystinec!-dsemineck Dwfeinine yagopressinp myscasigje reﬁw@fa 2pgEPists b EL X)) |

dry (Na2 SO%n@&ﬁh@ﬁ?ﬁ@t@apﬁnumeworﬁoeﬁumdd RtRBSHAEDicta@erH S06h Esr@bg@utyxﬂﬁ oduct .
Purify using flash chromatography to give pure t|tIe conmpound

( 5- Chi or o- ](TE“OE)QN&OFP?IMCH“E)W@HWC?"“? (9% ‘W‘W p)rrolidin-1 yl)
pyrimdin-4 yl Js@tapRrddzdgts for VR SodaMtol Sithin 3ughl Jonda@tidrCthegpydark 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 Physician's Desk Reference. 1In
certain embodiments, the combination administration of a VR! 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 %,
less than % or less than 10% of the maximum dose listed above or advised by the manufacturer).
For use in combination therapy, pharmaceutical compositions as described above may
further comprise one or more additional medications as described above. In certain such
compositions, the additional medication is an analgesic. Also provided herein are packaged
pharmaceutical preparations comprising one or more VR1 modulators and one or more additional
medications (e.g., analgesics) in the same package. Such packaged pharmaceutical preparations
generally include (i) a container holding a pharmaceutical composition that comprises at least one
VRI1 modulator as described herein; (1i) a container holding a pharmaceutical composition that
comprises at least one additional medication (such as a pain relief and/or anti-inflammatory
medication) as described above and (iti) instructions (e.g., labeling or a package insert) indicating
that the compositions are to be used simultaneously, separately or sequentially for treating or
preventing a condition responsive to VR1 modulation in the patient (such as a condition in which

pain and/or inflammation predominates).
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~N C INNN6 O 1 ~ NJ HONHeat a solution of
(5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-nmethyl-pyrrolidin-1-yl)-

pyrim din-4-yl]-pi pera2| -yl)-pyridin-3-yl)-acetonitrile (50 ng, 0.098
mml) in 12 MHCl for 4 h Concentrate the m xture under reduced pressure
and then pl Q2UHMSI3Svacuum to renove remai ni ng HCl . AJBCHUS#83928%fount  of
wat er and extract the resulting white precipitate wth DCM Dry the DCM

(Na2SO4~' and cepggfhdahe amﬁk@ra St 8¢ FuPh & B8 USe, foﬂ_évdahyfealh%r&\lﬂ%oﬁtﬁﬁ ting
residue with ether to afford the title conpound | ow solid. 64

VO 2006/ 02@Fabstitsiefpydens gas) elzmgal ppptection (e.g., 1n a spray ormula?non) or as phannaceutncal

5- Chl or o- 6ygehts[ for ﬁlénfeime;ﬁtaafqﬁanuéw, uﬁua(rﬂnﬁaiuhenyé oﬂWefaeiwedbmuﬂler ¥ih kagRatEih m di n- 4
- X11- pi perazin-1 - ')?Pnl c tinic acid ro-5-et hoxycar bonyl

pyridin-2 )W“?Pt?fldﬁﬁ fong B@EP%BWOP@S&% é?“r'.' ‘érf"tvgfﬁ'i’fr% or gersQup] pr@““@? agJ x0'\
N ~O 1l , Norfulateeaid @edsaabdﬂmg)ﬁ cOiveRticBalddaE §ds OF fepptir G2y tecthmag:y d ethyl ester

TCl Anerica 0.02 nmo | perazi ne-l -car box cid tert-butyl
(ester (4.13 2;,( th}nlsﬁﬁ?ﬁe‘i‘fﬁ?ftsdh "’E%’f vep{ion piOYidss AxpEY) %J naf‘ceﬂTﬁlC"foryS

h. Partiti omotdié mrmamscfﬁr the afd:womcb@iomaﬂhemt effor amhpEt Rk colvifotiidstnly® be Et OAC

| ayer with water n cent at e under
reduced pr é@g\ﬁfgd(‘feg é?’i? o5 f?fed‘? %fe%téc’“c%ﬂ%ﬂ%ﬁ&)gggcgﬁsagfnarﬁ%egt%{]’? Samf SEh| or 0- 6
pi per azi n- ks ydil-piépaations iof tissae sbesidnlyfrepaati@n offractibild thddeoHN 16 addiiichs edmpeurils

sol ution of .

4- (3- chl or BRSSP IS B8t BRI b oiRblF Reackivg 8 vp (B & i corbamh YT RREazidE e g
tert-butyl gempemay Be i&dgm Ifhoﬁaﬁinmpna)aehn. sd:d(exaf]eqcepmdbmdlm sited.d Ia additiot, i on of

4M HCUdi Oxane nﬁ% prova&ed hzrem m%} be use&: as d?(ism%e Q(?ntrgp(;n 5@3 £81 Igce%gg %tlvqgal 4M

HCUdi oxane %p for an In ice,
collect t hetapdaalslfm cle&tnamaxgcthmlsmmtamaedl&m ageﬂrte;bmdemtdawammre@p%e)rby

par L1 Ll oni DERELACED oSN ofidor B NAGH g@&gy&@m & e Shg1e BrORR  did B ©F

(Na2sO™4) oncentrat e un to give't conmpound.
3. 2, 4-di @bﬁhmmlzei famogtaply (ﬁﬂf@ﬁfyl ) Pigh i methids gar- be uspd @ cNGicteDis seisaien

4- 11 uorobr QQEQR&Q ﬁqgﬁlg(sgbjgc'i_’s. For &a&?lef@bﬁ?%oétﬁ‘mﬁwgé ﬁgée@ﬁsk}l%ran}( &% \B]-;Qty under
of well known techniques (e.g., radiolabeled with a radionuclide such as tritium, as described
herein), and incubated with a sample for a suitable incubation time (e.g., determined by first
assaying a time course of binding). Following incubation, unbound compound is removed (e.g,
by washing), and bound compound detected using any method suitable for the label employed
(e.g., antoradiography or scintillation counting for radiolabeled compounds; spectroscopic methods
may be used to detect luminescent groups and fluorescent groups). As a control, a matched sample
containing labeled compound and a greater (e.g., 10-fold greater) amount of unlabeled compound
may be processed in the same manner. A greater amount of detectable label remaining in the test
sample than intthe control indicates the presence of capsaicin receptor in the sample. Detectign
assays, including receptor autoradiography (receptor mapping) of capsaicin receptor in cultured
cells or tissue samples 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.

Compounds provided herein may also be used within a variety of well known cell
separation methods. For example, modulators may be linked to the interior surface of a tissue
culture plate or other support, for use as affinity ligands for immobilizing and thereby isolating,
capsaicin receptors (e.g., isolating receptor-expressing cells) in virro. Within one preferred
embodiment, a modulator linked to a fluorescent marker, such as fluorescein, is contacted with the
cells, which are then analyzed (or isolated) by fluorescence activated cell sorting (FACS).

VR1 modulators provided herein may further-be used within assays for the identification
of other agents that bind to capsaicin receptor. In general, such assays are standard competition

binding assays, in which bound, labeled VR1 modulator is displaced by a test compound. Briefly,
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nitrogen atnosphere and cool to -78C. Add dropwise 1.6 M n-BuLi (34 nmi,
0.055 noles) and stir at -78C for 45 mn. D ssolve 2,4-dichloropyrimdine
(7.45 g, 0.05 noles) in Et20 (100 nm.) and add dropwi se to'the reaction
m xture and warmthe reaction mxture to -30C and stir at this tenperature

for 30 min YOIXNEEDBY 0C for 30 nin. Quench the reacti dFTHYSRPMOBHY t h HOAC
(3.15 m., 0.055 noles) and water (0.5 m, 0.027 noles) dissolved in THE (5.0

m.). Add $b&h ‘A@a}?soﬁ}@/ ﬂni’e'é Wép&ﬂ@&ﬁﬁﬁzﬁﬁaﬁ&n rddfepﬂair/vlvﬁtﬁ a rﬁﬂﬁab@r&:@ Vm)

sol ution Ofygfgi}%é é 'g% %g %} t he
reaction nf® °¥d }Fgﬂbé'P gP ‘ta"ﬂﬁl ﬂ?f P?m‘att %‘ngrl °f 30
m n. Cool dabﬁlcfrﬂaﬁbﬁatoﬂnheréﬂy)gbuﬂ'ﬁng boid, lakutkdairh ﬁodilla%ra((b) ddtiaGhi Q&gnalrth)at and
stir for 30 mn. ant the mth actlo re. and
wash the b?o&ﬁ?r?ogd(ﬁl evﬁ"f%“ﬁ%g’ﬂcg la% Jfgéﬁﬁf)m[“ Tis) ne ence Ofnte%]a@elﬂ (gg/er s,
wash severa)htattlmgetse \botnd, Hbéled ¥Ré dmdieGitor Swikhuih itesh agant] (dY yletwtmg aMjg@U thati | t er

and evaporate vacu oIo |1 do crude
by flash coolnﬁsr?ﬁn q 8unr %@un@%&eﬁ%ﬁv@i’)}n \é@] Yol ﬁ]ﬁgg?geﬁlgé ote a en{ é"di@: title
product asderdaiiigs tkcrbasdm s@nalSet@btédm steﬁ(c(),&s [:@npaitki tr the Bgnalidetecigd mtqvﬁ@nyl )

di 4 N N).C
LGN b o RRSARR Gl ol o EE) R Fof bty hodBh oftmiadon’ T ) - C
(2.82 g, OUdlessnthkgwiserspeciflatiddBagents 9ad g:,lve@t a0 standayd ¢omuigraiigrate O1G areadell
> Chl or - Sl RERAR Birdbckton" URRE Hllife ,ﬁ@iﬁaﬁ&n@y&e st Hhapdrls ithyde vl by 0 )

Renove the' | ce room erature for ncent

under r edusidiiopal stepsiemplopgido p@dwmplhmomeom%mmﬁde@hmand brine. Dry the

organi c |layer (Na2SO4) and concentrate under reduced pressure to give the
title conpound. 5. S-Cloloro-6-(4-[6-(4 fluoro phenyl)-2-(2-mnethyl

pyrrolidi nEXAMBLESyri mi din-4 yl Jpiperazin-1- yl)-nicotinic acid et4l ester F
~N CI rN N-N6 N || ~~~~~ [/ L] I

5-chl oro-6-(4-] b s}mtmscgpy( ﬂat4 ImU(t)hF%o}op ‘2‘%%/ lﬂ)ﬁ%ﬁﬁ ﬁ%‘%&n&% @I ?Asblomglpgdz -

1-yl) - ni copdsitive maomqsle @tiny b Migbmass (Flzn&@f Eight0L QD Micrepshss, Bewgrly MA), equipped

2-met hyl py@f‘tlpli'thé?? 6602p \Fgg’i’at% %é@ )ard I)%eﬁt%éﬁ%o&&{e a}rﬁ Q'fteclt:@rt It ' On

the reaction m xture bet vvate ani c ayer

wat er (1 x¥ilsendlinutasemplerGilsopHan h@ficiletewé?%@m} a Gilyn ééh@ecmnnm Massbynx educed
pressure. fd it éﬁé%néﬁ-g YL PRI Blc; TrhioRtH Ahngdaf VérkiGRs 0 SbrvRROwiZOpERES deep X

3 inches in dianeter
processing was used for data collection and analysis. MS conditions are as follows: capillary

voltage = 3.5 kV; cone voltage = 30 V, desolvation and source temperature = 350°C and 120°C,
respectively; mass range = 181-750 with a scan time of 0.22 seconds and an interscan delay of
0.05 min.

Sample volume of 1 microliter is injected onto a 50x4.6mm Chromolith SpeedROD RP-
18e column (Merck KGaA, Darmstadt, Germany), and eluted using a 2-phase linear gradient at 6
ml/Hiifi flow rate. Sample is detected using total absorbance count over the 220-340t UV range.
Elution conditions are: Mobile Phase A- 95/5/0.05 Water/MeOH/TFA; Mobile Phase B-5/95/0.025
Water/MeOH/TFA. The following gradient is used (inject to inject cycle of 2.2 min):

Gradient: Time{min) %B
0 10
0.5 100
1.2 100
1.21 10
EXAMPLE 1

Preparation of Representative Substituted Biaryl Piperazinyl-Pyridine Analogues
This Example illustrates the prepargtion of representative substituted biaryl piperazinyl-

pyridine analogues.
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WD 2006/ 026135 PCTI US2005/ 028969 eluting with 700 nL of 30% Et QAc/ hexanes.
Concentrate under reduced pressure to give the title conpound as an
off-white foam 6. 5-Chloro-6-(4-[6-(4-fluoro-phenyl)-2-(2-nethyl
pyrrolidin-I yl) pyrimdin-4 ylJ piperazin-l- yl)-nicotinic acid F ~N
rN N)"N6 NWA3096/426N5 0 To a sol ution of PCT/US2005/028969

5-Chl oro-6-(4-[6{4-fl uoro-phenyl)-2-(2-methyl-pyrrolidin-l-yl)-
pyrlmd|n4yl -nlcotlnlc aC|d ethI ester (427 rrg,
mrol ) in TH el &l ST gts. To
this m xt uﬂepaehil_ymah §350 ny, 8 13 rmDI) foIIowe by a srrall anount of
Et OH. Heat the m xture at 55C for and then concentrate under reduced

pressure I D . ey S I 13 nmmol
e O b A ?&“@W ﬁére‘f%rb”’%”ﬁ Gl G ST

sol i d VI a f||trJéfi‘ﬂ’Jr6‘|4m3'XléI§%‘0PWélesol id with water and dry to afford the title
conpound. C.

(5-Chl oro-6-{4-(6-(4-fluoro-phenyl)-2-(2- | -pyrrolidin-I-vl)-pyrimdin-4
- piperazin-l1- yl } -pyridin-3-vinethyl)-d hyl -am ne 1.
(5-Chloro-6-(4-[6-(4 fluoro phenyl)-2-(2-netfhyl pyrrolidin-1 yl) pyrimdin-4
yl J-pi perazin-l- yl} pyridin-3 yl)- rrethano Po C rNN N6 HOI i N N
Di ssol ve

5- chl or 0- 6-{ 4- [ 6- (4- | uor o- phenyl ) £b- mtﬁlyl Ny rolldln | -yl)-pyrinidin-4-
yl'] piperazin-1-yl}-nicotinic % ester *fy, 1.13 nmol, prepared

in Exanple 1-B, step 5, abovyg) i and cool to -781C using a dry
i ce/ acetone bath. Add diisobutylal m num hydride “(4.53 nmL, IN in hexanes)
dropwi se and coht dnricescoskd salutiog of Grchlbroks- gt [6-(F-BGoro-phiehy B2 @ sethyNgy2iS0din-1O0H2 O,

F oom t emper EPTHIR AN TRiFAEL LR P RIRY S bl Tlde e ER 0 A Bad R PO
concentr at gL, Lﬂrﬁde mmo@'ﬂn DOVR 8GBYIEZ 63638, PETY aiBRl) 05028 Itnove e batkeahdptiebs ur e.
The result ll Iﬂ%t 1% m tén? ePaWrr!: f ? %ﬁ% Egol[.ringﬁs QIQM %ﬁ ﬂﬁ %Hlty\%%:ﬁ? O??aéfc laycﬁ

Et OAc/ hexanes' el uen to a e corfpoun as a
Met hanesul fNee¥R) adiconcBntrabel tmd@rﬁlu(edp{e&uwl Diigselvg the prhdaryésyla-if DMSO1 deg (133

pyrrolidi nfn% oY deN PN e b ¥ bl b s&'ti?rg [3%kifl rdmatlsas Bfckidh by ToC VbR by ester
water and extract the aqueous solution with EtOAc. Wash the organic extract with water (2x)
followed by brine (1x), dry (Na;SQ;) and concentrate under reduced pressure to give crude

product. Purify using flash chromatography to give pure title compound.

2. (3-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-metiyl-pyrrolidin- 1-yl)-pyrimidin-4-ylj-piperazin-1-

yl}-pyridin-3-yl)-acetic acid
F

)
PP
NS

|
HO 2N

Heat a solution of (5-chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyi-pyrrolidin-1-yl)-
pyrimidin-4-yl]-piperazin-1-yl}-pyridin-3-yl)-acetonitrile (50 mg, 0.098 mmol) in 12 M HCI for 4
h. Concentrate the mixture under reduced pressure and then place under vacuum to remove
remaining HCl. Add a small amount of water and extract the resulting white precipitate with

DCM. Dry the DCM (NaISO,r_?: and concentrate under reduced pressure. Triturate the resulting

residue with ether to afford the title compound as a pale yellow solid.
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F i ~NC rNN" N N\ J~~// 0S.01 NTo an ice cooled solution of
(5-chloro-6-{4-[6-(4-fl uoro-phenyl)-2-(2-nethyl-pyrrolidin-I-
yl)-pyrimdin-4-yl]-piperazin-|-yl)-pyridin-3-yl}methanol (136 ng, 0.282
mrol ) and Et3N (79 L, 0.564 mmol) in DCM add MsCl (33 L, 0.422 mmol)

dropwi se. RVWDIWODWBHath and stir for | h at room t enpBFBUSIESZROt o wi th
3 volunes of DCM wash with brine, dry the organic |layer (Na2SO4) and

concent r at eg.ufidEbrorsedL6 ¢4 {lpsre phichlyD-2U(D m@thylepytrbledid-1 & eyiti il -ayB-pipSazin-1-

(5-Chl oro-6- *_m Jnmc(ag' | uoro phenyl)-2-(2-nmethyl pyrrolidin-1-yl) pyrimdin-4
y1lJ pipera pyr|d| n-3 yln:ethyl)-dinmethyl-amne F i ~N C rN N-N6
\' N~N1I1 i N Heat a m xture of nethanesul fonic acid

5- chl or 0- 6-{ 4P h{ato-flethoryonrpiratuplr din2-YiPpipaeedingtl-carboxylic acid tert-butyl ester
pyrrolidin-1-yl)-pyrimdin-4-yl]-piperazin-I-yl);pyridin-3-ylnmethyl ester
with an excess of dinmethylamne (1IMin T J\ seal ed tube at SOT for 2
h. Concentrate under reduced pressure® tHenNpaftition between Et OAc and 10%

NaCH sol ution. Dry the organic |ayer PSA) and concentrate under reduced
pressure. Purify the resultingresi d e ysing flash chromatography (10:90:1/
McOH: DCM NHA40H el uent) to give e e conpound. 68 WO 2006/ 026135

PCT/ US2005/ 028969 D. 6-{4-(6-(4- Fpuoro phenyl

- 2- (2- met hypvr r alehih Bhtion/dr)s; m&uw}wk&m{’c axidlem§re(s@ cmmehca)gmeg 802 fob)- Vi |
5-nmet hyl -nicotinic acid 1 (Ofo yl pyrrol i

1) oyr i i ez T-eaRpi a5 sk | IR YD mfe(s(zz@Lao B me) i3 ol )

i n anhydr ousniCieH16220; Bl , paitbn tREIEEaGiBh infhi® bbb ivaer RRNADAC( 36asB agt, 0. 33
nmol ). Cool to OC and add 2-nethyl pyrrolidine (12 g, 0.14 nol), dropw se.

Let stir atEtPdelaveravitherater (i@ andiring gl =p dryrMNaSey) agd Ponpmra@we@wdwe iPrgpaure

bi car bonat ey, oA the BMARMpB4R b Bifistange@duced pressure. Purify by SiG2 flash.
chromat ography, using 50:1 hexanes: Et OAc, increasing to 30:1 hexanes: Et OAc,

| o opheny! § SRS HRHRGFRTGIe '{’ﬁ"‘i’dif‘f"iffxf?;rigu e Cmererer{sentorondy

~_0 ® ZN
G .
Dissolve a solution of 4-(3-chloro-5-ethoxycarbonyl-pyridin-2-yl)-piperazine-1-carboxylic
acid tert-butyl ester (7.78 g, 0.021 mol) in dioxane, and then add a solution of 4M HCl/dioxane (12
mL). Stir at 50°C for 2 h, and then add additional 4M HCl/dioxane (5 mL}) and stir for an-
additional 1 h. Cool the mixture in ice, collect the precipitate and wash with ether. Prepare the
freebase by partitioning between EtOAc and 10% NaCOH solution. Dry the organic layer (Na;SQ,)

and concentrate under reduced pressure to give the title compound.

3. 2,4-dichioro-6-(4-fluorophenyl)pyrimidine

N
PN

cl N~ Cl
Dissolve 4-fluorobromobenzene (8.75 g, 0.05 moles) in anhydrous ether (80 mL) under

nitrogen atmosphere and cool to -78°C. Add dropwise 1.6 M n-BuLi (34 mL, 0.055 moles) and

stir at -78°C for 45 min. Dissolve 2,4-dichloropyrimidine (7.45 g, 0.05 moles) in Et;O (100 mL)

and add dropwise to the reaction mixture and warm the reaction mixture to -30°C and stir at this -,
temperature for 30 min followed by 0°C for 30 min. Quench the reaction mixture with HOAc
(3.15 mL, 0.055 moles) and water (0.5 mL, 0.027 moles) dissolved in THF (5.0 mL). Add
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F NG | N'N3 Heat a m xture of

4,6-dichloro-2-(2-nmethyl pyrrolidin-1-yl)pyrimdine (2.25 g, 9.74 nmol),

4-f1 uorophenyl boronic acid (10.23 nmol), Pd(PPh3)4 (562 ng, 0.487 mol), and
a 2M potassi um phosphate solution (9.74 rnQ in dioxane (35 nL) under
nitrogen atwe@®sfg§1396 h. FEvaporate the mxture and addGAEtSEPOSOTE64)
Extract wwth EtOAc (3 x 50 nlL), dry (Na2804), and evaporate. Purify by Si Q2
flash c gr ontedparise apHY (4oehmsbmgon/uftdmc9(11 9 @m(me@cﬂdil 1OR® réadtig ativeke Bring a‘et itlhe
conmpound as

3-
pi per azi ne reaaﬁ'on rﬂﬁumﬁﬁ “E’Im tFmP\? r%é'ﬁ ndaggé{]%?r?’ 8%198?{“” for Y0 s ¢ i Rkt
2, 5- di br ommi@umees bY0 andydd B0MEaq. GAOHL@S ML) Bl $tir (2 30 ndp. De@ift therolginic -

2- met hyl - pi zin 3. 31.9 mol ) il t,130C for.16.h. Partjtion

t he reactl mﬁf‘l 8'$m3‘§fa@8ﬁaﬂb?%?mgﬁéohgtw tza\%d&)[’ﬁb Iﬁ"@% ¢ theypEganig ¢
water (Ix) laed, ximml mexéllnme); thﬂs@tur(ﬂbﬂiﬂmfk)ﬂuucmmdd aiyrvdi MgSTy, eFiltadmd evapod ed
pressure to ve th a 06/0 6135

PCTI uszoos/“ﬁ%éﬁ%“@“m ° afﬂ""{ E’ rr@?,reg ‘fi’s n@f ﬁ’yﬁlh W??‘E%i%‘%"?/l"}’“ rf"?’?“’%FéR“Piyl

pi per azi n- lsiyg S%(Et(wc/\hbmemaﬁbﬂm}dt)ﬂe@fc(dﬁetamﬂeybhdpyr rolidin-1 yl) pyrimdine
FNNN N6 ~ N Br i N Heat a m xture of

4- chl or o- 6- ) € BY; | ne (1.30
g, 4.44 m%ééﬂl&gé(?%@ ék&e?’ﬁg’f’ éﬁ%{ I n- g&qﬂ]d‘%& (% ?ﬂbs% ﬁ{a?{t; f)clr%geyr azi ne
(1.2 g, 4.44 rrﬁft’ﬂ’)emfand NaHCO3 (0 71 g, 8.46 in EtO—I at 500C for 20
h. Concentrate under reduced pressure and par |t| on bet ween Et OAc and
brine. Dry the organic |ayer (Na2SO4) and co trate wunder reduced
pressure. Purify the residue by flash col um omat ography eluting with

Et OAc- hexanes (1:4) to afford the title conpolind as :a white solid. 5.

6- (4-(6-(4-Fluoro phenyl)-2-(2-methyl-pyrroligddn1 yl) pyrrmdin-4

yl J-3-(R)-nmet hyl - piperazin-1 yl)-5-net h%\-n' atli nonitrile FIN ~N 1 NhN6
NJ M | N"To a nixture of ¢l N™"N" Cl

4-[4-(5-brono- 3-net hyl - pyridin-2-yl) rI’Q)./'msthyl pi perazin-1="yl]-6-(4-
fl uor o- phenyl ) - 2- (2- met hyl - pyr\/bld In- -N-yl)-pyrimdine (700 ng, 1. 33 nmol )
and Zn(CN)L (94

e

0]

To a mixture of 2,4-dichloro-6-(4-flucro-phenyl)-pyrimidine (2.82 g, 0.12 mol) and
NaHCO; (1.95 g, 0.023 mol} in EtOH at 0°C, add 5-chloro-6-piperazin-1-yl-nicotinic acid ethyl
ester (3.44 g, 0.013 mol). Remove the ice bath and stir at room temperature for 16 h. Concentrate
under reduced pressure and partition between EtOAc and brine. Dry the organic layer (Na;SOy)

and concentrate under reduced pressure to give the title compound.

3. 5-Chloro-6-{4-[6-(4-fluaro-phenyl)-2-(2-methyl-pyrrolidin-1-yl}-pyrimidin-4-yl]-piperazin-1-

yi}-nicotinic acid ethyl ester
F

\N

(\NNN

‘ | N
~.C =N
]

Heat a mixture of 5-chloro-6-{4-[2-chloro-6-{4-fluoro-phenyl}-pyrimidin-4-y!]-piperazin~
1-yl}-nicotinic acid ethy! ester (1.19 g, 0.0025 mol) and 2-methylpyrrolidine (2.5 mL, 0.025 mol)
in DMA af 120°C for 14 h. Partition the reaction mixture between EtOAc and water. Wash the
organic layer with water (1%) and brine (1x), then dry (Na;SO,) and concentrate under reduced

pressure. Filter the crude product through a silica gel pad (2 inches deep x 3 inches in diameter)
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ng, 0.799 mmol) in DVF, add Pd(PPh3)4 (77 ng, 0.067 mmol ). Purge the
reaction mxture for 10 mn with dry Nz. Heat the stirring reaction m xture
overnight at 80C, cool to roomtenperature and partition between water and
Et OAc. Dry the solution (Na2SO4), concentrate under reduced Pressure
Purify the MEPUEENEIF f1ash col um el uting with Et OAc- HeRERES200Y02896%¢ o
afford the title conpound as a white solid. 70 WO 2006/ 026135

PCT/ U82005/@L2ﬁg Gfih 760 mBof 004 Brolads fiekatRy. Q:dab&l&ytk hnidér fedac®hradslire BY Eivérhd Ghien- | yl )

rimdin-4 R i perazin-1 vyl -methyl-nicotinic acid F |
ﬁyl\kNG N I-%‘“l?"‘i“ &Fg"d’%ﬁ;{ ﬁa“goloutl on of yh- 4

6-(4-[6-(4-fluoro-phenyl)-2-(2-nmethyl-pytrolidin-Il-yl)-pyrlmdin-4-yl]-
3- (R) - net hyd. -Spti?lﬁe'oaﬁzﬂzlf[ﬂ(4-ﬂd:o}-e-ﬁbenyi1-hya-mah}¢-pwaﬂmfni-I-yl)-ppin(idf@@-yﬂg;{ve@azm nmol )
in 12 M HC fory ;Dc A . 20C. Concentrate the mxture under reduced pressure.
Add a smal | anou f water, adjust the pH o 6-7, and collect the
resulting white preC| pitate to afford the tiile conmpound as an off-white
solid. E. 6-f4- [6-(4-FI uor o- phenyl ) - 2- ( 2- | - pyrrolidin-|
-yI) pyri mdin-4-yll-3-(R)-nmethl- piperazi -yl '} -5-nmethyl-nicotinam de
/[ ~NNN~N &NNH2 NO To a solution.
i -f-yl)-pyrimdin-4-yl]-3-

6(4[6(4f|uoro phenyl) - 2- (2-met hyl - pyrr
(R -met hyl - pi perazin-1-yl}-5-nethylgni (70 mg, 0.142 mmol) in
DCM add oxalyl chloride (3 eﬁwva en,tg; an 1 driop of DMF. Stir the
solution for 1 h at room tenperaf I oncentrate, and dissolve in DCM
Cool the solution in an ice-b&P NH3 t hrough the solution for 15 mn,
and stir for 2 h at roomtenpergture. Wash with water. Dry the sol ution

(Na2SO4) and concentrate under teduced &essure Purify the residue by
flash col um chrionat ogelajsiny & ui-¢higo-6+{i{h(4puoraeheny B (2tmethyd-pasligingl-yihve titl e

(C:J?I?pﬂ(zlg;]? aipy?iﬁmﬁﬂ S-y%ipten%mﬁ 9l ))Z}?mcouhﬁc %etﬁﬂggeﬂm’ﬁ “&4@% 1?’1)1102% P %d(( M’ter?’ H,

CH2CHR) ;2. dsopw(ise, unithe gloudingsy alr@swrm iFfH)thls smwe @FH LiQH. Hz% 6@9 msnS 1BH) ;

i : ?|8_|) ( m7 igﬁnzloﬁ' fﬁﬁw@@y azi?hall eﬂ‘noZth éantOi-I'_D Heé)tﬁe‘lm()!?&re at bse Cl\lﬁ)?)Z h %8‘[123(15 1|]_'|)H’
’ concentrate under reduced pressure Add a smali amount of water to the res1due followed by 8.13 '

mmol of HC] (3M solution). Adjust the final pH to 4 and collect the off-white solid via filtration.

Wash the solid with water and dry to afford the title compound.

y1}-pyridin-3-yimethyl)-dimethyl-amine

1. (5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-1-
yl}-pyridin-3-yl)-methanol

# F
B
Cl (\N N”{‘hb
NPLN
HO '/N

Dissolve 5-chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-y]-
piperazin-1-y!}-nicotinic acid ethyl ester (595 mg, 1.13 mmol, prepared in Example 1-B, step 5,
above) in DCM and cool to -78°C using a dry ice/acetone bath. Add diisobutylaluminum hydride

' (4.53 mL, IN in hexanes) dropwise and continue stirring for 1 h at -78°C. Add excess
Na,504.101%,0, stir at -78°C for 5 min and then remove the cooling bath and allow to come to

room temperature. Filter the mixture through celite washing with DCM then concentrate under
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71 WD 2006/ 026135 PCTI US2005/ 028969 F
(6_{4-f6-LFluorophenyl2.2-(2-nealy]-pyrrolidin-1-Yl):pyrimdin-4-yll-3-(R)-m
et hyl - piperazin-lI -vll-5-nmethvl-pyridin-3-vh-nmethanol 1. 6-(4-[6-(4-Fluoro
phenyl ) - 2-(2- net hgl -pyrrolidin-1-yl) pyrrmdin-4 yl1J-3-(R)-nethyl -

pi per azi n- 1@ JWGIEBhy| - ni cotinic acid nethyl ester F | RCT/AUBRORS/NBIO~ NI ~ O
O Reflux a solution of

6- (4-[6- (45 r Q- NY | Phe 23 thY ke PYEEQ! LGd N -fazty | chi bl g

D11 -3t (R) - RO BeBRery e il ol ks RUTA bad sl MR T30%0% 1

mol ) and EQfGxaneseluept tnaliord thy ile comegund asp wWiitepafor 4 h. Cool to room
tenperature, concentrate, and partition between saturated NaHCO3 and Et OAc.

Dry Ej he E 0 D.??&Qﬂreﬁdyaﬁsw g-cmem@mﬁaqﬂ-ﬂuw?g%yzy-w:madyh l-pg;re&ﬁm@y. PuEi fy) t he
resi due by ash cal. chr onmat a ut | wi th Et OAc- Hexanes (1:4) to
afford the tit I@’”é"é‘%’%%‘Z'smpae’r’laz%'i’Il(?}g’r'@%l}%/’?sﬁ[lﬂgt{'y%-gs('%- Fl uoro phenyl) - 2-(2-net hyl
pyrrolidin-1 yl) pyrrmdin-4 y1J-3-(R)-niethyl - piperazin-1 yl)-5-nethyl
pyridin-3 yl)-nmethanol F i ~N1 NN" N NIl~~// HOI ~N Dissolve
6- (4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrro n-1-yl)-pyrrmdin-4-yl)-3-(R
- nmet hyl -pi perazin-1-yl)-5-nethyl-nicotinic gcid nethyl ester (78 ng, 0.155
nmmol) in DCM and cool to -78C using a dry 'lc‘eNac tone bath. Add
di i sobutyl al um num hydride (0.619 n., 1M es) dropwi se and continue
stirring for 1 h at -78C. Add exces 2SU4- and stir at - 78C for 5
m n and then renove the cooling bagh®gndall ow to come to roomtenperature.
Filter the mxture through 8gl® hing with DCM and then concentrate
under reduced pressure. Purtty the resulting oil using flash chromatography
(30-50% Et OAc/ hexanes eluent) to afford.the title conpound as a white foam
1H NVR (400 MHzTo @nesi@pled spltiog of (Srahlogyf-{46#-flugrophenyhn2-Gpethybpyaolidin-169 (m
1H, CH2CH2 +9Qin(4011-4; - 3 290 m Ar- 72
i)-pyrintin ﬁgz%igééa/mowggéxn%?ﬁn(émma 136G o2 %oti@n& BN

WD 2006/ 02 PCT/ : m 1H%; 3.37 (m
h andispinfen ) - 4. 71

2 , 300 (m 1B 3. 08
214); 3. 48 Rx) 56 Aymol3n DGV fd Mgl (33l § 423 nmeh drppwise. geryae ice
(2 ani) l g/l 1615- 24 o Soom!tbhpefitart) Ditfte #th 6 VoluEd of DEM Bvdskl with bbine) diy te Qgdi®)layeS. 00 (m
, 8. s,

1H) .
a2804|)_2nd concentrate under reduced pressure to give the title mesylate.
3. (5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin- 1-yl)-pyrimidin-4-yl]-piperazin-1-
yl}-pyridin-3-ylmethyl)-dimethyl-amine

A M
Heat a mixture of methanesulfonic acid 5-chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-
pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}-pyridin-3-ylmethyl ester with an excess of
dimethylamine (1M in THF) in a sealed tube at 80°C for 2 h. Concentrate under reduced pressure
then partition between EtOAc and 10% NaOH solution. Dry the organic layer (Na,SO,) and
concentrate under reduced pressure. Purify the resulting residue using flash chromatography
(10:90:1/ MeOH:DCM:NH,OH eluent) to give the title compound.
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G 6_{4-f6-(4-Fluoro-phenyl)-2-(2-nmethyl-pyrrolidin-1-yl)-n

m din-4-yllpinerazin-1-yll-5- nmethyl-nicotinamdine F "N rNI N-N6 kLN N
H2 N NH Pass HCl gas through a cool ed sol uti on of

6-{4-[6-(4-fl uoro-phenyl)-2-(2-nmethyl -

pyrrolidi n- WO20060363F i di n- 4-yl | - pi perazi n-1-yl)-5-net hy BGHEB05H3M0 ri | e
(100 nmg, 0.219 mmol) in EtOH (30 mM) for 15 mn. Keep the solution at 5C

for 24 h anyl equgeniriais- n-(b Epyrii@igd ridish- 898l RPMe®IOH, cool to
0C, and pass NH 1gas t rougc the solution for m n. eep the reaction

m xture at 1Bie a h. Concentrate under reduce pressure and

purify the residue by silica gel plug eluting with DCM MeOH NH40H (90: 10: 1)

to afford tihe csthithieo-2c@wrdylpdraslimf-phppiinidnesol i d. 'H NVR (300 MHz, CDC13): S
1.19-1.25 (m 3H, CH(CH3)); 1.58- 1.62¢m 1H, CH2CH2); 1.75-1.84 (m 1H,

CH2CH2); 1.93-2.01 (m 2H, CH2CH2); 2, (s, 3H Ar- CH3); 3.26 (br, 4H,
pip-H); 3.58 (br, 5H); 4.24 (br, 1H);[5.¥0 (m 2H); 6.15 (s, 1H Ar-H); 7.95
(m 2H); 8.10 (s, 1 H; 8.72 (s, |G ;" N3. br, 3H, C(=NH)NH2). EXAMPLE2
Synt hesis of Additional Representative Su tuted Biarvl

Pi per azi nyl - Pyr iDils1@: 29 akt@loespyrifidine (23.5 g, 0.13 mol) in anhydrous MeOH (220 mL), and

[ 2-(6-{4-f6-(3-Chl gro-4-fl uoro-phenyl)-2-(2- | .- rolidin-l-yl)3yrimdin
Layi e o g s oo bgpbonateu i U ok i e B dne gl prgpmfppidint (2F

i met hyl - ?giona %o;g, Iggcl__{pafisubbbtydﬁr 53 rnbdniz Qen}inéfa'hﬁﬁ for216yh.) Eijtéiecﬁfﬁllime{é:eswchﬂmm azN
I i N 1-(3-M -5-nitro-pyrjdin-2- - pi per.azi i repare y ‘heating a
sol ution ofb'“f"éo‘i/?fe’ quq‘f:"ﬁ?oé?tgg'@f}-e B'fﬁ??l \ﬁ?gsﬁfgt PP ‘-"%6?’ %?h@“?ﬁﬁ@%?% CHB%i cal
Conmpany Lt d0)1 haxelesHtQAL dadréasing BOJ0: i exandixOalc, th ATidE the tille chmpddad dsi & Wil

bet ween Et QAc, and wat er and wash the organic layer with 73 WD 2006/ 026135
PCT][ US2005/°848969 wat er (2X). Dry the organic layer with Na2SO4 and
concentrate to give crude product. Purify via flash chromatography el uting
W t h M OH: BCMGHorb-CXB-¢ Horatr-flipropbenyl) 2 2-riatdyipyrrdlidindonipprimidine 2. 4- (3- Chl or o- 4
fluoro phenyl)-6-[4-(3-methyl-S-nitro gyridin:-2 yl) piperazin-1 yl]-2-(2-
met hyl pyrrolidin-1 yl) pyrimdine F ~NTr'NN-N6 N

B é
CI” 'N
Heat a mixture of 4,6-dichloro-2-(2-methylpyrrolidin-1-yl)pyrimidine (2.25 g, 9.74
mmol), 4-fluorophenylboronic acid {(10.23 mmol), Pd(PPhs); (562 mg, 0.487 mmol}), and a 2M
potassium phosphate solution (9.74 mL) in dioxane (35 mL) under nitrogen at 80°C for 16 h.
Evaporate the mixture and add water (50 mL). Extract with EtOAc (3 x 50 mL), dry (Na,SO,),
and evaporate. Purify by SiO; flash chromatography, eluting with 9:1 hexanes:EtOAc to provide

the title compouﬁd—cas an oil,

3. 1-(5-Bromo-3-methyl-pyridin-2-yl)-3-(R)-methyl-piperazine

Ao

N

Br I"N

Heat a solution of 2,5-dibromo-3-methyl-pyridine (Chontech Inc.) (2.0 g, 7.97 mmol), (R)-
2-methyl-piperazine (3.2 g, 31.9 mmol) in DMA at 130°C for 16 h. Partition the reaction mixture
between water and EtOAc. Wash the EtOAc layer with water (1x) and brine (1x), dry (Na;SO,)

and concentrate under reduced pressure to give the title compound as a solid.
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02N I i N Heat a m xture of _

4-chl oro-6-(4-fluoro-phenyl)-2-(2-nmethyl-pyrrolidin-I-yl)-pyrimdine (210
ng, 0.718 mmol), 1-(5-brono-3-nethyl-pyridin-2-yl)-3-(R)-nethyl-piperazin
(1.2 g, 4.44 m*rnl%S and DIEA (185 ng, 1.44 mol) in DVA at 120C for 16 h.
Concent r at e WA HBFOTEuced pressure and partition bet weeRCEUSRESA%Ohr i ne.
Dry the organic |ayer (Na2SO4) and concentrate under reduced pressure

Purlfythere th Et nes (1:4

afford thei t%g’(gi‘;})ﬁ%ﬁf]% %%’C ’%@Tyﬁﬁq&#ﬁy’y%””‘g’ CZ{ Ig?‘f' HERT G %.’él uor o
phenyl ) - 2- pRéwaprrelidipypbayiididivel-yl ) pyrimdin-4 yI ] piperazin- I -
yl)-Sanethyl pyridin-3 ylamine F C ~NJ N~N\ N 111 JJJ H2N | i N Heat
a mxture of
4- (3-chl oro-4-fluoro-phenyl)-6-[4-(3-nmeth -ni tro-pyridin-2-yl)-

pi perazin-1-yl]-2-(2-methyl-pyrrolidin-|-yIy-pyrimdine (300 ng, 0.59 nmol)
and SnCl 2-2H20 (529 ng, 2.95 mmol) in_Et Qasat 80C for 16 h. Cool to room
tenperature and partition between EtORAC and|l N NaOH Wash with water, dry

the solution (Na2SO4), and concenty at ded” "Weduced pressure. Purify the
residue by flash colum eluting w cto ord the title conpound as
a light-yellow solid. 1H NVR (40 , CDC13): 6 1.30 (t, 3H, J = 6.4 Hz,

CH3); 1.69 (m 1H CHCH2); 1e@T¢m 1H CH2CH2); 2.06 (m 2H, CHZCHZ)
2.28 (s, 3HA 24 :
i 4&; H 34" fER) 2 H{%‘%@ g(mhné@wﬁu% ﬁ&egﬁl%zg at?‘gi%ynoﬁ’dlg%gf)ggruﬁm 7 1 o
(m 1H); 7.k gd441 Humgl; B(Szbrmg—3-nmﬂlsl.%)pye“lﬁ\n-mlw-(l@-@erh}(lﬁweme (174 g\\dh44
2006/ 02613 0 | |

?nif e byt T Q@gf;?% 46At§‘m<§§/m(114(0 [a§50 &%‘Pr ZOCK' @Jngen'trﬁlfe uH&'} Fssducgd

phenyl) - 2- oW n rim | n-4 pl perazin-1 -
pyri di n- 3- pressBreGind parkfioy itpgen EtOAY amdjmme» Dwmeoeg&waéﬂdesﬁD@tah@wn(:@@yteof

6-{4-[6-(3 1 _
AL (At s b g R LA i1

0.30 mmol) hr«wnefd%l)tmzmthe&dacwpgmwwhﬁwh N2 (22 mg, 0.32 mml) in 3 nL
H20 and stir at OC for 30 mn. Warmup to roomtenperature and heat at 90C

for 1 h. Cool syp/e @m&&ﬁmymw-ﬂem}agwtdnpwl} inidin A0 - Ry~ W t h Et OAC.
Wash with brine concentrate under reduced

pressure. Puri f§’pfr é"tjé’gl d’ﬁgy}%ﬂ'c?’f”%g%%‘éol u’rrp chr omat ogr aphy el uting with

Et OAc: hexanes
l =N
A LA
o
N\ =N
“To a mixture of 4-[4-(5-bromo-3-methyl-pyridin-2-y1)-2-(R)-methyl-piperazin-1cyl}-6-(4-
fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidine (700 mg, 1.33 mmol) and Zn{CN), (94
mg, 0.799 mmol) in DMF, add Pd(PPh;), (77 mg, 0.067 mmol). Purge the reaction mixture for 10
min with dry Np. Heat the stirring reaction mixture overnight at 80°C, cool to room temperature
and partition between water and EtOAc. Dry the solution (Na,SO,), concentrate under reduced
pressure. Purify the residue by flash column eluting with EtOAc-Hexanes (1:1) to afford the title

compound as a white solid.
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(1:1) to afford the title conmpound. 5. [2-(6-[4-[6-(3-Chloro-4- luoro
phenyl)-2-(2-nmethyl pyrrolidin-1 yl) pyrimdin-4 yi] piperazin- 1
yl)-S-nethyl pyridin-3 yloxy)-ethyl]-dinethyl-amine FCO ~NNN'N6e \ N
[1irt,,~~/1/// 0O ~N To a cooled m xture of (2-chloro-eth I - di net hyl - am ne
hydrochl ori ¥ 46B61§, 0.81 nmol) in DVWP, add Cs2C3 ( 0051028999 ol )
and stir at OC for 30 mn. Add 6-(4-[6-(3-

o o0 Lo BB i 35 s B B B L a1 2L

mol ). Stir t hepipiratined-gl}stmatipdricotingrgigh ature for 1 h and then for 2 h at

45C. Partition between EtOQAc and water. WASK with brine, dry the solution

(Na2SO™4), and concentrate under reduced pr re. Purify the residue by

flash col um chromat ography eluting with OH: NH40H (90:10:1) to afford

the title conpound. 1H NWR (300 MHz, CDCl3)[F 51.29 (t, 3H, J = 6.3 Hz,

CH3); 1.69 (m 1H, CH2CH2); 1.91 (m 1H, fH2); 2.05 (m 2H, CH2CH2);
(%3

2.32 (s, 3H, Ar-CH3); 2.33 (s, 6H N ) 2) 12, 71 (t, J =5.7 Hz, 2H);
3.13 (m 4H); 3.64 (m 4H); 3.80 ( AN6NTY J 5.7 Hz, 2H); 4.34 (m
11-1); 6.25 (s, 1H, Ar-H); 7.10 ( N—vé 7 Hz,~a4-1): 7.18 (m 1H): 7.89
(m 2H); 8.04 (m 11-1). 75 20 6/ 26135 PCT/ US2005/ 028969 $

5- Met hyl - 6-{4-[ 2-mgt hypvrroli
in-1-vll- nicotinic acid ethyI €st er

4. 6-Di chl 2- | '

B ool ve o' e 6 b B YA %ﬁ“@’pﬂ@' ﬁt@‘-ﬁﬁr Iifi - Qﬁhtﬂé’"%é‘ oo ( 220
mQ and aéde%mﬁh)d-PS@m!!}rh)ﬂ} é‘&ﬁﬂﬂh@@@ﬂqﬂmfe@@ mg 03232 mmO)) in M HEldoph and add
2- met hyl pyrydbé, %dﬁ?efn(rétgﬂﬂmtxtgrejuﬂde?%mceéjﬁ@égﬂi‘e S,Edd &ﬁﬁall%ﬂ nt%tfw‘étQPEH Js?tﬂPer ature

for 16 h. Filter off the excess sodium  bicar onat e, evap orate under
reduced preBdufd. anpyplldetthp yeswlfimpwhiteurcipiten ieorrarbige aﬂﬁwmm&tdw@ an gff-white
hexanes: Et QA@, increasing to 30:1 hexanes: Et OAc, to provide the title
compound as a white solid. 2. 4-(5-brono-3anet hyI pyridin-2 yl)

pi per azi ne-I-carbox lic acid tert butyI ester NA NA ~ Br | IN Heat a
sol uti on ofx BRES 5 : 0 y L% S(Ri-mothgl- o 50, 3

mmol ), pi ?%E@gh-@&r%l.s—.ﬁ%ﬂ%hhﬁmwl d tent butyI ester (11. 7 g, 62.9 mol)
and DI EA (13.3 g, 102.0 F
HzN l =N

(]
Be
0

To a solution of 6-{4-[6~(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-y1}-3-

(R)-methyl-piperazin-1-yl}-5-methyl-nicotinic acid (70 mg, 0.142 mmol) in DCM, add oxalyl
chloride (3 equivalents) and 1 drop of DMF. Stir the solution for 1 h at room temperature,
concentrate, and dissolve in DCM. Cool the solution in an ice-bath, pass NH, through the solution
for 15 min, and stir for 2 h at room temperature. Wash with water. Dry the solution (N2,SO,) and
concentrate under reduced pressure. Purify the residue by flash column chromatography eluting
with DCM-MeOH (9:1) to afford the title compound as an off white solid. 'H NMR (400 MHz,
CDCly): 6 1.32 (m, 3H, CH(CHs)); 1.70 (m, 1H, CH,CH,); 1.91 (m, 1H, CH;CH;); 2.05 (m, 2H,
CH,CH,); 2.39 (s, 3H, Ar-CH3); 3.05 (m, 1H); 3.19 (m, 1H); 3.38 (m, 1H); 3.68 (m, 4H); 4.35 (m,
2H); 4.70 (m,.lH); 5.84 (br, 2H, NH,); 6.24 (s, 1H, Ar-H); 7.10 (m, 2H); 7.90 (d, 1H, ] = 2.0 Hz);
8.01 {m, 2H); 8.52 (s, 1H).
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in DVA at 130C for 36 h. Partition the dark brown reaction m xture between
wat er and Et OAc. Wash the EtQAc |l ayer with water (Ix) and brine (Ix), dry
(Na2SO4) and concentrate under reduced pressure to give the crude product.
Purify by flash chromatography, eluting with 9:1 hexanes: Et OAc ncrea3|ng
to 3:1 hexal@W02M85t o provide the title compound as a"é@ﬂ?%‘ms@z”

4- (5-Cyano-3-inethyl pyridin-2 yl) piperazine-Il-carboxylic acid tent-butyl
ester O N.X (8'¢4-Y6-(4NNco bhegzl):m(iﬂﬁﬁgmaov&&kdﬂ1-onnﬁﬁmldm-zt-vn-s-(R)-methﬂ-

4- (5- br ono- 3- nelth d] zine-l-carboxylic acid tert- butyl
ester (5.0 RPSRER-g e 88%%y, 8.4 mol ) and Pd(PPh3) 4 (970 ny,
0.84 mmol ), in dry DIVF (50 nL) at 80C for 16 h under nitrogen in a seal ed

E,t‘l bOiC FZ‘;L:} I & ?4h} 6% Fgu%ra‘oc;%}’fg% -2- dﬂ m%]’ )b P*ﬂ'ﬂ i%}(zw?%] pﬁpﬁxttcﬁ);-tf ?@2@&%- Vash the

concentrat e und@tperagitiodes- WF@#SWOG"IMW@WV@IW\@ t|tIe conmpound, and use
imediately for the next reaction. 76 WO 2006/ 026135 PCT/ US2005/ 028969 4.

5-Met hyl -6 piperazine-1 yl-nicotinic acid N HOyJ1 N O Treat a m xture
of 4-(5-cyano- 3-net hyl -pyridin-2-yl)-piper -l -carboxylic acid tert-
butyl ester (5 g) with concentrated HO (75 ). Let stir at room
tenperature for 5 mn or until the outgassi has ceased, then heat in a
seal ed tube at 90C for 4 It. Evaporate the lm xture, triturate with ether,
and collect the solid 5-nethyl-6-pipergzi Ne-¥-yN-nj cotinic acid. 5.

5- Met hyl -6 pi perazi ne-1-yl-nicotinj &‘uzk'ethyl ter NFNH "ON O Place

the carboxylic acid (5 g) in dry o (100 nm.) and bubble in HO (g) for 10
mn, then heat at 60C in a seal ube for 16 h. Evaporate the m xture, add
1M NaOH (100 nL), and extract wth EtOAc (3 x 50 nmL). Dry (Na2S™4) and

evaporate to fun [ 0371 . -1- .
G- (A 6 ohl or o g&?é{lﬁg%‘&l&n ?ﬂr‘fo&?gﬁ%{&g pﬁ’e?ayﬁz (%?Jgtzh?l ﬂyrroﬁdm 1-yl)-pyrimidin-4

yl ) - 5- net hyilk-hiRgwrethyl-pipesaging @l}rﬁymet@éﬂ@mm@md 20 mg, 0. Zr{ﬁ Jmql} gnd-2 drops of
concentrated H,SO4 in MeOH for 4 h. Cool to room temperature, concentrate, and partition

between saturated NaHCO,; and EtOAc. Dry the solution (Na,SO,), concentrate under reduced
pressure. Purify the residue by flash column chromatography eluting with EtOAc-Hexanes (1:4)

to afford the title ester as an oil.

2, (6—{4-[6-(4—Fluoro—phenyl)-2—(Z—methyl-pyrrolidin—]-yD-pyrimidz’n—4—yl]—3~(R)-methyl-
piperazin-1-yl}-5-methyl-pyridin-3-yl)-methanol
F

B
Al

Dissolve  6-{4-[6-(4-fluoro-phenyl}-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yI}-3-(R)-

HO l =N

methyl-piperazin-1-yl}-5-methyl-nicotinic acid methyl ester (78 mg, 0.155 mmol) in DCM and
cool to -78°C using a dry ice/acetone bath. Add diisobutylaluminum hydride (0.619 mL, 1M in
hexanes)} dropwise and continue stirring for 1 h at -78°C. Add excess Na;SO4-10H;O and stir at -
78°C for 5 min and then remove the cooling bath and allow to come to room temperature. Filter
the mixture through celite washing with DCM, and then concentrate under reduced pressure.
Purify the resulting oil__ using flash chromatography (30-50% EtOAc/hexanes eluent) to afford the
title compound as a white foam. 'H NMR (400 MHz, CDCL): § 1.32 (m, 3H, CI); 1.40 (m, 3H,
CH,); 1.69 (m, 1H, CH,CHy); 1.90 (m, 1H, CH,CHL); 2.05 (m, 2H, CH;CHy); 2.36 (s, 3H, Ar-
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~ONNO Heat a mxture of 5-nethyl-6-piperazine-1-yl-nicotinic acid ethyl
ester (2.0 g, 8.0 mol),

4, 6-di chl oro-2-(2-methyl -pyrrolidin-1-yl)pyrinmdine (1.9 g, 8.2 mol), and
sodi um bi carbonate (1.4 g, 16.0 mmol) in EtOH (50 nL) for 16 h. Evaporate
the mxtureYdh¥OP?%8E% directly on a silica gel colum. BETPVRON/ER?S: 1
hexanes: Et OAc to give the title conpound as a white foany solid. 77 WO

2006/ 026135 RS Bl00SAD DY ﬂ%@ﬁ@ﬂ) 3,37511'\&1)*5(4&(@ (Iﬁ-szs@iﬁtzhylzmr(aOimdA @, vl)-6
'loy” din- - }’3'\}1 RA 4T %gé %ﬂ#g?{]@gﬁg Tt 7 Yo fm, 2?15(37018 @ {,3€ fo LYo g5t e NN

6-{4- [6 chIZBDp&IZl—(é,ZHn:et hyl pyn' ol i di n-1-yl]-piperazin-I-yl)-5-nethyl
nicotinic acid ethyl ester (300 ng, 0.7 mol), 4-tri-n-butylstannyl pyridi ne
(526 ny, 1 4 mml) and Pd(PPh3)4 (39 ng, O. 03 m)l) |n toI uene (15 m.) at
110C for 6-4 - gtalidie-1 5 ;

add wat er (éqh %?cohr@ﬁ%r%m vmth Et OAC (3x 10 rrL) dry (Na2804) and

evapor at e. ash chromat ography (9:1 hexanes/Et OAc) to give
pure title compound. "H NWMR (CDC13): 8.78 (¢, 111), 8.70 (d, 2H), 8.00 (s,
1H), 7.92 (d, 2H), 6.38 (s, 11-1), 4.40 (qu 2H), 3.81 (mult, 4H), 3.75
(rmul't, 1H), 3.41 (mult, 4H), 2.40 (s, 3H), (m 2H, 1.62 (m 2H, 1.60
(m 2H). C ‘

6- {4-) 6-(2-1sopropyl -pyridin-4-vl)-2-(2-fret gPyrrolidin-1-yl)-pyrimdin-4-
yl]-piperazin-1 - yl}-5-nmethyl-nicotinic acid ethyl ester 1.

2-1sopropyl -4-h-inmethyl stam atryl pyri
(0C) of Na (25%in toluene, 10y, 104~g
trimethyltin chloride (9.4 g, ,.47. 4 ) in DVE (20 nL) dropwi se. Stir the
m xture at OT for 3h followe'd2 agdi tion of the solution of cold (0C)
4-chl oro-2-isopropyl -pyridine (Memns & Mantlo (1985) J. Og. Chem
50:44104411) (4.9, 9ycPlpab tﬁrm) '&OBNESOG.&& r'ﬂf)ﬁé@;dé@-eﬂu%xﬁiahﬁ%) L34 Enetly).OT f Or

2 h and warmto room tenper at I'ter, conce \X: It rate, and
dilute thevyrrebdldwl)wwrnldetwél}-pxpwmut-éwl}asrmethﬁdrn@emom&tle(1101?»\elgf921%@@@) inDj st j |

E)Ihle r?g ' %%gge?g%ﬁgg Igtmx ngzesg‘gl) 0%31512%@195@ foheaty Md%oﬁ&éﬁﬁ?&él OfhefFeafkel | Gt

pressure. Add 30 ml of EtOH, cool to 0°C, and pass NH; gas through the solution for 20 min.

qh/ﬁ N"i'N"SpMe3 To a col d suspension
in 100 nL) add a solution of

Keep the reaction mixture at room temperature for 48 h. Concentrate under reduce pressure and
purify the residue by silica gel plug eluting with DCM:MeOH:NH,OH (90:10:1) to afford the title
compound as off-white solid. "H NMR (300 MHz, CDCl;): 8§ 1.19-1.25 (m, 3H, CH(CH)); 1.58-
1.62 (m, 1H, CH,CH,); 1.75-1.84 (m, 1H, CH,CH>); 1.93-2.01 (m, 2H, CHL,CH;); 2.22 (s, 3H, Ar-
CH,); 3.26 (br, 4H, pip-H); 3.58 (br, 5H); 4.24 (br, 1H); 5.70 (m, 2H); 6.15 (s, 1H, Ar-H); 7.95 (m,
2H); 8.10 (s, 1H); 8.72 (s, 1H); 8.98 (br, 3H, CENHNA,).

EXAMPLE?2
Synthesis of Additional Representative Substituted Biaryl Piperazinyl-Pyridine Analogues

1. I-(3-Methyl-5-nitro-pyridin-2-yl)-piperazine

N

I
O.N =N

1-(3.-Methyl-5-nitro-pyridin~2-y})-piperazine is prepared by heating a solution of 1g of 2-
chloro-3-methyl-5-nitro-pyridine (Maybridge Chemical Company Ltd.) and piperazine (5g) in
DMA at 110°C for 16 h. Partition between EtOAc and water and wash the organic layer with

73



2. 6-(4-(6-(2-1sopropyl pyridin-4 yl)-2-(2-nmethyl pyrrolidin-I-yl)
pyrimdin-4ylJ piperazin-l- yU5-nmethyl-nicotinic acid ethyl ester N yNN N
NO Using a procedure anal ogous to that used in Exanple 2-E step 7,

6-{4- (6-chl oro- 2-52-
met hyl pyr r oWRPWEP26IS| - pi per azi n-1 -yl } - 5- et hyl - ni cot i ni BCHUPHWOEBYP est er
is reacted with 2- isopropyl-4-trinethylstannanyl-pyridine to give the title
conmpound. Dwater (2x). Dry the organic layer with Na,SO4 and concentrate to give crude product. Purify via

4-(6-(3-chloro-4-fl| uoro-phenyl.)-4-14-(3-tri aronmet hLl - pyri di n-2-yl ) - pi pera
o1y e A SR et Rt o B ATR A i s
pyridin-4 ylamine C NH2 NO Stir a solution of

4- ami no- 2, 6% df-Ehliderophfiioni-pler(3-5-Gyrethpl-Frowmpipptiding-yl) Piperazip-Fxil-2-2-h  at

1500C, concent r gl RFdiiikd Of-Hetween H20 and Et OAc, dry over Na2SO4, and
concentrate under “vacuum Purify by flash ¢hromat ography (2:3

hexanes/ Et OAc) to give the title conpound. (3-chloro-4 fhioro

phenyl ) - 6- not phol i no-4 yl pyridin-4-ylainij F G g'N H2N N ~O To a
de-gassed m xture of 3-chl oro-4-fluorophen oronic acid (849 ny, 4.87

mmol ), 2 chl oro- 6-nor phol i no-4-yl -pyridin-4-lyl am ne (800 ng, 3.74 mmol), and
2M K3P04 (7.5 mmol), in dioxane (15nmL) ung Nnitrogen add Pd(PPh3)4 (0.23,
mmol). Stir the mxture at 80C for 16(£:r,\N 0: ate, extract with EtOAc.
Dry over Na2SO4; concentrate under lva \yh yify by flash

chromat ography (1:1 hexanes/ Et OAc T give the title conpound. 79 WO

2006/ 026135 PCT/ US2005/ 028969 g 4: N 4- br ono- 6- (3-chl oro-4-fluoro plietryl)

pyridin:-2yl)-norpholine F C ~NBr Ile; N'z O To an ice cooled solution
of 2-(3-chl or o- 4lept @gnigtugsheh §ehlore-Sridilypratohenyl)2-(imegyk-pyaiohidia- 1ylapyripidine2 50 ny,
0.81 mmol) miy b2 HdSHhol), 1S BrdmAsichefll ORWHRE-B)- S A ULduBNpRERANDE A 961,430,

0 81 mmol) &h $20 T ol 2 MrimS bl OFHURE-- SAUU AN ALREADE (%35 g,

0. 93 nmol ) mamed), and DIEA (185 mg, 1.44 mmol) in DMA at 120°C for 16 h. Concentrate under reduced

pressure and partition between EtOAc and brine. Dry the organic layer (Na,SO,) and concentrate

under reduced pressure. Purify the residue by flash column eluting with EtOAc-Hexanes (1:4) to

afford the title compound as a yellow solid.

3. 6-{4-[6-(3-Chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-1-

VI}-5-methyl-pyridin-3-ylamine
F

Cl

=N

LA
& '
HoN 2N

Heat a mixture of 4-(3-chloro-4-fluoro-phenyf)-6-[4-(3-methyl-5-nitro-pyridin-2-yl)-
piperazin—1-yl]—2-(2-methyl-pyrrolidin-1-yl)-pyrfmidine {300 mg, 0.59 mmol) and SuCl-2H,O
(529 ﬁlg, 2.95 mmol) in EtOAc at 80°C for 16 h. Cool to room temperature and partition between
‘EtQAc and IN NaOH. Wash with water, dry the solution (Na;SO,), and concentrate under
reduced pressure. Purify the residue by flash column eluting with EtOAc to afford the title
compound as a light-yellow solid. 'H NMR (400 MHz, CDCly): & 1.30 (t, 3H, J = 6.4 Hz, CHy);
1.69 (m, 1H, CH,CH,); 1.91 (m, 1H, CH,CH:); 2.06 (m, 2H, CH,CH;); 2.28 (s, 3H, Ar-CH3); 3.10
(m, 4H); 3.47 (br, 2H, NH,); 3.68 (m, 4H); 3.77 (m, 4H}; 4.34 (m, 1H); 6.25 (s, 1H, Ar-H); 6.88
(d, J=2.0 Hz, 1H); 7.18 (m, 1H); 7.70 (d, 1H, J = 3.2 Hz); 7.89 (m, 1H); 8.07 (m, 1H).

74



48% HBr (2 mL). Stir the mxture 15 mn at OC then 30 mn at 60C. Cool to
roomtenperature, neutralize to pH 8, extract with Et OAc, dry over Na2SCa
and concentrate under vacuum Purify by flash chromatography (3:1

hexanes/ Et CAc |ve the title conmpound. 4. 5-Chloro-6-(4-[2-(3-chloro-4
Jl uoro phean§ @MW‘HPﬁlrolln 4 yl pyridin-4 ylJ-piperazi PCT/URISOOI0t i ni ¢
acid ethyl ester FCO -NC-NJ/ ~0 EtO ' N O To a de-gassed m xture of
4-{4- brono- 6- (3-chl oro- 4-f | uor o- phenyl ) nmor phol j ne (50 ng,
0.135 mol )# 55@%6388%%1’ fraraphary- Zsﬁ-’" )dus’r”‘?{r‘@’ é&%‘@"éﬂ"ﬁ‘yr perazinyl-162
mol ), and | M ( PHB)ymdtisBu@di-80062 mmol ), in toluene (3nL) under nitrogen add
Pd2(dba)3 (0.0054 mmol ) and BI NAP (0.0067 pnol ). Stir the m xture at 80C
for 16 h, concentrate, extract wth EtOAc. yi over Na2SQOa, concentrate
under vacuum and purify by preparative T :1 hexanes/EtOQAc) to give the
title conpound. 80 WD 20061026135 PCT/ US20047028969 E
4-{4-(3-chloro-4-fluoro-phenyl)-6-(4-(3-trifl uoronethvl-pyridin-2-vl)-aiaera
zin-i-yl}-pyridin- 2 yl}-norpholine 1. 2,3di'tl!¢ro-4-(3-chloro-4-fluoro

phenyl ) pyridine FCA d Nd To,a ~gaspetnm\xt ur e of
3-chl oro-4-f1 uor ophenyl bor oni c a0|£ (M7 g, O. mol )), 4-

br ono- 2, 6-di chl oro-pyridine (Tali nd Pl azek (1959) Rocz. Chem 33:387-392)

(100 ng, 0.44 mol), and 2M Na@ N0.55 nmmml); in DVE (4 nlL) under
t_ 80C for 16 h

ni trogen add Pd(PPh3) 4 6 Stir the m xture
concentrate, exETP Aok g‘ﬁ““éf‘ @\ém% f’ %@ﬁhﬁ?ﬁ’z"s@@mﬂ’@aﬁkgﬁ% -metg-RYFEidin-y ac uum
and purify 1by{) ;@mw a@l]weabﬁ-lcﬁ}—imwwaﬁat@me msghge) 30h@mbi) tih 20%

conpound. 2. ro-4-(3-chloro-4 Jluoro
or T n - JHSOmBoh SieE of FaNg; Geyma 082 oriad indh k. HAOLapg g °Gfor 30 min,

2, 6- di chl orgafh-up3s fobh Mntrefhnird MAMSat BIYRAPY kot 1 BYCba't@ﬁ)oﬁmthﬁ’pe%)re hfudiprRel i ne (2
nL) 3 h at 80C, concentrate, partition between H20 and eg over

Na2SO4,  arfdld EBrelHit BiQAy nWé‘Fh Witk dripg. dputhe solutigp (lagiSl) ét“i‘ \9@10 e (ugder
hexanes/ Et Qafedtiprestiird/ Puliljeind fediliR by TMMREMAA chromatography eluting with EtOAc:hexanes

(1:1) to afford the title compound.

3. [2-(6-{4-[6-(3-Chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin- 1-yl)-pyrimidin-4-yl]-piperazin-

1-yl}-5-methyl-pyridin-3-yloxy)-ethyl]-dimethyl-amine
- F
Cl

Ij\é
NTNT N
NS

To a cooled mixture of (2-chloro-ethyl)-dimethyl-amine hydrochloride (116 mg, 0.81
mmol) in DMF, add Cs,CO; (526 mg, 1.62 mmol) and stir at 0°C for 30 min. Add 6-{4-[6-(3-

| 7
/N\/\O =N

chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl}-piperazin- 1-yl}-5-methyl-
pyridin-3-ol (78 mg, 0.16 mmol} and Nal (29 mg, 0.16 mmol). Stir the mixture at room
temperature for 1 h and then for 2 h at 45°C. Partition between EtOAc and water. Wash with
brine, dry the solution (Na,SOy), and concentrate under reduced pressure. Phrify the residue by
flash column chromatography eluting with DCM:MeOH:NH,OH (90:10:1) to afford the ftitle
compound. 'H NMR (300 MHz, CDCl3): 8§1.29 (t, 3H, J = 6.3 Hz, CH:); 1.69 (m, 1H, CH,CHy),
1.91 {m, 1H, CH,CH,); 2.05 (m, 2H, CH,CHy); 2.32 (5, 3H, Ar-CHs); 2.33 (s, 6H, NECH3),); 2.71
(, J=5.7Hz, 2H); 3.13 (m, 4H); 3.64 (m, 4H); 3.80 (m, 4H); 4.06 (t, ] = 5.7 Hz, 2H); 4.34 (m,
1H); 6.25 (s, 1H, Ar-H); 7.10 (d, J=2.7 Hz, 1H); 7.18 (m, 1H); 7.89 (m, 2H); 8.04 (m, 1H).
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3. S-Chlor-o0-6-[4-[4-(3-chloro-4-fluoro phenyl)-6-norpholin-4 vyl

pyridin-2yil piperazir:-1-ylf- nicotinic acid ethyl ester FC 'k \ CNJ
Il N~O EtON O 81 WD 2006/ 026135 PCT/ US2005/ 028969 To a de gassed m' xture
of 4-[6-ch|oro-4§a chi or o- 4-f | uor o- phenyl } pyri di n- 2-yl ] hol i ne (50 ng,
0. 153 nmol ) WO HWe/R64350- 6- pi per azi n- 1-yl -ni coti nic acid ePﬁW i/@ﬁ%?o 183
nmml ), and 1M (THF) t-BuOK (0.183 mml), in toluene (3nlL) under nitrogen add
Pd2(dba)3 (O. 006 mrol ) and BI NAP (0.008 mmol ). Stlr the m xture at 80C for
16 h, concept .

under vacuuk

title ester lcdﬁnlc acld ethyl ester
X644-16- (4- Fl uor o- phenyl ) -2-(2-(R)-nmethyl -pyrrolidin-1-yl)-pyrimdin-4-yl)-3

- (R)-nethl -, pj @g&ng_ -,p@é, r{;‘}rﬂaﬁ&w-ﬂ r{,»:.ﬂw 3:yl)-acetic acid 1.

4-[2- Chl or 0-'6-( | 'uoro -4 yi]- 3(R) met hyl

pi perazitie-Il-carboxylic aC|d tert but ester Il | ~NNC ~OYN,) O
Heat a m xture of 2,4-dichlorc-6-(4-fl bNopenyI) pyrlmdlne(28g, 11.52
mmol ), 3-(R)- rrethyl p| per azi ne- I-cglr acid tert-butyl ester (2.42 g,
12.1 mmol ), and K2C03 (3.2 g, 23.0 VhyDvA at 60Cfor 16 h. Dilute
wth water, extract with Et OAc, and vvash w tth brine. y the organic | ayer

(Na2S™4) and coriissatve aﬂé-tuddmppwwddma(a3 peesBund) lnlfauh)tdfcgus M?@Hr(é%ﬂ ik adsly
flash colu ( I ound
as a whi tqugﬁ%lgféogﬁgm% %@ IF&G ﬁ&?} ?1301% &ga‘?{?&aﬂn roygﬁ gggpl -yl)
pyri ni di n- 40.141 oB-drepwiseet het| stir p&t p@namerauuwc’@r Bé)dyl Fitep @ dth@ exqessbmigurn ester
F =N ~N Niblrborbdhd bvabflate under reduced pressure, Purify by SiO; liquid chromatography, using

50:1 hexanes:EtOAc, increasing to 30:1 hexanes:EtOAc, to provide the title compound as a white

solid.

2. 45 -broma-3-methyl-pyridin-2—yl)-piperazine-f -carboxylic acid tert-butyl ester
0]
N

Br I/N

Heat a solution of 2,5-dibromo-3-methyl-pyridine (Chontech Inc.) (12.6 g, 50.3 mmol),
piperazine-1-carboxylic acid fert-butyl ester (11.7 g, 62.9 mmol) and DIEA (13.3 g, 102.0 mmol)
in DMA at 130°C for 36 h. Partition the dark brown reaction mixture between water and EiQAc.
Wash the EtOAc layer with water (1x) and brine (1x), dry (Na;8O,) and concentrate under
reduced pressure to give the crude product. Purify by flash chromatography, eluting with 9:1

hexanes:EtOAc, increasing to 3:1 hexanes:EtOAc to provide the title compound as a solid.

3. 4-(5-Cyano-3-methyl-pyridin-2-yl)-piperazine-1-carboxylic acid tert-butyl ester
' Q
N

I/N

NC
Heat a solution of 4-(5-bromo-3-methyl-pyridin-2-yl)-piperazine-1-carboxylic acid fert-

butyl ester (5.0 g, 14.0 mmol), Zn(CN), (989 mg, 8.4 mmol) and Pd(PPhs), (970 mg, 0.84 mmol),
in dry DMF (50 mL) at 80°C for 16 h under nitrogen in a sealed tube. Partition the reaction
., mixture between water and FtOAc. Wash the EtOAc layer with, water (1) and brine (1x), dry
(N2,S0,) and concentrate under reduced pressure to give the title compound, and use immediately

for the next reaction.
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Y Heat a m xture of

4-[ 2-chl oro-6-(4-fluoro-phenyl)-pyrimdin-4-yl]-3-(R)-nethyl-

pi perazi ne-l-carboxylic acid tert-butyl ester (5.0 g, 12.3 nnDI)

2- (R) - et hyl rroI|d| ne hydrobromde (Nijhuis et. al. 19892 . Og. Chem
54 216 220) ‘Y‘g Wo/826136. 0 ol ), and K2C03 (5.2 g, 37.8 UP20030288%8 " at 120C
for 16 h. Dilute with water, extract with Et OAc, and wash wth brine. Dry

t he organi (/3’ Na2804 a}nd conceptrate under reduced pressure. Purify
the 82 wo* Z%%% &b PUBEeHEI 98969 resi due by flash col um el uting
wi t h Et OAc- Hexanes (1 4) to afford the tltrl/éhtl:brrpound as a white solid. 3.
4- (4- Fl ai or opl aenyl ) -6-(2-(R)-net hyl
yl)-2-(2-(R) -nethyl pyrrolidin-1 yI - mdine F ~N ~NN-N HNJ Stir
4-[6-(4-fluoro-phenyl)-2-(2-(R)- I>pyrrolidin-1-yl)-pyrimdin-4-yl]-3-(R
) - methyl - pi perazi ne- I-carboxyllc acid tert-butyl ester (4.5 g, 9.88 muol)
in 4M HCl - di Oxam&at( 5%lxtﬂ?e)off40(rs-cﬁl&omrmth ﬁﬁzﬁzm—yarp@eaﬁde-paérbmyh@am@eérween

Et CAc and n concentrat e under
Feduced pr BUULPET (OB Bl e HIQT R Bl i 4t opE eSSk S A5
pyridin-2 yie)outzatsip-aBoduyed, Pep Géa % & schaleyltibetat 06T 04 th. pRepyial-the mikture,

En'de et 2}"tritﬁ)x¥t%rw?t'h'e9}'e~r?an]a blidet BY Lohids SaeS1-E-pipDrazide- 1-yDidStind acig, '\ B |+ N Heat a
4- (4-fluoro-phenyl)-6-(2-(R) -methyl-piperazin-I-yl)-2-(2-(R)-nethyl -

pyrrol i di n<l S-yedfplemipareatieniaipiotriaagid ahyl Stemol )

2, 5-di brono- 3-net hyl -pyridine (367 ng, 1.4 and D1EA (218 ng, 1.69
rrm)l) in DVA at 1351C for 96 It. Dilute Wlﬁzq t extract wth EtOAC, and
wash with brine. Dry the organic |ayer S%;i and concentrate under
reduced pressure. Purify the re ¥l ash col um chronat ogr aphy el uting
w th Et OAc- Hexanes (1: 10) to affordgthe t|tIe corrpound as a white solid. 83

WO 2006/ 026135 820 2896 4 u

phei ryl)-2-(2-( n§ "ES SRR & H”’ngﬁ“ Byr. Jn9“§£1§ﬂ@§1@lf°-’r1ref“rﬁfi7| i

pi per azi n- they hjat S G0BE hnyd seglent tubk for B ly | Bvaparett ke naigthe, 2ddritvt Na@h (108 atlgyand
extract with EtOAc (3 x 50 mL). Dry (Na,SO,) and evaporate to furnish the title compound as a

tan oil.

6. 6-{4-[G-chloro-2-(2-methylpyrrolidin-1-yl]-piperazin-i-yl}-5-methyl-nicotinic acid ethyl ester
Cl
N

ON \NB\)ND

~_0 | =N
2 |
Heat a mixture of 5-methyl-6-piperazine-1-yl-nicotinic acid ethyl ester (2.0 g, 8.0
mmol), 4,6-dichloro-2-(2-methyl-pyrrolidin-1-yi)pyrimidine (1.9 g, 8.2 mmol), and sodium
bicarbonate (1.4 g, 16.0 mmol) in EtOH (50 mL) for 16 h. Evaporate the mixture and place
directly on a silica gel column. Elute with 3:1 hexanes:EtOAc to give the title compound as a

white foamy solid.

77



i ~NNN ON-~OIl i NTo lithiumdicyclohexyl am de add a sol ution of
acetic acid tert-butyl ester (62 L, 0.46 mml) in toluene (2 nL). Stir for
10 min at roon1tenperature and then add 4-[4-(5-brono- 3-

net hyl - pyri di n-2-yl ) -2-(R)-nmet hyl - pi perazhi -1-yl]-6-(4-fl uoro-phenyl)-2-(2-(
R) -net hyl+ P@OWA2eR3AR- 1 - y1 ) - pyri mi di ne (200 ng, O.38 mm‘r@TIUﬁﬂ&%(ﬂaﬁ?é%s (3.5
nmg, 1% and P(t-bu)3 (0.8 ng, 1% . De-gas the suspenS|on for 5 mn and stir
for 16 h at roomtenperature. Dilute with EtOQAc, wash with brine, dry the
or gani ¢ | ayjer-Madrb G- Qﬁ@’%’ﬁ’rﬁ’é’@ﬁtjrygt@mﬂﬂé’ry@@fdﬂ@@d")df BEedrEs!Yurify  using
fl ash chr opeéegrapihybdstti ng W th Et OAc- Hexanes (1:4) to give the title
ester. 6. (6-(4-[6-(4-Fluoro phenyl)-2-(2-(Rnnethyl pyrrolidin-1 yl)
pyrimdin-4 y11-3-(R) -net 4l - piperazin-l-ylf-5tmethyl pyridin-3 yl)-acetic
acid F J ~-N ON~vy N HO i N Stir a sol utwon of
(6-{4-[6-(4-fluoro-phenyl)-2-(2-(fit)- nethyl rrolidin-l-yl)-pyrimdin-4-
yl]1-3-(R)-nmethyl -pi perazin-1-yl}-5-nethyl-p iééjn 3-yl)-acetic acid
tert-butyl ester (210 ng, 0.375 nnol)rahm TPA in DCM (10 nm.) at
roomtenperature for 16 h. CbncentrateNggd art on between Et OQAc and sat.
NaHCO3. Dry the organic |ayer (Na2fO4F) and con entrate under reduced
pressure. Purify using flash>ch? aphy eluting wwth McOH-DCM (1:19) to
give the title conpound. 84 WO 06/026135 PCT/ US2005/ 028969 G

6- (4-f 6- (4- Fl uor.o- phenv R rrolj.din-I:vl 4-vll-3
-(Rmethy p_~ §& Re@mr% ﬁ%vﬁ {241[2 glﬁr@tzr@ Pl by 2Ry 1-&}-§1&e%q
6| ( 43[ ?R§ 4nﬁbtltwataldreh@me&e) (386 fngd; dﬂ}lmﬁl},tmriﬁz-mwmhj;lﬁyrnhtﬁ (S%)ntl)g?y?l:nﬁﬂoﬂl)l and d4
vyl -o- tLr era2|r1- o n ar DoOx i C aci
met hyl  est Bf(rpn i-’r% thyy {43 *‘\"Yef{%)ﬂ? 'ﬂr‘r-SJ ‘é"é%'rﬁaéj b ’g%r:%fﬁ &PoR | W’@Hﬂ?@) of
6|— hyc(zlr2 86%) $¥mfﬂirﬁ% cafalis, ghéngd am@gggamyl EftradGiith EroRBYI x e5ink), dré'(%d,awaydk et.
al . etra n
S iriil GUPUREOPIES ning BRnasopassnny Ol nehestdadiS sl olbe AU PowERGy TEA
(202 ny, !@an@dcpcm 8.78 (s, 1H), 8.70 (d, 2H), 8.00 (s, 1H), 7.92 (d, 2H), 6.38 (s, 1H), 4.40 (quart,
2H), 3.81 (mult, 4H), 3.75 (mult, 1H), 3.41 (mult, 4H), 2.40 (s, 3H), 2.10 (m, 2H), 1.62 (m, 2H),
1.60 (m, 2H).

rrolidin-1-yD-pyrimidin-4-

yl}—S-methyl—nicotinic acid ethy] ester

1. 2-Isopropyl-4-trimethylstannanyl-pyridine

-

SnMea
To a cold suspension (0°C) of Na (25% in toluene 10g, 104 mmol) in DME (100 mL) add

a solution of trimethyltin chloride (9.4 g, 47.4 mmol) in DME (20 mL) dropwise. Stir the mixture

at 0°C for 3h followed by addition of the solution of cold (0°C) 4-chloro-2-isopropyl-pyridine
(Comins & Mantlo (1985) J. Org. Chem. 50:4410-4411) (4.9 g, 31.6 mmol) in DME (20 mL). Stir
the mixture at 0°C for 2 h and warm to room temperature. Filter, concentrate the filtrate, and dilute
the residue with ether. Filter and concentrate the filtrate. Distil the residue (bp 75-80°C at Imm
Hg) to afford the title compound as & light oil.
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Stir the mxture for 1 h. Dilute with CHC13, wash wth sat, NaHCO03, dry the
organic |layer (Na2SO4) and concentrate under reduced pressure. Mx the
resi due vvith 4- (4-fl uoro-phenyl)-6-(2-

(R) - net hyl - erazin-l-yl)-2-(2-(R)-methyl-pyrrolidin-I- Wé yrimdi ne (426
ny, 1.2 mo QWZﬁﬁPEA (129 ng, 1.0 mol) in DVA. Heat u 95(0&1‘9é9at 1ooc
for 16 h. Dlute vmth vvater extract with Et OAc, and wash with brine. Dry
the organic |ayer ) and concentrate u, der redu ressure. Purify
the residué G- P@B}"rﬁﬁid’@ - OB - E‘é‘g’(i}'g}”’?ﬂ’fzﬁfford t he
title conpoundyp-Lmedbyl{eolife fid Ethplester phenyl ) - 2- ( 2- (R)-rnet hyl pyrrolidin-1
yl) pyrineidin-4 ylj-3-(R)-ntethyl- piperazin-1-yl)-5-nethyl

pyridi ne-2-corboxyliic acid FINl ' N N- = 0 OH To a sol ution of
6-{4-[6-(4-fluoro-phenyl}2-(2-(R)-nmethyl-py[rg |d| n-1-yl)-pyrimdin-4-
yl]-3-(R) =net hyl - pi perazin-I-yl)-5-nethyl - pyriji di ne-2-car boxylic acid nethyl
ester (300 ng, 0.595 mmol) in THF, add wat ropw se until the cloudi ness
al nost persists. To this mxture add LiOH 2@ 60 ng, 1.2 mmol ). Heat the
m xture at 50C for 2 h, and then concenfrafeNindery 85 WO 2006/ 026135

PCT/ US2005/ 028969 reduced pressureN smal nount of water to the
resi due. Adjust the final pH t006 na collect the off-white solid via
filtration. Wash the solid wth nd dry to afford the title conpound.

Rt “8‘.’}%&%"9?%#*%%%%4@@ T D o il Ebtacy Yl AL ¢ |

N N\ m@thylpqulldillﬂl-ﬂgzl]}'mpqaml-Mk}fSemethbﬂmlcotmlc acid ethyl ester is reacted w1th 2-

-{

- (

{4 6- (4- in-1-yl)-pyrimdin-4-
)-3-(R) - ISB‘%W pi perazi P\g?'"@ ﬁdﬁétﬁ\t}f{}x m%);élr;rlﬁ |uh((jeJI 2-carboxylic acid (84 ng,
.142 mmol) in DCM add oxalyl chloride (3 equivalents) and 1 drop of DM-.
Stir the spl ULiOR. §RFodsaliidbhdRmIs (SEPEEHbE A0 SERS MR Ein IAigns 0! ve | n
DCM Cool tThe solfutron tn an I ce-bath, pass NH3  through the solution for 15
mn, and s&yh-mephodingy at room tenperature. Wash with water. Dry the

sol ution (Na2S04) and concentrate under reduced pressure. Purify the residue
by flash cel umj. Cﬁ}b;&iﬁb@g&@pﬂﬁ;@}ﬁﬂ,ﬁ-ﬂ@gm@h DCM MeOH (9:1) to afford the
title conpound as an off white solid .

5-Chl oro-6-{4-[6-(3-chl oro-4-fl uoro- p
erazin-l-yiil- nicotinic acid ethyl

Ci

wo T

'T ~
I

o< o

| )-pyrimdin-4-yi T-3-(R)-net hyl - pi p

NN’\

Stir a solution of 4-amino—2,6-dichloropyudme (3.3 g) in morpholine (15 mL) for 4 h at
150°C, concentrate, partition between H,O and EtOAc, dry over Na;SQ,, and concentrate under
vacuum. Purify by flash chromatography (2:3 hexanes/EtQAc) to give the title compound.

2. 2-(3-chloro-4-fluoro-phenyl)-6-morpholino-4-yl-pyridin-4-ylamine

F
Ci

N
I/,N
L_o

To a de-gassed mixture of 3-chloro-4-fluorophenylboronic acid (849 mg, 4.87 mmol), 2-

HoN

chloro-6-morpholino-4-yl-pyridin-4-ylamine (800 mg, 3.74 mmol), and 2M K;PO, (7.5 mmol}, in
dioxane (15mL) under nitrogen add Pd(PPh;)4 (0.23 mmol). Stir the mixture at 80°C for 16 h,
concentrate, extract with EtOAc. Dry over Na,SO,; concentrate under vacuum, and purify by flash

chromatography (1:1 hexanes/EtOAc) to give the title compound.
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1. 5-Chloro-6-(3-(R)yanethyl piperazin-1 yl).-nicotinic acid ethyl ester C
NH & NNET1tO O Heat a solution of (R)-2-nethyl-piperazine (0.07 nol),
5,6-dichloro-nicotinic acid ethyl ester (TCl Anerica) (10.1 g, 0.046 nol)
and potassium carbonate (31.7 g, 0.23 nol) in DVA at Cool

t he sol uti onWOZAYBHAY i ti on between Et OAc and bri ne. Sep%%ﬁlgz?[ﬁ%z ayers
and extract the aqueous portion with EtQAc (Ix). Wash the conbi ned organic
| ayers wi t h31094-bracpt(§-ahlorodhRuotaNte@@iyridiarisl} ewdeliter at e under reduced
pressure to give an oil which crystalliges on standing. 2.
5-Chloro-6-[4-(6-chloro pyrimdin-4 yl)i3(k)-nethyl piperazin-1

yl J-nicotinic acid ethyl ester 86 V\D/026135 PCT/ US2005/ 028969 CI ~N
C NN \ NEEOIl i N O Heat a solutwega of

5-chl oro-6-(3-(R) -nethyl -pi perazin-1-yl]-nicotinic acid ethyl ester (338
ng, 1.2 mmol), 4,6-dichloropyrimdine O ng, 1.2 mmol) and potassium
carbonate (328 ng, 2.4 mmol) in /k%r 16 h. Partition between

Et OAc and brine then separate Iayers nd the organic | ayer wi xh 10%
NaOH (3x) followed by brine. Dry (Na2SO4) concentrate under reduced

Phanyl) pyr i o i ae Ay AL B e 33°‘*‘°$°'%9’°%Q'Y‘*%'{“&T"“’E‘{‘?‘E pRERh Loy

era
ester F C ylamrr@(ml\unm%ﬂ g [75%6 f{xsodlga%h@ ¢ﬁ1>nw1%9@esﬁltltlwr SN (i mg.ur e of
5-chl or o- 6- r i o
b Qrﬁmﬁﬂh% £ A6 %ﬂh&“mé}m%é ie({ ﬁm(a?b C. Add s (135,111% 093 mmol) 3

met hyl - pi perazi n- -nicotinic a ester

3-chl or o- 4- 43%&&@mémﬂtbmemnxtcredémn(t9%ﬂxgq3®m511t6ﬁ?ﬁl }Jooll(@ﬁb@h té@perangieseous,
570 L) and P t .t he
mixtut e to SOtaey P BB e T bles NosB BERG el Bbug Beel\ R Bt 0%
partition béyNedhrhinadgraphyd3: \lvh@@nes/E[Q&C)Gd\a@SmﬂI)tietcmpwgan| c layer and
concentrate under reduced pressure to yield the crude product. Purify the

residue Wt s5.Chloro-6-{4-f2-(3-chloro-4-flucro-phenyl)-6-morpholin-4<yl-pyridin-4-yl]-piperazin-1-yl)-

nicotinic acid ethyl ester
F

cl
N
cl NN
LN L_O
eto AN
o)

To a de-gassed mixture of 4-{4-bromo-6-(3-chloro-4-fluore-phenyl)-pyridin-2yl}-
morpholine (50 mg, 0.135 mmol), 5-chloro-6-piperazin-1-yi-nicotinic acid ethyl ester (0.162
mmol), and IM (THF) #BuOK (0.162 mmol), in toluene (3mL) under nitrogen add Pdy(dba);
(0.0054 mmol) and BINAP (0.0067 mfnol). Stir the mixture at 80°C for 16 h, concentrate, extract
with EtOAc. Dry over Na,SO,, concentrate under vacuum, and purify by preparative TLC (3:1
hexanes/BtOAc) to give the title compound.
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preparative plate chromatography (2 x 2mmthick) using 40% Et CAc/ hexanes as

the eluent to afford the title conmpound as a foam 'H NVR (400 MHz, CDC13):

51.38 (m 6H, 2 x CH3), 3.16 (m 1H), 3.31 (dd, IH J =1 IHz), 3.51 (m

1H, 4.12 (d, 1H J = 12.8), 4.21 (d, 1H, J = 13 Hz), 4.39 (m 3H), 4.77

(Br s, 1H), &Y@OHRCIFH) 7.25 (m |H), 7.89' (m IH), 8. 0°PCTHS20p§8EI= 7

Hz), 8.18 (s, 1H), 8.71 (s, 1H), 8.79 (s 1H). 87 WD 2006/ 026135

PCUU8200510 8969 J. . . .
-[6-(3-Ch : ‘

yI) pyrlmd_yi‘}ﬁmgl_}g@ rrethyl 5-nitro-

,2',3 .4, - hexahvdro-[ 2, 4' | bi pxridinyl 1.

[ 2- Chloro 0f Q- rimdin-4

| J- pi per azi Ezéj“ ?’”@gur"b‘{) ¥ {"g‘yg@{?""}??ﬁ&%{w’%%? ester FCO ~Nr'NNJ )~OYNJ
O To a mxture of 2,4-dichloro-6-(3-chl gro-4-fluoro-phenyl)-pyrimdine
(0.12 not) and NSHOO3 (1.95 g, 0.023 np h EtOH at 0C, add

pi perazi ne-|-carboxylic acid tert-butyl er (0.013 not). Renobve the ice
bath and stir at roomtenperature for 16 Concentrate under reduced
pressure and partition between Et OAc ang'yrine. Dry the organic |ayer
(Na2SO»4) and concentrate under reduced'prssure to give the title conpound.
2. 4-[6-(3-Chloro-4 juoro phenyl)-2- (4 pMNop¥l piperazin-1 yl)
pyrimdin-4-y1J pp B%E%Esls&lemixtur&&Tm&h@lu@lﬁﬂulﬁnﬁlwr&mcbwid/@7Qﬁgt 014 Imnfel)), 44 ~N ~N
N~N~ /OUNJ O Heat a solu

4-[ 2- chl or ob®mES: Qsﬂ?fa?remﬂ#%@ﬁ% pKlchioack (197% Racai Gredr 3871985198 imee 0144
carboxylic afhol, Eﬁf QMszizEbg %553&1111(0@; » OMEX4 Dy Eidys mhbgmﬁ& Ipa{pPRy)2@ine (5.9
mmol ) and DI EA ( +POMA at 100C for 16 h, artltlon ‘bet ween
109NaOH and“E%O@AcSt‘éﬂH %@W *tth‘facﬁwgaéha gonpealas, W«tchwga@r%?on N8B ut i on
(3 X). Dy thReaganis vadual add\yadasQy, r@aﬂmwm@m I BxBnesBROILH) 16 Sidel B8 itle
pressure to afford the titl econpoundp (3-Chl oro-4-/1uoro

phenyl ) - 6- pPYUBR4ir-1 y1-2-(4 propyl pi pera2|n | yl) pyrimidin F C ~r
~N

1
4-
y

2. 4-[6-chloro-4-(3-chloro-4-fluora-phenyl)-pyridin-2-yl]-morpholine

F
Cl

' A
NN
(_oO
Stir a solution of 2,6-dichloro-4-(3-chloro-4-fluoro-phenyl)-pyridine (100 mg) in
morpholine (2 mL) 3 h at 80°C, concentrate, partition between H,O and EtOAc, dry over Na,SO,,

" and concentrate under vacuum. Purify by preparative TLC (3:1 hexanes/EtOAc) to give the title

compound.

3. 5-Chloro~6—{4-[4—(3—chloro;tiﬂuoro-phenyl)-6-morpholin-4-yl—pyridin-2-yU-piperazin-1-yl}-

nicotinic acid ethyl ester

ci
S
NTINTINTY
NN N
EtO ! 2N
0



~N " NN~ HNJ (N,/, 88 WD 2006/026135 PCT/ US20051028969 Di ssol ve
4-[6-(3-chl oro-4-fluoro-phenyl)-2-(4-propyl-piperazin-l-yl)-pyrimdin-4-ylj
pi perazi ne-l-carboxylic acid tert-butyl ester (2.0 g) in dioxane and then
add a 4M solution of HCI in dioxane (15 nlL). After the '

preci pi t at eWOHPWRHAS syspensi on vigorously for 2 h. Coll{cgz@{’%@&s?gqi d and
wash with ether and then freebase the material by partitioning between 10%
NaOH sol uti on afid BCHé-gSedamaikieret b o{GQchiure-44(Bytdorp-4eftuprof flad By ridiariey]-

concentr at VRt Lt 0 und. as an of f -~ whi: olid. A4

1 -[6-(3- ooty 3o e o ’tSR e+1‘§?l§)i 5%2’8‘?56";5’%"”‘6‘( %%‘F“é‘%‘r‘\‘g o8 %t*'@y"‘??"n%"&f‘%- 4yl
3anet hyl - 5-mmdly end IM'(THF) #~BuQK £0.183 mm6!).-ih rteluena y(3nb) jr@der sitbgepydd Bilfdph)s F CI N
,) ~N | N N . . 0

4- (3-chlor é@@f%g‘?%ﬁdpﬁenyl §°LU6°§5%9 [Iﬁoel?’ agtllrnqwf A fﬁnfrﬁ-ar( ﬁq SrfSH/ b ‘pfof)'%ern g%tf’na-n -

yl) - pyri m cktreet $i80GO0Ay., Dy, F2r NeBDy conentrite ondpr Sacnwn,lapd pEiNbY prepapayive tihe (149
ng, 0.86 : , 44 mol) in DMA (4 nL) for 16 h at 110C
Cool , parti '?Eeﬁa%g@%/\(gecﬁélég%%ﬁ\g%js%hd Et OAc and wash the organic layer with
additional NaOH solution (3X). Dry the organic |ayer (Na2SO4) and
concentratg un G80-BhS .98 (4 In by L Y rb1iBE 1)1y i GRARBUNRY-mithy).
3'-Chloro-4-17_6 ro-ohehyZ-(3- - yI-morpniol rn-4-yT)y-pyrindin-4-y
| 1 - 3- met hylpipe ! = tc agid| bi i pyrazi nyl -5' - carboxylic acid 1.
4-[ 4- (4- Fl uor o- phenyl ) -6- (2-nmethyl piperazin-1 yl) py),imdin-2

yl J- 3- et hyjl - nny0tvabr W8 4-roro-pheryd) IpyhithidinM-JY=NeR)-nidbbylpiperafideThéasbozmiapasind i s
prepared using 123)3%;; yl m%ﬁ())f)lyne (V\D)W(sgrlﬂ(%ME%G pi n a proo?gdure

anal ogous to t hSF-4EE#™ or the preparation of

4- (4-fl uoro-phenyl)-6-(2-nmethyl -pi perazin-
1-yl)-2-(2-nmethyl -pyrrolidin-1-yl)-pyrimdj in Exanple 2F step 3. 89 WO
20061026135 PCT[ US2005/ 028969 2. 6'-Arnint:2’ -chloro-4-[6-(4 Jluoro
phenyl ) -2-(3-(R)-met hyl - nor phol i n-4-yl) pyrijm din-4 yl J-3-

met hyl - 3, 4,5, 6-tetrahydro-2H-[ 1, 27bi pyrgqzi ffyFN5' - car boxyl i c acid net hyl
ester F N N e

Heat a mixture of 2,4-dichloro-6-(4-fluoro-phenyl)-pyrimidine (2.8 g, 11.52 mmol), 3-(R)-
methyl-piperazine-1-carboxylic acid tert-butyl ester (2.42 g, 12.1 mmol), and K;CO; (3.2 g, 23.0
minol) in DMA at 60°C for 16 h. Dilute with water, extract with EtOAc, and wash with brine.
Dry the organic layer (Na,SO,) and concentrate under reduced pressure. Purify the residue by

flash column eluting with EtOAc-Hexanes (1:4) to afford the title compound as a white solid.

2. 4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-

piperazine-1-carboxylic acid tert-butyl ester

T

Heat a mixture of 4-[2-chloro-6-(4-fluoro-phenyl)-pyrimidin-4-y1}-3-(R)-methyi-
piperaziﬁe—l-carboxylic acid tert-butyl ester (5.0 g, 12.3 mmol), 2-(R)-methyl-pyrrolidine
hydrobromide (Nijhuis et. gl. (1989) J. Org. Chem. 54:216-220) (3.0 g, 16.0 mmol), and K,CO;
(5.2 g,37.8 mmol}) in DMA at 120°C for 16 h. Dilute with water, extract with EtOAc, and wash

with brine. Dry the organic layer (Na,S0;) and concentrate under reduced pressure. Purify the
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A NI N~) N MOII I N ONHZ Heat a m xture of
4-[4-(4-fluoro-phenyl)-6-(2-nethyl-piperazin-l-yl)-pyrimdin-2-yl]-3-

(R) -met hyl -norpholine with 1.1 equival ents of

3-am n6- 5, 6-di chl or o- pyrazi ne-2-carboxylic acid nethyl ester (Cragoe et.
al. J. Med. BHEIP6O§5E7 10, 66-75) in isopropanol at 85CP¢TYS2095/438969
Concentrate the m xture under reduced pressure, and then partiti on bet ween
10% NaCH an 8 : der
reduced pr eg%shuﬁge%asg%%m& ﬂgtm%v?ﬁmtéAL ﬁx%%%émgé%;@%%#%?% h or o [6 (4
fl uoro phenythid 2- (3-(R)-nmet hyl -norpholin-4 yl) pyrimdin-4 y1J-3-

n: et hyl -3,4,5, 6-tetrahydro-2H[ 1, 2] bi pyrazi nyl -5' -carboxylic acid nethyl
ester F IN 3W(Mmm9®aw@6-mﬂz@rhhhyq pipem@z z)b'qzqrfa)cmwyr(r&ﬁ)n Bgrg el |
stirred m xture of am no-3' -chl oro-4-| {4f|uoro phenyl ) -

2- (3- (R) met hyl - HH("Bﬁ’B?.n 4-yl)-pyri i di nF4 yl]-3-nethyl -3, 4,5, 6-t et rahydro-
2H [1, 2" ] bi pyrazinyl-5"-carboxylic acid thyl ester (10 g) in 48% HBr (75
m.) and gl acial acetic acid (120 ni), a solution (16 nmL) of bromine in
acetic acid (6:1) over a period of 45 m To this mxture add a solution
of NaNO2 (8.3g) in water (18 nmL) while ma|ntaining the tenperature bel ow
8C. After the addition is conplete, gtirfthe m xture for 30 mn and then
destroy the excess bronm ne by addi AL 30% NaHS03. Neutralize the
solution to pH 8 by the dropw se iono % NaOH and then extract with
Et OAc. Wash the organic extracts w di | ut HaOH, dry (Na2804) and
concentrate unde educ L . li®n- H -4

2006/ 026135 PCT/ E%erOOSI 8268 6181% lﬁgﬁmc%m?-n{em?l%‘"% & @@mqg Adin- B9 Y-
phenyl ) - 2- ( Zwethkpipsrazisr aeioRHic aoid) re-Byyl oter (4. & %yés\]m@’éﬂ} MHehdjgranex(s04 5,
6-tetrahydr QnLijfbx{do, ma Uéh&ﬂﬁai@hﬂlyﬂartﬁwn GRWEBIOAE arf batl Nmid@gl Doy i fordanicJ
~N1 C1 N N Nv Stir a soluyti

6' - br ono- 3' AT @Fﬁoﬂ aﬂ%c%‘ﬂeﬂfrl’tﬁﬁ?%rﬁﬁ‘é’ﬁ??‘)’ssw @"?“#&?‘ H’gff WPD%rphol in-4-
yl)-pyrimdin-4-yl]-3-nethyl-3,4,5, 6-tetrahydro-214-[1, 2' ] bi pynzinyl-5"'-carb
oxylic acid4énet hﬂ-(5-bromo~3-methyl-pyridin-Z-yl)—.?-(R)~methyl;piperazin—]-yU-6—(4-ﬂuoro-phenyl)-2-(2-

(R)-methyl-pyrrolidin-1-yl)-pyrimidine

F

)
-
J\N N"ON
® "
Br N
Heat a mixture of 4-(4-fluoro-phenyl)-6-(2-(R)-methyl-piperazin-1-y1)-2-(2-(R)-methyl-
pyrrolidin-1-yD)-pyrimidine (400 mg, 1.13 mmol), 2,5-dibrornb-3-methyl-pyridine (367 mg, 1.46
mimol), and DIEA (218 mg, 1.69 mmol) in DMA at 135°C for 96 h. Dilute with water, extract
with EtOAc, and wash with brine. Dry the organic layer (Na,SO,) and concentrate under reduced
pressure. Purify the residue by flash column chromatography eluting with EtOAc-Hexanes (1:10)

to afford the title compound as a white solid.
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ester (3 g) in 100 nL of THE with 5% pal | adi um on carbon (300 ng) under 1
at nosphere of hydrogen gas for several days. Filter the m xture through
celite and concentrate under reduced pressure. Partition the residue

bet ween saturated NaHCO3 sol ution and Et OAc. Dry (Na2S ic |layer
and concent YQ#&%PA¥&? reduced pressure. Purify using f@%ﬁ@%?‘ﬁ@%*‘w

chromat ography eluting with a gradi ent Et QAc/ hexanes solvent systemto

give the title g« UN o3 GV 0B 0= Ar [ O- (4e 7] OF O o i g, 4 0173 /R 1
phenyl) - 2-%3- me ﬁ%grﬁ%ﬁgfﬁ%ﬁ%}#i@%}ﬂgﬁﬁ‘ﬂmﬁj%”(”fg’" r#g'f]h3y(fﬁ-) m?,hyz4, 5,
6- t et r ahydr o- 2HRReIazinpl-Yisp pretmbRy - 90:%%@%&!;"%“%1@#@ FN NIN , N ~~O
HO I/N O _ Stir a solution of
3'-chloro-4-[6-(4-fluoro-phenyl)-2-(3-(R)-net
pyrimdin-4-yl]-3-nethyl-3,4,5, 6-tetrahydro-
ic acid nethyl ester (500 ng) in a mxture of 10% NaQR, (6 nlL) and EtOH (20
m.) at roomtenperature for 16 h. BringgthetRxture to pH4 with 6 N HC
and extract the solution with EtOAc. Dr>|//!Lh| oglganic layer (Na2SO4) and
concentrate under reduced pressure tp g veNt he t Nt | conmpound. 91 WD
20061026135 PCT/ US2005/ 02896 b N N\)
2-[4-[16-(3-Chl oro-4-tluorop g{ - '—LNrret hyl pyrrolidin-1-vl)-ovrimdin-4-xlI|
G

2246 (5. Cnl o Boeisbam st 2 i Sy GF ! estr (62 L, 046

yl) pyri m dinfiol} ity lolliphed@rrak) rStic for 10 )mifd adooguyfetatirg] ia@then 6dd 4NK-¢Nbroio-3NYNJ  Sr
Eoi Eg)He aLfrp%gyﬁ-%lyH ih 30 Y RS et pcFazi - SRR Ghéish S LA ADARLH. Chem cal s,
chl or o- 4- f pywotidiphetifyyimlie20tem 0. 38ymmol),i Ri(dbd):- 3i5) mg - 194 med &Eibn) 1(0.§ megpyr i m di

D1 1t wi {1 st b in fhE i orh o oo Gtpeeie "R PREBR ' °200

evapor at e. withiwithybribg; dsyi the ozagje layar{Na$@4)agd aphsntrae|uwmddr meglucedi prégsute. 1Purify

bexanes: Et [ OV] Ltk ﬂPt? -{4 - Chl oro-4
j l'uor ophen‘?ﬁ'%—r%%(%fo%kqggapweﬁt%k%\Jgﬁ lri"{d) y A)*Q%flplz'ztr?it%%l?ﬁ %L 5? egtgﬂ])er azin-1 yl)-
pyrim di ne-5-carbonitrile F ~ C N

6. (6-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl}-pyrimidin-4-yl]-3-(R)-methyl-

piperazin-1-yl}-5-methyl-pyridin-3-yl) -acetic acid
F

sl - mor phol i n-4-yl) -
[ 1, 2" ] bi pyrazi nyl -5" - car boxyl

N
=N

HO .

Stir a solution of (6—{4-[6-(4-ﬂuoro-phenyl)—2—(2-(fi)-methyl-pyrro]idim1-y!)-pyrimidin-4-
yi]-3-(R)-methyl-piperazin-1-yl}-5-methyl-pyridin-3-yl)-acetic acid ferr-butyl ester (210 mg,
0.375 mmol) and 1 mL of TFA in DCM (10 mL) at room temperature for 16 h. Concentrate and
partition between EtOAc and sat. NaHCO;. Dry the organic layer (Na;SO4) and concentrate under
reduced pressure. Purify using flash chromatography eluting with MeOH-DCM (1:19) to give the

title compound.
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rNN NYNJJD -/ H2ZN N O Heat a m xture of

2-{4-[6-(3-chl oro-4-fluorophenyi)-2-(2-methylpyrrolidin-I-yl)-

pyrim din-4-yl]-piperazin-Il-yi)-5-bronmopyrimdine (478 ny) and CuCN (270 ng)
in DI\/F at 1501C for 16 h in a round bottomflask that is o 50 the air.
Let cool, dMORRS/RFBR Et OAc (15 nl), wash with water (3P&E ?23@03?_9?9 dry
(Na2SO4), and evaporate. Purify by silica gel chromatography, eluting with
3: 1 hexanes: Et CAc t %(_)46/ 35

PCT/ US2005%

ght ; o(Racboptliowtid pyrrol i di n-1-vl)-pyrimdin-4-y11-3
-(R) -net hvl - pi pera2| n- I-yI | - 5-chl oro nicotinic acid 1.
46D|chlor02(2%ﬁ% net hyl yrrolldln }/rlmdere "''N CI NhN
Di ssol ve 2,4, 6-t fif’ Grfo"mrw P2 (ﬁsﬂegwépm I#fs-fd@rmfr"fﬂ"aﬁﬁ%r(mﬁm (220
nm), and add s?&peﬂzzﬁaardﬁpm:mhﬂqaymnap.em@Q@:zs?acw m&ipddstgwot ) . Cool to OC and
add 2-(S)-nethylpyrrolidin (12 g, 0.14 not) dropw se. Let stir at room
tenperature for 16 h. Filter off the excesg sodium bicarbonate, and
evapor ate under reduced pressure. Purify Si @2 flash chronat ography, using
50: 1 hexanes: Et QAc, increasing to 30:1 he es: EtOAc, to provide the title
conpound as a white solid. 2. 4-Chloro-6-43-cl7loro-4
fl uorophenyl)-2-(2-(S)-nethyl pyrroli dlm pyrimdine F ~N Cl N-N6 Heat

y
a mxture of 4,6-dichloro-2-(2-(S Mrpyfrakndi n-1-yl ) pyrim dine (2.25 g,
dj(10.2 1), Pd(PPh3)4 (562 nuy,

9.74 mol), 4-fluorophenyl boroni
0.487 mmol ), and a 2M potassiump os ate s#®l ution (9.74 nL) in dioxane (35
m.) under nitrogen ‘at 80C for 1 N Evaporate the m xture and add water (50
m.). Extract with EtOAc (3 x 50 dry (Na2S04), and evaporate. Purify by
Si 02 flash chromat ography, el uti gQMth 9:1 hexanes: EtOAc to provide the
title corrpound d% aenldidlutios .(0°C) @Bé—B]cbmxyd-rﬁetthmcbnq@mrmxyﬂmchid) m@hy(l Rternet hyl
pi per azi ne f .

perazi Om) @;ertog @bcﬁér&ﬁﬁ Jﬁri"}s o%sf]@s} 1%‘5‘?1%,_ O ol im CHEL (15 mL) add

tnﬂuoroacetlc anhydride (423 mg, 1.5 mmol) dropw1se followed by TEA (202 mg, 2.0 mmol).

Stir the mixture for 1 h. Dilute with CHCY;, wash with sat. NaHCO;, dry the organic layer
{(Na,S0;) and concentrate under reduced pressure. Mix the residue with 4-(4-fluoro-phenyi)-6-(2-
{R)-methyl-piperazin-1-y1)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidine (426 mg, 1.2 mmol) and
DIEA (129 mg, 1.0 mmol) in DMA. Heat the mixture at 100°C for 16 h. Dilute with water,
extract with EtOAc, and wash with brine. Dry the organic layer (Na,S0;) and concenirate under
reduced pressure. Purify the residue by flash column eluting with EtOAc-Hexanes (1:5) to afford

the title compound.

2. 6-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl}-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-y1}-5-methyl-pyridine-2-carboxplic acid
F

(A
I 2N
O~ "OH
To a solution of 6-{4-[6-(4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)}-pyrimidin-4-
yl]-3-(R)-‘ﬁlethyl-piperazin-l-yl}-5-methyl—pyridine-z-carboxylic acid methy! ester (300 mg; 0.595
mmo}) in THF, add water dropwise until the cloudiness almost persists. To this mixture add
LiOH.H,0 (50 mg, 1.2 mmol). Heat the mixture at 50°C for 2 h, and then concentrate under
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met hyl - pi perazine (3.2 g, 31.9 nmmol) in DVA at 130C for 16 h. Partition the
reaction mxture between water and Et OAC. Wasb the Et OAc | ayer with water

(I xX) and brine (Ix), dry (Na2SO4) and concentrate under reduced pressure

to give the title conpound as a solid. 93 WO 20061026135 PCTI US2005/ 028969

4. 4-[4-(5- Br‘%?rﬁ“oé"’%‘g})soro pyridin-2 yl)-2-(R) -nethyl - pi pePEFUR2PSAA8Y65_ (4.

| uoro phenyl)-2-(2- (S)-nethyl pyrrolidin-l-yl) pyrimdine FN C NN~

1 NBr | i N:dh&@bre@bufé‘ N:l&'ﬁ%nﬂfamount of water to the residue. Adjust the final pH to 6 and collect

4-chl oro-6- (4-fl yoro-phe S idin-|- pyrim di ne
(1.30 g, 4. gm ?t? solﬁv tﬁtr;‘uon Wasgh t?ne soli thh waterang dry toa rd%ezltle cotnpound.

1- (S- bromo- 3-chl oro- pyridin-2-yl)-3-(R)-nmethyl -pi perazine (1.2 g), and
h,

NaHCO3 (0. 7@ g, g{!%% DI
reduced pr AT
| ayer ( Na2S@ipprazi g icatidon Purlfy the resi due
by flash colum el utlng vmth EtOAc Hexanes p(l 4) to afford the title

pyrrolidin-1 yl) pyritnidi n-4 yIj-3-(R)-
yl)-S-chloro-nicotinonitrile FINl C N ~NM 1 , NTo a mxture of
4-[4- (5-bronop-3-chl oro-pyridin-2-yl)-2= 1k)i- met hyl - pi perazin-1-yl]-6-(4-

f | uor o- phenyl } 2- (2- (S)-met hyl - pyrrol i dgn-if-yN}pyri m di ne (700 ng) and

Zn(CN)2 (94 ng) in DM, add Pd(PRh3) , 067 mmol ). Purge the
rJ\I\Z) Heati t fie stirring reaction m xture
at'ure a partition between water and

| - piperazin-1

reaction mxture for 10 mn with. gqry
overni ght at 80C, cool to room tgnpgr
Et OAc. Dry the solution (Na2SO4) ~£¥8ncentrate under reduced pressure. Purify
the residue by flash colum elutifgg with Et OAc- Hexanes (1:1) to afford the
title conpound.as a white soli dd 6N (4-[6-(4-Fluoro

phenyl) - 2(2(8) abiufiad 2 B yl -
pi perazin-1 yl) y’?:h llgrléé' %fr)écl n(lhg!ugrgljpgé%g %(%%y%fgﬁ%?%&}@é%@%ozsgeg
F NI C NyN3~<RBamethyl-piperazin-1 -yl} 5-methyl-pyridine-2-carboxylic acid (84 mg, 0.142 mmol) in

DCM, add oxalyl chloride (3 equivalents) and | drop of DMF. Stir the solution for 1 h at room

temperature, concentrate, and dissolve in DCM. Cool the solution in an ice-bath, pass NH;
through the solution for 15 min, and stir for 2 h at room temperature. Wash with water. Dry the
“solution {Na,SO4) and concentrate under reduced pressure. Purify the residue by flash column

chromatography eluting with DCM-MeOH (9:1) to afford the title compound as an off white solid.

1. 5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyi)-pyrimidin-4-vi]-3-(R}-methyl-piperazin-1-y1}-

nicotinic acid ethyl ester

1. 5-Chloro-6-(3-(R)-methyl-piperazin-1-yl)-nicotinic acid ethyl ester

Heat a solution of (R)-2-methyl-piperazine (0.07 mol), 5,6-dichloro-nicotinic acid ethyl
ester (TCI America) (10.1 g, 0.046 mol) and potassium carbonate (31.7 g, 0.23 mol) in DMA at
110°C for 48 h. Cool the solution, and partition between EtOAc and brine. Separate the layers
and extract the aqueous portion with EtOAc (1x). Wash the combined organic layers with 10%
‘}‘iaOH (4x), dry {(Na;SOy), and concentrate under reduced pressure to give an oil_f\@ich crystallizes

on standing,

2, 5-Chloro-6-{4-(6-chloro-pyrimidin-4-yl)-3(R)-methyl-piperazin-i-yl]-nicotinic acid ethy! ester
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NN~ HOi N O Heat a solution of
6-{4-(6-(4-fluoro-phenyl)-2-(2-(S)-nethyl-pyr olidin-1-yl)-pyrimdin-4-
yl)-3-(R)-net hyl - pi perazin-1-yl)-5-chloro-nicotinoggtri ry (100 ng) in 12 M
HCl for 4 h at 901C. Concentrate the m xture under reduced pressure. Add a
smal | amount Y8 2008028135 adj ust the pH to 6- 7, and col | ect PEHESPEEPREIS? ng
white precipitate to afford the title conpound as an off-white solid. N 3.
2-(5-chloro-6-((R -4

(6-(3-chl oro-4-fluorophenyl)-2-((R)-2- rrethylp oI|d|n t-

yI)pyrlmdln 4-yl)-3-net hyl pi perazin-1-yl) rlp * 3-yl)-N N-di net hyl et hanam
ne . |

2- (5- chI oro-6-((R)-4-(6-(3-chl oro- 4quCro$ yI) 2- ((R) 2-met hyl pyrroliditl-
1 ))I)pyrimdin-4-yl)-3-nethyl pi per lZI -1 yI)pyrldln yl)acetonitrile F Cl
~NCl ~NN- ~ NNCI| N The titl&0 dis prepared from
(5-chloro-6-((R)-4-(6-(3-chloro-4-fguorophenyl)-2-

R) - 2- met hyl i di ' 4-yl)-3-neth
AL y1) oy i e 5 e SRITE oGPy Dot dof ! g 1

Exanpl e 1- Alg 3382m|g__{ 1.2 mmol) 4,6-dichloropyrimidine (179 mg, 1.2 mmol) and potassium carbonate (328
2-(5-chloro-6 3-chl oro-4-1 uorophenyl ) - 2-( F]Whg-methryl yrrolidin-
1

1 yl)pyrini di‘ﬂﬁ& 4'“““3”‘)‘ ﬁ@t@@/f%l%érgﬁ“ﬁ’“lbeweiwpﬁ& ng fthen sepprgledeyiyde F
Cl INClrjanhjwabh o orgadidfaydl il 18%SRAOH I (9%) fllowkd 5P BHAY | BrynNEBO)hadr | de

(1IMin hexane, 333pL), to a Stitring, solution of

2- (5- chl or o- °8“°(e{‘tF¥}e‘H‘dYrSEd(J%ed(E’FPFWFﬁOEWFF"&BF‘%WHW y-2-((R) - 2-met hyl pyrrolidin-
| - 95 WD 2006/ 026135 PCT/ US2005/ 028969

yl) pyri m di g 4- G#i!érm’o’-{wﬁ-mdhwr@éﬁ?aﬂzb@hényvipywﬂindmfﬂfl@4n)ed@éﬁmhﬁiﬁ-'P-Mﬁ» (120 ng,
0.22 mmol ) in dIC -78C over a period of 10 m n. Wen
starting materi mwm%gcn?et’ %ﬁr dd an excess ef Na2SO4. 10H20 and stir for |
h whil e bringi ng the reactl on mxture to anbi ef
m xture through celite washing with DCM Conc
and use without further purification. 3.
2-(S-chloro-6-((R)-4-(6-(3-chloro-4-fluorophenyl)-2-((R)-2-nmetltylpyrrolidit
c-l-yl)pyrimdin-4- yl)-3-nethyl pi perazi n(ﬂ )}jﬂ/ri dn: -3

t ctenperature. Filter the
fate under reduced pressure

yl')-N, N-di net hyl et hanan: i ne cl N7 NP
L
EtO l =N
0

Bubble nitrogen through a mixture of 5-chloro-6-[4-(6-chloro-pyrimidin-4-yl)-3-(R)-
methyl-piperazin-1-yl]-nicotinic acid ethyl ester (226 mg, 0.57 mmol), 3-chloro-4-
fluorophenylboronic acid (99 mg, 0.57 mmoi), X3PO, (2M aqueous, 570 pL) and Pd(PPhs), (33
mg, 0.03 mmol) in dioxane for IQAJIJ,:“Iin. Heat the mixture to 80°C for 16 h under a nitrogen
atmosphere. Cool the mixture and p;i'tition between EtOAc and water. Dry (Na;SQ,) the organic
layer and concentrate under reduced pressure to yield the crude product. Purify the residue with
preparative plate chromatography (2 x 2mm thick) using 40% EtOAc/ hexanes as the eluent to
afford the title compound as a foam. ‘H NMR (400 MHz, CDCly): 51.38 (m, 6H, 2 x CH;), 3.16
(m, 1H), 3.31 (dd, 1H, J = 11Hz), 3.51 (m, 1H), 4.12 (d, 1H, J = 12.8), 4.21 (d, 1H, J = 13 Hz),
4.39 (m, 3H), 4.77 (Br s, 1H), 6.82 (s, 1H), 7.25 {(m, 1H), 7.89'(m, 1H), 8.07 (4, 1H, ] = 7 Hz),
8.18 (s, 1H), 8.71 (s, 1H), 8.79 (s, H).
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F ~d ~N d NN) ~~NiN | To a solution of
2-(5-chloro-6-((R)-4-(6-(3-chloro-4-fl uorophenyl)-2{(R)-2-

met hyl pyrrolidin-I-yl)pyrimdin-4-yl)-3-nethyl pi perazin-1-yl)pyridin-3-yl)ac
et al dehyde (64 ng, 0.118 mml) in DCE, add dinethylamne (3.87Min THF, 40
pL) fol | owedWs20pe/@pHH of HOAC. Stir the nmixture over ni gFtT/BIEOYURN® di | ute
with DCM and wash (2x) with 10% NaCH solution. Concentrate under reduced

pressure ang f_ttq!d(fé%&a ﬁ&kd%ﬁg&)ﬁ?ﬂ-@ﬁ idinu-B8-B8lethyl-SRMGENt r at e
and tritura 62 ‘elyr%c 02“ e Sa thI1

0 afford the title
conpound. ' H2-ANIR SRR epygdinvls ) 31 (d, 3H, J= 6.23 Hz, CH3), 1.39 (d,
3H, J= 6.6 Hz, CH3), 1.68 (m 1H), 1.91 (in, 1H), 2.05 (m 5H) 2.68 (s,
6H, N( CH3) 2), 4-22-9'h£r016—(Mhlaﬂbi)ﬂﬂu&o@ﬁenﬁﬂpyrﬁhi)im-‘@yUsﬁper&ir&J(-mrboﬁﬁ)c,aci&’:é%il (m
2H), 4.67 (br s, le)emr 20 (s, IH), 7.18 (t, 1H), 7.55 (s, IH) 7.88 (m
1H. 8.06 (s, 2§74 4 22 (5-chl or0-6- ((R) +4- ( 6- (3-chl or o- 4
fluorophetryl)-5 fhroro 2-((R)-2-net 4l pyrrol idi nql -

yl ) pyri m din-4-yl)-3-nethyl pi perazin-1 yl)p In-3

yl')-N, N-di net hyl ethanamne FC F ~NC r- I NN N~NI ~N | To a
sol ution of 2-(5-chloro-6-((R)-4-(6-(3-chlord-4-fluorophenyl)-2-((R)-2-
met hyl pyrrolidin-1-yl)pyrimndin-4-yl)-3-met{fyThi perazin-)1-yl)pyridin-3-yl)-

N, N 96 WD 2006/ 026135 PCUUS2005/ 02896(\4} et hananmi ne (50 ng, 0.087
mmol) in acetonitrile, add SELECTFLHO? r) 3(93 ng, 0.26 mmol). Heat the

m xture at 150C for 10 min in mc eactor, cool to roomtenperature,
concentrate, and partition between RGM and saturat ed NaHCGO3 sol uti on.

Concent rat e undetr, o GHUGE DY AHSHEE sRAChiRULLAbrlfikiy L ARRIGN (OPHEGARNY O

afford the title conpound
614- 16- ( 4- FNaHEDs plr%ngl0)02241(02} imdt @ |at B3 radd pigrazie- bycarboxylicr dcid idirutgl eder - 3- (R)
- et hvl - t J. Nl j - Br T3 yl
oyridin. 2: y?(fdil%%%ﬂ; RXIHF] eﬁﬁg?:%g%ﬁgzapél gﬁ} Jé%cﬁn %Edp% ‘%ﬁ £ (& nBr Qeirate TRl
reduced pressure and partition between EtOAc and brine. Dry the organic layer (Na;SO,) and

concentrate under reduced pressure to give the title compound.

2. 4-f6-(3-Chloro-4-fluoro-phenyl)-2-(4-propyl-piperazin-1-yl}-pyrimidin-4-yl]-piperazine-1-
carboxylic acid tert-butyl ester

F
Cl
[ A
N
XOTO " K/)“\/\
o0

Heat a solution of 4-[2-chloro-6-(3-chloro-4-fluoro-phenyl)-pyrimidin-4-yl]-piperazine-1-
carboxylic acid tert-butyl ester (2.5 g, 5.9 mmol), N-propylpiperazine (5.9 mmol) and DIEA (11.7
mmol) in DMA at 100°C for 16 h. Cool, partition between 10% NaOH and EtOAc and wash the
organic layer with additional NaOH solution (3x). Dry the organic layer (Na,SO;) and concentrate

under reduced pressure to afford the title compound.

3. 4-(3-Chloro-4-fluoro-phenyl)-6-piperazin-1-yi-2-(4-propyl-piperazin-1-yl)-pyrimidine
F

Cl
B
N NJ\N
HN\) k/N\./\



Heat a solution of 2,5-dibrono-3-nethyl-pyridine (Chontech Inc., Waterford,
Ch) (2.0 g, 7.97 mol), (R -2-nethyl-piperazine (ChenPacific Corp.,
Baltinmore, MD, 3.2 g, 31.9 mmol) in DVA at 130C for 16 h. Partition the
reaction m xture between water and Et OAc. Wash the EtOAc |ayer with water
(1 x) and briWR204026435 §ry (Na2SO4) and concentrate underPFEfgfﬁ@gﬂozﬁ?‘sgssure
to give 1-(5-brono-3-nethyl-pyridin-2-yl)-3-(R) -nethyl-piperazine as a

lid. 2. 2, d-di
oL 2 o2 S s o Ol IR ORIRA BRI DB bR s M il
mL) under rdiperagigefroaborybp it Errdm! eatm[z 4 o in gREne Apftitherdadd p\MNé@hmo@ ofH@L Bul i

34 nL, 0.0 e o r r
(2 4-di ehl or gﬁ fﬁ%r{lﬁgli Sng'l'ﬁ,? A?’lref' the %mla‘? ¢§1C;JIEqc ;gésmpﬁ?tﬁ \?%10%5%&%{ Mev)lgo ously é‘o 2 g

. g,
dropwi se t o §diect theaelid a5d W%FB(W{EIF ether\mcf- WPIE fige ?S@é@tmmmhﬁm@ﬁ@n%be@mdﬁ%d
stir at thisy dlﬁ&ﬂﬁibﬁhwﬁcﬁdors énmaoi h'c@éé@xdd YNBSSk Pdnd 36ncaithte EA4RRGH: t he
reaction m xtaure wth AcOd eggat %‘ H(NQZ aﬁggnwat ecr et@é m., 0.027
nmol es) di ssdft\?éﬂnﬁ%“dﬁﬂ@(’g“@“ﬁﬂ)hd Add dr opwi se a THE (40 nl) soI ution of DDQ
(11.9 g, 0.053 noles) to the reaction mxture. Bring the reaction mxture
t 0 room t enperiafeBhiing 4 Fubro-phtnyl) QAMpk RIS epdzliF Bylf-Byrinddin- Aty -3-fE - 5tives-

reaction mxtur (35 m.) and stir for 30 mn.
Decant the organlpjcg ?a"gg‘r‘s ?erxg}ﬁﬁérot[ﬁ ]?gﬁfb“{‘\'lfa}op m xture and wash the brown solid
with Et$O (3 x 100 nQ Conbine the organic) |g ?/ers wash several times with
saturated NaCl solution and dry with MSH lter and evaporate under "
vacuumto afford a brown col ored solid. fy by flash col um

chromat ography using 5 % Bt OAC / hexane t afford the title product as a
white solid. 97 WO 2006/ 026135 PCT/ US200 969 3. 4-[4-(5-Brono- 3-net hyl

pyridin-2 yI)-2-(11)-rrethyI pi perazi N ehl]oro 6- (4-fluoro- phenyl)
pyrimdine F ' "ZN DN NCI N Br t am yre of

2, 4-di chl oro- 6- (4-fl uoro- phenyl) dlne(6 g/N.7 mol ), 1-(5-

br ono- 3- net hyl - pyri di n-2-yl) - 3N thyI pi perazine (7.0g, 25.9 nmol)

and, K2CC3 (6.8g, 49.4 rrrml) n DMA at 60C for 16 h. Partition the m xture
bet ween Et OAc andewed mixturel bﬂ4-(3\|€lﬂc55)4)ﬂu0ﬁo¥p&er@t)wli:e®azhﬁyﬁF2-(&deopgtamgdiﬂﬁrr Bt e

d d P i h | th
15% E1 On/ ol uNEE gt b St miiohe 2 it e SulGe e Il o 16 Pl
conpound. 4and4){l£me}66m@r D&Omdol) ireDIAl (4mU)|fcdllah2:t y1|07c ZCQdR)paﬂmbmyétw@np%am n-1
ylJ-&4 |1 UQNa%PP dngtb)Ac an& wash( @e orgatmréylayep ¥v d(!ll onal {\Taéﬂ-l)solo }l on {E'ij' %e 't:heI N

organic layer (Na,SO,) and concentrate under reduced pressure to afford the title compound.

K. 3'-Chloro-4-[6-(4-fluoro-pheny])-2-(3-(R)-methyl-morpholin-4-v1)-pvrimidin-4-y1]-3 -methyl-
3.4.5 6-tetrahydro-2H-[1.2'Tbipyrazinyl-5'-carboxylic acid

1. 4-[4-(4-Fluoro-phenyl)-6-(2-methyl-piperazin-1-yl)-pyrimidin-2-yl]-3-methyl-morpholine Y
F
X
HN \/’ J\/O

This compound is prepared using (R)-3-methylmorpholine (WO 02/064096) in a
procedure analogous to that used for the preparation of 4-(4-fluoro-phenyl)-6-(2-methyl-piperazin-
1-yl)—2—(2-methyl—pyrrdlidin—1~yl)-pyrimidine in Example 2F step 3.
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~N NN ~ N ~N Br Heat a m xture of

4-[ 4- (5-brono- 3-net hyl -pyridin-2-yl)-2-(R)-nethyl -pi perazin-|-ylj-2-

chl oro- 6- (4-fl uoro-phenyl)-pyrimdine (7.7 g, 16.2 mol),

(R) -2-net hyl pyrrolidi ne hydrobrom de [prepared essenti al bed by
Nijhuis et. @/20?61@8@5‘ J. Og. Chem 54(1):2091 (3.5 g, z‘llé(r{‘%%‘%@%’ %nd
K2C03 (5,1g, 37.3 mmol) in DVA at 110C for 16 h. Partition the m xture
bet ween Et r 1C r,at e
under r educ?g% ‘Qmma' h?or 4?3 ?4 ek g%‘%l'f 52431(“2 ”?ﬁ"&i 'gongé%m 4?@%’ ¥ "f Q)JW th
10% Et OAc/ hexanewﬂﬂoﬁbéﬁfqﬁaﬁﬁ"%ﬁ&tﬁ 2Y emyws -5 oeréegylic ecid sertpl gxert he title
conpound. 98 WD 2006/ 026135 PCTI US2005/ 028969F 5. 6-(4-[6-(4-Fluoro
phenyl )-2-(2-methyl pyrrolidin-1 yl) pyrim dg ylj-3-(R) -nethyl p

i perazin-1 -yl1}-5-netlryl-nicotinonitrile F N ~N NODN N ~N NC To a

m xt ure of

4-[4- (5-brono-3-nethyl -pyridin-2-yl)-2-(R)- | - pi perazin-l-yl]-6-(4-

f 1 uor o- phenyl ) -2-(2-nethyl -pyrrolidin-| j}L -pyLf m.di ne (700 ng, 1.33 mmol)
and Zn(CNh (94 ng, 0.799 mol) in dﬁ P (Pﬁﬁa (77 mg, 0.067 mol).
Purge the reaction m xture for 10 drydIJﬂZ/ Heat the stirring
reaction m xture overni ght at ,88C, lcog] to roomtenperature and partition
bet ween water and EtOAc. Dry the Foltiti on (NaZzSO4), concentrate under
reduced pressure. Purify the res?dudiby flash colum eluting with

Et OAC- Hexanes (1:1) to afford the title ound as a white solid. 6

6- (4- [ 6- (4- FI uor diepthe mjxtyre 2f (4ol4rtd-flugrp- pbw%t ety hpigarazinl-yD-Rynitidin=24y1)-3-

1j-3-(R)- - 5 o gl N=N
y1J - 3 (R - | NREhE}mphBBEAZN1 1 SfbivaiBind B Dithindls 6QRbIoRS fyredeth-firborie actd

6- { 4- [ 6- ( 4- fieiioi estysHEregee) ctpal( A-Mest IKpm.p 67 o1, #6115} inyipoprapgnal i B°R-far 13 h-
3-(R) - net hy'coqbéaeaté%ﬁenmixwé imcér RRLEY | 5O tand eh tfabthiBn GdQRerd 0% XadladdrO! )

in 12 M HC hours at 901C. Concentrate the m xture under reduced
pressure. Q%Oéc sﬁm the aﬁ&m'ﬁﬂﬁsﬁN%ﬁPér@d copagnirate updes redpped Pregsure togivg thedlitleect

the resul tingmwhighe precipitate to afford the title conpound as a off-white
solid. "H NWR (300 MHiz, DVMsO-d6): S 1.24 (m 6H, 2xCH3)); 1.61 (m 11-1,);

1.84 (m 3. 6'“-Bromo-3'-chioro-4-[6-(4-fluoro-phenyl)-2-(3-(R)-methyl-morpholin-4-yl)-pyrimidin-4-yi]-3-
methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-carboxylic acid methyl ester
F

To a cooled (5°C) and well stirred mixture of 6'-amino-3'-chloro-4-{6-(4-fluoro-phenyl)-
2-(3-(R)-methyl-morpholin-4-y1)-pyrimidin-4-yl}-3-methyl-3,4,5,6-tetrahydro-2H-
{1,2"bipyrazinyl-5'-carboxylic acid methyl ester (10 g) in 48% HBr (75 mL) and glacial acetic acid
(120 mL), add a solution (16 mL) of brominé in acetic acid (6:1) over a period of 45 min. To this
mixture add a solution of NaNO; (8.3g) in water (18 mL) while maintaining the temperature below
8°C. After the addition is complete, stir the mixture for 30 min and then destroy the excess
bromine by adding 100 mL of 30% NaHSOs;. Neutralize the solution to pH 8 by the dropwise
addition of 20% NaOH and then extract with EtOAc. Wash the organic extracts with dilute
NH,OH, dry (Na,SQ,) and concentrate under reduced pressure to give the title compound.
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1H);

(m 2H);

11
(d,

routi ne nodifications,

st

| abel ed "I C so"

1H, J

1.98 (m 2H); 2.34 (s, 3H Ar-CH3); 2.91 (m 1H); 3.08 (m 1H); 3.

3.56 (m 2H); 3.74 (m 1H); 4.21 (m 1H); 4.35 (m 1H); 4.74
1); 6.57 (s, 1H); 7.26 (m 2H); 7.91 (d, 1HJ = 3Hz); 8.15 (m 2H);
99 WD 2006/ 026135 PCTI US2005/ 028969 EXANPLE 3 Addi ti onal

Representatlyg)gﬂﬂgW‘Futed Biaryl Pi er invl-Pyridine AnaPblUs¥e¥Epg

t he startlng materials may be varied and additional
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(m
8. 60

PSSP QYO0 B UG, OF sty SOTRONITS, B AV o Nl by SOBRRURES |1 st e

in Tabl es |

in Exanple 6 is | mcronolar or |ess. Mass spgctroscopy data (col um

| abeled "M5") in Table | is obtained as des ed above and is provided as
Mrl. Retention tinmes are presented in mn. le | Representative
Substituted Biarvl Pipgrazinxl-Pyridine Anal ojues Ret. M5 Conpound Name
[Cso Timwl F O ~ 2-{4-[6-(3-Chloro-4- f o-phenyl)-2 1 N

nmor pholin-4-yl- * 1.27 527.30 | pyrinigig4 1) "= 0 0 ~N ~"NN'I pi perazin-
| -yl) -nicotinic NJ ~O acid ethyl ANHE Sz 2-{4-[6-(3-Chl oro-4-
fluoro-phenyl)-2 2 1 N nDrphoIin 4y N\2114 | pyrimdin-4-yl] H2N

O CT ~NN piperazin-I-yl}- N ggoni dot gnam de & N F a -~

2-{4-[6-(3-Chloro-4- fluoro-pheny)-2 3 i N norpholin-4-yl- * 1.17 499.
: 0

Stir a solution of 6'-bromo-3'-chloro-4-[6-(4-fluoro-phenyl)-2-(3-(R)-methyl-morpholin-4-
yh)-pyrimidin-4-yl)-3-methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-carboxylic acid methyl
ester (3 g) in 100 mL of THF with 5% palladium on carbon (300 mg) under 1 atmosphere of
hydrogen gas for several days. Filter the mixture through celite and concentrate under reduced
pressure. Partition the residue between saturated NaHCO; solution and EtOAc. Dry (Na;SOy) the
organic layer and concentrate under reduced pressure. Purify using flash column chromatography

eluting with a gradient EtOAc/ hexanes solvent system to give the title compound.

3.3 LCh[Of'O"r"[ 6-(4-flucro-phenyl)-2-(3-methyl-morpholin-4-yl)-pyrimidin-4-yi]-3-(R)-methy-
3,4,5,6-tetrahydro-2H-{1,2']bipyrazinyl-5'-carboxylic acid
F

NJ\rN\) NN )
o

Stir a solution of  3'-chloro-4-{6-(4-fluoro-phenyl)-2-(3-(R)-methyl-morpholin-4-yl)-
pyrimidin-4-yt}-3-methyl-3,4,5,6-tetrahydro-2H-[1,2'|bipyrazinyl-5'-carboxylic acid methyl ester
(500 mg) in a mixture of 10% NaQH (6 mL) and EtOH (20 mL) at room temperature for 16 h.
Bring the mixture to pH 4 with 6 N HCI and extract the solution with EtOAc. Dry the organic

layer (Na;SO;) and concentrate under reduced pressure to give the title compound.
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pyrimdin4-yll- HO OCN ~N~N ) piperazin-l-yl}-nicotinic N~ ~Oacid : iN
100 WD 2006/ 026135 PCT/ US2005/ 028969 Ret. MS Conpound Name I Q@ Tim (MO F
~ O 4-{4-(3-Chloro-4-fluoro- phenyl)-6-[4-(3-nitro- 4 N
pyridin-2-yl}piperazin-1- * 1.26 500.27 NON ~NN yl]-pyrimdin-2-yl}- 120
mor phol i ne NWO 2086/¢3613- ( 3- Chl or 0- 4- f | uor o- phenyl ) - 6- [ 4- ( BCHEBI9$028%9] N
5-nitro-pyridih-2-yl)- * 1.26 512.36 ethyl NN

met hyl - pyrrpyrg @@6]{3-&“@@ Dfindrbhiei]-2- L&&ﬁdldﬁx@lnﬂx‘? l-v% 1rmd’uNl erazin-1-

[2-(6-(4-[6-(3-Chloro-4- "+ | Tl Uoro-phenyl’y-2-(2-"net hyl- pyrr0| In-1-yl) 6
IN / pyrini dilhpyimjdipe-5-earhoxylic acidanride ' -N ~NN6 \ pi perazin-1-yl)-5-nethyl N

pyridin3y|oxy) ethyl] dinethyl-amne iN/~0 | iNFCI ~

! 55 531 334 YR %m‘ifzu«m%m@"%%“%w L

I soni cot i ni gijaBbrdmopyNmidine
Cl

N
|/\N N )N:>
/[’\:1’
Heat a solution of 5-bromo-2-chicropyrimidine (Lancaster Chemicals, 565 mg), 4-(3-
chloro-4-fluorophenyf)-2-(2-methylpyrrolidin-1-yl)-6-piperazin-1-yl-pyrimidine (1000 mg), DIEA
(500 mg) and DMA (5 mL) at [10°C for 3 h under nitrogen. Dilute with EtOAc (15 mL), wash

with water (3 x 10 mL), dry (N2;SO,), and evaporate. Purify by silica gel chromatography, eluting
with 1:1 hexanes:EtOAc to provide the title compound.

2. 2-{4-f6-(3-Chloro-4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}-

pyrimidine-5-carbonitrile
F
Cl

o L
0]

Heat a mixture of 2-{4-[6-(3-chioro-4-flucrophenyl)-2-(2-methylpyrrolidin-1-yl)-
pyrimidin-4-yI)-piperazin-1-yi}-5-bromopyrimidine (478 mg) and CuCN (270 mg) in DMF at
150°C for 16 h in a round bottom flask that is open to the air. Let cool, dilute with EtOAc (15
mL), wash with water (3 :_c;!lO mL), dry (N2,S0,), and evaporate. Purify by silica gel
chromatography, eluting with 3:1 hexanes:EtOAc to provide the title compound.
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F ~ d 5-Chloro-6-(4-[6-(3- chloro-4-fluoro-phenyl)-

2-(2-nmethyl -pyrrolidin-1 8 1 yl)-pyrimdin-4-yl]-3- * 1.31 559.19 C N NN
(R) -met hyl - pi perazin-1 /NJ yl}-nicotinic acid nmethyl -0 TN ester 0 101 V\D
2006/ 026135 PCT/ US2005/ 028969 Ret. MS CoMound Nane |1 CU Te Mrl

5- Chl or o- 6- { XXQ ¥O¢HRSIBN| or 0- 4-f | uor o- phenyl )- r N 2-(2- ne?ﬁvpszﬂquﬁgl“?dl n I 9
1 1.27 545.17 C N~N~NYI)-PYrimdin 4-yl]-3 N (R} nethyl -pi perazin-| -

yl) - ni cot i ni M. agie[6HOFluordbhekIF2--(S)-methP-gohbise 1 S prithiintByli-8-(R)-methyl-

chl oro-4-f1l uoro- en )h|2 (2- rreth | -pyrrolidin-1- 10 i N 1.23 517.18 |
Y1) - PYri mi difEegE = razin-1-yl)-pyridin- /N J 3-yl}nethanol
HO, i rNF C (5-Chloro-6-{4-[6-(3- r chloro-4-fluoro-phenyl)-

2- (2- et hyl -1pWrt'r-@lciﬂfdir?fﬁr(}2-(5')1-r&etrflylfmﬂloliojih-)(-y{g}frﬁmﬁmﬁ n-4-yl]- * 1.16 530.23

ClﬁiNé

Dissolve 2,4,6-trichloropyrimidine (23.5 g, 0.13 mol) in anhydrous MeCH (220 mL), and
add solid sodium bicarbonate (28.3 g, 0.33 mol). Cool to 0°C and add 2-(S)-methylpyrrolidine (12

g, 0.14 mol) dropwise. Let stir at room temperature for 16 h. Filter off the excess sodium

bicarbonate, and evaporate under reduced pressure. Purify by SiO, flash chromatography, using
50:1 hexanes:EtOAc, increasing to 30:1 hexanes:EtOAc, to provide the title compound as a white
solid.

2. 4-Chloro-6-(3-chioro-4-fluorophenyl)-2-(2-(S)-methylpyrrolidin-1-yl) pyrimidine
F .

B
Ci N//l\l\:ﬁ

Heat a mixture of 4,6-dichloro-2-(2-(S)-methylpyrrolidin-1-yl)pyrimidine (2.25 g, 9.74
mmo}), 4-fluorophenyiboronic acid {10.23 mmol), Pd{(PPh,), (562 mg, 0.487 ‘mmol), and a ZM
potassium phosphate solution (9.74 mL) in dioxane (35 mL) under nitrogen at 80°C for 16 h.
Evaporate the mixture and add water (50 mL). Extract with EtOAc (3 x 50 mL), dry (Na,S04),
and evaporate. Purify by SiO; flash chromatography, eluting with 9:1 hexanes:EtOAc to provide

the title compound as an oil.

3. 1-(5-Bromo-3-chioro-pyridin-2-yl)-3-(R)-methyl-piperazine

Cl g\ NH
[ e
Br #N
Heat a solution of 2,5-dibromo-3-chloro-pyridine (Chontech Inc.) (2.0 g) and (R)-2-
methyl-piperazine (3.2 g, 31.9 mmol) in DMA at 130°C for 16 h. Partition the reaction mixture
between water and EtOAc. Wash the EtOAc layer with water (1%} and brine (1x), dry (Na;SOy)

and concentrate under reduced pressure to give the title compound as a solid.
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Cl ~N ~N~N, piperazin-l-yl)-pyridin- N 3-ylnethyl)-nethyl- H/ amne "INi N
FCA ~ GC(5-Chloro-6-{4-[6-(3- r chloro-4-fluoro-phenyl) 12 r N
2-(2-nethyl -pyrrolidin-1- * 1.15 516.20 yl)-pyrimdin-4- yI] Cl rN ~N~N

pi perazin- I-yI ridin &w N J 3-yl)-nmethylamne HpN F

(5- Chl or o- 6- {‘Yl ‘8%’@%61 ¥ chloro- 4-fluoro-phenyl) 2-(2- rret h&’FTW?q”M’%s?ﬁgn |- 13
I N/ yl)- pyr|n1d|n 4 yl]-3- * 1.25 531.21 CI N ~N~N,

20051026135 e CEPbert 3RS Pk e it e mk—%?ﬂﬁﬁww”@"zﬁ%
4-(3- Chloro4ﬁﬁm@b¥aWﬂpﬁﬁﬁyﬂ%wﬁmFﬂm(3 methyl - 14 IN 5-nitro-pyridin-2-yl) ~

1.26 555.26 N ~NN~ piperazin-l-yl]-2-(4 N )F propyl - pi perazin-1-yl)-
pyrimdine &NO2NF Cl ~ i 5-Chloro-6-{ -(3- chloro-4-fluoro-phenyl)-

SN
ci rJLN |N”I\N
NN

Br |/N

Heat a mixture of 4-chloro-6-(4-ﬂuoro—phéﬁjl)-2-(2—(8)-methyl—pyrrolidin-i—yl)-
pyrimidine (1.30 g, 4.44 mmol), 1-(5-bromo-3-chloro-pyridin-2-y1)-3-(R)-methyl-piperazine (1.2
g), and NaHCO; (0.71 g, 8.46 mmol) in EtOH at 50°C for 20 h. Concentrate under reduced
pressure and partition between EtOAc and brine. Dry the organic layer (Na;SO,) and concentrate
under reduced pressure. Purify the residue by flash column eluting with EtOAc-Hexanes (1:4) to

afford the title compound as a white solid.

5. 6-{4-{6-(4-Fluoro-phenyl)-2-(2-(S)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-
piperazin- [-yl}-5-chlora-nicotinonitrile

To a mixture of 4-[4-(5-bromo-3-chloro-pyridin-2-y1)-2%R)-methy)-piperazin-1-yl)-6-(4-
ﬂuoro—phenyl}2—(2—(8)~rﬂethyl-pyrrolidin-l—yl)—pyrimidine (700 mg) and Zn(CN), (94 mg) in
DMF, add Pd(PPhs), (77 mg, 0.067 mmol). Purge the reaction mixture for 10 min with dry N;.
Heat the stirring reaction mixture ovemnight at 80°C, cool to room temperature and partition
between water and EtOAc. Dry the solution (Na,SO,), concentrate under reduced pressure. Purify
the residue by flash column eluting with EtOAc-Hexanes (1:1) to afford the title compound as a

white solid.

6. 6-{4-{6-(4-Fluoro-phenyl)-2-(2-(S)-methyl-pyrrolidin-1-yl)-pyrimidin-4-ylj-3-(R)-methyl-

piperazin-1-yl}-5-chloro-nicotinic acid
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15 N 2-(2-methyl -pyrrolidin-1- 1.22 530.19 C1 N ~N4 N yl)-pyrimdin-4-yl]-
NJ piperazin-l-yl)- nicotinamde HZNI iNOF ~ C i (5-Chloro-6-{4-[6-(3-
chl oro-4-fl uoro-phenyl)- 16 N 2-(4-propyl-piperazin-1- 1.23 560.24 ~~N
Yl)-pyrimdin-4- l’giﬁ Cl /NI N J N Npiperazi -pyridin- 3-yl)-nethanol thanol
HO~ iNF C ‘%QE%P &3%6- { 4-[ 6- (3- N chl or o- 4- f | uor o- pheny P§T/US2005/028969

2- (4-propyl -pi perazin-1 17 1.26 574.19 C ~N WN yl) pyrimdin-4-yl]_

pi penzin-l-yl)-nicotinic HO N acid 0 103 WO 2006/ 026135 PCTI US2005/ 028969
Ret. M5 Conpound Name ICsn Te (Mtl) F _ C %-Chloro-6-[4-[643-

chl oro- 4-fl uoro-phenyl)- 2-(2-methyl-pyrroli | 18 yl)-pyrimdin-4-yl]-3-
* 1.33 573.22 C IN NN (R -nethyl-piperazins# N~ yl}-nicotinic acid ethyl

~O + N ester F
=N
cl (LN NA\NLJ>
N

l =
HO =N

0]
Heat a solution of 6-{4-[6-(4-fluoro-phenyl)-2-(2-(8)-methyl-pyrrolidin-1-yl)-pyrimidin-4-
yl]-3—(R)~methylapiperazin-l-yi}-5-chloro—nicotinor_1jgt3;j_h=§(100 mg) in 12 M HCI for 4 h at 90°C,
Concentrate the mixture under reduced pressure. Add a small amount of water, adjust the pH to 6-

7, and collect the resulting white precipitate to afford the title compound as an off-white solid,

1. 2-(5-chloro-6-((R)-4-(6-(3-chloro-4-fluorophenyl)-2-((R)-2-methylpyrrolidin-1
yDpyrimidin-d-yl)-3-methylpiperazin-1-yl)pyridin-3-yl)acetonitrile

Cl

NC I =N
The title compound is prepared from (5-chloro-6-((R)-4-(6-(3-chloro-4-fluorophenyl)-2-

((R)~2-methylpyrrolidin—l~yl)pyrimidin-4-y1)—3-methy!pipei;g(.in-1-yl)pyridin—3-yl)methanol using

a procedure analogous to that used in Example 1-Al.

2. 2-(5-chloro-6-((R)-4-(6-(3-chiora-4-fluorophenyl)-2-((R)-2-methylpyrrolidin-1-yl) pyrimidin-4-
yl)-3-methylpiperazin- 1-yl)pyridin-3-yl) acetaldehyde

Ct

SOADL
=N

I

Add a solution of diisobutylaluminum hydride (IM in hexane, 333pL) to a stirring
solution of 2-(5-chloro-6-((R)-4-(6-(3-chloro-4-fluorophenyl)-2~((R)-2-methylpyrrolidin-1-
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Cl (5-Chloro-6-{4-[6-(3- i chloro-4-fluoro-phenyl)-

2-(2-nmethyl -pyrrolidin-1- 19 NI yl)-pyrimdin-4-yl]- * 1.15 544.24 C ~N
~N~N6 /\ pi perazin- I-yI} pyridin- NJ ~~6 3-ylnethyl)- dinethyl amine ,N+ N
F ~G i 5-Chloro-6 %ﬁ- -(3- chloro-4-fluoro-phenyl)- i

2- (2- met hy! - pyP A OH! 20 1 29 545.20 Cl ~N ~N=N YI)- pyﬁil‘msaqwﬂwgﬂ] NJ
pi perazin-Il-yl}-nicotinic acid nethyl ester ,ON OF ~ C i

5- Chl or o- 6- gry rridisa- yQ@hﬁét@ylﬁipér&M[-?l‘)ﬂhﬁﬁ)&L yace’e&mNeZ((zB lﬂ%t hyb2 pimsIp! iadi n- | -
* 1.26 531.21, Cl ON ~ yé gyrl 8?99 g n-1-y %g nicotinic
acid NO - ﬂmh'emrﬁethmdt -8 aannest oL Y- "F‘Pu Vo S‘ﬂﬁ*& Vs ) eﬂe‘ i gopysiadeadd sy -

3-Ni tro-pyriethes- & Mh;)SOZEDHzO*anﬂ b o2 8. RIvhilb@yinping\ thd pragtivnh adixturd 1o/ kiabient( 2 N
met hyl - pyrrol i di

temperagxre lyiitgr “thd’ 1¥uxture g‘xlrcpuegh ctlel!}le \]i/gs%ing with DCM. Concentrate under reduced

pressure and use without further purification.

3. 2-(5-chloro-6-((R)-4-(6-(3-chloro-4-fluorophenyl)-2-((R)-2-methylpyrrolidin-1-yl)pyrimidin-4-
yi)-3-methylpiperazin-1-yDpyridin-3-yl)-N,N-dimethylethanamine

Cl

N
\N l =N
|

To a solution of 2-(5-chloro-6-{(R)-4-(6-(3-chloro-4-fluorophenyl)-2{((R)-2-
methylpyrrolidin-1-yl)pyrimidin-4-yl)-3-methylpiperazin-1-yl)pyridin-3-yl)acetaldehyde (64 mg,
0.118 mmol) in DCE, add dimethylamine (3.87M in THF, 40 plL) followed by 1 drop of HOAc.
Stir the mixture overnight,and then dilute with DCM and wash (2x) with 10% NaOH solution.
Concentrate under reduced pressure and add EtOAc, followed by a solution of HCI in ether.
Concentrate and triturate the hydrochloride salt with fresh EtOAc to afford the title compound. 'H
NMR (400 MHz, CDCl;): 81.31 (d, 3H, J= 6.23 Hz, CH,y), 1.39 {d, 3H, J = 6.6 Hz, CH3), 1.68
(rh, 1H), 1.91 (m, 1H), 2.05 (m, SH), 2.68 (s, 6H, N(CH;);), 2.9-3.1 {m, 4H), 3.65 (m, 1H), 3.63-
3.9 (m, 4H), 4.34 (m, 2H), 4.67 (br s, H), 6.20 (s, 1H), 7.18 (t, 1H), 7.55 (s, 1H), 7.88 (m, 1H),
8.06 (s, 2H). iy

4. 2-(5-chloro-G-((R)-4-(6-(3-chloro-4-fluorophenyl)-5-fluoro-2-((R)-2-methylpyrrolidin-1-
yDpyrimidin-4-yl)-3-methylpiperazin-1-pl) pyridin-3-yl)-N,N-dimethylethanamine

F
Cl

N
\.N l /N
|

To a solution of  2-(S-chloro-6-((R)-4-(6-(3-chloro-4-flucrophenyi)-2-((R)-2-
methylpyrrolidin-1-yl)pyrimidin-4-yl)-3-methylpiperazin-) 1 -yl)pyridin-3-y1)-N,N-
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WO 2006/ 026135 PCT/ US2005/ 028969 Ret. MS Comuound. Nanme ICsn Tim Mtl F Cl
5-Chl oro-6-{4-[6-(3- N chloro-4-fluoro-phenyl) 23 /~

2- (4 propyl pi perazin-1- * 1.32 602.26 C | NI NN) yl)-pyrimdin-4-yl] N
(, pi perazin-l-yl}-nicotinic |10 N acid ethyl ester f F ~ Cl i

5- ChI or 0- 6- { ¥q WOYBS1Ih| or o- 4- f | uor o- phenyl ) - N 2- (2- met EFUVBSFINHYI n- 1 24
| 1.24 544.19 C N~NNYl)-pyrrmdin 4-yl]-3 NJ (R)-nethyl-piperazin-1 -
HON yI '} - ni cQiddaaBiRamine Fo.08Y7 nan IicﬁsﬁléECTfFimeR@ aRy loj2s2- ( 2-
Do e AR R (36, 0 08 @l”o&f"ﬁmg{#a azin- |%|}-r?|)2§ot| ni ¢
~ acid HO "N lﬁe(a*sth@ﬁ‘}%tf"@ 361§°4C [f%' Y0mingip H’é‘i"b“’%ﬁéﬁ‘l&?‘g (roomdemperature,

et hyl - pyr r Qbicgitate, knd yd;ﬂtron*beﬂern E&ﬁﬂ&aﬁldkaﬁweu N80, 4alyhdrr ChncenlttatyiNder

pi perazin-|- é’é tes Y L Ny puntjy\l with Fladh chrgms toéra;gg A0 mbhd comlpyunﬁ

piperazin-1-v1}-5-methyl-nicotinic acid

1. 1-(5-Bromo-3-methyl-pyridin-2-yl)-3-(R)-methyl-piperazine

'é;@N NH
' =N N/

" Heat a solution of 2,5-dibromo-3-methyl-pyridine (Chontech Inc., Waterford, CT) (2.0 g,
7.97 mmol), (R)-2-methyl-piperazine (ChemPacific Corp., Baltimore, MD; 3.2 g, 31.9 mmol} in
DMA at 130°C for 16 h. Partition the reaction mixture between water and EtOAc. Wash the
EtOAc layer with water (1x) and brine (1), dry (Na;SOy) and concentrate under reduced pressure
to give 1-(5-bromo-3-methyl-pyridin-2-y1)-3(R)-methyl-piperazine as a solid.

2. 2,4-dichloro-6-(4-fluorophenyl) pyrimidine

A

Cl N™ “Cl

Dissolve 4-fluorobromobenzene (8.75 g, 0.05 moles) in anhydrous ether (80 mL) under
nitrogen atmosphere and cool to -78°C., A_t;igi dropwise 1.6 M n-BuLi (34 mL, 0.055 moles) and
stir at -78°C for 45 min. Dissolve 2,4-dichl<;roj3yrimidine (7.45 g, 0.05 moles) in Et,0 (100 mL)
and add dropwise to the reaction mixture. Warm the reaction mixture to -30°C and stir at this
temperature for 30 min followed by 0°C for 30 min. Quench the reaction mixture with AcOH
(3.15 mL, 0.055 moles) and water (0.5 mL, 0.027 moles) dissolved in THF (5.0 mL). Add
dropwise a THF (40 mL) solution of DDQ (11.9 g, 0.053 moles) to the reaction mixture. Bring the
reaction mixture to room temperature and stir at room temperature for 30 min. Cool the reaction
‘mixture to 0°C, add 3.0 N aq. NaOH (35 mL} and stir for 30 min. Decant the organic layer from
the reaction mixture and- wash the brown solid with Et;O (3 x 100 mL). Combine the organic
layers, wash several times with saturated NaCl solution and dry with MgSO,. Filter and evaporate
under vacuum to afford a brown colored solid. Purify by flash column chromatography using 5 %

EtOAc / hexane to afford the title product as a white solid.
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i 5-Chl oro-
* 1.28 539.

nicotinic acid ethyl ester 0 105 WO 2006/ 026135 PCT/ US2005/ 028969 Ret.
Conpound Na ‘FR TimM1 F i 5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2- N
1 GT5H05As509

pyrrolidin-

6-{4-[6-(4- fluoro-phenyl)-2-(2 i N nethyl-pyrrolidin-1-yl) 27 t
30 G M NNpyrimdin 4-Y']-3-(R) N % net hyl -pi perazin-1-yl}-

WYOEIS N ~N-Nt D pyrinidin-4-yl]-3-(R)- 1.38T45

nmet hyl - pi perazin-1-yl)- N,/ nicotinic acid ethyl ester N 0O F i

P i i R e e e

ni cotini c a&fwi4eyimding F | 5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2 N

pyrrolidin-
nmet yl - pi per

1-yi 30 1 1.22 497.25 nie - -yl CE N N N thy din-4-
azazininl-yl}- HO &N

=

‘ C. - Br I /N

B
AN Nél\Cl
NS
5
Heat a mixture of 2,4-dichloro-6-(4-fluoro-phenyl)-pyrimidine (6.0 g, 24.7 mmo), 1-(5-
« bromo-3-methyl-pyridin-2-yi)-3-(R)-methyi-piperazine (7.0g, 25.9 mmol) and K,CO; (6.3g, 49.4
mmol) in DMA at 60°C for 16 h, Partition the mixture between EtOAc and water, dry (Na,SOy)
the organic layer and concentrate under reduced pressure. Purify with flash silica gel column
eluting with 15% EtOAc/hexanes. Concentrate under reduced pressure to give the title compound.
4. 4-[4-(5-Bromo-3-methyl-pyridin-2-yl)-2-(R)-methyl-piperazin-1-yl]-6-(4-fluoro-phenyl)-2-(2-

(R}-methyl-pyrrolidin-1-yl)-pyrimidine
F

Br
Heat a mixture of 4-[4-(5:§;omo—3-methyl-pyridin-2—yl)-2~(R)-methyl—piperazin—1-yl]-2-
chloro-6-(4-fluoro-phenyl)-pyrimidine (7.7 g, 16.2 mmol), (R)-2-methylpyrrolidine hydrobromide
[prepared essentially as described by Nijhuis et. al. (1989) J. Org. Chem. 54(1):209] (3.5 g, 21.1
mmol) and KoCO; (5.1g, 37.3 mmol} in DMA at 110°C for 16 h. Partition the mixture between
EtOAc and water, dry (Na,SO;) the organic layer and concentrate under reduced pressure, Purify
with flash silica gel column eluting with 10% EtOAc/hexanes. Concentrate under reduced

pressure to give the title compound.
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nicotinic acid O F (5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2-(2- 31 N

met hyl -pyr olidin-l-yl)- + 1.21 497.28 pyrimdin-4-yl]-3-(R- C ~N NN

nmet hyl - pi perazin-1-yl}- /N J pyridin-3-yl)-methanol HO ~ ~~N F

(5-Chl oro-6- 14 [z fluoro-phenyl)-2- 32 N pyrrolidin-1-yl- * 1.19 483.26

\ | pyrimdin¥ W’}nﬁé”( R- C NN N "~ nethyl-pipenzin- PCHUS2005/A38969) /

pyri di n- 3-yl }rret hanol HO-~ ~ IN 106 WD 2006/ 026135 PCT/ US2005/ 028969 Ret.
M5 Co Mound

fl uor o- phenyJ\la Jné’ 11(‘%%@""#(#%‘%{%@(?% ’d’l"rf‘Jfl) 19}')'”‘ ”‘4%1}2? o N

~Npyri m di n-pipextzip-I3-Rnethil-nioetikopieeifsi per azin-1-yl)- nicotinamde HoN 1 ~N F

6-{4-[6-(4-Fluoro- phenyl)-2-(2-nmethyl- NI pyrrolidin-1-yl) 34 * 1.2 491.31

~N ~N~N, "\ pyrimdiu-4-yl]-3-(R) IN ~~6 net A - pi perazin-1-yl}-5-

met hyl -nicotinic acid HO~N 0

I
L b NC 2

To a mixture oi' '4;[4-(5—bromo—3—methyl—pyridin—?.—y!)—Z—(R)-mcthyl-piperazin—l-yl]-6-(4-
fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidine (700 mg, 1.33 mmol} and Zn{CN), (94
mg, 0.799 mmol) in DMF, add Pd(PPh;), (77 mg, 0.067 mmel). Purge the reaction mixture for 10
min with dry N,. Heat the stirring reaction mixture overnight at 80°C, cool to room temperature
and partition between water and EtOAc. Dry the solution (Na,S0,), concentrate under reduced
pressure. Purify the residue by flash column eluting with EtOAc-Hexanes (1:1) to afford the title
compound as a white solid.

6. 6-{4-[6-(4-Fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-

piperazin-1-yl}-5-methyl-nicotinic acid
F

HO,C

Heat a solution of 6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl}-
3~(R)-methyl-piperazin-1-yl}-5-methyl-nicotinonitrile (100 mg, 0.212 mmol) in 12 M HCI for 3
hours at 90°C. Concentrate the mixture under reduced pressure. Add a small amount of water,
adjust the pH to 6-7, and collect the resulting white precipitate to afford the title compound as a
off-white solid. 'H NMR (300 MHz, DMSO-dg): 5 1.24 (m, 6H, 2xCH3)); 1.61 (m, 1H,); 1.84 (m,
1H); 1.98 (m, 2H); 2.34 (s, 3H, Ar-CH;); 2.91 (m, 1H); 3.08 (m, 1H); 3.26 (m, 2H); 3.56 (m, ZH);
3.74 (m, 1H); 4.21 (m, 1H); 4.35 (m, 1H); 4.74 (m, 1H); 6.57 (s, 1H); 7.26 (m, 2H); 7.91 (d, 1H, J
= 3Hz); 8,15 (m, 2H): 8.60 (d, 1H, J = 3Hz). |
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5-Chl oro-6-{4-[6-(4-
~N~N pyrimdin-4-yl]-3-(R)-
PIt 6-{4-[6-(4-Fluoro-
rimdin-4-yl]-
f% "Pi’é13(54 Fl uoro- phenyl }2-(2-nethyl -
* 1.13 477 34 N N ~N, net hyl - pi perazin-1 -yl

20061026135 PCT/ US2005/ 028969
oro 6- {4 [ 6- (4-

F
0 36 rN
0 F
imdin-4-yl]-
| -pyridin-3-yl)-

3-(R) -

0- phenyl ) - 2- (&dditional |

fl uoro-phenyl)-2 i
- pi perazin-|-yi)-
phenyl) - 2-(2- met hyl -

N pi perazin-1-yl}-5-nethyl -
pyr r oPFHUAZIYREIO37 | N

N net hyl

net hanol
M5 Conpound Narne IC50 T| ms_+1

Mngyae

N pyrrolidin-1-yl

35 C r-I N
[ nicotinam de HpN ~
pyrrolidin-l-yl)- 1.18

nicotinic acid HO

}-5 N

employed to produce other compounds provided herein. Compounds listed in Tables I and I are

prepared using such methods. A "*" in the column labeled "ICs" in Table I indicates that the ICs

determined as described in Example 6 is | micromolar or less. Mass spectroscopy data (column

labeled "MS"} in Table I is obtained as described above and is provided as M+1. Retention times

are presented in min.

Table I

Rgprcsentatlve Substituted Biaryl Piperazinyl-Pyridine Analogues

Compound

. Name

2-{4-[6-(3-Chloro-4-
fluoro-phenyl)-2-
morpholin-4-yl-
pyrimidin-4-yl]-
piperazin-1-yl}-nicotinic
acid ethyl ester

2-{4-[6-(3-Chloro-4-
fluoro-phenyl)-2-
morpholin-4-yl-
pyrimidin-4-yl}-
piperazin-1-yl}-
nicotinamide

2-{4-[6-(3-Chloro-4-
fluoro-phenyl})-2-
morpholin-4-yl-
pyrimidin-4-y1}-
piperazin-1-yl}-nicotinic
acid ,.:
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MS
M+1

1.27 527.30

1.14
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1.17 49928



HO & N F i 5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2-(2- 40

met hyl -pyrolidin-1-y]) * 1.18 496.26 CI . rNN N pyrimdirr4-yl]- N

pi perazin-1l-yl)- nicotinamde H2ZN I ~N 5-Chloro-6-{3-(R)-

met hyl - methyl- N/ olidin-I1- 1 6 41 C rN ~N~N phe L31 52131
phenyl - pyrln’S"(‘J’H‘?ﬂﬁi‘Rﬂ:’f N piperazin-1-yl)-nicotinic ~O N %%ﬁ@foﬁwgester
5-Chloro-6-{4-[6-(5- ya C chloro-pyridin-3-yl)-2-(2- 42

methyl -pyrrolidin-l1-yl)- 1.34 556.28 ClI N pyrimdin-4-yl]-3reR) Y

nmet hyl -piper i l-este ~Orr INnicotinic acid ethyl ester Q.

5- Chl or 0- 6- { 4- [ 6- ( 2Loinpapndopy| - pyri di n- 4Nghg- 2- ( 2- rrethyLmyT‘g’OIﬂMih | - 43
A rNyNNN yl)-pyrimdgn-4-yl]-3- * 1.34 564.36 |

(R) -net hyl - pi perazin-1- yl) gster acid et hyI ~ N ester O 108 WO 2006/ 026135

PCT/ US20051028969 Ret. Compound Narre &535&]] ult\)/}%!- F

Z N
|

=N

phenyl)—ﬁ-[4 (3-n1u-o-
pyridin-2-yl)-piperazin-1-
yil-pyrimidin-2-y1}-
morpholine

4-(3-Chloro-4-fluoro-
phenyl)-6-[4-(3-methyl-
S-nitro-pyridin-2-yl)-
piperazin-1-yl}-2-(2-
methyl-pyrrolidin-1-yl}-
pyrimidine

[2-(6-{4-[6-(3-Chloro-4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yl)-
pyrimidin-4-yl]-
piperazin-1-yl}-5-methyl-
pyridin-3-yloxy)-ethyl}-
dimethyl-amine

3-Chloro-2-{4-[6-(3-
chloro-4-fluoro-phenyl)-
2-(2-methyl-pyrrolidin-1-
yl)-pyrimidin-4-yl}j-
piperazin-1-yl}-
isonicotinic acid

5-Chloro-6-{4-[6-(3-

_chloro-4-fluoro-phenyl)-
"2-(2-methyl-pyrrolidin-1-

yl)-pyrimidin-4-yl}-3-
(R)-methyl-piperazin-1-
yl}-nicotinic acid methyl
ester
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methyl - N pyrrolidin-1-yl) 44 1 1.17
R) N net hyl - pi perazin-1-yl}-5- HpN
(4 Fl uor o- phenyl) - 2- (2 met hyl - N

| 6-{4-[6-(4-Fluoro- phenyl)-2-(2-
490.34 N ~N~-N PYnmi din-4-yl]-3-(
met hyl -ni cotinamde ~ N F 6-{4-[6-
pynolidin-1-yl} 45 1.15 476.32 f'N'NIN Pyrimdin-4-y]]

pi per azi n-I-;W‘%z@ﬁ/Wéiﬁyl- icotinamide H2N&N n O |~ 5- cﬁCHP&Z"BSf!Fﬁ%(’R)

met hyl -4-[2-(2-nethyl- N/ pyrrolidin-1-yl)-6-m46 C ~N *N N, \ * 13 535. 30

J tolyl-pyrimdin-4-yl] | N piperazin-l-yl}-nicotinic ~ N aged e ester
Oi (5- Chlor06{3(R) met hyl - 4-[ 2- ( 2- met hyl - i prl‘l‘0|ldll?-rby 6471I
* 1.23 479.26 C ~SQmogund phenyl - pyri nmi damed-yl] NJ ICsq (M+1)

pi perazin-1 -yl }-pyridin- HO31:yI) nmet hanol &CN(5-C hl or o- 6- %3 (R) -

met hyl -4-[ 2-(2-met hyl - 48 pyrgol edin-1-yl)-6-m 1.25 493.27 71~a.
5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
cl N \N

2-(2-methyl-pyrrolidin-1-
N yl)-pyrimidin-4-yl]-3- 127 54507
(R)y-methyl-piperazin-1-
| yl}-nicotinic acid

HO =N
(5-Chloro-6-{4-[6-(3-
chioro-4-fluoro-phenyl)-
2-(2-methyl-pyrrolidin-1-
10 :’ JN\ y1)-pyrimidin-4-yl]- *  1.23 517.18
N N” N piperazin-1-yl}-pyridin-
N N 3-yl)-methanol
HO
(5-Chloro-6-{4-{6-(3-
chloro-4-fluoro-phenyl)-
2-(2-methyl-pyrrolidin-1-
11 Z N yl)-pyrimidin-4-yl]- * 116 530.23
N \N/”\N piperazin-1-yl}-pyridin-
N 3-ylmethyl)-methyl-
\/C( amine
C-(5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
‘ 2-(2-methyl-pyrrolidin-1-
12 : /':lu\ y1)-pyrimidin-4-yl]- 1.15 516.20
N™ N piperazin-1-yl}-pyridin-
3-yl)-methylamine

(5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
2-(2-methyl-pyrrolidin-1-
Z N yD-pyrimidin-4-yl}-3-
\N/”\bé (R)-methyl-piperazin-1-
yl}-pyridin-3-yl)-
methanol

*

13 1.25 531.21

e
P
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Cl N Nolyl-pyrimdin-4-yl]- N piperazin-l-yl}-pyridin- HO I 3-yl)-nethanol
i N 109 WD 2006/ 026135 PCTI US2005/ 028969 Ret. M5 COML20 d Nane 1050 Tine +1
NC 1 (5-Chloro-6-{4-[6-(5- chloro-pyridin-3-yl)-2-(2- N
met hyl -pyrrolidin-1-yl) 49 * 1.24 514.22 C N ~N~N PYruni di n-4-y|z]8-3-(R) N
net hyl - pi per & #HOFO3PI3S. / pyridin-3-yl)-methanol HO ~N t RNI/US20@5/028969
hl oro-6-{4-[6-(2- isopropyl-pyridin-4-yl)- 2-(2-nethyl-pyrrolidin-I 50
yl)-pyrimdin-4-yl]-3- 1.24 522.31 CI N N~ )-nethyl -pi peraziI&-tI NIS
yl}-pyridin-3-yl)- nethanol HO ~ ~N 5-Chloro-6-{3-(R)- .
met hyl - 4- [ 2- ( 2- met hyQommundol i din-1- 1 6NmEl Py y) * 1. ICs56E25mME1) N N N
tolyl-pyrimdin-4-yl] NJ pipefazin-l-yl}-nicotinic HO ~N aci & o
5-Chloro-6-{4-[6-(S- Chloro-pyriglin-3-yl)-2-(2- Y-JL, C 52 f
met hyl -pyrrolidin-1-yl)- * 528.20 C ~N N N pyrimdin-4-yll-34R) \ N~
met hyl - pi perazin-1-yl}- HO | i N~ N ni dd3-Chioro-finato-
phenyl)-6-[4-(3-methyl-

~ JN\ 5-nitro-pyridin-2-yl)- .
NN @ piperazin-1-y1}-2<4-

14 126 535.26

propyl-piperazin-1-yl)-
pyrimidine
OgN

" 5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
“N . 2-(2-methyl-pyrrolidin-1-
\N/lkN yD)-pyrimidin-4-y1]- PoL2z 53019
piperazin-1-yl}-
nicotinamide

15

(5-Chloro-6-{4-[6-(3-
chioro-4-fluoro-phenyl)-
“ N 2-(4-propyl-piperazin-1-
16 e ¥ 1.23 56024
\Nj\N’\ yl)-pyrimidin-4-yl]-

N piperazin-1-yl}-pyridin-
= \) K/N“/\ 3-yl)-methanol

5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-pheny!)-

| 2-(4-propyl-piperazin-1-
17 o N \NJ\N/\ yD-pyrimidin-4-yl}- f
N N LN~ piperazin-1-yl}-nicotinic
=N acid

1.26 574.19
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ON y Chloro-6-{4-[6-(2- 5 isopropyl-pyridin-4-yl)-

2-(2-methyl -pyrrolidin-1- 1.28 536.28 CI N NN yl)-pyrirnidin-4-yl]-3 NJ

(R) -met hyl - pi perazin-1- yl}-nicotinic acid HOiN O 110 WD 2006/ 026135

PCTI US2005102 % g M5 Conmpound Name 1C50 Tinme (Mtl) |~ r

5- Met hy! - 6- {4a'?)zz P28 et hyl -pyrrolidin-1-yl) 54 ~N ' N NEPCI/US2005/028969

6- phenyl - pyrlmdln 4- * 1.26 487.30 N aii nicotinnicc acid d ethyl hyl ~
ico ester ~Ol ~ NO 7-:11. 5-Methyl-6-{4-[2-(2- nethyl- yrng{ldMyl-yl)-
55 rN 6-mtolyl-pyrimdin-4- * 1.28 501. 31 NyI] pi perazin- IT}/A]]- nicotinic
acid ethyl ester 0 Udmgoind 5- Met hyl - 6- (4Nage(2 r N/ net&&L-pgrr@ﬂ_gln | -yl)
56 r*N 1NzN, 6-pyridin-4-yl-pyrgmdin- * 1.24 488.31 N

4-yl]-piperazin-1-yl)- nicotini £ ggid ethyl ester
5-Chloro-6-{4-{6-(3~
chloro-4-fluoro-phenyl)-
2-(2-methyl-pyrrolidin-1-
N \N N

18 yb)-pyrimidin-4-y}}-3- * 133 57322
(R)-methyl-piperazin-1-
yl}-nicotinic acid ethy!

\/O l N ’ gster
F
ai (5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
: 2-(2-methyl-pyrrolidin-1-
19 Z N yl)-pyrimidin-4-yl]- ¥ L15 54424
o (\N Sy ﬂ\N piperazin-1-yl}-pyridin-
N\/' 3-ylmethyl)}-dimethyl- -
] i = amine
N =N
F
Ci
5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
Z N 2-(2-methyl-pyrrolidin-1-
20 o ,/\N N /IKN yi-pyrimidin4-yl]- 1.29 545.20
N\) piperazin-1-yl}-nicotinic
P acid methy! ester
o) =N
O
F

Cl
-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
Z™N 2-(2-methyl-pyrrolidin-1-
21 N J\NL,-S yl)-pyrimidin-4-yl}- * 126 53121

cl N™ "N . . L
'\(\) piperazin-1-yl}-nicotinic
l = acid
HO =N
O
F

4-(3-Chloro-4-fluoro-
phenyl)-6-[4-(6-methoxy-

/ N o " . - . R B "
7 g é 3-nitro pyndm 2-y) £ 126 52821
N

NO NN piperazin-1-y1}-2-(2-
N : N(\\) met'hy.l-?yrrolidin-l-yl)-
f pyrimidine
=N
~
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4-[6-(2-1sopropyl- pyridin-4-yl)-2-(2-

ol n-1-yl) 57 ~ 1 .29 530.36 NI Npyrimdin-4-yl]- , N
pi perazin-1-y 5-methyl - nicotinic acid ethyl ester ~ O i NO
5-Met hyl -6-{3-(R)- r methyl-4-[2-(2-nmethyl- NI pYrrolldln 1- Y1(¥ 58 ~
~N 1.27 501. WO 20065 -pyrinmidin -4-yt] N pi perazin-1 -yl )RGHEBPSHRRI0 OI N
acid ethyl ester 0 111 WO 2006/ 026135 PCT/ US2005/ 028969 Ret. Ms Conpound
Nane 1C50 Tinme +1 thyl-6-{3-(R)- 5-Me nethyl-4-[2-(2- methyIRBt S
pyrrolidin-l-yl)6-m 7a. 59 NJ 1.29 515.32 tolyl- pyrlmdl yII\jI |1
pi perazin-1-yl}-ni cEpinppend-0 | N aci d etlfarhe est er N SLth (B B- (R)
met hyl -4-[2-(2-nmethyl- N/ pyerolidin-1-yl)-6

~Ol N ON vy 6-{
nmet hyl - pyrrol i di
1) -

5-Chloro-6-{4-[6-(3-
N chloro-4-fluoro-phenyl)-
1 2-(4-propyl-piperazin-1-
23 o N NJ\N/\ N g 132 60226
x N\) k/N piperazin-1-yI}-nicotinic
0 I/N acid ethy] ester

o
=

5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
Z™N 2-(2-methy)-pyrrolidin-1-
24 o (LN S y1)-pyrimidin-4-yl]-3- 124 54419
(R)-methyl-piperazin-1-
| yl}-nicotinamide
HzN =N

5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
~ N methyl-pyrrolidin-1-yl)}-
2 N ,'I\N pyrimidin-4-yl}- 123 49722
piperazin-1-yl}-nicotinic
{ = acid

F
(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yl)-
% : /lt pyrimidin-4-yl]- *o 12 48323
N °N i : .yt

piperazin-1-yl}-pyridin-
3-y1)-methanol

5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-

; N methyl-pyrrolidin-1-yl)-
27 al KLN N’“\N pyrimidin-4-yl}-3-(R)- 1.28 539.30
methyl-piperazin-1-yl}-
nicotinic acid ethyl ester
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60 ~N ~N ' Npyridin-4-yl-pyrimdin-4- *

yl ] - pi perazin-|-yl}
6-{4-[6-(2-1sopropy
pyr nni di n- 4-yl

, -0
| -

N nicotinic acid ethyl
pyridin-4-yl)-2-(2- 1

""1.26 502.32 NJ

ester

Ny

met hyl -pyrrolidin-1-yl) N

yl]-3-(R)- * 1.3 544.36 61 N N nethyl - pi perazin-1- -5- N
met hyl - ni cotWﬁi%“%’é‘?@s -~0 | Nethyl ester OF i 6-{4-[2"—‘35{"}?%?‘% %sggﬂ no-
6- (4-fluoro-phenyl) 62 IN pyrimdin-4-yl]-3-(R)- * 1.24 479. 30

nmet hyl - pi perazin-1-yl}-5 N nethyl -nicotinic acid

et hyl

r-iN N

esteretD N O

gU N46 (5-Methyl-6-{3-(R)- nethyl-4-[2-(2-nmethyl- pyrrolidinflgyl)-6 63 1.13

459. 31 N phenyl - py
iN 112 WD 2006( 026135 PCUYS20051028969 Ret.
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1N 1-y1 el Y. o-

HO |
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32
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N pi p

A
l =N
o)
F
E/EIN
ct (LN \N)\hd
N
l =N
F
L
cl (LN SN
N Q
| ~N
F
o

n-1-yl}-pyri

fluoro-phenyl)-2-
pyrrolidin-1-yl-
pyrimidin-4-y1]-3-(R)-
methyl-piperazin-1-yl}-
nicotinic acid ethyl ester

5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yi)-
pyrimidin-4-y1}-3-(R)-
methyl-piperazin-1-yi}-
nicotinic acid

5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-
pyrrolidin-1-yl-
pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-
nicotinic acid

(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yl)-
pyrimidin-4-yl1}-3-(R)-
ihethyl-piperazin-1-yl} -
pyridin-3-yl)-methano!l

(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-
pyrrolidin-1-yl-

pyrimidin-4-yl}-3-(R)-

methyl-piperazin-1-yl}-
pyridin-3-yl}-methano!
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=

5-Chloro-6-{4-[6-{4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yl)-
pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-
nicotinamide

1.2

6-{4-[6-(4-Fluoro-
phenyl)-2-(2-methyl-
pyrrolidin-1-yl)-
pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-5-
methyl-nicotinic acid

5-Chloro-6-{4-{6-(4-
fluoro-phenyl)-2-
pyrrolidin-1-yl-
pyrimidin-4-yi]-3-(R)-
methyl-piperazin-1-yl}-
nicotinamide

6-{4-[6-(4-Fluoro-
phenyl)-2-(2-methyi-
pyrrolidin-1-y1)- *
pyrimidin-4-y1]-
piperazin-1-yl}-5-methyl-
nicotinic acid

1.18

(6-{4-[6-(4-Fluoro-
phenyl)-2-(2-methyl-
pyrrolidin-1-yD)-
pyrimidin-4-y1]-3-(R)- *
methyl-piperazin-1-yl}-5-
methyl-pyridin-3-yl)-
methanol
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-6-13-(R) -
69 ~ N~ NN pyrrolidin-1-yl)-6-m
1.24 487.32 NJ piperazin-l-yl}-nicotinic
acid Methyl-6-{3-(R)- 5 nethyl-4-[2-(2-nethyl -

HO &~N

70 ~ INyN N/

-pyrimdin-4- * 1 ECTARR0BH2896¢

\ (5- Met hyl -

6-f4-p-(2- 71 /

"NANN, yl]- plpera2|ﬂetl-le§ ~/N J

t hyl -
yrim d| n- 4-

iﬁ?ﬁﬁk

methyi-pyrrohdm- -yD-
pyrimidin-4-yl1}-
piperazin-1-y1}-pyridin-
3-yl}-acetic acid

5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yI)-
pyrimidin-4-yl}-
piperazin-1-yl}-
nicotinamide

5-Chloro-6-{3-(R)-
methyl-4-[2-(2-methyl-
pyrrolidin-1-ylI)-6-
phenyl-pyrimidin-4-yl}-
piperazin-1-yl}-nicotinic
acid ethyl ester

5-Chloro-6-{4-[6(5-
chloro-pyridin-3-y[}-2-(2-
methyl-pyrrolidin-1-yl)-
pyrimidin-4-y1}-3-(R)-
methyl-piperazin-1-yi}-
nicotinic acid ethy! ester

5-Chloro-6-{4-[6-(2-
isopropyl-pyridin-4-yl)-
2-(2-methyl-pyrrolidin-1-
yl)-pyrimidin-4-yl]-3-
(R)-methyl-piperazin-1-
yl}-nicotinic acid ethyl
ester
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1.34 556.28
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5- Met hyl - 6-{4- [ 2- (2-
S1F) 75 rN IN6 6- phenyl - pyri mi di n- 4- *PCI/RS20892899 N
6-{4-[2-(2- N/
x 1.22 473.29 N

pyri m di n-4-
i N'N 5- Mt hyl - 6- { 4572- (%%
n-4-yl - pyri '

6-{4-[6-(4-Fluoro-
phenyl)-2-(2-methyl-
pyrrolidin-1-yl)-
pyrimidin-4-y1]-3-(R)-
methyl-piperazin-1-y1}-5-
methyl-nicotinamide

6-{4-[6-(4-Fluoro-
phenyl)-2-(2-methyl-
pyrrolidin-1-y1)-
pyrimidin-4-yl]-
piperazin-1-yl}-5-methyl-
nicotinamide

5-Chloro-6-{3-(R)-
methyl-4-[2-(2-methyl-
pyrrolidin-1-yi)-6-m-
tolyl-pyrimidin-4-yl]-
piperazin-1-yl}-nicotinic
acid ethyl ester

(5-Chloro-6-{3-(R)-
methyl-4-[2-(2-methyl-
pyrrolidin-1-y1)-6-
phenyl-pyrimidin-4-yl]-
piperazin-1-y1}-pyridin-
3-yD)-methanol

(5-Chloro-6-{3-(R)-
methyl-4-{2-(2-methyl-
pyrrolidin-1-yl)}-6-m-
tolyl-pyrimidin-4-yl}-
piperazin-1-yl}-pyridin-
3-yl)-methanol
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adme (M+1y 460. 29

pyrrolidin-]-y])-

1.17 490.34

1.15 476.32

1.3 53530

1.23 479.26

125 49327



N N N pyrimdin-4-yl] N piperazin-I|-yl)-5-nethyl-
chl or o- 4-f | uor o- phenyl ) -
pyrimdin-4-yl]-3-(R)- * 1.34 490.17 Cl

2Ny 6 (ATeRghatg

met hyl -pyrrolidin-l-yl)- * 1.24 516.35 N
nmet hyl - pi perazin-1-yl}-5- nethyl-nicotinic acid HO & N 0 Fg,
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~N O 5-Atithyl-6-{3-(R)-
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52
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4-fl uoro- pherw

- pi_peqazin-| -
thyl -4-12-(
e

/!N
A
N\
I/
Z N

79 1
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e 81 1 pyrimgi
N | nethyt=

< 5.
(g-Ch oiobé’-l{&-[é?(ls'- din-1-

chloro-pyridin-3-y1)-2-(2-
methyl-pyrrolidin-1-yb)-
pyrimidin-4-yI]-3-(R)-
methyl-piperazin-1-yl}-
pyridin-3-yl)-methanol

n-
[

(5-Chloro-6-{4-[6-(2-
isopropyl-pyridin-4-y1)-
2-(2-methy}-pyrrolidin-1-
yD)-pyrimidin-4-yl]-3- *
(R)-methyl-piperazin-1-
yl}-pyridin-3-y1)-

methanol

5-Chloro-6-{3-(R)-
methyl-4-[2-(2-methy!-
pyrrolidin-1-y1)-6-m-
tolyl-pyrimidin-4-yl]-
piperazin-1-yl}-nicotinic
acid

*

3-Chloro-6-{4-[6-(5-
chloro-pyridin-3-y1)-2-(2-
methyl-pyrrolidin-1-y1)-
pyrimidin-4-y1]-3-(R)-
methyl-piperazin-1-yl}-
nicotinic acid

*

5-Chloro-6-{4-[6-(2-
isopropyl-pyridin-4-y1)-
2-(2-methyl-pyrrolidin-1-
y)-pyrimidin-4-yl]-3-
(R)-methyl-piperazin-1-
yl}-nicotinic acid
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nicotinic acid ethyl
135 PCT/ US2005/ 028969 Ret.
pyridin-4-yl)-2-(2- 80

nicotinic acid HO~ ~N 0

ester

M5 om ound Nane ICtn Time
PCT/US2005/028969

N N pyrimdin-4-yl]-3-(R)-

N

T (R
‘@#ﬁ%acid HO

1

1.24 51422

1.24 522.31

1.27 507.25

1.28 528.20

128 536.28
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6-[4-(2-Di nmet hyl am pno- N 6-pyridin-4-yl-pyrimdin 85 rl y
4-y|)-3-02)rrethy|-@—!@%ﬂan U337 26 N | pi%ﬂﬁzmlyl] 5- yime EDt i nani de
HZN ~N O F CI 5-Chl oro-6-{4-] 3- ~. chl oro-4-f|uoro-pheny|) 86 1 1
pyrimdin-4-yl]-3-(R- * 1.2 1.117 d N N methé -pi perazin-1-yl} N

ni cot i nam de \ 5-Methyl-6-{4-[2-
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N \) d yl)-piperazin-1-yl}-
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WA

5-Methyl-6-{4-[2-(2-

= IN methyl-pyrrolidin-1-y1)-
55 " \Nk,\é 6-m-tolyl-pyrimidin4-  * 128 50131
yi]-piperazin-1-yl}-
nicotinie acid ethy! ester

5-Methyl-6-{4-[2-(2-

methyl-pyrrolidin-1-y1)- ‘

56 NS 6-pyridin-4-yl-pyrimidin-  * 124 48831
4-yl]-piperazin-1-yl}-

nicotinic acid ethyl ester

/

= 6-{4-[6-(2-Isopropyl-
pyridin-4-y1)-2-(2-
methyl-pysrolidin-1-yl)-
pyrimidin-4-yl]-
piperazin-1-yl}-5-methy!-
nicotinic acid ethyl ester

57 1.29 530.36
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5-Methy!-6-{3-(R)-
N methyl-4-[2-(2-methyl-
pyrrolidin-1-yl)-6-
phenyl-pyrimidin-4-yi]-
piperazin-1-y1}-nicotinic
acid ethy! ester
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(5-Methyl-6-{3-(R)-
methyl-4-[2-(2-methyl-
Z N pyrrolidin-1-y1)-6- .
N S ﬂ\N phenyl-pyrimidin-4-y1}- 1.13 45931
piperazin-1-y1}-pyridin-
3-yl)-methanol
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2-(S) - met Byety-py3@L i din-1-yl) 99 1.24 491.31

methyl-4-[2-(2-methyl-
pyrrolidin-1-y1)-6-m-
tolyl-pyrimidin-4-yI]-
piperazin-1-yl}-nicotinic
acid

5-Methyl-6-{3-(R)-
methyl-4-[2-(2-methyl-
pyrrolidin-1-y1)-6-
pyridin-4-yl-pyrimidin-4-
yl}-piperazin-1-yl}-
nicotinic acid

(5-Methyl-6-{4-[2-(2-
methyl-pyrrolidin-1-yl)-
6-phenyl-pyrimidin-4-
yli]-piperazin-1-yl}-
pyridin-3-yl)-methanol

(5-Methyl-6-{4-[2~(2-
methyl-pyrrolidin-1-yl)-
6-m-tolyl-pyrimidin-4-
yi]-piperazin-1-yl}-
pyridin-3-yl}-methanol

(5-Methyl-6-{4-[2-(2-
methyl-pyrrolidin-1-yI)-
6-pyridin-4-yl-pyrimidin-
4-yl]-piperazin-1-yl}-
pyridin-3-yl)-methanol

(6-{4-[6-(2-Isopropyl-
pyridin-4-yl)-2-(2-
methyl-pyrrolidin-1-y1)-
pyrimidin-4-yl]-
piperazin-1-yl}-5-methyl-
pyridin-3-yl)-methanol
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5-Methyl-6-{4-[2-(2-
methyl-pyrrolidin-1-yl)-
6-pyridin-4-yl-pyrimidin-
4-yl}-piperazin-1-yl}-
nicotinic acid

6-{4-[6~(2-Isopropyl-
pyridin-4-yl)-2-(2-
methyl-pyrrolidin-1-yl)-
pyrimidin-4-yl]-
piperazin-1-yl}-5-methyl-
nicotinic acid

5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
pyrimidin-4-yl]-3«(R)-
methyl-piperazin-1-yl}-
nicotinic acid ethyl ester

115

}'nicotinamde O F .~ Cl 5-Chloro-6-{4-[6-(3-
(R) - met hy!

1.2 459.29

1.22 47329

1.17 460.29

1.22 502.32

1.34 490.17



103 1 pyrrolidin-l-yi)- * 1.27 545.22 C N ~N N~ pyrimdin-4-yl]-3-(R NJ
nmet hyl - pi perazin-1-yl}- HOI N nicotinic acid F i 5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(3 -(R) IN nethyl-nmorpholin-4-yl} 104 * 1.21 527.29 C rlIN
~NKN') pY~idin-4-yl n-1 NOnmethyl a az iyl }- ~nicotinic c acid HO~ iN O
120 WO 2006/%2 26085T| US2005/ 028969 Ret. MS Conpound NEREUSTMEHOPete Myl F
(6-{4-[6-(4-Fluoro- i phenyl)-2-(2-(R)-nmethyl- pyrrolidin-l-yl) 105 N
pyrimdin-4-yl]-3-(R- * 1.12 505. 35

D net hyl - pyri di n- BQQHAP_-OLme acetic acidy

(4-fluoro-phenyl)-2- N nmet hyl - pyrrolrrdin-1-yl)-
N pyrimdi.n-4-yl] piperazin-INg -5-nmet hyl - |
] ~Z
=N
(LN \N/'K,ES pyrimidin-4-yl}-3-(R)-
S

30

81

82

83

84

HO =N

6-{4-[6-(2-Isopropyl-
pyridin-4-y1)-2-(2-
methyl-pyrrolidin-1-yI)-

methyl-piperazin-1-yl}-5-
methyl-nicotinic acid

6-{4-[2-Dimethylamino-
6-(4-fluoro-phenyl)-
pyrimidin-4-yl}-3-(R)-
methyl-piperazin-1-yl}-5-
methyl-nicotinic acid

5-Methyl-6-{3-(R)-
methyl-4-[2-(2-methyl-
pyrrolidin-1-yI)-6-
phenyl-pyrimidin-4-yl]-
piperazin-i-yl}-
nicotinamide

6-{4-[2-Dimethylamino-
6~(4-fluoro-phenyl)-
pyrimidin-4-y1]-3-(R)-
methyl-piperazin-1-yl}-5-
methyl-nicotinamide

6-[4-(2-Dimethylamino-
6-phenyl-pyrimidin-4-
y1)-3-(R)-methyl-
piperazin-1-yl]-5-methyl-
nicotinamide

116

| ~NF i M
*

+*

~N N ) It nethyl-piper&t.n-1ysyl }-5 %,
chigy QEyh)- 6-{4- [ 6-

~iN OF

.17 516.
ni coti nam de

HN-/

1.24 516.35

1.18 451.27

1.18 472,30

1.14 45029

1.13 432.25



N-cycl obutyl - 6-{4-[6-(4- fluorophenyl)-2-(2- 107 N nethylpyrrolidin-l- 1.2
530.39 ON N, kN6 yl)pynm din-4 N yl]piperazin-1-yl}-5- HN N

met hyl nicotinamide O F i N-Cyclopentyl-6-{4-[6- (4-fluoro-phenyl)-2-(2
108~ nethyl-pyrrolidin-1-y]) * 1.22 544.41 N ~N N pyrimdin-4-yl] N

pi per azi n- 1 WP J00g0%d35hy| - nicotinamide HN ~N O F i PCT/US2005/028969
6-{4-[6-(4-fluorophenyl)- 2-(2-nethylpyrrolidin-I- 109 N yl)pyrimdin-4 |
1,17 534,39 ~o0 N ~N=-N Yl ]piperazin-l-yl}-N-(2 NJ methoxyet gyl }

met hyl ni coti nam de~ HN | ~N 0 121 WO 2006/ 026135 PCT/ US2005/.02 % Ret. MS
Conpound Nane |Ccnc%°—P‘L“§ +1,F i 6-{4- JE'A-—%4-fI uor ophe% _Adme

2-(2-methylpyrrolidin- | - Ypyrimdin-4 109 1.17 534.39 ~0 ~N ~N "N
yl ] pi perazin-1-yl}-N-(2 NJ oxyet hylg -5- met hyl nj cotinam de HN ~N
-[4-(2-Dimethylamino-
Z~N 6-pyridin-4-yl-pyrimidin-
85 (LN N 4-y)-3-(R)-methyl- * 11 43326
N\) | piperazin-1-yl]-5-methyl-
| nicotinamide
HaN =N
O
F
cl

5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-

86 B pyrimidind-yJ-3-R)-  * 122 46111
ct N” "N methyl-piperazin-1-yl}-
N N_ : nicotinamide
HaN | =N
O
.o 5-Methyl-6-{4-[2-(2-
N methyl-pyrrolidin-1-yl)-
57 |/\ N \NJ\N 6-phenyl-pyrimidin-4- *  1.17 458.28
N \) yl]-piperazin-1-yi}-
[ nicotinamide
HalN =N
0

5-Methyl-6-{4-[2-(2-
methyl-pyrrolidin-1-yl)-

Z N
88 (\N \N/Ik@ 6-m-tolyl-pyrimidin-4- ¥ 1.19 47230
(N yl}-piperazin-1-y1}-
1 nicotinamide
HaN =N
N\
l =
5-Methyl-6-{4-[2-(2-
=N methyl-pyrrolidin-1-y1)-
89 NS 6-pyridin-4-yl-pyrimidin- *  1.14 459.30
N\) 4-yl]-piperazin-1-yl}-
| = nicotinamide
HaN =N
o
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OF i 6-{4-[6-(4-fluorophenyl)- 2-(2-nmethylpyrrolidin-I- 110 I N
yl)pyrimdin-4 1 1.18 548.40 O~-HN X ~N ~N~N Yl ] pi perazin-1-yl}-N-(3 N

met hoxypr opyl ) - 5- et hyl ni cotinamde | O O N 6-(4-[6-(4-fluorophenyl)- N=
\ 2-(2-nethy “%{0%9426‘%n HN ~N N yl)pyrimdin-4 111 yl ] pi perazin-1-yl)-5- *
1. 18 560. 41 0 (tetrahydrofuran-2 yl nethyl) ni coMGTAESPUO289 F |
N-(3- ethoxypropyl) 6-{4- \ [6-(4-fluorophenyl)-2-(2 112 N

methryl pyrrolidin-1- 1.2 562 O~HN N 1, N-N yl)pyrim di n-4-gret43p

yl ] pi perazin-I-yl} yl ni coti nam d§g, e “N'NJ O 0 4-16-(4- N
] NHN T/ NN-=\ Qhenyl) 2-(2- Jr‘i?—mathw pyrrol %{ﬂn ‘J’rrlg—gl 22 568. 40

yl)pyrimdin-4- yl]piperazin-l-yl}-5- nmethylnicotinamde F 122 WO
2006/ 026135 PCT/ US2005/ 028969/ Ret. My 6-{4-[6-(2-Isopropyl-

pyridin-4-yl}-2-(2-

methyl-pyrrolidin-1-yl)-
S 'b pyrimidin-4-y1]- 1.19 501.33

piperazin-1-yl}-5-methyl-
nicotinamide

%

90

6-{4-[6-(4-fluorophenyl)-

' 2-(2-methylpyrrolidin-1-
91 N yDpyrimidin-4-
o

EN yllpiperazin-1-y1}-5-
@ N methylpyndme.g,_
N

carboximidamide

h 5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(R)-
92 : ﬂN\ ' methybpymolidin-1-yly o 54 40796

al N7 SN pyrimidin-4-yi]-
N\) /\:> piperazin-1-y{}-nicotinic
acid

F
{5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(R)-
93 2N methylpyrolidin-1-yly & |99 51929
| .
ol
N

1.12 238.15

pyrimidin-4-yl}-

¢l N N piperazin-1-yl}-pyridin-
o AN 3-yl)-acetic acid

5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(R)-
methyl-pyrrolidin-1-y1)-

N
Cl N N/”\/D pyrimidin-4-yl}-3-(R)-

94 125 511.24

methyl-piperazin-1-yl}-
nicotinic acid
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Compound Name ICso Tim M1 O -N N-(4-fluorobenzyl)-6-{4- j / ~ N

[ 6-(4-fluorophenyl)-2-(2- nmethylpyrolidin-1 114 yl)pyrimdin-4- 1.22 584. 40
/ yl]piperazin-1-yl)-5 F - nmethylnicotinamde F F
6-{4-[6-(4-fluorophenyl)- r N 2-(2-nmethyl pyrrolidin-1- yl)pyrimdin-4 115 ~N
"N yl ] pi per 2¥P AW N (4- 1.22 596.42 16 NI net hoxybeni’?ﬁ US2POFMPSA4]

met hyl nicotinamde O N[3- /--\ N( (dinethylamno)propyl] H~\N
6-{4-[6-(4-fluorophenyl) 116 2-(2-nmethyl pynrolidin-1- * 1.1RRp6InAE6 /
yl)pyrimdin-4 yl]p - 1-yl)-5- -t~ et hyl ni coti ngri de- [
6-{4-[6-(4-fluor opﬁ?an -&]2- (2- met hyl perr%lEFi din-1- N y%y%ﬁ@ﬁ{%4 117
1.18 548.41 ~OrN ~W yl]pipgerazin-1-yl)-N(2- nmethoxy-I-nethylethyl) N J
5-met hyl ni coti nam de HN O WO 2006/ 026135 PCTI US2005/ 028969 Ret. M
Conpound Nanme lcn Ten +1 0 N 6-{4-[8'-{(42{6'9![‘;? TBphenyl ) N-

2-(2-methyl pyrrolidin-1- HN AN~ N ygmw- -Prmethyl

idin-1-y1)- *

> KLN \NJ\/;\D pyrimidin-4-yi]-3-(R)-

1.21 451.29

V405

\ N\) _methyl-p?per.az.in-l—'yl}-s-
| methyl-nicotinic acid
HC =N
0
5-Methyl-6-{3-(R)-
0 me%lyi#[z-(lz'c—i@{ 1) '
! methyl-pyrrolidin-1-yl)- .
96 H\N \NJ\/D o phonyLopysimidin 4. 121 47329
X NS yl]-piperazin-1-yl}-
HO | _N nicotinic acid

F
. Cl
2-{4-[6-(3-Chloro-4-
' fluoro-phenyl)-2-(2-
AN methyl-pyrrolidin-1-yl)-
97 N é pyrimidin-4-y1]- *1.22 497.26
N™ "N

(N piperazin-1-yi}-
NYN\) pyrimidine-5-carboxylic
HoN | _N acid amide
F
(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(R)-
methyl-pyrrolidin-1-yl)- *
28 : ﬂN\ pyrimidin-4-ylJ-3-(R)- 125 497.28
| N” N7 N methyl-piperazin-1-yl}-
N N\) pyridin-3-yl)-methanol
HO I =N
F
6-{4-[6-(4-Flucro-
phenyl)-2-(2-(S)-methyl-
N pyrrolidin-1-yI)- %
99 H\N S X, pyrimidin-4-yl]-3-R)- 124 49131
N\) Q methyl-piperazin-1-yl}-5-
I = o methyl-nicotinic acid
HO =N
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118 > yl ] piperazin-1-yl}-5- * 1.21 572.37 fr\-/{1 nethyl-N-(2- S
thienylnmethyl) nicotinamde F F N (2-ethoxyethyl)-6-{4-
[6-(4-f|uoropheny|) 2-(2- NJ nmethylpyrrolidin-1 N 1.18 548.41 119 ~0 ~N it
I\ Y1)PYr|md|n - LL// J yl]piperazin-1-yl}-5- nmethylnicotinamde HN . &CN

O 6-{4-[ 6- (MPPUEIWIMenyl ) - 2- (2-nmethyl pyrrolidin- |7 - yPEEHSASHASHL 120
yl ] pi perazin-1-yl}-5- * 1.2 558.38 nethyl-N-(2,2,2-

trifluoroethyl)ni cotinam' de O -N NN N-benzyl -6-{4-[6-(4- g,/

f1 uorophenyl) (2 yl pynol i di n-| 1\ yl)Pyrim 580. 43

yl ] pi perazin- I-yI}C met Ayl ni cot i Ngm namde F O N 4-( i—?lﬁme yl)-2-(2-

N_ net hyl pyrrolldln 1 yI) 6- [ CN 7 N {4-[3-nethyl - 5 122 (pyr rolidin-I- *
1.18 530.40 1-1 j ylcarbon yridin- 2. (}ﬂk]r@_E.RQJ’[@(ql n-1- yl}pyrimdine
fluoro-phenyl)-2-(2-(R)-
methyl-pyrrolidin-1-yl)-
100 oyrimidn Ay 3Ry | 125 50628
methyl-piperazin-1-yl}-
pyridin-3-yl)-acetonitrile

N/

(5-Chioro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(R)-
methyl-pyrrolidin-1-yl)- *
pyrimidin-4-yl1}-3-(R)-
methyl-piperazin-1-yl}-
pyridin-3-yl)-acetic acid

101 1.26 52529

HO

i\
/E A
5-Chloro-6-{4-[6-(3-
chloro-4-flucro-phenyl)- :
2-(2-(R)-methyl-
102 pyrrolidin-1-yl)- * 127 54429
?CI
ZN
Sy

pyrimidin-4-y1]-3-(R)-
methyl-piperazin-1-yl}-

HZN l _N nicotinamide

5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
2-(2-(R)-methyl-
pyrrolidin-1-yI)- * 127 54522
pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-y1}-

wo. M nicotinic acid

103

5.Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(3-(R)-
104 IN methyl-morpholin-4-yl}- *
o KLN \N)\Nf\ pyrimidin-4-y1}-3-(R)-
/’\/0 methyl-piperazin-1-y1}-
nicotinic acid

1.21 52729
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F 124 WD 2006/ 026135 PCUUS2005/ 028969 Ret. MsS Compound Nane |1 C50 Tim M1
-N ~/N 4-(4-fluorophenyl)-6-{4 \ / NNN\ (3-nethyl-5-(piperidin-I , N~/ \
i Nylcarbonyl)pyridin-2- , 123 \ | 1.2 544.42 LLLJJJ

yl j pi perazi ng,J- -2-(2- / \ methylpyrrolidin-1 yl)pyrimdine F o gN
4-[(6-{4-[6%§-M46b2ﬁ35fl uor ophenyl )-2-(2- /~N NN\ ~N mGHHBYAS09%6%i n- |
124 \ yl)pyrimdin-4- * 1.16 546.40 Q yl]piperazin-l-yl}-5-/\

met hYt Pyndi n-3 _ yl)carbonyl]norpholine F O N 4-(4-fluorophgaylpe6-(4- N-{
{3-nmethyl -5-[(4- NQomdpohhd\ met hyl pi perigin:l 125 (j \ ykjca n yridin-2-
* 1.23 558.44 Y yriprpefazi n-,J-y|)-2-(g'§"—‘[ﬂ7Q \ net hyl pyr#‘%ﬁgi TN
yl)Ypyrimdine F O 1-[(6-{4-[6-(4- ~~ fluorophenyl)-2-(2- \ N

met hyl pyrrolidin-1 126 f \ \ @ yl) pyr (6m% 'dﬁ'ﬁﬂx‘o' .22 558. 44

yl 1piperazin-1-yl}-5- / \ methst pyri di ”g?;f A8 %?gﬁ Yrazepane F
) - 2_(2pyrhnidin-4-y]]-3-(R)- * 1,12 50535

NN )D methy}-piperazin-1-y1}-5-

methyl-pyridin-3-yi)-
acetic acid

HO =N
F
N-Cyclopropyl-6-{4-[6-
(4-fluoro-phenyl)-2-(2-
“ "N methyl-pyrrolidin-1-yl)- -
106 (\N \N/,LN pyrxmldin—4-yl]- 1.17 516.38
' N piperazin-1-yl}-5-methy)-
P nicotinamide
HN =N
o)
F
N-cyclobutyl-6-{4-[6-(4-
fluorophenyl)-2-(2-
“ N methylpyrrolidin-1- .
107 |/\N \NJ\N yhpyrimidin-4- 1.2 53039
N\) yljpiperazin-1-y1}-5-
| = methylnicotinamide
HN =N
O
F
N-Cyclopentyl-6-{4-[6-
(4-fluoro-phenyl)-2-(2-
=N methyl-pyrrolidin-1-yI)- .
108 [/\N \N/”\Né pyrlmldm—4-yl]- 1.22 54441
piperazin-1-yl}-5-methyl-
Q ] = N\) nicotinamide
HN =N
Q
F
6-{4-[6-(4-fluorophenyl)-
2-(2-methylpyrrolidin-1-
= "N ylpyrimidin-4- .
109 \O (\N \NJ\N yl]piperazin_l_yl}_N_(z_ 117 534.39
NS methoxyethyl)-5-
, o methyicotinamide
HN =N
0]
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I/ N N\ methylpyrrolidin-1 127 -t/ N Yl )pYrimdin-4- * 1.19 562.38 S
yl ] pi perazin-1-yl}-5- nmethylpyridin-3 / yl)carbonyl]thionorpholi ne F 125
WD 2006/ 026135 PCT/ US2005/ 028969 Ret. MS Conpound Name 1C50 Te +1 O

4- (4-fluorophenyl)-6-(4- NN {3-nmethyl-5-[(2 ~4\ / NNN

met het hi perWei2efisi26138 ~/ N yl ) carbonyl ] pyri di n-2- * 122"§§§’.SZ1°4?5’°23969

yl ] pi perazin-1-yl)-2-(2- / \ nmethylpyrrolidin-I yl)pyrimdine F 0. -//
N-cycl ohexyl -6-{4-[6-(4- \ / N--\ N --\ fluorophenyl)-2-(2Ret~~ M

met hyl pyrrolidin-I 129 ()pYrimdin-4- 1.24 572.45 Y \ Tim

yl ] pi perazi n- | -yl ) Compowdnet hyl nicoti n@m@e F 0 -N ' IGs (M+1)
4-(4-fluorophenyl)-6-(4- 1 N~ 3-nmethyl-5-[(4 N~N\ /N pherWI pi peri di n-|
130 yl)carbonyl]pyridin-2- * 26 620. 48 yI)plpera2|n 1-yl)-2-(2- \

met hyl pyrrol i din- | yI)pyrirri F O 4 5oRhemy! ) - 8- (4- N aN
{3-nmethyl-5-[(4 N N N net hyl piyper azi n- I l}?{ghfull%};%)carbonyl]pytld| n- 2-
* 1.1 559.44 ~N/ yl)pi per azig1-yl)- % oy T

X /k yljpiperazin-1-yl}-N-(2-

109
methoxyethyl)-5-
methylnicotinamide

6-{4-[6-{4-fluorophenyl)-
2~(2-methylpyrrolidin-1-
1o | “N yDpyrimidin-4-
> NN b yllpiperazin-1-y1}-N-(3-
th 1)-5-
k B N methoxypropyl)-

methylnicotinamide

117 534,39

1.18 548.40

0 — @ 6-{4-[6-(4-fluorophenyl)-
T\ N 2-(2-methylpyrrolidin-1-
i \_/ '\-‘/N \ ‘;<N yDpyrimidin-4-

111 yl]piperazin-I-yl}-5- * 118  560.41
methyl-N-
0 (tetrahydrofuran-2-

ylmethyl)nicotinamide

F
0 N-(3-ethoxypropyl)-6-{4-
[6-(4-fluorophenyl)-2-(2-
\ =N methylpyrrolidin-1- .
1 o X ﬂ\N yDpyrimidin-4- 12 56243
ylipiperazin-1-yl}-5-
methylnicotinamide

A /=N ~ N ;{@ N-benzyl-6-{4-[6-(4-

i\ '\ﬁ/N N fiuorophenyl)-2-(2-

. methylpyrrolidin-1- * 122 566.40
\ yhpyrimidin-4-
yl]piperazin-1-yl}-5-

methylnicotinamide

n
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[\ methylpyrrolidin-l- yl)pyrimdine F F 4-(4-fluorophenyl)-6-[4-
(5-{[4-(2 nethoxyet hyl)piperazin- i N 1-yl]carbonyl)-3 132 1.11 603.48 O~ N
~ N ~N nmethyl pyridin-2 ( I J yl)piperazin-l1-yl]-2-(2- NN

met hyl pyrrolidin-1- ONiNyl)pyrimdine 0 126 WO 2006/ 026135

PCTI US2005/ W&88026838t . M5 Conpound /~ Name 1C50 T m +1 RFYUSHAMBEHBL 4. N N
cycl opentyl pi perazin-1- \ / NNz yl)( v \ carbonyl]-3 133 net hyl pyri di n- 2-
1.12 N- yl}piperazin-1-yl)-6-(4- 613.51 fluorophenyl)-2-(Retv M

met hyl pyrrolidin-1- F yl)pyrimdine O 4-(4-{5-[(4- N _ N ac | pi perazin-1I -
N NN N~ yI)carboanl’]&Q@m; -\ N nethylNsme¢din-2 134 N~IQag1§h¥S

yl } pi perazin-1-yl)-6-(4- o fluorophenyl)-2-(2 nethyl pyrrolicﬁn-l- F
yl)pyrimdine F 4-(4-fluorophenyl) (4- {3-nethyl-5-[(2- nethyl pyrrolidin-I
135 t yl)carbonyl] yri 4'13'-%4—ﬂuorobenzyl)—6-{4-

[6-(4-fluorophenyl)-2-(2-
methylpyrrolidin-1- .
yl)pyrimidin-4-
yl]piperazin-1-y1}-5-
methylnicotinamide

H

114 122 584.40

6-{4-[6-(4-fluoropheny!)-
2-(2-methylpyrrolidin-1-

i yl)pyrimidin-4- .
J\"[S yl]piperazin-1-yl}-N-(4- 122 596.42

115 ' (\ N
N™ °N
@ N N\/' methoxybenzyl)-5-
I methylnicotinamide

0 - Q N-[3-
/T N:( (dimethylamino)propyl]-

N 6-{4-[6-(4-fluorophenyl)-
2-(2-methylpyrrolidin-1- * 111 561.46
yl)pyrimidin-4-
yl]piperazin-1-yl}-5-

‘“V\ methylnicotinamide

=

6-{4-[6-(4-fluorophenyl)-
2-(2-methylpyrrolidin-1-
yhpyrimidin-4-

,\é yl]piperazin-1-yl}-N-(2-

1.18 548.41

methoxy-1-methylethyl)-
5-methylnicotinamide
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fl~ NNNyl}piperazin-1-yl)-2-(2 /N nei hylpdin-1- I ~N yl)pyrimdineidine
O ONNIJ[2 N\ (dinethylar iino)ethyl]-6- -N\~A/ IN\ %
{4-[6-(4-fluorophenyl)-2 136 > (2-nethyl pyrrolidin-1- * 1.1 561. 46 C
yl)pyri mdin4- ~N- yl]piperazin-1-yl}-N, S dinethylnicotinam de N NT3
N~ \ " (di met WeI2806/06Bpr opyl |- -N ~N ~N 6- (4-[6- (4-fl uoromFéTﬁ‘grﬁz?"s’f%“?“)
2-(2-nmethyl pyrrolidin-1- * 1.11 575.48 vyl)pyrimdin-4-

yl ] pi perazin-1-yl}-N,S N\ - dinetlrylnicotinamde F 127 V‘l&-tZOQﬁ[SOZGlSS
PCT/ US2005/ 028969 Ret. N5 Conmpound Nanme 1C5n Ti e m (Mtl) T

6-{4- [ 6- (4-f 1 uor opeERRRIND _ (2_ et hyl pyrNaRe di n- | - yI)pleéma'Tl M+138 \ t
yl ] pi perazin-1-yi}-NS- * 1.11 573.47 ~Np ~N N N di net hyl - N-(T- [ NJ nme dn- 3-
~N ~~ N yl }nicotinam icotinam de 1-[(6-{4-[6-(4- fluorophenyl)-2-(2-
met hyl pyrrolidin- -pyrl m di n- 4N389 6(4-[B-@ehemplengdl)-yl } -5- * 1.1 573.47
td rN ~N N net hyl py i N=( 2-(2-methylpyrrolidin-1-

H ylpyrimidin-4-

ylipiperazin-1-yl}-5- ¥ 121 57237
methyl-N-(2-

thienylmethyl)

nicotinamide

118

N-(2~ethoxyethyl)-6-{4-
' [6-(4-fluorophenyl)-2-(2-
: N methylpyrrolidin-1- .
P 0 (N NJ\N yD)pyrimidin-4- 118 54841
N \/l yl]piperazin-1-yl}-5- .
H | = : methylnicotinamide
HN

6-{4-[6-(4-fluorophenyl)-
2-(2-methylpyrrolidin-1-
: yDpyrimidin-4-

120 yl]piperazin-1-yi}-5- * 12 558.38
methyl-N-(2,2,2- '
trifluoroethyl)nicotinami
de

N-benzyi-6-{4-[6-(4-
fluorophenyl)-2-(2-
methylpyrrolidin-1- € 12
yD)pyrimidin-4- ‘ '
yllpiperazin-1-yl}-N,5-
dimethylnicotinamide

580.43

4-(4-fluorophenyl)-2-(2-
methylpyrrolidin-1-yl)-6-

{4-[3-methyl-5-

(pyrrolidin-1- ¥ 118  530.40
ylcarbonyl)pyridin-2-

yljpiperazin-1-

. yl}pyrimidine
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I honyl]- tN N dinet dinethyl pyrroUdi

oCGdi n-3- NJ am ne

0 F

N-{1-[(6-{4-[6-(4- fluorophenyl)-2-(2- N nethylpyrrolidin-I- [ |

yl)pyrimdin-4 140 ~N ~N, yl]piperazin-1-yl}-5-
N , N yl)carbonyl]pyrrolidin-3- yl}
4- (4-f1 uor oPREPREOPLIBS (4- {5-[ (4- met hoxypi peridin- 1-yl)
met hyl pyridin-2- * 1.18 574.45

met hyl pyridin-3 1) t

met hyl p din-1-

PCT/ US2005/ 028969 Ret .
di f1 uoropi peri di n-3Qnx

N, d,

r-'"-~N NNyl }piperazin-l-yl)-2-(2 ONJ
TN Y1) PYrim dineidine 0 128 WO 2006/ 06135458
M5 Conpound Name | C50 Tina Ml F Ap(4-{5-1(4,4- i
arbonyl j -3 14Nameret hyl pyri di llze 1

1.15 567.45 NH NJ N

?@&@M?%&Z 1

.41

r'N

~N~N yl } pi perazin-1-yl)-6-(4 F NJ fluorophenyl)-2-(2- F nethylpyrrolidin-I-
N & N yl)pyrimdine F
Q

N

4-(4-fluorophenyl)-6-{4-
[3-methyl-5~(piperidin-1-
ylcarbonyl)pyridin-2-
yljpiperazin-1-yi}-2-(2-
methylpyrrolidin-1-
ylpyrimidine

4-[(6-{4-[6-(4-

. fluorophenyl)-2-(2-

methylpyrrolidin-1-
yDpyrimidin-4-
yllpiperazin-1-y1}-5-
methylpyridin-3-
yl)carbonyl]morpholine

4-(4-fluorophenyl)-6-(4-
{3-methyl-5-[(4-
methylpiperidin-1-
ylecarbonyljpyridin-2-
yl}piperazin-1-yl1)-2-(2-
methylpyrrolidin-1-
yDpyrimidine

1-[(6-{4-[6-(4-
fluorophenyl)-2-(2-
methylpyrrolidin-1-
yDpyrimidin-4-
yllpiperazin-1-yl}-5-
methylpyridin-3-
yl)carbonyl]azepane

4-[(6-{4-[6-(4-
flucrophenyl)-2-(2-
methylpyrrolidin-1-
yl)pyrimidin-4-
yl]piperazin-1-y1}-5-
methylpyridin-3-
ylcarbonyl]thiomorpholi
ne

125

* 1.2 54442
* 116 546.40
¥ 1,23 55844
¥ 122 55844

1.19 562.38



I 5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2-(3-(R 143 nethyl - norpholin-4-yl)-
1.17 526.39 C J N ~~ pyrimdin-4-- -yl nethyl-piperazinazinlyl}- H2N
nicotinamde ~, NN OF ~ 6-{4- [6 (4-Fluoro- hen 1 P Y.)-2-(2- (R) rrethyl-
pyrrolidin-l1-yl)- 144 t pyrimdin-4-yl}-3-(R- * 1.18 491 40 r- |

net hyl - pi peWa2PI§/0261§ } - 5-° NJ et hyl - pyri di ne-2- N car bofﬁﬂ‘&szgﬂé{“éﬁf’@om F
6-{4-[6-(4-Fluoro- phenyl)-2-(2-(R)-nmethyl- pyrrolidin-1-yl) 145 N Nt
PYrimdin-4-yl}-3-(R- * 1.23 490.22 r-I nethyl-piperazin-ggyl }M%

net hyl - pyridine carboxylic acid amde CONH2 F "71 CI (5- @9l .oro-6-{4-[6-(3-
chl or o- 4-f | uor o- ph@enypdund2- ( 2- (R) - met hyNanjed6 i N pyrrollCdi n-f- yMED) * 1. 29
531.15 G Nopyrimdin-4-yl]-3-(R) jJ / methyl-piperazin-|-yl

pyridi n-3-yl)-nmethanol HO & N 129 WD 2006/ 026135 PCT/ US2005/ 028969 Ret. M5

Conmpound Nane | C%O Ti m (I\/|+1) 4-(4-fluorophenyl)-6-(4-
N _( {3-methyl-5-[(2-
@ \ / | methylpiperidin-1-
128 N yl)carbonyl]pyridin-2- * 122 558.44
yl} piperazin-1-y1)-2-(2-

Q methylpyrrolidin-1-
‘ yl)pyrimidine

N-cyclohexyl-6-{4-[6-(4-
fluorophenyl)-2-(2-
methylpyrrolidin-1- "
yDpyrimidin-4-
yllpiperazin-1-yi}-N,5-
dimethyInicotinamide

129 1.24 57245

4-(4-fluorophenyl)-6-(4-
{3-methyl-5-{(4-

N N/ L_/ phenylpiperidin-1-
130 yDearbonyl]pyridin-2- * 126 62048
yl} piperazin-1-y1)-2-(2-
: methylpyrrolidin-1-

yDpyrimidine

4-(4-fluorophenyl)-6-(4- -

{3-methyl-5-[(4-

methylpiperazin-1-

ylcarbonyl}pyridin-2- * 11 55044
yl}piperazin-1-yl)-2-(2-

methylpyrrolidin-1-

yl)pyrimidine

4-(4-fluorophenyl)-6-{4-
(5-{[4-(2-
methoxyethyl)piperazin-
2N 1-yllcarbonyl}-3- +
132 o N methylpyridin-2-
[ I(:, yD)piperazin-1-yl}-2-(2-

methylpyrrolidin-1-

ZN yhpyrimidine

111 603.43
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e F 2-(5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2-(2- i N

met hyl -pyrrolidin-l-yl) 147 * 1.28 511.26 CI ~N ~N~N~ pyrimdi n-4-yl]

pi perazin-l-yl}-pyridin- \ NJ 3-yl)-propan-2-ol HO ~ iNN F

1-(5-Chl oro-6-{4-[6-(4- fluoro-phenyl)-2-(2- i N nethyl-pyrrolidin-l-yl) 148
Cl N ~Npyri WORP9026435] - * 1.26 497.23 piperazin-l-yl}- frvTi"émPP-Sf@?s%?J 3-yl)

ethanol HO ~ NF C ~ 5-Chloro-6-{4-[6-(3- chloro-4-fluoro-phenyl) N
2-(2-(R)-nethyl- | pyrrolidin-l1-yl) 149 C N ~Nn pyrimdi n-ﬁe—tyl]-g-(R)- *
1.28 588.24 NN nethylrazithyl)- } HO-~"N ~ i N[2-hydydrox -ethyl)'Ir

ni cotinam de O F Com@eynd- [ 6- (4- Fl uor o-Nahenyl ) - 2- (13- ( . |(MN1)
nmorpholin-4-yl) 150t * 1.25 507.28 N N N ~ Pyrimdin-4-yl ]9-3-(R) NJ

nmet hyl - pi perazi n-1-yl }-5- net hyl - ni tizp&c at&! d HO'N 0 130 WO 2006/ 026135
PCT/ US2005/ 028969 4 q (4-{5-1(4-

=N cyclopentylpiperazin-1-
\ CN N<( yhearbonyl]-3-
133 (‘ J W methylpyridin-2-
N yl} piperazin-1-yl)-6-(4-
d Q fluorophenyl)-2-(2-
' methylpyrrolidin-1-

F  yDpyrimidine

o 4-(4-{5-(4-
- /=N ~\ N acetylpiperazin-1-
: \ /N o yl)carbonyl]-3-

\ uN W meth idi
ylpyridin-2- *
134 | @ . y1} piperazin-1-yl)-6-(4- 114 587.44
Oﬁ fluorophenyl)-2-(2-
methylpyrrolidin-1-
yl)pyrimidine

* 1142 61351

T

4-(4-fluoropheny!)-6-(4-
{3-methyl-5-[(2-
2N methylpyrrolidin-1-
135 < M yDearbonyli]pyridin-2- ¥ 12 54442
fé yl} piperazin-1-yl)-2-(2-
methylpyrrolidin-1-

NN
o AN yDpyrimidine

] Q e hylar thyl]
- N (dimethylaniino)ethyl]-6-
~—1 \_/ CN \‘-<N {4-[6-(4-fluorophenyl)-2-
¢ (2-methylpyrrolidin-1-
yDpyrimidin-4-
N— yllpiperazin-1-y1}-N,5-
dimethylnicotinamide

*

1.1 56146

0 — - Q N-[3-
. N (dimethylamino)propyl]-
N \_/ L/N \ h<N 6-{4-[6-(4-flucrophenyl)-
137 7 2-(2-methylpyrrolidin-1-
yDpyrimidin-4-
, ‘ yllpiperazin-1-yi}-N,5-
—N ' dimethylnicotinamide

*

111 575.48
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Ret. M5 Compound Name Isn Ten (M+l) F ~ 6-{4-(6-(4-Fluoro-
phenyl)-2-(2-(S)- I N N ~ hydroxynethyl 151 ~ pyrrolidin-1-yl)- * 1.23
507.27 ~ | pyrimdind-yl]-3-(R NJ nethyl-piperazin-1-yl}-5- HO kl~, N HoN
methyl-nicotinic acid O F | 2-(5-Chloro-6-{4-[6-(4- quoro-ghen&I%Z-(z 152
i N nethyl - BEH8026138- 1 -yl )- * 1.22 510.16 pyrim di n- 4-§FFUSRYSAKP N

pi perazin-|l-yl}-pyridin O NJ 3-yl}acetamde H2N & N F i
6-{4-[6-(4-Fluoro- phenyl)-2-(isopropyl N methyl-am no) 153pk 11\%§ 479. 21
riJ NN pyrimdin-4-yl]-3-(R N nethyl-piperazin-I-yl}-5- Hﬁm

met hyl -nicotinic aComppuidN O F C | 6Nfme[ 6- (3-Chl or ofe = (M+1)

fluoro-phenyl)-2-(2-(R) N nethy -pyrrolidin-1-yl) 154 ~ fl<®
pyrimdin-4-yl]-3-(R)- * 1.29 525.17 N NN~ %j /
met hyl - pi perazin-1-yl}-5- i N 1 meg-hyje-@iraebphiehg)-acid 0
Z N
o

2-(2-methylpyrrolidin-1-
yhpyrimidin-4-
é yl]piperazin-1-y1}-N,5- * 111 57347

138 -
~N N” "N N dimethyl-N-(1-
Q N N methylpyrrolidin-3-
- N M N yDnicotinamide
0

F

1-{(6-{4-6-4-
fluorophenyl)-2-(2-
methylpyrrolidin-1-
. |N ylpyrimidin-4-
Y

yllpiperazin-1-yl}-5- * 11 57347
I\‘:g methylpyridin-3-
X N_ yl)carbonyl}-N,N-
CN P dimethylpyrrolidin-3-
amine

F
N-{1-{(6- (4-[6-(4-
fluorophenyl)-2-(2-
AN methylpyrrolidin-1- '
140 \N,'l\ :\é yhpyrimidin-4- * 115 587.45

139

yl]piperazin-1-yl}-5-
methylpyridin-3-

0
CN | _N yl)carbonyl]pyrrolidin-3-
yl}acetamide

4—(4‘lr-ﬂuorophenyl)-6-(4-
{5-[(4-methoxypiperidin-
I-yDcarbonyl]-3-

N g
141 I methylpyridin-2- 1.18 574.45
\ |/\N \N/l\hd yl}piperazin-1-y1)-2-(2-

s] N N\) methylpyrrolidin-1-
\Q\l | N yl)pyrimidine

+*

128



F (5-Chloro-6-{4-[6-(4- fluoro-phenyl)-2-(2-(S)- i hydroxynethyl
pyrrolidin-l1-yl)- N pyrimdin-4-yl]-3-(R) 155 1.24 610.24 1
met hyl - pi perazin-1-y[}- Ho 0 N N- pyridin-3-yl)-(2-(S) ~ Nr~/ |
hydroxynmethyl - N i N HO pyrrolidin-1-yl)- O methanone 131 WD 2006/ 026135
PCT/ US2005/ 0P0H86/028¢ . MS Conpound Nane 1 C-50 Tim +1 F PCT/US2005/028969
5-Chl oro-6-(4-[6-(4- fluoro-phenyl)-2-(2-(S)- hydroxynet hyl 156 1t
pyrrolidin-l-yl)- * 1.27 527.16 C N N p pyrimdin-4-yl]- %
- met hyl - pi perazin-l-yl}- HOiN HO nicotinic and OF i 5- Chlolco 6 [6 (4-
- fluoro-phenyl)-2 i Qbiipamdr opyl - net hyl MMamel 1.28 499. 16C;~ =
~am)-Pyrimdin-4-yl] N 3-(R)- metpyl pi pera2| n- 1-yl}-nicoti ni¥% aci d HO ~N O

F ~ 5-Chloro-6-{4-[6-(4- fluoro phenyl) 22 (S)- hydroxynet hyl

4-(4-{5-[(4,4-
difluoropiperidin-1-
yl)carbonyl]-3-
“ N methylpyridin-2- *

N Sy~ ylpiperazine1-yl)-6-4- 12 S804

£ fluorophenyl)-2-(2-
F b | N methylpyrrolidin-1-
N =N yl)pyrimidine
F

5-Chloro-6-{4-[6-(4-

fluoro-phenyl)-2-(3-(R)-
143 = [N methyl-morpholin-4-yl)-
" (LN N pyrimidin-4-yl]-3-(R)-
)\//E methyl-piperazin-1-y1}-

nicotinamide

*

1.17 526.39

methyl-piperazin-1-yl}-5-
methyl-pyridine-2-
carboxylic acid

F
6-{4-[6-(4-Fluoro-
phenyl)-2-(2-(R)-methyl[-
2N pyr{ol!d.m-l—yl)-
144 <A pyrimidin4-y[3-R)-  * 118 491.40
N™ "N TN i i
N
F

h 6-{4-[6-(4-Fhuoro-
phenyl)-2-(2-(R)-methyl-

AN pyrl"o].idfn-l-yl)-
s pyrimidin4-y[}.3-(R)- ¥ 123 49022

145 (L
N™N” TN methyl-piperazin-1-yl}-5-
N_J /Q

methyl-pyridine-2-
LN carboxylic acid amide

Cl (5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl)-
2-(2-(R)-methyl-

e Z N pyrrolidin-1-yl)-
¢l (LN NkN pyrimidin-4-yl]-3-(R)-

N \) )3 methyl‘P iperazin- 1 -yl} -

> pyridin-3-yl)-methanol

* 129 53115

129



158 t pyrrolidin-I-yl)- *

pi per azi n-

fl uoro-phenyl)-2-(3-(R) 159 N
PYrimdin 4-VYl] '
i 5- ChIVeYIgued613s [ 6- ( 4-
485.19 d N IN N am no}pyrimdi nd-yl]

0 F

| -yl}nicotinic

c

N ~J N')

i N 132 WD 2006/ 026135 PCTI US2005/ 028969 Ret.

e F~d i
1.28 499.21 amin

nicotinic acid HOKN O F

147

148

149

150

1.25 513.19 A r) NN-pyrimdin-4- 1} /N
HOy ~N HO acid O F i 5-Chloro-6-(4-[6-(4-
met hyl - nor phol i n 4-yl)- * 1.28 513.17
N I SO Pi perazin-1l-yl}-nicotj ~ d HO ~N
fluoro-phenyl)-2 i N (|sopnﬂgﬁwﬁ@Fw&%&%60 1.26
N pipemn-1l-yl}-nicotinic ~ acid HO
M5 Conpound Nage (80 Ti m Ml

6-{4-[6-(3-Chl oro-4-
din-4-yl] )

F

Z

O3

N
N

2-(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
methyl-pyrrolidin-1-yl)-
pyrimidin-4-yl]-
piperazin-1-yl}-pyridin-
3-yh-propan-2-ol

1-(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
methyl-pytrolidin-1-yl)-
pyrimidin-4-yl}-
piperazin-1-yl}-pyridin-
3-y)-ethanol

5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyl}-
2-(2«(R)-methyl-
pyrrolidin-1-yl)-
pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-
N-(2-hydroxy-ethyl)-
nicotinamide

6-{4-[6-(4-Fluoro-

phenyl)-2(3-(R)-methyl-

morpholin-4-yl)-
pyrimidin-4-y1]-3-(R)-

methyl-nicotinic acid

130

pi perazin-1-

fluoro-phenyl)-2- N (isopregyl - met hyl
1Csh - 5 rre@Mipl) -

€

* 128

¥ 126

1.28

1.25

methyl-piperazin-1-yl}-5-

161

511.26

497.23

588.24

507.28



| 4-(4-Fluoro-phenyl)-6-[2- (R -nethyl-4-(3-nmethyl 162 IN
5-oxazol -2-yl -pyridin-2- * 1.28 514.27 J ~Nyl)-piperazin-l-yl]-2-(2 N/i\)
(R -methyl-pyrrolidin-I- yl)-pyrimdin N ~, N5-Chloro-6-{4-[2-(2-(S)-
hydroxynet hyl - N pyrrolidin-l-yl)-6 163 d ~N p * 1.26 509. 21

pheny! - pyri WPAP§028195 | - N.J 3- (R) - met hyl - pi perazi n HO i NOHS2UH03896D cot i nic
acid O F 4-(4-Fluoro-phenyl)-6- {2-(R-nethyl-4-[3- nethyl-5-(1Htetrazol -5
164 1t yl)-pyridin-2-yl]- * 1.24 515.27 J N N~ piperazi n-Hetyl M2-(2-(R N
met hyl -pyrrolidin-l1-yl)- NiNpyrimdine NN N-N 5-Chl oro-6pi{4-[2-(2-(S)-
hydr oxynet hyl - 165Cepouad AN N pyrrol i didame y|)-6- * 1. m%{“ﬁzﬁm

phenyl -pyrimdin-4-yl]- N 3-{R) - net hyl - pi perazi n- H2ZN ~N HO™
-yl}-nicotinam de 0 133 WO 2006/ 026135 PCUUS2005/ 028969 Ret. MS Conpound

Nanme ICii-m (MH) |~ 5- ro- N- ( 2- oy{r[6x(3-Flubtoet hyl ) -6- (4-[2-(2-(S) -
hydr oxynet hyl phenyl)-2-(2-(S)-
2NN hydroxymethyl-
151 < pyrrolidin-1-yI)- * 123 507.27
N™ °N" N pyrimidin-4-y1]-3-(R)-
X N methyl-piperazin-1-yl}-5-
HO [ _N HO ' methyl-nicotinic acid
8]
F

2-(5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-
Z™N methyl-pyrrolidin-1-yl)-
- M pyrimidin-4-yl]}- 122 51016
T (\N N piperazin-1-yl}-pyridin-
N_J

3-yl}-acetamide

6-{4-[6-(4-Fluoro-
phenyl)-2-(isopropyi-
“ N methyl-amino)- .
. (LN W~ /< pyrimidin-4-y1}-3-(R)- 1.25 479.21

methyl-piperazin-1-yl}-5-
methyl-nicotinic acid

o

6-{4-[6-(3-Chloro-4-
fluoro-phenyl)-2-(2-(R)-
“ =N methyl-pyrrolidin-1-yl)}-
154 < M pyrimidin-4-y1]-3-(R)- 1.29 525.17

N” "N” °N
methyl-piperazin-1-yl}-5-
L N )D yl-pip v}

methyl-nicotinic acid

Q

F (5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(S)-
hydroxymethyl-
pyrrolidin-1-yl}-

155 ’/L N pyrmidin-4-yl13-(R)- 54 61999
Gl

HO NSNS met'h).'l-piperazin-byl}—
N\_) pyridin-3-yf)-(2-(S)-
| S hydroxymethyl-
N =N HO pyrrolidin-1-yl)-
o) methanone

131



166 G N N pyrrolidin-1-y])-6- * 1.23 552.26 H 1 N J phenyl-pyrimdin-4-yl]
HO ~N ~N HN 3- (R) - net hyl - pi perazin- 0 1-yl}-nicotinam de
5-Chl oro- N- (2- hydroxy- ethyl)-6-{3-(R)-nethyl-4 1 [2-(2- (R}rrethyl 167 N N

N-) pyrrolidin-1-yl)-6- * 1.25 536.29 H 1 N J ~/ phenyl 4-yl] NN
pi per azi n- | WPIZPA6/REI3S- ni coti namde O i 5-Methyl-6-(3- (Fﬁ)cpﬁ/ 52005’028969

met hyl -4-[2-(2-nmethyl - 168 1 IN pyrrolidin-1-yl)-6-p- * 1.22 488.30 r "N

tol Yl - PYri m di n-4- YI] NJ piperazin-l-yl}-nicotinic acid BR® | MN F

4- (4-Fl uor o- phenyl {4 [5- (I Himdazol -2- yl)73-nmethyl - ppigd di n-2- 169 t
yl]-2-(R) - et hyl - _mpgsgl_zm 14 N ~1 NMaenyin-1-yl}- TR M)

nmet hyl -pyrrolidin-I-yl)- ~N;& ~N pyrimdine =-=NF i 6-{4-[6-(4-Fluoro-

phenyl)-2-(2- (R -netlryl yrrolldln 1-yl) 170 1.17 491.36 HO ~N N
pYrimdin-4-yl]-3-(9) ~N met hyChlpioedgi(4- 1- yl } - 5-
met hyl -ni cotinic acid | 4 V\D 2006/ 0263 B3enyPZH2SP005/ 028969

i

N hydroxymethyl-
156 )\ pyrrolidin-1-yi)- * 127 52716
Cl N pyrimidin-4-yl}-3~(R)-
x N\) methyl-piperazin-1-yl}-
HO | N HO nicotinic acid -
8]
5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-
Z N ' (isopropyl-methyl- «
157 o (LN \N' N ,< amino }pyrimidin-4-yl]- 128 499.16
N\) | 3~(R)-methyl-piperazin-
| A 1-yl}-nicotinic acid
HO =N
O
: 5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-(2-(S)-
2N hydroxymethyl-
158 o | pyrrolidin-1-yl1)- * 125 513.19
¢l TONTNTN pyrimidin-4-yl]-
x N\) piperazin-1-yi}-nicotinic
wo. M4 ud acid
0]
5-Chloro-6-{4-[6-(4- '
fluoro-phenyl)-2-(3-(R)-
' “ N methyl-morpholin-4-yl)-
159 o (\N \N’”\N/\, pyrimidin-4-y1}- 1.28 513.17
N\) O piperazin-1-yl}-nicotinic
| acid
HO =N
O
F
5-Chloro-6-{4-[6-(4-
fluoro-phenyl)-2-
=N (isopropyl-methyl- $
160 o \Nﬂ\N{ aming)-pyrimidin4-yl]- 1.26 485.19
N\_) I piperazin-1-yl}-nicotinic
o id
l aci
HO =N

132



Ret. M5 Conpound Nane I Csn Tim Mtl ~N N (2-Hydroxy-ethyl)-5

met hyl -6-{3-(R)-nmethyl- N 4-[6-(6-nmethyl-pyridin-3 171 N ~N ~N
yl)-2-(2-methyl- * L 1 531.42 NJ ~ pyrrolidin-l-yl) H-pyrimdin-4-yl]- N
~N pi perazin-l-yl}- HO*~ nicotinamde O F i 6-{4-[2-(4-Fluoro-

phenyl ) - 6- (WO pU¥04dIShyl N pyrrolidin-1-yl)-pyridin 172 PCTUSHONGEI89 J N 4
y113 (R) nethyl piperazin-l-yl}-5-nmethyl- nicotinic acid HXi-NNOF C ~

(5-Chloro-6-{4-j6-(3- Chloro-4-fluoro-phenyl)- 2-piperidingksylpk’3 N 1.24
531.23 ~ i PYrimdin-4-YI]-3-(R) C N N~N net hyl - pi per azi thl-y - I'NJ
pyridin-3-yl)-met @mgoundiO N F ~ Cl 5Nalmeor 0- 6- {4-[6-(Gsg — (M+])
chl oro-4-fluoro-phenyl)- 2-@2-(R-methyl- i N 174 pyrrolidi R-1 -yl)- * 1.29
573.22 C rNNK N~ pyrimdineg-yl]-2-(R
6-{4-[6-(3-Chloro-4-
fluoro-phenyl)-2-
Z N (isopropyl-methyl-
161 (\N \NAN{ amino)-pyrimidin-4-yl]- *o128 49921
N | piperazin-1-yl}-5-methyl-
[ e nicotinic acid
HO =N
0
F
4-(4-Fluoro-phenyi)-6-[2-
(R)-methyl-4-(3-methyl-
Z N 5-oxazol-2-yl-pyridin-2-
162 A I )piperazin- Lyl 2z, * 128 51427
3 /Q (R)-methyl-pyrrolidin. 1-
) S y)-pyrimidine
Ny =N
\ o
5-Chloro-6-{4-[2-(2-(S)-
2 N hydroxymethyl-
o pyrrolidin- 1-y1)-6-
163 o NS D eylpyrimidindyl.  © 126 50921
N N 3-(R)-methyl-piperazin-
HO l _N HO 1-yl}-nicotinic acid
o
F
4-(4-Fluoro-phenyl)-6- |
: {2-(R)-methyl-4-[3-
AN methyl-5-(1H-tetrazol-5-
164 o yl)-pyridin-2-yI}- * 124 515.27
NN D piperazin-1-y1}-2-(2-(R)-
oA methyl-pyrrolidin-1-yl)-
N N pyrimidine
NO
N-N
5-Chloro-6-{4-[2-(2-(S)-
hydroxymethyl-
S pyrrolidin-1-yl)-6- ¢ 123 50822

3-(R)-methyl-piperazin-
‘1-yl}-nicotinamide

ZN
165 Cl (L N7 NN phenyl-pyrimidin-4-y1]-
N

133



N~ Jaml net hyl -pi perazin-1-yll- ~O- Nnicotinic acid id ethyl ester 0 C
6-{4-[2-(3-Chloro- N phenyl)-6-(2-(R)-nethyl 175 | pyrrolidin-1-yl)-pyridin-
* 1.2 506.25 N N 4-yl]-3-(R) -nethyl NJ piperazin-1-yl)-5- rrethyl- HO - N
ni cotinic acid 135 WD 2006/ 026135 PCT/ DS2005/ 028969 Ret ound Name
| C50 Te M+WO 2006/0261354- [ 2- (4- Fl uor o- 3- net hyl - phenyl ) - 6- ‘(CZT’Y%?DS/OH§9~N
met hyl -pyrrolidin-l-yl)- * 1.2 504.32 J "r pyridin 4 Y] 3 (R r ~
nmet hyl - pi perazin-1-yl}-5- ~ methyl-nicotinic acid HO i MNé& F ms
6- {4-[ 6- (4- Fl uoro-, phenyl)-2-(2-(R)-nethyl - pyrrolldln 1-vhim 177
pyrimdin-4-yl]- QQ‘%"—%}‘}QSSL 21 CF3 NrNamey N N pi perazlgﬁﬂl“"[ﬂn IM,S"_)
trifluoronmethyl-nicotuiic HO (N acid OF d i 6-{4-[2-(3‘Ch|oro 4-
fl uoro- phenyl) 6-(2-(R) i N | -pyrrolidin-1-yl) 178 1 * 1.19 524.24 J
meth n- ) N 'ethyl-piperazi pi pefazi n- I5 hiprogN-(2-hydroxy-

ethyl)-6-{4-[2-(2-(S)-

(L f JN\ hydroxymethyl-
166 cl N" °N" N pyrrolidin-1-yl)-6- * 123 55226
g NN phenyl-pyrimidin-4-y1]-
~UN ] _N H 3-(R)-methyl-piperazin-
HO I 1-y1}-nicotinamide

5-Chloro-N-(2-hydroxy-
+ gthyl)-6-{3-(R)-methyl-4-

'l
_ /;'f\ (2-(2-(R)-methyl-
167 Cl N7 N pyrrolidin-1-yi)-6- *

N
H o N )D phenyl-pyrimidin-4-y1]-
piperazin-1-yl}-
nicotinamide

5-Methyl-6-{3-(R)-
methyl-4-[2-(2-methyl-
N lidin-1-y1)-6-p-
pyrroli yi)-6-p
. ,/L \Nﬂ\ tolyl-pyrimidin-4-yl]- * 122 48830

N 3 r . .
x N\/l /Q plperazm-l-yl}-mcotmxc

acid

4-(4-Fluoro-phenyl)-6- '
{4-[5-(1H-imidazol-2-
2N y1)-3-methyl-pyridin-2-
169 S X y1}-2-(R)-methyl- * 118 257.14

N N piperazin-1-yl}-2-(2-(R)-
o N methyl-pyrrolidin-1-yl)-
N | _N pyrimidine

1.25 53629

6-{4-[6-(4-Fluoro-
phenyl)-2-(2-(R)-methyl-
N pyrrolidin-1-yl)- .
Ay pyrimidin4-yl]-3-(S)- LI7 45136
/Q -y methyl-piperazin-1-yl}-5-
methyl-nicotinic acid
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HO net hyl -nicotinic acid &N O F ~ 6-{4-[6-(4-Fluoro-
phenyl)-2-(2-(R) -nmethyl - pynolidin-1-yl) 179 pyrimdin4-yl]-3-(R- * 1.22
545.24 CF3 1IN N N~ net hyl - pi perazin-1-yl}-S & IN NJ
trifluoromethyl-nicotinic HOacid ONC 6-{ 4-[5- met hyl
pyrrolidi rwp20060260180 N [ 2, 3" ] bi pyridinyl-4-yl]-3- * 1. f Tﬁ'@?" %289@ N
(R} et hyl - pi perazin-1 NJ yt}-S-nethyl-nicotinic HO ~N acid 0 136 WD
2006/ 026135 PCT/ US2005/ 028969 Ret. MS Corrpound Nanme | Can R‘Ié@ (MNig) F
2-[6-((3R)-4-{6-(4- fluorophenyl)-2-[(2R)-2- 181 i N
net hyl - | - pyrrol i dCegpqund. * 1,19 491, r| m di nyl ) - :-IQmet Vi QD I N ~N N
pi perazinyl }5-nmethyl -3- \ N J pyridinyl]ethanol HOIl ~N F
2-{[6-((3R)-4-{6-(3- i chloro-Af/!uorophenyl)-2- [(2R)-2-nmethyl-I 182 N
pyrrolidinyl]-4- * 1.25 541.2 -1 N NiNFHydroyyye Fnyl}-3-methyl-1 N ~J
pi perazi nyl ) -5-nmet hyl -3- pyridifhyl ] ox%ﬁé&)’h&rﬂrﬂi}mﬂhﬂ-
2 N ]gﬁz(émet:lglipyndm-i’»-
- yh)-2-(2-metnyl- *
171 (LN N):D Y kil oD 1.1 53142
-pyrimidin-4-yl}-
P iperazin-1-y1}-
Ho >N N gicotinamide

6-{4-[2-(4-Fluoro-
pheny1)-6-(2-(R)-methy!l-
172 'N pyrrolidin-1-yl)-pyridin-
‘)\N NN 4-yl]-3-(R)-methyl-
\) /L:> piperazin-1-yl}-5-methyl-

nicotinic acid

*

1.16 490.39

(5-Chloro-6-{4-[6-(3-
chloro-4-flucro-phenyl)-
AN 2-piperidin-1-yl-
< pyrimidin-4-y1]-3-(R)-
cl NTTNT N methyl-piperazin-1-yl}-
O pyridin-3-yl)-methanol

Cl
5-Chloro-6-{4-[6-(3-
chloro-4-fluoro-phenyi)-
2N 2-(2+(R)-methyl-
174 < M pyrrolidin-1-yl)- * 129 573.22

Cl K\N N /JD pyrimidin-4-y1]-2-(R)-

*

173 1.24 53123

methyl-piperazin-1-yl}-
nicotinic acid sthyl ester

Cl
6-{4-[2-(3-Chloro-

phenyl)-6-(2-(R)}-methyl-
pyrrolidin-1-y1)-pyridin-

N N 4-y}}-3-(R)-methyl-
X N\) o piperazin-1-y{}-5-methyl-

HO l _N i nicotinic acid

*

175 1.2 506.25
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F A 2-{[5-chloro-6-((3R) -4- {6-(3-chloro-4- fluorophenyl)-2-[(2R)-2-

nmet hyl pyrrolidin-|
nmet hyl pi per azi n-1
2-{[6-((3R) -4-{6-(4- i

184 N n- 1-wopmytopatdsli n-4-yl }-3- * 1.2 523.40 N NN~, N

nmet hyl pi perazin-1-yl)

183 ~ N 1.29 561.16 vyl]pyrimdin-4-yl}-3- Cl
\' NJ Nyl)pyridin-3- HO-~ . N yl]oxy}et hanol
fl uor ophenyl)-2-[(2S) - 2-

CT/US2

-5- N net hyl pyridin-3- yl]oxy}ethanol

N N N~
OF

(hydr oxynet h%ls)of)sgggr olid

' HO~-~O ~ .

N OH

F A 2-[5-chloro-6-((3R)-4-{6- i (3-chloro-4- fluorophenylpe?2- 2R -2 185 N
N N yl]pyrimdin-4-ylgz3 NJ j

met hyl pyrrolidin-I- * 1.2 545.23 Cl
net hyl pi per azi n- 1€2

PCT/ US2005/ 028969 Ret .
2-[5-chloro-6-((3R)-4-{6-
met hyl pyrrolidin-I Cl

176

177

178

179

180

N ~
S8
» e
HO =N
o)
F
Z N
;
YRS
N
HO I =N
o
F
Cl
Z N
|
S0
N
HO I =N
0
F
E/EN
!
CF3 N \N/k/iD
B h
HO N
0
N O
J o
Z N
i
S
N
oo K
0

methyl-phenyl)-6-(2-(R)-
methyl-pyrrolidin-1-yl)-
pyridin-4-yi}-3-(R)-
methyl-piperazin-1-yl}-5-
methyl-nicotinic acid

6-{4-[6-(4-Fluoro-
phenyl)-2-2-(R)}-methyl-
pyrrolidin-1-yi)-
pyrimidin-4-yl]-
piperazin-1-yl}-5-
trifluoromethyl-nicotinic
acid

6-{4-[2-(3-Chloro-4-
fluoro-phenyl)-6-(2-(R)-
methyl-pyrrolidin-1-y1)-
pyridin-4-y1}-3-(R)-
methyl-piperazin-1-yl}-5-
methyl-nicotinic acid

6-{4-[6-(4-Fluoro-
phenyl)-2~(2<(R)-methyl-
pyrrolidin-1-yl)-
pyrimidin-4-yl}-3-(R)-
methyl-piperazin-1-yl}-5-
trifluoromethyl-nicotinic
acid

6-{4-[5'-Chloro-6-(2-(R)-
methyi-pyrrolidin-1-yl)-
[2,3'Tbipyridiny}-4-y1]-3-
(R)-methyl-piperazin-1-
yl}-5-methyl-nicotinic
acid
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1.21

1.19

1.22

1.14

504.32

531.21

524.24

54524
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-chl oro-4- fluorophenyl)-2-[(2R)-2 186 N

pyrimidin 4-yllzd 113 572.27 r-|



(]
1

-/ methyl pipenzin-1- yl)pyridin-3-yl]-N,N ~N . N di net hyl et hanam ne |
2-[5-chloro-6-((3R)-4-{6- (3-chloro-4- fluorophenyl)-2-[(2R)-2 187 5;1
hyl pyrrolidin-1- + 1.23 558.48 C N N-N- yl]pyrim din-4- yI} 3 NJ -/
| pi perazin-1- yl)pyridin-3-yl]-N ~N &N net hyl et hanami ne
R) - 4-W0-20080261B30r ophenyl ) - 2-[ (2R)-2- 188 i N net hWT{USWP’P%?P%. nyl ] - 4-
471. 33 pyrimdinyl}-3-nmethyl-1- N ~N N~ piperazinyl}5 &N N J ~/
hyl ni cotinonitrile N~ F 5-fluoro-4-(4- L4 fluoro hen 16t 2R \s
n6t hyl-4-(3 F nethyl pyridin-2- 189 NI ~ 1.26 465. 34 | ) pfiper azi n-1-yl]-2-
N NN[ (2R)-2 /NJ ~Cempawdy| pyrrol i di n- INamd | pyri mi di ne IG5 tert {Miy|
rel -{6-[ (3R 4- {6-(4-fluoropkenyl)-2- [(2R)-2 190 / N nethyl pyrrolidin-I-
1,22 561.30 yl]pyrimdin-4-yl)-3- J N N~ nethyl pi penzin-l-yl]-5

2-[6-((3R)-4-{6-(4-

fluorophenyl)-2-[(2R)-2-

methyl-1-pyrrolidinyl]-4-
| pyrimidinyl}-3-methyl-1- * L9 49124

© piperazinyl)-5-methyl-3-
pyridinylJethanol

181 =
\

HO

A 2-[6-(BR)4-{6-G-
chloro-4-fluoropheny!)-2-
[(2R)-2-methyl-1-
182 Z N pyrrolidinyl]-4- + 125 54121
KLN N pyrimidiny1}-3-methyl-1-

N\) " /'D piperazinyl)-5-methyl-3-
= pyridinylJoxy} ethanol

Cl 2-{[5-chloro-6-((3R)-4-
{6-(3-chloro-4-
fluorophenyl)-2-[(2R)-2-

183 N methylpyrrolidin-1-

“ yl]pyrimidin-4-y1}-3-

|
Cl N N/[\N methylpiperazin-1-
N N\) yl)pyridin-3-
HO\/\O ‘ _N ylJoxy}ethanol

: 2-{[6-((3R)-4-{6-(4-
fluorophenyl)-2-[(28)-2-
(hydroxymethy!l)pyrrolidi
184 = JN\ n-1-ylpyrimidin-4-yl}-3- 1.2 52340
-~

NS methylpiperazin-1-yl)-5-
methylpyridin-3-
NN

*

1.29 561.16

*

ylloxy}ethanol

c 2-{5-chloro-6-((3R)-4-{6-
(3-chloro-4-
fluorophenyl)-2-[(2R)-2-
185 = P! methylpyrrolidin-1-
o KLN \NJ\N yllpyrimidin-4-yl}-3-
)3 " methylpiperazin-1-
yl)pyridin-3-yl]ethanol

*

1.2 54523
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O N r/ methylpyridin-3-
PCT/ US2005/ 028969 Ret .

rel -
met hyl pyrrolidin-

(2E) - 3-{5-chl oro-6-

| ~N yl}acetate 0 138 WO 2006/ 026135

M5 Conpound Nanme | CAO T~ W1 F d
[ (3R)-4-{6-(3-chl oro-4-
| 191 N yl]pyrimdin-4-yl)-3- 1.23 557.18 Q|

met hyl pi pewezdesR618N) yl ] pyri di n-3-yl } prop-2- Ho~ N en-BCT{[S2¢05/028969

rel -

2-({6-[(3R)-4-{6-(4-

I fluorophenyl)-2-[(2R)-2- rrethylpyrrolldlnl

N yl]lpyrimdin-4-yl}-3- * 1.15 507. 26

met hyl pyri di n- 3-
4-{6-(3-chl oro-4-
559.41 |

186

187

188

189

190

-I' N NAY" D net hyl pi
gl }oxy)ethanol HO~~0O 1 .NF O rel-3- {5
Cetmpoundphenyl ) - 2- [ (2R¥an net hyl pyrrdg_sau%

yl ] pyrim di n4- yI}
yl 1 P3ri di n-3-yl }propan-1 -
Substituted Biaryl
5-Chloro-6-{4-[6-(4-fluoro

Pi peazi

F
2
>
Ct N
L
=N
F
-
—

¢ Tabl

n r| din

- nyI) 2- (%0
/ methylpyrrohdm—l-
SN yl]pyrimidin-4-yl}-3-

s’

enyl)-2 [(2R)-2-

methylpiperazin-1-
yDpyridin-3-y1}-N,N-
dimethylethanamine

2-f5-chloro-6-((3R)-4-{6-
(3-chloro-4-
fluorophenyh)-2-{(2R)-2-
methylpyrrolidin-1-
yllpyrimidin-4-yl}-3-
methylpiperazin-1-
yDpyridin-3-y}}-N-
methylethanamine

6-((3R)-4-{6-(4-
fluorophenyl)-2-[(2R)-2-
methyl-1-pyrrolidiny!}-4-
pyrimidinyl}-3-methyl-1-
piperaziny!)-5-
methylnicotinonitrile

5-fluoro-4-{4-
fluorophenyl)-6-[(2R)-2-
methyl—4 (3-
methylpyridin-2-
yhpiperazin-1-y1]-2-
[2R)-2-
methylpyrrolidin-1-
yllpyrimidine

tert-butyl rel-{6-[{(3R)-4-
{6-(4-fluoropheny!)-2-
[2R)-2-
methylpyrrolidin-1-
yllpyrimidin-4-y1}-3-
methylpiperazin-1-yl)-5-
methylpyridin-3- -
yl}acetate
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CI r-1 N NN~ met hyl pi per azi & |
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fl uorophenyl)-2-[(2R) - 2-
riN ~N),

ND

192 i

| -y1}-5 N
?‘%§6 [{3}R)

1&93) |
~/

1.13 57227

1.23 55848

1.26 471.33

1.26 465.34
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194 N nethyl-pyrrolidin-I-yl)-pyrimdin 4-yl]-3- C rINT

(R) -nmet hyl -pi perazin-l-yl}-nicotinic acid ~ N HOOC i N 139 WD 2006/ 026135
PCT/ US2005/ 028969 Conpound Name F C

5-Chl oro-6-{4-[6-(3-chl oro-4-fluoro-phenyl)- 195 i N

2- (2-(S) - @ PaPbOpiIFer i di n-1 -yl ) -pyrim din- 4- PCT/US2005/028969
yl]1-3-(R)-nmethyl -piperazin-l-yl}-nicotinic C NNNNacid HOOC I "N F i
5-Chl oro-6-{4-[6-(4-fl uoro-phenyl)-2-(3-(S)- 196 i N Ret. MS

met hyl - norpholin-4-yl)-pyrimdin-4-yi]-3- I d NNWN_, Tim
(R) - et hyl - pi per 829BRUAd| } nj cotinic Aame \ NJ 0 HOOdCege- N F(MtD)
5-Chl oro-6-{4-[6-(4-fluoro-phenyl)-2-(2-(S)- 197 e N -

met hyl - pyrrolidin-1-yl)-pyrinidijat 4-yIr¢l-(SE)SH{5dulore-6¢

(S)-nethyl -piperazin-I-yl}- n| i ni c dERY4-{6-(NhlddDC | N F

5- Chl or 0- 6-{4-[ 6- (4-fl uor o- phafiyl ) - 2- (fBeopienyl}QH2R)-2-

net hyl - nogghol i n-4-yl) - pyri ni '@-4 y| JmeBhylp@irolidin -N- ~

(S)- et hyl ='pi perazin-1 -yl }-niicatini ¢ atlpgimiding-yl}y-3- HOOC Il?'3 5151718
5- Chl or o- 6-{ 4- [ 6- (4 f Cluo o'phéhy - (BtyRjperazdd-/ N
met hyl - nor phol i n- 4-y m di I ] Y8pyr@in-3-yI}prep2N\- )
(R) - net hyl - pi per \ l,NyI} ni cotl ni c &Bilel HOOC N
F
rel-2-({6-[(3R)-4-{6-(4-
fluoropheny))-2-[(2R)-2-
methylpyrrolidin-1-
192 N yllpyrimidin-4-y1}-3- * 115 507.26
(LN \NkN methylpiperazin-1-yl}-5-
N\) Q methylpyridin-3-
l = : yl}oxy)ethanol
HO\/\O =N
F
cl rel-3-{5-chloro-6-[(3R)-
4-{6-(3-chloro-4-
fluorophenyl)-2-[(2R)-2-
methylpyrrolidin-1-
193 : /'Nk yllpyrimidind-yl) 3- ¥ 132 559.4]
Cl N”N” N methylpiperazin-1-
LN ylipyridin-3-yi}propan-1-
HO LN ol
Table I
Additional Representative Substituted Biary] Piperaziny!l-Pvridine Analogues
Compound Hi Name
F

5-Chloro-6- {4-[6-(4-fluoro-pheny!}-2-(2-(S)-
194 Z N methyl-pyrrolidin-1-yl}-pyrimidin-4-yl}-3-
AN \Nﬁ\'\o (R)-methyl-piperazin-1-yl}-nicotinic acid

ﬁ(N\) "
Hoog” ~N
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5-Chl oro-6-{4-[6-(4-fl uoro-phenyl)-2-(2-(S)- 200 1

met hyl -pyrrolidin-1-yl)-pyrrmdin-4-yl]-3- CI N NN

(R)met hyl - pi perazin-l-yi)-nicotinamde ~ NH2NI . N OF ~ Cl

5- Chl or 0- BW20s2€135 chi or o- 4- f | uor o- phenyl ) - 201 PCT/US2005/028969

U2-(2-(S)-nethyl-piperidin-l-yl)-pyrimdin-4- C rINUN, "~

yl]-3-(R) -nethyl - pi gefgait | -yl ) v nicotinamde HMhme. N O CN i

5-Cnhl oro- 6-{4-[6-(4-cyan=phenyl)-2-(3-(S5)- 202 1

net hyl - nor phol i n-4-yl ) -pyri -yl]-3- of NN NN G6

(R) - nmet hyl - pi perazin-l-yi)-n inamde ~ ~Yi( HN.N O

5- Chl or 0- 6- { 4- [ 6- (4- chl or o- ph§ny! ) - 2- (355255 -62{34@’.613 chloro-4-ﬂuoro-phenyl)

met hyl - norjpkol i n4- yI ) - py i -yl ] - F2etP)-methyl-piperidin-1-yl)-pyrimidin-4-

N(R) - pi perazin-1-yl)-ni C/;LL j D; | ddl %)Tmethy[lqpmera?m-lﬁrl}pmptmp
en

m n-

5- Chl or 0- 6- { 4- [ 6- ( 3, -dlwor - 1)-2sid 2. 204
(S)-methyl -pyrrolidiffis pyri

4-yl] C NN ~J No
3-(S)-net hyl - pi pet N1-yl)- nlcotlnamde

5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(3-(5)-
196 methyl-morpholin-4-y1)-pyrimidin-4-y1]-3-
N N N (R)-methyl-piperazin-1-yl}-nicotinic acid
0 v
I
HOOC
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-(S)-
197 methyl-pyrrolidin-1-y1)-pyrimidin-4-yl}-3-
N N D (8)-methyl-piperazin-1-yl}-nicotinic acid
i
HOQC =N
F
198 . AN S-Chloro-ﬁ-{4—[§-(4~ﬂuoro-!3h§n_)rl)-2~(3-(R)-
o I methyl-morpholin-4-yl)-pyrimidin-4-yl}-3-
o (\N N N/\ (S)-methyl-piperazin-1-yl} -nicotinic acid
l N N\):‘ /K/O
Hooc” N
F
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(3-(R)-
199 “ N methyl-morpholin-4-yl)-pyrimidin-4-yI]-3-
al (LN \N’”\N’\ (R)-methyl-piperazin-1-yl}-nicotinic acid
B N A0 .
Hooc” ~#N
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5- Chl oro-6-{4-[6-(4-fl uoro- 3-net hyl

2-(3-(R) - net hyl
4-vyl

]-3-(S)-net hyl

- phenyl ) -
-nor pholin-4-yl)-pyrimdin-
-pi perazin-1-yl} N J nicotinam de

Cl

205

N
rN " N~N

PCT/US2005/928¥&9

5- Chl or o- 6WP304683614%8t hyl - 4- [ 6- (5- et hyl - 206
pyridin-3-yl)-2-(2-(S)-nmethyl-pynolidin-1- C rN NI, |I'D nicotinam de HZN
iN OCH3 N CH3 5¢Cghiponmi 6- (4-[6-(2-isopropyl-pyrNama-4-yl) 207 I N
2-(2-(S)-nethyl-pyrrolidin-1-¢l)-pyrimdin-4- C N " NKN
yl]1-3-(R) -nethyl -piperazin-144) N /I nicotinamde HZN~iNOF Iti
(6-{4-[6-(4-Fl uoro-phenyl)-2 -(S)-net hyI 208 N
pyrrolidin-l-yl)- pyrim'din 4- 11-3-(R)- 5
met hyI pi p%r azin-l-yl}-5 r omet hy ? S A@L §)m3t hanol
L: > N F a 64 Iro4 ’cﬁl ‘(‘E‘g d'209N
rrethyl pi per azi n- 1y| |fPuqo thy yi-piper 1" Ticotmarride
F
cl
5-Chloro-6-{4-{6-(3-chloro-4-fluoro-phenyl)-
201 ZN 2-(2-(S)-methyl-piperidin-1-yl)-pyrimidin-4-
ol KLN % ’I’L‘N y1]-3-(R)-methyl-piperazin-1 —yl}-
N A \\\"‘O nicotinamide
HoN LN
0
AN 5-Chloro-6-{4-[6-(4-cyano-phenyl)-2-(3-(S)-
202 < L methyl-morpholin-4-yl)-pyrimidin-4-y1}-3-
Cl N™ °N" "N (R)-methyl-piperazin-1-yl}-nicotinamide
= N\) \\\“'@
HsN l =N
0
5-Chloro~6-{4—[6-(4-chloro-phenyl)-2-(3-(K)-
203 “ Iy methyl-morpholin-4-y1)-pyrimidin-4-y1]-3-
cr N N/E (R)-methyl-piperazin-1-yl}-nicotinamide
H.N | =N
QO
F
PN " 5-Chloro-6-{4-[6-(3,4-difluoro-phenyl)-2(2-
204 I (8)-methyl-pyrrolidin-1-yl)-pyrimidin-4-y1}-
¢l N SN I\D 3-(S)-methyl-piperazin-1-yl}-nicotinamide
RS N\)
| »
HoN =N
0
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CF3 N N NN N pyridin-3-yl)-methanol HO N 142 WD 2006/ 026135
PCT/ US2005/ 028969 Conpound Nanme CN
4-16-[4-(5-Hydroxymet hyl -3-trifluoronethyl -
pyridin-2-yl)-2-(R)-nethyl-piperazin-l-yl]-2- 210 \ t
(3- (S) - MetWQR00GH2438501 i n- 4-yl ) - pyrim din-4- CF3 rj~N N RETUSERYIE Pt rile ~b
HO, i NC (6-{4-[6-(4-Chloro-phenyl)-2-(3-(R)-nmethyl- 211 N
nmor phol i n- 4-yl } pyri Gogipowhd4-yl]-3-(R) - \ t Name
met hyl - pi perazin-1-yl)-5-triffuoronmethyl- CF3 Nj N N~ pyridin-3-yl}nethanol
HO~ ~-NF ~ F (6- { 4-[6-(3,~4-sifluoro-phenyl)-2-(2-(S)- 212 i N
met hyl - pyrrolidin-1-yl)-pyrilmgdi n-4-yl]-3-
(S)-methyl -pi perazin-1-yl)-5-Frifl uor onethgte-dSE36+Nflud¥o!S-methyl-phenyl)-
pyridi n- 3-23% }met hanol  ~ NJ #HOn~N F CH32-(3-(R)-methyl-morpholin-4-y1)-pyrimidin-
(6-{4-[6-(4=Fl uoro- SCma;g}yh 3 - 2- (Byl}-31S)-imethylliperazin-1-yl}-
(R) - net hyl - not phol i n$h- I )3 pyrim diln- 4-pitdtinakid8- ( S) - met hyl - pi perazin-1-yi)-5
CF3 rN N N~ trifluomo | - pyr1din-3-yl)-methanol |1~ HOI ~NC (6-{
4-[ 6- (5-Chl or o- i 3-yl ) -2- (2-(S)- 214
met hyl -pyrrolidin-g-yl)-pyrimdin-4-yl]-3- CF N
(S) - et hyl - pi perazin-1-yi )-‘:‘ﬁ €huor onet hyl - ya
|

a

P

. A N 5-Chioro-6-{3-(S)-methyl-4-[6-(5-methyl-
206 N pyridin-3-yl)-2-(2-(S)-methyl-pyrrolidin-1-
¢ NN :D yl)-pyrimidin-4-y1}-piperazin-1-yl}-
N N\) s nicotinamide
HaN [ =N
0
CHg
’ N\ CH3
-
5-Chloro-6-{4-[6-(2-isopropyl-pyridin-4-yl)-
207 . = |N 2-(2-(S)-methyl-pyrrolidin-1-y1)-pyrimidin-4-
ol (LN \NJ\D y!]-ST(I{)-r.rcllcthyl-piperazin-1-yl}-
§ N\) nicotinamide
HzN i =N
Q
F
{6-{4-[6-(4-Fluoro-phenyi)-2-(2-(S)-methyl-
208 _ A pyrrolidix.l-l-yl)‘-pyrimidhl-4-yl]-3-(R)~
P ' < methyl-piperazin-1-yl}-5-trifluoromethyl- = -
CFa N™ N f\|l\’> pyridin-3-yl}-methanol
N o
HO l =N
F'
Cl

* (6-{4-[6~(3-Chloro-4-fluoro-phenyl)-2-(2S)-
209 AN : methyl—piperidi.n-l-yl)-pyrinpidin—4-yl]-3-(R)—
(L e methyl-piperazin-1-yl}-5-trifluoromethyl-
: CFa N I\O pyridin-3-yl)-methanol
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3 rIN Ipyridin-3-yl)-methanol N~ F O, iN 143 WO 2006/ 026135

PCT/ US2005/ 028969 Conpound Name CH3 CH3

(6-{4-[6-(2-1sopropyl -pyridin-4-yi)-2-(2-(S)- 215 yN

met hyl -pyrrolidin-1-yl)-pyrimdin-4-yl]-3-

(R) - net hy| YR Pes8asI3s- | -yl }-5-trifluommet hyl - CF3 r-1 N NPFT/URR005/028969

pyridin-3-yl)-methanol ~ N HOI iNF

(6-{4-[6-(4-Fl uoro- pheapbymd2- (2- (S)-nmethyl - 216 N Name

pyrrolidin-l-yl)-pyr'imdin-4¢yi]-3-(R)-

met hyl - pi perazin-1-yl}-5-tri oronmethyl - CF3 N ~N ND pyridin-3-yl)-acetic

acid |l N HOOC F ~ C (6-{4 - (3-Chl oro-4-11 uoro-phenlylzr_-z-(z-gl ) -
in-4-yl]- :gl_-[é@—(s-lﬂ_dyoxymethy -3-trifluoromethyi-

met hyl - pi per@zi n-1-yl } - 5- r omet hy|PY@32N1)ﬁJ(RN§;lg¥4:Pi razinl-yli2- acetic
acid HOOC CN CN (6-{4-[6 n -phenﬂ“ﬁﬁ)z“! ; -!'Q'SJP- 'xﬂﬁ’yf*ﬂ‘ézﬁ'

nor phol i n-4-vyi ) - pyri nff i -8 (R)- Ylbenzonitril

nmet hyl - pi perazi n- 1- ! i fluor thyl- CF3 N ~N N~ pyridin-3-yl}acetic

acid HOOC ' N CHo! Nor 0- 6- {4-[ 6- (4- chl or o- phenyl ) - 2- ( 3-
(R) - met hyl - nor phol i n-4-yl)-pycimdin-4-yl]- 219 N

3-(R) - net hyl - pi perazin-1-yl }-pyridin-3-yl)-
(6-{4-[6-(4-Chloro-phenyl)-2-(3-(R)-methy!-
|

morpholin-4-yl)-pyrimidia-4-y1}-3-(R)-

211 H\ :JN\ methyl-piperazin-1-yl}-5-triflnoromethyl-
CF3 N“N N/\A) . pyridin-3-yl)-methanol
2 N\) /‘\/
HO | =N
F
F

(6-{4-[6-(3,4-Difluoro-phenyl)-2-(2-(S)-
methyl-pyrrolidin-1-yl)-pyrimidin-4-y[}-3-

212 e (S)-methyl-piperazin- I-yl}-5-trifluoromethy}-
CFa (\N NN pyridin-3-yl)-methanol
(N
HO | =N
F
CH3
(6-{4-[6-(4-Fluoro-3-methyl-phenyl)-2-(3-
213 . AN (R)-methyl-morpholin-4-y1}-pyrimidin-4-yl]-
i N 3-(S)-methyl-piperazin-1-yl}-5-
CFs (\N N N/\é trifluoromethyl-pyridin-3-yl}-methanol
x N\) )\/
HO I =N
N7 Cl
-
(6-{4-[6-(5-Chloro-pyridin-3-yl}-2-(2-(S)-
214 : N methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-
- (\N NJ\N (S)-methyl-piperazin-1-yl}-5-trifluoromethyl-
: 5 iy
N \) Q pyridin-3-yl)}-methanol
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Cl N ~N) acetic acid Nv) JO HOOC ' ~ N 144 WD 2006/ 026135

PCT/ US2005/ 028969 Conpound Name F F
(6-{4-[6-(3,4-Difluoro-phenyl)-2-(2-(S)- 220 N

met hyl -pytrolidin-1-yl)-pyrimdin-4-yl]-3-

(S) - met hy | WeRsRA3N- | -yl }-5-trifluoromet hyl - CF3 N ~NPT{UN2005/028969
pyridin-3-yl)-acetic acid ~ NHOOC |1 NF

(5- Chl or o- 6- { 4- [ 6- ( Lofpguud- phenyl ) - 2- (3 (R - 221 =Nie

net hyl - mor phol i n-4-yl } pyrini di n-GHayl ] - t '

3y|) Cl N NN~acetic acid HOOC N N C

dlyln) 42y|(] §- -( sz{ﬁy,k\%yndm-él-yl)-z -(2-(S)-

.NI fl uoro py" j{ cetic acid
:?;;1 m_l; l- EEE[‘tnﬂl(lo m hy?— P PY -PpPY

(S)-net hyl - pi perazin-1-yl)-
| (6-{4-[6-(5-Chloro-pyridi
met hyl - pyrrolidin-1-yl)-pyri
(S) met hyl21pi per azi n-1-yly} -

HOOC I iNN y 5 -Chl
Y )- 223 2-(2-(S}net y’Iprr0| I-y
yl ]-3-(R) - net hyl - pi per@azi-n- 1 -y -pyri di n- 3 N Nyl}acetlc acid ~ N HOCC
N F HO ~N
F

(6-{4-[6-(4-Fluoro-phenyl)-2-(2-(S)-methyl-
216 A pyrrolidin-1-yl)-pyfimidin-4-y1}-3-(R)-
(L N methyl-piperazin-1-yl}-5-trifluoromethyl-
CF3 N7 N D pyridin-3-yl)-acetic acid

(6-{4-[6-(3-Chloro-4-fluoro-phenyl)-2-(2-(S)-
217 AN methyl-piperidin-1-yl)-pyrimidin-4-y1]-3-(R)-
Iy methyl-piperazin-1-yl}-5-trifluoromethyl-
CF3 NN N(:' pyridin-3-yl)-acetic acid

N
HOOC i =N
CN
(6-{4-]6-(4-Cyano-phenyl)-2-(3-(S)-methyl-
218 AN morpholip-4-yl')-pyrimidin-ft-yl]—i&—(R)-
H\ o I methyl-piperazin-1-y1}-5-trifluoromethyl-
CFa NN N/j) pyridin-3-yl)-acetic acid
LN S ‘k/
HQOC I =N
Cl

(5-Chloro-6-{4-[6-(4-chloro-phenyl)-2-(3-
219 AN {R)-methyl-morpholin-4-yl}-pyrimidin-4-y1]-
| '/[\ N 3-(R)-methyl-piperazin-1-y1}-pyridin-3-yl)-

cl NN N’\ acetic acid
R N\/j )\/O
HOOC ] =N
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i 5-Chloro-6-(4-[6-(4-fluoro-phenyl)-2- 224 i N
(azetidin-1-yl)-pyrimdin4-yl]-3-(R) -nethyl- piperazin-1-yl}-nicotinic acid
C N NN~ ~ NHOOC | N 145 WO 2006/ 026135 PCT/ US2005/ 028969 Conpound Narme
Cl i~ 5-Chloro-6-{4-[6-(4-chloro-phenyl)-2-(2-(S)- 225

met hyl - az&VQ 2006026138 ) - pyri mi di n-4-yl ] -3- (R) - prlszotsivasscs

nmet hyl - pi perazin-I-yl}-nicotinic acid d NNN ~ NHOOCI| IiNF ti F

5- Chl ot a' 6-{4-[ 6- ( 3Cdmpadniduor o- phenyl ) - 2- (2- (R) -1 Nante
iyl-azetidin-l-yl)-pyrimdin-4%yl]-3- 226 |~

(R) - met hyl - pi perazi n-1-yl }-ni hic acid d ) ~I ~ NHOOC ~-NCO | \ i
6-{4-[2-Azetidin-1-yl-6-(4-ch -phenyl)

pyri m din-4-yl]-3-(S)-net hyl - piper azi n- {'E 6 % ﬁfm’l'phe“yl)&z(_i(sl)
N5-trifluae®met hyl - ni coti nani @ - ~I-yl)-pyrimidin-4-yl}-3-

erazin-1-y1}-5-trifluoromethyl-
ggei |4d|[g (4yr|) ug;?| %h?% M ] -3 S)- mﬁy 'dlf"} 'a‘:igzw acid
pi perazin-1-yl}-5 t\r;@n’ met hy¥-pyridin 3- CF3 rN N N~ yl }nethanol ~ NY
HO

(5-Chloro-6-{4-{6-(4-fluoro-phenyl)-2-(3-(R)-

291 ) methyl-morphiolin-4-yl)-pyrimidin-4-yl]-3-

i I (S)-methyl-piperazin-1-y!}-pyridin-3-yl)-
el NN N’E acetic acid
= N\) )\/
HOOC I N
N~ O
-
(6-{4-{6-(5-Chloro-pyridin-3-y1)-2-(2-(S)-
229 : 2N methyl-pyrrolidin-1-y)-pyrimidin-4-yi]-3-
oFs I/\N N ﬂ\N (S)—glethyl-piperazin-layl}-S-triﬂuoromethyL
ridin-3-yl)-acetic aci
§ N |:> Py yD
HOQC | =N
N\
|
& (5-Chloro-6-{4-[6-(2-isopropyl-pyridin-4-y1)-
223 AN 2-(2—(8)-methyl-py.rrolidi_n-l-yl)—pyrifnidin-él-
< M  y1]-3-(R)-methyl-piperazin-1-yl}-pyridin-3-
Cl N7 N hD yl)-acetic acid
= N\) \"‘.
HOOC ' =N
F
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-
274 2N (azetidin-1-yl)-pyrimidin-4-y1}-3-(R)-methyi-
o L piperazin-1-yl}-nicotinic acid
Cl N °N° °N
| L]
: x
Hooc” N
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HO Il ~NtN -(4-[6-(2-1sopropyl-pyridin-4-yl)-2-(2-(S)- (6 229

nmet hyl -azetidinl-yl)-pyrimdin-4-yl]-3-(S)-

met hyl - pi perazin-1-yl}-5-trifluoromethyl- CF3 N N N1 pyridin-3-yl)-nmethanol
\ NIJ HOI iN 146 WD 2006/ 026135 PCT/ US2005/ 028969 E;i lrr(Els;ﬂs

VRI - Tr ansf¥Q2UWEIPY s and Menmbrane Prep aartions This Mé S0t r at es
the preparation of VRI-transfected cells and VRI-containing nenbrane
preparations for uséompopapsai ci n bi ndi ng assays (ENample 5). A cDNA
encoding full length human cafbkaicin receptor (SEQIDNO 1, 2 or 3 of U.S.
Patent No. 6,482,611) is sub ned in the plasmd pBK—CM/ (Stratagene, La

Jolla, CA) for reconbl nant ression | {m el I n_enbryonic
ki dney (HEK293) cells are transfected WP °f°H ] . Wekstadl) const ruct
encoding t12 full length K apsai Ci ﬁ‘ d‘r g ’{f%’é‘ fret hods.
The transfected cellg ‘pg e, ed f or Mf éﬁ%g' i % E8nt ai ni ng 418

(400 gg/m) to obtainjap of Lskt abl y transfect ed cells. I ndependent

cl ones are isol atedﬂ@’ is pool by limting dilution to obtain clonal
stabl e cell |inggpgorslise in subsequent experiments. For radioligand binding
experinments, cells were seeded in T175 cell culture flasks in nedia w thout
antibiotics and grown to appréxifately 90% confl uency. The flasks were then
washed with PBS and harvesteg ijn PBS containjng 5 nM EDTA. The cells were
pel leted by gentle centri fugdt i on and éﬂ) -it-[6-(8 @ difinerd-phendsPed.

Previ ousl yp5kr ozen cel |'s afe gditgfupted MR)%ﬁlqﬁfWéa?&tl@n-éfyl)awmm%Yﬂﬁmgen| zer
inice- colcf HEPES hom)ge A ,Qn buffefR)MmymSmemom@mdo 75mM
CaCl2, 2mM MgCl2, 320¢ cros and 10 mM HEPES pH 7.4). Tissue
hormgenates are fir i fug for 10 min at 1000 x g (4C) to renove the
nucl ear fractioP & bris, and then the supernatant fromthe first
centrifugation g i 1

obtain a partially purified

nmbrane fraction. Menbranes are resuspended in
t he HEPES honogeni zati on buf prior to the assay. An aliquot of this
menbr ane honogenate i s used t¢determ ne protein concentration via the
Bradford method (Bl O RAD Protgin Assay &i{4-[2-AnfifinQ005.(4-BhiGophtAy)Her cul es,
CA). ,|. EBXAWPLE 5 Capsat ci cept or Bhindding-yfsis@)-mbthiybpifecainpl-¢) -
illustrates a repres a{l’i\ 5 NS SHY\ of c Spifmormathyledephaiiddi ndi ng t hat may be
used to determ ne theyl 'l‘hdiJng affinity of compounds for the capsaicin (VRl)
receptor. HaN_ AN

0

(6-{4-[6-(4-Fiuoro-phenyl)-2-(2-(R)-methyl-
228 ) A azetidin-1-yl)-pyrimidin-4-y1}-3-(S)-methyl-
H f piperazin-1-yi}-5-trifluoromethyl-pyridin-3-

CF3 ("N NN y1)-methanol
oA TP
HO | =N

(6-{4-[6-(2-Isopropyl-pyridin-4-y1}-2-(2-(S)-
229 HE IN methyl-azetidin-1-yl)-pyrimidin-4-yl]-3-(S)-
: methyl-piperazin-1-yl}-5-trifluoromethyl-

e
4§ l\@ N N.\j pyridin-3-y])-methanol
®
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Bi nding studies with [3H Resiniferatoxin (RTX) are carried out essentially
as described by Szallasi and Blunberg (1992) J. Pharnmacol. Exp. Ter.
262:883-888. In this protocol, non- specific RTX binding is reduced by
addi ng bovi ne al pha, acid glycoproteln (100 g per tube) after _the binding
reaction ha%0pWeMSi®r ninated. ['H RTX (37 G/mml) is 8GHURWEYRES by and
obtai ned fromthe Chem cal Synthesis and Analysis Laboratory, National
Cancer Institute-Frederick Cancer R g 42and Devel opnent 147 WO

2006/ 026135 PCTI US2005/ 028969 Oent er, rederl ck, MD. [3H RTX nay al so be
obtalnedfromcorrm::rmalV d Y -’a-"‘_—-!'u Bi ot ech, Inc.;
Pi scat away, NJ). mfnbrane hom)genate of Ex i S ce?{#rl fuged as
before and res u%ﬁb"é’ﬂ’ ¢ Hlugfrates by peppration OB it Rriéfaf‘gf’f’t%‘f w@%@b‘y Licpptaming

honmogeni z afnk@brak\prdperationSifardbdig casaay b:ﬁa.xg Mﬁe@§ (Exa@pls@). up on ice and contain

0.25 my/ ﬁfpﬁﬁ'v.ffhé R, oot i reums Hosen By CERADS T 05T P P05

VR -t r ansf pgéneioc G,l482§611) Theubblomed! in i plasnid HPBRATMYt (@ Bathgen§QQ Joll{, f@A) for

conpetition bi ndl assays%%% gl (for saturation binding assays)
with the i F&ombipagt capisEEmly Fﬂagﬁ'fqpon buf fer solution (pH 7.4) descri bed

above. Non- speciiiman elmbrgdxnmgxdns;f EKRoD dtellsard tlmsfeﬂeﬂ:wiﬂr thagBK+CMWexpeseisence of

1 M non- radl oactive San Di | on
bi ndi ng, g(”fmd gg@d Fefl h]z hug%'pégﬁ%m%tme 'félsnln Staf]da'}‘PF eﬁ‘%%s ® usi ng 1
to 2 dil ut trm&ctedl'geﬂs ﬂalsdlqcteﬂlformw&m inatediaroyraihing §4m(eoo pgdin[)emm qDﬁn‘ol

saturatlon n_bi ndi,n ssay.s_ar din
presence o? F tf\ﬁ% f%l—ﬁdF?F% qﬁg}i’ 'il%} ges Lok l%tnq ﬁ'g'fl?%ﬁgo%gy {?Elét{ng HE LS?‘Id The
bi ndi ng r ealgiin dnﬁal gittde ¢eflilinesefbrade inygulisequers baperimags.t he assay mi xt ur es into a
37C water bath nat e d.foll eriod by
cooling the t ub%}sr r%cf]lo}}g%&eaei; %‘ zf enm%ms %%ﬂ ﬁ%(gsggemnn?g’?e%ﬂf F{@E& Tﬂ%‘L eQ
as any al phuaqaa avitholit agtibyatiop pot gpwn boappxiREK]ly B6Yo fcprbﬁupml Ghe dlaske \Wd.tbﬁc gI ass
flberfllt ) j C with
1. 0% PEI % yet Eﬁeﬁenel m ne Stefj gg%ﬁﬁi{é StngﬁuEsﬂe‘ffH‘ Eh%\@eglggg%rpeeﬁ% dto
dry overn| gehntle tehtﬂﬂugamédonedat&Smmmsm% BETA PLATE counter after

addi ti on of V\AL%A& T, | ym, bi
paraneters are et %‘Eﬁi glg:cms_ a§e ‘%%L‘! he a I%Jétdg(rgl“é?ﬁ%bq F’ g&ﬁz ti Olll;l@ (%cpgh
measur ed vHEREShomiogenizakien @uf@r (éfﬂM K€l 5 & Apii MaClik odaGad, TmM ¥eilasad tnM

Fer guson, 058 8nd ﬁ%ﬁﬁr Oung gﬁw éZﬂSJu@ﬁbrw,eg%ﬁate@'m t{r;t%%ﬁ%fuged ﬁmrn{m beo EXP.

Ther. 266:678 provi ded reln gener y ex values
for capsai mgn(4f‘(€9cfepmpveoﬂhc Inacdear fiction J@nMdebmom}thersow reNperREInh ipm O] or
InMin thi Qﬁﬁp@ I

illustrat eg n?e eosnelnt a |J\;§fﬁga g(%?ﬁ’%béjm m%lé’é’?‘fg% (gds?:ggf/gﬂ ml%%%lgﬁﬁp’géagl uati ng
t est conpounnldlsrartecfracfacgao Memtbrampchramsusgpodad st tha EEPES hgmog@a'tdtlsn bufenpicetited wit h

expressi on a ng
human caps as{g4 i Z"Wr e@" ?ﬁlr]gglr%%wég:%magmﬁg iasr[lrr-s)‘lbd&/ﬁ %terﬁ"r}“% pg‘g@[l cont] uenciastﬁén FALCON
bl ack- wal | Brdfosd re@thodlﬁBIQ -BABPraen hesny Kis) #éeqee,ooq HBIOORAD BEGTEN-CHCKI NSON,
Frankl i n Lakes,

EXAMPLE 5

Capsaicin Receptor Binding Assa

This Example illustrates a representative assay of capsaicin receptor binding that may be
used to determine the binding affinity of compounds for the capsaicin (VR1) receptor.
7 Binding studies with [*H] Resiniferatoxin (RTX) are carried out essentiélly as described
by Szallasi and Blumberg (1992) J. Pharmacol. Exp. Ter. 262:883-888. In this protocol, non-
specific RTX binding is reduced by adding bovine alpha, acid glycoprotein (100 ug per tube) after
the binding reaction has been terminated.

[’H) RTX (37 Ci/mmol) is synthesized by and obtzined from the Chemical Synthesis and

Analysis Laboratory, National Cancer Institute-Frederick Cancer Research and Development
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NJ).t. ,The culture nediumis enptied fromthe 96 well| plates and FLUO- 3 AM
calcium sensitive dye (Ml ecular Probes, Eugene, OR) is added to each well
(dye solution: I ng FLUO-3 AM 440 L DMSO and 440 | 20% pluronic acid in
DMSO, diluted 1:250 in Krebs-Ri nger HEPES (KRH) 148 WO 2006/ 026135

PCT/ US2005%O288636135 uf f er (25 nM HEPES, 5 nM KCl, 0.96 FHWYSIRBEERY | 1M
MSH, 2 nM CaCl2, 5 nM glucose, | nM probenecid, pH 7.4), 50 | diluted
sol ution penterweietldrick,PMEX. e ’Hir RTEomey elso \be tobtaingd Uivinn gombeiclal serdois egbat ed at
37C for 1, i i t | RiNg 5% C02. After the incubation,

t he dye ié%girgr%dtn?%@g?ar%%\rﬁl{tg%’n%?alt)%%{,%%ﬁ@IDPhe cells are washed once wi th KRH
buffer, and rEsurieriedonpgarmeiohBfdmpie 4 DETRFGVENAT| teftraomdaapsanded i £C50 To

neasur et heaRbhdhiil o3 b ﬁﬂgfﬂgééﬂgatfoﬂbﬁﬁgnﬁﬁ&mgﬁssﬁﬁﬂ% % Set@p G C1 UM

nobilizatfon response in cells exptessing capsalcC eptors to capsaicin
or other anid baiah BYRIG (specifiveacli@02200 mGimd), 2gd mostadgapbaitest ponmuifd, r st
determ ne o1 | J O f 1 5 Q.1 d to each
wel | of cg'lzf Q,Q/n%rgseuﬁ%rsg@&aasl&%eléérolhgw g@ﬁ'@gﬁ& igggdl d1 %g%i@ (?lr dﬁﬁfcﬁe% “buffer
i's aut oniihd frml vojunterinadjdiseadrte G000yl (foh eonfpktitioR bindig mssaw br 1,000g4 ¢flar sakdtion

Capsai ci n3i pduce l.ci um idbZation | nitor i i{ her .. FL UOROSKAN
ASCENT (L EBEGR FEmvsF B e (B iR cabal BT bR BB (%, Pl B 0
reader sy stoeer Ndvidpewfid idndidieiv ideford aJtatvyonaing in GApresénas off Lyddmbsradbadtiae obt ai ned
bet ween 3 nd .60 seconds after.agoii st applicationgs sed . generate an
8-point c ’rl;ge Pt ?’8‘3" P%‘é‘ pglﬁg% %%?vgﬂ,or \Rnatf"ﬁ'&fnl ﬁ%‘fimﬁ’abg[jf?%l A 3%%@6%% g%ti ons of
1 nMto 3conkéntrhtith EdrgACRAPIOG pi wangel t© Sydileticgy. Tafitallnn é corRemmtiongpoin®ye i s used
to fit th jon: y=a*(1/(1+(b/x))) to determ ne the 50%
exci t at or;s;OIg%Enag}een%Futg{eilS%P\ﬁ% “for the response. In this equation, y is the
maxi mum f | uor eeemtitondiingregl assays drs parfoanadomthe preseacs it0pM PHRTXpod ivariouor

ant agoni s i I S PSAl. Gi: i: N : to the
EC50 val ug"“gér?g“{c(’n% & R oppp il 3@??"!‘@.}“&& .°h&‘ﬁé%95ﬂ5aﬁ%b?%\laﬁ%ﬁ’%%% ACTI VI TY
Test conpuointass iape APE seley bath and DivBOninged fotleding a SRRMnYse intehationapedod nedi at el v
added to r.ed l 1.GLN n. ..
appr oxi e p RREREIE MRS S R Bifaed, Bty B GRBLSh abBlid o e
pl ate as alypomidii-yaund &It dly. filhigonf ¢ntea (W AIdde Blapsafibagrfilists FERKIN-EbBMBEBuUNdS i n

the assay G\é\ﬁle}s&rf.gfhﬂ?ﬁ%l}’?&ﬁ@erg pré-sodbARth Podk PMt (88-19‘?{2 Jelnlihey f&ﬁé@ri&ﬁ@ fiseCOMpound

to act as an agoni s he capsai ci n receptor etermne neasuri ng

t he fl uor BBt aeelleved yodrs evesighitdhien soussed ineas WARHAE dB8BPET A PLATR prustexafiet i ci t ed

by the couRRHBSWASABHHIANTIRGT SRR concentration. This data is fit as
descri bed above to obtain the EC50, which is generally less than 1

mi cronol ar, prEPEPEYP Pindiag garemeters 19 getermined Ry fitipe e gHostedip B quatioptodbe han 10
NM  The exfeftled Qhlu@f Hite AY 2i@fof &S Rohtdr ppRO YO P BigbBOFEgIseH, MOLes by
calculating .the response elicited by a con entr.é%}_gn O‘Iéﬂj;[leSt conmpound _
(typi cal | §5Friogy Oy Bfadst whak ELE Fheepisns Exp R §- 1o mRRE apEdeti n. This
val ue, cahéréifl gdieraleaxhib i, Sah@s fr cApRiRE) recdpfor SFbs thanll @tlt, 0 iV1E50 LS Ay Ng
equati on: l‘ﬂgﬁ—o%ngtiﬁﬁlts aScﬁggyr'rpound respense 1100 nM capsai ci n response

EXAMPLE 6
Calcium Mobilization Assay

This Example illustrates representative calcium mobilization assays for use in evaluating
test compounds for agonist and antagonist activity.

Cells transfected with expression plasmids (as described in Example 4) and thereby
expressing human capsaicin receptor are seeded and grown to 70-90% confluency in FALCON
black-walled, clear-bottomed 96-well plates (#3904, BECTON-DICKINSON, Franklin Lakes,
NJ),.JThe culture medium is emptied from the 96 well plates and FLUO-3 AM calciym sensitive
dye (Molecular Probes, Eugene, OR) is added to each well (dye solution: 1 mg FLUO-3 AM, 440
pl DMSO and 440 pl 26% pluronic acid in DMSO, diluted 1:250 in Krebs-Ringer HEPES (KRH)
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149 WD 2006/ 026135 PCT/ US2005/ 028969 This anal ysis provides quantitative
assessnent of both the potency and efficacy of test conpounds as human
capsai ci n receptor agonists. Agonists of the hunman capsaicin receptor
generally elicit detectable responses at concentrations |ess than 100 AM or
pref er abl y W 206@ABENt rations less than 1 W or nost prBEEPEIP28569
concentrations less than 10 nM Extent of efficacy at human capsaicin

L eogepzor ﬁﬁfep(ﬁIﬁWHEBESQBQﬁMG(CE bgatna@ Naﬁﬁwo..np[nmmmram{ cglc,lgas ]gm th?n 80
al a concentr l1on O rtaln agoni sts a sentl a ree o

ant agoni s§U%et il v'f‘gﬂlpmbégeclfeﬁﬁgm)r ge &Hd‘Bthsglé‘t‘%fbgeér’ff? )o? E‘E?ét“@c“t"éi?f%/dew%t agoni st

activity aipmihe féssaVindlbdad 4t BeE RLIOW iflan oHHORAH EontAFEL Y I0T,] QRS thel ow 4

nM nore preferabl at concentrations bel ow 10 gM gnd npst ferably at
concent r af'fiyaLen Bgdy GH%.?’{"RSIFE g’l":‘fﬂéﬂ" Riabess @ét"ﬁﬁFHSBE‘P%PW%NA%"G{P @g E\ @ ST
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pM  Ant agmbbifiasiorDik niohi@oraaﬁmglenhda FLeomsmNdammqe.aﬁsmtens, Fasppnse) by at

| east abo 0 er abl ast about 50 nd nost prefe ly by at
| cast 8005Ps iR e isthen PR g i RS (rolgeuie BReety Siogbsf o &)

capsai ci nmatuntemscdjatmd)tﬁ@admmmdemhd aﬁﬂlsmndsnaﬁchegcabs eppiicatioh ateemed monpound) ,
at a concentra onol ar _or S refera r or

| ess. Thege(':%rﬁcen? lpalf“fcoﬁceg&t'o" {5R0RT "r‘é‘?‘uﬁs’%a'e‘: 0 Congencfa“ons %@Of%ggoe%r ease,
rel ative pM. tkrd BIBAGRABH scfbeses @dergy\SdﬂmerepRmmngA)oﬂ ueed ps &i thé datatwdhaM t hout
ant agoni st tl. s the 1C50 for the antagonist, and is preferably below 1

m cr onol a?q 0 nanonol ar, 10 nanonol ar or 1 nanonolar. Certain preferred
VR nodul ators are antagoni sts thgta*@rigHes¥pntially free of agoni st

activity as K . absen f |ty|n
The. assay sBERER, S0 o) eRBREREE ol RhE, Sy BudlentCh e

pr ef er abl maxinump divcwsrencatsigoalsx lirethe workentyNoraefcthe ageaist o mfagowils|(in this case,

concentr aé#%&in)@?&e?ﬁ%c HresEHAGo thedBcsOMhiutlaM ¢ &-eh) %‘Eoe?ﬁc:e'}ﬂ crosomal in vitro

hal f-l1ife rates t eevaluatlon conpound half-life

val ues (tD&Eﬁﬁiﬂ;@fﬁ)\loH%bBﬁsﬁAcﬁ@I@{'esent ative liver mcrosonal half-life
assay. 150 WD 2006/ 026135 PCT/ US2005/ 028969 Pool ed human |iver m crosones

are obtai ned flesmonepisteen disjatyed aRYEE, diltsd in KBY bulfgr find impeadialcaddeones may
al so be oRtRidGebafe AT udsBrivdl abRe T Q60 AN QRS (RBRIprdxIRAEECY OdncBitration) is

also added to cells in the same 96-well plate as a positive control. The final concentration of test

compounds in the assay wells is between 0.1 nM and 5 pM.

The ability of a test compound to act as an agonist of the capsaicin receptor is determined
by measuring the fluorescence response of cells expressing capsaicin receptors elicited by the
compound as function of compound concentration. This data is fit as described above to obtain the
ECsp, which is generally less than 1 micromolar, preferably less than 100 nM, and more preferably
less than 10 nM. The extent of efficacy of each test compound is also determined by calculating
the response elicited by a concentration of test compound (typically 1 uM) relative to the response
elicited by 100 nM capsaicin. This value, called Percent of Signal (POS), is calculated by the
following equation: ‘

POS=100%test compound response /100 nM capsaicin response
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Ti ssue Transformati on Technol ogies (Edison, N. 1). Six test reactions are
prepared, each containing 25 1| mcrosones, 5 Al of a 100 AM sol ution of
test compound, and 399 gi 0.1 M phosphate buffer (19 nL 0.1 M NaH2P04, 81
nm. 0.1 M Na2HPO4, adjusted to pH 7.4 with H3PO4). A seventh reaction is
pr epar ed a‘é’Oa!'}(Iﬁdl@ﬁlﬁﬁ ve control containing 25 pi n crosdddUS2605428%6¢ 0. 1 M
phosphate buffer, and 51 of a 100 pM solution of a conpound w th known
met abol i ¢ pr opehis amekysi§ @rogides quhtAﬂEzBAMeameﬁL@Z:éﬂ’II thiEpoteridp aad effiogy 2f @est
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control . 471“ Ei?l %aﬁwww ?é&a étﬂf"t“%f’“fsﬁé‘res‘is%fnl‘ﬁf&? thraEtS% Sb?f,t“"Wni chis
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cont ai ni ngETkﬁﬁmAT@ﬁopaN@A@mew on of a corrpound wth a known LCMS
profile (internal standard) per anal ysis of each sanple is

carried out antPsitIPEPaYdE AL diol Wﬁ%msldﬂé@d et HERH Sufler sodhatthedinabd  as
ALC, COW%H&gn%H%mwc%g ds'i fheta'ssr;§ whff iseRteb S uvARd sUIVE, aL&dev@Iotb@usof the

test conpoun extra erred conpounds PFOVI herei n exhi bit
in vitro preparedap deseribsd al@véal'f@%t“ﬁﬁmlﬂ!?@C‘?Wﬂtiﬂlwmepareé%‘ Stahibﬁst@fm;"oup‘iséfeer ably

bet ween 3Qcythidd 8o dark-at Idamhunge& rk Y& S%QVIPSIQIEﬁﬁxporEahI thatltheEMVRIﬂE ngt MDOCK
Toxicity Assay This Exa strates the eval uation of conpound toxicity

usi ng a Mesdtine bayqyg %lanﬂufépnqnt@ﬁ@f;mwmky flgerpscency respents, 0P y! eppsaigin i | of

test conmpepRduis a@fé\ﬁ&%é @Cf@dﬁben‘ﬁﬁtoln d@brnfinalal @dscrRRE bR RAuRbhical) AL&
(PACKARD,  Meride CT) to give final concentration of conmpound in the assay

of 10 mi chohoFldPR I@U@nmﬁw@mlbﬁf ther96 2gt pistedpronfinebsemporlpma of 0phendt t est
conpound j &a@%gs‘a‘i’uﬁ QbR leqiiBlolid E e BBt lcSncefvhiln dF9est fidpoaids fnANET | can

Type Cul ture | ect1on, Manassas, V. are nmaintained in sterile
condi ti on@saﬁfowllgxm hgweemel uMsand fc Mo ndnthgenisty f ARGEPPicausetrio fedrerbo isat | on

sheet . ploﬁ's@ P %alﬁ:‘a iO“%, ?Fe?er&bj%sdt rlslaﬁeagout ?@%,Vﬁﬁ tn’ﬁ)gt pr@é}%lpb MtlgcagEit to a

concentration o warm (3/7C) medi um T
M ni mum E’?ﬁ%rﬂsl@mpwﬂltﬁrﬁ‘%@ eontipfr Gz gty Hpatey #’“‘3@3@9@@) at trm@ ‘416 @Fsom | ut ed

cells is addathdoR if ¥eabd&lcd of RUCRR o&nqr af Ia\e%nc%ﬁma%fi 16 WidGmoldck 140
20061026135 PCTI U82005/ 028969 control "wells that contain 100 pL of warm

medi um wi Rreferably demjcsomofaieor deskt dhy soncprttion el apiagarist gequirsh o pravidy ad8% 02, 5%
Q02 for Ziereide!BlaGRNS tiRHEspSRekbsBTed lﬁftﬁeqfresbﬁe paibtaitih ar@mebut@ﬁta oRRiTRl i an
cell lysis solution (fromthe PACKARD (Meriden, CT) ATP-LITE-M Lum nescent

the IC;q for the antagonist, and is preferably below 1 micromolar, 100 nanomolar 10 nanomolar or

I nanomolar,

Certain preferred VR1 modulators are antagonists that are essentially free of agonist
activify as demonstrated by the absence of detectable agonist activity in the assay described above
at compound concentrations below 4 nM, more preferably at concentrations below 10 yM and

most preferably at concentrations less than or equal to 100 pM.

EXAMPLE 7

Microsomal i vitro half-life

This Example illustrates the evaluation of compound half-life values (1), values) using a

representative liver microsomal half-life assay.
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ATP detection kit) is added per well, the wells are covered w th PACKARD
TOPSEAL stickers, and plates are shaken at approximtely 700 rpmon a

sui tabl e shaker for 2 mn. Conmpounds causing toxicity will decrease ATP
production, relative to untreated cells. The ATP-LI TE-M Lum nescent ATP
det ecti on Rix20p&02B80eral | y used according to the nmanufBEYUS2005/038969
instructions to neasure ATP production in treated and untreated MDCK cells.

PACKARD ATP LI i t erature.
Once ; i +egdi I]?-fgeg/ltﬂggl%? ﬂéer larogﬁé%l z\g%glsn&%gt% &;%{%lloz%ﬁu%‘%ﬁ(a?%gr@ e g%rg)tl tuted
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activity a conpoun are fect e deonatal rats, oci at ed
and cul t uﬁ@domﬁwdﬁ@n@a@cﬂomn Acd80 rpmA§eragid @RED ventnifsgs !L{Q@Q? r@edi 19 Resear ch
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30-60 nmn he cal cium sensitive Tefi . abs,

Aust i n, TxP 5 u@bsoi%wlaﬁ@ qomwndmtheaﬁowd&\ds maﬁbﬁm@wawanéﬁ@w mlh LC¥S he cel |l s

resul ts i Bnafysis WRlacHGRSRAEAEriel DG 28RHE arthdlnt dHuhAGESisddadst Sl oindR h&NGLSs Whi ch
is nmonitore by a change in Fluo-4 152 WO 2006/ 026135 PCT/ US2005/ 028969

f 1 uor esceAtAU Empgund) CﬁB‘ieB'ﬁ@élP'él"’s timgtinplgited. ) thebe ¥efug of the st199measd dhds to
det erm neeitﬁgolml mum fl uorescent signal. For ant agonl st assays, vari ous

concentrations_o 0 are dded to the c uor e t al is
O 3 T AT S R A Wt Rt g LA
concent r atdsianr4e]) prefeRBlytbRtwaed 0ania amd B % Huilah Bidr nfikRosdined. he

capsai ci n-activated response, or |C50. Antagonists of the capsai CI n
receptor preferabl y have an 1 C50 below | nicronolar, 100 nanonol ai, 10
nanonol ar or 1 nanonol ar. EXAMPLE 8

MDCK Toxicity Assay

This Example illustrates the evaluation of compound toxicity using a Madin Darby canine

kidney {MDCK) cell cytotoxicity assay.

1 uL of test compound is added to each well of a clear bottom 96-v;re11 plate (PACKARD,
Meriden, CT) to give final concentration of compound in the assay of 10 micromolar, 100
micromolar or 200 micromelar. Selvent without test compound is added to control wells.

MDCK cells, ATCC no. CCL-34 {American Type Culture Collection, Manassas, VA), are
maintained in sterile conditions following the instructions in the ATCC production information
sheet. Confluent MDCK cells are trypsinized, harvested, and diluted to a concentration of 0.1 x
10° cells/m! with warm (37°C) medium (VITACELL Minimum Essential Medium Eagle, ATCC
catalog # 30-2003). 100 ul of diluted cells is added to each well, except for five standard curve
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For agoni st assays, various concentrations of conpound are added to the
cells without the addition of capsaicin. Conpounds that are capsaicin
receptor agonists result in a VR -dependent increase in intracellular
calciumlevels which is nonitored by a change in Flupj4, 1l uorescence with a
f1 uor onet eMWO AEO2EBE0, or concentration required to achP@VESBERENS t he

maxi mum signal for a capsaicin-activated response, is preferably below 1

nm cronol aeentraﬁdvawnﬁ%naanmqma& vidm RfRbRNY vmmu:rbanm rrnieeylate EXRlYRidEbaldd spni mal
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met hods f &f Ca&yl 1 AG YRyfBe B Wi popstags| glhélf  dpsubaon. S0cklnsbund. A
Pai n Rel i gfamh@dnicoly 1yIiseo|ﬁ@dnl @oinnge PRCRAHD (VRYiddde CTS acrptmrmes:ﬁmmxﬁ relief.
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treated r&laRer fl2iih NALIHYE PACKARD shcidl fiakthcAil to HRIotto opéac@ga@@wﬁ!n ple§l chronic
pain may be done before 153 WD 2006/ 026135 PCT/ US2005/ 028969 and after

compound &drkiadipted oy srepping pltre in Ko aad plagie fasheaferieler 14 Bt drpdreRtmeedsul ts i n
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EXAMPLE 9

Dorsal Root Ganglion Cell Assay

This Example illustrates a representative dorsal root ganglian cell assay for evaluating
VR antagonist or agonist activity ofa compound.

DRG are dissected from neonatal rats, dissociated and cultured using standard methods
(Aguayo and White (1992) Brain Research 570:61-67). After 48 h incubation, cells are washed
once and incubated for 30-60 min with the calcium sensitive dye Fluo 4 AM (2.5-10 ug/ml;
Teflabs, Austin, TX). Cells are then washed once. Addition of capsaicin to the cells results in a

VR1-dependent increase in intracellular caitium levels which is monitored by a change in Fluo-4
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(le., the amount of time for which the animal holds its paw up before
placing it back on the floor) is neasured after a mld pinprick to the
plantar surface of either hind paw Conpounds produce a reduction in

mechani cal mfgg}gr algesia if there is a statistically significant decrease in
t he durati paw wi t hdrawal . Test conpound may bECHHPRONEE%P ed
before or after onset of pain. For conpounds adm nistered after pain onset,
t esti ng i Sugpetdnos wittda flébroniktdd. Deta drelRolfdcded For 80HE0Nednt et idetarm ineHERNMimum
14YPERALGESI A Ther rgpl hyper al gesi a (an exaggerated response to noxi ous
thermal stTHOFMET81S neasured essentially as described by Hargreaves et al.
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or after onset of I%ml onpounds ‘adm ni Stered after pain onset,
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and at | east one of the fol |l owing nodels. ACUTE | NFLAMVATORY PAI N MODEL
Acut e i nf P%‘ﬁ’i‘?’ﬁ‘%ry pain!. js induced usi ng the carrageenan nodel essentially
as described by Field et al. (1997) Br. J. Pharmacol. 121(8):1513-1522.

100- 200 Al of 1-2% carrageenan ﬁ%@@ 13 injected into the rats' hind
paw. Three to four hours follow ng I FI on, the animal s 154 WO

2006/ 026135 PCT/ US2005/ 02 8@t el ‘ g PsirtRe and nechani cal stinuli
is tested using the nethods descrl bed above A test conpound (0.01 to 50
mg/ kg) is adni HisExamne ilgstrtee repmseniative methgds £op assessing g, degree (of ipaip relist

i nj ecti on,@fideiR S BRFGMAN. The conpound can be administered orally or

t hrough any parénteral route, or topically on the paw. Conpounds that
relieve pai PthReltié?'I@snﬂpdel result in a statistically significant reduction
in nmechanical a ynia and/ or thermal hyperal gesia. CHRONI C | NFLAMVATORY
PAI N MODEL ChrB‘FﬁfE”qu’l‘fﬂ%?ﬁPéfE'FX/bedii‘th‘D?‘%“”FH't‘]ﬁE"elﬁf usi ng one of the follow ng
protocols; 1. Essentially as described by Bertorelli et al. (1999) Br. J.
Phar macolM EW%L%%%W 58, and Stein et al. (1998) Pharmacol. Bi ochem
Behav. 31(2): 4ﬁ5ch5ﬂlcal 200dyhiaCanplbedrmal Fes@uised toS arf\djnovi®nd sBulits) g dseakd Ki | | ed

and, 1 Sl TR 4L SRR chinfh P Ao o T2 B O 1
descri bed(lb%)%baﬁh(}a Sa1-58. . A(skSB4) van Reyrfdamants dfAGdying: by -(HPicdlly &is are
I nj ect ed }Afaments 15noa sleneoss ar¢ appligc} to ﬂtgyllmtgtrnsu}far}:g o% {hg Ih%dtpgw watlh Jl!isi)enough force to

bend the filament. The filaments are held in this position for no more than three seconds or until a

2
etd)

positive allodynic response is displayed by the rat. A positive allodynic response consists of lifting
the affected paw followed immediateiy by licking or shaking of the paw. The order and frequency
with which the individual filaments are applied are determined by using Dixon up-down method.
Testing is initiated with the tniddle hair of the series with subsequent filaments being applied in
consecutive fashion, ascending or descending, depending on whether a negative or positive
response, respectively, is obtained with the initial filament.

Compounds are effective in reversing or preventing mechitnical allodynia-like symptoms
if rats treated with such compounds rerffu‘ire stimulation with a Von Frey filament of higher rigidity
strength to provoke a positive allod)}ltlic response as compared to control untreated or vehicle

treated rats. Alternatively, or in addition, testing of an animal in chronic pain may be done before
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Prior to injection with CFA in either protocol, an individual baseline
sensitivity to nechanical and thermal stinulation of the aninmals' hind paws
is obtained for each experinental animal. Followi ng injection of CFA, rats
are tested for thermal hyperal gesia, nmechanical allodynia and nechani cal
hyper al gesv@ 2006/025335ri bed above. To verify the devel opRERUSHOSAIPASt ons, rats
are tested on days 5, 6, and 7 following CFA injection. On day 7, aninmals
ar e tr eatmsthfisr tdmpauidasitninistioiqno lingbeh sk dneffedtivy edinpolnet reshits inraalincetasge of

nmor phi ne.of, 1- 5. j [ as positiv ntrol. Tvypicall a dose of
0. 01-50 ﬁrb;hﬁélggdf%?% {l:%"rr%lga%\%gi "s% lt'}é“é’g.a rffg(r’rpnosgﬁfrt\%}%%ﬁmbgs ¥(gr‘d%%ﬁité's/tﬂ] &red as a
si ngl e bdllarsnishat gnduges atrespensmbpiae treatreent o in ananiwaldhat iskaisedn ¢hrenéspaiiaiuk is, f or
several aysredtdd Bhis ddteh Goth vEificle. Dl‘égﬁ%ma&ﬁm@ﬂglamiﬁfs@feﬁﬁe@e%k ffor Qhisef &} OUgh any
parenteral route, or applied topica to the aninmal. Results are expressed
as Per cemein)/i¥iena fesPempaendds adnfipisterad giter pEEpnsep destiees peyfogasd Wanin tad hanal gesi ¢
ef fect ofaMelh&lsBatich00% MPE is defined as an aninmal's return to pre-CFA
baseline sensitivity. Conpounds that relieve pain in this nodel result in a
MPE of atvidcaasicasVperctiZeoN C NEUROPATHI C PAI N MODEL Chroni ¢ neuropat hic pain
i s induced using the chronic constriction injury (C;CI%l to the rat's sciatic
nerve essent i Yefipnisal hypesalgesig b epgeesatad ppronseie paigful simylys))is tosied pssentiadly . 107
Rats ar e as AeREbdACE} KR6h € al-(1996) DindlResiNbBRPILIGH ORER ardd @REedOln BivEIRaNY/ Ky
pent obarbital w th_additi gnal dOEes adm ni ﬁ%ler eg_ﬁr?ds nee,cleddr)é‘.ga he | at er al
aspect ofOBRAEHENS Af2 crgtpvifhce warmed perfprated; metah flerey &lind pawy wiipdrayal dyrption
teghnihqu?el.,m dinfbﬁi_ll_ti‘]dfﬂﬂtpif& wmdf %&ﬁidah&l&%fs@ﬁﬂhp a&&ed_ placiaf gtbﬁﬁk ghittamobbnb at the
md thig eve e hiceps.femoris is { i,.ssected and the sciatic
nerve is ‘Se‘ﬁ‘i?é'gﬁﬂ&e@mg%@“&"m’ ?W%F“@ﬁ%#%}t!‘%‘{hmgﬁf‘%l , four loosely tied

| i gat ures ar eCompeundd protdste thRd®tibiitil Mectt@nivad hgpgpalgesiantittiete isla gatistivadlpart. On
the other. side the scigtic perve.is not ligated and is not ni pul gted. The
miscl e | SERHEOL IR n e sl S GRS re 8 88 es RR R R ous
pattern aefireton eftes kihsat df paial B ecmpduhds adminivtbradlaftgrpamronsey tastigds pdiatmseddne
assessed f.O{DBhngﬁcpa%ni.cqllrat.al | odyni a, nechani cal hyperal gesia and t her nmal

hyper al gé%“lla as” qesCr'hed above. Conmpounds that relieve pain in this nodel

result i pn@wﬁh%ﬁ?ﬂ&@&ky significant reduction in nmechanical allodynia,
mechani cal” "hyperalgesia and/ or thermal hyperal gesia when adnini stered
(0.01-50 ng/ kdherweldiypgralgesiar(entxaggerated resporse i noalobs/thermahatiiubsbis ynepuiedr t o
testing iafi Lt SRS . 577-831GRiefY, alobh adiNree
times dai% 5&‘&"{%?&"% éﬂBtheﬂéfkllaﬁ .avi%% a{/\ﬁgt s%i}lg:lmc?%1(%‘,)rsng’d@| S: lfaflﬂ.; a,&_cso&ﬁn%g{ifn or salt
sel ect ed heat srwraeheapghie e anapaly plantsguidice ofeither hind paw. The time to withdrawal (ie,

{4- [ 6- ( 31fdnRhfr-of tifde WOk Real REPYIleh bR PRRh Al RiodesVits-paNT, lofeiRd-ddscYibda-aR1 Per azi n-
| -yl} -nicotinic acid ethyl "ester;

2-{ 4- [ 6- (o thagsbold of Intarsy Aefsrainga the apimabs RbPA SRS BARRRI di n- 4- yI ] - pi per azi
n-1-yl}- ni cotbRAsin@E produce a reduction in thermal hyperalgesia if there is a statisticall _
14-[6-(3-Ch] oro-4-fluyoro-plienvi)-2-n-t or]phof_l n-4-yt-pyrimdin-4- vr] - pi peraz
in-l-vl _s:rgp@gﬁnf Hicrease 4 th ;tlme to hindpaw withdrawal (i.e., the thermal

latency is increased). Test compound may be administered before or after onset of pain, For

eshold to response or

H

compounds administered after pain onset, testing is performed 10 min to 3 b after administration.

B. Pain Models

Pain may be induced using any of the following methods, to allow testing of analgesic

efficacy of a compound. In general, compounds provided herein result in a statistically significant
reduction in pain as determined by at least one of the previously described testing methods, using

male SD rats and at least one of the following models.

ACUTE INFLAMMATORY PAIN MODEL
Acute inflammatory paip: js induced uvsing the carrageenan model essentiaily as described
by Field et al. (1997) Br. J. Pharmacol. 121(8):1513-1522, 100-200 p! of 1-2% carrageenan

solution is injected into the rats' hind paw. Three to four hours following injection, the animals'
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[2-(6-{4-[6-(3-Chloro-4-fluoro-phenyl)-2-(2-nethyl-pyrrolidin-I-yl)-pyrim di
n-4-yl]-piperazin- 1-yl}-5-nethyl-pyridin-3-yloxy)-ethyl]-dinethyl-am ne;
3-Chloro-2-{4-[6-(3-chl oro-4-fluoro-phenyl)-2-(2-nethyl-p),rrolidin-1-yl)-py
rimdin-4-yl]- piperazin-I-yl}-isonicotinic acid; 5-Chloro-6-

{4- [ 6- (3- CWPGPYI0BEBF uor o- phenyl ) - 2- (2- met hy! - pyrrol i di rPCTVUS2005/028969
-yl)-pyrimdin-4-yl]-3- (R -nethyl-piperazin-l-yl}-nicotinic acid nethyl

ester; 5-(hlLigy @1@mer{n% iR n(e%n@mapsrt@ ﬁlsftleéeéanemg Iﬂ{%r}ﬂéd? aadsaritdB k.- R¥&f of i di n-
I -yI) pyrlmcliln- - 5L pi perazri n- | -nlcotlnlc amc?
(5- Chl or ocanpound (0.01 to mg/kg) is admimstered to the animal, prior to testing, or prior to injection of

{4-[6-(3- @Jmagbe&anél 'fﬂe nm{ae&wt)e a%rnﬁxast&m Beéh;é rav&m&lghddng -pareMtedal Rfel 1} di N-4-yl

]- piperazin-|-y yridi n-3-yl)-net hanol

14-[ 6- ( 3- @ﬁ%ky@ﬂ&hcfwioPammﬁ@?ﬁﬂlatrﬁwmawﬂHxﬁ mosieH rewltiipyp pfatistically significant

=) 1) - pyT jefictlbdin dreyahical RIlGHyhR ahdlor thevhadl hpperdlgtin - 3- yl met hyl ) - met hyl - ami ne;
C-(5-Chl oro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-I-yl)-
pyri m di neégadldmwammmmbh pyri di n- 3- yI )-m et hyl am ne; (5-Chl oro-6-

14-[6-(3-chlorQ-4-fl oro he (2-meth olidin-|:yl rimdin-4-yl
13- L (R oot hy 1 sttty pal o g e e R St ) Py. ’
5- Chl or o- 6- {14- Es@en(xﬂ}y(ﬁéld@ﬂ’cﬁbe@-ﬁﬂB@ﬂb&ilp&le:m(l%gjz,g,( 2- PRirhydol ng8(ERIZERITSS) - Y1 ) - pyr

i mdin-4-yl] razi i cotin
(5- Gl or o” 611 AP0 35 2L 1 %8h PRolares BRUAF. Py TS 3Y 208 HeSomRISE 1 y1 ) - py
ri m din-4-yl ] -Frpindp &dmzam{0.1 mg\Heat}killepyand dhiiedi 3Fupbrruingd) hainjetted to the rats’

5-Chl oro-6-{4-[.6: (3-chi ..

oro-4-fluoro-p medré/afv) f@-"(llflfop?] (ilfa] rfﬁceerag 10! mt(f Shc lmrn?rn%ur TR 4-y1] -

pi perazi n-1 -2yl I}ssqm'tidb’tdsrdiesprihmhjrAbbadle et al. (1994) JNeuroscz 14(10):5865-5871 rats are

5- Chl or o- 6- { 4- L%c(-tf:sﬁw: 59 fofblfA Qro Qqhtﬁ%tig-ta?salgﬁmmt hyl - pyrrolidin-I-yl)-pyr

mdin-4-yl]-3 pi pe a2| Inic acid ethyl ester;
Chl or o- 6-  Prior to mjectlon with CFA in either protocol, an individual baseline sensitivity to

6- (3- | - I di n- 4-yl
I[OI p((a r a@?én Qlfl&] ?(}df AmélﬁEP% f‘aggﬁl ?th‘l’)xe &yﬁng@g.ma ﬁé’ rc%&%kr%h Brleadt! dxpiihiendd di N-4-Y
5- Chl or o- &uithe- [6-(3- chI or o- 4- quoro phenyl) - 2- (2 rrethyl pyrrolidin-1-yl)-pyr
i m din-4- yI ] ;]iotﬂ@{,ﬁé hﬂgc{mr}@ | %ta!ré% ggéralgétaeﬁxechamcal allodynia
5-Chl oro-6 | or o-4-1T uor o- %y rrolidin-1-yl)-py
rim din- 4ar3d|n}w qmcyéwepzalsﬁsaaayﬂqscrmeé&omﬂ@ vatifydhe dpgeopment Yof symptoms, aisare

Ch

>- Chl or o- @st&ﬂm{ Bay 3; @%@ﬁ%ﬂm&w@m ey ! bn %35(4 RARDY bre RleRES RN Dedsr Y1 ) - PYT i
mdin-4-yl]- pérazi n-| %W-nl cotinic acid hfyll ester; 5-Chloro-6-

14-[ 6- ( 3- ecmlp@pqgl mophing ppY: yé}r) orgl qw}rme of 1-5 mg/kg is suitable as positive

- pyrrol i didhtrbt: Yiypicalty, iandodé of éoyisb m;’gfkg(d?)mmb.hydm@udoweaz iGdmpbumdy kdn be

-ni cotinanjde; 5-Chloro-6-14-[6-(4-T

uor o- phen@lwmszeredzasr?étnﬁ&?|b°1ﬁw°<5rq tige P’ APFO o hiFS Qi P UmEs AR fir prvpraldars. | -

yl | - ni cot piir€o tadtihgl; Drugs are administered orally or through any parenteral route, or applied topically

(5-Chl oro-6- 144? (4-fluoro-phenyl)-2-(2-nmethyl-pyrroli di n- | -yl)-pyrimdin-4
“yl]-pipefd @il vi' |t _pyridin-3-yl)-nethanol ;

5- Chl or o- 6- 14- I{;eﬁul(szkrefelxptesrsat@fremﬂtMaRm(uarmhanEfmdsy(MHB)li %% MPR1) deffiied M di n- 4-

yl1-3-(R 55”%%1@%&0_ effect of vehicle, 100% MPE is defined as an animal's return to pre-CFA baseline

sensitivity. Compounds that relieve pain in this model result in a MPE of at least 30%.

(s
{4-
]-

CHRONIC NEUROPATHIC PAIN MODEL

| Chronic neuropathic pain is induced using the chronic constriction injury (CCI) to the rat's
sciatic nerve essentially as described by Bennett and Xie (1988) Pain 33:87-107. Rats are
anesthetized (e.g. with an intraperitoneal dose of 50-65 mg/kg pentobarbital with additional doses
administered as needed). The lateral aspect of each hind limb i$ shaved and disinfected. Using
aseptic technique, an incision is made on the lateral aspect of the hind limb at the mid thigh level.
The biceps femoris is bluntly dissected and the sciatic nerve is exposed. On one hind limb of each ..,
animal, four loosely tied ligatures are made around the sciatic nerve approximately 1-2 mm apart.

On the other side the sciatic nerve is not ligated and is not manipulated. The muscle is closed with

155



pi perazin-l-yl}-nicotinic acid ethyl ester; 5-C

hl or 0- 6- 14-[ 6- (4-f | uor o- phenyl ) -2-pyrrolidin- |
-yl-pyrimdin-4-yl]-3-(R) -nmethyl -piperazin- I - yl1l-nicotinic acid ethyl
ester; 5-Chloro-6-; 4-[6-(4-fluoro-phenyl)-2-(2-methyl -pyrroli di n- |

-yi ) - pyri ivaRewsa2613y - 3- (R) - net hyl - pi perazi n- 1- yl } - ni c ®CTAIS2005EI8H69

5-Chl oro-6-{ 4-[6-(4-fluoro-phenyl)-2-pyrrolidin- |

-yl - pyri rbatinneud-pattdra 3ad Ry -skiatiblosqal wietr azind-dlips gt JuturesC OREth iae @AGEwEd for

(5-Chl orq-6:14- Q- phen ne I) pyrimdin-4
Syl]-3-( Flsechan cﬁl ﬁoc‘y néér'égf;nlwra]lplryper\ﬂglsm angl ﬁmenna%p%iwlesa@ésrn{% cfescrlged(agy

hI oro-6-14-| GC(omwdndﬁtﬁwi—rghenyau) 4r42thqsyrroﬂdlreSdit in-4 statistigally significant sduction 8- (R) - met h

5. chl o o Bt P BB R ALt sl T ST 1 o

y| ] - 3- (R)O. ﬂbﬁ(hylgfkg,prqﬂe,rmtqmlly or tpbicylly) iminerdiafe fto; testing as a single bolus, or

1416 (e Eliflif)s Fb?sewumzor%e@ﬁé}% fom'tes&agﬁ L-yl)-pyrimdin-4-yi]-3-(R
-net hyl - pi perazi -5-neth nlc Inic acld
5- Chl oro- 6- 14-[ 6- ( 4- quoro phenyl) 2- pyrrolldln-
| -yl -pyrimdin-4-y11-3-(R)-nethyl -piperazin-I- yl | -nicotinam de;
6- 14- 16- (4- Fl uor o- phenyl ) - 2- ( 2- net hyl
-pyrrolidin-l1-yl)-pyrimdin-4-yl]-piperazin-l-yl}-5- methyl-nicotinic acid;
(6-14-[6-(4-Fluoro-phenyl)-2-(2-nethyl-pyrrolidin-l-yl)-pyrimdin-4-y1]-3-(R
)-methyl - piperazin- | -yl } -5-nmethyl -pyridin-3-yl)-nethanol;
(6-14-[6-(4-Fl uoro-phenyl)-2-(2-nmethyl -pyrrolidin-Il-yl)-pyrimdin-4-yl]-pipe
razin-1-yi}-5- nethyl-pyridin-3-yl)-methanol;
(5-Chl oro-6-14-[6-(4-fluoro-phenyl)-2-(2-nmethyl-pyrrolidin-1-yl)-pyrimdin-4
-yl]-piperazin-1- yl}-pyridin-3-yl)-acetic acid,
5- Chl or0-6-14-[6-(4-fl uoro-phenyl)-2-(2-nmethyl-pyrrolidin-I-yl)-pyrimdin-4-
yl]-pi perazin-I- yl)-nicotinamde; 5-Chloro-6-13-(R)-nethyl-4-[2-(2-nmethyl
-pyrrolidin- |-yl)-6-phenyl-pyrimdin-4-yl]-piperazin- 1-yl,-nicotinic acid
ethyl ester; 158 5-Chl oro-6-14-[6-(5-chl oro-pyridin-3-yl)-2-(2-nethyl
-pyrrolidin- | -yl)-pyrimdin-4-yl]-3-(R)- nethyl-piperazin-l-yl}-nicotinic
acid ethyl ester; 5-C
Mor 0- 6- (4-[ 6- (2-i sopropyl -pyridin-4-yl)-2-(2-methyl-pyrrolidin-l-yl)-pyrimd
in-4-yl]1-3-(R) - nethyl-piperazin-l-yl}-nicotinic acid ethyl ester; 6-
{4-]6-(4-Fl uoro-phenyl)-2-(2-nethyl-pyrrolidin-
-yl)-pyrimdin-4-yl]-3-(R)-nethyl-pi perazin- 1-yl]-5-methyl-nicotinam de;
6- {4-[ 6- (4- Fl uoro- phenyl)-2-(2-methyl -pyrrolidin-I-yl)-pyrimdin-4-yl]-piper
azin-1-yll-5- methyl-nicotinam de;
5-Chloro-6-{3-(R)-nethyl -4-[2-(2-nethyl -pyrrolidin-
| -yl)-6-mtolyl-pyrimdin-4-yl]-piperazin- 1-yl}-nicotinic acid ethyl ester;
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(5-Chloro-6-13-(R)-nmet hyl -4-[2-(2-nmet hyl -pyrrolidin-1-yl)-6-phenyl-pyrimdin
-4-yl]-piperazin- 1-yl}-pyridin-3-yl)-nethanol; (5-Chloro-6-;

3-(R) -nmethyl -4-[2-(2-nethyl-pyrroli din- |
-yl)-6-mtolyl-pyrimdin-4-yl]-piperazin- 1-yl}-pyridin-3-yl)-nethanol;
(5-Chl oro-6-t4-[6-(5-chi
oro-pyridin-3-yl)-2-(2-nmethyl-pyrrolidin-l-yl)-pyrimdin-4-yl]-3-(R)-

met hyl - pi perazin- | -yl } -pyridin-3-y))-nethanol;

(5- Cnl or oyt (Aelbi@redds:i sopropy) -pyridin-4-yl)-2-(2-nethyl
-pyrrolidin-1-yl)-pyrimdin-4-yl]-3-

(R) met hyl - pi nerazIAncdmp/dlﬁqdwgamIakc%ea/ﬁamm?égl@a@l:@nm%m fl oro- 6-t
(R - rrethl-4 2- (2-nmet hyl -pyrrol idin- -yl)-6-mtolyl-pyrimid

n 4-yl]-2 4p@r(éz¢}nioro| 4-3ﬂ|up1:qapml)fﬂ moamoﬂp 4 yl-pyrimidin-4-yl]-piperazin-1-yl}-nicotinic
Chl or o- 6- z{cﬂd@tﬁyl(é&teﬂ:,hl oro-pyridin-3-yl)-2-(2-methyl -pyrrolidin-l-yl)-pyrim
ni catinic .ac

'5 |
o Gl ol 0% 4{6?3[)360@% SBBSAE ) ot Rl 1 AP E hy - migeeenr ot 1 - 1) - pyr
5- Met

0
i mdin- 4y|1}1° PRy et hyl - pi perazin-1-yl]-nicotinic acid,

Met hy| 96¢41 I I B LAk dbin-1doy ] ) = Rinper az
el -y }anl- 4 ﬂi?(l[ﬁlﬁ@l}ggrd;%:ﬂh‘lﬁ } ﬂ)’ern'&gsﬂt gl:prHohM 4)-%133)9#?1%@)44 4.RY) }hﬁhgklﬂ sl dicdinRe
4-12-(2-methyl’-pyrrolidin- | -yl)-6-mtolyl-pyrimdin-4-yl] -piperazin- |

cyl ) - oY 63 -abhimodt fydrogdibmyl)-2 52 vadthylhpyBrol idinf- P~y{)2pymiz idin-4-y Hyripohdiok n-
| -yl) - 6- pyri-gins-fresty pyridim- By ox4y-ythjy plipethazamides yl ) - nicotinic acid ethyl
ester;

6- ( 4- [ 6- CA'SBpt-of -y hioa-A=thiop-pheny o2ty pyrp Bingh-HPyGmdigsA-yli di n- 4-
yl ] - pi per azhiperpzinyltyl} gsqpiediipic addicot i ni c aci d ethyl ester;

5- Met hyl 2 I di n-
-yl ]- %’I SgCrl(lgr?(f) rfglt( r)éhll'oflo LIgf{]ul(ogot Cr{}c{) -2- F?’frfe?sl lgkﬂogd%el) %ﬁ p@/gﬁﬂ%h 4p¥l |3m In
(3-(R)-neth iy P I%l %Pﬁﬂ 59?(}1&1 i Inﬁ yI VI’) 6-mt ol yI pyri m

i di n-4-yIs]CIbRe6-AZ1[p-(3-Lhiokd-4 1o Iaﬂérfyl)az{zimtﬂwipyﬁsn@m,l -5 WM tiidin6r-13-3-

3-

di

- (R) - met hyl q4- métgyl ;ﬁgerai‘fﬁith} r{?é/cftfn‘?d adi@li n-

yl)-6-pyridin-4- 6pr|m din-4-yl]- plperazml yl;-nicotinic acid ethyl
ster: 151§}Chloro 6- 4 2/3 chloro-4- ﬂuoro phenyl)-2-(2-methyl- pyrrohdln 1-yD)-pyrimidin-4-yl]-

I
t
{4- [6 (2- }blp@‘plloﬁyjfl-}myn‘lldm By&)-mktha@el( 2- met hyl - pyrrolidin-1-yl)-pyrimn d| n-4-
| ][ 3-( R) ﬁ h¥n6 {4p GDF.‘&r éﬁoro j‘ﬂ%m}o alenylt) r}_y(l.'l Inet?lolt ;I)}prlr(ﬁ &5 dyl)elt)}rflgrlmdensh -

2- Dl
no- 6- ( 4- fI B?rézlﬁﬁemIByrlﬂWI’ﬁllIHFthylzi WA ANRS:. et hyl - pi perazin- | -yl ]-5-
et hy!l - nicc o€ Rlogo- @C’uqéf@t&‘ﬁhor@ﬂtﬁtﬁoro phenyl) -2-(2-methyl-pyrrolidin-1-y!)-pyrimidin-4-yl]-

(5- Met hyl ) R3] pyrrolidin-
| -yl)-6- phené‘%aélgrll cﬁ% 3 yf) pip az%{n- ] -yl) -pyridin-3-yl)-ntthanol;

( 5- Met hyl(3-€hloro-6-{4-[6-(3- chloro 4-fluoro- phenyl) 2-(2-methyl-pyrrolidin-1-y!)-pyrimidin-4-yl}-3-
{3-(R) - net h(&H)l-nf-‘let[))?I }(@elaﬁhhyj/l}ﬂwrlrdﬁi -Bgil)mbthyhgl- 6- mt ol yl - pyri m din-4-yl]-
r .- t
P 20 C o Bk B of-<h vt 4rﬂl)r5?<m> e N AR
pi per azi n- IPIWIPZIByer rlIﬂICC’SWW)‘ %et hanol ; (6-
{4-16-(24 rgret%ﬁﬁ{ ORY) 4 Ry A1 Brots Yl'u%rozpl{eayﬁ%t AYhropEFiplhAhN i ¥ inRyihiamgi n- 4-yl

1-3-(R)- p1 erazin-1-yl} -pyridin-3-yl)-methanol;

e
6-
y
4-
[

5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(4-propyl-piperazin-1-yl)-pyrimidin-4-yl}-
piperazin-1-yl}-nicotinic acid;

5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-
(R)-methyl-piperazin-1-yl}-nicotinic acid ethyl ester;

(5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
piperazin-1-yl}-pyridin-3-ylmethyl)-dimethyl-amine;

5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl}-
piperazin-1-yl}-nicotinic acid methyl ester;

5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
piperazin-1-yl}-nicotinic acid;
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pi perazin-1-yl}-5-nethyl-pyridin-3-yl)-nethanol;

(6-{4-[2-D net hyl am no- 6- (4-fl uoro-phenyl)-pyrimdin-4-yl]-3-(R) -nethyl-pipe
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nicotinic acid ethyl ester;
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m din-4-yl]-3-(R)-nethyl- piperazin-|-vl]-5-nethyl-pyridine-2-carboxylic
acid am de; (5-C Moro-6-

{4-[6-(3-chl oro-4-fluoro-phenyl)-2-(2-(R)-nmethyl-pyrro

lidin-1I- yI) pyrlmdln 4 yI]

3-(R | eraz

> (5 orargedh o amfl Yur S ﬁg T O T ———
-4-vl]-pi ;?é?eé% rmet Ij’]r'ina?tﬂf“’é pr opan- 2-ol ;

1- (5-Cht 50C9ro§o{34f4 %6 (64t dor S BR ATy PPEITYA R - religt- Wxtrblydm 1994 ;;9I1mhd1hm -yli- 3 (R)-

Zlfa%l ! tl‘?ylogﬂp 7 uolr '}gﬁhﬁﬂ?yi:‘a(cgtok Ilrepyrlhy: np)?;r?/m et E?n? | or o- 6-
y

) - py (S-@hldrr644y{6}(4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-
R) - met hydthydipigrazn1-y13 spyldd-§ &I)hapdtﬁ@atyd et hyl ) - ni coti nam de;

GP,I;‘IIEZBW e e e AR T R e
)

t
6- (4 dB‘?tbylplPiéﬁWl}l 2yl} niganapydix oxymet hyl - pyrrol i din-1-yl)-pyrinidin-
3

R S e Sy Mg o st oo

m 1 Aic pyrl di n-3-yt)-acetami de; 6-

) - Py
[ 6- (&{]ﬂl@r@ré@l@tfe(w{lmora ;(lieﬁplpaqpy(R)nﬁtmlm@@hﬂlﬁﬁ 4 pN-pyhididin-4-y)]-3(B)-( R) - net

| - pi per agdtRyl-gipdthdind= mlnhadtmm z(é@d' nl c acid; 6-{

[ 6-(3- Chloro4fluoro B;len 2 (R - rrethyl pyrrolldln-

1) -

py G- f-ti--Blgra-pl ij peralidinr byl pyrimidigsti | 3TIRI:616IIWH: aci d;
Chl or o-péperazanl 64 f-4- 1ﬁ¢tblz)h‘@¥rpdﬂ@ﬁwl) a®t1€201(dS) hydr oxyrret hyl -pyrrolidin- |

rf’éﬁ'@%ﬁ’%{lﬂy% 4(‘}&1?"9%” PLHGRG A ypyrimidii falbne; 164

| or o- AL (YLI II}%II(I?S‘ 2- (2 (S) hydr oxymet hyl - pyrrol i di n- I
DYNch?cwbﬂtyﬂﬁy 4} F63¢4- ﬂLR)ro le Imeﬂ@qjynohdmwynpmhlmm yApigkrazin-1-

| or 0- Q114 &riftichi lhlé}ﬁlgep en I)- - (i sopropyl - net hyl - am no) - pyri m di n- 4-vyl
(R - met h perazin-1-yl)-nicotinic acid;
I

or bk @ydaﬂpe[nad@ ¥ ok ﬁummh)%nyl) 212(126tbﬂ)pmydmdm<} -yhepsiyhidpydybk i din- |
pyri rp1pianarz—114l-—ly>ll] 5 1petbglrmzomnam1§td:) ni cotinic acid;

l - gllgé% %[fﬁlo ‘E)?I] Lig)rrzl %&H%B}% éjn 1 )Ilzﬁpyrumg% 4- nﬂpf}))erazm 1-yl} ly]L]) Apyrimdin

ChI oro goethoyysthy-3-pisdh “ﬁI’ﬁ”@HW‘) 2- (i sopropyl -nmetliyl-am no)-pyrinidi n- 4-
yl']-pi pgrazisialiuvor Jhen LGOI &h&Ip@&bidin-1-y)pyrimidin-4-yl]piperazin-1-yl}-N-
6-14-[ 6- (?hf[&gt}ﬁrpp(iﬂ } ){{%ﬁﬁ?}ll ﬂﬁ? (1| so}ﬁ)l)—pgpy %’yF pa_m no) - p}yr |(m di n-4-yl

] - pi perazi n- -ni co |n|c aci d;
4- (4-Fl ﬁdl‘ldéﬂhéhljbl()phﬁﬁ_‘{l?—%((@)mﬂhﬂb}'ﬂr@”dl(l3 ytmymxyﬂidﬁl-@yb]pmlemz;ryl—yb}yﬁmcﬁthylz- vl) -
pi per azi n-N-(tehlydZofufa= 2( R)me[’tﬁj‘zlbm&gtmﬁﬁqﬁ&ﬁ idin-|- yI ) - pyr| m di n; 5- Chl oro- 6-

4-12-(2-(.S) - hydr oxynet rroldin- )-6-p r|md| 4v| 3-(R
ta-1 (N ((3 ethox%/propy}/) 6-{ %6 (AP ¥Iu0r0p enyl)- 2( methylpyrr0q1d1n yyl)pyr1m1d1n4 I-3-(R-

yl]piperazin-1-yl}- 5 methylnicotinamide;

(
3-
6-{4-[
( nme
6-{4-[
4-

I
(
{4-
R) -
{4-
yl
4-
I

-y
(4-
hy
4-

-y
(5-
'y

1)
- py
5 Ch
-yl) -
5- Ch
]-3-
5- Ch
-yl) -
5- Ch
-4-y
5_

N-benzyl-6-{4-[6-(4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidin-4-yl}piperazin-1-yl}-
S-methylnicotinamide;

N-(4-fluorobenzyl)-6-{4-[6-(4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidin-4-
yl]piperazin-1-yl}-5-methylnicotinamide;

6-{4-|6-(4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidin-4-yl]piperazin-1-yl } -N-(4-
methoxybenzyl)-5-methylnicotinamide;

N-[3-(dimethylamino)propyl]-6-{4-[6-(4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidin-4-
yl]piperazin-1-yl}-5-methylnicotinamide;

6-{4-[6-(4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidin-4-yl]piperazin-1-yl}-N-(2-
methoxy-1-methylethyl)-5S-methylnicotinamide;
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met hyl - pi perazin-1-yl-nicotinic acid,

4- (4- Fl uoro-phenyl )-6-12-(R) -nethyl -4-[ 3-net hyl -5-(1

Htetrazol -5-yl)-pyridin-2-vl]-piperazin-

1-yl)-2-(2- (R -methyl -pyrrolidin-I-vl)-pyrimdine; 5-Chloro-6-
{4-12-(2-(S)-hydroxynetlivl-pyrrolidin- |

-yl)-6-phenyl -pyrimdin-4-yl]-3-(R)- nrethvl-piperazin-I-yl)-nicotinam de;
5-Chl oro-N-(2-1iydroxy-ethyl)-6-14-[2-(2-(S)-hvdroxymetiiyl-pyrrolidin-I-vl)
- 6- phenyl . [BY(mﬂLﬂ)'rébHanﬂi YZL -Reth yﬂ“@ltl }'111 @@frﬁ"‘i@ldh 1t rd}'lrﬁ@lyll}ng%éiﬁyl

5- Chl oro- I\I%?i v h%%xyﬁ_ Y 1 ?nq I- - g%lge -pyrrolidin-|

-yl )-6-phen pyrim pI pera2| n- I yI ) - n| cotl nam de
5- Met hy N-@-ctBoxyR)hyihes- I{ﬂ*)[ﬁ-(dl—quﬁrc(phemgm Py P-npythylpy riralidindl - yl)pyr1m1d1n 4-
- v1) - 6- p- tyd]|pypergyi-1 rgl HHiSamdthyInjcopinpaidezi n- 1-yl)-nicotinic acid:

4m(9:1h§: 4p[ér<ng? ?@rgpﬁe ?D)lz ézgft%k%rgﬁé Hﬁ%ﬁ?@ﬂ"@hp}ﬁer %ﬂr '}dy:bw.zmﬁy @%l (R
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2 met hyl'= Cdgmqmé]ﬁy) pyrimdin-4-yl]-piperazin-1-yl)-nicotinam de;
(5- Chl quélﬁ}ubﬁoﬂhGny(l) -3- (Qhh@;hplpﬂrri)1|1diﬁ¥10ylpbe{r4y[|3)m2thpi @prﬁblf&iﬂl-lyl -pyrimdin-4-y
1]-3-(R)- gﬂ&ﬂbf&; | gﬂ@lTna;yn edikz = Rynipdimidngl ) - met hanol ;

5- Chl or o- 6- Ig, E

uor o- phéﬁf}tf}wmpdlzn IRp= Me&%l}ipﬂﬂpj&z%(@pprmhn IFylgarpopy)inygidin-pryhlpinerazin-1-yl}-2-(2-

2- (R) - net hy¢th]olipmﬁla<imfi }'19131}11§mlldlr@ot| nic acid ethyl est er

per art A1 )gé’ LenfspH, a‘ﬂ% TSI XL el iy 411 -
{4-[ 6- (4- AT IBYBWQH’YWCQQ ((r? Pyl -pyrrolidin- |

-yI') - pyni@mfdioropheiyl) 63(4({@)%13{@5/135” (4-methylpiperidin- la/l)carbonylg pyridin- 211}p1perazm
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- 3 met hyt4-14-[pip8uempheny 1))252mmpyr3}lpiw -il gil wyriedih sl | piperazingl-yl
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%”5| (r:nhldlor % éif ﬁ;‘ﬂﬁ h l)?b? rm%%hngyr}olldlnml?tyh%yrum(? Xrﬁ{ )c/il p1¥61]a91)r(1y1} ?l%hﬁanm i

hl or o- 4- flll}%t kﬁlﬁh’éﬂ‘ﬁr YQCT'(’CZ‘R)I]-UZ‘OWQEWPB%rOI idin-1 -

1] pyri m(qltﬂloﬂoﬁﬁleﬂiy@ﬂmtBY&QﬂhpﬁS-%@'-ﬂe h3 ?ﬁe‘?ﬁﬂﬁﬂ gl g’r‘bﬁh%’ icet- b%n,‘qilperazm
6-((3 e 2-(h oxynme rrolidin-I-

r{gn d|(§1 ?§6j@ 141&]1&{?'5‘/8’0 gl?lafz]?h }( I-éS met ély?/pyr:qél n- 3- yI) f)c/)xyl et hlanol e

5- chII\bcyMcB}e(((/BfR){446{(6—ﬂ(uBPcrphbmrl}3242-fnhanl@rlpyrr@nmh)1 y2}p[y(12fi91m24 s pipyrapip Ir- ol i di

-yl ] pyry];m\dﬁmm&hylln}coanmﬁtdlayl pi perazin-1-yl)pyridin-3-yl]ethanol;

5 chl or o- 6- -(3-ch] oro-4-fl uorophenyl)-2-[ (2R) - 2- et hyl pyrrol i di

1

5-

yl] 6;{&1%05(? 1eny1) 6- (il {3 methyl-5-[(4-phenylpiperidin-1 yl)carbor[l)(/l]pyrldm 2-yl}piperazin-
1- 3- met-W12pi2paethy iparioliging bybprimidiey| ] - N, N- di et hyl et hanani ne; and

Chhgﬁ%% ép(hé 1 ({16{3 ﬁet‘ﬁ?l o rﬁelfhgfl'b%e?appr? qy}ll?calzoo[ng/l%@n&n @E}tlhlylb@r}ﬁlhm i di

-yllp
- 3- et hyl pc ﬁé a@I lﬂetl ytﬁyflﬁwlin Hl)gyrﬁﬁdlrﬁ- met hyl et hanam ne; and
phar macaytiftakdphenyl)-6-[4-(5-{[4-(2-methoxyethyl)piperazin-1-yl]carbonyl}-3-methylpyridin-2-

yl)piperazin-1-yl]-2-(2-methylpyrrolidin-1-yl)pyrimidine;

y
2-
y
2-
n-
2-
n
4-
2-
n-

|
[
|
[
|
y
[
| -

4-(4-{5-[(4-cyclopentylpiperazin-1-yl)carbonyl]-3-methylpyridin-2-yl} piperazin-1-y1)-6-(4-
fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidine;

4-(4-{5-[(4-acetylpiperazin-1-yl)carbonyl]-3-methylpyridin-2-yl} piperazin-1-yl)-6-(4-
fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidine;

4-(4-fluorophenyl)-6-(4-{3-methyl-5-[(2-methylpyrrolidin-1-yl)carbonyl]pyridin-2-yl} piperazin-
1-y1)-2-(2-methylpyrrolidin-1-yl)pyrimidine;

N-[2-(dimethylamino)ethyl]-6-{4-[6-(4-fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidin-4-
yl]piperazin-1-yl}-N,5-dimethylnicotinamide;



acceptabl e salts thereof. 2. The conpound or salt of claim1l1, wherein the
conpound or salt is (5-Chloro-6-

~4-[6-(3-chl oro-4-fluoro-phenyl)-2-(2-nethyl-pyrrolidin-Il-yl)-pyrimdin-4-yl
]-3-(R) -nethyl - piperazin-I-yl}-pyridin-3-yl)-methanol or a pharnmaceutically
acceptable salt thereof. 3. The conpound or salt of claiml, wherein the
corrpound or salt is 6-{4-[6- (4 Fl uor o- phenyl) 2-(2-(R) - et hyl - pyrrolidi n- |

of % DREr Rt i ;{3%'% % P-CBnBSp RS B o R o™ ¢
claim 1, R%“F?F”M & ﬂ% ISIPICQBP%m‘IS (5- Chl oro-6- [ 4-
[ 6-(3- cblfqr[@ (4-fldodshenPhenelmetByl arr()lﬁimmeylbwrmﬂwrfmyl gip‘érazin ] yl}-N 5-

-yl)-pyri fﬂn% ﬂNW{an@th&@yrroHHﬁ yhnieh@hAdd,n-1 - yi } - pyri di n-3-yl ) - met hanol
or a phar maceutyl cally acceptable salt thereof. 5. The conmpound or salt of

cl ai m 11-[(thet-6i-t-flheroplamydudrl-orethydpyrrdliglig L {yippem{din-4-yl]piperazin-1-yl}-S5-
Fl uor o- phenq;thylpir-l@ﬁ 3(?1))0211@1113&/ FN,N-dimethylpyrrolidin-3-amine;

i -
5ot yC W 5 m.al) y@-lﬁﬁ%&l@%rgﬁﬁt’lpg}-&@%ﬁﬁ?@%zé SURiReT b 85 166
6. The corﬂ%“éb}‘llﬂy% nshylﬂcaé?OItYﬂ Ry riphdinghdy a5eiiide conpound or salt is

2-{[ 6- ((l?(ﬁ{)ﬁu%lophenyl) 6-(4-{5-[(4-metho eridin-1 ar onyl ]-3-methyl -2-
yridin-
{6-(3-chl él Y. }%‘ 2- ’)Elﬁi yrr0|3,%y| -4-pyrimdinyl}
- 3- net hyl %Pp erg%H?a PaﬁP %S[h é/%)p é 3}]I ] oxy} et hanol or a
phar rracét(ﬂ4{66[[4 4’ datepii ﬁdirid&n—slajlbeatﬂmyh}da‘f-meth@@yrldm 2-yl}piperazin-1-yl)-6-(4-
fluorophenyl)-2-(2-methylpyrrolidin-1-yl)pyrimidine;
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(3-(R)-methyl-morpholin-4-yl)-pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-nicotinamide;
6-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-yl}-5-methyl-pyridine-2-carboxylic acid,
0-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-yl}-5-methyl-pyridine-2-carboxylic acid amide;
(5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
3-(R)-methyl-piperazin-1-yl}-pyridin-3-yl)-methanol;
2-(5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-
1-yl} -pyridin-3-yl)-propan-2-ol;
1-(5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-
1-yl}-pyridin-3-yl)-ethanol;
5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
3-(R)-methyl-piperazin-1-yl}-N-(2-hydroxy-ethyl)-nicotinamide;
6-{4-[6-(4-Fluoro-phenyl)-2-(3-(R)-methyl-morpholin-4-yl)-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-yl}-5-methyl-nicotinic acid;
6-{4-[6-(4-Fluoro-phenyl)-2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-pyrimidin-4-yl1]-3-(R)-
methyl-piperazin-1-yl}-5-methyl-nicotinic acid;
2-(5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-
I-yl}-pyridin-3-yl)-acetamide;
6-{4-[6-(4-Fluoro-phenyl)-2-(isopropyl-methyl-amino)-pyrimidin-4-yl]-3-(R)-methyl-piperazin-
1-yl}-5-methyl-nicotinic acid;
6-4{4-[6-(3-Chloro-4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-5-methyl-nicotinic acid;
(5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
3-(R)-methyl-piperazin-1-yl}-pyridin-3-yl)-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-
methanone;
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5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-pyrimidin-4-y1]-3-
(R)-methyl-piperazin-1-yl}-nicotinic acid,

5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(isopropyl-methyl-amino)-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-yl}-nicotinic acid;
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
piperazin-1-yl}-nicotinic acid;
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(3-(R)-methyl-morpholin-4-yl)-pyrimidin-4-yl]-piperazin-
1-yl}-nicotinic acid;
5-Chloro-6-{4-[6-(4-fluoro-phenyl)-2-(isopropyl-methyl-amino)-pyrimidin-4-yl]-piperazin-1-
yl}-nicotinic acid;
6-{4-[6-(3-Chloro-4-fluoro-phenyl)-2-(isopropyl-methyl-amino)-pyrimidin-4-yl]-piperazin-1-
yl}-5-methyl-nicotinic acid;
4-(4-Fluoro-phenyl)-6-[2-(R)-methyl-4-(3-methyl-S-oxazol-2-yl-pyridin-2-yl)-piperazin-1-yl]-2-
(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidine;
5-Chloro-6-{4-[2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-6-phenyl-pyrimidin-4-y1]-3-(R)-
methyl-piperazin-1-yl}-nicotinic acid,
4-(4-Fluoro-phenyl)-6-{2-(R)-methyl-4-[3-methyl-5-(1 H-tetrazol-5-yl)-pyridin-2-yl]-piperazin-
1-yl}-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidine;
5-Chloro-6-{4-[2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-6-phenyl-pyrimidin-4-yl]-3-(R)-
methyl-piperazin-1-yl}-nicotinamide;
5-Chloro-N-(2-hydroxy-ethyl)-6-{4-[2-(2-(S)-hydroxymethyl-pyrrolidin-1-yl)-6-phenyl-
pyrimidin-4-yl]-3-(R)-methyl-piperazin-1-yl}-nicotinamide;
5-Chloro-N-(2-hydroxy-ethyl)-6-{3-(R)-methyl-4-[2-(2-(R)-methyl-pyrrolidin-1-yl)-6-phenyl-
pyrimidin-4-yl]-piperazin-1-yl}-nicotinamide;
5-Methyl-6-{3-(R)-methyl-4-[2-(2-methyl-pyrrolidin-1-yl)-6-p-tolyl-pyrimidin-4-yl]-piperazin-
I-yl}-nicotinic acid;
4-(4-Fluoro-phenyl)-6-{4-[5-(1 H-imidazol-2-yl)-3-methyl-pyridin-2-y1]-2-(R)-methyl-piperazin-
1-yl}-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidine;
0-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl}-3-(S)-methyl-
piperazin-1-yl}-5-methyl-nicotinic acid;
N-(2-Hydroxy-ethyl)-5S-methyl-6-{3-(R)-methyl-4-[ 6-(6-methyl-pyridin-3-yl)-2-(2-methyl-
pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}-nicotinamide;
(5-Chloro-6-1{4-[6-(3-chloro-4-fluoro-phenyl)-2-piperidin- 1 -yl-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-yl}-pyridin-3-yl)-methanol;
5-Chloro-6-{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-
2-(R)-methyl-piperazin-1-yl}-nicotinic acid ethyl ester;

6-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}-5-
trifluoromethyl-nicotinic acid;
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0-{4-[6-(4-Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-
piperazin-1-yl}-5-trifluoromethyl-nicotinic acid;

2-[6-((3R)-4-{6-(4-fluorophenyl)-2-[(2R)-2-methyl-1-pyrrolidinyl]-4-pyrimidinyl } -3-methyl-1-
piperazinyl)-5-methyl-3-pyridinyl]ethanol;

2-4[6-((3R)-4-{6-(3-chloro-4-fluorophenyl)-2-[(2R)-2-methyl-1-pyrrolidinyl]-4-pyrimidinyl } -3-
methyl-1-piperazinyl)-S-methyl-3-pyridinyl]oxy }ethanol;

2-{[5-chloro-6-((3R)-4-{6-(3-chloro-4-fluorophenyl)-2-[(2R)-2-methylpyrrolidin-1-
yl]pyrimidin-4-yl}-3-methylpiperazin-1-yl)pyridin-3-yl]oxy}ethanol;

2-{[6-((3R)-4-{6-(4-fluorophenyl)-2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]pyrimidin-4-yl}-3-
methylpiperazin-1-yl)-5-methylpyridin-3-yl]oxy}ethanol;

2-[5-chloro-6-((3R)-4-{6-(3-chloro-4-fluorophenyl)-2-[(2R)-2-methylpyrrolidin-1-yl]pyrimidin-
4-yl}-3-methylpiperazin-1-yl)pyridin-3-yl]ethanol;

2-[5-chloro-6-((3R)-4-{6-(3-chloro-4-fluorophenyl)-2-[(2R)-2-methylpyrrolidin-1-yl]pyrimidin-
4-yl}-3-methylpiperazin-1-yl)pyridin-3-yl]-N,N-dimethylethanamine; and

2-[5-chloro-6-((3R)-4-{6-(3-chloro-4-fluorophenyl)-2-[(2R)-2-methylpyrrolidin-1-yl]pyrimidin-
4-yl}-3-methylpiperazin-1-yl)pyridin-3-yl]-N-methylethanamine; and pharmaceutically
acceptable salts thereof.

2. The compound or salt of claim 1, wherein the compound or salt is (5-Chloro-6-
{4-16-(3-chloro-4-fluoro-phenyl)-2-(2-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-

piperazin-1-yl}-pyridin-3-yl)-methanol or a pharmaceutically acceptable salt thereof.

3. The compound or salt of claim 1, wherein the compound or salt is 6-{4-[6-(4-
Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-methyl-piperazin-1-yl } -

5-methyl-nicotinic acid or a pharmaceutically acceptable salt thereof.

4. The compound or salt of claim 1, wherein the compound or salt is (5-Chloro-6-
{4-[6-(3-chloro-4-fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(R)-

methyl-piperazin-1-yl}-pyridin-3-yl)-methanol or a pharmaceutically acceptable salt thereof.
5. The compound or salt of claim 1, wherein the compound or salt is 6-{4-[6-(4-

Fluoro-phenyl)-2-(2-(R)-methyl-pyrrolidin-1-yl)-pyrimidin-4-yl]-3-(S)-methyl-piperazin-1-yl} -

5-methyl-nicotinic acid or a pharmaceutically acceptable salt thereof.
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6. The compound or salt of claim 1, wherein the compound or salt is 2-{[6-((3R)-4-
{6-(3-chloro-4-fluorophenyl)-2-[(2R)-2-methyl- 1 -pyrrolidinyl]-4-pyrimidinyl } -3-methyl-1-

piperazinyl)-5-methyl-3-pyridinyl]oxy}ethanol or a pharmaceutically acceptable salt thereof.
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