CORP RECEPTOR ANTAGONI ST BACKGROUND OF THE | NVENTI ON 5CROSS REFERENCE TO
RELATED APPLI CATI ONS This patent application clains the benefit of
U.S. provisional patent application no. 611319,015 filed March 30, 2010.
The di sclosure generally relates to the compound (R)-N-(3-(7-ineihyl-IH
10i nda2ol - S¥@2aN/1232%- - (1-i net hy | pi peridi n-4-yl)p i per aGTUS20, (038168
-oxoproptin-2-y1)-4-412- me- | ,2-di hydroqui noe- | -earboxam de (Conpound
| or the conpound of fornulaincluding pharmaceutically acceptable salts,
which is a CORP-receptor antagoni st The disclosure also relates to

phar maceuti cal conpositions itral nethods ror using the conpound in the
treatnment of CORP rel ated 15di sgreerscpst USiragoNigr ai ne headaches,

neur ogeni ¢ vasodl i ation, neurogenic 10a:cmnation, thermal iniurv,
circulatory shock, flushing associated with nenopause, airway inflanmatory
di seases such as asthma, chr@gNKEESINOCOHENME PBONa@Ky di sease (COPE)), and
cancer. Calcitonin gene-related peptide (CORP) is a naturally
occurring 37-am noacid peptide first identified in 982 (Amara, S. 0. et 4
Sci ence 19825 298, 240- 2Z%)SS RERERFOIOFST@RELNEEpapPiida Tanes expr essed ( pCORP
and 13CORP) which differ by one and three amno acids in rats and hunans,
respectiyey. The pepthisgetentsipplicai@inglainsthe bdnefited Uisapiooitiand heeper i pher al
(PINTS) and cen v i incipally localized in sensory
af f ment and. %;{pﬂ!:aluﬂﬁé%gg/?]lfdﬁ dﬂrpé\& gys&g nunber of bi ol ogi cal effects,

i ncl udi ng vasod| | ati on. When reI eased fromthe cell, CCRP binds lo
specific cell surfac ne 1hs bi ol ogi cal
action predon nantl ﬁlgqua&gkegleﬁr%lwg%@%(%|t}%%§§§%ﬁ I‘?gﬁj(g eny atlféI eycl ase
(Poyncr, D. 1R @ﬂaza?/Sy -(f-Opmpthylpperslin-4-gbpperaays 1 -y U4 pxqprongad-Wed-€n, F. ct
al , Neur 030' Tebto- ﬂ-@-@i@ydx&ﬂaﬂwhﬂ@-@ﬂ)&pérldm-EV\chagtJOQ-aQ-rﬁ@us(C% G 1 B: heceptors,

CCRP] and CORP2, have been proposed based on the anF oni st properties of
the peptide fragtRatEndeiimpgla D3inyluding phaaacspice it apecprblesHiearhighial ogues of
CORP to activat eszptsﬁﬁa@Jrﬁm STl(eliﬂ@I&Qﬁ‘@-als&ela@E to?harm-ﬂee&agooo 21,
432-438). However, there IS L E% | ecul ar evidence fqr the CGRPZ
receptor (Braj ncongosippns gpd met usipghe compoudhin gheyireatipgy o rel¥&kept or has
t hr ee conponent slsorﬂé;é mau(Mng m@mnmahiaamg nélﬁbgéhicﬁ)ﬁklomlalheﬁ;(ﬂmr@’emkl ke receptor
(CRLR); (10 the. r.an r.activi.t protein
type one (RAMP 'ﬂﬁa ?:PO(] 1 t{1?1T34‘W8W P ﬂf°P§8Qi %ﬁ‘ﬁ(aﬁ PE‘E&Sﬁ?"dﬂié’dcgﬂﬁB?{é%“ Protein
(RCP) (Evans B. aiNvayetflaaindatody Bieddes (uEh emsth2Q0MronR: dbstriddveIBHdbd)ry dRAMP! i S
required for tr R to the plasnma nenbrane and for |igand
binding to the @Eﬁratg%g%tc%?LU\/bLatchl e, L. M etal, 10Nature 1998, 393,
333-339). RCP is required for signal transduction (Evans B. N et BMA Chem

2000, 275, 34438 430 T fnll S 1N:20BRP F2 3G el LmRESS T

bi ndi ng of small nolecu nt agoni s receptor with typically
greater affini t3fidsgrdefipy lciﬁh'rf&é@hl%M@mar?,k%Ghﬂﬁ’aﬁm?l@eé?ﬁ20298tMri%br ot her

Two forms of the peptide are expressed (¢CGRP and BCGRP) which differ by one

and three amino acids in rats and humans, respectively. The peptide is widely
distributed in both the peripheral (PNS) and central nervous system (CNS),
25  principally localized in sensory afferent and central neurons, and displays a number

of biological effects, including vasodilation.

When released from the cell, CGRP binds to specific cell surface G protein-
coupled receptors and exerts its biological action predominantly by activation of
30  intracellular adenylate cyclase (Poyner, D. R. et al, Br J Pharmacol 1992, 105, 441-7;
Van Valen, F. ¢t al, Neurosci Lett 1990, 119, 195-8.). Two classes of CGRP
receptors, CGRP1 and CGRP2, have been proposed based on the antagonist



species (3-rain, S. 0, et al, TIPS 2002, 23, 51-53). The am no acid
sequence of 15RAMP1 determ nes the species selectivity, in particular, the
aliti310 acid residue Trp74 is responsible M the phenotype of the hunan
receptor (Vallee et al. .1 Biel Chem 2002, 277, 14294-8). Inhibitors at the
receptor | av@pRo1t/e23C2RP are postul ated to be useful in 20dihoplasadésol ogi c
condi ti ons where excessive CORP receptor activation has occurred. Sone of

t hese i nclude neurogenic vasodilation, neurogenie inflammation, mgraine,

cl uster headache and ot her headaches, thermal injury, circulatory shock,
menopausal flushing, and asthma. CORP receptor activation has been

inplicated int Hakheae %H@fr@mcm @@(@@75‘%%@3@1&#@&9%?%&5 ofCNS Drugs
2001; i 5( 10): 745- 3 25W Il iamson, 0.5. Mcrosc. Res. Tech

167-178.; Gni nt CORP iciipys CGRIR ropshispsfiantda. Qb TiHS80003H 64 3638) Ser hm

level s of CORP ab®e a3t ﬂiéﬂ:h@ﬁcl&jdfrnidl&ulm i RhAGor(ikd C@ASYccRSr (BRtin,d. p. Ann Nour el
1990; 2 /1:183-7), and_treatnent e dru ur ns CORP | evel s

to normal coi ncPldEhe 2004 - al- ?@vvﬂd‘? ?gﬁpb‘i‘eceﬁ?@ééﬁé &e ‘("@8‘?6&}5' V2%t al.
Cephal al gi a 199banthem@8¢-c90)onidMeHpevt- [lﬁdJﬂ’eeepﬁbxmlt[lK) @0@t evas ed basal CORP

I I d t trol 86( 1-
) 133- 6. 5000y - HRPFRYMIEdHer SRR PP Ly Bk pistiseSe? ERP R Hitene i n
rai grai neurs (amractlluld re@ptoadompGephabtaingR@r)2002s Bel., 22 (, 1 Bjdbdhéndl) .

Preel i nical st “]?60‘63275 ?9%@3%“9{3 ec@?édtfohrat%ipoﬁyo%ﬁpk?o tﬁﬁnﬁ' OCkade with

t he peptide
henl odynani cs nmpmbre@ o &lr hb%lrd(bdldfngmmhé Shah, redemQI-(McL@;tchlalL Ml etPharl naeol Exp

ma 200, 298’10551113@1)6 19J8h‘3| t avﬁgsdptqﬁl%e&lgﬁ 13 ﬁ:ﬂgglisﬁ&cﬁi);r&gfxrls@ﬁsﬁm a novel

treatnment for mgraine t e car ascu ities of active
vasoconstricti ofl-- 48xbehean @0 Th 3 Héh4de Taer @Vé‘nwn Befres $pRificD agO lists, "

trip tans ' soi nigktieRlni tindin mﬁ%@%ﬂ'aﬁ&a@nﬂ@f@th@ bowp_&fhhcamy 1n human
clinical trials. See Davis Xn Curr Top Med Chem 7008 (16) 1468-79;

Benernei S, Ni colverly geatceaffaeseador exsgpuitin obthe mupan reoppter towdpriasiey/ . 2009

9(1):9-14, Epubsp%QQsQBJdaﬂsa@,ethiomﬁy\lzod'zeﬂ a1b3)MPhe Bﬁxdudfd@h{uengéral et V. Kost
.1, Fan X Lei bengfﬁggerS 10 Assai d Li nes Ko W nner PK,

Lancet, 20083784 %@@wwww ‘lntpam‘f‘%}\?' g agi e“ﬁ‘é?n X, Assaid
C, Farrar C, Jomes4 @,resb(bn@ib& f6the ﬂamﬁﬁrofthAMde&bU‘e@bO@yallQ@@& Y8iol304. Emil)
2007 Cct 3. The Vﬁ&% an ﬁ% des techni cal advantages, for exanple, the
conpound is 15n d i 4i 5 CORP. Additionally, the conpound provides
advant ages for pharmaceutical uses, for exanple, with regard to one or nore

of their mechani sm a t| bi nd| n 'Cr(‘ilfzpb' tion ca ar get
selectivity, sol ubi I%?}ilbl o5, @b{ecepﬁ?rcl) R or 05%{71%9} atﬁ “%yf?l i 20CORP
recept or anﬂ@tgopﬁtlmpkyst@axga doeditiond whork @svemwe & GRCTeqoprbt acnwlpmm obauitedt i ng W

200311 042. 36. %ﬁc@ﬂé Sl\li@ﬂ%u.Lwﬁwéomtl%ﬂ@&oéemﬁmah&ﬁu&{‘%&Bﬁé59534 &

met hyl - Hit nda
cluster headache and other headaches, thermal injury, circulatory shock, menopausal

flushing, and asthma. CGRP receptor activation has been implicated in the
pathogenesis of migraine headache (Edvinsson L. CNS Drugs 2001;15(10):745-53;

25  Williamson, D. J. Microsc. Res. Tech. 2001, 53, 167-178.; Grant, A. D. Brit. J.
Pharmacol. 2002, 135, 356-362.). Serum levels of CGRP are clevated during
migraine (Goadsby PJ, et al. Ann Neurol 1990;28:183-7) and treatment with anti-
migraine drugs returns CGRP levels to normal coincident with alleviation of
headache (Gallai V. et al. Cephalalgia 1995;15: 384-90). Migraineurs exhibit

30 clevated basal CGRP levels compared to controls (Ashina M, et al., Pain 2000, 86(1-
2):133-8.2000). Intravenous CGRP infusion produces lasting headache in
migraineurs (Lassen LH, et al. Cephalalgia 2002 Feb;22(1):54-61). Preclinical
studies in dog and rat report that systemic CGRP blockade with the peptide
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met hyi pi peri di n-4-vOri perazin--cittopropan-2-yH 4-(2-oxci-1, 2-

di hydroqui noliti--3-Apipeil dinevi -ciarhoxam de (Conpound | or the conpound
of formula and. pharmaceutical conpositions and nmethods flit nodul ating
CORP and treating patients with nedical conditions associated with aberrant
| evel s of CORRo0M2BHCORP receptor signaling. ThecT/vszentoegass i ncl udes
all pharmaceutically acceptable salt fornms of the conpounds.
Pharmaceutically acceptable salts are those in which the counter ions do
not contribute significantly to the physiological activity or toxicity of

t he conpounds and as such function as oharnmat, ol ogi cal equival ents. These

salts can be magg, AaCOFEkNG. 3t7Pdo€0ﬁUP’QR:r %tﬂ%@&&erﬁ@ﬁ@ﬁ'ﬂd{%ﬁ%ﬁcs&@ﬂ%@bﬁaﬂ9

conner0|ally avai |l abl e reagents. Sonme anionic salt forms include acetate,

aci strate, besyblead flgyy op e -T-chtlot [haenacelifxp dhe, 2O‘Pll PHardc®, Thisuedt¥onat c,

hydr obr omi de, hYééErQ&mltgédn‘iiﬁ:mJﬂ)?&édtQwaQﬁtrealn%l Aemidk ALk SvoidiRALAL €,
nmesyl ate, nitrate, panpate, phosphate, suecinate, sulfate, tartrate,

tosylate, and xPHHPTRYSE l‘a‘SbtfﬁéOEa&f‘YeoWF‘EO‘ésglcf‘O‘? T A GerssRe IR UL | 1

al um num benRzatiiBAD BbsdUtNpraGaledl Wimatghalhi ne, di et hyl anti ne,

di et hanol am ne, lithium magnesium negium ne, 4-ithenyicycl ohexyl antine,

pi perattine, pomiaumonﬁsddizaﬂlrpwﬁ efGtaetitamanejni@ndaziSee Davis CD, Xalhe nventin
is intended to i cI | ) tinl pr esent
conpounds. i sot chgs ?Clé ﬁ%@g@?% %gsﬁﬁgenemelfwwogeg {) ddg‘f o?ngc nunber but
di fferent mass ﬁiﬂprbelrIs CuByOANa@hcmﬁmfgeﬁwal( l)é’xlaﬁnﬁlbub 280t av®:HeuEWl i m t ati on,

20i sotopes of, hydr.908p, ORISP, ARLL! RLLDILER. AN i id HTRya O OPES of

carbon incl ude . I sot opi cal t e invention
can general 1§ bésqard@ém@@lcwom@nﬂe‘fv{mn@fr?éﬁ Lergeh 0§ dé52 KAadimb 2P Nvose skill ed

inthe art or bys. Q{ooﬁﬂslﬁ%lﬁlél'#aﬁ&u&uh@d MEcd%%‘e‘mJbEﬁleJ@{ Ry poHS' ng an
appropriate isotopically-Iabel’ed gw%ent in _place of the non-1|abel ed

reagent ot herw Mpfﬁ}?)e%pogé%?p“c olfbScitay have 25a variety ol potential
uses, for exanple as standards and reagents in determning biological
activity, bit the case of stable isotopes, such conpounds may have the

potential to favora bi ol ogi c ar macol ogj ¢
phar macoki netic pr og@%tu?vggwnéfﬂdﬁ mc%bafi}ﬁﬁgses’ S tﬁ%$°m§) PIEHS general Iy
fol | ow convdnt i ons! and édhitiita CORE. additioGhgnhcahpabldpevidat ddongagusted i n t he

specification a | a n | " od| um

bi sO i nmet hvl si F}\Q %g}ll aleu%ﬁSDf\/Eﬁ’gl 8Ie ﬁ%?ﬁé}& g}é\‘fsorrﬁgﬁli%me% RJES'& g

met hanol ; " NBS" dcftron bMdmgmmmemfﬁcm deget'sdectipity, sglybility, sTlety Atofflagror
trifluoroaceti ebﬁg\;aqablh& for lithiumalum num hydride; "BOG', "DVSO' For
di ni et hyl still oxide; " for hours; "0" for roomtenperature or felenlion
date (context will di ct ate); "mn" for mnutes; "EtO Ae" :For ethyl
acetate; 'VHF for tetrabydrotarati, "EDTA"ethyl enedi at ni neteiraacenc acid,
"Eb0Q" for dizethyl etdtems recdpMARtagoikts Fav@ibemtdmyglogodiineQy putticdiens " EWE" f or

1, 2-di chl or oet han ' 64% acetouitrile; -DVE" for

1, 2- di net hoxyet ngﬁgmg. W04%8 "1 hydroxybcnotriazol ¢ hydrate; "NBA" for
di isopropytethylam ne, "NB' for CF:u(CE?);;S02-; and "TMOF" for

tri met hyl ort hof enuat e. Abbrevi ati ons as used herein, are defined
as follows: "I x." for once, PBESGRIPTHRYOPOHWINEENTEN :for thrice, "C' for
degrees Celsius, "en," for equivalent or equivalents, "g" for gram or

granms, "ng" for mlligramor mlligrams, "L" for liter or liters, "mta"m"
for miIlili®8r or mThFiqvPitopsncomppsses (RON-(brimehyltiHngrokd-gh-didtlers, "N for

nornmal, or "M {QhyFBLt@in-4yHBR&dRQL Y 10 opfbpdnl 19 (DExo0i -1 i MOl es, "M n" for
mnuie or mnuteti

dlhydroqulnohn— -yDpiperidine-1-carboxamide (Compound I or the compound of

formula T) and pharmaceutical compositions and methods for modulating CGRP and

treating patients with medical conditions associated with aberrant levels of CGRP or

30  CGRP receptor signaling.



"h" for hour or hours, "rt" for roomtenperature, "RI" for retention tineg,
"atm' for 2.5atnosphere, "psi" for pounds per square inch, "conc." for
concentrate, "sat" or "sard "for saturated, "MN for nol ecul ar wei ght,
"trip" for nmelting point, "cc" for enantiotneric excess, "M5" or "Mass
Spec' for mE8gpECEY onetry, "ES!" for el eetrospray i ontCAT9201/0p816%5
spectroscopy, "BR' for high resolution, "HtUsflIS" for high resolution mass
spectronmetry "LCVMS* M |iquid chromatography nass 30spectronetry; "HPD: 3"

for high pressure liquid chromatography, "RE tiPiii" for reverse phase
rmw"T C" or "Ile" for thin layer chromatography, "iiiiMR' for nuclear

magnetic resonance spectroscopy, "Igkin for proion, "ii'' thr riche, "s"
for singlet, "d" for doublet, "1 F ry, whit, "qﬁ or quartet, "en" for
mul tipict, "be" for broad, "liz" ertz and , ", "R, "S", "E",

= e skilled in the art
. This synthesis is 14
the three nmajor fragnments in

and "Z" are stereoehem eal designat i hm

chem cal steps and highly convergent,
the last three steps. As such, the syngtheg s begins with the preparation

ol maj or fragnents A (Schene 2) an Schenme 3). 10Schene 1 The
synthesis of fragnent A begin i Q/iforner-EnnDns reaction of

N- Boc4- pi peridone with the :5i£ﬁt generated. from
trthiethylphosplionoticetateN afford tert- butyl

4(2- met hoxy- 2- oxoet hyl i dene) pi peri di ne4-garboxyl ate in excellent yield
(Schenme 2). Catal ytic hydrogenation nedi ated by pall adi um on carbon reduces
t he unsaturated double bond. Treatnment of tert-butyt 4-(2-rdethoxy-2-

oxcet hyl | pi perl di nere1Ra1RAXKLALG I WhiRadcuRAPRRG A L51 FHes &NRY 1 ti e which
upon 20trapping with 2thitrobenzaldehyde provides the nitro alcohol,

Reduct i on of 7t heP oty PharsissuticrlprrcrarBalesHis aecdhose inaeieh thotoregidenssy

treatment with RydsQ@en GhiREER. il pisRXaRel LR elREiY fanswibheai s of
fragment A. Schene 2 . The s ntﬁesis of .indazole am no acid B begins
with the iodinaf1%hth f%f@ﬂ%?%%wmcrlieﬂwﬂsﬁ% Abess et 8 Bradedi e
nonochl ori de ( Sehed®g ) comhivinSrdafit exhRgicateplwas: doemaaialy kiylaldet asi de.
N- CBZL- seri ne netq%k gster.under

o

0es. no- pot . .
10net hanesul | on{ff& PIBY 1HRTH AP g)ﬁmsr lélglg‘?el a(‘iﬁgtf’c?cﬁtf"ft%rb BB & hy dr oal ani ne
net hyl est el Whldride hdtrato dindenta pidcdul ety dryil@bamideehyidrockiamdt, hytdhaydidar e
efficiently couplad i | adi,um (| D acetate | ck.coupling to
dide, 14de RaLIAd MM (LR AGELALS LR LG COUR

afford the produci |nz%£g?y?él SVUAD TR g PO, PROSPRATE, SCCTHELe, SUTHEE,

tartrate, tosylate, and xinofoate. Some cationic salt forms include ammonium,

aluminum, benzathine, bismuth, calcium, choline, diethylamine, diethanolamine,

lithium, magnesium, meglumine, 4-phenylcyclohexylamine, piperazine, potassium,

15  sodium, tromethamine, and zinc.

The invention is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number
but different mass numbers. By way of general example and without limitation,

20  isotopes of hydrogen include deuterium and tritium. Isotopes of carbon include “C
and '*C. Tsotopically-labeled compounds of the invention can generally be prepared
by conventional techniques known to those skilled in the art or by processes
analogous to those described herein, using an appropriate isotopically-labeled reagent
in place of the non-labeled reagent otherwise employed. Such compounds may have

25  avariety of potential uses, for example as standards and reagents in determining

biological activity. In the case of stable isotopes, such compounds may have the



point, the chiral center is installed using a catalytic asymetric

hydr ogenation utilizing (2)-1,2-bis(f2R 5/0-2, 5-

15di et hyl phosphol am) bezene( eyel oodadi ene)thodi in(l) tetrafl uoroborate and
hydrogen (60 psi) to give the chiral amno acid in -96% cc. The indazole
ring i s thevotonmsds2by the action of isoiartiyi nitriteCITiseomesusst i ng
indazole is highly crystalline. One reerystailization from acetone/ hes: arns
affords the indazole amno acid in excellent purity and with an inproved
99.8% cc. Renoval of the CBZ protecting 20group under hydrogenation
conditions conpletes the pnparation of fragnent B. Indazole amno acid B

can al so be prepaggd tgﬂv&gN?%MMIblgglEéﬁ%QLMIab&&l&t ollé}ﬁrn'ia%&i&ﬁeﬂbc am no aci d
or keto acid (Hansom Ronal d”L.; Davis ri o dberg, Steven L.

.l ohnstott, Rob&PPeri¢F: Parker, WlliamL.; Tally, Thomas P.; Mont ana,

M chael A.; Patel, Ramesh N. Process Research and Devel opnent,

Bristol -Mers Squi bbb, New Brunsw ck, NJ, USA. Organic Process Research &
Devel opnent (2008), 12(6), 1 /19-418%hilcdc Seheme 3 non iici Pde3Aej 2
"MAC, Et3Eli MsCt, EtIN MeOzCNHCBZTHE., Ure Cii2Cl1/21:5% 92% C WHCB: f

; €2H, 5A) - 1Et s DuPhesRNDF4 H2: 65 Ps; ? CH, cl1l) MaC4 Bn%: el d

Abbreviations generally follow conventions used in the art. Chemical
abbreviations used in the specification and Examples arc defined as follows:
“NaHMDS” for sodium bis(trimethylsilyl)amide; "DMF" for N,N-
dimethylformamide; “MeOH™ for methanol; “NBS” for N-bromosuccinimide; “Ar”

10 foraryl; "TFA" for trifluoroacetic acid; “LAH” for lithium aluminum hydride;
“BOC”, “DMSO” for dimethylsulfoxide; “h™ for hours; “rt” for room temperature or
retention time (context will dictate); “min” for minutes; "EtOAc" for ethyl acetate;
"THF" for tetrahydrofuran; “EDTA” for ethylenediaminetetraacetic acid; “Et,O” for
diethyl ether; "DMAP" for 4-dimethylaminopyridine; “DCE” for 1,2-dichloroethane;

15  “ACN?” for acetonitrile; “DME” for 1,2-dimethoxyethane; “HOBt” for |-
hydroxybenzotriazole hydrate; “DIEA” for diisopropylethylaminc, “Nf” for
CF3(CF,);S80;-; and “TMOEF” for trimethylorthoformate.

Abbreviations as used herein, are defined as follows: “1 x” for once, “2 x” for

20  twice, “3 x” for thrice, "°C" for degrees Celsius, “eq” for equivalent or equivalents,
“g” for gram or grams, “mg” for milligram or milligrams, “L” for liter or liters, “mL”
or “ml” for milliliter or milliliters, “pL” for microliter or microliters, “N” for normal,
“M” for molar, “mmol” for millimole or millimoles, “min” for minute or minutes,
“h” for hour or hours, “rt™ for room temperature, “RT” for retention time, “atm” for

25 atmosphere, “psi” for pounds per square inch, “conc.” for concentrate, “sat” or “sat’d
“ for saturated, “MW” for molecular weight, “mp” for melting point, “ee” for
enantiomeric excess, “MS” or “Mass Spec” for mass spectrometry, “ESI” for
electrospray ionization mass spectroscopy, “HR” for high resolution, “HRMS” for
high resolution mass spectrometry , “LCMS” for liquid chromatography mass

30 spectrometry, “HPLC™ for high pressurc liquid chromatography, “RP HPLC” for
reverse phase HPLC, “TLC” or “tl¢” for thin layer chromatography, “NMR” for

nuclear magnetic resonance spectroscopy, “/H” for proton, “3” for delta, *“s” for



Fragments A and B are efficiently coupled using carbonate to install the
urea, nmoiety in 78%yvyield (Schene 4). Saponification of the nethyl ester
with lithium hydroxide gives a nearly quantitative yield of the
10carboxylic acid. 1113T1J(r) mediated coupling of acid with

41- et hyl pivweed1dh3232- yl i pi perazi ne conpl etes the synt hegis:2af/oSesgoound |,
Fl ash chromat ography affords the product as an anorphous powder which can
be crystallized fromacetone to afford Conpound | as a fine white
crystalline powder. Schene 4 t en- but yl

442- met hoxy- 2- oxoet hyl i dene) pi pernifne4 -ante:9'litre. Sodium hydride in

m neral oil (60%..7.92 €8 ) ashe | he S then
suspended in di 5r/r{?lla“tlﬁ’yI%i B‘?ﬁ%@%ﬁdg’%ﬁ%&mC{ifmﬁé@m&xgﬁ\fﬂéﬁt&gg é@gﬁed io OC. 5
Tri met hyl phospbronbaid€tfatiertt,20d O ntR”, “RISS " SE” ramd [‘€5dre viersocheided dr opwi se to
the stirred reagtion.m 420, mmat 0" (2., a soiution of

Ar -t en- but ci xycgcﬁslgg%?ggﬁé&gl{a%groﬁg%kﬁgd?13%% g, 152.62 mmoles) in

di met hyl f ormam de (80 inL) was added to the m xture drop-w se. The reaction
was stilled at roomtenperature for 3 h and Met' diluted with diethyl ether
(650 nit). The nixt Grarnes [istadrraie eccoiding thefrepe hnthinothesisdylieous | ayer
was extracted ogegicM ddps SHaalidhy cott ks, C&Bﬂnitﬂé@}eﬁﬂﬁj&frmﬁ il AYRES were
washed 4 tines with water and the aqueous 1? ase Wits is,cafded, The organic

phase was washel'SRFER- BISPHE GhtHETERFSEs &t MEGTPEHZA MASLIEPEA fil tered,
and coneeni r at edchdnedn yEesSchehives)ti t1 e conpound was obtained as a white

solidin 92%yield."HINNIR (300 MHz, G DClt): h--- 568 (s, | H, 3.66
(s, 3 Ht 3,40-3.5 (m 4 15I1), 2.90 (1_1= 5,49, 2 H, 2.25 (t,,/ = 5.49, 2
H, 1.44 (s, 9 1-1). tert-Dbtay, y-2-excei hyppi perlifine-1-carboxviine. A

sol ution of 1Qitr-butyl 442-nethoxy-2-oxbeedhly| i dene) pi peri di ne- 1-car boxylate
(35.71 g, 140 20 nu:notes) in a. mxture of 1:1 ethyl acetate/nethanol (220
mn was CarCially treated with 50% wet 10% pal | adi um on carbon (3.3 g). The
reaction vessel was charged with 55 psi of hydrogen pas and the m xture was
shaken on a Parr apparatus at roomtenper for 16 h. The reaction

m xture was then filtered to renoyge th t and the filtrate

concentrated in rerun. The titl 0 svas obtai ned as a cl ear
2,5colorless oil in 97%yi el N\'/f 1% 1414], 41,.{,300 Mz, CDC13): 6 = 4.04
(i1"1= 10,25, 2 1D, 3.643 f 2.68 2 1-1), 2.21 (d"/ =6.95, 2 H),

1.98- 1.77 (En, 1 K), 1.64 (4".1- 184n 2 H, ™41 (s, F1), 1.25-0.99 (rn,
(o] N

2 11 ). LDAOI’Sitt-"'/ “ H
T
()NH |\.ﬂ|ec>j')l\./"”2 Hfji{@

The synthesis of fragment A begins with Horner-Emmons reaction of N-Boc-
15  4-piperidone with the ylide generated from trimethylphosphonoacetate to afford tert-
butyl 4-(2-methoxy-2-oxoethylidene)piperidine-1-carboxylate in excellent yield
(Scheme 2). Catalytic hydrogenation mediated by palladium on carbon reduces the
unsaturated double bond. Treatment of zert-butyl 4-(2-methoxy-2-
oxoethyl)piperidine-1-carboxylate with LDA generates the enolate which upon

20  trapping with 2-nitrobenzaldehyde provides the nitro alcohol. Reduction of the nitro

6



1i0J HOi O2N..- 02t, ----'") N'---
442-1 rosylosycarb . .?.- 2-nitrapheny!)-ethy fitiperidine- carbon/lc acid
en-butyl erEct. |adV-diisopropylarnine (4,40 nth, 31.3 nrnoles) was
di ssolved in tetrahydroluran (50 ill). "the MXiltre was cool ed to- 578C,
But yM hi um WR. 81123232 hexarics, 12.4 int." 31 m nutest waST/Hswed28i6®p W Se
to the stirred solution, Aifter stirring -78C for 30 Mn, a solution of
tell:nay: -(2- nethoxy-2-oxiiethyppiperidinc-1-earboxylate (6.65g. 25,8
mol es) in tetrahydrothran (15 nth.) was added dropwi se to the m xture.
Stirring was continued at -78C for 1 h. A solution of 2-niirobeimldehyde
(3.90g. 25.8 m ngl@ithliln tneat'zétférﬂbﬁg'f&fo%& Brda@nWith 1)yd¥@§n dgie fdded to the
m xture dropwi se, and then stirring was continued at -78C for a further 2.5
h. The reaction dF&cFaBAERREC RSt ol fremeiidous 3113313061. 1111 chl ori de and
then diluted with water. The m xture was extracted twice with ethyl acetate
and t he aqueous phase was di scarded, The material was dried (nmagnesium
sulfate) filtered, and concentrated to q{%ngss Silica gel chromatography
afforded the desired product |n 94% yi 19784 Iight yel | ow foam NS nth:
(M C4115-fH)'----, 353.1. o 4-(4111-teirat.
-2-ort-t-tetruhydro- b ey B-§Meyl) Pt Neg.ls, . car boxyhi ewd teld
tertbutyl ester. Idfwa 3 TMEGK ohid aSke gol et,
t hermoneter, and a mechani c&f stlrrer 4q2 hydroxy i oN
snot hoxycar bonyl - 212-ni tro- phenyffet hyI | - pi peridinc- ;l,bc‘k"Q e acid

b 3 nnDIes) was di ssolved in acet'ic acid 0.75

(8,9 159 tes) was aqud to the vessel
i \MQ” f

CI- dnoxane tOAC 30 mMn and

tert-bulyt ester (9
nol es, 100 int.).

With stirring, The
then cool ed to rog

5

ry 77/n
uP/e'VaWI”thms t € t ed Wi t
BocN on BocN OH NO,

The synthesis of indazole amino acid B begins with the iodination of 2,6-
dimethylaniline by the action of iodine monochloride (Scheme 3). This intermediate
was temporarily set aside. N-CBZ-L-serine methyl ester undergoes a one-pot

10 methanesulfonylation/elimination reaction to afford N-CBZ-dehydroalanine methyl
ester. With the iodide and dehydroalanine in hand, they are efficiently coupled using
palladium (II) acetate in a Heck coupling to afford the product in 65% yield. At this
point, the chiral center is installed using a catalytic asymmetric hydrogenation
utilizing (-)-1,2-bis((2R,5R)-2,5-

15 diethylphospholano)bezene(cyclooctadiene)rhodium(I) tetrafluoroborate and
hydrogen (60 psi) to give the chiral amino acid in ~96% ee. The indazole ring is then
formed by the action of iso-amyl nitrite. The resulting indazole is highly crystalline.
One recrystallization from acetone/hexanes affords the indazole amino acid in
excellent purity and with an improved 99.8% ee. Removal of the CBZ protecting

20 group under hydrogenation conditions completes the preparation of fragment B.
Indazole amino acid B can also be prepared using enzymatic resolution of the
racemic amino acid or keto acid (Hanson, Ronald L.; Davis, Brian L.; Goldberg,
Steven L.; Johnston, Robert M.; Parker, William L.; Tully, Thomas P.; Montana,

Michael A_; Patel, Ramesh N. Process Research and Development, Bristol-Myers



ethyl acetate and filtered through a pad of celitc, Solids were washed with
20% net hanol / et hyl acetate, and then with nethanol. The filtrate was
concentrated and the residue partitioned between ethyl acetate and agueous
sodi um bi carbonate. The | ayers were separated. The resulting aqueous phase
was extractwed2eiwiizes2ni t h et hyl acetate. The organi ¢ | ayrrmsusaen@2seesnbi ned.
The m xture was washed twice with water and t he agueous phase was

di scarded. 'The material was dried (nagnesiumsulfate) filtered, and
concentrated to dryness. Silica gel chromatography afforded the 30title
conpound as light yellow foamin 77%yield. MSin/e (NI -Hy 345.1.

. (pi perichsn- §M&Pm&vﬂmnm%i&lmhngoefgafﬁunfé)@es Rt & GtvaQithi on of 414-
hydroxy 2-0x0- 1.2 tetraliydro-quinolin- -y - pi peri di ne-'1-ear boxylie
acid ten- 15but ﬂoo@sﬂ%(ﬁ) (1515601@9)16 2 climates) in ethyl acetate (70 nil.)
was treated with 1-1C in dioxane (dN, 40 mni:des, 10 mill.), The m xture
was stirred at roomtenperature for 45 mn. Mre I\/CI i n di oxane (4N. 120
mmol es, 30 inll.) was then added and s 05?:11 g was continued at room
tenperature [or 16 h. The resulting s s collected by filtration and
washed with et hyl acetate. It was then suspended in 5% water- 20i supropam
(.00 mM.,) and the m xture was warned to reflux and stirred for 20 m n.
“The nixture was cooked t9..Q0om tempenature and stirred at room tenperature
fiat. 16 h. The soﬁmew@_ec y filtration, washed wth isopropanol,
and dried under hi ghizvacullgi The cemgd’ﬁ‘ﬁ” W& obt aj nedwas white solid
in'75%yield. 1HNIV-13 (DI VI50-4.) 1g® ( | @80T hs, | 11),
8.88 (bs, 1 1- 1)“i°2°|7_(|z:f62 (" S - MeBeBite T“?.-,%‘? 11). 7 83 7. QQ {@* el = 8,24 Hz,
1 H, 7.17 (t,7A8 Py 11)#%3.36 (d".1 = 12,51 Hz, 2F1), 3°10 - 2.94 (Tia,
32.01 (d"f = 13,43 Hz, 2 H), 1.27- 1) 73 (tn 2. il) i‘v’B G,4u-4)' -229.0.
4- Thdo- 2, 6-di rret‘ﬁyuw‘ﬁzzena,rma@mhl yqotcwl*FPDTOPﬁ, Sl Fspené"f%ly"fh‘ sodi um
bi car bonat e (126g. nol-ggf ghe- 2, 6 hyi-#98[ine (6T i] i|" 500
Enmities) in met hanmzomwa “fms add ﬁdl né=frono¢chl oride~f1.[0 Min
di chl or omet hane, 550 'nd" 550 nmol es) at 'room tenperafure ®ver 1|h. After
addition was conplete, stirring was continued for 3 h. The reaction was
filtered to renove @)f&‘gﬂ&ﬁts&mﬂherebeifﬁcﬁédﬂsmatp&daﬁﬁigNh/edismjcmemtlylr enoved in

vacuo. The residue was ssol ved i.n_di et eth treat ed
W h hydr oot or FEoBr Pl b g Hary a8 FiloeSan shradiprlondfly oo 0%y g
suspensi on was mbthyleﬁlter With lhﬁlulfnl‘l@dmﬂﬂe ¢iveh 2 h&rlyapaninitighyicld thige 10sol i d was

filtered an byl.q gl.her tid .t . o .l.egs, to give
126.5 g (89(%) G OXéhc RS ﬁ’ggﬁ %“o ik °°“pr %Jéﬂﬁwétgﬁf’ %ha@p%ség (5, 6 1f),
7.45 s, 2 hi), 91)1ﬁ1&r1(2b$ cmﬁplbﬂt:S)the SIVB(hEmSI\Af/QORthDN'EB@lhdhrC)HO@alela]i!lhy afords; 133, 1,
131.2; 136.9. A e drled
gi meneck round hgf){og% %%sal?,ogp?l ?%ﬁ’gﬁx%/{n%%éﬁggnec an:ﬁ{czé'ﬂ ﬁi‘??ﬁe{rgg?%a\%\é/gg added
(S) met hyl 2- ( b€nzpduod hysra fae by aySalbinedowssrpi ri parmate (129 g, 509

ni ntel es), annydrous dichl orot net hane 2 1), and net hanesul fonyi chloride
(49.3 m." 636 Mol es). The m xture hegot ed to -15C, and treated with
triethylamne (213 nt., 1527 mol es), 20clropw se, to ,nsure the
tenperature of the reaction nmixture did not exceed O&"

=

Succinimidyl
NH. N
Meo)k-’ carbonate N Oi@e LiOH
""‘*OJLV o THFIMeOH/H,O
96%

‘N

"

H

o} N
o OI\D —-ND-N‘_’NH o N
AN _TBTUEN %D
i \(r)( DMF j\/u N
K e
Qﬂ Y R
ﬁ,N % Q;,“N
H
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addition of the first equivalent of triethylamne was exothermc. After
addition of triethylandne, the m xture, was stirred at OC for 30 mm . The
cooling bath was renoved and the m xture stirred at roomtenperature for
1.5 h. The reaction was quenched by addition of methanol (21 nth). The

m xt ure waswaashads2z t h 0, 5% aqueous pot assi um bi sul f aper/usmiilo2silae

washi ngs were pH 5, then saturated sodi um bi carbonate, and brine, dried
over sodiumsulfite, and concentrated. Flash chromatography (silica gel,
1:9 ethyl acciam|liexancs) gave iii g 2% as a viscous colorless oil, which
crystallized upon standi ng"(f3 151511 )-(s) 33.71 (s, 3 H), 510is, 2
Fe, 5.60 (s, 111), 5.76 4s, 39-7.¢me (111,113, .96 (s, 1 1-1)
(A's4304s) 6 52. 3, 9,]127. 8 128O 8.8 133 3, 136.3, 153,5,
163.7. 5 g\ J\ \:h/\ig% 9\ J\ 0

(Z2)-110. 413- (4-aininc-.3, i et hyl phgpt 0- 2- (bencyf Lactaiiafe. A
2 L round bottom fl ask was chaned 4-1 odo- 2, 6-di net hyl benzen m ne

hydrochl ori de salt ( 1 9/ I c yeanyl at e
(o 211 g, 252 ey g IEE R e TR Yo SRR SRR T

mol es), pal | adibydridei®d lamet'@baﬂd@%, 7321?9; 1989024 meter) &8y Vvasaerddmthétemalhgnmmf uran
(1.2 L, degassed,dyqa ﬁlld%tlﬁﬁfoﬂﬁatrrﬁ%g@ﬁb hef T%Qmmngé waJJasleﬂ&ﬁoére was stirred

so that a suspensi on was formed and then degass ow of ni trogen

for 30 min. Tridfimgthambawhemaetaar29.8d. W@gy01WSaﬁéd@&lweﬁm@eresul ting

m xture was heatsﬁ‘r@ed@&acﬁ&lfﬂnmﬁle fa@¥er B Rin aPéoteﬁsdm@h bmlet;pourt&%rﬁoﬁymﬁr ature,
the reaction mxture was filtered throu of celite, washed wth

t et r ahydr ot br an PP84o8¢ PG ! gl 52y2 ”EW&F%‘B%E@‘W%& idefpmp s dddediins
gu ssgl ved in. gltl@:hﬁlﬂlﬁrdﬂ@)hﬁbamfhe NG bedadwitrkt at WakBtmfcdre @d?d thd meén (2X),
ried civet so

ul f oncentrated, flash chro y (silica
gel, using :9 etdﬁV?ds‘ﬁgje‘f%fF}gIegfréﬁgoo?ﬂg)rrgé‘ﬂﬁ’ﬁﬁ‘jre gﬁﬁl‘é%gedtoélﬁe‘% era e solid
was recrystabl i Zedqicoonhwaa ﬁ&m&dhmmhtl(«ﬂatﬁ)ylmhet) Taacanﬁteabroéﬂl@O m,), The

m xture was hel room.,t er at yr e .over, then at 2 h, and
finally at -15T?Iaygl efeé”ahheg%m Jey yih a“dg‘elgu TR N “"&rdedo{ fed with ice
cold : 1 net hanobygamt plrase \aﬂdvadlmdedthlbnul@andhuqhoveamagnmuowaﬂﬁauegﬂtereﬂmngl ve 44.7

e (05450 | de) iy IpA Rl R T i B B Qo €3RI SR 59 Dt 1)

5,00 (s, 0,54 Hyields H3l &(mw& BPCLE 3245485, 12)H).66 (mai)nzqs@mma H, 8.51

(30,4 21208%123”32%0%3‘5 §43’1 9&2%2;\" 546 %@469“%’5‘1)88 139 25114716 85 154 7

166. 0. 5 -Methyl 344-emt nr)-3,5-clinerhyl pherryl)-2-
0 o}
Ou, e Mo
. 0/ 0/

tert-butvl 4-(2-methoxy-2-oxoethyl)piperidine-1-carboxviate. A solution of

tert-butyl 4-(2-methoxy-2-oxoethylidene)piperidine-1-carboxylate (35.71 g, 140

20 mmoles) in a mixture of 1:1 ethyl acetate/methanol (220 mL) was carefully treated
with 50% wet 10% palladium on carbon (3.3 g). The reaction vessel was charged
with 55 psi of hydrogen gas and the mixture was shaken on a Parr apparatus at room
temperature for 16 h. The reaction mixture was then filtered to remove the catalyst
and the filtrate concentrated in vacuo. The title compound was obtained as a clear

25  colorless oil in 97% yield. "H-NMR (300 MHz, CDCl5): 6= 4.04 (d, /=10.25,2
H), 3.64 (s, 3 H), 2.68 (t, J=12.44, 2 H), 2.21 (d, J=6.95, 2 H), 1.98-1.77 (m, 1 H),
1.64 (d, J=13.54, 2 H), 1.41 (s, 9 H), 1.25-0.99 (m, 2 H).



(benzy | aryear bonyl ) propanuare. A flame-dried 2 L Parr hydrnenation bottle
was charged with (4-nmethyl 3-(4-am no-3, 5-di net hyl phenyl) - 2-

(benzgl oxyear honypaerylate (84.5 g, 239 nmol es), dichl oromethane (300
nil.), and 10met hanol (300The 'bottle was swirled so that a |ight brown
suspensi on WA0FGrirdd. The m xture was degassed usi ng ap¢T/Gse0ufo28168 r ogen
for 30 Mn. To this was quickly added (-)-

,2-bisr(21,1,5R)2, 5-di et hyl phosphol i no) - bezene( eyel ooet adi ene) rhodi um (1)
ehaflithroborate (R2R 5k)-Et-Dithhosliflfiffi'4) (2..11 g, 3.20 nmoles).
The bottle was imnedirnety aetached to a Parr Hydrogerkitor. After 5
cycles of tricirogen (MO Psi) and -vacuum the bothepwas pressurized to 65
psi and the suspen: on S agitated at roomte atlure f or 16 h. The

reaction had beco geheous, The reacpaon mi'sfPfid was chncentraned,
and the resulting resi du@%ﬂed/ by fTash chromat ograpf S ca gel, 1:9
et hyl acetateklichloronmethaney t€@ give 82.°9 (989 . (DNI SO d6) 8
2.04 (5, 6 H, 2,65 (dd, 13,4, 9.8 Hz, 28% 2782 (dd, JHOI3] pl Hz, 1 H),
3.62 (s, 3 hi), 4.15-4.10 (in, 11-1), (s, 211), 5.0 »11). 6.66
(s, 2 14), 737-718 (in, 5 H), 7.70 (d, J= 7.9 Hz, 1 ft); %4-NML2 (DNI SO ds)
?32 579 §451296 511;5 86 [%ﬁwlgox) 21 - me%h%xvcarboml}&ﬁﬁmém%ﬁ?ﬁ)l)le%vZZ] p’zpengme% 128.3,

2 Oenzyl acycar borbwd¥e Bid i¢rivesy hegler. N.iVaismolpy Bmiyp (opumL.i A t3enmdIR) Vet hy|

3-(4-am no- 3, 5- e roparmate (50.0 5g,
140 mint.) was %%Hjt%%garxaﬁni '9@ Zr%g’é%ﬁgglgr%é%!ﬁ]eogk round bottom
flask, followed’dy- tBhitlddunt. oM iohetapdsueml.3 1 4nh)lesanes glilaoiraiwimdet i ¢ aci d
(120 nth, 2.1 npleSled sTBodM AHHriBS wﬁ)@@o ml Lyohﬁioh()f@,c} bwli rma clear
solution, and then potassium acetate g, es) was added. To the
resul ting Wit emStepeheTshy niRIrgngryepr H’F}’tl"\“? (16(95@2@ 87““!31*121%)1154 mmol cs) was

added dropw se, tathydR@md @FReS dhdbifed (LA § e nfi@s! Sing MLthbitngedas
stirred at rmmtegg:)ﬁrature for 16k Saturated sodi um bi carbonate (1 L.) was

added, fol | owed®By® PHY Idarbidition gEr-irernedelylei($°¢s dr-d mileinbonat e to

geu}éalize Ebe &&a@umﬁﬁﬁudothQwﬂhﬂhM&ﬂtM@fnﬁ%&é@ﬁb@de%&dﬂk@%ﬂﬁmﬂU{e Ff

i el dor onret hane ine (1,5 ter separation, the agileo

| ayer was ext ra&’% Cﬁn%ﬂ“f"ﬂatd%hlr}%rrag%rrgleﬁg% ?"e/’é}(qslﬁ‘tf“?r‘i‘%s,q“q*ﬁg cdgisled or gani c

| ayers were dri &ﬂledLE@mmbmamhyldﬁdnjﬁldﬂQdHﬂli}f\aﬁ& AMCmixtulrd \ﬁa’s%dtrac&ﬂ vent s

were renoved to qg;fo;hd al dl . E ﬁ\{va%]‘?,m% KaII|CS(2 4)

and tol uene (150" " *s af”& ledqure%ubrp asffgl‘"f -l n?*?f)etma‘%étone (260

tril) and hexanésed((mwemmyulfafﬁhﬁltmd g’rdtdognectlrmddydmless WSikcawass al | owed to

coot to roomte naII to --15T
_rI[F] H}?&{uﬁ&#éﬁoﬁy §%f(?}i\ééi3{he &Seg%lral 0%u8§1 ;Ap/l’ ylg‘ld§%p%1t \?\lllé?l?h, My

for 1.5 h. e resu tered and |ce coId
m/e (M- C4H3+H) =353.1.

Fe, AcOH

NH
HO

4-(4-Hydroxy-2-oxo-1,2, 3, 4-tetrahydro-quinolin-3-yl)-piperidine-1 -

20 carboxylic acid tert-butyl ester. In a 3 neck flask fitted with a nitrogen inlet,
thermometer, and a mechanical stirrer, 4-[2-hydroxy-1-methoxycarbonyl-2-(2-nitro-
phenyl)-ethyl]-piperidine- 1-carboxylic acid fert-butyl ester (9.93 g, 24.3 mmoles)
was dissolved in acetic acid (1.75 moles, 100 mL). [ron powder (8.90 g, 159

10



20acci tonedi cxanes ( 1:1,200 tril,) to afford 39.1 g (76% yield).

Anal yti cal HPLC showed >98% UV purity, The enantioneric excess (ee) was
determ ned to be 99.8% (Conditions: Chiral pak AD colum, 4.6 x 250 nm 10
inn; A = ethanol, B = 0,05% diethyl ani nei hcptarie; .85 (@; 1.0 nit/mn.
for 5% m n.WoB1AR2ENtion tinmes for Rwas 44.6 min and POrUSomagsig8. 8 min).
| R-1\ 7\ 4R (DN480-d5) 62.48 (s, 3 H), 2,93 25(de, 2>-- 13/4 10.7 Hz, II1),
3.10 Od,13.7, 4,9 fig,3.63 (s, 314). 4.32-4,27 (m IH), 4,97 (s, 2 H),
71.3 (a, | H, T24-7.22 (n, 2 H), 7.29 -2.27 On, 3 fl), 7.41 (s, 1 11),

7.83 (d, f- 82 Hz, I IT), 7.99 (s, 1H, 13,1 (s, | H); 3C—NN|R(D|VBOd5)
8 16.7 , 365, 5111%@1@5) wakdadod td BB v&scl wh stﬁ'ﬁnélTh@g't%rc%’mlﬁﬁrc%/aq Qé\gl hdakef 6
172. 4. 119 6122127. 2, 1274, Mass spec: 368,16 0511:141. R) 41- nhyl

~ani no- - 7- met hi £.31C 438 76 ang ﬂgﬁ@ﬁ%ﬂéﬁwmt@np%%r? wwa?wléﬁsmt n bathe was
charged wi th (Rethyneddy lmda‘ﬂ{eié@ RZMIgRX ypaasteny. 19011& \(/Jrle Wae)hed w1(§h 20% hanol (75
methyllItitidazol anaa mol es) an rret ano

m.). The suspen§i° @ﬁ"%‘éﬁ ﬁ‘é&“‘i\ﬁ%’f‘h‘”‘# W?tgﬁ'@ﬁ ThA G R BrcTitERd Ml | adi um
(10% on char ¢oalhe re‘éﬁme p@t)tlona'mlﬁ:t\mtl tthel anase mah@aaumdﬂm biyebbR@emhe 15 psi)
g\;'?;r;/g?t C-ggge% ?r% ieré: rs]epcu\f!\,?l %1 fl"fle res%‘itl%g aauQEuC)s pgldqe wa g‘x?raggd t(\:';v?clelv&iﬂ% Eh?rl remove the
acctate. The organic layers were combined. The mixture was washed twice with
water and the aqueous phase was discarded. The material was dried (magnesium
sulfate) filtered, and concentrated to dryness. Silica gel chromatography afforded the

10 title compound as light yellow foam in 77% yield. MS m/e (M-H) = 345.1.

(0]
S~ W~ o

NH 4N HCl/dioxane

| NH

HO HC!

3-(Piperidin-4-yl)quinolin-2(1H) hydrochloride. A stirred solution of 4-(4-

hydroxy-2-oxo-1,2,3,4-tetrahydro-quinolin-3-y1)-piperidine-1-carboxylic acid zert-

15 butyl ester (5.60 g, 16.2 mmoles) in ethyl acetate (70 mL) was treated with HCl in
dioxane (4N, 40 mmoles, 10 mL). The mixture was stirred at room temperature for
45 min. More HCl in dioxane (4N, 120 mmoles, 30 mL) was then added and stirring
was continued at room temperature for 16 h. The resulting solid was collected by
filtration and washed with ethyl acetate. 1t was then suspended in 5% water-

20  isopropanol (100 mL) and the mixture was warmed to reflux and stirred for 20 min.
The mixture was cooled to room temperature and stirred at room temperature for 16
h. The solid was collected by filtration, washed with isopropanol, and dried under
high vacuum. The title compound was obtained as white solid in 75% yield. 'H-
NMR (DMSO-ds) & 11.85 (s, 1 H), 9.02 (bs, 1 H), 8.88 (bs, 1 H), 7.70 (t, /= 3.81 Hz,

25 2H),7.53-730(d,J=8.24Hz, | H), 7.17 (1,J=7.48 Hz, 2 H), 3.36 (d, J=12.51
Hz, 2 H), 3.10 - 2.94 (m, 3 H), 2.01 (d, J=13.43 Hz, 2 H), 1.87 - 1.73 (m, 2 H); MS
m/c (M+H)" = 229.0.

11



the eltient gave 7.7 g (quail.) as an oil which was used w thout further
purification. 111-NNIR (CD3011.1) d 2.54(s,3 111), 2.98 (dd".r- 13.5, 7.0
Hz, 1 11), 3.09 (dd, 13.5, 5.9 Hz, I H, 3.68 (s, 3 H, 3.75 (dti"/= TG
6,2 tist, 1 1-1), 7.01 (s, 1 11), 7.39 (s, H, 7.98 (s, W Mass spec.:

232. 34 (M Hyo 2d19/123232 PCT/US2011/028168
3-(7-nmethyl -11-1-i ndazol - 5-y0- 2- (442- oxo- 1, 2- di hydr oqui nol i n- 3-
Aplinrictine-1-earboxam cio)proptincaie. To a solution of (R)-nethyl

2-am no-3-(7- mathyl-11-1-i ndazo45-y) propanoate hydrochloride (7.26 g, 27.0
mol es) in 20di met hyl | armam de (50 mt) at roomtenperature was added

NW - di succi ni m dyl carbonate (K".@Og 29.7 11111/ (M.@:S)c,fol | owed by

triethylamne (11.29 rtid, $1 ganciles). The resultjng m xture was stirred
for 30 min and treated wthrldﬂnM)qu im2(1H) -one (6.77 g,
29.9 mnoles) in portions. Theeach:in was allowed to stir for 24 h. The
m xture was concentiated, dissolved in ethyl aceijate, and. washed
sequentially with water, brine, and 0.5 N Het (2>6. The organi ¢ phase was
dried 5over magnesi Lmrwb%@tnﬁemymeézwnﬁpmMﬂhzgwcwt&g@p&%n Jheatgsul ting
residue was purified by flash chromat ographygel 0:

acet al el met hanobiFarbenaigitiZe g11.5 qofgsapg &P, dlmqhﬂaﬂillt“ﬂ\‘ﬁlﬁ f{”@léo‘i) G‘B})le@l&3 0 (s, 1
FO 11.8 (s, | %@%ano?(?@&nﬁ?wasladhé@mdlze @&o&ﬁor&}e@? 0 Mlﬂdlcgloﬂ)nechne‘lgsO(S 3 H,
1.78 1.72 (m, 211) (m 211). Mass spec,: 488.52 (ML) . O N
15(R) - 3- (7- met i rn% 550Im“f’°1?shéfé%‘6’il tesmwture 0394k 2“&?{(61 itiph was complete,

yl i pi peri di ne-| qtﬁalﬁob@ae@mtﬁhaampplanmeeeaaﬁdndwasAna@h t@tremee\tceéqlgbdlﬁmt hyl
347-methyl / Hi H‘lc?i 170l 24442- 11h?/dro 3-ytipiperi

n
di ne- 1- carboxa “6?8]5%%[3 6‘%\‘(68(@“1%‘6’8@{’ V“i‘io P Rsidesy > rﬁg‘ts‘?ivrﬁgﬁydr ol uran (50
raL) and net hanmleth(/neﬂlenclts D) aMSeatbﬂ@dnﬁdiytﬂrOclﬂ)ﬁc adio (Mlnﬁetlwasmﬁmeuma cola (00

sol ution of 20 I|t h oxi de _nonohydr at e In water
(20 ntL), dr opvd“gtg @1 él{e%mmgrfuspﬁlglqne“é% h rw&%fr%e??r rlgﬁgﬁ'er?lg y %ﬁgerrper ature
for additional lillwalheered ot uwaeetvash diomglerter attied btcame estaiess, tdgveor gani ¢

ool 00 16 0 a1 A TR F60) P S0 o bl A ned. The

resul ting solid2was.03a0bd, eit;edcbyit (busatdiyen,r.4, 91.5, 133.1, 131.2, 136.9.

i N \/@ I N \/©
N_. O N__O
Sy e, oty

o o
HO

15 Methyl 2-(benzyloxycarbonyl)acrylate. To a flame dried three-neck round
bottom flask, fitted with a mechanical stirrer, was added (S)-methyl 2-
(benzyloxycarbonyl)-3-hydroxypropanoate (129 g, 509 mmoles), anhydrous
dichloromethane (2 L), and methanesulfonyl chloride (49.3 mL, 636 mmoles). The
mixture was cooled to -15°C, and treated with triethylamine (213 mL, 1527 mmoles),

20  dropwise, to ensure the temperature of the reaction mixture did not exceed 0°C. The
addition of the first equivalent of tricthylamine was exothermic. After addition of
tricthylamine, the mixture was stirred at 0°C for 30 min. The cooling bath was
removed and the mixture stirred at room temperature for 1.5 h. The reaction was
quenched by addition of methanol (21 mL). The mixture was washed with 0.5%

25  aqueous potassium bisulfate until the washings were pH 5, then saturated sodium

bicarbonate, and brine, dried over sodium sulfate, and concentrated. Flash
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25washed with cold water and ether, and then dried overnight under high
vacuumto WO 2011(123232PCTI US2011/028168 give 5.0 g (94% as a white
solil.-NNIR (DMSO-de) S 13.05 (bs, hi), 11.77 (s, H), 7.98 (s, 74Y2 (d,i-
8.0 Hz, 11-1). 7.55 (s, Hi, 7:14 (d,8.211z, 1 H), 7.42(, 1 1-1), '7.27 (d,
-11.2 Hz, Iwo2muj123232t6 (1,7.6 Hz, 1 1-1), 7.05 (s, 1-1)eciouebiiResiss)= 7.9
Hz, 1 H, 4.27 -- 4,22 (In, 1 H, 4.10 -- 4.07 (in, 2 14), 3.12 -- 3,07

(in, 1 11), 3.03 -- 2.99 (na. | IIL 2.93 2.88 Om| 11), 2.77 -- 2.66 (m 2
H, 2.47 (a, 3 H, 1.77 -1,74 (in, 2 11),1.34 1,27 (in, 2 H. Mass spec.:
474.30 (M-1). ;[ TETRA Et3N -Nj---NNH Y H T, 1007?3- (7- met hyl -

fitindazol - 5- yO.dz 4= (i by | opi NN IEY VI o) ? )92/, -\
1- or o) r opan- 2- A—C %? @?[%é-r%p?lg? Stlllilb?éf?l t P?E@’%ﬁ‘%ﬁﬁf %%%fyﬁpgi\éc?{/%égl%—e/r)l aé ia r\lllebgou§ boxam de
(1). A flask wasolerl}ﬁa&‘gbﬁ'hwlFlhstelﬁ}edgpfmmhlhyﬁ-lﬂm(M@&QﬁJsiB5—7j/§LS)3H2-(4-
0zO0- - car boxam d 0 i i L 1. NQI RS riet hyhamk ne (3, 00
T e G e e S S S S
mrol esi and di mEPM§Pderdniard 6. (1203.7m28.).. 12§Rel 2R s P8I Bg-3s b3t 1BW- was treat ed
with 2-0 1-1-benzotriazole-1-y 11-1,1,3,3 detranethy I won i m
ietraftiorobérate (2.26 g, 7.0% ran:tiles) in portions:. The reaction was
allowed to stir at roomtenperature overnight. The m xture was concentrated
under vacuumto refbvedi I :Orman-tide. The crude product was
di ssol ved in Y%W@ﬁmﬂ P4 4 \/@

o) Pd(OAG),, EtsN o | Nj-ro

1

(Z)-Methyl 3-(4-amino-3,5-dimethylphenyl)-2-(benzyloxycarbonyl)acrviate.
A 2 L round bottom flask was charged 4-iodo-2,6-dimethylbenzenamine
hydrochloride salt (55 g, 194 mmoles), methyl 2-(benzyloxycarbonyl)acrylate (59.2
10 g, 252 mmoles), tetrabutylammonium chloride (59.2 g, 213 mmoles), palladium (11)
acctate (4.34 g, 19.4 mmoles), and tetrahydrofuran (1.2 L, degasscd by a flow of
nitrogen for 30 min). The mixture was stirred so that a suspension was formed and
then degassed by a flow of nitrogen for 30 min. Triethylamine (110 mL, 789
mmoles) was added and the resulting mixture was heated at reflux for 3 h. After
15  cooling to room temperature, the reaction mixture was filtered through a pad of
celite, washed with tetrahydrofuran (2 x 100 mL), and concentrated. The residue was
dissolved in dichloromethane, washed with water (3X) and brine (2X), dried over
sodium sulfate, and concentrated. Flash chromatography (silica gel using 1:9 ethyl
acctate/dichloromethane) gave a tan solid. The solid was recrystallized from warm
20 methanol (210 mL) and water (100 mL). The mixture was held at room temperature
overnight, then at 0°C for 2 h, and finally at -15°C for 2 h. The resulting solid was
filtered, washed with ice cold 1:1 methanol/water, and dried under high vacuum
overnight to give 44.7 g (65%) as a light tan solid which was a mixture of Z/E
isomers (73:27). '"H-NMR (DMSO-de) 3, 2.05 (s, 6 H), 3.61 (s, 0.8 H), 3.68 (s, 2.2
25 H),5.00 (s, 0.54 H), 5.13 (s, 146 H), 5.24 (s, 2 H), 7.40-7.21 (m, 8 H), 8.51 (s, 0.27
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20di chl oronmet hinme and purified by flash chromatography using 7% nmet hanol in
di chl eronet hanc cont ai ni ng 2% of aqueous ammoni um hydroxi de as chunk The
pure fractions were collected and sol vent was renoved under vacuum The
desired product was crystallia.ed fromhot acetone to give COFTWOU ad | in
77% vyiel d. woabytizxead | i PLC showed 99.0 %JV purity at 238c@ws20iileesies
enantionetic excess 25(cc) was determned to he >99,9% (conditions:

Chiral pak Ai) colum, 4,6 x 250 rum 10 pm CktCnt: 70% (0. 05%

di et hyl am ne) | hept anel30%eiliatiol; (Leitithinibt fOr 45 mn. The
retention tinmes were 18.7 rain for Rand 28.1 min hir S). 1HTIMR (500

Mz, DM SO- 161 1 © o A311, 7.62
(6.1=7.0 t. 1 PBEPE By T-bnfbondso B sy, 0 (199 Sag dedoy (07
85 to, Ky 7. LTI 11200007, 0050, 2014, .76B601 - 825 Ho, 1 Ky 178

(q,../- 739 Hz, Ft), 4.14 (id, - 12.37 Hz, 2 1-0, 154 (44"/- 9,16, 4.58 Hz,
| H, 3.24 On, | H), 3,11 (m 1 H, 52.97 Onl H), 189 (n, 2 H, 2.69 (m

4 1-1), 2.32 (rn, 1 11), 2.21 (a,_ | 14), 2.07 trn, 4 1-0, 1.95 (4, J= 8.25
Hz, H), 1.87 (6, J - $ L28, LJ@l 3.55, 3,44 Hz, H 136@ -12.03
Hz, 2 11), 1,68 (I |1 N3 10 El), 1.53 " /—8\3 1.32 (m
4 11), | .16 On, LR (OVBO) - chy_ 3 16,80, 27.3 o 51, 30.67,
35.50, 38.04, 4 1. 244, 00, 44&4&&5}%’ , 48 39, 51. 45,

51: 76, 54.76, 6Q.8 14.53, 117.79, 119,29, 119, g4 ~A21.57, 122.78,

127. 46, 27.79, 159, 20, 29,79, 133.31, 133,72, 1386, 98 137,41, 39.12,

156. 50, 161.50, 170.42, Accurate nass analysis: traz 639. 3770 [M TI A =

4L2 ppm Opfical rotation: -27.36" (16 589 um concentration = 4.71 ni gim.
in methanol . Bi ol ogRt&khetodgoahtidioetigpiqprioperti es Scheme 5. Conpound |

and corpar at or - SRERRUISo ARt Me. A fume qANERNS by Bl bl waiSOL T d 7 e

base was m xed with car ona and hanol ar ni ne bu ers. of athird
sanpl e was adj uStaagd Wit Fz)tfﬁq"l’}_b’ﬁ (#ﬁélngéﬁr%etbs‘»év@mrﬁ %ed with t he vehl cles

using a mXxer thRhzyWagca®ds)IRS©UiMRE 1L D3R MniNE BRI mS@Inel( 002G, andf t er
equi l i brati agn, sanpl ?390]( the supernatant were withdrawn, diluted as

5appropri at &0 afgl % e bVelq Ie was swirled so gigf lghf Proym PHPHEERES nedi a, pH
dependence. Crysinatd. ime nGomp oungbodss&QRME b 186 of Gitrdeed @lrad MO US (plRase during

measur enent of th splupi | i The a C stal line
hacn T ouer! i bl ba bl PO o RSP PRarEer S ottt of "the
pl-1. ranee in viidiah (Emmﬂmabofataxe(me,he) ]Etammhbmmrm(a 1ag13mrrfmdys)an1 cally
stabl e sol utionp, I':t}c];tgerwaglr;[mq?dg% aéheeid?oglg rsﬁya&m ned i %rgé’c%ﬁlgefform of

Compound | that can be equi ongoi dat a gat hered
on the gel atlf nolislrpha&e pab axdlva@tumdthi: hotf[amv@r@wn‘iahbés psiaBothe ' VI it .1t

ca/ Conpound | ferS iV o %gaq t?otomzén e?ce'%rggn 16 l’?ft ﬁ#e%ea%k apﬂaldlb%%{ng-rhe SO' ution

state stability o npou vvas eval as a ion o nper at ur e,
ph, high i nt enshagogpicgis Thefcheion mixture peneapnireitd. eml tharssbldheuesiddoncent r at i on.

The experi ment abul‘ﬁﬁ& B}l' ffasH %ﬁgmétggr%ﬁ@(\@liéa réel,zp.a-@tm'leace,%ate/ dichloromethane) to
give 82.9 g (98%). 'H-NMR (DMSO-dg) & 2.04 (s, 6 H), 2.65 (dd, J=13.4, 9.8 Hz,
20 1H),2.82(dd, J=13.7,5.2 Hz, 1 H), 3.62 (s, 3 H), 4.15-4.10 (m, 1H), 4.41 (s, 2 H),
5.00 (s, 2 H), 6.68 (s, 2 H), 7.37-7.28 (m, 5 H), 7.70 (d, /= 7.9 Hz, 1 H); *C-NMR
(DMSO-de) 8 17.7, 35.9, 51.7, 56.1, 65.3, 120.4, 124.0, 127.5, 127.7, 1282, 128.3,
136.9, 142.6, 155.9, 172.5.
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Tabl e 2: Sabah.
2.

40 ) 0.

State Stab:/ Mtrb; Sanple Thnip (C) Drug Cone

;.let 0.05 5 'fr 3'; 0.1 0.05

WO 2011/123232 PCT/US2011/028168

10

15

20

25

Lt e SOe
\O&NYO \.O/u\/NTO
- © i-AmONO, AcOH o
j:;/ KOAc
HoN HN,
-

(R)-Methy! 2-(benzyloxycarbonyl)-3-(7-methyl- 1 H-indazol-5-yl) propanoate.

(R)-Methy! 3-(4-amino-3,5-dimethylphenyl)-2-(benzyloxycarbonyl)propanoate (50.0
g, 140 mmoles) was weighed into a flame-dried 5 L three neck round bottom flask,
followed by the addition of toluene (2.4 L) and glacial acetic acid (120 mL, 2.1
moles). The mixture was mechanically stirred to form a clear solution, and then
potassium acetate (103 g, 1.05 moles) was added. To the resulting white suspension,
iso-amyl nitrite (20.7 mL, 154 mmoles) was added dropwise at room temperature,
and the resulting mixture was stirred at room temperature for 16 h. Saturated sodium
bicarbonate (1 L) was added, followed by the careful addition of solid sodium
bicarbonatc to ncutralize the acetic acid. The mixture was extracted with a mixture
of dichloromethane (2 L) and brine (1.5 L). After separation, the aqueous layer was
extracted with dichloromethane (500 mL). The combined organic layers were dried
over anhydrous sodium sulfate and filtered. Solvents were removed to afford a tan
solid, which was washed with hexanes (2 L) and toluene (150 mL). The solid was
recrystallized from hot acetone (260 mL) and hexanes (700 mL). The slightly cloudy
mixture was allowed to cool to room temperature slowly, then to 0°C for 1.5 h, and
finally to -15°C for 1.5 h. The resulting solid was filtered and washed with ice-cold
acetone/hexanes (1:1, 200 mL) to afford 39.1 g (76% yield). Analytical HPLC
showed >98% UV purity. The enantiomeric excess (ee) was determined to be 99.8%
(conditions: Chiralpak AD column, 4.6 x 250 mm, 10 um; A = ethanol, B = 0.05%
diethylamine/heptane; 85%B @ 1.0 mL/min. for 55 min. The retention times for R
was 44.6 min and for S was 28.8 min). "H-NMR (DMSO-dg) & 2.48 (s, 3 H), 2.93
(dd, /=134, 10.7 Hz, 1H), 3.10 (dd, J=13.7, 4.9 Hz, 1H), 3.63 (s, 3H), 4.32-4.27
(m, 1 H), 4.97 (s, 2 H), 7.03 (s, 1 H), 7.24-7.22 (m, 2 H), 7.29 -7.27 (m, 3 H), 7.41 (s,
1 H), 7.83 (d, J= 8.2 Hz, 1H), 7.99 (s, 1H), 13.1 (s, 1 H); “C-NMR (DMSO-d¢) &

15
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Cl5 0.10.05 5160 0.05 40 0,1 0.05 40 at 0.05 (.14 40 40 0.05

WO 2011/123232 PCT/US2011/028168

16.7, 36.5, 51.8, 56.0, 65.3, 117.6, 119.6, 122.7, 127.2, 127.4, 127.6, 128.2, 129.3,
133.4, 136.8, 139.2, 155.9, 172.4. Mass spec.: 368.16 (MH)".

(o] H 0
\O&NYO \O/U\i,NHz

0 H,, Pd-C
HN HN
N= N=
5 (R)-Methyl 2-amino-3-(7-methyl-1H-indazol-5-y)propanoate. A Parr

hydrogenation bottle was charged with (R)-methyl 2-(benzyloxycarbonyl)-3-(7-
methyl-1H-indazol-5-yl)propanoate (11.0 g, 29.9 mmoles) and methanol (75 mL).
The suspension was purged with nitrogen and treated with palladium (10% on
charcoal, 700 mg). The bottle was shaken under hydrogen (15 psi) overnight. The

10 mixture was filtered through a pad of celite to remove the catalyst. Concentration of
the eluent gave 7.7 g (quant.) as an oil which was used without further purification.
'H-NMR (CD;0D) 8 2.54 (s, 3 H), 2.98 (dd, J= 13.5, 7.0 Hz, 1 H), 3.09 (dd, J =
13.5,5.9 Hz, 1 H), 3.68 (s, 3 H), 3.75 (dd, /= 7.0, 6.2 Hz, 1 H), 7.01 (s, 1 H), 7.39 (s,
1 H), 7.98 (s, 1 H). Mass spec.: 232.34 (M-H)".

15

(o] =
(o}
\OJJ\KNHZ " )J\/H N
+ = by

o
~
= NH psc,Et,N ©
I — =T, 0
HN \
N= NN
H

(R)-methyl 3-(7-methyl-1H-indazol-5-v1)-2-(4-(2-0x0- 1, 2-dihyvdroquinolin-3-
ylpiperidine-1-carboxamido)propanoate. To a solution of (R)-methyl 2-amino-3-(7-
methyl-1H-indazol-5-y1)propanoate hydrochloride (7.26 g, 27.0 mmoles) in

20 dimethylformamide (50 mL) at room temperature was added &,N’-disuccinimidyl

carbonate (7.60 g, 29.7 mmoles) followed by tricthylamine (11.29 mL, 81 mmoles).

16



5 40 40 0.05

for all

40 40 0.05 5 40 0.1 0.01

Sueetintne buffer was used
sol utions, For sanples exposed to light, a pholosiability chanber

was used in accordance with I1CH guidelines (1.2 mllion |Iux 5hour exposure
to visible light and 200 watt hour/n2 to UV). Anal yses were perforned at 4,

g and 12 wewR<9011/123232 Ten deg:rat:ants were found duri nECT/beo8@R168 on
stability study. The percentage of each degradant found in sanples after
weeks of storage is listed in "Table 3. Note that at the initial tine
degradans B and G were the only 10degndants present and their
concentrations were 0.1 7% and 0. 06% respectively.

spectr0500pi ¢_asResSIEimNAR PELEAUTRS00 LiaReJRar adankanpr esent in

poi nt,
initial

Mass

12

sufficient quantity permt a nass determnation. The results are listed
in Table 4. Two yaﬂsalvééméél@)t%wa Sufitiemmglstyar Bgitions, Thfééaéa@bwaﬁtall%a@

di scovered that ¢ ¥l ofgorRdARtR Wk ColdBiiraWB! dissS6RIBH 8 fdcdiMe, bhEw&HEr ent LI
PLC net hod. Degradants A and C correspond to hydrolysis products (Figure

2).

5

10

15

20

25

sequentially with water, brine, and 0.5 N HCI (2X).” The organic phase was dried
over magnesium sulfate, filtered, and concentrated. The resulting residue was
purified by flash chromatography (silica gel, 20:1 ethyl acetate/methanol) to give
11.9 g (78%). 'H-NMR (CD;0D) 3 13.0 (s, 1 H), 11.8 (s, 1 H), 7.98 (s, 1 H), 7.63
(d.J=7.6Hz, 1 H),7.57 (s, 1 H), 7.45 -7.41 (m, 2 H), 7.27 (d, /= 8.2Hz, 1 H),

7.16 (t, J=7.9 Hz, 1 H), 7.03 (s, 1 H), 6.85 (d, J= 7.9 Hz, 1 H), 4.31 —4.26 (m, 1 H),

4.10 —4.08 (m, 2 H), 3.60 (s, 3 H), 3.07 - 3.01 (m, 2 H), 2.93 - 2.88 (m, 1 H), 2.77 -
2.67 (m,2 H), 2.48 (s, 3 H), 1.78 — 1.72 (m, 2 H), 1.34 — 1.26 (m, 2 H). Mass spec.:
488.52 (MH)".

H
0-__N
~ N N
0T Y LiOH HO
< 0
\N &
N N’
H H

(R)-3-(7-methyl-1H-indazol-5-y1)-2-(4-(2-oxo- 1, 2-dihvdroquinolin-3-
Y)piperidine-1-carboxamido)propanoic acid. A solution of (R)-methyl 3-(7-methyl-
1H-indazol-5-y1)-2-(4-(2-0x0-1,2-dihydroquinolin-3-yl)piperidine-1-
carboxamido)propanoatc (5.50 g, 11.3 mmoles) in tetrahydrofuran (50 mL) and
methanol (10 mL) was cooled to 0°C. To this was added a cold (0°C) solution of
lithium hydroxide monohydrate (0.95 g, 22.6 mmoles) in water (20 mL), dropwise
over 15 min. The reaction was stirred at room temperature for additional 3 h. The
mixture was concentrated to remove the organic solvents. The resulting residue was
dissolved in a minimum amount of water, cooled to 0°C, and treated with cold (0°C)
IN HCl until pH 2 was attained. The resulting solid was collected by filtration,

washed with cold water and ether, and then dried overnight under high vacuum to

17



Under the nost favorable Cettdif 1031 exam ned, condition | in Table 2,
Compound | showed only 0.3 % degradation. after 12 weeks at 40C. This
suggests that an aqueous formul ati on can be found which neets |ICH
guideline:: for at |east one year of chem cal stability. Tnbi e3ercent
rdegr at hogsweeam1mbs2and their relen:lop; ti MeS Tabl e 4:pddagient/oR3es

give 5.0 g (94%) as a white solid. 'H-NMR (DMSO-dg) & 13.05 (bs, 1 H), 11.77 (s,
1 H), 798 (s, 1 H), 7.62 (d, J=8.0 Hz, 1 H), 7.55 (s, 1 H), 7.44 (d, /= 8.2Hz, 1 H),
7.42 (s, 1 H),7.27 (d,J=8.2Hz, 1 H), 7.16 (t, /=7.6 Hz, 1 H), 7.05 (s, 1 H), 6.65
(d,/=79 Hz, 1 H),4.27-4.22 (m, 1 H), 4.10 —4.07 (m, 2 H), 3.12 -3.07 (m, 1 H),

5 3.03-2.99(m, | H), 2.93 - 2.88 (m, 1 H), 2.77 - 2.66 (m, 2 H), 2.47 (s, 3 H), 1.77 -
1.74 (m, 2 H), 1.34 — 1.27 (m, 2 H). Mass spec.: 474.30 (MH)".

[o) ﬁ 8] “
. oy
o] o)
H H
HOJK_/NY“ TBTU, Et;N (\NJ\{NTN
L0 Q 7\ NS RO
—N N NH
—/ O
\ - \
-N N N
N N
10 (R)-N-(3-(7-methyl-1 H-indazol-5-yl)- 1-(4-( [-methylpiperidin-4-yl)piperazin-

1-yi)-1-oxopropan-2-yl)-4-(2-oxo- 1, 2-dikvdroquinolin-3-yl)piperidine- 1 -
carboxamide (I). A flask was charged with (R)-3-(7-methyl-1H-indazol-5-yl)-2-(4-
(2-o0x0-1,2-dihydroquinolin-3-yl)piperidine-[ -carboxamido)propanoic acid (2.9 g,
6.11 mmoles), tricthylamine (3.00 mL, 21.5 mmoles), 1-(1-methylpiperidin-4-

15  ylpiperazine (1.23 g, 6.72 mmoles), and dimethylformamide (10 mL). The resulting
solution was treated with 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate (2.26 g, 7.03 mmoles) in portions. The reaction was allowed to stir
at room temperature overnight. The mixture was concentrated under vacuum to
remove dimethylformamide. The crude product was dissolved in 7% methanol in

20  dichloromethane and purified by flash chromatography using 7% methanol in
dichloromethane containing 2% of aqueous ammonium hydroxide as eluent. The
pure fractions were collected and solvent was removed under vacuum. The desired
product was crystallized from hot acetone to give Compound I in 77% yield.
Analytical HPLC showed 99.0 % UV purity at 230 nm. The enantiomeric excess

25  (ee) was determined to be >99.9% (conditions: Chiralpak AD column, 4.6 x 250 mm,
10 pm; eluent: 70% (0.05% diethylaminc)/heptane/30%ethanol; @ 1.0 mL/min. for
45 min. The retention times were 18.7 min for R and 28.1 min for S). 'H-NMR (500
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Af ol ecni ar Wi ght

WO 2011/123232 PCT/US2011/028168

10

MHz, DMSO-dg) 8 ppm 13.01 (s, 1 H), 11.76 (s, 1 H), 7.96 (s, 1 H), 7.62 (d, J=7.10
Hz, 1 H), 7.60 (s, 1 H), 7.42 (m, 1 H), 7.36 (s, | H), 7.26 (d, J=8.25 Hz, 1 H), 7.14
(m, 1 H), 7.00 (s, 1 H), 6.69 (d, /= 8.25 Hz, 1 H), 4.78 (q, J=7.79 Hz, 1 H), 4.14 (d,
J=12.37Hz, 2 H), 3.54 (dd, J=9.16, 4.58 Hz, 1 H), 3.24 (m, 1 H), 3.11 (m, 1 H),
2.97 (m, 1 H), 2.89 (m, 2 H), 2.69 (m, 4 H), 2.32 (m, | H), 2.21 (m, 1 H), 2.07 (m, 4
H), 1.95 (t, /=825 Hz, 1 H), 1.87 (m, J=11.28, 11.28, 3.55, 3.44 Hz, 1 H), 1.76 (t,
J=12.03 Hz, 2 H), 1.68 (t, J=11.11 Hz, 2 H), 1.53 (t, J=8.25 Hz, 1 H), 1.32 (m, 4
H), 1.16 (m, 2 H); “C-NMR (DMSO-ds) & 16.80, 27.30, 30.51, 30.51, 30.67, 35.50,
38.04, 41.74, 44.00, 44.16, 45.35, 45.78, 48.14, 48.39, 51.45, 54.76, 54.76, 60.61,
114.53, 117.79, 119.29, 119.34, 121.57, 122.78, 127.46, 127.79, 129.29, 129.79,
133.31, 133.72, 136.98, 137.41, 139.12, 156.50, 161.50, 170.42. Accurate mass
analysis: m/z 639.3770, [MH]", A = -0.2 ppm. Optical rotation: -27.36° @ 589 nm,

concentration = 4.71 mg/mL in methanol.
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Biological methods and other propertics

Scheme 5. Compound I and comparator compounds II and III
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Aqueous Solubility. Solid frec basc was mixed with carbonate, and
ethanolamine buffers. The pH of a third sample was adjusted with HCI. The solids
were mixed with the vehicles using a mixer that was enclosed within an incubator set
to 25C. After equilibration, samples of the supernatant were withdrawn, diluted as

5  appropriate, and analyzed by HPLC.

Solubility in agueous media, pH dependence. Crystalline Compound 1
converted to a gelatinous phase during measurement of the pH solubility profile. The
absence of a crystalline phase in equilibrium with water prevents a confident

10  assessment of the pH range in which Compound ! can be formulated as a
thermodynamically stable solution. Efforts to generate a crystalline fiee base form of
Compound I that can be equilibrated in water are ongoing. The data gathered on the

gelatinous phase are listed in Table 1.

15 Table 1: Solubility of Compound I in aqueous media at 25C
Vehicle Solubility (mg/mL)
Carbonate buffer, pH=10.4 2
Ethanolamine buffer, pH=9.4 5
Partial titration of Compound T with HCI, pH=8.5 105
pH <8.5 > 300

Solution State Stability. The solution state stability of Compound [ was
evaluated as a function of temperature, pH, high intensity light (HIL), buffer
concentration, and drug concentration. The experimental matrix used is shown in

20  Table 2.
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Table 2: Solution State Stability Matrix

Sample pH Temp (C) Drug Conc Buffer Conc.

(mg/ml ) (M)
A 4 40 0.1 0.05
B 5 25 0.1 0.05
C 5 25/light 0.1 0.05
D 5 60 0.1 0.05
E 5 40 0.1 0.05
F 6 40 0.1 0.05
G 4 40 40 0.05
H 5 40 40 0.05
| 6 40 40 0.05
J 5 40 0.1 0.01

Succinate buffer was used for all solutions. For samples exposed to light, a
photostability chamber was used in accordance with ICH guidelines (1.2 million lux
hour exposure to visible light and 200 watt hour/m® to UV). Analyses were

performed at 4, 8 and 12 weeks.

Ten degradants were found during the solution stability study. The
percentage of each degradant found in samples after 12 weeks of storage is listed in
Table 3. Note that at the initial time point, degradants B and G were the only
degradants present and their initial concentrations were 0.17% and 0.06%

respectively.

Mass spectroscopic assessment was performed on those degradants present in
sufficient quantity to permit a mass determination. The results are listed in Table 4.
Two peaks are listed under degradant B, because it was discovered that two
degradants arc not well separated by the current HPLC method. Degradants A and C

correspond to hydrolysis products (Figure 2).
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Solution Stability- The )1, Thruperrh. re. The effect of tenperature is
summari zed in Tabl eS. The enhancenent in degradation rate with tenperature
is largely due to the enhancenent in hydrolysis. A the highest tenperature
degradati on proceeded all the way to product C, bat at the |ower tenperal
ures degr add toonistal | ed at product A (Figure 2). Tabl ecdiusSol/asien St abil a
Solution Stability: The .i7ect oftight, The effect of light on stability is
sumari zed in Tattle 6. Seven degradatits were noted for sanples exposed io
three of which did not appear in sanples stored under any other condition.
Hydrol ysis (degradant A) was enhanced by exposure to |ight Table 6:
Solution Stability AL , e) . : Dar k2.3 %

25Li ght 72 fifi Sol u?fﬁgﬁ“ﬁsﬁ%fﬁ?@g%’éﬁ“@%%ﬁ@* o A ?‘{e}fcatt?%gf PEt on the
&egr adai on r at eCompoguhhriipy el i “alggradarion afise L eviepknedRenthis Weeksyr adat i on
rate varied i nvgrSelyWhtnfuldioRddn 80 &uh@S hBORER AR fRRNBRESRENT i N
hydrol ysis. At pH 4, degradation proceeded to hydrolysis produci C. but at
pH 5 and 6 degr¥datiicrniey 8PPy at hydrol ysis product A. Table 7: Sol ution
Stability and pH Solution Stability: the effect: of W., -

concentrati on. Hi gher concentrations of snecinate buffer tended to produce

a. higher rate of hydrolysis {o degr nt A (Fable )
2011/ 123232PCVJ 320111025@’%334&‘6{’%’%%9 ”g,t%e ’f“f‘ﬁ”{sieegﬁg’”é)e{’\géf“’r’ff fer Concentration

Solution Stability: the offetdrug,concentrati@hm.tiah drug load slowed the
hydrolysis rate and linted hy((:ir ot(lysi St0o tf of?@ﬁ”o% of degradaut A gable

shipl s, a1 d nbt |PEFKOAE) Q ot eEonant natkon “Mr | att Ve odyPand may
sinmply be an ippu#ity.l sgDegrddart/t? J qoul d |only i€ detect ed at [t/he f|i nal
time point. Taple [‘gé_gE;ct)rI:lJJ.tll i on 43t qrt_z{,_l I Iz,.l 5'%r 9r=3,%rr9r|=l7'.9t it,.=99r %_gg-tjr %tz |5%r

Al20 - 10.5 |- - = - = g =

B|.5 0.1 - - - - - B - -

Cl169 |29 2.8 5.2 1.0 7.7 - - 5.7

D|1.2 - 550 |- - : - = Z -

E|[19 0.2 - - 1 - = - - -

Fl.4 0.1 - “ N s = - -

G (4.9 - - - 3.5 - 0.1 | - 0.1

H|12 0.1 - - 0.0 - 0.1 - - 0.0

I (.2 0.1 0.0 - 0.0 - 0.1 - - 0.1

J 11 0.1 = | 0.5 = -

Table 4: Degradant Molecular Weights

Degradant Label Molecular Weight
A 473.5
B 541.4
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Degradant Label Molecular Weight
612.4
C 228.3
Scheme 6.

. I |
‘ / De gradant A

MW=473.5

o

N\
~O-Oy "0
| L
Compound I

MW=638.8
Degradant C
MW=228.3
5 Solution Stability: The effect of Temperature. The effect of temperature is

summarized in Table 5. The enhancement in degradation rate with temperature is
largely due to the enhancement in hydrolysis. At the highest temperature degradation

proceeded all the way to product C, but at the lower temperatures degradation stalled

at product A (Figure 2).

10

Table 5: Solution Stability and Temperature

pH Total Degradants Total Degradants Total Degradants
(25C) (40C) (60C)
5 6% 22% 56.2 %
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Solution Stability: The effect of light. The cffect of light on stability is
summarized in Table 6. Seven degradants were noted for samples exposed to light,
three of which did not appear in samples stored under any other condition.

Hydrolysis (degradant A) was enhanced by exposure to light.

Table 6: Solution Stability and Light

pH Temperature ( C) Light Condition Total Degradants
5 25 Dark 23 %
5 25 Light 72 %

Solution Stability: the effect of pH. The effect of pH on the degradation rate is
summarized in Table 7. The enhancement in degradation rate varied inversely with
10  pH and was dominated by an enhancement in hydrolysis. At pH 4, degradation
proceeded to hydrolysis product C, but at pH 5 and 6 degradation stalled at

hydrolysis product A.
Table 7: Solution Stability and pH
pH Total Degradants
4 12.5%
5 2.2 %
6 0.62 %

15

Solution Stability: the effect of buffer concentration. Higher concentrations of

succinate buffer tended to produce a higher rate of hydrolysis to degradant A (Table

8).
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Table 8: Solution Stability and Succinate Buffer Concentration

pH Total Degradants Total Degradants
[Buffer]=0.01M [Buffer]= 0.05M
5 1.8 % 2.2%

Solution Stability: the effect of drug concentration. High drug load slowed
the hydrolysis rate and limited hydrolysis to formation of degradant A (Table 9).
Degradant G, which was only detected in the high concentration samples, did not
markedly grow in concentration during the study and may simply be an impurity.

Degradant J could only be detected at the final time point.

Table 9: Solution Stability and Compound I Concentration

pH Total Degradants Total Degradants
[Drug]= 0.1 mg/ml [Drug]= 40 mg/ml
4 12.5% 8.6%
B 5 22 % 1.5%
6 62 % 0.5 %

Competition for ['*’IJCGRP Binding

Binding assay. SK-N-MC cell membrane homogenate serves as the receptor
source. Human neuroblastoma SK-N-MC cells are used for in vitro assays because
they endogenously express the CGRP receptor with an identical sequence to the
cloned human CGRP receptor (Aiyar et al., 2001). Cells are grown at 37 °C in 5%
CO, in medium consisting of MEM with Earle’s salts and L-glutamine supplemented
with 10% fetal bovine serum to reach confluence. The cells are harvested by rinsing
twice with phosphate-buffered saline and are incubated for 5-10 minutes at 4 °C in

hypotonic lysis buffer consisting of 10 mM Tris (pH 7.4) and 5 mM EDTA. The
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.62 17?/3; 10 Conpetition for [1..151]C GRP Bi ndi ng

Bi ndi ng assay, SK-N-MC cell nenbrane honbgenate serves as the receptor
source. HUM D neurobl astona SK-N-MC cells are used For in vitro assays
because they endogenously express the CORP receptor with an identical
sequence t ovo bi1/eiserzed human CORP receptor (Ai:Jar et dCT/US200938168Ce| | s arc
growmn at 37 C. in 5% CO2 in nmediumconsisting of MEMw th Eadc's sails and
I rgl utam ne supplenmented with 10% fetal bovine SWMto reach confl uence.
The cells are harvested by rinsing twice with phosphate-buffered saline and
are incubated for 5-10 mnutes at 4C in hypotonic |lysis buffer consisting

of / 0 naM Tri s Rkl Corfbkic@R tén@féli‘éMt(EBTﬁrop}hﬂe tb&lahShiReiolhaet £d and

transferred to pol ypropyl ene tubes and honogeni zed usi a pol ytron.
Honobgenat es ar ePY¥HHY ?lglli‘@%“d}at&*tar%%%@@eiatgnp Xéé’r H’.‘“'%ﬂ"epeﬂ)lgtf" P%ts are

resuspended in eQlsgeld¥a LoD G ot 1§siduufbewitig. 19 mdmifbiaesovaké anibjpirot ease
|hnh| bi tor cocktai kta,and assa erd fto,r rcoth%iﬁn %%gc%n rat #'lo%p. en‘l;[%eis tlenrrbr ane
onpgenate is tFSKEY Aty HigT RPEF ST IEh C "GP HE YA U0 BSsay.
5 aliquoted and stored at -80 °C until the day of assay.
The ability of Compound I to compete for the radiolabeled (["*TICGRP,

Amersham Biosciences) endogenous peptide human alpha CGRP (haCGRP) is
measured using a radioligand competition assay. Compound I is first solubilized in
and carried through serial dilutions using 100% DMSO. Compound is further diluted

10 25 fold into assay buffer (50 mM Tris-Cl pH 7.5, 5 mM MgCly, 0.005% Triton X-
100) and transferred (50 pl) into 96 well assay plates. ['>’T]-CGRP is diluted to 600
pM in assay buffer and a volume of 50 pl is added to each well (final concentration
15 pM in assay). SK-N-MC membrane pellets are thawed, diluted in assay buffer
with fresh 0.1% mammalian protease inhibitor cocktail, and homogenized as

15  previously described. Five to ten pg protein per well is then added in a volume of
100 ul. The assay plates are then incubated at room temperature (25 °C) for two
hours. Assays are terminated by the addition of excess cold wash buffer (20 mM
Tris-Cl pH 7.5, 0.1% BSA) immediately followed by filtration over glass fiber filters
pre-soaked in 0.5% PEL Non-specific binding is defined with 1 uM B-CGRP.

20  Protein bound radioactivity is measured using a gamma scintillation counter. The
ICso is defined as the concentration of compound required to inhibit 50% of

radioligand binding.

Results. Compound 1 displays concentration-dependent inhibition of
25  ['"®IJCGRP binding to the CGRP receptor endogenously expressed in SK-N-MC cell
membranes. The mean K is 22,7 + 1.6 pM.

30
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The ability of Conpound Ito conpete for the radiotabeled ([ 25.1i CGRP,

Amer sham Bi osoi ences) endogenous peptide human al pha CORP (huCGRP) is
measured using a radioligand conpetiiion assay. Conmpound 1 is first
scilubili.zed in and carried through serial dilutions using 100% DVSO.
Conpound i 3vG mt/mée32di | uted 1.025 fold into assay buff &CTSPIHPNILSri s-A pH
7.5 5 inMMC12, 0.005% Triton X-. 100) and transferred (50 into 96 well
assay plates. [T]-CGRT is diluted to 600 pMin assay buffer and a vol une of
50 pi is added to each well (final concentration IS OMin assay), SICGN M
menbrane pellets are thawed, dilated in assay buffer with fresh 0.1%

mamal i an protease inhibitor cocktaiiba wandcRopegani zed as 15previ ously
described. Five to ten pg protein per well is then added in a volunme of 100
pl. The assay plates are then incubated at roomtenperature (25 5C) for two
hours. Assays are termnated by the addition of excess cold wash buffer (20
Ll s CL pH 70 LBABSE. VBN BLEh kel oh YRR DKL LRp 2L i 0n over
glass fiber filters pre-so T. nsecn‘g bi nding is defined
with 1 i Nlp- CGRRptigoRd ompernd bisritidicd iy dste 1508 Wffﬂ@n Pr%}ﬁ&?@amﬂ@%g a ganma

scintillation ceunhehe bihligs bG59) ¢§Rfd@ftnerse<dN%ctcaem@mﬁ@r@;e%omms of conpound
required to 1 nhibit 50% of radioli bi ndi (gRPResults ound |

di spl ays concen@?aé?rP@)Wlt'H@ﬁ'éWﬁaneﬁfﬁ“Bﬁ‘ thilor]1C ‘Q@@“E(F‘i”@otﬁ?g‘ﬂ?‘ﬂﬂf ng to the
CORP receptor epdrggaeusby @ mh&iﬁ&@ﬂoderbfﬁ&\%d\eﬁceﬁ@itionmsu‘pmmessoo The nmean Ki
is 227-f- 1.6 pM_ Intern- W The nature of the

i nteraction bet H%é?quq@olé‘r‘i‘&oéﬁhr&%‘ d@f@ﬁrelj%blgf?filwd‘gl}{g?fg’ gf)?ﬂﬁ‘?jttﬁ% "8 s studi ed
in detail usingksadotivatei(®idsdii, 0sthit@ige X PO Eremnbs dm@Bfan@fdoystant t&) bidndi ng of

1:15-11CGRP 0 the SK-N- MC ce a arat | red with

i ncreasi ng é@) C%ﬁWé%“W“B‘Pifﬁg'ﬂ‘t‘%ﬁﬁ %e’"f" e"F% a%célgﬁrgls#tjl on) or in the
presence of (testmgandi bileris)dingmeraottetsiE:, Bwo oé()'rfﬂ@ﬁRPaStm@ﬂs*eU(@O pNl and 100
ph41) of Corrpound 1. Saturation data are analyzed with hyperbolic equations
usi ng Kel l sof t Waré (Bi osoft, Canbri dge, UK) to estimate dissociation
constant (Ku) and 10t he maxi mum nunber of binding sites (13,"".a. The

i npact of the addition of Conpound | to the binding paraneters (Ku, B")

of [1251] CIGRP i s W%M@dC&ﬁ%uﬁ&m%eﬂganoB@%ﬁlﬂeﬁﬂy fPerapedknédiksociation
concentration- dependendy increases. the di ssociation constant Kd of

| ' 2511CGRP B ndf gt dect adeSRY Padinefdeiersyy its 4y i) g8 5%8%ht Iy changi ng
the maxi mum nunBghgief thbhadint@ nsinb&Sf Bihdihd 264 a@@mmmdndi@)(ﬁmammm ndi cat es

e S oLkt BBk R 0 B QOTBRENT b1 & 08 oBlagiopO ©f
['**IJCGRP at the human receptor (Table 10).

20 Table 10. Ky, Buax of [F°IJCGRP to the SK-N-MC Cell Membrane Preparation With

or Without the Presence of Compound I.

Control 30 pM Compound I | 100 pM Compound 1

Kd (pM) 23.1%5.0 58.0+19.6 129.7 £ 31.9
Bmax (fmol/mg 142.6 £ 112.1 £ 20.6 146.8 £ 6.4
protein) 10.6
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Table 10. K4, 13,n, .1') ifCCORP to the SK-AtiVIC Cell Menhraue Preparation
Wth or Wthout the Presence of Conpoundl. Contrt.31 30 pat-Conpound | 100
pi I d Contpound Kci (ply() 23.1 5.0 511,0 19.6 129.7 31.9 Bitriax
(firiolhng 142.6 112.1 20,6 146.8 6.4 protein) 10,6 Cel | ul ar

Functional V@SHY/1TY# i c AVP Assay | f erhock. The CYI/FRLEHS conpl ex
is coupled to the Gs class of C proteins. Binding of CORP to this conpl ex
| eads to the production of cyclic AVP (adenosine 3'5 -cyclic nonophosphate)
vi a Gs-dependent activation of adenyl ate 5eycl ase. Functional antagoni sm by
Compound 1 is determ ned by nmeasuring its to inhibit CC RP-siimulated
formation of cyclic AVP in @itachaciosiolseaySICydlidMMeelsdag. SK-N-MC cel I's are

i ncubated at roomtenperature with 02 alvl CORP al one for 30 m nutes, or

pre-incubated w th vagrious %E@E' f.. GO 10m nut
o . MethqusT CNE[@[“ b Q81 is Qﬂﬂﬁle &s HQE o> m nut €s
l:ch.:re the addition dFHO}% nkt éﬂ§)§%én P%rther I ncubated for 30
proteins. Binding of CGRP to this complex leads to the production of cyclic AMP
(adenosine 3'S'-cyclic monophosphate) via Gs-dependent activation of adenylate

5  cyclase.

Functional antagonism by Compound I is determined by measuring its ability
to inhibit CGRP-stimulated formation of cyclic AMP in attached whole SK-N-MC
cells. SK-N-MC cells are incubated at room temperature with 0.3 nM CGRP alone
for 30 minutes, or pre-incubated with various concentrations of Compound I for 15

10 minutes before the addition of 0.3 nM CGRP and then further incubated for 30
minutes. The Cyclic AMP (cAMP) produced is extracted using the “Lysis Reagent”
and its concentration is determined by radioimmunoassay using RPA559 cAMP SPA
Direct Screening Assay Kit (Amersham Pharmacia Biotech). ICso values are defined
as the concentration of compound required to inhibit 50% of 0.3 nM CGRP-

15  stimulated cAMP production. Ymax is defined as maximal percent inhibition of 0.3

nM CGRP-stimulated cAMP production.

Results. Compound I displays concentration-dependent inhibition of CGRP-
stimulated cAMP production in attached whole SK-N-MC cells, with an ICs of 38.6
20 +4.2pM, and a Ymax of 95.4 (+ 1.3)%. The maximal (ca. 100%) inhibition

observed indicates full antagonism at the CGRP receptor.

Schild Analysis

Methods. Schild analysis is used to characterize the nature of the antagonism
25  of Compound I. The dose response of CGRP-stimulated cAMP production is
generated cither with CGRP alone, or with CGRP in the presence of various
concentrations of Compound I. Specifically, dose-dependent cAMP stimulation by
CGRP is assayed with or without five different concentrations of Compound L. The
concentration of Compound I is plotted on the X-axis against the dose ratio minus 1

30  onthe Y-axis (dose ratio is defined as the ECso of CGRP in the presence of
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m nutes. The Cyclic AMP (cAWP) produced is extracted using the "Lysis
Reagent” and its concentration is determ ned by radi oi nmunoassay using
RPA559 cAMP SPA Direct Screening Assay Kit (Amersham Pharnaci a Bi otech).

1. C50 val ues are defined as the concentration of conpound -Lifted to

i nhi bit 50M@01013238¥M CGRP- 5sti nul at ed cAMP product i orfCT’?%g%l’%m@efi ned as
maxi mal percent inhibition of 0.3 ri M CGRP-stinmulated ci Al VIP producti on.
Results. Conpound | displays concentration-dependent inhibition of

CGR. Pstinul ated cAfvfP production in attached whole SK-N-MC cells, with an
C50 0135.6 20 4.2 QA and a Yrmax of 95,4 FE 1.3)% The maxi mal (ca. 100%
i nhi bi tion obsetv@ghuhidiiciatdas thakds, antGRYo1o®M laheat fegreGORR thecept or . Schi | d
Anal ysi s Met hods.  Sehj i lysis 3s used to,characterize t nat ure of

t he ant agoni sm B¥ ?#p"b‘ﬁ&@%%?a‘}l/dhsta’%ioe'tﬁagsg‘%ﬁ%e‘b gpped@ﬁf)es?tnlotrfﬁ Gted cAWP
production is gepefi@ahedfehulier 1 whditut@CRRbealionaagansmi Khs GORPgonist he
presence of vari.ous. concentrations of Conpound |. Specifically,

dose- dependent glﬂwaté(fnicﬁfﬂmél[‘i on by CORP is assayed with or without :five
di fferent coEcentrati ons of Compound 1. The concentration oi Conpomad 1 is
plotted on the X-axis against the dose ratio mnus | 30on the Y-axis (dose

ratio is defined 33.§hhesdhER0h@kis FBmpBuriNecviies @BeR10p¢ ofGoTRoIMd) .

di vided by the EC50 of CORP atone). Linear regressi P s thl per f or med
with both X andanrl%@@égntw?@wtdrl%%?f‘émpﬁ%’dt.an%@f%'g%i?’ﬁa?g- égafﬁgﬁ? di ffer
significantly fromsaistisof h) cordiceatesticoRmBhictih \he pridnagamicsainkb is the
ant agoni st di ssoci ati on constant. . . Resutl ts. Schil dcagal%gilgf for
Conpound | r eve&"Seuaiingh Compyad hindipatgsrompetitye asopiym bX SAMBpnd L8

di ssoci at i ongcousRantimfiacotARE phodu@iod. PiM slophef @ falrh ek Seliilgptowéurtlershi ft  of

t he CORP concentration-response in.the presence ' ' o ntration
of Conpound | i ﬁ‘&’?&%ﬁ‘@ COFBRBET T UE AN Agon s Olin\?vfl %ﬁr%ﬁﬁﬁhgggf RIRS

10CCi RP- st i mul atefl pelAMVR apreadant tvito the bifilieg &1 Gpé pdP. 1. 02 from t he Schild pl ot
further supports the conpetitive interaction between Conpound | and CGRP
function, Kb of 21.5 pfsil is in agreenent with the binding K1(22.7 plt4).
Reversal of CGRT-Induced Dilation in Ex vivo Human lutraemiat Arteri 15To
provi de an ex vivo FeasdrECERRINdoi kiR g pive Hpmin BEHEE OHCTY wher e

m grai ne-rel ated CORP rel ease precedes initiation of therapy), vessels are
first dilated by CORR maddddnenvihecdidk dtei eimicsshe dinetlseddivint(h@onpound 1. I n
this reversal protaocol oni st post -tr.eat t . rever.: <GFP- 1 nduced
artery dil ati onm('?tfglfl?i&iaée%s% gllgfe%lsa PR lal(t)lstéongﬁgl elﬁhﬁf %E)ﬁ%gsdgnt agoni st

doses). I n bri efijlatwi yeC GRRUat digkn dlrctdgntjon 20ciangs with €omprng Aclo dids sy a$#! pot assi um
ion (0o mmc endo ous. t or ) | ol L €5k M CORR, 4 gdilation
reversed with i ﬁ{:‘)%ggls?n?ﬁ%@%%gr%teér[{gll?%{t(;%)sek%f t he ntci%_SP arﬁ ‘é‘g‘gﬂi @Pﬁ%orrpound T.
Conpound | post singleagamshdos¢ sndefifiénde dnjegorist dpssyle 5 prisd VESABNFSHES

CGRP- i nduced,ydi |atJ .0 omrac?e;& M%o@éﬁmoh nb ﬁﬁﬁi‘&@ﬁﬁo%&no_@d’ o) (@18, dilded 1 sSsue

Sanpl es. Autopsy sanples of human arteries are obtained fromtjssue

procur ement venddh SRR pndyheshlatian rg\feéﬁeiwglhglﬁlmsglg(foiqumr@gns(péﬁﬁCﬁ!’é‘% ES buffer
(conposition i naﬁtﬁéoMst oudB0,Colibthd 1 Kodrlirdd@bht is cledtive MiSGhink. 2, Cadli 1.8,
d ucose 6, NaHCO, 4., HEPES 10. EDTA 0.025). Upon receipt, the vessels are
placed in col d Rytghsheg GERErnducerhBBEst 9 6hvirhym \‘/tlt‘.am?&‘éé%erﬁ‘& 4, K. Cl 4.7,
KTI2PO4 1.2, My, SO4 1.2, CaCe 1.8, ducose 10.1. NaTICO8 5) saturated

wi th carbogen (5% COs and 95% oxygen). Methods, The VeSSC S arc cl eaned of
CA MCUi Ve tigsues an

fsse! ganltp%vo Autopsy samples of human arteries are obtained from tissue
procurement vendors. All vessels are transported in ice-cold HEPES buffer
(composition in mM: NaCl 130, KC1 4, KH,PO, 1.2, MgSO, 1.2, CaCl, 1.3, Glucose
6, NaHCOs 4, HEPES 10, EDTA 0.025). Upon receipt, the vessels are placed in cold
Kreb’s buffer (composition in mM: NaCl 118.4, KC1 4.7, KH,PO4 1.2, MgSO04 1.2,
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cylindrical segnents of 4-5 mmin |length. The vessels are then nounted in
ti ssue 5bat hs between two stainless steel hooks; one of which is fixed and
the other y[ which is connected to a force displacenent transducer. The
vessel tension is continuously recorded using a data acquisition system
(Power | ab, WDROLHESBdment s, Mountain View, (.A). The ti §gG@SB%E/ﬂ§1@ont ai ni ng
Krebs buffer and nounted vessels are controlled -for tenperature (37 C)
and pH (7.4) and continuously bubbled with 10 carbogen. The artery segnents
are allowed to equilibrate for about 30-45 MIItif OS until a stable
resting tone (0.25 to 0.5 g) is achieved. Prior to the assay, vessels are
primed (conditi os@d).swlidascliO0 , NMIEG( 25araurstibs EgerenitnSwahedd 95 % To test
t he antl-dllato?g/ f)fect of Conpound |, vessels are first contracted with
10 MM pot assi uth’€fiVori de (KU) to mimc endogenous tone, then fully dilated
Lowi th | TIM hal: CyRoanihe LILA0LY i B oBibAR diied RUCHSRY DYt he

cunul ative addition I'ncreasi ng concentrations of Conpound | in half |og
131111: S (all ovwmlgdrml segrheatsi b A- 501rlmEOB@US)TheAGSS@mfhthé'bW@@mdﬂ&flﬁ‘% t he
effects of the Mg ALESRIRSSEM ARIL BYESSHiond! P haglug edwRlLl ation i n.

each vessel .  Data analysis is perfornmed for each vessel .indivi dually,
fitting the conenteds P&M@@C%ﬂ“ﬁ“%"ed%erf Jhi7 vesist spBngt cqnﬂ’g‘ﬁo&ﬂc

20f unction by n%@orhédﬂﬁﬁ%oﬁﬁgﬁ&‘lﬁéﬁ]&nsy@{@ﬁl(y eSlab, WD BShintaE it i | .
val ues. Resul ts er sal of

shows and full
CGR. Pi nduccd di Vit 6f)- o“f“heélksu%w'b* RUARKE | E‘é‘léefé‘?ﬂrﬁ‘fungfjt‘é’r*\{%@ewth al so

2-180 50 pM SghirbigkaAnadnytaire i3nRCPintipan7.of an@CRAnGang @nlibkidtvitn- Response
Curve in ex vivo Hurman_ | ntracrania fun tlonal

ant agoni sm afai f&toeE rg‘ﬁ@%e%fegwrﬁﬁh%@ﬂﬁ%9%‘11‘8?%‘%6 fo@%ﬂ‘%‘éa%
pre-incubated wuitha ktaisle xektéhgadne@d. 2 e y. 5rd) isgshitvedt héortd s u@aybmsmﬁaim then a

CORP trat lete dil at
Cusi ng_ Soml 1 1 p&natyoneae i B S TaN ShEhd BRE® Woher - & "

conce ntrations of ant3qemk sl dlmr}z%hjof @%ﬁ@ﬂﬁ 1, TIQA0L1 E02&ntrhdidy produce a

'right-in the CORP concentration-Tesponse curve, requiring %heat er
concentrat i ons ofth dQoNi toghsiion W@F@(ﬁﬁﬁl)ﬂoﬂémp? @@é&?@@“sé‘f“eath?“af@ dieted ang

achi eve tuilk d‘)vhﬁtl th[rhaCbRPSfmg'ﬂlallyvﬂlJ ElLfBUNELH A @l{e)éuﬁlhl@fg@ addiffon of
pm i ncubat eo‘ antagoni st, then contracted with KCl agcﬁghm c. endogenous

tone), and foll w@ww%‘@waﬁlpwf@mp(ﬁ@#é%aﬁé‘)%ﬁt@m%&‘f T'CORP to

achi eve full rekaxalionaHCONRAMNN, ihd¥iREt BRhNBNES atcSexpikfseCdsiov eevatal i nhi bi ti ng
CORP- i nduced dilation of ex vivo huyman {ntracram al rte nd, di spl ays
S e AR

a paral l el righPVefdP-gHpged digtiop Hea BB Y P‘Br St ve.

10Met hod. Each widrendill 8diVBiha e Eyratidii@sposseplae 1d Noulataedtef Bpis@0 mMn with a
single concentration ound 1, then

contracted w'th 6“%‘#&\9?“’]’%5”(%%9 ﬁﬁoﬁia?:alygﬁgtg@%%&fs&f%%y “$ol | owed by

addition of increasing concert:rations of CORP to achieve full relaxation.
The KU contraction is allowed to stabilize, such that total antagoni st

pret reatment Ui me i 5o ARRY EXHIRAE] shoftOpdthlaRluRhovirtn biSemh inadeion of - CORP,
Results. Conpound 1 produces a parall ightward shift of the CORP

concentration-r éléq@@ﬁ3@*@&90@“4‘%1“‘@2@13%13?1%%@ e T 897 4MI arteri es.
Schild analysis reveals a Kb of 91 p24.. These: results conpare favorably
to the in vitro binding (K-

25 Schild Analysis: Inhibition of CGRP Concentration-Response Curve in ex vivo

Human Intracranial Artery

To assess functional antagonism against a range of CGRP concentrations,
Compound I is pre-incubated with individual artery rings in the tissue bath and then a
CGRP concentration-response curve is generated to achieve complete dilation (using

30 multiple agonist and multiple antagonist doses). Higher concentrations of antagonist
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In vivo Efficacy of Compound T in Marmoset Facial Blood Flow

To evaluate the in vivo efficacy of novel CGRP receptor antagonists,
marmoscts receive a series of four intravenous injections of haCGRP (at 45 min
25  intervals). The first serves as a baseline control, and is followed by subcutaneous
delivery of test article. The subsequent three CGRP challenges provide an
assessment of functional CGRP antagonism in vivo. In the present study, Compound

I demonstrated robust, lasting CGRP antagonism.
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Testing Protocol: To assess in vivo efficacy and duration of action, a
control increase in facial blood flowis induced by adm nistration of
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compounds and the CGRP receptor agonist haCGRP. Additionally this IV line
provides for withdrawal of blood samples (max 2.5 ml, 10%) for blood gas

20  monitoring and analysis of compound plasma levels. A solution of 5% dextrose is
administered IV in order to maintain blood sugar levels. Anesthesia depth is
monitored by measuring blood pressure and heart rate using a non-invasive arm cuff
method and a pulse oximeter, respectively. Guanethidine 5-10 mg/kg IV,
supplemented with 5 mg/kg IV as needed, is given to stabilize the peak flux in facial

25 blood flow which otherwise shows progressive reduction following repeated
stimulation (Escott et al., 1995). Microvascular blood flow is monitored by attaching
a self adhesive laser Doppler flow probe to the facial skin. The probe records the
number of red blood cells crossing the path of two laser beams, multiplied by their

velocity (reported as changes in flux).

30 Drug Delivery: Test compounds are administered SC (0.1-0.6 ml/kg) in the
nape of the neck. The CGRP-receptor agonist, haCGRP is delivered IV (1 ml/kg) at
a dose of 10 ug’kg.
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Testing Protocol: To asscss in vivo cfficacy and duration of action, a control
increase in facial blood flow is induced by administration of haCGRP (10 pg/kg IV)
30 min prior (-0.5 hr) to drug delivery. Compound I is then administered at time zero
(0 min) and repeat haCGRP are delivered at 45 min intervals for ~2 hr (data collected
S at0.25, 1 and 1.75 hrs post-dose). Compound I is dosed at 0.003, 0.01 and 0.03
mg/kg, SC. Plasma samples are obtained just before each haCGRP administration.
Following testing, animals are rcturned to the transport cage which is placed on a
temperature controlled surface that keep the animals warm until fully awake and

ambulatory. Animals may be tested again after a 14-21 day rest and washout period.
10

Results. Compound I (0.003-0.03 mg/kg, SC) shows dose-dependent
inhibition of CGRP-induced increases in marmoset facial blood flow. Robust (53-
80%) inhibition is observed at 0.03 mg/kg at 0.25, 1 and 1.75 hr post-dose.
Significant (35-40%) inhibition is seen across all post-dose test times at 0.01 mg/kg.
15 At0.003 mg/kg, a mild (20%) but significant inhibition is observed at 0.25 hr, with

no effect at later test times.

Comparing efficacy vs. exposure, plasma levels > 8 nM are associated with
significant in vivo efficacy and levels >25 nM with maximal efficacy for Compound

L

20 Intranasal Irritation Studies in Rats

Compound I and Compound III: One-Week Comparative Intranasal Irritation

Study in Rats. This study was conducted to compare potential nasal irritation of
Compound I to Compound TII when given intranasally to male rats for 1 week. Male
rats (10/group) were instilled intranasally with Compound [ or Compound 11

25 solutions (25, 75 or 175 mg/L in 225 mM succinic acid, 0.02% benzalkonium
chloride, 1.25% anhydrous dextrose, pH 5.8-6.2) once daily at a dose volume of 100
uL/nostril. Using this dosing paradigm, fixed doses of 5, 15 or 35 mg of test article
were delivered daily. As a consequence, dosages normalized to body weight
decreased with time as the rats grew. One control group was given succinate vehicle

30  and a sham control group was given saline by intranasal instillation. Parameters
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cvaluated included clinical observations, body weight, food consumption,

toxicokinetics, and histological evaluation of nasal tissues.

Values for toxicokinetic parameters are shown in Table 11.

Table 11: Toxicokinetic data derived for Compound I.

Compound 1

Dose, mg 5 15 35

Dose, mg/cm™” 0.357 107 2.50

Parameter Day 0 Day 6 Dav 0 | Day6 Dav0 | Day6

Mean Dosage (mg/kg) 21 19 62 56 144 132

Mean Cmax (M) 0.33 0.66 22 0.83 1.5 L2

Composite AUCq.4, (WMeh) 1.6 2.6 46 52 7.9 54

Mean Tmax (h) 0.50 1.0 1.0 0.50 2.0 1.0

Mean T1/2 (h) 7.1 5.6 5.1 6.7 ND' 6.0

Mean Cagp, (UM) 0.022 0.0135 0.017 0.059 0.12 0.036
5 'Not determined because of prolonged exposure.

2Absolute bioavailability bascd on an AUCq 1y, 0f 7.7 pMsh in rats following intravenous
administration of 1 mg/kg.

Estimated rat nasal mucosal surface arca=14cm’

10 Intranasal dosing of Compound I provided systemic exposure in rats out to 24
hrs, and little difference was observed between the first and last days of dosing in this

1-week study.

Intranasal administration of Compound I was well tolerated; in-life findings
were limited to increased salivation in all dose groups and vehicle controls, and was
15  possibly related to the excessively large dosing volume used for the study. Salivation

not observed in rats given saline.

Nasal irritation was observed for both compounds but Compound I clearly
caused less olfactory epithelial atrophy than Compound III over the dose range
(Table 12). The type of lesion observed was consistent with prior observations made

20 for Compound II. The severity and incidence of nasal findings demonstrated that

Compound I had a superior nasal toxicity profile to that of Compound ITI.
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'Estimatcd total nasal mucosal surface arca of the rat is 14 cm’

Compound I and Compound II: One-Week Exploratory Intranasal Irritation

Study in Rats. Compound I and Compound II were also compared directly for

intranasal irritation. Male rats (6/group) were instilled intranasally with Compound [

or Compound II solutions (75 or 175 mg/L) in 225 mM succinic acid, 1.25%

anhydrous dextrose, pH 5.8-6.2) once daily at a dose volumes of 12.5, 25 or 100

uL/nostril. The only endpoint evaluated in this study was histological evaluation of

the nasal turbinates.

The olfactory epithelial atrophy caused by Compound I was clearly less

severe than that produced by Compound 11 at each dose (volume x concentration)

evaluated (Table 13).

Table 13: Olfactory epithelial toxicity, severity scores for Compound I and

Compound 11.
Compound | vojume/ostril 12.5 ul 25 100 pl.
mg/ml 75 175 75 175 75 175
mg/rat/day 1.875 4375 3.75 8.75 15 35
mg/cm’ Y 0.134 0.313 0.268 0.625 1.071 | 2.500
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10

15

Compound volume/nostril 12.5 pl 25 pl 100 pd.
Compound [ None 5 5 2 4
Minimal 3 1
Slight 5 1
Mild 4
Compound Il None 3 3 2 1
Minimal L 2 3
Slight 1 1 1 4
Mild 1 I\ 1 2
Moderate 3
Severity of lesions was assessed on a 1 through 5 scale. Values correspond to the number of animals showing cach severity
grade. Scores include olfactory epithelial atrophy, exudate, and single-cell necrosis. Each type of injury was scored
separately and the most severe score is shown here. There were no lesions in the vehicle-dosed animals. n=5 animals per
group. No exposure data was obtained in this comparative irritation study.
'Estimated total nasal mucosal surface area of the rat is |4 cm?

The dose-response relationship of Compound 1T was consistent with that
observed in other studies. Both increased volume and increased concentration
contributed to more significant nasal toxicity but concentration is likely the more

important factor.

In summary, Compound I demonstrated superiority to Compound II, with

respect to nasal irritation.

Potential for nasal delivery. The intra-nasal (IN) route of administration for
CGRP antagonists is attractive as it affords non-invasive delivery with the potential
for rapid onset of action. The highly permeable nasal epithelial barrier, well perfused
mucosal tissue, and limited metabolic capacity/tissuc residence time are potentially
useful features that support intranasal delivery of a compound like Compound I that

exhibits very poor oral absorption.

The feasibility of nasal delivery was assessed in the IN rabbit model by
comparing the plasma concentration-time profiles and pharmacokinetic parameters
(Cmax, Tmax, AUC and bioavailability) for nasally delivered Compound I to that

delivered by the TV route. The dosing solution concentration and delivery volume are
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included in the data tables for each study. Vehicle compositions are described in the

footnotes below the table.

Methods. Groups of three male New Zealand White rabbits, ranging in

weight from 3-3.5 kg, received a single dose of drug in one of the following

treatments: 0.5 mg/kg IV bolus injection over 30 seconds, or 0.3-3 mg/kg IN

administered with a syringe microsprayer. Prior to IN dosing, rabbits were lightly

sedated to effect with the inhalant anesthetic, Sevoflurane. The rabbits regained

consciousness in 2-5 min. Serial blood samples were collected in heparin-containing

vacutainers at predose, 2, 5, 10, 15, 30 min and 1, 2, 4, 6, and 24 hours post-dose.

Blood samples were immediately centrifuged at 4°C and the separated plasma stored

at -80°C until further analysis by the LC/MS/MS assay.

Results. The pharmacokinetic profile indicates that Compound I is rapidly

absorbed from the nasal cavity of rabbits when sprayed as a solution. The time to

reach peak concentrations (Tmax) occurs within 0.2-0.3 h (15-20 min) at all doses

studied. The absolute bioavailability at 0.3, 1, and 3 mg/kg ranged from 13 to 30%
and the Cmax ranged from 0.12 to 2.0 pM (Table 14).

Table 14: Pharmacokinetic Parameters for Compound I in the Rabbit after IV and IN

Administration.

w IN (low dose) IN (mid-dose) IN (high dose)
Parameter (n=3, Mean + (n=3. Mean = | (n=3. Mean £ 8D) | (n=3. Mean +

SD) SD) SD)
Dose (mg/kg) 0.5 0.3 1.0 3.0
Dosing volume 100 100 100
(uh) (50/nostril) (50/nostril) (50/nostril)
Dosing 5 10 30 100
concentration
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4 IN (low dose) IN (mid-dose) IN (high dose)
Parameter (n=3, Mean £ (n=3. Mean = (m=3, Mean £ 8D) | (n=3, Mean £
SD) SD) SD)
(mg/ml)
Cmax (uM) 137£18 | 012+0.69 | 055+£026 |[2.03£1.0
Tmax (h) 0.25 0.25 0.33
AUC o (uM-h) 1.8 +£0.58 0.14+0.07 0.69+0.33 327+ 1.17
Cl (ml/min/kg) 7.9+3.0 - - -
Vss (L/kg) 0.16 £ 0.01 - - -
Tin (h) 1.3+0.26 - - -
MRT (h) 0.38+0.15 ] - -
Bioavailability - 18.8 + 8.96
12.5+6.56 30.2+£10.82
(F%)

10

IV formulation: 50 mM succinate buffer/DSW vehicle, pH 5.

IN formulation: 50 mM succinate buffer, pH 5-6.

IN absorption of Compound I in the rabbit was very rapid. Plasma levels >10

nM were mcasured within 5 min. The drug was dctected in plasma for at least 6 h

post-dose and up to 24 hr at the high dose.

Previously, with Compound II there was greater deviation from linearity

when intranasal delivery volume rather than dosing concentration was changed. By

keeping Compound I delivery volume constant and varying the dosing solution

concentration, the IN AUC and Cmax showed a trend towards dose-dependent

linearity (Table 15). The variability in these parameters also increased with dose. On

closer examination, the IN bioavailability appeared to increase with dose (or dosing

concentration) for the three doses tested (Table 15).
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10

15

20

Table 15: Dose Linearity of IN Compound I in Rabbits

Dose (mg/kg) Cmax AUC,
(m=3, mean = SD) (uM) (uM-h)
0.3 0.12+0.07 0.14+0.07
1.0 0.55+0.26 0.69+0.33
3.0 203+1.0 3.27+1.17
Trend line R’ 0.99 0.99

Dosing concentrations were 10, 30, and 100 mg/ml in 50

mM succinate buffer vehicle, pH 5.

In summary, the intra-nasal route of administration for Compound I provides
rapid systemic absorption and relatively prolonged plasma levels compared to the
oral route. The high aqueous solubility and improved solution stability favorably
support the viability of a nasal spray product in an appropriate spray device. The
delivery of drug solution and its deposition in the nasal cavity in humans is cxpected
to be more robust and reproducible than that possible with preclinical IN animal
models. Compound I formulations are projected to be delivered in reusable multi-

dose or disposable unit dose nasal spray devices.

Pharmaceutical Compositions and Methods of Treatment

Another aspect of the invention is a pharmaceutical composition comprising

Compound I with a pharmaceutically acceptable adjuvant, carrier, or diluent.

Compound I will generally be given as pharmaceutical composition
comprised of a therapeutically effective amount of a Compound I, or a
pharmaceutically acceptable salt, and a pharmaceutically acceptable carrier and may
contain conventional exipients. A therapeutically effective amount is the amount
needed to provide a meaningful patient benefit as determined by practitioners in that

art. Pharmaceutically acceptable carriers are those conventionally known carriers
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The dose-response relationship of Conmpound 11 was consistent with that
observed in other studies. Both increased vol une and i ncreased
concentration contributed to nore significant nasal toxicity but

concentration is likely the nore 5inportant. factor, in sunmary,
Compound | wiepnmnsiseat ed superiority to Conpound ii, w tHtviespentsid0 nasal
irritation Potential for nasal delivecy. The intra-nasal (TN) route

of adm nistration for CURE antagonists is attractive as it affords
non-i nvasive delivery with the potential 10 for rapid onset: of action..
The hi ghly perneabl e nasal epithelial barrier, well perfused nucosal

lissue, and |im a i i ki J o i B
gydﬁg %@@QQL&&%Q@% p%&éﬂ PliRgH endofSLdeNEEnhdn Bl @S g

potentially useful “features t i ntranasal deliver)/ of a conpound
| i ke Conpound Tliquihforresdnglislinescapsatey. tiddsd loginags. aPerprs wrvell as liquid The

feasibility of Q@ﬁeﬂkioﬂ%yﬁﬁ@kﬁxé@%@s@ﬁﬁ&%egoliicf‘l:oﬁ‘}ﬂgsitld}ﬂs RabB foriiagel by
conparing the plasma concentration-tinme profiles and g)ha_r macoki ne.tic

paranmet ers ( CrafmedmrgesaincAugteasdoniupaon; CapPesitop) arf Bpdateareymefel i ver ed

Conpound | tost hﬁ)trmﬂ%dn\{&hﬁﬁlueb)ﬁldtJ&%’eﬁﬁbﬂ'&@%i?ien@hﬁgm%inﬁﬁg SQ Whltign
concentration and delivery volunme are uded in the data tables for each

in
study. Vehicle ®GRPFSH s “é(%‘(‘Fléasd)é"é?frai“baéﬁ’%PlF?' t he footnotes bel ow the table.
Met hods. Groups of three mal e New Zeal and Wiite rabbits, ranging in weight
from3-3,5 kg, receiy a si.ngl e dose of drug.in one of the.fallow ng
treatnents: 0.5 ri gist?g‘??‘\?‘%%ﬂ“ﬁ% a’ieﬁ’]("él&afl?’g%mgl\a}%? lnsdﬁba%gg%@%o,wdénrgqlf??- 3 ng/kg IN
admi ni st er ed w ithual ®ybdun @O0 mecif depetayérgredRni @r désa $dhedhosmpiey, of s@didbi t s wer e
lightly sedated,to effect wth theinhai t i, Seval | urame. The
rabbits r 6932,5 ned &SRS %%%W‘e“ésl Ilnﬁ’elf-n%g‘ %ﬁ'ﬂéégé]?‘% ang}]%dgdn %ZLX%IKLS wer e
col I ected i n hepamiositigonpteaiemiraly ilQvaehtar neesoldt 108 medols eSon, ex8uple0, 15, 30
mnand 1, 2, 4y010.i0303.2thi940S RORL- AASG, B Aot SMRLAS, WPhgn Medi atel y
centrifuged at (ﬁféﬁlgqugﬁ? ﬁ%uslép%r at e% pl asf‘r’gT éﬁire% at - %C unt i? further
anal ysi s by theandG0WBRWE.-assay. Results. The pharnaeol cinetic profile
i ndi cates that Conpound i is rapidly 15 absorbed fromthe nasal cavity of
rabbits when sprayed as a solution. The tine to reach peak concentrations
(1/max) occd?s wit hilhe Gventign noRmpapsss 2t cov o mafes ofeeisisEXigyi ed. The
absol ut e bi oavajnbahd bibly pAnt@alSntrahasad Reb1iBe A AkDdnaRged nkhoam 13 to 30% and
the Cmax ranged fromO0.12 to 2.0 tim (Table 143. 20"ThB’I ig h@
ri nt hPat amet er s TRicaly. tesghidndise Wi Gerd-4IR\Q0 mepgibphay ey daly- SieFa s MO par anet er
InS. Mean SD)  confpo@W iflag@ireiRraBy adEian pdeent&plly. Ak Sit dadiigatgimdl' . )); arose)
-z however, should be determined by a physician using sound medical judgement.

20

Another aspect of the invention is intranasal administration.

Inhibitors at the receptor level to CGRP are postulated to be useful in

pathophysiologic conditions where excessive CGRP receptor activation has occurred.

25  Some of these include neurogenic vasodilation, neurogenic inflammation, migraine,
cluster headache and other headaches, thermal injury, circulatory shock, menopausal
flushing, and asthma. CGRP receptor activation has been implicated in the
pathogenesis of migraine headache (Edvinsson L. CNS Drugs 2001, 15(10),745-53;
Williamson, D. J. Microsc. Res. Tech. 2001, 53, 167-178.; Grant, A. D. Brit. J.

30 Pharmacol. 2002, 135, 356-362.). Serum levels of CGRP are elevated during
migraine (Goadsby P. J. ¢t al. Ann. Neurol. 1990, 28, 183-7) and treatment with anti-
migraine drugs returns CGRP levels to normal coincident with alleviation of

headache (Gallai V. et al. Cephalalgia 1995, 15, 384-90). Migraineurs exhibit
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Dose (ng/kg) 0.5 0.3 1.0 3.0 Dosing volume 100 100 100 (110 (50/nostril)
(50Mos tit) (50/nostril) Dosing concentration 10 30 100 3R

WO 2011/123232 PCT/US2011/028168

clevated basal CGRP levels compared to controls (Ashina M. ct al., Pain 2000, 86(1-
2), 133-8). Intravenous CGRP infusion produces lasting headache in migraineurs
(Lassen L.H. et al. Cephalalgia. 2002, 22(1), 54-61). Preclinical studies in dog and
rat report that systemic CGRP blockade with the peptide antagonist CGRP(8-37)

5 does not alter resting systemic hemodynamics nor regional blood flow (Shen, Y-T. et
al. J. Pharmacol. Exp. Ther. 2001, 298, 551-8). Thus, CGRP-receptor antagonists
may present a novel treatment for migraine that avoids the cardiovascular liabilities
of active vasoconstriction associated with non-selective 5-HT 1B/1D agonists,
“triptans” (e.g., sumatriptan).

10
Another aspect of the invention is a method of inhibiting the CGRP receptor
comprising contacting the CGRP receptor with a compound of formula [ or a

pharmaceutically acceptable salt thereof.

15 Another aspect of the invention is a method for treating conditions associated
with aberrant levels of CGRP or CGRP receptor signaling comprising the
administration of a therapeutically effective amount of a compound of formula I to a

patient.

20 Another aspect of the invention is the use of a compound of formula I in the
manufacture of a medicament for the treatment of conditions related to aberrant

levels of CGRP or CGRP receptor signaling.

Another aspect of the invention is a method of treating migraine or headache.

25

Another aspect of the invention is a method of treating neuropathic pain.

Another aspect of the invention relates to a method of treating inflammation
(particularly neurogenic inflammation), pain, thermal injury, circulatory shock,
30  diabetes, Reynaud's syndrome, petipheral arterial insufficiency, subarachnoid/ cranial
hemorrhage, tumor growth, flushing associated with menopause and other conditions

the treatment of which can be effected by the antagonism of the CGRP receptor by
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fortnmdation: 50 rtiltvi succinatebuffer/D5Wvehicle, pH 5. IN forntdationt
50 rti M suceinate buffer, pH 5-6. I N absorption of Conpound i in
the rabbit was very rapid. Plasma | evels >10 5ni V1 were neasured within 5
mn, The dreg was detected in plasma for at |east 6 h post-dose and up to
24 hr at t veo biigiesese. Previously, w th ConpourrdTA(S2011018¢#8e was
greater deviation fromlinearity when intranasal delivery volune rather

t han dosi ng concentrati on was changed. By keeping Conpound | delivery

vol une constant and varying the dosing solution 10 concentration, the IN
AOC and C nax showed a trend towards dose-dependent |inearity (Table 15).

The variabi [itygf erﬂlHﬁ@ﬁloﬁ)@fﬁqgﬁa%uﬁczﬁlsérgpdsﬂ%s% idM L ImPasg or On cl oser

exam nation, the hionvai l1thitity appeared EU i ncrease with dose (or
dosi ng concentr’é?(fm‘éﬁ)asfdéﬁneﬁﬁélemhr ee doses tested (rabk 15). Table 1,5:
Dose Linearity enu ('oncoonill in Rabbits Dosing concentratl ons wer e 10

30, and 100 rogliul in 50 ittN suecunue buffer vehl cle
sunmary, the intrand@Qiherasprceotdte M ERi reipERieisHofnie! e@ﬁ%%ﬁdbf"“ﬁr ovi des

rapig systlensc aiaslqm%towﬁm n@ﬁ\dleE@hﬁﬁén\flﬁ:gytt;ﬂ{c@a(@lﬁbgﬁgedﬂb@&fé& igama: s conpar ed
to the oral route, The eous solubility an ution
stability favor SisF aé‘ﬂfﬁ‘ﬁflﬂgttc "Ejﬂ'é{ &SHBPIF?[{%P‘ 510 mﬂ%@&flg@ﬁ’r ﬁ\?&p@gduct in an
appropriate spr aymﬂiaemsn eﬂaonél' hanﬁi&inl(dl)&ﬂidﬂul@ﬁngchxplgssﬁm|oﬂNK(Dl’t:ca:mis intspindeposi ti on
in the nasal cavit

X 10t o, be nor nd
reproduci bl e t h%‘?‘i‘r‘%‘f %ﬂd (5) aérévl%lnﬂammf"ﬁ'yﬁirlsgaes TSP RPS mcuv %Em gf Conpound
| formul ations alsasqnndycmfgaedinmosae{a)dhlmmn adcepmr—hﬁmgedgbtel Ilsrﬂkmrr:sadbse or

di sposabl & ypi t ok NRIALFRLAYCHRY HEER:, SRRALIRAAN! J@l:bufAdAPOSI T I V&S

and Ntetlio "her aspect ‘o invention is a
phar maceut i cal BongoSecke,dhridendpy digh KelhCorpderdsoT, GurarhParighh drshateadt i cal |y

accept abl e a. dj pj fl%bseUmVe‘?&ty%!lnﬂﬁ@}(}elm@f&gndn (WOb Q@ﬁ@gﬁl l'y be

gi ven as phar mac fl ca osition 20conpri sed a therapeutically
effective armun203ofb) Brogsf s of clpitepinyias- it peRtcaimegiahd eepieabIce sal t, and

a pharnmaceuti cagdlyeaq@waﬁ@lah@hgam i g ANE-GRY DROMiAI; oMMeRt-Pagal
exi pients. A_therapeutical |l fective ampunt is the appunt needed to
eutically e

provi de a néani ngfEne gJatCenthBeRee Hand/ vgbt &psa-idd SEYPObYACtTRfYHE s in t hat
art. Phar maceut jgalcty DasaspiiabPRreablhEeentai SolithUsiecragnNRA-voRald y known

cartiers havin cept abl e saf et rofiles npositions en ass all
common solid an FFCI Pl #{Wﬂ’rg“*iuﬁ’fiﬁfg{“ff&e@&ﬁﬁqg‘é s Oﬁé*m%itcgl"g% @Q@S{ges, and
powders as wel | 3@53)] Jogusil d (SUSIReRSdraitstal Sudly WP she effect edidtonianchesobwd i ons. Sol i d
conpositions may by fqornmed in. ti tgin leased. f ornukations.
Conposi tions ar epﬁéed‘g'q’t‘fg? eI eo 11 0s ({0 ‘feg!’%unrslflg%nn?ﬁel i qg)eshnﬁu n(:%nventl onal
exgi p: en';] sI (z)eucﬂheagu :biundivagaramekpwehdni Ufg)rd@mducs)Xlelwfj{osEhl ,Gbegi I‘(Izimh SS wat er
and al cohol s 0 i r i n dosage
?lleg é]BZhO? ?lgl%a%bg/ otf%(g%ﬁ:&%cﬁ' e@fP k Wutaf PQ‘UI; E

units providing e actlive ingredient per
dose. Sone exanphies Jofimsleif legh(b&zsiya@énmﬂwémgi)e2t!4)130@07t(dh%alclt2@mn'g 100

mg, 500 ny, anngDQQthmJP haqugu@dtéggkpr&g9§ onI%kﬁfn@ r&@@&wm i1 @ unit

dosage range of "1-100 in . Sone exanples of |iquid, dosa e units are

0,1 niend. 1 meegirons.fovh Y$n_MCC250‘PT§ﬁrﬁ4$‘<mEbteWgE7Cﬁ@r0t5PrH Aehamy L ) 15The

invention engonpasses 28hi 233(@P\{§fbtlSﬁmaépaﬁfﬁélﬁéfl@éurégieﬂcellﬁwe&ﬁty@fl i ncl udi ng
oral, parentcral, inranasal, subl and transdermal net hods.

Typical Iy, the WainespteNamncygolis. NB%“@P%@“%G%QE‘W‘R‘&%EWIWPI@H dai l y.
General |y, nor €Toxicology, and Therapeutics, University of Kansas Medical Center, Kansas City,

Kansas 66160 (¢) Attenuation of antigen-induced airway hyperresponsiveness in
CGRP-deficient mice. Aoki-Nagase, Tomoko; Nagase, Takahide; Oh-Hashi, Yoshio;
30  Shindo, Takayuki; Kurihara, Yukiko; Yamaguchi, Yasuhiro; Yamamoto, Hiroshi;
Tomita, Tetsuji; Ohga, Eijiro; Nagai, Ryozo; Kurihara, Hiroki; Ouchi, Yasuyoshi.
Department of Geriatric Medicine, Graduate School of Medicine, University of

Tokyo, Tokyo, Japan. American Journal of Physiology (2002), 283(5,Pt. 1), L963-
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conmpound is required orally and less pan:literally. The specific. dosing
regi me, however, should be determ ned by a physician using sound nedi cal

j udgenent. 20 Anot her aspectinvention is jutl adm nistration. Inhibitors al
the receptor level to CORP are postul ated to be useful in pathophysiol ogic
condi ti ons wéeng18x0eessi ve CORP receptor activati on hagceasen/emsis825Sone of
t hese include neurogeni e vasodl |l ation, neurogenic inflamuation, mgraine,

cl uster headache and ot her headaches, thermal injury, circulatory shock,
rrenopausal flushing, and asthma. CORP receptor activation has been
inplicated in the pathogenesis of m graine headache (Edvinsson L. CNS Drugs
2001, 15( 10) 145; : C 01, 53,
167-178.; & antL% g RTRaD: “’@B‘bﬁ?ﬁ‘%%%%f@ﬁ&abogtﬁé °d‘%§ S5, ). Serum

| evel s of CORP @pl@ne‘ﬁwmlédel“enaﬁioh@bqlwrgf\&ﬁlrfém’é@@fad%w49 Clyaritcefamgps- Ann,

Neur ol , 1990, 2§rrch%§/3D%)artﬁm of li;eg?a{rm?ljﬁreun‘ﬁ’l(gg@l aﬁ@fnﬁmﬁﬁbgéﬁ'mﬂomt‘Mfér F/et uns
CCRPIeveIsto normal coi nci dent wt | evi ati on of hea ache(GaIal V. et
a). Cepl udal gi aReseaychs Humboldignigmyty BI%!'Ur%P‘i“h@GF‘?‘%x‘FH"B?"@W RpgRpated basal
CORP | evel s §Om%@rqpelhgcsqm%f @b(@) (lﬁsmonzﬁldlﬁ%‘t’haﬁfac@égmal Pake f20R0, 86(1- 2),
133-8). intravenous CORP infusion produces |asting head ache in |t

|
i grai neurs (Las&Bifitipn pf neggogenfc infsaupatipn, | lgfyes. Z?B@?“““‘ZPZ"FT rileg Neygsth.
Preclinical stugdi@s si6lcd@g, jang. DafartmeRQF Phiihablogy sldemienaédhdripy bl ockade

will! the peptide antagoni st CORP 5do t a system c
herti odynani cs %’6?1 %‘&3‘?68}?513 “é)eéﬁg'fofg‘?k% (Pg’f‘?e ting -"I‘Te@t (ilcmaj%th gtr Frracol . Exp.
Thor. 2001, 298Ant551ﬂaﬁjr1atof5ff&1$ntl-@ﬂﬂpymgami2m3)M)a@d){iil&t S may present a
novel treat g@nt for mgraine that avows the cardiovascular liabilities of

active vasoconstriction associated with non-selective 5-HT 'al D agonists,
"triptans" (e.g., sumatheigspean)f this inventiophmbtehera mdipeof treftmeth&remgent i on is a

method of ot Diding lférﬁg R RE ERURGNC APl I AL L he CORP

receptor with a cénpoun or mu of a pharhmceut | cal acceptabl e salt
t her eof | SAnot hp;‘pptagbeelno“oﬁtlhnhe therigetpenton mik nantﬁt??%wam@rlar Yragaititng

condi tions asso?ﬂo%?%d‘%éag c%@(tﬁﬁ%etakt@é‘fe's §) R blggQEGRP a%ﬁsfs% pt or

sigialing conpr m@ admnistration of a therapeutically effective
amount of al&onpoeidy gl eganit yppgc imegtné i the DOARBIREFCAYHECt of the

invention is thgmseief RepoMpposdiopbuiesiduiveodoltokiwe. manuf acture of a
medi canent for the maintain of conditions related to aberrant | evels of

CORP or CORP receptor signaling. Another aspect of the itiventon is a
met hod of treating Dingfhé\ﬂ'd@&cﬂdfﬂh@ﬁd@ﬁh@nela%to%}ﬁétmﬁrof&mﬁﬁ{tusﬁfio the invention

is a method of treatin uropat hi c pai n. Anot her aspe |nvention
relates to a netHvyaHe” %tofg ﬁgc?‘ﬂ?qug‘ﬁ\%fhi%ﬁor('ﬁ%ﬁ’ ?568'gf‘§?cfe§ frﬁ geni c
i nfl anmat i ond, gaﬁﬂlconsﬁtiﬁgbﬂ@ﬂ)xuﬁhhiﬂily)rb SSAMS, adpdiny acstamdlophed) taimtses

Reynatidts syndro rt eri a nsuf fici ency, shbaraehnoi di
cranial bernot r?{ﬁ(g%“ E ed'?e \‘Rﬁtﬁ Y ?%mlgﬁnsngom ated with nenopause and

ot her conditions the treatnent of which can be effected by the antagonism

of the CORP recept Or“l\/gé/raine,” “headache,” and related terms are as understood by medical

practitioners. Migraine encompasses all classes of migraine including common,

25  classic, cluster, fulgurating, hemiplegic, opthalmoplegic, and opthomalmic.

“Therapeutically effective” means there is a meaningful patient benefit as

understood by medical practitioners.

30 “Paticnt” means a person who may bencfit from treatment as determined by

medical practitioners.
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011/ 123232Per 7US2011 1028{68 the aditlitnStrafi On of pharnaceuti cal
cornposttiofls conprising a conpound of formula las defined herein. Another
aspect of the invention relates to nmethods selected fromthe group g of (a)
i mmune regul ation in gut nucosa (b) protective effect against cardiac
anaphyl act ma 2mj/wB3z2(c) stinmulating or preventing hner IPETRISPIL/PIBLES- b) -
stinul ation of bone resorption (d) nodul ati ng expression el fal receptors
in spinal neurons and (c) airway inflammatory di seases and chronic
obstructive pul nonary di sease including asthma. See (a) Ca:Mtt-mn
Receptor-Li ke Receptor |Is Expressed 10on Gastrointestinal |mune Cells
ragner . Stef ani e; - Kiapih o R ohd ANEE RENROST Rl Gk dlBLkA, nfur khart 1,

Voi gt, Karlheinz; MGe Cterard Patrick. Institute of Physiol ogy,

Phi I'i pps Uni ver kit to mgqmoglg lltséﬁrmﬁyxanﬂeg@@tt%ﬁC*(ﬂéﬁ@?lj’odl%‘e?a‘)hef/ 97- 203;

(5) Protective gffigChanOlitofd fhdM ﬁbngﬁél&'sérﬁilﬂaafttﬂﬂu&%do@eh R'&ldalre?f&red
nmod: M : ni ne on gul nea-pig cardi ac anaph | axi s

Yi m Hua: Cbang- Piasiged thas the Ergrgples g ponsidgypd @ﬁﬂﬁe“p%@ﬁgﬂgftfaﬂﬁe V‘E“Otl_l Yuan-fian.
School of Phar maaasivh GakreR%IBRAE BSde tm@apﬂsdﬁmclms Pltar maceliegyseedant r al

South University, X an a_ Road 8 Hunan S hn1edebergs
Archives of PhaPAgBSt B‘S‘V‘T wwmgbo}“(r? W”% iafmo(“?:%la“ﬁ?é)}(%%ﬁ'éi% fent al
study on the ef&f&l@dclzexabmtlﬁmfdﬁcgen&dn@bmﬁﬁhcp@mmlde on bone resorption

nmedi ated by interleukin-1. Liam Kai, Du, lingynan; Rao, 20Thenyu; Eno,
iltraican. Departnent of O'thopedics. Xiehe Hospital, Tongii Medical
Col | ege, Ituazheing University of Science and Technol ogy; Whan, Peop. Rep.
Chi na. Journ&l of Tongii Medical University (2001), 21(4), 304-307, (d)
Calcitrinin gene-rel ated Peptide regul ates expressi on of neurokinint
receptors by rat spinal neurons. Seybold VS, MCarson KE. Me: nei:dein PG
(froth RD, Abrahans LG J. Neurosci. 2003 23(5): 1816-1824, epartnent of
Neur osci ence; University of M nnesota, M nneapolis, Mnnesota 55455, and
Depart ment of Pharnmacol ogy, Toxicol ogy', and Therapeutics, University of
Kansas Medical Center, Kansas City, Kansas 66160 (e) Attenuation of
antigen-induced ai rway hyperresponsi veness in CELRP-deficiont mce.
Aoki - Nagnse, Tonoko, Nagase, Takai nde; OCh-Hasid, Yoshio: 30Shank; Takayuki ;
Kurihara., Yttitiko, Yamaguchi, Yasuhico; Yamanoto, ifiroshi; Ton:nig
Tetsuji; Chga, Eijiro; Nagai, Ryozo; Kurihara, H roki; Quchi; Vastiyoshi.
Departnent of GeHatric Medicine, Gaduate School of Medicine, University of
' Tokyo, Tiikyo, Japan. American Journal of Physiology (2002), 283(5,11. 1),
L963- 1.970; (1) Caleitonin gene-related peptide as inflammatory nedi ator.
Springer, Jochen; Geppeni, Pierangeb, Fischer, Axel; G oneberg, David A
Char ne CanpusVirchow, Departnent of Pediatric Pneurnology and i mmunol ogy,
Di vision of Allergy Research, Hunbol dt-University Berlin, Berlin, Germany.
Pul monary Phar macol ogy & Therapeutics (2003), 16(3), 121-130; and (g)

Phar macol ogi cal targets for the inhibition of neurogenic inflelnrnatieti.
|ietyes, Zsuzsanna; Pinter, Erika; Neneth, Jozscf: Szol csanyi, Janos.
Depart ment of Pharnmacol ogy and Phar nacot herapy, Faculty of Medi ci ne,
University of Pecs, Pecs, Hung. Current Medicinal Chem stry:
Anti-Inflamatory & Anti-Allergy Agents (2003); 2(2), 191-218. 10

Anot her aspect of this invention relates tf) a nmethod of treatnent for
cancer and proliferative di seases and conditions. CORP antagonists have

al so been proposed to show utility in the treatnent of nalignant disease,
particul arly against glioms and breast cancer that netastasizes fel the

I miE3. CGRP antagonists may be 1. 5especially useful against hypoxic tunors
and in the prevention of netastatic inplantation. See PCT application
publ i cation W2010006168.
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Anot her aspect of this invention relates to a nethod of treatnent using
conbi nations of Formula | conpounds with one or nore agents selected from
t he 20group consisting of CO X-2 inhibitors, NSAIDS, aspirin,
acet am nophen, triptatis, ergotam ne and caffeine lig the treatnent of

m grai ne. "hdigraine," "headache," and related terns are as understood by
nmedi cal practitioners. M graine enconpasses all classes of m graine

i ncl udi ng comon; 25cl assic, cluster, fulgurating, hem plegic,
opthalggﬁgﬁﬁ%c, and opt homahni c. "Therapeutically effective" neans
there i ani ngful patient benefit as understood by nedi cal
practitioners. 30"Patient"” nmeans a person who nay benefit fromtreatnent as
determ ned by medical, practitioners. . 0] 2PCTI1.1.520111028168 1t
will bé: evi ﬁ?‘aﬂ@“’é‘féi(ﬁ}-&#r&'fflﬁgylaﬁ'nﬁ%‘ﬁ'#‘é'][rz)(ri'@'é?ﬁ 36?‘88‘?‘;8’51%}% i s not

LT m t'5‘gl)})itfseltalﬂr_’ﬁ-1!‘-91')5519(9&<>Bf;bphl_1iz!-{kyﬂpmJox&1,@&ﬁH}‘ztlr@quiﬂcsl£11-3Jsvla)f)ipefﬁdiﬁamT be enbodi ed
in othér specifitc forns "ait departing fromthe essential attributes

t her eofarbpxaniide, twlaeteliasithe Wowingdtupiire: t he exanpl es be considered in all
respects as illustrative and not iesnictive, reference being nmade to the
appended cl ainms, rather than to the foregoi ng exanples, and all changes
whi ch come within the neani ng angyrMnge of equival ency of the clains are
therefore intended to be enbraced/therein. tg :ﬂ'ﬁv conmpound (R)-N -(3
-(7-rriethyl- 1 Il- indazol-51 I 4- 34)43 iperazin- 1
-yl)- 1 -oxo propan-2-?,4)-4-(2- 1, 2-d gl po | in-3

-yppi peridine- 1 - earboxam de, i chyhas| the follow ng structure: or a
pharmaceutically acceptable salt t N2 A pharmaceutical conposition
conprising a therapeutically effectilve @gnount of 'R)-N-(3-(7-nethyl-

| 1- (4- (1- net hyl pi peri di n- 4-yppipegaZ=pn= 1-yl)- |- oxopro pan-2-yl)-4-0
-o0xo- 1, 2-di hydroqu Iin-3-y||di peridirte- 1 -carboxam dein associ ation

wi th a pharnaceutically C e adjuvant, canier, or diluent. 3. Use of
a conmpound of claim1, oy a pharmaceutically acceptable salt thereof; in

t he manufacture of a nedi canent for treating m graine.

or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising a therapeutically effective amount of
(R)-N-(3-(7-methyl-1H-indazol-5-y1)-1-(4-(1-methylpiperidin-4-yl)piperazin-1-y1)-1-
oxopropan-2-yl)-4-(2-oxo-1,2-dihydroquinolin-3-yl)piperidine-1-carboxamide in

association with a pharmaceutically acceptable adjuvant, carrier, or diluent.

3. Use of a compound of claim 1, or a pharmaceutically acceptable salt thereof, in

the manufacture of a medicament for treating migraine.
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