CGRP RECEPTOR ANTAGONI ST BACKGROUND OF THE | NVENTI ON 5CROSS REFERENCE TO
RELATED APPLI CATI ONS This patent application clains the benefit of

U. S. proweizonal23yat ent application no. 61/319,015 fil e#ChrSed1808162010.
The di sclosure generally relates to the conmpound (R)-N-(3-(7-nethyl -

10i ndazol - 5-y1)-1-(4-(1-met hyl pi peridi n-4-yl)pi perazin-1-y1)-1- oxopropan- 2-
y1l)-4-(2- oxo-1, 2-di hydroqui nolin-3-yl)pi peridi ne-1-carboxam de (Conpound |
or the compound of formula 1), including pharnaceutically acceptable salts,
which is a CGRP-receptor antagoni di scl also relates to
pharmaceuti cal conpositions aﬁgﬂhﬁ%}g&%‘?ﬁiéﬁ%@ﬁe conmpound in the
treatnent of CGRP rel ated 15di sorders including m grai ne headaches,

neur ogeni ¢ vasodi |l ati on, neurogenic inflammation, thermal injury,

circul atory shock, flushlnglﬁggQQB'P@H)@fﬂﬁﬂ%%%dﬁgﬂg@l ai rway i nflanmmat ory
di seases such as asthna chronic obstructlve puInDnary di sease (COPD), and
cancer. 20Calcitonin gene-rel ated peptide is a naturally occurring
37-ani no- &acid peptide QRQ%SREWN@EE@ WQQ@QA(PR#HF%TIO@IS G et al,

Sci ence 1982, 298, 240-244). Two forms of the EI tide are expressed (aCGRP
and PCGRP) whi ch dﬁhﬁ@ﬁtewpnlﬁ@tl%damﬁ]@beaﬁﬁw& aglpd@’lﬁlwalrw@tand humans,
respectively. apgfcag&pﬁd desis0Md ﬁg(}y/[a Shrafgted in both the peripheral
(PNS) and cent nervous system (CNS), 25principally localized in sensory
afferent and central neurons, and dlsplays a nunber of blologlcal effects,

i ncl udi ng vasodil a 2 (C j ybi nds to
specific cell surfg%g&&mmm%%g%mg%ﬁ%ﬁgggﬁggg%%gggkgﬁgqg%ZPF% |ts bi ol ogi ca
action prd@onumhmouyym&(&Qtnm&&kqwndmwﬁﬁbmpmanmﬂbﬂ»hommdenyaaﬂb4C&CIase
(Poyner, Phar col 2,105 .4 len, F. et al,
Neur osci Lett(¥§édﬁ&gﬁgxmf@§m'¥ lqﬂgmgﬁafgggmg %%@P ?%rs CGRP1 and
CGRP2, have beemppumdpdsethubds écthaling ghernsdaetagolhy ﬂtemz[hb@ﬂﬂtt |vﬂﬁcha§ at he peptide

f ragnent CGRP d the abiljty. of linear ues of P to activate
o5 1 ecept o SRR et T Yy J5565 R BReS Towever . t her o
is lack of rmIceﬁlpbﬁtﬁoneumﬂ@emsdsff@fusﬁﬂgahaaﬂﬁ%uﬁ@ﬁlapé@éatrﬁ&tafOGRSrelaed et al,

Ti PS 2002, 23, .51-53). The CG?Pl%qraSTOS ptor has. three ConEonents (1) a7

5t r ans menbrandlisOEIeE lflsaw#lﬂg Pisps R NFReEPICoPsQERIIR) DeYqEeRiCt he Singl e

transmenbr ane ik@eeRitRh, @&kdaVinfury, BaeilhishynBodX, abidy dséb@ﬁte@%th(r%yﬁalﬁé and
(tii) the intracellular receptor conmponent protein (RCP) (Evans B. N et

al ., J Biol CHéHeyadbomatory dlsgﬁf@ﬁsssc%)asthm\ﬂﬂqom%Ohsgaﬂwﬁ enlngogprytdissis§port  of
CRLR to the pl(@@p@)mﬁg@g@ae and for |ligand binding to the CGRP-receptor

(McLatchie, L. al, 10Nature 1998, 393, 333-339). RCP is required for
si gnal transductlon (Evans B. N. et al., J Biol Chem 2000, 275, 31438-43).

There are jgnown Spegi6s:ispafkl rf:l'af\ed%bét{?@ r(@@ﬁ?)slls 'a%atla}aﬂg og&rrg%% %lho ol ecul e

ant agoni sts to the CGRP-r&ceptor typically greater inity seen for
ant agoni sm of ackecptidednstidanepedin 10 hae, Soﬂhétral Syeore LB M0-84).D. et

al, TiPS 2002 ’Tv?o?’forrgfslo'tﬁﬁg pepEHeearQ Q%ﬂ?&s&@('a@Gﬁ%%g B@%R@S 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. et al, Neurosci Lett 1990, 119, 195-8.). Two classes of CGRP
receptors, CGRP1 and CGRP2, have been proposed based on the antagonist



15RAMP1 determ nes the species selectivity, in particular, the amno acid
residue Trp74 is responsible for the phenotype of the human receptor

(Mal | ee evoab11/123BR2ol Chem 2002, 277, 14294-8). | nhi bit ec3/uskotiloesisecept or
| evel to CCGRP are postulated to be useful in 20pathophysi ol ogi c conditions
where excessive CGRP receptor activation has occurred. Sone of these

i ncl ude neurogeni ¢ vasodil ati on, neurogenic inflanmmtion, mgraine, cluster
headache and ot her headaches, thermal injury, circulatory shock, nenopausal

[Lushi 09, a0 T R EPLon (R Y210 hefhesyh Bt » the
15(10) : 745- 53;CHWN0 dctl@d%éSQGRPﬁ)recdptoﬂM(Rlﬁﬁlﬁi@ C.Resl. TIP8C000,200432- 453) 167-178.

Gant, A D. Brit. Pha mac 02,..135, 356-362,). Serum.| evel s of CGRP
are el evat ed &Eﬂwq‘f@r fhetrin aﬁléof?l@e}s By vidgnee &or thg CORRA raqeripidPreiogo Dogt: 183- 7)

and treat ment JWThPs 20001 23759553). e @GS &L RS t%?oﬂlﬁdh@h@ @ 7nor mal
coincident with alleviation of headache (Gallai V. et al. Cephal al gia 1995;

15: 384-90). MagrBspRstiesalsienibiaceripelievateaiyr faR): Gotie singlel s compared t o
controls (As h'tﬁﬁsrﬁém‘&&ne@&e{)to?@étﬁltg ARQ:fyid8 brbtcifdypd S (&A%@@Q) and (1} fiRVENOUS

CGRP i nfusion produces i ng headache in mgraineurs (Lassen LH, et al.
Cephal al gi a 20@tcpaarzeqeptpr spunynt pRriee (RGP Eyans By éfsflltht%Qh%d r at

report that syghemhe 3@@8!349'ﬁgmqqswga&dtfbﬁrﬁ%ummme}&ﬁ@w CGRP( 8- 37)

does not alter resting systemc nam cs nor regional d f1ow ( Shen,
Y-T. et al, JRwmhramcol f@i@aﬁﬂmndlmﬂe Q@BP 188 ptogjMcLptabe:, LAERR-2Lr ecept or

ant agoni st MRl Eégﬁ{‘? 35‘%;@&.0 I%&le?st e ERSigg aﬁédﬁ‘éﬂ&n‘}%&an@‘ﬁ’h@d&the

cardlovascular ive v ocons rlc i on assocl ated w
non-sel ecti ve ab; JEHH’CEB#MIO@@@M St1438-43)r |Tp¢ranas: kn()wngpe,cw&ﬂmtfrcl pt an) . CGRP

ant agoni sts have shown .effic in hu nC|n|ca vis CD, Xu
R g S e R N T e

JG Geppetti Rypi€allyrerdapi affithiakdeadalantag®8n 81 thy h&ﬂdrﬁrecdfamﬁbhaﬁ(f&%tﬂan 20; Ho
TW Ferrari , V. F X, . Lei nsperger H, Froman
0 hean o CreTR RGNS Rt Ak 7 20 e " BR. DS AR S BGORRS o115, ot
2008 Nov 23; HOANIW dédaindihos thadSpedidieictivig siaipdrticular ticta@knCacidersigse CJ, Li nes

CR Rapoport AM_ Neurol o 1304 ub 2007 Cct 3. The in entl on
provi des techrﬁrEa"IIS%%ﬁg’g"géégePB‘inoﬁ’fa%qh% R CEHS GUA qeéaliéﬁ and
i nhi bits CGRP.crAgdiobp,onal 14¢94khe conmpound provi des advant ages for

phar maceuti cal uses, for exanple, with regard to one or nore of their
mechani sm of action, binding, inhibition efficacy, target selectivity,

sol ubility, safet YIrHﬁtﬁfoksl a@%he &epit RIVAD b@@l’la!ré st B LEFRRE OF
ant agoni sts have been disclosed in PCT publications including

WD2003/ 104936 .pathesioRioRRIcandronsHFher NERTFIVON GRPTReepion wefiyefighhas neawisas ses

(R)- N (3- (7 met T ik A ik
ot Ry piper | g Bl Heraol BREA A newonenjc nfmpayiop, migripe,

di hydr oqui nol ictss®r qua)ipthend @Ithwéleadacla%btbﬁram theury . Coaplatarydshpeky mepdrausb nmpound
GorP and ¢ reat o Bard BREk L ORP (EEMRARLLARR, G TEURIET 8L WWih aberrant
| evel s of C@@ambg%mnlgw&ﬁte@dache @idainksog 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 elevated 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

2



| The invention includes all pharmaceutically acceptable salt forns of the
5conpounds. Pharnaceutically acceptable salts are those in which the
counter iwo0do2832 contribute significantly to the phyecolusgiaabsiagti vity
or toxicity of the compounds and as such function as pharmacol ogi cal

equi val ents. These salts can be nade according to common organic techni ques
enpl oying commercially avail abl e reagents. Sone anionic salt forns include
acetate, acistrate, besylate, brom de, 10chloride, ci t rate, fumar ate,

gl ucouronat e, hydrobrom dr och oride, dr.oj odi i odi de,. ctate,
oo & R R 57 L B Bl SR N LT Rap S il
tartrate, tosylaidelowaSdeniyTDfcoal BPhaﬁfﬂB@l cap mémoogabg ssorsmhuaqt@m
ammoni um al um num benzat hi ne, bisnuth, cal C|t%m chol i ne, diethylam ne,

di et hanol ami ndSCCPiof MIRRAPIS U EETSEM?2 NI FATFRL fon MRS &WP@ﬁQB?yI ani ne,

pi perazine, pohARShitNar itk @Mictive OABESMMAGH as@irehtadl Wieh non-selectivEiFe
invention is intended to include all isotopes of atons occurring in the
present corpodhdd/ 1P agnsise SriptRy (e %“ﬁ@éré’taélt)ons havi ng the sane atonic
nunber but different mass nunbers. eneral exanple and w t hout

limtation, 206i<%typwenst hﬁ%ﬁ*@g@ﬁfﬁcm 19%@11% {ragef tiiisadRs Pavist Gt ¥sot opes
of carbon lnclmﬁféﬁﬁemﬁen}%@s ﬂ;@@m@sc@l t%ehl@mlpﬁéolgﬁfﬁemgmf the

i nvention can generall Yy be prep are convent i onal ues known to

t hose skil |l ed GappetA&. Gt Qpin B’&Wfﬂﬂmie?é)%Q(léﬁall4o§Mszoﬁ)%J%nﬁ@s od®cri bed
herein, using @p,ARE WYd@iHwi é%@@' e%“ ¥ah %bﬁélﬁé?hs%&%&%ﬂ%rdnﬁhn@ ace of the

non- Iabel ed reagent ot herw se’ enpl oy have 25a variety
of potentildl usesdC bme%QaTﬁ@penHs%mr@naﬁr@wcan%p%éé@éht%Epmb YW Yayi ni ng

bi ol ogi cal activiit v Nhiio €386 0T S5AE! RulcR Bt SRSy m@cﬁoggg s mey

have the potential avor abl'y ro o Ic pharmaco

phar macoki net |AMpNo¢dDg3r =W 73)}.6@41@1;)111@2006@1:@63 5 Abbrevi at i ons
generally follow conventions used in the art. Chem cal abbreviations used
in the specification and Exanples are defined as foll ows: "NaHVDS' for

sodi um bi s(t rimethylsilyl)amde; "DWVF' for N, Ndinethylformam de; "MOH' for
met hanol ; "NB S" fdhe N—me'@mpmmteb reichnicke pdvaptaies] Of exangrgy lthe dbfﬁﬁféﬁndfimr

t r i f1uor Oa]1%et In%v& h(jj H},hlb:n OrAC!dlt pﬂ%l%/ﬂh%lcg%gu%mp é(f%es a Vantagc&:of 'DMBO" for

di et hyl sul"f oxi de; ours om tenperature®or retention
time (context phaﬂniacdltlcﬁlamﬁ) for éxamfple fwdth regandlitoese ofﬁbl@theereCMnhnyﬂ ofacet at e;

"THF" for tetrah ofur an... " EDT ete raac |c aC| d;

"B 20" for di ERY PBHs MhibiRRE ept sl S F T A DSy AETIS R | o

1, 2-di chl or oettha@ngilabilty. ACN' for acetonitrile; "DVE' for

1, 2-di met hoxyet hane; "HOBt" for 1- hydr oxybenzot riazol e hydrate; "D EA" for
dii sopropyl ethylamne, "N' for CF3(CF2)3502-; and "TMOF" for

trimet hyl ort hof or mat e. Abbrevi ati ons as used herein, are defined
as follow20 "1 x" {CaRPaneptor ddtagonistsirav@Bienideseloséddn RCTfpablidationsce, " C' for

degrees Cel siu dludmqu02863/%Hi5%/al ent or equivalents,

DESCRIPTION OF THE INVENTION

25 The invention encompasses (R)-N-(3-(7-methyl-1H-indazol-5-y1)-1-(4-(1-
methylpiperidin-4-yl)piperazin-1-yl)-1-oxopropan-2-yl)-4-(2-oxo-1,2-
dihydroquinolin-3-yl)piperidine-1-carboxamide (Compound I or the compound of
formula I) 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.



"g" for gramor grans, "ng" for mlligramor mlligranms, "L" for liter or

liters, "mL" or "m" for mlliliter or mlliliters, "pL" for mcroliter or
m crolitewe,2001N23%30r nornmal, "M for nolar, "mmol" for ®CITIGSR@1628168
mllinmoles, "mn" for mnute or mnutes, "h" for hour or hours, "rt" for

roomtenperature, "RT" for retention tine, "atnm for 25atnosphere, "psi"
for pounds per square inch, "conc." for concentrate, "sat" or "sat'd "for
saturated, "MW for nol ecular weight, "nmp" for nelting point, "cc" for
enantioneric excess, "M or "Mass Spec" for mass spectronetry, "ESI" for
el ectrospray ionization nass spect rgscgpy, "HR' fq; hlgh resol ution, "HRMS"
for high resolution nass spectronrg "LCVS" Par N
mass 30 spectronetry, "HPLC' for h

HPLC' for reverse phase HPLC, "TLC "ticCt ayer chromat ogr aphy,

"NMR' for nuclear magnetic resonancejz\gpactr@scg for proton, "6" for

delta, "s" for singlet, "d" for double ,‘mf for triplet, "q" for quartet,
d o hertz, and "a", "13", "R', "S",

"E', and "Z" are stereochem cal Nynati ons fanlllar to one skllled in the
art. 5Conpound | can be pre ording to Schene 1. This synthesis is
14 chem cal steps and highly cgnvergent, coupling the three najor fragnents
in the last three steps. AS ch, the synthesis begins with the preparation
of major fragnments A (Schenme 2) and B (Sghene 3). 10Schene 1 N, N, 11H (NH
O,N....) ---\ NCN. H 0 ON BocN,...".+ The synthesis of fragnent A
begi ns with Horner-Emobns reaction of N-Boc-

"m' for nmultiplet, "br" for broad
gosi
N

The invention includes all pharmaceutically acceptable salt forms of the
5 compounds. Pharmaceutically acceptable salts are those in which the counter ions do
not contribute significantly to the physiological activity or toxicity of the compounds
and as such function as pharmacological equivalents. These salts can be made
according to common organic techniques employing commercially available
reagents. Some anionic salt forms include acetate, acistrate, besylate, bromide,

10 chloride, citrate, fumarate, glucouronate, hydrobromide, hydrochloride, hydroiodide,
iodide, lactate, maleate, mesylate, nitrate, pamoate, phosphate, succinate, sulfate,
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. Isotopically-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



154-pi peridone with the ylide generated fromtrinethyl phosphonoacetate to
afford tert- butyl 4-(2-nethoxy-2-oxoethylidene)piperidine- 1 -carboxylate
i n excel lwotoyiebzs2( Scheme 2). Catal ytic hydrogenati on meaitsted/oksl68

pal | adi um on carbon reduces the unsaturated doubl e bond. Treatnent of
tert-butyl 4-(2-methoxy-2- oxoethyl)piperidine- 1 -carboxylate with LDA
generates the eno | ate which upon 20trapping wth 2-nitrobenzal dehyde
provi des the nitro al cohol. Reduction of the nitro group vvith iron in

ccet) €, 20 0 (oLl gued RLARSILENL AN Wit ash. o ol e i iene

The synt hesi s mdpeitikdazol e am no acid B begins with the iodination of 2,6-
di rethyl aniline by the action of iodine nonochloride (Schene 3). This
internediate was tenporarily set aside. N-CBZ-L-serine nmethyl ester

under goes a one-pot 10 nethanesul faq %I ation/elimnation reaction to afford
N- CBZ- dehydr oal ani ne net hyl ester. hetiG Mg hiogfdl de and dehydroal anine in
hand, they are efficiently coupled using palladium(ll) acetate in a Heck
coupllng to afford the product in 65%yield. At this point, the chiral

center is install eckbu&wiago@ geadralyyfoll 6w e aRmIng us‘edhﬁ'dﬂé@ge@aémm utilizing
(-)-1,2-bi s((2R 5R)

15di et hyl phos ﬁﬁ@e&ﬁ%n@é‘%@%(}@ﬁé?%’@éﬂ%?@ﬂ%ﬁamﬁ%?‘i?r?‘(:ﬁl}edtaétf‘?lmsuor obor at e and

hydrogen (60 pSNaiMSs’ %N@dmﬁb@(mrﬁahylﬁm)a&c@cwr@MFﬂfoT946‘1% ee. The indazole
ring is then forned by the action of iso- a%snltrlte The resul ting
t

i ndazol e i s hldgfﬁﬁbylméméllel IMROH (Fos methengls TN Y | foalbaemespesmnigédss ohe/ hexanes

af fords the i ndazol er@mfeptr@l%lgaeeﬂc Qeﬁ&etb@ﬁtfomﬁfuwalﬁﬁﬂuwhwn@en i nproved
99. 8% ee. Rermval of the CBZ protecting b g@oup under hydrogenati on

condi tions conPlOst’ePMAL” rﬁrreipafrtbxlmf@xxﬂﬁ, rhents; ‘B foindemd¢epesatimor aci d B
can al so be pr Qf no acid
ep (rﬁaﬁ{o%qm&é%ér;]lg?xg %}’H‘é%ge\ﬁh iTige o}JIn'in Eéo1|519 foREHN §%et§tren

or keto acid nson ri an dberg,” Stevenh L. ;
Johnst on, RobeTHFMor tPaahdrofurt; [‘ED&A Ifor ethT/iﬂanAamfﬁhtameﬁ% geidybtb@htor M chael

A.; Patel, Pr, Re reh.an |.Q al§ 1,S

Squi bb, New B;EEGE%Mhﬁ ﬁ&& f%r%leﬁl i %rp Dgéls%s’ ﬁggg?rcﬁ'gfc roe‘f\%pﬁent
(2008), 12(s6) “Amgeﬂébﬁﬁnﬂmle SD‘JME’EfOZBl ,2- dlmethoﬁreﬂigﬂ@ HHOBRK fant- B ar e
efficiently c usi.n nat e |nstaII t he urea
oot MRl ethang ML SRS M i SRS e b kascal! he

| i thi um hydr oXCRHER);908; adne@aONy fou@inictiyddrinvforiiatel d of the 10car boxylic
acid. TBTU(r) nediated coupling of acid with 1-(1-nethyl pi peridin-4-

yl ) pi perazi ne conpl etes the synthesis of Conpound I. Flash chronat ography

affords the productabBfvRfioR® Ao enadiefindiik ¢hlosanbe fef dietablxkrzgd from

acetone to afford Conpound I as a fine white crystal]ine povvde
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”
r “ml” for milliliter or milliliters, “uL.” 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 pressure liquid chromatography, “RP HPLC” for
reverse phase HPLC, “TLC” or “tlc” for thin layer chromatography, “NMR” for

nuclear magnetic resonance spectroscopy, “!H” for proton, “8” for delta, “s” for



WD 2011/ 123232PCT/ US2011/ 028168 tert-butyl

4- ( 2- met hoxy- 2- oxoet hyl i dene) pi peri di ne- 1- car boxyl ate. Sodi um hydride in

m neral oWwD20802323Z. 92 g, 198. 02 nmol es) was washed w t irCnaxsanas2g16en
suspended in dinethyl formam de (220 nL). The m xture was cooled to OC. 5
Tri met hyl phosphonoacetate (29.0 niL, 189.82 mvl es) was added dropwi se to
the stirred reaction mxture. After 20 mn at 0C, a solution of

N-t ert-but oxycarbonyl-4- piperidone (30.41 g, 152.62 mmles) in

di et hyl f or mam de (80 s.added.to the m xture, dropw se.. The reaction
was stirred atsmigg%mgt @%é?bi‘%urte%f(%fpl@ [ SV En nﬂifgh?lglﬁi‘p&/f’tw 3 et hyl ether
(650 nl). The prdagt tHL YR rnasied” epcerw th wet 81d ‘@andrek@rdddBermedieous | ayer
was extracted once with diethyl ether. The conbi ned organic |ayers were
washed 4 ti megleyigpaiioneleailiagipPnekillgindbiat phase was di scarded. The organic
phase was washed with brine and dried over nmagnesiumsul fate, filtered, and
concentrated to dryness. The title conpound was obtained as a white solid
in 92%yielsd. 1H N¥Bmb3QH MK be Szt accOrdmoo 8heh? 1. IntdsyntBesBbs (8. 3 H),
3.40-3.51 (m 4 15H), 2.90 (t, J= 5.49, 2‘§|), 2.25 (t, J=5.49, 2 H), 1.44
(s, 9 H. 00 GRemiegl stepgjad highly cortvglfgpntbwy]mg the three major fragments in the last

4- ( 2- met hoxy- hyd )i idine- k- ! t-butyl
4 (2 mot hoxy- 3ot ol B barr R T B 2O b3 20

mrol es) in a rbsiiemee) ofd B (Schemdty). acet at e/ met hanol (220 nlL) was careful ly
treated with 50% wet 10% pal | adi um on carbon (3.3 g). The reaction vessel
was charged with 55 psi of hydrogen gas and the m xture was shaken on a
Parr apparatus at roomtenperature for 16 h. The reaction m xture was then
filtered tl® renove the catal yst and tisehdmdkrate concentrated in vacuo. The
title conpound was obtained as a clear 25colorless oil in 97%yield. 1H NWR
(300 MHz, CDC13): 6 = 4.04 (d, J=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‘1977 (m 1 H, 1.64 (d, J= 13.54,

2 H, 1.41 (s, 9 H, 1.25-0.99 (m 2 H). ogn
4-12- Hydr oxy- | - met hoxycar bonyl - 2- (2-ni t ro-Rh | )-ethyl |-piperidine-1-
carboxylic acid tert-butyl ester. |N#\-diiJsopropyl am ne (4.40 ni, 31 3

mmol es) was di ssol ved in tetrafyWry Gg’a (50 nL). The mixture was cooled to

- 578C. Butyllithium (2.5 MY exanes, Ceorandd . 31 mol es) was added
dropwi se to the stirred setution. A r\Nstirrin at -78C for 30 mn, a
solution of tert-butyl 4-(2- nethoxy-2Zyoxoet hyl )gBi perd dj ne- | - carboxyl ate

(6.65 g, 25 8 mmol es) i n#tetrahydroffuran (15 m) vva\ad dropwi se to the
m xture. Stirring was Fsminued ato-78C for 1 h.(ArSO I on of

2-ni trobenzal dehyde 90 g, 25 n@o%@'ﬁes) in 10"™~et r@ahydrofuran (20 nL) was
then added to the g Xture dropw se, = hen stirring s continued at -78C
for a further 2.57h” Jhe reaction wasigliehched with col™ aqueous amoni um
chloride and then diluted with wateP. [Thé mi xture was gxtractedotwice with

ethyl acetate and the aqueous phase s di scarded. Thg maf & was dried
(magnesium sulfate) filtered, asd concentrated t o> dhyhess. Si a gel

15chr omat ogr aphy af forded the, innaazl pr ct in 94%yield as |light yellow
foam M5 me (M C4F18+H)+= 353. 11 NH,

4- (4- Hydr oxy- 2-oxo-1, 2, 3, 4-tet rahfl’ﬁr 0- qui nol i n- 3- A- pi peri di ne-1-
20carboxylic acid tert-butyl ester. In a 3 neck flask fitted with a
nitrogen inlet, thernoneter, and a nechanical stirrer,

e agid tortbutyl L OPRRr o At SpRREUER Kby R MGhs ReRG gt MFadorTe
aci d (1. 7595noldesiperiiofe with the lytidngqmonnche rirofiBtriddthy]phb§Monoacetate to afford zers-
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 fert-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



mol es) was added to the vessel with stirring. The stirred m xture was
slowy heated to 80C for 30 mn and then cooled to roomtenperature. It was
t hen di | weadow2be3et hyl acetate and filtered through a pat/ustolcebiibe.
Solids were washed with 20% net hanol / et hyl acetate, and then w th nmet hanol .
The filtrate was concentrated and 5the residue partitioned between et hyl
acetate and aqueous sodi um bi carbonate. The | ayers were separated. The
resul ti ng aqueous phase was extracted twice with et hyI acet ate. The organic

| ayers were conbi ned.. The m xt ur hed t W ter .and the
haneous. phase G ket Betic e Sibes Parenash ity tede AR ol  ar e)
filtered, and doasetinipddt@dhd §nthicyinesBagnidnt Aca gel chromat ography afforded
the 10 title conmpound as light yellow foamin 77%vyield. MSs nme (MH- =
345. 1. 3- (Pi peridin-4-yQOqui nolin-2(1H) hydrochloride. A stirred
sol ution of 4-(4-

hydr oxy- 2- oxo- 1, 2, 3, 4-t et rahydr o- qui n@chdime3? Y1) - pi peri di ne-|-carboxylic
acid tert- 15butyl ester (5.60 g, 16 2 mmples) in ethyl acetate (70 nL) was
treated with HC1 in dioxa 40, 40 nmmoles, 10 nlL). The m xture was stirred

at room tenperat ur r Mo “Ave Nbrfij:ie];(‘i'“h diaxane (4N Mmol es, 30 nl)
was then added ameh.gtirrimgowas CRYFN at M@0 t esgo tme for 16 h. The
resulting solid was col |l ect&d by filtration and washed, t hyl acetate.

It was then suspended in 5% water- 20 isopropanol (10@Q_ F&m he mixture

irred for 20 mn. The m xture was'cooled to room

room tenperature fgr 16 h. The, soljd was
slﬁf@d—‘(ﬁ—gg—"ﬁd' "I °Fsopr op n afdor i 6d undey hi gh
vacuum The titl Wesn-Bibaipne d sol 't i el d. 1HNMR
(DVBO-d6) 6 11.8 9. oz’i"/bs By~ 8988 (bs, BN}, 'P.“?'EPZ(t, J=
3.81 Hz, 252 H), 7.53 -7.3 (d, J=8.24 Hz, 1 H), 7.17 (t, 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; MSme (MH+ = 229.0. WO

2011/ 123232PCT/ US2 ST

4-| odo- 2, 6- di net hyﬁ&é%ﬁ%&%@%@ﬁ%ﬁ%ﬁq %:rl? geg1 owghtshﬁéoﬁlénﬁglo%%f%? sodi um

bi car bonat e ( MeBethylartilige hyothesdtionantlio2ing nupnaehldride 4$dihkeinp 8). (Bis BtemngdigO0
nmol es) in nethan 0 Min

di chl or onet hanga% %ﬁgﬁfse@k%%e S 'ger ng(ri%gl 1?8&%2?% (tgjersg%g\g/ém 1 h. After
addi ti on was cmtmﬂneiuﬁ‘pnﬂanomreilmgaavvmreactrmtmalﬁ«ﬂrdf]\(a@BZ dhhydT(badannreamettlilﬁn was

filtered to renpVve,exeess . so bi c rbona d the ent noved in
vacuo, The-r earahe TRERIEE T DU RSMTGE by Bey WRrERnkS Rl F e at oo
wi th hydrochl Qj‘allaﬂu&ﬁ: (ld) 2(cé.’tMeI1ﬂna Hhﬁed’ouplﬁﬂgﬁo Iﬁffordiﬁﬂ)rmt El%)S% ibd. nesid ting
suspensi on was Oﬂ ql {1 eezer 1(1 C2 over n| ;[

01nt the chira center is 1nsta ed using a catalytic asymm trlc ‘hydrogenation

utilizing (-)-1,2-bis((2R,5R)-2,5-

was warnmed to re
t enperature and
coll ected by fil

15  diethylphospholano)bezene(cyclooctadiene)rhodium(T) tetrafluoroborate and
hydrogen (60 psi) to give the chiral amino acid in ~96% ce. 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% ece. 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



10solid was filtered and washed with diethyl ether until it becane
colorless, to give 126.5 g (89% as a grey-green powder. 1H NVR (DMSO d6) 6
2.33 (s, WOHp11/123288 (s, 2 H), 9.05 (bs, 3 H); 13C NVR ( PVBOSAG)/08818F . 4,
91.5, 133.1, 131.2, 136.9. 15Met hyl 2-(benzyl oxycarbonyl)acrylate. To a
flame dried three-neck round bottomflask, fitted with a mechani cal

stirrer, was added (S)-nethyl 2- (benzyl oxycarbonyl)- 3-hydroxypropanoate
(129 g, 509 mol es), anhydrous di chl oronet hane (2 L), and nethanesulfonyl

chloride (49. T m xt ur.e_was oole nd treat ed
with tri e§ hyl %‘Hﬂ’nﬁB %3‘.‘{ S"” 2V - ér)gam%BE?F%ﬁB CREIC ébBEWi

t enper at ure of(2a603¢, ng@puuunnnmmee did not exceed OC. The addltlon of the
first equivalent of triethylamne was exothermc. After addition of
triethylamne, the mxture was stirred at OC for 30 min. The cooling bath
was renoved and the m xture stirred at roomtenperature for 1.5 h. The
reacti on was quenched by addition of rmsehdas®l (21 nL). The m xture was
washed with 0.5% 25aqueous potassium bisulfate until the washings were pH
5, then satsurated sodi um bi carbonate, and brine, dried over sodiumsulfate,
and concentrated. Flash chromatography (silica gel, 1:9 ethyl

acet at e/ hexanes) ¢ ve 1L&Ng 92%) 'asth vi scous colorless oi |, which
crystallized upo e DNBC)dQ&)G ﬁm&l (s, 3 H, 510 (s, 2

H, 5.60 (s, (s 1 H) Iraacld (R 5 H), 8. 86nis H)
13C NWR ( DIVBO d6 6 52 3 65. 9, 127 1, 3, [‘i’*é@.E,jﬁ;:'f‘:f“ﬂBf‘s 136. 3,
153, 5, 5o T wsd g:*;ﬁ?zo&é?)&” - T BAC . et hyl
3- (4-am no- 3, 5-di hyl phenyl) - (benzyloxycarbonyl)acrylate A 2 L round

bottom fl ask was charged 4-iodo- 2, 6-di met hyl benzenam pe—hydroeht-gri de sal t

(55 g, 194 nnv4esymwwetthm%OQggnzy@Qxycarbonyjéﬁs!ylaW@QQB@.Z 10g, 252
i Ies)f adium (11)

nmol es), tetrabut —UtedMeor | de 9

acetate (4.34 g, yﬁm SSs. p9s00a d tecﬂrof wean (1.2 L, dssed by a
flow of nitrogen f n) The nixturé was stirred |so t hat! a" suspensi on
was fornmed and then degassed by a fl ow of n|trogen for—30 .
Tri et hyl am ne (110 ti.ng m xture was

heated at refl ux for HRWS%J%geimﬁéﬁif?ﬂ%aﬂ?edﬁgn ﬁ%“?%?ﬁ? the reaction

m xt ure was f ichibenadtotivtalifhuia paiktpin 78% yield (Scheme 4) Saponlﬁcatlon of the

methyl ester with lithium hydroxide gives a nearly quantitative yield of the

10 carboxylic acid. TBTU® mediated coupling of acid with 1-(1-methylpiperidin-4-
yl)piperazine completes the synthesis of Compound I. Flash chromatography affords
the product as an amorphous powder which can be crystallized from acetone to afford

Compound I as a fine white crystalline powder.

Scheme 4
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celite, washed with tetrahydrofuran (2 x 100 nlL), and concentrated. The
resi due was di ssolved in dichloronmethane, washed with water (3X) and brine
(2X), driwo20uer3sedi um sul fate, and concentrat ed. Fl asirCThusenmaegysaphy
(silica gel, using 1:9 ethyl acetate/dichloronethane) gave a tan solid. The
solid was recrystallized fromwarm 20 net hanol (210 nL) and water (100 niL).
The m xture was held at room tenperature overnight, then at 0C for 2 h, and
finally at -15C for 2 h. The resulting solid was filtered, washed with ice
cold 1:1 net hanol/wat er and dried under PM gh vacuum overnight to give 44.7
g (65% as a Iight_tan%olid \A/rlloFP (gnxtu /Elsorrers(73 27)

1H NVR ( DVBO- d6) 6[5 6 1"( (so 2.2 25H), 5. 00
(s, 0.54H),513(s g@m 40721 m8 , 8.51 (s,
0.27 H), 8.79 (s, 0.73 - Od6)6178 7 6503, 119. 4,
120.0, 120.3, 127.3, 127.7, 128. 3 130 9, 135.8, 137.2, 146. 9, 154. 7,

166.0. [(2R 5R)- Et@rﬂzﬂdds(mnm%&yz dsd@ethjZNH@N?lp&za(nR}l- mwvcne Sodium

3-(4-am no- 3, e o [0)'¢ bon 0 oat e.

lamecar i ed 2 ol MORISIAANE ot SI0EH: RRAL RN IR RSN S b
3-(4-am no- 3, Susjjemhyhmﬁﬂﬁml)maaﬂde((l@e@ﬂw)olee:mr;dnnayvlaé aotgdltad®C.(84.5 g, 239

nmol es), di_chl 300, niL and (300, i The, bottl e was
v 1ot 50°% hATSF RN BRE PP LSRR R AB T G e SR TRPEE e b
c(zle?ai S gdbua( ?ggﬁ%d Rﬂe@&MoﬁfmlﬂtlufeL oslg‘%ﬁzm filin 5&@001 dsolufion th&er}ﬂBﬁtoﬁ]}td:gﬁ)th 4adﬁeg_

is i ethylp ezene ct adj ene) rhodi um
(1) tetrafl uorpﬁﬁﬁfiél‘teég(?ﬁg 8RRy HEPOI%S %Eiﬁ%i‘]”ﬁ ﬁﬁﬁléﬁ%ﬁ?ﬁwa@a% F#ml es).
The bottle washd mr@ge aitogbviseam@&ﬁ@fénms irkarak rdite MpaR@tabr 3 MhiEhed cycl es
of 15hydrogen (60 psi) and vacuum the bottle vvas%?ﬁressurl zed to 65 psi and

t he suspensi orfliifigd Wé’ﬁldfeéliyéﬂthﬁrt“?(b@m t Bippaicareives Vashed encg Withyeter@adt i on had

becone hon@gengosugeoul 1§ cf § Rk BAdBnEE Wit dNaS 1 6ARC %E "c@ﬂhﬁﬁed @r@eﬁné he
resulting residue purified by flash chromatography l'i ca 8 : et hyl

acet at e/ di chl d?ﬁfﬁé’t’%aﬁ’ééhefléU@IW@’“BZ”W@“{@B%HGOHWW‘{S lg 2.04 (s,

g lg)z (5 62 (d%%atﬂlc 5p11§se4was%va§héd%mth2(91m]: bl d@ed%eﬂﬂ&%mslum%@lfaze ﬁﬁel%d 'Z%d 1( H) ,

H, 7.37-7. 28 conqenBated to d?ynm (lee t@&c@n@uﬁﬂwa&om@medl@@\wmsemw&r@) 6 17. 7
§2296 5i5; 9561%% ?Nﬁm(%%glvf% %@g}lﬁ z?l% 632, 11073.66 (s1£8 %401 €81 gn, 4136- 9,

2- (benzyl osycanboog &) 73549 1a}, B;QJS{ﬂ,Hcisrmzml);Eéw@r%Hanoat e. (R)-Methyl

3- (4-am no- 3, 5-di net hyl phenyl) - 2- (benzyl oxycar bonyl ) propanoate (50.0 5g,
140 mol es) was weighed into a flame-dried 5 L three neck round bottom
flask, followed by the addition of toluene (2.4 L) and gl acial acetic acid
(120 m., 2.1 nolgs).0OThe m xture was nechanically stiored to forma cl ear

solution, and t pjbl |umoacet ate (103 1.0 | ds s added. To the
resulting white sugpeﬁa E inso- arnd_dhﬂ_ge_(_zoj M., ¥54 moPes) was
added dropwi se at roo pure, 10and the resulting gvas stirred

at roomtenperature for 16 h. Saturated sodi um bi car bonate (1 L) was added,

fol I oved by the cargf jl,addirtdan, Olodohibsomlum b Aarhenal Gl gput ral i ze

the acetic acid. The mXture was” extract
di chl or onet hare-patyl 4-Camdthbxyi- h@XQelhy@dtI)e)plm‘rldme ls@qdmxalatedﬁéﬂt kel4dqueous

| ayers verd it bR ARFAQRNGLBAY) Cotmid % ERPRNIRGLEO0
were renoved twithafPowet 18% Ialhladlum 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, CDClz): 8= 4.04 (d, J=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).



solid, which was washed with hexanes (2 L) and toluene (150 nm.). The solid
was recrystallized fromhot acetone (260 nL) and hexanes (700 nL). The
slightly wbaodyi2ai3zt ure was allowed to cool to room tenperaiSaoia/028168 v,
then to OC for 1.5 h, and finally to -15C for 1.5 h. The resulting solid
was filtered and washed with ice-cold 20acet one/ hexanes (1:1, 200 nL) to
afford 39.1 g (76% yield). Analytical HPLC showed >98% WV purity. The
enanti oneri c excess (ee) was determ' ned to be 99.8% (conditions: Chiral pak

AD colum, 4.6 x 250 mm 10 m A = et hanol , B:O. 5%
dlethylamne/hep eo85%3 m/min. for 55 R he retention tinmes for

R was 44.6 mn an 2 .8 mm 1'1;63le( 2. , 3 H),
2.93 25(dd, J=1 °10N7 H), ’% 1=,13. 7, 4. H, 3.63 (s,
3H), 432427(m 1 H, o S, 1H), . 7.92 (m 2 H),
7.29 -7.27 (m 3 : 741(s ='8.2 He (s, 1H,
13.1 (s, 1 H; 13C-NI\/R (DIVBOdG) 6 16 b 51.8, 56. 117. 6,
119.6, 122.7, 127.2, 127 4, 127.6, 128. 2 129. 3, 133.4, 13)§N , 9. 2,
155.9, 172.4. Mass spec.: 368.16 (M) +. 5(R) - Met hyl

2-am no- 3 (7 et hyle iyl W%%ezﬁmﬁ% HANSRS. ﬁrtrﬁhgﬂgetwﬂﬁﬁ%ﬁ% jon bottle

was charged with (R)- 2- (benzyl oxycar bon
met hy1- 1H- i nda@ﬁdﬂloxﬂwy@dg%@mbqtee (\’Mduﬁogmpzlgmglewﬁﬂq) é&)%h@:nrmﬁé%hmbl (75

m.). The susp d with palladium
(10% on char C?ﬁ%bl@%ﬁ@&ra@?&r t?’lj“z %eglggch gﬁs %O%%attghydr ogen (15 psi)
over ni ght . 5Th§81©nBuwumleum1&3;5Mimlexmds tIBonigh} lanpelds) ofas eddeid tdeopwasertenove t he

tal yst. f A t | which
was ubed i t ot ros AL i B B O R Bl e B P05 g™ 3
(dd, J= 13.5, nfetioxiy2- oxbetlH)/],)p@erQﬁhe(ch,er}(ylajlﬁﬁ%S g52598 Hmoléls) ), 3.68 ( S 3 H,
3.75 (dd, J= 7.0 .1 . 1.98 , 1
H) . M(a ss spec. etra%@% é&a‘ﬁ'z(m EDLI)_QVai%ddO & dI(op{mse t?l_@%je n}lrzgplﬁ:y §1i'r1ng w@s continued (s

3- (7- et hyl - ll'alt metazcol1-15-A/§@1ut2m(o42(nafam>émzame2ycm(hyolgo:cﬁw moboleR) i3-

2 a no- 307 HEPRGRE (AR SFe 825 19450 G n aR AP Ben iy P O E26 g, 27

mol es) in 20 vdis@sithyibd ar-new fHes {udBer™d h.athd el ¢EPGIcatiedsviasid@dded
N, N - di succi ni m dyl car bonate (7.60 g, 29.7 mol es) followed by

triethyl ami ne 34ePuSEmpENIURL Pﬁﬁlﬂ?@g%then dr*lvéedr“é@mvwrng'fhmnapftu%wxwétr%cﬁdr red for
30 mn and tref{edici1 Reclal! RQRhHqedts Ma{s):%!s B¢ b2 ChEhmRAM WR- 77 9, 29.9
nmol es) in portions. The reaction was aIp to stir for 24 h. The m xture
was concent r atdigd (aEevI sd ) idersgy ana@@lt%méatedazﬁémﬁ@hédl%éaluent ially with
wat er, brine, cﬁfb%a%fg%ph& by €2 desTRE pRUGAT 649R ?ﬁﬁﬁas‘d‘{%ﬁt WbE G0 VIEE

magnesi um sul fate I'tered, and concentrated. The resulting residue was
purified by f /s (M cPubo it 0@r5éidhy (silica gel, 20:1 ethyl acetate/nmethanol)
togive 11.9 g (78%. 1H NWMR (CD30D) 6 13.0 (s, 1 H, 11.8 (s, 1 H, 7.98
(s, 1 H, 7.63 (d, J—76Hz, 1 H, 7.57 (s, lH) 745- 741(m 2 H,

7.27°(d, J=8 2k, 1 H, 7.16 (t, J= 7.9 Hz. ' 7.03 (s, 1 H, 685 (d,
J= 7.9 He, 319-4.26 (m 1 H), 10 4. o - 089m 2 H) 360 (s, 3
H),307-301§L2¢L~(-@ 193 -2.88' (m 1 H), 2>Jr\7 (y 2 H). 248
(s, 3 H, 1.78 - 2 H) 1 34 -FelA@BH (m 2 . SS| spgc.: 488.52
(MH) +. 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). Iron powder (8.90 g, 159

10



15(R) - 3-(7- et hyl - 1H-i ndazol - 5-y1) - 2- (4- ( 2- oxo0- 1, 2- di hydr oqui nol i n- 3-

Api peri di ne-1- car boxam do) propanoi ¢ acid. A solution of (R)-nethyl

3- (7- met wbD2011/123232 PCT/US2011/028168
-indazol - 5-y1)-2-(4-(2-o0xo-1, 2-di hydroqui nol i n-3-y1) pi peri di ne-1-

car boxam do) propanoate_(5.50 g, 11 3 mmvles) in tetrahydrofuran (50 nL) and
nmet hanol (10 nmL) was cooled to OC. To this was added a cold (0C) solution
of 20 lithium hydroxi de nonohydrate (0.95 g, 22 6 mmoles) in water (20 m),
dr opwi se over n reacti o stirred at roomtenperature for

Sad T onal 3. e e RGeS RSO aBE a0 RER B ghliped

sol ?/egts. The t@e@ﬂajfbtBlgmtmudlhbac‘@lalgd?ﬂ@smltmratmealtrﬁa@nﬁmmlmwm of Wgt er,
cooled to 0OC, and treat Wth co 0C). 1IN HC1 until pH 2 was attaine

The resul ting @Hﬁjf‘c&t%dg%‘lqeéélir%ghtﬁpaﬁlol)f qlisg i R ds wereggshdavith 40%° col d wat er
and et her, andndiR@pl/dhy1aektay ahdtidh tvitdReteanbil qme\ﬁﬁﬁdwmst&n@snme@a& g (949
as a whlte solid. 1H NVR (DVSO-d6) 6 13.05 (bs, 1 . 11.77 (s, 1 H, 7.98
(s, 1 H)), $ 64 e(r@mdge:pagtltg)nqubetxyeqq)ethy-ya@gte('@d aqugqps sopllqmble'gbor‘lyxe ghory 1 H) ,
7.42 (s, 1 H 1lay%rszvzeré %par%ted8Tge }é%ultu# A'c?ueouz pillghe(vxtas thrac?ed@wa’@ with e{'lﬂ/l 7.05 (s,
1 H, 6.65 (d, 1H, 1H), 0-40/7"(m 2H,
3.12 -3.07 (mac@atﬂ) Thmg@sc hzereyel(erepmhmpg lee myture wasswas@ﬁﬁl twiceHyith 2. 77 - 2. 66
g g‘ec 2 H21742 BgZVaQe? ’an(‘jl?’thléi)aque%us7 ghase %as&ﬂsc(a%d ZTﬁ_é) maténa"l)’éwas 311&17(11{\&4@1651%111_0 Mass
10(R) - N- ( 3- (7-Sn§4twyﬂlte.ﬂ_dd, imicaresntred t)drinets -Silicargst ¢thydmpatpapphdiafforledgicper azi n-
| -y1l)-1- oxQpr S i i di ne-1-

car boxam @ (ﬁ;ﬁg@%\%ﬁ{ \I/I\és s O§¥ %08%1 1&7?%%&9“&/{@%% EM?H)AQ 3BST.
(R-3-(7-nethyl-1Hi ndazol -5-y1)-2-(4-

(2-o0xo0- 1, 2-di hydroqui nol i n- 3-y1) pi peri di ne-1- car boxam do) propanoi ¢ acid
(2.9 g, 6 11 nmol es) trdethylam ne (3.00 nL, 21 5 nmol es),

1- (1- et hyl pi peri di 5y|)p|pera2|ne (1.23 g, 6.72 nmoles), and

di et hyl f or mam de (10 he r@sulting solution wa eabed with

2- (1H-benzotri azol e- 1- yl) PP tetrqnq.fcw,t,;gngm um_t ety afl uor oborat e
(2.26 g, 7.03 mmles) in portiaons. NHrhe—Teacttom mas all owed ¥ stir at room
tenperature overnight. The g exwas concentrated uh@ér um to renove
di et hyl f or mam de. The crude pro was di ssolved in 7% ng ol in 20

di chl oronmet hane and purified by fhash chromatography using met hanol in
di chl or onet hane contai ni ng 2% of aqueous ammoni um hydroxi de as el uent. The

pure fractions wer é(Bwerdetiod sutralisd( R dgsloridanty sdmatrebtion atdritn - The

desired produgl s 2GiyStad Jl'te%ﬁﬁ‘ycfr& %mnbﬁ{ 3 %%&'ﬁ@m@q &k%ﬁyl@ﬁﬂpﬁéﬁﬂ L in 77%
yiel d. Anal ytical HPLC showed 99 urit nm The enantioneric

excess 25(l8e) bnad edert(&pPiznidd? ml@wbe) lﬁgglygﬂ%ﬁ'(ated Qimli) G}’ﬁ%frea@ﬁ wid BekinAD col um,
4.6 x 250 mm {10, (A, 8 H tles 17(911{1% Op 9 Rk Aekifted B%&H?e%p?&%@%(@t hanol ;

g1.0 mt/mn. for 45 mn. The tetention tines were R and 28.1
mn for S). 1HNNR MeOOHCMezioxBMEBNG 630 ®mpsm 303nl0wasghendihd and $tir7Bg (s, 1

78 (5 Dby 8PS bl [k the pTyB0: Sy ey 62 (M 11,

6. 69 (d J= 8.fMFatldn and whihed WJtﬁ&h(yt]a,ce@te Tt WS thén, sudpehfled id STodwdtet; J= 12 37 Hz,

g 507 ( m %O( ddléog‘r](g)gr?(tl ﬁbejanband eéglx ul_g \’V?f \i\iﬁrmeg r%rfghcxl_gﬂd s%ﬁfcil' fo%%gm&

2.07 (m 4 H) Tht 1195tu(etwas\]:6ol8d 5 obin terﬂpel’ﬁture dnBsfinfetat r\ﬂ)gmlélmlibﬁ!atuﬂ: Toer& 3 55
3.44 Hz, J="1 , 1.53
(i 3= s, 25 o hépgid gasganiefidty i, Ve isppronipsl SRAR RS e) 6

16. 80, 27.30, h3éh ﬁ&uurﬁo'flﬁﬂtltle%@mﬁgund%s 5@t,a1n38 a@&hlteﬂs’bha ﬁl, 754’613/1@13 'Y4. 16,

45.35, 45.78, 48. 14 10114. 53, 117.79,
119.29, 1109. 34\TMM@M§p d@éélﬁé « izHﬁ 9182 (bi=217H)l§ 881&891@ 7196, /o381 53, 31,

133.72, 1398y 3)13733437 303(§9Ji§24ii§6} ﬁ?ﬂ 137Q4J50%483ﬁ9 24?—5 3A6ediyatg Jess
anaIyS|s mz 6 VH]| + Opt 1 cal rotatlon -27.36 @589
nm concent r atizA FB, #1071 ﬁﬁ(rm} Hh 2r9ét(ﬁba’n013 43 Hz, 2 H), 1.87 - 1.73 (m, 2 H); MS

m/e (M+H)" = 229.0.
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Bi ol ogi cal net hods and ot her properties Schene 5. Conmpound | and conpar at or
conpounds Il and I11. Agueous Solubility. Solid free base was

m xed w twocaribeszste, and et hanol am ne buffers. The pH eCTasthitoesisanpl e
was adjusted with HCl. The solids were mxed with the vehicles using a

m xer that was enclosed within an incubator set to 25C. After

equi libration, sanples of the supernatant were w thdrawn, diluted as
S5appropriate, and anal yzed by HPLC. Solubility in agueous nedia, pH
dependence. Crystalline COITpOL*{“lHd | converted to ange.le_lg}i nous phase during
measur ement of the pH solubility profile. The abserfcé of a crystalline
phase in equilibriumwth I evetnaHaog onty 10 assessnent of the
pH range in whi ch Conpound | be formulated t her nodynani cal | y
stable solution. Efforts to generate a crystalling free base form of
Compound | that can be equilibrated in water are bngoing. The data gathered
on the gel ati nous phase are listed in Table 1. 15Table 1: Solubility of
Conpound | i n aqueddsdmedidanahylZB@nyehic &y & o8dbnids. Tiotasufegyiod 9f sGhintionat e

e P30,y 100 S0 P TRy S PO, it o
Stability. Thenslenut(70hms) aheaditdidinetnyonothl@olego0ndin divdsopvhhuat®d as a
et on,of * TRSEAHE S R IO DS, P P s 1
shown i n 20Tabliging.was Tahiin@eRfor Sal Thé¢ eactbhatae fift@bid deimyvdvbdcedsxodHamp! e

bicarbonate and the solvent removed in vacuo. The residue was re-dissolved in

diethyl ether (1.5 L) and treated with hydrochloric acid (2M in ether, 375 mL, 750

mmoles). The resulting suspension was stored in the freezer (-15°C) overnight. The

10 solid was filtered and washed with diethyl ether until it became colorless, to give
126.5 g (89%) as a grey-green powder. 'H-NMR (DMSO-dg) 8 2.33 (s, 6 H), 7.48 (s,
2 H), 9.05 (bs, 3 H); “C-NMR (DMSO-d¢) & 17.4, 91.5, 133.1, 131.2, 136.9.

H H
N o N o
\0)5/ hig _MsCl, Et;N \o%f hil

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 tricthylamine (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 triethylamine was exothermic. After addition of
triethylamine, 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

12



pH Tenp ( C) Drug Conc (ng/m) Buffer Conc. ( M) A4 40 0.1 0.05 B 5 25
0.1 0.05 C5 25/light 0.1 0.05 D5 60 0.1 0.05 E
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chromatography (silica gel, 1:9 ethyl acetate/hexanes) gave 111 g (92%) as a viscous
colorless oil, which crystallized upon standing. "H-NMR (DMSO-de) & 3.71 (s, 3 H),
5.10 (s, 2 H), 5.60 (s, 1 H), 5.76 (s, 1 H), 7.39-7.35 (m, 5 H), 8.96 (s, 1 H); *C-NMR
(DMSO-de) 8 52.3, 65.9, 127.8, 128.1, 128.3, 128.8, 133.3, 136.3, 153.5, 163.7.

o Pd(OAc),, Et;N
+ NH, *HCI TBAC

(7)-Methyl 3-(4-amino-3, 5-dimethylphenyl)-2-(benzyloxycarbonyl)acrylate.
A 2 L round bottom flask was charged 4-i0do-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 (II)
acetate (4.34 g, 19.4 mmoles), and tetrahydrofuran (1.2 L, degassed 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
acetate/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-dq) 8, 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, 1.46 H), 5.24 (s, 2 H), 7.40-7.21 (m, 8 H), 8.51 (s, 0.27

13
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H), 8.79 (s, 0.73 H); *C-NMR (DMSO-d¢) 5 17.8, 51.7, 65.3, 119.4, 120.0, 120.3,
127.3, 127.7, 128.3, 130.9, 135.8, 137.2, 146.9, 154.7, 166.0.

[(2R,5R)-Et-DuPhosRh]BF, - 0
H;

H,N

(R)-Methyl 3-(4-amino-3, 5-dimethylphenyl)-2-
(benzyloxycarbonyl)propanoate. A flame-dried 2 L Parr hydrogenation bottle was
charged with (Z)-methyl 3-(4-amino-3,5-dimethylphenyl)-2-
(benzyloxycarbonyl)acrylate (84.5 g, 239 mmoles), dichloromethane (300 mL), and

10 methanol (300 mL). The bottle was swirled so that a light brown suspension was
formed. The mixture was degassed using a flow of nitrogen for 30 min. To this was
quickly added (-)-1,2-bis((2R,5R)-2,5-diethylphospholano)-bezene(cyclooctadiene)
rhodium (1) tetrafluoroborate ([(2R,5R)-Et-DuPhosRh]BF,) (2.11 g, 3.20 mmoles).
The bottle was immediately attached to a Parr Hydrogenator. After 5 cycles of

15  hydrogen (60 psi) and vacuum, the bottle was pressurized to 65 psi and the
suspension was agitated at room temperature for 16 h. The reaction had become
homogeneous. The reaction mixture was concentrated, and the resulting residue
purified by flash chromatography (silica gel, 1:9 ethyl acetate/dichloromethane) to
give 82.9 g (98%). 'H-NMR (DMSO-dg) 52.04 (s, 6 H), 2.65 (dd, J=13.4, 9.8 Hz,

20 1H),2.82(dd, /=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, J=7.9 Hz, 1 H); “C-NMR
(DMSO-de) 6 17.7, 35.9, 51.7, 56.1, 65.3, 120.4, 124.0, 127.5, 127.7, 128.2, 128.3,
136.9, 142.6, 155.9, 172.5.
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0.1 0.01 Succi nate buffer was used for all solutions. For sanples
exposed to light, a photostability chanber was used in accordance wth | CH
gui del i nesOQa1121283321 i on | ux 5 hour exposure to visibl e PCHhiS2an02969 wat t
hour/m2 to UV). Analyses were perforned at 4, 8 and 12 weeks. Ten
degradants were found during the solution stability study. The percentage
of each degradant found in sanples after 12 weeks of storage is listed in
Table 3. Note that at the initial time point, degradants B and G were the

only 10degradants present and their initial concentrations were 0,17% and
0.06% respectively. © Mast roscopic assessrrentowaﬁ p on

t hose degradants pquenm ient quantity to pg

determination. The resultg are l'%t%g Schble 4, Two peakg)are listed
under degradant Cause it r t hat degradants are not
wel | separated b current HPLC nEPA®d. Degrada and C correspond to
hydr ol ysi s prdﬁﬂcts (Figure 2). Under thBNmpgt favorable condition
exam ned, condition | in Table 2, Conpound I sho only 0.3 % degradation

after 12 weeks at 40C. This suggests that an aqueous fornul ati on can be
found which neets I CH guidelines for at | east one year of chem cal

stability. Table 3RAHEAFeibeEHx s baBYt-ddamtedy s Hddgrolv \wdiNier 4ieks and

tD htelr r4r it EQ“ R Mengm&%%%é dinteef 1 ehy 1= 3(nBRa8kyBatb by pfopkeditd?sb.0=4. 6 Deg
9

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-amy] nitrite (20.7 mL, 154 mmoles) was added dropwise at room temperature,

10 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
bicarbonate to neutralize 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

15  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

20 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-d¢) & 2.48 (s, 3 H), 2.93

25  (dd,J=13.4,10.7 Hz, 1H), 3.10 (dd, /= 13.7, 4.9 Hz, 1H), 3.63 (s, 3H), 4.32-4.27
(m, 1 H), 4.97 (5,2 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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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 o
\oJ\;k‘ImﬂV@ \OJ\;NHZ

o H,, Pd-C

—_—

HN HN

N= N=
5 (R)-Methyl 2-amino-3-(7-methyl-1H-indazol-5-yl)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;O0D) 8 2.54 (s, 3 H), 2.98 (dd, /= 13.5, 7.0 Hz, 1 H), 3.09 (dd, J =
13.5,5.9Hz, 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 X
\O)J\/NHZ HN 0 e H

~
| NH  DpscC, Et;N H
+ P ———— —_ o
HN\ \
N,;

(R)-methyl 3-(7-methyl-1H-indazol-5-y1)-2-(4-(2-ox0-1,2-dihydroquinolin-3-
vl)piperidine-1-carboxamido)propanoate. To a solution of (R)-methyl 2-amino-3-(7-
methyl-1H-indazol-5-yl)propanoate hydrochloride (7.26 g, 27.0 mmoles) in

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

carbonate (7.60 g, 29.7 mmoles) followed by triethylamine (11.29 mL, 81 mmoles).
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The resulting mixture was stirred for 30 min and treated with 3-(piperidin-4-
yl)quinolin-2(1H)-one (6.77 g, 29.9 mmoles) in portions. The reaction was allowed
to stir for 24 h. The mixture was concentrated, dissolved in ethyl acetate, and washed
sequentially with water, brine, and 0.5 N HCI1 (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) & 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=79Hz 1 H),7.03 (s, 1 H), 6.85 (d, /=79 Hz, 1 H), 431 —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), .78 — 1.72 (m, 2 H), 1.34 — 1.26 (m, 2 H). Mass spec.:
488.52 (MH)".

LiOH

(R)-3-(7-methyl-1H-indazol-5-yl)-2-(4-(2-oxo-1,2-dihydroquinolin-3-
vl)piperidine- 1-carboxamido)propanoic acid. A solution of (R)-methyl 3-(7-methyl-
1H-indazol-5-y1)-2-(4-(2-ox0-1,2-dihydroquinolin-3-yl)piperidine-1-
carboxamido)propanoate (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
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give 5.0 g (94%) as a white solid. "H-NMR (DMSO-ds) & 13.05 (bs, 1 H), 11.77 (s,
1 H), 7.98 (s, 1 H), 7.62 (d, /= 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, /=82 Hz, 1 H), 7.16 (t, /J="7.6 Hz, 1 H), 7.05 (s, 1 H), 6.65
(d,/J=79Hz 1H),4.27-4.22 (m, 1 H), 4.10 — 4.07 (m, 2 H), 3.12 - 3.07 (m, 1 H),
3.03 -2.99 (m, 1 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)".

H
0 kll (o) N
o x o =
HOJ\/N N TBTU, Et;N (\NJ\./N\H/N
z \g/ /N N 0
O
_/ N
\ - \
_N N
N N
H H

(R)-N-(3-(7-methyl-1H-indazol-5-yl)- 1-(4-(1-methylpiperidin-4-yl)piperazin-
1-yl)-1-oxopropan-2-yl)-4-(2-oxo-1, 2-dihydroquinolin-3-yl)piperidine-1-
carboxamide (I). A flask was charged with (R)-3-(7-methyl-1H-indazol-5-y1)-2-(4-
(2-0x0-1,2-dihydroquinolin-3-yl)piperidine-1-carboxamido)propanoic acid (2.9 g,
6.11 mmoles), triethylamine (3.00 mL, 21.5 mmoles), 1-(1-methylpiperidin-4-
yDpiperazine (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
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
(ee) was determined to be >99.9% (conditions: Chiralpak AD column, 4.6 x 250 mm,
10 um; eluent: 70% (0.05% diethylamine)/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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MHz, DMSO-dg) & 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, 1 H), 7.26 (d, J=8.25 Hz, 1 H), 7.14
(m, 1 H), 7.00 (s, 1 H), 6.69 (d, J=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),

5 297 (m, 1H),2.89 (m, 2 H),2.69 (m, 4 H), 2.32 (m, 1 H), 2.21 (m, 1 H), 2.07 (m, 4
H), 1.95 (t, J=8.25 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,

10 114.53,117.79, 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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Label Mol ecul ar Weight A 473.5 B 541.4 Degradant Label WMol ecul ar Wi ght
612. 4 C 226.2811/123232 PCT/US2011/028168

Biological methods and other properties

Scheme 5. Compound I and comparator compounds 1T and III.
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Schene 6. Degradant C MA£228.3 5Sol ution Stability: The effect of
Tenperature. The effect of tenperature is sunmarized in Table 5. The
enhancenew0 20n/d8geadati on rate with tenperature is | ar @eryusdua/oeg168 he
enhancenment in hydrolysis. At the highest tenperature degradation proceeded
all the way to product C, but at the |ower tenperatures degradation stalled
at product A (Figure 2). 10 Table 5: Solution Stability and Tenperature pH
Total Degradants Total Degradants Tot al Degradants ( 25C ) ( 40C) ( 60C)

5 .6% 2. 2% 56. 2% bilit The effect of light. The effect
of light on stabil MVW%‘?@(J!{:&% S?lé%P?enba Sem’é‘ed ‘§3{} ?{Bﬂ@&rﬁ nts were noted
for sanpl es exgageiaming buffght Thd fH 6fa @ird whhglbwal &lijnedd vapaear The sslalpl es

stored under any ot her condi Hydrol ysi s (degradant (A) was enhanced by
exposure to | iyt mirsd e s IC%éwﬂPg 6Hﬂ@{&*&f?v?%%}lcfgﬁ%mthjlﬁen PEORERREr at ure” (

C) Light Condigban After equilibration, samples of the supernatant were withdrawn, diluted as
5 appropriate, and analyzed by HPLC.

Solubility in aqueous media, pH dependence. Crystalline Compound I
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 I can be formulated as a
thermodynamically stable solution. Efforts to generate a crystalline free 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 I with HCI, pH=8.5 105
pH <8.5 >300

Solution State Stability. The solution state stability of Compound I 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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Total Degradants 5 25 Dark 2.3 %5 25 Light 72 % Solution Stability:
the effect of pH The effect of pH on the degradation rate is summarized in
Tabl e 7. Wbeoanhaziecenent in degradation rate varied i nvecsalsgomiodied0 pH
and was dom nated by an enhancenment in hydrolysis. At pH 4, degradation
proceeded to hydrolysis product C, but at pH 5 and 6 degradation stalled at
hydr ol ysi s product A Table 7: Sol ut i on Stability and pH pH Tot al

Degradants 4 12.5%5 2.2% 6 0.62% Sol ution Stability: the effect
of buffer concentration. Hi gﬁ, g getntr y &5 of succinate buffer tended
to produce a higher rate of @%f ‘%}Li”g” g4 Glé{ﬁa{‘ﬁ‘f”ﬁ (TabI e 8). Table 8:
Sol uti on St abiHty—and—SuceinateBufferConrcent+ation—pH
Sample pH T emp ( 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
1 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
5 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 cach 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

10 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
15  degradants are not well separated by the current HPLC method. Degradants A and C
correspond to hydrolysis products (Figure 2).
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Total Degradants [Buffer] = 0.01M Total Degradants [Buffer] = 0.05M5 1.8%
2.2% Solution Stability: the effect of drug concentration. H gh drug | oad
sl owed t hwOlydriaB3sgi s rate and limted hydrol ysis to forgattisen1opsidegr adant
A (Table 9). 5 Degradant G which was only detected in the high
concentration sanples, did not markedly grow in concentration during the
study and may sinply be an inpurity. Degradant J could only be detected at
the final time point. Table 9: Solution Stability and Conpound |

Concent 2 o P T S50k by iaf g 202t

Compound I showed only 0.3 % degradatlon after 12 weeks at 40C. This suggests
that an aqueous formulation can be found which meets ICH guidelines for at least one

year of chemical stability.

Table 3: Area percent of degradants seen at twelve weeks

and their retention times (minutes)

Deg |Deg |Deg |Deg |Deg |Deg |Deg |Deg |Deg | Deg
A B C D E F G H I J
6=3.9 | =54 | =40 | =41 | 1,=50 | t,=6.6 | 4=75 | -=0.7 | ,=4.3 | 1,=5.6
Al20 - 10.5 |- - - - - - -
B|.S 0.1 - - - - - - - -
Cl169 |29 2.8 5.2 1.0 7.7 - - 5.7
D12 - 55.0 |- - - - - - -
E |19 0.2 - - A - - - - -
F|.4 0.1 - - A - - - - -
G |49 - - - 3.5 - 0.1 A - 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 - - A - - 0.5 - -

Table 4: Degradant Molecular Weights

Degradant Label Molecular Weight
A 473.5
B 541.4
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10 Conpetition for [1251] CGRP Bi ndi ng Bi ndi ng assay. SK-N-MC cel
menbr ane honobgenate serves as the receptor source. Human neurobl ast oma
SK- N- MC cwDl2e11ae23ased for in vitro assays because theyPemdsganoesbsy
express the CCGRP receptor with an identical sequence to the 15cl oned human
CGRP receptor (Aiyar et al., 2001). Cells are grown at 37 Cin 5% CQ2 in
medi um consi sting of MEMwith Earle's salts and L-gl utam ne suppl enent ed

with 10% fetal bovine serumto reach confluence. The cells are harvested by
rl nSI ng tW ce Mlt“ hno hat n__hitff ar ne C")III’\I‘\ And Ay rneuhat Ad fnv l: 10

LIL UJ muAT O oUT T oeroTu ST T LAY3 UTTu AT \/ LERBAA%IvA® 9" \,u

mnutes at 4 |Cin hypék@mﬂ@ﬂﬂyéﬂs buf f er con5|st|M@k@Waka%ﬁw'nw s (pH 7. 4)
and 5 mM EDTA—+he—eeH-s—are—eolHected—andtransterredtopolypropy] ene
tubes and horpgeni zed using a pol ytron. Hormogenates dlé4centrifuged at

32,000 x g fqgr—36-—nin—ThepelHets—areresuspendedin—cold-hypetenie lysis

buffer with C.l@bnannallanCprotease i nhi bitor cocktai?228dnd assayed fpr

prot ei n conceptrati-on The nmenhrane honmnaenate i then BEali auoted an
H—atH-eh—hReHehbrahe—rRoiBgeRate+s—tnelt—oart+-gdotea—ah

stored at -80 Cuntil the day of assay. The ability of Conpound Ito conpete
for the radiol abel ed ([ 1251] CGRP, Amersham Bi osci ences) endogenous pepti de
human al pha CGRP (haCGRP) is measur edSusnit®. a radi ol i gand conpetition
assay. Conmpound | is first solubilized in and carried through seri al

di lutions using 100% DMSO. Conpound is fur s diluted 10 25 fold into
assay buffer (50 MM Tris-Cd pH 7.5, 5 nmM , 0.005% Triton X100) and
transferred (50 [1.1) into 96 wel| assay plate .JL 251]-CCRP is diluted to

600 pMin assay buffer and a volunme of 5O [E Tis to each well (final
concentration 15 pMdJg assay). SK- menbr ane pel
in assay buffer w t (flr esh 0 manmal | an pr obeasdani A

are thawed, diluted
5 itor cocktall and

honogeni zed as_ /evi dysl y descri bed. Five t®W-er13lsug protein per mell IS

then added in avol of 1.1. The assay plates are then incubated at

roomtenperature {25 G} for t hours. Assays are|term nated by the

addi tion of excesgyeqldwash fer (20 MM Tris-d| pH 7.5, 0.1% BSA)

imredi ately followed by filtration over glass fiber filters pre-soaked in

0.5% PEI. Non-specific binding is defined w 1 [t ML3- CGRP. 20Protein

bound radioactivity is neasured using a ganmm nllation counter. The

| C50 is defined as the concentration of conpound ired to inhibit 50% of

radi ol i gand bi ndi ng. Results. Conpound I displays centration-dependent

i nhibition of 25[1251] CGRP binding to the or endogenousl y

expressed in SK-N-MC cell nenbranes. The nean¥E§ f 2.7 1.6 pM 30

Interaction with CGRP peptide Methods. The na 3the interaction

bet ween t he endogenous CGRP peptide and Conpound | |s studied in detai

usi ng saturation binding experinents. 5Briefly, the binding of [1251] CGRP

to the SK-N-MC cell nenbrane preparation is

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% 2.2% 56.2 %

24



measured with increasing concentration of [1251]CGRP w thout (control
condition) or in the presence of (test conditions) one of the two
concent r avpans/12332pM and 100 pM of Conpound |. Sat ur afConsdatazare

anal yzed with hyperbolic equations using Kell software (Biosoft, Canbridge,
UK) to estinmate dissociation constant (Kd) and 10 the maxi num nunber of

bi nding sites (B max). The inpact of the addition of Conpound Ito the

bi ndi ng paraneters (Kd, Bnica) of [1251] CGRP i s measured and conpar ed.

Resul ts. Conpound I, concentr.atjon-de den i.ncreases the.di.ssociation
15const ant EB of [f@%??t%ﬁ%z%ih%?ﬁ%“?ﬁ@?%eig%ngfgﬁﬁi$@h$? 1% t hout
E ig 3@ fi c?gt ! y)sﬁm%i_iﬁ_g'tdﬂgn fThisle BRBEVEH e EHdBAR WD n(bi:d’lﬁ)i slagnIﬁéste];glsqseaE] go{)lﬂgzﬁl] CSRP
i ndin ni"). s indicates a. conpetitive mechani sm of inhibition
cOrrpouﬁd o e Bl ‘ﬁlaFlhg‘de}Pt PR | o Satorﬁtdﬁ@g%&%ﬁth%%@ﬁle?- (Tabl e 1o>y.
20Tabl e 10. KdyydRi<m d rac[ali?ﬁ?]%mnc%@bﬁ B}%oﬁﬁe N 1M&t. Cel | Menbr ane
Preparation Wth or Wthout the Presence of Conpound |I. Control 30 piV
Compound | 5100 pi VI Conpound | Kd (pM 23.1 5.0 58.0 19.6 129.7 31.9 Bmax
(frol /g 142.6 112.1 20.6 146.8 6.4 protein) 10.6
Table 6: Solution Stability and Light

pH Temperature ( C) Light Condition Total Degradants
5 25 Dark 2.3%
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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Cel l ul ar Functional Assay - Cyclic AWVP Assay Met hods. The CCRP
receptor conplex is coupled to the Gs class of G proteins. Binding of CGRP
to this cwopbex2bBads to the production of cyclic AVP ( GENS01NH28168
3'5'-cyclic nonophosphate) via Gs-dependent activation of adenyl ate

5cycl ase. Functional antagoni sm by Conpound | is determ ned by
nmeasuring its ability to inhibit CGRP-stinulated formation of cyclic AWP in
attached whole SK-N-MC cells. SK-N-MC cells are incubated at room
tenperature with 0.3 RP. al ope, for m.nut es re-incubated with
various concentrati on@’w&%gg%%gtﬂb’{”yf%%%iglw m&%@‘gﬁté?téﬁ”e the addition
of 0.3 nM Pandthenfturther—nreubated o+ 30—mnutes—Fhe Creli¢€ AW

(cAWP) produded is expfact ed us|i ng Tdavd Degysionts Reagent 'To@hBegrudants

concentratior] is determ ned by |radi g n y using C SPA
Direct Screening Assay Kit (Amgrsha L@ﬁ}a’r ?r);@?g Bi ot ecﬁﬁ?gg'%@grues are
defined as the concentygation of| conpound; g,equired|to inhibbb, 50% of 0.3 nM
CGRP- 15stimjl ated cAMP productfion. Ymax I's defined as nmaxi mal percent
i nhibition of 0.3 nM CGRP-stinulated cAMP producti on. Resul ts.
Compound | di spl ays concentrati on-dependent inhibition of CGRPstimul ated
CAMP production in attached whole SK-N-MC cells, with an 1C50 of 38.6 20
4.2 pM and a Ynax Sohi@bSt4bility1thd eHect dfveugrecticemtaripe.adigh@O99 loadddovaddt i on

observed indicates full antagoni t the CCRP receptaqr. Schild Analysis
Vorhods. Sont 1 rye trud A8 Pl ions Gobamtob St fRtedaitdr b e

ant agoni sms25 mgradeif@® whithl was DR d@sRd iEhp aids CobnttdabPsahplealidtnetl cAVP
production is generated either with CGRP alone, or with CGRP in the
presence of vdr" %8%%&%%{38%%%@%%&@ may Sily g aimpyrity.

dose- dependentpGANEh S bl loaly IR MclVe S 5HR fisal Bmepy@Ed Wi th or without five
different concentrations of Conpound |I. The concentration of Conpound | is
plotted on the X-axis against the dose ratio mnus 1 30on the Y-axis (dose
ratio is defined as the EC50 of CGRP in the presence of Conpound | divided

by the ECS0 of CGRP al omg) 9: $JnRASIhAGF SRECHHpolsd I beeReidoar med with both X
and Y axes log-transforned. A slope that does not differ significantly from

unity (1) indic g conpet onism [Kb is st
di ssoci ation (:oﬁélteent. 5 Tgf&lﬁﬁ% s. Schill d ana?@tgfggéfg%& nmpound |
reveal s a mean slope of 1/02,4/900Q4x@md nmean |ant agomrg%]mas,ﬁ%mati on
constant Kb offt_ 21.5 9.4 pM The parallel rijghtward shift of the CGRP
concentration{regpgnse in theipsesence of increasing copeentration of
Compound | indicatgs conpetitive antagoni smiby Conpound | of 10
CCRP-sti nmul at ¢d £ ANP producti omo,The sl ope gf 1.02 fromsbhe Schild pl ot
further supponts the conpetitive interaction between Conpound | and|CGRP
function. Kb of 21./5 pMis in goyeenent with the bindiggoKi (22.7 pW.
Reversal of CERP-1nduced Dilation in Ex vivg Human Intracranial Artery 15To
provi de an ex vivo neasure that mmcs the clinical condition (where

m gr ai ne- rgl ated CCRP rel ease precedes initiation of therapy), vessels are
first dilated by CGRP and then the. djlati i eversed with Conmpound |. In
this reversal protocol, ant agg%llngetmﬁ%g r&tﬁ&a(%in%%fn\élrngver ses CGRP-i nduced
artery dilation (using a single agonist dose and nultiple antagoni st

doses). In brief, WWndegmsunt SY-MeEcgll POmbrgshanagcoaniaras eethcwiceptopot assi um
ion (to mmc S f l at e ] CORP ilation
reversed with S?%gé)'gg@?%gneégoﬁg%fﬁ r § |'I)§h1\gb8$1 Est%%még% anfrgﬁon?%l%ela%bsgrpound | .
Compound | posheytendaden@nsty dxpreef the CGRPae@ptor @tk a8 idegticb teglmncs hvettle

CGRP-i nduced dilatjon o Vi vo human i.n ranial arter] 2571 ssue
Sanpi eo. - A3t oyt hiffmecoRY reteen MY Bt 0T b BebH S pale
procur ement ver@ah sedibhl cov€istiglof MlIM whithalaslpekilednd 0-gleemmelsehptikm&dbuf f er
(conposition in 130, KCl1 4, KH2PO4 1.2, S 1.2 Cl2 1.8,

d ucose 6, NaHt‘:ElﬂenM?f: %aﬁg QAFTUNESFRICH CBIBIeICY C%&é‘?‘ﬂw,“ﬁeﬂg VBl s are
pl aced in col dwite ebthphbiphhtebuffeedmeist biddte indutEhdd NaC10 dlbicd at K& id. 7,

KH2PO4 1. 2, SA 1.2, . . )
Ivquotonic lysis buffer consisting of 10 mM Tris (pH 7.4) and 5 mM EDTA. The
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CaCl2 1.8, Gucose 10.1, NaHCO3 25) saturated with carbogen (5% CO2 and 95
% oxygen). Methods. The vessels are cl eaned of connective tissues and cut
into cyliwonrotali23segnents of 4-5 mmin |l ength. The vesselCs/tse@1ksns nount ed
in tissue 5baths between two stainless steel hooks; one of which is fixed
and the other of which is connected to a force displacenent transducer. The
vessel tension is continuously recorded using a data acquisition system
(Powerlab, AD Instrunents, Muntain View, CA). The tissue baths containing
Krebs buffer and nounied, vessels are contro|led for tenperature (37 C) and
OH (7. 4) and GOl RHIGERY B0 B SRS Pins i Bbga bRBEaHELPS grent <
are al(l owed t@omuh.l) Hbﬁlag@ﬁtfeﬂﬁreg&ﬁﬁfug&ﬁa‘[{k@,om?l Rgtfes30uhin Theﬁpelﬂét@bﬂee resti gg
tone (0.25 to 0.5 g) is achieved. Prior to the assay, vessels are prine
(condi ti oned) r@ﬁ“ﬁﬂ?ni@o‘nﬁﬂ)ﬂkmot%ﬁlyéﬁﬁgfi%fu‘élﬂ‘tqWd%?é“ﬁ’é"d{an protease ifbiieIst t he

anti-dilatory gtfarindeksaGRNMRPPREIH conV@HERIS Tk endnibifi hoRADEmaGtSHeM th 10 MM
pot assi um chl or.i de (KClz to mmc endo%enous tone, then fully dilated

15wi th 1 nM habarped adgtorgds 40y G ! the [dax pl51s9's rever sed by the cunul ative
addi tion of increasj nqﬁ,concent rations of Conpound | in half |og units

(al | owi ng cal cul at iBRABRYEESgMRyundAdo expnricishibesdiditckd ([t HEGBFf ects of the
drugs are exprgasafnfSiodidBustarbeRs HRt: hitHuCAchadid@t QR GRP) RACh vessel .
Data analysis is perforned for each vessel individually, fitting the
concent r at i on-eeseshedncdaiedioliging cpmpatitign punet Compaygil & isifestaonbiied ibn by
non-linear r e%&%ﬁi@c{‘th?dﬁgiﬁ g&%ﬁ?ﬂl&lﬁan&%ﬁﬂﬂl@b%fémo'i%ﬁl %@Adé@gﬂher dilutedRESUl TS.

Conpound | shows pot ent ul'lreversa -1 nduce ation of ex
vi vo humantOi nt25deldantp a¢saybuféar ( Esmil Tis-EHg07.2, 88 MEOLYMOL6Tuten>Xd Anal ysi s:
I nhi bition of g@?ﬁ GENL R LB [ 126} e

I ntracrani al Al\rtern;cll%ﬂ d‘lcgé g@ér}gggé%fr?l%%fl}gﬁ%ﬁ\éginﬁgggﬁﬁslgn&égtal nrs&tooa range
of CGRP conceniM atdssayduffGomd@wnbinie df §0 pt B-aildedud adch dvelli(fiml cordemiadionl artery

rings in the tissue bat n CARP..concentrati.on-r.espon curve is
generated to achi e%?easscaggp%%éﬁ/@ﬁp%@%%e RSy ﬁrg?%gadvrggli %lﬁ%ﬁdem ﬁég)s%%ﬁlgf{erand

mul ti pl e ant agdr fsdsh dd%em)mmbdighesteso idébitor addkaiisandfhoangagediast produce a
"right-shift' in.th centration-response curv. requiring greater
congent r atond"Sioagsireped S S B DT RE T SeLacE s RSt ang

achi eve full diobal.i Dt asdal psi@ratc thiv iubaRd At ®Imathpdrtulel(RYE) dbr@wo
pre-incubated w th antagoni st, Qen contracted wth K ltﬁ:étto imc
endogenous t or@!s- AaYs ‘fieﬁ%ﬁefﬁ) yﬁ‘ﬁ&&@?%"fdﬁf‘c@f ?fﬂ??—;"&é ef:@ﬁ](?@ﬂtrati ons of
CGRP to achi eveistallph 7.8l0axaBSAN im&eIROY A6l loweR b Hiltedb BN claSs B @qbkve at

i nhi biting CGRP-I né)uced dilation of ex vivo human intracranial arteries,

and di spl ays a@rpeaeked i8(0-57 GRE aenaspeifi¢ binging isletiogRpitl b bR on- r esponse
curve. 10Mpt had§iein RGN MiLRAIRY MRHs e Rtk 4 fhnd SikiiSadnnoliat edlef or 30 min
with a single co?}l(r:lent ralt%hon 1?‘(?#[1} 30%% of° the ant }ﬂg‘on'i1 srlt %gm')ouﬁd |, then
contracted wi tiRsoi9defivek®1th¢ canceritraiion efrdoyewsrsquinde) inhibelSPBwEd by addi ti on
of increasing ions of CGRP to achieve full relaxation. The KCl
contraction i srgcg{ﬁ?%\%%ﬁ?lggst abilize, such that total antagoni st

pretreatnment time is approximately 45 min prior to 1l5application of CGRP.
Results. Conpound | produces a parallel rightward shift of the CGRP
concentration-resp C i X MLV Iy I.al. eries. Schild
anal ysis reveal s a%%g‘?%f éé%g%wl%g\éﬁés c%ggiﬁﬁﬁgoncoh%%%gﬁ%égﬁéf y to the in
vitro bi ndiSng [tzls{ﬂ(iGRP 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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20 22.7 pM and functional (Kb = 21.5 pM assays. In vivo Efficacy of
Conmpound Tin Marnoset Facial Blood Flow To evaluate the in vivo efficacy of
novel CGRPOReriepsze ant agoni sts, narnosets receive a sePCeaSe11/028168

i ntravenous injections of haCGRP (at 45 min 25intervals). The first serves
as a baseline control, and is foll owed by subcutaneous delivery of test
article. The subsequent three CGRP chal |l enges provide an assessnent of
functional CGRP antagonismin vivo. In the present study, Conpound |
denonstrat ed robust, l|asting P ant agoni . Met hods. Marnosets are
anest heti zed and facial blood f EVFP?l%H%péggéﬁmﬁV i ntravenous (IV)

adm ni stration of haCGRP at 45 mn intervals (-30, 15, 60 & 105 mn) The

ef fect of test conpound, delivered at 0 mn, on the haCGRP-i nduced changes
in facial blood flow is measured by | aser Doppler flowretry. Effective 5
conpounds woul d supfriegs ThesmahaCGERRe inretietedbitwemahs endogenbacC@RPbl ood f 1 ow

seen at 15, 60 &. 105 mn (as ,Co red to.the baseline haCGRP.effect seen at
250wy peslgad Pl i R i s BB R R T Ca e x
j acchus) wei ghiriv@ly 3bObiabile of BENCSRRI0 HiHKENMC cAnastibest prepadtidiriepar at i on:
Ani mal s are anest hetized by .i sofl urane iy ion in an jnduction chanber
(4-5% rapi d i MEGTPONT HETCATIRS sRogenR e ‘]f 2%@%"%&“@% cogtro OF‘C,L{ll“?l@é’é) :

Anest hesi a i s igicprabmedf Qyst B@1ditoak) odg ofthe BASE@BENtSHARI(YO P 22l No®xygen
(50:50) and isoflurane via intubation and ventilation (with, blood gas

moni tori ng) . BOGPICempars Ly Saturationdaty g anajzedvididyperbaliceaygtiqns 4¢idkent on an
aut omat ed t enpefabHE¢eRESPIdasBrigsl URG & Wil eb@dtioRcoRnt (X $4mRI | area of
fur 15(approx. 1.5 cmsquare) is renoved fromone or both sides of the face
by appl i cai orthomadmyagiumbeipfpindinesitesifasor ThsHaprdigf thepdditiienstt areas are
clipped and prepgofsh otk ﬁ?ﬁ&iéﬁ%dﬁﬁneté@ (kd\/B,Lga)ftﬁ [P RER Gdallurl S MmgSaphenous
vein for the admnistration of test conpounds and the CGRP receptor agoni st
haCGRP. Addi t icomated: this 1V |ine provides for wthdrawal of blood sanples
(max 2.5 m, 10% for blood gas 20 nonitoring and anal ysis of conmpound

pl asma | evels. A solution of 5% dextrose is admnistered IV in order to

mai ntai n bl ood sugar |evels. Anesthesia depth is nonitored by neasuring

bl ood pressure andRaedst Compamdd congerirajorrdpnppdesitly éncagapasdhf disspgietsd and a
pul se oxi met er i i.di - g/ Va; mented with
5 ng/ kg I@gascﬁg% eg?%?gwgk¥gﬁﬁ?%ﬂ%%Q%gkgg%é?ﬁgmggﬁﬁﬁ¥#h§gﬁﬁ&@ggiaI 25bl ood
f1 ow whi ch ot bmwingahs mevisupr vgrbes sl bielingsdtas of [GHLEGRP biding (Bepdatlad
stinmulation (E s . g L] nitored by
attaching a sEﬁ?géﬁﬁ@%ﬁ@énﬁg§§§Qﬁ$%%$§§ﬁ¥ﬁ§§, ?é E&%@q€£%8p%gﬁggkskin. The
probe records [PHECGRPrethe fmamedecptoo 6BhbEelO).s crossi ng the path of two | aser
beans, nultiplied by their velocity (reported as changes in flux). 30Drug
Del ivery: Test conmpounds are adm nistered SC (0.1-0.6 m/kg) in the nape of
t he neck. The CGRP-receptor agonist, haCGRP is delivered IV (1 m/kg) at a
dose of 100l agl¥de /0. Ko BrT€$t IINGGRP 6t he 8K:N-VIS G esbiane Bieparagbi Werdcy and
duration of action, a controbqkaﬁ%?%s é%n L% b%%(9%99d flowis induced by
adm ni strati on of haCGRP (1d)p.g g f 6°H 1 rior (-0.5 hr) to drug
delivery. Conpound—t—ts—then@dmnitstered—at—tine—zero(O—nirn)—andrepeat
haCGRP are dglivered at 45 mn Cnteslval S0pdf Corgpdund ( dal @ mé Comptied I5at
0.25, 1 and 1.75 hrs post-dosle). Conpound | is dosedlat 0.003, 0.01 and
0.03 my/kg, $GryEh@sme sanpl e jane, oht ai negy ) ugh dbef dre gagh ,aGERe
adm nistratign. Fol'l owi ng testing, anipals are returned to the transport
cage whi ch i gplaced—ron—=atenperature—rcontrotted—surffacethat—keep—the

ani mal s war m|Bndxl (frhelithy awake aszléanbul atiaey.+ 28 mal|s maydfe+ 6dst ed| agai n
after a 14-2119§&n{est and mashoT66per od.
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10 Resul ts. Conpound 1(0.003-0.03 ng/ kg, SC) shows dose-dependent

i nhi bition of CGRP-induced increases in marnoset facial blood fl ow Robust
(53- 80%worhithizsizen i s observed at 0.03 ng/ kg at 0. 25, pCTArSdo11/07H6thr
post-dose. Significant (35-40% inhibition is seen across all post-dose
test tinmes at 0.01 ng/kg. 15At 0.003 ng/kg, a mld (20% but significant
inhibition is observed at 0.25 hr, with no effect at later test tines.
Conmparing efficacy vs. exposure, plasma |evels? 8 nMare associated with

significant in vivo effic nd | eve >25 L W maxi mal efficacy for
Conpound |. 20l ntranasal ﬁ%%?@ﬁ?WﬁHO%égﬁwﬁéCgaﬁéé@@}fﬁﬁbound | and Conpound
[11: One-Wek Conparative Intranasal Irritation Study in Rats. This study
was conducted to corpare Pat@RP alcemasaimpiaxris ¢capicd thé GEohpoafid |t o

Conpound 111 when given i Ly to mal for 1 week: t
(107 or oup)  werd PRt et o CERERE s P S oe o potNG 111
25sol utions ( 2&denddnedd’s-ty&icidnophdipiddd vis\bSdependdhCacacdtidn oPadddfmfeenzal koni um

chl ori de, .ZSW%anhydrous dextrose, pH 5.8-6.2) once daily at a dose vol une
of 100 pL/nost¥7FS® Usi ng this dosing paradigm fixed doses of 5, 15 or 35

ng of test article _were delivered daily. .a, conseqguence, .dosages

nor mal | sed 10 body FHBTGHT HREFEILBHCHPRHTE T AEEMPRADY BES gl TEe cont r ol
group was gi veadinhislGrRE-StimelRieg Fematanst caclEhanp Gontacidd viHoRUSK WaSI(gi vVen
saline by intranasal instillation. Paraneters eval uated included clinical

observati ons, BbuyEadiMheclsprogcudaisd aimsemdsmperaiie Bk ety (CR Bpfgne

hi stol ogi cal eqyaduahb@l PhreliadBhtel With Y8Sous ¥ehddRSatlo ot @higoakd NRE I §
paranmeters are shown in Table 11. Table 11: Toxicokinetic data derived for

Compound 110 Compeankefre Usedditiongl &3 15l GERPeabhenGrbapnapaed 85701 07 2. 50
Paramet er Day {},{y 'ﬁle%%/)éliQAMP (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). ICs, 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  +4.2 pM, 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 either with CGRP alone, or with CGRP in the presence of various
concentrations of Compound I. Specifically, dose-dependent cAMP stimulation by
CGREP is assayed with or without five different concentrations of Compound I. The
concentration of Compound I is plotted on the X-axis against the dose ratio minus 1

30  on the Y-axis (dose ratio is defined as the ECsy of CGRP in the presence of
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Day 6 Day O Day 6 Mean Dosage (ng/kg) 21 19 62 56 144 132 Mean Cmax (gM
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Compound I divided by the ECsy of CGRP alone). Linear regression is then
performed with both X and Y axes log-transformed. A slope that does not differ
significantly from unity (1) indicates competitive antagonism. K, is the antagonist

dissociation constant.

Results. Schild analysis for Compound I reveals a mean slope of 1.02 + 0.04
and mean antagonist dissociation constant K, of 21.5 + 9.4 pM. The parallel
rightward shift of the CGRP concentration-response in the presence of increasing
concentration of Compound I indicates competitive antagonism by Compound I of

10  CGRP-stimulated cAMP production. The slope of 1.02 from the Schild plot further
supports the competitive interaction between Compound I and CGRP function. K of

21.5 pM is in agreement with the binding K; (22.7 pM).

Reversal of CGRP-Induced Dilation in Ex vivo Human Intracranial Artery

15 To provide an ex vivo measure that mimics the clinical condition (where
migraine-related CGRP release precedes initiation of therapy), vessels are first
dilated by CGRP and then the dilation is reversed with Compound 1. In this reversal
protocol, antagonist post-treatment reverses CGRP-induced artery dilation (using a
single agonist dose and multiple antagonist doses). In brief, wire mounted artery

20  rings are contracted with potassium ion (to mimic endogenous tone), fully dilated
with CGRP, and the dilation reversed with increasing concentrations of the CGRP
antagonist Compound I. Compound I post-treatment is effective at reversing

established CGRP-induced dilation of ex vivo human intracranial arteries.

25 Tissue Samples. 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,4 1.2, MgSO4 1.2, CaCl, 1.8, Glucose
6, NaHCO; 4, HEPES 10, EDTA 0.025). Upon receipt, the vessels are placed in cold
Kreb’s buffer (composition in mM: NaCl 118.4, KC14.7, KH,PO4 1.2, MgS04 1.2,
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1.0 0.50 2.0 1.0 Mean T1/2 (h) 7.1 5.6 5.1 6.7 ND1L 6.0 Mean C24h (1-11")
0.022 0.015 0.017 0.059 0.12 0.036 51Not determ ned because of prol onged
exposur e. WlAbsOI28232 bi oavail ability based on an AUCo- 24rCofusZo1i/oe§168 M h i n
rats follow ng intravenous admi nistration of 1 ng/kg. 3Estinmated rat nasal
mucosal surface area=14cn® 10l ntranasal dosi ng of Conmpound | provided
system c exposure in rats out to 24 hrs, and little difference was observed
between the first and | ast days of dosing in this 1- week study

Farnes? er oGl L £ 3l AL RIS flt R i korhpaeRi R gty apliat e

vehi cl e contr qkggenand was 15possibly related to the excessively large
dosi ng vol unme used for the study. Salivation not observed in rats given
sal i ne. Methods. The vessels are cleaned of connective tissues and cut into

cylindrical segments of 4-5 mm in length. The vessels are then mounted in tissue
5 Dbaths between two stainless steel hooks; one of which is fixed and the other of which

is connected to a force displacement transducer. The vessel tension is continuously
recorded using a data acquisition system (Powerlab, AD Instruments, Mountain
View, CA). The tissue baths containing Krebs buffer and mounted vessels are
controlled for temperature (37 °C) and pH (7.4) and continuously bubbled with

10  carbogen. The artery segments are allowed to equilibrate for about 30-45 minutes
until a stable resting tone (0.25 to 0.5 g) is achieved. Prior to the assay, vessels are

primed (conditioned) with 100 mM KCl and subsequently washed.

To test the anti-dilatory effect of Compound I, vessels are first contracted
with 10 mM potassium chloride (KCI) to mimic endogenous tone, then fully dilated
15  with | nM haCGRP, and finally the dilation is reversed by the cumulative addition of
increasing concentrations of Compound I in half log units (allowing calculation of
ECsy’s). At each concentration, the effects of the drugs are expressed as % reversal
of CGRP-induced dilation in each vessel. Data analysis is performed for each vessel
individually, fitting the concentration-response data to a four parameter logistic

20  function by non-linear regression analysis, to estimate the ECs values.

Results. Compound I shows potent and full reversal of CGRP-induced

dilation of ex vivo human intracranial arteries with ECso = 880 £ 50 pM.

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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Nasal irritation was observed for both conmpounds but Conpound | clearly
caused |l ess olfactory epithelial atrophy than Conpound Ill over the dose
range (Tawbeow22323The type of | esion observed was consi PCEUS20W10R81HS | Or
observati ons made 20for Conpound II. The severity and incidence of nasal
findi ngs denonstrated that Conpound | had a superior nasal toxicity profile
to that of Conmpound Il1. Table 12: Incidence and severity O factory
Epithelial Atrophy follow ng Nasal Instillation of Conpound IIl or Conpound

LA DL TR Ry et T M R
None 1 8 1 concentrations of agonist to overcome the presence of antagonist and achieve full
dilation. In short, wire mounted artery rings are pre-incubated with antagonist, then
contracted with KCl (to mimic endogenous tone), and followed by addition of
5 increasing concentrations of CGRP to achieve full relaxation. Compound I
pretreatment is effective at inhibiting CGRP-induced dilation of ex vivo human
intracranial arteries, and displays a parallel rightward shift of the CGRP

concentration-response curve.

10 Methods. Each wire mounted artery ring is pre-incubated for 30 min with a
single concentration (0.1-30 nM) of the antagonist Compound I, then contracted with
10 mM KCI (to mimic endogenous tone), followed by addition of increasing
concentrations of CGRP to achieve full relaxation. The KCl contraction is allowed to
stabilize, such that total antagonist pretreatment time is approximately 45 min prior to

15  application of CGRP.

Results. Compound I produces a parallel rightward shift of the CGRP
concentration-response curve in ex vivo human intracranial arteries. Schild analysis
reveals a K of 91 pM. These results compare favorably to the in vitro binding (K; =

20 22.7 pM) and functional (K, =21.5 pM) assays.

In vivo Efficacy of Compound I in Marmoset Facial Blood Flow

To evaluate the in vivo efficacy of novel CGRP receptor antagonists,
marmosets 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 iz vivo. In the present study, Compound

I demonstrated robust, lasting CGRP antagonism.
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Methods. Marmosets are anesthetized and facial blood flow is increased by
intravenous (IV) administration of haCGRP at 45 min intervals (-30, 15, 60 & 105
min). The effect of test compound, delivered at 0 min, on the haCGRP-induced
changes in facial blood flow is measured by laser Doppler flowmetry. Effective
5 compounds would suppress the haCGRP-induced increase in facial blood flow seen

at 15, 60 & 105 min (as compared to the baseline haCGRP effect seen at -30 min).

Subjects: Adult male and female common marmosets (Callithrix jacchus)

weighing 350-650 g serve as subjects.

Anesthesia and Preparation: Animals are anesthetized by isoflurane

10  inhalation in an induction chamber (4-5% rapid induction, maintained with 1-2.5%;
Solomon et al., 1999). Anesthesia is maintained by delivering a constant supply of
air:oxygen (50:50) and isoflurane via intubation and ventilation (with blood gas
monitoring). Body temperature is maintained at 38 + 0.5 °C by placement on an
automated temperature controlled surface with rectal probe. A small area of fur

15  (approx. 1.5 cm square) is removed from one or both sides of the face by application
of a depilatory cream and/or shaving. Surgical areas are clipped and prepared with
betadine. An IV line is placed in the saphenous vein for the administration of test
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 I'V 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 pug/kg.
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intranasal irritation. Male rats (6/group) were instilled intranasally with
Compound | or Conpound Il solutions (75 or 175 ng/L) in 225 nM succinic
acid, 1.25% anhydrous dextrose, pH 5.8-6.2) once daily at a dose vol unes of
12.5, 25 or 100 [iL/nostril. The only endpoint evaluated in this study was

hi st ol ogi cal eval uation of 1 t e nasal turhinates. The qlfactory epithelial
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175 75 175 75 (@ YIﬁn) and repeat ha CGRP are delivered at 45 min intervals for ~2 hr (data collected
5 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 returned 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 At 0.003 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 I1I: One-Week Comparative Intranasal Irritation

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

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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ng/rat/day 1.875 4.375 3.75 8.75 15 35 nag/cna2 (1) 0.134 0.313 0. 268
0.625 1.071 2.500 Compound vol une/nostril 12.5 ,uL 25 ,t11, 100 ,t11,
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evaluated 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 L.

Compound [

Dose, mg 5 15 35

Dose, mg/cmm) 0.357 1.07 2.50

Parameter Day 0 Day 6 Day 0 Day 6 Day 0 Day 6

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

Mean Cmax (LM) 0.33 0.66 2.2 0.83 1.5 1.2

Composite AUC.z4 (LMeh) 1.6 2.6 4.6 5.2 7.9 5.4

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 Cayy (LM) 0.022 0.015 0.017 0.059 0.12 0.036
5 'Not determined because of prolonged exposure.

2Absolute bioavailability based on an AUC, 4, 0of 7.7 uMeh in rats following intravenous

administration of 1 mg/kg.

3Estimated rat nasal mucosal surface area=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 III.
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Table 12: Incidence and severity Olfactory Epithelial Atrophy following Nasal
Instillation of Compound I1I or Compound I in Rats

Dose (mg) 5 15 35

Dose, 0.357 1.07 2.50

(mg/cm’) ™

Severity Compound | CompoundI | Compound | CompoundI | Compound | Compound
III 111 III

None 1 8 1 1 3 4

Minimal 6 1 0 6 0 3

Mild 2 0 2 2 2 2

Moderate 0 0 6 0 3 0

Marked 0 0 0 0 1 0

'Estimated total nasal mucosal surface area of the rat is 14 cm?

10

15

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 I
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 IT at each dose (volume % concentration)

evaluated (Table 13).

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

Compound 11.
Compound volume/mostril 12.5 ul 25 ul 100 ul
mg/ml 75 175 75 175 75 175
mg/rat/day 1.875 4.375 3.75 8.75 15 35
mg/em? Y 0.134 0313 0.268 0.625 1.071 | 2.500
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Compound

volume/nostril

12.5 1

25 4L

100 1L

Compound 1

None 5

Minimal

Slight

Mild

Compound I1

None 3

Minimal

Slight 1

Mild 1

2

Moderate

3

Severity of lesions was assessed on a 1 through 5 scale. Values correspond to the number of animals showing each 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

'Estimated total nasal mucosal surface area of the rat is 14 cm?

group. No exposure data was obtained in this comparative irritation study.

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/tissue 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 I'V route. The dosing solution concentration and delivery volume are
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t hat exhibits aggl}rystgg%wlt]éﬁé_yrngﬁ %Qrﬁ%pir@/ﬁr ior to IN dosmg, 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
10 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
15  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 uM (Table 14).

20  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 £ SD) | (n=3, Mean +

SD) SD) SD)
Dose (mg/kg) 0.5 0.3 1.0 3.0
Dosing volume 100 100 100
(ul) (50/nostril) (50/nostril) (50/nostril)
Dosing 5 10 30 100
concentration
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Bioavailability
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12.5+6.56

18.8 £ 8.96

30.2+10.82

5

10

IV formulation: 50 mM succinate buffer/D5W 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 measured within 5 min. The drug was detected 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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1.0 3.0 Dosing volume (ul) 100 (50/nostril) 100 (50/nostril) 100

(50/ nostril) Dosing concentration 5 10 30 100 Paranmeter IV (n=3, Mean
SD) IN (lwe2doge}23¢n=3, Mean SD) IN (md-dose) (n=3, Meam/us3Dj/obdNef hi gh
dose) (n=3, Mean SD)

Table 15: Dose Linearity of IN Compound I in Rabbits

Dose (mg/kg) Cmax AUC,y
(n=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 2.03+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.

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 expected

10 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
15
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
20 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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10

15

20

25

30

(rmg/ n) Crax (litM 13.7 1.8 0.12 0.69 0.55 0.26 2.03 1.0 Tnmax (h)
0.25 0.25 0.33 AUCtot (nMh) 1.8 0.58 0.14 0.07 0.69 0.33 3.27 1.17 d
(M / mn/ kg 20119123320 Vss (L/kg) 0.16 0.01 PCT/US2011/028168

having acceptable safety profiles. Compositions encompass all common solid and
liquid forms including capsules, tablets, losenges, and powders as well as liquid
suspensions, syrups, elixers, and solutions. Solid compositions may by formed in
timed or sustained released formulations. Compositions are made using common
formulation techniques and conventional excipients (such as binding and wetting

agents) and vehicles (such as water and alcohols).

Solid compositions are normally formulated in dosage units providing from
about 1 to about 1000 mg of the active ingredient per dose. Some examples of solid
dosage units are 0.1 mg, 1 mg, 10 mg, 100 mg, 500 mg, and 1000 mg. Liquid
compositions are generally in a unit dosage range of 1-100 mg/mL. Some examples
of liquid dosage units are 0.1 mg/mL, 1 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL,
and 100 mg/mL.

The invention encompasses all conventional modes of administration
including oral, parenteral, intranasal, sublingual, and transdermal methods.
Typically, the daily dose will be 0.01-100 mg/kg body weight daily. Generally, more
compound is required orally and less parenterally. The specific dosing regime,

however, should be determined by a physician using sound medical judgement.

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.
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.
Pharmacol. 2002, 135, 356-362.). Serum levels of CGRP are elevated during
migraine (Goadsby P. J. 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
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Tabl e 15: se Linearity of
does not alter resting systemic hemodynamlcs nor reglonal 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 S-HT1B/1D agonists,

“triptans” (e.g., sumatriptan).

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

pharmaceutically acceptable salt thereof.

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 [ to a

patient.

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.
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,
diabetes, Reynaud's syndrome, peripheral 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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(n=3, nean SD) Cmax (11111) AUCtot (uMh) 0.3 0.12 0.07 0.14 0.07 1.0
0.55 0.26 0.69 0.33 3.0 2.03 1.0 3.27 1.17 Trend line R2 0.99 0.99
Dosi ng comoentwisizens were 10, 30, and 100 ng/m in 50 mivraiseaiimagies buf f er
vehicle, pH 5. 5In sumuary, the intra-nasal route of adm nistration for
Compound | provides rapid system c absorption and rel atively prol onged

pl asma | evel s conpared to the oral route. The hi gh aqueous solubility and
i nproved solution stability favorably support the viability of a nasal

spray product jn an .appropriate spray device. The .delivery of drug sol ution
oY+ £ Geposithd i nARRRE ChRm SRR s R STea fEevud 2bt o Cbe. ror e
robust and repv@dikci Bldefibddanrdidat possible wth preclinical IN aninal

nodel s. Compound | fornulations are projected to be delivered in reusable
mul ti-dose or disposable unit dose nasal spray devices. Pharnmaceuti cal

Conposi tions and Mahb@esaspdct If @ 1VBIon kelates to metHVAQ tdl&edatiRe e oRfupt he
I nvention is a pharmaceutical conposition conprising Conpound | with a

phar maceut Pcal Py i9iEs eprraBrBursdFefion in gdmcer?, (bbprogetgetiect agapound | wil |
general Iy be gh\MeR afshPRBiRREHE) GBhuISRIRP Blclbfg interleukin-1b(IL-1b)-

stimulation of bone resorption (d) modulating expression of NK1 receptors in spinal
neurons and (e) airway inflammatory diseases and chronic obstructive pulmonary
disease including asthma. See (a) Calcitonin Receptor-Like Receptor Is Expressed
10 on Gastrointestinal Immune Cells. Hagner, Stefanie; Knauer, Jens; Haberberger,
Rainer; Goeke, Burkhard; Voigt, Karlheinz; McGregor, Gerard Patrick. Institute of
Physiology, Philipps University, Marburg, Germany. Digestion (2002), 66(4), 197-
203; (b) Protective effects of calcitonin gene-related peptide-mediated evodiamine on
guinea-pig cardiac anaphylaxis. Rang, Wei-Qing; Du, Yan-Hua; Hu, Chang-Ping;
15  Ye, Feng; Tan, Gui-Shan; Deng, Han-Wu; Li, Yuan-Jian. School of Pharmaceutical
Sciences, Department of Pharmacology, Central South University, Xiang-Ya Road
88, Changsha, Hunan, Naunyn-Schmiedeberg's Archives of Pharmacology (2003),
367(3), 306-311; (¢) The experimental study on the effect calcitonin gene-related
peptide on bone resorption mediated by interleukin-1. Lian, Kai; Du, Jingyuan; Rao,
20 Zhenyu; Luo, Huaican. Department of Orthopedics, Xiehe Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Peop. Rep.
China. Journal of Tongji Medical University (2001), 21(4), 304-307, (d) Calcitonin
gene-related Peptide regulates expression of neurokininl receptors by rat spinal
neurons. Seybold VS, McCarson KE, Mermelstein PG, Groth RD, Abrahams LG. J.
25  Neurosci. 2003 23 (5): 1816-1824. epartment of Neuroscience, University of
Minnesota, Minneapolis, Minnesota 55455, and Department of Pharmacology,
Toxicology, and Therapeutics, University of Kansas Medical Center, Kansas City,
Kansas 66160 (e) 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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20 conprised of a therapeutically effective anount of a Conpound |, or a
phar maceutical ly acceptable salt, and a pharmaceutically acceptable carrier
and may cwotaimi2esaventi onal exi pients. A therapeuti cal ipgTafSb@atopstes anount
is the anmount needed to provide a neani ngful patient benefit as determ ned
by practitioners in that art. Pharmaceutically acceptable carriers are

t hose conventionally known carriers having acceptable safety profiles.
Conposi tions enconpass all conmon solid and liquid forms including

capsul es, tab owders as.well as || ui suspensi ons,

oy ups. el xend DR Rt RS S S Py B RG n t ed
or sustained I’J@&H%ﬁ,s@éi)pf:tﬁ[Wﬂaﬁédl@ﬁ%ch@oﬂmsﬂ}ﬁohﬂﬁﬁg Baeid MR dChakisd Oginp@MDN

5f ornul ati on technlqaes and coqﬁentlonal ex0|ﬁ|ents (such as gLM i ng and

wet ting agent SYirchAY. Demrteeriof Pediptrc Jacumalesy g dmappeipgt Hyvision er%’ol id

ConMposi ti ons a{8ea@ MBmbYdf Ohivbikif Belih BARS TEmY PRInRIaN rhaRghcblogyn about 1
to about 1000 nghof the active jngredient per dose. Sonme exanples of solid

10dosage uni t S Apgaputicsg003). 186, kd-13g; m@d@”ﬂﬁ““@@bgﬁﬂimaﬁﬁﬂI@@D ng. Liquid

conposi tions affhidenss ﬁuogeﬂlgm@laﬁﬁﬂiaﬁorg(ﬁé% Zﬁ@&ﬁn@@nﬁerlﬂ%améﬁ&h Sore

exanmpl es of |iquid dosage units are 0.1 my/ mi,” 10 ng/ni, 25 ng/ ni,

50 my/ i, and Jewef fegleanyizBmpe Dm@n@ut@ﬁP@ﬁ@W%é Phgrmagoshpyapit i onal nmodes

of adm ni stratg a and
Fa ﬁﬂ &%é&%‘l&gpﬁfv@sr‘% %{'tP%s Huné @ufl’@rﬂzﬁ@dwlréﬁ @ll:l%ﬂlﬂ% y kg

transder nal Typical'ly, dose w body
wei ght daily. z%%h@ﬂamm@mnwﬁﬁ%ﬁbbhv@nhﬂﬂmﬁ29@ﬁUK2hé9b2éﬂIy and | ess
parenterally The specific dosing reginme, however, should be determ ned by
a phyS|C|an usi ng sound nedi cal judgenent. 20 Anot her aspect of the

i nvention is intrankastkr apkmt nfthtsmatennnnre]awhltdaa metthed aff tratngent @me:ptcelr | evel to
CGRP are postul& %fr§1 § q;efqm |Q \ g c cong |ons wher e
excessi ve CGRP'YBCEpt 6 att vt Cﬂ‘hd%so curred"’gO %f "tHese incl ude

neur ogeni c vaqmdxﬁaho@mmvmﬂuyﬁghmnemmﬁﬁbﬁﬂﬁﬁ@MﬂﬂhxﬂM@panaQHWQQMﬁmer
headache and ot.her daches er na shock, . menopausa
Fushi ng, - and TR e aps MR GRS S o L bR Ryl 1t he
paE ho )ge nesiiss Qfspemlalgy aicfig agzﬁmﬂ agzmlo(tﬁﬁlws e ﬁlrthé_preaﬂSonngstasw(él

15(10), 745-53; I.anson 001, 53, 167-178.
Gant, A D. Bppintaton geRgT ﬁﬁﬁl&atloﬁﬁg‘gcatﬁ%é’v O%@S%é . Serumlevels of
CCRP are elevated during mgraine (Goadsby P. J. et al. Ann. Neurol. 1990,
28, 183-7) and treatnent with anti-mgraine drugs returns CGRP |evels to

normal coi nci dent WinPRerASPEsy Phthis gy efonekies Ehemethay phtrcagmengpsing

Cephal al gi & 199RbinkBons 385 2Rz 1 Mﬁéﬂd@ %ﬂh%n@ﬁhﬁ@ﬂe%g&lt@%ﬁk%@ fidasdt  CGRP
| evel s conpared to controt%pé{cﬁJ ina M et al Pain 2000, 86(1- 2), 133-8).

| nt ravenot® CERPIDCRPULINGR @é@“P@SNSﬁgxhéﬁwabﬁ@ﬁﬂwnﬂﬂ@ﬁdﬂﬁ@mﬁs (Lassen
L.H et al. nﬂh@érf’%lca?f&ggfor%%(tﬂe)a e‘é %tq;n%'al reclinical studies in dog

and rat report that systemc CGRP th the peptide antagoni st
CGRP(8-37) 5does not alter resting system c henodynam cs nor regional blood

fow (Shen, Y-T. ety d- HAIIEOGh BNl os 00T RO miRAT &) THUS,

CGRP-r ecept or ant ago may preésent a nove rea m gr ai ne that
avoi ds the canmécdﬁamll\argrdm%dnwrnmasss akbtlaaw ofumigreaeotdnditg ¢apim@n associ at ed

w th non- %l e assw c?us!éqr fu guraP in gr'ﬁ‘fp eg1c optﬁalmglglegr}cs an((l optgorhalrsnlfcrnElt riptan).

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

understood by medical practitioners.

30 “Patient” means a person who may benefit from treatment as determined by

medical practitioners.
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10 Anot her aspect of the invention is a nmethod of inhibiting the CCRP
receptor conprising contacting the CGRP receptor with a conpound of fornmula
| or a phsioraciesi3eal |y acceptabl e salt thereof 15Anot hecTasp@at281hst he
invention is a method for treating conditions associated with aberrant

| evel s of CGRP or CGRP receptor signaling conprising the adm nistration of
a therapeutically effective anount of a conpound of formula Ito a patient.
20Anot her aspect of the invention is the use of a conmpound of formula Tin

t he manuf act ure of 1 di canent .t he itions related to
aberrant levels of I egwﬁgiﬁgp kﬁ%@ ‘3&%1&%5“”%ﬁ8¥ﬂ%$“%§68%t of the
invention is ainiethOthe Breddi@ailludtivd @{aﬁpmearmrthhetaﬂﬂeaanb&ﬁed%m@thlaer aspect

of the invention ﬁs a met hod of treating neuropathic pain. Another aspect

of the i nvent isBefificioapeR oyt depagting e eyeria] Hgibriss bt Bribq#aret i cul arly

neur ogeni ¢ i Nfde@rauahdt d)exa@bdbe doRQAFRI inlalljrébh¥ots &liNlEktacom)d nshock, 30
di abetes, Reynaud's syndrone, peripheral arterial insufficiency

subar achnoi®d/ TeStEGVaIriERes beiggaadete s pprpndsd deimsy ratbpr thep faélseoferf‘@@léa Wi th
nmenopause and esaarhﬁes Q&F«Ql dHaRRS whil® chﬁl@%ﬂm%e RbattY £ 5RO op%u%faie%%t ed by

t he antagoni sm of t CGRP receptor by the admnistration o
pharnaceutlcaﬁﬁéwﬂb@§$w?@ﬁﬁﬁ@ﬁﬂﬁ@F@ﬁﬁdméﬁ@@ﬁ@@@ﬁwﬂbf fornmula | as defined
herei n. Anot her aspect of the invention relates to nethods selected from
the group 5consisting of (a) inmune regulation in gut nucosa (b) protective
ef fect agai nst cardi ac anaphylactic injury (c) stinulating or preventing
interleukh%- | b(IL-1b)- stimulation of bone resorption (d) nodul ating
expression of NKL receptors in spinal neurons and (e) airway inflamatory
di seases and chronic obstructive pul nonary di sease including asthm. See
(a) Calcitonin Receptor-Like Receptor Is Expressed 10on Gastrointesti nal

| mmune Cells. Hagner, Stefanie; Knauer, Jens; Haberberger, Rainer; CGoeke,
Bur khard; Voigt, Karlheinz; McGegor, CGerard Patrick. Institute of
Physi ol ogy, Philipps University, Marburg, Germany. Digestion (2002), 66(4),
197- 203; (b) Protective effects of calcitonin gene-rel ated
pepti de- nedi at ed evodi am ne on gui nea-pi g cardi ac anaphyl axi s. Rang,

Wei - Q ng; Du, Yan-Hua; Hu, Chang-Ping; 15 Ye, Feng; Tan, Cui-Shan; Deng,
Han- Wi; Li, Yuan-Jian. School of Pharnaceutical Sciences, Departnent of
Phar macol ogy, Central South University, X ang-Ya Road 88, Changsha, Hunan,
Naunyn- Schm edeberg' s Archi ves of Pharnmacol ogy (2003), 367(3), 306-311; (c)
The experinental study on the effect calcitonin gene-rel ated peptide on
bone resorption nediated by interleukin-1. Lian, Kai; Du, Jingyuan; Rao, 20
Zhenyu; Luo, Huaican. Departnment of Othopedics, Xiehe Hospital, Tongji
Medi cal Col | ege, Huazhong University of Science and Technol ogy, Whan,
Peop. Rep. China. Journal of Tongji Medical University (2001), 21(4),
304-307, (d) Calcitonin gene-rel ated Peptide regul ates expressi on of
neur oki ni nl receptors by rat spinal neurons. Seybold VS, MCarson KE,
Mernel stein PG G oth RD, Abrahanms LG J. 25Neurosci. 2003 23 (5):
1816-1824. epartnment of Neuroscience, University of M nnesota, M nneapolis,
M nnesot a 55455, and Departnent of Pharmacol ogy, Toxi col ogy, and
Therapeutics, University of Kansas Medical Center, Kansas Cty, Kansas
66160 (e) Attenuation of antigen-induced airway hyperresponsiveness in
CGRP-deficient mce. Aoki-Nagase, Tonoko; Nagase, Takahi de; GCh-Hashi,
Yoshi o; 30 Shindo, Takayuki; Kurihara, Yukiko; Yamaguchi, Yasuhiro;
Yamanoto, Hiroshi; Tomta, Tetsuji; OChga, Eijiro; Nagai, Ryozo; Kurihara,
Hi roki; Quchi, Yasuyoshi. Departnent of Geriatric Medicine, Gaduate School
of Medicine, University of Tokyo, Tokyo, Japan. Anerican Journal of
Physi ol ogy (2002), 283(5,Pt. 1), L963-
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L970; (f) Calcitonin gene-rel ated peptide as inflammatory nediator.
Springer, Jochen; Geppetti, Pierangelo; Fischer, Axel; Goneberg, David A
Charite Gaoposyi2zezspPow, Departnent of Pediatric Pneunol og@¢Tarsdoiimegie®l ogy,
Division of Allergy Research, Hunmbol dt-University Berlin, Berlin, Germany.
Pul monary Phar macol ogy 5& Therapeutics (2003), 16(3), 121-130; and (Q)
Phar macol ogi cal targets for the inhibition of neurogenic inflammation.

Hel yes, Zsuzsanna; Pinter, Erika; Nenmeth, Jozsef; Szol csanyi, Janos.
Depart ment of Pharmacol ogy and Pharna%ﬁbﬂﬁhfpy, Facul ty of Medicine,
University of Pecs, Pecs, Hung. Curre ci nal Chem stry:
Anti-Inflamatory & Anti-Allergy Agents (2003), 2(2), 191-218. 10

Anot her aspect_of this invention relates to a nmethod of treatnent for
cancer and prolff8iitive di seases and conditions. CGRP antagonists have

al so been proposed to show utility in the treatnent of malignant disease,
particul arly agai nst glionmas and breast cancer that netastasizes to the

brain. CGRP anlt agonfstempesd go-No&epmethyl-[§-indaesliryludat-fst hypoxi c tunors
and in the preygnhbhiBaidf 4! 1Cy1h- 00ny.49ee«B2¢h. appl i cati on
publication vwé%@@%@%f@%é@Eﬁéggakﬁg?Lg?kﬁg%%%fp%¥4?%????%vention relates to
a nmethod of t rddwdrsminolinpy§pendinerarchibasangde, Po pAraaqeuiesip ecnspigblaiselh one or
nore agents segfggcired fromthe 20group consisting of COX-2 inhibitors,

NSAI DS, aspirin, acetam nophen, triptans, ergotam ne and caffeine for the

treatment of mgraine. "Mgraine," "headache," and related terns are as
under st ood by nedi cal practitiongrs. Mgraine enconpasses all classes
of mgraine including common, 25classiyg, cluster, Hul gurating, hem plegic,

"Ther ap@aitalRy ef fective" neans
edi cal

opt hal nopl egi ¢, and opt honmal m c.
there is a neani ngful patient bene
practitioners. 30"Patient” means a Pgrsqp
determ ned by nedical practitioners. Wi
the art that the present disclosure is nofl limted to the f or egoi ng
illustrative exanple, and that i%/&a e, @mbodi ed in other specific forms
w t hout departing fromthe essential; attributes thereof It is therefore
desired that the exanpl es bz;;gﬂg' red in all respects as illustrative and
b
a

not 5 restrictive, referenc ing made to the appended cl ai ns, rather than
to the forl@goi ng exanpl es,” al |l changes which come within the neaning
and range of equivalency of the clains are therefore intended to be
enbraced therein. 10 CLAIMS W claim 51.The conpound )
(R) - N (3-(7- m32t hy1 Alnh_a{m?&gtttgpl_@nga%mq_n ((ogp1p(rl§1_ng a therapeutically effective amount

of (R)-N-(3-(7-methyl-1H-indazol-5-yl)-1-(4-(1-methylpiperidin-4-yl)piperazin-1-

yl)-1-oxopropan-2-yl)-4-(2-oxo-1,2-dihydroquinolin-3-yl)piperidine- 1-carboxamide

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

3. A method of treating a condition associated with aberrant levels of CGRP or
CGRP receptor signaling comprising the administration of a therapeutically effective

amount of a compound of claim 1, or a pharmaceutically acceptable salt thereof, to a

20  patient.

4. The method of claim 3 where the condition is migraine.

5. The method of claim 3 where the condition is neuropathic pain.
25
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met hyl pi peri di n-4-y1l) pi perazi n-1-y1)-1-oxopropan-2-yl)-4-(2-o0xo0-1, 2-

di hydr oqui nol i n- 3-y1) pi peri di ne- 1- car boxam de, or a pharnmaceutically

accept ablwo=al12813er eof 10 2. A pharnaceutical conpo®Ctriusaoicozgiss Si ng a
therapeutically effective anmount of

(R-N(3-(7-met hyl-1Hi ndazol -5-y1)-1-(4-(1-nethyl pi peridi n-4-yl)pi perazin-
1-
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