; "HSUR () *+,-./012345678e3elT ! J6%< r161Tlvadwo~, ~a" inu~'en TITLE OF THE .
INVENT10N ALPHA V I NTEGRI N RECEPTOR ANTAGONI STS FI ELD OF THE I‘NVENTI-ON 5

The present jon rel ates to nonanoic acid derivative hei r
and ﬁ E§o ?g{/éso"ﬂ/fﬁ”b

synt hesi s, Ir use in receptor antagon .
parti cul arI y, the corrpounS@"mEﬂ "I'ﬂ msent invention are antagoni sts of the
ntegrin receptors av(33, a i ntegnn receptors associated with

ot her (3-subunits, and are USEPMOIF or i nhibiti ng bone resorption, treating

and preventing ﬂﬁ-ﬁ%ﬁﬁ"ﬁv gg%Nnhl biting 10 vascul ar restenosis)

di abetic reti nog macul ar (g@ener ation, gé_ogenem s, atherosclerosis,
i nfl ammat i on, H’%IX%M%PW&# FEOR (AN TAGQN cancer, and netastatic

t unmor grow h. BACKGRCIJND OF THE I NVENTION 15 It is believed that a w de
variety of diseggpn ﬁﬁ di tions can be nediated by acting on
integrin receptors and [ nt egnn receptor antagonists represent a useful
class of druys. Integri nTP%E’@ﬁﬁ"b’(ﬂS’c’&}O@ TelaleROFANHNOL i deB N HER YA e
receptors throughthedis, aid telr bs Atotvaslegamtcapormungante Mbiclpagictiadgehd ul ar

matrices and Ot&ﬂ{&oﬁr?ds of ghe%geggn %’l 1510%@%’] 15@0‘?‘ hcm)ggﬂ? recép%ﬁgg{;ﬂs’isfs

Function In Osteoclasts, CI’I no

(1997), which i%vR5 né‘ﬁlrcb‘blf‘%é'dre’ﬁ?/l’t?réﬁéoé‘ﬁ'ééWHEP@F’E\ T “i“t‘% apthare pgafuhfor | n one

aspect of the phmsﬂmg boieestirptan, trédneg anhpowndsg dvefoporosiaraad ihetitdg f or

i nhi biting ne, [ d jQaction of
HP vas éngﬂs d&??tgcocﬁ&%aﬁ)& rﬂﬂ:u %%gérgt r%ydggn&

cells known as os eoc as S. ts’are eated cells of
Up to about A40CRBEEOSGIEasis. @flammetsn, f%f“”?%b?lﬂ‘rﬁisn‘é‘fabﬁ'ﬁ?éﬂ cgncesard chiefly
cal ci um car bonahaaaait te@bicgrommhphosphat e, in vertebrates. Osteocl asts are
actively notile cells that mgrate along the surface of bone, and can bind
to bone, secrete necessar aci ds_and proteases, thereby causing the actual
resorption of nMBAEKSR OFsHR 1Y I9%¥ bone. More specifically,

ost eocl ast s1;are bel i evedtiobadieved thatra waitle v@@st of diseasp ek ahdgind@bnsdaabes,

namel y) the 30 rﬁ?cﬁ.&@&g;? %’cuﬁééﬁﬁn%ﬂ?ﬁé@ﬁ‘m@aﬂﬁ%ﬂ%gﬁ%mﬁ%&ﬂa‘?n agbAl In the

secretory state, oste tr|x via a
tight attachmerf€PEisnbe psefilriappl dptgs) Intagsin GerePtAis gra Reteseslimpric Eansmembrane,
ruffl ed border, recaptbrsihedugh &vhictiseltsammath anzynemnzad withekoaslltlar masassandone.
The adhesi on of tﬂétcgl%C|(§%t§Bt190dQQQl?d 8W. fR%ﬁﬁ?“l‘n&gﬁ#Fﬁd‘EHQﬁ hﬁd&cdcll'st%‘ -al step

in bone resorption ‘ast s

m grat e acr&g @’B"%ﬂfeEﬂﬁiﬁf’I"ﬁoﬁnhS4dé4%(§tsngé’I?g’ ‘Si'ﬁc‘?r%%‘&tteéi’ TENSEi | they
again attach t ohepginenits-ehtitee@t oaee~ WO 00/ 7Z801 PCT/ US00/ 14901 Integrins
are involved in osteocl agf, taE%%{‘éﬁE‘é pres%ﬁE1hV&Enb&%%E;gB%Ms%ﬁeﬂﬁm s Qﬁum)St

abundant |ntegr|n on osteoc as , npuse. an

ost eocl asts, i stoRihibifingonereserpiigm cﬁonﬁfrée\mn%'wdla@ bilecastipnofiogBught to
interact in bonknowintal osredcids. Pswbaastsart hege nndtitualented bedls RETp Behoed0e .

Anti bodi es $o ay mfk m&ﬁ% tHAPRSorb ﬂﬁ,%m&wassw cm'cﬁyr9a1almlcmaaa&9anhfa%uhh' S

integrin plays e In the resolp ere 1s jncreasing
evi dence to su %feh’é‘tveﬁf’}ir?fgs | Penqtasts Eréﬁc‘b‘PliyJE‘étde ‘éefulséll*‘f F\%P'{"/ aloge thehi pi t
ost eocl ast nedi allrfad: ddnee, apdanpindan bbmez secreveanecessarpacidd and pidieascuthereby  maj or

bone di seases ofa,gHh| hla%ctﬁéi@&%Fpﬂo@ﬁ?mﬁéiaﬁ%fsgﬁ'fﬁam {R¥ BESL 168 TheirRhily,
mal i gnancy, ost eo%enl a

e to bone netastases ri odontal disease,” 10
hyper par at hyr o offeorlgsts HE?’F‘%&"F? Ot gyt g@?tdﬁgphyﬁgf ﬁsé 185 BABGHY-MR5 i s,
Paget ' s di s&asesecietonpiyate azdthe nngratpdwrmbtudrssitmdotﬂmapcramd/ state, osteoclasts are
gl ucocorti coi d- i HduGaH Q% AL ﬁaaf’%ﬂaf?ﬁchh’éﬂ%@n&@%bt LM, b@MﬁBone

characterized b bone l oss, resultin rom an | pbal ance bet wee

resorption, i.elgh MP@&RE&mﬁméﬁ‘dﬂ%h@dﬁro@"ﬁiﬁ?qrﬁﬁ ysoRmakeneynes Wd @es i ughout
life at the ratesab ba’@omhe Adiisipe of yeerlagntottoee avfacargean ihipasae initid eep r at e of
bone turnover 1§\b@héie ”imhé'ng aloPy d‘\tnd:the;tg{ the E%Eﬁstshﬁgrbt@a bgher in

t he trabecu] one o vert ae an veo one e jaws than
in the cort?ges %‘F“ial‘f@‘? g "BUAkPartR SRt etk fhey 6¥a"b‘8Fi‘é Fod:%el s directly
related to turnover and can amount to overl-5% per year in vertebrae

i rmedi ately follow ng nmenopause) a condition which | eads to increased
fracture risk. 20 In ttte United States, there are currently about 20
mllion people with detectable fractures of the vertebrae due to
osteoporosis. In addition, there are about 250,000 hip fractures per year
attributed to osteoporosis. This clini situation is associated with a
12% nortality rate within the first tw@@ﬂ mﬂ,m | e 30% of the patients
require nursing hone care after the fr ndi vidual s suffering from
all the conditions |isted above woul d benefisstss«f rom t reat nent with agents

whi ch inhibit bone resorption. Additionally, av(33 |ligands have been found
to be useful in treatlng and/or |nh| bltlng resten05|s (|. . recurrence of

.y o Y T T = 4 1 o o



30 angi ogenesis (i.e. formation of new bl ood vessels), and inhibiting viral
di sease. Nbreover, it h as been postul ated that the growth of tunors
depends onwigersfguat e bl ood supply, which in turn is deggpﬂg&g n the
grow h of new vessels into the tunor; thus, inhibition of angiogenesis can
cause tunor regression in animal nodels (See Harrison's Principles of
Internal Medicine, 12th ed., 1991) which is incorporated by 35 reference
herein in its entirety). Therefore, ava3 antagonists which inhibit -2 WO

00/ 72801 PCT/ USO0/ 14901 ﬁm‘fh%hﬂgﬂgﬁﬁ%ﬁgg?{bs&%cﬂd&%&hﬂh efit, E&R/fnﬁéne%g”e”t of

cancer by inhibiting tunor ﬁggr owt , .Broo
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and that the vas& nn av % erre I'n

i nfl ammat ory a®vRaPlogk qfrferﬁwwe)m W(’:%@l%ﬂ‘ﬂf‘&&@hi it teghn elhys. 35y lg in the

angi ogenesi s magsofpeive peers. Theroisahcreddmgapidetdeto ayppesd dmhotRB lidaedscarde nent  of

arthntl c di sea i f et al.
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this inventjon 9§€}%ﬁktﬁ§’rold‘f§ﬂ& ?%:gad‘%%%?o%}@fn @Jn’xa‘?& Q%hxﬁfst P&@tsacg% tagoni sts

of the |ntegr|n epto onal ant] or av as been
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270: 1500-1502 b(yﬂregx%@rguéﬁm Q*Bréaﬁddwrhc Qﬁmn@tf&%a% Srvﬁxf.é%rc% uF&?&Jﬁﬂodc fird tS

entirety). Thus, conpou ant agoni ze av are use treating
and prevent i ng dieatapt ﬂ@@bh‘gf‘ &ﬁ"lyﬁqﬁ O“G}Pea?dé{ag?: Hewsvish SRy of benedymeNeE ease,
cancer, andsnetdifsérafrom siteltasite gooedample2d is4d ghet imuhalrhl;e;:ulaot_vqneuﬁtﬂs of the

i nst ant '”Ve”t'v‘éﬂebc‘rﬁé‘and’?ﬁl! méola?ﬂgrlefiﬂﬂ{égméthﬁ% dhé‘édxﬁémﬁf]fh@ibn ﬁ’e%t hg as

antagoni sts of av integrin_ receptors assoclate uni'ts) suh
as av~6 and av-gtentialder W’Bﬂosé%éii'fﬁ?tb“ relgis fRTVPPE FAtBRRUBbIoAYFIRSbiperet  al .

" Expr essi on andeltin otrtdbracdinmizdidelyfeliowihg Gehdpaase, i néragionwhredepk ey s | n
Wound- | nduced H‘.‘l&(@,‘? (ﬁﬂg{h Pﬂ sis in Human Skin/SCID 25 M ce Chineras,
Aner i can Journal o 151: 975-83 (1997) and_Xi ag- Zhu Huang, et

al ., "Inact¥ation of thgl the, B’é‘?ﬁ’rﬁtft%%Mﬁ?%”%héb%é%’éllgmhpe%l%mbf

Epi t hel i al | nt efgtectableiffactaeg ot tht ivérgbtaefduatramteoparosin Inladditiow) geeradiel atiskit n)

Journal of Cel l256'0@b ﬂﬁrf}/acturejsﬁér yeglz%m%gts& 409&@3%0%5 C’Ph@(:lﬁnéaﬁ' GRRRg! 8t ed by

reference herein in arn_conpounds of
this invention 2fckRFdIde ’c%%ﬁloftﬁéy EAle-withip He fHerpg y?aé%é‘ﬁ‘tlﬁpg offiese
conpounds, ref gratieds tequitsnurdngpionmcaitdfayhdfraanteagoni sts, " are usef uI for
i nhi bi ting pone resorpti %m&JaE%Btfé}gaé%&‘i’n BY&’\X‘SSM&&S ﬂﬁ&@%@é %{33 berfbit

i nhi biting vascul ar restengsis t1.c retinopathy, macul ar degeneration,
angi ogenesi s, dfMRHERBEY MYy agents which bt Rone reAREMY- | and netastatic 35

tunor growth. -3 WO OOAﬂﬁﬁﬁﬂalll?mvmmdBmed?emmdyd beasefukin|treating .
peptidom netic ggkp ﬂml r%j'eﬁénogxpﬁ et rinpd &%%oﬁ?&f?e‘%%ecﬂ@é’ﬁu%%ﬁﬁ& fescri bed

both in the scienti [Iterature. For exar’rgH ] rence is
made to W J. Hdt-fr‘&%f’?‘ée)aﬁEﬂBSCEfOSlﬁoﬁ'P?fé‘F retingpathy. gragulargrgrncragion. f8%_ 204 (1998)
and ref erentles agiegderekieig. formWonHBhS2 Blood veNERIDSARIAOKbiting\Grd disedks40; 5 WO

0D 99/ Sosa2. S5 Ut O UG b oL et G B8 M el o

EP 854140; EP gdleofl sugplyyhipipindvin ifdspenslentaan thogrowief nex vessels Hito K tumor;

6, 048, 861. Evi daﬂmmhﬂﬁudm afglbgentys af canse Binmdrtrexgession neztmpiloniodals(&goni sts to
prevent bone reg LBl of fnf i el m\é'm&f"slﬁf‘%ﬂh&ﬁ?%{%ﬂ@@&eﬁ%ge V. W
Engl eman 10_et i St 0 v~I 3 I'nte r|n

Inhibits Bohe RELHMNSE FQS?I‘"|"h"5\ﬁ"l“Fe(5Y)aFfBerFﬁ°5’vgﬁ@%ar@%@f’%‘ﬁé‘ﬁ‘ﬂfg 1ghipify \mp), .
Cin. Invest. 99: 2284-2292 (1997); S.B. -Rodan et al., "A High Afflnlty
Non- Pepti de av(33 Ltgand I nhibits Osteocl ast Activi ty In Vitro and In
Vivo," J. Bone Mner. Res. 11: S289 (1996); J.F. Gourvest et al.,
"Prevention of OVX-l1nduced Bone Loss Wth a Non-peptidic Ligand of the
av(33 15 Vitronectin Receptor,” Bone 23: S612 (1998); MW Lark et al., "An
Orally Active Vttronectin Receptor av~i 3 Antagoni st Prevents Bone
Resorption In Vitro and In Vivo in the Ovariectom zed Rat,"” Bone 23: S219
(1998)). The av(~3 integrin receptor recogni zes the Arg-Ay-Asp (RGD)
tripeptide sequence in its cognate matrix and cell surface gl ycoproteins
(see J. 20 Samanen, et al., "Vascular Indications for Integrin av

Ant agoni sts, " Curr. Phar maceut. De5| en 3 545 584 (1997)) A benzazepl ne
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25 R M Keenan et aI ., "Discovery of Potent Nonpeptide Vitronectin Receptor
(av~3) Antagonl sts,” J. Med. Chem 40: 2289-2292 (1997); R M ‘Keenan et

al ., "Benzt e Derivatives As Arginine Mnetics in I azepl ne
Nonpept ~de @btronectl n Receptor (av/33) Antagonists," Bioor nﬁg%gﬂ
Lett. 8: 3165-3170 ( 1998); and R M Keenan et al., "D scovery of an

| m dazopyridine 30 Containing 1, 4-Benzodi azepi ne Nonpeptide Vitronectin
Receptor (av~i 3) Antagonist Wth Efficacy in a. Restenosis Mdel," BI 00~.

Med. Chem Lett, gﬁgerﬁ@%mﬁ e/ Beful AIRY treaALRBF & “mggwtlﬁgﬁlﬁpg zod| azep~ne

Beecham that dis se such benzazepi ne, we ate

as
and benzocycl| otfabt Bieaks e gl Gell h:d 7TH6i"é]cgé)62 Shichit gerRpiated by fereRs WO
961 00574, WO 9Giepa 3lits MGredd] 06087, WO 96/ 261 90, WO -4 WO 00/ 72801

PCT/ US00/ 14901 97/ 24119,

99/ 05107, WD 99/ 06049, V\B\O@S%ﬁﬁ beeg\gﬁgg‘g@% %N&%g.h%%geégﬁsel‘r@?ech

i ncl ude WO 97/ 34868 factardn thepuitiatinnad seiaiseatss! agl “‘\‘/Se‘i‘?easﬁsa’tﬁ‘ bt hheo¥as i ne,
nucl eus has al siotepeeavihmhpyedpraterad Grae: s pflammabiyarthotiaf Therefora\oif3

antagoni sts (seg \QR %%w&z}%xbéﬂr@%&ﬁéséﬁa ﬂg{&@ntga%o]v(]:ﬁﬁga cﬁﬂgg{)\rﬁga%ﬁ4015508

all assigned to |'i ne Beec rin _receptor oni sts

featuring backb‘BﬁEcq{@ﬁ‘Pt(?f ARt e A Nty Bhib ey rastei arthEid ses e M- é@;%alf §ed in WO
981 08840; WO 99l307ABeasaln@Dig8®5it 3nd ANDritio dB430 81 rabiidsORA®DBDB an bivE Pat ent
No. 5,919,7 1 5 P, 546; and
U8 Paient N ¢RI b6t st RO PRI Which TR aBy pisriite

smal | - nol ecul e, eﬁ%’h"‘p‘&ﬁ"PEﬁt}@ sel ectl ve av integrin receptor antagonists

that display inproved potureyver, phrapduadoalithia iviventichredn plsa@inhibitokmet i ¢

properties, such %c@ﬁﬁiatlgﬁ 9@5/ h{ 80inkdg Bﬂls@'aﬁithg Wt%édnqghegﬁtor %R/P'S Oﬂe over

al ready descrlbe oun oun useful for
the treatnent, PPRAFINAR a(S‘HbOCBrfO's% &'é% CBﬁh‘B”f“ \%WPUE%’EE t"l‘fgicﬁ)%?“é?gé?ﬁﬁﬁer at ed
above that Hfe inegibittcecheldyndatiic chitlegnonoalpoleptiroemtiyanedhatg! aeMe@l | adhesi on

and activation. Fﬁe'afaydé et. aﬁt%cMO @5(@)41850§§1]996)6‘Wh50|h l%coré&QQa erence .

di scl osed, inter a ituted.non erl vatives

e osed o Sherdhy it DY Ehusotproaaui bt et s e s, RS Db o
i nvention, we dmshxrevbmmgrmdoo@odegemdr&mnodmbmc rmilndmhwaltalvdfssaswruamder ané
substituted at x%F‘Est&cﬁuﬂB g@onthPOS' t| on of the aliphatic chain with an

oxygen functjonality, suc dro eto, and at C3 with an
optionally éd.]bstl t ut ed aﬁ?‘l‘i‘tﬁf"gt& prsé’(g ARYANt TyeRtioa camivBlit conpounds,
t he chai npxygenalgm@emmommﬂgmmhtwm dcnsg arntagonignoi @ninggen feggmors
hydr ophobi c, shg%&ﬁ@dm&qer%fsummlm ab avnnal AR @r@éeefopémﬁﬁadmgy bi t
superior in viv ic and/o pertie
therefore an obj %rtﬁlf’“%ﬂg’"ﬂ‘? r‘?? %W’ffﬁ ?'b H“ﬁ%Bfghgd‘ﬁlf\ﬁl)'élléﬂfdhanm c aC| d
derivatives oxylpegeb 8eceptors lhéN®rﬁ—Imducell HupasAtgiogencedis in ibirahiSgmiCID chai n
‘3’8' ggt a:‘)fe ?%%f gll/[écggcn}?%eﬂa@* ﬁﬁ{ehﬁhn{ﬁﬁﬁﬂto@?at%‘lbégo 9519583 gﬁwﬂ an'dg(@d;?ﬁd”'g{ nes
j [ VI | Y,
oxygenat ed at tﬁg"é’eéa r RECHVAYRR P ﬁhgh{? %‘?2& é rl‘b(g ?{5 'E#Faqalgo ﬁ\ﬂgch are
useful as av(33EpitelptluegrinimBegviasing Inflammagomimabdimee bjdstkin, dourhdlef Gelesent

invention to prpw ngyejzlmrames %%I&.@l@arba@teau x%fe?emgﬁ&ah%ﬂm@.} the C5
or C-7 position of the aliphatic chain which are 35 useful as av~i 5

recept or ant agoffl U9 .5 WD 001 72801 PCTNS00/ 14901 It is anot her object
of the presaht inventi onln additronyéegteintompbunds ofithis-Hveamancanthgonizediotiethe

oxygenat ed at t&Hep3ma odPs5 fecd t&@snes@emﬁ;ﬁouhhkem@édeah@sg QuilRaBBps ch are
nt agoni st s, i s, anot her object of

useful as dual ocv(33/ecv~ 3 g}ce h)or
the present i nvEIEOBISSt @rep‘fsf)(?‘ é"'g éﬂ ©0BY e??faﬁ'o%tr‘&"’é‘ﬁﬁﬁ%q RrFYfHE“&:orrprl si ng
i ntegnn r ecept oost@pb@eis,ang irhibitirtg Vascudan ofsteaosin Biabaic rafnopiiey, praegent i nventi on
to provide methgdsndrfifon, angiogenesss, atherosclerosis, inflammation, cancer, and metastatic
35  tumor growth.
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maki ng the pharmaceutical conpositions of the present invention. It is

anot her object of the present invention to provide nethods for eliciting an
i ntegrin revepymeoiant agoni zi ng effect tn a manmal i n neegdrhigi@Rboby 10

adm ni stering the conmpounds and pharnaceuti cal conpositions of the present

I nvention. It is another object of the present invention to provide
conpounds and pharnmaceuti cal conpositions useful for inhibiting bone
resorption, restenosis) atherosclerosis, inflammtion) inflammatory

arthritis, viral di seasepe;did?mtwem al,i'pelstﬁiohmaa.tmagomgume adts%&%gt I Otn f
angi ogenesi s, cancer a ano object o
t hg p?esent i nVETPI OBHa‘feg)ef)‘}n&?F%?%E’Bﬁ‘dBt'}Wosg’egWgc %‘Hé’f‘%‘c‘&ﬂf’ RSTRRY $tions
useful for treatferegcoistmedpor Wsk. Bloekstraiagd BoPhwdter, dhire Medofhdnh &: pe5e20dnt
;tnxgp; Isglneﬁ gspr@ygs%nmté?aflégs diff tlefdh; DDl I3E 20 PNV 6 88371833, Wo 9*7/@%54%222 'sZ

di abetic ret ng?{gtgﬁd%gg%%?gm&é@iﬁ’ggyé ﬁgo Sﬁ%%%gﬁsw& %/ﬁ‘@grwo@md

met ast ati ¢ t unoi/HYBEMMWMO IBL30542; AVMOREL 5&h VR B985 5A7h & (rPY3 HIf ; WMdvent i on to
pr ov iﬁger ggg Pl()dSO()‘?&rl6§e;gaﬁ’9€rsﬁ3UQ4 @?}e@gg@ BPis341450 B8 PaRANO SHRD 4|9§:>Jha%]gg)l€s wi |l
SUMMARY OF T~y|%ﬁ#’f’<§@ r% wgne ‘%?FRF@?H‘F%)P?d‘?VZﬁSé‘E“g@"[YSC%‘{FéP‘a%‘B‘%Hﬁnds

represent ed by meventhane adsompmrml airré hnd inRivolRas RRen ReesdRted(SeRBWK Eg@lembn - 6

WO 001 72801;PCTés MSOW ﬂe%&@&m%&ﬁ& amfhgoaist &tm tlﬂelg;{mﬁﬁb&bﬁo&r@d&pﬁ&nﬁl sting
g:c, {\Ig R2 R2 N~‘71tro and yrcvents Osteoporos1s in A\d/nllol J. Clin. Invest ﬁwest '89 N22SZ 2§9§(IX9+) S%Hz O

Rodan et al., “A High Affinity Non-Peptide OLV|33 Ligand Inhibits Osteoclast Activity
In Vitro and In Vive,” J. Bone Miner. Res. 11: S289 (1996); J.F. Gourvest et al.,
“Prevention of OVX-Induced Bone Loss With a Non-peptidic Ligand of the otvf33
15  Vitronectin Receptor,” Bone 23: S612 (1998); M.W. Lark et al., “An Orally Active
Vitronectin Receptor atv3 Antagonist Prevents Bone Resorption In Vitro and In Vivo
in the Ovariectomized Rat,” Bone 23: S219 (1998)).
The ovP3 integrin receptor recognizes the Arg-Gly-Asp (RGD)

tripeptide sequence in its cognate matrix and cell surface glycoproteins (see J.

20 Samanen, et al., “Vascular Indications for Integrin aiv Antagonists,” Curr.
Pharmaceut. Design 3: 545-584 (1997)). A benzazepine nucleus has been employed
among others by Genentech and SmithKline Beecham as a conformationally
constrained Gly-Asp mimetic to elaborate nonpeptide orvf3 integrin receptor
antagonists substituted at the N-terminus with heterocyclic arginine mimetics (see

25 R.M. Keenan et al., “Discovery of Potent Nonpeptide Vitronectin Receptor (0tv3)
Antagonists,” J. Med. Chem. 40: 2289-2292 (1997); R.M. Keenan et al.,
“Benzimidazole Derivatives As Arginine Mimetics in 1,4-Benzodiazepine
Nonpeptide Vitronectin Receptor (0tvB3) Antagonists,” Bioorg. Med. Chem. Lett. 8:
3165-3170 (1998); and R.M. Keenan et al., “Discovery of an Imidazopyridine-

30 Containing 1,4-Benzodiazepine Nonpeptide Vitronectin Receptor (ovf3) Antagonist
With Efficacy in a Restenosis Model,” Bioorg. Med. Chem. Lett. 8: 3171-3176
(1998). Patents assigned to SmithKline Beecham that disclose such benzazepine, as

well as related berizodiazepine and benzocycloheptene, owv(3 integrin receptor
antagonists include WO 96/00574, WO 96/00730, WO 96/06087, WO 96/26190, WO
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each Rl is independently hydrogen or Cl_3 al kyl and each non-aromatic ring
carbon atom i S unsubstituted or independently substituted with one or two

R2 substit d each aromatic ring carbon atomis un do
i ndependent |y sd@@tltuted mnth 10 one R2 substituent Selé%ﬁﬁ%k ﬂ%ﬁ\the

group consi sting of halogen, Cl _g aIkyI, C3_g cycloal kyl, C3 g
cycl ohet er oal kyl C3 _g cycl oal kyl - ( al kyl, C3_g cycloheteroalkyl 1 (
al kyl') aryl, aryI 6 al kyl, anlno Samno-C1 6 alkyl, C1 3 acyl

c1 _3 , 6
vl oal kyi - aﬁ’//%?lﬁfb“& orha2d %E’y@?f@%*%%m%%o@%?% &6 al koxy.
Cl ~ al koxy- CI 9%0@94Ryw rd).cad QPHShprW,C&nmswynn@ade@Va kyl, C1 3
al koxycar bonyl , 9ﬁB¢s%5alrk@ms&%mrmﬁbp@e &@élka@&bm&{a@epyne AYCTUO K 456
acllkél al igl mst S)be %ieé 55'21{#21?' g’@H&‘L to &@%Q’Qé@eet“,d)t)l]k;%&ﬁ hoxy,
al kyl oxycarb nyﬁ‘g?rf’&{ 546@%9%1 F)arsz%r?Pfdé&é%kﬁwgwéyo Stnithkdlinec1 3

al kyl')1_2 am noBedcadnd).) 1_2 am no, aryl-Cl_3 al kyl sul fonyl am no, and Cl_g

al kyl sul f onyl am no; V\D(ﬂ%r n?tg%'m rgceipporja?ta ms%sSng'th Céra/ck{)%glglgc}rﬁg% dg?raét ot h er

substituents, when on the''s
with the carbonnag @nn\stmmam\@rbe@m@;aaheé "am%@ﬁﬁWoWQﬁ%(EO%aW@cﬂ?ﬁmb} soup,
or two R2 subst wwemm%twgmdwsowwb chanmr_bgm B0 UES. Pated NG 3, obheys;ar e

at t ached, orm t t or unsat ur at ed
E’zgtcrét b égsﬁ Q4f aHEEﬁQ% d ReL @ 9‘39

carbocycllc rlng, are’'eac e endent 1y drogen, hydroxy, or
Cl_6 al koxy; R4 and R6 arf@v@a@hthiemébmmqveﬁmﬂs@g Oéﬁcuklenozt RePidit . or R3
and R4 taken tog@écheera@tntdgﬁnaéwpt%amzyoﬁﬂststtmetbleyxrﬁfr&vcﬁ@b&ﬁqyl oxygen) wtth

the proviso t haPha%%gcod%ngpqllc?@la%%oﬂ%%tlf r%%&”&%i%%& Xrawga{v%a%mt( %7 is aryl

wherein the ar group’is se (2) (3)
(4) (5) (6) (7) d‘€’8')°"(c55)a°‘{°l‘09“’ef alrgady dis?‘)‘bidPBPp(’““P&) 'ecbypmpom;ly woaldprqveg)

(19) (20) (23) (oXd)uséfdBior b %Mhﬁnmﬁxﬁhédﬁyih,,or B)fiprasslyh of Yadbyd patﬁo'l'dgfél@yl )
pyrrolyl, Oxazolzlydmeragéu zﬁ)%gé %L\t’ aré Hle&l?té&) IJ%/’ Hgé/ A% e}{ or blh&lﬂ%?’&f&@“ adhcsmpyl

|soth|azolyl) pyrimdi nyl, pyraziny tetraz gui no
i soqui nol yl, bepnd asfivedi®sl vyl , benzofuryl, benzothlenyl |ndonI

benzt hi azol yI _g_ W Qﬁ)lﬂgmm No. 6,048,861 (April 11, 2000), we disclosed, inter alia,

(24) benzoxazol oL} ke BB REVESDE i b Ak Hhen)) Donzo( 1

4)d|oxanyl
receptor antagomsts In 'the present invention, we describe analogous alkanoic acid

derivatives which are substituted at the C-5 or C-7 position of the aliphatic chain with
an oxygen functionality, such as hydroxy and keto, and at C-3 with an optionally
substituted aryl group. When compared to the parent compounds, the chain-
oxygenated compounds of the instant invention are less hydrophobic, show decreased

25  Dbinding to plasma proteins, and exhibit superior in vivo pharmacokinetic and/or
pharmacodynamic properties.

It is therefore an object of the present invention to provide novel
nonanoic acid derivatives oxygenated at the C-5 or C-7 position of the aliphatic chain
which are useful as v integrin receptor antagonists.

30 It is another object of the present invention to provide novel nonanoic
acid derivatives oxygenated at the C-5 or C-7 position of the aliphatic chain which are
useful as avPB3 receptor antagonists.

It is another object of the present invention to provide novel nonanoic
acid derivatives oxygenated at the C-5 or C-7 position of the aliphatic chain which are

35  useful as avP5 receptor antagonists.

_5-



PCT/ 1JS00/ 14901 (29) qui noxalyl, and (30)

3, 4-di hydr'o- 2H 1, 4- di oxa- 5- aza- napht hal enyl ; wherein the aryl group as
defi ned aboxeooi7e8oitens ( 1 ) to (30) is unsubstituted orpepiosdointasted Wit h
one to three substituents |Independently sel ected from hydroxy, 10
hydroxy-Cl_6 al kyl, halogen, Cl_g alkyl, C3_g cycloalkyl, aryl) aryl Cl_3
al kyl, amno, amno C1 6 al kyl, C1 3 acylamno, C1 _3 acyl amno-C1
_( alkyl, C 1-6 al kylanmino, di(Cl_6)al kylam no, Cl1_6 al kyl anmi no-Cl1_6 al kyl,
di (C1_6)al kyl ami noC 1 _ @t alakgther dbjekt othapremayinvédtion tolprabidy hovel oonafind 4

I kyl | f l’a CFl—V]ﬁ (& -] 1 1 1 lwncar
ﬁyd?/of(;calr Bgnyl Gid Bl )a}égwg?g&g ?thh C%&Gé}pgé Wtﬂ%l% alﬁkcgégélglarhbgny?

_3 al koxycar boHV’Ifu 65 f“ Bgr"ﬁea‘orﬂ@t%f“ﬁ%car bonyl oxy, cyano)
trifluoronethyl, 1,1, 1-tlrisfahotherosideybf, thé prefehtinvamien oprpyide phdraental hoxy)
and nttro; gr gmgﬁgi?ﬁgg&ﬁoprﬁsﬂﬁ%%M&Eépftér%égg}ggtsWlth the carbon atons to

whi ch they are at orma five-_or sjx-nenbered saturated or
unsaturated ring cont ai rf Bgnathgrobrechefiths praicahin vawion & BaVigs Bsthedsfoyr oup
consi sting of akioy tenthaiiacediizakconipogticardi die pP@eatioventiony be substit ut ed
with oxo or Cl 3 al ky', st ahotﬁ@reobgé'cpgﬂtﬁé’ Je&ﬂtmbénuénk&prﬁwﬁc fefb@ fophydr o- [
1, 8] napht hyri di p- 2- %

6- subst i t ut ed- Milrmmg?snn feﬁ‘amortaﬁ g%ﬂ%ln%gftf% Wé‘n‘Pa‘Bﬁ‘?a‘t‘Hé‘e‘iﬁi}P‘?rB‘?fr‘?ys yl nng
is other tHan néhndxying shectoRPoirsdshud plogmaceotid@ canmisitiphs of 2be mreseat
pharmaceuti cal | yasmePt abl e salt thereof. The conpounds of the present

i nvention are useful as av integrin recegtor ant agom sts., The pr sent

i nvention al so rel ates tibisgRAMEERbisG Piths PIERHHBETYIPE HEProde eAmnoredsigd he
conpounds of t ipharplaemdcd] compasitiane nsefid dordnipbiangrboeuesogalohyresiamsist abl e
carrier. The p ﬁsart’h 0, ing the

phar maceut i g Eﬁéﬁ%%rnggnmsﬁat% %ﬂfﬁl%@?g‘ﬁt I n@gﬂi}rg’ﬁf&# 5" &laEV%EOOI 72801
PCT/ US00/ 14 oﬂ%ﬂ@%‘?k%ﬁ‘f‘% ISTAUGH: ARBIORENEHF. SANET. AR PSRN Er eV e t i ng
an otv integrin recept orlt srhajembgaryofehd pretent-inventiom fmprbvidecangedndshvad eof by
adm ni stering tpH&n‘i@éﬁHQ&i@S’:ﬁg ﬂ%nQB&"fm&‘#&M‘gaéste%P&BQ@ tions of the prescnt

mvenuon. The present nvent % tes to nethods far in trrg bone 5
resor pt ~on. restenosis) Iélsﬁ‘@f’?} ch tﬁprﬁ‘f“ﬁ‘&w{‘fﬂ?ro\’lﬂ?w& gt v
arthritis, virahidiisgame resdiptibetrestenoss,iathemacibnpsis,ntanaatiod cigBarematbryon,

angi ogenesizy, GARGRS vxrﬂ'aﬂeﬁ@tcﬁ?&eﬁé Fe%n$ﬂéfﬂ§rmgfuwﬁdpgch¥raﬁ’tqﬁ‘a@ SeRéslsng the

conpounds and phar maceut| cal conpositions of the present Invention. The

present invent |°6??%F“é4)m?‘é§t§{°é§mf’bgrﬁ’é"t%ods for treating osteoporosis 10 by
adm ni stering the conpouinianather ghjext oftheptieatinventinp asprovidasiethbdstiive pr esent
| nvention. DETAL ﬁ,gogg SPdrbdisl | ON OF THE | NVENTI ON The present invention is
directed to novel monanolc acid der%vatl ves 15 d ri bed by struct ur al

formula (1) Rs Ra Rs Rs Festyurothegopiests wpll becpme p %@Pﬁeaﬁfr%i"geé@ﬁlﬂfém e

salt theredb, wheripiion width Klliowssel ected fromthe group consisting of - 10

Ccl1

SUMMARY OF THE INVENTION
The present invention relates to novel compounds represented by
structural formula (I):

RS R4 RS R5 R7
CO,R®

20 )



WD 00/ 72801 PCTNS00114901 RR RR R NC,. N~~~ ~NNNR2 and Ns~ i~ R
Yis CH2; O or NRl; each R 1 is independently hydrogen or C* 3 alkyl and
each non- arwowbd/aor i Ng carbon 5 atomis unsubstituted or gdidependant |y
substituted with one or two R2 substituents and each aromatic ring carbon
atomis unsubstituted or independently substituted with one R2 substituent
sel ected fromthe group consisting of halogen, Cl g al kyl, C3_g cycl oal kyl,
10 C3_g cycl oheteroal kyl, C3 g cycloal kyl-Cl 6 alkyl, C3 g

cycl ohet er oal ky#hefeln:6 al kyl) aryl, aryl-Cl_6 al kyl, am no, am no-Cl_6

al kyl, C1_3 ac r o LAg-CL 6 al kyl, (Cl-6 ~kYl)1-2 am no)
C3_6 cycl oal kyI& %@%ﬁagdn{r%f&(%g%d %gg‘glﬁ‘gk%% ) 1 2 amp-C1l 6 alkyl, C1 6
alkox y, C1 4 alkoxy-C 1 6 alkyl, 15 hydroxycarbonyl, hydroxycarbonyl-C
1 6 alkyl, C1 _3 al koxycarbgnyl, Cl1_3 al koxycarbonyl -Gl 6 al kyl, hydroxy,
hydroxy-Cl_6 al kyl, intro, cfano, trifl yeronethyl, trif uoronethoxy,
trifluoroethoxy, Cl1 g al I\f(éO) 02 /(\\7%9 al k i nocarbonyl, Cl g

al kyl oxycar bonyl am no, ({€1_gjal kyl)1 2 ami nocal bonyl ox 20 (aryl C1_3
alkyl)1 2 ammo, (aryl)l _2~gm ng, ,ar W _::)‘;al kytgal TRty g’m no, and Cl_g

al kyl sul fonyl ammo; or two R2 substitu@nts, when gp the sane non-aronatic
carbon atom are taken together with the carbpn dtomto which they are
attached to forma carbonyl group, or_two Rfisubstituents, together wth
the carbon atonms to which they are/atta jointo 25 forma 4- to

6- menbered saturated or unsaturated carh dlic ring; -11 WD 00/ 72801
PCT/ US00/ 1d901 R3 and RS are e&B DET hydr ogen, hydroxy, or Cl_6
al koxy; R4 and R6 are each independenf]y hydrogen or Cl1_3 alkyl; or R3 and
R4 taken together or RS and R6 taken Rbget her are carbonyl oxygen) with the
5 proviso that both R3 and RS are not sinultaneously hydrogen; R7 is aryl
wher ei n t he 5ar yY is¢?tini©;ios NB&{ ect ed from the group consisting

of (1) phenyl, (2) napht hyl , 10(3) pyri dyl, (4)furyl, (5)thienyl, (6)PYn' ol Yl ~(7) oxa
zolyl, 15(8)t hi azql y}, (9 i m dazal vl , o

10) byt asol v (2351 EbisigisppndeetbtisabneGinp gikyb e eahaB RGPS CFI by  azi ny
|, (15) pyri dazi nydm (shinpibstiated oF nldefehdontly isitatiyiked2athldhk ios R abytitudnid) benzi nt

) benzoxazalyl LKA SRRSHR: JhAttnnbion epder IR BB 0 . o

) di oxany! , 3%( 28peRdasestijent selected fram thrgroamtonmeiva 9500/ 14901

halogen, C]-8 alkyl, C3_8§ cycloalkyl,
C3.8 cycloheteroalkyl, C3-g§ cycloalkyl-C1.¢ alkyl,
C3-§ cycloheteroalkyl-C1 -6 alkyl, aryl, aryl-C]-6 alkyl, amino,

15 amino-C]_¢ alkyl, C1-3 acylamino, C}.3 acylamino-C}.g alkyl,
(C1-6 alkyl)1-2 amino, C3_¢ cycloalkyl-C-2 amino,
(C1-6 alkyl)1-2 amino-C]_g alkyl, C1-6 alkoxy, C1-4 alkoxy-Cj.6 alky),
hydroxycarbonyl, hydroxycarbonyl-Cj g alkyl, C1-3 alkoxycarbonyl,
C1-3 alkoxycarbonyl-C1.¢ alkyl, hydroxy, hydroxy-C1.-¢ alkyl,

20 nitro, cyano, trifluoromethyl, trifluoromethoxy, trifluoroethoxy,
C]-8 alkyl-S(O)p-2, (Cj -8 alkyl)Q-2 aminocarbony],
C]-g alkyloxycarbonylamino, (C1-8 alkyl)1.2 aminocarbonyloxy,
(aryl C1.3 alkyl)1.2 amino, (aryl){.2 amino,
aryl-Cj.3 alkylsulfonylamino, and Cj.g alkylsulfonylamino;



(29) quinoxalyl, and (30) 3, 4-dihydro-2H1, 4-di oxa-5-aza- napht hal enyl ;
wherein thHe aryl group as defined above initens (1) to (30) ~s

unsubst ~t umwedoozsosubstituted with one to three substit uepdsusogdspendent |y
selected from hydroxy, 5 hydroxy-C 1 6 alkyl ) halogen, C1 g alkyl, C3_g
cycl oal kyl, aryl, aryl C1 _3 alkyl, amno, amno C1 6 alkyl) C1 _3
acylamno, C1 3 acylamno-C1 6 alkyl) C 1-6 al kyl am no,

di (C1_6)al kylam no, C1 6 alkylamno-Cl1_6 al kyl, di(Cl_6)alkylamnoC 1 6

al kyl, C1 _4 al koxy, &R subfsiildits] iWhkiPon the damehoRldfothiid! chibdy heonfCark taken

al kyl sul fonyl, C 1-4 alkoxy-Cl 6 al kyl, hydroxycarbonyl,

hydr oxycar bonylto-g@i‘f%w‘i? the carben AIBm1p “éf%dﬂ%&éer "Bé to gorm agcahapylgreun Bbny | - C
1 _6 al kyl) Cuoto RB sallstipbandgethel 93t theayiehon htotmsité bivh dregtareydttached, join to

L1 1-tri T Uor @ehdyl o blrddndRQmBhA Ot undabdrib HOEORYR g, and niLro; o twio

adj acent substituents together w e carbon ato to which they are
attached jorn tg forma five- or six-nenbered saturated or unsaturated ring
contai ni ng 1 oR32n@RP arcsattvirdepsatently dydrpgannh ydnexygerdein6 elaxy;st i ng of N, O,
alncki IS W_ho?]e A iRngﬂRﬁb%aiﬁin@é;&ﬁ&en@@}ﬁy@ﬁg@tﬂaﬁﬂjaﬂkﬁ,dorWi th oxo or C1_3
alkyl; with the,proyi,sqo that i S
5,6,7,8tetr ahy§r3(§‘-“€ *?éﬁ‘ﬁ’é%‘i‘?ﬁ?éiﬁ"ﬂ&ﬂ takepgogetherarg RN oxyganarip the s
6- subst i t ut ed- pyavisditiet Byth R3tand R Stanend setstdonsip hydrogent he pyri di n-3-yl ring
is other thgn nmethoxy; and R8 is hydrogen or Cl1_3 al kyl. 20 One enbodi nment
of the present ji.nvention is directed to c ounds of structural fornula
(1), Rs R4 Rs RJIRaryicysrein theapy gzcslpd%se%%ﬁg@w& CEOFR AT BEYept abl e sal t
t hereof, whcre~n X is -13) 0/ 72801 R2 Rz or N ~ ~ H N PCT/ US00/ 14901
R NN.rrJ HR3is hyotagxynamhyﬁks is hydrogen or RS is hydroxy and R3 is
hydrogen) or R3 and R4 taken together or RS and R6 taken together are
carbonyl oxygen, with t )prmgﬁ’that both R3 and RS are not
si mul t aneod$l y hydrogen;(4b Rfughd R6 are each independently hydrogen or
methyl; and R2, R7, and &3 angefs, defined above. In one class of this
enbodi ment, R7 is aryl erein the aryl group is 10 selected fromthe group
consi sting of phenyl, p%? dylp,yrr&]dﬁnol yl, pyrimdinyl) pyrazinyl,
pyridazi nyl) pyrazolyl, @enzoekemojl, di hydrobenzofuryl) and
3, 4-di hydro-2H1, 4-di oxa@) azqﬂigﬁgﬁ:{ hal enyl, wherein the aryl group is
unsubsti ture:g or substituted with one to two substituents as defined above,
with the pridviso that ifOk i dmgagolyl, g t et ranhydro[ 1, 8] napht hyri din-2-yl, R2
i s hydrogen) and R7 is 6d8ubgyrazelykd- pyri di n-3-yl, then the 6-substituent
on the pyridin-3-yl ri ng(l'F)s qldres hf],han met hoxy. In another class of this
enbodi ment, R7 is qui nold , p%lgg}/ . or 15 20 pyrimdinyl, unsubstituted or
substituted with one to tdb d Yhent s i ndependently sel ected from
hal ogen, phenyl, Cl1_4 al®9]) pg8midiayicl oal kyl, Cl_3 al koxy, amino) Cl1_3
al kyl am no,p5di (C1_3) al k@hﬁmwg‘,zmwdr oxy, cyano, trifluoromethyl, 1,1,1
trifluoroethyl, trifl uor@get hoxx, cand trifluoroethoxy) with the proviso
that if Xis 5,67, 8-tetf&hyd8944mWlg] napht hyndin-2-yl, R2 is hydrogen, and
R~ is 6-substitutedpyri dilf)y 3-tsttazolyhen t he 6-substituent on the pyridin-3-yl
ring is other than nethopy) IQiRiyubclass of this class of this enbodinment,
R2 is selected fromthe . .
. (18) isoquinolyl,
30 (19) benzimidazolyl,
(20)  benzofuryl,
(21)  benzothienyl,
(22)  indolyl,

(23)  benzthiazolyl,



25 group consisting of hydrogen, hal ogen, amno, C 1-4 al kyl am no, C36
cycl oal kyl -CO Z al kylam no cy~no, C1 4 alkyl, 30 cyclopropyl, -14° WO
00/ 72801 amadooz2sed al kyl, C1 4 acylamop, C 1 4 al koxypctuseo4smh kyl t hi o,
5 am nocarbonyl, (Cl1_6 alkyl)1l 2 am nocarbonyl, C 1 _4 al koxycarbonyl,
trifluoromethyl, and trifluoromethoxy. 10 PCT/US00/ 14901 In a further
subclass of this class) R2 is selected fromthe group consisting of

hydr ogen, hal ogen, 15 amino, Cl_3 al kylam no, C3_6 cycl oal kyl net hyl anmo, C
1 _4 alkyl, cyclopropyl,(22p thehidxagotgmet hyl ) and trifl uor omet hoxy. Anot her

cl ass of thls enbodi rrent § ddﬂi)gp(;bggﬁotf&glcorrpounds of structural formula
epta

(rr), or a pharmaceutlca % alt thereof, 25 R8 R5 R~ X C02Ra
(B) wherein X is -15  Vi@oDoIbeDaRsh3)doxglnd, N N ~ ~ H PCT/ US00/ 14901 R2 or
(27) benzo(l,4)dioxanyl,
5 (28) quinazolyl,

(29) quinoxalyl, and

(30) 3,4-dihydro-2H-1,4-dioxa-5-aza-naphthalenyl;
wherein the aryl group as defined above in items (1) to (30) is unsubstituted or
substituted with one to three substituents independently selected from hydroxy,

10  hydroxy-C]-¢ alkyl, halogen, C}_g§ alkyl, C3.8§ cycloalkyl, aryl, aryl C]-3 alkyl,
amino, amino Cj.¢ alkyl, C]-3 acylamino, C]-3 acylamino-C]-6 alkyl, C1-6
alkylamino, di(C|-¢)alkylamino, C1-¢ alkylamino-Cj.¢ alkyl, di(Cj-g)alkylamino-
C1-6 alkyl, Cj-4 alkoxy, C}-4 alkylthio, C]-4 alkylsulfinyl, C] -4 alkylsulfonyl, C] 4
alkoxy-C]-¢ alkyl, hydroxycarbonyl, hydroxycarbonyl-C.¢ alkyl, C1.5

15 alkoxycarbonyl, C1-3 alkoxycarbonyl-C].¢ alkyl, C]-5 alkylcarbonyloxy, cyano,
trifluoromethyl, 1,1,1-trifluoroethyl, trifluoromethoxy, trifluoroethoxy, and nitro; or
two adjacent substituents together with the carbon atoms to which they are attached
join to form a five- or six-membered saturated or unsaturated ring containing 1 or 2
heteroatoms selected from the group consisting of N, O, and S, whose ring carbon

20  atoms may be substituted with oxo or Cj1.3 alkyl; with the proviso that if X is 5,6,7,8-
tetrahydro-[1,8]naphthyridin-2-yl, R2 is hydrogen, and aryl is 6-substituted-pyridin-3-
yl, then the 6-substituent on the pyridin-3-yl ring is other than methoxy; and

R8 is hydrogen or C}-3 alkyl;
25  or a pharmaceutically acceptable salt thereof.
The compounds of the present invention are useful as ouv integrin

receptor antagonists.

The present invention also relates to pharmaceutical compositions
30 comprising the compounds of the present invention and a pharmaceutically acceptable
carrier.
The present invention also relates to methods for making the
pharmaceutical compositions of the present invention.



N N.ss'"~ HR3 is hydroxy and RS is hydrogen or RS is hydroxy and R3 is
hydr ogen, with the proviso that both R3 and RS are not sinultaneously

hydr ogen; Rgg bgr2Bpdr ogen, Cl_4 al kyl, cyclopropyl, am no, yl am no)
or 5 cyclopropylnmethylam no; R7 is quinolyl, pyri dyI or P[gﬁuls?ﬁ/@wé
unsubstituted or substituted with one substituent selected fromC 1 ~

al kyl, C3-6 cycloalkyl, C1 3 alkoxy) amno, C 1-3 al kylam no, di (Cl-3)

al kyl am no, cyano, tri f1 uor omet hyl , and tr| fl uor onet hoxy, with the proviso
that if Xis 5,6,7,8-tetrahydro(.1, 8 ht . S dr ogen, and
L 1T XTS 0T B et el SRR MLl il o SRl

pyri di n-3-yl riimggﬁ@ewtﬂeﬂnmmlmffmklyamnmn necditheted e adroinis@ting al kyl .
A second embodieddin ﬁn&sﬁﬁdﬁﬁa@ﬁ:ﬁ&gutltd""é&ﬂ]%dsﬁi%nk 5ftqéb@§énedwmlo;1,5 conpounds  of
structural fornula ()TI)

t| cally acceptabl e
salt thereof, wherein X %‘% Iﬁ?eﬁz‘“fﬁ?m‘og alsp }\“l1 Ppﬂf bé’ﬁ R2) R7,
and R8 are s desoimtied. radtensels, aﬂlc@osclemsomﬂmmmm@mmm%mtﬂsnwmhe cl ass

01; OL hi i Oﬁrsrf)gfl: nrmsse &ibbetie re%wﬂaatwyhﬁfa@m cfeE@he?artlﬁh agg@gam&@ c%ﬁdefi%@(rjafz Ir gml the
OO o St RS s by iAo omaRiigs bty 721 1Y

3, 4- d~hydr o- ZHCQMQMaf®C®rQM4mptmmaI enyl, wherein the aryl group is

untSlﬁbtsL ituted or substl t i ewlhve%%naleo;emeﬁyaﬁmoayﬁm@atﬁ, ostedonses above
W e praqvi

0 trah ri d| n-2-y R2
S hydr ogertd and R %e%lsi\?fo%%wcé&" B yFiaRbe Forpdsn Pfh SHSPERS 0 hent on
t he pyridm 3-ylinvenigp.i s ot her than nmethoxy. |In another class of this
enbodi ment, R7 is quinolyl, pyridyl, or 10 pyrimdinyl, unsubst~tuted or
substituted wt dently selected from
hal ogen, pheny&%@‘@?@%@ﬁ%ﬁf@?@ 3 al koxy, amno, O _3
al kyl ammo, di (CL_3) al kyThepmssnt inyehtion is, diccgtats, nqvc:h@hmmaidwwatwes
1,1, 1trifl ugy oedeffibed b Jthggm\qgﬁbﬂmyl yand trifluoroethoxy, with the
proviso that if X i 6,7,8-tetrahydro- [1, 8] naphthyridin-2-yl, R2is
hydrogen, and R7 is 6 substituted 15 pyridin-3-yl, then the 6- substituent
on the pyridin-3-yl ring is other than methoxy. In a subclass of this
class) R2 is selected fromthe group cons~sttng of hydrogen, hal ogen,
amno, 20 Cl_4 al kyl antno) C3_6 cycll%l,qkymsﬁe R” al kyl ami no cyano, Cl_4
al kyl, cyclopropyl) 25 aryl C _3 alk /4 agyl anga g Cl_4 al koxy, Cl_4
al kyl t hi o, am nocar bonyl, 30 E)%nyl ClL 4
al koxycarbonyl, trifl uororne?(hyl , and trifluoromethoxy. 35 In a further
subcl ass of this class, R2 is selected fygm the group consisting of -17

or a pharmaceutically acceptable salt thereof, wherein:

20 Xis selected from the group consisting of

-10 -



WO 001 72801 hydrogen, hal ogen, amino, Cl1_3 alkylamno, 5 C3_~

cycl oal kyl met hyl ami no, Cl1_4 al kyl, cyclopropyl, trifluoromethyl, and

trifl uoronmetvioasyisoil0 PCT/ USO0/ 14901 Anot her class of thi 5?6%%5‘66}94 gbodi nent
is directed to conpounds of structural formula (1>1), OR7 X (I)2Ra 15 or a
pharmaceutical ly acceptable salt thereof, wherein Xis R2 R2 or N~ HNR2
is hydrogen) C _4 alkyl, or cyelopropyl; R7 is quinolyl, pyridyl, or

pyri mdinyl, unsubstituted or substitut ed with one 20 substi tuent sel ected
fromC 1 _4 alkyl, 036cycl kyl, C1 3a|koxy, am C 1-3 al kyl am no,

di(C1l ~) alkylamno, cy r|quoron% hyl , Kf ororret hoxy, with
the proviso that if XIS“5 78te dro[ 1, f:% ridin-2-yl, R2is

hydrogen, and R7 is 6-su yﬂﬁlul n- 3-yl _substituent on
the pyridin-3-yl ring is oNner h’an ., and\25 RB is hydrogen or d _3

al kyl. -18 WO 001 72801 PCTI USOOI 14901 A third ar‘tbodl ment of the present
invention is directed to conpounds of structg#al formula (N): OR CO2R8 X

(N) 5 or a pharmaceutically accepta sal thereof wherein Xis R2 R2 R2
NNN.s"~N~, H~ Hand R2, R7 and j\asdeflnedabove 10

Y 1s CH2; O; or NR!;

each R is independently hydrogen or C1-3 alkyl and each non-aromatic ring carbon

5  atom is unsubstituted or independently substituted with one or two R2 substituents
and each aromatic ring carbon atom is unsubstituted or independently substituted with
one R2 substituent selected from the group consisting of

halogen, C1-g8 alkyl, C3.8 cycloalkyl,
10 C3.-8 cycloheteroalkyl, C3_8 cycloalkyl-C1-g alkyl,
C3.8 cycloheteroalkyl-C].¢ alkyl, aryl, aryl-Cj.g alkyl, amino,
amino-C1.¢ alkyl, C]-3 acylamino, C].3 acylamino-C1.¢ alkyl,
(C1-6 alkyl)1-2 amino, C3_¢ cycloalkyl-Cg-2 amino,
(C1-6 alkyl)1-2 amino-Cj.6 alkyl, C1-6 alkoxy, C]-4 alkoxy-C].¢ alkyl,
15 hydroxycarbonyl, hydroxycarbonyl-Cj.6 alkyl, C]-3 alkoxycarbonyl,
C1-3 alkoxycarbonyl-C|.¢ alkyl, hydroxy, hydroxy-C].¢ alkyl,
nitro, cyano, trifluoromethyl, trifluoromethoxy, trifluoroethoxy,
C1-8 alkyl-S(0)0-2, (C1-8 alkyl)9-2 aminocarbonyl,
C1-8 alkyloxycarbonylamino, (C1.8 alkyl)|-2 aminocarbonyloxy,
20 (aryl C1-3 alkyl)1-2 amino, (aryl)]-2 amino,
aryl-Cy.3 alkylsulfonylamino, and C}_g alkylsulfonylamino;
or two R2 substituents, when on the same non-aromatic carbon atom, are taken
together with the carbon atom to which they are attached to form a carbony! group, or
two R2 substituents, together with the carbon atoms to which they are attached, jon to
25  form a 4- to 6-membered saturated or unsaturated carbocyclic ring;

-11-



15 In one class of this enbodinent, R7 is aryl wherein the aryl group is
sel ected fromthe group consisting of phenyl, pyridyl, quinolyl,

pyrim di nylyg op¥dsazi Nyl . pyridazinyl, pyrazolyl, benzof urpdrusoenssor _

di hydr obenzofuryl, and 3, 4-di hydro-2H 1, 4- di oxa5- aza- napht hal enyl , wherein
the aryl group is unsubstituted or substituted with one to two substituents
as defined above, with the proviso that if Xis 5,6,7,8-tetrahydro [

1, 8] naphthyridin-2-yl, R2 is hydrogen, and R7 is

6- substituted-pyridin-3-yl, then the 6-substituent on the pyridin-3-yl ring
is other than pmth . ' j . R7 is quinolyl,
pyridyl, or Zoﬁggn%ii?iafﬁeglcrﬁ@?%&ﬁé\?ggsﬂ?ﬁ)g{né&iym(;?xygﬁtﬁs) ??ﬁ?gﬁ] with one to two
substituents i RiapeRaermaagh weenspdeady hyHREHA Sdeh® Bi¥nyl, Cc 1 4 al kyl,

C|3[( 6I cycl oal Ey(l}}a afrd R43a1@h Kgéetner_ c?{ﬁ%d ﬁtt&kcﬁ 13d ek aﬁicﬁl_ﬁ%l?yd biﬁé%ﬁ&ilth the

al kyl am no, _hydroxy,. cyanqQ, tr uor one rifluoroethyl,

trifluor omef hoRiPVisRifet 349@%3@593&%9&}?1 q%ﬂé%uﬁgh%rrgéﬁ%o that if Xis
5,6,7,8-tetrahydro- [1, 8] naphthyridin-2-yl) R2 is hydrogen, and R~ is

6- subst i t ut edpyi;gli - i Scedabalt o@D eroap cohRmysf di n-3-yl ring
is other than gt‘ﬂ%‘%‘%%{éméﬁegﬁ%g?dggs of this cl ags,pRZ isﬁ%el ected fromthe
group consi sting of hydr@?yen)p Fl‘Hi]’ogen, -19 WO 00/ 72801 ammo, Cl1 4

al kyl am-no, C3_6 cycl oal ®yl - @aplghgl kyl ami no cyano, 5 Cl1_4 al kyl,

cyclopropyljg aryl Cl1_3 alkyl, vy 4 acylamno, C1 _4 alkoxy, 10 Cl_4
al kyl t h~o, am nocar bonyl (C%'éyl al kyl)1 2 am nocarbonyl, C1 ~
al koxycarbonyl, trifl uor%?ret and 15 trifluoronmethoxy. PCTNS00/ 14901 In
a further subclass of th{3 clthiesyl, R2 is selected fromthe group consisting
of hydrogen, hal ogen, 208 NRrrofyl_3 al kyl am no, C3_g
cycl oal kyl net hyl am no, Cl.4 al kyl " cycl opropyl, 25 trifluoronethyl, and
trifluoronethoxy. Anothe )cl a °5¥’thi s third enbodinent is directed to
conpounds of5 structural €rnmuhiazqlyhl): O R X C-2Ra 30 or a pharmaceutically
acceptabl e salt thereof, gyherigighzéiyl,s: - 20
(10) pyrazolyl,
(11) isoxazolyl,
(12) isothiazolyl,
20 (13)  pyrimidinyl,
(14) pyrazinyl,
(15) pyridazinyl,
(16) tetrazolyl,
(17)  quinolyl,
25 (18) isoquinolyl,
(19) benzimidazolyl,
(20)  benzofuryl,
(21)  benzothienyl,
(22) indolyl,
30 (23) benzthiazolyl,
(24)  benzoxazolyl,
(25) dihydrobenzofuryl,
(26)  benzo(1,3)dioxolanyl,
(27) benzo(l,4)dioxanyl,
35 (28) quinazolyl,
-12-



WO 00/ 728D1 PCT/ US00/ 14901 R R2 or N~ HNsf'r' R2 is hydrogen, C1_4

al kyl, or cyclopropyl; R7 is quinolyl, pyridyl, or pyrimdnyl,

unsubst i tut\edomzs(ﬁubstl tuted with one 5 substituent sel e@@ﬁjswgmlc 1 _4

al kyl, C3_6 cycloalkyl ) C 1_3 alkoxy, amino, C 1-3 alkylam no, di (C 1_3)

al kyl ami no, cyano, trifluoromethyl, or trifluoromethoxy, with the proviso

that if Xis 5,6,7,8-tetrahydro[ 1, 8] napht hyridin-2-yl, R2 is hydrogen, and

R7 ~s 6-substituted-pyridin-3-yl, then the 6-substituent on the

pyridin-3-yl ring is ot hag)ttmnndmtynqxey and 10 R8 is hydrogen or Cl1_3

al kyl . Additional enbodi S; e [ directed to
g%gm e| il E@ %{]&a ﬁxz%l’ﬁfhﬁlﬂal%

conmpounds of formlae |- e compounds of the
present i nvent i‘yieresm theapy etoyp a4 d‘ffWP%lP%Yee'l ')‘e’Wl”(é} © (A0pgupsybsiyedRfen, RS is
hydroxy, and R&ubﬁxtméﬁj\ﬁi@g&mto$M6é15L@§t|th¢’ht§1hﬂ¢pﬁﬁdﬂhﬂj/ sel&tédqfdth)&lrde) can al so

(Cal);iZSHt(i\/)n tOh O V %@gg)dalﬁ,ll@%ﬁgﬂ%lfQ%m}p&?’%tcwgglwla&ylf p@es oyi corrpRguEds

of the present AR ARSI k-6 atkyh f-d -3 Acglempno glé\i‘c)’]ﬁ’f‘}é’grqln6 Pl bt 6r
ant agoni sts ar ealkytenihaldi(@Mg)gkylardiho, CM@aﬂ@laﬁﬁhﬂQGnR@]lHyUSC(O:/lJédeQ@larﬁﬂéPyri m di

chdy| 5} ~- 0XO- (91 S?l’kﬁ &1%8‘1]&)&5’@%’95&y{th1& §l]-4 Qﬁﬂ@ﬁ]ﬁx)ﬁl @l Qd&y%hﬁor‘r}]’p@nf| c

3(R) - (Pynni di n- -atkaxyC1ep kY. ydraxvearhongl, hudrpxycabpeyCL-@3kHab kb hyr i di n- 2-yl ) - n
onanoi ¢ aci t) 3{Sky¢aRynyhiCaismkoxytarhensl-Gx.g-a8y(, 55165 Ak Beardnymiy.dyand)

é (8]2 R/Z‘PE; lhygs %ﬁﬂ‘u%l))netﬂﬁnfnq ggﬂ@c? gh lllglgluc}roglet {qp tnﬂuci)roet OIy 8a]nd mtro
2-yl ) nonanoi ¢ avipogdjacent su%stltuents together with the carbon atoms to which they are attached

3(R) - (2- Met hyl -jpisnotoimnrbrey by sibmeMberdd bdurbted oBurisattifatddyihiz@oftdinf-1rapht hyri di

6 L0 S B OB B e i

acid: 20 atoms may be substitute oxoorCj.3a yl w1t the prov1so that i

_3d_( 2- gyfl) opr Opynbmyﬂmr[l G]rﬁpﬁhﬁz&n—5wm19hﬁcﬁ0@n Jan@atye isreadupstitated-pyEdin-8apht hyr
i di n-2yl)-nona

m di n-5-yl)-5- ﬁ;ﬁ%&'gu nttoz’ttr aé?b-@ 9?%]1 gg%/géher th%%methcc)f(yhﬂn yl ) -nonanoi c

acid; 25 3(S)-(2- QIcIopropyI pyrim dm 5-yl)-5-0x0-9-(5, 6,7, 8-tetrahydro-]|
1, 8J- napht hyr i dRhid-hydrpgemamanai dkyci d;

20

hyr| di n-

One embodiment of the present invention is directed to compounds of
structural formula (I),

RS R4 RS HG R7
CO,R®

@)

25  orapharmaceutically acceptable salt thereof, wherein X is

-13 -



3-(2-Methyl -pyrimdin-5-yl)-5-hydroxy-9-(5, 6>7, 8-tetrahydro-[ 1,

8] - napht hyri di n-230 yl)-nonanoi c aci d;

3(R) - (2- MetWYPU@gMM di n- 5-yl ) - 5- hydr oxy-9-0, 6, 7, 8-t et r ahydrashor14901

1, 8] - napht hyri di n2-yl ) -nonanoi ¢ acid; -22 WO 00/ 72801 PGT/ LJS00/ 14901
3(S)-(2-Methyl -pyrim-di n-5-yl}-5-hydroxy-9-(5,6,7,8-tetrahydro-(

1, 8] - napht hyri d~n- 2yl ) - nonano~c aci d;

3-(2- Met hyl - pyrim di n-5-yl)-5-0x0-9-(3-nmethyl -5,6,7, 8tetrahydro-]|

1, 8] - napht hyridnb 2-yl)-nopnanoi c aci d; R?
(R)-(Z-thhyl-pyrinidin-5R§I)-5- - (3- et hyl - 5, ~§%rahydro-[

1, 8] napht hyndi n- 2- yl )¢nhOfanoi ¢ (aci ! )
3(S) - (2- Met hyl - pynm-diin 5-1 ) - 5- (j\' t hyar- 5, tetsahydro-[1, 8] naph
t hyri di n-2-yl)-nonanoigyac ;T; . 3- hyr;-?pyri m -yN
)-7-0x0-9-(5,6,7,8-tetrahydro-[ I 8J-naphthyridi n-2-§l)nonanoi c acid; 15
3(R) -(2-Met hyl -pyrimdin-5-yl)-7-o0x0-9-(5,6,7, 8-tetrahydro-]|

1, 8] - napht hyr i dRHisZrygtlok N bR Dishyaogeh or Ré5 1s hydroxy and R3 is hydrogen, or

3(S) - (2- Met hyl @y i fa4lipz5-yl) - 7- 8X0- 0-

1, 8] - napht hyr i ﬁ g%fsaﬂagtoﬁ%ﬁcar or ﬁggrécgfll d?a’k@n ;)géhéreag &F%qgrl ox[ygen,

3- (Qui nol i n- 3- yYith thg PE3visogbyt oy R aod Rerarepp gy preogyly Rydspgeryri dm 2- y1 ) - nona
noic acid; 5 R4 andR0 are each independently hydrogen or methyl; and R2, R7, and R8 are as

3(R) - (Qui nol i n- &xuld z97,0X%0-9- (5, 6, 7, 8-tetrahydro-[ 1, 8] - napht hyridin-2-yl)-n
onanoi ¢ 25 aci d; ) . . . _

3(S) - (Qwmnol i n-3-yl ) - 5- ox & onqadasg ofthis embpdigiey e RS iy arylgyheredm heRDH BIERIS2- yI ) - no

nanoi ¢ aci d; 30selected from the group consisting of phenyl, pyridyl, quinolyl, pyrimidinyl, pyrazinyl,
3- (Qu ol | 13-yl B Bk 145, B BBl Al RRDLR Y v ) -
onanoi ¢ aci d; ?’ng-(l ?ﬂﬁg‘?&l rﬁ?’f 1%0 -rgl§y§r oxey- 9-'?5_,2%&%', 8-1%%%%&%{;% 1,
8] - napht hyr {&i n-8Zanaphihalamyl; wheaiin the aryh group {yymewsiBIsdh qr whsHOUESHBIh 2%J9 3( S
) - (Qui nol i n- 3- yiwo-sbbsuyeheay dXired abové, With it hedvysdnieat [f X1isS,6,7,8-tetrahydro-
] - napht hyri di n-g- i~C 3 d; , 7 i b . —ovridin-3-
5 (6 Bt hoxy- pyr ARG Biskogen, g s Gbspinged ppidin 3, then e
>8] - napht hyr i di $rePsyusH SRAMopEIdie3-y; nng is other than methoxy.
3(R) - (6- Et hoxy- pyri di n- 34ty hjotter eha-dd tHaSerbhodjmerit R 7 ia qyidolgt, pirid),-onapht hyri dm
2-yl) nonanoj& e IS - . . . .
305 (6 ot by Bl oot o syboigisg vidyone o g ssioqns gemsadenty, g
2-yl ) nonanoi ¢ a ?Ieae rom Haldgen, phenyl, C1-4 alkyl, C3.6 cycloa 9{ 1-3 ‘alkoxy, amino, 1.%
3- ( 6- Met hoxy - pyalkdamBoydijC 153 )atind@ni@ -hydroxy kyBoarifigomethya by dr o- |
1, 8] - napht hyr i diBaasbehy ) QRRBRINGE0R% ), Ind frfluoroethoxy, with the proviso that if X is
5,6,7,8-tetrahydro- [1,8]naphthyndin-2-yl, R2 is hydrogen, and R7 is 6-substituted-
20 pyridin-3-yl, then the 6-substituent on the pyridin-3-yl ring is other than methoxy.

In a subclass of this class of this embodiment, R2 is selected from the
group consisting of
hydrogen,
halogen,
25 amino,
C1.4 alkylamino,
C3.6 cycloalkyl-C(-2 alkylamino
cyano,
C1-4 alkyl,
30 cyclopropyl,

-14 -



3(R) - (6-Met hoxy-pyridin-3-yl)-5-0x0-9-(3-nethyl-5,6,7, 8-tetrahydro-|
1, 8] napht hyri di n-2-yl ) -nonanoi ¢ aci d; : '
3(S)-(6- Metwoxyyasyri di n-3-yl)-5-0x0-9-(3-nethyl -5, 6,7, 8- tpetrraby@ssa-[ 1, 8] 20
napht hyri di n- 2-yl ) - nonanoi ¢ aci d;
3-(2- Met hyl - pyrim di n-5-yl)-5-0x0-9-(3-cycl opropyl -5, 6,7, 8-tetrahydro-]|
1, 8] napht hyri di n-2-yl)-nonanoi ¢ acid; 25
3(R)-(2-Methyl -pyrimdin-5-yl)-5-0x0-9-(3-cycl opropyl -S, 6,7,8-tetrahydro-[1
, 8] napht hyri di n- 2-yl ) ~nonanqi;c Akyid;
3(S)-(2-Methyl pyrimdin-5-y|)-5-0x0-9-(3-cycl opropyl -5,6,7,8-tetrahydro-[!,
8] napht hyri di n-2-yl) - non‘z\z:r}é‘i %:Cy%(r:n?ﬁc});’ 30
3- (2- Met hoxy- pyri m dm 5- f1}4 8kewde- 9- (3- cycl opropyl -5, 6, 7, 8-t et rahydro-[ 1, 8]
napht hyri di n- 2-yl } - nonan@ ¢4 agjithio,3 (R)-(2-Meth ox y-pyrim- d~ n-5-yl
)-5-0x 0-9-(3-cyc 1 opropyl-5>6,7 , 8-tetrahydro-[ 1, 8] 35
napht hyri di n? 2-yl ) - nonandM"%&&PEY- 24 WD 00/ 72801 PCT/ US00/ 14901
3(S) - (2- Met hoxy- pynm-d~n<{&1-glajkybl @amimcerbopyic| opr opyl - 5, 6, 7, 8-t et r ahydr o- [
é, ?]Znapht hyndlm 2-yl )-gonmogimk@qu}bonyg (56 o hydr of

-(2-1sopropyl -pyrimdin-5- - 5-Qx0-9- ,6,7.8-tetrahydro
1, 8] naphthyridin-2-yl) 5 “ﬁ%‘#é%m‘?thﬁaﬂdd; 3 (R -(2-1sopropyl-pyrimdin-5-yl
) - 5- ox0-9- (5, 6, 7, 8-t et r ahgiiwadmeth®ynapht hyndm 2-yl ) nonanoi c acid; 10
3(S)-(2-1sopgopyl -pyrimdin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1, 8] napht hyri
d~n- 2-yl ) nonanoi ¢ aci d; . .
3-(2-tert-Butyl-pyrim di A" 8Myiher %lpﬁlﬁ%-oéET%?I%S,S%?BI-StS@F?%%WWb}te group
1, 8] napht hyri di penisyhg efonanoi ¢ aci d; 15
3(R)-(2-tert-Butyl -pyri mydiReayr, Yyl ) - 5- 0xo-9-(5, 6, 7, 8-tetrahydro[ 1, 8] napht hyr
i di n-2-yl)nonanoi ¢ aci d;
3(S)-(2-tert-Butyl -pyri mgl°8B-yI)-5-oxo-9- (5, 6, 7, 8-t et r ahydr o]
1, 8] napht hya8im 2-yl ) 20 nemamwi ¢ aci d;
3- (2- Et hoxy- pynm di n- 5- ylQdalkxemfho( 5, 6, 7, 8-t etrahydro |

1, 8] napht hyri di n-2-yl)no ' I
3(R) - (2-Et hoxy-pyrim di n@@k%l@ﬁéggﬂo‘ﬁ@a{%m% 7,8-tetrahydro[ 1, 8] napht hyri dm
2-yl)nonanoic acid; 3  C1-4alkyl,
(S) - (2- Et hoxy- pyri m di n- RyMbpropyl0X0-9- (5, 6, 7. 8-t et rahydr o]
1, 8] napht hyggl n-2-yl) nonatnﬁlocr %cthg; %0
3-(2- Met hoxy-pyri m di n-5-9 5‘-%-% 125’-(5, 6, 7, 8-tetrahydro|
1, 8] napht hyri di n- 2- yl ) norfledremethoxd;
3(R) - (2- Met hoxy-pyrim di n-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1, 8] napht hyri di
n-2-yl)35 nonanoi ¢ acid; g @5 NP0 B dient 5 dvetod tjéllc%r%%ounds of

structural formula (1), or a pharmaceutically acceptable salt thereof,

25

R3 R5 R7
CO,R®

(I

wherein X is

- 15 -



3(S )-(2-Methoxy-pyrimdin-~-yl)-5-0x0-9-(5,6,7,8-tetrahydro[
1, 8] napht hyri dm 2-yl ) nonanoi ¢ aci d;

3- (Qui noxal, nh-2-v|)-5-0x0-9-(5,6,7,8-tetrahydro|
1,8]naphthbﬁ&ﬁ%y%él)-nonanoic 5 aci d; PCT/US00/14901

3(R) - (Qui noxal i n-2-yl)-5-0x0-9-(5,6,7, 8-tetrahydro[ 1, 8]naphthyridin-2-yl
)-nonanoi ¢ acid 10
3(S)-(Quinoxalin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1, 8] napht hyridin-2-yl)-n
onanoi ¢ aci d; >

3- (2-Met hyl - pyrim di n-5-yl3 - 5- oxo-9- (583, 7, 8-tetrah ro-%yfbyrido[Z,S-b]aze

pi n- 2yl ) - nonanoi ¢ aci 'a} 2; S/

3(R) - (2- Met hyl - pvri m@jf\w )%ﬂ(\s, 6,7, 8- tlet rah drg/\«EH- pyri dof 2, 3- b]
azepi n2-yl)-nonano~c |ci.h Z )
3(S)-(2-thhy|-pyrinidWh-SJiI)-SQOXONQ-(§:6,7,8-tet¢$hydwo-si:ﬁyrido[2,3-b]
azepi n20 2-yl)-nonanoi c acid;

2pi( ﬁ_ 2/5][ ;]?)r%ngy rjl igkg%g{y?ar%g% i?h}%?ggc% og* §’561s’ }Zjdérgoxty%%cri ﬁQXSq{y%roSgth,%{l{t g[ 2,3-bJaz
3(R) - (2- Met hox yprysorthatrooth-BA 3ndR oacon@-s(ibylGingqulythgtrogény dr o- SH- pyr i do[ 2, 3b] az
epi n- 2- yl') - nonQuiik Gyd6ged; C}.4 alkyl, cyclopropyl, amino, C].3 alkylamino, or

3(S)-(2-Met oxy-gﬁrlnidin-S- | ) - 5-0x0-9-(5, 6,7, 8-tetrahydro-5H pyrido[ 2, 3b]
azepi n- 2- yl Y- nGAARPRYIREhylamRg,

3- (2, 3- Di hydr o-Ryeinguiholyhpy6dy| or pSriroidinyd-uaSibetitited ot sibstititgd with one

1, 8] napht hyr i drnsuBstiilehi<etafea fiemACj-g alkyl, C3-¢ cycloalkyl, Cj.3 alkoxy, amino, C-3

3(R) - (2, 3- D hydgQ;. %§ r an- - -5 - 8- tel. - .

1, 8] napht hyri Ly RS @ﬁ%r).3%8?516‘3“&|°’%?’SQ'-@E‘(’é"\?\ﬁzgoﬁ‘@%ﬁq&%ﬁ&o6’}‘5’_4901
3(S) - (2, 3- Di hydheoprowise tiauif Xris 6,6y7,3-teBalydo] 8[nBpIBhyFid8w-2-pt Ratiylfrdoogen, and

1, 8] napht hyjg dlﬂi@)ﬁ@bd@ﬁﬁ@dﬂ&i@%ﬁ then the 6-substituent on the pyridin-3-yl ring is other
9-(6-thhy|an1nﬁéﬁ¥rhdn}2}% -5-0x0- 3- (pyri mdin-5-yl)-nonano~c aci d;
3(R) - 9- ( 6- Met hyPEHPHBAYP1i n- 2- yI ) - 5- oxo- 3- (pyri ni di n-5-yl ) - nonanozc aci d;
3(S) - 9- ( 6- Met hyRSishwidrogsprar §i1ed k¥ ) - 5- oxo0- 3- (pyri mi di n-5-yl ) - nonanoi ¢ aci d;
10

9 (2- A no-3, 5-di met hyl pyr L dmy 8. 1) 3 GuEL DRI Bidsd & S 0xo- momano
9- (2, 4- Di aninhoppmiprumisof §rugtural TerpRian@hy| - pyri m di n- 5-yl ) - 5- 0xo- nonanoi ¢
acid; 15
3-(2-Ethoxy-pyrinidin-5-y|)-5-oxo-9-(6,7,8,9-tﬁtrahydro-SH—pyrido[2,3-b]aze
pi n- 2yl ) - nonanoi ¢ aci d;

3(R) - (2- Et hoxy-pyrimdin-5-yl)-5:0x049-(6.7, 8, 9-t etrahyelr o- 5SH-pyrido[ 2, 3- b]
azepi n2-yl)-nonanoic acid; 2§ 2
3(S)-(2-Ethoxy-pyrimdin-5-yl)-S ox0-9-(6,7,8,9-tetrahydro-5H pyrido[ 2, 3-b]
azepi n2-yl)-nonanoi ¢ aci d; 3-(Pyrazin-2-ll)-5-o0x0-9-(5,6,7,8-tetrahydro-]|

1, 8] napht hyri di n-2-yl)-nonanoi c acid; 25

3(R) -(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[_

1, 8] napht hyri di Q{_agzhymac%ﬁg}yoqcecp&@iecﬁa]t thereof, wherein X is

B2 R2 R?
N S DA
A, GO, - I

20 and R2, R7, and R8 are as defined above.
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(S)-(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-]|
] napht hyri di n-2-yl ) - nonanoi ¢ 30 aci d;
(2- Met hylweyoragiin- 5-yl ) - 5- oxo-9- (5, 6, 7, 8-tetrahydro- [ 1pdkaleiléyri di n-2-y
nonano~c acid; -27 WO 00172801 PCT/ U500/ 14901
R) - (2- Met hyl - pyrazi n-5-yl ) -5-0x0-9-(5, 6, 7, 8-tetrahydro-|
. 8] napht hyri di n- 2-yl ) nonano~c aci d;
S) - (2- Met hyl - pyrazi n-5-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro-|
8] napht hyri di n- 2-yl ) nonanoi ¢ aci d;
, (8? ng/ELP g;?/i 8?/:][ g?il ;] nglﬂéqugflgssg%?l&sg er&%dcﬁsme?ﬂt?R'ﬁ Etaqumﬁgrre% t[we aryl group 1s
(R) - ( 6- Met hoxyelpsred fdem ithe-goupl donGstingef phensl, gyridy8-quamolyhipydmedifyl, Btazmpht hyri d
n- 2-yl ) nonanoipGrid&ind, pyrazolyl, benzofuryl, diréydrobcnzofuryl, and 3,4-dihydro-2H-1,4-dioxa-
1,( g% hggh,’t\/ﬁ; ?g?ﬁiﬁgg%ﬁ?@%ﬁaﬁgﬁ%gﬁ@g%@& BISpSi’s %hs?xbs%tﬁt%‘cti Bra s%g{tgté& with one to
3- (2- Met hyl ani thye pypsiithends as-defiped at@ve withdhq ro@sathatif Etip 8y/eh-strghydro-
|, 8] napht hyndi n1 gihpin A2 E RAGE Rydréken, and R7 is 6-substituted-pyridin-3-yl, then the
(R) - (2- Met hyl am' n}é]-t%a/]?&fir?i %?er\ 5-¥I l)il}i5c?goxo-d§9- (h5h friﬂe?H 8-t e%yr ahyd)r/ o- [
1, 8] napht hyr i di?R28° 545t 9 RE RYAENSA Lpg s othier thah mietioxy.
3('S) - (2- Met hyl ami no- pyr i Inadpthersclass pt hisexipodiment, B, 7s @unadyly pymidal o |
51 (8]3an::1);[ E)ﬂgi dip Qm)diﬁw,ﬂfﬂﬁlﬂﬁ@tig&d%‘} EuhstitdRd »\iith one to two substituents indgpendeng ‘rah
- (3, 4-Di hydro-, - i - 5 P > Lo < 10 8-t etrahy
dro[ 1, 8] napht h; r F%gdné%rqy%eeﬁoﬂgﬁg{ gqul]g@ % Zyc)"da)kyrrftq).‘falgox(y, arind, -
3(R) - (3, 4- Di hydtglempo, dCaizdalkylammpabydagsiy fvane fifluopemeteylol blo. (s 6, 7, 8-tetr
g?)é;ir ?g1148};ﬁphﬁﬂ%rﬁmlﬂ,zﬁgt’drﬁm&gwQﬁcpniﬂﬁét)rdétlflé’a@, v7vith Ithe proviso that if X is 2 8 tet
ydr o= = di -5-aza-nap N 7- - X0-9-(.5.6,7,8-tetr
ahydro[ 1, 8] nap%térk/%’f‘e&rialﬁy-dég')B?;é?%%tﬁ%q“&_ag@i@3% Rydmg‘ex’ %nd?aols Bsibshitncd:
3- (2- Met hy| Lpy miyridiai3ny gher the §-suissitugny @1 thepyridin-8rybring ig other thamhipethex )y
1, 8] napht hyri di n35 & ydubcR@ARAE ElaRCR s selded frMIRrARGRAsi RagNB00/ 14901
3(R) - (2-Met hyl - pyrim di nﬁ%-rc}/l )l-5- 0Xx0-9-(6-nmethyl-5,6,7,8-tetrahydro[ 1, 8] nap
ht hyri di n-2-yl ) -nonanoi c yamgﬁ;’
3(S) - (2- Met hyl - pyri m di nbaloggn) - 5- oxo- 9- (6- net hyl -5, 6, 7, 8-t et rahydr o[ 1, 8] nap
ht hyri di n-2-yl)-nonano~camiabd;
3- (Benzof urgyn-6-yl) - 5- oxg; 9- 8-tetrahydro-[
1, 8] napht hy%gi n-2-yl)- nogcli%gg@aggﬁ%' 10 )
3(R) - (Benzof ur an- 6- yl ) - 5C&%&ygorlkyléo7 gkylapinghy dr o- [
1, 8] napht hyri di n- 2-yl ) - ngRasoi ¢ aci d,
3(S) - (Benzof uran-6-yl}- 5c?.>&%n%1,( 5,b,7,8-tetrahydro-]|
1, 8] napht hyri di n-2-yl)-nonanoi'c acid; 15 3-(S-Met hoxy-pyri
di n- 3-yl ) - 5- oxo- 9- (5, 6, 7638lopeapyhhydr o-[ 1, 8] napht hyri di n- 2-yl ) nonanoi c
aci d; 25 aryl Cy.3 alkyl,
C1-4 acylamino,

A~ 1

WFRPRWFRWFRPRWTWEFEW
-~

w—

C1-4 alkoxy,
C1-4 alkylthio,
aminocarbonyl,

30 (C1-6 alkyl)1-2 aminocarbonyl,
C1-4 alkoxycarbonyl,
trifluoromethyl, and
trifluoromethoxy.

35 In a further subclass of this class, R2 is selected from the group consisting of
- 17 -



3(R) - (5- Met hoxy-pyridin-3-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro-|

I, 8] napht hyri din-2-yl) 20 nonanoi ¢ aci d;

3(S) - (5- Mvewbosy2spyri di n- 3-yl ) - 5- oxo-9- (5, 6, 7, 8-t et rahydreet/usoo/14901

1, 8] napht hyri di n- 2-yl ) nonanoi ¢ aci d; 25

3- (2- Et hoxy- pynmi di n-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro- SH pyri do[ 2, 3- b] azep
i n-2yl)-nonanoi ¢ aci d;

3(R) - (2-Et hoxy-pyrimdin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-SH pyrido[ 2, 3-b]
azepi n2-yl)-nonanoi ¢ acihgdrog,

3(S) - (2- Et hoxy-pyrim di g §o&J) 5-0x0-9-(5, 6,7, 8-tetrahydro- SH pyri do[ 2, 3- b]
azepi n2-yl)-nonanoi ¢ aci 81

3- (2- Met hyl - pynni dm 5- yPRIm: ox0- 9- (3-vi nyl - 5, 6, 7, 8-t et r ahydr o- [

1, 8] napht hyri di n- 235 yl Ximp#lylehmoaci d; -29 W 00/ 72801 PCTNS00/ 14901

3( R) - (2- Metdiyl -pyrim dmC356Wc)oaﬁty9ﬁ%%y9aT&1§oV' nyl -5,6,7,8-tetrahydro[ 1, 8] naph
t hyndi n- 2-yl ) - nonano~c g:c |

3(S)-(2-Methyl -pyrimdi 54§}}‘3} 5-0x0-9-(3-vinyl-5,6, 7, 8-tetrahydro(1, 8 naph
t hyri di n-2-yl)-nonano~ chﬂoﬂopﬂ

3-(2- Met hyl - pyri m di n- 5yyh) & %m(3 chloro-5,G 7, 8-tetrahydro-]|

1, 8] napht hyri dt n2-yl ) - nonanoi c aci

3(R) - (2-Met hyl -pyrim di r‘i"%“‘?‘l")“"tgo"dxo 9-(3-chloro-5,6, 7,8-tetrahydro[ 1, 8] nap
ht hyri di n- 20yl ) - nonanoi c aci d;

3(S) - (2-Methyl -pyri ni di mrmémasg Pits e bl i Girdenir b EhihAbREL 8 1. 8] nap
ht hyri dtn-2-yl) - nonan0| c acid §

3- (2- Met hyl - py$fusiug! ﬁQrS‘“iﬂ(}H)S 0x0- 9- (3-brono-5, 6, 7, 8-t etrahydro- |

1, 8] napht hyri di n2-yl ) -nonanoi ¢ aci d;

3(R) - (2-Met hyl - pyri m di n-5-yl)-5-0x0-9-(3- bronD 5,6,7,8-tetrahydro20

[ 1, 8] napht hyri di n-2-yl)-nonanoi ¢ acid@;

3(8) (2-Met hyl - pyri m di n-5-yl)-5-oxo}f 9- ( 3- br EOGRE 8-tetrahydro[ 1, 8] naph
t hyri din-2-yl)-nonanoic acid; ¥

3- (2- Met hoxy- pyri m di n-5-yl)-5-0x0-9- (3(%thyl 5, 6>7, 8-t etrahydr o

1, 8] napht hyri di n-2-yl ) -nonanoi ¢ aci d;

3(R) - (2- Met hoxy-pyrimdin-5-yl)-5-0x0-9-(3-nethyl-5,6,7,8-tetrahydro[ 1, 8] na
pht hyri di nld- ypr)amﬁampttcaﬁx;pqgeptgﬂe salt thereof, wherein X is

3(S)-(2-Met hoxy-pyrimdin-5-yl)-5-0x0-9-(3-nethyl-5,6,7,8-tetrahydro[1, 8] na
pht hyri di n-2-yl)-nonanotc aci d;

3- (Qui nohn- 3-yl ) - 5- oxo- 9- ( 3- rrethyl 5,6,7,8-tetrahydraosq 1, 8] napht hyri di n-2-y

) 35 nonanoic acid; -30 wo 0Q S PCT/U???%Tﬁ%?%/
LA A
N N/r"r‘

H

RZ is hydrogen, C1.4 alkyl, or cyclopropyl;
R7 is quinolyl, pyridyl, or pyrimidinyl, unsubstituted or substituted with one

20  substituent selected from C}.4 alkyl, C3.¢ cycloalkyl, Ci-3 alkoxy, amino, C}-3
alkylamino, di(C]-3) alkylamino, cyano, trifluoromethyl, and trifluoromethoxy, with
the proviso that if X is 5,6,7,8-tetrahydrof 1,8 naphthyridin-2-yl, R2 is hydrogen, and
R7 is 6-substituted-pyridin-3-yl, then the 6-substituent on the pyridin-3-yl ring is other

than methoxy; and
25 R8is hydrogen or C}.3 alkyl.
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3(R) - (Quinolin-3-yl)-5-0x0-9-(3-nethyl-5,6.7,8-tetrahydro-|

1, 8] napht hyri di n- 2-yl )nonanoi ¢ aci d; 3(S)-(Qunohn-3-yl '

) - 5- 0x0- 9- Wb ¢Bbdby! -5, 6,7, 8-tetrahydro-[ 1, 8] naphthyri gmdsosAddgpnanoi c
aci d; )
3-(2-Methyl -pyrimdin-5-yl)-5-0xo0-7,7-di nethyl -9-(5, 6, 7,8-tetrahydro[ 1, 8] na
pht hyri di n-2-yl)-nonanoi c acid; 10

3(R)-(2-Methyl -pyrimdin-5-yl)-5-0x0-7, 7-d~net hyl -9-(5,6,7,8-tetrahydro[ 1, 8
] napht hyri di n- 2-yl') - nOna0 @@ egfbbdiment of the present invention 1s directed to compounds
3(S)-(2-Met hyl - rin%ﬁin-5-yt975-oxo-7,7-dinethyl-9-0,6,7,8-tetrahydro[1,8]
napht hyr i di n- 2235 HERLBRE Do g: 15

3- (2- Et hoxy-pyri m di n-5-yl)-5-0x0-9-(3-cycl opropyl -5,6,7,8-tetrahydro[ 1, 8] n
apht hyri di n-2-yl ) - nonanoi ¢ aci d;
3(R)-(2-Ethoxy-pyrinidin-5-y|)-5-oxo-9-(®-cyaropropyl-5,6,7,8-tetrahydr020
[ 1, 8] naphthyridin-2-yl)-nonanoi ¢ acjd; CO.R®
3(S)-(2-Ethoxy-pyrimdin-5-yl)X5-0x0-9>{3-cycl proﬁyl-5,6,7,8-tetrahydro[|,
8j napht hyri di n- 2-yl ) -nonano~c acid; 25

3- (6- Met hoxy- pyri di n-3-yl)-S-oxo-9-(3-cycl opropyl -5, 6, 7, 8-tetrahydro[ 1, 8] na
pht hyri dm 2-yl) - nonanoi c  aci d; s

3(R) - ( 6- Met Rox§t ppisgRcsuqally accgptable saltthersel whergigg% iS5 6. 7. 8-tetrahydro[ 1, 8] n
apht hyri di n-2-yl)-nonanoi c acid; 30
3(S)-(6-Methoxy-pyridin-3-yl)-5-0xo0-9-(3-cycl opropyl -5,6,7,8-tetrahydro[1, 8
1 napht hyri di n- 2-yl ) - nonangi ¢ aci d, 3-(ainnEthyI R?

am no-pyrimdin-5-yl)- )ﬁko-Q-( 6, 2. 8-t etrahydraqg 8 pht hyri din-235
yl)-nonanoic acid; -3 /9 WO 00/ 7280¥~PCT/ US00/ 14901 A
3(R)-(2-Dinethylamn -pqu'{di nk5- yh} - 0;10- R(5, 6,7, gt de_ro[l, 8] napht h

7

yndm 2-yl)-nonanoic acNd; nd N N N

3(S)-(2-Di nethylanino-pyrinidn}éjyl)-5-oxo-9-(5,6,7H8-tetrahydr05

[I,8] napht hyridm 2-yl)-nonano~c acid; or a pharnmaceutically acceptable salt

t her eof . Furt hend REIR/s ancdR$ ere apdefinadabpvesent i nvention are compounds

selected 10 fromthe group consisting of:

3(R) - rin.din-S-yl)-5-0x0-9-(5.6,.7,8-tetr ro- 8 .

Jf n;pgfyhyn 2-y1) }/nz)nar{ggee glasl(sg’;f gxiasérr?bodlmenQWS aryI wl-:l'drem the aryl group is

3(S) - (Pyrim di sel&ad fom the)goou-cossiting oBpltcayl pimigl quipalylgpyrimigimyhpyrednyi- 2- y1 ) -

nonanoi ¢ aci d; pHdALmyR pMeidm! beawfmryn,dihgdr%bwzbméyims@s,a=dil5ydéo-iﬂa-,mbiaahydr o-[

1, 8] -napht hyri (_J)I- n--zéﬁﬁh'ﬁl%?\nlanﬁlrgi ?%:I CI-] 9 is.unsubstituted or substituted with one to

3(S) - (2- Met hyl 2g#T %32 §reig MR AYIGIOUp ipunsubstipuled or substitptad

1, 8] - napht hyr i &vesubstjthgnivssaletines abeyed with the proviso that if X is 5,6,7,8-tetrahydro-

3(R) - (2- Cyakopi pRMhpHMHdM-ELyNRS iyfyHrdpe®sfd R7 (s%6-Sibdutuld-pridiaByd tien(the

1, 8] - napht hyri %néﬁt%-yh)hnonﬁgggc gc'Pbﬂw th th

3(9) - (2- Oycl opPTuYTISIE PG PHIET 1Y) 2B BROH 6 Ps- t et rahydr o- [

1, 8] - napht hyri di n2- yl ) - nomaeibérslaseefdhis gmbodiment, R is'quinolyl, pyridyl, or

3( sz- ( g Mi; hyl ppmidmyqi,iqms&sghm%aed or stzam@ln@twiwah ofe @,té&&xﬁgﬁmi?h?de@nmuﬁ] - napht h

yri dtn2-y1) - noRanQl £ hik n12c Vet ORIV dyBlodikd; €1 % alkoRy, AR

y-9-(5,6,7,8-te??§%yéro; °q 8 FH%,%P% E%nsgx f?kongnofé agi%; 1-3
20 alkylamino, di( 1-3) al ylamino, h)>c/iroxy, cyano, trifluoromethyl, 1,1,1-
trifluoroethyl, trifluoromethoxy, and trifluoroethoxy, with the proviso that if X is
5,6,7,8-tetrahydro- [1,8]naphthyridin-2-yl, R2 is hydrogen, and R7 is 6-substituted-
pyridin-3-yl, then the 6-substituent on the pyridin-3-yl ring 1s other than methoxy.

In a subclass of this class, R2 is selected from the group consisting of
25 hydrogen,

halogen,
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35 -32 wo oonagol PCT/US00114901 3(R )-(2-Methyl -pyri m din-5-yl
)-5-0x0-9-(3-nmethyl-5,6,7,8-tetrahydro-[ 1, 8]naphthyridin-2-yl)-nonanoic
aci d; 3(S) Wsodkgdryl - pyri m di n-5-yl)-5-0x0-9-(3-net hyl - 5pByr/fisstylsgth r 2ahydr o- [
1, 8] napht hyri dm 2-yl ) -nonanoi c aci d;

3(R) -(2-Methyl-pyrimdin-5-yl)-7-0x0-9-(5,6,7,8-tctrahydro-[1, 8] -napht hyrid
i n-2-yl)nonanoic acid; 10
3(S)-(2-Methyl-pyrimdin-5-yl)-7-0x0-9-(5,6,7,8-tetrahydro-[1, 8] -napht hyrid
i n-2-yl)nonanoi ¢ acid; 3@Mno( QUnDhN-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8

] - napht hyndi n- 2-yl ) - nonagq Lfm%%nqlmlS 3(S)-(Quinolin-3- yI) 5-0x0-9-(5,6,7
8-tetrahydro-[ 1, 8]- napht nyr | -ponanoi ¢ aci d;

3(R) - (Qui nol i n-3-yl ) - 5- hrdreossloalkylst @-2?“‘8’1%?9 ahydr o- [
1, 8] - napht hyridi n-2-yl) 20amBonanoi ¢ aci d;
3(S) (Quinol4 n-3-yl)-5- hyﬂr@ggyy—ﬁ (5,6,7,8-tetrahydro-[ 1, 8] - napht hyndm 2-yl)
nonanoi ¢ acid; 25
3(R)-(6-Et hoxy pyri di n- 3cyalgprepybx o- 9-(5, 6, 7, 8-tetrahydro- |
1, 8] - napht hyri di n- 2-yl) nanmﬁq)j;;cau@h,i
3(S)-(6-Et hoxy- pyridin3 ?ram9(5678tetrahydr01
1, 8] - napht hyri di n- 2- yI)nonano c acrd; 30
3(R) - (6- Met hoxy- pyri di n- $1y4 8k®&Yox0- 9- (3- net hyl - 5, 6, 7, 8-t et r ahydr o- [ 1, 8] nap
ht hyri di n- 24y1 ) - nonanoi ¢ CGac4 akylthio,
3(S)-(6-Met hoxy- pyrldea%r?maSrng? 9-(3-nethyl-5,6,7,8-tetrahydro-[ 1,8]3.5
napht hyri di n-2-yl) - nonan0| Cc acl 33 WO 00l 72801 PCTNS00/ 14901
3(R) - (2- Met hyl - pyri m~di n? @1—9|asky§16>@511@306f;§’05)§}0| opropyl -5,6,7,8-tetrahydro [
1, 8] napht hyndt n- 2- yl ) - néhandkexyexbaliyl,
3(S) (2- Met hyl - pyrlmdln 9- (3 cycl opropyl -5, 6,7, 8-tctrahydro
[1,8] 5 naphthyridin-2- yléﬂ%rgméhoﬁc%gm
3(R) - (2- Met Koxy- pyri ni di #Efhopmetimnxyyo- 9- (3-cycl opropyl -5, G 7, 8-t et r ahydr o-
[ 1, 8] napht hyri di n- 2- yI) nonanoi ¢ acid; 10
?( f) 8](2nz|;./gf‘l¥]g§¥l 8?’:}' rﬂna %eﬁ%%glﬁ%siog%gclgss(EZ?%g eapépg%lthegrow CO%S]S'[] ro?hydro
3(R) - (2-1sopropyl - pynm dlhbidrsg%ﬂt) 5-0x0-9-(5,6,7,8-tetrahydro[
1, 8] napht hyri di n-2-yl) nomanagéng: acid; 15
3(S}-(2- Iso%opyl pyrlmdln -yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1, 8] napht hyri
di n- 2-yl ) nohanoi ¢ aci d;

Ci13 alkylammo,

C3.6 cycloalkylmethylamino,

C1-4 alkyl,

cyclopropyl,

25 trifluoromethyl, and

trifluoromethoxy.

Another class of this third embodiment 1s directed to compounds of

structural formula (IV):

o R
A0

30 Iv)

or a pharmaceutically acceptable salt thereof, wherein X is:
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3(R)-(2-tert-Butyl-pyrimdin-5-yl)-5-0x0-9-(5,6, 7, 8-tetrahydro
1,8]naphthyridin 2-yl )20 nonanoi c acid;

3(S)-(2-ten pynm di n-5-yl)-5-0x0-9-(5,6,7,8-tetra

1, 8] napht hyr ? ‘g yl ) nonanoi ¢ acid; 25 I%q./‘%{w“m _
3(R) (2- Et hoxy-pyrim di n-5-yl)-5-0x0-9-(5, 6,7, 8-tetrahydro[ 1, 8] napht hvri di n
-2-yl)nonanoi ¢ aci d;
3(S)-(2-Ethoxy-pyrimdin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[1, 8 napht hyri dm
2-yl)nonanoi ¢ acid; 30

3(R) - (2- Met hoxy- pynm di n-5-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro[

1, 8] napht hyri di n- 2-yl ) nonanoi c aC|d

3(S)-(2-Met hoxy-pyrim din-5- y1) 5-B%o0- 9- (5,6, tetr ydro[l 8] napht hyri di
n-2-yl) 35 nonanoi c acid; oonZSO PZT/ US
3(R) - (Qui noxal i n-2-yl ) -5-¢ i( 7 8rt et kahydr

na

1, 8] napht hyridi n-2-yl)-no

3(S)-(Quinoxalin-2-yl)-5- ox¢+9 (5 6 7 8- tetrahyuro[

1, 8] napht hyndt n- 2-yl ) - nonano~c aci d;

3( R) - (2- Met hyl ]aglfgrﬂydﬂo@cﬁqwa-]@r]Q?nycQoI{r&;)@ 7,8-tetrahydro- SH pyrido[ 2, 3-b] a
zepi n2-yl ) -nonangi c aC|ﬂ 8

3(S) - (2- Met hyl - By Fasingtvh-pyr X‘)O@NB%"W@‘/‘(‘S‘S‘é’svtusﬁdt"éf‘f‘%ﬁﬁ?&#&@#ﬂfi ri do[ 2, 3-b]
azepi n2-yl ) - honsmeiteenasdlagted from Ci.4 alkyl, C3.6 cycloalkyl, C|.3 alkoxy, amino

3(R) - (2- Met hOXyalwﬁmﬂbdilqel%mlwa'@nmg@yam(taﬂﬁorznﬁrhtyebf@mdfoemﬁngawltth[2 3b]
azepi n- 2-yl) - nopnanot 3} q %f 8 _tetrah naph h

3(S) - (2 Nt hoxyTBPTavHiP I oK 536 B8-iabysirg s Slnaphibyidie-2ayhn R wlregshr o[ 2, 3b]
azepi n- 2-yl ) - noRard-mbstuted- pyridin-3-yl, then the 6- substltucnt on the pyridin-3-yl ring is other

3(R-(2,3-Di hydmgnp@mg .dh&n- 6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-|

1, 8]naphthy 8 ¢ a aci d;

3(9)-(2,3-Di yd?o%ﬁg urgﬁ'ggkﬁ) 5- oxo-9-(5,6,7,8-tetrahydro-[1,8]naphthy
ridi n-2yl)-nonanotc aci d,AleBlonal embodiments of the present invention are directed to

ggg °- gg Vet hy Lol brlulle 2TY e RHOR® 1Byl i di n- g v1)-nonanoi ¢ aci
yl am no- py rimdin nonanoi ¢ aci

3(R) - (2- Et hoxy- pyri m d| anlgeernp%%S%(gS@e Rrgsent lée%mf"é? Sé‘?f(}tﬂf% %‘H‘ﬁgﬁ do[ 2, 3- b]

azepi n30 2-yl ) - wherain®3as byirogen, RS is hydroxy, and R8 is hydrogen, such as in structural

3(S) - (2- Et hexy- pivhia ¢y, Barba1dd oxise i@ rifg-£18sed. B aSokebi By diubrurlifd¥lado| 2, 3- b]

azepi n2-yl)-non ic acid; -35 WO 001 72801 PCTI US00114901

3(R) - (Pyrazi n-2*yt)-5-0x0-9-(5,6, 7, 8-tetrahydro-]|

1, 8] napht hyri di n- 2-yl ) - nonanoi ¢ aci d;

3(S) (Pyrazin- 2- yI) 5-oxo-9- (5,6, 7, 8- tetrahydro [

1, 8] napht hyndi n- 2-yl ) - nonanoi c aC|d R* Okhs

X CO,H
(V)
O
R* ©
X i R’
(Vi)
20 Ilustrative but nonlimiting examples of compounds of the present

invention that are useful as ov integrin receptor antagonists are the following:
-21-



3(R) - (2-Met hyl -pyrazi n-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-|

1, 8] napht hyndm 2-yl )nonanoi ¢ acid; 10

3(S)-(2- MvetWryborpsmazi n- 5-yl ) -5-o0x0-9-(5, 6, 7, 8-tetrahydr opctuSonaspit hyri di n-
2-yl)nonanoi ¢ aci d;

3(R) - (6-Met hoxy-pyridazi n-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1, 8] napht hyrid
i n-2-yl)nonanoic acid; 15 3(S)-(6-Mthox y-pyridazin-3-yl)-5-0x0-9-(5,6,7,
8-tetrahydro-[ 1, 8] naphthyri di n-2-yl ) nonanoi ¢ aci d;

3(R)-(2-I\/bt hyl am no- pyri m di n-5-yl)-5-0x0-9-(5, 6,7, 8-tetrahydro-[1, 8 naphth

3(9) - ( 2- Met hyl a%ﬁg’%gﬁ’/ﬁm@glﬁo’?9(3-%-86%3"5 o LEnaphthyndin 2 Yy nonapoic
1, 8] napht hyri di3fg: y| ) - nonanoi ¢ aci d; 25
3(R)-(3, 4-Di hydro-2H 1, 4- di oxa- 5- aza- napht hal en-7-yl ) - 5- oxo- 9- (5, 6>7, 8-tetr

(3(3.4.0 %33?%‘%@”‘5“ e e R T e e LN

hydr o[ 1, 8] napht?fi¥ i di n- 2-yl ) - nonanoi ¢ aci d; 30
3(R) - (2-Met hyl - pyri m di n-5-yl)-5-0x0-9-(6- rrethyl-5 6, 7,8-tetrahydro[ 1, 8] nap

ht hyri di n-2-yl) _al d% 8 )

(S (2 et hyl SRR 505 0r0-,5,6 38 perabadp | SLnaphtpydip 2 ponguols
[ 1, 8] napht hyndi39-y| ) - nonanoi ¢ acid; -36 wo oonzsol PCT/ USOO/ 14901
3(R) - (Benzafour an- 6-yl ) - 5-o0xo-9- (5, 6,7,8-tetrahydro-|

1, 8] napht hyri di % i

3(S) (Benzof ur 5’2{%‘4&?’ %&9 )(]ggg%ig S?gfsrtghahadm[[lgln%ﬁmg’% nh2 ?I'l)dl n-2-vyl
) - nonanoi c¢ acﬂl?“anolcac'd

3(R) - (5- Met hoxy- pyndi n- 3-yl ) -5-0x0-9-(5, 6,7, 8-tetrahydro-[ 1, 8] napht hyri di n-
2-yl ) nonanoi ¢ - - 8-tetrahydro-[1,8)-naphthyridin-2-y]
3(S)-(5-Met hox;e;'m’(ng(2 thy]3pynlr’}]d]g % ¥<D Sé)x?g (%6’; 8tegtr%tyrlg’h[ydr] na}f t y hnapﬁt)hyrl din
- 2-yl ) nonanbi ¢ MQBNpic acid

3(R) - (2- Et hoxy- pynni di n-5-yl) - 5-0x0-9-(5, 6,7, 8-tetrahydro-SH pyrido[ 2, 3-b] a
zepre-yl ) -nona -5-y1)-5-0%0-9-(5,6,7.8-tetrahydro-[1 8]-naphhyridi

3(S)-(2-Et hoxyrbgvﬁ %g‘g#}é’ﬁﬂ ‘;m )g)xoox0 ?Eg 7 tgtr gtrroa[hy(]jrn?)p éﬁf’p;‘/‘r% c}o[z 3-b]
azepi n2-yl ) - norfA#I%C %4

3(R) - (2- Met hyl - pyrlmdln 5- yl)-5-0x0-9-(3-vinyl-5,6,7, 8-tetrahydro20

[ 1, 8] napht | oy 0. 3 ;
3(S)-(2- I\/e%l dj (x: E%Y%)rﬁgﬂéﬁ? dgl 53‘2%(3 oxf)g 916h7y£f tega‘éydso gl %]el}aphthvgﬁnofl, 8] naph
thyridin-2-yl)-¥ mwea%l d; 25

3(R) - (2-Met hyl - pyrim di n-5- yI) 5-0x0-9-(3-chloro-5,6,7,8-tetrahydro[ 1, 8] nap
ht hyridm 2-yl) .

3(S)-(2-Met hyl ﬁg??ir}legﬁr{?@)ﬁjpymg]d(])nx%yg-s(%o ﬁ506r708 teuah%dro !1 %]tnr hth}g]r o][l 8] nap
ht hyri dm 2-yl) - %‘héﬂ’&ﬁ“&'céé‘idd 30

3(R) - (2- Met2yl - pynm-di n- 5- yI) 5- 0x0-9-(3-brono-5, 6, 7, 8-t et rahydr o[ 1, 8] napht
hyridi n-2-yl)- - .

3(S) - (2. Met hyl ”ﬂ@ﬂbﬁg&l ‘?F nmldm 5- -y 55 0X0 gr(g &)7 8- tegah dro- {le%]rngﬂhﬂcljyndm

[ 1, 8] napht hyri M *zowywﬁs*ﬁanm c aC| d - 37

3-(2-Methyl-pyrimidin-5-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-
30  yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-
2-y)-nonanoic acid;

-22-
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3(R) - (2- Met hoxy-pyrimdin-5-yl)-5-0x0-9-(3-nethyl-5,6,7,8-tetrahydro[ 1, 8] na

pht hyri di n-go¥bizsponanoi ¢ aci d, PCT/US00/14901

3(S)-(2-Met hoxy-pyrimd~n-5-yl)-S-o0xo-9-(3-nethyl-5>6, 7, 8-tetrahydro5

[1, BJnapht hyndm ?-yl)-nonanoi ¢ aci d;

3(R) -(Quinolin-3-yl)-5-0x0-9-(3-nethyl-5,6,7,8-tetrahydro-[ 1,

8] napht hyndi n- 2-yl ) nonanoi ¢ aci d; 10

3(S) - (Qinolin- 3@1(2 Mt py@nidir- ‘ﬁr@l)ﬁﬁyﬂvdﬁ)x@ 97,58, 1,8 tdtahytds- 0§ 1 aBlthpidue-Dy r i di n

- 2-yl } nonanoi c aﬁ c acid

3(R) - (2- Met hyl - By AR 1 ) - 5- oxo- 7, 7- di met hyl - 9- (5, 6, 7, 8-t et rahydr o( 1, 8]
napht hyri di n-2-yl)-nonanoi ¢ acid; 15

3(S)-(2-Met hyl - pyzmrwmy&nwmsgvr)@@m?g G-RERBL 1Y 17 :8%etcthy §ro 1 81-haphighysr o] 1, 8

] napht hyri di s onanoi ¢ acid; 3

(R -(2- Ethoxg pyr %ﬂqﬁﬂ?%ﬁc )-5-oxo-9-(3-cyclopropyl-5,6,7,8-tetrahydr020

[ 1, 8] napht hyri di n-2-yl)-nonanoi ¢ aci d;

3(S) - (2- Et hoxy- @oﬁ)l(m\mtmifpyﬁﬂn}mrﬁsws &cocéia:iyh@iwps 6178LtetPah§dré.[881-et r ahydr o[ 1,

8] napht hyndi n- 2 % 8 ng 5

3(R) - ( 6- Met hoxy "FRAIYEFR: Y;P?m%0%§8 9- (3-cycl opropyl -5, 6, 7, 8-tetrahydro[ 1, 8

] napht hyri di n-2-yl ) - nonanoi ¢ aci d;

]3( S) hfﬁ MséI hoxxzmwr(v Sidhny8pyhohrdfr- 9&9590)«63) QyRbapr Ry 8-térdydodt 8t rahydro[ 1, 8
napht hyri di n

3(R) -(2-Di nethyF%WﬁWogwyrﬁhfgmnmgamﬁ) 5-0x0-9-(5, 6, 7, 8-tetrahydr o
1, 8] napht hyri di n-2-yl ) -nonanoi ¢ aci d; and

3(S) - (2- Di met hybap Inidney pysmickH- 5y B-7Vx0-05¢ 56 n8 Setfefiydio T1, B Aaphihaiginl2aB5
[1, 8]naphthyr|d|n 2- xl%dnonan0|c acid; -38 WD 00/72Z801 PCTNSO0/ 14901 or a

pharnaceutlcall9 %%%ep abl e sal't thereof Even further illustrative of the

compounds ofl5t he present invention are 5 the foll ow ng:

3(S)-(2-Methyl - cml(mwamyl.‘i;yuh)dnﬁsqnor ok (56,7 88ettadydraly 8- suphthyddin2appt hyri d

in-2- yI)nonan0|c aci.d

3(S)-(2-Met hyl - 9??3*39 *5-yl)-5-0x0-9-(3-cyclopropyl -5, 6, 7, 8-tetrahydro|
1, 8] napht hyri di n-2-yl)-nonanoic acid; 3 (S

) - (2- Et hoxy- pyr B(B)QBJMeﬁr)’IJp)'nrﬁrdﬁP(ﬂyQ ko8- (5,6, B8 ketteh RYAT, Gl naphth Rl el

yridi n-2-yl aon i ;
3(5)-(2- N@t%gx %Qapﬁﬁggd I) S-ox0-9-(5, 6, 7, 8-tetrahydrof

1, 8]naphthyr|d|n 2 yI)nonan0|c aci d;
3('S) - (2- Met hoxy 3QuinGlistB1)55- wlo)%& 6% 8-t&rahpdr6-[ 7,8 Bndphthyadiy-dryd)-fordami¢ adid[ 2, 320
b] azepi n- 2-yl ) - nonanoi ¢ aci d; an
3(S)-(2, 3-Di hydr o- benzof ur an- yl% t et rahydro- |
1, 8] napht hyri di ARARPINERENSr ToRH40, 6 ?é te}rahadrﬁﬂéﬁhﬂwuwwa12rx}) BRERGIE abl e
salt thereofRs Fagiduse in nedicine, the salts of the conmpounds of this
invention refer

3(S)-(Qumnolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-nonancic

acid;

30  3-(Quinolin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yl)-nonanoic

acid;

3(R)-(Quinolin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-y!)-
nonanoic acid;
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to non-toxic "pharmaceutically acceptable salts.” Qther salts may, however,
be useful in the preparation of the conpounds according to the invention or
of their 30wplbarsmceutically acceptable salts. Salts encegrass@dod thin the
term "pharnmaceutically acceptable salts” refer to non-toxic salts of the
conmpounds of this invention which are generally prepared by reacting the
free base wwth a suitable organic or inorganic acid. Representative salts
include the follow ng: acetate, benzenesul fonate, benzoate, bicarbonate,

bi sul fate) bit ag@y-ad@nolHO3-AY-8,hybroRPI9A8,6, BbtetraltyatdIfm 8| Gapimyrafie2-yhar bonat e)
chl ori de) clavg%%p%gg .&itrate, di hydrochl ori de, edetate, -39 WO

001 72801 PCT/ UsUb/14 6&’edtsylate, estol ate) esylate, fumarate, gl uceptate,
gl uconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabame,
hydr obroni de, hy.qs-Baak @pyrilien-3§)B-nyNenbIT Baatydroq o Heaphttsatini DAt e,

| actate, |ac ob&gﬁq& aciJg_aurate, mal at e, mal eate, mandel ate, nesyl ate,

nmet hyl brom de, nethylnitrate, nethylsulfate, nutate, napsylate, 5 nitrate)
N- net hyl gl ucant ne ammoni um salt, ol eate, oxal ate, panpate (enbonate),

pal nttate, pantaRheaEHRxy-pHAERBLES-GkPDOSHNBtEerahpao) §B]-agihtyaaat Byl)-
salicylate, stearate sylfate, subacet ate, succinate, tannate, tartrate,
teocl at e, tosylgF@?mf??éthiodide and val erate. Furthernore, where the
conpounds of the Invention carry an acidic noiety, suitable

phar maceut i ¢@l | y(SReEBHBbRARDRIEAS YH-I-HRX-205,6,MB)ettaRgdrug € 8 Rhaphthlyriamiza)-10
salts) e.g., Sogcim‘ér%i%ci ot assium salts; alkaline earth netal salts, e.g.,
cal cium or magnesiumsal'ts; and salts forned with suitable organic |igands,
e.g., quaternary ammoni um salts. The conpounds of the present invention can
haveI chiral CenB-@(B-Meﬁ'ﬁ)dy-@ﬁﬁthﬁ-bL&&)-DGWQ—(M&?@!EQ,HHISelgtraHygﬁﬁ[II}j&}-nlﬁﬂ)mﬁyﬂirdﬁls,
single enantiongrs, diastereoneric 15 m xtures, and individua
diastereoners,ngbﬁﬁmg%%ﬁ?ggheric forms being included in the present

i nvention. Therefore, where a conmpound is chiral, the separate enantiomers
or di ast er eonmer $(R)g6HMk A Y-patidin-3Ey1B8-006-91(Benctiyh8)6,7, SBetaliydel-Ucd Wi t hin the
scope of the in%?ﬂhb%%fJiﬂ%%&%ﬁmiQ&g“ded are all mxtures of the two
enantiomers. Song 0 gﬁe npoundS descri bed herein contain ol efinic double
20 bonds, and unl ess specified otherwi se, are neant to include both E and Z
geonetric | SOMERES)-(GNEEhoRY-piritEn-8 MR UXElS-(slakthyi-D,6d, shefrsyaron@s]exi st Wi t h

di fferent pggnt%i%[ agt_g ﬂRQ;ngfagxdrogen, referred to as tautoners. Such
an exanpl e y é’gwﬂ‘Poﬁé and 't &enol form known as keto-enol tautoners.
The individual tautonmers as 25 well as m xtures thereof are enconpassed

Wi thi n the C0WEQleﬂ@v&tm-tp&ﬁ}ﬂi_dﬁ{—£§ﬁ{3toxitoml@Q_iyb]@ﬁpop_ﬁ@mw@ﬂd&h?drol[l'l,e]t-_pr esent 1

i nvention nay I int.o .di astereoi soneric pairs of enantioners by,
for exanple, fr§%@?§ﬁ§ﬁ4§ﬂ§2'?ﬁ??%%?ion froma suitable solvent, for
exanpl e, methanol or ethyl acetate or a mxture thereof. The 30 pair of
enanti omer S|25 hU3(K)m?m@‘ipwildhﬁS@BWi)ﬁi%¢-¢Yﬂ¥0§rdpﬂlgﬁ,&V,‘Suf‘llrahSﬂlﬁf[?,G]-SOﬁ?(rjs by
conventional ne .Qr . by .the use of an optically active acid as
a resol ving ageﬁ%@“BPg%?ﬁﬁﬁﬁgyﬁgfEéda chiral stationary phase.

Al ternatively, any enantioner of a conpound of the present invention may be
obt ai neld by st eBestﬂmcdu]{yilm&ymhbeﬁ)%ompmgcyzmﬁrml-m,7m4reear@t1ﬁr-[ul&}g
materials or re ts.of, ko onf.iguration. -40 WO 00l 72801

PCT/ US00/ 1490t i%%@“?ﬁ%fﬂggg$%rﬁﬁg%dthe scope of the invention are

pol ynorphs 8Ad hydrates of the conpounds of the instant invention. The

pL esent inventi Qr(ziNmﬂxdxgi@@ﬁMdnhEfyl)i-i—gxcﬁ@@%/clﬁilpﬁ%&lsl?eﬁQf-tetfrd‘}@?imgmapundS of
this invention. | er . pL.adrugs w e functional derivatives 5
of the conpoundgm%w%%ﬁvgﬁk'0§#§?%%&%hich are readily convertible in vivo
into the reduired conpound. Thus, in the nmethods of treatnment of the
present inventi gR)-@MethXyPyriaiih 518} £ox NG (3-8R@propyNS.6)TBBSatybR- [ 8¢at ment

of the varigus %%gﬁkhpgﬁiwgggcrlgggdmnth t he conpound speci Fcal |l y di scl osed

or with a conpou C y Hor' e Specifically disclosed, but which

converts to the specified conpound in viva?4t0 after administration to the
pati ent. Conventional procedures for the selection and preparation of

sui tabl e prodrug derivatives are described, for exanple, in "Design of
Prodrugs," ed. H Bundgaard) Elsevier, 1985, which is incorporated by
reference herein in its entirety. Metabolites of these conmpounds include
active species produced upon introduction of conpounds of this invention
into the biological mlieu. 15 The term"therapeutically effective anmount”
shal | nean that anmount of



a drug or pharmaceutical agent that will elicit the biological or nedical
response of a tissue, system aninmal or human that is being sought by a
resear cher vaooozhggdi Ci an. The term "~ntegrin receptor ant agppkdliageas used
herein) refers to a conpound which binds to and antagoni zes either the
av(33 receptor or the av~i5 20 receptor, or a conpound which binds to and
ant agoni zes a conbi nation of these receptors (for exanple, a dual
av(33/av(35 receptor antagonist). The term "bone resorption,” as used

her ei n) ref er s3(Sp(2-Methok peasiading S whicdkoos (3egclopipgl- 16,0 18ackeahlydiod 1 ,8Fhe term
"al kyl " shall ranched chain al kanes of one 25 to ten
total carbon a‘?@ﬁ@?ﬁ&&@ﬁgkm% graa\?\nthl nthis range (i.e.) net hyI et hyI)
lpropyl, 2-propyl, n-butyl, s-butyl, t-butyl, etc.). The term"al kenyl
shall nean st rm(gnbpmpylwyaﬂﬁdiﬁfd }Gjmloﬂo-al(fge,naacméhytmwl $]@aﬁhﬂryntimtayl)car bon
atons) or apy Qéjnrzlbc%a thin this range. The term "al kynyl" shall mean
straight or” branc c?l'ual n al kynes of 30 two to ten total carbon atons, or
any nunmber within th| s range. The term "cycl oal kyl" shall mean cyclic rings
of al kanes of B(fRT)QEIsTer YIg¥inti@ih 3Ly 810RE-0-(85 T [BstetraHydRNY,8 MEFHASHdING-2-41)-n t hi s
range (i.e., Xc?l ﬁ‘%? cycl obutyl) cyclopentyl, cycl ohexyl, cycl oheptyl
or cyclooctyl) f erm "cycl oheteroal kyl ," as used herein, shall nean a
3- to 8 35 nmenbered fully saturated heterocycl i c nng containing one or two
het er oat omg0 ¢ haSegR-1ségropyl-pimidih-5 A303- 0 RETHIHO,0 81 Bdh drol 108 Aphthidiar2-yF)-

Exanpl es of cy%nggﬁgg&gal kyl groups include, but are not limted to

p| peri di nyI pyrrohdinyl) azetidinyl) norpholinyl, piperazinyl. The term
"al koxy," as used herein, refers to straight or branched chain al koxi des of
t he nunber of Rmbmmmplmwnﬁmecsi-)ﬂ}-edxé-e (g,é7SG&trﬁxyajokn&}yi;aphtrqﬁdmm/ymurrber
wWithin this rag(?ﬁmg Cafdr et hoxy, ethoxy, etc.). The term"aryl," as used
herein, refers t0 a nonocyclic or bicyclic systemconprising at |east one
aromatic rildg, wherein the nonocylic or bicychc systemcontains 0, 1, 2, 3,
or 4 heteroat o&(s{)qmgnut_f/r Einiklin G-ylp6-050-946,6, 7viletraiydrof h&lnaghtogidint Lylpr
bicylic systen]a 1% gr unsubstituted or substituted with one or nore 10
groups independently selected from hal ogen, Cl_g al kyl, C3 _g cycl oal kyl,
aryl, aryl C1 3 alkyl, amno, amno Cl1_6 alkyl, Cl 3 acyl amno, Cl1 3

acyl amno C 63@)—1@/—|:en—lﬁilly_lﬁpyahk§ihénjl)lﬂpx@9. -(B6 aJSMydrﬂllyﬂmpl,K}ﬁaﬁti@h&ylz)yl)di (C1L_6)
al kyl am noyqdi ﬁ%n&% Pkyl arriino-C1 6 alkyl, C1 ~ alkoxy, C1 ~

al kyl t hi o, I%y sul fnyl, C 1-4 al kyl suI fonyl, Cl1L 4 al koxy Cl1 6

al kyl ) hydroxycar bonyl) hydroxycar bonyl Cl1_6 al kyl) 15 C 1 5

al koxycar bony! 3-(%Eihox 3-pghiainS-gh)esnol9-G,617,8-tuahydyd[ 1 8madhtbyidimeyhnyl C 1 _6
al kyl oxy, hydrgxv..ibydgoxy Cl1_6 alkyl) cyano, trifluoromethyl,
trifluoromethoxy, oxo) and C 1 _5 al kyl carbonyl oxy. Exanpl es of aryl

i nclude, but are not limted to, phenyl naphthyl, pyridyl, pyrrolyl,

pyrazol yl , 2pyr a(ZR')F(SNEthqaprmmdiimy-lyl)-5-dslﬂod9iécﬂ,’y8-,tetﬂabydzb[mBQiHIphIhyﬁc)mQ-yl)-

benzt hi azol yl, ng%gg,%aaol yl, quinolyl, isoquinolyl, quinazolyl, 20

qui noxal yl, indolyl, thlenyl furyl, benzofuryl, dthydrobenzofuryl,
benzothlenyl benzo(l 3)d|oxolanyl, benzo(1, 4) di oxanyl, oxazol yl,

i soxazol yl, t hBé&éagR-Erhoxy-peirhidazDlyhiS)yoxartd(5t661.8-terrohydrol 1 Bimaphthyardé-2yh)-her
unsubstituted ﬂéna%b‘x@%tlhi uted with one or nore groups independently selected
from hal og%n C3_g cycloal kyl, aryl, aryl C1 3 alkyl, am no,
amino C1 aIkyI Cl ~3 acylamino, C1 _3 acylamno C 1-6 25 aIkyI C1
6 al kyl ani no, 3@- Metlﬁ)xahiyyhm -B-yb)-Loxo-9-65 @7 Rydtrahghro[(l B]riaphtbyridib-Ryl)am no, di
(C 1-6) alkyl amfglgo] E al kyl, Cl~ alkoxy, Cl_4 alkylthto, Cl_4

al kyl sul f nyl , . f’ yl sul fonyl Cl~ al koxy Cl1_6 al kyl, hydroxycarbonyl,
hydr oxycar bonyl Cl1 6 alkyl, C 1 5 al koxycarbonyl) C 1 3 al koxycar bonyl C
1 6 alkyl, hydtmxymlnmmiynﬁixdkné@l)ajk);d@@67Bydrahxqr¢[lmr@pmoyndﬁi2@])al kyl ,
cyano, tri fﬁuo;,g,qg%@%d trifluoronethoxy, oxo, 30 and C 1

al kyl carbonyl oxy. Preferably, the aryl group is unsubst~tut ed nono-, d-~-,
or tri- substituted with one to three of he above- naned substltuents nor e
preferably, the aryl group is unsubstituted, nono- or di-substituted with
one to two of the abovenaned substituents. \Wenever the term"al kyl" or
"aryl" or either of their prefix roots



35 appears in a nanme of a substituent (e.g., aryl COg alkyl), it shall be
interpreted as -42 WO 001 72801 PCT/ US00/ 14901 ntl udng those |imtations
gwen abovewoo/7isal Kyl " and "aryl . " Designated nunbers of pefi{§faR4st ONs
(e,g.) Cl1_g) shall refer independently to the nunber of carbon atons in an
al kyl or cyclic alkyl noiety or to the alkyl portion of a |arger
substituent in which al kyl appears as its prefix root. The terns

"arylal kyl" and "al kylaryl" include an al kyl portion where al kyl ~s as
defi ned above #B§ (A MieihBey-pghamidin-uylylS-P@rd-(50677, Bharahydofll 8lhphasridief2-yipd
above. Exanpleﬁrﬁﬁﬁ@%y&alkyl i nclude) but are not limted to, benzyl,

fl uor obenzyl , Broro enzyl, phenyl ethyl, phenyl propyl) fl uorophenyl ethyl,
chl orophenyl et hyl , thienyl methyl, thienylethyl, and thienyl propyl. Exanples
of al kylaryl i nedudéexalih2tylps-exd-0-(5617,4-letthiiydfb(,8napiahyirine)-ybindyidoenzene,
propylbenzeye,mggthylpyridine, et hyl pyri di ne, propyl pyridi ne and

butyl pyridine. Thn the conpounds of the present nmventton, two R2
substituents, when on the sanme carbon atom can be taken together with the
carbon at om t o3 i(Qbinbhigiy-22y1% 5 akb3ABBch, 8-@tchipidfe] & sapitRyidin-gfyDHonanbi The
tern1"ha|ogen"a§@all i nclude 1 odine, bromne, chlorine, and fluorine. The
term "oxy" neans an oxygen (O atom The term "thio" neans a sulfur (S
atom The term "oxo" neans "=0', The term "carbonyl"™ means "C=0." The term
"substituted" ssakQuihexatinangylsoRo-LsbiTtketeittytiopl ,8nastEliyeiRisn-DH1)A0nanoic
substitution by.a named substitutent. Were multiple subst~tuent noieties
are disclosed or 'clained, the substituted conpound can be independently
substituted by one or nore of the disclosed or clained substituent

noi eti es, si ngBy2-Mettpl-pyrahidib-5-BY-5-oxdePESsIE Bidtiah gdrb SH-fyiide[d)3-blhzepm-2veant
that the (two gfﬂ&%&g%aaubstituents can be the sane or different. 25 Under
st andard nonne 3Iature used throughout this disclosure, the term nal
portion of 1¥he designated side chain is described first, followed by the
adj acent funct B@atMethyl-pwamnillid-Be1)Eooxu-9-¢5,6, 38 {tardhparoiSH-pyeidoGbiptepin-a Cl- S
aIkylcarbonylagR@gEQ%*ﬁH% yl substituent is equivalent to O-C _6

al kyl -NH G C~_ 'Kyl . "I'n choosi ng conpounds of the present invention,
one of ordinary skill ~n the art will recognize that the various
substituents, B(-(2-Kleth-pyiRidirR8-y1)BRdoxoR6(5,6368-tetrhBydro-$B-HHHd[2305] azepin-

PCT/ USO0/ 14801 ,Rs, - a qmﬁ%krare to be chosen in conformty with well-known
principl es “of CHQH]C& strdcture connectivity. Representatwe conpounds of
the present invention typically display subm cronolar affinity for the av
i ntegrin recepBaRMethaiipyfithi@a5yyEHex@9{ 56,7 8netrahydio SH-pRRIPIXB-Blazépitnpounds
of this inventiﬁgmg&%kﬁgﬁrefore useful for treating mammal s suffering from
a bone conditidn caused of medi at ed by i ncreased bone resorption, who are
in need of such therapy. Pharnacol ogically effectwe anounts of the
conmpounds, 25nc BuRli-@MaheyrpyeatidihSay)-y-oas-8-€R6al8HetragtidossH-pytde#,3- ar e
adm ni stered t Ba .0 L.ahibit the activity of manmalian

ost eocl ast s. 1%ﬁ%ﬁgng§ﬁ%§%ﬁ1égg%&the present invention are adm nistered in
dosages effective to antagoni ze the av(33 receptor where such treatnent is
needed) as, f oR3(HXANMtRoxytpIritridn{SryEVE6Ld-9405,67,8tetehlydB5i-pyridoRt3RBOpor 0Si S.

blazepin-2-yl)-nonanoic acid;

30
3-(2,3-Dihydro-benzofuran-6-yl)-5-ox0-9-(5,6.7,8-tetrahydro-[ 1,8 naphthyridin-2-yl)-
nonanoic acid;

3(R)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8 Jnaphthyridin-2-
35  yl)-nonanoic acid;
- 26 -



[l'lustrating the invention is the method wherein the av integrin receptor
ant agoni zing effect is an av~i 3 antagoni zing effect. Mre particularly, the
15 av~3 antwgeishng effect is selected frominhibition tr RASs01
resorption) restenosis, angiogenesis) diabetic retinopathy, rracu? ar
degeneration, inflammation) inflamuatory arthritis, viral disease, cancer,
and netastatic tunor growmh. In one enbodi nent of the nmethod, the av(-~3

ant agoni zing effect is the inhibition of bone resorption. Another exanple
of the inventiofsy@ tDmydeitebihesShns-6RE9-8/6,78-tbtdng ol [N, 8 TRaFIRRrRlin-2-

ant agoni zi ng efflec IS and_av(35 ant agoni zing effect. Mre specifically) the
av~35 ant agoni 208194 s sel ected frominhibition of restenosis,

angi ogenesi s, diabetic retinopathy, nacul ar degeneration, inflammation,
cancer, and MetaglthlamEyrdinOWNs-dkUBLBGEmidi-SShmdhaddg: &g i nvention is
the nethod wherein the av integrin 25 receptor antagoni zing effect is a
dual av(33/ av~i 5 ant agoni zing effect. Mire particularly, the dual

av( 33/ av(35 antXBRpoH(EMethybnfiaepyridin-2-9l)eco@e3-{pyomidih-Skylt-ramanaé acidione
resorption, restenosis, angiogenesis, diabetic retinopathy, nmacul ar

degeneration, infl ion, .viral, disease, cancer, and netastatjc tunor
grgwt h. Mre p %X-@MW&P}'WWH’[—H@- f?f@‘%’&\)’&ﬁ‘fq“bﬁ'yﬁénoﬁa%"rc aceut i cal 30

conposition conprising any of the conpounds described above and a

phar maceut i gal lg/pagqaRtPhlifnm piFim-6- nz-BQﬁfmeﬁ%@mﬁni@iﬁ-stﬁﬁsloﬂéﬁﬁéiﬂah&@ 'S a
phar maceuti cal conposition nmade by comnbi ni ng any ‘of the ‘conpounds descri bed
above and a phaFFWaceuti cally acceptable carrier. Another illustration of
the invention -44 WO 00/72801 PCTI US00114901 is a process for making a
phar maceuti cal £EMPPRNTHPIimRERGIyDLNA-HANRLIYHREABYYS-ok dForaRIP A4S

descri bed above and a pharmaceuti'cal |y acceptable carrier. Further
illustrating the invention is a nethod of treating and/or preventing a
condi ti on n¥Edi &-@cEthgxyapyriamydiniSsyh-doxe-(6.7. 8t eaghydre-Tiepppiod?.3-blrzepit 2nanmal
in need thereofy) cpaRishdi@ adm nistering to the mammal a therapeutically
effective anount of any of the conpounds descri bed above. Preferably, the
condition is selected from bone resorption, osteoporosis, restenosis,

di abeti c reti ncl{B)-B/Ethpaepyramididegdheoat-Pdh,.ShtgiraydreeSH-pyride{habbeedier osi s,
inflammation) in{hasgmbeyiqarthritis, viral disease, cancer, tunmor grow h)
and netastas|s. re preferably, the 10 condition is selected from

ost eoporosis and cancer. Most preferably, the condition is osteoporosis.
Mor e speci fi cal3(§)-ExEthptyi-pyyimridiniSd)-5-nveht(6,8.8, 9-tstrahydwst Hbpyrisho[ 3-blskapimg an

i ntegnn ant agon_giRenaAbic@6ld; ~n a nmammal in need thereof, conprising

adm nistering to the manmal a therapeutically effective anmount of any of
the 15 conpounds or any of the pharnaceutical conpositions described above.
Preferably, the-(Ryrazgr2-gl)drxadeditz]. hiptreliidee{l,81naphthyadint 23yl xreragwnacidng
effect; norgs specifically, the av~i 3 antagoni zing effect is selected from
inhibition of b esor pt | i bition o t engst.s. 4 nhibiti.on of

at her oscl er osi sﬁg?'ﬁﬁtﬁr %H‘?‘ah%g xoé&ﬁ&ﬁg‘{jge'lrﬁcgrg%dl}o'mﬁf%ﬁh |y8ra1mbif'§]gp%’ﬁ3?lf c
retinopathy, imsidition of macul ar degeneration, inhibition of

i nflammation, 20 inhibition of viral disease, and inhibition of cancer or

[ h. h . j Zi ef f [
"mnibi ti on of bERROSRAr s are Ao g A UL AT L rg

effect is a#f avqeB5 ant agoni zi ng effect or a dual av(33/av~i 5 antagoni zi ng
effect. Exanples of av(35 antagonizing effects are inhibition of

restenosis, ather l.erosi s, .anai oge ' di abeti £ retinapat macul ar 25
degener ati on, i%}‘ﬁ%ﬁ?’(f%‘ﬂ'@iyﬂ%o |§;§Zész8teéﬁgy‘ﬁ%1[fi§]f%ﬁ trl?'“ﬁﬂh’%%%’gr owt h.

Addi ti onal exanmpinesoiofcidshe i nventi on are net hods of inhibiting bone
resorption and of treating and/ or preventing osteoporosis in a mammal in
need thereof, conprising admnistering to the manmmal a therapeutically

ef fective anount of any of the conpounds or any of the pharmaceuti cal
conposi tions decribed above. 30 Additionak7illustrations of the invention
are nmethods of treating hypercal cemia of malignancy, osteopenia due to bone
net ast ases, periodontal disease, hyperparathyroidism periarticular
erosions in rheunmatoid arthritis) Paget's disease, imvobilization-induced
ost eopeni a) and glucocorticoid treatnent in a mamal m need t hereof,
conprising adm nistering to the manmal a therapeutically effective - 45
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PCT/ US00/ 14901 anmount of any of the conpounds or any of the pharnmaceuti cal
conposi tions described above. Mre particularly exenplifying the invention
i s the usewgfooazspt of t he conpounds descri bed above in thpchosmadssii on of a
medi canent for the treatnment 5 and/or prevention of osteoporosis in a
manmal tn need thereof. Still further exenplifying the invention is the use
of any of the conpounds descri bed above in the preparation of a nedi canent
for the treatnment and/or prevention of bone resorption, tunor grow h,
cancer, rest ergiR)-Q-Mathghpyasain-6ry0)si-sxo-H(5 618 tetrahgtitor(d Bataphth yridin-aHydy
degenerati on, ﬁ"ﬁg*ﬁm ﬂfll’l on, inflammatory arthritis, viral disease, and/or
angi ogenesi s. o) exenpllfylng the invention are conpositions further
conprising an active ingredient selected fromthe group consisting of a) an
or gani ¢ bi sphoxphQ@ME®RyepyraiphgRaea9( 567 Bytetaigapta8lmpihyridioR-ydst er

t her eof ) b) er§0%%rgogce£&u{ eceptor nodul ator, 15 c)an androgen receptor

nmodul ator, d)a cytotoxi Clantiproliferative agent,e)a matrix

nmet al | oprotei nase inhibitor,f)an inhibitor of epidermal-derived,

fi brobl ast - der3.veemletheiy-pyxaia@he}tylusrdxwob@rw&etraﬁmd o &napBtgliain-2-yiji bi t or of
VEGF, h) an ant ::Ipq]g% W grow h factor or to a growh factor receptor,i)an

i nhi bitor of Ky "Flt-1, Tck/Tie-2, or Tie-1,]j)a cathepsin K

i nhibitor,k)a grow h hornone secretagogue, 25 1)an i nhi bitor of osteoclast
prot on ATPESE, FR}MBE-Methoky-paidagin-2iplsioxase(5iH, BS-tduangies| 19&Thaphaiyedin(24ylRA) , n) a
t unor - speci fi Cno%%dup?g&’ I nterl eukin-2 fusion protein,o)an inhibitor of

HVG- CoA reduct ase p)a prenylation inhibitor, such as a farnesyl
transferase inhibitor or a 30 geranyl geranyl transferase inhibitor or a
dual farnesyl /gsn gyl ok ppytidatkin Bag §-6+0a6-0-(5 6LV, Hictratiydraaf1cB Jnaphthyridia-2tipr eof .

(See, B. MII b &ra&lj.. , "Dom nant - Negative Inhibition of Flk-1 Suppresses
the G owm h of ny unor Types in Vivn", Cancer Research, 56, 1615-1620
(1996)) 3~1hich is i ncorporated by reference herein inits entirety). - 46
WO 001 72801 P@kym%m&lpﬁrrmﬁﬁrﬁplb-w,oxbmSmmmmgnrceplj,aqmphtr@nmamct ed
fromthe gr oup, 991%':151% a(g a) an organi c bi sphosphonate or a

phar maceut i caIY?/ accepta e salt or ester thereof, S b)an estrogen receptor

nodul at or, c) an androgen receptor nodul ator, d)an i nhi bi tor of osteocl ast
prot on ATPase, B{Ra2- M&Hyﬁﬂl@d—pﬁfmlﬂhﬁ-@é-dxeﬁdﬁtﬁﬁﬂi&;euaﬁﬂfrt)-al,&]aiﬂh&gﬁﬂiﬂ- K

i nhi bi tor an r hereof. Nonlimting exanples of such

bi sphospho%@t eg B]l%fl% i%Sac{déndr onate, etidronate, pam dronate, risedronate)

i bandronat e, and pharmaceutically acceptable salts and esters thereof. A
particul arly pseher-MethyBinsphpaihidinad-e))i5soxaloIdosatrehydidb| 168) paphihatidiyi-

al endr onat e ”DQ‘@C}%L&H& LI gjhydr ate. Nonlimting exanpl es of estrogen
receptor nodul ators-i rclude est rogen, progesterin, estradiol, droloxifene,
ral oxi fene, and tanoxifene. Nonlimting exanples of

cyt ot oxi c/ ant i prOMITikydAs-2HE , AGORE-S-agd-Raphehsleh-7-)-Hoxd-845,6.8,8-tetrabblirast i ne, and
doxor ubi ci n. __ L¥,gknown as cathepsin 02, is a cysteine
prot ease and i g @@ﬂ Ehl D E%[Ia lﬁtaér hati onal Application PubI i cation No.
WO 96/ 13523, published May 9, 1996; U. S. Patent No. 5,501, 969> issued March
3, 1996; and U3R)-(PAtmhydrdNaH- 154-didka-3aZa-naphehaked-7A0)-5ox-P-(1,6 9B  teadhlydof  whi ch
are incorporat en n their entirety. Cysteine proteases,
speci ficall gp%]g%psh?kﬁkgﬂ’?g%%&(ﬁq%% a 25 nunber of disease conditions,
such as tumRBr netastasis) inflammation) arthritis, and bone renodeling. At
acidic pH s) Ca(ﬂ)&msimsydecaane@ﬂ@deﬁIayqsﬂaphth@mhhéyg)eﬂox@i(i]e,psitarqhmbease

i nhibitors can ne resorption by inhibiting the

degr adati on of [%:gp lQllﬂ%(-,}'rrf %@?g&zﬁhé%éﬂ?@ thus useful in the treatnent of bone
resorption di seases, such as osteoporosis. 30 Menbers of the class of

HMG- CoA r ﬁdUCt ase- Md’ﬂg@l-@iylﬁﬁ{d&\—SJS'DCBM%ioaQ_(d-ﬂetB')}ISl@,V,Grtara'lhydlaA[HSIihﬁ[ﬂiﬂl}ﬁ'iﬂ%jﬂd ]EO
trigger thesgr one, replacing bone nmass lost as a result o

ost eopor os:%s (2&)}1%%&“ %‘VfcpSt reet Journal, Fnday, Decenber 3, 1999) page
Bl). Therefore, the statins hold prom se ¥or the treatment of bone
resorption. Nonlimting exanples of statins are |lovastatin, sirnvastatm
atorvastatin, and 35 pravastatin. - 47



WO 00/ 72801 PCTI US00114901 Evi dence for a crucial role of the

ur oki nase- ur oki nase receptor (u-PAu-PAR) m angtogen~sis, tunor invasion,

i nfl ammat i evo ooagds mat ri x renodel i ng duri ng wound heal i ngp&fidsddgysdl opnment
has been presented [see Y. Koshelnick et al., "Mechanisnms of signaling

t hrough Uroki nase Receptor and the Cellul ar Response,” 5 Thronbosis and
Haenostasis 82: 305-311 (1999) and F. Blasi, "Proteolysis, Cell Adhesion,
Chenot axi s, and I nvasiveness Are Regul ated by the u-PA-u-PAR-PAl-1 System"
Thronbosi s and(kir@Msthispysinddin-2A 35 INE-9(B-IM-5,6Th8ieerabyaieei fi ¢ ant agoni sts
of the bindin - PA. 1. P ve.heen found to inhibit cell-surface

pl asm nogen agtl{gjlngtﬁ?tgﬁf&]@a%fﬁgﬁ?]@?&%,’cpand angi ogenesis in both in vitro and
in vivo 10 nodels. H N. Lode and coworkers in PNAS USA 96: 1591-1596 (1999)
have observed ﬁsf)ﬂ(armétﬁyliﬁrim_‘l?iﬁcstﬁ)-b{akcwgwnﬁmy&@,fﬁim(ng'trﬂgalfﬂ-ckav |2 )nt fegrg n

ant agoni st an t r- cific antibpdy-cytokine (interleukin- usi on
protein in S?hg“’g}naagli@%ﬂ%%g'y:}))fnogﬁ%oﬁ‘i‘qaclr%])d;ous tunor netastases. Their results
suggested this conbination as having 15 potential for the treatnent of
cancer and nmetBa@EeaidfGrah600)-5-9kOM$6,7 BRetrdhy S, 3thkPrE gndh20M)-icdakeetind on t he
api cal nmenbr anaiof t he osteocl ast has been reported to play a significant
role in the bone’resorption process. Therefore, this proton punp represents
an attractive target for the design of inhibitors of bone resorption which
are pot entjl | 3RMBehedfufa@i6-yIne oks-0ds 688 te@ahydfor [@\8gwph®iridih-230)-embedPOor 0Si S
and rel ated el olic diseases (see C. Farina et al., "Selective inhibitors
of the osteoclast vacuol ar proton ATPase as novel bone antiresorptive
agents," DDT, 4: 163-172 (1999)). Evidence has been presented that
androgeni ¢ st e3(9)-@Benfdfayn-8-yWRy-8x©H-0F6,0 Bletkdlydroi (0,81 daphtaiamh-paivhamdic bone
mass in nen angd.somen and that 25 androgens act directly on bone. Androgen
receptors have beéen denonstrated in human osteobl ast-1ike cell lines and
andr ogens have been shown to directly stimulate bone cell proliferation and
di fferenti ati o3(5-MethoRy-pyriiint3$1)ddxor 856, B8cerah gdroti8InhghtiSridin-Bei s, " The
therapeutic usg of i%{}%{,ogens in wnen," J. Steroid Biochem Ml. Bioi., 69:
177-184 (1999) an . A" Hansen and S.P.T. Tho, "Androgens and Bone Heal th,"
30 Semi nars in Reproductive Endocrinology,"” 16: 129-134 (1998). Thus,
androgen r eCfeDJ(RD-(Mﬁtﬂoﬁjl-@f/l‘idiﬂmw})hﬁwﬁ&l(ié,"V,Byet;taﬂ’lyd;]rbff1,BIn@ﬁHtIi\j&iﬂlln-a-r}lﬂ-
prevention . in wonen. Activators of the peroxisone

proliferat %(? a&ggr\?/oé%%z&r eceptor y (PPARy), such as the thiazolidinedi ones
(TZD s), inhibit osteoclast-like cell 35 formation and bond resorption in
vitro. Result s3se@FoMehidxpyyridin-Oybsadsio-®{5,637,8-tdtrahydrd-B1, 8 InaphhyBidin/2 @01
PCTNS00/ 14901 Fndocnpnel.oey, 140: 5060-5065 ( 1999) point to a |ocal

mechani sm on bone nmarrdw cells as well as a systenmc one on gl ucose

met abolism Nonlimting exanples of PPARy activators include troglitazone,
pi oglitazop®) 3I-@SEHbiy-prromdin-HyighsBib-9496TR-teflleydpr-S3-pptida[218-diizeom2t s al so
directed to COﬂE—h&%&iQ?& of the 5 conpounds of the present invention with
one or nore agehts use uF’ in the prevention or treatnent of osteoporosis.
For exanpl e, the conmpounds of the instant invention may be effectively

adm ni st er ed i ARy¥Bithoay-paimidi-5yRHicaoi9-(8®, Tetvetralwiro S H-plytido{ 2, adpéaatnsuch as
an organi c bi SQ_nggmg;&tagid. an estrogen receptor nodul ator, an androgen
receptor nodulator, a growth hornone secretagogue) a cathepsin K 10

i nhi bi tor, 3&n HVG CoA reductase inhibitor, a PPARy activator, or an

i nhi bitor of t/e)(SE®OLY-pRimidinad-gh5AXRa96,6,78ddirktydradH-pyridi§2, 3-blazeps of t he
| nvention are gejt f,.lyeating tunor growth or netastasis in a mamml in
need t hereof, gg%?ﬂ%ﬁ"%g“é‘dm nistering to the mammal a therapeutically

ef fective anount of a conpound descri bed above and one 15 or nore agents
known to be cyB-@-vttgl-gpithdmed-yiSroabioe-virdl-S 6,7,8-kealodropdBaehfridine- present
invention gan ?l‘?—n pbRisyered in conbination with radiation therapy for
treating cancer “and netastatic tunor growh. 1n addition, the integnn av~i 3
ant agoni st conpounds of the present i nvedPton may be effectively

adm nistered in conbination with a growh hornmone 20 secretagogue in the

t herapeutic or prophylactic treatnment of disorders in calciumor phosphate
met abol i sm and associ ated di seases. These di seases include conditions which
can benefit froma reduction in bone resorption. A reduction in bone
resorption should inprove the bal ance between resorption and fornmation,
reduce bone loss or result in bone augnentation. A reduction in bone
resorptton can alleviate the pain 25 associated with osteol ytic | esions and
reduce the incidence and/or growth of those | esions. These di seases

i ncl ude: osteoporosis (including estrogen deficiency) inmmobilization,

gl ucocorticoi d-i nduced and senile)) osteodystrophy, Paget's disease,

o " o r o e T Y oy - I L N



30 cal culus, hardening of the arteries (sclerosis), arthritis, bursitis,
neuritis and tetany. Increased bone resorption can be acconpani ed by

pat hol ogi c@ld dg7d¥opgh cal ci um and phosphate concentrati onsp% Putdifadidl asne,
whi ch woul d be alleviated by this treatnent. Simlarly) the present
invention would be useful in Increasing bone mass in patients with growth
hor none deficiency. Thus, preferred conbinations are sinmultaneous or 35
alternating treatments of an av~i 3 receptor antagonist of the present

invention and RR)-$EMeth y@,@%&%wﬁ)B%olgt@QQMWsw@mmo -hor none

secr et agogue, ?%hp g@ % udrqg hird conponent conprising an organic

bi sphosphonat & BREYY Py IAPBHAFY nonosodi um trihydrate. In accordance
with the nethod of the present invention, the individual conponents of the

combi nati on can ﬁgmpﬂ,y}ﬁﬁaﬁg ﬁeg%&g.tgqhym%n s 1 §-euanfdard-i mes 5 during the

course of ther concurrentl or srngle conbi nati on fornmns.
The instanf’iﬂ@&%ﬁ?@ﬁy?@'#H%}@FB %C?% be understood as enbracing all such

regines of sinmultaneous or alternating treatnent) and the term

"adm ni stering ISIeIh‘}l DRinhiBined-P5-81R6-0a@ CRIAS-B Bl N8-tetrhhythd-11, A}apHidg AR 00d
that the scope, 0 fbj hat,i ons” of the conpounds of this invention with
other agents u% GPZP8?2¥V%atrng i ntegrin-nedi ated 10 conditions incl udes
in pnnciple any conbination w th any pharmaceuti cal conposrtron useful for
treating ogj eopRy @ﬁmchyﬁaymﬁqr 161 8Ldo- I BEcH RSB0, CRERAFdEJ-on" is intended
t o enconpass aH rodg&tﬂéoqp gsrn t he specified |ngred|ents ~n the

speci fied amuht®dnaPRBYGdR2-Ysnonaloif gl et which results, directly or
indirectly) fromconbination of the specified 15 ingredients in the

speci fi ed anmoufibso-NRfy pﬁ,tmmumdﬁr -dxb®- chﬁﬁ)%lB 6i7BRRkHyaf-can be
pigal y? éé tabl et s, capgﬁles (each of which

adm ni stered | sa
i ncl udes sustaﬂﬁi F %Eélﬁr aW@ﬂm? | ease formulations), pills, powders,
granules, &ixirs, tinctures, suspensions, syrups and emnul sions. Likew se,

they nmay al so he. mém rlbfrhﬁiaﬁds 1) 5LAXbIAEROHS-S (6008-tebraidar [ 18] AdpH iy ih»
|ntraper|tonea% I cal (e.g., ocular eyedrop), subcut aneous,

i ntramuscul ar P)f? ﬂ@ﬁé? | (e.g., patch) form all using forms well known
to those of ordinary skill in the pharnaceurical arts. An effective but

non-t oxi ¢ anousR) QiMe*ﬂ?yr 99&?991% ﬁsscsxroe;i(scrﬁamtae ENptNR@As an av(33

ant agoni st , Th e |I|z|ng t he conpounds of the present
i nvention 2% | @iﬂ ggWE g%y B@BPﬂéﬂ% with a variety of factors including

type, specres) age, weight, sex and nedical condition of the patient; the
severity of tngssontietiyRfydfighes(8aked. aliibims Bms.Rlr.ni stration; the

renal and hepa ctl at.i.en and thé particul ar conpound or
salt ther eof ehﬂﬁ8§§ y“ﬂﬁg%ﬁgPﬂQPW ﬁmgkrlled physrcran veterinarian or
clinician can readily determ ne and prescribe the effeetwe anount of 30 the

drug requi pgd BQZ-Me%%‘%?Ip ARG ST)-6x0M- (aeﬁEtthlh% PRAGFMA§&EoOf the condition.
vention, when used for the indicated effects,

Oral dosages o e n

will range bet&kgﬂﬂﬁﬁaﬂﬁ‘ngHHWEnwéP By of body wei ght per day (ng/kg/ day)
to about 100 ng/ kgl day) preferably 0.01 to 10 ng/ kg/ day, and nost
preferably 0. 139 (ir@etm&lggﬁﬂmn 5EL5-8X2b-(RARIhI-$b.7 Rtbedhydrbhe compositi ons
are preferably[géovrhg1 d qug t he for of tablets contarnrng 0.01, 0.05,
0.1, 0.5) 1.0) [beIByphagdinggsy “°T§°‘6“‘ 5.0) 50.0, -50 WD 00I 72801

PCTI US00/ 14901 100 and 50U milligramns of the actwe i ngredient for the

synptomati c adrzwsl(m&hda pghﬁumg@ges &@ggaem@mprtsem sliQraRgdrb eated. A

medi canment typrcal Eg%# § rom ab 01 ng to about 500 ng of the
actwe ingredi eft? ﬁﬁ@? 9‘"?*%&?&8 ut 1 ng to about 100 ny of active

i ngredient. Intravenously, the nost preferred doses will range from5 about
0.1 to about 1@< Jnlsgh algrbtﬁom@wglemppestsaara ?@&)ql B]?r%b’rﬁhﬁi’dmZyl)-
Advantageo ly, the preSent 1 nvention may be adm nistered in a
singl e dail 3 ngﬁmo PC he total daily dosage may be administered in divided
doses of two, three or four tinmes daily.-Furthernore, preferred conpounds
for the present invention can be adm nistered in intranasal formvia

topi cal use of suitable intranasal vehicles, or via 10 transdernmal routes)
using those forns of transdermal skin patches well known to those of
ordinary skill in the art. To be admnistered in the formof a transdernal
delivery system the dosage adm nistration will, of course, be continuous
rather than intermttent throughout the dosage reginen. In the nethods of
the present invention, the conpounds herein 15 described in detail can form
the acti ve ingredient, and are typically adm nistered in adm xture with
sui tabl e pharnaceutical diluents excipients or earners (collectively
referred to herern as carrrer natenals) surtably selected mnth respect to

o Y o L N .



25 with any oral, non-toxic, pharmaceutically acceptable inert carrier such
as ethanol, glycerol, water and the |ike. Mreover, when desired or -
necessary, wolhgaghe bi nders, lubricants, disintegrating ?&ﬁﬂ g coloring
agents can al so be incorporated into the m xture. Suitab nders i ncl ude
starch, gelatin, natural sugars such as glucose or beta-lactose, corn

sweet eners) natural and synthetic guns such as acacia, tragacanth or 30
sodi um al gi nate, carboxynethyl cellul ose, polyethylene glycol, waxes and the
like. Lubricantgpy@Rthdin- 3tyhsa§%x9«)s(§9ﬁetﬁ>@fsr@7 8-Rtabiifo- Fﬂﬂh&’pﬁﬁh@/h@ﬁtﬁyl) sodi um
stearate, nmagnesium stearate, so di'um benzoate, sodium acetafe, sodi um
chlori de and t F8M"K&d sintegrators include, without linitation, starch,
met hyl cel |l ul ose, agar, bentonite, xanthan gumand the |ike. -51 WO

00/ 72801 PCT/US@QQ@@%BEn?Qﬁ)§8ﬂﬁ§¥ﬁ9§u@fs%h§;Q&QﬁﬂﬂiuHﬂM$H%M&ﬂnQ%m also be
adnlnlstereg in the, forn1o | t posone délivery systens, such” as sra

uni | anel | ar “vedPR"RE 2%\dar e uni | amel | ar vesicles and multil anel | ar
vesi cl es. Liposones can be forned froma variety of phospholipids, such as

chol esterol, stae@rmétﬁwﬂ;en%negs@ﬁpbﬁ&vdy&ﬁaﬁﬂ@es‘ﬁs.@ﬁpw@ds of the

pr esent |nvent| ivered by the use of nonocl onal anribodtes
as i ndi vi dual égghgq%h$ﬁmhﬁWﬁﬁmPﬂ@“Eﬁﬁbound mol ecul es are coupl ed. The

conpounds of the present invention may al so be coupled with sol uble

pol yner s asjot ar3@§( @enA B nk@h %eflﬁs oﬁ'r“?b d%lkt)ﬂ?iﬁf & 6B diAR)didle

pol yvi nyl pyrro ﬁ@§ﬁ§§¥V1§ﬁﬁd§°

polyhydroxypro
pol yhydr oxy- et hyl aspart am de- phenol) or ponetherneoxide-polylysine
substituted wi t3|(S)R@|Métﬁﬁ}ﬂynﬁﬂ§h @%55 mFdJWJalﬁﬁéfﬂylﬂ)- stenes-epapRENds of the

present inventi cl ass of blodegradable pol ymer s
useful in achlé8gwnqﬁgﬁppb2WBJmP@P55§glof a drug, for exanple, polylactic
aci d, polydﬁycollc acid, copolyners of polylactic and pol yglycollc acid)

pol yepsi | on carzt@m& Qfrimidh Ry s- ewﬂw&yendp?op@ps @,7,8leuwRor t hoester s,
pol yacet al s, ﬁf @ﬁ # B Hy noacryl ates and crossl tnked or
anphi pat hi ¢ bI @ IVﬁ% d dP"ﬁV zﬁé@ In the Schenes and Exanpl es
bel ow, various reagent synbol s and abbreV|ations have the foll ow ng
meani ngs: 20 Acgkl. écﬁfadn@ pynm1dm 5 -3-0X0-9-(3-¢ lopropyl -5,6,7,8-tetrahydro-

aci dBH3DWVS: Ror Boc) : t - But'yl oxycar bonyl'BOP: Benzot ri azol
-1-y|oxytrf@(dﬁﬂgfﬁ9§§W¥ ?ybHBEﬂWBHFUh1hexafluorophosphate25
CBZ( Cbz) : Car bobenzyl oxy or

benzyl oxycar bonyd)GRIEex mludms &R)-6 -5y hens: -
(S &%ﬂ gﬁ%r of o%@% Di et h yrahydm

chl ori deCH3CN: ,?g%[ %] I’Id| e
azodi car boxyl at'eBI"AB HYIUEHY dvp'gfﬁﬁECarboxylateDlBAH
or DI BAL- H: Di i sobut yl al umi num hydri deDl PEA: Di |sopropylethylanrne35

DVAP: 4- DI wezshylmmen - ‘ﬁ?n 5-0x¥0. ?Q&aaﬁaayﬁéﬁ RIBRQAYARO0 L
DMVE. 1, 2- Dt net h 6%{‘1 :;FIQ o 1ctah}ﬁ f or mam deDVBO. D~net hyl sul f oxi deDPFN:
py 3 @ 7 MO

3,5-D nmet hyl -

nitrate5EDC: 1- (3-Di et hyl ami nopropyl) - 3- et hyl car bodi i m de HCI Et OAc: Et hyl
acet at eEt OH: Et applctHiabso dfn-2G1) BHRO B B:=ddp ey =56, A8 ANRAYRS |

azol e10HOBT: 1- Hé%&ﬁ‘ﬁ@%ﬁgfﬁ%h 3).?eHP Hléﬁmpgr %rnance Ilﬁﬁ?d
chronatographyl P ‘b ¢ I8P%Pbr eLDA: Li t hi um

diisopropyﬁ@nldeNeCH Met hanol | SMNNG. 1, 1- et hyl - 3-nrtro-1-ni trosoguani di neNE
th B;jTr i ﬁlt hyl gmp DAINEE By tpyhmtm?lsmte@gé\ld%%ﬂmac& Es-feaaRyam di ne

ydrochl ori de n activated carbon

cat al yst 20Ph: Pﬂi’%ﬂ 6\1}@,{&1 “I'g]yﬁélr?&'\?fcfa(ﬁ‘rﬁ c

aci dTEA: Tri et hyl ami neTFA: Tri fl uoroaceti c aci dTHF: Tetrah ydrof uran25TLC: Thi n

Layer 3-(2- Dlmethylammo '\Fynmldm -5-yN)-5-0x0-9-(5,6,7,8-tetrahydro-[1, 8Jnaﬁ)_hthyndm -2-
ChronatogrqghyT DAaNc o Tetranethylethylenedlan1neT rimethylsilyl
The novel coan Qﬁ ?he present invention can be prepared 30 according

to the procedures of the foll owi ng reacti¥dnr Schenes and Exanples, or

nodi fications thereof) using readily available starting materi al s,
reagents, and, where appropriate, conventional synthetic procedures. In
these procedures, it is also possible to nake use of variants which are
t hensel ves known to those of ordinary skill in the organic synthetic arts,
but are not nentioned in greater detail. For exanple, replacing 35
5-forrnyl - 2-net hyl - pynm-d~ne 1-6a) in Scheme 1 with the appropriately
substituted -53 WO 001 72801 PCT/ US00/ 14901 aryl -CHO affords the
correspondi ng conpound wherein the aryl group R~ is other than

2-met hyl - pynm di n-5-yl. Resolution of the racemc mxture of (R and (9S)
keto dlesters 1 88 can be acconpllshed by HPLC chronatography on a chlral

o ~l I AN



20 compounds of the present invention. They are not, however, to be
construed as formng the only genus that is considered as the invention.
The Exanpl ewoéumsther illustrate details for preparation etrivbemasipounds of
the present invention. Those skilled in the art will readily understand

t hat known variations of the conditions and processes of the follow ng
preparative procedures can be used to prepare these 25 conpounds. Unl ess
stated otherwi se, all operations were carried out at room or anbi ent

t enper at ure, af@R)abRIDimetiplamaioliyeisnidines-yp§ore9-E@l8-waahyded WO 00/ 72801

SCHEME t PCTNS VN ORGH3 1~1 1,2 CHO 10% Pd/C N _NH _1_
\Nl _N CO CH E?pcﬂ)%ﬁ%fgg i;l%%rﬁo&fgﬁiﬁ‘e) t 0 1-44 CH3PO(OCH3)2 n-Bu Li N

C02CH3 THF) -78 C1-5 HON ~ | OCH3 OCH3 1-6 HN ~ ~/ / N'CH3 1-7 H3C y N
~ CHO 1-6a K200®)-(Difimeth@amind@yRf ER301)-SCkENES §,7(30efihylirod O N | N- / | ~ N

NCH3 1-7 G Iﬁt@]ﬁa&h’th@dﬁn'ﬁy]'}-‘ﬁ&naﬁmc acid;

or a pharmaceutically acceptable salt thereof.

Further illustrative of the present invention are compounds selected
10 from the group consisting of:

3(R)-(Pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8-naphthyridin-2-yl)-nonanoic
acid;

15 3(S)-(Pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-nonanoic
acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7 8-tetrahydro-[1,8]-naphthyridin-2-yl)-
nonanoic acid;

20
3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Cyclopropyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8}-naphthyridin-
25  2-yl)-nonanoic acid;

3(S)-(2-Cyclopropyl-pyrimidin-5-y1)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-
2-yl)-nonanoic acid;

30  3(R)-(2-Methyl-pyrimidin-5-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-

2-yb-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-hydrox y-9-(5,6,7,8-tetrahydro-[1,8}-naphthyridin-2-
yl)-nonanoic acid;
35
-32.



PCT/ US00/ 14901 di et hyl mal onate cat. NaCEt Chiral cel AD chromat ographic
resolution 1-8a R=Et 1-8b R=Et aq. Et 1-9a R = H NaOH, 1-9b R =-H Et OH
1-1 CGaR = R =FEaq.R 1-11 aR = H NaCH, 1-11 bR = heat
o3 o e S P T PCTI US0] 14901 3(S or beirbsdihast

R) - (2- Met hyl - pyrim dm 5-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro-f

1, 81napht hyri di n- 2yl ) -nonanoi c acid (1- 11a) 5 Step A, 6- Oxo-heptanoic acid
nmeths ester (1-2) To a rapidly stirred mxture of diethyl ether (175 m)

and 40% KOH ( Q?R%)Méthﬁlopgnméﬁ%dﬂfﬁ-owy% ‘95% 17 81%§a}w3l?3 ?l 8‘§The m xture

was stirred fo er eal Iayr was tr dtoa
sol ution of 6-AREbYFEARBMEnapGicRreidi11 10 (5.0 g, 34.68 mol) and CH2Cl2 at
0C. The solution was purged with argon for 30 m nutes and then

coter 1. 22 a5 ‘T ararRRRIRSRTES S84 S Fors BTN RR (500 e
CDC13) 8 3.67 neghthwign-2ahgengneioagid 2.33 (m 2H), 2.14 (s, 3H)) 15 1.62 (m
4H). Step B: 5-f1, 81-Naphthyridin-2-yl-pentanoic acid nethyl ester (1-4) A

m xture of 1- TED|1) 7. 5 - - 1 i ey (552 no,
4.52 mol) (ff?f‘“(@elﬁ‘%‘?zl‘ ‘i’%“ﬁ\)’ﬂd‘seey1 °;“%x§?( 6@1 f%s@%ﬁ%%ﬁwgﬂ" ??Dand 20
prohne (260 ng‘)o“@o?@chﬂrml) in absol ute et hanol (23 m.) was heated at refl ux
for 18 h. Followi ng evaporative renoval of the solvent, the residue was

hr omat | o t , t at

chr omat o phogh ( Shi P RIEL YL 10558, SLASIRNE L ARR A el 21 )
(300 MHz) CDOMgpangicgicisg (m  1H), 8 | 6 (d) J =8.0 Hz) 1H), 8.10 (d, J=8.3 Hz,
1H, 7.45 (m 1 H, 7.39 (d, J=8.3 Hz, 366(3 3H), 3.08 (t, J=7.6

R, 2H) 2. 39 by ‘%}rr?"“?'ﬁ’%fnapht ;/59748 &%@Hgll- 178) otk ndﬁgt)gkﬁﬁoﬁyl

5-(5,6.7,8-Tetra ridin pen ol C met
ester 1 5 A maﬂdure of 1=44 (630 ng, 2.58 mmol) and 10% Pd/ car bon (95 ng)
in 15

3(S)-(Quinolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-nonanoic

acid;

3(R)-(Quinolin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-

20 nonanoic acid;

3(S)-(Quinolin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-yl)-
nonanoic acid,

25  3(R)-(6-Ethoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(S)-(6-Ethoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8}-naphthyridin-2-yl)-
nonanoic acid;

30
3(R)-(6-Methoxy-pyridin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8]-
naphthyridin-2-yl)-nonanoic acid,

3(S)-(6-Methoxy-pyridin-3-y1)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1 ,8]-
35  naphthyridin-2-yl)-nonanoic acid,
-33.



EtOH (25 nL) was stirred under a ball oon of hydrogen for 72 h. Foll ow ng
filtration and evaporative renoval of the solvent, the residue was
chr omat ogr apbest26@i | i ca gel, 70% et hyl acet at el hexanes) tp@rﬂ}sl{(ﬁ4ao‘155 as a
colorless oil. -57 WD 00l 72801 PCT/US00/ 14901 TLC R f = 0. 58 (silica,
ethyl acetate) IH NWVR (300 MHz, CDC13) b 7.05 (d; J=7.3 Hz, 1H), 6.34 (d,
J=7.3 Hz) IH), 4.72 (s, 1H), 3.66 (s, 3H), 3.40 (m 2H), 2. 69 (t, J=6.3 Hz,
2H)) 2.53 (m» 2H), 2.33 (M 2H), 1.90 (m 2H), |.66 (m 4H). 5 Sten D:
2-xQ 6-(5,6,73 )t(QIM@thCHyﬂmﬁdlﬂ-ﬁ%l)'Slambjﬂyfzy&’éd?op%d ylo)yrhemyahogponi ¢ aci d
di met hvl ester o ut| on |rret hyl  met hyl phosphonate (13.20 g,
106.5 nmol) in® |d ) was cooled to -78 and treated
dropwi se with 2.5 M n- BuLi 10 (42 3 nm). After stirring at -78 for 45 mn,
a solution of eg) nmaﬁ,ﬁpgrﬁmmugs yB65-8x I d ycl dpr F56358 @rdnysRy 1 @¢ded
dropw se an the sy 19 solution sti rredyfor mn at -78, quenched
with sat. " F(hi}@ﬁ' Hﬁ'y TRENOE Facted with et hyI acetate (3 X 150 nl).
The conbi ned organic extracts were dried (MgS04), filtered, and
concentr at ed te £ & V16th Sk yYRhibRdih BLy1)-5-606-9 6 5@, Stehrhloydrd) {,8( 5%
MeOH/ CH2CL2) af %%ﬁ‘% as a)l)yellowr(’g{c?(g %Ws.hca %NECH{CHZCIZ)
0.20. 1H NVR™} ’25:156‘1“" ’05 (d, J=7.3 Hz, 1H), 6.34 (d, J=7.32

Hz, 1H), 4.80 (br, s, 381(5 3H), 3.75 (s, 3H, 3.4 (m 2H), 3.08
d, J=22.7 . tep E:
L (2 Nty byt P t""""(y%@““*s S G S R Sl e L o

yl)-hept - 1-en- 3% T%X‘PB“ Ogcc?fllﬁitlon of 1-66 (5.5 g) 16.2 mmol),
5-fornyl -2-met hyl pyrimdnme (1-6a) 1.8 g) 14.7 mmol; for preparation, see J.
Het erocyclic Cheth@-1propyRBynkidABLyD-52019X 5407 mlmrm%]rﬁddﬁﬁudﬁ?@i; (4.07
g, 32 mmol). The mxture was stirred at anbient tenperature for 15 hr, and
concentrated tgoﬁanﬁlgsaféi The residue was diluted with water, extract ed wth
et hyl acetdfe, and dried over magnesi um sul fate. Foll ow ng concentrat | on,
the resi due wag(hRIBHRYI-FRIEGinFyIFklok68-(88!7,{-ERawatapl 8fnaphihyridan2-9hhy !
acetate / 5 rretﬁlsgtr.l(o mtcg)ggl ve 1- 77st a V\/n(lte solllgl?mP T% }/20 (ZPHC&
70 chl or of or m OR§° acetate / 10 nmethanol). 1H NMR (400 WHz, CDC13) 8
8. 80(s, 2H), 7.44 (d 1H J=lI 6Hz), 7.05 (d, 1H) J=7Hz), 6.81 (d, 1H,

J=1 6Hz), 6.35 (@) bHEr-BTIR)Hmilinl2y6Bloxs-9-Bd,7, S%tx%ﬁc(r Lo RiR24D, 3H).
264m4'}b @é)( dﬁ%‘ﬁ%}ﬂ yl()H)( yéﬂ?ﬂﬂgﬁ‘i B, 3t
PCT/ US00/ 1 01“3{“’@8‘ Pw f 1 (s or

R) - (2- Met hyl - pyri m dt n-5-yl ) - 3-0xo0-7-(5, 6. 7. 8-tetrah~rdroL, Bl natht hyndm 2-y
11- heptyl | - mal og@)-@Gétlpdi migft £1)5loxed) 5%07 @té&@h f-d[®18)raphtAyriéiin-4 4HO O,
2.97 mol) and d @e(t cyI nayﬂg%]ate (09)17 ,( )Hi |[n ]etﬁanyc? '3)m_) and
THF (20 nl) wad R ggE Elodl um et hoxi de (0 1 n1_ of a 30%W/W sol utlon in
ethanol). Aftcr 4 hr, the mxture (1-8) was concentrated) and the residue
purified omsa (- é%tﬁmﬁwmlﬁe 1Aogb s, 7(8f e@MydroBO8 aghiyAdin&-#)-= 30: 70)
(A=0.1 %diet hﬁl am nec{ hexane, By =2-propanol ). Product 1-8a eluted at 15
mnutes; its enanticomstS 1- 8b) eluted at 26 m nutes. 1H NVR (400 WHz,
CDC13) 8 8. 53 (s, 2H), 7.02 (d, 1H, J=7Hz), 6.28 (d, 1H, 10 J=7Hz), 4.07

(br s, 1H), 4. |3$S)<@Et&? pgﬂn@@n$?) %90 9:@5 @a 8(tgi}|_3h%%[lé§n%ﬁth@%mml' 3.39

(m 2H)) 2.94 89 (m
2H), 1.60 (3n8 (m 4H)) | 19 (t 3H J= 3Hz).

3(R)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-y1)-
35 nonanoic acid;
-34 -



St ~ G 3(Sor R-(2-Methyl-pyrimdin-5-Yl)-5-0x0-9-(5,6,7.8-tetrahydrol5 f
1, 81lnanht hyri di n-2-vl)-nonanoic acid ethyl ester (1-10a) To a solution of
1-8a (0. S3Gv@oorsdd7 nmol) in ethanol (S nL) was added NagHrgdgehdeorl Of 1IN
solution in water, 1.12 mwol). After stirring at 40C for 30 m nutes, the
mxture was treated with HO (1.12 nL of 1IN solution in water, |.12 nmol)
and concentrated. The residue was suspended in tol uene (20 rrL) and heat ed
20 at reflux. After 1 h) evaporation of the solvents gave 1-10a as a yellow
oi . Rf= 0.323m®) Qmaﬂrozfghlm@tm(m’v 82Qraﬂ§'nﬂ}6ﬂl @ﬁ@hmpﬁdlh 21y -fidahseol ) . 1H
NVR (400 Mz, b 8. 54 (s, 2H), d, 1H) J=7Hz), 6.31 (d, 1H,
J=7Hz), 4.86 (BF"s, 1H), 4.04 (q, 2H J 3 Hz) 3.63 (m 1H)) 3.40 (m 2H),
2.94-2.48 (m 9H), 2.37 (m 4H), 1.89 (m 2H), 1.57 (m 4H), 1.19 (t, 3H,
J= 3Hz). 25 St3LS)E(QuHox§(nSZ Ol)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyndin-2-yl)-nonanoic

R) - (2- Met h,~ rimdin-5-yl ?-S-oxo0-9-(5,6, 7, 8- tetrahydroLl 81napht hyri di n-
2-yl) - nonar?m étld (1-11a) To a solution of 1-10a (0.15 g, 0.353 nmol ) in
ethanol (1 nL) was added NaOH (0.39 nL of 1IN solution in water) 0.39 mmol).
After 30 m nutgg)(2tNighn diH581)088x 89S 8t @i droasni R [ 7, ©.5]addin-

chr omat ogr aph gﬁ%(n I¢gl@tl ?gpgm ?)A%g 1: J} to 10: ﬂ‘g p§ I[ Jeetfn

acet at e/ et han MJ\T—%P—?S\&&) to give 1-1la as a Wmte SO|Id Rf = 0.21
(silica 10:10: 1: 1 ethyl acetate/ethanol/NH4. OH water). 1H NVR (400 MHz,
CH30D) b 8o 6%(§)S(a-n2érhyl ?nﬂu&m(@ 1)1ﬂx019=2ﬂ)7,,8 t&ra@?dr() l_g:ﬁidbiz ﬁbﬁé’epﬁm 2H),
3.02 (m 2H), ] SP 53, 3H). -59
WD 0017280 > “E‘ E 5 ’USOO/ 1490| 3(R or

S)-(2-Met hyl - pyrim din-5-yl)-5-0xo0-9-k6. 7, 8-tetrahydro-f

1, 81napht hyri @(mr@ﬁwahéiy)pyamaﬁmﬁ) 8.0k6L9((3 6 It EiyaRL SIPRdol2 31D was

obt ai ned from ) lﬁtl%l zing 1 ? same net hods descri bed for t he preparation
of 1-11la above F? 4’6 'spectrumin CD30D was identical to that of
its enantildmer 1-11a. Hi gh resolution nass spectrum cal cul ated: 397.2234;

found: 397. 22375).(0Methtcy\ pyNiERIRI VKD 058 Flse iigir3-sH-PyrftioBGHENE 2 ~Hs ~N
NaBH4 H O 2- 2b]aze Iy -
pin-2-yl)-nonanoic acid;

3(R)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-2-
20  yl)-nonanoic acid,;

3(S)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-
yD-nonanoic acid;

25  3(R)-9-(6-Methylamino-pyridin-2-yl)-5-ox0-3-(pyrimidin-5-yl)-nonanoic acid;
3(S)-9-(6-Methylamino-pyridin-2-yl)-5-o0x0-3-(pyrimidin-5-yl)-nonanoic acid;

3(R)-(2-Ethoxy-pyrimidin-5-y1)-5-0x0-9~(6,7,8,9-tetrahydro-5SH-pyrido[2,3-b]azepin-
30  2-yl)-nonanoic acid,

3(5)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(6,7,8,9-tetrahydro-5H-pyrido[2,3-b}azepin-
2-y)-nonanoic acid;

-35-



CH3C(OEt)3 \ pyruvic acid (cat.) OH2-3 H3 _ '\ N(COC) , 9 B. BN.~ ~
DVSO?Et 3N NaB03, Et NaHCO3 CO2Et HO 2-5 H 2-6 Et -60 WD 00/ 72801
PCT/ USO0/ 126m®0/7280H N ~ N~ CHO (Ph3P) CHCO2Et N ~ ~ ~ CO2EPRtuBsii@dol uene
2-7 2-8 N N~ CO2Et QN ~ P(O(OW)2 M ~Ov | OV _ 2 g nBuLi 2-10 2-6
K2C03, DMF H2, Pd/C CH3 Et R -61 2-12 R= Et 2-13 R=H WO 00l 72801
PCTNS00/ 14901 EXAMPLE 3

3(R)-(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8naphthyridin-2-yl)-nonanoic
acid;

3(8)-(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-| 1,8 Jnaphthyridin-2-yl)-nonanoic
5 acid;

3(R)-(2-Methyl-pyrazin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Inaphthyridin-2-yl)-
nonanoic acid;

10 3(S)-(2-Methyl-pyrazin-5-y})-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-2-yl)-
nonanoic acid;

3(R)-(6-Methoxy-pyridazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;
15

3(S)-(6-Methoxy-pyridazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1 ,8Inaphthyridin-2-yl)-
nonanoic acid,;

3(R)-(2-Methylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-
20  2-yb)-nonanoic acid;

3(S)-(2-Methylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-
2-yh-nonanoic acid,

25  3(R)-(3,4-Dihydro-2H-1 4-dioxa-5-aza-naphthalen-7-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8naphthyridin-2-yl)-nonanoic acid;

3(S)-(3.4-Dihydro-2H-1 4-dioxa-5-aza-naphthalen-7-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

30
3(R)-(2-Methyl-pyrimidin-5-yl)-5-ox0-9-(6-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(6-methyl-5,6,7,8-tetrahydro-
35  [1,8]naphthyndin-2-yl)-nonanoic acid;
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3-(2-Methyl -nvrimdin-5-vl)-7-0x0-9-(S, 6,7,8-tetrahvdro-1 1,

8l nanht hvridi n-2-vl ) nonanoic acid (2-13 5 Step A

3-(2- Met hylw@w/-jzgﬂlde yl)-propenal (2-2) To a solution @Erusesnssn
4-fornyl -2-nmethyl pyrimdine [2-1, 2 g, 16.4 mml; for preparation, see
Smth, S. Q et al, J. Heterocycllc Chem 28: 1281 (1991)J in nethyl ene
chloride (15 nL) was added (fornylncthyl ene)ttiphenyl phosphorane 10 (5. 98g,
19.6 mml ). The solution was heated at reflux for 4 h, cooled to room
tenperature, ag&)-EBdnveiaa-CUMRPOKEDY,6,TThetraea LS nephthgHaarmIpasapsied on
silica gel (30% FtOAc/chloroformto 50 Et QAc/50 chloroform S nethanol) to
give the al dehy e 2-22 as a yel l ow solid. TLC Rf=0.39 (70 chloroform/ 25
EtOAc / 5 MeOH). 1S 1H NWR (400 MHz, CDC13) 8 9.74 (d, 1H> J=7 Hz), 8.83
(s, 2H), 7. 41 1(8)-(Benzofdran b4yl }8-bx 0-6-(8,6, 7(8@irahltiko-[d B)aphthyridih-2H ) nondnold (S,
3H). Step 3- g -Meth ~LI-pyrimdin-5-yl)-prop-2-en-1-of (2-31 To a
suspensi on of % (0.5 g, 3.7 mol) in MOH (S nm.) and THF 20 (15 nlL) at
-78C was added sodi um borohydride (0.042 g, 1.11 nmol) in one portion.
After 5 mnut eas(R)JdlMeﬁ@Qy PR3N -5Va%0-9-256 Bdetrahbabol[N@)i¥phthixidin-alyhoved to
warm and stir foc%rnl oJj.nutes. Concentrated HO (0.3 nL) was added dropw se)
and the vol une" Of " Th& T xture reduced to 2 ni by evaporation. Follow ng the
addition of sat. NaHCO3 (10 nlL), the m xture was extracted with chloroform
t he organi ¢ dsipes- mmbxﬂﬁyr{wS@@)) uch-9-(%6, 3.8l tateRydio gV, 8mapiah@itid-2.ypi ve

al cohol 2-33 0801 (e solid. TLC Rf=0.16 (70 chloroform| 25 EtOAc | 5
MeOH) . 1H NWR 16% CDC13) 8 8.64 (s, 2H), 6.48 (m 2H), 4.38 (d, 2H)
J=4 Hz), 2.73 (s, 3H) 30 Step C 3-(2Met hyl - pyri nvdi n- 5- spent - 4- enoi ¢
acid ethyl estaR)J(zEaa):xﬁpﬁﬁhxurnm;u)etoxzma,dﬂs&&a@dr&sﬁ-pyﬂnd)[)z)s-uqmphom: aci d
(10 JCL) and tﬂ/ 01% oformate (5 mM,) was heated to reflux for 18
hours. Evaporafrve rem)vall of the soI vent and one evaporation fromtol uene
gave 2-44 &5 a brown oil. TLC Rf = 0.725 (silica, 70/2515 CHO 3/ Et OAc/ MeQH)
-62 WD 00l 723{@1(2@%*9;@6%&149991) 5 DI9RS G400 eiviiaird I $idd32 8~b$eﬁe;(1ﬁ», (%H) ,

5.98 (m 1H), 4.10 (m 2H), 3.86 (q, J=7 Hz) 1H),
5H), 1.29 (m gl&% lc?ag)d 5- Hydr oxv- 3- (2- net hyl - pyri m di n-5-yl) pent ano~c

acid ethyl ester (25 To a stirred solution of 2-44 (422 ny, 1.92 mmol) ~n
THF was added $Ry$2-Mettgi-p@irBBN-51-01)53-0oBEB)vinyhGl6en 8-ealyaeg-s, a sl urry of

NaB03 (2. 35 g) [}aﬁqgapﬁﬁyﬁ@gﬁ%)r%ﬁ&c h&a: H20 (1Om) was added and the m xture

stirred vigorous e mxXture was extracted with CHC13, washed
with brine) and dried over 10 MgS04. Fol |l owi ng evaporative renoval of the
sol vent) the r&Sh-Disleingbpyeintidines- ylgﬁa;mh@d3(v9iyl-5,6a,&ae{rahyH% Et OHI Et OAc) to
give 2-55 as a w 2 (silica, 10% EtOH/ Et CAc). 1H NWR
(400 MHz, cocﬂjcélgaq’gthgfi&‘?zﬁ ngic C}él(m 2H), 3.62 (m 1H)) 3.50 (m 1 H),
3.35 (m 1 H, 2.65(m SH), 2.01 (m 1 H, 1.88 (m 1 H, 1.17 (t, J=7
Hz, 3H). 1535 St 3(Re2-Meth3i- ﬁ%rﬁlﬁinhfy-}/la-[ﬂ)tfxb{ﬁ-(dicﬁ}050-5',5)7;85&&&@@@nt anoic acid
et hyl ester (21 0] Qloul )i ly! chloride (73 JCL, 0.84 mol) in
CH2Cl12 at -78 m;E gllg‘nﬁ J(?lgg 1c9(ﬁ&‘ .0 mmol ) dropw se. After gas
evol ution ceased, 25 (100 ng, 0.42 rrm)l) in CH2Cl2 was added. After 30
m nutes, the cHE)ARYlethyl-pyridfidinesyl)-Somv-Od3ahidraNEe 3, 8(t2®Mhydrol, 2.1 Mol ) was
added. After HinSSadin S&akdit Qhg.m xture was diluted with CHCl2 and
washed sat, Naag}'{b %I’I @ cglqlﬁeld é("l\/gS04) and concentrated to give 2-66
as a yell owoil. TLC Rf = 0.24 (silica, 70/20J10 CHC13/ Et CAc/ MeCH) .
3(R)-(2-Mcthy]-pynmxdin—S-yl)-5-oxo—9—(3-bromo—5,6,7,8-tetrahydro-

[1,8]naphthyridin-2-y])-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-bromo-5.,6,7,8-tetrahydro-
35  [1,8]naphthyridin-2-yl)-nonanoic acid;
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1H NMR (400 MHz, CDCI3) 8 9.71 (s, 1H), 8.55 (s, 2H), 4.06 (m 2H, 3.71
(m 1H), 2.5 2.95 (m 2H), 2.88 to 2.50 (m SH), 1.18 (t, J=7 Hz, 3H). Step
F. 3-(5.6, W@eolesmahydro-f 1, 8lnaphthyridin-2-yl)-acryli ¢cagksh syl ester
2-8 A solution of 5,6,7,8-tetrahydro-[|, 8Jnapht hyri di ne-2-car bal dehyde 30
(2-77, 2 g) 12.34 mmol) and (carbet hoxynet hyl ene)tri phenyl phosphorane (4.3
g, 12.34 mmol) in toluene (60 nL.) was heated to reflux for 4 hours and
stirred at anbient tenperature for 12 hours. Follow ng evaporative renoval
of the sol vent3(Rt)J@Msa$dx9I nﬁ@cﬁn@tyx)osramg«aﬁfea@msu7maatgfa+o, 50%

Et QAc/ hexanes)[ltﬁ %l g l; X% w solid. TLC Kf 0.75 (silica, 70%
Et OAc/ hexanes) ' °>'6 o0} Q%’T 500114901 1H NVR (400 M¥z, CDCL3) 8
7.46 (d, J=15 Hz) 1H), 714(d J=8 Hz, 1H), 6.75 (d, J=15 Hz, 1H), 6.62

(d, J=8 HZ) 1H)(S)‘€c2 %t}( p;ltﬁi}ndup‘i% iéko d—ezmklbyl 52607,8 dtrdhddiom 2H), 2.74 (t)
J=7 Hz, ?-% Step G

3~5. 6. 7 8- Tsétrgféﬁ pg’hﬁ”f é&'ﬂ??ﬂ‘?ﬂl&laﬁl 2- yI) propiont acid ethyl ester 2-9)
A mxture of 2~8 (1.4 g, 6.03 nmol) and 10% Pd/ carbon (I g) in EtOH (30 ni)
was stirred ung@- (Quiaainl -G/ Nbx NYH-ae@I-5 817,818tr&hyd i 18] RiphBPr @R gG-y1)-
evaporati ve renoval t he sol vent gave 2~9 as a white soltd. 10 TLC Rf=
0.39 (silica, ?ﬁ%‘éﬁ'éﬁé/hexanes) 1H NVR (400 MHz, CDC13) 8 7.07 (d, J=7 Hz,
1H), 6.37 (d, J=7 Hz, 1H), 4.12 (m 2H), 340(m 2H), 2.87 (m 2H), 2.67

(m 4H), 18! QGS) (Qmﬁolhtzs yBH)oxolg 2AmétRy1- 367 8- tataelgdxbm .8Inaphthyridin-2-yl)-
f 2- Oxo- 4- (5, 6, 8 tetrg hydro-f 1, 8lnap thyrldln yl')-butyll15 phosphonlc

aci d di net hyl es aapie 6 -710) To a stl rred sol ution of dinethyl

nmet hyl phosphonate ( 1.9 nL, 17.08 mmol) in THF (20 nL) at -78C was added
nBuLi (10.94 rngR)J(:ZJ@etmnpwlnudﬁ 5@!) B3k 017, nudireshyl =@ S, [ S tefrahydfo-27 ol ) in

TIC (5 nL) was e reaction was quenched with
saturat ed NH4C P%%%qlthﬁﬂf’ no"a 013 [E(IE)l anbi ent tenperature. 20 The m xture

was dilutedSwith ethyl acet at e) washed with sat. NaHC03) brine, and dried

over MyS04. FOB(S)URNEHRN-PPHh-Y )rs%mm’y detiyne-(s6l7verirahydfte resi due was
chr omat ogr aphe éﬁl i ca 4 % 70/ Sl HC13/ Et OAc/ MeOH) to give 2-10 as a
yel | ow oi | . % Phagna ?’6 110 CHC13/ Et CAc/ MeOH). 25 1H NWVR (400
VHz, CDClS)87.03(d J=7 Hz, 1H), 6.34 (d, J=7 Hz, 1H), 4.93 (s) 1H),
3.77 (d, J= 12 3@ 2-Ehox§- p(yﬁ')mcﬁlHB,yl)?S &)@Q@-cﬂ:ﬁ%ﬁ)pygﬁbﬂ BePfhylid 2H), 2.86

2 2
gm(z &% hy ﬁ%]ina?hﬂ"ygﬁini %;?Snaé’o‘(:ég] 7, 8- tetrahydro30

f1, 81lnapht hyrl di n-~~l)-non-5-enoic acid ethyl ester (2-11) To a m xture of

2-10 (100 ny, 6¢s422-Pky-pehslidr-681)(516Q-91B-cydl bysttadﬂy&(%t) was

added K2C03 (8 4 Qs 3'p%nl)n @) w%d byc)ﬁggﬁ glgpto 50& ? 18 hours.
11 gﬁa‘%}’ yPefPé\iéd) °?““P‘r% 4

Fol | om ng evap e sblvent, the residue was -64 WO
00l 72801 PCT/ USO0/ 14901

25  3(R)-(6-Methoxy-pyridin-3-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)~-(6-Methoxy-pyridin-3-yl)-5-ox0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

30
3(R)-(2-Dimethylamino-pyrimidin-5-y})-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid; and

3(S)-(2-Dimethylarhino-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
35  [1,8]naphthyridin-2-yl)-nonanoic acid,
-38-



chr omat ogr aphed (silica gel, 70:25:5 CHC13/Et CAc/ MeOH) to give 2-11 as a
clear oil. TLC Rf = 0.38 (70:20: 10 CHCl 3/ Et CAc/ MeOH). 1H NWR (400 MHz,
CDC13) b 8.w8o¢mso1lH)) 7.03 (d, J=7 Hz, 2H), 6.6S (M 1HpcTPssvhador(d) J=7
Hz, 1H), 6.07 (d, J=15 Hz) 1H)) 4.85 (m 1H), 4.05 (m 2H), 3.80 (m 1H),
3.41 (m 3H), 2.90-2.54 (m 13H), 1.88 (m 4H), 1.18 (m 3H). Ste-~J:
3-(2-Meth~rl-p~rim dmb5-yl)-7-0x0-9-(5,6,7.8-tetrahydr of

1, 81napht hyri dm 2-yl)-nonanoi c acid ethyl ester (2-12) 10 A m xture of 2-11
(95 nmg, 0.22 mmol) and 10% Pd/ carbon (50 ng) ~n EtCH (3 m.) was stirred
under a bal | oon_ Qf r ing filtration) evaporative
renoval of the 0srgllp\r/]en ng{g'?@"fza%%“i’%aé’ze %Egr}e(lg%\rﬂ oil. TLC Rf = 0.40 (70:20:10
CHC13/ Et CAc / MeOH). 1H NWMR (400 MHz, CDC 3) 8 8.47 (s, 2H),7.04 (d, J=7 Hz)
1H), 6.33 (d) J=7 Hz, 15EL) furtflerGBustrativedihthe cdmpBurdiiof thklpreséht afvehtion azdd) ,
3.01 (m 1 qugflou%% 10 H, 2.54 (m 1H), 2.40 (t, J=7 Hz, 2H), 1.89 (m
2H), 1.57 (m) 40,01 1% (t, J=7 Hz) 3H). Step K-

3-(2-Met hyl - pyrimdin-5-Yl)-7-o0xo0-9-(5, 6, 7, 8-tetrahydr of

1, 81napht hyri di 3(SR¢2yMEthRORaImaiia-21)-8-ok3-943), 20tetrahydrs [l 8} inbghihyefdin22-38- (77
ng, 0.18 mmol) H;o’ﬁ HOL (2 m) was added 1IN NaCH (272 p, I, 0.27 mmol). After
stirmg for 2 h, the sol'vents were evaporated and the residue was

chromat ographed (silica gel, 25:10:1:1 to 15:10:1:1 EtOAc /EtOH / H20

/N(I—)M;O}—I) tC]?V !ﬁz\6/63(2}-(123Maﬁ1ylapyﬂf(iiﬂiﬁ-SSﬁl}—ng)xo—'gL(@czt[l)glgai)@-.BSZg,$-t8e1r(3hyllﬂo’2[LE|)]]= 32 (d
Et OAc/ Et OH/ H : MHz > D .58 (s, 7. ,
J=? Hz, 1H), 6.%&?@‘1‘3%%@"%&3&43 (m 2H, 3.11 (m1H), 2.84 (m ,

2H)
2.72 (m 2H, 2.64 (m 4H, .83 (m 2H 1.75 (m 1H), 1.61(m 1H), 1.46
(m 2H). -65 &)-0OERBCAyrinGdin dSAPE-b4A801(5 BT ENrald/ddt L Binkphthyrid@C2-Mp- 3- 1 1.
CH3CH2C02Me Naqcﬁ%og ... 100 2. POCC13, toluene, 1201 f~f~C M C 3-2 1.
et hyl 4-pentenoate 9- N, THF, rt 2. DPPF, Pd(QAc)2, K2CCa, 75 -a ~~, x 3-3

02H 3-5a 3-bb
3(S)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8]naphthyridin-2-yl})-
nonanoic acid;

3(S)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido[2,3-
20  bJazepin-2-yl)-nonanoic acid; and

3(S)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-2-
yD-nonanoic acid;

25  or a pharmaceutically acceptable salt thereof.

For use in medicine, the salts of the compounds of this invention refer
to non-toxic "pharmaceutically acceptable salts." Other salts may, however, be useful
in the preparation of the compounds according to the invention or of their

30  pharmaceutically acceptable salts. Salts encompassed within the term
"pharmaceutically acceptable salts" refer to non-toxic salts of the compounds of this
invention which are generally prepared by reacting the free base with a suitable
organic or inorganic acid. Representative salts include the following: acetate,
benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate, bromide,

35  calcium, camsylate, carbonate, chloride, clavulanate, citrate, dihydrochloride, edetate,
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EXAMPLES 4 AND 55 NI~ CO2Et HPd-C~v _ _ CO2Et v EtOQAc | ~ ~ M M C
3(R) and

3(S) - (2- Mthyh im di n-5-yl)-5-0x0-9-(3-nmethyl-5,6,7,8-tetrahydr of

1. 81napht hy‘&ycj’ﬁ%dé-yl )-r~_onanoic acid (3-Sa and 3- Sh) Strggmgp(};mm
2,4-Dichl oro-3-net hyl n~ht hyridine (3-2) To a solution of nethyl

2-am~noni cotinate 3-11 (13.0 g. 86 mml) and 10 nethyl propionate (200 m.)
in 200 nL anhydrous THF was added sodiumtert -66 WO 00/ 72801

PCT/ USOO 14901 é&%ﬁé{ 95?01£tg’oe§§lg_t?tﬁ’uél%#%%héprtﬁg% %gk%% éﬂ?%r{mﬁem t enper at ur e.

It was stirred at “roomtenp _ i owed by refl uxing
al 100C for 4 rysedylarspnilateshexylreserinaie fiydrabaung, Rydrobrgmideghydierhloasideent r at ed.
The reﬁi due V\I?Shyﬂfcﬁgﬁafpdthw‘é,hoa@&imhim&, &Bdte}?&dﬁobi@hhé,&ﬁhrﬁt@, rAdtats, imdeard,t h 3N
HCl . The result] i 1]t i [
vacuum It was Tﬂgﬁﬁ% @gﬁyﬁéﬁeﬁw bgﬁ’ga’?gh@?‘ﬁi‘"’6‘1?9%%’?‘%%‘3@“?‘2g“”%ﬁ‘?’?"aﬂ%?ﬁxed at
| 20C for 3 HourntrgpdN-ashytacammeammupin gadt. glgatc arglats, ARt @MbANAO0 ni
iceaHZO gngzt re;mrﬁﬁlz}talfyiphxhom;?a@@hés@??éﬂaqaﬂoﬁpmdte,q;rol}tghlb&tﬁ@hmg,gaudm,desi lrgd) o
product 3- was_ c eq as vel l.o ol 1.d.

B S e 524" Res R SPAE SuiPeRe il lE, RO ol (EE SR frcniBlid © )
J=8.4, 4.2 Hz, and)valeptez Furthermmry, whegedhs @mpppnds|of theavephproeasty 3n geidigy | - f

1, 81- napht hyr |( g;inaie@; wit)xblapm}mmtxeamac&btam saltsxbdrodfinty indludetdmali metal

4- pent enoat . L0 . 19- BBN in THF,
170 557 uflnt el D SR boriPedls olidind MG, ER it o, 1 T
hours, it was tMeagesamgplishamipaltinformed with syjtable ogeapigdigpnds, e.g., quaternary

1, 1' bi s(di phenydmphesphrals: f errocene (DPPF) (1.1 g) 2.0 nrnol), K2C03
(powder, 8.1 g, 58 mmuol) - dj r0- 3- hyl - t [: - (3.6 g,
20 mmol ) and 50 nlL DMF. ?ﬁ%“ﬁ"e@é‘ﬁ@oﬁtﬁﬁ %F%?%‘n%ﬁ‘é‘gﬁgiﬁgﬂé}ég%‘{lﬁ%f%%%‘df or 5

m nutes and t heGfntiiB|ogeus @s Bcenaes, Faspmig NINYIRS s5ingle CAREOTEH (dEAgtereemMeEBD M

t enper at ur ﬁliindmixlhﬁai, el wditviiudIQi 4steredbhedy, h&ﬂ@ll@dmo ﬁaéuims beihg Bdlubied in3Kk o

m nutes. The m xtur i i 4 i C
(x3). The conbi %Té%“@?‘ém%ﬁf”g Jfgetfg?‘s?%wféér}%a\%g’%ﬁg@é‘ygﬁ Cthﬁ'glbtr*,’?)r%ée‘{ag“?\%&‘g’r“}méﬁﬁs T Cor
sol vent renoval Jiasi¢reompess jsphstaniially fegrof thegthepyarasinglnded within the seapgebdeaphy

usi ng EE QAc/ heXi&IO%ﬁDi&ﬁ; f;hr'tﬂériﬁdlllcﬁﬁ‘dleallhﬁxﬂﬁﬁiof&xdt\pdsafhuﬁcbmﬁs.SS as a liquid. 25
1H NMR (400 MHz, 3 . = : J=8.0,
2.0 Hz, 1H), 7.51 (dd, JEQ%S(‘)’FM%J”“%&’“’?%E@‘°j°§pé‘2/“"ge'ﬁgié“q’gﬁ? 09 (m
2H)) 2.60 (20 3beuyls, apd umegspecifigr othprwige, @py megmy to inclgle boty E and § geomegris (¢ )
J=7.2, 3H). StepofersEt h~

5-(3-nethyl-5,6,7,8-tetrghydro(1, 81- L di - 2- . 30. noate (3-4)
A sol ution of the napht h%ro?ﬁgr?g&'ﬁ-cgép%aga&}(ﬁ%eghgeé&?:{éy(gfb%%tﬁ)%ﬁ%ﬁgesn?degassed
with argon, thePOini9os mEc er&afwrpgemefeﬁ@qg to\ge tautonmyes, \NaEk A1) SXAEPleABRYS 2and
the mxture pl arechelnd@s ewvd f@inl R Retofenbiditofen. Trsindividagl tutbadrs aon.
After 16 hoﬂg Siw%@?s P08 RS COREAE R M Wb thiITRE Sofifhby stind #2&n0) and

stirred for ) .
invention.

Compounds of the present invention may be separated into

diastereoisomeric pairs of enantiomers by, for example, tractional crystallization from
a suitable solvent, for example, methanol or ethyl acctate or a mixture thereof. The

30  pair of enantiomers thus obtained may be separated into individual stereoisomers by
conventional means, for example, by the use of an optically active acid as a resolving
agent, or by HPLC using a chiral stationary phase. Alternatively, any enantiomer of a
compound of the present invention may be obtained by stereospecific synthesis using
optically pure starting materials or reagents of known configuration.
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WO 001 72801 PGTI USOOI 14901 further 6 hours. The m xture was filtered

t hrough cehte and the solvent renoved to yield a gum This was dissolved in
Et CAc, washedoom2bdl sat urated NaHCO3 then brine, dried (MpeQ4kodiico:
evaporated to give 3-44. Low resol ution mass spectrum [ M+H| found 277.2. 5
Step Db 3(R) and

3(S)-(2-Met hvl pynm dm 5-vl)-5-0x0-9-(3-nethyl-5,6,7.8tetrahydro f 1.81
napht hyri dm 2-yl) nonanoic acid (3-5a and 3-5b) Foll owi ng procedures
described in Schene 1 fomstohﬁecm&ﬂwammeswpe&f@&nveﬁt«;bnlaréa@yra@ghslmﬂlb 3-5a

and 3-5b were %‘gag rom 4 Pt?m %‘Pl Qe resolved (R)10 and

(S) - enantlomerg})y émgp%%\l P g REY 'P %Woof the enantioners was
carried out by chi raI chifberpreergt lpyerftiopfinaludes wishis 1¢@iseape @rodrygsof thedi at e
correspondi ng t&)mjp'o&&ls o?—th'fi DR 16800 déhtral, 608 BF)dnGrs &if Be fictiottal denfarddds (S,

1H), 3.97 1 59
2H)13 (s, 3(H)n§ %@? "(OH}I’O%T%S 0}&*‘(‘%]’7“?;2"“21”%@ arc ’8@13 ]y%eé‘g?'%‘syév Eﬂ‘&iﬁr?%som 14901
Scheme 4 H N NeirdyempyindCRhes: infse RethdEef3natnerpd the pre@nt inggIGOTH 4- , 1

4-2 1. ~Q02Me Aess’ Mnlﬂ\ls‘terg'&"@men@orh s the (Batfent of the Varid® ¢@Btiod20 C 2. 3N
HCI 105 C 4-4

4-55 2. P102, “IQEE‘ i é?ed\g("%%%e%%e%%ldifﬁd S b ooyt Wil ek 5% ©

not be spemﬁcal]y disclosed, but which converts to the specified compound in vivo

10  after administration to the patient. Conventional procedures for the selection and
preparation of suitable prodrug derivatives are described, for example, in "Design of
Prodrugs,” ed. H. Bundgaard, Elsevier, 1985, which is incorporated by reference
herein in its entirety. Metabolites of these compounds include active species
produced upon ntroduction of compounds of this invention into the biological milieu.

15 The term "therapeutically effective amount" shall mean that amount of
a drug or pharmaceutical agent that will elicit the biological or medical response of a
tissue, system, animal or human that is being sought by a researcher or clinician.

The term "integrin receptor antagonist,” as used herein, refers to a
compound which binds to and antagonizes either the avB3 receptor or the ctvf5

20  receptor, or a compound which binds to and antagonizes a combination of these
receptors (for example, a dual av3/cvP5 receptor antagonist).

The term "bone resorption,” as used herein, refers to the process by
which osteoclasts degrade bone.

The term "alkyl” shall mean straight or branched chain alkanes of one

25  toten total carbon atoms, or any number within this range (i.e., methyl, ethyl, 1-
propyl, 2-propyl, n-butyl, s-butyl, t-butyl, etc.).

The term "alkenyl" shall mean straight or branched chain alkenes of
two to ten total carbon atoms, or any number within this range.

The term "alkynyl" shall mean straight or branched chain alkynes of

30  two to ten total carbon atoms, or any number within this range.

The term "cycloalkyl" shall mean cyclic rings of alkanes of three to
eight total carbon atoms, or any number within this range (i.e., cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl).

The term "cycloheteroalkyl,” as used herein, shall mean a 3- to 8-

35 membered fully saturated heterocyclic nng containing one or two heteroatoms chosen
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WO 00/ 72801 PC1'1US00/ 14901 EXAMPLE 6 3(R) and

3(S)-(2- Mt hvlvvrimdin-5-vl)-5-0x0-9-(3-cvclonronvl-5,6,7,8 tetrahydr of

1, 81napht hywo @i7e802- vl ) - nonanoi ¢ acid (4-8a and 4-8b 5 St pcepsddineso:

N (3-Formnyl -~yridin-2-yl)-2,2-di met hyl - propi onam de (4-2). To a cooled (0C
solution of 2-amm-3-fornylpyridine 1-33 (preparation shown in Schene 1,
50g, 409 mmol) m 70D nL of anhydrous CH2Cl z were added Et 3N (80 nL, 532
nmol ) in one portion and a solution of trinethylacetyl 10 (pival oyl)
chloride (65 nfirom#DD, m®l Exdnmpl&Of wicldbiditdalkyl gad paint pdewer aré fiotiimited The

reaction mxt ;@Eg‘é‘ﬁ'ﬂﬁ%%ﬁ‘%‘%em”ﬂaﬂg‘? n§@$\,€'e§gzﬁg,lto a syrup, then 200

nm. wat er ure was ext th ethyl acetate (x3). The
conbi ned organl c | ayer s ThefEmnakpen’ W"F‘Fﬁ%‘?%ﬂrre fepsrtp sigaglH @r brapcbad ehast  my

and concent r at akbxides obthainnmbeéreof darbon atdmp ppedifict (18.201-akax Wodr ay nmﬁb@‘rH NI\/R
(400|sz s 1H)) 8.0 (s, 1H)) 7.20 (g, 1H)
1.30 (s, %hhmﬁg;ggg%(%l meth)( f%ogfcs)napht hyridi n-2-of (4-4). To a
cool ed soI uti on (-780C) PCE%R E’Z Oasl\}‘lseck’?le‘ﬁrfﬁfejs P reygCysic Q’Ob‘flﬂth was added
ester 4-33 (prepamadmpricng amedsomemwhameMgcwmeld tisendone ilivao didyclicHCI
solution, 15 g, ) I ure was
stirred for 30 yﬁ».éﬁ‘]“é’{’mg lng? gh‘@ hgéér Y@% ?gszeﬂ‘gn%m ﬁ?g 6;@8%»9&;& terrL THF
was added. TheMmpPRRsels PigHlic sypiean W&ﬁh“srtuf‘?“fbé‘(’}u% or W@“PGF withigpe O IR was

war med up i® rgowpstiedppendgnilly selegted from latogamdC 198 ezl €d-swiyelnalRy Garyhi aryINHo Cl

(sat.). The m &} YusonamidSaiocicy ﬂﬂyl%%ﬁa@ilﬁkﬁinoa@%%& a3y g1 conbi ned
organi c | ayers wat er

concentrated t5l§ a@‘é'ya%“\}‘? ?é&%‘p%g'inaﬁfé Q/\ﬂ‘(ﬂhdl&\);é Over(FN%SPgSSPSed in

200 nmL 3N HC . alkﬂmﬁluﬁ elky\lagmefikoux@lmalkwm@m alznlSle*mylAfI &r
concentrat i on. alk Qﬂfoﬁﬂl dyq anasy qu{;rzﬂf@ll a@xmdﬁw hy‘c@oﬁ/}@&ﬁényﬁﬂg caugnched

w th K2C03 y e, desi roduct 4-44,
30 whi ch w2 f F?@l‘%&g’%ﬁbé’“g‘r [Féé‘ #ny%%aﬁhékﬁamﬁﬂ%v 0D): 8 8.45
(g, 1H, 7.99 giyloxyhydrgxyhydrexy Qi alkyl, wneqnﬂgwmcwllmf(umomm)oxy Px01 (m
2H), 0.78 (m gfdcy. §5lkylzg¥bo yO Bk ZRS0sofREA iddRRIR/ thit AR InoBlifitedo, phenyl,

2- Chl oro-3-cycl o yl-f 1, 81lnaphth~ridine (4-5). A m xture of

napht hyri di ne %P Bﬁ’y Pyrigyy. WOMVW%{H&E%“ PYPWE@’]a‘Hﬂda@O]I 'mL DMF was
refluxed at 12bdGzintdazalyhbeanbiambdyicentaxatayl, quifidyll Bequinmdylyvunazelgiat ed wit h

300 nl i cepyat g it xtract ed
w th ethyl gvge zi!t]e g \ﬁiﬁd]g\aﬁﬁ%%gﬂ '_Jeh @lgd]hgh]ﬁrl e f“g’\r}g’r"‘ % Af ter
sol vent renpvaPenzeiie)dexqiangl bergrpiat ﬁ'@"%‘ybfi’x%@y dexar e thigzol®. vl | owi sh

solid. 1H NWR (séﬂi(thlin andmlz@)yl which ©Oeiftgr urdshbstinBedlér s@bstitutdd) with/oné®r (s, 1H),

g- (5g (QC} I 1H), %r,&é\g entdénth (Qelebkd fbth ha@g&? i allZ;lTDC3 é%cﬁa& yParyl, |
- (3-Cycl opropyl - -tetra noic aci
net hyl ~ est gr %‘3'17 13,&7]?(?)?{“& ea'B% gﬁ%@ﬁhgﬁ‘gﬁ%ﬂ@gﬁ&%d 4 mol),
ester 4- 662§ pr elpyl €t-cfatkytaming énte/alkylemiae Cd - Gaﬂ]dyln@(q?iatﬁbcﬁllkytﬂﬂkm dé@lml on)

11.3 g, 100.4 Hlmhﬂnno@lﬂ 6@1ﬁlyl7C?44 a'ﬂeo‘iyrmplt)ﬂ:k 11&99 a4 Elk?l%hlﬂﬁbd dpe® nL DVF was
gent 1Y, degassel bbb ot AP el eI RS e AES |1

one port i on. reac

room t enper at uﬁé S&H@Xq%bm\ﬁb@lw alkpxgeobany] %ﬁ@k%hﬂd@maﬁ?ﬁ"mgm@% (sat.).
The aqueous m Xklogy, magowmymiﬁgl watklyl eiday! triaaabrkyl &ﬁ)uoromoﬁprmb ned

organi Toygt el ESHeL 3 G 800 ALl ieh Bk 04T,

( Et QAc/ Hexane=iri-4ubsnitul @D ittEd{eAs theseanf tiRhbnvapanted sobitittien&Nmaie Iprefemhhly; hhenas

subsequently d F | 04 nmol )
and Pt02 (0.7 h@&‘ieﬂggghgj%égtfﬁtmﬁdx?ﬁ@gu%mﬁegasse E\ﬁ%%fﬁtﬂén% eef ate vacuum
and subj ected P@)m%%ﬂ“ HBYENy dr ogenati on condition for 6 hrs. It was then
filtered and concentr at edhémevantiateohe"dihg" aresiyl"ad elied dfithtir grefiX ravs an oil . 25
1H NWR (4065MHzpp Q@Ql@)mme%fﬁaﬁgstﬁ&m (Je@ aryic65g z(lk"))]) itléhau&l% Sted a%H)) 3.36
(m 2H)) 2.76(t, 2H, 2.64 (1, 2H), S(m 2H, 1.78 (m
SH), 0.86 (m 2H), 0.50 (m 2H). SteQE é‘(R) and

3(S)-(2-Met h~pyrimdin-5-yl)-5-0x0-9-(3-cycl oprop~rl 30 5,6, 7, 8-tetrahydr of
1, 81napht hyridrn-2-yl)-nonanoic acid (4-8a and 4-8b) Foll ow ng procedures
described in Schene 1 for the conversion of 1-55 into 1-11 a and 1-11 b,
4-8a and 4-8b were prepared from4-77, each as a solid. Resolution of the
enantiomers was carried out by choral chromatography of the keto diester

i nternedi ate corresponding to 1-88.



-71 WD 00/ 72801 PCT/US00/I 4901 1 H NMR (300 M{z, CD30D): 8 8 8.65 (s,
2H), 7.22 (s. 1 H), 3.74 (m | H), 3.40 (t, 2H), 3.10 (m 1H), 2.90-2.40

14 H). 60 SH), 0.94 2H) > 0. 60 2 5 OV N
(M CI—IOI_?]-%@%-Z%MS-Zl()mEXAWPLE 7 3(I(?;n ) 3(SZ (M2 Mheribiiis: -

(2- Met hoxy_pyri m di n-5-vl)-5-0x0-9-(3-cycl opropyl -5.6, 7,810
tetrahvdrol 1, 81ln~t ~t hyri di n-2~1) - nonanoi ¢ acid (5-2a and 5-2b) Fol | ow ng
procedures described in Schemes 1 and 4 but using

5f or nyl - 2- met haxuawg tHekdimRatmé bived SovEF@PAKAL bt Yans e DdsigRatb@h@iberd\sr.

5,552, 546 and c 3 L ng
material, 5- ZaJ%bnO?e - Sgg_'éérbé%&r.epamrc fec(rzl%aﬁl%fjnéﬁ%l g;éﬁ@g%gﬁ%ﬁ?ﬁg&%ﬁéﬁﬁut i on of
t he enant i omeran alkd ovencli¢ aliylateietlypr tbShe dkylportion ob miargsg subshipensin whehket o

di ester internpgyapeaak itepRARGAY to 1-88. 1H NMR (300 MHz) CD30D) 8 8.50

(s, 2H), 7 1 (s, 1H), ?I“hg sT 2] yl.,3.(7,1 2 Clu .4n1 tl,Ol0 h3.04(rn
1“2l ha' 2o (n 10 i ettt et it ot T

39 GE gal 6-2b ﬁlﬁmﬂiés@a lamygnglluae,?{:ﬂre ﬂgldin%ited tc%, b§nztyl,tﬂu0ﬁ)banzyl]c,
-(2-1sopr~yl-pyri i n-5: - 5-.0x0-9- -t etrahydr

1.81naphth~rfd¥w¥%¥VFﬂl H%ﬂB%c&EEYQ“?éBE&”@ﬁﬁnﬁﬂﬁg)d%ﬂa eP@W@V% 6- 2a and
6- 2b wer e obt athisegnferhyhntienyieom.@pg thigiyinrenyl . phramplediof elkylesyl inclofie but are
preparati ofp SR hdutedR, BNQEY,EtHyetha8) prophBthzend SnekidGdyriditel éthﬂﬂg‘?ﬂiﬁehe sane
met hods descrlbedlln.Scheﬂgt% or. the preparation of 1-11a and 10 1-11b.
Resol ution of Wﬂ%y@ﬂgﬁFFB PP " Carri ed out by chiral, chromatography of
the keto diester internsthacempamndeefibnpicset mpentioggwo R2 substituents, when

on the same carbon atom, can be taken together with the carbon atom to which they
are attached to form a carbonyl group.
15 The term "halogen” shall include iodine, bromine, chlorine, and
fluorine.
The term "oxy" means an oxygen (O) atom. The term "thio" means a
sulfur (S) atom. The term "oxo" means “=0”". The term “carbonyl” means “C=0.”
The term "substituted” shall be deemed to include multiple degrees of
20  substitution by a named substitutent. Where multiple substituent moieties are
disclosed or claimed, the substituted compound can be independently substituted by
one or more of the disclosed or claimed substituent moieties, singly or plurally. By
independently substituted, it is meant that the (two or more) substituents can be the
same or different.
25 Under standard nonmenclature used throughout this disclosure, the

terminal portion of the designated side chain is described first, followed by the
adjacent functionality toward the point of attachment. For example, a C1-5

alkylcarbonylamino Cj.6 alkyl substituent is equivalent to

I
'C1_6 a'ky,‘NH'C'C1_5 alky’ .

30 In choosing compounds of the present mvention, one of ordinary skill
1n the art will recognize that the various substituents, i.e. X, Rl. R2, R3, R4, R5, R6,
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1H NMR (400 MHz, CH30D): b 8.65 (s, 2H), 7.40 (d, 1H, J=7Hz), 6.47(d,|H,
J=7THz), 3.70 (m 1H), 3.43 (t, 2H), 3.14 (m 2H)> 2.76 (m4H), 2.S9 (m

8H), 1.91 , I .59 (m 3H)) 1.30 (d, 6H). 15 Low i on nMass
spectrum ca gaﬁg%ed 424.6; found M+ 1. 425.3. - 73 \Eig%g%%%%’l’ Schene 7

N~NOHNMN CO2H 7-2a 7-2b EXAMPLES 10 AND 11 PCT/ US00114901 ~R and
3(S)-(2-tent-Butyl -pyri mdm5-yl)-5-0x0-9-(5,6.7.8-tetrahydro5 f
|, Sl napht h~ridi n-2-vl)-nonanoic acid (7-2a and 7-2b) Enant i oners 7-2a and

7-2b were obtajrned from 2-tent-butyl-5far d|ne reparation,
see J. Heteroc§21a\“8 %rﬁfc’bel‘g@ie" ‘@éorﬂ’é’i‘%n%ﬁ%]}g% g‘?ir?g '?‘Fg"t?‘f’g
descri bed m ScHewrbrdcdnpectiviig preparation of 1-11 a and 1-11b. Resol utlon of
the enantioners was Gamqg: %&ntﬂ%e%&%éﬂnd%f tﬂE‘Eﬁe%f %95%09“%&@] 33981‘5

é}j% 8 563

di ester interne atec r ondi.n
Loy O 40 TR EmS L a;fﬁ?fx B R e ety PR Yy e
2H), 3.14 (In feehptord. @emponnd?bi) this2nEati¢nmre Sidjeforé uGtul(fon tredkipg mimﬁ@ls(rr) 3H)

1.36 (s, 9H). ngwnhgﬁ%thtuo%cmﬁﬁmscaﬁ&aropmsd,%h sglnekﬁgd b6§§rc§>rptmund M1
439.3. 15 -74 _wo gon2 MPLE AND 13

PCT/ US00/ 1490 1w§? ?Q)C 10, Aefd9 (gxc% thcrapy "Phgrzrgacologlcalﬁy e tbctlve amounts of the
~- ( 2- Et hoxy- pyrompainds, relddingphaaeutichl] Gacegmiabletahtathydph Bre administered to

L, 81 napht hv | disg v ©HPIHE @Ehe) of Andnallifodzodhlls Enant | orer s 8- 2a and
8-2b were tai ned from

{:té rim me(diT9 tggaratlon see
U.S. Patent’No. 5,552,5 eéﬁ’ap nd £Rt 'OF B InyeRtoaTe adpgeitesed spdopages
utilizing the smvmdnmgmd@tbcptwﬁbcecquommclitré@memhsanqsd@basr, fari on of

1-11a and 1-11bsRes @l tt {.}Qergmntopgeaqﬁ@,ﬂt&gﬁggpgrdg@s carried out by 10 chiral
chronat ogr aphy of ‘the k E .ester 1 nter. | at.e carres onc‘i,m to 1-88. 1H
NMVR (400 MHz) CH30D): S 18YS 8‘“(%"}’3 Fpprtop ‘gg‘ tof y erpio e v e o | 1y
J=THz), 4.37 ( cpcemm)a)ntazomng mifect i)an /B3 gnr(ammzm affegt. OViore rp}:mmﬂ)xrly He75 (m
3H), 2.50 js ovP3 antagonizing effect is selected from inhibition of: bone resorption, restenosis,
angiogenesis, diabetic retinopathy, macular degeneration, inflammation, inflammatory
arthritis, viral disease, cancer, and metastatic tumor growth. In one embodiment of
the method, the atvf33 antagonizing effect is the inhibition of bone resorption.
Another example of the invention is the method wherein the o
20  integrin receptor antagonizing effect is an avPB5 antagonizing effect. More
specifically, the av5 antagonizing effect is selected from inhibition of restenosis,
angiogenesis, diabetic retinopathy, macular degeneration, inflammation, cancer, and
metastatic tumor growth.
Further illustrating the invention is the method wherein the o integrin
25  receptor antagonizing effect is a dual awvf33/avB5 antagonizing effect. More
particularly, the dual ov3/avPB5 antagonizing effect is selected from mhibition of:
bone resorption, restenosis, angiogenesis, diabetic retinopathy, macular degeneration,
inflammation, viral disease, cancer, and metastatic tumor growth.
More particularly illustrating the invention is a pharmaceutical
30 composition comprising any of the compounds described above and a
pharmaceutically acceptable carrier. Another example of the invention is a
pharmaceutical composition made by combining any of the compounds described
above and a pharmaceutically acceptable carrier. Another illustration of the invention
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(m 7H 1.94 (m 2H), 1.64 (m 4H), 1.37 (t) 3H). Low resol ution mass
spectrum cal cul ated: 426.5; found M1l: 427.0. 15 - ?5 WO 001 72801

Schenme 9 Oweo b¥izsorN CHO CO2Et 2Et 9-1 9-2a 9-2b r Ove 9- garfse4foXAMPLES 13
AND 14 CO2H 5 3(R1 and

3(S)-(2-Met hoxy-pyrimdm5-yl)-5-0x0-9-(5,6,7.8-tetrahydroll, 81lnapht hyri din
-2-yl)-nonanoic acid (9-3a and 9-3b) The

2- met hoxy- pyri m di ne- 5- car boxal dehyde ~9-) (GQupton, J.T.; @Gll, J.E ;

Ri esi nger, S. Wis a fiatdshifor mang ap@intateutialMompSsiti@ Glneprisihg Lombibmiglapy 64 L. ;

Arnold, Z., J. r | dinto

ket o-di esters fg‘i’e{?%?gg%dsg d%%?%ﬁ%@%%g'%%,@ég’éar%f’%ﬁy 0 g‘%‘ﬁ@%ﬁ‘gﬁt | omers of
racem c ket o-di esters 9-Buthgpidlugirasipgfieiinysationy ametiodoftratiiseei/onD, 50x500
mm col umm; 701 3PeveniopRraapadiabd mediatee by Bntdgdisdt eftah ylvantefrén @ovepkor@da m nut es at

a flow rate sof rﬁ(}’mgal qﬂ‘{me@h mereltgg_lc%hég }%ﬁ@@%g H%é mRnala &Qfaégut Thhy and
32-40 mn). I\/bnoahy rolysrs, 9 - Wo’ 00n 250l
PCTNS00/ 14901 ¢&lediveampratedany ofier toprpeundpsiescribed ghoxe Rieleraply, thegprfidomp as
per Schene 1 prigwidded fdai bhe PesomtiamdsBopiosis, restenosis, diabetic retinopathy,

macular degeneration, angiogenesis, atherosclerosis, inflammation, inflammatory

arthritis, viral disease, cancer, tumor growth, and metastasis. More preferably, the

10  condition 1s selected from osteoporosis and cancer. Most preferably, the condition is

OStEOpPOTOsis.

More specifically exemplifying the invention is a method of eliciting
an integrin antagonizing effect 1n a mammal in need thereof, comprising
administering to the mammal a therapeutically effective amount of any of the

15  compounds or any of the pharmaceutical compositions described above. Preferably,
the integrin antagonizing effect is an avp3 antagonizing effect; more specifically, the
ovP3 antagomzing effect is selected from inhibition of bone resorption, inhibition of
restenosts, inhibition of atherosclerosis, inhibition of angiogenesis, inhibition of
diabetic retinopathy, inhibition of macular degeneration, inhibition of inflammation,

20  inhibition of viral disease, and inhibition of cancer or metastatic tumor growth. Most
preferably, the aovP3 antagonizing effect is inhibition of bone resorption.
Alternatively, the integrin antagonizing effect is an owvf5 antagonizing effect or a dual
ovP3/avPs antagonizing effect. Examples of avf35 antagonizing effects are
inhibition of restenosts, atherosclerosis, angiogenesis, diabetic retinopathy, macular

25  degeneration, inflammation, viral disease, and metastatic tumor growth.

Additional examples of the invention are methods of inhibiting bone
resorption and of treating and/or preventing osteoporosis in a mammal in need
thereof, comprising administering to the mammal a therapeutically effective amount
of any of the compounds or any of the pharmaceutical compositions decribed above.

30 Additional illustrations of the invention are methods of treating
hypercalcemia of malignancy, osteopenia due to bone metastases, periodontal disease,
hyperparathyroidism, periarticular erosions in rheumatoid arthritis, Paget’s disease,
immobilization-induced osteopenia, and glucocorticoid treatment in a mammal 1n
need thereof, comprising administering to the mammal a therapeutically effective
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TLC Rf = 0.1 (15:15:0.5 Et OAcBt OH aq. NH40H). 1H NWR (300 MHz, CD30D): 8
8.50 (s, 2H), 7.41 (d, J=7.2 Hz) 1H), 6.47 (d, J=7.2 5 Hz) 1H), 3.96 (s,
3H), 3.67 WQoore§or 3.43 (m 2H), 3.01 (m 1H), 2.76 (m 3Ehwsidiaddi(m 6H))
1.96 (m 2H), 1.62 (m 4H) ppm -77 wo oonzaol Schene 10 pCTNS00/ 14901 ~
N~ CO2Et ~HI ~ N~CHO/ ~ ~/ -NTHF _N10-1 i 0-2 ~NON/ H N N~ CO2Et
10-3a 10-3b ~N ON H N N~ CO2H / 10-4a 10-4b EXAMPLE 15 3(R) and

3(S)-~, Qnoxal i n-2-yl)-5-0x0-9-(5, 6, 7, 8-tetral ~dr of

1, 81napht hyr i dimou-of Ial)mmhmcmnpcmndiwbr(aﬁﬁeﬁhe plraima@uBdill c@bpbsiions described

2- ~ui noxal | negggfeoxal dehvde (- 10-2) WO 001 72801 PCTI US00114901 A
sol ution of ethyl 2-quipoxalinecar boxyllz; ]]’F é (2.34 g, 11.6 mmol) in
tetrahydrofuran (22 ni)MRESPEHacly exgneliypg t pen ?)‘l'lil“?eo‘ﬁc%‘g‘ytofg‘&t ed with
a 1.0 nol ar Tidsmpainds desaridd dbbveinuim @epandtionof hyedicaieent Sor8k wdarmen: 80 nmol )
added over 53 Rfdbbke iy BMRs:hbBys s Mmb16 nEGARLASN sifiFufenched wi th

glacial 5 acetic acid 22. 1) reactl OQ J[gr'?xture was
warmed to rooﬁf‘?’%ﬂﬁé‘ﬂ"é }lfr’éveéﬂﬁn Hlt'i'etﬁséﬂf Wytqﬁt%épglrpog 4 dgeyibedpbaveiaths was
extracted fi verdparmsen of 4 ineditdmydnt fic eteateetrmantaridive poyerizioned bmegesmpmn was hed

wi th bnne and 2 o) reparative
cent nf ugal TLCQ?%’%SM hider: re-srtgl%sﬁ Atb{éf'}%kfrcge B, &1@6@3%‘?911&5‘ t@%ﬁ?ulglp 1010 VR
(CDCl 3) 400 qu§°"e‘§“2‘® ‘@%ﬁ"{@auomr afgma‘&fy(aé‘h“?m)")raléh%Sesa@ior(ﬂﬁslogﬂnﬁmS 7.98
7.89 (m 2. FABLRVS nmA&oEa@mgliflingithe Grdhti@INGS comidsBionSfuetherBompBifhg and
3(9) - (Qui noxalah'ﬂctgbé]ifl rédlgﬁgelgcté@fr&nZhe%ﬁ { RN 415 f
1, 81lnapht hyri di n-2 %/L nonanaqi ¢ %}&’F este é&i‘o 3a and 10- 3b)
Conpound 10- 3a and®10- 38 HErC Bise R@BatFPb?r?r?ﬁ‘BF“r‘?B [y Aceriap® 33k Hehy de
1L0-2) utilizing the saesermsirévdds described in Scheme 1 for the preparation
of 1-10a and 1-10by) exceplsybb@ire eﬁ&pmmﬂ%rof the enantioners was carried
out by chiral chromato ra at this st‘%?ﬂ Usi ng a Chiral pak AS colum and
20 el utingwith (h83<ane§n BEY S GFRPHYP A A Ne/ MeOH Et OH 70: 15: 15) at 7.0
mLJm n the enanti oders 40ytB@xicfanspreliferativt agegt, i soner) and 10-3b were

separ at ed. e) a matrix metalloproteinase inhibitor,

f) an inhibitor of epidermal-derived, fibroblast-derived, or platelet-
derived growth factors,

20 g) an inhibitor of VEGF,

h) an antibody to a growth factor or to a growth factor receptor,

1) an inhibitor of Flk-1/KDR, Flt-1, Tck/Tie-2, or Tie-1,

A) a cathepsin K inhibitor,

k) a growth hormone secretagogue,
25 13) an inhibitor of osteoclast proton ATPase,

m) an inhibitor of urokinase plasminogen activator (u-PA),

n) a tumor-specific antibody-interleukin-2 fusion protein,

0) an inhibitor of HMG-CoA reductase, and

p) a prenylation inhibitor, such as a farnesyl transferase inhibitor or a
30 geranylgeranyl transferase inhibitor or a dual farnesyl/geranylgeranyl

transferase inhibitor;
and mixtures thereof.
(See, B. Millauer et al., “Dominant-Negative Inhibttion of Flk-1 Suppresses the
Growth of Many Tumor Types in Vivo”, Cancer Research, 56, 1615-1620 (1996),
35  which is incorporated by reference herein in its entirety).
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1H NVR (CDC13) 400 MHz) S 8.87 (s, 1H), 8.08-8.05 (m 1H), 7.97-7.94 (m
1H), 7,72-7.67 (m 2H), 7.02 (d) 1H, J= 7.3 Hz), 6.26 (d, 1H J= 7.3 Hz))
4.84 (s, 1 -4.00 (m 3H), 3.40-3.36 (m 2H), 3.24 (dd, 1H J=17.8,
8.6 H). g otfrpt) (m 25 2H), 2.74 (dd, 1 H J=16.2, 6.§$:FQ§°°"29°67 (t. 2H,
J~ 6.3 Hz), 2.47 (t, 2H, J= 7.2 Hz), 2.41-2.38 (m 2H), 1.92-1.86 (m 2H))
1.60-1. 50 (m 4H), 1.14 (t, 3H J=7.2 Hz). Step C 3(R and
3(S)-(Quinoxalin-2-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydroL, 8l napht h~ri di n- 2- yI) no

d (10-4 d 3
nanoi ¢ aci ¢ (10 42 and 30t 3, S MBLSE0 SR b sl Gl 5
1H J=7.2 Hz)) %#.31-4.24 (n) 1H), 3.44 (t. 2H J=5.6 Hz), 3.31 (dd, 1H,
J=16.0 Hz. 8.2 Hz), a)3. Olan(dighniclbitphdsphbnale o phatiddceutitaPacepiabld silt 02H) )

2.76-2.65 (m 5H), 1956% a%% 4H), L.61-1.52 (m 1HO, 1.25 (s, 1H).
FABLRVE mie 433 (Mr+H, 2% 3 = 433). -79 WD 00/72801 B CO2E 11-1 O

Br \ // + KN | 11-3b- 11msm@rmswe}1tsmlgequlgehene 11. NBr L/ N CO2Et Br w't
Pd(O- Br | ~ 11-2 DBPF Gnldfigén recéptok ndalufhlor?2, 9- BBN, Pd( OAc)2, DPPF O N

CO2Et | / CH3NH_ "~ ,~N - NaH H N N CONHwe 11-8 -
80 WO 00172801 d) " an 1%h1§1toQoP|os eocla%'c;{ AlI]Pa
e) an inhibitor of HMG-CoA reductase, and
) a cathepsin K inhibitor;
10 and mixtures thereof.

Nonlimiting examples of such bisphosphonates include alendronate,
etidronate, pamidronate, risedronate, ibandronate, and pharmaceutically acceptable
salts and esters thereof. A particularly preferred bisphosphonate is alendronate,

15  especially alendronate monosodium trihydrate.

Nonlimiting examples of estrogen receptor modulators include
estrogen, progesterin, estradiol, droloxifene, raloxifene, and tamoxifene.

Nonlimiting examples of cytotoxic/antiproliferative agents are taxol,
vincristine, vinblastine, and doxorubicin.

20 Cathepsin K, formerly known as cathepsin O2, is a cysteine protease
and is described in PCT International Application Publication No. WO 96/13523,
published May 9, 1996; U.S. Patent No. 5,501,969, issued March 3, 1996; and U.S.
Patent No. 5,736,357, issued April 7, 1998, all of which are incorporated by reference
herein in their entirety. Cysteine proteases, specifically cathepsins, are linked to a

25  number of disease conditions, such as tumor metastasis, inflammation, arthritis, and
bone remodeling. At acidic pH’s, cathepsins can degrade type-I collagen. Cathepsin
protease inhibitors can inhibit osteoclastic bone resorption by inhibiting the
degradation of collagen fibers and are thus useful in the treatment of bone resorption
diseases, such as osteoporosis.

30 Members of the class of HMG-CoA reductase inhibitors, known as the
“statins,” have been found to trigger the growth of new bone, replacing bone mass lost
as a result of osteoporosis (see The Wall Street Journal, Fnday, December 3, 1999,

page B1). Therefore, the statins hold promise for the treatment of bone resorption.
Nonlimiting examples of statins are lovastatin, simvastatin, atorvastatin, and
35  pravastatin.
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PCT/ USO0/ 14901 H' N N CO2Et ~ a CH3PO(OwWwe)2, EtOH, HC (g) ~ nBuLi, THF,
-78 11-9 00O n N~ P~-OVe OV 11-10 M NI \ NIl .1 HN 11-11a 11-11b EXAMPLE
16 5 3(R) wodWMo/72801 PCT/US00/14901
3(S)-(2-Methyl-pyrimdin-5-yl)-5-0x0-9-(5,6.7,8-tetrahydro-5H pvridof 2, 3bl a
zeni n- 2=yl | -nonanoic acid (11-11a and |1-11b) Step A
5-(5-Brono-p~rridm2-yl)-pentanolc acid ethyl ester (11-21 To a stirred
solution of ethyl-1-penteno~c acid (10 g, 78 nmol) in 10 15 degassed THF
(80 mL) at 0C was added Bdidepati foea erusial rotel adtheafrol@nB8BNrgkirige retepddr (O-PA-M i n

THF, 94 I f t

Lo produce 11 FPAR MEgHoEbH, B f %5”'1“”“@"“955? gty sﬁ.?%ﬁflﬁﬁﬂﬁéf‘(”ié 5
g, 78 mmol) welFeidyaine améﬂr#mksweayhaé besrepreseaidd &ssa Yae ahenr t®br 30 min)
suspensi on of Bdédbasims 6kighaling &r&gﬁlﬂib&nzﬁﬂﬁeﬁlﬁﬂ?aﬁ&th&OgllulQnBcspmh) in

degassed DN)E (%Qmmbz,g,s a@%;@#_g&@ 3%659&129%& hLarstPrfo%nglg, urs at

70C) cool ed rine, dried
over MyS04, anddbssionehhematas. a%lntvwé@?ﬁsmﬁ Regwlaed b ibe BiPASBIPARIPARL THE (400
m.) was added Sgtet," THmboli) ard) Mdachikialls 83389304a Do), tThius, IsGdifionut es,

NaBO3HZO (48 g nt?ﬁgmsﬁ of Yﬂet %ﬁi[ﬁsoﬁxt LA 1 QgAg.q'{avggc(?n%lﬂq t%ﬁﬁt c%ﬁ%?

PCT/ CIS00/ 1490 ture was ace washed
with water andplafmlﬁesen@é'é‘ﬂm%évmwth AW PnEGRERIE f’h‘foé‘?j—'lt-"é‘l‘aﬁ‘ddMThe
resi due wagochmotas.ogr aphed on silica gel (10-20% Et OAc/ hexane) to gnme 11-2

0 ooy ess oL TLOUK, odyaff o bkl ORUURLCRR | BPE0R) 1008 B, NI (400
oH.~ J=6 HZ) 2 obsprved syng;glstxgcffcqj;&l?etw?ng& a(nttlangmgpmg a¥ pjteeyin aftagor(lﬁ]anqlp.b 1. 2’6
(t) 3H, J=6 Hz)umdSispqeifB: anAbdlytcylbkeyintdrisokinla) ﬁrsﬂmfy‘rmiélﬂhﬂh(: trhdiojrich®f To a
stirred sol uti %&Le&.ﬁ Bk CRfe bt 1A miTHRldn haPE (150 L)
was added potassium phthalin ) e mxture stirred
for 18 houdd aPot9@iEl oAfrteé’fea‘(’i‘%?BF q)f,@nqeg)arpg%metﬁqgeglcr}wy?wr@w%as diluted with

et her, washed w th wat erThapebtb ATRase tvhichds foued oMiS@dicalamantearaditer at ed to
give 11'5 as a {5t 1S regorted B ﬂixt‘%ﬂel e% xQ) s 2H)

ZH)7 2 g{n ep2|C_:|? ’ 5g&§%f°§& 15%33@%]213% Iei%ﬁwgaqt%r%mwj@gﬁyﬂz bl;%é}tgrs

pyr i di( n- §3y| 1 gewfqmaﬁ%ﬁhcﬁtafkﬁg}t@&hlﬁ;:%sézgg_fog)hemga)tgﬁneaxﬂtpégve&m&&mI ution of
11-5 (4. hreRQARSREbIT R n feafibogut se a
solution o 9 é 632?{11 Qfﬁ% ’l-gllse Sﬂ%mm and the mxtu
stirred for 18°hthaegcerashyasidaproteppdPatess éo"ckk@?:?“(ll@scﬁptg‘)c agentgy” Rﬁal) and
11-2 (5.0 g, 14 f3mmi)99asr e added, foI | owed by a prem xed and aged (70C

for 30 mn) suspension 35b{éﬁg%mﬁ'ﬁﬁiﬁﬂtegthag?"%r&r%%%t)er PF (1.4.5 25

g, 2.6 mmol) in degasse 's shoed for 18
hours at 70C, &BYt %s}caarqlwéa# dvelapaem of b%é%aai@mwa@ﬁé‘@%ﬁ*@n that er and

brine) dri@d androgens act directly on bone. Androgen receptors have been demonstrated 1n

human osteoblast-like cell lines and androgens have been shown to directly stimulate
bone cell proliferation and differentiation. For a discussion, reference is made to S.R.

Davis, “The therapeutic use of androgens in women,” J. Steroid Biochem. Mol. Biol.,
69: 177-184 (1999) and K.A. Hansen and S.P.T. Tho, “Androgens and Bone Health,”
30 Seminars in Reproductive Endocrinology,” 16: 129-134 (1998). Thus, androgen

receptor modulators may have utility in the treatment and prevention of bone loss in
women.
Activators of the peroxisome proliferator-activated receptor-
vy (PPARY), such as the thiazolidinediones (TZD’s), inhibit osteoclast-like cell
35 formation and bone resorption in vitro. Results reported by R. Okazaki et al. in
-48 -



over MygSO4, and concentrated. To the stirring residue dissolved in THF (200 -
m.) was added water (75 nL) and NaHCO3 (16.5 g) and after 10 m nutes,
NaBO3H20 ( 2¥Moogy7280Af t er vi gorous stirring for 30 m nutes, pth@sétiiddodr € was
diluted with ethyl 30 acetate, washed with water and brine, dried over _
MySCGa. and concentrated to an oil. The residue was chromat ographed on sthca
gel (20-40% Et OAc/ hexane) to give 11-6 as a yellow solid. TLC Rf = 0.31
(silica, 50% Et CAc/ hexane). -82 wo oon2sol PCTNS00/ 14901 IH NWVR (400 MHz,

CDC13): S 8. 37 Engocrihbibgy, 14@4060%5063-)1999%).p6mt (09 lo2dthmecHanitth grmbond nidhrpw7. 05 (m

1 4.12 t 2.61 (t,
2HH)) =7 Hz)(q2 4l a(“LS ﬁfﬂg ys'f%lfzé‘%e “fﬂ%ﬁg )"e%ﬁaﬁm( %"é’m(m‘i"% %ofm) 5(
Step D 5-f5- (&P A&Yﬁﬁwsmwﬁlu@vmr%%yﬁ bigeane aiogightazaop ¢ M-de
(11-7) A mixture of 11-BrHe4vesgnt idvRtionBla)so Airebtal 6 abmbdbiashs SOIhE! | on of

et yl ame: < et hanel (R00 ) ol b 38R Af MO L8R, NERS RilpEhred@al 07 12

hours. The m xtur concentrat , 2" r esl dle was
chr omat ogr aphed@r Beatsent p&astwpr%@omemﬂe@m@rmw oftopptant @y veptiongi ve 11-7
as 10 a yel | ownfiylbe efféctivedl admiisldied inicbnbmatidOwitefleclvezintdia sk GiHeNHAOH H20) .
1H NNI R (400 1 1H), 2.74
(m 7H), 2.59 d““%gi‘ %S)aé' "E&‘}ﬁ %SPE@SP{‘%@%{ %*g%‘?ﬁ%#@%" éBQ’{”maW 1.48
(m 2H). 15 St @erggcn receptor modulator a growth hormone secretagogue, a cathepsin K

5- (6. 7, 8, 9-1Tet imibiche,an SAMEyTutofedudash heuts foir, i BRARY) acjpeandrasrain nhalsiiod of the

rrethylam—de(l 11-7 (24 g) 91.2 ncnol) and NaH (10.9 g of
a 60% wei ght dl%’ss[g%c#d:}%@]%%a%ral oil, 273 mml) in xylenes (500 nL) was

purged with argon for 30A9ditenabillystiagns of dha layengen Fréf"FeLB?df B repUNHBMOE . The
m xture was cogteedh ofietatibixin 2Gnanrhd) irehded tiekeof Gomptiging adntihiskfig @aheous

pot assi um car bandf AMRELICAR] Eftold ndhDya AGH0R Eiesd i BB FSne T ©
dried over MySO4 centrate an

chr omat ogrésheer@ﬁresqgmtw'wtO(oveth*sms/am%mlsﬂcEflmcfi\%qum% ofjthge 11-8
as a white sol ipeksent ifSeftion=af) bd Adrfigistereddn cotfibirfion vﬁlHthﬁgciﬂn@MéMﬂ-l) i) 25 lg
Nl VI R 400 MHz V4 , THz 6. 53 1H THz 514
(br s, ( gg%%’é%cer ?‘Iﬂ)méék’ %g‘ "wg} yih. )79 , 3|(4 J=5Hz), 2.63 (m
4H), 2. 18 (”) 2H), 1.81 I(lﬁfidlgp_l) thej_m@gm( ﬁfBSaz}qf)gomgtcgﬁxppunds of the present

5-(6, 7, 8, 9- Tet rnkytinomSHepttdaivelyhdhlidaepd in ddmpinaticewitha giocvtiakorthod® et hyl
ester Cll-9h A EQﬁé%Lagtégge ﬂfthclté éa?c(uﬁc G prglét}'li-’acm a)cmaﬂ%f Bisdfudihh ) ma

seal ed tube was e mxture was cooQ
concentrated t&heRhYE W“a‘?‘h‘@"%%§‘|a&iﬁ’é'a¥ﬁééhsa¥é%t1fb(9ﬁe@se@?eéFHCB{dﬁ&?RS’I‘“O(“SO m_)

twi ce, then di s&ﬁﬂh\cenibamﬁﬂfrcbﬂqlal@éducﬁmﬂhha:mlescﬁﬂlm A fedwridn Indtmwhe eksaptioDC f or
1 hour. The m @1&?&e§;ﬁ%a@ﬂlcéﬂgwegﬁeso&y{ﬁn919&]&ﬁﬂ;thclp %%@%Qfeﬁ%@sjn

concentrated to an ol acetate, washed
with 10% aqueod®ulsift bene pugmentatignnAtedustion 1 baee Tesqipiinsan pllaviptscihe painng
concentrat & t assgtidred ¥ithDstaslyac lagiovsrand rdducelthEindidence@ndldr grewthi of dhjose/ 0: 25: 5
CHC13/ Et CAc/ Me gggg% 7Hz), 6 53
(d, 1H J=7 H) g_sj}cms ST %M@@séﬂ%um'ste )?b)(mcﬁld%_;%gtrgggn de"fléle(ng% 2H) . 2. 66
(m 2H), 2.62 c@wobxﬂzat@n(sgl&goco@ccgg-u(d(ucedzqqd 8 Hﬁteo S mh( ?fﬁageé ﬂfhseafe 63 (M
6H)) 1.27 (t, 3tjosifisddsificans, Bechterew’s disease, malignant hypercalcemla metastatic bone

disease, periodontal disease, cholelithiasis, nephrolithiasis, urolithiasis, urinary
30  calculus, hardening of the arteries (sclerosis), arthritis, bursitis, neuritis and tetany.
Increased bone resorption can be accompanied by pathologically high calcium and
phosphate concentrations in the plasma, which would be alleviated by this treatment.
Similarly, the present invention would be useful in increasing bone mass 1n patients
with growth hormone deficiency. Thus, preferred combinations are simultaneous or
35  alternating treatments of an avf33 receptor antagonist of the present imnvention and a
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Ste~G 3(1~ and 3L-(2-Methyl -pvrimdtn-5-yll-5-0x0-9-(6.7,8,9-tetrah~dtol0
SH pvndof 2. 3- bl @ze~i n-2-yl) -nonanoi ¢ acid (11-1la and 11-11b) Wil i zing the
pr ocedur es woboi2b@ conversion of 1~5 into 1-1la and 1-11 14

converted intol I-1 laand 1 1-1 |b by way of 11-10. Resolutlon of t he
enant ~onmers was Ganmed out by chiral chromat ography of the keto diester

I nternmedi ate corresponding to 1-88 on a Chi raI cel AD colum (I Gcm x 50cnm)
using 15 70% A1 30% B (A = 2-propanol: B = 0. 1% di et hyl am ne i n hexanes)

t fl t RGmidhe fac 10na udj c nérf c sm a
Et O%\C/ E?V(;_J?Vﬁﬁl%fwtl? Jid H:IM%I 0%ton By A C%%FL&HG?B 0419)0 ¢l cdm g 42 (d,

1H, J=7Hz), 6. §%apig! %ﬁ“—?s Q“?Iﬁzb‘” %@431%%‘%‘5%1%"’0’&? %di‘“t‘ﬁﬁ'hy%ﬁ}- 3. 05 (m 1H),
2.87 (m 1H, 2.77 (m Anlpccopdange R0h (heymedlid)d of thegesemyinvir)ion, theSudigidpal4H) .

-84 WD 00/ 72@%{1}%&%&@ BBthd %om!ﬂn%(m‘ cafBe E&mlﬁ(ste;'e]d' S@%%] y¥E diffeledrimesO-

PCTI 14901 2
3(Cg) US00/ 0 during thlé course of therapy or cc%?:urrently n dl%?dc& or 51nglcE?:<<')A\n|¥l|331rlTal%10% z’orms?’( R) and

| 2- Met hox~py nniTté ms@ntjihyenbionsch@elpty, t6 b7 piderstdadak yobochiipll sudatgdmas &l azept n-
2-y1) - noNanol ¢ il 2okeriitnd Bertiln Un bl AR b REAGS Wb 88 TOr the

conversion of 1-55 int a_an

2- met hoxy- py nnii¢Restes aewyaalaehwﬂ be T’Zdeis‘oqddPa‘ﬁFéﬁ%%&f cgmbinatiqus of the
Her erocycl . Cheompqund®&lthis inv2Btionl R othervageres gefil forttedtinginegd2mediardd 12- 2b.

10 Resol utiy@n Qfndikifhs GRANES HthEipBny mqa&uthwangfghwac&mam ography of
the keto diester mterrre%gpt%e corresg@ndl ng to on a Chiral cel AD

colum (I Ccm xC%‘BB?ﬂ“%éﬁs HYEAANE OHBRCESSA = 2-propanol ; B = 0.1 %
di ethyl am ne in hexanes)Aausedhéﬂthpm "ocﬁm@ﬁi)lontmmtcndﬁli@ ¢dchmpas§a2l

(silica, 10:10pdsadcieh élEé Qévs Qcincnts 1§5hc sg‘éﬂﬁ&@ﬂm ESQVJ]NI%Q% 14901
1H NVR (40U MHZ, CDC13 56 (d, 1H,

J=7 Hz)) 3.94 (Pé"d“%‘Hj]‘)‘ *S‘eﬁ‘;‘éts ‘Hﬁ“‘ﬁ*ﬂr m CEESY (fo“ %’ﬁﬁbmaﬁ%gf %Hzgeﬂffd 2.85 (m
1H), 2.79 (I4) 2ndredichts8 tempe@fibd amowdts. (m 4H), 1.57 (m 4H) Schene 13 -\ O
CHO 13-1 H2, Pd/C 13-3b pe compounds of the present invention can be administered in such

oral dosage forms as tablets, capsules (each of which includes sustained release or

timed release formulations), pills, powders, granules, elixirs, tinctures, suspensions,

syrups and emulsions. Likewise, they may also be administered in intravenous (bolus

20 orinfusion), intraperitoneal, topical (e.g., ocular eyedrop), subcutaneous,

intramuscular or transdermal (e.g., patch) form, all using forms well known to those

of ordinary skill in the pharmaceutical arts. An effective but non-toxic amount of the

compound destred can be employed as an avf33 antagonist.

The dosage regimen utilizing the compounds of the present invention

25 isselected in accordance with a variety of factors including type, species, age, weight,
sex and medical condition of the patient; the severity of the condition to be treated;
the route of administration; the renal and hepatic function of the patient; and the
particular compound or salt thereof employed. An ordinarily skilled physician,
veterinarian or clinician can readily determine and prescribe the effective amount of

30  the drugrequired to prevent, counter or arrest the progress of the condition.

Oral dosages of the present invention, when used for the indicated
effects, will range between about 0.01 mg per kg of body weight per day (mg/kg/day)
to about 100 mg/kg/day, preferably 0.01 to 10 mg/kg/day, and most preferably 0.1 to
5.0 mg/kg/day. For oral administration, the compositions are preferably provided in

35 the form of tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0,
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NaOH i ,~-4a 5 13-4b -86 13-2b WO 001 72801 PCT/ US00/ 14901 EXAMPLE 18
3(R) and 3(S)-(2, 3- D hydro-benzof uran-6- | ~oxo-9-(5,6,7,8-tetrahydro

| 1, 81napht I N=2- VI )-nonano~c acid (13-4a and 13-4b) 5 A 3(R) and
3(S)-(Benzo &u?déngoé-yl ) - 5-0x0-9-(5.6.7, 8-tetrah~droll, 81n5§%@ﬁwl4?ﬂln 2-yl)-n .
onanoi c acid ethyi ester (13-2a and 13-2b) Utilizing the procedures for the
conversion of 1-55 into 1-10a and 1-10b, benzofuran-6-carbal dehyde 1( 3-1,
prepared as described in Askew) B., et. al., 10 PCT Int. Appl. (1999) WO

991 31061) was tﬁ&g d‘ﬁﬁ a'l'ﬁ n}s3of%ﬁe A0k %.greﬁ{?;mtﬁ?ﬁmg %"Flf)tglﬂat?cf adﬁ&ﬁn@eréﬂip Omer s

was carried ou fifomat ogr a este ate
correspondi ng @gsage B’Sh@)hﬂtt&ﬂdﬁlbﬁé@%@q eéb‘ﬁ’ﬂ?m ‘YPl%“NW”PE@@OWFEOUt@@(L‘B) S

(7d571|(_|)5 5 1|;)HZ) ﬁgg@?gﬁn 5061 mg bF theldén ve nggr%el(tSpreﬂHdbly, ﬁoﬂ;@bétﬂ)l mgto aﬂvgu?t?ﬂ%) Z 83
(q, 2H J=6 HzJ"8Y b ‘ﬁ%re"m Biyfaepo Lty %gﬂé"%é* (’di)" ﬁ(ﬁ)ﬁa‘“ eﬁ% 2.68 (m
4H), 2.47 (ﬁ’l ngutog tggbqqtnl() mg;kg/nlmg:g dgmg Degnstant 1gtp u(fnqxoruH)dvagtag@ugly, 2H,
J=6 Hz). Sten Bom dﬂhs aNfle present invention may be administered in a single daily dose, or the

3(5)-(2.3- 0 hyghg Jé,g},gosagw% 8 oo 08 91 R Bl B ORISRz Kby RPN YT

I n-2-yl)-nonan M xture of 13-2a
or 13-2b (0.4 ¢ailo. fwhmrg pmﬁﬁrez@wp@{r@sﬁoztwr@qqatrlwavor(w@cm) i n et hanol
(28 m) was st lagﬂhﬁﬁistétediﬁnﬁnt@anbﬁh foemvintbploydis©ersitite inkrindsgweRiyles, oe Riaf i I tered
and concent,fat t0 0]

CDCl 3) : 716 & gnsde hYS L}s"i}’agnﬁosiH?rm%%f gg s er¥n% %_l§1¥vp%éh§§w%ll W@qﬁ e?HZ)
4.51 (t) 2H Jeoxdnary skilbim tbqﬁﬂ 2¥9) be agmgnistes lmthﬁﬁomyfA?ae%ﬁimeH)ieh\@ry 13 (t,
25 gH( J= ZH}H)Z) Sy Q&éﬁﬁhéﬂﬂsag&i‘)ﬂmnﬁstﬁﬁoﬁ will, Gf'hou:r))s(% ?c?ccﬁgiluoﬁﬂa)heltlﬁﬁ (m 2H),

1.5 m 1.1 { R) an

3(S)-(2,3-Di hy 'Ftc enr?zto}frm}%]gméﬁz%))saér%m% 5,6.7, 8tetrahydro-(1, 8lnapht hyr
i di n-2-yl)-nonanoi c aci dI“(th%mﬂtaO%rM“ZF@m‘ﬁBT)t IG‘G’“UPT} theLomgourids hereigc edur es f or
the conver gison deicnﬁedﬁaletantcmﬂonﬁtﬂeaapnaéingxadxamdaﬁk&read@pmarﬁdﬁmw%ﬂeﬁl lnt 0

15,18, 400 L2 9 G505 Y AR s P e B
1H) J=7Hz)) 4. 4g°c1(rqd to@prcm\]asg]qg)er mjitegrals) pﬁltaglpq)seleqtgdmlth rcspec to the intended
form of administration, that is, oral tablets, capsules, elixirs, syrups and the like, and
consistent with conventional pharmaceutical practices.

20 For instance, for oral administration in the form of a tablet or capsule,
the active drug component can be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carrier such as lactose, starch, sucrose, glucose, methyl cellulose,
magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the
like; for oral administration in liquid form, the oral drug components can be combined

25  with any oral, non-toxic, pharmaceutically acceptable inert carrier such as ethanol,
glycerol, water and the like. Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents and coloring agents can also be incorporated into the
mixture. Suitable binders include starch, gelatin, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or

30 sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes and the like.
Lubricants used in these dosage forms include sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and the like.
Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite,

xanthan gum and the like.
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wo oonZ80l1l PCTNSO00/ 14901 3. 4l
1H) 2.75 (t,

(m 3H),
di oxane,
O-nBu O

Et 3N) 76% 14-5 H2, Pt02, PVMBHN N~ CO2nBu di net hyl
Et 3N, 94% ~ -

PVBHN |

(t, 2H, J=SHz))
2H, J=SHz)) 2.62 (m SH),
1 vxdoo(72301 1H) .
O 91% OH O 14-3 5 n-BuOH PMBHN N Br
14-4 C H P PdCl PMBHN N\

2.42 (m 2H,
Scheme 14 Br N Br 14-1 4-net hoxy- bepg¥éeadacpe D PEA,

3.12 (t) 2H) J=8Hz),
1.91 (m) 2H),

2.91 (m
1.63

14-2 PMB = 4-net hoxybenzyl

N~/

10

15

20

25

30

35

14- 6 nBulLi ,

~ C02nBu 14-2 + 14-4 6 5~3 ~2 2" Cul)

89% 88
~ N ~NJ THe Gnffo0f4 DPitFresehtiVBiom\an-aiso bé almindstéted AVBH

---~ ~ net hyl phosphonat e
wo oon2so~ O PMBHN N\ P(O (Owe)2 14-7 O

the form of liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a
variety of phospholipids, such as cholesterol, stearylamine or phosphatidylcholines.

Compounds of the present invention may also be delivered by the use
of monoclonal antibodies as individual carriers to which the compound molecules are
coupled. The compounds of the present invention may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol,
polyhydroxy-ethylaspartamide-phenol, or polyethyleneoxide-polylysine substituted
with palmitoyl residues. Furthermore, the compounds of the present invention may be
coupled to a class of biodegradable polymers useful in achieving controlled release of
a drug, for example, polylactic acid, polyglycolic acid, copolymers of polylactic and
polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and crosshinked
or amphipathic block copolymers of hydrogels.

In the Schemes and Examples below, various reagent symbols and
abbreviations have the following meanings:

AcOH: Acetic acid

BH3*DMS: Boranerdimethylsulfide

BOCBoc): t-Butyloxycarbonyl

BOP: Benzotriazol-1-ylox ytris(dimethylamino)-
phosphonium hexafluorophosphate

CBZ(Cbz): Carbobenzyloxy or benzyloxycarbonyl

CDIL: Carbonyldiimidazole

CH3Cly: Methylene chloride

CH3CN: Acctonitrile

CHCl1: Chloroform

DEAD: Diethyl azodicarboxylate

DIAD: Diisopropyl azodicarboxylate

DIBAH or

DIBAL-H: Diisobutylaluminum hydride

DIPEA: Diisopropylethylamine

DMAP: 4-Dimethylaminopyridine
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14-10a 14-10b CO2Et PCT/USOO't 4901 ~N ~ CHO N K2C03,80 1. diethyl
mal onate, NaOEt 2. Chiralcel AD, 50% 1. 1 NNaCH 2. 1 N HCl, O 70% ( CH20) ~,
ACOH, NaCNB¥&)ooH, 50C, 96% _89_ wo oonfot PCT/ USOOp¢42Qded8oN | O TFA,
60C, PMBMEN N CO2Et 83% 14-11a 14-11b NN O 1 N NaOH MeHN N~ CO2Et 84%
14-12a 14-12b N*N O MeHN N~ CO2H 14-13a 14-13b EXAMPLES 19 and 20 ~) and
3(S)-9-(6-Met hyl am nowidin-2 yl)-5-0xo0-3-(pvnrrndi n-5- | ~onanoic acid
(14-13a and 14-13b) Ste~A: (6Brono-p~ridin-2~1)-(4-nethoxy-bend)-anore
(14-2) A sol utpeg. of 2, 6- di b1 gimpi¢thosyetend ( 4-1) (37.3 g, 157 mml), 4 10
met hoxybenzyl (21.6 g, V\gfo"ﬁ‘%i‘ (gnsopropyl et hyi am ne (22.4 g,
173 mmol) in 1 doxane( 1 n1_ {€d at reflux for 24 h. The
reaction m xt UPMS@as cool ed, Deesiedsiiosided in vacuo, and the residue was

partitioned bebmeen Et CAc (1@,@ Dinkthan tpgatslyiddredmadaetige NaHCO3 (125 nl).
The organi Cs ! [k, Was Washedl-'(3-%?methylaminopropyl)-3-ethylcarbodiim1de *HC|

EtOAc: Ethyl acetate
EtOH: Ethanol
HOAc: Acetic acid
HOAT: 1-Hydroxy-7-azabenzotriazole
10 HOBT: 1-Hydroxybenzotriazole
HPLC: High-performance liquid chromatography
IBCF: Isobutylchloroformate
LDA: Lithium diisopropylamide
MeOH: Methanol
15 MNNG: 1,1-methy}-3-nitro-1-nitrosoguanidine
NEt3: Triethylamine
NMM: N-methylmorpholine
PCA-HCI: Pyrazole carboxamidine hydrochloride
Pd/C: Palladium on activated carbon catalyst
20 Ph: Phenyl
pTSA p-Toluenesulfonic acid
TEA: Triethylamine
TFA: Trifluoroacetic acid
THEF: Tetrahydrofuran
25 TLC: Thin Layer Chromatography
TMEDA: N,N,N',N'-Tetramethylethylenediamine
TMS: Trimethylsilyl

The novel compounds of the present invention can be prepared
30 according to the procedures of the following reaction Schemes and Examples, or
modifications thereof, using readily available starting materials, reagents, and, where
appropriate, conventional synthetic procedures. In these procedures, it is also possible
to make use of variants which are themselves known to those of ordinary skill in the
organic synthetic arts, but are not mentioned in greater detail. For example, replacing
35  5-formyl-2-methyl-pynimidine (1-6a) in Scheme 1 with the appropriately substituted
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wo oonzaol PCT/USOO't 4901 with water (100 nmL) followed by brine (100

m.), and dned (Na2S04). The organic |ayer was ftltered) concentrated in
vacuo) and WoR¥R2BHd by flash chromat ography (silica, 10%pcwudaiinso:

Et OAc/ hexanes) affording 42 g of anore 14-2 as a white solid in 91 %yield.
5 1H NWVR (300 MHz, CDC13): 8 7.26-7.22 (m) 3H), 6.88-6.86 (m 2H))
6.?5-6.73 (d, 1H), 6.27-6.25 (d, 1 H), 4.98-4.96 (br s, 1 H), 4.39-4.37 (d,
2H)) 3.80 (s) 3H). St- _ep B: Pent-4~ynoic acid butyl ester (14-4) HC was
bubbl ed into aryl-GHiOaffotds sied cotrzprndi 2 Gompound Whereintthelaryingowp ROisadied 14-3 (10
g, 102 mmol ) ftﬂ.rmi%t BiHifiun. RDR%%IHﬁdn%tﬁetﬂaEcrnﬁgnﬁWtﬁxrveﬂtﬁtanﬁ (syi@Rm

t enperature. The solv n was re acuo provjding t crude ester
14-4 as a yel | B&9r$ dndican pyacsamplishediby HBLé cljoga Ogﬁpm ! alis! sueperti3) . 8
4.12-4.09 (t) sabhas thBﬁGCIZA%r(mﬂraléH)OD tol8@nd . 19 Ghi§ fa,shlﬂzlh-l)r,e isbld@tthe 60 (m 2H),
1.41-1. 35 (

5.1 6- (4- I\/Et 1%5%@91 (PZ and?%) éntm)ntlo a§tl%91 aftdl 1- substantlag% Ifree %f tt Y1 ester
Ql4-51 To a m%’t‘%FéaftS‘meﬂ Phe Blabf&S%VedﬁéRh@dr%@WO%H spgh as k-dlapnd 1-35 4

mrol ) i n Et 3N [1B0areldgrivedd fidnhs kerd dizghe Gptbcuf€drslid aghre®-stéd yequditee of ol ut i on was

purged 20 thﬁocﬁfg gé‘%q'bu‘ﬁg‘@ gﬁ]@ﬁ% gs (0.52 g, 0.74 mmol) was added.

After 1 h the and the solution was stirred for an

addi tional 12 h. The sol'dt Fonandds7 alephr! der\atves aiitheraqippowds of the 2eent ) and
washed wi t D waihegntipd can BeGdepakod biyoéduotiedothlye dordespendid®O- and. 7-ketd he et her eal
| ayer was dr' th%}%gégsll}e’s &BOQ?Q\;}{O@I%M%? x&@s&%ﬁ%@@%% ci ica gel

30% et hyl acet at e exanes ive 8. 1H NWVR

CDC13): 8 7. 34EXamplesbelows [The redusigonzcan he ﬁ#“(C“’E‘PU"h 36"’8‘?1 hydgde, 6 32 d"lm
6.72-6.70 (d, drHilhluﬁ boBh@dizde, (nch suitile soﬂveﬁﬂ.sdhh&gn(eth)ylei}Hﬁhloﬁd%O 4. 38 (d, 2H,
4.134.11 (t, ; H) ,

1 66-1. 55 i hyﬁro?l%al( th%i(w orn?e% Hor - ﬁ%ﬁ&ﬂgh é)(%mlstkct% ﬁ?ﬁlpao éh ﬁa‘i@ th%
5-f6-(4-Me %oxalcqy@h%ﬂvatﬂﬁeaa)ay 6&5? FW“&‘WI"} a’]‘«"éﬁ?%BLe‘a%{EfFﬁ”sﬁE&“VF {PS‘@Q‘E er 1(
4-6) A m xt ur eusifg chitalgedusirfgdagents, fuchs @B oy §S)Zti8éth{ ICEB oxdzabotAidtherinzl ), and
Qe (0. 405 0)qubafi@lolRnElft & ober xS aftinil G, HOHALnRRMAL PN Of

hydr ogen for ? ration through cehte evaporative renoval of the
sol vent afford@Ha}B’ Q’f?.ma‘!)l wo aonz8ol PC f1 US00/ 14901 g of 14-6 as a
colorless oil. The crud&hpfabwiig Evampies et illustrettd of tha rhére prefortedst ep wi t hout

i ficat 6. 85
g‘ﬁg') '6025' g@ 43é%ﬁ%%49%%%1%@ TfEe{Zre%f Zo@gveﬁﬂbé%m&dgz A 37”1( )
oH), 4. 07- 4. 05forping iy onlyzgepgs (hat is gongidpred s tha invenfipn¢ ﬁhe Srgmples fynher 31 (m
2H), 1.76-1. 68111(1§ftate4dé)allsforﬁ£c}iara55n 65the 2dhpouitdsAit-1He B&ehtinvedtihn. Thodel- 0. 92 (t)
3H) Sten E_ 1 1l dfm tl'{c%]rtl\é%hb%}‘ %%%Jn% gﬁgﬂ%»ﬂy\rﬁ]%&)s%f%ltlco t?cffxg pdi‘XW

Ephosphont aci dir~et ester l'ut] on of

met hyl phosphonBfPgesges Oﬁ 3601102‘(3“37?%?"}3‘1"!%1’59‘? PP S AR beppged (%Ue?ﬁ_‘jthﬁﬁs cooled to
-78 and tr2at echbnioopds. diiask tthte@ otherMise; Bubperati®@nOwerk rarriéd dwrat sbimrari ng at - 78
for 45 min, a HObikid@hpePin Shf" ]llﬁﬂ’n&ra(tllre%ege reés Cefifi®! ) in THF (10 nl) was
added dropvm se and the resultlng sol uti1on stlrred for 30 mn at -78,
guenched with sat NHg.Cl (25 nL), then extracted with ethyl acetate (3 X 75
15 nmL). The conbined organic extracts were dried (Na2S04), filtered, and
concentrated to afford a yellow oil. Chromatography on silica gel (5%
MeOH CH2C12) afforded 14-7 as a yellow oil m89%vyield. 1H NVR (400 MHz,
CDC13): 8 7.33-7.26 (m 3H), 6.87-6.85 (m 2H), 6.44-6.43 (d, 1H),
6.19-6.17 (d, 1H)) 4.83-4.79 (t, 1H), 4.38-4.37 (d, 2H), 3.79 (s) 3H), 3.78
(s) 3H, 20 3.76 (s) 3H)) 3.13-3.04 (m 2H), 2.66-2.58 (m 4H), 1.70-1.64
(m 4H).
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SteQF:. 7-f

6- (4- Met hox~benzyl am no) - pyri di n-2-y11- 1- pyri m di n-4-1~i - heft --1en- 3-one
(14-8) To aweabmisoon of 14-7 (1.87 g) 4.44 mol), pyrim q‘gﬁfsﬁﬁ/%@@bal dehyde
25 (0.480 g, 4.44 mmol) ~n 15 nL DVF was added K2C03 (0.9 g, 6.67 mol).
The m xture was stirred at anbient tenperature for 15 hr, and concentrated
to a paste. The residue was diluted with water, extracted wth ethyl
acetate) and dried over sodiumsulfate. Follow ng concentration, the

resi due was chromat ographed on sili {5% MeOH CH-C12) to gwe 1.44 g of
14-8 as a white solid. 30 1H NWR ( CDC13): b 9.19 (s, 1H), 8.88(s,
2H), 7.47-7.29 (m 4H)) 6.87 6.82 (m 3H), 6.47-6.45 (d, 1H), 6.21-6.18 (d,

1H), 4.82-4.78 (t Y 1H), 4.39-4.37 (dcéﬂg, 3.79 (sY3H), 2.73-2.62 (m 4H))
1.77-1.74 (m 4H) J-9 oonz VStep G _3(S or R)-

2- (7-16- (4- Met hoXv- Bénzvam®@)H pyri di n- 2-yl | - 3- 0%o0- Xp- y© ni GPLHY - hept yl
1-matont acid diethyl ester (14-9a and 14-9b) To a solution of 14-8 (0.719
g, 1.78 mmol ) and diethyl4y nmalonate (0.326 nl, 2.14 mmol) i ethanol (10 ni)
and THF (10 m.) was added sodium 5 ethoxide (0.01 nL of a~30% w w sol ution
in ethanol). After 1 hr, the mxture was diluted with EtOAc (75 nL) and

washed with sat 3 (75 nL) followed by bnne (75nmL). The organic | ayer
was dried, congentffated. and purified on a 5 x 50 cm Chiral cel OD colum

(flow = 100 mYnyip~ A B = 10:90 =y 1% di et hyl am ne/ et han
=2-propanol ). PMbdud¥faa-13 (0. R46 () eluted at_35 ninut es?’%éé!:%/ﬂtcg
enanti oner, 1Z=9b (072609~ el utg eScolgHIVR (EAI ' , CDC13):

8 9.05 (s. 1H), 8.67 (s, 2H)) 7.33-7.26 (m 3H), 6.87 8. 85 {d—2H) —»
6.42-6.38 (d, pidine,EIOB,A 17 (d, 1H), 4.8844.84 (br s) 1H), 4.37-4.36 (d)
2H), 4.21-4.16 (m 2H), 4.05-3.95 (m 4H), 3.79 (s, 3H), 3.74-3.72 (d, 1H)
3.06-2.91 (m 2H), 2.57-2.53 (t, 2H), 2.44-2.27 (m 2H), 1.26-1.20 (m 6H))
1.10-1.06 (t) 3K). w5~Step H 3(S or R)-

9-f 6- (4- Met hoxXy- bgnzy)am no) - pyri di n- 2-yl -

r'Y-.tmdin-54yl - ongoi c_aci d_et hyl este?ﬁ?éﬁ%g%m a solution of 14-9a
(0.240 g, 0.426NmmoN}) i et anoCOEeHg1) ek =a NaOH (0.469 niL of IN
solution in vvat'ér) 0.469 mml ). After stirrihg-at—406.20 for 30 m nutes,
the m xture was treated pmgth HCO (0.469 nL of 1IN solution in water, 0.469
mmol ) and concentrated. The resi due was suspended in toluene (15 nL) and
heated at reflux. After 1 h, evaporation of the ﬂgd;venﬂ and purification on
silica gel (70 chloroform/ 20 ethyl cacetate |I 10 neyhamnpl ) afforded 14-10a
as a yellow oil 70% vyield. 25 JH N 400 MHz, 318 9.06 (s) 1H),
8.63 (s) 2H), g'n '<P < By ‘65@63(d) 2H), 6. 7. B9 (d, 1H),
6.19-6.17 (d, 1H), |4.8 -4.84 (br s, OdH, 4.05-4.03 (q, 28w 3.79 (s, 3H),
3.73-3.65 (m ~2.70 (me 3H), 2.63-2.54 m—3—h—2443 15 (m 4H),
|.17-1.13 (t) 3H) 30 Sten I: 3(S or R- 9-16-f

(4- Met hoxy-benz, ~I ) - met hY-ani no) pyridin-2-yl KeCOs, DMF

1- 50x0- 3-pvti m di n-5-yl -nonanoi ¢ acid ethyl ester (14-11a) To a sol ution of
14-10a (0.145 g, 0.295 mmol) (5 nL) was added paraf or mal dehyde
(0.07 my) and eti j : mmol ). After stimmg at 50C for 15
m nut es, NaCN : 0. 384 waf added and the -93  wo oonmol
PCTNSCOA t 4901 m xtlurglstirred for an d~tgonal 12 h at 50C. Evaporation of.
t he sol vents and pulification ?r} sili caNgeI CtHs9% MeOH CHCI 3) af forded 14-1la
tn 96% vyi el d. =~
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1H NVR (400 MHz, CDC13): 8 9.06 (s, 1H)) 8.63 (s) 2H), 7.35-7.31 (t) 1H))
7.16 7.14 (d, 2H), 6.83-6.81 (d, 2H), 6.37-6.35 (d, 1H), 6.30-6.28 (d, 1H),
4 74 (s, 2MWQomn280107-4.02 (q, 2H)) 3.78 (s, 3H), 3.7l1-3. eérisvoubin 2. 97 (s)
3H), 2.90-2.69 (m 3H), 2.62-2.56 (m 3H), 2.43-2.28 (m 2H), 1.70-1.52 (m
4H), 1.17-1.13 (t) 3H). Step 1: 3~, S or R-l- 9-(6-Methylam no pyridin-2
y15-0x0-3-ipyrimdm5 yl)nonano~c acid ethyl ester (14-12a) 10 A solution
of 14-11a (0.140 g, 0.277 rnnmol) in trifluoroacetic acid (1 nL) was stirred
at 60C for 15 minutes. The sol vent waSGhEMBrafGedthnd t he resi due was
azeotroped (2 X 25 m toluene). Purification on silica gel (90:10:1

CHCl 3: MeOH: NI -1 aOH) gave 14-12a. 1HAMR (400 MHz, CDC13): 8 9.07 (s, 1H))
864(3 2H), 7.38-H35 (t, 1H)) 6. 15 6.39 (d, 1H), 6.20-6.18 (d, 1H),

4.54-4.50 (br s, . ﬁ65(na,e gna%ng;gz 87 (m
4H) 283270(m 2H)|2 4253(n) 3H) 42)\23 ( - 64-1.56 (m
4H)) 1.17-1.13 (t, ep K 3(S or R)- tNaOE

9- (6- Met h~r | am no- pyndtn 2-yl ) - p70%x0- ( 3- pyrlmdln % vﬁZO nonanoi ¢ aci d
Ql4-13a) To a solution of 14-12a (0.0899 g, 0.233 mmol) in THF/ MeOH HzO
3:1:1 (5 n)) was added NaCH (0.534 nL o€CHLN solution in water, 0.534
nmmol ). After 30 mnutes, the mxture was |neutralized with HO (0.534 nL of
IN solution in water) 0.534 mmol) and NhAeSsol vents were evaporated. The
resi due chromat ographed 25 on silica g 0% MeOH/ CHC13) to give 14-13a as
a white solid. 1H NVR (400 MHz, CDClQ): 9.08 (s, 1%!)_’%. § ?g (s, 2H))
7.63-7.59 (nm) 1H), & . 3.88-3[82 (m jraice: ‘?-:imll (m 1H),
2.88 (s. 3H), 2.75¢2) mOgt), I,61-1 57 1H). 30
En~nti omer 14-13b tilizing tohéorg%tﬁﬁraﬁglcho
described for the prep i on of 14-13a, {SOM0 Mz "Rt r um m cDCL3
was identical to that of its enddBioner 14-13a. -94 wo oonZSO Schene 15
PCTI 1 JS00114901 O ~~Ove WCO2Et MePOQ(OWVE) ~ \ OWe 15-1 nBuLi, THF 15-2 O

K2C03) THF \ ~ ~ NN 15-3 N~ Me Me---C~ ~CHON M N. °~ N 1. NaOH, EtOH
diethyl malonate | / 2. HC NaCEt, EtO¥HaHF O 3. D, toluene \ CO2Et ---.
15-4 CO2Et M N \ NI , O\ CO2Et 15[\-| SN
i-8a R = Et
1-8b R =Et
aq.
NaOH,
1-9a R=H
19 R=H™ FEtOH
N
| P 1-10a R=Et
1-10b R = Et
H 0 0 ag.
N ~Ns OR 1-11a R=H g?g:’
P 1-11b R=H
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1. 9-BBN) THF 2. Pd(OAc)2, DPPF, KzC03, DMF HZN~N~ CI TN NH2 -95 Wo
oonZaol Me H2M\ ' ~N EXAMPLE 21 PCTNS00/ 14901 5

9-(2, 4- Danwggyﬁism di n-6-yll-3-(2-methyl =pyri m di n-5-yl) anoi c
acids 15 St-~ A’ 1-Di net hyl phosphonat e- 2- oxo- hex- 5- ene (f% %g&g}rgret hyl

met hyl phosphonat e (20 3 g, 164 mol) in THF (250 nL) at 10 -78C was treated
wth n-butyllithium( 1.6 Min hexanes; 102 nL) 164 mmol) dropw se over 1
hour. To this was added ethyl 4-pentenoate (7 g, 54.6 mol) in THF (25 ni)
over 30 minutes and the solution stirmgdhgpfgither 30 mnutes at -78C

bef ore being quenched with saturated NHACI. If%e m xture was partitioned

bet ween water and Et OAc. After extracrion with Et OAc 15 (4X), the organic

| ayers were wagsifor Ry-@HMevhylegyritridin-Skyl)-froyo-65d.7( i@ faphthenidigt 2t hr ough
celite. Concenthdlhdid Ridacuq) afforded the title corrpound 15-2 as an oil
whi ch was used&ﬁz—é_cﬁ—lrﬂ@‘mw)(%o Mz, CDC13) b 5.8 (m 1H), 5.0 (m 2H))
3.8Z (s, 3H)5, 3.77 (s, 3H), 3.10 (d, 2H)) 2.74 (m 2H), 2.35 (m 2H ppm 20
Step B: 1-(2- MstdpyA:pynnr @ioneHephnoiSadikmetheimser (1-B- di ene (15-3) The

phosphonate 15-2 (10 g) gigmgi Qéi_pedgg;tg%ofmém tqéﬂ]%él&%’g‘ﬁw de (J.

Het erocyclic Chem 1991, 45
mol ) in THE ( GHoDm 9 Guas %dfli’qfwcé{l r‘(ﬁ)rlfﬁ érﬂ’ﬁl"é’“f‘@rwafﬁmﬁ%”{')"siq hen 25
at 50C for 2 haenihses. The etfiercalinger was trmfmeﬂnmmﬁﬂuthmtoﬂémwmtmmmdi E1 OAc.

After extraoti @now 34’685&1969@& g pYeperlie Tl?eys%hﬁnoWaﬁp éﬁf_gléﬁov\@d er then
brine) dried -96 NH2 15- :Et~~|q%]—< WF{ %l 52)[

PCT/ US00/ 14901 "R ‘%ﬁ‘kf"f“ief’?@%dﬂ? <BipgH é(s’léaniﬂ Bt 0% on in vacuo
af forded an or &itQAc/belaneh) giuerester Latas enlelmyoilsi | i ca gel chromat ogr aphy
(hexane: Et OAc ILE Rfe0.84 (sdicayFrelAded the title conpound 15-3 as a white

S - LT Rl R e W L B R R

15  1.62 (m, 4H).

Step B: 5-[1,8]-Naphthvridin-2-yl-pentanoic acid methyl ester (1-4

A mixture of 1-2 (1.4 g, 9.04 mmol), 1-3, 2-amino-3-formylpyridine

(552 mg, 4.52 mmol) (for preparation, see: J. Org. Chem., 1983, 48, 3401), and

20 prolme (260 mg, 2.26 mmol) in absolute ethanol (23 mL) was heated at reflux for 18
h. Following evaporative removal of the solvent, the residue was chromatographed
(silica gel, 80% ethyl acetate/hexane, then ethyl acetate) to give ester 1-4 as a white
sohd.
TLC Rf = 0.38 (silica, EtOAc).

25 1HNMR (300 MHz, CDC!3) & 9.08 (m, 1H), 8.16 (d, J=8.0 Hz, 1H), 8.10 (d, J=8.3
Hz, 1H), 7.45 (m, 1H), 7.39 (d, J=8.3 Hz, 1H), 3.66 (s, 3H), 3.08 (t, J=7.6 Hz, 2H),
2.39 (t, J=7.6 Hz, 2H), 1.94 (m,2H), 1.78 (m, 2H).

Step C: 5-(5,6,7,8-Tetrahydro-[ 1,8 Inaphthyridin-2-yl)-pentanoic acid methyl
30 ester(1-5)

A muxture of 1-4 (630 mg, 2.58 mmol) and 10% Pd/carbon (95 mg) in
EtOH (25 mL) was stirred under a balloon of hydrogen for 72 h. Following filtration
and evaporative removal of the solvent, the residue was chromatographed (silica gel,

70% ethyl acetate/hexanes) to give 1-5 as a colorless oil.
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Step C. 2-(Carboet hoxy)-3-(2-nethyl,ynm dm 5-yl)-5-0x0-non-8-enotc acid
ethyl ester ( 15-4) The enone 15-3 (5.73 g, 28.4 mmol) was dissolved in THF
(200 nl) 1Gvauwwh2eciOH (80 nlL) at roomtenperature. To thi %C%St)oﬂwﬁd di et hyl
mal onate (6.46 nL) 42.5 nmmol) and NaCEt ( 1 nl, 2.8 mmmol) and the m xture
stirred for 1.5 hours. The solution was partitioned between saturated
NaHCO03 sol ution and Et OAc, washed with water, bnne) dried (MyS04) and
concentrated in vacuo. The residue was purified by silica gel

chr omat ogr aphyti @R Elorm (m,&. Bh@Akkiatep i ve the diester 15-4 as an 0|I 15 1

Fmeeré 3091 ('\JA;Z%% 3) ‘?Hff‘giw%gbé" 7‘3’7 3?}*}%}]6@‘6& 73%}*%—}6) 96 (dd

1H), é 69 Es BGHH) 2665, BH) 326 m, Zszgé@lm) %E‘IBH]Z 2H), (2%5,3 (ﬁi-i_)ZH)JZB_Bgm(th I3I—l)
ppm Step y n-5-yl )-5-0x0-non-8-enoi c acid ethy
ester (15-5~ ﬁ%%%ggeis%)é% Bﬁwzﬁﬂ?m.z g, 31.1 mmol) was dissolved in EtOH
(100 m.) at5roomterrperature To this was added 1IN NaOH (31.1 nm, 31.1
ol ), the m x$wpB: st rQ&Dko%i?]@@ﬁt&fah@drgqmB}nidh&ihlﬂi\ci;@’ mi@y&at roolm

t enper at ur e. T%Mate in vacuo, dissolved in toluene
(100 n) and h gl doid g HIALEP ours. After renoval of the solvent,
the residue was partiti dneintiseohdiaetivhmethyphesphonatg it 30 snH¥Raam@D ith bri ne,
deled g MyS04) ammy&eﬁwml (1865 @61 )ivihs ¢ asledto -TPeant @shteldi Brop@ise Piithi2(3 Mch-ByLiSi | | Ica
gel chronmatogr aphy (e 0 A n oi
1H NVR (305)(9M-§‘ Yel? é’)%g&g“ﬁ%h 75'%% oy ‘}g‘h%{? 3%%@131 =He %6%2@‘ D4, 17
(q, 2H), 3.68 NHHEGEH ML) wos pdhed diggwisezing the(repy! tmgﬁylutlgn stigred cﬁ@r ap 7 (s,
3H), 2.64 (dd,-78°ldngncBal Ritkigat. (VR4 00 RLR thep oxtraekdd)with etigyl @@etateﬂ)x pEin St _ ep

E: 9-(2,4-D a”ﬂ@?)’fﬂe@o%ﬂm@ hnc%x&%ts@ér@ﬂn glg{g@.m) Filkéte; aQURRAPALP~C acid
et hyl ester ( 172801 PCTNS

1 400
e o e s Sl e oty B B T MeOHIGHBCS s o
room t enpetsat u[-eaﬁayelﬂo&rchburs To this solution was added Pd(OAc)2 (31 ng,
0.14 mol)) 6-ghlsRic® 5% HreOHRAOH n@u@l ne (219 ng, |.52 mmol), K2C03 (381

oad o (18 ﬁgﬁhh@%hi&ﬁarcﬂv@é 2@52@22‘@%%&83@& Sor BB R then
heated to 80C {ws, P4), BBWIS 3H),Be75r(6,3¢)] 914 (i, 2HY BOMBI=2D VKR 2amzl5 &hj6 r ed

wi th et hanol a 2 rs. The m xture was partitioned between
IN HC and Et g[&gﬁ 9%3 ngl)lheggé rayer was nmade basic with K2C03 and extracted

with Et OAc295X). The organic |ayers were washed with brine, deed (MjyS04)

and concentrat ggp E10 PUHL@M@H@I‘IQ‘M@ENWB@T 844120 P8H P OB RBHh ridh%-MeOH i n
CHC13) affordedI h(? tit]e S ound 15-6 as an oil. Mass spectrum

cal cul ated for is 401.2; found 401.1. St, E’EX“ 9-(2,;
4-Di ani nonyri m di n- 6- vyl )T-OELSP@“%PBL‘EL?5E5A6|2@‘H1°H Sfqpmyl-Zmsstyipsrimisinenoi ¢
acid (15-7~ Tha-&s518rg, 147 mn{olGorpepddatidn, ¥8DIHetdrocyEiChend 0287112810090 AL er  (

10 mL) was i r egtdniVDME »%ad\idhé@kbéo]-} @073 32 Inrkol M e)mix fifrd @Es sﬁh{a& £tl ng at

room tenperature for 1 hour) the solution was concentrated to nmL. and

purified by redabisy tm“mlﬁ@dwwra@ﬂpfémc@&ted&ﬂﬁﬁﬂﬁ Ah cwa’@é?‘l"%&fhlﬂl@ﬁl trilel
0. 1% TFA gr adi eath vateAfekeictddy@iphdthyl 2édtit€and dfkdidver nbgresiumaupae NEblibamg ( TFA

| t bt 66
S50 % 0 B R S LR 8
2H), 2.64 (s, @byl acglatg/ ) mgtha @I—Ea“’e.LtFSS‘(Wi“t%H)ldppm Mass spectrum exact
mass cal cuBat er#Oﬂomwmo@mmoe&y&?&aﬂ:%ﬂmeﬂmumid 373.1974. 25

1H NMR (400 MHz, CDCI3) & 8. 80(s, 2H), 7.44 (d, 1H, J=16Hz), 7.05 (d, 1H,
J=THz), 6.81 (d, 1H, J=16Hz), 6.35 (d, 1H, J=7Hz), 4.72 (br s, 1H), 3.39 (m, 2H),
2.69 (s, 3H), 2.64 (m, 4H). 2.58 (m, 2H), 1.91 (m, 2H), 1.74 (m, 4H).
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-98 wo oonZSO PCT/ US00/ 14901 Schene 16 MO Br N Br ~ I HN N Br 16-1
16-2 WCO2Et R~-N N~ CO2Et 9-BBN, THF |I / Pd(OAc)2, DPPF, K2C03, DWVF 16-3 R =
4- met hoxybewmayéd/72801A 16-4 R = H 12, Ag2S04 HZN N~ _ CO2Et pEr/osbeli4sh; X 16-5 X
=1 16-6 X = Me Pd2(dba) 3. CHC13 PPh3) CdC 2 (Me)4Sn) NWP MePQ(OVe)2 HN N O |
PPOW nBul i, THhR2 1 ~ ~~ OV M/ M 16-7 -99 WO OO 72801 16-7 K2CO03,
THF MeOY N~ I N ~ CHO di ethyl nalonate NaCEt, EtOH, THF 1. NaOH, EtOH 2. HC
3. D toluene |I' NaCH 5 PCTI US00114901
Step E: rimidin-3-y1)-3-0x0-7-(5,6,7,8-tetrahvdro-

[1,8Inaphthyridin-2-yl)-heptyll-malonic acid diethyl] ester (1-8a)
To a solution of 1-7 (1.0 g, 2.97 mmol) and diethyl malonate (0.717
ml, 4.5 mmol) in ethanol (20 mL) and THF (20 mL) was added sodium ethoxide (0.1
5 mL of a 30% w/w solution in ethanol). Aftcr 4 hr, the mixture (1-8) was

concentrated, and the residue purified on a 5 x 50 cm Chiralcel AD column (flow = 80
mL/min, A:B = 30:70) (A = 0.1% diethylamine/hexane, B =2-propanol). Product
1-8a eluted at 15 minutes; its enantiomer, 1-8b, eluted at 26 minutes.
1H NMR (400 MHz, CDCI3) 8 8. 53 (s, 2H), 7.02 (d, 1H, J=7Hz), 6.28 (d, 1H,

10 J=7Hz), 4.07 (br s, 1H), 4.18 (m, 2H), 4.02 (m, 2H), 3.92 (m, 1H), 3.72 (m, 2H), 3.39
(m, 2H), 2.94 (m, 2H), 2.64 (s, 3H), 2.42 (m, 2H), 2.33 (m, 2H), 1.89 (m, 2H), 1.60
(m, 4H), 1.26 (m, 4H), 1.19 (t, 3H, J= 3Hz).

Step G:
15 [1.8]naphthyridin-2-yD)-nonanoic acid ethyl ester (1-10a)

To a solution of 1-8a (0.530 g, 1.07 mmol) in ethanol (5 mL) was
added NaOH (1.12 mL of 1N solution in water, 1.12 mmol). After stirring at 40°C for
30 minutes, the mixture was treated with HCI (1.12 mL of 1IN solution in water, 1.12
mmol) and concentrated. The residue was suspended in toluene (20 mL) and heated

20  atreflux. After 1 h, evaporation of the solvents gave 1-10a as a yellow oil.
R =0.32 (silica, 70 chloroform / 20 ethyl acetate / 10 methanol).

1H NMR (400 MHz, CDCI3) 8 8. 54 (s, 2H), 7.04 (d, 1H, J=7Hz), 6.31 (d, 1H,
J=THz), 4.86 (br s, 1H), 4.04 (q, 2H, J=3 Hz), 3.63 (m, 1H), 3.40 (m, 2H), 2.94-2.48
(m, 9H), 2.37 (m, 4H), 1.89 (m, 2H), 1.57 (m, 4H), 1.19 (t, 3H, J= 3Hz).

25
Step H.: 3(S or R)-(2-Methyl-pyrimidin-5-yl}-5-0x0-9-(5,6.7,8-tetrahydro-
[1,81naphthyridin-2-yl)-nonanoic acid (1-11a)
To a solution of 1-10a (0.15 g, 0.353 mmol) in ethanol (1 mL) was
added NaOH (0.39 mL of IN solution in water, 0.39 mmol). After 30 minutes, the

30  mixture was concentrated, and the residue chromatographed on silica gel (20:10:1:1 to
10:10:1:1 ethyl acetate/ethanol/NH4OH/water) to give 1-11a as a white solid.

Rf=0.21 (silica, 10:10:1:1 ethyl acetate/ethanol/NH4OH/water).
1H NMR (400 MHz, CH30D) 8 8. 62 (s, 2H), 7.43 (d, 1H, J=7Hz), 3.68 (m, 1H),
3.43 (m, 2H), 3.02 (m, 2H), 2.80 (m, 3H), 2.59 (m, 10H), 1.91 (m, 2H), 1.60 (m, 3H).
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OH2NIT N~ _ _ /I ~N~NOW M M H 16-8 O Et 16-10 OV NN H i oO-1i 1
-100 wo oon2sol EXAMPLE 22 PCTI US00/ 14901

9- ( 2- Anzno-vd Gordsoret hyl pyri di n-6-yl) - PCT/US00/14901

3- (2-nmet hox~~pyri m di n-S-yl)-5-0x0-nonano~c acid (16-11) 5 Step A

2- Br onpo- 6- (4- met hoxvbenzyl am no) p~rndi ne (16-2) A m xture of

2, 6-di bronmopyridne 16-1 (15 g, 70 nmol ), 4met hoxybenzylam ne (25 nm, 191
mol ) and butanol (25 nL) was heated at |100C for 6 days. After cooling,
Et OAc was added, the solids renmoved by filtration and the 10 sol ution
concentrated in vacuo. Purification sidue by silica gel

chromat ogr aphy (Hexane: Et OAc 4: 1) af go)%’%l\'ggl‘#‘ge title conpound 16-2 as a
white solid. 1H NWR (300 MHz) CDC13) 8 7.25 (d) 2H), 7.21 (t, 1H), 6.88 (d,

2H), 6.73 (d, 3ikdb) &2 Methdl,pydintidin5-IR25-0k06-9-(3,607,8-wiradRdfod | 8dphth@ridi@ 2( S, 3H)

ppm 15 St 5~ By nano "cf nELox b~enzyl anuno)p rridin-6-yllpentanoic acid
ethyl ester 1 - ntenoate (8.95 69.8 Mol ) was treated with
9-BBN (167 m., 83.7 “a“QOEMLhE‘V@Oéﬁﬂ"(?é:ftoﬁéh—b\m]mth@)smﬁ?th@?perature

and stirred 2@efcabedlfor the preparafion dihi-$lasbbvrt i IoR00AMHANNRIspEcl{uBn)@D{ON. 57 g,
6.98 mmol ), pyridine 16 62 8 AL 03 14.4 g, 105 nunol),
1,1 -bi s(di phévn%/lde %cail‘hozlhzgt o}géf;x}agtlomer ?Péﬁx’e%o'le nmz‘s pectru DVE (200 ).
The ni xture w&glcwétg@c@ééil tf*PP"ér%ﬁ?rﬂQﬁér 10 mi nut es then heat ed to 80C for
24 hours. [phe reaction m xture was cool ed and stirred with ethanol am ne (20
mL) for 2 hours. The m xture was 25 partitioned between water and Et OAc,
extracted with Et OAc (3X), washed wné@H 5 (3X), then bnne, dried (MyS04)
and concentrated. Punfication by si I'rcaﬁgﬁeére'chronat ography (hexane: Et OAc
3:2) afforded the title conpound 16-3 as an oil. ﬂH NVR (300 WHz, CDC13) 8

7.32 (t, 1H), 7.Q83(d, 2H), 6.88 (d HgH) 6.45 (dfHalH), 6.19 (d, 1H)) 4.89
(bt, 1H), 4.38 2H), 4.12 (q, 2 80 (s, N2 63 (t) 2H), 2.33 30
(t, 2H),1.6 (nm 4 hgB)OHCHSH) Nopi St ep, C:

5- ( 2- Ammpyrig!\1 y()];apéﬁ)t-a-lm l\Id/tht'\fé‘gg' e~rg%4) Gl @8Der 16-3 (5.7
g) in TFA (75 mL)} wasCHg@bed at 60CJfor 2 hours then C(a u@ﬂa?h € excess
TFA renoved tn v&b@o. The residue di | ut ed Wlth\35 “bask with
NaHCO3 and extrasiqed with ether (3X).|After washing the - 101

(COCl),
CO,E

SEBN DMSO Et3N
NaBOs,
t NaHCO3 CO,Et CO,Et

HyC
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WO 001 72801 PCTNSO0/ 14901 ether | ayer with saturated NaHCO3 then bnne, it

was dried (Na2S04) and concentrated to give a viscous oil. Purification by
silica gcl ography (hexane: EtQAc 3:7) afforded th j % npound
16-4 as an ‘g%& NVR (300 MHz) CDC13) S 7.34 (t, 1H), g.cyéfts 021.4&%—1)) 6. 32

(d, 1H), 4.35 (bs, 2H), 5 4.12 (q, 2H), 2.61 (t. 2H), 2.33 (t) 2H.1.7 (m
4H), 1.25 (t, 3H) ppm SteQ D 5-(2-Am no-3t5-dii odopyndm 6-yl) pentanoic
acid ethyl ester ( 16-5) To a solution of the ester 16-4 (1.11 g, 5 mmuol)
in EEOH (20 m.) was added Ag2S04 (1.87 g) g mol) and 12 (1.52 g, 6 mmol)
and the m xture )Ms MNJ rr@do10 for 1 hour NTheNg Qs diluted with
CH2C12 (50 nm), f si due waHgPagol ved ~n

Et OAc, washed w gous s Wul | owed by -brne®dri ed
(Na2S04) and the ol vént renmo¥E¥® purificalion™by silica gel chromatography
(hexane: Et OAc 4:1) ajforded the title corrpoun%&G-S as a solid. 1H NWR (300
WMHO, CDC13) & 8.09 (57 1H), 4.86 (bs, 2H), 4. (g, 2H), 2.75 (t, 2H, 15
2.35 (t, 2H), 1.7 (m 4H), 1.25 (t, 3H ppm Step E:

5- (2- Arruno- 3. 5-di net hyl pyri di n- 6-yl Zpent ano~c acid ethy
m xture of the edter 16-5 ( 1.44 g, 3 rrrml),lr:llPd(d C

mol ), Cdd 2 (085 _gNS GO6bh3PR( 0. 226 _g!
(0.873 nL, 6 ~} {land [NVP (10 risd~ romepr gssur
argon and heat C for 20 houo®le The W was cooled, diluted with

water ( 100 nL) and filtered througtrcet?™e. After renoving the solvent m
vacuo, the residue #8Q dihted with ”ﬁB‘%aqueous KB4804) extracted with Et OAc
and the aqueous | ayers then basified with K2C03. Extracted with Et QAc (3X))
washed wi th bnne, dned 25 (Na2S04) and the solvent renoved. Purification by
silica gel chromatography (3% MeOH in CHC13) affor dedd;H}e title conpound
16-6 as an oil. 1H NWMR (300 MHz) CDC13) 8 7.01 (s, 1H)|, "4.17 (bs) 2H), 4.12
(q, 2H), 2.85 (s, 6H)) 2.61 (t, 2H), 2.33 (t, 2H, N7TNn 4H), 1.25 (t,
3H) ppm 30 Step F. 6-(2- Ammo- 3, 5-di net hyl p_ ny |
' dy- 6-v1l) - 1- d~net hvl plzegphonat e- hexan~-one ( &6-7)
for the syntheses of Iz E usi g 1&-6 as sftfarting
conpound 16-7 was prgé% & ap” Of \

1H NWR (300 MHz, CDCI3) b 7.01
(s, 3H, 3.10 (d, 2H), 2.62 (m
4H) ppm Step G- Sten

7- (2- Amo- 3, 5- di net hyl pynd~n- 6-yl ) - 1- (2- net hdxypvri m di n- 55
yl)-3-o0xo-hept-I1-ene (16-8) Follow ng the pr cqlgyp@/d or the synthesis of
1-77, but using 16-7 and 2net hoxypyri m dm 5-\ - car boxal dehyde (Gupton et
al., J. Heterocyclic Chem, 1991, 28, 1281 ) Yas starti material, the
title conpound 16-8 was obtained as a solid. 1H NWR ( MHz, CDC13) 8 8.69
(s, 2H), 7.44 (d, 1H) 7.02 (s, 1 H, 6.74 (d, 1H), 18 (bs, 2H). 4.07
(s) 3H) 2.70 (t) 2H), 2.64 (t, 2H). 2.16 (s, 3H)) 3H), 1.7 (m
4H) ppm

owigng t he procedure
tedial, the tale

. / US00/ 14901
H)>|4.26"' (bs, 2H), 3.80 (s, 3H), 3.76
714 (s, BH), 2.07 (s, 3H), 1.64 (m
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Sten H

9-(2-Atruno- 3, 5-di net hvl gyri di n-6-yl)-2-(carboet hoxy) - 3- (2net hoxYpvri m di n-
5-vl)-5- oxovonawrraseoi ¢ aci d ethyl ester (16-9) 15 Fol | ow ngctlogogpasgedur e for
the synthesis of 1-88, but using 16-8 as starting nmaterial, the title
conpound 16-9 was obtained as an oil. 1HNVR (300 MHz, CDClI 3) 8 8.44 (s,
2H), 7.01 (s) 1H, 4.2 (m 6H), 4.04 (g, 2H), 3.97 (s, 3H), 3.71 (m 1H),
3.69 (d, 2H)) 2.97 (dd, 1H), 2.87 (dd, 1H, 2.54 (m 2H), 2.36 (m 2H),
2.11 (s, 3H) 2.06 (s) 3H, 1.55 (m BExXAMPIE?S (t, 3H)) 1.11 (t, 3H ppm 20
Step I: 9-(2- Armmo- 3. 5-d~net hyl pyri dtn-6-yl)-3-(2-nmet hoxypyti mdin-S~I)-5
0X0- nonano~c a3C|d et hyl ester ( 16- 10I9 FoIIovm ng fhe rocedurde for the

synt hesis of 1 (pMeihy - ‘ sr- PG PR ¢~ conmpound

16-10 was obt amesbiaacid® 1) . 25 1 H NVR (300 M, CDCI3 ) 8 8.41 (s, 2H),
7.02 (s, 14, 4 26 (bs, 2H). 4.0S (q, 2H . 3.98 (s) 3H), 3.65 (n) 1H),
2.87 (dd) TH) . 2.77 (dd. 1H). 2.69 (dd) 1H), 2.56 (M 3H), 2.4 (m 2H).
2.12 (s, 3H), Stephi(s, @Q:—Q—MM@YJ-WQ@—SSI-D ppm Step J:

9- (2- Ami no- 3, 5- di net hyl pyrdeubeiy bf) 4-Born2kPatelhglpyrsidinei2at, 3-g, 16/4 nnkol;30

0X0- nonano~c 1 est®gr ég :% 8 N NaCOH (1
> 1 mol) a?]lg) E[[ %\gﬁegpﬁth 3 (gatgﬂ6 etérgc l‘?c @pnenQ 2% 12’8‘1‘2569&}11 16 hours.
1 N HO ( 1 miipetden eé}ﬁdnluh\éa%@#%ﬁ?ﬂmcthﬂ?ﬁ?&%ah%lpb%wa% gwe a
Vi scous re$d du@.98urd.6 inmal)i Ghe eolutidnl wasdegred atebflitx fogd W doble&tdGdomEt OH: conc.

NH4OH: H20 15: 1@31%:&% %a%(r?do% effis ev%}fbpa%ed M&&%Z%%Q&hrﬁ’ H‘eél%%ggl]cg\/@él(:h was
OO

taken up in wat eco 6-11"as a
powder . 1H NVRl %0%/5P§h‘°§1fﬁm‘/5/"§ thapaljtogye thy g5 (g, 3H),
3.70 (m 1H)) adamyaa_gddayalm)vsondm (dd, 1H)) 2.65 (m> SH), 2.47 (dd,|H),

2.17 (s, 3H), eRelS 983 khl 2;0 BFM%OIME‘SS spestium c§l cul ated for
110 cet NN 4@ %"ﬁﬁs& P08 ST a7 Y R

Hz), 6.81 (dd, 1H, J= 6 Hz, 15 Hz), 2.77 (s, 3H).

Step B: 3-(2-Methyl-
To a suspension of 2-2 (0.5 g, 3.7 mmol) in MeOH (5 mL) and THF
20 (15mL)at -78°C was added sodium borohydride (0.042 g, 1.11 mmol) in one portion.
After 5 minutes, the cooling bath was removed, and the mixture allowed to warm and
stir for 10 minutes. Concentrated HCI (0.3 mL) was added dropwise, and the volume

of the mixture reduced to 2 mL by evaporation. Following the addition of sat.
NaHCO3 (10 mL), the mixture was extracted with chloroform, the organics dried over

25 MgS04, and the solvents evaporated to give alcohol 2-3 as a white solid.
TLC Rf=0.16 (70 chloroform / 25 EtOAc / 5 MeOH).
1H NMR (400 MHz, CDCI3) 6 8.64 (s, 2H), 6.48 (m, 2H), 4.38 (d, 2H, J=4 Hz),
2.73 (s, 3H).

30 StepC: 3-(2-Methyl-pyrimidin-5-yl)-pent-4-enoic acid ethyl ester (2-4)
A solutton of 2-3 (0.49 g, 3.6 mmo}), propionic acid (10 uL) and
trimethylorthoformate (5 mL) was heated to reflux for 18 hours. Evaporative removal

of the solvent and one evaporation from toluene gave 2-4 as a brown oil.
TLC Rf=0.725 (silica, 70/25/5 CHCI3/EtOAc/MeOH)
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3(R) and

3(S)-(2-~thoxy-~,yrimdin-5-yl)-5-0x0-9-(6, 7,8, 9-tetrahydro-SH pyri dof 2. 3bl
azepi n- 2_ylwo@@nasao~c aci d~l 7-2a and 17-2b) Utilizing thechhksadsgies for

t he conversion of 1-66 into 1-1l1a and 15 1-11b, 11-10 and

2- et hoxy- pyri m dnme- 5- car bal dehyde were convened into 17-2a and 17-2b.

Resol uUon of the enant~oners was Ganmed out by chiral chronmatography of the
keto diester internediate corresponding to 1-8.8. - 104 wo oonZSO1L
PCT/ US00114901 HLPAC -0 1H NMR
(400 e, CD; ooy oME uPyE ng% Sv;i 8GR R A O 7T )"
4.38 (q, 2H, J2Piz}-86 81, 6%77(‘127) H 7 (. (ﬁ?(m@H) 2. 79 (m 3H) 2. 55 (m
6H, 1.84 (m 4H), 1.57 (m 4H), 1.38 (t, 3H J=7 Hz) 5 The follow ng

addi ti onal but ;noQ-I i mt d using. t nrocedur es
det al | Ed | n th rrpl e é LLYLA ) Y 11} R -ent 9 (5] th € ter
mass spectral éharacetrization data Corrpound Corrpound Nane I\/ass No.

S-ectrunt (1) 3(R) and 3{&) strRdrsakiibn &F 4 J425 10X 2:99 nirRelPin/TIBF wadided

L S S i Tt

(5.5 7 8 tetra 43 e HURR ek s e s e stad vearousy fordy N /
N N~ CO2H / ~N h@lﬂ\lﬂhewxﬂufdwas ek @5cted wittoCHOZ 8@ihe PETh/bHBOGAA d8Glloves) 3( R)

and 3(S) - ( Eyme r%\;@@l"l R%ﬁlb\gg:% eO%I?bréﬂvl e%l\éééloof%e s?lv%m( &g@es?du@ Wagt rahydro-|

1, 8] napht hynd| -nhon
3( S) - (2- et hy| ammamrmh@i (ﬁﬂrsagcrl)wéﬂqli@t@&@ tgg(vsréaﬁasﬂqaé@l# -ahydro- [
1, 8] napht hyt i diTLCR 4 .47 Gilinapl (% BOKVENDAE.

1H NMR (400 MHz, CDCl3) § 8.52 (s, 2H), 4.07 (m, 2H), 3.62 (m, 1H), 3.50 (m,
1H), 3.35 (m, 1H), 2.65 (m, 5H), 2.01(m, 1H), 1.88 (m, 1H), 1.17 (t, =7 Hz, 3H).

15
Step E: 3-(2-Methyl-pyrimidin-5-y})-5-oxo-pentanoic acid ethyl ester (2-6)
To a solution of oxaly! chloride (73 4L, 0.84 mmol) in CH2CI2 at
-78°C was added DMSO (80 pL, 1.0 mmol) dropwise. After gas evolution ceased, 2-
5 (100 mg, 0.42 mmol) in CH2Cl2 was added. After 30 minutes, the cooling bath
20  was removed and NEt3 (290 uL, 2.1 mmol) was added. After 20 minutes, the
reaction mixture was diluted with CH2Cl2 and washed sat. NaHCO3 and brine, dried
(MgS04), and concentrated to give 2-6 as a yellow oil.
TLC Ry = 0.24 (silica, 70/20/10 CHCI3/EtOAc/MeOH).
14 NMR (400 MHz, CDCI3) § 9.71 (s, 1H), 8.55 (s, 2H), 4.06 (m, 2H), 3.71 (m, 1H),
25  2.95(m, 2H), 2.88 to 2.50 (m, SH), 1.18 (t, ]=7 Hz, 3H).

Step F: 3-(5.6.,7.8-Tetrahvdro-[ 1,8 Inaphthyridin-2-vD)-acrvlic acid ethyl ester
(2-8)

A solution of 5,6,7,8-tetrahydro-[1,8]naphthyridine-2-carbaldehyde
30  (2-7,2 g, 12.34 mmol) and (carbethoxymethylene)triphenylphosphorane (4.3 g, 12.34
mmol) in toluene (60 mL) was heated to reflux for 4 hours and stirred at ambient
temperature for 12 hours. Following evaporative removal of the solvent, the residue

was chromatographed (silica gel, 50% EtOAc/hexanes) to give 2-8 as a yellow solid.
TLC Rf = 0.75 (silica, 70% EtOAc/hexanes).
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CO2H (5) 3(R) and 3(S)-(3,4-di hydro-ZH 1, 4-di oxa-5-aza- 440
napht hal en- 7-yl ) - 5- oxo-9- (5, 6, 7, 8-t et rahydr o[ 1, 8] napht hyri d~n- 2-yl ) - nonano~
c acid - 1®®o0072801w0 oonZSO O ~N H O N N~ PCT/ US0011490%ceRet g6y 3(R) and
3(S)-(2-nmethyl -pyrimdm5-yl)-5-0x0-9- 4 1 [6(R or
S)-nethyl -5,6, 7, 8tetrahydro[ 1, 8] napht hynd~n-2-yl ]-nonanoic acid Me N~-N |1
I HN (7) 3(R) and 3(S)-(benzofuran-6-yl)-5-0x0-9-(5,6,7,8- 421
tetrahydro-[ 1, 8] napht hyri di n-2-yl)-nonanoi c acrd ; 02H - 107 WO 00/ 72801
Fgg US00/ 149011kt B3 (480 MBS, 1oy 69458 iaxy HRIRAT 104 749 H@,-mp%gsHme%)z AR
, 6,7,8-tetrahydro- , 8].napht hvndm 2- - nonanoj c_aci o
St 3(5) - (o i RS S B2 i Sy Aol 1R aF Bl 504 8 32 @k Pyt o |
1, 8] napht hyri d2.A4 2; J47)HnoHyAHomaeHY IERGNBSEH3 N\ N H N N~ CO2H / (10)
3(R) and 3(S)-(2-nethyl-pyrimdin-5-yl)-5-0x0-9-(3- 423
vinyl-5,6,7 8-tetrahydro-é 1 8&naphthyridin-2-yL) nonanoj ¢ aci d
5 StepG: 3-(5.6.7 8-Tetrahydro-| 1.8 Inaphthyitdin-2-yl)-propiomic acid ethyl
ester (2-9)

A mixture of 2-8 (1.4 g, 6.03 mmol) and 10% Pd/carbon (1 g) in EtOH
(30 mL) was stirred under a balloon of hydrogen for 18 h. Filtration and evaporative

removal of the solvent gave 2-9 as a white sold.
10 TLCRf=0.39 (silica, 70% EtOAc/hexanes)

IH NMR (400 MHz, CDCl3) 6 7.07 (d, J=7 Hz, 1H), 6.37 (d, J=7 Hz, 1H), 4.12 (m,
2H), 3.40 (m, 2H), 2.87 (m, 2H), 2.67 (m, 4H), 1.91 (t, J=6 Hz, 2H), 1.24 (m, 3H).

Step H: [2-Ox0-4-(5.6.7.8-tetrahydro-[ 1,8 Inaphthyridin-2-y1)-butyl}-
15  phosphonic acid dimethyl ester (2-10)
To a stirred solution of dimethyl methylphosphonate (1.9 mL, 17.08
mmol) in THF (20 mL) at ~78°C was added nBuLi (10.94 mL, 17.5 mmol). After 30

rainutes, 2-9 (1 g, 4.27 mmol) in THF (5§ mL) was added. After 1 hour, the reaction
was quenched with saturated NH4Cl (10 mL) and warmed to ambient temperature.

20  The mixture was diluted with ethyl acetate, washed with sat. NaHCO3, brine, and
dried over MgSO4. Following evaporative removal of the solvent, the residue was
chromatographed (silica gel, 70/25/5 CHCI3/EtOAc/MeOH) to give 2-10 as a yellow
oil.

TLC Rf = 0.33 (silica, 70/20/10 CHCI3/EtOAc/MeOH).

25 1H NMR (400 MHz, CDCI3) 8 7.03 (d, J=7 Hz, 1H), 6.34 (d, J=7 Hz, 1H), 4.93 (s,
1H), 3.77 (d, J=12, 6H), 3.38 (m, 2H), 3.15 (d, J=23, 2H), 2.96 (m, 2H), 2.86 (m, 2H),
2.67 (t, J=6 Hz, 2H), 1.88 (m, 2H).

Step Lt 3-(2-Methyl-pyrimidin-3-yl)-7-0x0-9-(5.6,7 8-tetrahydro-
30 [1.8Inaphthyridin-2-y)-non-5-enoic acid ethyl ester (2-11)

To a mixture of 2-10 (100 mg, 0.42 mmol) and 2-6 (160 mg, 0.54
mmol) in DMF (3mL) was added K2CO3 (87 mg, 0.63 mmol) followed by heating to

50°C for 18 hours. Following evaporative removal of the solvent, the residue was
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M NN J/ HONN- CO2H/ - 108 WO 001 72801 PCT/ US00114901 (11) 3(R
and 3(S)-(pyrimdin-5-yl)-S-o0x0-9-(3- 423 cycl opropyl -5, 6, 7, 8-tetrahydro-|
1, 8] napht hywelgoragay! ) - nonanoi ¢ acid CO2H (12) 3(R) and PCT/US00/14901
3(S)-(Z-nmethyl -pyrimdin-5-yl)-5-0x0-9-(3- 431
chloro-5,6,7,8-tetrahydro-[1, 8) naphthyridi n-2-yl) nonanoic acid M N~N H o
N N CO2H C (13) 3(R) and 3(S)-(2-nethyl-pynm din-5-yl)-5-0x0-9-(3- 473
brono-5, 6, 7, 8-tetrahydro-[ 1. 8] naphthyridin-2-yl) nonanoic acid - 109

WO 00/ 72801 N&h%m&ogﬁéjﬂc&ﬂldﬂgcmbﬁ :BICHeTMeOAL/MEDR) 16 gitd2-136R) clesd

3(S) - (2-nmet hoxy- pynm-di n- 5-y!)-5-0x0-9- 428

(3- et hyl - G,l -tetrah o-! |napht nd|n 2-yl)nonanoi c acid

bis-trifl uoroa'EIe(EBfE()s?él( 0: 3 IQAG/ e®@fD.co2H Me (15) 3(R) and

3('S) - (qui nol i niBNYAR (4-'60%1@2 SOSN8y {s; 1416.08.(8, 1£7 8t iy, 8165 GhOH), 6.34
1, 8] napht hyridi n-2-yl)-nonangic acid -11~
5 (d,J=7 Hgz, lH) 6.07 (d, J=15 Hz, lH) 4.85 (m, 1H), 4.05 (m, 2H), 3.80 (m, 1H),

3.41 (m. 3H), 2.90-2.54 (m, 13H), 1.88 (m, 4H), 1.18 (m, 3H).

Step I: 3-(2-Methyl-pyrimidin-5-yl)-7-0x0-9-(5,6,7.8-tetrahydro-
1,81naphthyridin-2-yl)-nonanoic acid ethyl ester (2-12)
10 A mixture of 2-11 (95 mg, 0.22 mmol) and 10% Pd/carbon (50 mg) in

EtOH (3 mL) was stirred under a balloon of hydrogen for 2 h. Following filtration,

evaporative removal of the solvent gave 2-12 as a clear oil.
TLC Rf = 0.40 (70:20:10 CHCI3/EtOAc /MeOH).

1H NMR (400 MHz, CDCI3) § 8.47 (s, 2H),7.04 (d, J=7 Hz, 1H), 6.33 (d, J=7 Hz,
15 1H), 4.03 (m, 2H), 3.78 (m, 1H), 3.38 (m, 2H), 3.01 (m, 1 H) 2.74 (m, 10 H), 2.54 (m,
1H), 2.40 (t, J=7 Hz, 2H), 1.89 (m, 2H), 1.57 (m, 4H), 1.15 (t, J=7 Hz, 3H).

Step K. 3-(2-Methyl-pyrimidin-5-y1)-7-0x0-9-(5.6,7,8-tetrahydro-
[1.81naphthyridin-2-yl)-nonanoic acid (2-13)

20 To a solution of 2-12 (77 mg, 0.18 mmol) in EtOH (2 mL) was added
IN NaOH (272 pl, 0.27 mmol). After stirring for 2 h, the solvents were evaporated

and the residue was chromatographed (silica gel, 25:10:1:1 to 15:10:1:1 EtOAc /EtOH
TH320 /NH40H) to give 2-13 as a white solid.

TLC Rf=0.29 (12:10:1:1 EtOAc/EtOH/H20/NH40OH).

25 1H NMR (400 MHz, CD30D) 8 8.58 (s, 2 H) 7.32 (d, J=7 Hz, 1H), 6.46 (d, J=7Hz,
1H), 3.43 (m, 2H), 3.11 (m, 1H), 2.84 (m, 2H), 2.72 (m, 2H), 2.64 (m, 4H), 1.83 (m,
2H) 1.75 (m, 1H), 1.61(m, 1H), 1.46 (m, 2H).
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IVIC WD 00/72801 PCT/US00/ 14901 (16) 3(R) and
3(S)-(2-net hyl - pynm d~n-5-yl)-5-0x0-7,7- 425

di met hyl - Owooep2s: 8-t et rahydro-[ 1, 8] napht hyridm 2yl ) - nof@ﬁ@éoﬁ/l?sﬁi d Me N~N

H M Me ONN- CO2H (17) 3(R) and
3(S)-(2-ethoxy-pyrimdin-5-yl)-5-0x0-9-(3- 467

cycl opropyl -5, 6, 7,8-tetrahydro-[ 1, 8] napht hyridin-2yl)-nonanoic acid (18)

3(R) and 3(S)-(6-nmethoxy-pyrid~n-3-yl)-5-0x0-9-(3- 4S2

cycl opropyl -5,6,7.8-tetrahydro-[ 1, 8BI(I;HEN7|EhyI‘I di n-2yl)-nonanoic acid - 111

WD 00/ 72801 02H PCTI US00/ 14901 *mMe, MFor (M+ 1 )+ - |

~~C02H NH2 A-1 Na diloxane,

| 2

WO oonZao~

S2Cl H20 H2ZN\ ~ / CO2H f. | ~HN~SO |-% Br 2, NaO—| H20 2. HCl
PCT/ US00/ 14901 SCH SHhnt he§1 bcta Q PAM3 Assay H2N

COMe 2. POCls,tquene 1200 NANF

Me
31 Cl
3-2
1. ethyl 4-pentenoate
9-BBN, THF, rt
2. DPPF, Pd(OAc),,
K,COj5, 75°

t CO,Et
l\k CO,E H,, Pd-C, 2
- EtOAc Az Vo

3"4\ Iy

P
H
N N\ CO,H
A Me
3-5a
-5b
EXAMPLES 4 AND 5

10

rimidin-5-yl)-5-0x0-9-(3-methyl-5,6,7.8-tetrahydro[1,8]-
naphthyridin-2-yl)-nonanoic acid (3-5a and 3-5b)

Step A: 2.4-Dichloro-3-methylnaphthyridine (3-2)
To a solution of methyl 2-aminonicotinate 3-1 (13.0 g. 86 mmol) and
methyl propionate (200 mL) in 200 mL anhydrous THF was added sodium fert-
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WD 00/ 72801 PCTNS00/ 14901 SCHEME A. cont' d. ~ ~C02H H2N S02 A-3 1 HO EtCH .
HCl H2N ~~, CD2CH2CH3 H HN,S02 A-4 / \ | \ _ \ ° CO2CH2CH3 N H2N A-5 H2, 10%
Pd/ C Et OH |wbi@bhashn v ~CO2CH2CH3 A-5a 6N HCl - 114 WO QGoh/d80iksor

PCf NS00/ 14901 SCHEME A, cont'd HCIHZN N A-6 / C02H HCIH2N ~, . Q02CH2CH3
BDC, HOBT, H HNS02CsH41 NVM DMF A-4 H2N / | 1 H,aNH N~C02C HzCH3 O _A-7
6N HCl 60C/ f Qy KON N1 ~ HH 2T N ,aNH CO2H A B O

butoxide (20.5 g, 214 mmol) gradually at room temperature. It was stirred at room
temperature for 40 minutes and followed by refluxing at 100°C for 4 hours. The
reaction mixture was then cooled and concentrated. The residue was treated with 200
mL H20 and neutralized to pH =7-8 with 3N HCl. The resulting solid was collected
5 by filtration and drted under vacuum. It was then treated with phosphorus
oxychloride (60 mL), refluxed at 120°C for 3 hours and concentrated. The residue
was diluted with 200 mL 1ce-H20 and treated with NapCO3 to pH>10. After
filtration, the desired product 3-2 was collected as a yellow solid.
1H NMR (300 MHz, CDCI3) § 9.11 (dd, J=4.2, 1.8 Hz, 1H), 8.56 (dd, J=8.4, 1.8 Hz,
10 1H), 7.59 (dd, J=8.4, 4.2 Hz, 1H), 2.71 (s, 3H).

Step B: Ethyl 5-(4-chloro-3-methyl-[1.8]-naphthyridin-2-yl) pentanoate (3-3)
To a solution of ethyl 4-pentenoate (2.5 g, 20 mmol) in 60 mL THF

was added 9-BBN (0.5 M in THF, 47 mL, 23 mmol) gradually at room temperature.
15 After stirring for 10 hours, 1t was treated with Pd(OAc)2 (0.4 g, 2.0 mmol), 1,1°-

bis(diphenylphosphino)-ferrocene (DPPF) (1.1 g, 2.0 mmol), K2CO3 (powder, 8.1 g,

58 mmol), 2,4-dichloro-3-methyl-naphthyndine (3-2) (3.6 g, 20 mmol) and 50 mL
DMEF. The reaction mixture was purged with argon for 5 minutes and then refluxed at
75°C for 24 hours. It was cooled to room temperature and treated with 10 mL

20  ethanolamine and stirred for 30 minutes. The mixture was diluted with 400 mL H20
and extracted with EtOAc (x3). The combined organic layers were washed with brine
and dried. After solvent removal, the residue was purified by silica gel
chromatography using EtOAc/hexanes (1:1) to give the desired product 3-3 as a
liquid.

25  IHNMR (400 MHz, CDC13) 8 9.05 (dd, J=4.4, 2.0 Hz, 1H), 8.54 (dd, J=8.0, 2.0 Hz,
1H), 7.51 (dd, J=8.0, 4.4 Hz, 1H), 4.13 (q, J=7.2, 2H}, 3.09 (m, 2H), 2.60 (s, 3 H).
2.40 (m, 2H), 1.96 (m, 3H), 1.82 (m, 3 H). 1.25 (t, J=7.2, 3H).

Step C: Ethyl 5-(3-methyl-5,6,7,8-tetrahydro[1,8]-naphthyridin-2-y1)
30 pentanoate (3-4)
A solution of the naphthyridine 3-3 (1.2 g) in EtOAc (100 mL) was
degassed with argon, then 10% Pd on carbon (300 mg; wet; 50% water) was added

and the mixture placed under an atmosphere of hydrogen gas using a balloon. After
16 hours, the mixture was charged with more catalyst (300 mg) and stirred for a
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- 115 WO 001 72801 H2N PCT/ US00/ 14901 [ (CHs)sSn) 2, Pd(PPh3)a~ di oxane,
90C Sn(CH3)3 02S N H, "NH ~C02H A-9 t2s~ O2S HZN N H ~~NH ~C02H O A-10

N- (4- | odo- pyeeyRsmal f onyl am no) - L- aspara~i ne (A-2) To a sticrsehasiiut i on of
acid A;1 (4.39 g, 33.2 nmol)) NaOH (1.49 g) 37.2 nmmol ), dioxane (30 m) and
H20 (30 m ) at OC was added pipsyl chloride (10.34 g, 34.2 mmol ). After ~5
m nutes, NaCH (1.49. 37.2 mmol) dissolved in 15 mM H20, was added foll owed
by the renoval of the cooling bath. After 2.0 h, the reaction m xture was
concentrat ed. Tirther @bowsieThasixdirs wed fisoted thrdu2b c€186 Endthg sdveat telmemedvas hed

w th EtCAc. Th@xe&w ISTI® Whai @BsoVa8 iCB@ A4 washed widnafRNaieh dheed | O with

concentrated HC. e |4 d . .wa eda then washed with Et20 to
provi de acid A-gﬁ asnad m&gi(g”')saBﬁ?FV&Pm%%%gwe oonZaol PCTI US00/ 14901 1H

NVR (300 MHz, D20@)resSlufio8@asgispe@dm M8Hyfound 2748 (d, 2H, J=8Hz) 3.70 (m
1H), 2.39 (m 2H) 2(S)-(4-1odo- phenyl sulfonyl ammo) - L3-al anne (A-3) 5 To a

stirred sol uti (bf NaCH. (7. 14 ¢ 13 §n 2040 at Cwas
added Br2 (1.38LpD 24. ANE e log B Sl e il ter --5
mnutes, acid fugh na hﬂth dmn:mv}) nohlafoid 4cRi OQSacandagobB mml) and H20 (35
m) were conbined, COO' eﬁo]fa@nr%&r@&ﬁm’e?@&cﬁ&@‘?ﬁs&%nﬁ lsfbﬂ‘illa‘é‘orﬂrgfsioh%?ltso the
m nut es at reaction was heated to

900 1 or 30 mi nie4-LibAkeL It droe Bt dbatins BBiES B S8 PIaE BeASORrEH o - 7 by
dropwi se addi t iaod(S)fenarniveers eaeh oge 4dlid. Resolsitdni of theaesargivlesctadarriedsited wi t h
Et OAc, and the'B ik Al gﬁﬁiﬂymw é?é!hl@&eﬁﬁ fndiiate Eire o‘P/&i‘n%‘%‘o gg/i1d. 1H NMR
(300 Mz, D20) MG D3OB% )65 (s,Gzil), .34 (ZSHH),3.§ n)x 1H ,33??—-3.21

(m, 4H), 2.90-2.63 (m, 8H), 2.59 (s, 3 H). 2.13 (s, 3H), 1.93 (m, 2H), 1.57 (m, 4 H).
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(m 1H), 3.51 (dd) 1H) J=SHz) 13Hz) 3.21 (m) IH. 15 Ethyl
2(S)-f4-iodo-phenyl sul fonyl am no) - Q al ani ne- hydrochl ori de (A-4) HO*® gas was
rapi dly bubkbedrzséir ough a suspension of acid A-3 (4.0 g, p&®aSdo3s®! ) I n
EtOH (50 m) at OC for 10 m nutes. The cooling bath was renoved and the .
reaction was heated to 60C. After 18 h) the reaction was concentrated to 20
provide ester A-4 as a white solid. 1H NWR (300 MHz, CD30D) s 7.98 (d, 2H,
J=8Hz), 7.63 (d, 2H, J=8Hz)) 4.25 (g, 1H, J=SHz), 3.92 (m 2H)) 3.33 (m
1H), 3.06 (m 1H), 1.01 (t, 3H, J=7Hz) Scheérhgl

4-f 2-(2- Aimopyndi n- 6-yl ) et ~I | benzoate (A-5al 25 A m xture of ester A-5 (700
ng, 2.b3 nmml)) (for preparation, see: Schenme 29 of PCT |International
Application Publicati on No, WO 95/32710, published l}jece 7) 1995) 10%

Pdi C (350 ng) and Et NHa i ¢ rRagloyifeiande o : 20 h, the
reaction was filtered thjough a CE@N'FEZ%Q and! thgn cencentrated to provide
ester A-5a as a brown ~cAB TLC R f = 0.23 (s¥i caHo40% Et OAc/ hexanes) 1H

NVR (300 MHz, CDC13) 8 7,95 (d, 2H, J=8Hz), ?.26 3H), 6.43 (d) 1H,
J=THz), 6.35 (d, 1H) J=g¥E), 4.37 (m 4H), 3.05 (#F 2H)) 2.91 (m 2H), 1.39
(t, 3H, J=7Hz). - 117 0172801 PCT/ US00/ 14901

4- (2-(2- Ami nopyndi n- 6t.yl h~0eNe 048 aci
of ester A-5a (625 ngy, ?.8A -feml) in 6N H
After -20 h, the react+on—was—corcentmate AiReaS a tan solid.
5 1H NVR (300 MHz, CDROINHA, 6596 (d, 2H, J=8Hz), 7.8 (m) 1F), 7.33 (d, 2H,
J=8Hz), 6.84 (d, 1H 1=9Hz), 6.69 (d, 1H J=7H}, 3.09 (m 4H).
Et hvl 4-f 2- (2- Ami nopyri di n-6~1)eth
|| ~benz_~1-2(S)-(4-~odo~henyl sul f onyl am no) - Bal a e éA— 7). 10 A solution of
acid 15-6 (400 ng) 1.4Y9y Chnmi ne A%4 ME7 48 ) EDC (358 ny,
1.86 nmol)) HOBT (253 ng,| 1.86 nmmol), NMgu(PsiErfzt), 5 72 mol) in DVF ( 10
m) was stirred for -~ > action N, ol 88 with Et OAc and t hen
washed with sat. NaHC03) brine, \dried ( ated. Fl ash
chromat ography (silica, EFBAc then 5% izsprpepave), EBHOAC) provi ded ani de Al5
7 as a white solid. TLCRf = 0.4 (silica, 10% i sopropanol/EtQAc) 1H NMR
(300 MHz) CD30D) 8 7.79 (d) 2H, J=9Hz) 7.61 (d) 2H, J=8Hz)) 7.52 (d) 2H>
J=9Hz), 7.29 (m 1H), K.27,(d, 2H, J=8&g)w 4.20 (m 1H), 3.95 (q, 2H,
J=7Hz), 3.66 (dd, 1H~J= M) 8 4% (dd, 1H, J=8Hz, |3Hz), 3.01 (m
2H), 2.86 (m 2H), ) 3H J=7THz). 4T ™
ovl - 2(S) - (4-i odo=n@nyl - sul f onyl ami no) - ( 3al
anine (A-8~ A solution of_esterVA-7 (200 ng) 0.3213 mml) and 6N HO (30
m) 25 was heated to 60GLAfter -20 h, the reacti m xt ure was
concentrated. Flash chromatography (silica, 20:20,4:1 Et OAcJEt OH
NH4AOH H20) provided acid A~-8 as a white solid. f = 0.45 (silica,
20:20: 1: 1 Et OAc/ Et OH/ NH4OH H20) 1H NMVR (400 MHz) 8 8.40 (m 1H), 8.14
(Bs) 1H), 7.8l (d, 2H, J=8Hz),, 30 7.62 (d, 2HPJI=8Az), 7.48 (d, 2H, J=8Hz),
7.27 (m 3H), 6.34 (d, 1H J=7Hz)IN6.25 () 1 Hz)coB. 85 (bs, 2H), 3.89
(bs, 1H), 3.35 (m 2H)) 2.97 (mIZH)* 2.79 (M
=

i de poby,6) A suspension
) was to 60C.

uene

=N
(o]
o

EN
00
lw g
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- 118 WD 00/ 72801 PCT/ US00114901 4-f 2-(2- Anm opyndm 6-yl )ethyl

)benzoyl -2(S )-(4-trinmet hyl stannyl Ghe~l sul f on~r| ammo- Q al ani ne, ~A-9) A

sol uti on ofwo axizshe A-8 (70 ng, 0.1178 nmol)) [ (CHI3) 3SNJ2 pctRstulese10. 2356
mmol ). Pd(PPh3)4 (5 ng) and dioxane (7 m) was heated to 90C. After 2 h)

t he reaction was concentrated and then purified by preparatwe HPLC
(Delta-Pak g I5 p.MIOOA) 40 x 100 mm 95:5 then 5:95 H20/CH3CN) to

provi de the tntluoroacetate salt. The salt was suspended in H20 (10 m),
treated with NH4OH (5 drops) and thenBHXahiEized to provide amde A-9 as a
white solid. 1 H NIVR(400 MHz) DVMSO 8 8.40 (m 1 H), 8.18 (d) 1H, J=8Hz),
7.67 (m 5H), 2HJ8Hz) 729(d 2HJ8H2 6.95-7.52 (m
2H), 6.45 (bs, 384 Mgthvipy ' 2.97 (m 2H),
2.86 (m 2H). 4enfah\21r6l2 wdmmmmalewm bemﬁcNﬂib)Z(S) 4- 125i odo- nhen
| sy ul fonyl gm no-(3al anine (A-10) 15 An iodobead (Pierce) was added to a
shi ppi ng vi al nCt oftJ

. for five
m nutes at roomt‘tperrrp r at L5 ud e 05 nL of 10%
H2S04/ MeOH was made and TorerslesB7C) sabiden of Zrampe- TYRYiditfoldad vi al .
After stirring ([ﬁrepsarzidmeeovmvmﬂcﬁanal 500409t reiipI IrE100ITRL, oAy drshs TR ALY

0.04-0.05 niL of,, d ' 6- 7.
The entire regctl on IH?’ u g(ggvﬁ\bssﬁlq?#‘gﬁ egr?e? %18 aﬁh)ﬁéﬁéE%}r} %nﬁgthﬂlf;teg}gtl on
[ Vydac peptlfde{pivgp¥) ‘fhl@ldfé%@ﬁuﬁ% mpnol iR SOmd Gl 14 gradually @\fead@a*ﬂ Bre 10%
acetonitrile (@eactiom{xiirdwas&iiredB30 min Ynd EokerittcdA3/® s @EE tani200 Mlewdter. 1 %

TFA) H20 (0.1 %9 gg&iedo)‘fﬁé mﬁguﬁmygﬁ@cteé w%rgtlg]l ace-trahee(txﬁft’ﬁl@ bﬁﬁmui Eﬁarm: A-10

is 17 m nutes un er these con ns con ority of
the radtoacti vilp¥rswesrewpted with water, bnge and doedpvaids3iPd ﬂ%@“ﬁﬁ“ﬁ‘ﬁteéf%anol to
gi ve appr oxi matobtajh the désiredproduct @;2 ashiselid.coel ut ed on HPLC anal ysis with an
aut hent i ¢ sgnplig QfrA460 MIL, 8BCiald %0 .85 (VRIPRIE28 G B-ols ST e S0 Ry, 9
Rad~ol ~eand for SPAVS Assav 10 P%TNSOO/ f490g SCI%IEIVE) O](s v)-~ §1—|2N)O~ EDC,
HOBt, .HCI HN ASO0s\9HwM O/ | A-4

Step B: 3-Cyclopropyl-[1,81 naphthyridin-2-ol (4-4).
To a cooled solution (-78°C) of LDA (2.0 M, 251 mmol) in 600 mL
20 THF was added ester 4-3 (prepared from cyclopropylacetic acid and methanolic HCI
solution, 15 g, 131.mmol) gradually over 30 min. The reaction mixture was stirred
for 30 min at ~78°C. Aldehyde 4-2 (22.5 g, 109 mmol) in 40 mL THF was added.
The reaction mixture was stirred at —~78°C for 1 hr, then was warmed up to room
temperature over 1 hr and quenched with 200 mL NH4C] (sat.). The mixture was
25  extracted with ethyl acetate (x3). The combined organic layers were washed with
water, brine and dried over MgSO, and concentrated to give a viscous residue which
was subsequently dissolved in 200 mL 3N HCl. The mixture was refluxed at 105°C
for 24 hr. After concentration, the residue was poured into 500 mL ice-water and
quenched with K,COs gradually (pH=9) to yield a solid as the desired product 4-4,
30 which was filtered and dried in vacuum.
1H NMR (400 MHz, CD;0D): § 8.45 (q, 1H), 7.99 (q, LH), 7.47 (s, 1H), 7.23 (q, '
1H), 2.14 (m, 1H), 1.01 (m, 2H), 0.78 (m, 2H).
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ONO* H6NHC HO SO\ - f/ I OO~N~ ~CH[(CH3)3Sn12 NN~ \ | HHN~- S
/O\ O Pd(PPh3)a / B-3 ~1 R=(CH3)3Sn-, B-4 OH HO SO\ R = @51, B~5 R
O N H - 120Gy0 oo/72801 VWO 00/ 72801 PGT/ US00/ 14901 PCT/US00/14901
2(S)-(4-1o0do-benzenesul f onyl anmp) - 3- 14-12- (5. 6: 7, 8-tetrahvdro, _ .
1. 81napht hyri di n-2yl)-ethyl | -benzoYam nol - propi ont acid ethyl ester (B-2) A
m xture of B-1 (0.23 g, 0.72 mmol; for preparation see US Patent No.
5,741,79b), A-4 (0.343 g, 0.792 mmol ), EDC (0.179 g, 0.93 mmol), HOBT 5
(0.12G g, 0. 93wl ), N m&oalﬁcmbropﬂrﬁﬁlmmmdlﬁb%tOnttI’l| e (3 n) and

DMF (3 nL) was sti rred 1x%1r€8ﬂfafs &nd@m“&%qh %Wﬂa%dowpggi uted with

ethyl acetate. washed vm dried

over MySO t, aind OclorbOME weerellugdeat 1 2 Cfae3 Wa@déﬂ?‘iﬁﬁ‘ﬁ‘%t r%ﬁ%‘(ﬁd%r\"aél lica
gel (70:25:5 GrGledwWshOM ivE Qd)witer it ¥elidK L @Gundl pitid eTheehikcire 4 TLC Rf =

o atar) 37 eg%a%ad%ﬁ*%%ﬁz%@%ﬁ@p% e S gl g 7 70 (4
J=8Hz), 7. 04 ( ckolvept remevalthe deirgdy ung4-5 ves phtaingd a3 yellowishgsplid- 4 83 (br s)
1H, 4.09 (m BENMB (484 Miz, ADI;): 8968 (¢,MH), 1890 (q31HR7 (8 6s, 1BH)7)503q0H)(m  4H) )

2.86 (m 4H), (m 2H). 15
2(S)-(4-1odo- bge‘?’]ggriel?l}’l @@am no% (%n%%)l 2-(S.6,7,8-tetrahydro-f
1, 81napht hvri di n- 2yU- et hyl | - benzoyl am nol - propionic acid (B-3) A m xture of

B=2 (0.38 @ OsigyB: Mol p-(3mclptob@s.6.38-tetahydval Hihdphthetldihd-ylLfenimoies at
60C. After cooli etk LQP -;errperature the m xture was 20 concentr at ed)
andthere5|dLr on silica é25 10:1:1 to 15:10:1:1

Et OAc/ Et OH NH40H HzO0) ﬁdﬂ@tq;%ofsiagh'égﬂ%lw\#gt(bs & ""T*E& Rt§T46 0 43
(silica) 10: 10(pﬂep3reEﬁa€\o4! Pein€io1chdbkd@nld nbé€BanolicHHCIRL(i3MA 118Hz 10DVEDxG) & 8. 42

1H), 7.79 , =8Hz
(7m27 (Hél) 2H Jé'gl—(lz %3%6‘@"8;] 19@"&% Q)ﬂz?o?hg@%ﬁ?gﬁ e gegéy%;dssm (d, ))1H
J=THz), 3.5 (%n%orn mins {Thep PdPBh:»G; was 3dded igne postig Thag reaqtipn myxigig’ ()

oH), 2. 62 (m Qkﬂ)heaﬂ:dZﬂSBf’ﬂ)‘orZﬂ)h.r ddBNB10 foot tERHrut MG Snclesdvert 500 nf35. 0818,

found 635. 0831Watcr and 100 mL NaHCO; (sat.). The aqueous mixture was extracted with ethyl
acetate (x3). The combined organic layer was washed with brine and dried over

MgSO,. After solvent removal, the residue was purified by silica gel flash

20 chromatography (EtOAc/Hexane=1/4 to 100% EtOAc over 30 mn) to obtain an oil,
which was subsequently dissolved in 150 mL THF and 50 mL EtOH. Et3N (15 mL,
104 mmol) and PtO, (0.7 g) were added. The mixture was degassed under moderate
vacuum and subjected to balloon hydrogenation condition for 6 hrs. It was then
filtered and concentrated to provide the desired product 4-7 as an oil.

25 lHNMR (400 MHz, CDCls): & 6.80 (s, 1H), 4.75 (s, 1H), 3.62 (s, 3H), 3.36 (m, 2H),
2.76(t, 2H), 2.64 (t, 2H), 2.36 (t, 2H), 1.88 (m, 2H), 1.78 (m, 5H), 0.86 (m, 2H), 0.50
(m, 2H).

Step E: 3(R) and 3(S)-(2-Methylpyrimidin-5-yD-5-0x0-9-(3-cyclopropyl-
30 5,67 8-tetrahydro[l.8Inaphthyrnidin-2-vl)-nonanoic acid (4-8a and 4-8b)
Following procedures described in Scheme 1 for the conversion of 1-5

into 1-11a and 1-11b, 4-8a and 4-8b were prepared from 4-7, each as a solid.

Resolution of the enantiomers was carried out by chiral chromatography of the keto

diester intermediate corresponding to 1-8.

=71 -



3-14-(2-(5,6, 7, 8-Tetrahydro-( 1, 8l napht hyridin-2-yl)-ethyll-benzoyl am no
1-2(S)- (430 trinethyl stannanyl - benzenesul f onyl am no) -propiont acid (B-41 A
m xt ure of waredrises 10 g, 0.16 mmol )) hexanet hyl di stannanepéﬂvé}@,@,gm_ 0. 32
nol ), Pd(PPh3)a) and dioxane (10 ni,) was stared for one hour at 90C

After cooling to roomtenperature, the m xture was concentrated, and t he
resi due - 12| WO 001 72801 PCTNS00/ 14901 chr omat ogr aphed on silica gel
00:10:1:1 to 25:10:1:1 Et OAc/ EtOH/ NH40H HzO) to give B-4 as a white sold.

TLC Rf = 0.48 { (300 MHz,
DVEO- db) 8 8. 38§NM’€%%°]“§§}%46%6D)E %%%5%%) %22‘8)% ;‘%gém g%e(‘r ~8Hz) ,
7.08 (d, 1H, JATH)IYD (B, 5). 2190-2510 ()4 HE. 12%5-1.60 (MSH)J&944m), ZI-B @& (m2 1H),
3.48 (m | H,ygp.31 (m SH), 2.96 (m 2H)) 2.78 (m 2H)> 2.62 (m 2H), 1.77
(m 2H), 0.28 (s, 9H). High resolution mass spectrum For CZ~H3~NA(6SSn,
expected 665. 1533 ("zSn) and 673.1507 ('' Sn), found 665.1510 and 673.1
505. 10

2(S)-(4-'~Sl odo- benzenesul f onyl am no)-S-gm-rQﬁéfZ (5,6,7.8- teb ahvdro- f
1381napht hYri di n2-yl)-ethyl | -benzoYl am no 1-propionic acid '%' A stir bar,
met hanol (0.05 nL) and an todobead (Pierce) were added to,gshl ppi ng vi al
of Na'ZSl (10 nC, Amgrshanm) 1Ms300) and stirred for fiv m Nutes at 15
room t enper at ure. oI ution of B-4 (--0.1 ng) m nmethanol (@) 04 nlL) was
made and a portiom n02 L) was added,to a m xture of QH2SP4 (0.005 nl) in
met hanol (0.025  J nd-t-hJ-s sol uti orNwa ad d i at toosHhe

Na~ZSl hodobead vi a AAf t er -sti-mii NgQ
the reaction was qu 0 hed wit h NH40 05 n) and the entire reaction
m xture was injecte nto the HPLC for~ 20 puri ation [ VWdac

pepti de- proteln C-18 columm, 4.6 x 250 mm | i near gﬁﬁdl ent of 10%
acetonitrile :H20 (811 %TFA) to 90% acetonitrile: H282(0.1 % TFA) over 20
m nutes, 1 L ni n]. The retention tine of B-5 is 16 m nutes under these
conditions. Fractions containing the majority of the radioactivity were
pool ed) |yophilized and diluted with Eﬁ&@cﬂgo gi ve approximately 1 nC of
B=5, which coeluted on HPLC 25 anal ys n aut hentic sanple of B-3.

| nst ~unentatton: Analytical and prepar ative HPLC was carried out using a
Wat er s 600E oBhdoln-96 280l heads wi th
a Rheodyne [ Arfay Detector with a
30 Glson B 0 g t af and preparatwe
HPLC, a Vydac peptl de prEnllewmg(brdsﬁdluod Wnbedlrﬁsohcm&lmmuusgﬁ with a

anal yses was Fiopr QA ERlER, Wﬁ?@ﬁﬂ%&%?@“ﬁmﬁ%zBE"S@“’SPESCkm
170 Radi oi soto %ﬁ&@%ﬂé &SIS@FW RT3 gﬁ—@@ggﬁpﬁ”ﬁﬁ 3.9 X
250 mMm was useqtrdpmedamhbl;lammbds salitd. Blésqhn@paf abievaaltibm(:wﬁelcamcd)m bpf
rad~oact w~tyy “@B#al%%ﬁﬁﬂ?gfa@ﬁﬁgf tHS k8 didsteIRREANRIfate cbfrdsponliifg QPﬂ@SOl

B A T P

D ode Array Spéctir(gREptemerH), S88q2146 (matl Badt95vii.60 (es 6K 0d4det 2inDved in a
Packard A5530 AMgpcounter . The test procedures enpl oyed to neasure av~33
and av(35 binding and 5 the bone resorption inhibiting activity of the
conpounds of the present invention are described bel ow BONE RESORPTION-PIT
ASSAY When osteocl asts engage in bone resorption, they can cause the

i nutes at room enper at ur e,
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10 formation of pits in the surface of bone that they are acting upon.
Therefore, when testing conpounds for their ability to inhibit osteoclasts)
it is usefukolb@remasure the ability of osteoclasts to exegyYaigyldfse
resorption pits when the inhibiting conpound is present. Consecutive 200

m cron thick cross sectJOns froma 6 mmcylinder of 15 bovine fenur

di aphysis arc cut with a | ow speed di anond saw (Isonet, Beuler, Ltd., Lake
Bluff, Il). Bone slices are pooled, placed in a 10% et hanol sol ution and
refrigerated until further use. Prior $ehetp®ri nentation, bovine bone
slices are ultrasonicated twi ce, 20 mnutes each in H20. C eaned slices are
placed in 96 well plates such that two 20 control | anes d one lane for
each drug dosage eavail abl e. Each | ane represents eith triplicate or
quadruplicate cultufes. The bone slices in 96 well plates e sterilized by
tJVirradiation. Prior to incubation with osteoclasts, t Paohe slices are
hydrated by the a dl\fNon of 0.1 m aMEM pH 6.9 contai ni 5% fetal bovine
serum and 1% peni ¢j | Lin/ STF@pt omyci n. 25 Long bones fr
rabbits (New Zeal anff Whi te Har @) are dﬂsseg,t ed of Jsof tcd,lhssue and
pl aced i n aMEM cont ghoi ng 20 nM HEPES: E i i ng Sci ssors
until the pieces are <1 mm and transflerr tg a 50 m tube in a volunme of
25 m . The tube is cked gently by hamd f 60 cycles) the tissue is

sedi nented for rmf%r— and the supernatant is renoved-2&8not her 25 ml of 30
mediumi s added to the tissue and rocked again. The gs2lzond supernatant is
conbined with the first. The nunber of cells is counted excl udi ng
erythrocytes (typically - 2 x 107 cellslm). A cell suspension consisting
of 5 x 1061nl tn aMEM containing 5l Q0 fetal bovine serum) 10 nM 1, 25( OH) 2D3,
and pencillin-streptonycin ~s prep : 8 i quots are added to bovine
bone slices (200 mmx 6 mm) and incubated for 2 hrs. 35 at 37Cin a

humi di fi ed 5%%&@&5@%&00&%@ &ihssﬂu M@W@@} Eidrydro th a - 123

wo oomao t PCT/USOUT T490 resh medi um cont ai ni ng test
conpounds is ad ‘ d < L\Qi—é)or 48 hrs., and assayed for
c-tel opeptide (f ragrrent sEmrhtndnhes é42aahrh6-r2b®)fcretqu1eklfmnizmgmpylkiy Cr ossl aps

for culture ”E‘i’brgna ﬂ;ﬂﬁﬁ(ﬁé{e [2 ‘gr g&baratﬁ%vbéég if?Qth%cﬁJhl:%ﬁén ai@le%)i)é%‘?}j
A

=

ost eocl asts for hrs an rocesse [ stalnin Sstie culture

media i s renmoveiFpsihesapnmy d§F ribgd ingheheme b for theprepy 8’d° 30 i of
H20, and tH® bdpHbs Reshsgionroé thelremtibmemsdvds carri2douribg abied chmm2togfaphy of the

gl ut ar al dehyde).f3. d]esMﬁ@&Hgd‘nEt@Tc&)rcsB&’ndYn Ao 1A ter fixation) any remaining
cellular debri 0 ence of
0.25 M NH40H ff)iH %M%@{ZX&%O@:?%‘F&‘ %@ ?é@%@r\ﬁ —Hﬁ%g%%ﬁfel one slices
are 10 i medi atJe’VIyz)sﬁammmdllﬂpB 48 (182H), 3. 1vi(inh2H), 176 (redH), % 39, 8BHnd .| ue and

1% borax. After RRG,LSIHCESo 1320) dned, resot ption pits are counted in
test and contro(?1 Eﬁh ces(izm s)gt pt thn pits are vi in a Mcrophot Fx

(Ni kon) fl uor e%&é’d&%’l‘iﬁoéWé%ﬁ’ﬁ%‘r%lcﬁﬁ“lé‘eﬁé?%?'lfﬁ?ﬂﬁldwNl kd-3Gs filter cube.
Test dosage results are conpared with controls and resulting 1C50 val ues
are determ ned for each conpound 15 tested. The appropri ateness of

extrapol ating data fromthis assay to mammal i an (i ncl udi ng human) di sease
states is supported by the teaching found tn Sato, M, et al., Joul nal of
Bone and M neral Research, Vol. 5, No. 1, pp. 310, 1990, which is

i ncorporatbd by reference herein tn its entirety. This article teaches that
20 certain bi sphosphonates have been used clinically and appear to be
effective in the treatnent of Paget's di sease, hypercal cem a of nalignancy,
osteol ytic | esions produced by bone netastases, and bone | oss due to

i mmobi |i zati on or sex hornone deficiency. These same bi sphosphonates are
then tested in the resorption pit assay described above to confirma
correlation between their known utility and positive 25 performance in the
assay. EIB ASSAY Duong et al., J. Bone Mner. Res.) 8: S378 (1993),

descri bes a systemfor expreSS|ng t he huﬁﬁh'lntegrln av~i 3. It has been
suggested that the integnn 30 stimulates attachnent of osteoclasts to bone
mat nx, since antibodi es against the integnn, or RGD aontam ng nol ecul es,
such as echistatin (European Patent 382,451)) can effectively bl ock bone
resorption. 35 - 124 WO 001 72801



PCTNS00/ 14901 Reaction M xture: 1. 175 pl TBS buffer (50 mM TnsHO pH 7.2,
150 MM NaCl) 1 %BSA) 1 mMCad 2, 1 mMMd2). 2. 25 mM cell extract
(dilute wthwooe728 oct yl gl ucosi de buffer to gwe 5 2000 cafrdSoordsda1 3.

1251 echistatm (25 p.1/50,000 cpm (see EP 382 451). 4. 25 p.| buffer
(total bending) or unlabel ed echestatin (non-specifec bmdng). 10 The
reaction mxture was then incubated for 1 h at roomtenp. The unbound and
t he bound av~3 were separated by filtration using a Skatron Cell Harvester.
The filters (prewet in 1.5% poly-ethyl &b8emede for 10 rains) were then
washed with the wash buffer (50 MM Tris HCl, 1nmM CaCl 2/ Mgd 2, pH 7.2). The
filter was then counted in a gamma counter. 15 ASSAY MATERI ALS: 1.
Wheat germ aggl utinen Scentillateon Proximty Bea (SPA): 20 Amersham 2.
COct yl gl ucopyranosi de: Cal bi ochem 3. HEPES:. Cal bi ochem 4. NaCl: Fisher 5.
Cad 2: Fesher 25 6. Mgd 2: SIGVA 7. Phenyl net hylssut¥wonyl f 1 uori de ( PVSF):
SIGVA 8. Optiplate: PACKARD 9. Conpound A-10 (spgcifjc activity 500-1000
C /mmole) 10. test conmpound 30 11. Purified irtbeg n receptor: av(33 was
punfied from 293 cells overex i i @d)H, J. Bone M n.
Res., 8:S378, 1993) accordi zyol ogy, 144: 475.
1987) 12. Bending buffer: 5( pH 7 8, 100 WM NaCl, 1 mM 35
Ca2+~Mg2+, 0.5 mM PMSF - 12~ v*’70I72801 PCTNS00/ 14901 13. 50 nmM

octyl gl ucoside in binding buffer: 50-0G buff.gs PROCEDURE: 1. Pretrqgatnent
of 5PA beads: 5 500 ng of |yophilized SPA bpads were first washed four
times with 200 mM of 50-0G buffer and once with 100 m of binding buffet')
and then resuspended in 12.5 m of [Jj 'ﬂﬁs? f 2. Preparation of SPA
beads and receptor mxture 10 In e .5 p,I (40 nmg/mM ) of
pretreated beads were suspended in 97.5 pl of bi nd| ng buffer and 20 m of
50-OG buffer. 53 mﬂscs)ggﬁm-gutolgpm&m 5m@pt(@6?%@ﬁpm_®d t_(IJ_ht he beads
m suspensi on W thest iy n09m f.8 m nut es e mxture
was t hen cent5r| Lf etoic Ach 95 gh 75 GPR Bencht op centri fuge

for 10 minutes at 4C Th@ﬁfé‘@@@q@éﬁ@dzzﬁbwefeéﬁwﬁérﬁ@%ﬂ fef-Byl3- 1 of
bi ndi ng buffer &Gﬂay?&vnnﬂdlﬁé (f&(bréa@ahuﬁ fsed J. Heterbigaied ., 091, 728/1kOMi ng wer e

EE?ES?L??LL%?"?#@P&% 1 6Pt e sacPedia GYSER 20 G B of LLta ang
conmpound to be tlekkbedes mmoﬁg’emm@mefsoy@spwaqi Olbubmahlmjcwmmgrapwgf the
non- speci fi ciobi ﬂdétoﬂﬂcs(eﬂﬂf&lne&@t@@&ﬁésb&{dl 01-8&M 25 (iii) A-10 in binding
O T
overni ght with rdgéReng. 79t(m4(ﬂ) 343 (m, 2H), 3.14 (m, 1H), 2.76 (m, 2H), 2.59 (m, 8H), 1.91

(m, 2H), 1.59 (m, 3H), 1.36 (s, 9H).

Low resolution mass spectrum: calculated: 438.6; found M+1: 439.3.

15
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30 4. Plates were counted using PACKARD TOPCOUNT 5. |'o inhibition was
calculated as follows: A = total counts B = nonspectf~c counts 35 C ~

sanpl e count¥wO000/28@ WO 001 72801 PCT/ US00/ 14901 % i nhi bircraseca 4901
[{(A-B)-(CB)}/(A-B)]/(A-B) x |00 Representalve conmpounds of the present
nvent ~on were tested and found to bind to human av~i 3 tntegnn. These
conpounds were generally found to 5 have | C50 val ues | ess than about 100 nM
in the SPAV3 assay. OCFORM ASSAY Osteobl ast-like cells (1.8 cells),
originally derived from nouse cal vana) SgtemeBat ed_jn CORNI NG 24 wel |
tissue culture plates in a. MEM nedi um 10 contai ning ri bo- and

deoxyri bonucl eosi des, 10% fetal bovine serum and ncillin streptonycin.
Cell's were seeded at 40,000/well in the norning® InNhe afternoon, bone
marrow cells were prepared fromsix week old nal | b/ C m ce as foI | ows:

M ce were sacrificed, tibiae '[iermved and placgd i the above nedium The
ends were cut off and t he marmow_ mas u d Jgavity into a tube
with a 15 1 nL syringe withfa 2}.5 gauge needl e. The marrow was suspended
by pipetting up and down. The pensi on was passed through >100 mm nyl on
cell strainer. The resulting Suspension was centrifuged at 350 x g for
seven nminutes. The pellet was resuspended, 88& a sanple was diluted in 2%
acetic acid to lyse the red cells. The r emdr2d ng cells were counted in a
hemacyt onmeter. The cells were pelleted and 20 resuspended at 1 x |06
cells/nmL. 50 wL was added to each BEAMPRIESLI28ANBIIBS to yield 50, 000
cells/well and I, 25-di hydroxy-vitamn D3 (D3) was added to each well to a
final concentration of 10 nM The cultures wer e |ncubat ed at 37Cin a

huni di fi ed, 5% ¥B2and Zhexy-py; Iy 8 dydrochanged. 72 h

after the adiil tllhth@@diﬁzrmrﬁ @m asu&:m r edded with fresh
medi um containing D3 to anqlldﬂ)gx[sua%d ﬁﬁtgﬁ’g@%‘gtmggﬁﬁ%ﬁﬁﬁwe added again
"0

after 48 h with fresh nediu nal 48 h., the
nmedi um was r ermmypwrlg\eﬁ@r erepar%m s tUhS - Patmt Ne-Pel 5 hG aud 1. Hepsresslisat e
buf fered sal i nechan., (K01 FBSHQBI:)SmMzmgﬂQrﬁhﬁlema&lbaddH’sﬁ}beﬁQﬂ $cvamel 11pyr e 1- 2

mnute {1 eat et ol il Sf 149081910 Redobiid oA Aol B cofiR Pl o ver e

then stained foPP&TITa ase as
cell's were 3¢aj el cﬂmmamgra}amfﬂmké@daﬁstcr@éfm@#ﬁé%&sm@n&twﬁso rnM
acetate buffer, IHNMR (400 Mg GHaPIDOS AMB <0 AHYM40Ld i T<)HL), B4T@IHL. Fast Red

Violet LB Salt h i ng, the
pl ates were vvasﬁn’gtg ‘{L"{T@i% %QQ%hﬁ@éﬁg%@/g%ﬂ ?PG'? 22:;#&{ g@iaj

number of rmul ti fucHBAO4dm, %i@sllﬁﬂvéms‘ﬂé)iv k3 B s was counted in each wel | .
35 - 127 VO DO fed 810t orPRENSPECAAD QA HRAY A2ASFBIMIMATERAIRS: 1. Wheat gern-~
agglutinin $ent~llation Proximty Beads (SPA): Amersham5 2.

Cct yl gl ucopyranosi de and Phorbo-12-nyri state-13-acetate (PMA): Cal bi ochem
3. Tris-HCl, NaCl and CaCl~ : Fisher 4. Mninmm Essential Media (MEM:
G-bcoBRL 5. Fetal bovine serum (FBS): Hyclone 10 6. Mg 2 , MiCl~ , and
Phenyl net hyl sul fonyl fl uoride (PMSF): SIGVA 7. Protease inhibitor cocktail
tabl ets: Boehringer Mannheim 8. Optiplate-96 wells: PACKARD
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9. B-5 was used as radiol abeled ligand (specific acWvity 500-1000 G/ nmol e)
and B-3 (2.5 pM was used to achieve 10070 inhibition. 15 10. Test
conpound. 11WokIEKE®3 cel | s overexpressing a,. (35 integri ngcrRistdiioat al ..

J. Biol. Chem 272, 29380-29389, 1997) are cultured m 150 mm di shes in 10%
FBS/ NI EM nedi a (G bcoBRL). 12. L~sis buffer: 100 mM octyl gl ucopyr anosi de,
50 MM Tris, pH 7.5 100 mMM20 NaCl, 1 mMCad 2, 1 mMMwd z, 0.5 mM PMSF and
protease inhibitors (1 tabletl50 m buffer). 13. Bindingbuffer: 50 nmM Tris,
pH 7.5, 100 MM NaCl, 1 nmMCaC2 1 mM WyClScheme d nmM MhCl 2 14. 50 niM

octyl gl ucopyranosi de in binding buffer: 50-0G buffer 25 P EDURE: 1.
a~~~-cell lysates: HEK 293 cells expressing a"(3s integri n;jﬁﬁre cul tured

until confluent. Cel3M¥e were then starved overnight in nedialcontaining 0.5%
30 FBS) followed b L eat ment wi th 100nM PMA for 20 m n. ITY were washed
2 rimes with cold'phoSphate buffer saline (4C) and sol ubi Iz inlysis

buffer for 30 mn Qn e.  LySates were cl anf~ed using aPBeckman JA-20 at
20, 000 xg. Protein cpncentrati ol of cl s dat er gbngd using

a mcro BCA |ut (P~azue} and stored i
00/ 72801 PCTNS00/ 14901 2. Pretreatnen :
SPA beads were firsiy_washed four Mres wrth 200 ml of 50-OG buffer and once
with 100 mM of bindifrnmg buffer, and then resuspended i8R4l2.5 m of binding
buffer. 5 3. Preparation of SPAVS binding reaction T@-2mch assay well, the
foll ow ng were sequentially added into Opt~plate plates: (i) Binding buffer
to make up final volunme of 125 pl per well. 10 (*2) 3 ~1 (120 Itglwell) of
pretreated beads diluted with 22 pl of 50-0G Buffer (iii) 15 ~g of
a(35-cell lysate proteins. (iv) B=5 at 50,000 c (v) 25 ~1 of graded
concentrations of test conpound. 15 (vi) Each plgje was sealed with plate
seal er from PACKARD and | ncubated overnight withh rocking at 4C 4. Pl ates
wer e counted usi ng PACKARD TOPCOUNT mi cr opl ate,&i ntillation counter. 20 5.
% I nhibition was cal cul ated as follows: A =t Neount s (bi ndi ng of
receptor to B = nonspecific counts (binding of eptor to B-5 In the
presence of 2.5 ~Mcold |liggnd) 25 C = countgs friomreceptor binding to test
conmpound % i nhibition = j{(AB)LNC LA [ B) CO-H00 | Cso of test
conpound was cal cul ated ag 509% of Ji nhibition. 30 Representative conpounds
ed and generally found to have |1C50

val ues less than 1 pMin the SPAVS assay.9 3a5 - 129

al

EXAMPLES 13 AND 14

rimidin-5-y1)-5-0x0-9-(5,6,7,8-tetrahydro-
1.81naphthyridin-2-yl)-nonanoic acid (9-3a and 9-3b
The 2-methoxy-pyrimidine-5-carboxaldehyde (9-1) (Gupton, J.T.;
Gall, J.E.; Riesinger, S.W.; Smith, S.Q.; Bevitt, K.M.; Sikorski, J.A.; Dahl, M.L,;
Amold, Z., J. Heterocyclic Chem. 1991, 28, 1281) was converted into keto-diesters
10 9-2 as per Scheme 1. Separation of the enantiomers of racemic keto-diesters 9-2 was
accomplished by HPLC (Chiralcel AD; 50x500 mm column; 70/20

1sopropanol/hexanes/0.1% diethylamine over 60 minutes at a flow rate of 80.0
ml/min) to give two enanuomers (RT = 20-29 min and 32-40 min). Monohydrolysis,
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WO 001 72801 PCT/ US00/ 14901 EXAVMPLE OF A PHARVACEUTI CAL FORMULATI ON As a
speci fi c enbodi nent of an oral conposition, 100 ng of any of the conpounds
of the presewoopmsenrion are fornmulated with sufficient fipmalysostissarded

| actose to provide a total amount of 580 to 590 ng to fill a size O hard
gel capsule Wile the ~nvent~on has been described and illustrated in
reference to certain preferred enbodi nents thereof, those skilled in the
art will appreciate that 10 various changes, nodifications and

substitutions cderathexytaichm, ariddvydiotyswsiof dissters @edacant Dridp af penrfichémee & piovided and
scope of the inyg@gg§@mmﬁpm)exanple ef fective dosages other than the

" preferred doses ﬁe re d15eﬁt<ad Z@@({_Iﬁqaq%)appl i cabl e as a consequence

of variations m nS| VENESS bei ng treated for severity

of bone di sor detB NMR$29 Mz, QypBY: OFH0 %ﬂﬁb”r“bﬁ%bﬂlﬁ@%ﬁ{ﬁﬂw@ 92 the 15
phar ool opi Lal FhaR e i T S B PR, ng upon
e B il i g

t he partlcular PBr whet her there are present
pharmaceutical earners, as well as the type of formulation and node of
adrruni stration enpl oyed, and such expected variations or differences in
the results are contenplated in accordance with the objects 20 and
practices of the present ~nvent~on. It is intended) therefore, that the
invention be lirruted only by the scope of the clains which follow and that
such clainms be interpreted as broadly as is reasonable. - 130 WO

00/ 7Z801 WHAT IS CLAIMED I'S: 1. A conpound of the Formula (1) Rs R4 R5 Rs
R~ CO2R8 X (1) 5 or a pharnaceutically acceptable salt thereof) wherein: X
~s selected fromthe group consisting of R RR RR ,~ N~~YI| .~C. ,. N~
~~, NNNR-R2and NN.s'"~i 10 R Yis CH?; O orNR; PCT/ C1S00/ 14901
each R 1 is independently hydrogen or C1 3 alkyl and each non-aronmatic
ring carbon atom 1s unsubstituted or independently substituted with one or
two R2 substituents 15 and each aromatic ring carbon atomis unsubstituted
or independently substituted with one R2 substituent selected fromthe
group consisting of halogen, O g alkyl, C3_g cycloal kyl,
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C3_g cycl oheteroal kyl, C3_g cycloalkyl-Cl1_6 alkyl, 20 C3_g

cycl oheteroal kyl-C1_6 al kyl, aryl, aryl-d 6 alkyl. amo, - 131 WO

001 72801 5 Moewn28@ 25 30 PCTI US00114901 anmo- Cl_6 al kyl , p€tuSecasyok armo,
Cl 3 acylam-no-Cl1 _6 alkyl, (C1 6 alkyl) 1 _? ammo, C3_6 cycl oal kyl -Cp_?
amo, (C1 6 alkyl) 1 2 anmmp-C 1_6 alkyl, C1 _6 alkoxy) C1 _4 al koxy-C
1 6 alkyl, hydroxycarbonyl) hydroxycarbonyl-Cl 6 alkyl, Cl1_3

al koxycarbonyl, Cl1_3 al koxycarbonyl-Cl1_6 al kyl, hydroxy, hydr oxy-Cl_6

al kyl, n~tro, cyano, tnfluoronethyl, tﬁﬁiﬁﬂ@dﬁbthoxy, trifluoroethoxy, Cl g
al kyl -S(0O) 0_2, (Cl_g al kyl)p_2 amocarbonyl, Cl_g al kyl oxycar bonyl am no)
(Cl g alkyl)1l 2 annncarbonyloxy (aryl C1 3 aIkyI) 1 z amno, (aryl ) 1

2 ammo) aryl-Cl_3 al kyl s ®§Et and Cl g Ghi} am no; or two
R2 substituents, when on non- t|c ¢ un a om are taken
together with the car bon r--t whi ch t hey are to forma carbonyl

group) or two R2 substltuents) t oget herTHif t h the carb n atons to which they

are attached) join to form 14 to 6- nmenbered saturg unsat ur at ed
carbocyclic ring; R3 and RS a@re each i ndependently ogen, hydr oxy, or
Cl 6 al koxy; R4 and R6 are each |ndependently,j/’ ogen or C 1 3 alkyl; or

R3 and R4 taken together or RS and R6 taken together are carbonyl oxygen)
with the proviso that both R3 and RS are not simultaneously hydrogen; R~ is
aryl wherein the aryl group is selected fromthe group consisting of (1)
(2) (3) (4) (5) (6) (8 (9 ( 100 (11) (12) ¢ phenyl, naphthyl, PYridVYl.
furyl, th~enyl, pyrrolyl, oxazolyl) thiazolyl dazol yl') PYr-~olyl,
~soxazolyl, isoth~azolyl, pyrimdnmyl, - 132 o Spn2so~ PCT/ US00/ 14901
(14) pyraznyl, (15) pyridaz~nyl, ( 16) tetrazoly (17) quinolyl) 5 (18)

i soqui nolyl, (19) benzi m-dazolyl, (21) benzothienyl, (22)

i ndolyl, 10 (23) benzthi azol (%gj%%ihydrobenzofuryl)
(26) benzo(1, 3)di oxol anyl , 1 8) qumazolyl, (29)
qui noxal yl, and

nonanoic acid (10-3a and 10-3b)

Step A: 2-Ouinoxalinecarboxaldehvde (10-2)

-78 -



(30) 3, 4-di hydro-2H 1, 4-di oxa- 5-aza- napht hal enyl ; wherein the aryl group as
defined above mitens ( 1 ) to (30) is unsubstituted or substituted with
one to threewsutoseset uent s | ndependently sel ected from t he griowgao 24901

consi sting of hydroxy, hydroxy-Cl 6 al kyl, halogen) Cl g alkyl, C3 g
cycloal kyl) aryl) aryl C1_3 alkyl, amno, amno Cl_6 alkyl) Cl1_3 acyl anmmo,
Cl_3 acylam no-Cl-6 alkyl, Cl1_6 aI kyl ammo) di (C1_ 6) al kyl am no, Cl_6

al kyl am no-C1_6 al kyl, di (CI " 6)al kyl amino-C1_6 al kyl, Cl.~ al koxy, d 4

al kylthto, C1.~ alkyl sul f AnglupoCafetiag] Eydummb&ﬁlmydrb,o)@lalc (18-1alXBiky 1C61 6

al kyl, hydroxyc 2 a
" al koxycar bonyl , 3@38@){,] Lﬁ%gé)gﬁﬁtg%y%g%asgowio '7%:‘516 5. al kﬁlﬂggrwa%gg/at%:xy
- cyano, trifi uoroWﬁ‘ch P mofar HfSPH“PPBH’@%‘FM}P“““PFEWF'U%@ mmol)
trifluoroethoxy, adafmbwsripemod@f 6. Aftpreifenin, mulnsxtmdumtqseﬂomgcewtlleglavmlt h the
carbon atons 4 0 a@aﬁc%dt%%nﬁr 9281 mﬁdme%deu&?mwrms {W¥ifnedQb rovx - menber ed

saturated or unsaturated ring containin het er oat ons , sel ect ed from
the group consi SEPRJatBte apddiled Wiy WSerW%d%Ie) rTthl ateh WASTYIBFed, f

substituted w t ety ecetate aid tige Qﬂﬂkyned omamwsméwegmmubsxae @WeﬁﬂeldKN;QS%) The

5,6, 7, 8-tetrahydobfd, v8a]smaﬁdsuehy>rwdum Prefydrativie2entafuyIdraheSio, , amh, @HACl)) s

6- subst~t ut edpyri cp Y en the 6- substituent on the pyndm3-yl ring is
other than net hd¥ feQﬁ%idFéO—% en or G _3 alkyl. -133° WD 00l 72801
PCT/ US00/ 14981 2! @&ﬁd&dﬁa ) 3039 6. WAk P4t s, XH%s‘&ZQzS?&(nRinﬂ% N NN
5 R3 is hydroxy -ﬁg;d(nR§H|)s hydrogen or RS is hydroxy and R3 is hydrogen, or
R3 and R4 taken r 0 et her are carbonyl oxygen,
with the provi sogﬁ‘e%hqgeqlﬁiﬁny&g% % r?otfsg?nul t aneousl y hydrogen; R4
and R6 are each |ndependently hydrogen or nethyl: and 10 R2, R? and R8 are

as defined m CI 118 af® gng&fatha\’lm gxcy\‘b?f 9'7% tE{rahiv aryI wher ei n
t he aryl gro]rﬁg ecte rom I gI’OJé) conS|T| g of pher;y 15
pyridyl, quinol “C—Q-é—benZOf uryl,

d~hydr obenzofuryl and 3, @enlpdn;ndrlﬁ-ﬁﬁldﬂdl%dweve&b&mﬂaﬁronﬁq.)ht hal enyl ; wher ein
the aryl group -5 osHiSkboUIERRN mhﬁg&e%%mm%g@%eg.&mﬁ§eﬁ@§$ htuents

25 i ndependently ecte roup consistin

hydr oxy-Cl_6 al kfﬂ the argtpegfé?ﬂofé-—'ﬁé apd 13l Q. excepgthat fein'M?aP&ﬁfﬁF e“*‘é‘r“ﬂ“?”ét‘f*‘?l Cl1 3
al kyl, ami no, andamiedGit byechirhlkptomatigréphgaythBnmpe. Wiinga GbiydlpaknaS Slurfin addky| )
C1_6 alkyl anﬁdﬂo,%&f{g%ﬂfqﬁd Féélv@’m4%)dxet hﬁm@d&wkm ‘#?;l‘i’s %ﬂml% .mm di (C

1 _6)al kyl anl no- koxy,

al kyl sul fnyl, cte efl?n%ﬂwfi%ﬁ% AAreluging 1soger WMTC S@aéﬂt%y , 30

hydr oxycar bonyl ) "HhNROGGIE, BOhYIHZIS 8.87 s, dHNBL.08-835 (n 1HD. KON T boryl), C1 3
- 134 wo Oonzﬁ@iﬁ%%oiéf‘&olﬂai% )aB'%@g&"lfl,Ci—ﬁ:s@ﬂziﬂd'sMsC'lH?

alkylcarbonyloxy rifluo

ano, tnflu 8 niy
o O 106 G A 36 U abbn 27 140 BTk b A0 BEL 85 28848 ¢ uent s
t oget her wi t25 t R2H)cAThoi, HHLORE6.2.06 WHEX B.67 KreYH diés. BHL)a2 He ¢, 21ilm T20HA)or m a

fwe- or six-nmenbgsedsah Wil £62- @rss%ﬂsﬁi)uiaé@c%or(xh”‘m)c@”&ﬁ'ﬂlmgﬁfﬁ'j 2
heteroatons 5 selected fromthe group consisting of O and S, whose
nng carbon atonms may be substltuted vvlth oxo or C1_ 3 aI kyI with the
proviso that if Xep€: 5, 6, 3(R3 , ¥43.61 Stra)

hydrogen, and arm|8lﬂa%ht§w$déP§J)ld&l%1@%ﬁd ﬂtm%m ¢ the 6-Substituent on

the pyridm Syl i crstcloo gl 50 DO (] dos 4B S ABOHAL 26 (9 2 M 3

wherein R7 is qunoly
2H), 7.19 (d, 1H, J=7.1 Hz), 6.24 (d, IH, J= 72Hz) 4.31-4.24 (m, 1H), 3.44 (¢, 2H,

J=5.6 Hz), 3.31 (dd, 1H, J=16.0 Hz, 8.2 Hz), 3.01 (dd, 1H, J=16.1, 3.2 Hz), 2.92-2.84
(m. 2H), 2.76-2.65 (m, 5H), 1.95-1.70 (m, 4H), 1.61-1.52 (m, 1HO, 1.25 (s, 1H).
FABLRMS m/e 433 (M*++H, C5HpgN403 = 433).
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15 unsubstituted or substituted with one to two substituents independently
sel ected from hal ogen) phenyl, Cl1L 4 alkyl) C3 6 cycloal kyl, Cl1_3 al koxy,
am no, Cl1_3wawdoyksmm no, di (Cl_3) al kyl antno) hydroxy, cyara¥/uso0/14901
ttifluoronmethyl) 1,1,1-trifluoroethyl, trifluoronmethoxy, and
trifluoroethoxy, with the proviso that if Xis
5,6,7,8tetrahydro[ 1, 8 naphthyridm2-yl) R2 is hydrogen, and R7 is
6- substituted-pyridin-3 20 yl, then the 6-substituent on the pyridin-3-yl
ring is other than nethoxy. 5. The cobpbemelidf C aim4 wherern R2 is
selected fromthe group consisting of h ydrogen, 25 hal ogen, ammo, Cl_4
al kyl am no, C3_6 cycloal kyl -Cp_2 al kyl am Céﬁno, 30 C1_4 al kyl,
cycl opropyl, aryl 1 3 alkyl, C1 4 o, C1 4 al koxy, - 135 WO
00/ 72801 PCT/ USO0/ 14901 C1_4 al kyl t hi o, n4car bonyl, (Cl._6 @blﬂt' )1 2
am nocar bonyl , Ck koxycar bonyl ) BtTI

is selected from

trifluoronethoxy. 6 —I@e d of LClaim-5wmher
the group consisting of 10 hydr oSt Rd(@4eh, aginoy1 3.4 kyl anino) C3_6

cycl oal kyl net hyl anmmo, 154C4_q. al kyl) RFBFopropyl, tri f Fdor onet hyl, and

trifluoromethoxy. 20 7. compound of Claim2 having the fornula (1C): R3
R5 R~ X COzRa (B) or a phargraceutically acceptapl e salt thereof, wherein 25
Xis R R Ror N~ H§~ N .| 36 WO 00/ 7880 /1450Q-8BRP1 R3 ~s
hydroxy and R- is hydropgen &r T : hydrO);X/\a'ﬁHN drogen, wigh the

provi so that bot nd, RS : »® S Ml t aneous JRil0ARY, DPPF
hydrogen) Cl_4 al ky], ~cycl opfo ¥ , amno, Cl 3 al y{ gD, or 5
cycl opr opyl net hyl a ; o 114 O

S 11-6
NH H
2 N CONHMe CN)I/\Nj/\/\/CONHMe
| Y " A
11-7 NaH 11-8
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R? is quinolyl) pyridyl, or pynmdinyl) unsubstituted or substituted with
one subst~tuent selected from Cl~ al kyl, C3_6 cycloal kyl, Cl1 3 al koxy,

am no, Cil- m-no) di (Cl1_3) al kyl am no, cyano, trif thyl) and
t nfl uor orref‘ﬁghwls%tth the proviso that if Xis wmﬁm“m
5,6,7,8-tetrahydro[ 1, 8] naphthyridin-2-y1, R2 is hydrogen, and 10 R? is
6-substituted-pyridm3-yl) then the 6-subst~tuent on the pyndm 3-yl nng ~s
ot her than methoxy; and R8 is hydrogen or Cl1_3 alkyl. 8. The conpound of
Claim2 having the formul a (III)H 15 R~ CO2R8-(I11) or a pharnaceutically
salt thereof) V\/nereég gls R2 CoEt J H 20 9. The
conmpound of Claim he arylCHyrQ{OMe),,sel ect ed
fromthe group cons%stl

ndyl, - 137 WBLLDITHF3 U8
PCT/ US00/ 14901 qui n&IQ) Wﬁ?n ) ~nyl . pyri dazimyl—S5—bemrofuryl
dshydrobenzofuryl) and 3, 4-di hydro- 2H—1 4'—d1'oxa - aza- napht hal enyl ; wherein
the aryl group is unsubstituted or substltuted vmth one to two substituents
10 independently sel ected from hydrexy, doydrox y C 1 _6 alkyl, halogen, C
I

1-g al kyl, C3_g cyclkbal I&yl aryl, a 1 3 alkyl, ammo) amno Cl_~ al kyl,

Cl1_3 acyl am no, 1~0Ke_6 al kyl am no,
| kyl ami no Cl- @Mda kyl _Eﬂ!&» 6) al kyl ami no Cl1_6

di (C1_6)al kyl ami Ko, CJ 6 -
al kyl, Cl~ al koxy\—C¥ &l kylthio, Cl~ al kylsulfimy™ C1 4
al kyl sul fonyl, C 1-4 al koxy X3-10 6 al kyl, hydroxycarbonyl, 15

hydr oxycar bonyl Cl 6 al kyl, CL 5 al koxycarbonyl , DM%;? al koxycar bonyl Cl_6
| 1

al kyl, C1_5 al kyl car bonyl oxy) cyano, trifluoronet 1,1,1-trifluoroethyl,
trifluoronmethoxy, trifluoroethoxy, and nitro; orNt adj acent substituents
together with the carbon atons to which they arelat/t ched join to forma
five- or six-nenbered saturatq_p or unsaturatedri containing 1 or 2
heteroatons sel ected fromtheprow cansistinglof 20 Mo@ and S, whose
ring carbon atons may be supsti i <3 aszyl; with the
proviso that if Xis 5.6,7,8-tetltfahydro[1, 8 _qhthyridi n-2-yl, Ris
hydrogen, and aryl is 6-substd -pyridm 1 then the 6-substituent on
the pyridin-3-yl ring is other than net hoxy:——Elé-—lo. The conmpound of Caim9
wherern R7 is quinolyl, pyridyl) or pyrlmdinyl; unsubstituted or
substituted with one to two substituents independently selected from 30

hal ogen) phenyl) Cl~ alkyl, C3_6 cyclmpaddpiy 16l 3 al koxy, amo, Cl_3

al kyl am no, di (C1_3) al kyl ami no, hydroxy, cyano, trifluoronethyi)

1,1,1- trlfluoroethyl tnfluoronethoxy, and trlfluoroethoxy, vvlth the
proviso thab i ' : dgo- Sl

hydr ogen) and RYazeﬁn Q%gﬂ&d&m-lp_yumdnrﬁmlb) then t he 6- substl tuent on
the pyridm 3-yl ring ~s other than nethoxy. 35

Step A: 3-(5-Bromo-pyridin-2-yl)-pentanoic acid ethyl ester (11-2
To a stirred solution of ethyl-1-pentenoic acid (10 g, 78 mmol) in
10  degassed THF (80 mL) at 0°C was added dropwise a solution of 9-BBN (187 mL of
0.5 M in THF, 94 mmol) and the mixture stirred for 18 hours at ambient temperature
to produce 11-1. K,CO5 (184 g, 133 mmol) and 2,5-dibromopyridine (18.5 g, 78
mmol) were added, followed by a premixed and aged (70°C for 30 min) suspension of
Pd(OAc), (2.0 g, 8.9 mmol) and DPPF (5.4 g, 9.8 mmol) in degassed DMF (80 mL).
15  The resulting mixture was stirred for 18 hours at 70°C, cooled, diluted with ethy]
acetate, washed with water and brine, dried over MgSOy,, and concentrated. To the
stirring residue dissolved in THF (400 mL) was added water (150 mL.) and NaHCO;
(33 g) and after 10 minutes, NaBO;eH,O (48 g). After vigorous stirring for 30
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-138 WO 00/ 72801 PCT/ US00/ 14901 11. The conpound of C aim 10 wherein R2
Is selected fromthe group cons~stlng of hydrogen, hal ogen) S ammo, Cl 4
al kyl anr no, v@3oew@r2eyycl oal kyl - C0_2 al kyl am~no cyano, Cl_q. ak¥xkeos13éh
cyclopropyl, aryl C1_3 alkyl, Cl_4 acylam no, Cl_4 al koxy) Cl~ al kylthio,
15 am nocarbonyl, (Cl1_6 alkyl)1l 2 am nocarbonyl, Cl_4 al koxycarbonyl)
trifluoronmethyl) and trifluoronmethoxy. 20 12. The conpound of Claim 11
wherein R2 is selected fromthe group consisting of hydrogen, hal ogen, 25
am no) Cl1_3 al kiyhaes; me)mikiirédwasydilutell vy eyl hyeiasmvashe@bvithal deat and byind, opr opyl

havi ng the. for iFLoY Mesa, g SHATEREISY of ) Th RicG0 TR A ber bRl B
phar maceut i cal |Svlcsa$lt<19 BP EgpAciprene)tn exeild-2re aRologessll~ H N .r~'J 5 R2 is
hydr ogen, Cl~ allKGR{ =075 ¢sjledaofi% ByPAc/RGBuhd) USO0/ 14901 R~ i s qui nol yl,

pyridyl, or 5pyrllﬁm9mrubo w{ksébﬁi)t sl%%d (sorm? bybmtdnt lt'ﬁ)?@} cw(a mprrEs;ms)st ttuent
selectedfromC ~ al k \éc oal am no 1-3

C
al kyt ami no, di (4d|5(3)2fb|1*ﬁ§/ﬁah1’2ﬂ8 (t. ﬁa}rﬂ)H%)rQ 4@0’1}5%'[71# 17e(ﬁ)d4H) 126 (t,
trifluoromethoxy, j¥d Hfy. 10 the proviso that if Xis
5,6,7,8-tetrahydro[ 1, 8] napht hyridtn-2-yl, R2 is hydrogen, and R7 is
6- substi tut ed- pyri di n- |, then the 6- substttuent on the pyridin-3-yl ring
i s other than xy) epy-ipgiprlolegbardigne hl-B 5| kyI 15 14. The

conpound ofioCl ai m 2 havi n@aktheed‘@mmuh af 4-bMrio- 1-butene (11-3, 20 g, 148 mmol) in
DMF (150 mL) was added potassium phthalimide (11-4, 25 g, 133 mmol) and the
mixture stirred for 18 hours at 70°C. After cooling to RT, the mixture was diluted

with ether, washed with water and brine, dried over MgSO,, and concentrated to give
11-5 as a white solid.
15 1H NMR (400 MHz, CDCI3): 8 7.85 (m, 2H), 7.72 (m, 2H), 5.82 (m, 1H), 5.08 (m,

2H), 3.77 (t, 2H, J=7 Hz), 2.44 (m, 2H).

Step C: 5-{5-[4-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-butyll-pyridin-2-y1 } -
pentanoic acid ethy] ester (11-6)

20 To a stirred solution of 11-5 (4.23 g, 21 mmol) in degassed THF (20
mL) at 0°C was added dropwise a solution of 9-BBN (50.4 mL of 0.5 M in THF, 25.2
mmol) and the mixture stirred for 18 hours at ambient temperature. K,CO; (5.0 g,
35.8 mmol) and 11-2 (5.0 g, 17.4 mmol) were added, followed by a premixed and
aged (70°C for 30 min) suspension of PA(OAc); (0.54 g, 2.4 mmol) and DPPF (1.45

25 g, 2.6 mmol) in degassed DMF (20 mL) The resulting mixture was stirred for 18
hours at 70°C, cooled, diluted with ethyl acetate, washed with water and brine, dried
over MgSO,, and concentrated. To the stirring residue dissolved in THF (200 mL)
was added water (75 mL) and NaHCO; (16.5 g) and after 10 minutes, NaBO3eH,0
(24 g). After vigorous stirring for 30 minutes, the mixture was diluted with ethyl

30  acetate, washed with water and brine, dried over MgSQ,. and concentrated to an oil.
The residue was chromatographed on silica gel (20-40% EtOAc/hexane) to give 11-6
as a yellow solid.

TLC Rf =0.31 (sihca, 50% EtOAc/hexane).
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OR- X C2Rs (IV) or a pharrnaceut~cally salt thereof, wherein Xis - 140
wo oon2sol RZ R2 NN N~ , PCT/US00/14901 ' R2 or N N H 15. The conpound of
G aim 14 whgp@hAhshy/ IS aryl wherein the aryl group is sel ?q.ftg%m;(ﬂmthe
group consisting of 10 15 20 25 30 phenyl) pyridyl) quino pynm di nyl,
pyrazi nyl, Pyridazinyl, benzofuryl, dihydrobenzofuryl, and

3, 4-di hydro-2H— 1, 4-d~oxa- 5-aza- napht hal enyl ; wherein the aryl group is
unsubstltuted or substituted with one to two substituents independently

iil:?ggfckiyr r O;nr l}?{&iﬁ\&’% 4{00%%&1@1 68 ﬁl(|§1)c/)])l'i) @i QQ%T_DB% %él 03 acyl am no,
c 3 acyl am nolH), 1.05 GmaliKy#.12 @, ZH, 5=7alK)y3. ah(m,o?,H)dz 78 € 2H. J€)7aﬂzky21691rﬂno) Cc1

_6 al kyl ani no )t 9 I L3y al Cl..4 al koxy,
Cl_qg. al kyIth|%jjcgfﬁal&ﬁ%l(gu%fﬁﬁqéﬁy(lnalm?”k%%% gonyéliq?ic 1 ~al koxy C1

_6 al kyl, hydroxycarbonyl, hydroxycarbonyl C1 6 alkyl, C1 5

al koxycar bohyl StefD1 3 éllﬁg&;}@nd&bu_:y )-p&ridin- 2611deﬂ;@n@c@&;d%@hﬂg@daﬂb@myl oxYy,
P ior et hosy o | pfiukete b Lk e g

ar bon_ar o + BeRREerhig e GRratihg SN RbOvIdEras VG for (é%
Si x- nenber ed sEieunixteedwes covirdandic@icedrarddng axcciht Bhenesidpelwasr 2 het er oat ons
sel ected from ém&nﬁé&}%eggﬁ'%‘h%} %J‘gld)fo N E@A@EQ)@N}M@H&%@ k18 vE PY- 5’9@ at ons

r with the
Qurs.

may be SUbﬁltu}ﬁ% oxo or al y ; vvlth the proviso that 1f IS
5,6,7,8-tetrah 8 hthérld IS hdrogen and aryl |s
6- subst i t ut ed- 69(15‘ 1c3 fh HOtIH@t@%@éQW ¥ -the pyridin-3-yl ring

is ot hgr lthgngmmmo 49001\@Hzﬂm:l§pm@m@l 10f), Th BiniN1 1), WTRGRILH), I§?74i(ﬁ1b 141 .
WO 00Nn2s0 V. ~~t unsubstitute
or substituted 2 éﬁ gétr‘q?’\r/% gu%‘s( ga'g%désaéﬁ’d Ilﬁgg%t%%)t ed from5
hal ogen, phenyl, Cl~ alkyl, C3_6 cycl oaI kyl, Cl1L_3 al koxy, amno, Cl_ 3

al kyl ami noys di § 3) al lsmserrﬂgwménmw yrUBp ot bl 4 YOL OB Acld

1,1, 1-trifluor oe ['uoromet hoxy, and trifluoroethoxy, w t he
provi so that i pethylamide ( ‘5) 8tetrahydro[ 1, 8] naphthyridin-2-yl, R2 is
hydrogen, and R7 is 6- swbmtm\trub‘énl;byzmgwhzﬁytql)a:ﬂdéhﬂ(h@9@dal6@?ﬂm@mt on

the pyridin-3-yk, mlh%ufeérm%m 5 PAAmBB D fdhes éééolab wlib rg&mvﬁmg rf)o Claim 16

T
wherein R2 is ?Oemmcgme thf:nr l'?crzReEl at reﬂlrn? H)E 75’ gc'?usrls S’I‘l{enrglxture was coo quenc é) gen.

20 with ethanol, diluted with 10% aqueous potassium carbonate and extracted with ethyl

acetate. The organics were dried over MgSOys, and concentrated to an oil. The
residue was chromatographed on silica gel (70:25:5 CHCI3/EtOAc/MeOH/H;0) to
give 11-8 as a white solid.
TLC Rf = 0.15 (silica, 70:25:5 CHCI3/EtOAc/MeOH).

25 1HNMR (400 MHz, CDCl,): 8 7.24 (d, 1H, J= THz), 6.53 (d, 1H, J=7THz), 5.43 (brs,
1H), 4.62 (br s, 1H), 3.12 (m, 2H), 2.79 (d, 3H, J=5Hz), 2.63 (m, 4H), 2.18 (m, 2H),
1.81 (m, 2H), 1.68 (m, 6Hz).

Step F: 5-(6.7.8.9-Tetrahydro-SH-pyndo[2,3-bjazepin-2-yl)-pentanoic acid
30 ethyl ester (11-9)

A mixture of 11-8 (3 g, 11.5 mmol) and 6 M HCI (100 mL) 1n a sealed
tube was heated at 70°C for 12 hours. The mixture was cooled and concentrated to an

oil. The residue was azeotroped from ethanol (50 mL) twice, then dissolved in 4 M
HCl in ethanol (100 mL) and heated at 70°C for 1 hour. The mixture was cooled and
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15 am no) Cl~ al kylam no, C3_6 cycloal kyl-Cp_2 al kyl ami no cyano, Cl_4

al kyl , 20 cyclopropyl, aryl Cl1 3 alkyl, Cl1 4 acyl antno) Cl~ al koxy, Cl~

al kyl t hi o, 2&oawm¥2sasicar bonyl, (Cl_6 al kyI ) 1- 2 ami nocar bonylpct@sothasor

al koxycarbonyl, trifluoronethyl, and trifluoronethoxy. 30 18. The conpound
of Claim1l7 wherein R2 is selected fromthe group consisting of hydrogen,
hal ogen, 35 ammo. - 142 wo oonzsol Cl 3 al kylam no, C3_6

cycl oal kyl net hyl am-no) C 1 _4 al kyl, PCT/US00/ 14901 cycl opropyl, 5
trifluoromethyl cormantrated tb laniorl 0bd tesidye W dilliked vo bl acktad, w@hiwi with4 OFra i ng

the formula (IV)g ue?aQs Qtﬁs:u% &ﬂ%ﬁ?ﬁe%d lﬂ]r{ahﬁ{eﬁ%%%b .uaa/d RHESRLER Sl 1
t her eof , mherelq 20 'S hydrogen

Cl _q. al kyl) or ‘,' R7 |s vvnoI yri dyI or pyrimdinyl,
unsubsti t ut ed orTL§LHsfs=t@ sdiganl 39 oRECE @HFB@QH)seI ected from Cl_4 al kyl,

C3_6 cycl oal kyl 1HGhMR a@dmw ChOl R 7. ﬁ-‘zlﬁc]n?mljkyi{m 'SQ(d dig( £5 13)), bk ani no,

cyano, trlfluoromethly and tnfluoro gé prowsothat if Xis
5,6, 7, 8-t et r ahydFo[4! ld}ln%ﬁfw)r #il A .3, 2. (’P@'Hy%j?%@e?rﬁ IZRPRAI 6

6- subst i t ut ed- pRHi, #6823 -1y10, (nd, BHR 1ta3¢mb6HY A7+t BHNI=7012).t he pynd~n-3-yl nng
is other than nethoxy; and R8 is hydrogen or C1 _3 alkyl. 20. The conpound

of Claim3 selected fromthe grou conS|st|ng - 143
Step G: 3 3(S)-(2-Methyl- S

10  5H-pyndo[2.3-blazepin-2-yl)-nonanoic acid (11-11a and 11-11b)
Utilizing the procedures for the conversion of 1-5 into 1-11a and
1-11b, 11-9 was converted into 11-11a and 11-11b by way of 11-10. Resolution of

the enantiomers was carried out by chiral chromatography of the keto diester

intermediate corresponding to 1-8 on a Chiralcel AD column (10cm x 50cm) using
15 70% A730% B (A = 2-propanol: B = 0.1% diethylamine in hexanes) at a flow rate of

250 mL/min.

TLC Rf=0.21 (silica, 10:10:1:1 EtOAc¢/EtOH/NH,OH/H,0).

1H NMR (400 MHz, CDCL,): 6 8.63 (s, 2H), 7.42 (d, 1H, J=7Hz), 6.55 (d, 1H,

J=THz), 3.64 (m, 1H), 3.31 (m, 2H), 3.05 (m, 1H), 2.87 (m, 1H), 2.77 (m, 2H), 2.58
20  (m, 9H), 1.84 (m, 4H), 1.57 (m, 4H).
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WO 001 72801 PCTI US00/ 14901 3- (Pynmi di n-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-|
1, 8] - napht hyri dm 2-yl)-nonanoi ¢ acid,

3(R) - (Pyri mvwiee380y| ) - 5- ox0-9-(5, 6, 7, 8-tetrahydro-]| PCT/US00/14901

1, 8] - napht hyndi n- 2-yl )-nonanoic 5 acid; 3 (S

)-(Pynntdm 5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1, 8]-naphthyridin-2-yl

) -nonanoi ¢ acid; 10

3- (2- Met hyl - pyrlnldn}S yl)-5-0x0-9- (5,6, 7, 8-tetrahydro-|

1, 8] - napht hyri di n- 2-yl ) nonanot ¢ acrd; Scheme 12.

3(R) (2- Met hyl - pyrirnidin-5-yl)-5- oxo 9-(5,6,7,8-tetrahydro-[1, 8] -napht hyri
dt n- 2-yl )nonanoi ¢ acid; 15

3(8)-(2-thhy|-pyrinidin-5-y|)- oy - N dro-[1, 8] - napht hyrid
i n-2-yl)nonanoi ¢ aci d; [
3-(2-Cycl opropyl -pynrrttdin-5-yly-5 -(5,6,7,8-tetrahydro-|

1, 8] - napht hyndi n- 220 yl)-nonanoi ¢ aci d; 119

3(R)-(2-Cycl opropyl -pyrimdm5-yl)-5-0xo0-9-( , 8-tetrahydro-|

1, 8] - napht hyri di n2-yl ) - nonanoi ¢ acrd; 256&

3(S)-(2-Cyclopropyl-pvrinidin-5-y|)-5-ox 9- (/L@ 7,8-tetrahydro-[1, 8] - napht

hyri di n2-yl)-nonanoi ¢ aci d;

3- (2- Met hyl - pynmi di n-5-yl ) -5-hydr oxy-9- ( 5¢6, §/ et rahydro-|

1, 8] - napht hyti di n- 2yl ) - nonanotc aci d; 30 121

3(R) (2-Met hyl -pyrintdm 5-yl)-5- hydroxy 91(5,8)7,8-tetrahydro-[ 1,8

] - napht hyri di n2-yl)-nonanotc acrd: 3 (S) wabthyl pynm di n- 5-yl

) - 5- hydr oxy-9- (5, 6, 7, 8-t etrahydro-| 1,8]-naphthyr|d|n 235 yl)-nonanot c

acid; - ! 44 wo oon2soi PCTNS00/ 14901 3-(2- Met epyrim- dtn-5-yl

)-S-0x0-9-(3-nethyl-5",6,7,8-tetrahydro-[ 1, 8]-ndpht hynd~n2-yl)-nonanoic

acid; 3(R -(2-Methyl-pyrimdin-5-yl)-5-0x0-9-(3NErNI-5.6, 7, 8-tetrahydro-(

1, 8] 5 napht hyridi n-2-yl)-nonanoi c aci d; |

3(S)-(2-Methyl -pyiimdin-5-yl

1, 8] napht hyri dm 2-yl ) - nonanai

3-(2-Mct hyl -pyrimdm5-yl)-

| ) nonano~c aci d;

3(R) - (2- Met hyl - pyri nudi n- 5- 0-9- (5, 61%28.t et r ahydr o- [

1, 8) - napht hyri di n- 2-yl ) nonanoi c acid; 15 3( 2- Met hyl - pyri m di n-5-yl

)-7-0x0-9-(5,6,7,8-tetrahydro-[ 1, 8]-naphthyridin-2-yl)nonanoic acid;

3- (Qinolin-3-yl)-5-o0xo0-9-(5,6,7, 8- tetrahydro [1 8] - napht hyri di n-2-yl ) -nona

noi ¢ acid; 20

3(R) - (Cplnolln 3-yl)-S-o0x0-9-(5,6, 7, 8- fefraﬁya 0-[1, 8)-naphthyridin-2-yl)-n

onanoi ¢ aci d;
S

76,7,8-tetrahydro-]|
(g:?{' 8] - napht hyndm 2-y

3(R) and 3(S)-(2-Methoxy-pyrimidin-5-y)-5-0x0-9-(5,6.7 . 8-tetrahydro-5H-
ido{2.3-blazepin-2-yl)-nonanoic acid (12-2a and 12-2b

Utilizing the procedures for the conversion of 1-5 into 1-11a and

1-11b, 11-9 and 2-methoxy-pynmidine-5-carbaldehyde (12-1, for preparation, see J.
Heterocycl. Chem. (1991), 28, 1281) were converted into 12-2a and 12-2b.
10  Resolution of the enantiomers was carrted out by chiral chromatography of the keto

diester intermediate corresponding to 1-8 on a Chiralcel AD column (10cm x 50cm)
using 70% A / 30% B (A = 2-propanol; B = 0.1% diethylamine in hexanes) at a flow
rate of 250 mL/min.

TLC Rf =0.21 (silica, 10:10:1:1 EtOAc/EtOH/NH,OH/H,0).
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3(S )-(Qinolin-3-yl)-S-oxo0-9-(5,6,7, 8-tetrahydro-|

1, 8] - napht hyri di n- 2-yl ) - nonanoi ¢ 25 aC|d

3- (Qui nol ~n-YR Y7808 _ [y dr oxy- 9- (5, 6, 7, 8- tetrahydro [ 1, 8] - negtrusppnebon- 2-yl ) - n
onanoi ¢ acid; 30
3(R)-(CpinoIin-3-y|)-5-hydroxy-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-y
| ) nonanoi ¢ aci d;

3(S) - (Qui nol m 3-yl)-5-hydroxy-9-(5,6.7,8-tetrahydro-[1, 8] -napht hyri di n-2-yl
) nonanoi ¢ aci d)leMmmBOManmﬂia%ﬁ 496‘[!2[8010/41249011—1 J=7THz), 6.56 (d, 1H, J=7

3- (6- Et hoxy- py ) , t r Qs

S Aron ML ngr? 39%’% ﬁ)ng’rgsgt( 323 & 381 538Y4" A .85 (m. 180), 2.79 (m,

3(R) - (6- Et hoxy- %ﬂ')r?é ﬁn@}ibl)%(moé’di)gl fB(r8, 4H)8- t et rahydro-[ 1,

8] - napht hyri din-2-yl) 5 nonano~c acid;

3(S) - (6- Et hoxy- pyri di n-3-yl ) - 5- oxo- £YEME B 8_t et r ahydr o- [

1, 8] - napht hyri dm 2- yI)nonan0|c acid; 10

3- (6- Met hoxy- pyri di n-3-yl) - 5- oxo- 9- (3 nmet hyl -5.6,7,8-te
hyri di n2-yl)-nonanoi ¢ aci d;

3(R) - (6-Met hoxy- pyr=4d n- 3- yI) 5- oxo- 9 (3- net hyl -
1, 8] napht hyri di n- 2

ro-[ 1, 8] - napht

rahydro- |

ht hyri di n-2-yl) - 1)
3-(2-Met hyl pyrim df n-5-yl)-5-o0xo- pLopropyljgeg 7, 8-t evahydro- [

1, 8] 20 napht hyri dign@- y! ) - nonanoi c i d; 13-2b

3(R) - (2- Met hyl pyri yg gi n-5-yl) - 5- oxo- 9- (3 cycl opropyt=5, 6,7, 8-tetrahydro- [
1, 8] napht hyri di n- 2=yT") - nonanoi ¢ aci d; 25

3(S) (2- Met hyl pyri m di n-5-yl)-5-0x0-9-(3-cycl opropyl
1, 8] napht hyri di n-2-yl ) nonanoi ¢ aci d;

3- (2- Met hoxy- pyri m di n-5-yl)-5-0x0-9-(3-cycl oprop
1, 8] napht hyri di n-2-yl)-nonanoi ¢ acid; 30 3

(R) - (2- Met hoxy- pyri | n-5-yl)-5-0x0-9-(3-cycl qpropyT -5, 6, 7, 8-tetrahydro- [
1, 8] napht hyri di nz2- A anoi ; t hpx yCBy m-
di n-5-yl) - 5- 0x0- 9- (3-cycl opr of 0- 35

6, 7,8-tetrahydro-|

0O
6, 7,8-tetrahydro-|

3-(Z-1sopropyl -pynntdm 5-yl) - (5,6,7, ﬁ;ggtrahydro[

1, 8] napht hyri di n- 2-yl ) nonano~c aci d; 3-3b
3(R)-(2-1sopropyl -pyritnidin-5-yl)-5-0x0-9- (5‘6‘7 8-tetrahydro|
1, 8] napht hyridin-2-yl) 5 nonano~c acid;

l NaOH
O
9]
H
N N CO,H
l N
&~
13-4a
5 13-4b
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3(S)-(2-1sopropyl -pyrimdm5-yl )-5-0x0-9-(5,6.7,8-tetrahydro]

1, 8] napht hyri di n- 2-yl ) nonanoi ¢ acid; 10

3-(2-tent - BwWG¢o7p80 i mi di n-5-yl)-5-0x0-9-(5, 6, 7, 8-t etrahydpotidsdhmpht hyri dm
- 2-yl ) nonanoi ¢ aci d;
3(R)-(2-tent-Butyl-pyrimdin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1, 8 napht hyr
i di n-2-yl)nonanoi ¢ acid; 15
3(S)-(2-tert-Butyl-pyrimdin-5-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro

1, 8] napht hyri di n- 2-yl ) nonanoi ¢ aci d; EXAMPLE 18

3-(2- Et hoxy- pyr|n1d|n 5- yI) 5-0x0-9-(S, 6,7, 8-tetrahydro[

1, 8]naphthyr|dt 1) d; 2- X'\

) - 5- ox0-9- (5, 6,
3(S) - (2- Et hoxy-lhyBinapt
2-yl ) nonano~c aci d;

i gfn:gh?ﬁ;% 8?/ ! |n) ﬁo 5 9 ng5 ran \%) eotxg %% 70§-tetrahydro-
3(R) - (2- Met hoxyld8ynaj 1n-3 B g ¥
1, 8] napht hyri d~n-2-yl ) nOUﬁﬂﬂnith% diedures for the conversion ofl 5 into 1-10a and

3(8) (2- N@thoxy n X ro

1. 8] napht hyri di gr%@’%%% %ﬂ?%egé%'@L ;ﬁp}aréaswe ﬁ%&fsgﬁ/%(ﬁ"mwl
3- ( Qui noxal tth- Ec‘y"lf Int. Sppk 6199 W% 9?/380616Mﬁ81¢®ﬂ¢@€{d into 13-2a and 13-2b.

1, 8] napht hyr i drReollidr STARSERhGomG Fas darried out by chiral chromatography of the keto

3( R) - (QJI noxal IcPes%erYntgrmed Bécorrcs ﬂcpﬂg toq §§r¥£€ﬂx¥ﬂcc‘?% 8011 rpht hyridin-2-yl)-n

onanoic acid
3(S) - (Qunoxal | b NYIR (480 Yz, 60, 6d 758 (5 &4 AWP eIk J= Hahdh(s 1 A19- y1 ) - no
nanoi ¢ acid; 1Qq, 1H, J=7Hz), 7.02 (d, 1H, J=7Hz), 6.70 (s, lH) 6.26 (d, 1H, J=7Hz), 4.77 %brs

3 (o et oyt s 505 050 B ) 61 oAt S g 2] oot

-2yl ) -nonan
3(R) - (2- Met hyl -459x 2.A47 GinrekD- 383 (nd-2d8) ol 88 (b 28). 7>8- me HAHYIdr(6 2B HZ)do| 2, 3- b]
azepi nl5 2-y|)-nonanoic aci d;

3(S)-(2-Met hyl - m di n: 5 tr - yrido[ 2, 3-Db]
azepi n2-yl)-no t aCI 381) 33&) ?ﬁ(?Dlh\;d.r -bénzbf%rane() 1?9% 8-(&'6_#7%-

3- (2- Met hoxy- pyteiratiydigr[3 8 ] o[ 2, 3-b] aze

pi n-2yl) - nog@noi ¢ aCI d; Amlxtureof 13 2a0r13 2b (0.4 g, 089 mmol)and 20% Pd(OH); on

3(R) - (2- Mt hoxy erPZ(g)C]Pa) n gé)an ﬁhrré imder z%a]l%oxd{hydrogerp%r 90[ 2, 3b]

azepin-2-yl)- no
3(S)-(2- Met hoxth@lysr the Bitered and donéented @816 B30 @-18Sbrpahyelow-@&H pyri do[ 2, 3b]
azepi n- 2-yl ') - noFRNME (400 MLz, £, )Swosnyrd,rm)beazeﬁumm@wl H)D6.2x@; 9- (5, 6, 7,

SR Shédb"h[ydﬂ*@%&%f%}ﬁﬁ% 9%%?9 ok 03 h SR % ot g3 .m0, 303
1, 8] napht hy?$ di 2H.357 Hzh@rérimi ¢HRa56 (m, 404833 (m, 2H), it (m, 2H), 1.52 (m, 2H),
1.18 (t, 3H, J=7Hz).

rimdin-5-yl
FEYoREIS e aci d; 25
»‘-Aahydro[1,8]naphthyr|din-

Step C: 3(R) and 3(S5)-(2,3-Dihydro-benzofuran-6-yl)-5-ox0-9-(5.6.7.8-
tetrahvydro-[1,8Inaphthyndin-2-yl)-nonanoic acid (13-4a and 13-4b)
30 Utilizing the procedures for the conversion of 1-10ainto 1-11a, 13-3a

and 13-3b were converted 1nto 13-4a and ]3-4b, respectively.
1H NMR (400 MHz, CDCl,). 67.38 (d, 1H, J=7Hz), 7.08 (d, 1H, J=7Hz), 6.71 (d,

1H, J=THz), 6.63 (s, 1H), 6.44 (d, 1H, J=7Hz), 4.48 (t, 2H, J=9Hz), 3.62 (m. 1H),
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WO 00/ 72801 PC?NS00/ 14901 3(S )-(2,3-D hydro-benzof uran-6-yl
)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1, 8]naphthyrid~ n-2yl)-nonanoic acrd;

9- (6- Met hyl ¥R Y28 ndt n- 2- yl ) - 5- oxo- 3- (pyri m di n- 5-yl ) - norarU$w®/140i d;

3(R) - 9- (6- Met hyl am no- pyndi n- 2-yl ) - 5- oxo- 3- (pyri m di n-5-yl ) -nonano~c aci d;
3(S)-9-(6- Mt hyl am no- pyndt n- 2-yl ) - 5- oxo- 3- (pyri m di n-5-yl)-nonanoi ¢ aci d;
10 9-(2- Am no- 3, 5-di rrethylpyridin 6-yl)-

3- (2- met hoxypynm dm 5-yl) - 5- 0x0- nonanoi ¢ aci d;

9- (2, 4- Di ami nop¥t1 (i Thaleokir) 332 (R2RLERNE. BPL (i Bbn2.35 ) 3H.9=550. A6hémot ¢
acid; 15 5H), 2.42 (m, 2H), 1.91 (m, 2H), 1.63 (m, 3H), 1.51 (m, 1H).

3-(2-Et hoxy-pyrimdm5-yl)-5-0x0-9-(6, 7, 8, 9-tetrahydro-SH pyrido[ 2, 3-b] azep
i n-2yl)-nonano~c acrd;

3(R) - (2-Et hoxy- pvrlmdln 5-yl) - 5- oxo- %cﬁgméﬁtg t et rahydr o- SH pyri do[ 2. 3- b]
azeptn2-yl)-nonanoi c acid; 20 B
3(S)-(2-Ethoxy-pyrimdtn-5-yl)-5-0x0-9-(6, 7, 8, 9-tetrahydro-SH pyri do[ 2, 3- b]
azepi n2-yl)-nonanoi ¢c_aci d;
3- (Pyrazin-2-yl)-5-d¥ N 17 -ﬁué‘h%&{f—%gxwlgrhﬂﬂ%’ gIMBB NGy Ngi-Br 2- y1) - nonano
ic acid; 25 | m

3(R) - (Pyraz n-2-yl)-5-o0 8tetrahydro[1 8] nap
anoi ¢ acid; 3(S)-(Pyrazip:- 12 yl )D'EES‘X |o§arce51369-) B- tetrahy%a
1, 8] napht hyr| di n- 2-yl ) - momanoi ¢ 30 aci d;

3- (2- Met hyl - pyrazi n-5-yl ) -5-o0xo0-9- (5, 6, 7, 8-t et r ahyRiBo= -methoxybenzyl

1, 8] napht hyri di n-2-yl ) nonanoi ¢ acid; - 149 wo oomaol PCTNS00/ 14901 3(R

ridin-2-yl)-non

)-(2-Met hyl - pyrazin-5-yl )-5-0x0-9-(5,6,7, 8-tetrahydro-( 1, 8] naphthyridi
n-2-yl ) nonanoi ¢ aci gz3( -( Net hylmpyoalz n-5-yl _~ O

) - 5- 0x0- 9- (5. 6, 7, 8-Fet rahydfo-|[ 1, Brmaphrrdri dm WO%&MM,
3-(6- Met hoxy- pyri dazm 3-ylQ-5-o0xo0-9-(5, 6,7, 8-tetrahydro-

1, 8] napht hyri dm 2-yl )noRggpi c acid; 10 14-4

3(R) - (6- Met hoxy- pyri daznm3-yl)-S-oxo-9-(5, 6,7, 8-tetrahydro-[ 1, 8 napht hyndi n
- 2-yl )nonano~c aci d;

3(S) - (6- Met héxy- pyrldazm 3-yl)-5-0x0-9- (5 6, 7, 8-tetrahydro-|

1, 8] napht hyri dm 2-yl ) nonanoi ¢ aci d; 15 CO.NB

3- (2- Met hyl ani no- pyrlmdlnﬁcmgsﬁ 7, >P2nBu

1, 8] napht hyri di n- 24+R) + nmeé

3( R) - (2- Met hyl ami no- pyri m d%{],- @13\1\] )765 0Xx0-9- (5, , 8-tetrahydro-[1, 8 naphth
yridi n20 2-yl)-nonanoi c aci

3(S)-(2-Met hyl am no- pynm di n-5-yi ) -5-0x0-9- (5, HB tetrahydro-[ 1, 8] napht hy
ndi n2-yl ) - nonanoi ¢ aci d;

il | methylphosphonate
EtsN, 94% = -
14-6 nBuli, 89%
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25

3-(3,4-D hydro-2H 1, 4- d~oxa- 5- aza- napht hal en- 7-yl ) - 5- oxo-9- (5, 6, 7, 8-t et rahy
dr o[ 1, 8] napwbhumibn- 2- yl ) - nonanoi ¢ aci d; PCT/US00/14901

3(R)-(3, 4-D hydro-2H 1. 4- di oxa- 5- aza- napht hal en-7-yl ) -5-0x0-9-(5,6,7,8-tetr -
ahydr o[ 1, 8] napht hyri di n- 2-yl ) - nonano~c aci d; 30

3(S)-(3,4-D hydro-2H 1, 4- di oxa- 5- aza- napht hal en-7-yl ) - 5- oxo-9- (5,6, 7, 8-tetr
ahydr o[ 1, 8] napht hyri di n- 2-yl ) - nonanoi ¢ aci d;

3-(2-Met hyl - pyri m d~n-5-yl)-5-0xo0-9¢ 6- net hyl -5, 6, 7,,\6 -tetrahydro-|

1, 8] napht hyri di -yl \r nonano~c adgj d; ON(2 PCTNS00/ 14901
3(R) - (2- Met hyl F{)@é‘l—i& h‘ YN 5 9K0-9< (%OII)T@M?)IZ\SI% _L}\ - ahydr o[ 1, 8] nap
ht hyti di n- 2-yl ) - nonanag~c id: N
3(S) - (2- Met hyl - pyri m-d>£S-yl ) - 5- oxo- 9- ( 6- net hyl - S, 8:80880% r ahydr 05
[ 1, 8] napht hyndi n- 2-yl ) - nonangd-g acrd; —_—

3- (Benzof uran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-|

1, 8) napht hyndm 2-yl') - nonanoi ¢ aci d; 510 _
3(R) - (Benzof ur an- 6-yl ) - 5- oxo- 9- (5, 6,]|7. 8-t et r ahydr o- @Yhﬂ}ﬂﬂ%dm 2-yl)-no
nanotc acid; 3B Diyran. 6yl )+ 6, 7, 8NeBBtahydr o- [

1, 8] napht hyri di n- 2-yl 4jhonanoi ¢ aci d; 15 3-{5-?% hoXy-pyrTarn- 331
)-5-0x0-9-(5,6,7,8-tet dro-( 1, 8] naphth _};jl/l n- 2-3/ Chhalsa2.c5Q%i d:

3(R) - (5- Met hoxy- pyridin-3-yl )4§ 0Xx0-9-(S, 6,7, 8-tetrahydro-]|

1, 8] napht hyri di n-2-yl )20 nomamoi c acid; 3

(S) - (5- Met hoxy- pyndi n- 3-yl ) -5-0x0-9-(5, 6,7, 8-tetrahydro-|

J

] napht hyri di n- 2-yl ) - nonanoi ¢ aci d;
0-5, 6, 7, 8{tRIORNXEDR; [
CO,Et —

NaCNBH3, MeOH,

50°C, 96%

1, 8] napht hyri di n- 2-yl ) nonanoi ¢ aci d; 25

3- (2- Et hoxy- pyri m~d~n- 5-yl ) -S-oxo-9-(5, 6, 7, 8-t et rahydr o- SH pyndo[ 2, 3- b] azep
i n-2yl)-nonanoi c acid;

3(R)-(2-Ethoxy-pyrinidin-5-y|)-5-oxo-5%i§? ,9F%g%etrahydro-SFprrido[2,3-b]
azepi n2-yl)-nonanqi c_aci d; 30

3(S) - ( 2- Et hoxy- py AMBENs. 5N aet r aby Y NOQH oyri do( 2, 3- b
azep~n2-yl)-nonanoi c aci

3- (2- Met hyl - pynni dm 5- yl }=820x0- 9- ( 3- Vi nyl - 5. 67 8- t eBr HNYtf8, (0%

1, 8] napht hyri di n- 235 yI)-nonano“gggcid; - 151 WO 00/ 72801 PCT/ US00114901
3(R) - (2- Met hyl - pynnt drn-5-yl ) - 570&D- 9- (3-vinyl -5,6, 7, 8-tetrahydro[ 1, 8] napht
hyndi n- 2-yl ) -nonanoi c acid; 3 ( Egg(z-htmhﬁyn-pyrinidn}S-yI
)-5-0x0-9-(3-vinyl-5.6,7,8-tetrahydro[ 1,

3-(2-Met hyl - pyrimdi n-5-yl)-S-oxo-9-(3Fch

1, 8] napht hyri di nZPMQHr\'non%l\om acid; 1

|
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3(R) - (2- Met hyl - pynmi di n-5-yl )-5-0x0-9-(3-chloro-S, 6,7, 8-tetrahydro[ 1, 8] naph
t hyri d~n-2-yl)-nonanoi c acid;

3(S) - (2- Met hYPOHRBNN di n- 5-yl ) - 5- ox0-9- (3-chl oro-5, 6, 7, 8- perisbydsmls

[ 1, 8] napht hyri di n-2-yl)-nonanoi ¢ aci d;

3-(2-Met hyl - pynnlidi n-5-yl)-5-0x0-9-(3-bronp-5, 6,7, 8-tetrahydro-(

1, 8] napht hyri di n2-yl ) -nonanoi ¢ acid; 20

3(R) - (2-Methyl -pyrimdm S-yl)-5-0xo0-9-(3-brono-5, 6,7, 8-tetrahydro[ 1, 8] napht
hyri dm 2-yl)-nonanoi ¢ aci d; NN
3(S)-(2-Methyl -pynm di n-5-yl)-5-0x0-9-(3-bropo-5}6, 7, 8-tetrahydro(1, 8] napht
hyri d~n-2-yl)-nonano~c acid; 25 o //
3- (2- Met hoxy- pyri m di n-5-
hyri di n- 2-yi ) - nonandtiéBMEN; -
3(R) - (2- Met hoxy- pynm-d~n- 5- -oxo-9-(3-nethy|-5,6;15}t%ﬁéahydr030

[ 1, 8] napht hyndm 2-yl ) - nonanoiNZaci d;
3(S)-(2-Methoxy-pyrimdin-5-yl)-~ex9+9-(3-methyl-5,6,7, 8-tetrahydro[ 1, 8] na
pht hyri di n-2-yl)-nonanoi ¢ acid; - 41p WO oonZaoi PCT/ US00/ 14901

3- (Qu~nol ~n- 3-yl ) -5-0x o-9-(3-nethyT?§T6,&,8§Rﬁtrahydro-[ 1, 8) napht hyri d~
n-2-yl )nonanoi ¢ acid;
3(R)-(CuinoIin-3-y|)-5-oxo-9-(3-nethyl-8,

1, 8] napht hvri dm 2-yl ) nonanoi ¢ aci d; 1N NaOH
3(S) - (Qui nol i n-3-yl Mes M. CeLEnhydro-T— ™
1, 8] napht hyndi n- 2-yl ) nonajpoi c{ aci d; 10 84%

3-(2- Met hyl - pyri ntdi n-5- yNz% oxo-7, 7-di net hyl -9- (5, 6, 7, 8-tetrahydro[ 1, 8] na
pht hyri dt n- Z-yl ) - nonanoi c acid;141
3(R) - (2- Met hyl - pyt | mdtn-s-y|)-5—é1§7,7-di met hyl - 9- (5, 6, 7, 8-t et rahydro[ 1, 8
] napht hyri di n-2-yl ) - nonanot c acﬂé%
3(S)-(2-Methyl-pyrimdm5-yl)-5-0xo0-7, 7-dt met hyl -9- (5, 6, 7, 8-tetrahydro[ 1, 8]
napht hyri d~n-2-yl ) -nonanoi c aci d;

3- (2- Et hoxy-pyri m di n-5-yl)-5-0x0-9-(3-cycl oprop
[ 1, 8] napht hyri di n-2-yl ) - nonanoi ¢ aci d;

3(R) - (2-Et hoxy-pynm di n-5-yl)-5-0x0-9-(3-cycl ofrop
] napht hyri di n- 2-yl) - nonanogepaqi d; N25
3(S)-(2-Ethoxy-pynm dm S-yl)-5-0fo-
napht hyndm 2-yl ) - nonanoi ¢ aci d;
3- (6- Met hoxy- pyndm 3-yl ) -5-0xo0-9- ("3-cycl opropyl -5, 6, 7, 8-tetrahydro[ 1, 8] naph
t hyri di n-2-yl)-nonano~c acid; 30 14-13a

3(R) - (6- Met hoxy- pyndm 3-yl ) - 5- oxo- 9- ( 3-BtB8wpropyl -5, 6, 7, 8-tetrahydro[ |, 8Jn
apht hyri di n-2-yl ) -nonanoi ¢ aci d;

3(S) - (6- Mt hoxy-pyndi n-3-yl)-5-0x0-9-(3-cycl opropyl -5, 6, 7, 8-t et rahydr o035

[ 1, 8) napht hyri dm 2-yl ) -nonano~c aC'EXANE%%SI&%%98/728Ot PCTNS00/ 14901

fngb,7,8-tetrahydr020

L
-5,6,7,8-tetrahydro[ 1, 8

CO.H
,6,?,8-tetrahydro[1,8]

5  3(R) and 3(S5)-9-(6-Methylamino-pyridin-2-y})-3-ox0-3-(pynmdin-5-yl)-nonanoic
acid (14-13a and 14-13b)

Step A: (6-Bromo-pyridin-2-yl)-(4-methoxy-benzyl)-amine (14-2)
A solution of 2,6-dibromopyridine (14-1) (37.3 g, 157 mmol), 4-
10 methoxybenzylamine (21.6 g, 157 mmol), and dusopropylethylamine (22.4 g, 173

mmol) in 1,4-dioxane (150 mL) was heated at reflux for 24 h. The reaction mixture
was cooled, concentrated in vacuo, and the residue was partitioned between EtOAc
(100 mL) and saturated aqueous NaHCO3 (125 mL). The organic layer was washed
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3-(2-D nethyl am no- pynm~d~n-5-yl )-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,

8] napht h yndm 2yl ) - nonanoi ¢ acrd;

3(R) - (2- D mewbyb/aseino- pyri m d~n-5-y1)-5-0xo0-9-(5, 6, 7, 8-t etpcaRxel Q50

[ 1, 8] napht hyri di n- 2-yl ) - nonanoi ¢ aci d; and

3(S)-(2-D net hyl am no- pynm di n-5-yl )-5-0x0-9-(5,G 7, 8-tetrahydro[ 1, 8 napht h
yridin-2-yl)-nonanoic acid, 10 or a pharmaceutically acceptable salt
thereof. 21. The conpound of C aim 20 selected fromthe group consisting
of: 15 with water (100 mL) followed by brine (100 mL).and dned (Na,SOy,). The organic

3(R) - (Pyrimding %rxv%g m%ég:o (15'?3@ é\%cﬂﬁtaﬁ@gﬁﬁglegbgﬁaﬁ]chmwydm 2-yl)-n

onanoi ¢ aci d; tetrahydro-|
1, 8] - napht hyri d chg,_ c)t_oﬁgﬁaﬂgptg hexargs) dﬁ@rdmg 42¢ of ammne 14-2 2 a white solid in

3(R) - (2- Met hyl - pppiyietdli n- S-yl ) - 5- oxo-9- (5, G 7, 8-t etrahydro-|
1, 8] - napht hys i dlﬁ]\ﬁ\?ﬂl'@d@ﬁ@ﬁ?%ﬁﬂ%?'ﬁ@ 26-7.22 (n%, 3H) 688-6 86 (m 2H) 6.75-6.73 (d,

3(8) (2- Met hyl - nm di n- 0- 9- G
1, 8] - napht hynd~ )2532I7)62%’ (ﬁoﬁﬁnép%"'é’él(@s 1H), 439 43 @ 21'}/) 3.50 (s, 3H).

3(R) - (2-Cycl opropyl - pynm~di n- 5- yI) 5 0x0-9-(5,G 7, 8-tetrahydro-]|

1, 8] - napht hyri di I)-n npl : .

3(S)-(2- (,ycloprst'g = pyr %RLP 6, 7,8-tetrahydro-j 1, 8] -napht
hyri di n2-yl ) - nonanoi c aCIHF] was bu bled mtoan butanol solution (200 mL) o pent-4- ynonc

3(R) - (2-Met Y| - pyd #1448 ¢i0g, 10y nmdb)-foydn ayut: (T8¢ Solutidr tierbd aveyalpla-af room
1, 8] - napht hyri dh:g?c% e nﬁ'@%ﬁﬂfzrﬁ g'_rﬂ'm\"éé in vaJ:tgo prowdl\ﬁptl%q:'rlz&% H 0/ 14901

3(8) (2- Met hyl rim-dj n- rox y- - etra
] - napht hynd~ n- ¥§fjoy-1 Wlﬁdﬁﬂu@“%‘l"ﬂmyz R) - ( 2- Met hyI _pyn
mdm5-yl)-S- obuQIMB(ka -GDEI3Y. 684 1224.0%61y2H02.55-2,58)(18, 4H), 1.98-1.96 (t,

napht hyri di n- 2- i
3(S)-(2- Met h%/I - piﬁl T C glczﬁf 1d4lolx%5_(§13(2§1)r9995h(§/?1 Bé_l)? 8-tetrahydro-|
1, 8] napht hy#? dt n- 2- yI) nonan0|c acid; 10

3(R) - (2-Met hyl - piepign di n-ﬂ6w@M&h®w®eﬁzm@ﬁ%)Zavﬁdha-mb@m@Mht hyri d

i n-2-yl)nonano~
3(S)-(2-Met hyl - gardt MjS | )-7-o0xo- 9 5, t et rahydro- [
8] - napht hyri di n- 2- y|)non mixge of 1 (83640 2948mmol)and 144(50g,324

(R) - (Qui nolin- Bnﬂ&)lﬁﬂﬂﬁﬂﬁ@ﬂ(ﬁ) a60° Ay &3 -atiéddruil YaI40g, 0.74). The solution was purged

, 8] - napht hy

3(S) - (Qui no |n- -“ﬁ Yéoéanaolgeg? ghgﬁgldéo 52e z;ﬁymcfm]) ms ﬁdc%aA i 1¥hl’tlhdl n-2-yl)-n
onanoi ¢ 20 aci d°0 ingRp a‘bwﬁwe‘éafﬂﬁeg’waﬂ@%?l@d(f?%aﬁd‘SQ?%tl BhyBe o- [

1, 8] - napht hyt i dscnatamwssmamammm dizthytlether5250 mL) and washed with water (4 x 100 ml)

3(9) - (QUInOLT - Aol By Bl 90, (kA L ab el b sOpSRA  2

| ) nonanoi ¢ aci d; oxy pyridm 3- - 5- oxo0- tetrahydro [
1, 8] - napht hyri dﬁ?dzc ryiﬁ%%mxa lgfelgal 3%p ethyl dcetate/hexanes) to give 8.6 g of 14-5

3(S) - ( 6- Et hafy- PHNMRHAOMHz SDRIGYS. T BB 3T (1 SH)eT.2aApd (. 2H), 6.87-6.85 (m,

1, 8] -napht hyri dhfy 2%l d PR 6.28%19(a, 1H), 4.91-4.88 (1, 1H), 4.40-4.38 (d, 2H), 4.13-
4.11 (t, 2H), 3.79 (s, 3H), 2.74-2.72 (m, 2H), 2.66-2.64 (m, 2H), 1.66-1.55 (m, 2H),
1.42-1.34 (m, 2H), 0.94-0.90 (t, 3H).

30 StepD: 5-[6-(4-Methoxy-benzylamino)-pyridin-2-yl]-pentanoic acid butyl ester
(14-6)

A mixture of 14-5 (6.54 g, 17.8 mmol), Et;N (1.85 mL, 13.3 mmol),
and PtO; (0.405 g, 1.78) in EtOH (150 mL) was stirred under a balloon of hydrogen
for 6 h. Filtration through celite and evaporative removal of the solvent afforded 6.23
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3(R) - (6- Met hoxy-pyridm 3-yl)-5-0x0-9-(3-nmethyl-5,6,7,8-tetrahydro-[1, 8] 35
napht hyri dm 2-yl ) -nnnanoi ¢ acid; - 155 WO 0D/ 72801 PCTNSO00/ 14901 3(S

) - (6- Met hoxY¥(eo7dstt 3- yl ) - 5- oxo- 9- (3- et hyl -5, 6, 7, 8-t et r ahypdi/Osdori14901

1, 8] napht hyri dm 2-yl)-nonanoic acrd; 5

3(R) - (2- Met hyl pynm d~n-5-yl)-5-0x0-9-(3-cycl opropyl -5,6,7,8-tetrahydro [

1, 8] napht hynd~n-2-yl)-nonanotc acid:

3(S)-(2-Met hyl pyri m-di n-5-yl)-5-0x0-9-(3-cycl opropyl -5,6,7,8-tetrahydro

[ 1, 8] napht hyr i gloft 2-6/4s)a cotuniassootic Eheicdide pebduct was used directly 1n the next step

3( R) (2- Met hoxys, WJ; Cgmﬁ] yl)-5-0xo0-9-(3-cycl opropyl -5, 6, 7, 8-tetrahydro-

[1,8] naphthyri ﬁ&g,”%élg) VL ol T S S 5P (8 BV 83648 (dinydr o-

3(S)-(2- Met hoxy-
[1, 8] 15 napht hymy, di19-627yd,) H)oN2NBI76 (ATHY 4.38-4.37 (d, 2H), 4g7-4 .05 (t, 2H), 3.79 (s,
3(R)-(2-1sop opI- i 7 t

T 8 raaht hyr%dm ?é%‘s@(ﬁ‘b?%yb)zs? A, 1916267188 LB YEY.PEs (m, 21),

3(9S)-(2- Isopropiff"zéy?’ i ARS0-94-0.98 (b38)-0- (5, 6, 7, 8-t et r ahydr o( 1, 8] napht hyr i dm
-2-yl)nonanoic acid; 3 (R)-(2-ten-B utyI pyn md| n-S-yl)-5-o0x0-9-( 5,6, 7,

8-tetrah ydro | g8 I Yor Yo (g (S
(2-tert- Buty’?‘"']:‘%yhn1~ ,T‘[‘ﬁ%ﬁrﬁlﬁ%ﬁal
napht hyri di n- 2RAERRNOE il

(R) - (2- Et hoxy- pyrim dm Brgblh)troﬁobdxmeﬂ‘ry(Exﬁtﬁylf)h&pb@‘ta[ea(hydlbozo mmol) in
(

8] napht hyri d~ K

S)-(2-Et hoxy i ?erLQTﬁg( E-TS Aosg:gglgiéb 7% a}‘dér-eatgd Fg)ﬁwdse w;t 251:\;;? P{I’I di n-
yl ) nonanoi ¢ a QL) Aftgs s m“ﬁ/&‘ 38nisH P@FFLE]G@?TELQf%‘fr THRHR

y-pyri m-di n- 5-yin ‘I)Hf5€10M)99a(sSd&dﬁrcﬂmh&tanatn,edesmlt{ngJ;clﬂixdsrasp]lmtch}frdrl3dmma12 yl

) nonano~c aci d; 53¢, er(cﬂecl\@mhgwsmmm@simm Shettlek rat@@Bitlethy? abotafe (3 X 75
8-tetrahydr

3(R) - (Qan oxﬁ i n“%? 'Fl} ht h 8d Qrgeglc 8Xu}ac§ WeLe ﬁ’rg%&ﬁlfl;ao%? quercd and concentrated
1, 8] napht hyri di ¥e-aftoyd 3 yqﬂgwaﬁo@rmtqgrapm on silica gel (5% MeOH/CH2CI2) afforded

3(S) (Qui noxal I g 3a§’£ %lt%w%ﬂn%%@qc@d? 8-tetrahydro[ 1, 8 naphthyridin-2-yl)-n
onanoi ¢ acid

3(R) - ( 2- Mot hyl - PYAMR 4109 MHz, GDGI3) §7.33-726 G0 AH. G 8681, (2D 5445043 (b 2. 3- b]

azepi n2-yl ) - nonalRi6a9aciTdd, 1k, 4.83-4.79 (1, 1H), 4.38-4.37 (d, 2H), 3.79 (s, 3H), 3.78 (s, 3H),

3(S)- (2 VBT by - BYE g 8-900 G224 b G o) LALE Bl ST Pyndo( 2, 3- b a

zepi n2-yl ) -nonanol

) -
]
3
1.
3
2-

Step F: 7-[6-(4-Methoxy-benzylamino)-pyridin-2-vl]- 1-pyrimidin-4-yi-hept-1-
en-3-one (14-8)
To a solution of 14-7 (1.87 g, 4.44 mmol), pyrimidine-5-carbaldehyde
25 (0.480 g, 4.44 mmol) in 15 mL DMF was added K2CO3 (0.922 g, 6.67 mmol). The

mixture was stirred at ambient temperature for 15 hr, and concentrated to a paste.

The residue was diluted with water, extracted with ethyl acetate, and dried over
sodium sulfate. Following concentration, the residue was chromatographed on silica
gel (5% MeOH/CH,Cl,) to give 1.44 g of 14-8 as a white solid.

30 1HNMR (300 MHz, CDCI3): §9.19 (s, 1H), 8.88(s, 2H), 7.47-7.29 (m, 4H), 6.87-
6.82 (m. 3H), 6.47-6.45 (d, 1H), 6.21-6.18 (d, 1H), 4.82-4.78 (1, 1H), 4.39-4.37 (4,
2H), 3.79 (s, 3H), 2.73-2.62 (m, 4H), 1.77-1.74 (m, 4H).
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3(R) - (2- Met hoxy-pyrim di n-5-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro- SH pyri do[ 2, 320
b] azepi n- 2-yl ) -nonanoi ¢ aci d;

3(S) - (2- Met twxyormayoni mi di n- 5- yI) 5- 0x0-9- (5, 6, 7, 8-t et r ahydp@r/tduRYdoi dol 2, 3b]
azepm 2- yI) nonanoi ¢ aci d; 25

3(R)-(2, 3-D hydro- benzofuran 6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1, 8] napht hy
ridi n-2yl)-nonanoi ¢ acid;

3(S)-(2, 3-Di hydro-benzof uran-6-yl)-5-o0xo-9-(5, 6,7, 8-tetrahydro-|

1, 8] napht hyri dngey ) - NONFWerR Jaz-l{d{6-&ﬂMethoxv-benzvlammo) pyridin-2-yl}-3-ox0-1-
) -nonanoi ¢ aci d,

3(R) 9- (6- Met hyl am=no d|n = 0X0= 3¢ r d

3(S)-9-(6- N@thy?%%@noigég¥ﬁ#%l§ﬁ = é #-Lfbaiﬂl? =yl ) - nonano~c aC|d
. - 157 wo oonzsoi PCT/ @swplymom_sq Q7102 Ethowgalhapd diethyl malonate

mi di nh 5dy| ) - 5- 0@0@2311(169, .74 $uB!) in ethanol (10 mL) and THF (10 mL) was added sodium
tetrahydro Py i : nonan c

3(S) - (2- Bt ho% ahodde @‘ﬁ-"@-"? G i g 15 8 efhfo 2 W’éﬁé” e mRIE WS 5 3.p] a
zep~n5 2-yl)-no# \@t}aEqQﬁc (75 mL) and washed with sat’d NaHCO; (75 mL) followed by

3(R) - (Pyr gZi N- Zbple)(7HmOX @h@nfeﬁm@Ja@eﬁwiﬁiﬁeﬁ%ﬂédﬁtrﬁéd &ha ppiriddyoniadi N5Ecry | ) - non
anoi ¢ aci

10
3(S)-(Pyrazm 2- CP')ra]%el 00>]<)oc°5“?']5(ﬂgw7' g’ dr 0- lo gog](ﬁa in[qél’l dt n-2-yl)-nona
Intf]: aC|h flh 3( dR) dlegilw?;ﬂ?hawr it;gﬁw&?% gloldela (9.286 g) dute@at 33 myavtes: [

nap yio di fis Srai NIGIAH, leQieluted a minutes.
(S)-(2-Methyl - W?(zﬁmwiz 5C1§R‘19y %9((?5 @ 1?—1888 éﬁﬁ ﬁh‘»{@'@@ﬂzﬁ (m, 3H), 6.87-

1, 8]naphthynd|n 2 nonanol ¢ acid é y-pyri dazin-3-y

) - 5- ox0- 9- (5, 6, (78@ 8. S 3R @ B8 A 'SHt7K9’r1|I'H|41882433|4beG’ H&qé%ﬁé%@m d;

i( g} ( 6hl\/ﬁt hogyzmmm 16-(gdr, YH), 495395 (%, ¢H),8,70, (8-3H1 3. 203,02 (8, (H) 3.06-2.91
napht hyri di a

3R (2 Wt hyt sl PP BRI 22 S, 28 126429 G 6 1A 0

1. 8]naphthyﬂ¥d|n2 yl ) -nonano~c aci d;

3(S)-(2-Methyl amcﬁtpf py M3 o-or gJ[Q-izﬁm@xgbgrﬁyﬁnﬂno&pwlﬁaW Oxd-3-
1, 8] napht hyri di n2- .?- nanoi ¢ aquh ggl_i Ao 4-

hydro 2H 1, 4-di == e =5-0x0- 9-

8-t etrahydro[ 1, 8] napht hyrliodi salugioy pf) L4-9a{8349 e. %‘!:36(1“1“31)('83‘%9@31 (4 1) was
hydr o- 2H- 1, 4- di gaRd Ba0Ha0R8PhiLIvil RRolatyh JrPatéx @465 flmob. Xﬁt&—smﬁgamwco%

2,(1'R§3] ?gprl\‘/;th%é I dg %r8n~ nﬁk&@”&??ﬂ@u& VA brg?t%d wﬂz?ﬁm (qul% @E@# ﬁ@Lohf’ %1; ﬁpg}ﬁ:ggtl
hyri di n-2-yl)- ngﬁé?'l@im? )é@fi aoncentrated The residue was suspcndcd in tolucnc (lgl mL) and P

3(S) - (2- Met hyl - paatddnit eifiax SASter) I 15-e@aporatiof 6f thiesdlydnt bndopurifiBatiof loh SiliyLlgad S
[ 1, 8] napht hyndi ?TO%hYJrngHx?Pqué?ﬂﬁ a?e?:jtéj;‘; 10 methanol) afforded 14-10a as a yellow oil 1n
70% yield.
25  1H NMR (400 MHz, CDCI3): 8 9.06 (s, 1H), 8.63 (s, 2H), 7.32-7.26 (m, 3H), 6.87-
6.85 (d, 2H), 6.42-6.38 (d, 1H), 6.19-6.17 (d, 1H), 4.88-4.84 (br s, 1H), 4.05-4.03 (g,
2H), 3.79 (s, 3H), 3.73-3.65 (m, 1H) 2.93-2.70 (m, 3H), 2.63-2.54 (m, 3H), 2.44-2.15
(m, 4H), 1.17-1.13 (t, 3H)

30 Stepl: 3(S or R)- 9-{6-[(4-Methoxy-benzyl)-methyl-amino|-pyridin-2-y] }-5-
ox0-3-pvrimidin-5-yl-nonanoic acid ethyvl ester (14-11a)
To a solution of 14-10a (0.145 g, 0.295 mmol) in methanol (5 mL) was
added paraformaldehyde (0.075 mg) and acetic acid (0.085 mL, 1.47 mmol). After
stirnng at 50°C for 15 minutes, NaCNBHj3; (0.024 g, 0.384 mmol) was added and the
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3(R) - (Benzof uran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-|

1, 8] napht hyri di n-2-yl)-nonanoi ¢ acid; 10

3(S)-(BenzoMawWM2® y| ) - 5- oxo-9- (5, 6, 7, 8-tetrahydro-| PCT/US00/14901

1, 8] napht hyri di n- 2-yl ) - nonanoi c acrd,;

3(R) - (5- Met hoxy- pyridi n-3-yl)-5-0x0-9-(5, 6, 7, 8-tetrahydro-|

1, 8] napht hyri di n- 2-yl ) nonano~c aci d; 15

3(S) - (5- Met hoxy-pyridin-3-yl)-5-0x0-9-(5, 6,7, 8-tetrahydro-[1, 8 naphthyridin
- 2-yl ) nonanoi c magiud; stirred for an additional 12 h at 50°C. Evaporation of the solvents and

3(R-(2-H hOXy “oRMhEARofl bR sificy dﬁ&l 5% MOHCHT) § afforded £4-1 BNY 964y PYT i do[ 2, 3- b]
azepi n20 2-yl) -

S U et oy ORI o R CPCIY: 890645, 1B .6 (6 2 T AT A & B 2961 dof 2, 3- b
) azepi n2-yl ) - néhiindj 2H)a6.836.82%d, 2H), 6.37- 635(d 1H), 6.30-6.28 (d, 1H) 474 (s, 2H),
3(R) - (2-Met hyl -pyid i @ Q‘HF3>‘7h)(s 3H9X07 93 681 112978 3 E2 620 b3 B[ | - BInaph

thyri dm 2-yl

3(&%I (? Me%/hill n%]??%n%é’i‘raﬁ% 343288 G2 130453y 406 147413k BBy dr o( 1, 8] naph
thyridi n-2-yl)-nonanoi c acid; 30

3(R) - (2-Wethyl ). m di g &t'@ PrENRMITabrit EPNr22- 91 8- kol iV G AL 1. 8] nap
ht hyti di n-2-yl )= an0|
3(8)-(2-%thylwﬁ@%@ﬂﬁt$ﬂ$ié@ 9- (3-chl oro-5, 6, 7, 8-t et r ahydr 035

[ 1, 8] napht hyondi n- 2- yl ) - nAsakcbcofalch Q,(01469()IﬂVﬁhﬂDmlﬁBmhoﬁﬁﬂd&Em@114901
3(R) - (2- Met hyl - pynpasdRePatbbIC Rr % Knflites3 1He Q50en? whs dvaBoraRh aAdihe tldhe 81 Napht

hyri di n-2-yl)-nonanoi c

3(S) - (2- Met hyl -Persat Pt (%9%5 mitoliepely Purifigatigngn siliep gel @0:10t1 5hy dr of 1, 8] naph
t hyri d~n- 2-yl ) -Clddlade}: NEL.AH) gave 14-12a.

3(R) - (2- Met hoxyk}pwmmdomﬂbbcﬁg)osoﬂ?ﬁ Iaystdant, 21, £3807.85 tretmpbydr of 1, 8] na
pht hyridin-2-y nonano-~

3(S) - (2- Met Woxyg R RN Wﬁ‘ %*)0%%593%‘3%&%1‘ 0548319.8W et 13k 1, 8] na
pht hyri di n-2-yl DH)nmaamncmam)cz 83-2.70 (m, 2H), 2.64-2.53 (m, 3H), 2.42-2.35 (m, 2H),
3(R)-(Cpino|in t -5,6,7,8-tetrahydro-[ 1,
8]naphthyr|d|n ?%6 nan0|l(grégl-l%n?t ?%i

3(S)-(Quinolin- 3 yI) 5-0x0-9-(3-nethyl -5, 6,7, 8-tetrahydro- [

1, 8] napht hyri di $StegKy! ) noa - ivie2 -l B

dm 5- yl)-5- O'cmZd% & Y3 ( 5, 6 7 8-tetrahydro20

[1, 8]naphthyr|

3(S) - (2- Met hyl - pynm di n- §°9|S91“B°'b9e‘d-‘l7-12$ Q4P EN P2 ommel) dn FHEMNQRBQ dr of 1, 8]
napht hyti di n- 2- 31 (felinedsaddei NEOX2 .534 mL of IN solution in water, 0.534 mmol).

3(R) - (2- Et hoxy- Rﬁ&lawrﬂn&e?m'amér@m mukadizEd $ P REPRY3 32 IBof 18sdiftloh Ay dr o[ 1,
8] napht hyndi n- 2 -éF -no anol c
" AP

3(S) - ( 2- Et hoxy- ¥ o)) ayd @céRHC@S Ve ey Rodo piA residys chramatographed, gr of 1, 8
] napht hyri d25- 2en/ilicargeh@b®-Mec@IdIAHC1300o give 14-13a as a white solid.

3(R) - (6- Met hoxy MR (400 34114, k:lﬁ:l X8-9D8((3-161y .68, 2By | 7.88-B.59 (18- 1EBL 6.#0ydro[ 1, 8
] napht hyri di n- 2- h&nonan0|c

3(S)- (G Met hoxy %é/ 2kb.4 3%/-? 552 @'“’01}'9 @91'( 3. 1&9’81 H’Br%% H)p2:758.50 &my %Wydr 035

[ 1, 8] napht hyr i dixB&4yD ) mmHiah6i-¢.5a¢md]lHy. 160

30 Enantiomer 14-13b was obtained from 14-9b utilizing the same

methods described for the preparation of 14-13a. Its 400 MHz NMR spectrum 1n
CDCl3 was identical to that of 1ts enantiomer 14-13a.
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wo oonasol pCT/ US00/ 14901
3(R) - (2- Di net hyl am no-pyri m di n-5-yl)-5-0x0-9-(5, 6,7, 8-tetrahydro[1, 8] napht
hyndi n- 2- yl \yplaeasoi ¢ acid, and

3('S) - (2- Di net hyl anmo- pynm~dm5 yl ) -5-0x0-9-0, 6, 7, 8-t et r afFAL§Y/14901

[ 1, 8] napht hyndi n- 2-yl ) - nonanoi c acid; or a phar maceut i cal | y acceptable salt
thereof. 22. The conmpound of Claim?21 selected fromthe group consisting 10
of: 3 (S)-(2-Methyl-pyrimdin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,

8] - napht hyri di n- 2-yl ) nonanoi ¢ acid; 18cheme 15

3(S)-(2-Methyl -pyrimdin-5-yl)-5-0x0-9-({3-cycl opropyl -5, 6,7, 8-tetrahydro[ 1,
8] napht hyri di n- 2-yl ) - nonanoi ¢ aci d; O O

3(S) - (2- Et hoxy- pvri Mdm3- yCD,Bt oxcmecpé@,@ez, W[H,OMe

1, 8] napht hyri di n- 2-yl Ynon&noi ¢ aci Me

3(S)-(2-Met hoxy-pyrirrudiS-yl)-5- 6,7,8-tetr dro[

1, 8] napht hyri di n-2-yl) nonanoi ¢ aci d LQT% ﬁg]%

3(S) - (2- Met hoxy- pynmi di n-5-yl') - 5-0x0-9- (5, 6, 7, 8-t etrahydro- SH pyrido[ 2, 325

b] azepi n-2-yl)-nonanoi ¢ acid; and 3(S)-(2, 3-
hydr o- benzof uran-6-yl ) - 5 0Xx0-9-(5,G 7,8-tetr

1, 8] napht hyri di n- 2y| ) rch aci d;
salt thereof. ' rmoun¢ of Claim 22 which "s 31'S) - (2- Met hyl - pyn

ally acceptabl e
md|n5yl)50xo9(56q 8-tetrahydro-[ 1 -n ap ﬁLanyl)BS
£4901 orMa p ﬁr maceuti cal |y

nonanoi ¢ aci d; (%501 pCT/ US
accept abl e salt ther eof he conpound of Claim22 which is 5
3(S) - (2- Met hoxy- pynm~d|n yI) 5-0x0-9-(5, 6,7, 8-tetrahydro-SH pyrido(2, 3b]a
zepi n- 2-yl)-nonano~c acid; or a pharmaceuti caIIy acceptabl e salt thereof.
10 25. The conpound of C aim22 which is e
3(S)-(2-Met hyl -pyrimdin-5-yl )-5-oxo-9-(3-c/y]%:l opropyl -5, 6,7, 8-tetrahydro(
1, 8] napht hyri d~n-2-yl)-nonano~c acid; 15 @~ &pnphar rTB.CGl1|t l-ll gt cept abl e
salt thereof. 26. fR Qfgﬁﬁgtl cal conposi|fion conpri sbg ¢ r@gund
according to O ai g V\ngﬁ}ﬁFrraceutl cygl Cceptabl e P ier. 2027. The
conposition of Claim ther ¢ rrprlses(gaqﬁa[ct Byvdi tAYEBRY; ent
sel ected fromthe group consisti ' spm or a
pharmaceutically acceptable salt orester therepof,b)an estrogen receptor
modul at or, 25 c)an androgen recept orismpdul at or Q@&t
cyt ot oxi c/ ant~proliferative agent,e)a matrix metall oproteinase
i nhibitor,f)an inhibitor of epidermal-derived) fibroblast-denved, or
pl at el et -denved growm h factome 30 g)an inhibitor of VEG- h)an antibody to a
grow h factor or a growmh factor receptor,i)an inhibitor of Flk-1l KDR,
Flt-1, TcklTie-2, or Tie-1N)aNathepsm K i qhigtBgrTiga growt h hor mone
secr et agogue, 35 1) an nhi b~t f osteocl ast—proton-ATRase, - 162 -

2. Pd(OAc),, DPPF,
CO,Et K2COj3, DMF

H,N_ _N._ _Cl

NH,
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wo oonzsol PCT/US00/14901 m) an inhibitor of uroktnase plasmobgen actmator,
n) a tunor-specific antibody-interleukin-2 fusion protein, o) an inhibitor
of 1-~vlIG Covonetteat ase, and p) a famesyl transferase i nhippfA8§0/1960; @
geranyl geranyl transferase inhibitor or a dual farnesyl/geranyl geranyl
transferase inhibitor; and m xtures thereof. 28. The conposition of C aim
27 wherein said actwe ingredient is selected fromthe group cons~st~ng of
10 a) an organi c bi sphosphonate or a pharmaceutically acceptable salt or
ester thereof, b) an estrogen recept or nodul ator,Me) an androgen receptor
nodul ator, d) a cathepsin Kinhibitor, 15 e) an Lﬁblbltor of HMG CoA
reductase, and f) an inhibitor of osteoclast pr Nf ofiNATPase; and mi xtures
thereof. 29. The conposition of C aim 28 wherei jd organic 20

bi sphosphonate or pharnmaceutical |y acceptabl eOsalY or ester thereof ~s

al endronat e nonosodiumtrih qqatq“ 30 el bgy,gi ng an av integnn
recept or ant agoni zi ng effect a nmat” i th reof conpri si ng

adm nistering to the nmanmal a t perapeutically effective anount of a
conmpound according to Claim1l. 3 The nethod of C aim 30 wherein av the
integrin receptor antagonizing efyget isisp ®=88 E@hﬁqon|2|ng effect. 30
32. The nethod of d aim 31 wherein The aysiy3 8 nizing effect ~s

sel ected fromthe group cons~st~ng of inhibition of bone resorpt~on,
restenosi s, angi ogenesis, diabetic retinopathy) macul ar degenerati on,
inflammtion) inflammatory arthritis, viral disease, cancer, and netastatic
tumor growth. -163 WO 001 72801 PCT/ BEAMRUEAY 33. The nmethod of O ai m 32
wherein the cxv~i 3 antagoni zing effect is the tnhibition of bone
resorptton. . i 1S .

ef fective anDunZ)of a conpound according to Caim1. 35. A nethod of
eliciting an av integrin receptor antagonizing effect in a mammal in need

t hereof, conpri adm nji { he WEQL 18 Zyerapeutlcally
effective anDunS—Bth g&%pos#&%oﬁﬁgég%%arN' 52 met hod of treating
or preventing a conditi omxm@vmewlwsma@m 320 16 mawolniv THE @5hmL) atcept or

IE a nmamal u|>|n n?%}ftfﬂw&h@éa%afwn}ﬁﬂﬂmﬂﬁthﬁlﬁn A6 M ik k1 402 ml,tr@rﬂmlya a
therapeutical ly effectiy ition o

rechod of 1 nni bACPHEE Bid PUE TS o Pl SRES b iRacd . 3 Raplh e
conpri sing adni £ﬁ5§tﬂe)rmgr Q(bm{nht'}s mmwhélmﬁéﬂab%fsmﬁaﬂolwn@ﬁ& B Cdetpmount of
t he conposi ti onbahg qleached A6th s20raBdd. NH;o,(ﬂet hod of i nhi bi t| ng bone resorption

in a nmanmal |n d_ t hereof i n n H
t her apeut i c r?ggfm e ves %l%ﬁ? Hw%%%,dﬁ{) i 6 o racnm" m@éAﬁg A
method of ti F ogAmig ffwgfco‘gas %\6%@? LRI

conposi ng adm nifikered thighgh QelitheComentatiomint Vact@gftidddaid title combewidi 18 Anmunt of

the conpositi Onoﬁtvhgh%a%gc%'as such.
1H NMR (300 MHz, CDCl3) 8 5.8 (m, 1H), 5.0 (m, 2H), 3.81 (s, 3H), 3.77 (s, 3H),

3.10 (d, 2H), 2.74 (m, 2H), 2.35 (m, 2H) ppm
20
Step B: 1-(2-Methylpvynmdin-5-y1)-3-oxo-hepta-1,6-diene (15-3

The phosphonate 15-2 (10 g, 49 mmol), 2-methyl-pyrimidin-5-yl-
carbaldehyde (J. Heterocyclic Chem.,; 1991, 28, 1281; 5 g, 41 mmol) and K2CO3
(6.22 g, 45 mmol) in THF (100 mL) was stirred at room temperature for 16 hours then
25  at 50°C for 2 hours. The mixture was partitioned between water and EtOAc. After
extraction with EtOAc, the organic layers were washed with water then brine, dried
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40. A nethod of treating tunor growth in a mammal in need 30 thereof,
conprising admnistering to the manmal a therapeutically effective anount
of the conpowowéesolof Claim 26. - 164 WO 00/ 72801 PCT/ \go@Risdoehatt 41. A
met hod of treating tunor growh ~n a manmmal m need thereof. conprising
adm nistering to the manmal a therapeutically effect~e anount of a conpound
according to Cdaiml rn conbination wth rad~at~on therapy. - 165 .A A .A
AL LA A A9 A9 L Aa& . ANY . As . Afus .A(" .A.A AE.A A(&.ANL .AL
A LA 9 . As . AL(Mg8{d4) and filtered through cehite. Concentration 1n vacuo afforded an orange

solid. Purification by silica gel chromatography (hexane:EtOAc 1:1 then 1:2) yielded

the title compound 15-3 as a white solid.
1H NMR (300 MHz, CDCI3) 3 8.8 (s, 2H), 7.5 (d, 1H), 6.84 (d, 1H), 5.88 (m, 1H),

5 5.1 (m, 2H), 2.8 (m, 2H), 2.79 (s, 3H), 2.45 (m, 2H) ppm.

Step C: 2-(Carboethoxy)-3-(2-methylpynmidin-5-yl)-5-0x0-non-8-enoic acid
ethyl ester (15-4)
The enone 15-3 (5.73 g, 28.4 mmol) was dissolved in THF (200 mL)
10  and EtOH (80 mL) at room temperature. To this was added diethyl malonate (6.46

mL, 42.5 mmol) and NaOEt (1 mL, 2.8 mmol) and the mixture stitred for 1.5 hours.
The solution was partitioned between saturated NaHCO3 solution and EtOAc, washed

with water, brine, dried (MgSO4) and concentrated in vacuo. The residue was purified

by silica gel chromatography (eluting with EtOAc) to give the diester 15-4 as an oil.

15 1HNMR (300 MHz, CDCl3) 6 8.57 (s, 2H), 5.72 (m, 1H), 4.95 (m, 2H), 4.2 (m, 2H),
4.05 (g, 2H), 3.95 (m, 1H), 3.72 (d, 1H), 3.04 (dd, 1H), 2.96 (dd, 1H), 2.69 (s, 3H),
2.42 (m, 2H), 2.25 (m, 2H),1.26 (t, 3H), 1.10 (t, 3H) ppm.

Step D: 1)-5-ox0-non-8-enoic acid ethyl ester (15-5
20 The diester 15-4 (11.2 g, 31.1 mmol) was dissolved in EtOH (100 mL.)
at room temperature. To this was added 1IN NaOH (31.1 mL, 31.1 mmol), the
mixture stirred at 40°C for 2 hours then overnight at room temperature. The mixture
was concentrated in vacuo, dissolved in toluene (100 mL) and heated at reflux for 5

hours. After removal of the solvent, the residue was partitioned between water and
CHCI3, washed with brine, dried (MgSQO4) and concentrated in vacuo. The residue

N
wn

was purified by silica gel chromatography (eluting with EtOAc) to give the ester 15-5
as an oil.
1H NMR (300 MHz, CDCI3) & 8.55 (s, 2H), 5.73 (m, 1H), 4.95 (m, 2H), 4.17 (q, 2H),
3.68 (m, 1H), 2.9 (dd, 1H), 2.82 (dd, 1H), 2.74 (dd, 1H), 2.7 (s, 3H), 2.64 (dd, 1H),

30 2.42 (m, 2H), 2.25 (m, 2H), 1.18 (t, 3H) ppm

Step E: 9-
nonanoic acid ethyl ester (15-6)
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The ester 15-5 (400 mg, 1.38 mmo)) was treated with 9-BBN (8.28

mL, 4.14 mmol; 0.5M 1n THF) at room temperature for 16 hours. To this solution was
added Pd(OAc)2 (31 mg, 0.14 mmol), 6-chloro-2,4-diaminopynmidine (219 mg, 1.52

mmol), K2CO3 (381 mg, 2.75 mmol), 1,1 -bis(diphenylphosphino)-ferrocene (76 mg.
0.14 mmol) and DMF (15 mL). The mixture was degassed with argon for 10 minutes
then heated to 80°C for 24 hours. The reaction mixture was cooled and stirred with
ethanolamine (5 mL) for 2 hours. The mixture was partitioned between 1N HCl and
EtOAc. The aqueous layer was made basic with K2CO3 and extracted with EtOAc
(5X). The organic layers were washed with brine, dned (MgSO4) and concentrated.
Purification by silica gel chromatography (20% MeOH in CHCI3) afforded the title
compound 15-6 as an oil.

Mass spectrum: calculated for C20H29NgO3 (M+H) is 401.2; found 401.1.

nonanoic acid (15-7)

The ester 15-6 (20 mg, 0.05 mmol) in THF (10 mL) and water (10 mL)
was treated with 1 N LiOH (1.0 mL, 1.0 mmol). After stirring at room temperature
for 1 hour, the solution was concentrated to 5 mL and purified by reverse phase HPLC
(preppak C-18 column; water/acetonitrile/ 0.1% TFA gradient). After lyophilization,
the title compound 15-7 (TFA salt) was obtained as a white powder.
1H NMR (300 MHz, CD30D) § 8.66 (s, 2H), 5.90 (s, IH), 3.61 (m, 1H), 5.1 (m, 1H),
3.00 (d, 2H), 2.6-2.8 (m, 2H), 2.64 (s, 3H), 2.4-2.6 (m, 2H), 1.5 (m, 4H) ppm
Mass spectrum: exact mass calculated for C18H24NgO3 (M+H) 1s 373.1983; found
373.1974.
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Scheme 16
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>
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164 R=H ) TFA
HaN Ny CO,Et
X~ NP>y
165 X=1 Pd,(dba)s.CHCl,
16-6 X = Me PPh;, CdCl,
(Me),Sn, NMP
0
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H.N N P
? | ~ “OMe
Me & Me
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Ul caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca! EXFF
FFFKGG H HHH\ 1 | ;

JIKKKKLL~LLUMMVM NNNNMOOz upkf a\ W ]]] ca] ca] Setlepsd t&] ca] ca] ca] ca] ca] ca] cal] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] calcalc ajca! O

PPPPPPP(Q RRRS{ SS8TTTTsUUUUhVVWMMXXXXgYY~ytoje [V]]] ca?kg] caJca]calcal]calc
a] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cg}*éaH] cal] calU] ca] ca] ca]
ca] cal! YY, ZTZAZPZZ|

[Y[[<\2AN]W ] FAIAMAR n_ -7 7 " Kaabb{vgl g} X] H ] ca] ca] c ]calca] ca] ca]calc

aU] ca] ca] ca]ca] ca]ca]c (oF:1 - oF ] ca] caj ca] ca] ca] ca! bb
bgcccdudd<eeee’ f f 2gghivhhhifri I | @];‘FJ\S 11 ]C‘r%i] cal ca] ca] ca]
ca] ca] ca] cal] cal] ca] c ca] ca]ca U] ca] ca] ca] ca]

ca] ca! CrFmmiln<nKnnolLooO qqr 34C{q r
sFssst xtt! uxxx?y{vqgl gb\ W] ] ] cal ca']-ca] ca] ca] ca] ca] ca] cgdggal ca] cal] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] cal{?yUyz{{}}~~a~~G ' 6{{
vgl gb\W]]]caU ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]cal a\] ca] ca] ca]ca]ca]ca

F 10%U+U& ()- s
% & ()-- $10%

CO.H

17-2b

10 EXAMPLE 23

3(R) and 3(S)-(2-Ethoxy-pyrimidin-5-y1-5-0x0-9-(6,7,8.9-tetrahydro-5H-pyrido[2.3-
blazepin-2-vl)-nonanoic acid (17-2a and 17-2b)
Utilizing the procedures for the conversion of 1-6 into 1-11a and

15 1-11b, 11-10 and 2-ethoxy-pyrimidine-5-carbaldehyde were converted into 17-2a and
17-2b. Resolution of the enantiomers was camed out by chiral chromatography of the
keto diester intermediate corresponding to 1-8.
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10%U>U8' ()wblborfz80110%0U0U& ()-' ./ ~<dY: 1 (" 10% ()-L!  bpMe& amL

109%22& () - LL10%Z&! () - 109%Z&! () - Lylo%z& ()-hdBdY: ! (1,,S 109%& () Ss*lo%z& () -
y) g109%Z& ()- (y 109%Z& ()- "109%Z& ()-° 10%Z& ()-L6krSlly

109M M & ()-!g1l0%| & ()-410% & ()- 10uu 10uu 10uu! , S 10%u& ()-S!, , S
109& () - Sk° z[<rSl|310%1|& ()- 910%& ()- @ 10%| & O~y 10%\& ()-1Fy

109 R & ()" L 4((fﬂlc% lé[lﬁrlqjﬁté c)@t@ d @QW ( 00 MHz,

ity &:'é@q@) baw @ @%ﬁa@ 4 AR o

lo! 2100 § N ﬁ:?zi:ﬁ%gl/@l(& (3, w@&ﬂ%gawga?)m; uﬁ) %g/m;@?gsﬁ (h-dMyyE7
(A ce - -
10%6G& () - § &11'1];&4&%3@%@ ﬂ)gleG 10G 6nL0%& ()-!; 9-z 10%& ()-! @®-z
10% /& ()-'?2 yz 10% ()-M 6 yz 109% #} #& ()- M+, ,5--j. .’\’?I\/B7I !
10G ynil0%}| & () -! X3 MLOYht 4diswing &fBdnal but non-limiting examples were prepared

using the procedures detailed in the Examples and Schemes above and are

accompanied by their mass spectral characetrization data:

Compound Compound Name Mass
No. Spectrum*
)] 3(R) and 3(S)-(pyrazin-2-yl)-5-0x0-9-(5,6,7,8- 383

tetrahydro-[1,8)naphthyridin-2-yl)-nonanoic acid

(*N
N~

H
N N CO-H
l N
Z
(2) 3(R) and 3(S)-(2-methyl-pyrazin-5-yl)-5-0x0-9- 397
(5,6,7,8-tetrahydro-[1,8]naphthyridin-2-yl)-nonanoic
acid
CH,4
o
N. A
H 0]
N N CO,H
l ~
=
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10%m&' () - &310%m&' ()- 10 10 10L6NMLOY&! () EEFFFFF$Fu] CJ!' 1 & 10%r& () -

orR' () - %R () -
10%rE’ () - & 10%r& (()4) & 3(R) and 3(8)-(2-methylamino-pynmidin-5-yl)-5- 412
0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-

nonanoic acid

Cy
=
y o)
NN CO.H
| ~
L
(5 3(R) and 3(S)-(3,4-dihydro-2H-1,4-dioxa-5-aza- 440

naphthalen-7-y1)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid
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(10) 3(R) and 3(S)-(2-methyl-pyrimidin-5-yl)-5-0x0-9-(3- 423

vinyl-5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid

X
i@
Z
’ 0
N N COLH
l ~
NP
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fF 10% ()-, ,10%k ()-@fF 310%& ()-@fy9z 10%& ()-@fF @O0% ()- @
f1S109%& ()-Tf|[:bU4l 1 f fY y&10%& ()- fY #: 109 ()- fL!'Z10%&' ()- fF
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- f210%& ()-- ,1.109%& ()- fY s*S109%&' ()-- f,' 10%&k ()-3?Nn|[:NA41l 110 nml0%
& ()- f fl0% & ()-- f
(1) 3(R) and 3(S)-(pyrimidin-5-yl)-5-0x0-9-(3- 423
cyclopropyl-5,6,7,8-tetrahydro-[ {8 Inaphthyndin-2-

yl)-nonanoic acid

'\f N
H o Y
N N CO.H
| N
.
(12) 3(R) and 3(S)-(2-methyl-pyrimidin-5-y1)-5-0x0-9-(3- 431

chloro-5,6,7,8-tetrahydro-[1,8naphthyridin-2-yl)-

nonanoic acid

)
L
. 0
No _N COLH
I .,
"
(13) 3(R) and 3(S)-(2-methyl-pyrimidin-5-yl)-5-0x0-9-(3- 473

bromo-5,6,7,8-tetrahydro-[1.8]naphthyridin-2-yl)-
nonanoic acid
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(14) 3(R) and 3(S)-(2-methox y-pynnmidin-5-yl)-5-0x0-9- 428
(3-methyl-5,6,7,8-tetrahydro-[ 1,8 Jnaphthyndin-2-yl)-
nonanoic acid bis-trifluoroacetate salt

OMe
y
H Q 7~
N N CO,H
‘ _
7 Me
(15) 3(R) and 3(S)-(quinolin-3-y})-5-0x0-9-(3-methyl- 446

5,6,7,8-tetrahydro-{1,8)naphthyridin-2-yl)-nonanoic
acid

-110 -



k & ()- f° 10%k & ()- 100Q0Q 100Q0Q 100QQ 03@ 10% Q& ()-Mf; 3@ 109D
& ()-M=Y|[:rQ@ f fm0%k & ()- fl10%k & ()- f10%k & ()-o Yg 10%k
5& ()-- fs -wOWrkesn& ()- fs&l0%k & ()-@'|[:rQ f fY. 1G%ysoshisbor- T +10%
k & ()-@I1"'10%k >& ()-,0 f#z10% k & ()- fY91Z10%k & ()- f10% k
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(16) 3(R) and 3(S)-(2-methyl-pynmidin-5-yl)-5-ox0-7,7- 425
dimethyl-9-(5,6,7,8-tetrahydro-{ 1,8 Jnaphthyridin-2-

yl)-nonanoic acid

1Y) 3(R) and 3(S)-(2-ethoxy-pyrimidin-5-yl)-5-0x0-9-(3- 467
cyclopropyl-5,6,7,8-tetrahydro-{1,8]naphthyridin-2-
yl)-nonanoic acid

OEt
O
2
H O
N N COzH
| =
L
(18) 3(R) and 3(S)-(6-methoxy-pyridin-3-yl)-5-0x0-9-(3- 452

cyclopropyl-5,6,7.8-tetrahydro-[1,8)naphthyridin-2-

yl)-nonanoic acid

-111 -



&O)-@ll: f 109D & ()- 109D & ()-@ 109D & ()-S f3MOWD & () --
7L10%)&()-- @109 & ()-@: |[:rQ f .10 & ()- f+10%D & ()-,y ' 10%&D
&8 ()- @ T $100@0g2%0) -, 6109 & ()-S f' 109D & ()--| obUs  pcBiRA4e8 () - 10D
10D 10D y f&s6109% & ()- f,5Z109%D & ()- 33109 & ()- f/mLO%YD
& ()-Sg5/[:bU4 f f-1094 & ()-@,Z10% & ()-@ f3310% & ()-@f9z10%
& ()-- 1S10% & ()- fL'gl0%d & ()-iD/[:bUs f f+10% & ()-@' MLO%L
& ()--y #2109 & ()-@f6 109 & ()-- f10% & ()-- f10% & ()- DG()*+7{mQ0
f9310% & ()- 10?? 10?? 10??! 3g 109%@°?& ()- f13g 10% & ()- f/10% & ()-
f.10% & ()-7FH[: Q0 f f 10% & ()-? f&10% & ()OMe 10% & () - f&SlO%&'()--
f,10% & ()-@fs!sf10% & ()-e0|[: QO f fD&@ 10%M& ()-? f"10% & ()-- f9!10%
& ()- f:10% & ()- 10% & ()-, f10% & ()--p| 10 10 ? fLL610% & () -
£510% & ()- f f2M0% & ()-- |.10% & ()-@fs*10% &X)--1;|[:NA4 10 FS@
109~ C& ()--2 1 1910% ~ &()- £ s10%~ &Q f f10% ~ & ()-@fL! T10% ~
& ()- f 10%~ & ()-W[:NAdN 10 s$10% = %~ & ()- fs, 10%
~ & ()- fs3f10% ~ & ()--f Y% Y-yl |[9+4
1033! "1 310983& ()-° f(I31 -t 210% -~ & () - @fY 10% ~ & ()-
f,10% ~ & ()- Y(GLO%C~ C& 31 £3@0%& ()-@f910% & ()- @f @ 10%
& ()-@f!S10% & ()- fL310% & L £$10% & ()- f(
10% & ()-- fs10% & () - flO%&()- f&10% & ()- ,GL0% & ()--C | |[:>4 1033!
f,5Y10% & ()- f310% & ()- f/'10% & ()- f.10% & ()- f+10% & ()- ' 10%
& ()-PvU403 fLI1098 3& ()- fL@OYB 3& ()- f !S1098 3& ()- f 31098 3& ()- 10
10 10 fLs610% & ()-yL|[:vU403 f f(3S 1098 3& ()--f fL 1098 3& ()--f 31098
3& ()-f fL10%B.3& ():- 3.0 109 [& ()-- f13:100@ 3& ()-@!|[:-4103 3f
£ 61008 3& () - fugle Mﬂﬁ%@& )-@ 63-- 1098 3& ()--f f *1098 3& ()- f3' 109
3& ()- f #1098 3&()--ZbA4103 3f f f@0% & ()-- f10% & ()-, f10% & ()-
fs!LF10% & ()- f&310% & ()- 103 3103 39| [: A4103 3f f#10% & ()-- f(T 10%
& ()-@Fs10% & ()-- f10% & ()- f10% & ()-- GLO% & () - 6| [ 9+4
10@@  310%@8% ()-s f,310%& ()-s f /10% & ()-, fY.10%& ()- f +10% & ()- @
'T 10% & ()-@_>4 10@@ f 109X & ()- f& 109K & ()-- f, 100K & ()-- f ! S10%X
& ()- £ 109 & ()- 10@@ 10@e|[: >4 10@ f# 109%K & ()-- f112109% & ()- @
f109X & ()-@f109%K & ()- f109%K & ()-, 109K & ()-<|[9+4 10SS!  310%SS& ()-M
f(3109%K & ()-Mf/10%K & ()-@FfY. 109 & ()- f+109%K & ()-- |' 10%CX

'()-@_>4 10SS! f 109 & ()- f&s10% & ()-@f, 109 & ()-@fs! S109d & ()-
931094 & ()- 10SS 10SSA! |[:>4 10SS! f#10% & ()-- f110% & ()-@f@0%
& ()-@f10% & ()- fglovd & ()-, 10% & ()-vV|[9+4 10SS! 3z10%8S& ()-L f;
3210%1 & ()-L f/°10% & ()-@Ffl.10% & ()- f+-10% & ()-- '10% 1

-@| _>4 10SS! f :109& ()- fSI 109& ()- f 10%& ()- f S10%& ()-

f910%& ()~ 10SS 10SSC|[:>4 10SS! f #10%& ()-- f,y100& ()-- f
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109 ()- f109%& ()- f 109 ()- z 10% ()-- | [ NA4A0S101010 " +S 10%: ()- @ +S
109P& ()-@+S 109& ()-@f L*109& ()- f' 109%& ()-Y|[: NA4OS1O0 f L&L0% & ()-
1094& ()-: SWPODOMOR ()-: y 10% & ()-: fs!f10% & ()- f310%cT/useerd9or

& ()-J(1q|[: NA4OS10 f9$-10% & ()- 3 #10% & ()- f110% & ()- fs@ 10% & () -
10% & ()- 109% & ()-qu[|[:-410 f610%& ()- ", g 10% & ()- ,g 10% & () -
f*¥10% & ()- "% 109X& ()- % 10% & ()- _}bA410 f f& 10% & ()-MfL 10% & ()- f
110% & ()- f°,&10% & ()- fL 10% & ()-10 10 }‘T9|[:A410 f6°10% & ()- f @0%
& ()- f 10%& ()-@f & 10% & () - M‘&EMA) & 109K& ()-MDz% [ : A410
fS *10% & ()- ' 10% & ()- @f 0% & Y8108 ) o[ S#10% & () -

TV 109 () -3wW [ A410 f310% & Srithe e (’%' el )- fY." 10%&()
Cf5-10% & ()- f3 + 10% & ()--./0<J' vU410 f 1094 & ()- f: 109 & ()-

fs! S10% & ()- f& 10% & () - 10( (51‘% (10( (o HO% (&'()-'|"|[:vU410f
109 & ()- f 0 10% ()- f 10%& ( ARN()- fY 31004 & ()- f10%

& ()-"mk, | [:-410D1 Df 410901 D& ()-f Hg?:%%me() f f/sl00d & ()-'f f° 109
& ()- ° 10% & ()- ° 10%& ()- ,-.:11DA410DL Df f '10%k & ()- f 10% k
&()-, f@o%k & ()- f91gl0%k & ()- f9310% k & ()-10D1 D10D1

DWW [: A410DL DF f10%k & ()- f110%k & ()- f10%

NaOQOH, dioxane,
|—©—sozc| H,0

H,N CO,H

1. Bry, NaOH, H,0
2. HCI
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TR R X

UJ?‘ZQ?

()-
() -
1
()
()

() @1 109 ()- 1 1090& ()- | 10%k +& ()-U[:A410D1 Df f)10% k
10% k & ()- Y9'109Kk M ()- f10%k & ()- f10%k & ()- f@0%Kk
|obu41®zd®nzm & ()-10 k 10 k 10 k  fL610% k &'(QCT,J,QOWW H& ()- @

0% & ()- f+10%k & ()-#f< |[:bU4l0 f f10% & ()-@f 10% &

- 1109

- fSMLOWL & ()- fyl0% & ()-g fs!S10% & ()- O 4G |[:bU4l0 f f& 10%
11094 & ()- f& 109 & ()- ° 10% & ()-: f 109 ()-: fYL10% & ()-

JV| obW410 f°

10% & ()-101 101 101 L6109 & ()- .T 109%& ()- fO-

SCHEME A, cont’d.

HCI
EtOH

HCI.HZN/\(C02C HQC H3
HN\SO

10% Pd/C
EtOH

%\COZC%CHS

A-5a

l 6N HCI
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1094 & ()- 3(@10% & ()-VeA |[:bU410 f f S 10% & ()- zL'S 10% & ()- VS
109 & ()- f& Z10% & ()- f,10% & ()-- f 1sS10% & ()-m [:bU410 f f f 109%& ()-
f 10% & () -wolooAR & ()- f 109R& ()- f& 10% & ()- f10% & () WlOlO 10
10 fL9610% & ()- f /10% & ()- fF.lO%&'()- f o *10% & () - o

& ()-P|[:NA41010 Y 10%+& ()-g VK'Y 10% & ()-g V\Y 10%& ()-g f 10%k
& ()- fs! f10%k & ()- f&310%k & ()-OP_ " coO74101Y10% k & () - Y10% k

& ()- fY10%k & ()-YI0% k & ()- fOl0% k & ()-pX<4101Y10% k & () - Y10% k

& ()-Y10% Kk & ()-Y10%k & ()-Y10% KcrMB AERmraW4101Y10%

| N
HCIsH,N” "N
_A__G CO2H
CO,CH,CH
HCIH,NT S 2~ 27 | EDC, HOBT,
H HNSO,CgHyl | NMM, DMF
A4
|
B O/
= O
H,N” >N 2§
,\\
COZCHZCHs
o)
A7
6N HCI
60°C |
B 0
= O
H,N” N ’-F
}\\
COQH
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k & ()-Y10%k & ()-Y10%k & ()-Y10%k & ()-Y10% kK

& ()- " f|}xX@101Y10% k & ()-Y10%k & ()-Y10%k & ()-Y10%k & ()-
PX<4101Y10% WO OBT280L Y10% k & ()-Y10% Kk & ()-Y10% Kk & ()pcYaSbvion& () -
Ak | o sWA4101Y10%k & ()-Y10%k & ()-Y10% k

l[(CHa aSn}y, Pd(PPhj),,

dioxane, 90C
Sn(CHg)s
SN
H,N | N OQ?
2 H Hy NH
H "
\>\COZH
o)
A9
l 125|
~ r
H,N | N” Oa3
2 H. NH
H J
N Q
\>\C02H
o)
A-10

N-(4-Jodo-phenylsulfonylamino)-L -asparagine (A-2)
To a stirred solution of acid A-1 (4.39 g, 33.2 mmol), NaOH (1.49 g,
5  37.2 mmol), dioxane (30 ml) and H20 (30 ml) at 0°C was added pipsyl chloride

(10.34 g, 34.2 mmol). After ~5 minutes, NaOH (1.49. 37.2 mmol) dissolved in 15 ml
H20, was added followed by the removal of the cooling bath. After 2.0 h, the

reaction maxture was concentrated. The residue was dissolved in H2O (300 ml) and

then washed with EtOAc. The aqueous portion was cooled to 0°C and then acidified
10 with concentrated HCl. The solid was coliected and then washed with Et20 to

provide acid A-2 as a white solid.
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& ()-YI0% k & ()-Y1I0%k & ()- |1 xX@101Y10% k & ()-Y10% k
& ()-YL0% Kk & ()-Y10%Kk & ()-!''YIZI[!!!"pN-4 Y6 I F.10%& ()-! | F. 109& () -

| F. 109 & (WMONDO%0k & ()-Y10% Kk & ()-YL0% Kk & ()-"""""péHustarioo s, S10%
V& ()- Y10% & ()- Yyl0% & ()- Y 10% & ()- 10 10

10! "1 F. 109& () - r #whiHHHHHHKS7/  ~  10% \& ()-G 10% \& ()-G 10% \& ()-G
109 \& ()-G 10% \& ()- GH#H#H#$$$1$SsW/  °  10% \& ()-G 10% \& ()-G

10% \& ()-G
1H NMR (300 MHz, D20) & 7.86 (d, 2H, J=8Hz ), 7.48 (d, 2H, J=8Hz) 3.70 (m, LH),
2.39 (m, 2H).

2(S)-(4-lodo-phenylsulfonylamino)-B-alanine (A-3)

5 To a stirred solution of NaOH (7.14 g, 181.8 mmol) and H20 (40 ml)
at 0°C was added Br3 (1.30 ml, 24.9 mmol) dropwise over a ten minute period. After
~5 minutes, acid A-2 (9.9 g, 24.9 mmol), NaOH (2.00 g, 49.8 mmol) and H20 (35

ml) were combined, cooled to 0°C and then added in a single portion to the reaction.

After stirring for 20 minutes at 0°C, the reaction was heated to 90°C for 30 minutes
10 and then recooled to 0°C. The pH was adjusted to ~7 by dropwise addition of
concentrated HCl. The solid was collected, washed with EtOAc, and then dried in
vacuo to provide acid A-3 as a white solid.
1H NMR (300 MHz, D20) § 8.02 (d, 2H, J=8Hz), 7.63 (d, 2H, J=8Hz), 4.36
(m, 1H), 3.51 (dd, 1H, J=5Hz, 13Hz) 3.21 (m, 1H).
15
Ethyl 2(S)-(4-iodo-phenylsulfonylamino)-B-alanine-hydrochloride (A-4)
HCI gas was rapidly bubbled through a suspension of actd A-3 (4.0 g,
10.81 mmol) in EtOH (50 ml) at 0°C for 10 minutes. The cooling bath was removed
and the reaction was heated to 60°C. After 18 h, the reaction was concentrated to

20  provide ester A-4 as a white solid.
1H NMR (300 MHz, CD30D) & 7.98 (d, 2H, J=8Hz), 7.63 (d, 2H, J=8Hz), 4.25 (q,

1H, J=5Hz), 3.92 (m, 2H), 3.33 (m, 1H), 3.06 (m, 1H), 1.01 (t, 3H, J=7Hz).

Ethyl 4-[2-(2-Amunopyndin-6-yl)ethyllbenzoate (A-5a)
25 A muxture of ester A-5 (700 mg, 2.63 mmol), (for preparation, see:
Scheme 29 of PCT International Application Publication No. WO 95/32710,

published December 7, 1995) 10% Pd/C (350 mg) and EtOH were stirred under 1 atm
H). After 20 h, the reaction was filtered through a celite pad and then concentrated to

provide ester A-5a as a brown oil.
30 TLCRf=0.23 (silica, 40% EtOAc/hexanes)

1H NMR (300 MHz, CDC13) § 7.95 (d, 2H, J=8Hz), 7.26 (m, 3H), 6.43 (d, 1H,

J=THz), 6.35 (d. LH, J=8Hz), 4.37 (m, 4H), 3.05 (m, 2H), 2.91 (m, 2H), 1.39 (t, 3H,
J=THz).
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O- 2H, J=8Hz), 7.27 (d, 2H, J=8Hz),7.04 (d, 1H, J=THz), 6.60 (m, 1H), 6.29 (d, 1H,
J=THz), 4.83 (br s, 1H), 4.09 (m, 3H), 3.84 (m, 1H), 3.68 (m, 1H), 3.42 (m, 2H), 3.01

(m, 4H), 2.86 (m, 4H), 2.69 (t, 2H, J=6Hz), 1.88 (m, 2H).

15
2(S)-(4-Todo-benzenesulfonylamino)-3-{4-[2-(5,6,7.8-tetrahydro-[ 1,8 |naphthyridin-2-
yh)-ethyl]-benzoylamino}-propionic acid (B-3)
A mixture of B-2 (0.38 g, 0.573 mmol) and 6N HCI (50 mL) was
stirred for 14 hours at 60°C. After cooling to room temperature, the mixture was
20  concentrated, and the residue chromatographed on silica gel (25:10:1:1 to 15:10:1:1
EtOAc/EtOH/ NH;OH/H,0) to give B-3 as a white solid.
TLC Rf = 0.43 (silica, 10:10:1:1 EtOAc/EtOH/ NH,OH/H,0).
1H NMR (300 MHz, DMSO-ds) 8 8.42 (m, 1H), 7.79 (d, 2H. J=8Hz), 7.63 (d, 2H,
J=8Hz), 7.44 (d, 2H, J=8Hz), 7.27 (d, 2H, J=8Hz),7.10 (d, 1H, J=7Hz), 6.58 (brs,
25 1H).6.32(d, 1H, J=7Hz), 3.96 (m, 1H), 3.51 (m, 1H), 3.30 (m, 5H), 2.96 (m, 2H),
2.78 (m, 2H), 2.62 (m, 2H), 1.77 (m, 2H).
HRMS: For C;sH27IN4OsS, expected 635.0818, found 635.0831.

3-{4-[2-(5.6,7,8-Tetrahydro-[ 1 .8 Inaphthyridin-2-vl)-ethyl]-benzoylamino } -2(S)-(4-

30 wmimethylstannanyl-benzenesulfonylamino)-propronic acid (B-4)
A mixture of B-3 (0.10 g, 0.16 mmol), hexamethyldistannane (0.065
mL., 0.32 mmol), PA(PPhs)s, and dioxane (10 mL) was stirred for one hour at 90°C.

After coohing to room temperature, the mixture was concentrated, and the residue
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.05 mL) and an 10dobead (Pierce) were added to

I (10 mCi, Amersham, IMS300) and stirred for five minutes at
room temperature. A solution of B-4 (~0.1 mg) in methanol (0.04 mL) was made and
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QLf 10988¢&' () -

0, & 109&' () -
15
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35

, OFZ 10%&' ()- ZFZ 10%AA&' ()- 10%& () -

A stir bar mcthanol (0

a shipping vial of Na'?

a portion (0.02 mL) was added to a mixture of H,SO4 (0.005 mL) in methanol (0.025
mL), and this solution was added immediately to the Namlllodobead vial. After

stirring for two minutes at room temperature, the reaction was quenched with NH,OH

(0.04-0.05 mL) and the entire reaction mixture was injected onto the HPLC for
purification [Vydac peptide-protein C-18 column, 4.6 x 250 mm, linear gradient of
10% acetonitrile :H20 (0.1% TFA) to 90% acetonitrile:H20 (0.1% TFA) over 20
minutes, 1 ml/min]. The retention time of B-5 18 16 minutes under these conditions.
Fractions containing the majority of the radioactivity were pooled, lyophilized and
diluted with ethanol to give approximately 1 mCi of B-5, which coeluted on HPLC
analysis with an authentic sample of B-3.

Instfumentation: Analytical and preparative HPLC was carried out
using a Waters 600E Powerline Multi Solvent Delivery System with 0.1 mL heads

with a Rheodyne 7125 injector and a Waters 990 Photodiode Array Detector with a

Gilson FC203 Microfraction collector. For analytical and preparative HPLC, a Vydac

peptide-protein C-18 column, 4.6 x 250 mm was used with a C-18 Brownlee modular

guard column. The acetonitrile used for the HPLC analyses was Fisher Optima grade.

The HPLC radiodetector used was a Beckman 170 Radioisotope detector. A Vydac

C-18 protein and peptide column, 3.9 x 250 mm was used for analytical and

preparative HPLC Solutions of radioactivity were concentrated using a Speedvac
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testing eppppppnds for. t@lr ability to inhibit osteoc]asts itis useful to measure the
ability of ostcoc]asts to excavate these resorption pits when the inhibiting compound
is present,

Consecutive 200 micron thick cross sections from a 6 mm cylinder of
bovine femur diaphysis are cut with a low speed diamond saw (Isomet, Beuler, Ltd.,
Lake Bluff, I1). Bone slices are pooled, placed in a 10% ethanol solution and
refrigerated until further use.

Prior to experimentation, bovine bone slices are ultrasonicated twice,
20 minutes each in H2O. Cleaned slices are placed in 96 well plates such that two
control lanes and one lane for each drug dosage are available. Each lane represents
etther triplicate or quadruplicate cultures. The bone slices in 96 well plates are
sterilized by UV irradiation. Prior to mcubation with osteoclasts, the bone slices are
hydrated by the addition of 0.1 ml aMEM, pH 6.9 containing 5% fetal bovine serum
and 1% penicillin/streptomycin.

Long bones from 7-14 day old rabbits (New Zealand White Hare) are
dissected, cleaned of soft tissue and placed in tdMEM containing 20 mM HEPES.
The bones are minced using scissors until the pieces are <1 mm and transferred to a
50 ml tube in a volume of 25 ml. The tube is rocked gently by hand for 60 cycles, the
tissue is sedimented for 1 min., and the supernatant is removed. Another 25 ml of
medium 1s added to the tissue and rocked again. The second supernatant is combined
with the first. The number of cells is counted excluding erythrocytes (typically ~ 2 x
107 cells/ml). A cell suspension consisting of 5 x 106/ml in MEM containing 5%
fetal bovine serum, 10 nM 1,25(OH)2D3. and pencillin-streptomycin 1s prepared. 200

ml aliquots are added to bovine bone slices (200 mm x 6 mm) and incubated for 2 hrs.
at 37°C in a humidified 5% CO2 atmosphere. The medium 1s removed gently with a
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microscope using a polarizing Nikon IGS filter cube. Test dosage results are
compared with controls and resulting IC5( values are determined for each compound

15 tested.
The appropriateness of extrapolating data from this assay to
mammalian (including human) disease states is supported by the teaching found n
Sato, M., et al., Joumnal of Bone and Mineral Research, Vol. 5, No. 1, pp. 3140, 1990,
which is incorporated by reference herein 1n 1ts entirety. This article teaches that
20  certain bisphosphonates have been used clinically and appear to be effective in the
treatment of Paget’s disease, hypercalcemia of malignancy, osteolytic lesions

produced by bone metastases, and bone loss due to immobilization or sex hormone

deficiency. These same bisphosphonates are then tested in the resorption pit assay

described above to confirm a correlation between their known utility and positive
25  performance in the assay.

EIB ASSAY
Duong et al., J. Bone Miner. Res., 8: $378 (1993), describes a system
for expressing the human integrin avf3. It has been suggested that the integnn
30  stimulates attachment of osteoclasts to bone matnx, since antibodies against the
integnin, or RGD-containing molecules, such as echistatin (European Patent 382,451),
can effectively block bone resorption.
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1. 175 pul TBS buffer (50 mM TnsHCI pH 7.2, 150 mM NaCl, 1% BSA,
1 mM CaCl2, 1 mM MgCIp).

2. 25 ml cell extract (dilute with 100 mM octylglucoside buffer to give

2000 cpm/25 pl).

3. 1251 echistatin (25 /50,000 cpm) (see EP 382 451).

4. 25 ul buffer (total binding) or unlabeled echistatin (non-specific
binding).

The reaction mixture was then incubated for | h at room temp. The
unbound and the bound atvf3 were separated by filtration using a Skatron Cell

Harvester. The filters (prewet in 1.5% poly-ethyleneimine for 10 mins) were then
washed with the wash buffer (50 mM Tris HCl, ImM CaCl2/MgCl2, pH 7.2). The

filter was then counted in a gamma counter.

SPAV3 ASSAY
MATERIALS:

1. Wheat germ agglutinin Scintillation Proximity Beads (SPA):
Amersham

Octylglucopyranoside: Calbiochem

HEPES: Calbiochem

NaCl: Fisher
CaCly: Fisher

MgCly: SIGMA

Phenylmethylsulfonylfluoride (PMSF): SIGMA
Optiplate: PACKARD

Compound A-10 (specific activity 500-1000 Ci/mmole)
test compound

W o N AN

—
- O

Purified integrin receptor: oavB3 was punfied from 293 cells
overexpressing avf3 (Duong et al., J. Bone Min. Res., 8:5378,
1993) according to Pytela (Methods in Enzymology, 144:475.
1987)
12. Binding buffer: 50 mM HEPES, pH 7.8, 100 mM NaCl, 1 mM
CaZ+/Mg2+, 0.5 mM PMSF
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109&' () - JIKGKKK3L=L|[:vU4101 @s109%& ()- 0 #z109%&' ()- #z109%&' ()- Oy
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Pretreatment of SPA beads:

5 500 mg of lyophilized SPA beads were first washed four times
with 200 ml of 50-OG buffer and once with 100 ml of binding
buffer, and then resuspended in 12.5 ml of binding buffer.

2. Preparation of SPA beads and receptor mixture
10 In each assay tube, 2.5 pl (40 mg/ml) of pretreated beads were

suspended in 97.5 pl of binding buffer and 20 ml of 50-OG
buffer. 5 ml (~30 ng/ul) of purified receptor was added to the
beads 1n suspension with stirring at room temperature for 30
minutes. The mixture was then centrifuged at 2,500 rpm n a

15 Beckman GPR Benchtop centrifuge for 10 minutes at 4°C. The
pellets were then resuspended in 50 ul of binding buffer and 25
ul of 50-OG buffer.

3. Reaction

The following were sequentially added into Optiplate 1n
20 corresponding wells:
) Receptor/beads mixture (75 pl)
(1) 25wl of each of the following: compound to be tested, binding
buffer for total binding or A-8 for non-specific
binding (final concentration 1 pM)
25 (in)  A-10in binding buffer (25 ul, final concentration 40 pM)
(iv)  Binding buffer (125 pl)
) Each plate was sealed with plate sealer from PACKARD and
incubated overnight with rocking at 4°C

30 4. Plates were counted using PACKARD TOPCOUNT

5. % inhibiton was calculated as follows:
A = total counts
B = nonspecific counts
35 C = sample counts
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OCFORM ASSAY

Osteoblast-like cells (1.8 cells), originally derived from mouse
calvana, were plated in CORNING 24 well tissue culture plates in cMEM medium

10 containing ribo- and deoxyribonucleosides, 10% fetal bovine serum and penicillin-
streptomycin. Cells were seeded at 40,000/well in the moming. In the afternoon,
bone marrow cells were prepared from six week old male Balb/C mice as follows:

Mice were sacrificed, tibiae removed and placed in the above medium.
The ends were cut off and the marrow was flushed out of the cavity into a tube with a

15 1 mL syringe with a 27.5 gauge needle. The marrow was suspended by pipetting up
and down. The suspension was passed through >100 mm nylon cell strainer. The
resulting suspension was centrifuged at 350 x g for seven minutes. The pellet was
resuspended, and a sample was diluted in 2% acetic acid to lyse the red cells. The
remaining cells were counted in a hemacytometer. The cells were pelleted and

20 resuspended at 1 x 100 cells/mL. 50 pL was added to each well of 1.8 cells to yield
50,000 cells/well and 1,25-dihydroxy-vitamin D3 (D3) was added to each well to a
final concentration of 10 nM. The cultures were incubated at 37°C in a humidified,
5% CO2 atmosphere. After 48 h, the medium was changed. 72 h after the addition of
bone marrow, test compounds were added with fresh medium containing D3 to

25  quadruplicate wells. Compounds were added again after 48 h with fresh medium
containing D3. After an additional 48 h., the medium was removed, cells were fixed
with 10% formaldehyde in phosphate buffered saline for 10 minutes at room
temperature, followed by a 1-2 minute treatment with ethanol:acetone (1:1) and air
dried. The cells were then stained for tartrate resistant acid phosphatase as follows:

30 The cells were stained for 10-15 minutes at room temperature with 50
mM acetate buffer, pH 5.0 containing 30 mM sodium tartrate, 0.3 mg/mL Fast Red
Violet LB Salt and 0.1 mg/mL Naphthol AS -MX phosphate. After staining, the
plates were washed extensively with dejonized water and air dried. The number of
multinucleated, positive staming cells was counted in each well.

35
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10 ] ] 14. 50 mM octylglucopyranoside in binding buffer: 50-OG buffer
25

PROCEDURE:

1. a,Bs-cell lysates: HEK 293 cells expressing ofs integrins were cultured

until confluent. Cells were then starved overnight in media containing 0.5%

30 FBS, followed by treatment with 100nM PMA for 20 min. Cells were washed
2 times with cold phosphate buffer saline (4°C) and solubilized in lysis buffer
for 30 min on ice. Lysates were clanfied using a Beckman JA-20 at 20,000
xg. Protein concentration of clarified [ysates was determined using a micro
BCA kut (Pierce) and stored in aliquots at 80 °C.

35
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1099L?& ()-Z s& 10%&**@ mpef o huffer and onagyegh (9 m?l

f109%& () - Wyyyyyywa&b%&Qmen)fesﬁi&%ldﬂ-l&lﬂBﬂﬂ@lﬁﬂ:ﬁinlg%ﬂf&%&' () 1 31F10% . & () -
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"9110% R- & () - ! 9! To%EhGksRY (N)e}l the followmg were sequentially added into Optiplate

plates:

(i) Binding buffer to make up final volume of 125 pl per well.
10 (ii) 3 ul (120 pg/well) of pretreated beads diluted with 22 ul of 50-0OG
Buffer
(iif) 15 ug of o Ps-cell lysate proteins.
(iv) B-5 at 50,000 cpm.
(v) 25 pl of graded concentrations of test compound.
15 (v1) Each plate was sealed with plate sealer from PACKARD and
incubated overnight with rocking at 4°C

4. Plates were counted using PACKARD TOPCOUNT microplate scintillation
counter.
20

5. % Inhibition was calculated as follows:
A = total counts (binding of receptor to B-5)
B = nonspecific counts (binding of receptor to B-5 1n the presence
of 2.5 uM cold ligand)
25 C = counts from receptor binding to test compound
% inhibition = [{(A-B)-(C-B)}/(A-B)}/(A-B) x 100

ICs0 of test compound was calculated as 50% of inhibition.

30 Representative compounds of the present invention were tested and
generally found to have IC5Q values less than 1 uM in the SPAVS assay.

35
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10 various changes, modifications and substitutions can be made therein without

departing from the spint and scope of the invention. For example, effective dosages
other than the preferred doses as set forth heretnabove may be applicable as a
consequence of variations 1n the responsiveness of the mammal being treated for
severity of bone disorders caused by resorption, or for other indications for the

15  compounds of the invention indicated above. Likewise, the specific pharmacological
responses observed may vary according to and depending upon the particular active
compound selected or whether there are present pharmaceutical carriers, as well as the
type of formulation and mode of administration employed, and such expected
variations or differences 1n the resuits are contempiated in accordance with the objects

20  and practices of the present invention. It 1s intended, therefore, that the invention be
limited only by the scope of the claims which follow and that such claims be
interpreted as broadly as is reasonable.
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d (jfj\ ;
an N N/ _,J'H
|
10 R’

Y 1s CHp; O; or NR1;

each R! is independently hydrogen or C}-3 alkyl and each non-aromatic ring carbon
atom 1s unsubstituted or independently substituted with one or two R2 substituents

15  and each aromatic ring carbon atom is unsubstituted or independently substituted with
one R2 substituent selected from the group consisting of

halogen, Cj-g alkyl, C3.-g cycloalkyl,
C3.8 cycloheteroalkyl, C3_8 cycloalkyl-Cj.¢ alkyl,
20 C3.8 cycloheteroalkyl-Cj -6 alkyl, aryl, aryl-C| g alkyl. amino,
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18";2 8 D| [: \1/(%; (E1;6 ﬂk)@)lmllé)cﬂcg-l?am@ﬂ?%& mmd, N g 10%W& ()-* Vg

0 * * + 0,

T 109! () - 's?@lO%& f()c(; ﬂa]ﬁ%«g?g'f O/Q%d*&a"k i1 %Eﬁ&l@ qu‘bm%&ﬁ% Ag b2x7q0 d
n° 109N ()-!n’ wmrt(qwl ydroxyserRony-Cli6 Palkyl oy 3 plogycartignyl,
éllg"O/DD&/ BI é‘) E!);A; éllgooﬁ/d -§ pHkdkyfcAdDary1-Ch 6 alkyl, BidtéX¥h hykirdxy-Ci-6 algyll@gc (%3U4 4

@aBa - 0 >7? o]

10%& () - (101010 fQGE%%%de@gW«EW? ’(‘*)"?é"'&f'dh/%‘fy(?’ﬂ%rfﬁ *3) - [L[|[ b4 d
‘Lz 109 & ()- Lz 10908alkyl: @Q@%@l@al 1oppEmepead@yY 31098 ()- s10%& ()-C
I-AvU4 d 10%&' ()- fClLe%kylokychésbaHam&mSEDYRAIkYD ] -2 hnbEbdy(oxy, Lz

0, 0,
310% b) &A??y' - Vroofp| PIEB2 A S e M ) o, 0 S0ne () Lirove (-
GLt 109g- g&1P)- Lt 10%‘&5%1( -y alkylsylfppglamine,gndf | - 8\?{54 SH‘fO“Y*a@*'@ 1098 ()- 9*@
182//27/2 g g 10&8%00&8( (%r(')t/wo kaos@)s(ﬂuemﬁ A %E tﬁ% S(;glﬂlﬂ&l-@ﬁ’%&c tarbShbatom/ ard Qhéﬂﬂb&l /
210%& () - %r fgﬁ t{% 38‘ é%lb%&l gmpolprm a (c)arbbn group,| ér
two R2 substxtuents together with the carbon atoms to whxch they are attached, join to
form a 4- to 6-membered saturated or unsaturated carbocyclic ring;
15
R3 and RS are each imdependently hydrogen, hydroxy, or C]-¢ alkoxy;
R4 and R6 are each independently hydrogen or C}-3 alkyl; or
R3 and R4 taken together or RS and R6 taken together are carbonyl oxygen, with the
proviso that both R3 and R5 are not ssmultaneously hydrogen;
20
R7 is aryl wherein the aryl group is selected from the group consisting of
(1)  phenyl,
2) naphthyl,
(3)  pyndyl,
25 4)  furyl,
(5 thienyl,
6)  pymoly),
N oxazolyl,
(8) thiazolyl,
30 9) imidazolyl,
(10)  pyrazolyl,
(11) 1soxazolyl,
(12)  isothiazolyl,
(13) pynmidinyl,
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“1098& ()-L[ }[[:bU4 d F “s109& ()-' A “s109& ()-' < s109& ()-' 2
“S109& ()-' 2 S109& ()-' "&T1098& ()-wR |[[:bU4 d  #l 1098& ()- 4#1098& ()-
"1000& ()- ~ WOUSES0) - " 10%<& ()- S1008& ()-' #2tvT2 PCT/US00/14901

1A 109 ()-)! T 10% ()-) 3"L@O0%E& & ()- y& 10% E& & () - 10%4.0%4.0%
5@0%A& () - EnB~{Z9vT2 !~ 60" 10%E&& ()-)T , ' 10%E&& ()-) ' 0' 10%E&& ()-)

| 10%:& ()-)'g ' 10% ()-) b ' 10% ()-)vU4 | B3 910% ()-( 3 910% ()-( S
109& ()- (10 E& 10 E& 10 E& 6@0%E& & ()- 3m10%E& & ()- 2~|[:vU4 !
“F109%°P& ()- | F10% & () - (lsnowa(z)nyl & 109 ()- - Y10% & ()-

FYL0% () - nC=| [:-410 &6 @ daz, ;, 1006& ()- °S, 10%& ()- 6S, 10%& ()-
LI (GLOY& ()--  FL109%& () - ow&' ()- i1098& ()- 1098& ()-

| SS1090& ()- S9 109%& ()4 16%1’ AL10 &#- 109948 ()-& ° 10% & ()-&
10% % & () - & S10% & )un;lmw& ()- 1098& ()-T|[:A410 19-S100%& ()-
8@ 109%84& ()59 &@ 10%&' (189 'idohAUME () - 3940958 () -

3040%28& () -\ def gvU410 n% 7% % B ()- 109 () - 1094.09%40% &6S10%: () -
& 1094 ()- N zY8vU410 ?Loo GmdZ@yL) o (Y1 10088 () - -

A 10%& ()--1 109 $ & ()20) 11ev@firyl - Afn| [ NA41010[ 10[ 10] /109% & () -

/109 ()- f,10% ()- )10%& (genz&ﬁ @ ()-F31| [ NA41010 © 10%& ()- °
109€& ()- 0 109%& () () F"LST0%& ()- 109%& ()-1Ca| Z9NA41010

89! 109&' ()- | NV 10%12nz&'( R () L109%& ()- 0 109%& () -

109& () -: | [¥ONA41010 LS/(@W@e(\;thmzolsﬂow ()- y9' 10%&' ()-z y9' 10%& ()-z Bl
109 ()- $10% ()-: qyvUBED! keRiiadolyl, S 10%& () - 101010 5S10% ()- ~ 0
109 ()- O 100/&'()-r|[ lfl’gloll %m%o%f@ © 109& ()-F ° 1090& () - F 0
109 ()-F  10%& ()-F ‘1hod 10! 410%& ()- 3 Oyl0%& ()-

S/10%& ()- ,, 109%& ()-! | €28) sl‘!?%K’(A iqxplanylg' s10%AA& () - XvU310!° 0%&' ()-F
10%&' ()-F( 109%8&' () - (27) benzo(l4)dioxanyl,
15 (28)  quiazolyl,

(29) quinoxaly], and
(30) 3,4-dihydro-2H-1,4-dioxa-5-aza-naphthalenyl;
wherein the aryl group as defined above 1n 1tems (1) to (30) is unsubstituted or
substituted with one to three substituents independently selected from the group
20  consisting of hydroxy, hydroxy-C]-¢ alkyl, halogen, C]_g alkyl, C3.§ cycloalkyl, aryl,
aryl Cj.3 alkyl, amino, amino C1-6 alkyl, C]-3 acylamino, C].3 acylamino-C}.¢
alkyl, Cj.¢ alkylamino, di(C1-6)alkylamino, Ci.6 alkylamino-C].¢ alkyl, di(Cj.-
6)alkylamino-Cj.6 alkyl, C]-4 alkoxy, C]-4 alkylthio, C1-4 alkylsulfinyl, C] 4
alkylsulfonyl, C]-4 alkoxy-C}-6 alkyl, hydroxycarbonyl, hydroxycarbony!-C].g alkyl,
25  Cj.5 alkoxycarbonyl, C].3 alkoxycarbonyl-C1.¢ alkyl, C].5 alkylcarbonyloxy,
cyano, trifiuoromethyl, 1,1,1-trifluoroethyl, trifluoromethoxy, triflucroethoxy, and
nitro; or two adjacent substituents together with the carbon atoms to which they are
attached join to form a five- or six-membered saturated or unsaturated ring containing
1 or 2 heteroatoms selected from the group consisting of N, O, and S, whose ring
30  carbon atoms may be substituted with oxo or C|_3 alkyl; with the proviso that if X 1s
5,6,7,8-tetrahydro[ 1,8]naphthyridin-2-yl, R2 is hydrogen, and aryl is 6-substituted-
pyridin-3-yl, then the 6-substituent on the pyridin-3-yl ring is other than methoxy; and

R8s hydrogen or C1-3 alkyl.
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(",9 1098& ()-(101010 9&6S109%& ()-{Z9vU310! #10%g1lq& ()- 9F" 1098& ()-

1099& ()-G 10% 1 & ()-G10%/1/& ()-G ~1099& ()-F . e | [ NA410! 1094.094.0%
6TL098® ()- WEDYROMAR ()- #109& ()- * #1098& ()- ! #10% { &cT)rso0/14901
|[:NA410! 10 , 10% ()- 10% ()-y | 10% ()-y 10% ()- 10% ()-F S

109 ()-3C,  |[:NA410!10 0& Z 109 ()- & Z 109 ()- Sf 10% & ()-  Sf

109& ()-° "LTL109& ()- :109%& ()- X ] j

2. The compound of Claim 1 wherem X 15

RZ

R2 R®
S DA (r/ ;
QJ\f , (ﬁ\/ﬁj\f , > N | N’J\f

R3 15 hydroxy and RS is hydrogen or RS is hydroxy and R3 is hydrogen, or
R3 and R4 taken together or R5 and R6 taken together are carbonyl oxygen,
with the proviso that both R3 and R3 are not simultaneously hydrogen;
R4 and R6 are each independently hydrogen or methyl; and

10 R2,R7 and R8 are as defined m Claim 1.

3. The compound of Claim 2 wherein R7 is aryl wherein the aryl
group 1s selected from the group consisting of
phenyl,
15 pyridyl,
quinolyl,
pyrimidinyl,
pyrazinyl,
pyridazinyl,
20 benzofuryl,
dihydrobenzofuryl, and
3,4-dihydro-2H-1.4-dioxa-5-aza-naphthalenyl;

wherein the aryl group 1s unsubstituted or substituted with one to two substituents

25  independently selected from the group consisting of hydroxy, hydroxy-Cj.¢ alkyl,
halogen, C).g alkyl, C3.8 cycloalkyl, aryl, aryl C]-3 alkyl, amino, amino-C} ¢ alkyl,
C1-3 acylamino, C 1-3 acylammo-C} _g alkyl, C}-6 alkylamino, di(C]-6)alkylamino,
C1-6 alkylamuino C}.¢ alkyl, di(Cj-g)alkylamino-C|-¢6 alkyl. C1-4 alkoxy, C14
alkylthio, C1-4 alkylsulfinyl, Ci_4 alkyisulfonyl, C}.4 alkoxy-C}-¢ alkyl,

30  hydroxycarbonyl, hydroxycarbonyl-C].¢ alkyl, C].5 alkoxycarbonyl, Cj.3

-134 -



| [NA410! 101010 6S109% ()- -109% ()- " 3(10% ()-Y O 3(10%0& ()-Y $10% () -
| [: NA410! 10 Y109% & ()- , 109%vé& ()- |,10%} & ()- ! @0% & ()- FLOWKKE () -
L 109% & () -womhAgsty| [ 1 NA410! 10 Y310% & ()- F& 10% & ()- pesaRtbnsd()- F
10% & ()- F10% & ()- L410% & ()-7|[NA410!'10° 10 10 ' y96S10% & ()-
3@0% & ()- sf)910% & ()- ~10% & ()- ml0% Y & ()-g{Z9NA410! 10 1098& ()-
i 109B& ()-f ~109B& ()-f!109& ()-f !S1098& ()- 31098& ()-, Sm{ YSNA410! 1
9q910% ()-G /910988& ()-G & F1098& ()-Y'& F109% ()-Y FL109& ()-Y
&109B& () - \| [NAmmycmaﬂﬂ8:110@a1538109@&1k@pcmb&ayloﬂ>oeﬁ&b(tmﬂuoromam%)m&' ()--
*Ly109B& ( 410| % ' | F109%8r
3"55100/&5&' 0) ?‘%9“°i‘??5}gc§%‘(’\4‘°me “E"joc‘ ’%Wgﬂ'&&é TP pd f‘&‘xﬁ&ﬁ‘am 11
fU409BxS& () - Isubstiwems Sgethyr with thqw@msp § o whighl heisusanachedom o faras & () - F
Sﬁg‘o’gx (Sfc ()- /2 I{Zg;%ﬁ%&%%beré@&%%@g&nﬁuﬁﬁeh riN; Széi{@n 9&{1 Jé ())}eté’roatoﬁaw%&' ()-z
n ' -Z '

L 410%: ()- 10 s@%B‘%ﬁé& ?@J@ g’%’@fﬁ%ﬁ%@ﬁ“’ @i’? 7 ’gcarb "?@E‘%%T%b’é &()-3
ft:|[:tS210 &BERsRIuter with oxguapCaya alkyfguigh th provisodhetifgl is9.6. 4ok ()- 109& () -
> rA[:tS210 tc!%ﬁﬂcﬂ&f& 8(naphth§ridk%&1,(R2 15 Bydrogen, and aryl is 6-substututed-pyridin-3-

yl, then the 6-substituent on the pyridin-3-yl ring is other than methoxy.

10 4. The compound of Claim 3 wherein R7 is
quinolyl,
pyridyl, or
pyrimidinyl;

15  unsubstituted or substituted with one to two substituents independently selected from
halogen, phenyl, C}-4 alkyl, C3.6 cycloalkyl, C1-3 alkoxy, amino, C}-3 alkylamino,
di(C1-3) alkylamino, hydroxy, cyano, triflucromethyl, 1,1,1-trifluoroethyl,
trifluoromethoxy, and trifluoroethoxy, with the proviso that if X is 5,6,7,8-
tetrahydro[ 1 ,8]naphthyridin-2-yl, R2 is hydrogen, and R7 is 6-substituted-pyridin-3-

20  yl, then the 6-substituent on the pyridin-3-yl ning is other than methoxy.

5. The compound of Claim 4 wherem R2 is selected from the
group consisting of
hydrogen,
25 halogen,
amino,
C1-4 alkylamino,
C3.6 cycloalkyl-Cq-2 alkylamino
cyano,
30 C1-4 alky!,
cyclopropyl,
aryl C1.3 alkyl,
C1-4 acylamino,
Ci-4 alkoxy,
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y#109%&' ()- @ @O%& ()-- 109%& ()-- S10%& ()-AD " # $ %0 {m Q01 L 109&K&& ()-

10$$ 10$$ 10$$! " L3@ 1096$& ()-° @3@10%& ()-° 3 S/yl0% ()-@.10%& ()-0 >

LHEI" | [ _QaWO¥RKes ()- 10%RK?& ()- 109&K&& () - 810 UERRE0(/) 5@

L 10YRK&E™ () -- | SLOYRKSE' ()-J" M "##d##| [ Q01 (f &LOY&KEE ()- "glOYRKES () -

91 1098K&& () - ' 109&K&& ()- 10%RK&&' ()- 109BK&E () - #$| $$3$5$3 [NA41

108K&108K&108&K& LESI0VRKES () - 410%RK&&' ()- @10YRK&&' ()-, F.10Y%RKRE ()--

L* 109&K&& () - $$S[ %006 &| [ . NAA1 10 S10% ()- , Y L10%& ()- f10% ()- FL1O0%& ()-
“T109& ()- S& 109%& () - "RiekakYHe| [ NA4L 10 #410%& ()-- 6@LO% ()- -

109 ()- @y10%: () - 10%inkshocardon10%& () -, H((.)/)) *$*% | [9+4 10CCI " s3

10%CC& ()-° ;s3 109& % %8 ()-  +109&' ()-

: () () ‘;}M%’éﬁ%’é’%l% %? () ()-@

L109&: () - - 9% &' *3*5***+ - 3 10%& ()- 3 S10%& ()-

3"Lf 10%& ()- y3109%& () n 9,<,,-|[:>4 10CC " ; 10%& () F

. 109%&! () - , SLO%& () - tmez&oﬁ,):rh DA ()- 3 10% ()---g--).,...|[: >4
10CC 6@3 109%& ()-L Y . OW&TE-}%}@ .109%& ()- Y | +10%& ()- (s 109& ()-- Y
#9100& ()-. .. .. 11111qPI 1% ()- 109 ()- !LS10%: ()- , 109%& ()- 10

10 10! " @3 109 () - L/O'OOOSll|[ gP/ _GS !'f 10%&' ()-@ 109%&k ()--! -
109 ()-@ &109%&' ()-- 108& ()The c@aﬁ&(ﬁ&d@”fﬂalrﬂw&’fﬁkg isGBlecte@foin (EL0%E () - @
3.GLO%& ()-! F group consisting of
10 hydrogen,
halogen,
amino,
C1-3 alkylamino,

C3.6 cycloalkylmethylamino,

15 Ci-4 alkyl,

cyclopropyl,

trifluoromethyl, and

trifluoromethoxy.
20 7. The compound of Claim 2 having the formula (II):

R R R
CO,R®
X/\)\/V\/ 2
(1)

or a pharmaceutically acceptable salt thereof, wherein

25 Xis

R2 R2 R?
£, Gk, - (X
Q\; , EQTN’LEJ ,°’ N | N/J\f
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,109%& ()- 3 (&L09%&' ()-, '109%& ()- 3 $MLO%& ()--~3f 3g3h3i 3u33354vU4

1098 ()-  9109& ()- F'9@O% ()- y 10%& ()- 101010

L& T109& () - MOMMABIES>6| [ vU4 3 9109%&' ()-- @OY%& ()-, 3 AOFGSobhasoS

10% ()-  109& ()-  y10% ()->6A6667W7|[:vU4 F ,nml0% ()- F (109& ()-
“r10%& ()- F &S10%& ()- F "10%& ()-, 10%& ()-7788888u838vU4 "&T10%& ()-
@10%: ()-101010 L5@L0%&' ()- F 0109%& ()- -10%& ()-3888\99#: & |[: v

@O% ()- MLOY& ()- 10%& ()- S109& ()- 109%&' ()- 10%& ()-& ::Z; ; K<N<|[: v
-109&' ()- F Y+109%&' ()-- L' 10%& ()- @3 y#10%& ()-- 6- 10%& ()- @ \
109 () - - N<<4=Je=5h7Ro —m@,sh yiroSShOURSG) hy eSS HABEI0A nyddion, villrne 10--1, 93
10%-& ()-" 1,93 10%% U}))1 :)snﬁ‘?f"o '>>'>g T 0% () -

109 ()- S 10%&’r ] «2*& /@Z"‘ “C;? @RASA| [ 1 QO

L1098 ()- 3 | +1 /t& 15 fogen' D% C>’C'°&FPHBG%EI“(’9 631?}%”(‘)"0 o Y109& ()- 5AAB
BBBBB+Br QO 3" 5§ i}fz, Bmethylaydnot0%2z& ()- 10 10 10! " "3- 10%& ()-L ; 3-

1 1 0 1 - -
goo/f/‘(zgz&. I(') 3 ];:/ 1!9?/ olyl, pyndyg:l or pymlnldmyg%msubgtuteJ or sgﬁbgtztut@l 1t% jbge/‘ZZ& 0
subsmuent selected from Cj.4 alkyl, C3.¢ cycloalkyl, C}-3 alkoxy, amino, Cj_3

alkylamino, di(C1.3) alkylamino, cyano, trifluoromethyl, and tnfluoromethoxy, with
the proviso that if X is 5,6,7,8-tetrahydro[1,8]naphthyridin-2-yl, R2 is hydrogen, and

10 R7 is 6-substituted-pyridin-3-yl, then the 6-substituent on the pyridin-3-yl nng 1s other
than methoxy; and

R8 is hydrogen or Cj-3 alkyl.

8. The compound of Claim 2 having the formula (III):
15

R7

/\J\/\/k/cozﬂe

(Q14))

or a pharmaceutically salt thereof, wherein X is

R2

N /Rz \/Ra ‘/
A, CXa, - (0,

9. The compound of Claim 8 wherein R7 is aryl wherein the aryl

20

group is selected from the group consisting of
phenyl,
pyndyl,
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@0%z& ()-@F Y :10%z& ()-- 3 ~~10%z& () - @GXDDEEEEXF| [ :

#f  s10%2& ()-@ (910%z& ()-- S 10%z& ()- | %A0%z& ()-- @10%& ()-- Y
10%28& () - @FSPFRRAFKG/U4  nLO%& ()- ! LS1099& ()- @ 10984riikoohQast 10221027
&6S10%z& ()- OF10%z& ()-@GG H HHH\ 1| [:vU4  1098@& ()-- S1094& () -
-1098& ()- @: 10%94& ()-- f1098& ()- 109& ()-\11;JIKKK| [:vUs

S/ 1098& ()-- -1098& ()- Y+1098& ()-- ' 10%AE ()- @ y#z1098& ()- -
@O%& ()- @KKKKKLL~Lr Q0 109& ()-- " T109%& ()- S 10%&' ()- 108t8t 108t 8t
108t 8t ! 93 1098t 8t & () - qui@dyl109%84& () - ~LLUMWM N| [ : f109%& () - -
109 ()- s109%& ()-8 10%%}@,, dmyl. 10%& () - - SS10%& () - 'NNNNIVDO PI[:r
,3.10%& ()-- F 9*10%& ( 109% ()-8 3 Y"&L10%&' ()- ! 10%& ()- 3

109& () - PPPPPPPPPVU4 PYWE& '09%&' ()- S3109%& ()-1010108 " &6S109& () -
@10% ()- Y ,210% ()--POQGRRR [ vU4  f10% ()- ' 10% ()- S 10%& ()-8
S 10%& () - sS 10%& () - 1&,@){(‘% 1 @RS{ SSBTTT| [: vU4 L10%& ()- 3 1 +109%& ()-
'109& ()-8 ~ #109& ()- : 10U ()- v10%& () - - TThUpUgqUr Us UUUF QO
Y &@0%z& ()- 10%z& (Y @Peﬂ@f'i’@ MG100& ()-L 1 3109%& () L F
f/10%&' () - - UUhVWVMAN [ : rmdlhyﬁrp THO Y 256Xa) 5-@nFhaphitbalem® ()- -, 10%z& ()- F
10%2& ()- @nFy 109BB& ()-, 3 &10%2z& () - - WAKXXXgYY] [: |, z10%z& () -

| (:10%z& 2z
( 0)- @erem the ary gx)oup is unsubstituted or substituted with one to two substituents

10  independently selected from hydroxy, hydroxy C1.g alkyl, halogen, C|-§ alkyl, C3.8§
cycloalkyl, aryl, aryl C1.3 alkyl, amino, amino Cj.g alkyl, C1.3 acylamino, C].3
acylamino C1.6 alkyl, C]-6 alkylamino, di(C]-g)alkylamino, C].¢ alkylamino Cj.¢
alkyl, di(Cj-6)alkylamino C1-g alkyl, C]-4 alkoxy, C1-4 alkylthio, C14
alkylsulfinyl, Cj-4 alkylsulfonyl, C].4 alkoxy C] .6 alkyl, hydroxycarbonyl,

15  hydroxycarbonyl Cj.g alkyl, C]-5 alkoxycarbonyl, C1.3 alkoxycarbonyl C].¢ alkyl,
C1-5 alkylcarbonyloxy, cyano, trifluoromethyl, 1,1,1-trifluoroethyl, trifluoromethoxy,
trifluoroethoxy, and nitro; or two adjacent substituents together with the carbon atoms
to which they are attached join to form a five- or six-membered saturated or
unsaturated ring containing 1 or 2 heteroatoms selected from the group consisting of

20 N, O, and S, whose ring carbon atoms may be substituted with oxo or C1_3 alkyl; with
the proviso that if X is 5.6,7,8-tetrahydro{1,8]naphthyridin-2-yl, R2 is hydrogen, and
aryl is 6-substituted-pyridin-3-yl, then the 6-substituent on the pyridin-3-yl ring is
other than methoxy.

25 10.  The compound of Claim 9 wherein R7 is
quinolyl,
pyridyl, or
pyrimidinyl;
unsubstituted or substituted with one to two substituents independently selected from
30 halogen, phenyl, C1-4 alkyl, C3-¢ cycloalkyl, C1-3 alkoxy, amno, C1_3 alkylamino,
di(C]-3) alkylamino. hydroxy, cyano, trifluoromethyl, 1,1,1-trifluoroethyl,
tnfluoromethoxy, and trifluoroethoxy, with the proviso that :f X is 5,6,7,8-
tetrahydro[1,8]naphthyridin-2-yl, R2 1s hydrogen, and R7 1s 6-substituted-pyridin-3-
yl, then the 6-substituent on the pyridin-3-yl ring 1s other than methoxy.
35
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$ 10%z& ()- , g 10%&' ()- Y MLO%z& ()-YY, Z4Z5Z6Z7ZAZPZvU4 | S10%&' ()- &
109&' ()-10zz10zz10zz 5@0%z& ()- O0@O0%z& ()-- S-F10%z& ()- PZZ]
[Y[[<\|[:vUavooort28@9& ()-- 109 ()- 109 ()- @ 109 ()- WEDU8bofksor

Y1098 ()-<\ AN\ ]wW ] FA [ v +109& ()- '- 109& ()--  #&LO0%& ()-,
#y109%&' ()- @ 109&' ()-, f109& ()-FAIAAAAAAAA 0bU4  f 10%z& ()- 101010
&6S10%&' ()- 3 2MLOY&' ()-  f/s10%& ()- .10%& ()-~.n_-"""|[:bU4s F

10%z8& ()- ,109& ()- F 10%z& ()- yl0%z& ()-- 3 910%z& ()- @

"LS10%z& () - " Kaabbb|[:[aU4 Thekohpd@d@z &lain 16 wBrein RD¥EEI€Jed frofm the

. #:10%z& ()- 6, % 103/ ‘Zsﬁ(“éé F 10%z& ()- ,S10%z& ()-bbgcccccce{m QO

10988 ()- 10 16°18F he ()L @ 3 10%2& ()-L S/ 10%z& ()- @

©S.10%z& () - cdudd<eee]| [ :hydween, 10988 ()- @ 10%686& ()- MLOYB& () -,
10988 ()-- 10988 ()- @ 'ffckeB& ()-ee ff2ggh|[:_Q ~ Y+109%8& ()--

' f109%@8ad&! %) -, y#lO%&'Cé,llﬂc-’ , @1098&' ()-- 109B& ()-

S1098&' () - hRvhhhhhhh{m_ '10% f& ()- 100806 100606

100808! * L310%CB06&' () - MAL-4 8RO - M S/ 1098&' () - @

-1098& ()-hiriiHjk|[:_QD-6cXlaU0MDE {xHOu@ 0% ()-, Y 10%f& ()-- Y

10%f& ()- @Y 10% f & () - F' S10% f & ()-kkkkbl I O [: _Q0 +f 10%f& ()-, 0O

S 100& ()-@| #109%f& ()2° 1&@/ 0%f& ()-@Y glo%fé& ()-

SF10% f & () - OnFmmén. n/ nOntA2Y Q0 93109& ()- 10 10 10! fs3310%& ()-°

1f s3310% f &0o() -~ cyclopropyl,

aryl C1.3 alkyl,
C]-4 acylamino,
C]-4 alkoxy,
C1-4 alkylthio,
15 aminocarbonyl,
(C1-6 alkyl)1-2 aminocarbonyl,
C|-4 alkoxycarbonyl,
trifluoromethyl, and
trifluoromethoxy.
20
12.  The compound of Claim 11 wherein R2 is selected from the
group consisting of
hydrogen,
halogen,

25 amino,
C1.3 alkylamino,

C3.6 cycloalkylmethylamino,
C1-4 alkyl,
cyclopropyl,

30 trifluoromethyl, and
trifluoromethoxy.

13.  The compound of Claim 8 having the formula (III):
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15 14.  The compound of Claim 2 having the formula (IV):
o R
X/\/\/U\/K/COJ:*B
Iv)

or a pharmaceutically salt thereof, wherein X is
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15.  The compound of Claim 14 wherein R7 is aryl wherein the aryl
group is selected from the group consisting of

phenyl,

pyridyl,

quinolyl,

pynmidinyl,

pyrazinyl,

pyridazinyl,

benzofuryl,

dihydrobenzofuryl, and

3,4-dihydro-2H-1 ,4-dioxa-5-aza-naphthalenyl;
wherein the aryl group is unsubstituted or substituted with one to two substituents
independently selected from hydroxy, hydroxy C1-6 alkyl, halogen, C).g alkyl, C3.8
cycloalkyl, aryl, aryl C|-3 alkyl, amino, amino C}-¢ alkyl, C1.3 acylamino, C].3
acylamino Cj.6 alkyl, C1-6 alkylamino, di(C}-g)alkylamino, C] ¢ alkylamino C1.g
alkyl, di(Cj-g)alkylamino C| .¢ alkyl, C1-4 alkoxy, Cj-4 alkylthio, C14
alkylsulfinyl, C1-4 alkylsulfonyl, C1_4 alkoxy Cj-g alkyl, hydroxycarbonyl,
hydroxycarbonyl Cj_g alkyl, C]_5 alkoxycarbonyl, C].3 alkoxycarbonyl C}.6 alkyl,
C1-5 alkylcarbonyloxy, cyano, trifluoromethyl, 1,1,1-trifluoroethyl, trifluvoromethoxy,
trifluoroethoxy, and nitro; or two adjacent substituents together with the carbon atoms
to which they are attached join to form a five- or six-membered saturated or
unsaturated ring containing 1 or 2 heteroatoms selected from the group consisting of
N, O, and S, whose ring carbon atoms may be substituted with oxo or Cj.3 alkyl; with
the proviso that if X is 5,6,7,8-tetrahydro[1,8]naphthyridin-2-yl, R2 is hydrogen, and
aryl is 6-substituted-pyridin-3-yl, then the 6-substituent on the pyridin-3-y! ring is
other than methoxy.

16.  The compound of Claim 15 wherein R7 is
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unsubstituted or substituted with one to two substituents independently selected from
halogen, phenyl, C)_4 alkyl, C3.¢ cycloalkyl, C|-3 alkoxy, amino, C]-3 alkylamino.
di(C]-3) alkylamino, hydroxy, cyano, trifluoromethyl, 1,1,1-trifluoroethyl,
trifluoromethoxy, and trifluoroethoxy, with the proviso that if X is 5,6,7,8-
tetrahydro[1,8]naphthyridin-2-yl, R2 is hydrogen, and R7 is 6-substituted-pyridin-3-
yl, then the 6-substituent on the pyridin-3-yl nng is other than methoxy.

17.  The compound of Claim 16 wherein R2 is selected from the
group consisting of

hydrogen,

halogen,

amino,

C1-4 alkylamino,

C3.¢ cycloalkyl-Cp-2 alkylamino
cyano,

C1-4 alkyl,

cyclopropyl,

aryl C1-3 alkyl,

C1-4 acylamino,

C1-4 alkoxy,

C1-4 alkylthio,

aminocarbonyl,

(C1-6 alkyl)1-2 aminocarbonyl,
C]-4 alkoxycarbonyl,
trifluoromethyl, and
trifluoromethoxy.

18.  The compound of Claim 17 wherein R2 is selected from the
group consisting of
hydrogen,
halogen,
amino.
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C1-3 alkylamino,

C3-¢ cycloalkylmethylamino,

C1-4 alkyl,

cyclopropyl,
5 trifluoromethyl, and

trifluoromethoxy

19.  The compound of Claim 14 having the formula (IV):

o F
/\/\/U\/l\/ CO,R’
X 2

10 (IV)

15

20

25

or a pharmaceutically acceptable salt thereof, wherein

Xis
R2 R?
(ujg’kf TS e

R2 is hydrogen, Cj.4 alkyl, or cyclopropyl;

R7 1s quinolyl, pyridyl, or pyrimidinyl, unsubstituted or substituted with one

substituent selected from C]-4 alkyl, C3.¢ cycioalkyl, C1-3 alkoxy, amino, C|.3
alkylamino, di(C]-3) alkylamino, cyano, trifluoromethyl, and trifluoromethoxy, with
the proviso that if X is 5,6,7,8-tetrahydro[ 1,8Inaphthyridin-2-yl, R2 is hydrogen, and
R7 is 6-substituted-pyridin-3-yl, then the 6-substituent on the pyndin-3-yl ning is other

than methoxy; and
R8 is hydrogen or C}.3 alkyl.

20.  The compound of Claim 3 selected from the group consisting

of:
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3-(Pyrnimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8])-naphthyridin-2-yl)-nonanoic
acyd,

3(R)-(Pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 }-naphthynidin-2-yl)-nonanoic
acid;

3(S)-(Pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yl)-nonanoic
acid;

3-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(8)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yi)-
nonanoic acid;

3-(2-Cyclopropyl-pyrimdin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8)-naphthyndin-2-
yl)-nenanoic acid;

3(R)-(2-Cyclopropyl-pyrimidin-5-y1)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-
2-yl)-nonanoic acid;

3(S)-(2-Cyclopropyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-
2-yl)-nonanoic acid;

3-(2-Methyl-pynmidin-5-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8 ]-naphthyridin-2-
yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8 ]}-naphthyridin-
2-yl)-nonanoic acid;

3(S)-(2-Methyl-pynmidin-5-yl)-5-hydroxy-9-(5.6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-
yh-nonanoic acid;
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3-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-{ 1,8]-naphthyndin-
2-yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8]-
naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-ox0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8]-
naphthyridin-2-yl)-nonanoic acid;

3-(2-Mcthyl-pyrimidin-5-yl)-7-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthynidin-2-yl)-
nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-7-0x0-9-(5,6,7,8-tetrahydro-[ 1,8}-naphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-7-ox0-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-yl)-
nonanoic acid;

3-(Quinolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yl)-nonanoic acid;

3(R)-(Quinolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8}-naphthyridin-2-yl)-nonanoic
acid;

3(S)-(Quinolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 }-naphthyridin-2-yl)-nonanoic
acid;

3-(Quinohn-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-yl)-nonanoic
acid;

3(R)-(Quinolin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8}-naphthyridin-2-yl)-
nonanoic acid;

3(S)-(Quinohn-3-yl)-5-hydroxy-9-(5,6.7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid,
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3-(6-Ethoxy-pyndin+3-yl)-5-0x0-9-(5,6.7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid:

3(R)-(6-Ethoxy-pyridin-3-yl)-5-0x0-9-(5.6,7,8-tetrahydro-{1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(8)-(6-Ethoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3-(6-Methoxy-pyridin-3-yl)-5-0x0-9-(3-methyl-5.6,7,8-tetrahydro-[ 1,8}-naphthyridin-
2-yl)-nonanoic acid;

3(R)-(6-Methoxy-pyridin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-{1,8]-
naphthyridin-2-yl)-nonanoic acid;

3(8)-(6-Methoxy-pyridin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[1,8]-
naphthyridin-2-yl)-nonanoic acid;

3-(2-Methylpyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-[1,8}-
naphthyridin-2-yl)-nonanoic acid,;

3(R)-(2-Methylpyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-[ 1,8}-
naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methylpyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-[ 1,8]-
naphthyridin-2-yl)-nonanoic acid;

3-(2-Methoxy-pyrimidin-5-yl)-5-ox0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-[1,8]-
naphthyridin-2-yl)-nonanoic acid;

3(R)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-[1,8]-
naphthyridin-2-yl)-nonanoic acid;

3(5)-(2-Methox y-pynmdin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-[ 1,8]-
naphthyndin-2-yl)-nonanoic acid,
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3-(2-Isopropyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Isopropyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-1sopropyl-pyrimidin-5-yl)-5-0x0-9-(5,6.7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid,

3-(2-tert-Butyl-pyrimidin-5-yl)-5-0Xx0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-tert-Butyl-pynimidin-5-y1)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8naphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-tert-Butyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8Jnaphthyridin-2-yl)-
nonanoic acid;

3-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro{ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8naphthyridin-2-yl)-

nonanoic acid;

3-(2-Methoxy-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid,

3(R)-(2-Methoxy-pyrimidin-5-y1)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methoxy-pyrtmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1 .8 Jnaphthyridin-2-yl)-
nonanoic acid;
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3-(Quinoxalin-2-yl)-5-0x0-9-(5,6,7.8-tctrahydro[ 1,8 Jnaphthyridin-2-yl)-nonanoic
acid;

5  3(R)-(Quinoxalin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1 .8 Jnaphthyridin-2-yl)-nonanoic
acid

3(S)-(Quinoxalin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyridin-2-yl)-nonanoic
acid;

10
3-(2-Methyl-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyndo[2,3-bJazepin-2-
yl}-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido[2,3-b]azepin-
15  2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-ox0-9-(5,6,7,8-tetrahydro-5H-pyrido[ 2,3-b]azepin-
2-yb)-nonanoic acid;

20 3-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido(2,3-b)azepin-2-
yl)-nonanoic acid;

3(R)-(2-Methoxy-pyrimidin-5-yl)-5-ox0-9-(5.6,7,8-tetrahydro-5H-pyrido(2,3-
blazepin-2-yl)-nonanoic acid;

25
3(8)-(2-Methoxy-pyrimidin-5-yt)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido{2,3-
blazepin-2-yl)-nonanoic acid;

3-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 ]naphthyridin-2-yl)-
30  nonanoic acid;

3(R)-(2,3-Dihydro-benzofuran-6-yl)-5-ox0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-
yl)-nonanoic acid;
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9-(2-Amino-3,5-dimethylpyridin-6-yl)- 3-(2-methoxypyrimidin-5-yl)-5-oxo-nonanoic
acid;

9-(2,4-Diaminopyrimidin-6-yl)-3-(2-methyl-pyrimidin-5-yl)-5-0x0-nonanoic acid;

3-(2-Ethoxy-pyrimidm-5-yl)-5-0x0-9-(6,7,8,9-tetrahydro-5H-pyrido[2,3-b}azepin-2-
yl)-nonanoic acid;

3(R)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(6,7,8,9-tetrahydro-5SH-pyrido{2.3-bJazepin-
2-yl)-nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(6,7,8,9-tetrahydro-5H-pyrido{2,3-b]azepin-
2-yl)-nonanoic acid;

3-(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 ]naphthyridin-2-yl)-nonanoic acid;

3(R)-(Pyrazin-2-y])-5-0x0-9-(5,6,7.8-tetrahydro-[ 1,8Inaphthyridin-2-yl)-nonanoic
acid;

3(S)-(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-nonanoic
acid;

3-(2-Methyl-pyrazin-5-yl)-5-ox0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;
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3(R)-(2-Methyl-pyrazin-5-yl)-5-0x0-9-(5.6,7,8-tetrahydro-[1,8]naphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methyl-pyrazin-5-yl)-5-0x0-9-(5.6,7,8-tetrahydro-[ 1,8]naphthyridin-2-yl)-
nonanoic acid,

3-(6-Methoxy-pyridazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-2-yl)-
nonanoic acid;

3(R)-(6-Methoxy-pyridazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]Jnaphthyndin-2-yl)-
nonanoic acid,

3(S)-(6-Methoxy-pyridazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-2-yl)-
nonanoic acid;

3-(2-Methylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-( 1,8 Jnaphthyridin-2-
yl)-nonanoic acid;

3(R)-(2-Methylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-
2-yl)-nonanoic acid;

3(S)-(2-Methylamino-pynimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyndin-
2-yl)-nonanoic acid;

3-(3,4-Dihydro-2H-1,4-doxa-5-aza-naphthalen-7-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8)naphthyndin-2-yl)-nonanoic acid;

3(R)-(3,4-Dihydro-2H-1.4-dioxa-5-aza-naphthalen-7-y1)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(3,4-Dihydro-2H-1,4-dioxa-5-aza-naphthalen-7-yl)-5-o0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(6-methy}-5,6,7,8-tetrahydro-[ 1,8 Inaphthyridin-
2-yl)-nonanoic acid;
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3(R)-(2~-Methyl-pyrimidin-5-yl)-5-0x0-9-(6-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid:

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(6-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyndin-2-yl)-nonanoic acid.

3-(Benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8 Jnaphthyridin-2-yl)-nonanoic
acid;

3(R)-(Benzofuran-6-yl)-5-0x0-9-(5,6,7.8-tetrahydro-{ 1,8 lnaphthyridin-2-yl)-nonanoic
acid;

3(S)-(Benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-2-yl)-nonanoic
acid;

3-(5-Methoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-2-yl)-
nonanoic acid;

3(R)-(5-Methoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-2-yl)-
nonanoic acid;

3(S)-(5-Methoxy-pyndin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-SH-pyrido[ 2,3-b]azepin-2-
yl)-nonanoic acid;

3(R)-(2-Ethoxy-pyrimidin-35-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido{2,3-bJazepin-
2-yl)-nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido[ 2,3-b]azepin-
2-yl)-nonanoic acid;

3-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-vinyl-5.6,7,8-tetrahydro-[ 1,8 naphthyridin-2-
yl)-nenanoic acid;
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3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-vinyl-5,6,7,8-tetrahydro-
[1,8]Inaphthyndin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-vinyl-5.6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-chloro-5.,6,7,8-tetrahydro-[ 1,8 }naphthyridin-
2-yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-y})-5-0x0-9-(3-chloro-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,;

3(S)-(2-Methyl-pyrimidin-5-y1)-5-0x0-9-(3-chloro-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,;

3-(2-Methyl-pynmidin-5-yl)-5-0x0-9-(3-bromo-5,6,7,8-tetrahydro-[ 1,8 naphthyridin-
2-yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-y1)-5-ox0-9-(3-bromo-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pynmidin-5-yl)-5-0x0-9-(3-bromo-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3-(2-Methoxy-pyrimidin-5-y1)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(R)-(2-Methox y-pynmidin-5-yl)-5-ox0-9-(3-methyl-5,6,7,8-tetrahydro-
[1.8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methoxy-pyrimidin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;
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3-(Quinolin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[1,8naphthyridin-2-yl)-
nonanoic acid;

3(R)-(Quinolin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(Quinolin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8 Jnaphthynidin-2-yl)-
nonanoic acid;

3-(2-Methyl-pyrimidin-5-yl)-5-0x0-7,7-dimethyl-9-(5,6,7,8-tetrahydro-
[1,8Inaphthyridin-2-yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0xo-7,7-dimethyl-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-7,7-dimethyl-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,;

3-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,

3(R)-(2-Ethoxy-pynmidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8)naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrah ydro-
(1,8Inaphthynidin-2-yl)-nonanoic acid;

3-(6-Methoxy-pyndin-3-yl)-5-ox0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
{1,8]naphthyridin-2-yl)-nonanoic acid;

3(R)-(6-Methoxy-pyndin-3-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
{1,8]naphthyridin-2-yl)-nonanoic acid;

3(8)-(6-Methoxy-pyndin-3-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)}-nonanoic acid;
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3-(2-Dimethylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8naphthyndin-2-
yl)-nonanoic acid;

3(R)-(2-Dimethylamino-pyrimidin-5-y!)-5-0x0-9-(5.6,7,8-tetrahydro-
(1,8Inaphthyridin-2-yl)-nonanoic acid; and

3(S)-(2-Dimethylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,

or a pharmaceutically acceptable salt thereof.

21.  The compound of Claim 20 selected from the group consisting
of:

3(R)-(Pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8])-naphthyridin-2-yl)-nonanoic
acid;

3(S)-(Pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-nonanoic
acid,

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methyl-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyndin-2-yl)-
nonanoic acid,

3(R)-(2-Cyclopropyl-pyrnimidin-35-yl)-5-ox0-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-
2-yl)-nonanoic acid;

3(8)-(2-Cyclopropyl-pyrimidin-5-yl}-5-0x0-9-(5,6,7,8-tetrahydro-{1,8}-naphthyridin-
2-yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-y!)-5-hydroxy-9-(5,6,7 8-tetrahydro-[ 1,8 }-naphthyridin-
2-yl)-nonanoic acid;

154 -



WO 00/72801

10

15

20

25

30

35

PCT/US00/14901

3(S)-(2-Methyl-pyrimidin-5-yl)-5-hydroxy-9-(5,6,7.8-tetrahydro-{ 1,8 ]-naphthyrdin-2-
yl)-nonanoic acid;

3(R)-(2-Methyl-pynmidin-5-yl)-5-0x0-9-(3-methyl-5,6,7 8-tetrahydro-{ 1,8)-
naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8]-
naphthyridin-2-yl)-nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-7-ox0-9-(5,6,7 8-tetrahydro-[1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methyl-pynmidin-5-yl)-7-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(R)-(Quinolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yl)-nonanoic
acid;

3(S)-(Quinolin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8]-naphthyridin-2-yl)-nonanoic
acid;

3(R)-(Quinohin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(8)-(Quinolin-3-yl)-5-hydroxy-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid,

3(R)-(6-Ethoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-yl)-
nonanoic acid;

3(5)-(6-Ethoxy-pyridin-3-yl)-5-0x0-9-(5,6,7 8-tetrahydro-{ 1,8]-naphthyndin-2-yl)-
nonanoic acid;

3(R)-(6-Methoxy-pyridin-3-yl}-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[1,8]-
naphthyridin-2-yl)-nonanoic acid;
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3(S)-(6-Methoxy-pyridin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[1,8]-
naphthyridin-2-yl)-nonanoic acid:

3(R)-(2-Methylpynmidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro [1,8]
naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methylpyrimidin-5-yl)-5-ox0-9-(3-cyclopropyl-5,6,7,8-tetrahydro [1,8]
naphthyridin-2-yl)-nonano:c acid;

3(R)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro- [1,8]
naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methoxy-pyrimidin-5-y})-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro- [1,8]
naphthyridin-2-yl)-nonanoic acid;

3(R)-(2-Isopropyl-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Isopropyl-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-tert-Butyl-pynmidin-5-y})-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyridin-2-yl)-
nonanoic acid:

3(S)-(2-tert-Butyl-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Ethoxy-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1.8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 naphthyridin-2-yl)-
nonanoic acid;
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3(R)-(2-Methox y-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1 ,8Jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 ]naphthyridin-2-yl)-
nonanoic acid;

3(R)-(Quinoxalin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Inaphthyridin-2-yl)-nonanoic
acid;

3(S)-(Quinoxalin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 naphthyridin-2-yl)-nonanoic
acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido[2,3-b]azepin-
2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-SH-pyndo{2,3-bjazepin-
2-yl)-nonanoic acid;

3(R)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido[2,3-
blazepin-2-yl)-nonanoic acid;

3(S)-(2-Methoxy-pyrimidin-5-yl)-5-o0x0-9~(5,6,7,8-tetrahydro-5H-pyrido[2,3-
bJazepin-2-yl)-nonanoic acid;

3(R)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 jnaphthyridin-2-
yl)-nonanoic acid;

3(S)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-{ 1,8 Inaphthyridin-2-
yh-nonanoic acid;

3(R)-9-(6-Methylamino-pynidin-2-yl)-5-0x0-3-(pyrimidin-5-yl)-nonanoic acid,

3(S)-9-(6-Methylamino-pyridin-2-yl)-5-ox0-3-(pyrimidin-5-yl)-nonanoic acid;
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3(R)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(6,7,8,9-tetrahydro-5H-pyrido[ 2,3-blazepin-
2-yl)-nonanoic acid:

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(6,7,8,9-tetrahydro-5H-pyndo[2,3-b]azepin-
2-yl)-nonanoic acid,

3(R)-(Pyrazin-2-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-nonanoic
acid;

3(S)-(Pyrazin-2-y})-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-nonanoic
acid:

3(R)-(2-Methyl-pyrazin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-2-yl)-
nonanoic acid,

3(S)-(2-Methyl-pyrazin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Inaphthyndin-2-yl)-
nonanoic acid;

3(R)-(6-Methoxy-pyridazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8naphthyridin-2-yl)-
nonanoic acid;

3(S)-(6-Methoxy-pyndazin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-( 1,8 naphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Methylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1.8]naphthyridin-
2-yl)-nonanoic acid;

3(8)-(2-Methylamino-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthyridin-
2-yh)-nonanoic acid;

3(R)-(3,4-Dihydro-2H-1,4-dioxa-5-aza-naphthalen-7-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,

3(S)-(3,4-Dihydro-2H-1,4-dioxa-5-aza-naphthalen-7-yl)-5-ox0-9-(5,6,7,8-tetrahydro-
(1.8]naphthyridin-2-yl)-nonanoic acid;
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3(R)-(2-Methyl-pynmdin-5-yl)-5-0x0-9-(6-methyl-5,6,7,8-tetrahydro-
(1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(6-methyl-5,6,7,8-tetrahydro-
5 [1,8]naphthyndin-2-yl)-nonanoic acid;

3(R)-(Benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 jnaphthyridin-2-yl)-nonanoic
acid;

10 3(S)-(Benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]naphthyridin-2-yl)-nonanoic
acid;

3(R)-(5-Methoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 naphthynidin-2-yl)-
nonanoic acid;

15
3(S)-(5-Methoxy-pyridin-3-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-5H-pyrido[2,3-b]azepin-
20  2-yl)-nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-SH-pyrido(2,3-bJazepin-
2-yl)-nonanoic acid;

25  3(R)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-vinyl-5,6,7 8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-vinyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

30
3(R)-(2-Methyl-pyrimidin-5-yl)-5-ox0-9-(3-chloro-5,6,7,8-tetrahydro-
{1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-chloro-5,6,7,8-tetrahydro-
35 [1,8Inaphthyndin-2-yl)-nonanoic acid,
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3(R)-(2-Methyi-pynmidin-5-yl)-5-0x0-9-(3-bromo-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(3-bromo-5,6,7,8-tetrahydro-
5 [1,8]naphthyridin-2-yl)-nonanoic acid;

3(R)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid;

10 3(S)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,;

3(R)-(Quinolin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

15
3(S)-(Quinolin-3-yl)-5-0x0-9-(3-methyl-5,6,7,8-tetrahydro-[ 1,8naphthyridin-2-yl)-
nonanoic acid;

3(R)-(2-Methyl-pyrimidin-5-yl)-5-ox0-7,7-dimethyl-9-(5,6,7,8-tetrahydro-
20 [1,8]naphthyridin-2-yl)-nonanoic acid;

3(5)-(2-Methyl-pyrimidin-5-yl)-5-0xo-7,7-dimethyl-9-(5,6,7,8-tetrahydro-
[1,8Inaphthyridin-2-yl)-nonanoic acid;

25 3(R)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
(1,8]naphthynidin-2-yl)-nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8}naphthyridin-2-yl)-nonanoic acid;

30
3(R)-(6-Methox y-pyridin-3-yl)-5-0x0-9-(3-cyclopropyl-5,6,7,8-tetrahydro-
[1,8]naphthyridin-2-yl)-nonanoic acid,;

3(S)-(6-Methoxy-pyndin-3-yl)-5-o0x0-9-(3-cyclopropyl-5,6.7,8-tetrahydro-
35 [1,8]naphthyridin-2-yl)-nonanoic acid;
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3(R)-(2-Dimethylamino-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
[1,8]naphthyndin-2-yl)-nonanoic acid, and

3(S)-(2-Dimethylamino-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-
S [1,8]naphthyndin-2-yl)-nonanoic acid,

or a pharmaceutically acceptable salt thereof.

22.  The compound of Claim 21 selected from the group consisting
10 of:

3(S)-(2-Methyl-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[1,8]-naphthyridin-2-y})-
nonanoic acid;

15 3(8)-(2-Methyl-pyrimidin-5-yl)-5-ox0-9-(3-cyclopropyl-5,6,7,8-tetrahydro( 1,8]-
naphthyridin-2-yl)-nonanoic acid;

3(S)-(2-Ethoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;
20

3(S)-(2-Methoxy-pyrimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro[ 1,8 Jnaphthyridin-2-yl)-
nonanoic acid;

3(S)-(2-Methoxy-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-SH-pyrido(2,3-
25  bjazepin-2-yl)-nonanoic acid; and

3(8)-(2,3-Dihydro-benzofuran-6-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-
yl)-nonanoic acid;

30  or a pharmaceutically acceptable salt thereof.
23.  The compound of Claim 22 which is
3(S)~(2-Methyl-pynmidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-[ 1,8]-naphthyridin-2-y])-

35 nonanoic acid;
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or a pharmaceutically acceptable salt thereof.
24.  The compound of Claim 22 which 1s

3(S)-(2-Methoxy-pyrnimidin-5-yl)-5-0x0-9-(5,6,7,8-tetrahydro-SH-pyrido[2,3-
bjazepin-2-yl)-nonanoic acid,

or a pharmaceutically acceptable salt thereof.
25.  The compound of Claim 22 which is

3(S)-(2-Methyl-pyrimidin-5-yl)-5-ox0-9-(3-cyclopropyl-5,6,7,8-tetrahydro[ 1,8]-
naphthyridin-2-yl)-nonanoic acid;

or a pharmaceutically acceptable salt thereof.

26. A pharmaceutical composition comprising a compound
according to Claim 1 and a pharmaceutically acceptable carrier.

27.  The composition of Claim 26 which further comprises an active

ingredient selected from the group consisting of

a) an organic bisphosphonate or a pharmaceutically acceptable sait or
ester thereof,

b) an estrogen receptor modulator,

c) an androgen receptor modulator,

d) a cytotoxic/antiproliferative agent,

e) a matrix metalloproteinase inhibitor,

f) an inhibitor of epidermal-derived, fibroblast-derived, or platelet-

denved growth factors,
2) an inhibitor of VEGF,

h) an antibody to a growth factor or a growth factor receptor,
1) an inhibitor of Flk-1/KDR, Flt-1, Tck/Tie-2, or Tie-1,

j) a cathepsin K inhibitor,

k) a growth hormone secretagogue,

D an mhibitor of osteoclast proton ATPase,
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an inhibitor of urokinase plasminogen activator,

a tumor-specific antibody-mterleukin-2 fusion protein,

an inhibitor of HMG-CoA reductase, and

a farnesyl transferase inhibitor or a geranylgeranyl transferase inhibitor
or a dual farnesyl/geranylgeranyl transferase inhibitor;

and mixtures thereof.

28.  The composition of Claim 27 wherein said active ingredient is

selected from the group consisting of

a)

b)
c)
d)
e)
f)

an organic bisphosphonate or a pharmaceutically acceptable salt or
ester thereof,

an estrogen receptor modulator,

an androgen receptor modulator,

a cathepsin K 1nhibitor,

an inhibitor of HMG-CoA reductase, and

an inhibitor of osteoclast proton ATPase;

and mixtures thereof.

29.  The composition of Claim 28 wherein said organic

bisphosphonate or pharmaceutically acceptable salt or ester thereof 1s alendronate

monosodium trihydrate.

30. A method of eliciting an av integnn receptor antagonizing

effect in a mammal in need thereof, comprising administering to the mammal a

therapeutically effective amount of a compound according to Claim 1.

31.  The method of Claim 30 wherein o the integrin receptor

antagonizing effect 1s an av33 antagomzing effect.

32.  The method of Claim 31 wherein the o3 antagonizing effect

18 selected from the group consisting of inhibition of bone resorption, restenosis,

angiogenesis, diabetic retinopathy, macular degeneration, inflammation, inflammatory

arthntis, viral disease, cancer, and metastatic tumor growth.
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33. The method of Claim 32 wherein the avf3 antagomzing effect
1s the inhibition of bone resorption.

34, A method of treating or preventing osteoporosis in a mammal
1n need thereof, comprising administering to the mammal a therapeutically effective
amount of a compound according to Claim 1.

35. A method of eliciting an av integrin receptor antagonizing
effect in a mammal in need thereof, comprising administering to the mammal a
therapeutically effective amount of the composition of Claim 26.

36. A method of treating or preventing a condition mediated by
antagonism of an v integnn receptor in a mammal in need thereof, comprnising

administering to the mammal a therapeutically effective amount of the composition of
Claim 26.

37. A method of inhibiting bone resorption in a mammal in need
thereof. comprising administerning to the mammal a therapeutically effective amount
of the composition of Claim 26.

38. A method of inhibiting bone resorption 1n a mammal in need

thereof, comprising administering to the mammal a therapeutically effective amount
of the composition of Claim 28.

39. A method of treating or preventing osteoporosis in a mammal
in need thereof, comprising admin:stering to the mammal a therapeutically effective
amount of the composition of Claim 26.

40. A method of treating tumor growth in a mammal in need
thereof, comprising administering to the mammal a therapeutically effective amount
of the composition of Claim 26.
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41. A method of treating tumor growth 1n a mammal 1n need
thereof. comprising administering to the mammal a therapeuucally effective amount
of a compound according to Claim 1 1n combination with radhation therapy.

- 165 -



