WO 02/ 38106 PCT/ US01/ 46184 CALCILYTI C COVPOUNDS FI ELD OF | NVENTI ON The
present invention relates to novel calcilytic conpounds, pharnaceuti cal
conposi t ivome2/381m ai ni ng t hese conpounds and their use as palwsumonsicept or 5
antagoni sts. In manmal s, extracellular Ca2+ is under rigid honeostatic
control and regul ates various processes such as blood clotting, nerve and
muscle excitability, and pr f i Extracel | ul ar Ca2+
inhibits the secretion of p ¢ IB?' C COMBOER LbTH') from par at hyroi d
cells, inhibits bone resorpti q[ﬁﬁm) OF APCERETON 10 and stinul ates secretion
of calcitonin from C-cells. fcramreceptor proteins enable certain

speci al i zed cel IThe besérsp@nton elgbaidgRYel daldytit ac@pbutlds) pagdceutical
concentration. PTH is the principal endocrine factor regulating Ca2+
honeost asi §oMmpOsitiens copgHdInGRgsesaRROEaMy addheir neg calqippreqsptoact i ng on bone
and Ki dgleyah:tgl | Sqg i ncreases 15 the level of Ca2+ in the blood. This

i ncrease i N exttacel ular Ca2+ then acts as a negati ve feedback signal,
depressi ng PTH sefiafina9) exiFiellnRe Cp?-dpalndeetigitlihonebitatic haitobam

extracel | ul ar Ca2+ and PTH secretion fornms an inportant nechani sm

mai nt ai ni néEdulbais YarigapropessesoRich 83 loogglottings peqye apd mapale geeitabdity.ect | y on
parathyroi g e,ll = ﬁo%farf&%‘a!tf%he kb | }:a%%%Q‘etiﬁlﬁgitsct;glg(gec?éio%[(%%él)e(a[t}gfroiﬁ

par at hyr oi gick surrace protein et ec anges i acel | ul ar
Ca2+ has bagmn&R M PTHErond@erathiyeyial célls, alhibitsNind resogfifonDiosteb8Qsts, | N
parathyroid cells, this protein, the calciumreceptor, acts as a receptor
for extraeed ptinplatecseeretiqpeafsalcyorindrnge §-gells+ Ralciun IecEpOB BXOfARS on of
extracel | ular ,Ca2+ nd..l 0d thate f i I esponse, PTH
secretion. e%\?leE%et%[ragncS@%F%*%éry cégggro feﬁﬁqnggﬁgéés&%gﬁ %‘Séac@e"ﬁ%r Uncti ons,

revi ewed i gofdeA®ationet al ., Cell Calcium 11: 319, 1990. For exanple,
extracel lular Ca2+ plays a role in arafollicular, (Ccells) and

par at hyr oi d cel PFH isdlee puisyeinah endosripe %&t%ir@&ﬁlaﬁmgﬁ&“ hopppstasiyfetheol e of
extracel | ular + e ) \ed. Zai di ,
Bi osci encelbgé)gcc)‘ir% ?gxt%&egg@fﬂﬁﬁgo_ﬁ?ggﬁ&/gg?m os?al%:ogl(r%paggn sn%%llrdgejﬁsl’(igllc?\r/\e/l?E o mmec
the ef i&ct sheabvedxf CaZt @l fhelbidodCaits @brease in extracellular Ca2+ then acts as a

negative feedback signal, depressing PTH secretion. The reciprocal relationship
between extracellular Ca2+ and PTH secretion forms an important mechanism
maintaining bodily Ca2+ homeostasis. ‘

Extracellular Ca2+ acts directly on parathyroid cells to regulate PTH

20 gecretion. The existence of a parathyroid cell surface protein which detects changes
in extracellular Ca2+ has been confirmed. See Brown et al., Nature 366:574, 1993.
In parathyroid cells, this protein, the calcium receptor, acts as a receptor for
extracellular Ca2+, detects changes in the ion concentration of extracellular Ca2+,
and initiates a functional cellular response, PTH secretion.

25 Extracellular Ca2+ influences various cell functions, reviewed in Nemeth et
al., Cell Calcium 11:319, 1990. For example, extracellular Ca2+ plays arole in
parafollicular (C-cells) and parathyroid cells. See Nemeth, Cell Calcium 11:323,
1990. The role of extracellular Ca2* on bone osteoclasts has also been studied. See

Zaidi, Bioscience Reports 10:493, 1990.
30 Various compounds are known to mimic the effects of extra-cellular Ca2* on

a calcium receptor molecule. Calcilytics are compounds able to inhibit calcium
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a calciumreceptor nolecule. Calcilytics are conpounds able to inhibit
calcium 1l WO 02/38106 PCT/US01/ 46184 receptor activity, thereby causing a
decr ease WO 0uBR0©r nore cal ciumreceptor activities evokRdI/po1/46184
extracel lular Ca2+. Calcilytics are useful as lead nolecules in the

di scovery, devel opnment, design, nodification and/or construction of useful
cal ci um nodul a ?rast"vi)(/mi ch.are act Lﬁe a§ Caz2+ receIpt g{s. Sucht calcilytics
are useful B RS yrghetr%n(iau%?gv FireUs YPRRYSBOSCAEE (5P bt eri zed by
abnor mal | e¥glisieOévakae b9 kxtraRIElaECIPONELESytict afb useRP LY RARMIIRSISUEh as

hor nones, enzgrres or growth factors, the expression and/or secretion of

which is rdbgdlisgavgrodevdlompansdlepignampdificatjongandimeonytruckpn ef @efd recept of s.

Tar get di seases disorder.s far cal cidyhic conpounds jncl.ude  di.seases
ovel ving. Sakarndlodblsfat i b fisalferBRI® M EMRal i S arisicn
hormeost 3si §n ki €adhefiorVhras dieadyWatey chilfictri2éd b @bndrdal RVEIBEf Geldrvi ti es:
an abnormal increase or decrease in serumcalcium an abnormal increase or

decr ease i MMQECAMPYNBYKS Ce%-iPokyPEPtides (su¢has hosmongsnenzymies ion grosvdl &ctass, decr ease

in bone calgiumlevels (for exanpl e. .as assessed ne mneral density
easur enent Sy SRR Bk e st S PR ERE Rl e ins PR

I ncrease Ormdre Giéﬁ‘rr@@?ﬁqré. ﬂl’atrF@ dNeastd oF HROrdeRdbPEaltiBiRadmpdhndEAdBMIEr S
whi ch affect serumcalcium Tlevels such as PTH and cal citonin; and an

abnor mal clisegeesiimvalviag perpmakleons|and miseral ymepstasisnger s whi ch affect serum

cal cium,l evel s. [Thus al gl um r tor antadqonists offer a wnique approach
t_ovvards%t he phéﬁ%)m]ﬁcea:lcé hggl%ﬁ?%gsésalssé: araacgtgg%ei a.ye%}levﬁrt%orggﬁ mal bone or
m neral horfgRek g astivitied) a8 Wbhorafil i RARSSAI0IAS i seAlm O4¢ARS ak COMa,

peri odontal disease, fracture healing, osteoarthritis, rheumatoid

arthritis, abageaal incigase asdecrapshisr Hinapy peretivngd ehlgiumg socbnemesd ingrqape

mal i gnancy and fracture al i st SL S, 1. SUMVARY TH
re8s3Gh Bode (Gl elsa(r%gr e(?(arrn:f)geggg %sgssesi:d B%Hglileurrrnunrcréﬁc él%r%s%y

| NVENTI ON 25 e presenet I nven?\f on conp

ant agoni st snedseRARaBMBEbBYmM0E idnl of die#r§icalRalmVinaibd ot iificrétS€ oRS
cal ciumreceptor antagonists in the treatnment of a variety of diseases
associ dfed defiepsedB ks pretudionandior flease af messengess wairhaffertyerumralgiubut not

Lo JROBR AL BHPLY S B3 SRR AT RBLLSHR Aot racture
by messengers which affect serum calcium levels.
Thus, calcium receptor antagonists offer a unique approach towards the
pharmacotherapy of diseases associated with abnormal bone or mineral homeostasis,
20  such as hypoparathyroidism, osteosarcoma, periodontal disease, fracture healing,
osteoarthritis, rheumatoid arthritis, Paget’s disease, humoral hypercalcemia

associated with malignancy and fracture healing, and osteoporosis.

SUMMARY OF THE INVENTION

25 The present invention comprises novel calcium receptor antagonists
represented by Formula (I) hereinbelow and their use as calcium receptor antagonists
in the treatment of a variety of diseases associated with abnormal bone or mineral
homeostasis, including but not limited to hypoparathyroidism, osteosarcoma,
periodontal disease, fracture healing, osteoarthritis, rheumatoid arthritis, Paget’s

30 disease, humoral hypercalcemia associated with malignancy and fracture healing,

and osteoporosis.



30 di sease, hunoral hypercal cem a associated with malignancy and fracture
heal ing, and osteoporosis. 2 WO 02/38106 PCT/US01/ 46184 The present

i nventi owédorstie¢ provi des a nethod for antagoni zi ng cal cPOMUSEE®PR4Ors i n
an ani mal, including humans, which conprises admnistering to an aninmal in
need thereof an effective amount of a conpound of Fornula (1), indicated

her ei nbel ow. 5 e present inventjon further prqwides a nethod.for

i ncreasing ser uﬁhe&gfsﬁpﬁ%Vg?tﬁmlefﬁvg??r?\ﬁd%?na lgﬁi%ﬁg?ﬁ?r E}niac%oawx}ggcaﬂc&%ns, whi ch
conpri ses aghapdsSih@hiaffnall RcRing Hufdhs, Whifle €snpiiek a@himtegid ®Ghi ve anount
of a compound of Formula (1), indicated herein below 10 TAI LED

DESCRI PTI Ornigr! TiHreed yeerafi 2o ifepnévecangot atis compeursl ¢fkosiapla (Dnipdivaiedn ar e
selected f om Fb%r‘;vula (1) herein below 1INX(CH2)n -A OH X111-1 DD -X5 I1
| X2 Dpi: ey (n 15 wherein: Ais an aryl or fused aryl, dihydro or
tetrahyslro f usegdhapisentNBi@rioa fitthed provitked t@h&l ﬂﬁ\ﬁﬁﬂreasingi sByef 0 or
tetrahydro fused heteroaryl, unsubstituted or substituted with any

subst i t uentaradwieig levelsdotaa @nfmannelnding hgmans oviyels eompriss administeringgen,

~gal kyl ,  CL-4al k - | ky d NR: i
or Rt 1598 AP egRiegent PR Sty ST L EBRRREn B S N

and X5 ar ejndisdeepensentlon. sel ected fromthe group consisting of H,
hal ogen, CN, and NO2, provided that either X1 or X5 is H further provided
that X1 and X5 are not present when Dis N, X2, X3 and X4 are sel ected

from thg group consi 5ihigy ¥p PrdtRAATON oF trE fneERfTON"? -

The compounds of the present invention are selected from Formula (I) herein

below:

OH
X‘I\D \D/Xs
[ I
D D
Xz/ \II)// \X4
X
: @

15  wherein:
A is an aryl or fused aryl, dihydro or tetrahydro fused aryl, heteroaryl or fused heteroaryl,
dihydro or tetrahydro fused heteroaryl, unsubstituted or substituted with any substituent
being selected from the group consisting of OH, halogen, C1_4alkyl, Cy_galkoxy, C3.¢
cycloalkyl, CF3, OCF3, CN, and NOy;
20 DisCor N with 1-2-N in ring provided that X{-X5 are not present when D is N; ‘
X1 and X35 are, independently, selected from the group consisting of H, halogen, CN, and
NO», provided that either X1 or X5 is H; further provided that X1 and X4 are not present
when D is N;
X», X3 and X4 are selected from the group consisting of H, halogen, O-C1_4 alkyl, and J-
25 K, wherein:



25 K, wherein: 3 WO 02/38106 PCT/US01/46184 J is a coval ent bond,

al kyl ene, 0-al kyl ene or al kenylene; and Kis selected fromthe group

consi sti M0 01#/381@02R5, CONR4AR 4, OH, NRAR4 and CN and proRCTO®E0IXB184X3 and
X4 are not present when Dis N, R4 and R 4 are independently H, alkyl, aryl
or heteroaryl; 5 RS is H, alkyl, alkyl-(0al kyI)mOaI kyl, aryl or

heteroaryl; n is an integer fromOto mis an integer from1l-3. As
used her ei his 2cgralgatbondeplsy netQaéIT‘Yl%lofﬂh%ﬂyii eé‘ﬂ‘%stl t ut ed hydrocarbon group
joined by fdlpgéleteaarotapaﬂe LD oshs G, @SR @ONRGRY; 881, MRy RYANBCRARd | 0i ned
together. 10 The al kyl hydrocarbon roup rra be Iinear, branched or

cyclic, sapuvidedd20f3 Hﬁs?‘ét%!@ Bt @EPSCID F‘ePabey substituents on optionally

substi tutegd %{ﬁﬁ(léé?er ﬁﬁﬁ%@&ﬁﬁ'{‘fﬁ %ﬁg%ltopgetggwp consisting of aryl, CO2R,

CO2NHR, O—I NC2, wherein R represents H,
Cl-4 a: kyl é{g&H,&lkyﬂrcaﬂ«yal(keylkyl)ﬁ@ -Blkal, kethgrihetera@pdis at kynyl, heterocycl oal kyl,
or ary Addi ti.onal tituents are selected fromfF, 15CI Br, I, N S
and O Pr er"ésrEgltﬁ]tegerfmmm)troé1 i"Hian three substituents are present. Mor e

pr ef erablymﬂsbelnadgklyﬂroxha-ss 1-12 car bon atons and is unsubstituted.

Preferably, the ro d .h | k I f
toboptl onal | y s@éé’t‘?@lh? g’é‘ %lyyl g?@éﬂ oﬁéqf'ﬂggj?‘&tfsgﬁ?cﬁlpﬁgg?%ﬁb%?’eg an;/e ore
substi tuen S B I,
N ) o S By EIE Caibdn chith bBReSLRA ARTRIGEDE Moms jdediogbher. B

L ef ers100 dhealityl bydibtarbeniprotp maydet lmeanhtanchegrayepchid, situratad dreast one ring
aving a conju ect t t t d
fused r i ngugw?reré%&%eﬁbl eSS Bhispely e fed Bt Worrine, *Call
of whi ch m?ﬁ'e%’g ﬂsﬁﬁgkloYa@'i’@iRL@©QNHﬁr @I—FUI@Q:@VNH - ) s, gy, phenyl and

25 napht hyl pr ef eFred”’aryl“incl fide g Pref erred substituents are
sel ected 0@ aeNQp owhereimrR reprasaugs &F, ChaJ, olfe C3cacydoaélr>rly¢z 5@@33}’1 CF3,

O o R B B 0SS, Bl RS R A e B8 B i
1,2 or ;3 heyegPRtQM$and O. Preferably, no more than three substituents are present. More
preferably, the alkyl has 1-12 carbon atoms and is unsubstituted. Preferably, the
alkyl group is linear.
As used herein "cycloalkyl" refers to optionally substituted 3-7 membered
carbocyclic rings wherein any substituents are selected from the group consisting of,
20 F,Cl, Br, I, N(Rg)2, SR4 and OR4, unless otherwise indicated.

‘ As used herein, "aryl" refers to an optionally substituted aromatic group with
at least one ring having a conjugated pi-electron system, containing up to two
conjugated or fused ring systems. Aryl includes carbocyclic aryl, and biaryl groups,
all of which may be optionally substituted. Preferred aryl include phenyl and

25  naphthyl. More preferred aryl include phenyl. Preferred substituents are selected
from the group consisting of halogen, C1_4 alkyl, OCF3 CF3 OMe, CN, OSO3 R
and NOj_wherein R represents C1_4 alkyl or C3_g cycloalkyl.

As used herein, "heteroaryl" refers to an aryl ring containing 1,2 or 3 heteroatoms
suchas N, S, or O.
30 As used herein, "alkenyl" refers to an optionally substituted hydrocarbon

group containihg at least one carbon-carbon double bond and containing up to 5



such as N, S, or O 30 As used herein, "alkenyl" refers to an optionally
substituted hydrocarbon group containing at |east one carbon-carbon doubl e
bond and won/31mé ng up to 5 4 WO 02/ 38106 PCT/ US01/ 46184PCT/aRicte1%4 ons

j oi ned together. The al kenyl hydrocarbon chain may be straight, branched
or cyclic. Any substituents are selected fromthe group consisting of

hal , Cl- I . OCF, 3, ' 02 .R and. NC2 in R
rgp(r)gggnt S (é[lb(%l %%’ngo%erd?i&&gercgg\e%g?e%% }.ly ocﬁgboﬁfgcf@amﬁ%?yet?%s; rea'E It’Eynyl "

refers to afrafifietl onaydii. SuBsubitith@s v delecad bom theLRp coRdlidigifng at | east
one carbon-carbon_triple bond between the carbon atons and containing up

to 5 car bonha@gsasC) diaked, P6har Fes, OMRCHI RYFPR wdiNOeavbesain Ryr oup may be
strai ght - chaj ra cychi Any substituents are selected from
the group BRRSs ﬁé_%bfﬁﬁﬁ%r%&&cgﬁm. al kyl, OCF3, CF3, OMe, CN, 0802 R

10 and NO2, wher & fiseR Hefid, € aRph$l" Ceférsdo ah lplionily G3hbingyEChpabédrbon The
conpounds of the present invention may contain one or nore asymetric

car bon at ongroameoRipingat st ane cathomicarbondriplgtbond betyeer theearbopratsns Al | of

t hese conpounds and di asterepners _ar.e. cont enpl at.ed £ o ithin the scope
o oS s e g bE R TEROOE bR FinEe HiskliBt s bt B oklhth oy ore Pons
i nclude:  3-drofip B3 Me sRaiphRhareldy Biafdhed Ir cHclic Aaf sdbsYituehts are selected

| - di met hyl - et hyl am no) - propoxy] - pyridin- 2-yl}-propionic acid ethyl ester;
3- from the group consisting of halogen, C1_4 alkyl¥ C;C 3 C%:;, OMe, CN, OSOp

6- Cyano;.5- =2-hydr oxys 3-( 2-i.ndan-2-yl -1, 1- di net hyl - et hyl am no) - propo -
pyﬂ/di L 2([)z(n@%l/(ﬁ}),_%Qeggﬁ&{eggeg%r'?ta; 3-(6¥Q/ano- 5|-{ Y g )= Propoxy]

(R) - 2- hydr o®Yy 3Ky of Q?['ga@ﬁmgnqymhenyl )-1, 1-di net hyl - et hyl am no] -
propoxy}-pyridin-2-yl)- propionic acid ethyl ester; 3-(6-Cyano-5-{
(R) - 2- hydr oxy- 3-Tie qompasnfosi/thp beasitinvention ey cAytRinaqnieyr arAra0] - pr opoxy }

(B0 i BAPRLBNL 508 s Rl LARES A puly e e A
propoxy} - pysfi tHéss cdmypblndsing Rid8ftréonis re@ohnpRad®lo beatichin the scope of
15  the present invention. |
Preferred compounds of the present inventions include:
3-{ 6-Cyano-5-[(R)-2-hydroxy-3-(2-indan-2-yl-1,1-dimethyl-ethylamino)-propoxy]-pyridin-
2-yl}-propionic acid ethyl ester;
3-{6-Cyano-5-[(R)-2-hydroxy-3-(2-indan-2-yl-1,1-dimethyl-ethylamino)-propoxy]-pyridin-
20  2-yl}-propionic acid;
3-(6-Cyano-5-{(R)-2-hydroxy-3-[2-(4-methoxy-phenyl)-1,1-dimethyl-ethylamino]-
propoxy }-pyridin-2-yl)- propionic acid ethyl ester;
3-(6-Cyano-5-{ (R)-2-hydroxy-3-[2-(4-methoxy-phenyl)-1,1-dimethyl-ethylamino]-
propoxy }-pyridin-2-yl)- propionic acid;
25  3-(6-Cyano-5-{(R)-2-hydroxy-3-[4-(2-methoxy-phenyl)-1,1-dimethyl-butylamino]-
propoxy }-pyridin-2-yl)- propionic acid ethyl ester; and
3-(6-Cyano-5-{ (R)-2-hydroxy-3-[4-(2-methoxy-phenyl)-1,1-dimethyl-butylamino]-
propoxy }-pyridin-2-yl)- propionic acid.
Pharmaceutically acceptable salts are non-toxic salts in the amounts and
30  concentrations at which they are administered.
Pharmaceutically acceptable salts include acid addition salts such as those

containing sulfate, hydrochloride, fumarate, maleate, phosphate, sulfamate, acetate,
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3- (6- Cyano- 5-{

(R) - 2- hydr oxy- 3-[ 4- ( 2- net hoxy- phenyl ) -1, 1- di net hyl - but yl am no] - propoxy }

- pyri di nvWoy2/3810¢r opi oni ¢ aci d. Pharmaceuti cal |y accept abPeTvadt®184r e
non-toxic salts in the anobunts and 30 concentrations at which they are
adm ni stered. Pharmaceutically acceptable salts include acid addition salts

such as those ontaining sulfate,. hydrachl i u eat e,
phosphat e, C%{?Itef’ g%{t% ,targ(a,%t E‘F@@esﬁlfwgfﬁ?@i@g@%ﬁ@g@% %ﬁ@fﬂ;’abl trate,

| act ate, taflhémrb@fonaR) bplaiest fsaiah&e 284 hainesU A pBRiRd sllepzenesul fonate, p-
t ol uenesul fonate, cycl ohexyl sul famate and quinate. A preferred salt is a

hydr ochl or hiérocipRsderalRirarmpesaticallnrcceniablp saltssan bg obgineg drasp aeifhaghfas om aci ds
A Hvd lor iy . . oo ) d
st famc by oCtolf phadBiie fIR) SyfuRolc, ghbirkBft i ffORRE S 2

mal oni cs5aciagid, feidRnE $adkit asidctanaliélacid ahilanieswidf eianatifdnickeiizenesul f oni c
acid, p-toluenesulfonic acid, cyclohexylsulfamc acid, fumaric acid, and
qui ni ¢ aci @thap¢saipaic aoidi bazeyesuferip peil) priadugnesulfanioadidicl ude basi ¢ addi ti on
salts such _as ., those containing.ben i ne... chloroprocaine, choline,

di et hanol aﬁ?'%g},lexi'%ug?lﬁiﬁag dég?%mlcngc,l&’?raégIqﬁﬁnncn%c,lé'pr ocai ne, alum num cal cium

l'ithium nagnesiPhiimacP@ical$§ htd¥ptabbalithlsa vt Watic ali&iyibarildaucknagd zi nc,
when acidic functional groups, such as carboxylic acid or phenol are

present. Theospeertaining hepesihingchborepiogaige.chaben dipthagplamsngrul a (1) above,

orepariflg SAOtaPeRgt S aEiled ARl b ARBL AR T MuR G eBichefbhg Y 22"

descri bed ipBtakdiin®, SRGkh Minmdieme KRy RInge, vl zidb, W idd @idic fldcushdlat e t he
synt hesi s of specific conmpounds. Using the protocols described herein as a

model , one SeAupsrUriay Garbivlic apid aripienglarcprAsanbadi |y  produce ot her _
compounds of g LEEHn 50 s BRSO BORELLRELR o0t rec
standard t eghpipatdsusiiptrRldacastinggies. SoeVerall sth®py fof gbpaNaBpteferred O Ar |\
15 compounds described herein can be carried out as described in this section. The

examples, which follow, illustrate the synthesis of specific compounds. Using the

protocols described herein as a model, one of ordinary skill in the art can readily

produce other compounds of the present invention.

All reagents and solvents were obtained from comme;cial vendors. Starting

20  materials were synthesized using standard techniques and procedures.

Scheme 1.
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25  Scheme 2.



\ -X5 OX\D ~Di XS H2N X,\D~- D OX H5 DID D KZC03, acetone /ply

di oxaneD~D~-'X XZ i X4 Heat XZ i X4 UCIO4 a X3 X3 heat X3 25 Schene 2. 6
WO 02/ 38M08 0PS8INGIS01/ 46184 QI< < NN\ N\  Br Br2, HOACPQI/USOH46M84N Br

o'l Pd(OAc)2 P(o-tolyl)3 D EA DV 100 C g< OH4NM\ M\ N

TFA/ CH2CI 2 Rh/ A12A8 O \o 0 OO0 General Preparation 5 A general procedure
used to synthesize nmany of the conpounds can be carried out as described
in Schene 1, above: sol ution gﬁ<ﬂeteroaryl al cohol in acetone was treated
with an appropri base, suchoas K2CG8, hgatedPfor 15 min. R-glycidyl

nosyl ate was g@dd and th&greactio ti ernight to give the
correspondi ng glyETdyI et.her J{ Sc engﬁigg;A ition of the substituted
gl yci dyl ether excess am e.g., 1,1-di | - 2- (4-

met hyl oxyphenyl ) et hyl ami ne) in absol-ute ethanol ]| acetonitrile, THF,

di oxane, toluene or :

o Pd(OAC),
\)Lo P(o-tolyl),
k DIEA, DMF
100°C

N OJ<
A
OH N 0 |
"X A\ No_Z
1 Xy TFACHCI, | N RW/AIL,O,
PO, S —_————————
Ne = N~ ~4
N0 0
/\o o) e O o}

General Preparation

A general procedure used to synthesize many of the compounds can be carried out as
described in Scheme 1, above: A solution of heteroaryl alcohol in acetone was treated with
an appropriate base such as KyCO3, heated for 15 min. R-glycidyl nosylate was added and
the reaction continued overnight to give the corresponding glycidyl ether (Scheme 1). A
10 solution of the substituted glycidyl ether and excess amine (e.g., 1,1-dimethyl-2-(4-
methyloxyphenyl)ethylamine) in absolute ethanol, acetonitrile, THF, dioxane, toluene or
any other similar solvent in the presence of a suitable catalyst such as LiClOy is stirred
overnight at reflux. The product is purified by chromatography. Hydrochloride salts are
prepared by treatment of the corresponding free base with HCl either in gas phase or 4M
15  dioxane solution, or any other standard method. A representative method to prepare the
heteroaryl alcohol is shown in Scheme 2. 2-Bromo-pyridin-3-ol is treated with isobutylene
in CH»Cl5 in the presence of HySOy to give the corresponding t-butyl ester, which is
treated with Zn(CN)7 with Pd catalysis to give 3-tert-butoxy-pyridine-2-carbonitrile.
Selective brofnination gives 6-bromo-3-tert butoxy-pyridine-2-carbonitrile. Heck coupling

20 with ethyl acrylate followed by selective reduction gives 3-(5-tert-butoxy-6-cyano-pyridin-

7



any other simlar solvent in the presence of a suitable catalyst such as
LiClO4 is stirred overnight at reflux. The product is purified by

chr omat ogv@ptigg10ddydr ochl ori de salts are prepared by treaP@®Us016f6184he
corresponding free base with HC either in gas phase or 4M 15 di oxane
solution, or any other standard nethod. A representative nmethod to prepare
the heter 0 i i : onn- FAin-3-0l 1S
treated w ?ﬁb &?E%‘t?@#gdneethﬁieng%% lgd‘%ﬁat e ‘%‘Fherglze‘ﬁéoéé{%‘tﬂ{ég%aﬂ {% gi ve t he
cor r espondé¢yago-pyidin-YHyDewomonic gid ghylieger. t reated with Zn(CN)2 with Pd
catalysis to giye 3-tert-butoxy-pyrdidi ne:2scarbgnitrile. .. Sel ective

br o hat - on_ g vEsoReb e S0 R R T G A ideb oot o
coupl i ng 28aihtRoEid Yhe @dimbRtc? hiiRhhoNRIbR Hah@als ¥ & Ay on gives
3-(5-tert-butoxy-6-cyano-pyridin- 7 WO 02/38106 PCT/USO1/46184

2-yl ) - p¥ opfamutatetcindgiceerdgiceaitlestandar d pharmacpaiped tpseaticel ank pharageutigalgi ve t he
3-(5- hydrox%/m& .cyano-pyridin-2-yl)-propionic acid ethyl ester. In order to
use a conp8 BP0 mui a (I') or a pharmaceutically acceptable salt
thereof for theTheabiif codipoiHdPhs RAdmAiRefed WISt folites Sncfid®! |y 5

fornmul ated in accordance with standard pharnmaceutical practice as a
phar maceut intsvenasisnipaparitoneal, Fhlecusameous, yitiamusetpn aradisopian (ansdermal). st er ed

by different, routes includin i ntravenous, intraperitoneal. subcutaneous,
ht r amuscuParangpgssal it op, BRCGERRR SominiaARE e BRpuenTE

adm ni $¢ r apiePdtredE For S¥.3 heirfistAfiGh Yo EXap10the &dmpoundstat 5 foahhlardi s 10
preferred. For oral adm nistration, for ‘exanple, the conpounds can be

f or nul at edintp penyepbonad oral dasdge derals stols agraphdesiableisrand diquisipsepasations abl et s,
and liquid eparations. such as ryps. elixirs, and concentrated drops.
Al ternati vts:=‘1P ,a%is?ﬁfugét‘?qlé‘ﬂfs’(aﬁg_rcgﬂ?e&?’éﬁeagmﬁshi stration) may be used, e.g.,

i ntramuscul ar, AKeFRAWOAQUnjectibh (FRSidrhiidgahistraitth) smHehRBERUS, For
injection, the 15 conpounds of the invention are fornulated in |iquid

sol ut i ons, intragfusewiy, jntravenisyisirepasijprsal, lapd seheptne@ise Houfrfieationghe sol ut i ons,

such as.sal i ne sal uti.on nk's .soluti.on,. or, R nger's solution. In
addi ti 3?1 f?fgp%'g‘%ﬁ8th}?§h¥é®08geff8wgeflé%hlq‘fllld S@é“lt]l as’fptg?ts aé 4" edi ssol ved or
suspended gﬂm&lb taly cdthpadibld BufissEor doliRidhs,|shelesk salias BHuGa) FRhR9 be

produced. 20 System c adm nistration can al so be by transnucosal or
t r ansder mabolp@em or Ringer’s solution. In addition, the compounds may be formulated in

solid form and redissolved or suspended immediately prior to use. Lyophilized
forms can also be produced.

20 Systemic administration can also be by transmucosal or transdermal means.
For transmucosal or transdermal administration, penetrants appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are generally known in
the art, and include, for example, for transmucosal administration, bile salts and
fusidic acid derivatives. In addition, detergents may be used to facilitate permeation.

25  Transmucosal administration, for example, may be through nasal sprays, rectal
suppositories, or vaginal suppositories.

For topical administration, the compounds of the invention can be formulated
into ointments, salves, gels, or creams, as is generally known in the art.
The amounts of various calcilytic compounds to be administered can be
30  determined by standard procedures taking into account factors such as the compound

IC50, EC5, the biological half-life of the compound, the age, size and weight of the



For transnucosal or transdermal adm nistration, penetrants appropriate to
the barrier to be perneated are used in the fornmulation. Such penetrants
are genema®by3dnown in the art, and include, for exanpl ePCTORO46a8ISMucosal
adm nistration, bile salts and fusidic acid derivatives. In addition,
detergents may be used to facilitate perneation. 25 Transnucosal

adm ni stratd, Qe {f h@URIRESr dlMBMiPEssh L RH IRHRS BheichP! BYSimPRGhad
suppositoritdgs, or vaglﬁng{% supposFtorSlE)es. %gr tog%léi’] a%n%mn['l;strat?fon, t he
conpounds ahest land btieefictaontodsrcobsidéred mel latosa toithdise of brlimeynsls]l is eleves, gel s,
or creans, as is generally known in the art. The anmpunts of various
calcilyti cat‘itorrpounds to be adm ni stered can be 30 determ ned by standard
procedures t aki Nenbifi0 BfifiNitbd bR UBSa S, RRudsRE SAIRAHAMN AR  ECSO,

t he bi ol ogi cal %?ﬁ} ??e o?ytﬁe co ouns), {;kf]e age, aSI ze angnwel ght of the
8 WO 02538 186arePOT bidbbibat&ilaBdity pBoi exatmpleg fiat dolrpodndssasie law okl sor der
associated with the patient. The jinportance of these and other factors to
be consi derbé‘lﬁvélrl@lktﬂowl@t’c"ﬁfyt &fédafesawhﬁﬁ&w%@nism e art. Amunts
adm ni stered al Q 5P RS Sn R Ho 200 stns t EdrAnRGbh 5 degree
of oral bioavai ﬁg%ﬁé@%&%grrnbgﬁénpﬁé, Foro%1 rrpouridlg var%hp?o&v%ugrgﬁor

bi oavai | abiekatyple, & edbidt] arehysuld mhpbe ddmmssteved,| fohmasel dpplibstiomdanwriester ed.
Preferably the conposition iis in upit dosage form_ For oral _app]i.cation,
for exanplagrosgl 408 FI@&’,be@ﬂnﬁ'&ﬁ@{?ﬂep%éﬁ?n%’@ff%rﬁpﬁil%att’é?Pe%it,OW forrgyiafion

appl i cgpi o CpRFRRR and 95 RIS PR A sder mal
appl i cgpi o%pgtcﬁg%a?{:% orrsfufégtainon 16 or up(Zst cﬁéﬂmwb?ﬁg%lrr?nt?g{ﬁea&e and for
t r ansmucos aldndebtexedr \in eachinase dbsipgiscduchrehat e patien maysideniatter hingdech case,
dosing is such that the patient may administer a single dose. Each dosage
unit for ord9F-adni nistration contains suitabl y from0.01 to 500 ngy/Kg, and

preferably from a7 1 Rimifi ﬁgﬁg}p . T 1 O 50 15
phar maceuti cal | y@dglégte)%tgg%fle sljasf}%l t&gr go , c%?c&lﬁgastuegﬁgg (?Illleb%rtge (gase. The
dai | y dosageg/Kar ampbprefetrehiylfromnas & 50 orgd g iaflaabaipbomn] off Fansa@psad or
transdermal routes, contains suitably from0.01 tqQ 100 _ng/Kg, of a
conpourld ofph%?%ﬁwaca?lw)asceﬁzta %ﬁ%ﬁ?re¥%9%¢13?¢ ahtEdmedets S 4@% y 0.01 to
5.0% of a cRERAUBHLQENERl, TUsA drh)inhalation, transmucosal or transdermal routes

contains suitably from 0.01 mg to 100 mg/Kg, of a compound of Formula (I). A

topical formulation contains suitably 0.01 to 5.0% of a compound of Formula (I).
The active ingredient may be administered, for example, from 1 to 6 times per day,
20 preferably once, sufficient to exhibit the desired activity, as is readily apparent to
one skilled in the art.
As used herein, "treatment" of a disease includes, but is not limited to
prevention, retardation and prophylaxis of the disease.
Diseases and disorders which might be treated or prevented, based upon the
25  affected cells, include bone and mineral-related diseases or disorders;
hypoparathyroidism; those of the central nervous system such as seizures, stroke,
head trauma, spinal cord injury, hypoxia-induced nerve cell damage, such as occurs
in cardiac arrest or neonatal distress, epilepsy, neurodegenerative diseases such as |
Alzheimer’s disease, Huntington’s disease and Parkinson’s disease, dementia, muscle
30 tension, depression, anxiety, panic disorder, obsessive-compulsive disorder, post-

traumatic stress disorder, schizophrenia, neuroleptic malignant syndrome, and

9



The active ingredient may be adm nistered, for exanple, from1l to 6 tines
per day, 20 preferably once, sufficient to exhibit the desired activity, as
is readi woappspent to one skilled in the art. As used hPE€BUR(I/46184eat ment "
of a disease includes, but is not limted to -prevention, retardation and
prophyl axis of the disease. Di seases and di sorders which m ght be treated
or prevent & . i . d

m neral -r elqglg%1 reegégsgrggg@g %?ee‘lé’?sé g‘(@g{ng%&gﬁfl%%lbée{?%atbhé/}ﬁgﬁlglgg ﬁ]%q?%%é of the
central nensuvdus syydioara cfuedppaspriaed ADHesscreibn (KA DH ) earhobis acomgestivpi nal cord
i njury, hyﬁoxi gaz_fénduc d nerve cell damage, such as qccurs in _cardiac
arrest or HEYhHANIC AN PERIEISIS; BEPITESHEION; PIEVFHE FBHEF deGrasing §83ses such as

Al zhei mer' L; , i Q1. i : i : . i e,
denont o o SbRERGH eIl WGl 8, MARGARMIEILBANT. S HIRARP
obsessi §e- diyspdersiuct asdmaheeind ypastic cdlom Giatléer diseases;SGDdisensekewith
schi zophreni a, neurol eptic nmalignant syndrone, and 9 WO 02/ 38106
PCT/ USO1/ 46XE8SIVE 61t RSQIPEOR gRchas satsotdosis e toinyBIng ispasssa8d T8t er

reabsorpti ?@P%ﬁﬁ%e&lo‘ﬁ“?@mﬁy%ﬁ Bici¥Adr z&[é}ra?&fegtlﬂfsopr opriate ADH

secretion cirrhosSis, congestive ure, and nephrosis;
hypertensi on; pileyenriferigl anistdimensted tisasiestat invoation, tixpreseny cdmppindat i oni ¢
antibiotics (e.qg.,.am noglycoside antibiotigsﬁ'"gét notility 5 disorders
such as di afermfég tQigreapfaterire Pasthyroid dormere PEH bs¥els  Ingreaging sedBs wi t h

excessiye i Lon. . i hS. i rggd.l di seases and

or gan lgr a(r??pl)f %lg%% ?%fg%?%lgﬁpln:tg%gﬂgalség%ﬁ?ﬁ%gaﬁgls'ﬁ%%&ﬁgn %g’ncr eatitis. In
a pref er r edsteotdcinme periefontdd dispaseskeadtuenoedarthritis, rhainpteidantridgnpounds  are
used to increase serum parathyroid hornpne ("PTH') |evels. Increasing serum

10 PTH | evé&pgeteslisepse. huhprl hynepcaloegyp maspansy 38¢ §518PRMOUS

hypopar at hyr oi di mg@m i Y] 5””2
osteoarthritis, I?E@ﬂﬁ%‘%)ﬁﬁ%rt rlttolq?tié &gg%ieﬁvsegﬁﬁégge er?geﬁﬁ%m cﬁmds
hyper cal centeacovmdmigisesred/withdn asti-ecpeptdsiagent! Sueh pgepteinciade dnbadinoent of t he

present invention, the present conpounds. .are co-admnistered with an
ant i - r édor pimird esesnn, L@ hganaaun b} crleitony selgetave fstrogenyesspiart ed

estrogen, uoddhuéCHigotl RN BRanabal APl ATBLeCi ¥R R LERGEN T ecept or
nodul ators, vitronectin r ecepPor antagoni st's, A\/ - ase Inhibitors, src
SH2 antagonists, bisphosphonates and cathepsin K inhibitors.
Another aspect of the present invention describes a method of treating a
patient comprising administering to the patient an amount of a present compound
20  sufficient to increase the serum PTH level. Preferably, the method is carried out by
administering an amount of the compound effective to cause an increase in duration
and/or quantity of serum PTH level sufficient to have a therapeutic effect.
In various embodiments, the compound administered to a patient causes an
increase in serum PTH having a duration of up to one hour, about one to about
25  twenty-four hours, about one to about twelve hours, about one to about six hours,
about one to about five hours, about one to about four hours, about two to about five
hours, about two to about four hours, or about three to about six hours.
In an alternative embodiment of the present invention, the compound
administered to a patient causes an increase in serum PTH having a duration of more

30 than about twenty four hours provided that it is co-administered with an anti

resorptive agent.
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ant agoni sts, bi sphosphonates and cat hepsin K inhibitors. Another aspect of
the present invention describes a nethod of treating a patient conprising
adm ni st a¥@ 034106 t he patient an anount of a present conpoROTUS@B684f fi ci ent
to increase the serum PTH | evel. Preferably, the nmethod is carried out by

adm ni stering an anmount of the conmpound effective to cause an increase in

duration and/or tity,.of serum.PTH.| evel suffi,ci.ent.

t herapeutic effégg&giﬂﬂn@éirﬁ?%a@eg#?gl|?TI%SH$I§ é%%ougg%%ﬁ}lﬁsé&%g?ng%&t élFed to a

patient cawgessaf indrdisé BA%eurh PTERSIUP 1B HHofaMi b @ filterfald, €iRe 6f tehlfoll0 one
hour, about one to about 25 twenty-four hours, about one to about twelve
hours, abownd@ghisastd Ofbldugresick than peak serapdlit brike paficabolke psaisemBur s, about
one to abOlf our hour about about two to about

four hours, évoeﬁ 1Séﬂ%aﬁflrefiﬁ‘?i%heref%ec%)\(l)%?étl%nPl??%t)&hggsﬂgxﬁﬁ t%%&lgﬁ%{'er nati ve enbodi nent

SIX

of the present i sitwﬁ,oftﬁbﬁnﬁﬁm%ﬂdheiﬁ?mmh@duﬁeai@ dcoealflakdlgnt causes an
increase in serum PTH having a duration of nore 30 than about twenty four

hours pr ovivdiieh aactive when gigemensilhi cendedermiplend ansyanps, tabless 6rpitieie agent .
10 WD 02/ 38106, PCTLUSOY 40104 0 S 950 S 36 SRGP A, o

conpound a ient ¢ Fncrease rn serum f upto

two fold, tofhe dcfnfdun@ of Qditin afligued tritefdr brirtble, et pedrmsll, difvefodl, d,
greater than peak serum PTH in the patient. e peak serum level is
measur ed wiglyrerise peweter with aftavoEng oherlotipgiagegbi Wrerertba compesition iSihposi ti on

act i ve Wnarine ot aafey <A BERECh AT erBOAERLOR R 5 o O 2L o

and | ozenggsrmhaBotisuRay Y wBel Ak &fiplek bf si@hrefld Mo saghesdfm stestatpensi on or
solution of the compound or salt in a liquid carrier for exanple, ethanol,

peanut oi | tema alba, talic) gelatiyl, peasid, Risaide acidtstarchniledioss and syaspsengVbereds or i ng
phar maceut | SHPORPBFER o P L ol oo ThPlesdebdrsduipdhiy

n sed preparin oPmil at i ons may

be used. BExxaRpRsusifg the aforébétiontd cirfielsifie harbreainyapsailesticllt Vhert &tig' a al ba,
talc, gelatin, acacia, stearic acid, starch, lactose and sucrose. \Were the

conposili oreoppopigion fiinfthe fararof4 sofiaslatia shelhganssigtany Pharmagplisabedrder is
Sapsale: snaphund B By RbAthd diSpeliSECIRULIANGH: £3) bt EbfideRed?edjer @ oot atin
example aqueous gums, celluloses, silicates or oils, and are incorporated in a soft
gelatin capsule shell.
Typical parenteral compositions consist of a solution or suspension of a
20 compound or salt in a sterile aqueous or non-aqueous carrier optionally containing
parenterally acceptable oil, for example polyethylene glycol, polyvinylpyrrolidone,
lecithin, arachis oil or sesame oil.
Typical compositions for inhalation are in the form of a solution, suspension
or emulsion that may be administered as a dry powder or in the form of an aerosol
25 using a conventional propellant such as dichlorodifluoromethane or
trichlorofluoromethane.
A typical suppository formulation comprises a compound of Formula (I) or a
pharmaceutically acceptable salt thereof which is active when administered in this
way, with a binding and/or lubricating agent, for example polymeric glycols,

30  gelatins, cocoa-butter or other low melting vegetable waxes or fats or their synthetic

analogs.
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15 conposition is in the formof a soft gelatin shell capsule any

phar maceutical carrier routinely used for preparing dispersions or
suspensi ovQ 0ms8iobe consi dered, for exanpl e aqueous guns, PCEUSU/45HS,
silicates or oils, and are incorporated in a soft gelatin capsule shell.
Typi cal parenteral conpositions consi st of a solution or suspension of a 20

conpound or sal ste eou or ueous carr ptionally
containing par é\rﬁ( ﬁlr’;&‘ag%‘td:‘&"g aﬁ‘fm% [& aﬁ8PW§‘ﬁ9ﬁene gl ycol ,
pol yvi nyl pygicub 8PRAGh-aquleBhs dHidle, fBF @@amp?e Dbiea oPBAGHEI0RbA or PR 2l
conposi tions for inhalation are in the formof a sol ution, suspension or

enmul si on theﬁtlnr'thwfm(é@rrnfrﬂlmt@}ﬁidsta‘spacldpympmhwﬁ or in the formof an
aerosol 25 usi ention ro eI nt s ch as di ch] orodi f | uor onet hane
or trichlorofl %g?faﬁﬁargﬁﬁ}éﬁgomﬁosﬂ L ?)561?? cfrc?F‘f’tIBP ok gﬂ ®onprises a
conpound OfcafleBH Betéredl aBos& dobd) aawq&gpaﬁehd MaPAdifiRistR laQirkd doskher eof

which is active when admnistered in th way, with a binding and/or

| ubri cating agempo, urfamepmbéﬂmkelogmbwaéﬁﬁscargbmleé wigo cogmipaundsof theocoa- but t er
or ot her Iowrreltln ve bl e es or fats .or.their nt etic anal ogs.
11 WO 02/ 3IL80t Iﬂ‘:‘ﬁ“ 4%@‘@3“&%?’@8?“%‘?%&5%8pfersﬁﬁé%" f or mul ati ons
conprise a convemptibleicAA8PHPoOhe BHpAHAS 8 Fori@llh &) Gre deRlonQ¥ASPHE @

cream ointment, lotion or paste or are in the formof a nedicated

pl aster, pahecﬂwllowmgﬁmisane Preferably the conposition is in unit dosage

form f8r | .e tablet, .5 ap ule or netered aerosol dose, so that the
pati ent mmmm No unaccept abl e toxol ogi cal effects
are expected V‘h%}] QAP ALRAS Vs ﬂx&{%ureﬁrb?%{%nhﬁflfﬁfe'lég Bf fheddlpi ni stered in

accordance with e present” i nvention. "The bi o ogi cal activity of the
conpounds  ebmpountfoabldckingriscremeapofintratetidlapCa 2+ khcifed Hyostmeplnbs Ca2+10 (1)

G T R T A M - T T Y
i ntracel | ulgy.7 Cakstwat ic6hdRfdiedas @¥LckiBES b Rogrs €RAT. J. Bone Miner. Res. 10
15  Suppl. 1:S483, 1995 (hereby incorporated by reference herein). Intracellular CaZ+
increases were elicited by increasing extracellular Ca2+ from 1 to 1.75 mM.
Intracellular Ca2+ was measured using fluo-3, a fluorescent calcium indicator.
The procedure was as follows:
1. Cells were maintained in T-150 flasks in selection media (DMEM
20  supplemented with 10% fetal bovine serum and 200 ug/mL hygromycin B), under
5% C07:95% air at 37 OC and were grown up to 90% confluency.

2. The medium was decanted and the cell monolayer was washed twice with
phosphate-buffered saline (PBS) kept at 37 ©C. After the second wash, 6 mL of
0.02% EDTA in PBS was added and incubated for 4 minutes at 37 9C. Following

25  the incubation, cells were dispersed by gentle agitation.

3. Cells from 2 or 3 flasks were pooled and pelleted (100 x g). The cellular
pellet was resuspended in 10-15 mL of SPF-PCB+ and pelleted again by
centrifugation. This washing was done twice.

Sulfate- and phosphate-free parathyroid cell buffer (SPF-PCB) contains 20

30 mM Na-Hepes, pH 7.4, 126 mM NaCl, 5 mM KCl, and 1 mM MgClp. SPF-PCB
was made up and stored at 4 9C. On the day of use, SPF-PCB was supplemented
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in HEK 293 4.0-7 cells stably expressing the human cal ciumreceptor. HEK
293 4.0-7 cells were constructed as described by Rogers et al., J. Bone
M ner. R&%0 0488106 Suppl. |:S483, 1995 (hereby incorporat eBCHYSeiafeessence
herein). Intracellular Ca2+ increases were elicited by increasing
extracel |l ul ar Ca2+ from 1to 1l.75 MM Intracellular Ca2+ was neasured

usi ng fl uox } as
fol |l ows: ﬁt&ﬁny vver e p%%sg?dﬁg I'n q&&iggﬁ haech,g I H{b;tg{be Flgﬁyﬁf{éodl a (DVEM
20 suppl ement édctidnt hoifdsdremallbumini(BSAS ﬁ'actmrla‘vw[@@(lvasgiddhd myomghwIci n B),

under 5% %air at 37 C and were grown up to _90% confl uenc 2. The
medi um ms(@%‘égﬁﬁ ihﬁ huifsr was rsefdaioV g’MQH\%ﬁé’éﬁ"ﬁWn&@WP Ys

phosphat e- Byt pneftes shie (EBSL kERtuuahe 3E s A hEEutdie psecond vash, 6 nt

of 0.02% n PB I'nc m nutes at 37 C.
Fol | ow fig Zdeatdremems obftomwscencel | s were di sper sed by gent I e agitation. 3.
Cells from2 or 3 flasks were pooI ed. and pellete %@gloo X . The cel l ul ar
pel | et was resuépgﬁaé’ﬁll?tﬁVafGe%P‘?ﬂ_e%fn f)éPPté{DéftEQa M by

centrif ugaty, ?@% phate-free
par at hyr oi ceI (Igb(fq*l ?%%g%@)cg%%%%‘ssiﬁﬁ é%tamoﬁggg%%ggss pH 7.4, 126
mv NaCl, 5 nM KGl ,Foﬂmzhn}; tid/indhbitidn fBRbd ReBcellvagerapeldetethbbyposhtrifugatesh. at 4 C.

On the day of use, SPF-PCB was sml enented 12 WD 02/ 38106 PCT/ US01/ 46184
with 1 mg/ FFlbea@sut&ngm?H@ts\@aSawhid SEEBCBHg Aftse Hisypshing. sells Wei fracti ons.

To ongnfr ngrpe "%lt? ( ton V, ICN) was added at
5 g/ rrﬁo g%&g;%%g (?9‘ Pég qd?\hér wa dgs'}e%? O?E%%/gss 'ng, |oading and '
mai nt ai ni ng t he 6¢ &ok secordlineflBEsceniesdgifalsa800 ab ofiesl] sispehsicr wete ldilhiedg t he
cells in the cuvetﬁgpf or 5 neasurenents of fluogrescence. 4. The pellet was

r esuspended? 14 Mg ohPPEpulipicopeaining d i GaCrlg apd 3 mg(mls of Jorghicpsgol ecul ar
Pr obes) an‘ifléa%'ég@ﬁt%q)f ?ﬁao &'ﬁbé%ﬂe ?ffo%@d 5(857 @%?Phﬁﬁx%t sBrrinlg QJ‘ISL%\M ng the

i ncubation perio t he ce s wer e eted by centr ion.
resul ting pepéctofiwadmeas hEdcivativh afPEmREBh. waAkleagtht iege m&ﬂnredgu 488l 1s were
10 res Lllg per;gl(? 935I Qmsggpelzggglyatl“o caﬂgrra]ltsel f%uorgsfcerg'ceilg);ﬂ]éoglgﬁgrlnln% rrlng/mL in

ethanol) was added to obtain Fmax, and the apparent Fmin was determined by

adding Tris-EGTA (2.5 M Tris-Base, 0.3 M EGTA). The concentration of

intracellular calcium was calculated using the following equation:

Intracellular calcium = (F-Fpin/Fmax) X Kd; where Kq = 400 nM.

20 7. To determine the potential calcilytic activity of test compounds, cells
were incubated with test compound (or vehicle as a control) for 90 seconds before
increasing the concentration of extracellular Ca2+ from 1 to 2mM. Calcilytic
compounds were detected by their ability to block, in a concentration-dependent
manner, increases in the concentration of intracellular CaZ+ elicited by extracellular

25  Ca2+.

In general, those compounds having lower IC5() values in the Calcium
Receptor Inhibitor Assay are more preferred compounds. Compounds having an
IC50 greater than 50 uM were considered to be inactive. Preferred compounds are

those having an IC5( of 10uM or lower, more preferred compounds have an IC5q of

30 1uM, and most preferred compounds have an IC5( of 0.1uM or lower.
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6. For recording fluorescent signals, 300 uL of cell suspension were
diluted in 1.2 nL of SPF buffer containing 1 nM CaCl2 and 1 ng/nlL of

D- gl ucosavo omvessur enent s of fl uorescence were perfornmed aPCBUSOB6ME4t h
constant stirring using a spectrofluorinmeter. Excitation and em ssion
wavel engt hs were neasured at 485 15 and 535 nm respectively. To calibrate
fl uorescen 3 i gnal diitnin F /L in  ethanol) was added to obtain
Fmax, and tfe—&g PR RE A8 i ned by adding Tris-EGIA (2.5 M
Tris-Base, 0.3 WHEIGEES 4.0INEel AR ERTIRAM With tﬂerlimrﬁsrﬁmrudh?fqi@ ahlidih Was
cal cul ated using the foll ow ng equation: Intracellular calcium=

( F- Fmi nf Frrddepeptokd HuRk'aRe) Wetescalebupmiv THD tksucTonlaiee Baskisn€lasme pot ent i al

lcilyti tjvit), .t est d [ ]. j bat ith test
compound (st oPlait e ymyEm MeioecE Gl of HaS doPiotae T Raci no t he
concent sat i(som®f TAXHCAGH 1 4] BEMIEBT AL b 14D, Phe FRAGH:EYE b procgagpoUnds

were detected by their "ability to block, in a“concentration-dependent
manner, i ndnlEbserscockiaillcentamingehiMdtenpeptiof 0.04 uMhPepstatinaandCh M AMSKE.t ed by

extracel lulgar 25 Ca2+. In general, those conp S Y | ower 1.C50

VAl ues i n' chiaellariabeng Dageie e B SPoRGLag O e HOAREIRY PR eg
conpounds. QFRALRES YA %i&ﬁeciﬁ@ﬁ&iv&?%@ﬁﬂ(ﬁ/ﬁﬂﬁﬂe a1 WM MR(RERgi dered to
be inactive. Preferred conpounds are hose having an |1 C50 of | QuM or

| oner, nor etqgedindiquidinitmgen fordadibcheamical stabligy.of 30 | UM and nost preferred
conpounds have an | C50 of .0.luMor *]o : WD 02/ / US01/ 46184
(I lrr;) C;lgci um Recgﬁ’tpb‘ia?ﬁaﬁtﬁl‘?%@?%@ﬁnﬁﬁ\%% 3?@@%9%&8?’5@ y transfected

with the H%@tﬂof’)af-@lﬁ;ﬁ{e%ﬂ-1Cgt{h9ip%8ﬂylﬁeﬁg@ipﬁfhyﬁ)'élﬁ‘yﬁ(ﬁﬁﬁ€)l oVMBIRoSGaIRd up in

T180 tissue cul ture flaskKs. asma - nenbrane’i's obtained by polytron
honogeni zat(Ry-N-[B-Hythms3-3d@ueidome2-cyanbpliehexy)prapytinivl Titmethided-(9H 7. 4, 1nM

EDTA, 3nmM 2) in resence, of _a protease inhibitor_cocktail.l

cont ai ni ngh‘%%ﬁ”@é’hﬁb% ,%‘Pﬁ%‘ﬁ%ﬁ%v@ﬁ@?&f‘?mﬁ%‘ﬁagﬁf‘%@%ﬁféﬁgf Coﬂhnb‘ﬂ%t ed
menbr ane wap g nafiihAd ¢07ANDES In0d Rdctiih vadiin&of @5 rhiBbBlcaBatfppPound  was
radi ol abel ed to a radi ospecific activity of 44C /mol e and was al i quoted

and stl6r egeiforhédyni 1@ x73 poyethyleoe tubgslinoarhieerivater bathadio dacly tube 25 uL of
test sample in 100% EtOH is added, followed by 400 uL of cold incubation buffer,
and 25 uL of 40 nM 3H-compound in 100% EtOH for a final concentration of 2nM.
The binding reaction is initiated by the addition of 50 uL of 80-200 ug/mL HEK 293

4.0-7 membrane diluted in incubation buffer, and allowed to incubate at 4°C for 30
20 min. Wash buffer is 50 mM Tris-HCI containing 0.1% PEI. Nonspecific binding is
determined by the addition of 100-fold excess of unlabeled homologous ligand, and
is generally 20% of total binding. The binding reaction is terminated by rapid
filtration onto 1% PEI pretreated GF/C filters using a Brandel Harvestor. Filters are
placed in scintillation fluid and radioactivity assessed by liquid scintillation
25  counting.
Examples
Nuclear magnetic resonance spectra were recorded at either 250 or 400 MHz
using, respectively, a Bruker AM 250 or Bruker AC 400 spectrometer. CDCI3 is
deuteriochloroform, DMSO-dg is hexadeuteriodimethylsulfoxide, and CD30D is
30 tetradeuteriomethanol. Chemical shifts are reported in parts per million (*)

downfield from the internal standard tetramethylsilane. Abbreviations for NMR
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10 A typical reaction mxture contains 2 nM 3H conpound ((R R -N4'-
Met hoxy-t-3-3' -nethyl -1' - et hyl phenyl -1 -(1-napht hyl ) et hyl am ne), or 3H
conpound WO 02/38106 PCT/US01/46184
(R) - N-[ 2- Hydr oxy- 3- ( 3-chl or o- 2- cyanophenoxy) propyl ] - 1, 1- di net hyl - 2- (4-
met hoxyphenyl ) et hyl am ne 4-10 ug nenbrane in honogeni zati on buffer

ncubati on 7 AEiaBlBk St rabbistl Ll R AR i ce vt er
bath. To eddhdéubbe o28owbletsf di=d@fblet DA MAPIEs | dppLaPednt, Brkbrdad@dPipdicafes! | owed by

400 uL of cold incubation buffer, and 25 uL of 40 nM 3H-conpound in 100%
Et OH for athsgNMR egmpliagconstan megsurosh iy Hert Continappgvaeediafrasa 0B i niti at ed

by the addij] -120( 0- diluted in
i ncubat i onsé)éucgjfae‘%re ge%al"&gfl%&g?%r%g%llﬁ%ég%% }gﬁgfe%%ée?%rng eé% ml%EFV\ash buf f er
is 50 iy Ttiagsfbkeh infenéB(FTIRYsfectkYonRE recdidasd pe e NicaletTinipdetyPOi BB infehedder mi ned
by the addition of 100-fold excess of unl abel ed honol ogous ligand, and is
general | y spetemetest dR apd F&TH spectra avess 1eapidgd pelsansmassiqnsmeds, anhbandd by rapi d
filtration_qnt. % PEI i a I r vestor.
Filters ar 3881% Ié%aer rél%r? ngé ?&n{n’l%%ltsgglla%r{uﬁ%e#gd&g{ng) @%%ggﬁtigv‘?%}g?%{gﬁésed by

l'iquid sci githéd VGI70FE PECSYAPIEL, oEV@&BABHE Msahghts mgnpetakicatsrasonance
spectra were recorded at either 250 or 400 MHz using, respectively, a

Bruker AM bsmbaidnent B edestrospray. (Ererigationtexthniues. Elpsaanial pealiiesr of or m
DVBO- dyi s Jacx %f;l%% [.1'518%'% %EIQX-:ET@H ?A{ﬂgdéiemgrﬂgl a%%%%)r. !ﬁelﬁgg lpoints were .

t et radeut erione emca are repor inparts per million ()

downfi el d takemohheTHonsHevesinanihgpdir: appanat hyd sk haoareciabrAgyi ations for
NVR 14 WD 02/ 38106 PCT/US01/46184 data are as follows: s=singlet,

d=doubl et , tqmaparaipres are gpefiet ipdlegreptfalsiispl et,  dd=doubl et of doubl ets,
Counl na.cone: A EUESIERBETRIHFE MAYCHEE e REBU A Pesblify

coupl i ng constant neasu S waveTin spectra

wer e recor gete aeddoPikiaperthrafiatoS3phy f BatheThsls PR oitetidbmatogehphouri er 5
transforminfrared (FTIR) spectra were recorded on a Nicol et |npact 400 D

infrardd stseeeargaboeron k.Merrk Kigsehgel plé (430 0epeshy siise geld Antliticahsni ssi on
g‘ggg . Z“ae?fg&‘ ?5 gx%ﬁgén HPDE FLE hERAGLEG RAniMY A IS BYSRABRES:. (G5 1) - Mass

refers to an octadecylsilyl derivatized silica gel chromatographic support. 5 p Apex-

ODS indicates an octadecylsilyl derivatized silica gel chromatographic support

having a nominal particle size of 5 4, made by Jones Chromatography, Littleton,

20  Colorado. YMC ODS-AQ® is an ODS chromatographic support and is a registered

trademark of YMC Co. Ltd., Kyoto, Japan. PRP-1® is a polymeric (styrene-

divinylbenzene) chromatographic support, and is a registered trademark of Hamilton

Co., Reno, Nevada) Celite® is a filter aid composed of acid-washed diatomaceous

silica, and is a registered trademark of Manville Corp., Denver, Colorado.

25  Following the general procedure described above the following compounds have

been synthesized:

Example 1
Preparation of 3-(5-Hydroxy-6-cyano-pyridin-2-yl)-propionic acid ethyl ester

a) 2-Bromo-3-tert-butoxy-pyridine
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either VG 70 FE, PE Syx APl 111, or VG ZAB HF instrunents, using fast atom
bonmbardnent (FAB) or electrospray (ES) ionization techniques. Elenental
anal yses WO oxes1e6 obt ai ned usi ng a Perki n-El ner 240C el eneRCEUS@NaIZ4zer .
Melting points were taken on a Thonas- Hoover nelting point apparatus and
are uncorrected. Al tenperatures are reported in degrees Celsius.

Anal h Sil I

were used for tHaepiyaRl RGN vy A Z e plebnadrer plates
chr omat ogr d]bﬁéh al 578f€raad than stireed apugflwofer S I\/Ehecrkaqnpemtvge is eg@pof28(nd00- nesh)
silica gel . {%E’idé{ l'n%ﬁlkl %B%tel% &?ﬂé@x&{tﬁ’ﬁ%'ﬂf’ Wgafgg ci%é"f F ei%daa%léa ShfRRy Ni N or

G | son chro ogr aphs: ers 1o an erivatized silica
gel chronatgi@rthq:)dihoaesulqdpmmpounﬁ Apex- ODS indicates an octadecyl silyl
derivatizzed silica gel chromatographic support having a nom nal particle
size of '5 , made by Jones Chromatography, Littleton, 20 Col orado. YMC

ODS- AQ(r) i@aﬁr@ﬁt&{ytpymm@mhbmlmnport and is a registered trademark
of YMC Co. Ltd., Kyoto, Japan. PRP-1(r) pol yneric éstyre e-

di vi nyl benzene) @%ing Hstragjhedel Makigien &t al. (Eﬁﬁ@hﬁ@oalﬁﬁg‘ps 193 000p.db nmar k of
Ham | L
acimd \t/vggheacogipoflg ?8312%\/&[9@% Ilf:c{ia1Jl &’gﬁ M#ség%?tfggik’é@ rggfilt); %@%%ﬁ}d Manvil | e

Cor p., DenvpPPF &ol2or-adr 2¢5. Fat kuiifgmiherede Beipataidt Acktefsidiescethijed above
the follow ng conpounds have been synthesized: Exanple 1 Preparation of

3- ( 5- Hyldr oxage®tecy arashqshwitle P -2zl Q3 ﬁaﬂa‘gﬁt@hudéleéén@ewmﬂtedeﬁ%nﬁcawn
2-B 3-t d CT{ US01/ 46184
2- B; 8% pyrt?edélﬁgégqgalt@é%#lglaﬁq 9?§Jt§e %ﬁgv%%%gt% gﬁ% (r)luem{l n CH2C12 in the presence

of H2SO4 at -78 C and then stirred at reflux for 18 h. The reaction m xture
is evaporated and the residue in ethyl acetate is washed with 5% Na2CC3
(aqueous), @rérBrpmerd- tsﬁalpdpa!-@drlﬂme-ljwlé)mﬂebove titled compound. 5 b)

‘?}L? : ;hgg? g)l’(lng%/ 1'1 g(l‘j)rr]r?@%g ?8%)&; ] Iloltf: EgbL)JSIIl chatltc rgx?:'\ld 1S Erea&gd \%Eth'\faequglraﬁent et al.
15  of Brp at 0°C. After all of the starting material is consumed the reaction is
quenched by the addition of sodium thiosulfate. The reaction is evaporated and the
residue in ethyl acetate is washed with 5 % NapCO3 (aqueous), dried and

evaporated. Purification by flash chromatography gives the above titled compound.

20  d) 3-(5-tert-Butoxy-6-cyano-pyridin-2-yl)-acrylic acid ethyl ester
A mixture of compound from Example 1(c), ethyl acrylate, PA(OAc)>, P(o-
tolyl)3, and DIEA in DMF is degassed and heated at 100 °C for 2 h. The reaction
mixture is cooled, diluted with water and extracted with CHpCly. The organic

fractions are dried and evaporated to give the above titled compound.

25
e) 3-(5-tert-Butoxy-6-cyano-pyridin-2-yl)-propionic acid ethyl ester
The compound from Example 1(d) and 10% Pd/C in ethanol is treated with
H» at 60 psi for 2 h. The catalyst is filtered and solvent evaporated to give the above
titled compound.
30
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conmpound from Exanple 1(a) in wet DW is treated with Zn(CN)2, Pd2(dba)3
and DPPF at 120 C for 20 h. The reaction m xture is evaporated and the
resi due iwoer/ssibé 10 acetate is washed with 5% Na2CO3 (aqurob®p)1/4d184ed and
evaporated. Purification by flash chromatography gives the above titled
conpound. c) 6-Bronp-3-tert-butoxy-pyridine-2-carbonitrile The conpound

0’ At of P Epetfs by AR DR RPERCRN chyTRNe Budfldinel’ B2 =

guenched byalthe addition of sodiumthiosulfate. The reaction is evaporated
and the residue in ethyl acetate is washed wth 5 % Na2CO3 éaqueous),
dried and evapdhateaaroindrirem Exampls Inip) in deraneris HaaedyithN/HEl les t he above
titled co n -(5-1e u - i di.p-2- —acrylic acid
cthyl est otk stpdterbmal ool ) B IR Bl Pt sy

Pd(OAc) 2, Blled cépotiniids i8s™MCIBhIEA i n DMVF is degassed and heated at 100 C for
2 h. The reaction mxture is cooled, diluted with water and extracted with

CH2C12. The organic fractions are dried and evaporated to give the above
titled compound. 25 e) 3-(5-tert-Butoxy-6-Lyano-pyridin-2-yl)-propionic
acid ethyl ester The conpound fromugéﬁgégcl(d) and 10% Pd/ C in ethanol is
treated with H2 at 60 psi for 2 h. The catalyst is filtered and sol vent
evaporated to give the above titled conpound. 30 16 WD 02/ 38106

PCT/ US01/ 4&rephratipn gf 346-Crane-55(Ry-draxisanylmethiory 2pyridinsd-phipsapionicci d et hyl
ester hgdr oc.I&IA%Ii det salt The conpound from Exanple 1 (e) in dioxane is
treat ed®wi f£ft 3(—]@5 fn  dioxane at roomtenperature for 1 h. The reaction

i s evaporated t o @linpntdie cHeQYBne Mikiutd Sth€ edvRPSUI fasm Ekémplel 1(Haht. Exanpl e
2 Preparation of

3- [ 6- Cyano{ZRxglRyidyl-Joxitiobenzenesuionary inpdry iagetaneisyirepteg wapi patassiumi 0 aci d et hyl
ester carbonate(3 equivalents) and heated at reflux under argon for 18 h. The reaction is
cooled, filtered, and the filtrate is concentrated in vacuo and the residue is purified

15 by flash column chromatography to give the above titled compound.

Example 3

Preparation of 2-Indan-2-yl-1,1-dimethyl-ethylamine

20
a) Indan-2-yl-acetic acid methyl ester

A solution of indan-2-yl-acetic acid (Lancaster, 20 g, 0.11 mol) in methanol (200

mL) was stirred and cooled to 0-10 °C in an ice bath and treated drop-wise with thionyl
chloride (14.8 g, 0.125 mol). The mixture was stirred at RT for 16 h, concentrated in

25  vacuo, and the oily residue was dissolved in ethyl acetate, washed with 2.5 N sodium
hydroxide, water, and brine, dried (MgSOy), and concentrated in vacuo to give the title

compound (21 g, 97%) which solidified.

b) 1-Indan-2-yl-2-methyl-propan-2-ol A solution of the compound from Example 3(a)
30 (6.3 g, 33 mmol) in ether (150 mL) was added drop-wise to 1.4 M methyllithium in ether
(100 mL, 4.25 eq) stirred in an ice bath. The mixture was allowed to warm to RT, stirred

for 2 h, and very carefully quenched by drop-wise addition of saturated aqueous ammonium
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A solution of a one-to-one m xture of the conpound from Exanple 1(f) and
(2R)-gl ycidyl 3-nitrobenzenesulfonate in dry acetone is treated with

pot assi uwo ezsd1emat e( 3 equi val ents) and heated at refl ux PEDESOIAGHRIN for 18
h. The reaction is cooled, filtered, and the filtrate is concentrated in
vacuo and the residue is purified 15 by flash col urm chr omat ogr aphy to give

t he above t_

2- | ndan- 2- yhfog&g(lg ? h?ﬁ;‘e aeqtu%?ﬁ? n%sgve‘és %Bﬁgt)@& ?ﬁd (ma ‘fm}éecﬂé?l agdéhcel d methyl
ester A solcutnbmnd @herlphdsamagwydhediweh ibunaadm:ﬂ (M@mz,asan@cqncamragd ivatdo wwol ) in
met hanol 8 dtgtt)lﬂewas St an %Cg taﬁi cpo S 9 ( AN ice bath and
treated drc:il SRS vmptoﬁjpf’ﬁl? aﬁ)??‘)l(‘?'} FP§é 1(Z‘:i [hsﬂ”n@ 125l ). The mixture
was stirred at RT for 16 h, concentrated in 25 vacuo, and the oily residue
was di ssol ved in et héﬂtacet ate, washed with 2.5 N sodium hydroxi de, water,

and bri e, %N @dndayseni-1-dimeth Hosthuhpcesamidei n vacuo to give the title
compound (210, R0l 6hosehidLd e Rlg 4-F AUAR sdaflode @R Nergoan- 2-ol

A sol ution of the conpound from Exanpl e i n ether
(150 ni) wes iedaddonttoopinw dieptasesolntion mhmmm@mfmﬁlﬁnarmlﬁé(b) (3(31g)0 nm., 4.25

eq) stirre Srglﬁ stirred
for 2 h, aﬂg 3\%@&) I C?ﬁ%%ml- ﬁu ed %Sid dﬁ‘?dz ﬁ\%m!ﬁg)\é@%@ccfg £ ?i‘%%}e’ﬁ‘éé& tﬁ)r at ed
aqueous amiif smrmdjfé’r D, @er&BmGﬁcP@térUSﬁildxtt@cieﬂwﬁlcdsthyj racedage. (THe@omhined The

aqueous .phase ar at d d with ether nd cwt;

et her Slﬁaser%vﬁéc RS °§§’8$ Was?ﬁd gn}ll %g)ﬁ S(ﬁ’? ugﬁ’yflw ater, 37ig bé‘(?ﬁ’cdtélﬁ‘f%% edi n vacuo
to af f ord ahdileoﬂceﬁtﬂae:dc;omwmgva&naﬂymsldumkhachaﬂhyﬁattai Vitlzlestarerand b &gwdi ng
(-899%9. 5 c . ndan- 2- | -eth cetam de To_a m xture of
concent r at Péﬂ%?twl GRS 839(9% a‘?‘}ﬁ?_‘)ledltﬂa %r@taéﬂﬁ({ {”f‘ WE%‘S?}f‘?dBHIIP"F“é‘H‘ in an

ice bath fqs afﬁédﬁﬂeﬂ}tle%oﬂf)&iﬂd‘éé &8 ssid (Wbigom By, M@(@spﬁmm@qmmm teanpl e 3(b)
(3.3 g, 17.3 mmmol) in acial acetic acid (5. nL) was added. The m xture

was al | owedﬂtff%sewasffmnfe@trawn vgeya tp @ffordardisignah titlgeamnonnd 32 oil§kd g, and
extractigd with ethyl acetate. The conbined 10 organic extract was washed
with 2.5 N sodi um hydroxi de, water, and brine, dried (MgS™), and
concent r at abi 2i{Indym-ybldsligethgl-¢thylaming r esi due that was triturated with

hexane and a f €YK mixture of the compound from Example 3(c) (6.5 g, 28 mmol) in ethylene glycol

(170 mL) was treated with crushed potassium hydroxide pellets (13 g), stirred, and heated
to 190°C for 24 h. The mixture was poured into water and extracted with ethyl acetate. |
20  The combined organic phase was washed with brine and extracted with 1 N hydrochloric
acid. The combined acidic extract was washed with ethyl acetate, basified with 2.5 N
sodium hydroxide, and extracted with ethyl acetate. The combined organic extract was
washed with brine, dried (MgSOy), and concentrated in vacuo to afford the title compound

(3.2 g, 60%). MS(ES) m/e 190.6 [M-+H]*.

25
Example 4
Preparation of 3-{6-Cyano-5-[(R)-2-hydroxy-3-(2-indan-2-yl-1,1-dimethyl-
ethylamino)-propoxy]-pyridin-3-yl}-propionic acid ethyl ester hydrochloride salt
30 A one-to-one mixture the compounds from Example 2 and Example 3(d) in

absolute ethanol is stirred and heated to reflux for 8 h, cooled, concentrated in vacuo. The
residue is dissolved in dichloromethane and acidified with 1.0 N hydfogen chloride in ether

to afford the above titled compound.
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drops of ethyl acetate, seeded, and cooled to afford a solid which was
isolated by filtration to afford the title conpound as tan solid (1.9 g,
479% . NSMEDY2/sH1e6 231.9 [MHH] +. The filtrate was concent r BEBHSIIMOVEGICUO t O
afford additional title conpound as an oil-(1.5 g, 37%. 15 d)
2-1ndan-2-yl -1, 1-di met hyl -et hyl am ne A m xture of the conpound from Exanpl e
3(c) (6.5 g, 28 mol) in ethylene glycol (170 nL) was treated with crushed
pot assi um hydr oxi de pellets (13 g), stirred, and heated to 190C for 24 h.
The m xture was poured into water aBEgdamepleiSacted with ethyl acetate. 20 The
conbi ned organi ¢ phase was washed with brine and extracted with 1 N
hydrochloric acid. The conbi ned acidic extract was washed wth et hyl

acet at e, bﬁéﬁaﬁ‘ﬂ:ﬂ)n\/ﬂfBf'{G-Z}yEnJNS-[ﬂl)cﬁ-hyﬂrb%db()%irﬂﬁn-zgﬂld Jadiineasl-ed with ethyl
acetate. The conbined organic extract was _washed with brine, dried
(MySO1) 2 asthylagieerrepexylpyidipcylbrrapionigasid the title conpound (3.2 g,

goz/% . Q/NEEI ES)S [ﬂ( %)slagtgﬁﬁ digtg{t)g('ggnépozngds ﬁg%ﬁyﬂ 1111:_) étqaqgf ﬁ)td'“%elr @c.l) is treated

et hyl am no)mtpQcﬁd@xqﬂ}urpwctrmldr—(3r1>eh1}lwqdmpandrstlceceﬁor HTetldvy brgesb'@rmglydr ochl ori de
salt 30 Apne:to;one mxture the oun Ie 2 npl e 3(d)
h absol ut Sreehibe MusTed et AR SF ER VAT Dy P I OB B bR gl B

concentr at ﬁszldrbcfhl()tﬁ(auﬂ whila @tlmthTMGdllﬁtad:ﬁsslm iv edllettad tiy filtdatior) wethlaane and
aC|d|f|§d mLLh 1.0 hydr ogen c ({gde in ether to afford the above titled
compound. PEhWBH2NEH S Os8P7489 8% coBPast e 5 Preparation of ‘
3-{6-Cyano-5-[ (R) - 2- hydroxy-3-(2-indan-2-yl -1, 1-di nethyl- 5

et hyl am no) - propoxy] - pyridin-3-yl }-propionic acid A solution of the
conmpound from Exanple 4 in ethanol and water (3:1) is treated with 2.5 N
sodi um hydroxide (1.1 equivalent) and stirred for RT under argon overnight.
The ethanol is renpoved in vacuo, and the pH was adjusted to the isoelectric
point with 1 N hydrochloric acid while stirring. The precipitated solid is
collected by filtration, washed 10 with water and dried in vacuo to afford
the title conmpound.
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19 WO 02/ 38106 PCT/US01/46184 What is clainmed is: 1. A conpound according
to formula (1) hereinbelow. or a pharnmaceutically acceptable salt thereof.
ON Y-," WOHZISI0A OH X1~-D\ D--Xs 11 1 X~DD 2 X4 X3 m PETHR&r4iss. A is
an aryl or fused aryl, dihydro or tetrahydro fused aryl, heteroaryl or
fused heteroaryl, dihydro or tetrahydro fused heteroaryl, unsubstituted or
substi t ut eWa%iQ&%?rXe usbsti tuent being selected fromthe group consisting
of OH, hal ogen, = 1ky|, Cl- 4al koxy, C3-6 cycloal kyl, CF3, OCF3, CN,
and NO2; 101.D i sA Co@pothddcebrdingZoNoimulh (DBeRiMEicded that X1-X5 are not
present when Dis N, X1 and X5 are, independently, selected fromthe group
consi st i ng &fa pharpadestieatly @@Ptmsalmzﬁeogrovi ded that either XL or X5 is H
further provided that X1 and X5 are not present when Dis N, X2, X3 and X4
are selected fromthe group consisting of hal ogen, O Cl-4 al kyl, and J-
15 K, wherein: J is a covalen 0 a ( HOS' al kgl ene or al kenyl ene;
and Kis selected fromthe grqgup cdnsisting 01{3, 2 , CONRAR4, OH, NR4R 4
and CN and provided X2, X3 and X4 gde not present when Dis N, R4 and R4
are independently H, alkyl, aryyl or heteroaryl; 20 R5 is H, alkyl,
al kyl - (O al kyl ) m O al kyl"/"ap b/h&teroaryl ; nis an integer fromO to 4;
and, mis an integer from 1H3. 2] A conpound according to claim1l selected
L ) D
fromthe group consisti n)?z/olD\Dé \X4

><_

® @
5  wherein:

A is an aryl or fused aryl, dihydro or tetrahydro fused aryl, heteroaryl or fused heteroaryl,
dihydro or tetrahydro fused heteroaryl, unsubstituted or substituted with any substituent
being selected from the group consisting of OH, halogen, C1.4alkyl, C1.4alkoxy, C3.¢
cycloalkyl, CF3, OCF3, CN, and NO»;

10 Dis Cor N with 1-2-N in ring provided that X1-X5 are not present when D is N;
X1 and X5 are, independently, selected from the group consisting of H, halogen, CN, and
NO», provided that either X1 or X5 is H; further provided that X and X5 are not present
when D is N;
X9, X3 and X4 are selected from the group consisting of H, halogen, O-Cy_4 alkyl, and J-

15 K, wherein:
J is a covalent bond, alkylene, O-alkylene or alkenylene; and
K is selected from the group consisting of, COpR5, CONR4R’4, OH, NR4R’4 and CN and
provided X», X3 and Xy are not present when D is N;
R4 and R’4 are independently H, alkyl, aryl or heteroaryl;

20  RsisH, alkyl, alkyl-(O-alkyl);,-O-alkyl, aryl or heteroaryl;
n is an integer from O to 4; and,

m is an integer from 1-3.

2. A compound according to claim 1 selected from the group consisting of:
25  3-{6-Cyano-5-[(R)-2-hydroxy-3-(2-indan-2-yl-1,1-dimethyl-ethylamino)-propoxy]-pyridin-
2-yl}-propionic acid ethyl ester;

20



25

3-{6-Cyano-5-[ (R) - 2- hydroxy- 3- (2-i ndan-2-yl -1, | -di net hyl - et hyl am no) - pr opox
y] - pyri diw® 02381b¢ - pr opi oni ¢ acid ethyl ester; 20 WO 02/ 38ROBUPOH6US01/ 46184
3-{ 6-Cyano-5-[(R)-2-hydroxy-3-(2-indan-2-yl-1,

| - di met hyl - et hyl am no) - propoxy] - pyridin- 2-yl}-propionic acid;

3- (6- Cyanos9g ) E . i1 1d h _
(R) - 2- hydr gifb o A S SR Y ooy ) Prop by din

propoxy} - pg }dwrﬁplmefiC)ld propi oni ¢ aci d et hyl ester 5 3 (6- Cyano- 5-{

(R) - 2- hydr 9?5?((3% proglﬁ?) %&&%@’3 gﬂié%t% &} é%eﬁlgﬁfi Hﬂetﬁyﬁ by AMidal - propoxy }

-pyridin-2 acl d,
(R) - 2- hydr wae)@-}{pékn@z-m1-Ipmp;onpheldyzﬂyyl dstetr di net hyl - but yl am no] -

(R 2 M 5 U ) 200 80 T B Sy el E PRt TR kbl “10
propoxy} - ppropdxyr)—p&a&ah—)z-ylppmplommmdac| d. 3. A net hod of ant agonl zing a
calciumre or ni. st er in need

Cher cor . an Grrert IS ZARE S7E0 m B TEL bR 1. "1 4. A
met hod Oflpfo@&ty}ﬂ?ndind})ﬂﬁh@ﬁ@;]dﬁfc adid&;;lfydéslter;édmar act erized by an gbno; nal bong
or mnera 0S i C ri ses njsterin ject in nee
of treat m@R?& &ﬁgﬁ‘y%f‘%é{‘?%m%fﬁﬁﬂﬁg‘e )Lf gh léfmll?hjal m1l. 20 5. A
met hod 1@cc gfogbiig pglﬁdlﬁlzaﬁ)npéopmmraejdn the bone or mineral disease or

di sorder is selected fromthe group consisting of osteosarconma, periodontal
di sease, fracture healing, osteoarthritis, j oi nt repI acenent, rheunmatoid

arthritis, sPage L ancy and

ost eopor OSI S. ) ?%ethga%?gﬁg%f) H%Eg%lﬁ%&p% %ﬁ W ererllsgpt he bone or

m neral di ad&@ifst@ing tdiassabitet iniked Heaf nasfestive/améuntet Aeempewar di ng to
claim®6 wherein the conpound is co-admnistered wth an anti-resorptive
agent. 30 &ccopdipgit@daimiécording to claim7 wherein the anti-resorptive
agent ijs selected ' ,

4. A method of treating a disease or disorder characterized by an abnormal bone
or mineral homeostasis, which comprises administering to a subject in need of

treatment thereof an effective amount of a compound of claim 1.

20 5. A method according to claim 4 wherein the bone or mineral disease or
disorder is selected from the group consisting of osteosarcoma, periodontal disease,
fracture healing, osteoarthritis, joint replacement, rheumatoid arthritis, Paget’s

disease, humoral hypercalcemia, malignancy and osteoporosis.

25 6. A method according to claim 5 wherein the bone or mineral disease or

disorder is osteoporosis.

7. A method according to cléim 6 wherein the compound is co-administered
with an anti-resorptive agent.

30
8. A method according to claim 7 wherein the anti-resorptive agent is selected

from the group consisting of estrogen, 1, 25 (OH)y vitamin D3, calcitonin, selective
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fromthe group consisting of estrogen, 1, 25 (OH)2 vitam n D3, cal citonin,
selective 21 WD 02/38106 PCT/US01/ 46184 estrogen receptor nodul ators,

vi t ronectw@oz/ag1ept or ant agoni sts, V-H+- ATPase i nhi bit or SPCEUS01Bt6284

ant agoni sts, bi sphosphonates and cathepsin K inhibitors. 9. A nmethod of

i ncreasing serum parathyroid | evels which conprises 5 adm nistering to a

subject in entt%gdenorfec trsas u@tt an igf f eglti ve {im)utnt oft a%_c!f_l__ nd of claim1.
10. A met h&d a%cor(ﬁpng RO A g ONEP &7 5P %8“86%‘6%% S a%dmi ni st er ed
Wi th an antihhibRGe) 9 BHe aag@bhists IsphbspHdnaRE AR caBGRIHK AghibRors! ai m 10
wherein the anti-resorptive agent is selected fromthe group consisting
of . estrogen, 1, 25 (OH)2 vitamn D3, calcitonin, selective estrogen

recept or dul ators., vi t.ronectin receptor aptagoni.sts, V-H+- ATPase
i bi tor s sr o ‘rpteher il LRSI Rt somiia T &
i nhi bi t §r s.ad@dnistering to a subject in need of treatment an effective amount of a compound

of claim 1.

10. A method according to claim 9 wherein the compound is co-administered
with an anti-resorptive agent.

10
11. A method according to claim 10 wherein the anti—resofptive agent is selected
from the group consisting of: estrogen, 1, 25 (OH), vitamin D3, calcitonin, selective
estrogen receptor modulators, vitronectin receptor antagonists, V-H+-ATPase

inhibitors, src SH2 antagonists, bisphosphonates and cathepsin K inhibitors.
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