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muscle) by enhancing cAMP levels, which results in the activation of protein kinase A

(PKA). Phosphorylation of the PKA substrate protein phospholamban causes an increased
uptake of intracellular calcium into the sarcoplasmic reticulum (SR), thereby affecting
cardiac contractility, as well as increasing ventricular relaxation (lusitrophism). However, at

high doses, PDE inhibitors may increase heart rate and cardiac output, and cause arrhythmia.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing normalization of myocardial contractility by Compound
5 in guinea-pig papillary muscle.

FIG. 2 is a graph showing improvement of cardiovascular function by Compound
8 in a dog model of congestive heart failure.

FIG. 3 is a graph showing enhancement of ventricular relaxation by Compound 8

in a dog model of congestive heart failure.
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DETAI LED DESCRI PTI ON DEFI NI TIONS "Al kyl" refers to a
saturated strai ght or branched chai n hydrocarbon
WO aeio3d444 Exanpl es include without |imtati onP@BEURNN3/031592
et hyl, propyl, iso-propyl, butyl, iso-butyl, 5
tert-butyl, n-pentyl and n-hexyl. "Al kylene" refers to
a divalent alkyl radical. "Alkylthio" refers to a
sul fur substituted BETAILERIDESCRIPHIQBNY! " refers to
an unsaturated strai ght gr oranched chai n hydrocarbon
radi cal conpri si ng at | INI@NSA hon to carbon
doubk gk P’r}‘éfer@& h@fteld Qﬁil%ﬂqeorﬂ Rl Fluflj%di‘béagﬁdn%d'cal.
et henyl ;7 prop eny | SO- pr ope ut eny | SO- uteny]l ,
EK@nplebimtcbldy lethmuplemttamd methpld ethyh exagy; liso-prabide bytyk nes-butyl,
al ent al kenyl radical. "Al kynyl" refers
PR pirenh P By -

rai ght or branched chain

hydr gk Ras” falls éh divaRAPAkSlirhdicat | east one carbon to
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Exanpl e}s1 [ ncI ude w,thout tat cycl obuty
lipifatpeeincnyl, REGRIY ésavprop%% 9$0 'alﬁanywérfd%ftry n-pegtenyl
anc@[ﬁ!s gkenyl refers to a cyclic alkenyl radical.

Exanpl e5 include without |imtation cyclopent enyl :
cycl %&myiyﬂlq” refecd ohepvalentlalkenyl regichlooct enyl . " Al koxy"

iR o ity TRl S oo P N Bepyecica

cérﬁ?ﬁéﬁ@a@é‘as@ SNOEbd kRN triplSWbad.I ExdeslePMRRME Without
ers to a phenyl that is substituted with one or

limiteidorpgthwasd spropyrs i propERenpizayloso-bubmyk dssbutynenpentynyl
aﬁméxﬁg}% without Iimtation C1-C6 al kyl, C2- C6
, C2-C6 al kynyl, C1-C6 al koxy, C2-06
ﬁl Iéemlktynyl.en@h&ftgs(m ad&leﬂemlam(}myl radicdt. ogy, Icar boxy,
ydr gper oxy, .car bam do a car bany arhonyl., . .
car bd Yﬁ}pall\éylaﬁ?fﬁﬁ to ﬁ)‘r‘bj?l&@}{@& gfgcalf EXamRies &)nc'hfd% \ﬁ)sl} ou l1m1tat10n
, cyanat o,
cFHE o8V NIRRT BblohSHTNARCycloat DY AT Do,
ni t r 68yclodlkenil’t refars & a @B liniatkenglandingd, Hxainples include without
ni.tr. 05| hi sul.f ani
e A e S

sul f efdoxy* RifGS &8 BONKy] drBihyPBNRIBE thrbSg & S6)seR inkage.
t hi of or rmm do,
“Alkenoxy” refers to an alkenyl group bonded through an oxygen linkage.

“Substituted phenyl” refers to a phenyl that is substituted with one or more
substituent(s). Examples of such substituents include without limitation C;-Cs alkyl, C,-
Cs alkenyl, C,-Cg alkynyl, C;-Cs alkoxy, C,-C¢ alkenyloxy, phenoxy, benzyloxy,
hydroxy, carboxy, hydroperoxy, carbamido, carbamoyl, carbamyl, carbonyl, carbozoyl,
amino, hydroxyamino, formamido, formyl, guanyl, cyano, cyanoamino, isocyano,
isocyanato, diazo, azido, hydrazino, triazano, nitrilo, nitro, nitroso, isonitroso,
nitrosamino, imino, nitrosimino, oxo, C;-Cg¢ alkylthio, sulfamino, sulfamoyl, sulfeno,
sulfhydryl, sulfinyl, sulfo, sulfonyl, thiocarboxy, thiocyano, isothiocyano, thioformamido,

halo, haloalkyl, chlorosyl, chloryl, perchloryl, trifluoromethyl, iodosyl, iodyl, phosphino,
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hal o, hal oal kyl, chl orosyl, chloryl, perchloryl,
trifluoronethyl, iodosyl, iodyl, phosphino, 3 WO
wQoe4/08833444 PCT/ US2003/ 031592 phosphi nyl, php&pis2003/031592
phosphono, arsino, selanyl, disilanyl, siloxy, silyl,
silylene and carbocyclic and heterocyclic noieties.
"Aryl" refers to a cyclic aromatic hydrocarbon noiety
pﬁmplilingl ph@spho piosghonb cssito, selangl, djsilarkyl avilok @ ssiliyh eilyiehee and
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0X n) in at,l east one ring. Exanples include
pl%/\nl%'%g{f%celi’yqﬁflé B{p?‘@i’?’lpyr ryl, furanyl, thienyl,
pyr i dileiydoaryPXaEak 3 a cyclib |aﬁiﬂdtﬁé|m01b@%ofﬂgrcﬁ1€)bk more closed rings
benzot hi enyl, benzofuranyl and benzothienyl. 10 "Hal o

with pBg 8f merehaieraapE(s) éior sXamplp, sylr. Bitrogsa et PEYBEaAn at least one
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havéagsdidieiant mmum ésmhmé)us extiibiting enmllad en tc%énmal physieaks

and..sh isosteric

pRBEHET TRF Examtle dpitzole b 38 NoSi of RIS ERvi PO Bujcs the
piop&ies bf @ebdxyat abﬁ@%xﬁthbﬁglﬂﬂﬂe? GV edifldfentinbokcsaf@mulae.

i ncl ude boiling point, density, viscosit and t her mal
Tywieallye tWe isogteriepmiassles haver similar ?Irlé?iéllcﬁ ‘@ﬁ hapes. Ideally,

Y, i :

A SR RO ROy A 58 B
pﬂ@pélltiiedﬂ)aeﬁodeﬁé mbEntlllesl usu'ﬁﬂg s]haee mc'luckdﬁ)ﬂﬁrgqsﬁnt, density, viscosity

sse bj 0| ost er es. "Bi oi,.sost e r.are .
aq@@gqr@?ggquqg OWBIVET SEHAI: RSOPFIHES may, bg alg@Fem' dipolar

mdhdEhis2 6151111‘%‘75]%015@9&“[1%11 SRR IGRIFDInRItRE 88E&al orbitals may be
propefties ypi cal'l'y, bioisosteres interact mnth he

hyaivizedrditforgnily.i Blne tsim disostengs oxngomphssentigisestered. i

bi ol | eff f h
o or e o et S bte i BLe e b PRy 5

s&ff@é@hﬁonb iedl pﬁq)eﬁaahcwﬁbsn Q5§ RS, infefRAMWith ghesame
di sease, Ition in whic i sr gulation of cal ci um

regegRiben aéq csr nr@,ducmbrcraébt wailex higpeicabeiectsar di ovascul ar
d' S ?Zéiﬁ%ctwg?aﬁll%lﬁﬁt’ gf@{s t8 ‘ﬁ%\/[ﬁ:mc??lo rJZ@ Xrga n’Eﬂ é{oﬁ&rﬁ%\gegg?é% ereffect, for

eiaiﬂgmeragalatmgl mtlciluﬁn]nteha)stasm treating a disease, condition in which
disregulation of calcium homeostasis is implicated; treating a cardiovascular disease,
stroke, epilepsy, ophthalmic disorder or migraine; or inhibiting PDE (for example,
PDE-3) or L-type calcium channels.

“Metabolite” refers to a substance produced by metabolism or by a metabolic
process.

“Pharmaceutically acceptable carrier” refers to a pharmaceutically acceptable

material, composition or vehicle, such as a liquid or solid filler, diluent, excipient or
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"Metabolite" refers to a substance produced by
nmet abolismor by a netabolic 30 process.

w0 Rivatos@aeut i cal |y acceptabl e carrier” refers POI/ES2003/031592
pharmaceutically acceptable material, conposition or
vehicle, such as a liquid or solid filler, diluent,
exci pient or 4 WD 2004/ 033444 PCT/ US2003/ 031592

sosweht ewapeagsudteddl ngvolsedm aktyiigntatangsbriing thalstdjet@ompound
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of being conpatible with the other ingredients ©
fommlﬁmramd)wﬂahld fennse atitheh¢ patians eEviarnples btmpatiale that can serve as

A T

ladtbge, gaxbommd (sﬂtéro&!,l @rﬁarclﬁdd Cﬁcﬁ 85 cordGtRELandPoHa0 @A (B)
gucrose starches, such as corn starch and otaf
ce

plgseand l(t%‘}leﬂ"é@YqSufo@b as gefHumntcarbgaymethy] mélsﬂossmthyl &sllulose and

cBRRSASTOTNORLN) oLtk o5ra i gl ) B8 Bns,

su¢lbds gebabirtter a@d)summbltory(vﬁ)xeg)(g) cmise puch,as pSatiid oA ScotRaRRd oil,
wax oil's, such as peanut

safliive i esrRE B vk e g natocgn pi: (D aiteoii dich o
pr@;b}}léifé f.ﬂyéol (q(P)' ]IBbl%lb sﬁﬂgassélyaﬁ'ﬁln s&blta;/l nn%ﬂﬁltcgl ﬁ& gbﬁfethylene

such as 11y

ene
glypolidé?) wters o*u@h asmthy% wé@m etndl etlmi daypatk y(éshggae,r(é 4) glffecinlg agents,

sl GRS P i RS S Dehi SU031 6 rogen

frd@wch'tﬁ'x (10 isvnshi@balife;NUB) RM@EMOQ’L&lon 15) eﬂllygilled)libla(‘(%}j H

&% Y ogen- free water; (17) isotonic saline;
bugferdesplugiong) (3 ) Rﬂlﬁ'eSielsgyoléf@ﬁbpnaé¢S@@ﬁéﬂr polyanhydsides;mnd (22) other
[ nat es
ST A o AR S e Ki
‘@hatolaeeicolly amp‘abkemqhwbﬂt”l inclpbay wixbeuttlingigdtion,

hglg{ﬁrgéllét?é oggéeﬁaiog:zsgénmga}q%gfagl{%?ﬁag%& t@ﬁttfels eprodrugs and isosteres.
MaRashERe gduticaly aﬁéc@}ﬁaﬂ:ﬁ@&%a@erﬁ@é&%xgwaf t%th%% R RhHBYE Similar in

net abolites, prodrugs and iIsostere
wtmarrwemﬁcn&w B%/tha@@@pomse)fdmnwﬁlent S ar e expect ed

to h 20 vi.tro or

O, PRH BB RIT el P VA B0 ot b rvenve

comehmmwﬁuhusalabbssemme dadited phathacolddi @l &ctivityafd @s%eqlther
b1og e salt of the inventive conpounds, which salt

Sy otheewise gndesgablpad hasat i eatprregst wifh agidathdt inglude
w1ﬂ‘1%hf Hl'ﬁftatl(g'l &%&@H ﬁgﬁagﬂét d’;ig Thafdl &T)%#t? eoeﬂgﬁga?és be@zeng%éfjé?ngte

salt can or ne aci ds I nc
bisulfatetbatyiram, (Hﬁ‘abmaﬁlphamtepamﬁphc&ls@fcmateecyo@@lﬁﬁfahaiﬁ@plonate

enzoat n 0 i sul fate butyrate,
g B SodeR GRS ethan Sl Rie SRt Ebico eptanoats,
gly@¥pREPRER MR QR 4] %%Stanoate, hexanoate, hydrochloride hydrobromide,

hydroiodide, 2-hydroxyethane-sulfonate, lactate, maleate, methanesulfonate, 2-

naphthalenesulfonate, nicotinate, oxalate, thiocyanate, tosylate and undecanoate.
Examples of a base salt include without limitation ammonium salts, alkali metal salts
such as sodium and potassium salts, alkaline earth metal salts such as calcium and

magnesium salts, salts with organic bases such as dicyclohexylamine salts, N-methyl-D-
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di gl uconat e, dodecyl sul fate, ethanesul fonate,
fumar ate, gl ucoheptanoate, glycerophosphate,

wheomssdshat e, hept anoate, hexanoate, hydrochl oPCTI®ES2003/031592
hydr obr onmi de, hydroi odi de, 2-hydroxyet hane-sul f onat e,
| act ate, nal eate, nethanesul fonate, 2-
napht hal enesul f onate, nicoti nate, oxal ate,

ghubaming saralt selts ith phrdneacddosuch de aigitdad md 13§inEXHmm|n&£emﬁodiments,
a.base.salt include without limtati nlums

O RS ety BN x4, LS TR g v
alf§d Raideuehlak ﬂﬁtf%@ retﬂtyl rﬁbﬁ} aalbhiyl %M%Hd@ss b{%%eéydﬁd%@kdes

rragneS| um salts organit c bases$ such

diglkey emlﬁaﬁ@)@yplam dimeﬂrafll,tdsethﬂ, chémtw ancbd@rmbsw_lﬁmm mmwn halides
gl 1592
sd:> a/ Hg’éﬁ,ccl%{ngr L n%rbsltyl% @Cta ﬁrgTﬁglgp IiOHllé%r?éld 10(55l Hés and aralkyl

hﬁfﬂwdmdlmtp&eneth)hebr&ﬁﬁibg ni t rogen- cont ai ni ng groups can
be quarterni zed with agents .including | ower alkyl

hal i Heseduigs Felse tora dpspyativeof e inppdiyy Compernsks that undergoes
b
S%Jfg%?%ﬁo%%lﬁ%?ﬁgfag? 7 %g&g%@*ﬂ % d&ﬁhiaﬁﬁﬁcp?otg?c%l effect(s).

Theipfodtuesis fd)rnmj;ated]mth tieadlijeltive ) sﬂmipraﬁeddﬁemhqal ktabitiyyt, improved
%%lstyl andrﬁtear chl ori des, bro f and i qdj des;
pal ckpiE erfspraben G pprass DhieRaAY ngsd durafion of
act%hoﬁlﬁﬁi@vecf &fgﬁ{ SeldcBvity dRipkrRk e RhtidnN@.d, rfl‘f&@ésbéf €
onpounds that undergoes  biotransformation, such as

hYﬁhfoaﬁublhfs'm angiok deareasediside effngs (¢ &, ohvinityh cBheoproduaig can be readily

rodrug _i,s f.or nul at ed
PSP g AP SRS i B chal hthotSingh o
désenbai inGBUR EREAIEHOBA LAMEMIORY ANDDRUG CRpK@Med, Fifth Ed., Vol. 1,
bi ocavai | abi | i tellgggr ol onged duration of action,

PR- n&?ﬂo‘i@d%ﬂﬁ% ect i vi ty, inproved formulation
13 2 |
(242 pp L, R0 sl RR AL o AL a5, an
hereadhd gamepnelpaﬂadwﬁghmbmthhffemn@wtth V@pem) i thie Rckan gkSn ey or

venti o met hods, such as that described in
CE%}%@@? q?/%ﬁl YRGB CHEM STRY AND DRUG CHEM STRY, Fifth
: “Sf@fems@)mers1 RefePro idoiRerd At dBEP 088 4n tH 32 Phgement of the atoms

Isorrers refer to conpounds having'the sane nunb
inggpdeki nd of atons, and hence the sane nol ecul ar

\/\/elg but di f fe,r W.th .respe to the.arran
cBiseieiien, TP e crshib RS My i it EEPTREach otter.
Dﬁa@;tdraﬁmiﬁéis bt inkddnfRun@havinditvid@ raére aggemettic cafbon@oms;
atons, 20 in space. "Diastereoisoners" refer to

thyis esugls PerB RIS v 2" APECH dsOTRRTS.riers Prisgle nBMberefigsymmetric
cAbOELiomsD ast er eoi soners occur in conpounds having two
or nore asynmetric carbon atons;
“Enantiomers” refers to stereoisomers that are non-superimposable mirror images

of one another.
“Enantiomer-enriched” refers to a mixture in which one enantiomer predominates.
“Racemic” refers to a mixture containing equal parts of individual enantiomers.
“Non-racemic” refers to a mixture containing unequal parts of individual
enantiomers.
“Animal” refers to a living organism having sensation and the power of voluntary

movement, and which requires for its existence oxygen and organic food. Examples
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t hus, such conpounds have 2" optical isonmers, where n
is the nunber of asymetric carbon atons. 25

wO BEwassidaher s refers to stereoi somers that arBCT/US2003/031592
non- superi nposable mrror inmages of one anot her.
"Enanti onmer-enri ched" refers to a rrixture i n which one
enanti oner predom nates. "Racemc" refers to a

inoludé umﬂmuoritn&amn mmmwd off1Be hemed, dqﬁﬁlb Mpodtiat, bovine, murine,
enantloners " racemc" refers to a_m xture

Caé’g}?taélfirf? Hi$ spedefu alrl ﬂiéf‘a?*’@% obp h umam,\ﬁm alamaé omay, éJﬁ@ bepelprged to as
alﬁglgtﬁ refers to a |iving organi sm having sensati on
e power of voluntary novenent, and which
reqwmﬂmsnmﬁheﬁﬂsweww&mebkmdm&wg&buaﬂdnmmganic f ood.

Examl es 6 WO 2004/ 033444 PCT/ US2003/ 0 | ude,
it R e SR e e ST LY

“@&Hi%‘vé‘s%ulapel‘éée{%@’ re'f%%E kI8 dise£R0F AR }@Qﬂ' B166d ﬁ%s&@ 6Pé1€é‘ulat1on
I'n the case of a human, an "ani mal" may al so

r ef efHesgt fadure? refers t@ﬁt@lt@ﬂ@@ﬂ%ﬁnmtate heflck an @branrmahty of

r m-bl ooded vert.ebr ci.um
oo BhERE S BBt B Be Rl R beid bl ploag b re
coh@hEhsuratd With tmehulrem@@g @Iﬂtﬁyafecabbﬁzmg tiserse" refers to
a di sease of the heart bl ood vessels or cjircul ation

" Heaf¢omeastiverheart faifusy srefess toreaps deifp Hips reshlsyindh & lggelopment of
f
°¢‘%§%@"ﬁ@?g|@§"@% Otgngﬁlekatb‘é 191fn§%§ diac function is

the heart to punp bl ood
at a“Mpfestensioniirefesuitoati@vativh bf syseemie loodenesstrs. of t he

;n;% 2{2 fé} ﬂgd&r(i Sta ?qsuiﬁ, éeﬁeﬁatpr;gégﬁér%/rgd Eﬁiar{etﬁglfa? con({uctlon and/or

s LABEBRRH vath the SREAShI ﬁm)%% SREORhE atrfol%nmcular (AV) node.
met abol 1 zi ng ti ssues. ertension" refers t

el ev‘éytqrbyt s‘yf;tsetmabnm ljezpt ghsrﬁum eln a‘rg)gotbmaantb@ dieartbeats may

beéjgw B}C el CFagh&c)% 1%%%?1%@?% Q0 £d }6 A atmepg q;'ﬁ]?rwn%a include, without

lifitBOGR], 'btaﬂdlyca(r&ﬁ) ﬁ&@l@@loﬂfwﬁﬁr ot \h;@tr&h[arpaiﬁlrlirém@wk%orﬁnw)on
node. Arrhythm a" refers to abnormal heart

I'n arIrIrmmnhac Subgertistanosis ateferprienlygemeny of F‘%ﬁ/@ﬂea{td%usn]e due to
|
P85k R0 BP0, o BRIl o1 e o

fibr i‘Ah@ha bxmfe(ratorchakt pain assodiated whithrpprtah dr mnepiatlemcelusmn of one
contraction. "Hypertrophi c subaortic stenosis" refers

Of BOBCKFEREHATICS A0 thidiepitar t muscl e due to pressure
over “ﬁ%g‘uﬂ%} bR t'oef(f) pY&RhHAES 8iséR8 Widdra& dr'ceRdings fodl occurring

bl ockage of the aorta.

in an animal that may be predisposed to the disease, disorder and/or condition but has not
yet been diagnosed as having it; (ii) inhibiting a disease, disorder or condition, i.e.,
arresting its development; and/or (iii) relieving a disease, disorder or condition, i.e.,
causing regression of the disease, disorder and/or condition.

Unless the context clearly dictates otherwise, the definitions of singular terms may
be extrapolated to apply to their plural counterparts as they appear in the application;
likewise, the definitions of plural terms may be extrapolated to apply to their singular

counterparts as they appear in the application.



20 "Angina" refers to chest pain associated with

partial or conplete occlusion of one or nore coronary
wW@raoa/03®rg4 i n the heart. "Treating" refers to: PCH/US2003/031592

preventing a di sease, disorder or condition from

occurring in an animal that nmay be predi sposed to the

di sease, disorder and/or condition but has not yet

been di agnosed as havi ngCOMPQUNDS nhi biting a

di sease, disorder or condition, i.e., 25 arresting jts

deveﬁ%?ﬁ@ﬁ I inygatcn Proyides comapeusds RessessyiedBaibEory activity against
PDESDLMEL-te GRAG bhtfhels ofthe gk Shiagus €97 essi on of

t he di sease, disorder and/or “condition. Unless the

context clearly dictates otherw se, the definitions of

5 singular ternms may be extr? oggted to apply to their
plural counterparts as they gﬁ ar in the application;

i kewi se, the definitions of plural ternms nay be

gxtrapolated to apply to their singular 30
WEEGHt er parts as they appear in the application. 7 WO

2004443241 RCTH G000 34502, o CENEARS, i, r esent

i nvention pro es cofpounds possessi ng i HA I’t ory

act i kit ylisigag gsup; #I0E- 3 and L-type cal ci um channel s,

of tye ral farnula.5 Y-L-X wherein: Yis a

10 dihygfﬁggﬁﬁﬁ$ﬁ@ﬂﬂg¥%ﬁﬁmﬁﬁlciun1channe| bl ocker nmiety;

- | SERuh BN OMRIIRANCOAR of1diin Skt BlobBAL BlchE Yvithout
_noi ety. Exanpl €s of" di hydriopyridine L-type cal ci um
limiatiterel bl ockers include without linitation: | NO2 |

N0O2 NO2 H3000C COOCH3 H3COOC COOCH2CH3 MO, ,,-~,0

COOPr M NM M HMMNM H HNfedpine
Ni trendi pi ne N nodi pi ne NO2

NO, NO,
N02 (@]
H3CO0C COOCHj HsCOOC COOCH;CHjz MeO._~ COOiPT
|| | | ]
Me™ "N° Me Me”™ "N° "Me Me” N7 “Me
H H H
Nifedipine Nitrendipine Nimodipine
NO,
[::L\/gHa o) ci
N c HzCOOC COOEt
~" 0 ) OOEt B o
Me N Me Me }I’:II NH,
H
15 Nicardipine Amlodipine
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CH3 O COCEt H3COOC COOEt Me N Me M H O-\NH2 15
Ni car di pi ne Am odi pi ne 8 WO 2004/ 033444
wEAAOSRGO3/ 031592 One enbodi nent of the presrO/US2003/031592
i nventi on enconpasses a conpound of formula |l X .L R3
R2 RANRL H5 1 or a pharmaceutically acceptable
equi val ent, an isoner or a m xture of isoners thereof,
wher @nemBRidiment d4hapesém depaticeatcoynphysds o gempolal of formula [
nitro, cyano, trifluoronethyl, amno, 10 -NR5R6,
Cl- A4 al koxy, C1-C4 al kylthio, Cl-C8 al kyl, C2-C8
al kenyl or C2-C8 al kynyl, Xsherein one or nore -CH2-
group(s) of the alkyl, alkenyl or, alkynyl is/are
optionally replaced\MtrB 3 @i, -S2- and/or -NR
5-, and the al kyl, al kenyl br |Ikyny| Is optionally
substituted with one or mjr eNcaronyl oxygen(s) and/or
hydroxyl (s); R5 and R6 are inependentIy hydr ogen,
C1-C8 al kyl, C2-C8 al kenyl or C2-C8 15 al kynyl,
wherein the al kyl, al kenyl or_al kynyl is optionally
substituted with phenyl or dubstit ut ed phenyl ; R2 and
R3 are independently -COOR7, nitro, cyano or
trifluoromethyl; R7 is Cl1-C8 al kyl, C2-C8 al kenyl or
or@phegnagetienjly acodpsatds equivedend] dyibomen deenyixtue of abiogrsythereof,
W@%dﬁptionally substituted with Cl-C4 al koxy or -NR5RG6;
"is a direct bond, Cl-Cl2 al kyl ene, C2-C12

al kemydnd R a0¢ ir@Rpdalinty kydiyseNRalo, MAS! Blafo, AR HuSont¥BIYE, amino,

- - .group(s) of the alkylene, alkenylene or
-%%ar@lr%wﬁgw, §mC4 dlptitham £t allep) GaeeialkprH or §-Cs-abkynyl,
TR PO RSO O 05 cPLESIALERE g
replaedsioniyhh -@x ye Q) and/dt AR’ hordrtheylk ¢ls htkenylchr 2FkyXyl i$ optionally
suﬁﬁitﬁfeg &?t fng lr,orrnéllo%@éérb(l)gﬁyl C(%’xygDe’n(s’%’ancliz/'or }%’fdrgl)’(yll(s’); Jo KL

R’ and R® are independently hydrogen, C;-Cs alkyl, C,-Cg alkenyl or C,-Cg
alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with phenyl or
substituted phenyl;

R?and R? are independently -COOR’, nitro, cyano or trifluoromethyl;

R’ is C1-Cy alkyl, C,-Cg alkenyl or C,-Cs alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-Cy4 alkoxy or -NR’RS;

L is a direct bond, C;-C; alkylene, C,-C; alkenylene or C»-Cz alkynylene,
wherein one or more -CH,- group(s) of the alkylene, alkenylene or alkynylene is/are
optionally replaced with -O-, -S-, -SO,- and/or -NR’-, and the alkylene, alkenylene or
alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or
hydroxyl(s); and ’

X is amoiety of formula A, B,C,D,E,F,G,H, L ], K,L, M, N, O, P or Q



WO 2004/ 033444 PCT/ US2003/031592 RRRN RRRR
--(~% OR ARBR RNNR 4L RR>=0 NON HR
wWa204B3M4H R RO ~ \ R~IXTNH R N\ GS- O R MNHUS2083/031592
FG RRRRRN RN-~Nel \ -- RO R\ NNR\
N~N Rte- NNH5 HI J RROHONNRHNN ,NHI/ |

R®R NNR\V O

R R
Ry X RN
ﬂ /RR B\ | 0
R// N0 R \'/ N
R
/ o R
A R g
R
R
R
R N NN
N Ry I /=0
N0 N
H R
C D

NN R
N
H Y O R—:\ R
SN A A
N //\\O
E 0
F
R
R NYg R N
Y R
H I J
R
RO O N
g \T N R HN R
N, NH ;] R /X
) R l\ © —|-/
X N
|\/ R NS0 R
R K Ln M
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RRNOR RKLRMI10 WO 2004/ 033444

PCT/ US2003/031592 R ( RR- Ri NHRj OR ', HN
WOR200MiBM4O O NORPR R NJO~\ ~ NNH N - - -PRI/BSR03/¢31592

with X connected to L through any one R, and each Ris

I ndependently a direct bond, hydrogen, halo, nitro,

cyano, 5 trifluoronethyl, am no, -NR5R6, Cl-C4 al koxy,

Cl-4 al ky/ i, -COOR7, Cl-Cl2pal kyl, C2-Cl12 al kenyl
or C2-C I_p\}nyl, wher ei g ane ol_gore - CH2- QVOUBrQ R
of t | kyTy” al kenyl or /@ R isLgre optionakly
rephpacedi th -0-, -S, - amiLgn - NR5-, and they"Xq
al kyl, \al kenyl or al kynyl "i s opgionally substitut ed,'Q
with on@ oN nore car bonyl ox®@gen(s) and/or P
hydroxyl (s). 10 In one enbodi nent of fornula I, when X
is anoiety of formula Aand L is a direct bond, then
L is connected to the phenylzgring of A In another
enbodi nent of formula, N, \and NRANHr e each Cl-C4
alkyl, R2 and R3 are e{a - , f@ a direct bond,
and X is a noiety of folNrul'd A orP( Exanpl es of
conmpounds of fornula | Rnclude Rthdit limtation: 11
WO 2004/ 033444 PCT/ US2003/0g1592 O

with X connected to L through any one R; and

each R is independently a direct bond, hydrogen, halo, nitro, cyano,
trifluoromethyl, amino, -NR°R®, C;-C;4 alkoxy, Ci-Cy alkylthio, -COOR’, C;-Cy, alkyl,
C,-C12 alkenyl or C,-Cy; alkynyl, wherein one or more -CH,- group(s) of the alkyl,
alkenyl or alkynyl is/are optionally replaced with -O-, -S-, -SO,- and/or -NR>-, and the
alkyl, alkenyl or alkynyl is optionally substituted with one or more carbonyl oxygen(s)
and/or hydroxyl(s).

In one embodiment of formula I, when X is a moiety of formula A and L is a
direct bond, then L is connected to the phenyl ring of A.

In another embodiment of formula, I, R! and R* are each C1-C4 alkyl, R?and R®
are each -COOR’, L is a direct bond, and X is a moiety of formula A or P.

Examples of compounds of formula I include without limitation:

11



NCO HH2N NH CH3 / EtOOC COCEt Et OOC COOEt H3C N
CH3 HH3C NCH3 H ethyl
Wa 203483430 0- 2- met hyl - 6- oxo(3-, et hyl PCT/US2003/031592
4- (5- am no- 6- oxo( 3-
hydr opyri dyl))-5- (et hoxycar bonyl ) -2, 6-
hydr opyri dyl))-5- (et hoxycarbonyl) -2, 6-
di met hyl - 1, 4- di Qydr opyri di ne- 3-
di met hyl - 1,NG ropyri di ne- 3- carboxnlateckanpound
1), carboxyl atle (Conpound 2), and O O
COOEt Et OOC ,A4 M Me N Nb et hyl

5- (et hoxyggridbon I) - di met hyl - 4- et hyl

4- ( 3-cyano- 2- o rqu|nonI)) EtO0C COOEt
(2- oxo( 6- h%;icb I)) 1, 4-

5- (et hoxyc onHI) 36- dlnethyl- 1,4- 4o >N CH

di hydr opyri di ne- 3- car boxyl at e 3 H 3

di hydr opyri di ne- 3- car boxyl ate (Conpound 3), and
(Conpound 4). 5 12 WD 2004/ 033444 PCT/ US2003/ 031592
At $€F-cranostinrethnyi- 6efxo(3+e pr esethlyl #4(5-@ntind6-oxo(3-

Eyﬁo%a£Y®§%'&t ox%ar Onyl)o ,0- For Hy(!erpyrldyI))-S-(etho?(?fcarbc?nyll\;-Zﬁ-

dimethyl-1,4-dihydropyridine-3- dimethyl-1,4-dihydropyridine-3-
carboxylate (Compound 1), carboxylate (Compound 2), and
O O
| NH NC I NH
EtOOC COOEt EtOOC COOEt
| | ||
Me”™ N~ Me Me”™ N Me
H H

ethyl 5-(ethoxycarbonyl)-2,6-dimethyl-4-  ethyl 4-(3-cyano-2-oxo(6-hydroquinolyl))-

(2-0x0(6-hydroquinolyl))-1,4- 5-(ethoxycarbonyl)-2,6-dimethyl-1,4-
dihydropyridine-3-carboxylate dihydropyridine-3-carboxylate
(Compound 3), and (Compound 4).

12
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or a pharmaceutically acceptabl e equivalent, an isoner
or a mxture of isoners thereof, wherein: R2, R3, R4,

wah 2@an3d4ar e as defined above; and 10 Ar is anP@r/yE2003/031592

heteroaryl that is optionally substituted in 1 to 3

position(s) with halo, nitro, cyano, trifluoromethyl,

am no, -NR5R6, Cl-C4 al koxy, Cl1-C4 al kylthio, -COOR7,

C1- C8XIE)Ith©y lemb6RinGARt of the PydseraineAti6B eddkpaydes a\&'ﬁﬁﬂpﬁhﬁd of

fone o, more -CH2- group(s) of the al kyl, al kenyl
{h is/are optionally replaced wth -0-, -S-,

-SOZ and/ or -NR5-, and the al kyl, al kenyl or al kynyl

is optionally substituted with one or nore 15

car bonyl oxygen(s) and/or hy roxyl(s) I n one

enbodi nent of forrmula I1, ?is - COOCH2CH3, R3 is
cyano, R4 is nethyl, LIS thylene, X is a nmoiety of
formula A, each R is hydrrye nd Ar is

trifluoronethyl phenyl, then LlHisxnot connected to the
ni trogen atom of A when R2 d R3 are each cyano, R4
is amno, Lis -SCH-, Xis nmoi ety of fornmula P, and
each Ris 20 hydrogen, then Ar is not fluorophenyl;
and when R2 is -COOCH2CH3, R3 is -COOCH3, R4 is
ofe Pharmacsutically agaspiablp egnivilgniyan isomer eng miRuiesof isomers thereof,
wh¥dipgen, and Ar is chlorophenyl, then L is not
CH2 OCH2 CH2- - CH2OCH2CH2NHCO-  or - CH2OCH2CH2NCH3CO- .

I'n aRGiRieR’ dirivtiKrends @intoRMkepald , R2 and R are
each -COOR7,. R4 is Cl- al ky X is a noiety of
f or mfif & % argher er?egylptﬁém ppremly.sgbs@atwcbm 1oy3 position(s) with

haﬁ t 0
Uitt! ) tifludeohfRui, ofnB OREER U 20, akkBTP 28 Blyiibio,
(216@4111@3]3 G445 REENYISE AR AL LBRGH2, wikdreiVeROCr MOREICHE

glﬁ' ﬁﬁ of gty Lo et R pringly roparsd my-6-(- -SO-

arRHcﬁlﬂri\Ilé 0 (6 alkyIJAIREHYT BRAIKY NI SRISANPY
et hoxy} mnet hy Iat-aﬁgli1 4- gli#ha/dr o%lsgl’})ril dllﬁe 3- ca‘!rd%g%(y \Yith one or more
S

cqr Qﬁyﬁpn@) andjor hydroxyl

In one embodiment of formula II, when R? is —-COOCH,CH3, R3is cyano, R*is
methyl, L is methylene, X is a moiety of formula A, each R is hydrogen, and Ar is
trifluoromethylphenyl, then L is not connected to the nitrogen atom of A; when R? and R
are each cyano, R*is amino, L is -SCH,-, X is a moiety of formula P, and each R is
hydrogen, then Ar is not fluorophenyl; and when R? is —COéCHZCHg, R® is —COOCH;,
R* is methyl, X is a moiety of formula P, each R is hydrogen, and Ar is chlorophenyl,
then L is not -CH,OCH,CHj,- , -CHOCH,CH,NHCO- or -CH,OCH,CH,NCH;CO-.

In another embodiment of formula I, R? and R? are each -COOR’, R*is C;-Cy4
alkyl, X is a moiety of formula A, and Ar is phenyl that is optionally substituted in 1 to 3
position(s).

Examples of compounds of formula II include without limitation:

13
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clINOVOOC COOM 0 M NHO ---~" N'' v vO NO H
nmet hyl

wWG2qamsiaakycar bonyl ) - 2- met hyl - 4- (2- ni t rophenyl PeBU$4003/031592

2-[4- (2-oxo(6- hydroqui nol yl oxy)) but anoyl ani no]

et hoxy} nethyl)-1, 4-di hydropyridi ne-3 -carboxylate 10
(Compound 6), QI MOOC COOM Me NO'-,~-ONO H
net hyl

4- (2- chl or ophenyl
[3-(2-o0x0(6 15
hydr oqui nolydagsey) )
3-carboxylate (g

- (met hoxycar bonyl ) - 2- net hyl - 6- f

nmet hyl } -1, 4- di hydr opyri di ne-
, 19 WD 2004/ 033444
PCT/ US2003/ 03

;acggg\ ~' 10
t-CNNH O Mm% hy} |
6-[(2-{2-[2-chl oro-4-(6- oxo(l 4,5-trihy 11 in-3
yl )) phenoxy] acetylam no } ethoxy) nethyl ] H

e i e N S

SytoquivioGREX YIBRIENn ofdafdlino | dhoRY ietid)- |1 A dibyddbbyridine-3-carboxylate

(Compound 5),
NO,
MeOOC COOMe o
v
Me N O\/\ N )J\/\/ O X
H H
N® O

H
methyl 5-(methoxycarbonyl)-2-methyl-4-(2-nitrophenyl)-6-({2-[4-(2-oxo(6-
hydroquinolyloxy))butanoylamino]ethoxy}methyl)-1,4-dihydropyridine-3-carboxylate

(Compound 6),
C
MeOOC COOMe
|
N° O

methyl 4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-6-{[3-(2-0x0(6-
hydroquinolyloxy))propoxy]methyl}-1,4-dihydropyridine-3-carboxylate (Compound 7),

14



O nethyl 6-[(2-{ 2- [2-chloro-4-(6-0x0(1,4, 5

-tri hydropyridazin-3 vyl))phenoxy] acetylam no }
wethengaet hyl ] - 4- (2- chl or ophenyl ) - 5- (et hoxycarPGDU§0p3/@31592

- 10 nethyl -1, 4-di hydropyri di ne- 3- car boxyl at e

(Compound 9), YL MORC CO2M= OMe NNOI \' \ NO

H nmet hyl 4-(2-chl orophenyl) 5

- (met hoxycar bonyl nmet hyl -6-({ 2- [4-(2-o0x0(6 15

hydr oqui nol yl oxy) ) anoyl am no] et hoxy} net hyl )-1, 4-di h

ydr opyri di ne- 3- car boxy€Cate (Conpound 10), 15 WO

2004/ 033444 NercUus2Q0 tOQMéQZ CI l\/bOZCIZ CREt O M H

O-~H-Olc a., O th%

4- (2-chl or opheg,g
[ 2-(2-0x0(6 hydrogw nol yl oxy)§ acety

nmet hyl ) - 1, 4- di hydr opyri di ne-3 -car boxXy
11), 51\ A MRCCO2Me O M NNv O
met hyl

4- (2-chl 2-

12 (2 oxal B A e SR Ee Ry P%olxn- !

Wé)t)}bhplnpxﬁja&tﬂamml}dbyxy)dleﬁgflm-chchiomphaﬂm) 5- (rnethoxycarbonyl)-2-
methyl-1,4-dihydropyridine-3-carboxylate (Compound 8),

<met hyl - 6- ({ 2-
no]N et hoxy}
& NBompound

5
Cl
MeOZC COzEt cl
| |
H N
Z“NH
@]
methyl 6-[(2-{2-[2-chloro-4-(6-0x0(1,4,5-trihydropyridazin-3-
yl))phenoxy]acetylamino } ethoxy)methyl]-4-(2-chlorophenyl)-5-(ethoxycarbonyl)-2-
10 methyl-1,4-dihydropyridine-3-carboxylate (Compound 9),

M302C COzMQ

methyl 4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-6-({2-[4-(2-0x0(6-
15 hydroquinolyloxy))butanoylamino]ethoxy}methyl)-1,4-dihydropyridine-3-carboxylate
(Compound 10),

15



10 (Compound 12), and McQ2C CO2Et YC1 OI\ M2 NO N
VOCN N O H nethyl 4-(2-chlorophenyl)-6-[(2-

W@ 2004433454 cyano- 2- net hyl - 6- oxo(3 15 PCT/US2003/031592
hydr opyri dyl ) ) phenoxy] acet yl am no} et hoxy) nmet hyl ] - 5- (et
hoxycar bonyl ) - 2- net hyl - 1, 4-

di hydropyri di ne- 3-car boxyl ate (Conpound 13). 16 WO

2004/ 033444 PCT/ US2083/ 031592 Anot her enbodi ment of

the present invent
formula Il Ar L, X QL RANR H 5111 or a
phar maceut i catdogc D @@%@ equi val ent, an isoner or a
m xture of isoners e whetein: 10 R, R3, R4,

L, X and Ar arey N 2 di ment of
formula I'll, when R and R4 arig each l,JR3 is
-COOCH3, and X is a noiety of formula orN Qhen L

is not alkyl substituted with -COO conneblt ed

di r eatethyl ﬂG(ZtchR)r@plfenﬁl)ﬁe(efhoﬁgcar‘ﬂ)dhy@@td&&fyl%m{QQQ%‘@RO(&
of forrrul?lll are each Cl1-C4 al k
19vdEeeiRp Yl%x)kcatymlﬁ?]&th@w}r@?thﬂvd @lh&#@pmdm@% -carboxylate

phenyl that is optionall D?JHH]MJ twted in 1 to 3
position(s). € Hl%’

5
Cl
M802C COzME
| o
ooy
N° "0
H
methyl 4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-6-({2-[2~(2-0x0(6-
hydroquinolyloxy))acetylamino]ethoxy}methyl)-1,4-dihydropyridine-3-carboxylate
10 (Compound 12), and

Cl
MeO,C CO,Et
| |
O
I N CN
N° O
H

methyl 4-(2-chlorophenyl)-6-[(2-{2-[4-(5-cyano-2-methyl-6-0x0(3-
15 hydropyridyl))phenoxy]acetylamino} ethoxy)methyl]-5-(ethoxycarbonyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate (Compound 13).

16



Exanpl es of conpounds of fornmula Il include w thout

limtation: N2 MOOC ~~OH3CH-0. 3 ~---N--~==0OH
WQ0002/08R40X0- 4, 3a- di hydr oi m dazol i di no[ 2, 1- b] PCT/US2003/031592

qui nazol i n- 6-yl oxy) et hyl 5-

(met hoxycar bonyl ) - 2, 6-di nmet hyl - 4- (3-ni trophenyl )-1, 4-d

i hydropyri di ne- 3-carboxylate (Conpound 14), and 17 WO

2004/A1d8ef 4mBEAiNIIG2O0BE PB:ER InveatioRekdompesR & SRNbmd df

H Me N NH O nethyl
faf-ntl\{géﬁﬁl or ophenyl ) - 2, 6- di met hyl - 5- [ N- ( 2-
{2-[4-(6-0x0(1,4,5-trihydropyridazin-3

yl )) phenoxy] acetyl am no } ethyl)carbanoyl ]

-1, 4-di hydropyri di ne- 3-carboxyl ate (Conpound 15). 5
Every variabl e substituemij Jdned i ndependently at
each occurrence. Thus, the || definition of a variable
substituent in one part ¢ anforgful a i s i ndependent of
its definition(s) el sewhereHin that fornula and of

5 its definition(s) in other formulas. 10 Since the
i nventive conpounds nmay possess one or nore asymretric
carbon center(s), they may BH capable of existing in
the formof optical isomers as well as in the form of
racem c or non-racem c m xtures of optical isoners.
off hphaptacedically asteptableaquivaleny bh adoRed oby niigmed etik@Rer®thereof,
he.racem c m xtures according to conventiona
V%Wﬁ@%sses. One such process entails formation of
10 di asRerRORSONEY hd ArbicisRikGhEFAINENt Wi th an optical ly

15 active acid or base, then separation of the m xture
of dimenesmbidinmmra forynuda Y tvelidni R'and R, are éawhlnostiyl, RYis

j t f the optjcal actd ve bases framt he )
PR, o 0 BE TR D) Hpa s Bheatkd Slstfed wiy
-doax ebitiebrd daettby todhdpinddiné tiagtaric, ditoluoyltartaric

and _canmphorsulfonic acid. A different process for ;.
sepata#iatler sprbodianent ebfasmyla IHy Br vedRt pis eagle ColCaalkyl, R is

15 -@Bb‘i{a,l X is a moiety of formula E, and Ar is phenyl that is optionally substituted in 1

to 3 position(s).

Examples of compounds of formula III include without limitation:

NO,

O

MeOOC ~_O

O N

| | \I::]:”;l:ﬁ>:o

HsC N™ “CHy N N

20 2-(2-0x0-4,3a-dihydroimidazolidino[2,1-b]quinazolin-6-yloxy)ethyl 5-
(methoxycarbonyl)-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxylate

(Compound 14), and
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20 chromat ogr aphy colum optimally chosen to maxi m ze
the separation of the enantioners. Still another

w@r@iloadahe process i nvolves synthesis of coval BEIL/US2003/031592

di astereoi soneric nol ecul es, for exanple, esters,

am des, acetals and ketals, by reacting the inventive
conpounds with an optically active acid in an
activated form gptically active diol or an
optically active yanate. The synt hesi zed

di ast er eoi soners e separatgd by 2§ conventiona

means such mgoghro;.tqgn@phy dijstid | ati on,
[ [ I gubl i matio JLY{d hydrolyzed

to deliver the,efagttonerical 'y pure ound. In sone
cases hydrolysis Ho the "parent” optical [y atfive
drug is not necessary prior to dosing the
2004/ 033444 PCT/ US2003/ 031592 patient, since the
m@hxidu@ebhl‘anplfmh'@v%&dﬁnahpkwqg {27 M« 6opb (o bitsihptropyriglazin-3-

by TOBR SRl Pirtar [ S Hebfwob iy Ry e St

conpounds of this inventicemmPua@mpass individua

optical isomers as well as ‘racem ¢ and non-racemc

m xtures. In some non-racenmic mxtures, the R
configuration 5 may be enriched while in other

non-racem c mxtures, the S configuration nay be

enr i Ehed.vaNEBleChstitdenT SERTIMINhddpendentivat Rb¢toscchitteiidee Thus, the

pLrovi de for regulatin al cj um honeost asj s,

188%’? 3 g@f% %&%ﬁﬁlﬁu@ﬁé? PRgPHAO plaig independentnt itsn

dbﬂ’ﬁ%ﬁ('ts)’éls&f&}{ép@hﬂﬂ atlfBrrifla aﬁq Hﬁ't%dléﬁm dﬂ%ﬂéy ?Jhn#laé.
I"'des a netho

regul ation. This invention furt
for Slr@atthlmgvaltmeseweuncté.lma;yrpimess Dne olomdietaisgmnietric carbon

ofhtD e i bttty feiinin MelloME F SiFaDich Bigrs pavell as i the

fRRPONhcdthic P nbALYRBi Y R1LEGRP @ﬂﬁiﬁlchplsé‘lﬁe@n I8 loptidal i@ fbrs can be
of such 15 treatnent. This invention further provides

obtainstl fhy desobrtionrad dhq n@geralcmmrmserdmrto ¢pgemtienal processes. One
sﬁéh n;g%gess gﬁhﬂsg%%atlcﬁ{e]cr)tocﬁggtg%l%rﬁ? s?aﬂ\gl g? grﬁn%rhe@ grﬁtﬁlgﬁ %ptically

at:ﬂ[kxéﬁmtd Mﬂ)aee) Wﬁarhﬁor&ﬁf the nti’durd of digsedecifornets by crystalhzation,
e inventive netho

t.reat .. Inh one enbodi nent
follaveddpitiseiion ot e qRicalhLartive %ﬁ%ea m 9y splis. | Frragnples of
E){/ BFi4teASIHO e tafh RV afaCASI 51 uﬂlB@%?ha@irfchXﬁaﬁbﬁtaﬂaﬁc and

pertrophi ¢ subaoftic °stenosi's or-angi na. |n ‘anot
camploatsutfomic acidhhe heart failure is chronic heart failure

of %ocli}%eren{ Br%cgs%% or separa{mg optical isomers involves the use of a chiral

chromatography column opt1ma11y chosen to maximize the separation of the enantiomers.
Still another available process involves synthesis of covalent diastereoisomeric
molecules, for example, esters, amides, acetals and ketals, by reacting the inventive
compounds with an optically active acid in an activated form, an optically active diol or
an optically active isocyanate. The synthesized diastereoisomers can be separated by
conventional means such as chromatography, distillation, crystallization or sublimation,
and then hydrolyzed to deliver the enantiomerically pure compound. In some cases

hydrolysis to the “parent” optically active drug is not necessary prior to dosing the
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The inventive conmpound nmay be adm ni stered by any

means known to an ordinarily skilled artisan. For
weanoba44 t he i nventive conpound may be adm ni BEEUSZHOZE31592

orally, parenterally, "by inhalation spray, topically,

rectally, nasally, buccally, vaginally, or via an

i npl anted reservoir. The term"parenteral"” as used

pagé) sindenhid sigsomdRanbanreusa Iprdd_i*ﬁg. Vg éptReally active compounds of
intramyscyl ar, intraperitoneal, intrathecal,

this invahiah iievipeasan heqbiaiaeddrtilizing onticaldy agiivalstartingmaterials.
I ntragg ggﬁﬁéuﬁdgjo?%ih e Rtih é&ﬁl‘ﬁ%ﬁsﬁ%&i@fﬂﬁﬁ&%ﬂﬁﬁ isdiGis as well as
exact adm nistration protoco I vary pendl ng
raeoric st nousicéract mixsures) clnisding gohheccage mikineks, thve Rodvinfiguration
rfgagr‘eral. 0] hﬁ?lth, sex and di et of t%e patient: the

106 ARG Wi A dopracemipF Ut op SiPopFiswation may be
cWRtHed be routine to an ordinarily skilled artisan. 19
WO 2004/ 033444 PCT/ US2003/ 031592 The inventive
conmpound may be admi ni stered by a single dose,
mul tiple discrete 'iil'!i_! Obs RS nf usi on. Punp

REATM]

means, particularl bettaneous pufip- treans, are
usef Thisfiavertion e weoviddsish@Rod 22 $€ul8MB] alciin hBReostasis,
order, of about  0.001 / kg/d to about 10,000 ng/kg/d

CERIPEiFBE admimiering Pectieshpe tmauntof ay geralive ¢ampayad to an animal in
j he dose level is about 0.1 ng/kg/d to
ngﬁ%ugﬁg%alahwgﬁkg/ d. In another enbodi nent, the dose
| evelThissnedmion farthy/pkevidestaomethbdfitr tik@Ong disedsd, diddider or
sg(ﬁci fic ogﬁ. | evel. for aln. particul ar patjent wll
COIPPORERERGR Ao PA PR BE homostagis 1t meplisaicALmpaising
a@ﬁ‘iﬂié’[éﬁﬁég Aedchioe RRSIAIIEn VG YorBfouhl%o 8REGal 1 need of such
conmpound enpl oyed; the age, body weight, general
tgatmienh, sex and diet of the patient; the 10 tine of
adm ni st.rat ion;. the rate of cretion. the dru .
conbithie &R ifule phifis dsp S Rrditna f Fordlonagplar discase
strelkd, upitspsAna dphehalmicriida @Hhﬁé@trfe,aédlﬂp}isiﬂ%’mnﬁﬂisteymg laf}
vitro dosage-effect., results provide usefu ui dance
e‘éfﬁctmélwag%ﬁaruag@@\fﬁ SPmpanddatan 2aimaliis neesk gfghch treatment.
St Udfh’ﬁné &nb@cﬁfn_gm ofgpéjﬁllvéntﬂfeqn&t‘idj tﬁkeclaprfligl/a caigle?iiseas is heart
consi derations tor determning € proper dcse 1ever s
fahuee, \ypértdosionnS AM Y hedadistuaraceyiathiythntifyehypkattophiefsubaortic

hysi ci an, 15 Any. adm.nistratjon reginmen well K knowy to
SBAOGH & iner o SRSt i Be At e ia e hogic rgnt daite or

cbhdBsii 1A fs@gwence of drug delivery can be used and
repeated as necessary to effect treatnment in the
i nverthp iyenévheunporing maydieradminiatgradriyl angeneans known to an

et reat. nd/er co-adnm,ni.stration wth additional
oA BBl Py SERAE BRI Bt P AP Rtered
otdllyepdre@brallgybibahaldid i k@scalyOretadlly, halaldf) buccally, vaginally, or
conmbination with one or nore additional therapeutic
VEgEpsantedgesayer Lhesns parsuigin sasaised herein includes subcutaneous,

intravenous, intramuscular, intraperitoneal, intrathecal, intraventricular, intrasternal,

intracranial, and intraosseous injection and infusion techniques. The exact administration
protocol will vary depending upon various factors including the age, body weight, general
health, sex and diet of the patient; the determination of specific administration procedures

would be routine to an ordinarily skilled artisan.
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or sequential use. The additional agent(s) may be any
t herapeutic agent(s), including wthout |[imtation

Wor@4083400r e conpound(s) of the present inventPCHUSIN®031592

conmpound of the present invention can be

co-adnini stered with one or nore therapeutic agent(s)
either (i) together in a single fornmulation, or (ii)
separkeehyeniine codpaindundy Beoddimihteralisy & siapgose, 2nlfisle discrete

timal release rates of their respective active
C@geér% .COHWW:@@W- M nepess PattioNarly srkeutangeust nusp means, are
vséfil e colirvug fusdo@har maceuti cal conposi tion .
conprising: (i) an effective anmobunt of an inventive

conpaéinsd levahsdn3be pidey ofatplhtd. OOt eglkigidid aboat bk g/d of the
. Ny The . [ h tical conposition my
R LI TR S BRERERAL B RRTRR A P T e
taalie DOD end/REYHL th SR lemboBhdid itRIdNctIBRYEs Al T AlhQN to

ne qor nmore wetting, 20 WO 2004/ 033444 ' _ _
ag@ﬂl*/lQ@@@ﬁ%g/és Tho specififedase dgvel fonpne partigulagesiteasivill vary depending

i e ) i ti .. .
ug?rﬁu Pgrlﬂgils i eés)])g ,, ﬁEl&llﬁ)snlg r‘}[béé&g’{tfgn ? ('zl{éi? %eic%%%%%éc%){lf@s of the specific
cpmpserdannplogdds the sper mmﬁ’tmgﬁﬁﬁeneﬁ‘eﬁ? 51?@{1?13 Eg{lsént.dhdéert é)g élbet Ii)act:ient; the

fl at. .- tener(s) and ] :
tis a@%‘l?lgt%@nﬁ ﬁx%g@%gs¥%ﬁéﬁ%§@éﬁgg einbiaatings dha segerivrey the

o) : . . _
PO Ao AT, B )
resulis proidertiseful guidemce onche prepeandsises fod petiai edm{figiration. Studies in

oS Bioeis S 04 HesBly.o 7% PR Ry b kg Thathg reper dose levels
afeowelDkigsya in thelBitiang@ wathirAihel sENSFaPh§siggor pt i on),

bol uses, powders, granules, pastes for application to
t he PdNgdainigatipngegimenvetldmonings anoodinargpiskilled artisan for

. ' m croemul si.ons:
L e
neeeeany tnefifies treatnteﬁaimhe:ilmlvattiVeimﬁth@cy lenlm@ igimtie;naﬁaﬁm&&ue
i ni i . for . . sterile solution or
pisisfignsel el oo LuiSistr B radiianal ereeati aseniGh)
t opi qgb cERPOURES A R prebf &t inver éa%’beaaﬁgﬁnigfe?eﬁp@l%n)/e or in

oi ntnment, or a controlled-rel ease pat or spr
ceippingiéeh wish ohe osiorg, additjonal therapesiyi agaht(y) for simultaneous, separate,

ojf' %tg{r%,lgr{tl(%g;lgels lu”%qel a{?éﬁ&%ﬁ@a%%@) n?aglcl%' %&S’c (?rzrl%/e’p)ti% raggnr:&s?,rincluding
withamisdeiatinl otie 0P indrd éod@}&ﬁﬁklﬁy of the presehRkFRtionY ThBe8hSound of

of Conpounds As shown in Schenme | bel ow, _ _
thei ESAEROIBY eIt fEs be spragminigtensd yith enei asmiasn thepdpeutic agent(s) either

(i) together in a single formulation, or (ii) separately in individual formulations designed

for optimal release rates of their respective active agent.

PHARMACEUTICAL COMPOSITIONS

This invention further provides a pharmaceutical composition comprising:

(i) an effective amount of an inventive compound; and
(ii) a pharmaceutically acceptable carrier.
The inventive pharmaceutical composition may comprise one or more additional

pharmaceutically_ acceptable ingredient(s), including without limitation one or more wetting

20



Hant zsch chem stry, through the three conponent

reacti on of al kyl am nocrotonates with 20 substituted
whemzabdehydes and (3-ketoesters, or by reactiPeT/082003/031592

benzyl i dene acetoacetates with amni nocrotonates.

Exanples are found in Arrowsmth et al.; J. Med. Chem

1986, 29, 1696- 1702 and references contai ned therein,

agé}ﬂ(swﬂihﬁﬂefih%Kg@ﬁ(sﬁ'suspeﬂdmﬁ/ﬁgent@ Qﬁﬁrléﬁ@age\%}\%s) sAQRifier(s),

1407 and references contal ned

dstriegrent G absebrni(BopreSorive6 sukasEN(s)) cobrantfy), flavgmni(s),

- . 0O *J RLR4 HRL 0 Ar
R G b R e OR Ra H R 5 The
di hydhe ﬁlyvrehﬂi/e’lﬁmrlmageuheal(bompbﬁdommly bPDbrndilated fdziatimtindstration in
eties o produge i nventiye mpounds. The . = = |
5 Sﬂg@ ?ro‘eﬁ%fb ? Sq adapet o the gﬁgwweag PE @dministration, for
t t t
S emR ?gg@%ﬁ%?ﬁqg?u? R QP8 | o Apensions) ablets

(far eXﬁIMSSHOW@ng@d(f% calesuplingodl andeystdnmalabsorption), boluses,
QSi 1]

GBS e et 5 o Bahb gt bt aslgin capsyigs sqfhectatn

cartsdte8 a6 th spia ﬁé Qa1 0hsydn@nyibRishrManls; eryiparhteedl A Ydistration, for
met hyl - 1, 4- di hydr opyri di ne- 3" - car boxyl at e ( Conmpound

10 esammﬁs YespreHangors dnBermpicslangnirey egewedreepidural ipjegion as, for example, 2

%8%4! oAt sﬁ.’éfs@ﬁé?% 803 é&%?e%greleggﬁ%ula{lo&%plc& apghgatlon, for

example, as a cream, ointment, or a controlled-release patch or spray applied to the skin; (4)
intravaginally or intrarectally, for example, as a pessary, cream or foam; (5) sublingually; (6)
ocularly; (7) transdermally; or (8) nasally.

15

EXAMPLES
Synthesis of Compounds
As shown in Scheme I below, dihydropyridines can be made by variations of

Hantzsch chemistry, through the three component reaction of alkyl aminocrotonates with

20 substituted benzaldehydes and B-ketoesters, or by reaction of benzylidene acetoacetates with
aminocrotonates. Examples are found in Arrowsmith et al.; J. Med. Chem. 1986, 29, 1696-
1702 and references contained therein, and Marciniak et al., J. Med. Chem. 1989, 32, 1402-

1407 and references contained therein,
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HO~O NOOOEt M NH2 3 CDI OO\N3 CHO 2. EtOH d
A 5% Pd/CaCC83 A MOOC OEt MeOOC COOEt H2, EtOH Mc

wOR0§3/08444H O-NH2 O HO Br\ ~ k OCH3 Il O\ H3OT/U$2003/031592

~NO5HDBUNOMHO 1. iBuCOCl, DBU, CH2CI2 HO v
VONOH2 d MOOC COOEt O~NH2 M HOd MOCC
COOEt 0O M HO~~NVv ~01 \''\ NO H 23 WO 2004/033444
PCT/ US2003/ 031592 Met hyl SCHEME I

4- (2- Azi doet hoxy) - 3- oxobut anoat e: Car bonyl di i m dazol e
(13.75g; 0.084 nol) and 2-azi doet hoxy acetic acid
(1100 g; 0.08 nol) [prepaped by the nmethod of

Arcawsmth et al., J. Md]] Chem 1986, 29, 1696-170
Ffaﬁ/%g ni+ of Am@kBy| ene TU\GDR de R@OCﬁCOORZ

Ry 'NHz 0

R Ry R

N
H

0 Ar O Ar
R3O/[j\ 4 I\IU\ORz R3OOCHCOOR2
Ry "NHy 07 Ry

The dihydropyridines may be coupled with PDE-3 inhibitory moieties to produce the
inventive compounds. The following examples are illustrative of the present invention and
are not intended to be limitations thereon. Unless otherwise indicated, all percentages are

based upon 100% by weight of the final composition.
Example 1: Methyl 4-(2-chlorophenyl)-5-ethoxycarbonyl)-2-methyl-6-( {2-[4-(2-0x0(6-

hydroquinolyloxy)butanoylamino]ethoxy}methyl-1,4-dihydropyridine-3-carboxylate

(Compound 5) was synthesized according to Scheme II.
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was stirred under an inert atnosphere for 1 hour, and
then treated with a solution of 2,2 5

wWalRovei0B3al4 1, 3- di oxane- 4, 6-di one (11.0 g; 0. 084premU¥20a81081592
pyridine (6.1 g) in 50 nL of nethylene chloride.
After stirring overnight at roomtenperature, the
organi ¢ phase was washed with 2 x 50 nL of 2M HCI,
dried and concentrated. Th@CHEM®E Iaterial was
di ssol ved in ethanol, refluxed for 3 hours, cooled and
diluted with nmethyl ene chloride. The organic phase
was washed with wa , dried, and purifiedpmyocgecsilica
gel colum (20% ebhyio 10 acetate(ﬁn hexanes) to
pr@wlde the keto st as an oil,jf 1H NMR (400
@13 6453@5 412( %‘é)(345(m2|-'ﬂ"’2

( 3 &Tﬁe—fﬁr—2+&—>1

2-[(2- a2|doethoanﬂethyl] 4- (@<c Qﬁoﬁhﬂgyl) 3- (q&ﬂgx
car bonyl ) - 5-
(et hoxycar bongI BtOB- et hyl - 1, 4- di hydr opyr i di ne: Cl
solution of the (3-ketoester (7.0 g; ), 2- 15
chl orobenzal dehyde (4.Qg; ) and nethyl 3
-am nocrotonate (3.3g;) in ethanol (100 nL) was

or 2 hours, then cooled, and the ¢

precip was col | ec [ tration, : d with

col d et Hand¥!, and dr|e§§q%9 aé?ﬁsh t he d|hyo opye) di ne
MaO@C QOFi d, 1H NVR (400 WFz; %5538): 16 7odBet

(m 1 .02:7.00 (m H3HBtoH4. 43 (m 1H); 4 q

2H)Me AM~ZAN, 3.76 (s, 3H); 3.42 (M
(s, 3 H1.53 (m 2H): 1.30 (t, 3H). 20
2-r (am noet hoxy net hyl]-4-(2-chl orophenyl) -

3- (et hoxycar bonyl L5- (et hox cay

rbonyl - 6- net hyl - 1, 4- dichydr opyri di ne: The azi do
dlhydropyrldlner drogenated ato 15 pSI i n ethano

ove Pd/ CaCO8 cat al ySEs Fi | t(rg_g&{)
Cotr ti on—in vacuo_deliver he am no ou d — o
as o 0l1H N (400 MHz; CDCl13): b 7.15 ( N

7027*60(m 3H; 4.43 (m 1H): 4.20 (q, 2H): 4.2
(m 2H); 3.75 (s, 3H): 3.63 (m 2H): 2.82 (m 2H):

1.71 (s, 3H); 1.31 (t, 3H). Methyl
4-@2-oxo-6-hydroquinolboxy bisueocrbBU, dEJdny !

Hb yrathe-t™g. 8 g) was added drop-wise with
stirring ti on of 5 g of

6- hydr oxyhydroqrwnobi ne- 2- one and 30 7 g of

1,8-diazabicycldf5.4.0]unde8=7-e DBU) in 75 nL of

i sopropanol, and refluxed for 4 I c| After cooling
and renoval of the sol vent r viacu he residue
was di ssolved in nethyleneggﬁﬁ 3 HQQE{he organi c
phase was washed succeSS|ver WA , 24 WO
2004/ 033444 PCT/ Us2003/ 031592V INi itk wat er,
dried over MgpSH, and concentrated. Re-crystallization
of the crude product fromwater furnished the

substi ed qui nol one as col orl ess needles, 'H NWR
(400
Cl
MeOOC COOEt

O
| ]
N~ O
H
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MHz; CDCl13): 8 7.48 (m 1H); 7.36 (d, 1H); 6.79 (m
1H); 6.63 (m 1H); 6.57 (d, 1H; 3.94 (m 2H); 3.67

WO 200488344 2. 25 (m 2H); 2.10 (m 2H). 5 PCT/US2003/031592
4- (2- oxo- 6- hydroqui'nol yl ) butyric acid: A suspension of
the nethyl ester in 200 HO was stirred for 2 hours
at 90C, cooled, and the crystals were coll ected by

fi | t ddéthelnt-(WAsideetho)t RogsHehnoatee Carlﬂﬁh@lﬂ&rh@&o‘l@(lfi 75g; 0.084
i 2-a s scig aeptia i (B 8 .68 Sty Torepared Lo e mypod.of
Aﬁrcﬁﬁsrﬁl'fﬁ et]aII'DJ Be }_(5%7’[691 %gq@ i9316%6 (762]01:11h ’?%I)J ﬁm%ﬁwiéﬁ\s chloride

12-¢c h or
V@arsbrm@}' und@ anmdlrt- E(tl{r@sﬁhwe(i?)r d>ho (6 ahy then-treated with a solution of 2,2-

e AR @&”@W%ﬁ maD4nd puidjas (- heyin 50 mL of

nisiyereydhldrideC A fdr@fief il aBERR e R SBe B&aﬁlc r%ohase was
sol ution of_ 4-(2-oxo0- H%dro qui nol yl ) butyric acid

wrshel Witk @ xcH BRiodeM RCLirisdiand pwgceatr@ted nThGnCnude ntagarial was
tu
d?stsolgg:d i {][ o‘i %ﬁﬁl?}lela $ h&lergocogf%d aﬁhlgte tvﬁhl');m?t%glﬁpeé ghlorlde The

rrre room’terrpera

ovgdnh: thaSe ags waiheﬂﬂ\@(}ﬁwataz deiedtanaxpyyified bﬁ! kkilica gel column (20% ethyl
(2- chl or gphenyl (et hoxyc arbon

ac?t?l‘;@t"hb%wa?)% ﬁgﬂV}JeGhe ketofeyter as ap qil, hI;I%/NMMp@ Midz; fﬁ{é{Ch) § 4.53 (s,
t
Ay S AT 1 LD 06, g

transferred to a separatory funnel, diluted wth

addi t2 gga ’E §| eni ﬁ nd washed successively
with HIE

70218 -V e;'na CAOPBW )-gy er

MFOcoAich- CHRIBAN LN b HHAS UR sofulin ‘6?51@%—%&8&%‘?7 0g), 2

puritired on SiTrca gelr colum to provi

Chlondienmid;dwdc (4.0 ) VRN 3MzinoEDEhaLE: (3.8g7)r i4&tHanpl (100 mL) was

%ﬂ_\%@d %%32611&“ t%e% %ﬁr rﬁ_}ﬁk re@ﬁ%ﬂyg{pae%%@%ateﬂyﬁs co&le&tg?l aaphﬁltratlon

whkfed witH 8oldRthadb]) andtdifh t6|'ﬁlrn2dwthe &&i?drog?ﬂldlﬁwis a gechﬁﬁv solid, 'H
|‘P 3.37 (m

]\ﬁVf@Q4€3NI‘,{Z4ﬂ)CDéls)7§ 73S, (n8HH); 1.03G.Q0t(m, 3H): 4. E(énplfé) #:.19 (g, 2H);

4@?&%@#&%@ (o SHA Y A2 et Ry 172 @ 2H; 100 SRetil ). G330k

4- 2- oxo( 6- hydroqui nol yl oxy) but anoyl am no] et hoxy}
net hyl)-1, 4- d|hydroPyr|d|ne 3 carboxylate 30
(Co th §1-elelerophenyl Hidrigthosyearbany-3- .

< g Qr e Ay df idi f/['ﬁé §ng2’ dlhi/ﬁ?o:f)ygrﬁ}é)f was

hydmgérld)ed #.13 Qws(lmeﬂilahl))]; ove:? 5%/@1/2@0@/3 68:814'&4 F11trat1on and concentratlon
PCT/ US2003/ 592 6.63 (m_1 6. 57 (d, 11 1
11{ Yﬁcug 1vqecgixe(ammc2q)mpo(3m§4ts lél)ﬂpll,zﬁ ZBQDCh) 6 7.15 (m,

A BT, T 18, Bt B £ 5.5,

2HDy(28Z trh R2bp & y(k,)3ED; (.Bei(thdKYy.car bonyl ) - 2- met hyl - 6-{[ 3-
(2- oxo( 6-

Methyl 4-(2-ox0-6-hydroquinolyloxy)butanoate: Methyl 4-bromobutyrate (6.8 g)

was added drop-wise with stirring to a solution of 5 g of 6-hydroxyhydrogionoline-2-one and
7 g of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in 75 mL of isopropanol, and refluxed for
4 hours. After cooling and removal of the solvent under vacuum, the residue was dissolved

in methylene chloride and the organic phase was washed successively with 0.5N NaOH,
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hydr oqui nol yl oxy) ) pr opoxy] net hyl } -1, 4- di hydr opyri di ne-
3-carboxyl ate (Conpound 7) was synthesized according

wWo eoodobsme |1 1. SCHEME |11 10 TBDMSO - Br HO PCT/U$2003/031592
TBDMBO ,-,,.,O 1 TBAF, THE N ODBU, IPrOHH O MO "
A"Cl 00 HO-O\V\ OO0 MOI O~01 I A\ \~ NOOH

60% NaH, THE HN O C CHO O Me02C CO2Me Me02C Mk H
dDute@HCN\antd Wités, dridal dNZMESD [ rd(cbnderdrated. Re-crystallization of the crude
2-tetramet hyl -1 -sil aprsggoxy pr opoxy] hydrogw nol i n-2-on
peoductiram vesigrfpihsd fhe subgitpted qpinolingws BYlotpssasedles,. BANMR (400

M CPENT 1% o By i RGP TERS S eounf: B7ga, 1 3.04
(RH);, 3. ERY), {1); Z&S%m, 2%;@.1@@, #1),38 mmol ) in

i sopropanol (20 nL e mxture was refluxed for 21

hours and cooled to roomtenperature and evaporat ed

to rameyve th i du . , { 0

ot hy@r! !g %0 @ﬁy%@zé%g&& l)?}égﬁc E?ﬁ'a % dﬁ&sﬁ%%g&ﬁf%léeﬁé@@&lr éég'terl?n 20% HCI

vwam stieed fuir Chhoust a2 190°Q R odled gghdate erydaR S e célitidd byt fit@ton, washed
The filtrate was concentrated to give the product as

vifh colbwoler, 208 Aried Sudelivecthe eeidoe 3/eommb 20lid f FLNMR @00 MHzZ;

iy s , 1 H 0, Mz, ; :
R Gproyste SRS EIRY 18 p oovco
280)5X2% ¢, JHH) 1.98.(842HN 2H); 3.79 (m 2H); 1.90 (m
2H); 1.00- 0.08 (overlapping singlets, 15H total). 5
6- ( 3- hydr oxypr o oxy) hydrogui nol i n-2-one: To a sol ution
of 6-[3-(I,1,2,2-

Methyl 4-(2-chlorophenyl)-5-ethoxycarbonyl)-2-methyl-6-({2-[4-(2-ox0(6-hydro-

quinolyloxy)butanoylamino]ethoxy}methyl-1.4-dihydropyridine-3-carboxylate: Isobutyl

chloroformate was added drop-wise to a solution of 4-(2-0x0-6-hydroquinolyl)butyric acid in
methylene chloride, with stirring and in an ice bath at 0°C. The ice bath was removed and
the mixture was stirred for 1 hour at room temperature, then treated with 0.9 eq. of 2-[(2-
azidoethoxy)methyl]-4-(2-chlorophenyl)-3-(ethoxycarbonyl)-5-(methoxycarbonyl)-6-
methyl-1,4-dihydropyridine and 1.1 eq. of triethylamine. After stirring the resulting mixture
at room temperature for 3 hours, it was transferred to a separatory funnel, diluted with
additional methylene chloride, and washed successively with 0.5 NaOH, diluted HCI and
water, and dried over MgSO4. After concentration in vacuo, the crude residue was purified
on silica gel column to provide the final product, 'H NMR (400 MHz; CDCl3): 6 7.48 (m,
1H); 7.36 (d, 1H); 7.15 (m, 1H); 7.02-7.00 (m, 3H); 6.79 (m, 1H); 6.63 (m, 1H); 6.57 (d,
1H); 4.43 (m, 1H); 4.19 (m, 2H); 4.04 (m, 2H); 3.94 (m, 2H); 3.76 (s, 3H); 3.63 (s, 2H); 3.37
(m, 2H); 2.18 (m, 2H); 1.99 (m, 2H); 1.71 (s, 3H); 1.30 (t, 3H).

Example 2: Methyl 5-(methoxycarbonyl)-2-methyl-4-(2-nitrophenyl)-6-({2-[4-2-0x0(6-
hydroquinolyloxy)butanoylamino]ethoxy} methyl)-1,4-dihydropyridine-3-carboxylate
(Compound 6) was synthesized according to Scheme II. "H NMR (400 MHz; CDCls): 6 8.07
(m, 1H); 7.53 (m, 1H); 7.48 (m, 1H); 7.36 (d, 1H); 7.33 (m, 1H); 7.32 (m, 1H); 6.79 (m, 1H);
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tetranet hyl - 1- si | apr opoxy) pr opoxy] hydr oqui nol i n- 2- one

(1.50 g, 4.5 mol) in tetrahydrofuran (THF;, 20 nlL)
wow4sasded drop-wi se a solution of 1.0 M PCT/US2003/031592

t et rabutyl amoni um fluoride in THF at OC and the

m xture was stirred for 10 mnutes at OC and at room

tenperature for 1.5 hours. Aqueous saturated NHAClL was

tatidded 1f @57 iy 11D); 4.43¢hi OH); $004Uni, O 20194 (hE2ISR BYRIE, 6H total); 3.63

arebErErEE A R 38%, 2T enrbed v aD a0 nt) anc

filtered to renove the solid. The solid was washed
with water and then 50% Et OAc/ hexane to give the
product as an off-white solid (581 ng 599, 1H NWR

E((léﬂ p 925'6 M%g ég(?fﬁh efggﬁre%g )%(%?E?TOW%W%O@SIS'Z ‘Ppﬁ%‘ylz%{ [3-(2-0x0(6-

h?dl@auﬁlmyl&ﬁ))pr?o%)]nﬁ&hyl 4- dﬂa?dropyndlne 3-carbox late (Com y}iogmd 7

Met hyl 3- oxo- 4 é - 0xo( 6- hyddr oqui nol yl oxy) J pr opox
W6 srighesized gecardipgda Splsmeolll.t he al cohol from t he
previous step (573 ng, 2.61 mmol) in THF (15 nL) was
added in portion wise into a suspension of 60% NaH
(209 ng, 5.22 mml) in 1GEEHEMXE IITHF and then a

sol ution of nethyl 4-chloroacetoacetate (393 ny, 0.3
m., 2.61 mmol) 20 in THF (5 nL). The m xture was
stirred at rromsbenperat ure overni ght. Thin |ayer

B raphy (TLC) shomedTBrwS@eacLy TBAF, THF
Di | for mem-de—(BM—(1.0 nL) and Na(293——ncg———>
5.2 1 )0 wer &BY¥eessi vel y added and e M1 X®ure was

stirred at roomtenperature for 2 days. The sol vent s
were renoved by evaporation to give a residue, which

was treated wi th %&ceg,g aC|d (HOA@ &0 nL) and
25 Et 30¥'mL x 5 heoco I ped

organl C rs| were dPied over QEQL an f||tePe S
The filtra ecem;egp,tﬁ&tedto gi ve a residue, whihefi~y
was purified by col um chromat ography with hexane-50% H
Et OAc/ hexane- Et OAc- 10% MeOH Et OAc to afford the
pr oduct a yell ow whitessolid (361 nmg, 42%, 1H NWMR
(400 MH2ZTBC13): 6 7.4 m 1H); 7.35 (d, 1H); 6.77
(m 1H); 0}6063 (m 1H); 658¢d, 1H); 4.53 (m 2H);

3.94 (m 30 2H),; Yep SHMe 3. 41 (s, 2H); 3.37 (m
2H) 1.88 (m 2H).

27 044 03 4 PCT/ US2003/ 031592
Met hy'Y'eZR’-zj\- chl or opheel ) N5

me )-2- nethvl
6.. [3-(2hoxo(6 hydroxy- qU|nonoxy) gret hyl -

4- di hydwepyWkdi ne- 3-carbox late (ExanpleHI11): A

sol uti on of 2-chl orobenzal dehyde (197 ng, 1.4 mol),
nmet hyl 3-am nocrotonate (161 ng, 1.4 mmol), nethyl

3- 0x0-4-[ 3- (2- oxo( 6- hydr oqui nol yl oxy) ) pr opoxy] but anoat
e (424

0-[3-(1.1.2.2-tetramethyl-1-silapropoxy)propoxylhydroguinolin-2-one: (3-

Bromopropxyl)-tert-butyldimethylsilane (1.63 g, 1.50 mL, 6.5 mmol) was added drop-
wise into a mixture of 6-hydroxyhydroquinolin-2-one (1.04 g, 6.5 mmol), DBU (1.73 g,
1.70 mL, 11.38 mmol) in isopropanol (20 mL). The mixture was refluxed for 21 hours
and cooled to room temperature and evaporated to remove the solvent. The residue was
extracted with ethyl acetate (EtOAc; 150 mL) and the extracts were washed with water,

dried over Na;SOy, and filtered. The filtrate was concentrated to give the product as an
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5 ng, 1.27 mmol) in thanol (10 nL) was refl uxed
overni ght and cooled to roomtenperature. The solvents
wowre/0sampved by evaporation to give a resi duePCOB03/031592

was purified by colum chromatography wth

CH2C12- 109%veOH CH2C12 to afford the product (70 nyg,

10%9, 1H NWR (400 MHz; CDC13): 6 7.48 (in, 1H); 7.36

ofEiwhitesolidr(1bg, 760), W-(mmm@cmlgswmﬁmmﬁgm.% (d, 1H);
7 4.43 (m 1Hy; 4.04

;6. in, ; 6.57 (d, 1H);
61'@ Qf%ﬁfgﬁﬁ% %ﬁgiﬁg;rﬁﬁb@) 11&33.3756;(%@2&@1 a8 ,(mﬁlaH);dt%a ()111, 2H); 1.00-
2 ; 1.71 , 3H). Exanple 4:
@Q%@y%&p%@%ﬁﬁ%ﬁo}éﬁazol i di ng)[sz, 1- b] qui nazol i n- 6-

e Y o hyl - 4- (3-ni h 1Y-1,4-d
6-di net -4-(3-ni trophen -1, 4-
i( ﬁg 3 " ’!. 'g 50 ( O1TY[R %@? t)/q-é-(]':l:z:z-

'Z 1 "'* ' r i at.e
SRR Ry ST ol L TS
teradiydrosieram T IAESUY mbwab yddédrdn?p’dwéﬂilafog;&o;}lﬁé % 82 i r5n9 ,

36-2145,. 28 , 4
SR e
02C @ndNatQoom t&ieBerdturdor 1R hdurél A -eo@b'%}g%teﬁ%%f@l%!ﬁéﬁﬁg into the

HO.C N M tsunobu conditions HOO N ) _
reactipy solytirandihaeolvertpvasicemeyad-yy evapouadin. Nlhe residue was

partitioned with 40 mL of EtOAc and water (40 mL) and filtered to remove the solid.

The solid was washed with water and then 50% EtOAc/hexane to give the product as an
off-white solid (581 mg 59%), "H NMR (400 MHz; CDCls): & 7.48 (m, 1H); 7.36 (d, 1H);
6.79 (m, 1H); 6.63 (m, 1H); 6.57 (d, 1H); 3.94 (m, 2H); 3.53 (m, 2H); 1.90 (m, 2H).

Methyl 3-0x0-4-[3-(2-0x0(6-hydroguinolyloxy))propoxy]butanoate: A

suspension of the alcohol from the previous step (573 mg, 2.61 mmol) in THF (15 mL)
was added in portion wise into a suspension of 60% NaH (209 mg, 5.22 mmol) in 10 ml
of THF and then a solution of methyl 4-chloroacetoacetate (393 mg, 0.3 mL, 2.61 mmol)
in THF (5 mL). The mixture was stirred at room temperature overnight. Thin layer
chromatography (TLC) showed no reaction. Dimethylformamide (DMF) (1.0 mL) and
60% NaH (203 mg, 5.22 mmol) were successively added and the mixture was stirred at
room temperature for 2 days. The solvents were removed by evaporation to give a
residue, which was treated with 10% acetic acid (HOAc; 10 mL) and extracted with
EtOAc (30 mL x 5) and the combined organic layers were dried over Na,SO,, and
filtered. The filtrate was concentrated to give a residue, which was purified by column
chromatography with hexane-50% EtOAc/hexane-EtOAc-10% MeOH/EtOAc to afford
the product as a yellow-white solid (361 mg, 42%), 'H NMR (400 MHz; CDCl;): 6 7.48
(m, 1H); 7.35 (d, 1H); 6.77 (m, 1H); 6.63 (m, 1H); 6.58 (d, 1H); 4.53 (m, 2H); 3.94 (m,
2H); 3.67 (s, 3H); 3.41 (s, 2H); 3.37 (m, 2H); 1.88 (m, 2H).
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15

H H3000C 0~ H3000C COOH CN Me H CH3 Me N CH3 NO2
MeOOC ~~O\ O NN H3C H-0. 3 H 5 Exanple 5: Methyl

W®2(004/A33424 [ 2- chl or 0- 4- (6-ox0( 1, 4, 5-tri hydr opyr PAEES2008031592

yl )) phenoxy] acetylamino } ethoxy)nethyl]
-4-(2-chl orophenyl ) -5- (et hoxycar bonyl ) - 2- et hyl - 1, 4-
di hydropyri di ne- 3-car boxyl ate (Conpound 8) and net hyl

6- [ ( MRyl R¢XxEhlorophdnyl B5-(methoxycarbonyl)-2-methyl-6-{[3-(2-0x0(6-
0x0(1, 4,.5- tr|h dropyrlda2|n 3. I )phenox ]
4adi ridine- -carbox late (Example III):

A igharsenidco %ex(z[%ic{é%a&@g'?ﬂ%h )y ;ésn%@é ?aﬁlgé?h%%taggce (161

yridi ne- 3- carb oxyl ate

nw;dodf wined), metlSt Benesi- BB—(Q, oxdﬁ6aydroqmno@%)ép@p2@%&]bﬁ€aﬁééte (424
B e PR D G e OIS PR et red spled tctpome
telﬁib‘ératNreOT ﬁ\é@)l%ﬁf\! \&c;fe]r%g]p%ﬁt%( W Wapara%lﬂig to %wg gr%@%ﬂ: v\yvhlch was
p}}gﬁe%y mlwmﬁhmtqgamy w@ith Obh@zei @@Me&ﬁ/@/ﬂ@am@@ﬂm the
pRSuMF i me, 10%), 'HNMR (400 MHz; CDCLs): 8 7.48 (m, 15); 7.36 (d, 1H); 7.15
(m, 1H); 7.02-7.00 (m, 3H); 6.79 (m, 1H); 6.63 (m, 1H); 6.57 (d, 1H); 4.43 (m, 1H); 4.04

(m, 1H); 3.94 (m, 2H); 3.76 (singlets, 6H total); 3.37 (m, 2H); 1.88 (m, 2H); 1.71 (s, 3H).

Example 4: 2-(2-Oxo0-4,3a-dihydroimidazolidino[2,1-b]quinazolin-6-yloxy)ethyl 5-
(methoxycarbonyl)-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxylate
(Compound 14) is synthesized according to Scheme IV. The intermediate tetrahydro-2-
oxoimidazo[2,1-b]quinazoline is prepared as described by Venuti et al., J. Med. Chem.
1988, 31, 2136-2145.

28



10

HON O\NHMW 45 MW =524.96 MW = 394.86 5
4-12-(1, 3- D oxo- 1, 3-di hydr o-i soi ndol - 2-yl ) - et hoxyl -3-0

wWOoeeods3snd c acid nethyl ester (3): To a stirrrdI/us2003/031592

suspensi on of sodi um hydride (60 % di spersion in
mneral oil, 6.28 g, 157 mmol) in

N, N- di met hyl f or mam de (150 nli) under nitrogen at 0C
was added portion w se NCAEMEIVXyet hyl) phthal i m de
(2, 20 g, 105 nmol). The reaction mxture was then
allowed to warmto anbient tenperature with stirring
for 30 m nutes. qu@alo stirred suspension in a
separate fl askK28f EKodi UiBoRY iolde (60 % di spersion in

mineral oil, 6.28%°g, 157 mol) in

NN di.methy! 2oreeNfile (150 nl) umnder Aj n at 0C was
ad portion w se nethyl 4-chl or%gg/t;ne (1

12. DANOLO5, mmal ). The reaction nmi xfure Nas then
allowed to warm to anbient tenperature with stirring
for 30 m nutteSNBrThe two reaction nixtures were then
conbi ned porgigp W se and stirred at anbi ent

t enperature 15 under nitroFgen for 6 hours. After

cooling to OC, a f'urdn—lfér/?)orti on of sodi um hydri de

(2HB 4,500 nmol ) Misersbuendmiichs The m xjpure-was hg+ed
for {07 ol gsvat oc AN
met hy 4J"chl|'lbroace§.@@,9§gcate (3.0 M, 26.0 nmol) WasH

added. The reaction mxture was then stirred at

anbi ent tenperature for 18 hours, then poured onto a
mxture @f ice and saturated ammoni um chi (y'\i%l_@, n

t hen @ raf i zed with aqueous NP2N) .H20~Th )N:>=o
i pifabe which K‘gHmsd was fil ed of f and N7 ”
Hisooe yst alll | zed froemethyl acetatle to give a first

crop pf B & h%,/Mellovvsoli'i'}f:o MHed filtrates
vene extraas ed™ni th ethyl acetatel(3 x 300 nL). The
conbi néld organi c |l ayers were WasHed St h sat ur at ed
brine (2 30 WD 2004/ 033444 PCT/ US2003/ 031592 x 300
m.) and water (300 nlL), dried over MJSO4 and
concentrated un neduced pressure to |eave a

resi due which was purified by col um chromat ography
over silica gel O g pre-packed Isolute(c) colum)

usi ng et hyWeQ@e ] ohexé ~J1)~as eluent to give a
3 as a yell ol jjd, i ch was conbi ned

second crop of
with the fir8€ ciopCtio gi ve Yrethyly5

4- ((2' -hydroxyethyl ) phthal i m de) acet oacetate (3) (10.8

g, 34 %yield, 95 % pure by LCVM5 and 1H NWR), 'H NWMR

(400 MHz; CDC13): 8 8.13 (m 2H); 7.69 (m 2H); 4.53

(s, 2H); 3.80 (m 2H); 3.70 (m 2H); 3.67 (s, 3H);

E3ambld 5, M2yl 6-[(2-{2-[2-chloro-4-(6-0x0(1,4,5-trihydropyridazin-3-yl))phenoxy]

acetylamino}ethoxy)methyl]-4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate (Compound 8) and methyl 6-[(2-{2-[2-chloro-4-(6-
oxo(1,4,5-trihydropyridazin-3-yl))phenoxy]acetylamino} ethoxy)methyl]-4-(2-
chlorophenyl)-5-(ethoxycarbonyl)-2-methyl-1,4-dihydropyridine-3-carboxylate

(Compound 9) were synthesized according to Schemes V-a, -b and -c.
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4- (2-Chl oro- phenyl )-2-[2-(1 3-di oxo-1
3-di hydro-i soi ndol - 2-yl ) -ethoxnmeth 1]-6- 10

wOoreiohps3414 4- di hydr o- pyri di ne- 3, 5- di car boxyl i ¢ BCT/US2003/031592

di met hyl ester (dinethylam odi pine phthalimde)(4):
To a stirred suspension of
4-12-(1, 3-di oxo- 1, 3-di hydr o-i soi ndol - 2-yl) -
et hoxy] - 3- oxo- butyri ¢ acisdmEtiyv-£ster (3, 10.8 g,
35.4 mmol ) in nethanol (250 rTL) at anbl ent
tenperature were a2YHE A SR 1) A
35.4 mol) and nethyl 3-am nocrotonate (4 08 g, 35.4
ol ). The reaction mxture was then heated tq reflu
15 wmeer nltroge, then stirreg’at this tenper”q ur«€
fdr 6 days"UatT\-\LCVS_aWal ysi Sj\;ndl cated less~than 5[,
% st arting mat er 3 re#mi ned. olhe. M xture wWas 1tshee w. = = 140.57
al I owed to cool t&~ ambient tenperat) and tThe | . e
preci pitate which formed was fllieroed and dried under
suc1ts°5gn to giNe€=2"f9rst crop wiv.4ssght yel | ow solid.
The filtrate was evaporated to dryness and the
was re-crystallized from net ol to obtain a

‘ ep of light yellow 20 soli he products of
t ety croaps were combi ned, gi vjng di met iyl am odi pi ne
li dide (4) as |igHt"™Vel Low powdjer] (8.3 g, 45 %
yi el d, R91] % pufe by LCMS and 1H N N“JH NVR (400
|sz CDCl%‘)/\ 13 (m 2H); 7.68 (m  2P)i~g, 15 (m

qgg 3H); 4.43 (m 1H);54.04 (s, 2H);

d” m-SH): 3.76 (singlets, 6H totwl=pess. 70 (m

2H) 1.71 (s 3H). 25
2- (2- Ami no- et hoxynet hyl ) - 4- (2- chl or o- phenyl
-6-nethyl-1 4-di hydro-p irk 3,5-dicarboxylic acid
di medH2H(1 8sDexofld3-diylsd-moindoli-2-yHer{dx)y] -3 Joxosbusgriar atoéiﬂmethvl

egstgllqgé Q'in@ gfregeﬁlbiip llil]sflld% gﬁsﬁé}dﬁ% ﬂ'};d‘é{‘idﬁggd‘%%@é@g in mineral oil, 6.28

of ?smhfbmnohmin)eﬂ&tﬂaﬁn&&ldé(pbmm dndér dithypeh ar 0°8ohAdRlded
- 2-yl )-ethoxymeth ]-6-nmethyl -
portipnayipg Nr(@- Ipfyquwpihél)shtbaldnda v(hdé(&g i185 aunel).dhetehgtion mixture

V\T%tdben rﬁ,rgrv)mdttorﬁrlgraﬁéoo%l{l ﬁﬁﬁﬁhtrg ¢ tg Llfr nlgrfga‘j‘(g{nn%ites Toa

stfed @Rpensicinipersapataie ffagk ofldho hﬁdnde’(@(] %l dis}dé@@n\m thineral oil,
wat er %100 m.)_ and extracted wt
628ces/1 §353ya0l) POYA \Udiprtipomasgie (heudy ém@g rsztrq&m aMBC was added

rg r
PSR SGIRARG) SLARELLACLE, Y Bl R s ocion i
wasﬂmaraﬂlp&tédo waﬂm to ambliﬁnﬁelmpemamuwﬁhtsﬁrrgigvfer 50 mimetd. Gbhe two

b s e ALyl s B 30y R
ugdli—?}tncl)tt n fdr dﬁo&m A%'ég @oﬁ;ﬂmgéﬂo 0%, amther%o?tfbn(o?‘ segﬂuﬁf lé()dnde 2.0

g, 50.0 mmolg was added Tﬁle mixture was stlrred for 10 mmutes at 0 C "then a further

Cl

portion of methyl 4-chloroacetoacetate (3.0 ml, 26.0 mmol) was added. The reaction
mixture was then stirred at ambient temperature for 18 hours, then poured onto a mixture
of ice and saturated ammonium chloride, and then neutralized with aqueous HCI (10 N).
The precipitate which formed was filtered off and re-crystallized from ethyl acetate to
give a first crop of 3 as a yellow solid. The combined filtrates were extracted with ethyl

acetate (3 x 300 mL). The combined organic layers were washed with saturated brine (2
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SCHEME V-b Synthesis of pyridazi none carboxylic acid
(as in EP 0178189, Mrisawa et al, pages 80 and 81)

waeooss3za44 HO KCO3 Et 0zC O __ Et2C 1~10 M WPECT/LUSD0D31592

+ EtQR2CBr ~ -- Cl acetone, reflux CI AICl3, DCMCl 6 7

89 OMH MW = 128.56 MW = 167.00 MW = 214.65

MW = 314.73 15 H2ZN-NH2 Et ®2C, _-, O NaOH H®2C - ~O

XB0HN L) arfd @ﬂeﬁ{i’»O’O ?nIﬁ)I élﬁed'tt)]@r M@O;;Manonce’ﬁﬁ@teﬁ‘lm%r\ﬁéduced

282. 6 0 Et hyl 2 c or op enoxyacet ate :

PLGSSHIE Z%I c8ys aqumed‘r 1eh WhY BB ol clzen@toggaphz mger silica gel
Lr I t

(Bt oA EPLATEAARY ol R ketle 1R0ED @y o o give s

Si@lldmmi Of Jparch wtllopt solhdowhlah e\taak:embﬁ),ed Zﬁt}ﬁhg ﬁrsi Bfop to give methyl

ARy B BR | S Heblonesta £, S 357% Pl s Popury by

TJTMS Sind A NVIRG, 001 IR 42490 MNP Al 2. YR 9 (m. 2ED; 4.53

reaction mxture was 25 filtered to rendve insol

(SREDS 3.80 (mt 270t (g 2H)ph 62 (%, BHD; 04 Lisd@H).r educed

pressure to give 8 as highly viscous, |ight yell ow

oil (32.0 g, 95%yvyield, 95% pure by LCMS and 1H NWR),

1H NMRZ(@lQ@rd\'ﬁZe‘nvm:gOl 3-8i0feo16- ﬁl'ﬁ’vdrlaL‘&@m&oloﬁylﬁ-@tho%%ethvﬂ -6-

676m1 4. 90 s, 2H) .
( H) ne &55 rglcarboxvhc: acid d(lmethvl ester (dimethylamlodipine

- 0 h byt
ﬂ'Jaﬁm 9} a_lsg%a) Ms&)?ﬁﬁs{f@gﬁ Z{Té Io%-ﬁ 0?)( eln%/ﬁ lﬂyérooi)églnaol)@-yl)
ethogh]-BHoapibaneicyetbhathel ds&2 (3) 19,8 4,43 4m@lo)) infnethanol (250 mL) at

hl t hane
agnlb?ent ’(t)errr?pré?ature were added 2-chlorobenzaldehyde (4.98 g, 35.4 mmol) and methyl

3-aminocrotonate (4.08 g, 35.4 mmol). The reaction mixture was then heated to reflux
under nitrogen, then stirred at this temperature for 6 days until LCMS analysis indicated
less than 5 % starting material 3 remained. The mixture was then allowed to cool to
ambient temperature and the precipitate which formed was filtered and dried under
suction to give a first crop of light yellow solid. The filirate was evaporated to dryness
and the residue was re-crystallized from methanol to obtain a second crop of light yellow
solid. The products of the two crops were combined, giving dimethylamlodipine
phthalimide (4) as light yellow powder (8.3 g, 45 % yield, 91 % pure by LCMS and 'H
NMR), '"H NMR (400 MHz; CDCl;): & 8.13 (m, 2H); 7.68 (m, 2H); 7.15 (m, 1H); 7.02-
7.00 (m, 3H); 4.43 (m, 1H); 4.04 (s, 2H); 3.80 (m, 2H); 3.76 (singlets, 6H total); 3.70 (m,
2H); 1.71 (s, 3H).

2-(2-Amino-ethoxymethyl)-4-(2-chloro-phenyl)-6-methvl-1.4-dihydro-pyridine-

3.5-dicarboxylic acid dimethyl ester (dimethylamlodipine)(8): To a stirred solution of

methylamine (40 wt% in water, 125 mL, 1.45 mol) at ambient temperature was added 4-

. (2-chloro-phenyl)-2-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-ethoxymethyl]-6-methyl-

1,4-dihydro-pyridine-3,5-dicarboxylic acid dimethyl ester (dimethylamlodipine
phthalimide) (4, 6.30 g, 12.0 mmol). The reaction mixture was stirred at ambient

temperature for 18 hours, then diluted with water (100 mL) and extracted with ethyl

31



5

10

15

20

25

30

(75 nmL) at anbient tenperature under nitrogen was

added succi nic anhydride (22.4 g, 32 WD 2004/ 033444
wEIMOSRAO3/ 031592 224 nmol ). The reacti on m RCT/US2005631592

cooled in ice-water and to this was added portion

wise alumnumtrichloride (59.6 g, 447 mmol ), whil st

mai ntai ning the tenperature below 20C. The reaction

abetafe (B & MBSNL ) EThedohn™iesd drParsé bxtradts virbivRBhed with saturated brine
d@n}l%i&a%ure for 20 mnutes and was then heated to

Ied over Meefs and eqqcentratehandsr trdacedpressurrigraive S a yellow

Raact | Io I c | et .
R S F YR S B by MR o BN SRR (BB oD
(R0D(my] VHRMD2HA0 (d,BHY; 440 Qmiyil ); 4Tove(st 26); BIESEIng )%, 6H total);

s separated and _the agueous |ayer was extracted

X @Eﬁy?g%@@t%@é (B (&, m.). Al organic |ayers
were then conbined and washed with water (2 x 100
m.), dried over Na2SO4, and concentrated under reduced
pressure to give an oran§€HEME ¥abi d. Hexane (300 ni)
was 10 added, and, after standi ng at, anhi ent
t enper at ur e forgﬁh&‘%? RYAleaz @E.gﬁ?‘fl%f’ixg igaeids j | ¢ er ed
off and re- Cfa_%ﬂEP'O'lZS?IC@fWs%bé‘ﬂal,%%&@@@aﬂd gwlgx_ane to
give 9 as a light yell ow powder (21.5 g, 46 %vyield,
98' % pure by LCVMS and 1H NWR), 1H NMR (400 MHz;
CDC13): S 7.79 (m 1H); 7.66 (m 1H); 6.79 (m 1H);

4.90 (s, 2H): 4.12 (q, 2H): 2.82 (P =02 42 (m
.30 (t, 3H). kdb, 6-f3e.Chl - ALGETRRX  EOLL O

c= t hboxsg.pheny| -2, 5- di h d( - Py none (

To a.stirred 7suspen5|'on of ¢ AlCk, DCM ¢ I

6
4. [ 3-.¢hl org- 4- ( et hoxycar bonyl Bt hoxy) phenyl ] - 4- 9 0% >oH
o“gidbfft'yricM%éc}m((jpo(Q, 21.5 g,"692%5mol ) in et hanolw. {200
m) at OC vwas added a solution of hydrazine

monohy¥ at e ( 37" 69. 2 mmohjoni n et 0 nm).
The rgaction m was H%q al | owedCI LA to
anbi ent tenperature andistirred at this tenpergature

for 15 ninutes bd%orefbel ng heated to reflllx afyd ©
stirred at thi s"Wéi3&r ature for 3 hours.“ErRVf°
acetate (40 nL) was added to the hot solution and the
m xture was allowed to cool to anbient tenperature.

The Btiedi2eiHl@bphetokgdeefats 8BdTo@StIfred Edltesh of J-cldBbphenol (6, 20.0

vvg%bed \M th wat t(sr (2 x 100 nL) and cold ethanol (2 x
g1 6 mimel) inesfons {398tk yndet eittogen atambnent fraeperatnreriyy added

' ag71 | I : 9
PEBSH a1 goF g MBI RS T 9, 6 o
TheizeacGDCH B turdowas, thén hemteditblrefluk al sfimed dthjs t6mperafurg under
s 4. S, 4.1 Q. 2H); 2.22 (m 2H); 1,62

n?tﬁgg’eﬁ 5" Phodsg f‘ﬁg{) Sijing ﬁyﬁ@s&ﬁ%a&r%ﬁ E%WP%%X&M was
filtereli4o kein S@Y iRGINBTBS. Neheyi Itrdte GiHs AhEPEDBerltratdll \Brder reduced pressure
to give 8 as highly viscous, light yellow oil (32.0 g, 95% yield, 95% pure by LCMS and
'H NMR), "H NMR (400 MHz; CDCls): § 7.16 (m, 1H); 7.03 (m, 1H); 6.76 (m, 1H); 6.71
(m, 1H); 4.90 (s, 2H); 4.12 (q, 2H); 1.33 (t, 3H).

4-[3-Chloro-4-(ethoxycarbonylmethoxv)phenyl]-4-oxobutyric acid (9): To a

stirred solution of ethyl 2-chlorophenoxyacetate (32.0 g, 149 mmol) in dichloromethane
(75 mL) at ambient temperature under nitrogen was added succinic anhydride (22.4 g,
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30 di h d3(2H)-pyridazinone) (11): To a stirred
suspensi on of 6-[3-chl oro-4-

w@ eaohos3sear bonyl - met hoxy) phenyl ] - 4, 5- di hydr o- 3PCHPSI9938/031592

dazi none (10, 17.6 g, 56.6 mmol) in ethanol (150 nl)
at anbient tenperature were added water (150 nlL) and
33 WD 2004/ 033444 PCT/ US2003/ 031592 sodi um hydroxi de

208 mkibly, TELréadiodl phixtukb &vak 8a61bd Bic8iwatdd hed ¥Rdid WA hdded gortlon
heated to 80C and stirred at _this tenperature for

Wit eminpretrighlogide 639 et mmabdwhistawsntaiing the temperature below

T A B S R el 7 4 BGOR P nfBbgure for 20
rrsmutes ambwasﬂmmeheas&damdéﬂlg( aid stinetl @nthid tenperatirel f 3 lesursl The
t he preci mq iltered off and washed

rGRP L e 5 dope8 i HERBIPeIEBIrS, thespPayrgd infeygmixture
of ﬁ%' WateM@DO 1) 864 H@“lj ero JV ' Hf@ ﬁfﬁ%%tphﬁ%y@f%ngwx&epamted and

4-[ 3- tar boxymet hoxy] -3- chl 6r opheny
thﬁ awueldusylalyes v@E Zii-ffaqﬁ%dwd]azﬁhmbmta(ﬂ@ X é@O mLl)i ghtorgelit baers were

N

céﬁﬁentrdtbﬂ inder Fduced prbdure th ﬁ&e ﬁrﬁ@raﬁé’@ 011}2302111 ({HBxard P300 mL) was
2H). 10 SCHEME V-c¢ Final coupling reactions

acﬁ.qieé} andmep@tqq standing af ambpigyt telmpvxptlme fiay 1. hpr,the popipitate oEHiltered

oS oIS 9 B oo 1.5

g;’%RS % wem o8 mepmbgm amdnlﬁ NIMIHV 1H NBOIR, (860 MM GDClg) 87.79

(IN/elI(I)Aﬂﬁﬁ(m)lH)!\ﬁ W (IB= N{)@ 4. 9;9 s, F?PQ ét12((%ﬂH)1@§¥ (mNEW 2:42 (m,
2673 36 SHR

6-[3-Chloro-4-(ethoxycarbonylmethoxy)phenyl]-4.5-dihydro-3(2H)-pyridazinone

(10): To a stirred suspension of 4-[3-chloro-4-(ethoxycarbonylmethoxy)phenyl]-4-
oxobutyric acid (9, 21.5 g, 69.2 mmol) in ethanol (200 mL) at 0°C was added a solution
of hydrazine monohydrate (3.4 mL, 69.2 mmol) in ethanol (20 mL). The reaction mixture
was then allowed to warm to ambient temperature and stirred at this temperature for 15
minutes before being heated to reflux and stirred at this temperature for 3 hours. Ethyl
acetate (40 mL) was added to the hot solution and the mixture was allowed to cool to
ambient temperature. The precipitate which formed was filtered off and washed with
water (2 x 100 mL) and cold ethanol (2 x 100 mL), then dried with suction, then under
high vacuum to give 10 as light yellow powder (17.6 g, 82 % yield, 99 % pure by LCMS
and "H NMR), 'H NMR (400 MHz; CDCls): & 7.52 (m, 1H); 7.41 (m, 1H); 6.70 (m, 1H);
4.90 (s, 2H); 4.12 (q, 2H); 2.22 (m, 2H); 1.62 (m, 2H); 1.30 (q, 3H).

Pyridazinone carboxylic acid (6-{4-[3-carboxymethoxy]-3-chlorophenyl}-4.5-

dihydro-3(2H)-pyridazinone) (11): To a stirred suspension of 6-[3-chloro-4-
(ethoxycarbonyl-methoxy)phenyl]-4,5-dihydro-3(2H)-pyridazinone (10, 17.6 g, 56.6

mmol) in ethanol (150 mL) at ambient temperature were added water (150 mL) and
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2-(2-{2-[2-Chl oro-4-(6-0x0-1, 4,5, 6-tetrahydro-pyridaz
n- 3-yl -phenoxy]- acetyl am no

WO edohos3et hyl ) - 4- (2- chl or o- phenyl ) - 6- net hyl - 1PCT/US2003/031592

4-di hydr o- pyri dine-3 5- dicarboxylic acid dinethyl
ester (Conmpound 8): 6-{4-[ 3-Carboxynet hoxy] - 3-
chlorophenyl} 4,5-di hydro-3(2H) - pyri dazi none (11, 1.38

s@diuth l%ﬁhcmf@é 0.10Lg, 037 26 ) MEL O WA 3T HABHER Yok ‘tl%neﬁelaﬁéh to 80°C and
carb m de égrochlorlde 0.935 g, 4.88 mml) and 7-

SHired asiatemperare foa2dl ouo ofjition Vg afiawed taggod until
7001,
PSR oB R peh o TR LR Loy M 0 100

nilSmpith stirving. Adter Samding ‘at%nlhaltgd:mperatui’wfdibgelﬁﬁﬂlﬂl’ia pretifhiite was
ution. .A sol ution

|1
fisred AF AN vRSRY wibiatsr. 2. wocmam oSl (3 % §0% Ly (The solid
vl o i erYeH (Heiinde 4 i 634N M oSy ARG TR BYpheny1)-
4- NhYdIIIOﬁ?E(tZHy-IpWdemnd él]()as arﬂg}lt yﬂk)vsapkm\etbr 414 ghed % yield, 99 %

ot bt VB s TR b uie 25008, 1 74

H)Ués $2 (! ) 42896 2419, £ 59QmiYbin).ansh {eﬁtﬁ{) (120 ) were
t hen added ’and the ‘M xturé was extracted with ethyl
acetate (3 x 100 nL). The conbi ned organic |ayers
wer e washed w th aqueous 58ﬁ%§ydrOX|de solution (2
N, 100 nL) and brine (2 dried over MpSH
and concentrat ed UndeFinﬁE&Hﬁﬂﬁg%E&m%e to give yell ow
5 solid which was re-crystallrzed fromethyl acetate /
di ethyl ether to obtain a first crop of Conpound 8
(12a). The nother |iquors were taken and concentrated

under reguced pressure and Jhg/§9hLd was purified by
fllash cqlium chromat ography OV €he'isi Jei-£ @ GEB (20 9)

usi ng, et yQO@cetﬁk@m el uent . coqgln
were cofcgntrat ed un r educe T esSUry

solid Oblalned was Fe-cr alhmaadw&{on1-w
/ di et hyl erﬁéﬁ to 10 glvé a4 seoend crop of

(12a) as Fig yellomﬂpomder whi ch was comnbi pe ngELWTL
tﬂ‘& Ef gnrf ﬁ’ﬁ""ﬁ"& ﬁa 4] 5P uct-f i Bive a,R = Me (ATI107): MW.=659.53  Moy~g
2-(2-{2-[2-chl oro-4-(6-0x0-1, 4,5, 6-t et rafnedriows: mw.=erass  ©
pyridazin-3 -yl)-phenoxy] -acetylanino } -ethoxym
et hyl ) -4-(2-chl oro-phenyl) - 6- net hyl -

1, 4-di hydro- pyri di ne-3, 5-di carboxylic acid dinethyl
est e2-(21{2alR-@lslosp-4+( @-bko-\lel 5 Metmhwrdm‘-pvrfdhzm% 9ll)-pBéndoy]-
(@ ret 7

acetate

Q%%gﬁ)x‘#ﬁé 5@1@ ﬁlméﬂ‘ﬂ esteb @of%&a@% d{& [gféarggxyn(ezﬁcv@yi -3-1H

. ( CDC13 T I Nt ernal™ st andar
cbl'_ppq)phgt)\yl} 'A,fgglhygh}q -3(@H)-pyridgzimme (11, 1.38 g, 4. 88 mmol) 1-(3-

dE%gt!})gla%%%%% ﬁi§-efh,¥l 685'%11‘33%&% Bgésfﬁlbrldie @égzgd q ji%l 0 ?énd 7-
h¥didRyddabenzétrieBole 3(0']265’@%195 fimoly wéi hikel ad §blidd 1 Vav-
dimethylformamide (70 mL) was then added and the mixture was sonicated at ambient
temperature for 5 minutes to give a homogeneous, light yellow solution. A solution of 2-
(2-amino-ethoxymethyl)-4-(2-chloro-phenyl)-6-methyl-1,4-dihydro-pyridine-3,5-
dicarboxylic acid dimethyl ester (dimethylamlodipine) (5a, 1.93 g, 4.88 mmol) in N,N-

dimethylformamide (30 mL) was added and the reaction mixture was stirred at ambient
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7.46 Hz, J2 = 1.22 Hz), 7.04 (1H, J = 7.58 Hz, J2 =
1.71 Hz), 6.94 (1H d, J:880 Hz), 20 5.41 (1H, s),

wa 208k d, J = 15.65 Hz), 4.67 (1H d, J = BOI/BS2003/031592
Hz), 4.62 (2H, s), 3.78- 3. 63( m, 3.61 (3H s),
3.59 (3H, s), 2.94 (2H, t, J = 8. 19 Hz), 2.61 (2H t,

J =8.19 Hz), 2.36 (3H, s).
tﬂnpéfa‘({lﬂ% fo2 1 €hbars 0 Ehy( Geetato (100Amb) Snd whteB{120 mek oy Wt added

S5 PR oS e s tgHEith gty ansisse €t S90oAeYe porwbived pyganic
lhyels &e@'&%ﬂi@wﬁesﬁlgéroﬂ %%ti&éplg&%g&g;@%}{ﬁloﬁ (99\/*, Yoc Y A¥4 brine Q2

ester
2LQO2mL Y dfizd Gmd:rcMgS@z; §8} concentrated under reduced pressure to give yellow

ﬁ‘ggg"gﬂhg}lﬁsggtcyeyts @%ﬂ%%r | P z?czelzg?e_( /gciigtlhgrl_ é}cﬁgrqg )(% ain a first crop of
box jufd aglﬁg' JThé n{&ﬁéﬂiquérsdwéilé Ba)kgﬁ Qﬁ(f’?/d’ﬂcgl'ltpﬁe@*mﬁiegk Rbed

ester b5- hyl ester (Conpoun

P"})SS‘{@ 2pY thmhéy\m‘ ﬂ?@@ﬁ?fbb}’ ﬂaﬁrn@onmehromatogmplha aivpi sikca gel (20 g)

2
g ety dekiaiD aletudys? S0 MBibindt Siagiions wers concentaated ynder spduced
p2ddure pud tibaolid obined l\)as l#chfygtaﬂll’t%d FeetRyIeeAw Adiddyl dher to
Compound, 8. Pyre Conp was obtai ned by
g %%ey%ﬁda?rpp 9 PPI@HOW%%{J&%W light gelhew pewd%W@tha%ombmed

e
1 t 1ﬁ 1yl-
pg%ﬁ%ntof}; a emm:gégc? msmg%ag(ﬁx@l:{% ??IL ?7:(% S) 1§v)m-1t /?212,2 d

it R R I CAREBY 1% U2 by Ehieligh powder
(. 10% % }7161359Qi uré bg/ LCMR é@Q (222)16 nfn: 5&eﬁt§dﬂ tnﬂg 6]115 rnm

pealqareas ISI?%, TOb: iS? Fth %ﬁjeV gqne:votase? n@/z Hz659.1025 (ﬂOQV 28 661 .02

800 TN oSy bRl 35T 0 s 1.0
=62 ZMH@LH 591 HJ dé&; J8 —7868'|H)Z Jﬁ= a@z(ﬂﬂ, 7. 37 (1H,.dae 1 4,83z, 2 =
83 Hz) fi5 83 te), 462 (OH
31 Hy, 623@1 dmﬂ 5983 Hoa ‘I—Hz Hz) 77183163 braadys). 7m)3, (2H, td, J1
73462@2 (I§*i 1. ?%Hz 79)41 (?%IEJ =17, SSJH I(Z%tFI)z 62945&1}](7%11 A 186) Hz),
SE L e) 675[(/blﬂh<§/|J— 15.65 Hz) 4, 67 (lH d,J=15.89 Hz), 4.62 (2H, s), 3.78-
33 G BB PR RLGEE 58 by L e ﬁzﬁt&y&f L, 7=8.19

e oxa3retshyl | - 5- (et hoxycar bonyl ) - 2- et hyl - ,
di hydropyri di ne- 3-car boxyl ate (Conpound 13) vvas
synt hesi zed according to Schenme V. The required 2-

acavlaﬁlurtd’}eeﬂi@ivh!ﬁ&lﬁ%@fchb&ﬂnhéhyﬂ)r -i‘!&dwl—@me@ﬂlv%q&ndme 3.5-

1887- 0 and US Patent 5,051, 431.
d1carboxv1513c ac]i(? 9 ethyl ester 5-methyl ester (Compound 9): 2-(2-{2-[2-Chloro-4-(6-

oxo-1,4,5,6-tetrahydro-pyridazin-3-yl)-phenoxy]-acetylamino } -ethoxymethyl)-4-(2-
chloro-phenyl)-6-methyl-1,4-dihydro-pyridine-3,5-dicarboxylic acid 3-ethyl ester 5-
methyl ester (Compound 9) (12b) was synthesized from commercial amlodipine (5b, 1.73
g, 4.23 mmol) and 6-{4-[3-carboxymethoxy]-3-chlorophenyl}-4,5-dihydro-3(2H)-
pyridazinone (11) using the same procedure as for Compound 8. Pure Compound 9 was

obtained by re-crystallization from ethyl acetate (1.45 g, 51 % yield, 99 % pure by 10

35



SCHEME VI 20 Ove MO O MO NOWVe | ~CN MeO \\ 101 I /
HzN NH DMW, 85C, 18 hr N NaOwve, DMF 0 95C, 18 hr CN
w®@B3/03842q., CH2CI2 HO Il 1. NaH (2 eq.), DV, PCDURA2003/031592
tenp, O NHEtOO roomtenp., 6 hr 2. 0 p Br,, A CEkt
(1.2 eq.) NH CNO DWW, 80C, 45 mn CNO LiOH (4
eq.) 0 HOEtOH/H20 (1:1), rooml NH tenp., 1 hr O

b, B@MMW@Q%%4$t§%%?@Q§/8@%59 eakSMBzi he®bs TOF-ES* with

4- Di met hyl am no- 3- (4- met hoxy_phenyl - 3- en- 2- one
263V copg valtage: py/ed é|3Qt(|1@Q%b& 675.30 ( 0%)) "HNMR: (CDCl3, TMS

i&éﬂ%&&ﬁﬁ?%%@%ﬁ%? %5({)’ [pag 728ds°ﬁ?—128 m% 9, 738 (H, ad, 11 =
mﬁh(mﬁz Jiaxy2e0 by), -7oB&mH1y1t1 H¥ Ng8 t(&& 1723& 1, 6511{2)2@33 r(qml dd 11=1787
t then stirre
5 B TaFlotbion 3 128bH GorgSmAtRdAt. Hohe7doute TAmd SHasg.04
1l yentsyand jb eagentss) W4G(1H?HPJVB§.7§ 575 BEEHERS 4.76 (11, d, T =
pressure tO girve cCr U
15.83i Hat 48 4L J 3= 1(54831th &62BENY) 308 (@H3neH- 27d08d14)3).77-3.63

Gomborot O k2 et P 3R o R Ee¥ef 915, 755 G o,
15}8((4;HVEtJh£xy4phenyl ) - 6- net hyl - 2- oxo-1

10 2- dlhy&ropyrldlne 3-carbonitrile
Example 6: Methyl 4-(2-chlorophenyl)-6-[(2-{2-[4-(5-cyano-2-methyl-6-oxo(3-
hydropyridyl))phenoxy]acetylamino } ethoxy)methyl]-5-(ethoxycarbonyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate (Compound 13) was synthesized according to Scheme V.
The required 2-[4-(5-cyano-2-methyl-6-0x0-3-hydropyridyl)phenoxy]acetic acid was

15  prepared according to Scheme VI, using the methods described in J. Med. Chem. 2002,
45, 1887-1900 and US Patent 5,051,431.

SCHEME VI
20
Me
MeO
o)
MeO HoN )J\/CN
o] 2 _
[ NH
™
DMF, 85°C, 18 hr NaOMe, DMF o)
95°C, 18 hr CN
BBrg, 3 eq., CH,Cl HO o
3 3 eq., CripCly 1. NaH (2 eq.), DMF, room temp. )J\/O
> EtO
t 6h hH 2 0 =
room temp., r .
P NNo e I, (12eq) )
CN o}
DMF, 80°C, 45 min CN
o)
LiOH (4 eq.)
LoHGea) Ho 0
EtOH/H,0 (1:1), room ZNH
temp., 1 hr S
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To a stirred solution of sodium hydride (60%
di spersion in mneral oil, 4.5 g, 112 mmol) in
wWORMN4aB3eE hyl f or mam de (100 nlL) was added dr opeBESZEN3/B1592

C a solution of crude 4-

di met hyl am no- 3- (4- net hoxyphenyl ) - but - 3- en- 2- one (3)

fromthe previous step, 2-cyano- 15 acetamnide (4, 4.75

Synthesis 61 4-rDmieihvzlaamiinn@t Mameﬂhoﬁ'ﬂ-pﬁe@lvmbut Bich-pasak )3 n N, N
reactjon m xture

B N
2 TR T
1l 3 weol) THie reasticumixtas Wrysdhm stizred for 14hh a8 UPGtalldwed to cool

SIMERIT AP TR SEY S Reesbirttonolrhpu Srewedhoed
pBesSire @ give icRfie - Bihiethyldh @6-BA0mEThekyPHen Al BaE-3 RAG-Gid @Flas

unpder _.vacuumto
ysllgw Or}éwfﬁ%lwabm@%yn thegfoHewing|step-wighout fipther nyrifiestions i di
ne-3-carbonitrile (5 as a brownish solid (10.0 g, 82
% vyield over two steps, 99 %pure by LC-M and 1H
NWVR), 1H NMR (400 MHz; CDC13): 6 7.70 (s, 1H); 7.19
Symhe@kip{ 5-64-F2ethoRy-phtdhy]) H-h3thyB2-0%b)1.2-dihyddopyfidind!) carlcnitrile
nt hesi s of 5-(4-Hydroxy-phenyl)-6-nethyl-2-oxo-1
di hydropyri di ne-3-carbonitrile To a stirred
T R Ao Shasdiy bydride 0% Gspgrsion inmigege gl 4 3% | 1 mmo
im&5/8-didghy frtmaniide (108 n{l5), wak(hdﬁec@dro@fmﬁ afvBL) a kélution of crude 4-

By R RO e PhEP O e g oge f) %“@%%m?%w?us%?p, 2-cyano-
a&@&ﬂa(&b@i mi g, SWnﬁﬁﬁ):iﬂd}ﬁethﬁﬁdig&J 5& 2y 1§trﬂrﬁ61?

at anbi ent terrperature oure into a mxtu |ce
dan@thylmﬂadfe@ Oznkrbihg ma@hpmmlmeresmswlmd at arﬁblem_t)‘:manmture for

130 B8 s 33 2630 TR ARG Lichl oo mp e
solfvént wasredved Ltﬂaleii\&ﬂaéedq:ﬁéssﬁl% Thé fe0idvie vak Ry d@UREd vith saturated

sodi um hydroxide (2 N, ,400 .. The aqueous sol ution
ARSI ARHIHURR £hiod %Wluta%ﬁlgﬁ) @L)( Topiseipitatad iselid waticallgeted by

ﬁ@t’r’&tﬂ)n‘%ﬁlﬁs&ﬂlﬁﬁ QHEF]&‘M%JE&%H% egl‘f}’l %E%g aﬁ?r@%der vacuum to give

extracted wt acetate
Se@rméthexd- meglahfﬁzmpﬂad;ésamelr %-dvlafdi'ueplyrvdmdﬁ ta:arbra)ﬁltﬁE (5) asa

bgqqx\cfl)tgsﬁg ”kl)g(h%',gggg, 9/\%2%}@?%99@%4; 858 oty 1L XRE S AP amm),
1 3

gwg{WZggM%ﬁfcg)g%)” '5?'7' Wcsb/g@ Wb% 'QH(;% 6@& a%H)’f1 3 23,5 3HD;
1Fds, BHNMVR), 1H NMVR (400 MHz; CDC13) 6 7.70 (s 1H) ;

7.13 (m 2H): 6.68 (m 2H); 1.71 (s, 3H). 10

Synthesis of 5-(4-Hydroxy-phenyl)-6-methyl-2-ox0-1.2-dihydropvridine-3-carbonitrile

(6)
To a stirred solution of 5-(4-Methoxy-phenyl)-6-methyl-2-0x0-1,2-dihydro-pyridine-3-

carbonitrile (5, 10.0 g, 41.6 mmol) in dichloromethane (200 mL) was added dropwise at 0
°C a solution of boron tribromide (11.8 mL, 125 mmol) in DCM (125 mL). The reaction
mixture was stirred for 6 h at ambient temperature, poured into a mixture of ice and

saturated ammonium chloride solution (100 mL) and stirred for 1 h at room temperature.
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Synt hesi s of [4-(5-Cyano-2-nethyl-6-0x0-1 6-dih dy
ro-pyridin-3-yl)phenoxyl -acetic acid ethyl ester (7)

W e00a/0334i4 r ed suspensi on of sodi um hydri de (60P@#/US2003/031592
di spersion in mneral oil, 1.16 g, 29.0 mml) in
N, N- di et hyl f ormam de (50 nL), was added at 0 C a
sol ution of 5-(4 15 hydroxy-phenyl) - 6-net hyl - 2- oxo-

T]nz?oﬂleﬁme@plmté idh figterdd ©8f Hosidtwitl wateBanBreldis@lveddn dqueous
n N, N di net hy| f or mani de (50.nm). The m xture
&53%11 droxide @ V4A9iral). The émf@mq}\aw Wps washefl withethyl acetate

(Wi ML?\I_%@ld@[fiecF'thﬁ# 4 Mﬁfe{a qualto%?l()\%gglc gg% ]\é%n? gﬂ%ltgd with ethyl

nmet h or rram
at>¢teteni$ xt200 enlwa d'he combimed brgan@@hmers vatre ashedfvoith Bihen@2rx 200

| h f ' 0
e B B0 B Gepoarip Rty e e S5 iey-phenyD-6-methyl.2-
i S N9y o
TN N R S ki

puiet by MatM$ apd Tt NIMB), nﬁ)Nl\m](eélO@ Oz @ACLaUR B, L HY,ER 3 (m,
r i difd 2 wth aqueous hydrochloric acid
zﬁ’ %gﬁﬂgi@ﬁ%&c@ "wWith ethyl acetate (3 x 150 nlL).
The conbi ned organic |layers were dried (MJSO4) and
evaporated to dryness. The residue was purlfl ed by

5;8!&%1% f?%tgt@&%
xfnﬁeg dlng grgeégoyci ﬂyg Q)ﬁvﬁ Wg‘] aceti.c aci g
ah%l;lln‘e Spspe iu?l} rg,%q 6 B ajon 1p @nger@l oibd.l4,g,29.0
mﬁh&bﬁlmﬂdﬁ%ﬁ@ﬂﬂﬁﬁn@% ds@ni\f@ Qacidédr'%W ﬁ) als'dld}!xﬁ oﬁf%%

1H)? 7. 19
hz@n)oxywhmyl -6 m€2h3)1~2 ﬂxq_—:lz Z(thﬁemyrlglm?ﬁ Qasborﬁhm (61 3 g, 144

@olp ﬁrg%J |A§ glo e?)z 200 /§6 4{1‘5@{111 1%1&2?2\%%/3 irre a ambient

témsbrityer for wmlﬂllmsauﬁbﬁ oPhBy1Xyrbmaa&dtits (R0 e, 18® @mol) in N, N-
stirred solution

Ia@tbﬁfmﬁbdezcwéﬁm/wa%adslﬁé a0 BC e Vumrqowsi dirreddox 30 pin at
020 M]?O Gk 'a ?e%'t %njg)tep&fﬁre %ﬁ% %n(f 154 A“C:!'ﬁ"h?‘gg!{alre was
I OXane an mater

in“a mxture o
atftyvedimscoatitbedoii thiperatuny ¢onodntetettn caduy dnd e disTdldechi,cthyl

SR TS TR R R ] T 2o
aM@NE thywstvierd 'a&ﬁfﬂéld% Bﬁr2 Wwih éq@e’éué‘h}dmé}ﬁ@ﬁ@ geilie1 B Qld extracted

and acidified to pH 2 with aqueous ~ hydrochloric acid
with eyl apgtater(3 &t lélenhb The cambined brgnsivdeyes wers driedr(MgHl) and

I e vvasf ltered off
ebaBrud Bt e BRSNS Gl bl gy R Bice e
(§oe)(ireyRvOmethams] iy umﬁ}o@mﬁctma&aélemmf @& @y¢ [A{NE€Fandl-)-nfethyl-6-
henong -acetjic acid (8)
oxo-1,6-dihydro-pyridin-3 -yl)phenoxy] acetlc acid ethyl ester (7) as light yellow powder
(1.3 g, 29 % yield, 80-90 % pure by LC-MS and 'H NMR), 'H NMR (400 MHz; CDCly):
§7.70 (d, 1H); 7.19 (m, 2H); 6.72 (m, 2H); 4.90 (s, 2H); 4.12 (q, 2H); 1.71 (s, 3H); 1.30

(t, 3H).
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l'ight yellow crystalline solid (758 ng, 64 %yield, 97
% pure by LCM and 1H NVMR), 1H NWMR (400 MHz; CDCL13):

W®G2004/08444d, 1H); 7.20 (m 2H); 6.73 (m 2H); 4P@BUSNN3/031592

2H); 1.71 (s, 3H). 15 L-type Ca+2 channel bl ocking

activity Test conpounds of the present invention are

evaluated for their ability to inhibit calcium

Synttresis of [4-(F-Cyafiv-2-ahdimd &SN 5 bidivelre-al Aiiam-shanBed S 1 AVetic acid
y one of several nethods known to those skillTed in

({gﬂe art. Thus, affinity for L-type cal cium channels

T AT LS UG s i

test conpounds to di
apq%t@famrket hylogstar 47,cli. 3im 4: hammed] sini anm ixgurb o b g - dloxane (25 mL) and

T e RO
rmbm atie@rdWadRafd foNYh4b4Abnt tleﬁ%eratlgé‘ Qim{e% leth @? %50 mL),

for peasuri n% affinity of compounds for L-ty clum
veashethwith diethylether @ncd i, cogleéécb 8¢Ciand ablldtfcﬁkieto pb 2 with aqueous

25 ref. nc
h:yl gaf?@n? %#ﬁ'e g?)ﬁg??ﬁsgérfdhnég an} 1§n te%x?pe?ﬁlére Oé/&}(’nlg t%he f%rmed
pesnpiataass fiberdd sfflvaidesuction, :TVJ?‘SE&CEWRE wakdr @tﬁd_i‘ driéd ?ﬁﬁe& @&cutum to
n romra
S 441708 Bt ERBOT A e S oH Blsgonyl-sceie ackl (8 o
9
LR oWZerStatBihe sOIRT (758 g{;g!} g?gfé%%dé r9?h /ﬁg%regoér Ifgfe  and 'FLNMR),

rotein concentrations
HfNMBvﬁ490 &{Hz|CDCB): 81.90 (d, CHy.20.86,2H)1 833 (m28H); 4. 88 Q’ELZH)
o7f ma nmenbrane preparation (1 ng of protein) was
1 r}c(gbﬂ%)ed with 0.1 nM 30 [3H nitrendipine (80 C/mmol)

and i ncreasi ng concentrations of test conmpounds in 50
mM Tris-HC1 buffer, pH 7.4 (total volunme 2 ni).
L-type S aci2ohanael Waekingdctivity at 25C for 90 ni nut es:

D o R el S8 b B bt o v

cRCIlUSZARE Bl 2 olthdd delSifive & UMl dhtaﬁﬁe?s M‘FEI?y 6&Fﬁf@E‘YGral methods
washed with 20 nL of 50 nmM Tris-HCl buff pH

kpown tq thasrsskdllodsy theyars o Uipusi #inity £<I>1‘sL-®m¢tcalcmm ghat@le}sLmayfbe

oagtivl asu
S b SRR e 05 L RV eterone
ligeras Giroad caloiuthehapnels ﬁﬂﬁémb;fan&@rep&rawbﬁv t Ecth@iveBy, alifli€y to block
#the con entratlonth? |b|tedthe maxi nmum
Vgﬁé’f PEndsiteh ﬂt}moqm@ ptpgel %‘@éﬁﬁ e pyaluaiod b bme@%lnges(%a flux.
conmpounds was determ ned. The | C50 val ues were

converted into K; values using the Cheng-Prusoff
Exampld GnAsspydor mcaﬂunaggffmﬂm@_g@nbetmds orTladpy e 611101um channels

1? glr o]%%s l?jré?d;)l inréhl bll%:‘r'%ég Q?C% Olftf-%/g’,% glé{lﬁgg?]}aynels, was \}ged as a

reference ligand for evaluatmg the ability of the test compounds to displace the reference

ligand from rat cerebral cortex. Plasma membrane preparations from rat cerebral cortex
were obtained as described by Schwartz et al. [Br. J. Pharmacol. 1985, 84, 51 1]. Protein
concentrations were determined by the method of Lowry et al. [J. Biol. Chem. 1951, 193,
265]. 1 mL of plasma membrane preparation (1 mg of protein) was incubated with 0.1 nM
[*H]nitrendipine (80 Ci/mmol) and increasing concentrations of test compounds in 50 mM
Tris-HCI buffer, pH 7.4 (total volume 2 mL). Incubation was carried out at 25°C for 90
minutes; bound and free ligands were separated by rapid filtration through Whatman GF/B
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Human pl atel et cyclic AMP phosphodi est erase was
prepared according to the nethod of Alvarez et al.

W@ Mk/03Bar nacol . 1986, 29, 554). The PDE i ncubel/Us2003/031592

medi um contained 10 nM Tris-HCL buffer, pH 7.7, 10 nmM

MS™4, and 1 M[3H AW (0.2 pG) in a total volune of

1.0 nL. Test conpounds were dissolved in dinethyl

f8tetd Oiied tefOVE)ragitlyl washeld it 20 il bO50 M FBHIHC ISt pH 7.4, and
t he. i ncubation nedium and the resulting mxture was _
URPTIBTEY T Sugtas Hiatssontaining Kmdsofiseingillation eavktaild Radicgptivity was
o . i ) ]
D P o Rl Qo Bhe v el itfit in g presence of 10
ddaiterlipise. abs s (hachncenkateonphatfiohibited the madmbmapecific binding of

five test und concentrations, th an_of the
R 07 s et Copmpginds s dRtpmiel, e dRalies were converted
it ®; tvelhes a8y tHeTthenlPv@B MRL S SIE Bl R 18d a%%presented in Table 1,
graphically. The results are presented in Table 1,
bgleMow. 40" WO 2004/ 033444 PCT/ US2003/ 031592 TABLE 1

| G50, Ca+ channel, K;, +2 channel, 1C50, Conpound nM

nM PDE-3, nM Conpound 5 205,249 94.1, 125 300
POEP dnkiditoryd 86@xity3500 574, 1700 270, 110 Conpound 7

57 143, 320 340, 420 pound 8 630 280 80 nM
PAC Sy ] C I e eIty 2 70

Coro g0 08 ANl B eBnd v meos
of allgiremetiad it Rigirgatal. 1986y %l?, t5i5.4‘t,5 UEheEXAHomb&tionAasdiym contained

- in
B RR G Dot whrev el sS4y £S04 ngirip a ota
vilulm st 100 nfl £ PesE @dmsbunlio6dlel BedoRRM it B 8A shiZoMEE MSO)
_QUICK|% renmoved, inmersed in ice-cold, and oxygenated

impe prigiogdidien ¢ theanqubaigon meditms andhkaGiulting Bixtive was

a@vﬁd ﬁ)ﬂ%ﬁld‘% ?@giguteglprﬁ)r mhlggaggh%fon%% 'egzyrrrn“é. I\Lao'ﬂ%i\?vcl)rilg thd rAgdiﬁon of

PDE, the contents were mixed and incubated for 10 minutes at 30°C. Three assays each

were performed for each of five test compound concentrations, the mean of the
determinations (n = 3) at each concentration was plotted, and ICso values were determined

graphically. The results are presented in Table 1, below.
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220- 240 beats per mnute (bpm for a six week period.
The degree of heart failure was 5 docunented by both
WEe@sses measur enment s and echocar di ogram ( chaPgEES1003/031592
contractility, ejection fraction, ventricular
rel axation, fractional area shortening, isovolumc
relaxation tine). Conmpound 8 or the mlrinone were
Ribdfﬁrﬁhsﬁ of edlciugl h&ﬂéd&ﬁisxst idehdabiilb on of hegr t8
Bpigrmapillary muscle

C aI Ci ur e a
T, R0 VAP O L B oo
quekhyremosed ihmepred du icsanvld) ind exygdenstod af debbi ddlhtiinl @Ataining 113.1

Wﬂggﬂ%ﬂd‘g‘ggfggﬁégf ? g@ﬁ&&gﬁl\l\ﬂl %C]gﬂ\@a %grtpMaIt\IaﬁlzllO% and 10.0 mM

gh@@glﬁy %Pl’ i me%‘% 0GbRaEes Whk Qeﬁﬁl?l‘e.@ 'w%H %Jehé’d‘aﬂlf (ﬁaplllary muscles

Conpound 8. In addition, there was no ar ent
wetolegmyad V\Oﬂil chexloe it@dmawndﬁa babriof Sm‘rcnaudlrxgrtlseuie intact. The tendinous
under ound 8
e}%rzcr eas%1 §({/le an?reé]@ é&gﬁ 8%1’ ainﬁ%lé £ Ques Figie mpanted in vertical,

doablegickeled Srgaithagiy rc@ﬁltaﬁl\ingjm AL, ¢Fi Ry gt daEh sSOMRoH Keft at 37°C.
rel axati on t| me) with a maximal increase of between

Ths tendgmus grd s tttashetiioacdrasy ispinetricfores trapsdiser madile 3ymetal hook
VQQWE%QHE@m%o {;Hesbgse @fxtgé &’:ﬁ‘%‘ﬁg a dose- dependent response
for contracti| max) and ejection fraction 20
with Falluwmgma% mnnntceaﬁmh‘mﬁudnepemdmnﬂé’r a 1 gthnPbeafion,dhtrol

G AR B aEesht By h o SN 21o6) G clectrodes ata
Gaenas of 2L Dk Bs dRMtien CORPAMPEAL of i€ sﬁfrﬁﬁﬁ ﬁ%}éﬁst_ed to be

[ nven?l on resulted in attenuation of calciumc
amrpénmﬂy hiwt@nﬁ&)qbﬁ darasthpld/amlyhtadﬂjsufﬁmnmtetn aliciba ofnttdetion of the
r r xatlon [ b P .. nhi,bi ti gn ;
R OO g R R B ST SR, o e continnously.
Ountlﬂalﬁle Q;@h@dnbtﬁﬁl@lﬁ&ﬂ Tinpdands ok YHet BDIRAARSRE: B¥rinone were then
ant ag@nl zed the increase in cal ciuminflux

in ?ft’f%fi @lﬁ@tIYé%thh bty the tissee Waebsiypaimpptsd phontrreioadelaxation
récg%(c?ﬂg t‘?%g %@gggﬁgmgél%%ﬂ 3?1 Q&E)nﬁsr \é\‘?g{i&%ﬁ?ﬁ%bé éenes of washout
comttrchions was feparded follewmg)zi clﬂmgy of soletmtrr | Whémthe amplitude of

?}% ?/lcardi a and_heart te i ncreas . These data are

TR el fohpigacaepisd i peniiahan lﬂmtsﬂé spglsi qonggrjration of positive

cOMES b thehQbAbEsh heaRGeUh FR saflddn HREHLSCRYIMAL £ond Milrinone.
vitro. 43 WO 2004/ 033444 PCT/ US2003/ 031592 All

publ Ceatraaiies anppditusietas vweehdis plaet time cayppdsi af abitoavgion and relaxation
or.at e

h
e ——
atietyAppBthe Adsultowhmade sHng 1-R6tsiof ANBVAEL As shown in FIG. 1,

Compound 5 produced positive inotropic effect (increase in muscle contractility) in a

dose-dependent manner. The maximum increase in contractility produced by Compound

5 was less than the maximum increase produced by milrinone.

Example 10: Paced dog model of congestive heart failure

Compound 8 was evaluated in a paced dog model of congestive heart failure.

Pacing-induced heart failure in the dog produces alterations in heart physiology and
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that the sane may be varied in many ways w t hout
departing fromthe spirit and scope of 5 the

WO poogfosi4en. Such variations are included w thiPCT/H82003/031592
scope of the invention to be clainmed. 44 WO
2004/ 033444 PCT/ US2003/ 031592 We CLAIM 1. A conpound
of formulal XL RERR 5 R4 HRL | or a

mblacutacigtalingbinilaaecehitdbbeen e tHe\failiap human he&0 MRdkig) thes an
m xture of hsoners thereof, 10 wherein: Rl and R4 are

%PH@@BéWdlé?ﬂe {p syl aPBREndshttsan ppiepiallycigseye caleium homeostasis
ahﬂ 'hEzler ﬁﬁlﬂf%ﬂ}/x olog@* HE%rt f@ﬁggﬁg indr ny&% h %%%‘%g e et rate to

[thio
QQDWﬁyheatS pmnmter(bpmé f«ma sivmeck PHited. Thodedrsd oblicartfRilure was

L I CTME T R
cahttgstiity, @jecﬁbrkﬁﬁld/donl $er@ﬁédlélf}€1aké{t1oh5 frastRb] 4l %rﬁ@nf
one_or, nore carbony oxygenés) and/ or hydroxyl (s)’

isgyglumsic é‘?@ﬁtlﬁaé@@dd@ﬁmmum@/ poithe milrgpnesvend mls@ﬁemllowmg
Ikynyl wherein the al kyl, al kenyl
b %ﬁaP{tyny g%ll onal |y substituted with phenyl or

s ubs tSyEﬂetr@dachiinﬁfsWatloﬁf GodpRnds @mcn@e@te@ %ﬂ%&? Mnhibition of
IS

7 itro, no or trifluoroneth )
P Og i eRlghn dhshia] aneRERR. Gloceds BELikje hat W eated with
|
nglgﬁqgsc?}e Lﬁﬁ{ngr&ﬁtal&?%htr%lar@% E}%@éﬂha @ p%%@xlﬁglr@ge}{tmcular ﬁbrlll?tlon and
shddea, cadtiacGieathy W}EW@ pr%nmllatbkedl ghbsega dn c@&ra@l&o ventricular

he
B b o BTRiarepligh hecmapurls Biathisha fhy was no
ap?aﬁbﬁtc@ﬂ pHilébatibn assostated wWiPadnARE{rior M mpRRd Stﬁﬁer acute

| ene, al kenyl ene or 25 al kynylene is optlona y
C@I!ﬂbg@lilﬁt uted with one or nore carbonyl oxygen(s) and/or

hy dr @%ﬂoil‘}ld F%ﬁleée{h %e_rﬁn%brﬁteyaég flc?:r,lf %r naé g%pengent manner (as
measured by dp/dt min, Tau and isovolumic relaxation time) with a maximal increase of
between 63 — 88% of that produced by milrinone. (see FIG. 3). Compound 8 also
exhibited a dose-dependent response for contractility (dp/dt max) and ejection fraction
with a maximal increase of between 53 — 61% of that produced by milrinone (see FIG. 2).
These data show that simultaneous antagonism of the L-type calcium channel and PDE-3
by a compound of the present invention resulted in attenuation of calcium channel-
dependent inotropic activity and maintenance of the ventricular relaxation produced by
PDE inhibition alone. These data suggest that the inhibition of L-type calcium channel
activity produced by Compound 8 antagonized the increase in calcium influx into the
cardiac myocyte via the hyper-phosphorylated L-type calcium channel and thus prevented
the toxicities associated with higher levels of PDE-3 inhibition (positive inotrophy,
ventricular tachycardia and heart rate increases). These data are consistent with results

obtained in the papillary muscle, isolated trabeculae, and cardiac myocytes in vitro.
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All publications, patents and patent applications identified above are herein
incorporated by reference.

The invention being thus described, it will be apparent to those skilled in the art
that the same may be varied in many ways without departing from the spirit and scope of
the invention. Such variations are included within the scope of the invention to be

claimed.
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OONNRHN N~R NHRpPpNRRR \~-RNORKL. RM
46 WO 2004/ 033444 PCT/ US2003/031592 R--- RR~- R R

WORDOR033444 O R HNC,( RNHNO O R N OP R NQOT/NSIbBB/031592

N RRR Qwth X connected to L through any one
R, and each R is independently a direct bond,

hydr ogen, halo, nitro, cyano, 5 trifl uoronethyl,
VBICIAIMNRSR6, Cl1-C4 al koxy, Cl-C4 al kylthio, -COOR7,
Cl1-C12 al kyl, C2-C12 al kenyl or C2-Cl2 al kynyl,
wherein one or nore -CH2- group(s) of the alkyl,

al kenyl or j ptionally replaced with
-0-, r1}/8-, A@Sdéﬁéyﬁglgﬁgélﬂ{ -, and the al kyl, alkenyl
or alkynyl is optionally substituted with one or nore
carbonyl oxygen(s) and/or kydroxyl (s); 10 provi ded
that when X is a noiety of fobkrmula A and L is a direct
bond, then L is -‘connecteHd3t o\t he?phenyl ring of A 2.
The conmpound of claim1, whgrein: Rl and R4 are each
Cl-C4 al kyl; RN OR!

or a pharmaceutically acceptable equivalent, an isomer or a mixture of isomers thereof,
wherein:

R' and R* are independently hydrogen, halo, nitro, cyano, trifluoromethyl, amino,
-NR’R’, C,-C; alkoxy, Ci-Cy alkylthio, C;-Cy alkyl, Co-Cs alkenyl or C,-Cy alkynyl,
wherein one or more -CHa- group(s) of the alkyl, alkenyl or alkynyl is/are optionally
replaced with -O-, -S-, -SO,- and/or -NR?-, and the alkyl, alkenyl or alkynyl is optionally
substituted with one or more carbonyl oxygen(s) and/or hydroxyl(s);

R’ and R are independently hydrogen, C;-Cs alkyl, C,-Cg alkenyl or C,-Cg
alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with phenyl or
substituted phenyl;

R* and R® are independently -COOR’, nitro, cyano or trifluoromethyl;

R’ is C;-Cy alkyl, C-Csg alkenyl or C,-Cs alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-Cy4 alkoxy or -NR°R®;

L is a direct bond, Ci-C;; alkylene, C,-C, alkenylene or C,-C;, alkynylene,
wherein one or more -CHy- group(s) of the alkylene, alkenylene or alkynylene is/are
optionally replaced with -O-, -S-, -SO,- and/or -NR’-, and the alkylene, alkenylene or
alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or
hydroxyl(s); and

X is a moiety of formula A, B, C,D,E,F,G,H,L,J, K, L, M, N, O, P or Q
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15 R2 and R3 are each -COOR7; L is a direct bond; and

Xis anoiety of fornula A or P. 3. The conpound of
wW@b@isg4 which is: 20 et hyl PCT/US2003/031592

4- (5- cyano- 2- net hyl - 6- oxo( 3- hydropyri dyl))-5- (et hoxyca

rbonyl)-2,6- dinmethyl- 1,4-dihydropyridine-3

- car boxyl ate; ethyl

4- (5-am no- 6- oxo(3 hydr opyri dyl )) - 5- (et hoxycar bonyl ) - 2

, 6-di et hyl - Y dropyrldlne 3 -ca o ulate 47 WO
2004/ 033444 P 031592
5- (et hoxycar bo -R; {ﬂlnethyl Nhydrqu|no
yI)) 1, 4- di hydr opyRi di ne- 3- carb te oﬂ?ethyl

4- (5-am no- 6- oxo 3- hydropyridyl))- @ (ethoxycarbonyl) 2

, 6-di et hyl - |hydropyr|d|ne 3-caBboxylate. 5 4. A
conpound of fornuI%% Ar RBR2Z RANLH 11 10 or
a pharmaceutical | y laccept abl e equi val ent, an isomer or

a mxture of iso

Rereof, wherein: R2 and R3 are
i ndependent | y -
R7 is C1-C8 al K

nitro, cy no,@r hﬁlfluoronethyl
, -C8 alk Ikynyl
wherei n the al kml, kenyl

optionally substiHutEH mnth Cl A alko or -NR5R6 R4
i's hydrogen, halo, nitro, cyano, trlfluoronethyl

ami no, -NR5R6, CL C4 al koxy, b c4 al kyl t hi o, Cl-C8
al kyl, C2-C8 al kenyl or C2-C8 al kynyl, wherein one or
nore -CH2- group(s) of the al kyl, alkenyl or al kynyl
is/are optionally replaced with -0-, -S-, -SO2- and/
-NRB-,_ and tthe al kyl, al kenyl or & kynyl is optionll

subﬁ\ti ut?ﬁ’m & one gt _ A\ Sy - NH
A N L <

o
E ¥ P R R
F G
RN L Ff‘ NI
‘e = peywyey
j;b Y/>—R { N =0
R N R R"=/ N-NH
H | J
R
R0 O N
? T N R HN \R
> N i |// 7£
| J R /NS0
v R
K L M
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20

20 carbonyl oxygen(s) and/or hydroxyl (s); R5 and R6

are i ndependently hydrogen, Cl1-C8 al kyl, C2-C8 al kenyl
wWo@eo0@d313%4 al kynyl, wherein the al kyl, al kenyl POr/US2003/031592

al kynyl is optionally substituted with phenyl or

substituted phenyl; L is a direct bond, Cl-Cl2

al kyl ene, C2-Cl12 al kenyl ene or C2-Cl12 al kynyl ene, 25

wherei n on Rnore -CH2- group@s) Qf the al kyl ene,

al kenyl gn )al kynyl ene #{ re tionally replaB R
Wi th -%, -SC2- and/ @ ?the al kyl g,

al kw or al kynyl ene, al 'y substitut e%l 0
with o or nore carbonyl-oxygeg(s) and/or

hydroxﬂ(sﬂ; and X is a noieQy of formula A B, 6 B
E, F, G H I, J, K L, M N O, Por Q 48 W
2004/ 033444 PCT/ US2003/031592 RR N R ~%NRRNO
RRR-(~%0R ARBRRR R4NL_NNR\W.O ; / O
R DRO N—NH

N H C </Nﬁ/\\ ) o

N

!

R

A

Q

with X connected to L through any one R; and

each R is independently a direct bond, hydrogen, halo, nitro, cyano,
trifluoromethyl, amino, -NR°R®, C;-C,4 alkoxy, C;-Cy alkylthio, -COOR’, C;-Ci alkyl,
C2-Cy2 alkenyl or C,-Cy; alkynyl, wherein one or more -CHy- group(s) of the alkyl,
alkenyl or alkynyl is/are optionally replaced with -O-, -S-, -SO,- and/or -NR>-, and the
alkyl, alkenyl or alkynyl is optionally substituted with one or more carbonyl oxygen(s)
and/or hydroxyl(s);

provided that when X is a moiety of formula A and L is a direct bond, then L is

connected to the phenyl ring of A.

2. The compound of claim 1, wherein:
R! and R* are each C;-Cy alkyl,;

R? and R? are each -COOR’;

L is a direct bond; and

X is a moiety of formula A or P.

3. The compound of claim 1, which is:

ethyl 4-(5-cyano-2-methyl-6-oxo(3-hydropyridyl))-5-(ethoxycarbonyl)-2,6-
dimethyl-1,4-dihydropyridine-3-carboxylate;

ethyl 4-(5-amino-6-oxo(3-hydropyridyl))-5-(ethoxycarbonyl)-2,6-dimethyl-1,4-
dihydropyridine-3-carboxylate;
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RHR\ NNH CANRi/ J\ ONRNSORNE-\"R FG
RRRRRNR'NNel - ~/ RO RNNR\ NRe- NNH
W®B2064/033344 R R OH O-NNN R HN N~ .NH I/ | R O KT/NSRoMS$1592
R CA, NORKLRM 49 WO 2004/ 033444

PCT/ US2003/031592 R RR/ J R-- RNHR- ORHNR
NHNO ONORPRR NJNN N-- RRR Q

ethyl 5-(ethoxycarbonyl)-2,6-dimethyl—4-(2—oxo(6-hydroquinolyl))—1 A4-
dihydropyridine-3-carboxylate; or

ethyl 4-(5-amino-6-oxo(3-hydropyridyl))-5-(ethoxycarbonyl)-2,6-dimethyl-1,4-
dihydropyridine-3-carboxylate.

4. A compound of formula II
Ar
||
R N™ L
H X
II

or a pharmaceutically acceptable equivalent, an isomer or a mixture of isomers thereof,
wherein:

R? and R® are independently -COOR’, nitro, cyano or trifluoromethyl;

R"is C;-Cy alkyl, C,-Cs alkenyl or C,-C; alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-Cy alkoxy or -NR°R®;

R*is hydrogen, halo, nitro, cyano, trifluoromethyl, amino, -NR°R®, C;-Cy alkoxy,
C;-C4 alkylthio, C;-Cy alkyl, C,-Cj alkenyl or C,-Cg alkynyl, wherein one or more -CH,-
group(s) of the alkyl, alkenyl or alkynyl is/are optionally replaced with ; -, =3-, -SO,-
and/or -NR°-, and the alkyl, alkenyl or alkynyl is optionally substituted with one or more
carbonyl oxygen(s) and/or hydroxyl(s);

R® and R® are independently hydrogen, C;-Cjs alkyl, C,-Cg alkenyl or C,-Cyg
alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with pheny] or
substituted phenyl;

L is a direct bond, C;-Cy, alkylene, C,-Ci; alkenylene or C5-C;y alkynylene,
wherein one or more -CH,- group(s) of the alkylene, alkenylene or alkynylene is/are
optionally replaced with -O-, -S-, -SO,- and/or -NR®-, and the alkylene, alkenylene or
alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or
hydroxyl(s); and

X is amoiety of formula A, B,C,D,E,F, G, H,I,J,K,L,M, N, O,Por Q
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with X connected to L through any one R, each Ris

i ndependently a direct bond, hydrogen, halo, nitro,
wWey@Ao334%4 trifluoromethyl,. am no, -NRS5R6, Cl-B41/US2003/031592

al koxy, Cl-C4 al kylthio, -COOR7, Cl-Cl2 alkyl, C2-Ci12

al kenyl or C2-Cl12 al kynyl, wherein one or nore -CH2-

group(s) of the alkyl, alkenyl or alkynyl is/are

optionally repl aced with -0-, -S-, -S2- aRrd/or -NR5-,

and the al kylRx Wl or alkynyl is Batipnal ly
substituted wi{h ne R nore carbofmyl ox ge)#e)

and/ or hydroxyk/ 10 Ar i n het er oar yl
that is optlonally @ubstltuted I n p(BSItlon(S)

with halo, nitr cyano, trifluorgnmethyl, am no,
-NR5R6, Cl-C4 al xy, Cl-C4 alkylthid® -COOR7, Cl1-C8
al kyl, C2-C8 al keny|l or C2-C8 al kynyl, wherein one or
nore - CH2- group(s?s of the al kyl , al kenyI or al kynyl

is/are optionally.f Riced W|th - 0-, -S -SO2- and/ or

-NR5-, and thg al @ al kenyl alnk ynﬁ Is optionally
substituted w tiy oré or |1 :y% oxygen(s)
and/ or hydr oxyl s’ﬁ ; r OVI de

- COOCH2CH3, R3 cy R4 |s met hyl , 'S

nmet hyl ene, Xlsarmlety of forrruIaA each Ris
hydrogen, and ArGs trifluoron®thyl phenyl, then L is
not connected to the nitrogen atom of A, furt her
provided that when R2 and R3 are each cyano, R4 is
amno, Lis -SCH2-, X 20 is a noiety of fornul arP, .
ancR cmR hydrogen t hen Ar i,B not fl uoropheny[”

and rtﬂ/ vi ded .aT\ is - _NH
[ \g&rﬂ?s met i noi ety 1)

eac‘h Ris hydrogen, and &N Soophenyl, Nhew<L is

not -EH20CH2CH2- |, -CHR HCO- or

- CH2OCH2CH2NCH3CO- . 50 2004/ 033444

PCT/ US2003/ 031592 5. The conpound of cl aim 4,
wherein: R2 and, R3 are each -COOR7; R4 is Cl C4

al kyl ; PglsN |ety &orrmlaA and 5RAr nyl

thatlso n’alys dlnlto p\SI '0(38

6. Theﬁ of CIE{ Rhis: th

4-(2-ch orophenyl) 5K ar bonyl ) - B et hyIN 6“'k{2-

[4-(2- oxo(jq hydr oqui nol )il oxy) ) but anoyl am no‘] et hoxy}
di

nmet hyl ) -1, i hydr opyri di ne- 3-car boxyl at e;
R H
R~ O 0 .
’ TN N R HN WR
N3, NH ] R 72
(>N R e © —])
X N
I J R 7Z NS0 R
. ]
R
R K L M

49



10 net hyl

5- (et hoxycar bonyl ) - 2- net hyl - 4- (2-ni trophenyl )-6-({2-]
wa2q02/0838{ 6 hydr oqui nol yl oxy) ) but anoyl am no] er¢tK$3003/031592

met hyl ) -1, 4- di hydr opyri di ne- 3- car boxyl ate; net hyl

4- (2-chl orophenyl )-5 - (et hoxycarbonyl)-2-net hyl -6- {

[3 -(2-0ox0 (6- hydroquinol yl oxy)) propoxy] net hyl }

-1, 4- dlhydr i di ne-3 -carboxyl ten net hyl
-trlhydropyrldazRQ

IT-4- (2-chl orom

R

yl) y]%cetylanino}et )
yl)-5- t hoxycar bonyl ) - R methy -
, 4- di hydr oNyri di ne-3 -carboxg ate; methyl 6-[(2-p
{2 [2-chl oro-4-(6-0x0(1,4,5-tri hydropyridazin-3
yl)) phenoxy] acetyl am no } et hoxy) net hyl ]
-4-(2-chl orophenyl)-5- (et hoxycar bonyl) - 2-
met hyl - 1, 4- di hydr opyri dnae- carfpoyl at e; 20 net hyl
4- (2-chl or ophenyl ) - 5- (/e e 2- et hyl - 6- ({2-
[ 4- (2-oxo(6- hydroqui noN oyl am no] et hoxy
}ethyl)-1, 4- d|hydropyﬁ2d|ne 3 marh@xylate net hyl
4- (2-chl or ophenyl ) - 5- (et hoxp@car bonyl ) - 2- et hyl - 6- ({ 2-
[ 2- (2-ox0o(6 hydroqui nol yl oxy) ) acetyl am no]
et hoxy} net hyl ) -1, 4- di hydr opyri di ne- 3- car boxyl at e;

tyl .
Vﬂnﬁ’(g°8W68F°&§ﬂéﬁm“g%a’e¥r8%%xycar bonyl ) - 2- net hyl - 6- ({
2- [ 2adlPR 9XBd6pendently a direct bond, hyd halo, nit
h d£oaw nol yl oxe31/l ?y%ylregm %%d]’e hrg)%% alo n r)o yailod i hyd
tiidpyremgthyb agliear- &@4 abiroxye€ hZh alkylthlo -COOR’, C-Cy, alkyl,

o Zdlf 2@%}91092%39% ﬁﬁg{l_ﬂy%g%reg&%)(e§r more -CH,- group(s) of the alkyl,
armﬂymwmyl %»@q;tmﬁmly @ﬁﬁwdl amlng J-SELBOXYahaRS: IMRP-, amd the
n
iR R ST 5 pip B ay st vith o cs arepocartons oxyzen(s)
5],JWO 2004/ 033444 PCT/ US2003/ 031592 Ar R3
a%%&PREEO*¥¢Q’ Il 5 or a pharmaceutically
acceptrabirearytjoi heddreaty] thatisioptiomsilycubsitited irit & Dhosition(s) with

d |
R B DRl UM AR NI S 14 051 REr A,
-C@@@RGC @@aﬂ}?}l Ltgaﬁn(en%r% @% KA1 Sherbih & o htof -CH,-

kyny
group(s) of the alkyl alkenyl or alkynyl is/are optlonally replaced with -O-, -S-, -SO,-

and/or -NR’-, and the alkyl, alkenyl or alkynyl is optionally substituted with one or more
carbonyl oxygen(s) and/or hydroxyl(s);

provided that when R? is -COOCH,CH3, R? is cyano, R* is methyl, L is
methylene, X is a moiety of formula A, each R is hydrogen, and Ar is
trifluoromethylphenyl, then L is not connected to the nitrogen atom of A;

further provided that when R? and R? are each cyano, R*is amino, L is -SCH,-, X
is a moiety of formula P, and each R is hydrogen, then Ar is not fluorophenyl; and

further provided that when R* is -COOCH,CHj, R? is -COOCH3, R* is methyl, X
is a moiety of formula P, each R is hydrogen, and Ar is chlorophenyl, then L is not

-CH,OCH,CH,- , -CH,OCH,CH,NHCO- or -CH,OCH,CH,;NCH;CO-.
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wherein one or nore -CH2- group(s) of the alkyl,
al kenyl or al kynyl is/are optionally 10 replaced with

WO 0004/03844 - SO2- and/or -NR5-, and the al kyl, PCRE83003/031592

or alkynyl is optionally substituted wth one or nore
car bonyl oxygen(s) and/or hydroxyl(s); R5 and R6 are
i ndependently hydrogen, Cl1-C8 al kyl, C2-C8 al kenyl or

C2- C3. al kieybmpoinel & olaith vekdth: al kenyl or al kynyl
i's O%I onal,l y substit ut,ed wi th phenyl or substituted

phenyt :andR’mze ¢26h -€0ORY; nitro, cyano or

trifl R7 is Cl1-C8 al kyl, C2-C8 al kenyl or
C2- R}gf gn%:amyv%erei n the al kyl, al kenyl or al kynyl

i's or)f1scanabiew<sfdblsmulwhtaddvmth Cl-C4 al koxy or - NR5R6;
Lis a d| bond, Cl2 al kyl ene, C2-Cl2 al kenyl ene
or CAY B L%ﬁsgﬁaonalww%}m%%ﬁbl 3 Revion(Brp-
group(s) of the al kyl ene, al kenyl ene or al kynyl ene
is/lare 20 optionally replaced with -0-, -5-, -SO2-
and/ & - NAthe compaundhes cdifnd, e?dethal kenyl ene or

| k t i;,onall ubstl wth.o re
2ar %ownéy @gcél 2‘%817116&?1%7%%1 ?téyneﬂgpﬂa@?@%ggpoxow-
h ti i haylédmid]etho 11,4 id¥n
mbnoq MOMO }K)m a}éz \1/\1)]62t00X 6%31451 P%l'}/1 US 613/ (?33;(5:a11boxylate

P? R HF@ﬂWl 5F£Hmth@xyf>¢rb0nyl) -2- nﬁﬁﬂwl% ®-mirppheryR-&-({RR{4-@-0xof6-

h§d1>oquoNlo@))bgtagoﬁalgmoﬁ%thoxy} methyl)-1,4-dihydropyridine-3-carboxylate;

methyl 4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-6-{[3-(2-0x0(6-
hydroquinolyloxy))propoxy]methyl}-1,4-dihydropyridine-3-carboxylate;

methyl 6-[(2-{2-[2-chloro-4-(6-0x0(1,4,5-trihydropyridazin-3-
yD))phenoxy]Jacetylamino } ethoxy)methyl]-4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-
methyl-1,4-dihydropyridine-3-carboxylate;

methyl 6-[(2-{2-[2-chloro-4-(6-0x0(1,4,5-trihydropyridazin-3-
yD))phenoxylacetylamino} ethoxy)methyl]-4-(2-chlorophenyl)-5-(ethoxycarbonyl)-2-
methyl-1,4-dihydropyridine-3-carboxylate;

methyl 4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-6-({2-[4-(2-0x0(6-
hydroquinolyloxy))butanoylamino]ethoxy} methyl)-1,4-dihydropyridine-3-carboxylate;

methyl 4-(2-chlorophenyl)-5-(ethoxycarbonyl)-2-methyl-6-({2-[2-(2-0x0(6-
hydroquinolyloxy))acetylamino]ethoxy}methyl)-1 ,4-dihydropyﬁdine—3 -carboxylate;

methyl 4-(2-chlorophenyl)-5-(methoxycarbonyl)-2-methyl-6-({2-[2-(2-0x0(6-
hydroquinolyloxy))acetylamino]ethoxy } methyl)-1,4-dihydropyridine-3-carboxylate; or

methyl 4-(2-chlorophenyl)-6-[(2-{2-[4-(5-cyano-2-methyl-6-0x0(3-
hydropyridyl))phenoxy]acetylamino} ethoxy)methyl]-5-(ethoxycarbonyl)-2-methyl-1,4-
dihydropyridine-3-carboxylate.

7. A compound of formula III

51



HR C\ INp R/ \plI V' N NYNaNHRNSS-0ERR
FG RRRRRAN- ~/ RIiNNR~) \ --- R" VNNN N ~-
WOR0MUBMNH HI1 ] RH ROONNRHN NI NHPE/BS2003/031592
C-Tll- NNRORRNORRKLRM 53 W 2004/ 033444
PCT/ US2003/031592 R R\ p ~RRR NH-- \\~_ H\~ R

NHRNO pRNOP R
Ar
R3 L.
fIX

111

5 orapharmaceutically acceptable equivalent, an isomer or a mixture of isomers thereof,
wherein:
R! and R* are independently hydrogen, halo, nitro, cyano, trifluoromethyl, amino
-NR°RS, C;-C, alkoxy, C;-C4 alkylthio, C;-Cj alkyl, C,-Cs alkenyl or C,-Cg alkynyl,
wherein one or more -CH,- group(s) of the alkyl, alkenyl or alkynyl is/are optionally

>

10  replaced with -O-, -S-, -SO,- and/or -NR’-, and the alkyl, alkenyl or alkynyl is optionally
substituted with one or more carbonyl oxygen(s) and/or hydroxyl(s);

R’ and R® are independently hydrogen, C;-Cs alkyl, C,-Cs alkenyl or C,-Cg
alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with phenyl or
substituted phenyl;

15 R?is -COOR’, nitro, cyano or trifluoromethyl;

R’ is C;-Cg alkyl, C»-Cs alkenyl or C,-Cy alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-Cy alkoxy or -NR°R®;

L is a direct bond, C;-Cy, alkylene, C,-C, alkenylene or C,-Cj, alkynylene,
wherein one or more -CHy- group(s) of the alkylene, alkenylene or alkynylene is/are

20  optionally replaced with -O-, -S-, -SO,- and/or -NR>-, and the alkylene, alkenylene or
alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or
hydroxyl(s); and

X is a moiety of formula A, B, C,D,E,F, G, H, L ], K,L, M, N, O,P or Q
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NJO~\ NeENH N -~ RRR Qwth X connected to L

through any one R each Ris independently a direct
whoowd/033aydr ogen, hal o, nitro, cyan, 5 trifl uorpPoEURN03/031592

am no, -NR5R6, Cl-C4 al koxy, Cl1-C4 al kylthio, -COOR7,

Cl1-C12 al kyl, C2-C12 al kenyl or C2-Cl12 al kynyl,

wherein one or nore -CH2- group(s) of the al kyl,

al kenyl or al kynyl is/are optionally replaged wth

-0-, -S, -SM2x Qf -NR5-, and the Ra| yl, al kenyl
or al kynyl is@t/iion'Ry substltutggl Wi t or nore
car bonyl oxygeﬁf Namd/ or hyderx T X d 10 Ar is
an aryl or heteroar§l that is opt sabstituted

inl1lto 3 position(s) wwth halo, Ritro, cyano,
trifluoronethyl ,Aani no, -NRSR6, Cl-CABal koxy, Cl-C4

al kylthio, -COOR7_ Cl1-C8 al kyl, C2-C8 al kenyl or
C2-C8 al kynyl, whehein one or nore -CH2- group(s) of

t he al kyl, al keny Rl kynyl is/ are op i onal |y
replaced w thg-0- -, -SM2- and/ and the

al kyl, al kenyl kynyl i sR_pt\rona l§5g5bst i tuted
with one or norn car bonyl and/ or

hydr oxyl (s); prm{d ded that when R1 and R4 are each
methyl, R3is -COOCH3, and X is a noiety of fornula A
or O, then L is Got al kyl substPtuted with carbonyl
oxygen connected directly to the pyridine ring. R20 8.
Thegco unqsh of claim?7, vvherel n‘rg Rl and R4 are

Cl- R3is - moi ety of forpoulia Eyy
and i SW t hat Rrg i ghadl vy subgji dn N
to position(s). 54 O 0 44 PCT/ HK031592

9. Thegconpound of claim7, whi&h’is: R R
2- (2- oxo- 4, 3a- dlhydr0|md7azolld|no[21b] G
gui nazol i n- 6-ylppxy) et hyl 5

(mthoxy%)-z,fﬁ(dimt I-4(3-nitrw,4-d
i hydropyr| di ne- 8- car boXyl 7\ o
e e el o T

R N—NH
H | J
i H
R~ 0C  OsN.
g TIN R HN R
N, -NH
C L RS U S g Ry
XN
. J R FZ NS0 R
,\ 1
R K LN M
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5 net hyl
4- (2-chl orophenyl)-2,6-di methyl -5-[ N-(2-{2-[4-(6-0x0(1

WO 200840334184 hydr opyri dazi n- 3-yl )) phenoxy] acet yl aP€T0$2003/031592

et hyl ) car banoyl ] -1, 4- di hydr opyri di ne- 3- car boxyl at e.
10. A pharmaceutical conposition conprising: 10 (i) an
ef fective anount of a conpound of claiml; and (ii) a

phar maceut j Ry acceptable car R erp 11. A

phar mac c conp05|t|oQ conpr S|ng (i) an

ef f egti've ampunt of a conqbu m 4; and %5’

(ii hy\%(g‘ﬁhr maceutical |y quarri er. 12. \N o
phar madeuti cal conpositi COI’TpﬁI sing: (i) an

ef fectiQe Mmount of a conpougd of claim7; and ¢ iﬁ a
pharmaceutically acceptable carrier. 20 13. A nethod

for regulating cal cium honeostasis or for treating a
cardi ovascul ar di sease, strpke, epilepsy, ophthalmc

di sorder or mgraine, c§ r 'ng NeeNp ni stering to a
manmal i n need thereof(a /ve unt of a
conpound of formula I I_) RA HRL | 55 WD
2004/ 033444 PCT/ USZOOS/R)31592 07{ a pharmaceutical ly
accept abl e equi valent, an igoner or a m xture of

I somers thereof, wherein: and R4 are independently
hydr ogen, halo, nitro, cyano trifluoronethyl, am no,

kox - al kyl t hio, Cl1l-C8 al kyl,
Wﬂgpg@o%eﬁéﬂ%Lgtméﬁ E‘@’%ﬂ‘ek nyl, 5 wherein one or nore
- CH2 eadi R W0 8dpeffiert H@)’Eondahyrf‘reé’én ﬁﬁloahﬁ%n%lanbs [are
i onal | repl ac W t
trnfwsomet B i, ANRSR. Caiqaelﬂsﬂxmﬁil-@h kijpifhioj <CQERT, dhel b wlkyl,

A Doty T o oy coasats, anlen
aIEi:nﬂ&r alk#yy(ﬂ 15/%@10511113(36 Elac@d witg-G8 -sal M?ﬂnd/o‘ﬂ’hﬁRé-' Qnd the

@qﬁgﬁql lkﬂ aor al kynyl i s optional
en t(g& yhis r9@@919.':}1lyc;qabs’ututed with one or more carbonyl oxygen(s)

and/or hydroxyl(s); and

Ar is an aryl or heteroaryl that is optionally substituted in 1 to 3 position(s) with
halo, nitro, cyano, trifluoromethyl, amino, -NR5R6, C1-C4 alkoxy, C;-C4 alkylthio,
-COOR’, C;-C3 alkyl, C,-Cg alkeny! or C,-Cs alkynyl, wherein one or more -CH,-
group(s) of the alkyl, alkenyl or alkynyl is/are optionally replaced with -O-, =S-, -SO,-
and/or -NR’-, and the alkyl, alkenyl or alkynyl is optionally substituted with one or more
carbonyl oxygen(s) and/or hydroxyl(s);

provided that when R! and R* are each methyl, R? is -COOCH;, and X is a moiety
of formula A or O, then L is not alkyl substituted with carbonyl oxygen connected

directly to the pyridine ring.

8. The compound of claim 7, wherein:
Rl and R* are each C-Cy alkyl,

R’ is -COOR’;

X is a moiety of formula E; and

Ar is phenyl that is optionally substituted in 1 to 3 position(s).
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10 substituted phenyl;

- COORY,

w@bkdoglo334@R- C8 al kenyl
al kenyl

al kyl ,

with Cl-
Cl-Cl12 al kyl ene,
al kynyl ene,
| kyl

t he

opti dnal

and bhe.

opt i onal

R AR PR

R2 and R3 are independently

cyano or trifluoronmethyl; R7 is Cl1-C8

or C2-C8 al kynyl, wher ei PCT/II82003/031592
or alkynyl is optionally substituted

C4 al koxy or -NR5R6; L is a direct bond,

C2-Cl12 al kenyl ene or C2-Cl12

15 wherein one or nore -C}Q-/group(s) of

pe, al kenyl ene or al kynylene is/are
|§rhﬁéa¥n@ew¥9ﬁqlﬁmb-whw%w?/ -S@- and/or - NR5-,

e is

W oSHpTL >-

nitro,

(mﬁghgemasbonabea,@mimayw@@hﬁmbhergm)d1,Mﬂﬁy@oﬂwidﬁ{ey3-@%rbo>glate; or

f or mul

N

or Qm%@ﬁﬂ'aﬁl’ﬁ)’fo%@g‘)ﬂ% %mg @Hﬁ-al%{N- %2-{5)’[14%%’67&249(131,@ R R
| 0, . 0) .
tﬂgl drégggggig?b%ﬂz%ge%@%etﬁlaéu%}g&y%oar%@m%]gl,&ﬁ(hgﬁ%%?ﬁdme-}

/

carboxylate.

10.
Q)
(i)

1L
(M)
(i)
12.
(¥
(iD)

13.

1

A pharmaceutical composition comprising:
an effective amount of a compound of claim 1; and

a pharmaceutically acceptable carrier.

A pharmaceutical composition comprising:
an effective amount of a compound of claim 4; and

a pharmaceutically acceptable carrier.
A pharmaceutical composition comprising:
an effective amount of a compound of claim 7; and

a pharmaceutically acceptable carrier.

A method for regulating calcium homeostasis or for treating a cardiovascular

disease, stroke, epilepsy, ophthalmic disorder or migraine, comprising administering to a

mammal in need thereof an effective amount of a compound of formula I

L
R3 R?
|
R4 N7 "R
H
I
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~NO- ~RN NH NRNOSpPpRNER FG RRRRR
NA/ RNNR~~---p RNN~_ \NNR-NHHI J RRO
WOR@O4MBM4R HN N-- 'NHI/ | RR NNRORR RI/GH0R031592
KLRMRR R R-- RHNNHRORR- NHNO pNOR

PRR //IND~~~NNHO \N RRR Qwth X
connected to L through any one R and 10 each Ris

dgsg%g&m%ﬁﬁéaﬂy%cé’épﬁ% eRRAent AER86 Y aRRixAire BE &bBers thereof,
wherein:

R' and R* are independently hydrogen, halo, nitro, cyano, trifluoromethyl, amino,
-NR’R®, C;-C; alkoxy, C;-Cy4 alkylthio, C;-Cy alkyl, C,-Cs alkenyl or C,-Cy alkynyl,

5  wherein one or more -CH,-~ group(s) of the alkyl, alkenyl or alkynyl is/are optionally
replaced with -O-, -S-, -SO,- and/or -NR’-, and the alkyl, alkenyl or alkynyl is optionally
substituted with one or more carbonyl oxygen(s) and/or hydroxyl(s);

R’ and R® are independently hydrogen, C;-Cs alkyl, C,-Cg alkenyl or C,-Cg
alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with phenyl or
10 substituted phenyl;
R? and R? are independently -COOR, nitro, cyano or trifluoromethyl,
R’ is C;-C; alkyl, C,-Cs alkenyl or C,-Cy alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-C4 alkoxy or -NR’R®;
L is a direct bond, C;-Ci, alkylene, C,-Cy, alkenylene or C,-Cy; alkynylene,
15  wherein one or more -CH,- group(s) of the alkylene, alkenylene or alkynylene is/are
optionally replaced with -O-, -S-, -SO,- and/or -NR’-, and the alkylene, alkenylene or

alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or

hydroxyl(s); and
X is amoiety of formula A,B,C,D,E,F,G,H, L J, K,L, M, N, O,P or Q
20
R R
S R._N
NN N
ﬂ —R R | o)
R/ = NAO R _<i - N
R \ ) / Yy R
R
A B
R
R
R
R X Ny —N
N| R—r P 0
N0 N
H R
C D
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trifluoronmethyl, am no, -NR5R6, Cl-C4 al koxy, Cl-C4

al kyl thio, -COOR7, Cl1-Cl12 al kyl, C2-Cl12 al kenyl or
wW@2008023434 kKynyl , wherein one or nore -CH2- gr oRQI/5$2008/031592

the al kyl, alkenyl or alkynyl is/are optionally

replaced with -0-, -S-, -SO2- and/or -NR5-, and the 57

WD 2004/ 033444 PCT/ US2003/ 031592 al kyl, al kenyl or

al kynyl is jgtlonally substituted with one or noR

car N en(s) and/ gr_hydroxf (s). 14. The mefho
of fgjﬁ;éwrgmhareln qhg;ﬁsgngj§§ for tre ~NH
car r di sease @ rom hed?

di St ug <

hypert ensi on, SA/ AV node ‘bdnce, arr
hypert rophi c subaortic stpn05|s and angi na. 15 The
met hod of claim 14, wherein the heart failure iI's
congestive heart failure. 10 16. A nethod for
regulatlng cal cgum honeostasis or for treatln a

car di ov ar_(di seasg, gtroke, epilepsy,} op alhi c
di sorder ? ﬁfé%alne ﬁ %&D adn1n§§i§;_éﬁf%gza
mammal i here mi(ectlve a

corrpound of forrrula 15 A R3 R2 ) N | lﬂ'\'_HXI
Il or a phqqnaceutlcalIy|acceptable eqU|vaIe , an

i somer or a mxture of isonmers thereof, 20 erein:
R2 and R3 are independently -COOR7, nitro, cyano or
trifluoromethy ; R7 is C1-C8 al kyl, C2-C8 al kenyl or
C2- 3B al kygyl , mngreln the al kyl, al kenyl or ‘al kynyl
I s optional Stit ‘W th Cl C4 al koxy Q= NRSRS;

R4 is hydy _NRal o, nh cyan |quor%ﬂE;hyk€j“
i N"C1- c4 a%b%& al ky?

am ng, -

Cl-ﬁgfﬁfggk, C2- C8 al kenyl ok, al kynyl , mherelnR
one ‘qpAnore - CH2- group(s) ok thelal &y, al kenyl or

al kynyg is/ane optionally reeaaceﬂ wth-0-, -gf.
-S2- and/or -NR 5-, and the™al kyl, al kenyl or al kynyl

is optionally substituted with one or nore

\R
(_;> R R R« R
| R& === NEN
NH R ¢ ) \ o) R4£
HN\« R = NH N0
o) R R
o P
R
N —
¢ v \\ /N N o
N)' _ —
R R R
Q

with X connected to L through any one R; and

each R is independently a direct bond, hydrogen, halo, nitro, cyano,
trifluoromethyl, amino, -NRSRG, C1-C4 alkoxy, C;-Cy alkylthio, —COOR7, Ci-Cy3 alkyl,
C2-C2 alkenyl or C»-Cy, alkynyl, wherein one or more -CH;- group(s) of the alkyl,
alkenyl or alkynyl is/are optionally replaced with -O-, -S-, ~-SO,- and/or -NR’-, and the
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car bonyl oxygen(s) and/or hydroxyl(s); 58 WO
2004/ 033444 PCT/ US2003/031592 R5 and R6 are

w0 nabefozadent | y hydrogen, Cl-C8 al kyl, C2-C8 al Renys2005/031592

C2-C8 al kynyl, wherein the alkyl, alkenyl or alkynyl
is optionally substituted with phenyl or substituted
phenyl; L is a direct bond, Cl1-Cl12 al kyl ene, C2-Cl12

AR eilkér@[lﬁr Akyrfy? 15@;210@&11'{ M@tﬂ?@d with ¥hesrehdre Qﬁﬁ)oﬁl{d oxygen(s)

roup(s) of the al kyl ene, al kenyl ene
f@ﬂk&h¥¢@ﬁﬁK35/are optionally replaced with -0-, -5-,
-S02- and/or -NR5-, and the al kyl ene, alkenylene or
al kynylene is optionally substituted with one or nore
car bddy| hegesihs) ofulgiho!3, vhmﬁtﬁl@mlrﬁéthod RIfer ﬁ%dti%%%

FRR a)é@l?afﬁ{l%%%e?q&tedﬁ?w \%eﬁmt bdiony perien i HA VRl
d%tﬁb%hcﬁ, ?\rﬁl}’ﬁlﬁlnia\, h%e%roﬁdc? su‘b‘ﬂortw st2nbis Ehcfeang]n(i)a. CDRO

15. The method of claim 14, wherein the heart failure is congestive heart

failure.

16. A method for regulating calcium homeostasis or for treating a
cardiovascular disease, stroke, epilepsy, ophthalmic disorder or migraine, comprising
administering to a mammal in need thereof an effective amount of a compound of

formula IT

R3 Ro
||
RN ;_(
I

or a pharmaceutically acceptable equivalent, an isomer or a mixture of isomers thereof,
wherein:

R? and R? are independently -COOR/, nitro, cyano or trifluoromethyl;

R"is C1-Cy alkyl, C,-Cg alkenyl or C,-Cs alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-C4 alkoxy or -NR°R®;

R*is hydrogen, halo, nitro, cyano, trifluoromethyl, amino, -NR°R®, C;-C, alkoxy,
C1-C4 alkylthio, C;-Cy alkyl, C,-Cyg alkenyl or C»-Cg alkynyl, wherein one or more -CH,-
group(s) of the alkyl, alkenyl or alkynyl is/are optionally replaced with -O-, -S-, -SO,-
and/or -NR’-, and the alkyl, alkenyl or alkynyl is optionally substituted with one or more
carbonyl oxygen(s) and/or hydroxyl(s);
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NRRNo0SO RR EFG RRRRRZzZNRNNRNNMNN ~-
~I'\' - RRNNH HI J 15 59 WO 2004/ 033444
wEAAsRG03/ 031592 R R H O N N R HN NQ , NH R FRCT/NS203/031592

"*NHI O-~J RR NORKLRMR ~, R RR-- RNH
R~0\ \ O RHV~RNHNO pR NP R</ {N=NHO N
- i~41 RRR Q

R’ and R are independently hydrogen, C;-Cs alkyl, C»-Cs alkenyl or C,-Cg
alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with phenyl or
substituted phenyl;

L is a direct bond, C;-Cy; alkylene, C,-Cy, alkenylene or C,-C; alkynylene,

5  wherein one or more -CHy- group(s) of the alkylene, alkenylene or alkynylene is/are
optionally replaced with -O-, -S-, -SO,- and/or -NR-, and the alkylene, alkenylene or
alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or
hydroxyl(s); and

X is amoiety of formula A, B, C,D,E,F,G, H,LJ,K,L, M, N, O,P or Q

R R
S R._N
N ™™
I 1R R | >=o0
R// N&O R‘<i" N
R \// Y R
R
A B
R
R
R
R X NN
l\} R—7 P 0]
N0 N
H R
10 C D
R N H R
N
ﬂ\ Y (o) R—+ AN A\
e N ANES
R N //\\O
E 0]
F
RN R | R R
R_N_N =
’ — -~ —
)@ o O o
R N R XN~N R= N—NH
H | J

15
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5 wth X connected to L through any one R each R is
i ndependently a direct bond, hydrogen, halo, nitro,
W@ y@Ao33444 ri fl uoronet hyl, am no, -NRS5R6, Cl- CAPGl/K82003/031592

Cl-4 al kylthio, -COOR7, Cl1-Cl2 alkyl, C2-Cl12 al kenyl

or C2-Cl12 al kynyl, wherein one or nore -CH2- group(s)

of the alkyl, alkenyl or alkynyl is/are optionally
replaced withR0O-, -S-, -SO2- and/or -NR5-, and the 10

al kyl, al kenyl~oproal kynnylnis optionally substituted

with one or ford carbonyl dkygen(! and/ or HN SR
hydr oxyl (’%)-% Har is an e he l@roarybc@—i@
opt | ubstituted Rn 1 posi tion(s) wiYh _||2-

hal tr&® cyano, trifluorQrett @m no, - NR5RG6,
Cl- C2¥&l koxy, Cl-C4 al kylthi & Wﬁ(l]? , Cl1-C8 al kyl,
C2-C8 al kenyIKor C2-C8 al kynyl , erein one or More
-CH2 15 group(s) of the al kyl, al kenyl or al kynyl
is/are optionally replaced with -0-, -S-, -S02- and/or

-NR5-, and R al kyl , al kenyl or_ alkynyl is optionally
substi t dvﬁth one or nore

and/ ydralyl (s). 60 WO

PCT/ }JS2008/ 631592 17. Thé,

boRyl ~oxygen(s) R
44 R
the netthod is for treatiy a ca% i
y

\D

@ ai m 16, wRete
Uascul ar di seasel ©

sel ected fjgom heart failure, ghypertension, SA/ AvlgwoBe

di sturbance, arrhythm a, hypertrophic subaortic

stenosi s and angina. 5 18. The nmethod of claim 17,

wherein the heart failure is congestive heart

failure. 19. A nethod fgr regul aty cal ci um

honeostasi s or for tre%t Lihd ar diovgiscul ar  di sease,

stroke, epilepsy, ophthgr-m\e=di soedér or nigraine,

conprising 10 administgring to@ magmal in need

t hereof an effective anount_of a conpound of formula

Il Ar RBL,X R4 HRL 15 R or a pharmaceutical ly

accept abl e equi valent, an isoner or a m xture of

i.saoners thereof wherein: Rl and R4 are independently

Witho¥ sejnscted 4p b, thieugh any esesdRo, trifl uor omet hyl, ani no,

each R is independently a direct bond, hydro gen, halo, nitro, cyano,

trifluoromethyl, amino, -NR°RS, C;-C, alkoxy, C;-C; alkylthio, -COOR”, C;-Cy, alkyl,

C2-Cr2 alkenyl or C2-Cy, alkynyl, wherein one or more -CH,- group(s) of the alkyl,
alkenyl or alkynyl is/are optionally replaced with -O-, -S-, -SO,- and/or -NR-, and the
alkyl, alkenyl or alkynyl is optionally substituted with one or more carbonyl oxygen(s)
and/or hydroxyl(s); and

Ar is an aryl or heteroaryl that is optionally substituted in 1 to 3 position(s) with
halo, nitro, cyano, trifluoromethyl, amino, -NR5R6, C;-C4 alkoxy, C1-Cy4 alkylthio,
-COOR’, C;-Cg alkyl, C,-Cs alkenyl or C,-Cs alkynyl, wherein one or more -CH,-
group(s) of the alkyl, alkenyl or alkynyl is/are optionally replaced with -O-, -S-, -SO;-
and/or -NR°-, and the alkyl, alkenyl or alkynyl is optionally substituted with one or more
carbonyl oxygen(s) and/or hydroxyl(s).
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20 -NRS5R6, Cl-C4 al koxy, Cl1-C4 al kylthio, C1-C8 al kyl,
C2-C8 al kenyl or C2-C8 al kynyl, wherein one or nore

wo gi2/o3gaoup(s) of the al kyl, al kenyl or al kynp€T/USZ0a5/6¢31592
optionally replaced with -0-, -S-, -SO2- and/or
-NR5-, and the al kyl, al kenyl or alkynyl is optionally
substituted with one or nore carbonyl oxygen(s) and/or
hydr dfty| ( shhe niREhahel dRﬁmaIrGe whetbapthe desnthdd/is @ﬂi@ﬁﬁ@ a

%ﬁ@écgﬁ‘ﬁhgr(‘ytdéseﬁwﬁt% %afbfal %wﬁ?%m%%?%p%%afam

AR u h %@ﬁl l; R3is
C@%& EE}I?lgyrﬂé)ﬁﬂéac:ly}ano oéhlét)%l}b? ?ﬂlﬁﬁgr%ﬁ)ér?é%iﬁ%% I's Cl1-C8

al kyl, C2-C8 al kenyl or C2-C8 al kynyl, wherein the

al kyl,, al kenyl or | k i s _optionall supsti t ut.ed
S it b1 A E e ot s s e P i et pincblive heart
fREFE.US2003/ 031592 L is a direct bond, Cl-Cl2

al kyl ene, C2-Cl2 al kenyl ene or C2-Cl12 al kynyl ene,
wherein one or nore -CH2- group(s) of the al kyI ene,

| k | | I d
it 2SR et QiR AR S48 oRRbL AT oL tor ERBEE
caidknenayd%ehs@ﬁse atrddyen yﬂanpEy, iophthplnio dédokder Sﬂbﬁgrairﬁt ®&ehprising

th one or nore carbony gen and/or 5
10 ﬁﬂ NP ©)2 mammalin nee ﬂ?ﬁs?cgy Séctf‘@rwwﬁf a gpmpoung of
f@mjaIIQHI,J,KLMNOPorQRR~\RNR
R% R-(~RROR ARBR \VRR/\NMN NRI RO
>=
Ar
|
R4 N Rq
15 111

or a pharmaceutically acceptable equivalent, an isomer or a mixture of isomers thereof,
wherein:
R! and R* are independently hydrogen, halo, nitro, cyano, trifluoromethyl, amino,
20 -NR°R®, C-C4 alkoxy, Ci-Cy4 alkylthio, C;-Cj alkyl, C,-Cs alkenyl or C,-Cg alkynyl,
wherein one or more -CH,- group(s) of the alkyl, alkenyl or alkynyl is/are optionally
replaced with -O-, -S-, -SO,- and/or -NR>-, and the alkyl, alkenyl or alkynyl is optionally
substituted with one or more carbonyl oxygen(s) and/or hydroxyl(s);
R3 and R® are independently hydrogen, C;-Cs alkyl, C,-Cs alkenyl or C,-Cg
25  alkynyl, wherein the alkyl, alkenyl or alkynyl is optionally substituted with phenyl or
substituted phenyl;
R® is -COOR/, nitro, cyano or trifluoromethyl,;
R’ is C-Cg alkyl, C,-Cs alkenyl or C,-Cs alkynyl, wherein the alkyl, alkenyl or
alkynyl is optionally substituted with C;-Cy4 alkoxy or -NR°R®;
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Lisa dlrect bond, C;-Cy; alkylene, C,-Cy, alkenylene or C,-Cy, alkynylene,
wherein one or more -CHy- group(s) of the alkylene, alkenylene or alkynylene is/are
optionally replaced with -O-, -S-, -SO,- and/or -NR’-, and the alkylene, alkenylene or
alkynylene is optionally substituted with one or more carbonyl oxygen(s) and/or
hydroxyl(s); and

X is a moiety of formula A, B, C, D,E,F,G,H,L,I,K,L, M, N, O,PorQ

N
0]
R N, I\P(RI“/BINZODB/031592
N 10 RKL M

RROR ~-

R
Rﬂ\\ RN R N>=O
AF /RR N
e (O
/ @]
R
A B
R
R
R
R I\ N\ N
| R—r 0O
N\N o N N
H R
C D
R N, N R
N
H\\ \\r O R—+ i A\
// N I/ N/ Sa
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F
R
% /4
R N N\N R N\N
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RNHNO ONORPR /NJ~\~CNNHO N% RRR
Qwith X connected to L through any one R each Ris

w0 nabefozadent | y a direct bond, hydrogen, hal o, PCT/82003/031592

cyano, 5 trifluoronethyl, am no, -NR5R6, Cl-C4 al koxy,

Cl-C4 al kylthio, -COOR7, Cl-Cl2 alkyl, C2-Cl12 al kenyl

or C2-Cl12 al kynyl, wherein one or nore -CH2- group(s)

of the alk ,\/\R al kenyl or al kynyd ig/are optionally

repl ace t_j-o-, -S-, -82< anliLgr -NR5-, and tRe~ R
ngl or al kynyl <4\s\ ' i )

W t 'or nore car bonyl % NH and/ or N 0o
hydr ox (3&; and 10 Ar is an ar or heteroaryl thaﬁ
is optionaNly substituted inOL to 3 position(s) Wit

hal o, nitro, cyano, trifluoronethyl, am no, -NR5RG,
Cl-&A4 al koxy, Cl1-C4 al kylthio, -COOR7, Cl1-C8 alkyl,
C2-C8 al kenyl or C2-C8 al kymyl, wherein one or nore

-CH2- group(s) of the aNkyl \\I k Hor al kynyl is/are
optionally replaced w /h/.-, -, - - and/or -NR5-,
and the al kyl, alkenyl Pr a nyl)*t¢ optionally

substituted with one oRnore 1R carfbonyl oxygen(s)
and/ or hydroxyl (s). 20. Thegnethod of claim 19,
wherein the method is for treating a cardiovascul ar
di sease selected fromheart failure, hypertension,

walY Vo Rded tghst%ﬁgﬁ%%ne%r hyt hmi a, hypertrophic

subaortic stenosis~and anginha. 20 21. The nethod of

cl ai mad® isindependertilya difar borfdahydibgen, 5al6 OREB SIS,
trgflgorr%m@tii?t uthis, R c?-%iii&i?f ¢ f}c4 aCTmlyﬁJhSlg,g%%pg ,50?-2012 alkyl,
C2-Cyz alkenyl or C,-Cy; alkynyl, wherein one or more ~CH,- group(s) of the alkyl,
alkeny! or alkynyl is/are optionally replaced with -O-, -S-, -SO,- and/or -NR” -, and the
alkyl, alkenyl or alkynyl is optionally substituted with one or more carbony! oxygen(s)
and/or hydroxyl(s); and

Ar is an aryl or heteroaryl that is optionally substituted in 1 to 3 position(s) with

halo, nitro, cyano, trifluoromethyl, amino, -NR’R®, C;-C, alkoxy, C;-C;4 alkylthio,
-COOR7, C1-Cg alkyl, C,-Cs alkenyl or Cy-Cg alkynyl, wherein one or more -CH,-
group(s) of the alkyl, alkeny] or alkynyl is/are optionally replaced with -O-, -S-, -SO,-
and/or -NR-, and the alkyl, alkenyl or alkyny! is optionally substituted with one or more
carbonyl oxygen(s) and/or hydroxyl(s).

20.  The method of claim 19, wherein the method is for treating a
cardiovascular disease selected from heart failure, hypertension, SA/AV node

disturbance, arrhythmia, hypertrophic subaortic stenosis and angina.

21. The method of claim 20, wherein the heart failure is congestive heart

failure.
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